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REVIEW OF PREVIOUS INVESTIGATIONS. 

Wheat in some form constitutes a very large proportion of the 
average dietary. The larger part of the wheat used for human food | 
is consumed in the form of bread, which ordinarily is prepared from 
one of three common types of wheat flour—white flour (commercially 
known in this country as standard patent), entire or whole-wheat 
flour, and graham flour. The importance of wheat in the American 
dietary is readily appreciated when it is noted that in normal times 
the annual per capita consumption is approximately 5 bushels;? it 
has been estimated * that excluding wheat breakfast foods, macaroni, 
spaghetti, and similar foods, and referring only to the three common 
flours, patent, entire, and graham, they supply 20 per cent of the 
protein, and 26 per cent of the carbohydrate of the average dietary. 
In times of stress even greater reliance is placed on bread, and it is a 
matter of repeated observation that those of relatively small incomes 
tend to make bread a predominating portion of the diet. With the 
outbreak of the war, and the prospect of a diminished supply of 
some food mater ials, fhe question of a more complete milling of wheat 

1 Peasaeen es the areition of C. F. L ee Chief, Office of Home Se 

2U. 8. Dept. Agr. Bur. Crop Estimates Rept., 3 (1917), No. 10, p. 99. 

2U. 8. Dept. Agr. Office Expt. Stas. Cire. 110 (1911), p. 26. 
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and the effect of a modification in milling upon the nutritive value 
of the resulting flours assumed unusual importance to those con- 
cerned with the feeding of large numbers of people. 

In the modern milling processes the germ, together with a large 
portion of the outer layers of the wheat kernel, is removed. The 
removal of the germ, which contains practically all of the wheat fat 
or oil, lowers the energy value somewhat but improves the keeping 
quality of the flour. Chemical analysis shows that the outer layers 
of the wheat kernel, also removed in the preparation of patent flour, 
contain protein, carbohydrate, and mineral matter, constituents which 
are necessary for the proper nutrition of the body. Very recently 
it has been demonstrated by McCollum and coworkers’ that the 
wheat germ contains Fat-soluble A, and this and the outer layers of 
the wheat kernel some Water-soluble B,? both of which are essential 

in the dietary to prevent nutritional diseases. These substances are 
present, it is true, in limited amounts, insufficient for the needs of the 
body during its entire lifetime and yet in amounts not wholly negli- 
gible. With these facts in mind the question very naturally arises 
whether it is not desirable to include the entire kernel in wheat flour 
rather than to utilize only the interior portions of the kernel. In 
order to arrive at an intelligent solution of this question it appears 
necessary to consider the large number of factors influenced by a 
modification of milling conditions. Of special interest to the student 
of nutrition is the effect on the digestibility of wheat flour of includ- 
ing a part or the whole of the wheat germ and the outer layers of the 
wheat kernel in the flour. 

Since wheat flours contain very little fat, interest has been cen- 
tered on the digestibility of the protein and carbohydrate supplied 
by the different types of wheat flours; and in general the digestibility 
of wheat protein has received the most attention. 
The earlier work of the Department of Agriculture included a large 

number of studies of the digestibility of wheat flours, prepared from 
both spring and winter wheats, and from wheat grown in different 
localities. In the tests referred to below, the wheat was milled so as 
to produce from the same lot of wheat, white (patent) flour represent- 
ing 72 per cent of the wheat kernel, entire or whole-wheat flour 
representing 85 per cent of the wheat kernel, and graham flour repre- 
senting 100 per cent of the wheat kernel. 
Woods and Merrill? conducted 138 digestion experiments with 

white-flour bread in which the protein was 86.4 per cent and the 
carbohydrate 98.38 per cent digested, five experiments with entire- 

1Jour. Biol. Chem., 25 (1916), No. 1, pp. 105-131, figs. 19; 28 (1916), No. 2, pp. 

211-229, figs. 17. 
2 Jour. Biol. Chem., 24 (1916), No. 4, p. 493. 

3U. 8. Dept. Agr., Office Expt. Stas. Bul. 85’ (1900), pp. 32, 33. 
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wheat bread in which the protein was 86.7 per cent and the carbo- 
hydrate 97.2 per cent digested, and six experiments with graham 
bread in which the protein was 77 per cent and the carbohydrate 
92.4 per cent digested. In a later publication the same authors re- 
port? that the digestibility of white flour is 93.8 per cent for protein 
and 98.9 per cent for carbohydrate, that the digestibility of entire 
wheat flour is 80.8 per cent for protein and 96 per cent for carbohy- 
drate, and that the digestibility of graham flour is 81.3 per cent for 
protein and 91.1 per cent for carbohydrate. 

Snyder? in studies of the digestibility of wheat flours reports 
that the digestibility of white flour is 85.3 per cent for protein and 
97.5 per cent for carbohydrate, that the digestibility of entire wheat 
flour is 80.4 per cent for protein and 94.1 per cent for carbohydrate, 
and that the digestibility of graham flour is 77.6 per cent for pro- 
tein and 88.4 per cent for carbohydrate. In experiments made to 
determine the digestibility of hard spring and soft winter wheats, 
Snyder found that the digestibility of hard spring wheat®* flours is 
88.3 per cent for protein and 97.7 per cent for carbohydrate for 
white flour, 86.2 per cent for protein and 96.2 per cent for carbo- 
hydrate for entire wheat flour, and 82.8 per cent for protein and 
91.5 per cent for carbohydrate for graham flour; he also found that 
the digestibility of flours prepared from soft winter Michigan wheat + 
was 92.8 per cent for protein and 98 per cent for carbohydrate 
for white flour, 85.7 per cent for protein and 92.9 per cent for car- 
bohydrate for entire wheat flour, and 79.4 per cent for protein and 
89.3 per cent for carbohydrate for graham flour. 

In other studies to determine the digestibility of flours prepared 
from wheat grown in different localities Snyder® found that the 
digestibility of protein supplied by Oregon wheat flours was 84.9 
per cent for protein and 98.2 per cent for carbohydrate for white 
flour, 71.1 per cent for protein and 94.1 per cent for carbohydrate 
for entire wheat flour, and 63 per cent for protein and 91.2 per 
cent for carbohydrate for graham flour, and that the digestibility 
of Oklahoma wheat flours was 90.9 per cent for protein and 97.7 
per cent for carbohydrate for white flour, 79.6 per cent for protein 
and 90.5 per cent for carbohydrate for entire wheat flour, and 77.3 
per cent for protein and 87.9 per cent for carbohydrate for graham 
flour. 

Since in these tests made by the United States Department of 

S. Dept. Agr., Office Expt. Stas. Bul. 143 (1904), p. 

S. Dept. Agr., Office Ixpt. Stas. Bul. 101 (1901), p. 33. 

2U. S. Dept. Agr., Office Expt. Stas. Bul. 126 (1903), p. 29. 
8S. Dept. Agr., Office Expt. Stas. Bul. 126 (1903), p. 45. 

S. Dept. Agr., Office Expt. Stas Bul. 156 (1905), p. 36, 
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form experimental conditions were maintained, it is perhaps fair 
to consider all of these digestion experiments as a group. The 
digestibility of white flour obtained by averaging the 31 tests noted 
above is 88:1 per cent for protein and 95.7 per cent for carbohy- 
drate; the digestibility of entire wheat flour obtained by averaging 
the 23 tests is 81.9 per cent for protein and 94 per cent for carbo- 
hydrate; and the digestibility of graham flour obtained by averaging 
the 24 tests noted is 76.9 per cent for protein and 90.6 per cent for 
carbohydrate. 

Considering these tests as a whole, it appears that the protein and 
carbohydrate are more completely assimilated from white flour than 
from entire wheat or graham flours, the last being the least assimi- 
lated; or in other words, the increasing of the amount of bran 
included in a flour is accompanied by a corresponding decrease in 
its digestibility. 
A number of investigations have been conducted in European 

countries to determine the effect on digestibility of including more 
or less bran in the flours prepared from wheat and other cereals. 
Among the earlier studies of the nutritive value of wheat is a 

study by Rubner,' who determined the digestibility of the protein 
present in three flours milled so as to contain 30 per cent, 70 per cent, 
and 100 per cent of the wheat kernel. He found that the protein of 
the 30 per cent flour was 79.3 per cent digested, the protein of the 70 
per cent flour was 75.4 per cent digested, and the protein of the 100 
per cent flour 69.5 per cent digested. Blyth? conducted a series of 
experiments to determine the digestibility of wheat meal (flour pre- 
pared from the entire wheat kernel) when eaten without the addi- 
tion of other food materials. In one experiment of 29 days di- 
vided into three periods, during the first period of 8 days 81 per cent 
of the protein supplied by the 16 ounces of wheat meal eaten daily 
was digested, during the second period of 14 days 82 per cent of the 
protein of 20 ounces of meal was digested, and during the third 
period of 7 days 84 per cent of the protein of 28 ounces of meal was 
digested. In a second experiment of 7 days’ duration in which the 
diet consisted of whole meal and distilled water, the subject digested 
90 per cent of the protein supplied by the meal eaten, which varied 
from 16 to 22 ounces daily. 
Pugliese ® conducted studies to determine the effect of milling on 

the digestibility of wheat flour. He reports that the digestibility of 
the protein of flour containing 85 per cent of the wheat kernel is 
10 per cent less than the digestibility of the protein of flour con- 

- taining 75 per cent of the wheat kernel. 

1 Ztsehr. Biol. 19 (1883), pp. 45-100. 

2 Proc.. Roy. Soc. [London], 45 (1888-89), ‘No. 279, pp. 549-553. 

2 Rev. Gén. Sci., 26 (1915), No. 21, pp. 612-617. 
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It is sometimes contended that test periods of three or four days’ 
duration are too short to give reliable data regarding the digestibility 
of foods. Newman and Robinson,’ who question the accuracy of re- 
sults of digestion experiments of only three days’ duration, studied the 
relative digestibility of white flour and whole meal (flour prepared 
from whole wheat kernel) breads of which 700 to 800 grams were 
eaten with 600 cubic centimeters of milk and 30 grams of butter fat 
daily for a period of two weeks. As a result of four experiments in 
which, with one exception, the protein of white flour was more com- 
pletely digested, they found that on the average the protein of white 
flour was 89.3 per cent digested while the protein of whole meal was 
85.9 per cent digested. They also report that the digestibility of the 
protein of a wheat meal (92 per cent of the kernel) was 76.7 per cent 
as compared with a digestibility of 80.4 per cent for the protein of 
another wheat meal (88 per cent of the wheat kernel). 
Experiments conducted by Hindhede? to determine the relative 

digestibility of coarsely ground wheat as compared with ordinary 
white flour are not open to this criticism, since they were of seven 
months’ duration. He found that the protein of coarsely ground 
wheat (bread) eaten with margarine was 75 per cent digested while 
the protein of ordinary wheat flour eaten in a similar diet was 85 
per cent digested. In both instances the total carbohydrate was 
found to be practically completely digested. 

Additional evidence regarding the effect on digestibility of in- 
cluding bran in flour is available in the reports of several investi- 
gators. Inasmuch as the experimental conditions employed in the 
tests of the digestibility of wheat flours made by the European in- 
vestigators were not uniform, it is perhaps not possible to make as 
direct comparisons as in the case of the American studies. In 
general, considering the results of these investigations as a whole, it 
is apparent that the protein of flours containing a relatively small 
proportion of bran is more completely digested than the protein 
present in flours which contain a large proportion of bran. 

In order to secure additional] evidence regarding the effect on 
digestibility of including bran in flour Snyder * conducted two series 
of three digestion experiments each comparing digestibility of 
the protein of straight-grade flour and the digestibility of the pro- 
tein of the same flour to which he added 14 per cent of finely ground 
bran (the amount of bran which he assumed to be normally present 
in graham flour). His results were as follows: The digestibility 
of bread from the flour with the bran was for protein 85.9 per cent 

1 Jour. Hyg. [Cambridge], 12 (1912), No. 2, pp. 132, 134. 

2Skand. Arch. Physiol., 33 (1916), pp. 263-290; abst. in Chem. Abs., 12 (1918), No. 1, 

p. 54. 

#U. 8. Dept. Agr., Office Expt. Stas. Bul, 156 (1908-1905), p. 42. 
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(88.2 per cent, 84.4 per cent, and 90 per cent) and for carbohydrates 

93.4 per cent (93 per cent, 92.8 per cent, and 94.3 per cent) and the 
digestibility of bread from the same flour without the bran was for 
protein 90.9 per cent (90.2 per cent, 91.9 per cent, and 90.6 per cent), 
and for carbohydrates 97.7 per cent (96.7 per cent, 98.2 per cent, 
and 98.1 per cent). As noted by Snyder, “Subject No. 3 digested 
practically the same proportion of the protein from the flour with 
the bran as from that without it,” and considering these data alone 
one could conclude that the digestibility of bran protein was 90 per 
cent. If, on the other hand, the figures reported for subject No. 2 
for the digestibility of protein of flour with bran, 84.4 per cent, and 
without bran, 91.9 per cent, are considered alone, the calculated 
digestibility of bran protein would be approximately 39 per cent. 
In general, however, the average values obtained in these tests for 
the digestibility of the mixture of white and bran flours, 85.9 per cent 
for the protein and 93.4 per cent for the carbohydrate, as compared 
with the digestibility of white flour alone, 90.9 per cent for protein 
and 97.7 per cent for carbohydrate, are in agreement with those ob- 
tained in the earlier studies of the digestibility of white and 
graham flours and indicate that the addition of bran, even if finely 
ground, to flour lowers the digestibility of the flour. 
It is very generally believed that the difference in the digestibility 

of the protein and carbohydrate contained in graham flour and white 
flour is due to relative insolubility of bran cellulose in the human in- 
testinal juices. That there is experimental evidence to substantiate 
such a theory is indicated by results of digestion experiments in 
which the crude fiber present in the foods and feces was studied. 

Prausnitz? reports that the crude fiber of wheat bread is 53 per 
cent (52.6 per cent and 53.4 per cent) digested. This value, 53 per 
cent, is somewhat lower than the figures obtained by other investi- 
gators for the digestibility of the crude fiber of fruits and vegetables. 
In 30 digestion experiments conducted by Jaffa* to determine the 
digestibility of common fruits and nuts he found that on an average 
the crude fiber was 78.54 per cent digested. Constantinidi* states 
that the crude fiber of potatoes is 79 per cent digested. As the result 
of two experiments Weiske * concludes that the crude fiber of a diet 
of celery, cabbage, and carrots is 55 per cent (63 per cent and 47 per 
cent) digested. Bryant and Milner® report that the crude fiber of 
green corn is 60 per cent digested, that of potatoes 74 per cent, that 
of cabbage 77 per cent, that of beets 88 per cent, and that of apple 

1Ztschr. Biol., 30 (1894), p. 350. 

2U. S. Dept. Agr., Office Expt. Stas. Bul. 1382 (1901-2), p. 69. 

3 Ztschr. Biol., 23 (1887), p. 452. 

4 Ztschr. Biol., 6 (1870), pp. 456-466. 

6 Amer, Jour. Physiol., 10 (1903), No. 2, p. 97. 
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sauce 95 per cent digested. As a rule cellulose of fruits and vege- 
tables seems to interfere with their digestion to a limited extent only. 

In grains, on the other hand, the cellulose forms the hard dry en- 
velope and is much more impervious to the action of the digestive 
juices. With this fact in mind Finkler+ attempted to devise a process 
for milling wheat which would render the bran more digestible and 
which would liberate the protein inclosed within the cellulose walls. 
He recommends the milling of wheat in a solution of sodium chlorid 
or a solution of sodium chlorid containing lime. He states that arti- 
ficial digestion experiments show the protein of the “finalmehl ” ob- 
tained by this process is as completely digested as the protein of white 
flour. 

While a consideration of the results of the numerous digestion ex- 
periments made with different types of wheat flours leads to the con- 
clusion that wheat bran is not as well assimilated as the interior 
portion of the wheat kernel, a review of the literature has failed to 
reveal any data on the digestibility of wheat bran when eaten in a 
diet which did not contain any portion of the remainder of the wheat 
kernel. It would seem that definite data regarding the digestibility 
of wheat bran when eaten in a diet containing no wheat flour are of 
material value in connection with the consideration of the effect of 
different percentages of milling of wheat upon the digestibility of 
the protein and carbohydrate contained in the resulting flours, and it 
was for the purpose of securing such data that the experiments here 
reported were undertaken. 

METHODS OF PROCEDURE. 

The methods employed in this investigation, especially the way the 
bran was prepared for eating, were essentially the same as those fol- 
lowed in experiments to determine the digestibility of nonsaccharine 
grain sorghums and millets. 

In the investigations previously reported in which the digestibility 
of bran has been considered, the bran was referred to as “ fine bran ” 
or “very fine bran,” but in the majority of instances no definite data 
are given regarding the coarseness or fineness of the bran used, and, 
accordingly, it is impossible to make a direct comparison of the 
results of the different studies. 

In the study here reported the size of the bran particles received 
special attention, both fine and coarse bran being included in the 
tests, in order to determine the effect of this factor upon laxative 
properties. An ordinary commercial wheat bran secured in the open 
market was ground until relatively fine in the experimental mills of 
the Bureau of Chemistry. On bolting, all the ground bran passed 

1Jour. Roy. Inst. Pub. Health, 19 (1911), No. 4, pp. 198-199, pls. 2. 
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through the 20-mesh sieve, 68 per cent remained on the 40-mesh sieve, 
20 per cent remained on the 70-mesh sieve, 4 per cent remained on the 
90-mesh sieve, 2 per cent remained on the 109-mesh sieve, and the 
remainder, 6 per cent, passed through the 109-mesh sieve. Two series 
of experiments were conducted, one with the ground bran described 
above and referred to in this paper as “fine wheat bran” and one 
series with unground bran in the form of “flakes” which were a 
part of the lot from which the fine wheat bran was prepared. The 
test periods were of 3-days’ or 9-meals’ duration. The urine was 
not collected and no attempt was made to maintain a nitrogen equilib- 
rium, or uniform body weights. The feces were separated in the 
usual way by means of pulverized charcoal taken in gelatin capsules 
with the first meal of the test period and the first meal following the 
period. The foods and feces were analyzed by the usual chemical 
methods. 

SUBJECTS. 

Five different subjects assisted in this investigation and with the 
exception of one subject (P. K.) all took part in the two series of 
tests which were made. These subjects, students in medical or dental 
schools whose ages varies from about 20 to over 40 years, were so 
chosen as to be fairly typical of the average person of this period 

of life. While all were young men of normal appetites and to all ap- 
pearances of good health, they were of quite different temperaments. 
Subject A. J. H., a strong, vigorous young man who had served one 
or two enlistments in the U. S. Army-and who had seen service in 
the Philippines, possessed a particularly hearty appetite. Subject 
P. K., on the other hand, a man of over 40 years of age, took little 
more than necessary exercise, was studiously inclined, had a tendency 
toward constipation, and would be very properly classed as of 
sedentary habits. The other three subjects, while not representing 
such direct contrasts, were, nevertheless, not in the least alike as 
regards food habits, and kinds and amounts of exercise taken, al- 
though they were of about the same size and age. 

All the subjects were instructed to submit a report of their physi- 
cal condition during the test periods. They were also instructed to 
observe special care in reserving any uneaten portion of the diet ~ 
and in the separation and collection of the feces resulting from the 
experimental diet. os 

EXPERIMENTAL DIET. 

Since information regarding the digestibility of the protein sup- 
plied by wheat bran was especially desired, the diet was so chosen 
that the accessory foods should contain a minimum of protein and at 
the same time should not be totally different from an ordinary sim- 
ple mixed diet possessing some variety. The experimental diet con- 
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sisted of a bran bread as the principal food, with enough accessory 
foods to make the diet tolerable and reasonably palatable, namely, 
boiled and mashed Irish potatoes (in limited quantities) , fruit, butter, 

sugar, and tea or coffee. 
The bran bread was prepared daily. A sufficient quantity of po- 

tatoes to supply all the subjects for the entire test period was boiled, 
mashed, and uniformly mixed at the beginning of the period. The 
fruit (oranges), butter, and sugar were purchased in the open mar- 
ket. The bran bread was made by the following recipe, which as 
will be noted contains some ginger and molasses. These materials 
were added primarily to make the bran more palatable and to mask 
its nature somewhat. 

BRAN BREAD. 

15 cups bran. 32 teaspoons salt. 

32 teaspoons soda. 5 teaspoons ginger. 

12 cups molasses. 1 secant cup lard. 

1% quarts hot water. 

The lard was added to the hot water and the mixture added to the 
other ingredients, after which the whole was uniformly mixed. The 
bread was baked about 14 hours. Since the bran contained no glutin- 
ous material to serve as a binder, the bread did not rise well and 
tended to crumble. 

The digestibility of the protein and carbohydrate of the bran 
alone has been estimated by making allowance for the undigested 
protein and carbohydrate resulting from the accessery foods. In 
estimating the digestibility of bran alone by the method which has 
been outlined in full in earlier publications? it has been assumed, as 
a result of averaging the results of earlier experimental data, that 
the digestibility of the accessory foods is as follows: The protein 
of potatoes, 83 per cent’; of butter, 97 per cent ?; and of fruit, 85 per 
cent”; while the digestibility of carbohydrate in potatoes, fruit, and 
sugar, is 95 per cent,? 90 per cent,” and 98 per cent,” respectively. 

The details of the digestion experiments are recorded in the fol- 
lowing tables, which include the kind, amount, and total weight of 
different foods eaten by each subject, the weight of the various con- 
stituents of the foods, the weight of the feces, the amount of food 
utilized, the coefficients of digestibility of the entire ration, and the 
estimated digestibility of the bread alone. 

EXPERIMENTS WITH FINE WHEAT BRAN. 

While the seven experiments which were made with fine bran were 
not all carried on at the same time, the subjects and experimental 

1U. 8. Dept. Agr. Buls, 470 (1916), p. 7; 525 (1917), p. 4. 
2 Connecticut Storrs Sta. Rpt. 1899, p. 104. 

85781°—19—Bull. 751 2 a 
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conditions were the same for the two groups, experiments Nos. 417, 
418, and 420 and experiments Nos. 460, 461, 462, and 463. The fol- 
lowing table reports the results of these experiments: 

Data of digestion experiments with fine wheat bran in a simple mixed diet. 

Constituents of foods. 

Experiments, subjects, and diet. eet i ea 
“Toy F arbohy-| | Water. | Protein. Fat. dratess Ash. 

Experiment No. 417, subject D.G.G.: | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Bread made of fine bran .............. | 1,714.0| 796.3 93.2] 138.2] 596.5 89.8 

568. 0 428.8 14.2 0.6 118.7 5.7 
852.0 770.9 2.1 Pest 74.7 1.6 
524.0 57.7 5.2 A454 | oo. ete 15.7 
CE, fae Ee vee ule baa |” "3400 EEeee eee 

3,792.0 | 2,053.7 114.7 586. 9 923.9 112.8 
i Nee ae el a joe on JAS 2 | 438:0)i| sone. == 19.3 37.0 267.6 54.1 
Atmonuntartalized 3222 Al = eee 2 ae eal) Se. 2 5.4 549.9 656. 3 58.7 

Digestibility of entire ration (per cent).).......... | me . 30.9 93.7 71.0 | 52.0 

Estimated digestibility of bran alone | | 
(PELCeNt) sense eee cee oe ee se ases ce Bee sot] a4 eee es ee ISAO sae 38:40 | Seer eeae 

Experiment No. 418, subject A.J.H.: 
Bread made of fine bran ....._.......- | 1,495.0 694. 6 81.3 120.5 520.3 78.3 
SR OLALO See eos Soe eee ere ce meat 2) 588. 0 443.9 14.7 -6 122.9 5.9 
Tats. #4 ie cee He er Vo SS 771.0 697. 6 1.9 2.4 67.6 1.5 
IBYBI AICO, SO ee CT RI ee «Sa | 482.0 53.0 4.8 40907 stk ORS 14.5 
Suzana. gehen Wines: fT Pees WADAO |. SE SI tag ee ead ee a 14250) baer 

Total food consumed................ 3,478.0} 1,889.1 102.7 533. 2 852. 8 100. 2 
TH ECES See nips ee nee il) me hail CALS UT eee Seeae 85.0 196.3 127.0 62.7 
PANNOUNE ILM Zed s2% sues 4 NTS ee oy Ee See, LE ake Ti s3f 336.9 725.8 37.5 

Digestibility of entire ration (percent).\..........|........-- 17.2 63.2 85.1 37.4 

Estimated digestibility of bran alone | 
(DETICONG) eae eae eee akan ean |Bsteee-+42//sb2s55+52- (rela ere 69. 2 | S.2ce2 TSS. 

Experiment No. 419, subject R.L.S.: ; 
Bread made of fine bran -..._._....._. | 1,372.0 637.4 74.6 110.6 477.5 71.9 
PEO AL OS re eet ey ser ee eee 497.0 370. 2 12.4 53) 103.9 5.0 
Wirtitts aks ER eee dels nal al aol 807.0 730. 2 2.0 2.5) 70.8 1.5 
IB UCODe pes ins Se eee ee ee eee 282.0 31.0 2.8 23977). AS 8.5 
Spare. Se newe) | ene S| TR yy POMONA, MMe aces a RENAN OU 7830) eee ae 

Total food consumed.........._.__.. 3,036.0 | 1,773.8 91.8 3953. 3 730. 2 86.9 
CCE Bese eS cee ee | 440.0 |.....----2 90. 2 47.0 246.0 56.8 
Amoun tatilized = oho 85 eb . see eR) SR! a aS 1.6 306. 3 484, 2 30.1 

Digestibility of eniire ration (percent).|.-.....-..|...--.-. iB 86.7 66. 3 34. 6 

Estimated digestibility of bran alone : 
(percent) 2eeee eee PRCA SS secS SSE neas Peeeast = 5 Aas one Cyr SiRe AS 28h8 Waa eeeasecs 

Experiment No. 420, subject O.E.S.: 
Bread made of fine bran -.._.._.._...- | 1,399.0 650.0 76.1 112.8 486. 8 73.3 
TE OCALO een eee eee eee | 520.0 392.6 13.0 Au) 108. 7 5.2 
TUN ss . eve Oe pede ed: eR 876.0 792.6 Zee 2a 76.8 1.7 
TBA BY AREY DE hues oars el ats st ea Jay, nor 5 BR 280. 0 30.8 2.8 238! OH. Seen ones 8.4 
UParaS seems eee! esa SEL Sg | IES. (0) | ee oe all el Ree ee 19630) as oes ee 

Total food consumed.-.-.......--.--- 3,271.0} 1,866.0 94.1 354. 0 868. 3 88. 6 
ACCES Sas eRe anton Hie sey See ALOR YA SA eee 81.2 52.3 224.8 51.7 
Armountiitllzeds: 222 25 5 Se eR Ee eee eee es 2 Na ee 12.9 301.7 643.5 36.9 

Digestibility of entire ration (percent).|-..-......|..-.--.--- 13.7 85.2 74.1 41.6 

Estimated digestibility of bran alone 
(per cent) 28 hess Sab ee ee ee ee (Ci) Cad Ra aM | BY |aaveaossoe 

See Ss SSE ———— 

1 Negative results, the fecal protein exceeding that in bran eaten. 
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Daia of digestion experiments with fine wheat bran in a simple mixed diet—Con. 

Constituents of foods. 

Experiments, subjects, and diet. Welekt of foods. : Carbohy- 
Water. | Protein. Fat. arcttacl Ash, 

exper ment No. 460, subject D.G.G.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Bread made of fine bran .............. 1, 483.0 670.2 84.4 142.5 521.6 64.3 
LEN ETAT. 5 2 ie SRG Pee eee eran e 394.0 297.5 | 9.9 4 82.3 3.9 
AAT e SSeS eee Se ee Oe 738. 0 624.3 3.0 3.7 104.8 2.2 
ROTeHTEO Lets eo 8 SR nee OL 281.0 244. 2 2.2 0.6 32.6 1.4 
PE UbOR eae ns Re Sl ae | 258.0 28. 4 2.6 PUB) ibe Sees 7.7 
STEYR O68 BERS Bee Cee ne naam 5 } LOS. O) Meee o-oo. epee atortrere 10820) Sees ecco 

poet food.consumed......5-4-2: 22.24 | 3,262.0] 1,864.6 102.1 366. 5 849.3 79.5 
PCTS: Ba Ue ee ae ae ee eo Om 8 1950p HRA o1oU. 39.0 16.3 117.1 22.6 

PARMOURETOLZed'S SoA 2 A aa I 63.1 350. 2 732.2 56.9 

Digestibility of entireration (percent).|..........|......---- 61.8 95.6 86. 2 71.6 

Estimated digestibility of bran alone 
(ODED (ER) SAG Ra decend ce cOner ees aenORe Eee eSoancel SB ea mama o BOSE losecesosce (BO) lSeetnessee 

Experiment No. 461, subject A.J.H.: 
Bread made of fine bran .............- 997.0 450.5 56.7 95.8 350. 7 43.3 
IE EALGEEEE coe sien eee oes k bela ly te | 503.0 379.8 12.6 5 105.1 5.0 
Lv Foe ee RARE Rees dee epee 420.0 355. 3 1.7 2.1 59.6 1.3 
(Ove sae ke ae eee Aes Ces eee | 575.0 499.7 4.6 teen 66.7 2.9 
TED 3535 Sere Re CEP an aE eae Seen 390. 0 42.9 3.9 SBieby aABes LEB 11.7 
SYHEDT Q2ce be oat bao ceeeneese neal eeaercse | SOLON htc c ane eee sea os | estes ase AQUOM Eeeenee aa: 

Total food consumed..........--.--- 2,934.0] 1,728.2 79.5 431.0 631.1 64.2 
TE SM Ao ee ae ee eee ees LGOF ON Ms. . Saas 37.6 18.6 91.8 21.0 
es SETCETELCS TRG YZ 270 PR SER a aA as lp | a a ah emg 41.9 412.4 539.3 43.2 

Digestibility of entire ration (per cent).|..........|...-.-.--- 52.7 95.7 85.5 67.3 

Estimated digestibility of bran alone 
(DEE GEL Vee ee a encase eo tool -ePaEeenos PEseesess = AB i ee Nine 2 GF. Saito eee 

Experiment No. 462, subject P.K.: 
Bread made of fine bran.............- 1,505.0 680. 1 85.7 144.6 529.3 65.3 
Wotahae meres 252) 2. eee ye yesishee tte 518.0 391.1 12.9 a5) 108.3 5a2 
TLDs Lo Gaels BE Mee ae ess lait 759. 0 642.1 3.0 3.8 107.8 2h 
CU es De eee OE eee ae ae 332.0 288. 5 2.6 0.7 38.5 117 
LT OR CUS ae gee er ee meee 238. 0 26. 2 2.4 2025 SiR cece ee “sil 
PEE = Peta = celui = <in.> ven eye == BB YO, | era wieperesterels lin eto arate state lteieiper= siete Gb Olea b ee scoee 

le fO0d CONSUMER « 5.542225 3,385.0} 2,028.0 106.6 351.9 816.9 81.6 
22 i oeSHeteb- Ce Sse Ae eo brea reeisa 23/0) eeaeeos sec 46.0 23. 2 138. 0 29.8 

cae IAT RLEU eA Ue trys den Be, TIRE yc 1 A Mg 60.6 328. 7 678.9 51.8 

Digestibility of entire ration (per cent).|....-..:-.|-.-------- 56.8 93.4 83.1 63.5 

Estimated digestibility of bran alone 
Cher COMIN sees tae o = = acta cinaiclaiccte| nc =n aeraee [n= ro ninte siete SOE es ese Govan |eesae est 

Experiment No. 463, subject R.L.S.: 
Bread made of fine bran ........------ 1, 255.0 567.1 71.4 120.6 441.4 54.5 
NMEA S oe eee ess = peek ace nie tare 396.0 299.0 9.9 4 82.7 4.0 
eee sien oe a8 44598 35 HPs 657.0 555. 8 2.6 3.3 93.3 2.0 
DIME C rs nee eee oa ae ee sr omianie ns, 166.0 144.3 ink} AG) 19.3 .8 
BULA Bee 2e 9: 2222 Fans sd ebradnc’s sine 133.0 14.6 1.3 AIS OL yeeteyab thas 4.0 
CYTES oc Bt la ea St aaa era aties Net ORO... Settetaeie lee aeoesinie learners o's BAO Mira serenisies 

Total food consumed...............- 2,651.0} 1,580.8 86.5 237.7 680.7 65.3 
Ue ee eg eee) Se eee 15400 |. . pees 33.9 12.8 88.3 19.0 
PRILOMITE LULZ crear aot nin izeltn x vin'e 3/5 3 (a/cin'=||< = « ois MP A| «=, acta erate 52.6 224.9 592. 4 46.3 

Digestibility of entire ration (percent).|..........|...-...--- 60.8 94.6 | 87.0 70.9 
—_—_—————SE_|_E —__=ES_«—_ OoCLj=jeo_=_|aa|janajaj=e™x*™e|_ONQBL———aaaa==a= aoe 

Estimated digestibility of bran alone 
LDC CORD a. as obo 355 rt, ~ db padem ual, «PE pees| sec eaeLg- ~ SP iden |b ay na Aes CE |e acon re cc 

Average food consumed per subject perday | 1,075.4 616.0 32.4 133.9 264.7 28.3 
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Summary of digestion experiments with fine wheat bran in a simple mixed diet. 

Digestibility of entire ration. Esti- Esti- 

mated | mated 
digests peat. 

, H ity ility o 
Experiment No. Subject. ites of pro- | carbohy- 

Protein. Fat. niedeate Ash. tein of | drate of 
y : bran bran 

alone. alone. 

Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent. 
PO aE Re Ee ee ee 2 Di GEG. ste 30.9 93.7 71.0 52.0 18.0 38.4 
ry beeen to oes eevee UNS ) 1 pe es 17.2 63.2 85.1 37.4 () 69. 2: 
Ct eee nee RS Ses 7, 86.7 66.3 34.6 (4) 28.8 
C0. a ee ete ee aed OPET SR Ss 13.7 85. 2 74.1 41.6 (4) 37.6 
AGO) eiere A S55. 2S ee Dx GNGe.s25 4 61.8 95.6 86.2 71 56. 8 71.0 
AG Ut R SSS i Nerd Je 18 Gs Rae es 52.7 95.7 85.5 67.3 43.2 67.5 
AG 2 eer ee areca [Res Keser nce 56.8 93. 4 83.1 63.5 50.1 65.3 
BGS Tee hs. SE kg aed Ripa See 60.8 94.6 87.0 70.9 55.7 74.7 

PASV OLAS Old = sams neste Eos Sea ee eee ek 37.0 88.5) }) 917928 54.9 44.7 56.6 

a Negative value, fecal protein exceeding that of bran eaten. Not included in average. 

The subjects ate on an average 32 grams of protein, 134 grams of 
fat, and 265 grams of carbohydrate daily, which taken together fur- 
nished in round numbers 2,400 calories. The diet was somewhat low 
in energy for active young men and decidedly low in protein. With 
the diet followed, a low protein consumption is almost unavoidable, 
for it was hardly possible to eat more of the bran bread than was 
consumed (approximately 420 grams daily), and in order that the 
bran might supply the major portion of the protein intake it was not 
desirable to increase the amount of potato taken with the bread. 

The average coefficients of digestibility of the diet as a whole were 
found to be for protein 37 per cent, for fat 88.5 per cent, and for 
carbohydrate 79.8 per cent. Excluding experiments Nos. 417, 418, 
419, and 420, in which the digestibility of protein was very low, the 

average coefficient of digestibility for protein becomes 58 per cent. 
Excluding experiment No. 417 and leaving out the negative values it 
becomes 51.4 per cent for the protein of bran alone. 

As regards the laxative properties of the diet, records kept by the 
subjects show a variation from “condition entirely normal” to 
“bowels very loose.” In three of the experiments, Nos. 418, 419, 
and 420, the amount of bran protein excreted in the feces exceeded 
that supplied by the bran eaten. In these cases, and also in experi- 

ment No. 417, where the digestibility was very low as compared with 
other tests, it might be assumed that an increase of peristalsis has 
effected a greatly decreased absorption, or that for some cause there 
has been an increase in the elimination of metabolic nitrogen through 
the intestines. 
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The figure 44.7 per cent reported for the digestibility of bran pro- 
tein results from averaging the figures obtained in five tests, while 
the figure 56.6 per cent reported for bran carbohydrate results from 
averaging eight experiments. The figure 44.7 per cent agrees closely 
with that obtained by Pannwitz,' who found that the protein of finely 
ground bran was 43.7 per cent digested. However, the value 51.4 per 
cent obtained by including only three tests is considerably higher 
than his figure. The figure 56.6 per cent for the digestibility of bran 
carbohydrate is materially lower than that of the carbohydrate of 
cereal flours or meals or the carbohydrate of the average mixed diet, 
a fact in accord with data reported by other observers. 

The figure 88.5 per cent obtained for the digestibility of the total 
fat of the diet is of interest. Except for the very little in the bran 
and in the potato and fruit the fat consumed consisted wholly of lard 
used in the preparation of the bread and butter eaten with the bread 
and potato. The digestibility of lard? had been found to be 97 per 
cent. In similar experiments? the digestibility of butter was found 
to be 97 per cent, and when it was included in a diet of meat loaf 
(containing hard palates of cattle), potato, crackers, sugar, and tea or 
coffee, the butter * was 95 per cent digested. In other experiments 
in which the diet consisted of bread, potato, fruit, butter (which 
supplied practically all the fat of the diet), sugar, and tea or coffee, 
the butter* was over 95 per cent digested. In more recent experi- 
ments in which butter® was eaten in conjunction with dasheen, milk, 
fruit, and tea or coffee, butter was over 96 per cent digested. It 
perhaps may be possible that the bran stimulated peristaltic action 
to such an extent that the fats, lard, and butter did not remain in 
the alimentary tract long enough to become as completely absorbed 
as they otherwise would. 

EXPERIMENTS WITH UNGROUND WHEAT BRAN. 

Seven experiments were made to determine the digestibility of the 
protein supplied by unground bran (flakes). The experiments were 
made in two groups, the first comprising experiments Nos. 409, 411, 
and 412 during the period March 13 to 16, inclusive, and the second 
experiments Nos. 436, 437, 438, and 439 during the period May 8 to 
11, inclusive. With one exception the same subjects assisted in 
both groups of experiments, and uniform experimental conditions 

1 Nihrwerth des Soldatenbrotes, Inaug Diss., Berlin, 1898, p. 123. 

2U. 8. Dept. Agr. Bul. 310 (1915), p. 21. 

*U. 8. Dept. Agr., Jour. Agr. Research, 6 (1916), No. 17, p. 647. 

“U. 8. Dept. Agr. Bul. 525°(1917), p. 8. ; 

5U. 8. Dept. Agr. Bul. 612 (1917), p. 8. 
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were maintained for all the experiments. 
these tests are summarized in the tables which follow: 

The data resulting from 

Data of digestion experiments with coarse wheat bran in a simple mixed diet. 

Experiments, subjects, and diet. 

Digestibility of entire ration (per cent) 

Experiment No. 409, subject to D.G.G.: 
Bread made with unground bran...--. 

Feces 

Digestibility of entire ration (per cent)....-|.....-.--- 

Estimated digestibility of bran alone 
(per cent) 

Experiment No. 410, subject A.J.H.: 
Bread made with unground bran 

Feces 

Digestibility of entire ration (per cent) -.... } 

Estimated digestibility of bran alone 
(per cent) 

Experiment No. 411, subject R.L.S.: 
Bread made with unground bran..... 

MOCOSS- fees age tye co meats 
Amount utilized 

Estimated digestibility of bran alone 
(per cent) 

Experiment No. 412, subject O.E.S.: 
Bread made with unground bran 

Digestibility of entire ration (per cent). 

Estimated digestibility of bran alone 
(per cent) 

Constituents of foods. 

Wicignt 
of foods. 

5 Carbo- : 
Water. | Protein. Fat. hydrates. Ash. 

Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
1, 260. 0 660. 4 55.1 105. 2. 373.3 66. 0 

546. 0 412.2 13.7 5 114.1 5.5 
784.0 707.8 2.0 2.5 70. 2 10K 
199.0 21.9 2.0 169: 1's: Sees 6.0 
ADB O pliers tec, Peale eens eee |e a W425 0c ses tees 

2,931.0 | 1,802.3 72.8 277.3 699. 6 79.0 
PAOD) |Ie See See 50. 4 17.8 140.3 27.5 

Bs eee || ale se 22. 4 259.5 559. 3 51.5 

| . RS 30.8 93.6 79.9 65. 2 

pica: 5S Salads? AGES Ee PA oeeeh AGY AS eke - Be a9 5 

1,107.0 580. 2 48.4 92. 4 328. 0 58. 0 
509 0 384. 3 1h 7 a5 106. 4 5.1 
688. 0 621.1 1b 7/ 252, 61.7 1.3 
233. 0 25. 6 2.3 198; "1 ics. sees ees 7.0 
(GUM eaaemeres | tan aacceoale epee an as iO VSS asec 

2,614.0 1,611. 2 65.1 293. 2 Dial 71.4 
WRK) | -eagEecase 66. 2 32.9 121.6 35.3 

Bie 2 || Ss cae clips 2 Ne aa 260. 3 451.5 36. 1 

Re eer eeu he 88. 8 78.8 50. 6 

Mee, 5 Miele sae (OP Bie AD. Spl. sabes cei 

1,335.0 699. 7 58.3 111.5 
: ls 9.0 

2.0 
1.5 

8 
-0 
.8 

SSSR = 32) see 11.0 92.8 

Be: cee [srettttcte (@) aE 

1,119.0 586.5 48.9 93.4 
507.0 382.8 12.7 om 
586. 0 529.0 1.5 1.9 
66.0 133 0.6 56.1 

DOTS Ota ees Ree ey | ae eed 

2,575.0 | 1,505.6 63.7 151.9 
167.0: lcteneeee 33.9 10.3 

BR Saal eee 29.8 141.6 

CN. (ER Lee 46.8 93.2 

Sa eee. 2 | ee ae BONGO en ee Feae 60.3 

1 Negative results, fecal protein exceeding that in bran eaten. 
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Data of digestion experiments with coarse wheat bran in a simple mixed diet— 
Continued. 

Constituents of foods. 

Experiments, subjects, and diet. ni pent wes 
? . arbo- 

Water. | Protein. Fat. hydrates Ash. 

Experiment No. 436, subject D.G.G.: Grams. Grams. | Grams. | Grams. | Grams Grams. 
Bread made with unground bran ....- 1, 454.0 696. 5 69.9 147.1 462-8 Utotl 
Potato. -...- Re ee eee ee Sta ks BR ts 438.0 330.7 11.0 4 91.5 4.4 
rit ease es oc acie cee <rienin asides 700. 0 607.6 2.1 2.8 85.4 2.1 
LET e 5 eee sees aeeeeeoeee 418.0 46.0 ADDN Mr ODDNO ilozeciee ces 12.5 
SiGe 4s 3 2B eee Soe Seeeen 16450) |b Boao ecse REE AEP Ar he ks aera 164-072 ee 

Total food consumed......--.------- 3,174.0] 1,680.8 87.2 505.6 803.7 96.7 
ITPEGSG 2 We RASS US SNES a See Soe ap Cpeeaces 2975 Ole wemeseier 63.3 26.6 170.1 37.0 
J Chr TT AUC ee a ee eae non cb escocE SECC heeeee | GBReeE en: 23.9 479.0 633.6 59.7 

Digestibility of entire ration (per cent)-.|_.........|.........- 27.4 94.7 78.8 61.7 

Estimated digestibility of bran alone 
(GEE? Gis Sade Seen pp Sua enOOaeeboe Sa4a. dees Shenae sae DONO Sten eeree CUIGE IS oceaeaacc 

Experiment No. 437, subject A.J.H.: 
Bread made with unground bran..... 1, 055. 0 505.4 50.7 106.8 335.8 56.3 

: 11.6 4 : ad, 
1.9 9 
3.9 6 

Digestibility of entire ration (per cent). 

Estimated digestibility of bran alone 
(per cent) 

Experiment No. 438, subject R.L.S.: 
Bread made with unground bran 

THri lS Ee e  e ee 

Digestibility of entire ration (per cent). 

Estimated digestibility of bran alone 
(per cent) 

Experiment No. 439, subject O.E.S.: 
Bread made with unground bran 

Total food consumed 
Feces 
Amount utilized 

Digestibility of entire ration (per cent). 

Estimated digestibility of bran alone 
(per cent) 

Tope ee, Pee Bld 95.7 88.7 71.3 

para || \aeee Ok! Gee Hee IRB pT || ae eee 

1,129.0} 540.8 54.3 414.2 | 35014 60.3 
420.0] 317.1 10.5 ma 87.8 4.2 
684.0| 593.7 2.1 2.7 83.4 2.1 
99.0 10.9 1.0 Ce a 3.0 
RRION fof Se SECT NG Oe Boones eo. 

2,420.0 | 1,462.5 67.9| 201.4| 618.6 69.6 
Fis.) Nae Oe 39.5 17.4| 100.3 25.8 

Oem is 23.4] 184.0| 518.3 43.8 

CT CRE: Tas 41.8 91.4 83.8 62.9 

ae ene Bail dl gaese sy 348 Hey lope ees Sees 

1,009.0] 483.3 48.5] 102.1] 321.2 53.9 
439.0| 331.4 11.0 ia 91.8 4.4 
675.0 | 585.9 2.0 27 82.4 2.0 
285.0 31.4 MU NGY DG) NEMO ae 8.6 
DOSTOM eae «ee ara 208: Gilad et ee 

2,616.0 | 1,432.0 64.3] 347.4] 703.4 68.9 
173.0 |. 40.3 j “il 

see ge 0 8 
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Summary of digestion experiments with wheat bran in a simple mixed diet, 

Digestibility of entire ration. Esti- Esti- 
mated | mated 

Experiment No. Subject. bility bility 
: Garbo: en of pro- | of carbo- 

Protein. Fat. hydrate. s 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
30.8 93.6 | 79.9 65.2 13.4 4 ADORE so) SSA Ree Beer ves Di GHG 6 9. 45. 

ALOE SEA eel eee eee a 23 | 1 Cee @) 88.8 78.8 50.6 2 45.8 
c.5 bl Ms ey tame 7 Nea ay Iola Secoscoe 11.0 92.8 84.8 60.9 (@ 59.4 
AID ere pala ae ea aewiehaueai O.E.S.. 46.8 93.2 87.6 62. 35.6 60.3 
ASG gS eo biter Me aN We Cre Cres cease 27.4 94.7 78.8 61.7 16.7 “41.5 
LOVES Se OSSA Ae Lan Moers ee aes AEE yoo ee 55.4 95.7 88.7 71.3 49.7 72.1 
438 Sie See OO aR RL Te i ae 18, IS SSeS nee ~ 41.8 91.4 83.8 62.9 31.1 58.4 
ABO joys no 15 hla napa sreadyaal O.E.S.. 37.3 94.5 87.3 65.0 21.6 60.7 

BASVICTELS Oi en euler ats hall et el ae Dae 35.8 a Saat 82.8 62.5 28.0 55.5 

1 Negative result, fecal protein exceeding that of diet. 
2 Negative result, fecal protein exceeding that of bran eaten. Not included in average. 

On an average the food consumed by the subjects furnished 24 
grams of protein, 103 grams of fat, and 237 grams of carbohydrate 
daily, with an average energy value of approximately 1,970 calories. 

Although the subjects ate, in round numbers, 400 grams of the bran 
bread daily, the total amount of protein supplied per day was small. 
However, it was desirable that bran should furnish the major portion 
of the protein, and so, as was the case in the experiments with finely 
ground bran, no attempt was made to increase the protein intake by 
increasing the amount of potato consumed with the coarse bran bread. 

The coefficients of digestibility of the diet as a whole were 35.8 per 
cent for protein, 93.1 per cent for fat, and 82.8 per cent for carbohy- 
drate. These values are, of course, lower than those which have been 
reported for an average mixed diet,’ namely, 92 per cent for protein, 
95 per cent for fat, and 97 per cent for carbohydrate. 

Tt is of interest to compare the coefficients of digestibility of the fat 
of the diet, 93.1 per cent (practically all obtained from lard used in 
preparing the bread and butter eaten with the bread and potato), 
with the coefficient of digestibility, 97 per cent, found for both lard 
and butter in experiments previously reported.? 

In experiment No. 410 a negative value was obtained for the diges- 
tibility of protein, the amount excreted in the feces exceeding the 
amount supplied by the diet. In experiments Nos. 409, 411, and 436 
the coefficients of digestibility were decidedly lower than in the re- 
maining tests. Excluding these low values the coefficient of digesti- 
bility of protein becomes 45.3 per cent. The average digestibility of 
the carbohydrate of the coarse bran, 55.5 per cent, closely approxi- 
mates the value 56.6 per cent obtained in the tests with finely ground 

bran. 

1 Connecticut Storrs Sta. Rpt. 1901, p. 245. 

2U. S. Dept. Agr. Bul. 310 (1915), pl. 21. 
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In computing the digestibility of bran protein negative results 
were obtained in experiments Nos. 410 and 411; that is, the fecal 
protein was greater than that supplied by the bran. In three of the 
remaining tests (experiments Nos. 409, 436, and 439) the values were 
decidedly lower than in the remaining tests. Omitting these low 
values the average coefficients of digestibility for -bran becomes 38.8 
per cent instead of 28 per cent. 

The reports made by the subjects regarding their physical condi- 
tion vary from “normal except for occasional slight pains in the 
stomach after eating” to “extreme laxative effect.” 

No definite relation was apparent between such observations and 

the coefficients of digestibility. It is also interesting to note that the 
subjects were all of the opinion that no differences with respect to 
laxative effect were noted in the tests with finely ground and with 

coarse bran. 
GENERAL DISCUSSION. 

The results of numerous studies conducted both in this country 
and abroad to determine the digestibility of wheat flours containing 
little, if any, bran as compared with the digestibility of flours con- 
taining all the bran normally present in the grain show that the 
protein and carbohydrate of flours from which the bran has been 
largely removed is more completely utilized by the human body 
than the protein and carbohydrate of flours prepared from the whole 
grain. 

So far as can be learned, no studies have been made to determine 
the digestibility of wheat bran when eaten as a constituent of a 
diet which did not include the flour prepared from the remainder 
of the kernel. With the purpose of securing more data on the 
digestibility of wheat bran included in a diet from which all forms 
of wheat flour were excluded, two series of experiments were made, 
one with fine bran and one with coarse bran, the subjects and ex- 
perimental conditions being alike for both series. 
An average of 465 grams of fine bran bread, equivalent to 155 

grams bran, and of 395 grams of coarse bran bread, equivalent to 
132 grams bran, was eaten per man per day. The results of tests 
with fine bran indicate that the protein supplied by the bran was 

_ 44.7 per cent and the bran carbohydrate was 56.6 per cent digested, 
while the results of the tests with coarse bran indicate a digestibility 

of 28 per cent for the bran protein and 55.5 per cent for the bran 
carbohydrate. The result for the digestibility of fine bran protein 
is in agreement with the results of Pannwitz,' who found that the 
protein of fine rye bran was 43.68 per cent digested. 

1 Nihrwerth des Soldatenbrotes, Inaug. Diss., Berlin, 1898, p. 100. 
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The digestibility of the protein of white flour obtained by averag- 
ing the results of the 31 tests reported in the United States Depart- 
ment of Agriculture investigations noted on page 4 is found to be 88.1 
per cent. The digestibility of the protein of graham flour (repre- 
senting the whole kernel) obtained by averaging the results of the 
24 tests reported in the same investigations by the United States De- 
partment of Agriculture is found to be 76.9 per cent. If it is assumed 
that white flour contains 15.1 per cent’ of protein which is 88.1 per 
cent digested and that fine bran contains 15.4 per cent* of protein 
which is 44.6 per cent digested, then by calculation the digestibility 
of the total protein supplied by a graham flour consisting of 72 per 
cent of white flour and the remainder of fine bran would be 75.8 per 
cent. It is an interesting coincidence that the value 75.8 per cent 
calculated for the digestibility of graham flour should agree so 
closely with the value 76.9 per cent obtained by averaging the results 
of the determination of the digestibility of protein of graham flour 
found in the 26 digestion experiments noted above. 

The coefficients of digestibility of the diet as a whole (37 per 
cent for protein, 88.5 per cent for fat, and 79.8 per cent for carbo- 
hydrate, in the series in which fine bran was eaten, and 35.8 per 
cent for protein, 93.1 per cent for fat, and 82.8 per cent for carbo- 
hydrate, in the series in which coarse bran was eaten), are lower 
than the coefficients of digestibility, 92 per cent for protein, 95 per 
cent for fat, and 97 per cent for carbohydrate, reported? for the 
ordinary mixed diet. This indicates the way in which the rough, 
relatively indigestible bran influenced the digestibility of the entire 
diet. It is also possible that the bran stimulated peristaltic action to 
such an extent that the food materials were not as completely ab- 
sorbed as is normally the case when they pass through the alimentary 
tract without increased peristalsis. 

In general the amount of feces voided by the subjects during the 
tests with bran was larger than normal. This condition was noted 
by all the subjects regardless as to whether they were of active, ath- 
letic, or sedentary habits. Some of the subjects found the bran diets 
decidedly laxative. Little, if any, difference was noted by the sub- 
jects as a whole between the laxative effects of the fine and coarse 
brans. 

_ Tt is hoped that the results of the experiments here reported when 
considered in connection with the available data on the digestibility 
of wheat will be of value in determining the most economical and 
physiologically efficient method of utilizing wheat for human food. 

1U. S. Dept. Agr., Office Expt. Stas. Bul. 156 (1905), p. 14. 

2 Connecticut Storrs Sta. Rpt. 1901, p. 245. 
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SOME IMPORTANT FACTORS IN SWINE PRODUCTION ON 
~ IRRIGATED LANDS. 

On nearly every irrigation project in the United States it is pos- 
sible to produce pork in commercial quantities. Swine growing has 
proved to be one of the industries through which the irrigation 
farmer can utilize certain of his field crops advantageously. The im- 
portance of this industry in irrigated districts fluctuates widely from 
year to year in response to various changes in economic conditions. 
One of the most important economic factors influencing swine pro- 
duction in these regions is the relationship between the prices of feeds 
and the prices of pork. Frequent changes in this relationship have 

resulted in great instability in the swine industry on irrigated lands 
and this has led to much economic loss. 

86508°— Bull, 752—19——_1 
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To establish the swine industry in a community requires time and 
continued effort. Swine growers, to be successful, must acquire skill 
and have some special equipment; they must develop well-bred herds 
of suitable breeds, and they must build up and maintain a reputation 
for producing a continuing supply of pork. In other words, success- 
ful swine production requires that the producer adjust his operations 
so as to be able to remain in the business continuously. 

In the past, swine production on irrigated lands has involved too 
many speculative features. Farmers commonly have gone into the 
business extensively when prices were high, only to go out of it later 
when prices were low. Thus, they have incurred losses in both trans- 
actions. Besides, they have expended large sums for equipment. 
which deteriorated rapidly when not in use. 

One of the many causes of this uneconomic practice has been a lack 
of information as to the possibility of utilizing certain field crops 
produced under irrigation and the values of these crops when meas- 
ured in terms of pork production. In some instances these values 

have been overestimated and overstocking has resulted; in others, 
farmers have underestimated feed values, and have either under- 

stocked with hogs or have sold both their hogs and their feed in the 
mistaken belief that “the market would pay more for the feed than 
the hogs would.” Irrigation farmers have been strongly inclined to 
rely exclusively on old-established methods of swine production, so 
that at times of advancing grain prices, swine holdings have been 
inordinately reduced. Too little attention has been paid to the possi- 
bilities of utilizing fully certain field crops which are peculiarly 
adapted to irrigation farming. Many irrigation farmers have failed 
to appreciate the range of field crops available to them as feed for 
hogs, and to understand the swine-producing possibilities of irriga- 
tion agriculture through a better use of these crops. 

Most of the published data regarding the feeding values of various 
crops used in swine production have been secured in nonirrigated 
sections. These data can not always be applied safely in irrigated 
districts, particularly in reference to crops which are pastured by 
hogs or “ hogged off.” One of the most important points in ¢onnec- 
tion with the hog-pasturing method of utilizing these crops is the 
labor-saving feature—a feature of great importance im the sparsely 
settled irrigated districts, where labor commonly is expensive and 
difficult to secure. 

Since 1912 the Department of Agriculture has been conducting 
experiments at its Western Irrigation Agriculture field stations? in ~ 

1These field. stations are operated by the Office of Western Irrigation Agriculture of 

the Bureau of Plant Industry. Since 1914 the Animal Husbandry Division of the Bureau 

of Animal Industry and the Office of Demonstrations on Reclamation Projects in the 

Bureau of Plant Industry have cooperated in this work. The State experiment stations 

of Montana, Nebraska, and Oregon also cooperate in the investigations in those States. 
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the utilization of irrigated field crops in swine production. Reports 
of certain features of these investigations have been made from time 
to time,! and the results secured at individual stations have been dis- 
cussed. In this bulletin an attempt is made to bring together some 
of the more important information which has been obtained at all 
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Fic. 1.—Map of the western United States, showing the location of the Government 

irrigation projects. The projects on which data have been obtained with reference 

to the utilization of irrigated crops by hog pasturing as discussed in this bulletin 

are shown by circles. 

these stations with reference to the feed efficiency of certain irrigated 
field crops used as hog pasture and for hogging-off purposes. Some 
data which have been secured in tests? conducted in cooperation with 

1 See the list of publications near the end of this bulletin. 

2 These cooperative tests were supervised by the following field men employed by the 

Office of Demonstrations on Reclamation Projects: HE. F. Rinehart, Charles 8S. Jones, 

L. EB. Cline, Carl Christopher, Don G. Magruder, H, A, Lindgren, R, P. Bean, and 

H. A. Ireland. f 
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irrigation farmers are also included. The locations where the infor- 
mation was obtained are shown in figure 1. | 
Many questions in this connection still need investigation, and ex- 

periments for this purpose are now in progress. This bulletin is 
issued as a contribution to the knowledge of the subject, in the belief 
that it will be helpful to practical swine growers and to the various 
agencies engaged in stimulating swine production on irrigated lands. 

CHARACTER AND USE OF EXPERIMENTAL DATA. 

In this bulletin, no attempt has been made to present the data on a 

monetary basis. Cash values of crop products and of hogs are chang- 
ing constantly, so that in any event it is necessary to recalculate a — 
financial statement of the results of a feeding operation to make it fit 
an individual case. In ‘the present instance, the results have been 
measured and expressed in terms of pork production. In each test, 
the quantities of feed consumed and the area of land pastured have 
been set over against the gains made by the hogs during the period 
involved. 

The tests reported cover a wide diversity of conditions with refer- 
ence to number and size of animals used, area of land and quantity 
of supplementary feeds involved, and duration of the feeding period. 
These conditions are set forth in the tables and text. By consulting 
these, the reader can study the results of the tests in terms of area 
of land, quantity of supplementary feeds, total gains and rate of gain, 
and in many instances carrying capacity per unit area of land. With 

information on these points it is possible to apply the results reported 
to a variety of conditions on irrigated lands. 

PASTURING ALFALFA. 

In alfalfa, the irrigation farmer has an unexcelled forage crop for 

swine. This crop is grown more extensively than any other forage 
on the irrigated lands, and it yields abundantly. Its rapid growth, 
its palatability, and its high feeding value fit the crop admirably for 
hog pasture. There is, perhaps, no more économical method of grow- 
ing pigs than to pasture them on alfalfa, if the latter is supplemented 
with the proper carbonaceous feeds. It is probable that, on the irri- 
gated lands, with their abundance of alfalfa pasture, stocker hogs 
can be produced more cheaply than in any other swine-producing sec- 

tion of the country. Alfalfa pasture should be regarded as a basis 
for most of the operations of swine production on irrigated lands. 

The results that can be secured with swine on alfalfa pasture de- 
pend chiefly upon the character of the animals, the stand and growth 
of the crop, the method of management, and the character and quan- 

tity of the supplementary feeds used. The stand and growth of the 
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alfalfa crop vary so widely from year to year in different fields and in 
different parts of the country that only an approximation can be made 
of the productivity of alfalfa fields in irrigated sections. In 1916, 

the average yield of alfalfa hay on 381,323 acres harvested on all the 
Government reclamation projects was 3.2 tons per acre, according 

to reports made by the United States Reclamation Service. This 
acreage included newly-seeded land as well as land on which good 
stands of.alfalfa had become established. Ordinarily, only established 
stands are used as pasture for hogs. The yields of the pastured fields, 
therefore, are somewhat greater than the average for the entire 
alfalfa acreage. An approximation of the productivity of the 
alfalfa lands used as hog pasture in the experiments reported in this 
bulletin is given in Table I, which shows average yields of alfalfa 
at five Western Irrigation Agriculture field stations. 

TasLe I.—Average yields of alfalfa hay at five Western Irrigation Agriculture 
field stations. 

Yield 

Station. Years. oe Remarks. 

(tons) 

Yuma (Arizona-California) - - - -. 1916 by, Estimated yield of field used for hog pasture. 
Truckee-Carson (Nevada)..-.--- 1916 oe Average yield of 49 plats on good and poor soil. 
Scottsbluff (Nebraska).......... oN \ 5 42 = yeuvayelac? yield of 15 plats with established stands 

Huntley (Montana).........-..- { 8 \ Demers BOIS yield of 9 plats with established stands 

Belle Fourche (South Dakota)... ie \ 373 py camayerace yield of 10 plats with established stands 

ae 

It will be noted from Table I that the yields of established stands 
of alfalfa at the Yuma, Scottsbluff, and Huntley field stations aver- 
age 5 tons or more per acre, while those at the Truckee-Carson and 
Belle Fourche stations are somewhat lower than this. These figures 
are useful only as a general indication of the productivity of the 
alfalfa fields used as hog pasture at these stations in tne experiments 
reported in this paper. 

The principal supplementary feeds are, of course, the cereals. 
The cereal crops—barley, corn, oats, rye, and wheat—are grown on 
most irrigation projects, but in varying degrees of importance. In 
1916 these crops occupied 26.1 per cent of the cropped acreage on the 
Government reclamation projects, while alfalfa occupied 44.5 per 
cent of the cropped acreage the same year. Grain sorghums are 

grown extensively in the Southwest where they are used both as a 
principal feed for hogs and as a supplement to alfalfa pasture. Rye 
is not grown extensively for its grain under irrigation. A general 

idea of the yields obtained of the four principal cereal crops grown 
throughout the irrigated regions of the western United States can 
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be had from an examination of the figures showing the average yields 
of wheat, oats, barley, and corn on 15 leading reclamation projects 
during the three years, 1918, 1914, and 1915. These figures, which 
include about 80 per cent of the total cereal acreage on all the Gov- 
ernment reclamation projects during the three years mentioned, are 
presented in Table II. 

TABLE IIl.— Acreages and average yields of the principal cereal crops on 15 

leading reclamation projects* during 1913, 1914, and 1915. 

Rank in— 
Average eae 

Crop. annual — 
acreage Bere 

Be (pounds). | Acreage. | Yield. 

NWAG SE rcs oe Sa te a ey a iO Ee Re a 65, 787 1, 200 1 3 
QOatSE Se Oe aera aaa Seo re eo SEE Ree cc meee eee 47, 688 925 2 4 
BaTle yeas nae oars Nase oe eee So Oe ee eres one eioce 36, 583 1, 267 3 V2 
(Ofey a a Rene Oe ee Se ens Oe ee ee) are 32, 948 1,501 4 1 

1 These projects are the Salt River, Yuma, Uncompahgre, Boise, Minidoka (pumping and gravity) 
Huntley, North Platte, Truckee-Carson, Rio Grande, Klamath, Belle Fourche, Sunnyside, Tieton, and 
Shoshone. The locations of these projects are shown in figure 1. 

Considering the yields obtained with these crops and their com- 
parative suitability as supplements to alfalfa pasture in swine feed- 
ing, it appears that corn and barley should be grown more exten- 
sively. As long as irrigation farmers grow cereal crops to sell, it 
is likely that corn and barley will increase but slowly in importance. 
The necessity of developing live-stock industries in order to secure 
full utilization of the alfalfa crop and to sustain the productivity of 
the soil is becoming increasingly evident, however, and this is lead- 
ing to a better appreciation of those cereal crops which, all things 
considered, are more suitable for use in feeding operations. 

Since 1912 data showing the results obtained from alfalfa pasture 
and various supplements have been secured. These supplements in- 
clude corn, barley, wheat, shorts, and milo, each used separately, and 
a number of mixtures of one or more of these feeds and of some 
additional feeds. In the following pages data are presented to show 
the results secured on alfalfa pasture, first, without supplements, and, 
second, with supplements of various kinds. 

PASTURING ALFALFA WITHOUT SUPPLEMENTARY FEED. 

It has been generally assumed that maximum returns can not be 
secured by pasturing alfalfa with swine unless a supplementary feed 
is used, and the few tests which have been conducted have supported 
this assumption. The results obtained in three tests at the Scotts- 
bluff Experiment Farm and one on the Tieton Reclamation Project 
are shown in Table ITI. 
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Taste I1].—Results secured with four lots of pigs on irrigated alfalfa pasture 
without supplementary feed on the Scottsbluff EHaperiment Farm and the 

Tieton Reclamation Project in 1914, 1915, and 1916. 

Gain (pounds). | A ver- 

age 
Num- Area |p; carry- 

Average Time A 
Pigs. Location. Time. eber | ‘initial oe of Per | Per | 278 

of | weight. | P25" | test. | 1°t| acre | pig | C@Pa° 
pigs. Sot. | ture. *| per er ar ity 

acre. | P per day. | day. 
acre 

Lbs. |Acres.| Days. Lbs. 
12) 38 Lae Scottsbluff .-...| Summer, 1914..... 6 59 | 0. 25 g0 | 408 | 4.53 | 0.19 | 1,620 

1 ee done asees Spring, 1915....... 3/  108| .25| 60| 308|5.10| .43| 1,450 
Mob aes. 2 e|---=- doses. Summer, 1915...-. 6 339 |) 225 90 | 304 |3.40] .14 944 . 

Lots 2and3 -|...-.- d0ssc-ss-- Allseason, 1915... -. Peel Eee 52 | GO) GA |) GENO) see oallaccooe 

Gttees sc 2-0 Tieton project.) Summer, 1916...-- 60 35 /18.00 | 63 |.-.-.- ineers es 2 BO Geen 

The pigs in lot 4 had access to 18 acres of alfalfa, much more 
than they could consume, so that the only significant figure secured 
with this lot was the average daily gain per pig, which amounted to 
0.3 pound during the 60-day period. * In lots 1, 2, and 3 the average 
daily gains were all low, considering the sizes of the pigs; and, as 
will be seen later, the gains per acre and the carrying capacity were 
lower than those which are secured when the pasture is supplemented 

with grain. 
While the tests which have been conducted show that the best 

utilization of alfalfa pasture for hogs can not be secured without 
the use of some supplementary feed, irrigation farmers still pasture 
hogs in large numbers on alfalfa without supplements. It is true 
that hogs can be maintained in this way for some time, and that 
they frequently continue to make small gains for rather long periods. 
Continued pasturing without supplements, however, prevents good 
development, makes a hog pot-bellied and renders him incapable of 

making the most efficient use of concentrated feed later when he is 
being finished for market. Much of the disappointment experienced 
by irrigation farmers in finishing hogs for market is due to un- 
thriftiness in the hogs resulting from inadequate previous feeding. 
The fact that hogs on alfalfa pasture alone will make some growth 
and that for some time they may not show any signs of serious 
nutritional] deficiency is likely to be very misleading. The serious 
effects of such feeding are not always noticeable until the finishing 
period, when it is too late to remedy any defects which may appear. 

The practice of pasturing alfalfa without supplements should be 
avoided whenever possible. On the other hand, if a farmer finds 
it impossible for a time to obtain any supplementary feed, this fact 
should not cause him to go out of the hog business. If no grain feed 
or other supplement is obtainable for a few weeks, the hogs can be 
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carried on alfalfa pasture alone. Before resorting to this, however, 
the farmer should make every possible effort to obtain enough grain 
for a light supplementary ration, or, failing in this, he can often 
use such a feed as potatoes, as is pointed out later. 

PASTURING ALFALFA SUPPLEMENTED WITH CORN. 

In practically all the experiments with hogs on alfalfa pasture 
which are considered in this bulletin, the hogs have received some 
supplementary feed. The feeds most commonly used by irrigation 
farmers for this purpose are corn, barley, and, in the Southwest, 
grain sorghums; but wheat, shorts, and some other supplements have 
been fed in some instances. Where plenty of corn is available, it is 

' P4548Wl 

Fic. 2.—A lot of fall shotes on alfalfa pasture on the Scottsbluff Experiment Farm in 

June, 1913. The pasture was divided into two parts, which were grazed alternately. 

These five shotes grazed one-quarter acre of alfalfa to its carrying capacity for 61 days 

and gained at the rate of 1,500 pounds per acre during this period. The supple- 

mentary grain requirement was 275 pounds per 100 pounds of gain. 

used extensively, and the quantities fed vary widely. In most of the 
experiments here reported the daily ration has been about 2 pounds 
of corn per 100 pounds of live weight of pigs, or, in other words, a 
“2 per cent” ration. Data on this subject have been secured at three 
of the Western Irrigation Agriculture experiment farms and in co- 
operation with farmers on three reclamation projects. These data 
are presented below. 
Laperiments at the Scottsbluff Experiment Farm.—Data obtained 

at Scottsbluff from 1913 to 1916, inclusive, with 17 lots of pigs have 
been tabulated. In these experiments fall pigs were used during the 
spring periods, which usually extended through May and June, and 
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spring pigs were pastured on the same land during the summer 
periods, from about July 1 to the end of the growing season in Sep- 
tember. Each pasture was divided into two parts, which were pas- 
tured alternately, one part being grazed while the other was irrigated 
and the alfalfa on it allowed to produce new growth. The pigs had 
access most of the time to salt, slack coal, and-rock phosphate and 
were given the care which is usually necessary in successful swine 
feeding. A lot of 5 hogs on alfalfa pasture in an experiment at 
Scottsbluff is shown in figure 2. The results secured with these 17 
lots of pigs are summarized in Table IV. 

TABLE 1V.—Results secured with 17 lots of pigs on irrigated alfalfa pasture sup- 
plemented with corn on the Scottsbluff Experiment Farm during the 4-year 
period from 1913 to 1916. 

Gain (pounds). 

Aver- | Area a can Grain Corn} Num-| “oye fF | Time S aie fed per 
Pigs. Time. ra- | ber of} . <2. _ || oO er | Per 100 
ey tion.| pigs. | Mmitial | pas- | test Total | acre. | pig | C2Pac- pounds weight.) ture. per ar er | ity per eas 

acre. | J & acre. | 01 Sain 
y. | day 

PP Che Lbs. | Acres.|Days Lbs. | Pounds. 
Reels.) Se Summer, 1914. .} 1.10 8 64| 0.25) 90|1,008| 111/035] 2,568 96 

TGR ps it Spring, 1915....| 1.00 3 108| .25| 60] 620| 10] .45] 2,040 215 
Mise Summer, 1915..| 1.00 9 33 25| 90] 836) 9] .30] 1,602 170 

Lots 2and3-.-| Allseason, 1915.| 1.00 |....--- |ss2sse0e 25 | 150 | 1,456 Os ees eva ees 189 

ae a ie Spring, 1913....| 2.30 5 109| .25| 61/1,524| 25 | 1.25/ 2,938 275 
rn a Summer, 1913..| 2.30 12 34 25 | 76|2,498| 32] .67| 2,862 209 

Lots4and5..| All season, 1913.| 2.30|....... (eae OR Ree || BD || OD oe ne 234 

jee eos Summer, 1914..| 2.06 10 59|  .25|  90|1,900| 21/ .53| 3,806 244 
7 1 ee ane aoee. 2. 64 ra 70| .25| 90|2,940| 33] 174] 47554 299 

Tribes. -: Spring, 1915....} 2.00 5 108.) .25| 601 1,244{ 20/1 2,782 276 
fy; eo Summer, 1915..| 2.00] 12 31| 125] 90/1,732| 19] .40] 2) 454 200 

Lots8and9--; All season,1915.| 2.00 ;.......|.--.---- -25 | 150 | 2,976 1G ee aesleaoe ack: 253 

Hani 25: Spring, 1915... .| 2.00 5|  108| .25|  60|1,180| 20/1 2, 754 274 
Tori... Summer, 1915..| 2.00] 12 34| .25! 9011,580| 18] .38] 27406 226 

Lots10and11| Allseason, 1915.) 2.00 |.......|--.-..-- .25 | 150 | 2,760 iI) aps eee 246 

sb Spring, 1916....| 2. 26 6 83| .25| 60|1,440| 24/1 2,724 235 
Tap isis. Summer, 1916..| 2.00} 10 45| .25| 82|1,788| 22] .55| 2,678 224 

Lots12and 13) Allseason, 1916.|......|....-..|-------- | .25 | 142 | 3,228 PAIN ers sel SA Ce ate 228 

Uh Spring, 1916....] 2. 26 20 74| 1 60 |1,147| 19| .95| 2,054 247 
arth... Summer, 1916..| 2.70] 40 30 | 1 97|1,995| 22] .55| 2,189 289 

Lots14and15| Allseason, 1916.|......|.......|... SY eal eos Wome ee 274 

Tot ib....... | Spring, 1915....| 3.00 6| 108| .25| 60|1,772| 30|1.25| 3,478 321 
Tati? .-.03.: Summer, 1915..| 3.00 15 33| .25| 90|2)520| 28] .47| 3,244 256 

Lots16and 17 Allseason, 1915.| 3.00 |.......].....:.- | Meouliaaoy scons P28 lke. lol kee 283 
| 

The data shown in Table IV were secured with 189 pigs in 17 lots, 
of which 7 contained a total of 50 fall-farrowed pigs, and 10 a total of 
139 spring-farrowed pigs. The gains per acre of alfalfa ranged 
from 9 to 33 pounds per day; the average carrying capacity varied 

86508°—19—Bull. 752 2 



10 BULLETIN 752, U. S. DEPARTMENT OF AGRICULTURE. 

from 1,602 to 4,554 pounds per acre, and the grain fed for each 100 
Soutids of gain ranged from 170 to 321 pounds. These data will be 
further discussed later. 

Haperiments at the Huntley Experiment Farm.—tvThe results ob- 
tained with pigs on alfalfa pasture at Huntley from 1913 to 1916, in- 
clusive, are summarized in Table V. There were in all 7 lots. Each 
lot had access to one-quarter of an acre of alfalfa and was fed a 2 per 
cent supplementary ration of corn. The same general methods were 
followed as for Scottsbluff, already described. 

TABLE V.—Results secured with seven lots of pigs on irrigated alfalfa pasture 
supplemented with a 2 per cent ration of corn on the Huntley Haperiment 
Farm during the 4-year period from 19138 to 1916. 

Gain (pounds). 

Grain 
Nis Average} Time AvEraED fed 

Pigs, Time. of | initial | of | mpotay| Per | Per | Genesis] Per 100 
ios, | Weight. | test. or | 2cre | pig a acre | Pounds 

pis airs, | per | per | ‘| of gain. 
* | day. | day. 

Pounds. | Days. Pounds.| Pounds. 
Wotuleen= sess Summer 192 aeessseeeee 12 | 60 30 744 25 | 0.50 8, 452 301 

ILO Os ee aaees Syoniarg, WOW eo oesancn 4 113 70 | 1,012 14/} .90 2, 206 323 
OG seats cee SUM mers] OIA er rere 9 41 69 | 1,292 19 .o2 2,114 223 

Lots 2and 3..-.| All season, 1914.......__.. losoacdllezcoscene 139 | 2,304 16s|C Se alle eee 278 

TWO Gocoeonosoen Sonny, WWF... sccscnsee 5 158} 80/1,256]/ 17] .86| 3,784 414 
Wot sen te seas Summenn| 9152s es eeeeeeee 8 38 70 | 1,220 18 | .54 1, 818 212 

Hots ian diosa PAL lESeasOnmelOlo meee eee me see eee 150 | 2,476 b Wien eer (eee 313 

WOU ONS gee Sjorbs, WOME. .se-secoansoe ienaes 105] 75 |1,620| 22/1.08| 2,906 260 
EOE Cos Sedeneete Summer Ol6sseee sees eee 8 44 70 | 1,412 20] .63 2, 130 197 

Wotsioranidr/ees |e Allliseas oan! OG Bees see see ae | eee 145 | 3,032 Pls eres Ee eoares ac _ 228 

The 7 lots used at Huntley contained a total of 37 spring-farrowed 
pigs in 4 lots and 14 fall-farrowed pigs in 3 lots. ‘The gains per 
acre of alfalfa ranged from 14 to 25 pounds per day; the average 
carrying capacity varied from 1,818 to 3,784 pounds per acre, and 
the grain fed per 100 pounds of gain ranged from 197 to 414 pounds. 

Euperiments at the Belle Fourche Experiment Farm.—tThe results 
secured with 10 lots of pigs are available from Belle Fourche. Each 
lot had access to one-fourth of an acre of alfalfa and received:a 2 
per cent supplementary ration of corn. Each pasture was divided 
into two equal parts, which were grazed alternately, as at Scottsbluff 
and Huntley, and the methods used were essentially the same as those 
employed at the other two stations. The results are summarized in 
Table VI. 

At Belle Fourche were 6 lots of spring-farrowed pigs, a total of 
43, and 4 lots of fall-farrowed pigs, a total of 16, or 59 in the 10 lots. 

The gains per acre of alfalfa varied from 12 to 19 pounds per day, 
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the average carrying capacity from 1,434 to 2,720 pounds per acre, 
and the grain fed per 100 pounds of gain from 200 to 292 pounds. 

Taste ViI.—Results secured with 10 lots of pigs on irrigated alfalfa pasture 
supplemented with a 2 per cent ration of corn on the Belle Fourche Experi- 
ment Farm in 1914, 1915, and 1916. 

Gain (pounds). 

Grain 
Rene, Average | Time j eaveraee fed 

Pigs. Time. of | initial | of | otay| Pet | Per | ca ae per 100 
or | weight. | test. acre | pig | C2P2LY) pounds pigs. per | ‘per | per per acre.| oF gain 

acre. | day. | day. 

Pounds. | Days. Pounds. | Pounds 
Lina Sas Sone Summon plOl4 eee asec 5 88 | 121 | 1,830 15 | 0.75 2, 720 278 

Oot a. LS Sprinew1915 seeks ccee 4 125 61 938 15 | .93 2, 046 275 
Opa s et eos. Summer, 1915. --........- 7 36 71 | 1,088 | 155353 1, 434 203 

Hotswandss=..| Allrsedson, 19152: so.58 sacelee sees | aseeeee 132 | 2,026 GT ess ee 236 

ThOp AS eee ce SPLINE O15 ees eeeeeeeeee 4 119 61 | 1,064 17 | 1.06 2,300 254 
IDG. Ae Seeeee Summier 19152 --seoeeee 7 38 71 ; 1,044 15] .54 1, 452 214 

Hrotseeandene | All seasons 19152 5 cee oe | 6k ae 132 | 2,108 TGV IU. peste nee 234 

UAH, ab Sseeee Spring 1916s ese = cnc ee 4 102 55 688 12 .75 2,038 270 
Li RYE Se eee Summers 1916e ec. ececee 9 60 70 | 1,274 18} .50 2,348 268 

HoLSorande 7) -|PAUlSeason), 19162. aascasec been «= |o-deeae 125 | 1,962 11G\t Re eos eres 269 

Oa) Hee ee Sprinzsi9l6es sea se one 4 103 55 658 1 sts} 2,058 292 
10) Fit ee ee Summer, 1916.--........- 8 61 70 | 1,348 19} .60 2, 274 238 

ase anau9ee |All Season: 1916). 46 ess.) 2 S52... |<. Gee 125 | 2,006 HG) CFS | SA 256 

MOpHOles ss. - MAN LOU Os cas scecisecieie a 48 36 566 16 - 60 1, 630 200 

Tests made in cooperation with farmers.—The results secured in 
10 cooperative tests in which pigs were pastured on alfalfa supple- 
mented with corn are presented in Table VII. In these tests no at- 
tempt was made to adjust the number of hogs to the area of alfalfa 
so as to secure the maximum carrying capacity. The general prac- 
tice was to allow the pigs to graze at will in alfalfa fields which 
were also used for hay production, so that the data secured show 
chiefly the daily gains and the grain consumed per hundredweight 
of gain. In these tests, furthermore, somewhat higher corn rations 
were used than in the tests at the experiment farms. 

The 10 lots considered in Table VII contained a total of 596 pigs. 
The average initial weight of these 10 lots ranged from 23 to 175 
pounds per head; the pasturing periods varied from 19 to 118 days; 
the corn rations fed ranged from 1.30 to 6.95 per cent, and the char- 
acter of the alfalfa fields pastured also varied. The conditions which 
always influence the grain requirement were, therefore, very diverse. 

1JIn the tests made in cooperation with farmers and discussed in this bulletin, the 

weights of the hogs were secured through the use of a special portable weighing outfit 

illustrated in fig. 3. The use of this simple outfit greatly facilitated the proper con- 

duct of the tests and by giving exact information regarding the gains made by the hogs 

materially increased the interest of swine growers in the work, 
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When the grain rations fed the pigs in these cooperative tests are 
considered, the results obtained, as indicated by the average daily 
gain and the grain fed per hundredweight of gain, compare not un- 

PI92RP. 

Fic. 3.—Portable weighing outfit used in the swine-production tests conducted in co- 

operation with farmers. The crate and the weighing frame are easily taken down and 

transported from place to place. 

favorably with those in the tests made on the experiment farms. It 
will be noted that increased grain requirement per unit of gain was 
closely associated with increased size of the grain ration. 

TABLE VII.—Results secured in cooperation with farmers with ten lots of piys 
on irrigated alfalfa pasture supplemented with corn on three reclamation 
projects in 1915 and 1916. : 

e ae Average = Average Grainfed 
: : rie orm umber |} ~; =). ime aily per 100 

Pigs. Project. Year. ration. | of pigs. ae oftest. | gain pounds 
F per pig. | of gain. 

Per cent. Pounds.| Days. | Pounds. | Pounds. 
bays We saasosee | Uncompahgre....- 1916 1.30 22 114 33 0. 70 298 
oto ses North Platte.....- 1916 1.86 87 7045 31 - 40 241 
Woes Ses. ee leoeee (0 ee re a 1915 2. 24 94 23 118 42 274 
Wine eteeceselsoases CO ee ae 1915 2.58 64 66 31 76 263 
IDOE DY dusopeealladesd GO tet see 1916 2.62 84 43 31 48 276 
WotiG=esaee bunt leyeeeeeeeeee 1916 3.00 22 66 93 u 332 
WOE oscosonse North Platte...... 1916 B},8))l 94 118 68 1.25 415 
Otis er cand eee Cle eseues sa 1916 4.87 19 175 27 2.07 478 
Aol RAY Se a ee Sets es he GOS SMe see 1916 4.90 77 153 36 2722, 414 
IDG PMO ceacaes Naeaed Ones deeestcee 1915 6.95 | 33 139 19 2.24 494 

| 

Summary.—The tests with the 44 lots of pigs on alfalfa pasture 
supplemented with corn included 895 head. The character of these 
animals, the quantities of grain fed, the methods of management, 
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and the lengths of the pasturing period varied greatly. In fact, 
the diversity was such that the results secured probably indicate 
approximately the limits within which the returns from this method 
of utilizing irrigated alfalfa will fall. A summary of certain fea- 
tures of the results secured is given in Table VITI. 

Tasre VIII.—Summary of determinations of gains, carrying capacity, and grain 
requirement made with 44 lots of pigs on irrigated alfalfa pasture supple- 
mented with corn during the 4-year period from 1913 to 1916, inclusive. 

" Coopera- 
Item of comparison. peotts Huntley. Ue aur Total. 

‘| Z ests 

ISEETTTE CT GE 1) SS ge Gee ite ee ae eee 17 d 10 10 44 
NGmperGh Piose-- = = 5 45-.- hae ses n--G=< 22 teins als 189 51 59 596 895 
Gains per acre, for the season (15 double lots), double 

lots gaining between— 
1,456 and 2,000 pounds 2 
2'001 and 2,500 pounds... 5 
2,501 and 3,000 pounds 3 
3,001 and 3,500 pounds 3 
3, 501 and 4,000 pounds... 1 
4, 001 and 4,292 pounds. - 1 

Gains per acre per day (34 lots), lots gaining— 
Wess Ghani lO pounds: 22. sce 2222-85 2e52% doze TeSys sees Sh ais aligtte See see 1 
Between 10 and 20 pounds...........-..-- GO 55- d 5 NOR Eee see 22 
Between 21 and 30 pounds......--. eS ware Monee 7 AM New &, Hepes | Kae ae aeeten 9 
More than 30 pounds.......-...---..---..- Gesce Pile oamncse | emerticcee lies seeeieee 2 

Average carrying capacity, pounds per acre (34 lots), 
lots carrying— 

Less than 2,000 pounds. .......--.----- number... 1 1 Sule cee se 5 
Between 2, 001 and 3.000 pounds===5-=----- Gdoesae 12 4 Cee eaesaeo 23 
More than ia 000 pounds Betapace aystSrajare sisi te doeeee 4 DF eee Hel Seal Sema eae 6 

Grain consumed per 100 pounds of gain (44 lots), lots 
consuming— 

Less than 200 pounds................- number. - 2 a Ley eal ge eee i 3 
Aim oO POUNOS 322556 < 2 se et sees! Goee-- 8 2 4 2 16 
PAU SOO POUNAS 2a sace ces See cee ee Satie Goss 6 1 6 3 16 
SOU OO BONNOS 2 42s osse OSs) cee dosee 1 OM tS sen ete a Se 1 4 
PAPO POUNUS Saac = see os-cocer merce snes OY. -..\aeseeiecine ace citonsae|ns seeiswins © eee creo cee face setsies 
More (ham 400 pounds...22<--- 621 Ja sec02 <8 do: <..-|Baeeseec i Neapoo ae soe 4 5 

As shown in Table VIII, 30 lots of pigs were involved in full-season 
grazing; that is, 15 lots of pigs were used in pasturing alfalfa during 
the spring period, and the same number of lots were used in the sum- 
mer period. These are referred to in the table as 15 double lots. The 
other hogs were pastured for shorter periods. The table shows that 
the gains per acre for the season ranged from 1,456 to 4,292 pounds. 
Both these gains were made at Scottsbluff, the lowest with lots 2 and 
3, fed a 1 per cent ration of corn, and the highest with lots 16 and 17, 
fed a 3 per cent ration of corn. Of the 15 double lots, 5 gained from 
2,001 to 2,500 pounds per acre, 3 from 2,501 to 3,000 pounds, and 3 
from 3,001 to 3,500 pounds per acre. It is reasonable to expect that 
gains of about 2,500 pounds per acre of alfalfa can be made during 
the season if the supplementary corn ration is as high as 2 per cent. 
Variations in the gains will depend on the hogs, the supplementary 
ration, the crop, and the methods of management. 

Of the 34 lots furnishing data on the gains per acre, 22 lots gained 
from 10 to 20 pounds, and 9 gained from 21 to 30 pounds per acre 



14 BULLETIN 752, U. S. DEPARTMENT OF AGRICULTURE. 

per day. There was no consistent significant difference between 
small pigs and large pigs in this connection. In pasturing alfalfa 
approximately to its carrying capacity, a daily gain of 15 to 20 
pounds per acre would be a conservative estimate if the supplemen- 
tary corn ration were as high as 2 per cent. 

Data on carrying capacity are furnished by 34 lots. With 23 of 
these the average carrying capacity was between 2,001 and 3,000 
pounds per acre for the pasture period. Usually the alfalfa pasture 
will support a somewhat greater live weight of large pigs than of 
small ones. The carrying capacity is, of course, higher in midsum- 
mer than in spring or early autumn, because of the more rapid 
growth of the crop in warm weather. In the extreme south- 
western section of the country, however, a period of slow growth 
occurs during the hottest part of the summer. An average carrying 
capacity of 2,500 pounds per acre would be a safe estimate on which 
to base alfalfa pasturing enterprises if the pasture were supple- 
mented with as much as a 2 per cent ration of corn. The carrying 
capacity increases rapidly with increased grain allowance. 

Of the 44 lots furnishing data on the grain requirement per hun- 
dred pounds of gain, 32 required between 200 and 300 pounds. In 
general, the grain requirement increased with the size of the hogs 
and the size of the grain ration. With pigs averaging less than 125 
pounds at the beginning of a 60-day to 90-day pasturing period, and 
fed a supplementary corn ration of about 2 per cent, the grain re- 
quirement per hundred pounds of gain should not exceed 300 pounds, 
and with very favorable conditions it should be as low as 250 pounds. 

The rate of gain is influenced by the size and character of the hogs, 
the abundance of the alfalfa, and the size of the corn ration. The 
average daily gain per pig in the 44 lots on alfalfa pasture supple- 
mented with corn ranged from 0.30 pound to 2.24 pounds, the latter 
being secured with a lot of thirty-three 139-pound pigs on pasture for 
only 19 days and fed a corn ration of 6.95 per cent. Of the 44 lots, 
11 made average daily gains ranging from 0.30 to 0.50 pound per pig; 
16, from 0.51 to 0.75 pound; 9, from 0.76 to 1 pound, and in the re- 
maining 8 lots the average daily gain per pig ranged from 1.01 to 
2.24 pounds. These figures, covering the diversity of conditions in 
the 44 tests, are of value, as they will apply ina general way to mixed 
lots of. pigs, of which many are pastured by irrigation farmers. With 
such lots the daily gain per pig on alfalfa pasture supplemented with 
corn can be expected to average from 0.50 to 1 pound, small pigs and 
light rations producing the lower gains and large pigs and heavier 
rations producing the higher gains. Of the 44 lots, 16 had average 
initial weights of less than 50 pounds per pig. The average daily 
gains of these 16 lots ranged from 0.30 to 0.67 pound. There were 11 
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lots having average initial weights between 51 and 100 pounds. The 
average daily gains of these 11 lots ranged from 0.35 to 1 pound per 
pig, all but one, which received a 1 per cent corn ration, averaging 

more than 0.50 pound per pig. The 15 lots with average initial 
weights between 101 and 150 pounds made average daily gains be- 
tween 0.45 pound (a lot receiving a 1 per cent ration of corn) and 
2.24 pounds. Of these 15 lots, 13 averaged 0.75 pound or more gain . 
per day per pig. . 

PASTURING ALFALFA SUPPLEMENTED WITH BARLEY. 

In many irrigated districts barley is extensively used to supplement 
alfalfa pasture for hogs. In certain districts having short growing 
seasons corn production is somewhat hazardous, particularly in the 
absence of satisfactory corn varieties. In such places barley is com- 
monly the leading grain feed for hogs. Table IX shows the results 
obtained with 15 lots of pigs on alfalfa pasture supplemented with 
barley. In practically all these tests rolled barley was used, and 
about a 2 per cent ration was fed. In general, the same methods of 
pasturing were used as those described for the tests in which corn was 
the grain supplement. 

As shown in Table IX, there were 6 instances in which alfalfa was 
pastured for approximately a full season, the length of the pasture 
period ranging from 125 to 190 days. The gains per acre in these 
instances ranged from 1,912 to 2,788 pounds, both this minimum and 
this maximum being gained at the Truckee-Carson Experiment Farm 
with a 2 per cent ration of barley. These results show the effect of 
differences in the character of the alfalfa pasture and in the pigs 
used. 

Data on carrying capacity are furnished by 14 lots. The average 
carrying capacity in these 14 lots ranged from 1,075 to 3,114 pounds 
per acre. One of the two instances in which the lower carrying 
capacity was obtained was at the Truckee-Carson Experiment Farm 
in the fall of the year 1916, and the other was in the summer of 1917 
at the Yuma Experiment Farm where, a§ previously stated, alfalfa 
has a period of slow growth in the hottest part of the summer. In 
8 of the 14 instances considered in Table IX, the carrying capacity 
was above 2,000 pounds per acre. A gain of 2,500 pounds per acre 
can reasonably be expected from good alfalfa pasture supplemented 
with as much as a 2 per cent ration of barley; but, as in the case of 
corn, the gains will vary widely with differences in the hogs, the pas- 
ture, and the methods of management. 

Eliminating lot 13, which was pastured for only 14 days, the grain 
requirement of the lots considered in Table [IX ranged from 214 to 
334 pounds per 100 pounds of gain. One half the lots consumed 300 
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pounds or less for each 100 pounds of gain, and the grain consump- 
tion of the other half ranged from 313 to 334 pounds per 100 pounds 
of gain. The rate of gain varied from 0.33 pound per pig per day 
in lot 3, consisting of 12 pigs weighing 33 pounds each, fed a 2 per 
cent ration of barley, to 1.21 pounds per pig per day in lot 15, con- 
sisting of 64 pigs weighing 89 pounds each, fed a barley ration of 3.68 
per cent and having access to a large field of alfalfa. 

Taste [X.—Results secured with 15 lots of pigs on irrigated alfalfa pasture 
supplemented with barley on five reclamation projects in 1914, 1915, and 
1916. 

a |S 3 - ae |S. & | 8 g Gain (pounds). |. o 2g 
SW eh | so tf ee ; Pa | eS 
3 S) be 2 .| ow S 

Pigs. Location. Time. eae || |) ae eeteal cya iistes|cics ae | "el 
mb | 2 ae ° ° 2 Ss as Usenet) 
g | 5B 3 2 | 35 Fl cso: (eee 
EB S 2 | # | 6° [a8] 88 |8a| Bs 
Aa 14i< < Ble (ei aera om 

; IPE Ch Lbs. |Acres.|Days. Lbs. | Lbs. 
IBF tesoose= Scottsbluff ..| Summer, 1914-] 1.93 | 10 56 | 0.25 90 | 1,740 | 19 | 0.48 | 3,114 243 

Oot sesseee |peeee doe Spring, 1915...} 2.00 | 5 108 -20 60 | 1,180 | 20 | 1 2, 758 272 
ILO A SecHe Lol lees dose Summer, 1915.} 2.00 | 12 33 | .25 90 | 1,592 | 18 | .33 | 2,388 214 

Lots 2’and!3|___.- doses Allisieas'om, [2:00 25s|seae=— S208) SOU P2025 S130) ee 243 
1915. [ 

HAOG A Sete le GMseseise Spring, 1916_..| 2.52 | 19 dikaaeal: 60 963 | 16 . 84 | 1,937 300 
OLS ESEeee |S aee 2 donee: Summer, 1916.| 2.50 | 40 30} 1 97 | 1,738 | 18 -45 | 2,060 280 

Lots4and 5|_...- doe 28 AVsieasionn| 25510 2 eae 1 157 | 2701) U8 eeeaaleeeeeee 292 
1916. 

ILO Bssesece Umatilla....| Spring, 1914...]2.00] 4] 94] .25| 1351/1,768]13{ .81|2,196| 327 
Hotie-e eS doses es: Summer, 1914_} 2.00 | 4 90 220 55 §24 | 10} .61 | 1,682 334 

Lots6and7|-...-- Go-eeeee AUlisielasiomls|/-2500) |_ -ealbeeee= 20) |) LOOK C2202) 12s Sees lee 329 
1914. : ; 

Lot 8.......| Truckee-Car-) Allseason,1915| 2.00 | 10 39%|/ 225 125, | 1,912 | 15 .37 | 2,516 313 
son. 

ILO @oessgoee eee donee Spring, 1916...; 2.00] 17; 37] .50; 84]|1,336/16| .47 | 1.926; 230 
OOM ioe dole aee Summer, 1916_| 2.00 | 10 87 50 32 484 | 15 70 | 1,986 250 
A Otsiieer S528 do 23223 Fall, 1916..._.| 2.00] 6 85 50 14 110} 8 67 | 1,075 260 

Ios G), WO} ee S-- dose All season, | 2.00 2 | BE 50 P3OR L930) bs ees | aa 236 
and 11. 1916. 

IBGE IPSS Bales OGWasteds Spring and | 2.00 | 10 26} .25 | 138 | 2:552) 181] .46 | 29324 246 
summer,1916. 

ILO IGS seelleseks dos ane Fall, 1916... .-| 2-00] 6 94) .25 14 236 | 17 |. .69 | 2,382 140 

Lots 12and |..... domerrer AIESlelaysiOmen|(5200)|- ya eee SP | TBP PATS WI Ss se so0.4 - 237 
13: 1916. 

iia lesa Yuma....... Summer, 1917. 2.00/12] 38| .75| 98| 878| 9| .56|1,075| 324 
ILO Wee 25 - North Platte] Summer, 1915.) 3.68 | 64 89 | FE x- Sou | eee Sen oll the 1 ee ere 329 

project. cess. 

PASTURING ALFALFA SUPPLEMENTED WITH MILO. 

Data are available from 3 tests in which a 2 per cent ration of 
cracked milo was used to supplement alfalfa pasture at the Yuma 
Experiment Farm. The same general methods of pasturing were 
practiced as in the pasturing experiments at the other experiment 
farms, as discussed above. The results secured are summarized in 
Table X. 
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Taste X.—Resulis secured with three lots of pigs on irrigated alfalfa pasture 
supplemented with a 2 per cent ration of cracked milo on the Yuma Haperi- 
ment Farm in 1916 and 1917. 

| Gain (pounds). Aver- 
age Grain 

Num- NE area Time ae a erty: fed per 
Pigs. Time. ber of | -.o- of er er ing 100 

pigs. Eaatial eee test. otal acre | pig | capacity} pounds 
Sallie : aber per | per per of gain. 

* | day.| day.| acre. 

Pounds. |Acres.| Days. Pounds. | Pounds. 
OL Ween ces - Spring. 1916202255. -5- 6 59 | 0. 25 56 | 1,060 19 |} 0.72 1,896 222 
ote easeeee Summer, 19160 22-22. - | 6 71 «20 126 | 2,376 19 - 80 2, 892 243 

Lots land 2-_| Allseason, 1916_-...-.|.-....|.2...-.-: . 25 182 | 3, 486 1 Seorel ane oes ae 237 

ose Spunes1Gli7es- ss eee | 16 | |) 375 | TH) |) LBA TN Oe || DGS 240 

The results obtained with cracked milo as a pasture supplement at 
Yuma compare very favorably with those secured with corn and 
barley in similar tests conducted at the other experiment farms. 

PASTURING ALFALFA SUPPLEMENTED WITH WHEAT AND SHORTS. 

Generally speaking, the use of wheat as a hog feed has not been 
extensively adopted by irrigation farmers. In some districts, how- 
ever, wheat has been produced more extensively than barley or corn, 
and in these districts the crop has been fed to hogs rather commonly. 
Feeding unmarketable or low-grade wheat to hogs also has been 
rather widely practiced in some districts, and some use has been 
made of shorts for the same purpose. The results secured in three 
tests in which wheat was used as a supplement to alfalfa pasture and 
in two tests in which shorts were used are summarized in Table XI. 

Lots 1, 2, and 4 were on the Tieton Reclamation Project, lot 3 on 
the Uncompahgre Reclamation Project, and lot’ 5 on the Belle 
Fourche Experiment Farm. The wheat used was cracked or ground 
in each instance. The gain per acre of alfalfa pasture was de- 
termined in only one case; so this item is omitted from the table. 

TABLE XI.—fesults secured with five lots of pigs on inrigated alfalfa pasture 
supplemented in three instances with wheat and in tivo instances with shorts 
on three reclamation projects. 

: Grain fed ee ~ ] 78) rns Gain per ie : | Grain | Number Average Time of | 7 per 100 
Pigs. | Supplement. | ration. | of pigs. Bear test. Da pounds 

ele Ay: of gain. | 

peat | | Ba Oe ew 
Per cent. | Pounds.) Days. | Pounds. | Pounds. 

11 gy ae ee WIGS Dares fete nists er ort ott / 1. 00 7 40 49 0.82 99 
LO Be ae See Re OOn Lee es. J Sout 6.40 | 12 114 24 2.58 319 
Ly Tt OS ea a EE AGIs, sas ee. Ise 2.00 | 11 118 30 1.10 256 
ES | SHORES a2 peti oie ont eh 3.30 5 66 62 96 331 
ROU Doe. ss ote ote fa Ba pyar pte Rat Foe 2. 00 7 48 36 53 203 

86508° —19—Bull. 7523 
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With the exception of lot 1, in which the grain requirement per 
100 pounds of gain was very low, the results secured with wheat 
and shorts as supplements to alfalfa pasture were about the same as 
those secured with corn and barley. 
The above figures are valuable merely as a general indication of 

the gains which can be expected, and, except lot 1, the probable grain 
requirements per 100 pounds of gain with hogs having access to 
alfalfa pasture supplemented with the two feeds mentioned. The 
use of wheat as a hog feed is not looked upon with favor, particu- 
larly under war conditions, because of the need of this grain as 
human food. 

PASTURING ALFALFA SUPPLEMENTED WITH POTATOES. 

Potatoes are not ordinarily important as a supplement to alfalfa 
pasture, but occasionally conditions favor their use for this purpose. 
On those irrigation projects where potatoes are grown commercially 
it is sometimes impossible to market the crop through the ordinary 
channels because of ample production in districts nearer to the large 
consuming centers. At such time large quantities of potatoes pro- 
duced under irrigation are wasted. This condition prevailed in a 
few districts in the spring of 1918. At that time efforts were made 
by the field men of the Office of Demonstrations on Reclamation Proj- 
ects to promote the use of potatoes in swine feeding. 
One feeding enterprise conducted in cooperation with a farmer on 

the Truckee-Carson Reclamation Project in May and June, 1918, 
furnishes an example of how potatoes may be used advantageously 

under the conditions just described. The farmer who owned the pigs 
was unable to secure any grain to supplement alfalfa pasture, but 
he was able to buy 13 tons of potatoes at a very low price. The 28 
pigs which were pasturing on alfalfa without supplementary feed 
were weighed 10 days before the potato feeding began, again on that 
day, and finally 35 days later, when all the potatoes were consumed 
and the hogs were sold. The potatoes were fed raw and without 
limit during the 35-day period. The results are shown in Table XII. 

These results are considered satisfactory in view of the fact that 
the pigs were not in a very thrifty condition at the beginning of the 
potato-feeding period, having been on alfalfa pasture without sup- 
plements. From this test it appears that 6 to 8 pounds of raw po- 
tatoes are equal to 1 pound of grain in feeding value as a supple- 
ment to alfalfa pasture. It is probable that a higher feeding value 
of potatoes would be indicated by hogs which had been better fed 
previously. The quality of the pigs and their market value per 
pound increased materially as a result of the potato feeding, and a 
fair return was realized from the potatoes, which otherwise would 
have been wasted. This test suggests one method whereby hogs may 
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be used advantageously under certain conditions in utilizing pota- 
toes and also whereby the value of alfalfa pasture for hogs may be 
increased in the absence of the ordinary grain supplements. 

TABLE XIJI.—Results obtained with one lot of pigs on irrigated alfalfa pasture 
supplemented with a potato ration on the Truckee-Carson Reclamation Proj- 
ect in 1918. 

Alfalfa | Alfalfa 

Items of comparison. pasture pasture 

alone potatoes. 

TYESITT VET Gir TBTEER SS a eae ee IE eee SNE Tete: MSMR 2 NES RIDE 1 cats CA Ree 28 28 
RPDS. JE? CEST 5 SBE SE as te SR i ne en, <a ner Sd En Dm aac eee I ee days... 10 35 
AVPrAvorniiial weight: Pen ple. 4 22) Me oe Lk seta te geeieisig Soee ere pounds. . 137 140 
SPO NEUES Terenas 2 ene ts ee 2 AT ERA TR oe ca ye eR atoiah oes do.... 77 1, 058 
PUMCERUCIG AUS SALT OL 1S en) 2 Severe ec ly ee TR EON ln oe ean oe cs dose 0. 24 1.08 
TTT DS ICL. Sa Se See an eee ea eee ae CIE | Sena a eae Bp ae an Or ssa ste VIS S: 26, 000 
aoesiedeper |) pounds Of gain. on. oe aie k eee ecise beens nee Gone tas oer. 2, 457 

PASTURING ALFALFA SUPPLEMENTED WITH MIXED CONCENTRATES. 

It is not an uncommon practice among swine growers on the irri- 
gated lands to feed hogs mixtures of two or more grains or of: one 
grain and some other feed. In this way use is made of swine in 
utilizing materials which are not readily marketable or which other- 
wise would be wasted. Table XIII contains data from 13 lots of 

pigs to which mixed concentrates were fed as supplements to alfalfa 
pasture. All these lots had an excess of pasture except Nos. 10 and 
11, which grazed 1 acre, and Nos. 12 and 13, which had access to 0.4 
of an acre of pasture. Lots 1 to 8, inclusive, were on farms on the 
North Platte Project; lots 9, 10, and 11, on the Uncompahgre Proj- 
ect; and lots 12 and 13, on the Truckee-Carson Experiment Farm. 

Taste XIII.—Results secured with 13 lots of pigs on irrigated alfalfa pasture 
supplemented with mired concentrates on three reclamation projects. 

i ans paticn 
verage | rp. rain ed per 

Pigs. Supplementary feed.1 Ration. pumbes initial pie of) ber pig} 100 
Bigs. weight "| per day.| pounds 

of gain. 

Per cent. Pounds.| Days. | Pouwnds.| Pounds. 
LL pe Corn 2, shorts1......--.---.--| 3.96 40 34 35 0.72 270 
OT ee ae Com?, barley: Vn 2 3.5 3. s-56-- 2. 69 39 58 56 . 68 303 
| rege Sea Corn 3, Speledes ee ace 2. 87 134 47 41 3 fi 320 
LW a ae eee Corn af WUCRT Ms eee ma ecme wes 4 165 38 41 . 62 320 
ty 1 eres eee (3 Fo ee eee ee Se | 6.13 170 50 29 91 439 
0) a ee | | Corn 10, wheat 1.-.--..-..--.. 4.40 76 45 52 1.08 301 
41 ee A | Corn 2, ’b: Dey Lids vcsenec te 1.98 36 48 86 . 60 251 
OT eee Corn 1, oats 2, shorts 2, skim | 3. 30 6 18 137 . 94 270 

| milk 2, | 

BOG Oe oe 083 2. | Corn 1, wheat 44....-...---.-- 4. 60 31 116 43 1.73 415 
i jt eae, 3arley %4, tankage 1........... 3.70 41 86 42 1. 43 307 
ROL Sone 2 3arley 25, wheat 25, tankage 1- 4 41 146 21 1.47 440 
OU AUG EEE lp po- soacesesgenee Josten ed ae alewls|- « - - MEE ease de colon oebeabte OSH eae dae 350 
1) at OS eae Zarley 3, tankage 1............ 2 8 67 84 .48 344 
ODNG 2 oe ces See | Barley 5, tankage 1............ 3 8 108 21 77 440 
ONL AIO UG st Pena ee arse macs enone noe ine '-|- =» - aaa stile woes el See Be ems LOST eeneeecee | 376 

| 

! The figures lowicen the names of the suppleme nieay, feeds Gudipate the proportions of these aieeds jn 
the various mixtures. 
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The results summarized in Table XIII show the same general facts 
with reference to supplements for alfalfa pasture as those brought 
out where the different grain supplements were used separately, as 
shown in previous tables. The grain consumed per 100 pounds of 
gain increases with the size of the hogs as well as with the size of the 
grain ration. The character of the hogs and the pasture is, of course, 
very important also. It is of interest to note that lots 10 and 11, con- 
sisting of 41 pigs fed barley and tankage for 42 days, followed by 
barley, wheat, and tankage for 21 days, made a gain during the 63- 
day period of 3,711 pounds on 1 acre of pasture on the Uncompahgre 
project. These pigs were well bred, had good care, and the alfalfa 
pasture was in excellent condition. In addition to the alfalfa pas- 
ture, the pigs were fed 350 pounds of grain for each 100 pounds of 
gain. Contrasted with these results are those secured with lots 12 
and 13 at the Truckee-Carson Experiment Farm on an inferior stand 
of alfalfa. In this instance, the gain per acre in 105 days was only 
1,144 pounds, and the grain requirement 376 pounds for each 100 
pounds of gain. 

COMPARISONS OF VARIOUS SUPPLEMENTARY FEEDS FOR ALFALFA PASTURE. 

The preceding tables and discussions have been concerned chiefly 
with showing something of the results which have been secured with 
various supplementary feeds for alfalfa pasture, without attempting 
to make comparisons of the values of these supplements. Many of the 
data which have been obtained in these feeding enterprises are such 
that direct comparisons can not be made from them. There are, how- 
ever, a few instances which furnish bases for comparisons, and these 
will now be considered. 

Corn and barley.—Perhaps the most extensive information at pres- 

ent available regarding the comparative value of grain supplements 
for alfalfa pasture under irrigation is that secured at the Scottsbluff 
Experiment Farm in 1914, 1915, and 1916 with corn and barley. The 
results of the comparative tests made during these three years are 

summarized in Table XIV. 

It will be seen from Table XIV that in four of the five compari- 

sons, somewhat less barley than corn was required for 100 pounds 

of gain. In the exceptional case, a higher ration of barley than of 

corn was fed, and the alfalfa pasture used by the barley-fed lot was 

seriously damaged by a sand storm during the pasture season. It is 

believed that these two factors account for the comparatively unfav- 

orable showing made by the barley in this instance. From these re- 
sults and from observations in other pasturing enterprises, it is 

believed that the choice between corn and barley can safely depend 
on the prices per pound of the two grains, where one or the other is to 



IRRIGATED FIELD CROPS FOR HOG PASTURING. Pad 

be purchased, and on the exigencies of labor and other cultural re- 

quirements, where one or the other is to be grown for use as a supple- 
ment to alfalfa pasture. 

TaslreE XIV.—Summary of results secured in comparative tests with corn and 

barley as supplements to irrigated alfalfa pasture on the Scottsbluff Hxperi- 
ment Farm in 1914, 1915, and 1916. 

Re Gain (pounds). $n 
F Average P Bateekint iu eee eh eC DEL 

Time and grain used. (Gran Numbe B initial Anee of ne of 100 
2 |) NBR So | Srerietiyey |) SES UEue: RN Total | Per pig | pounds 

per acre. | per day. | of gain. 

Summer, 1914: Per cent. Pounds. | Acres. Days. Pounds. 
COnnene toss e cose 2.06 10 59 0. 25 90 1,900 0. 53 244 
arleye2o ja o.=<. 1. 93 i) P= 56 5 PFs) 90 1,740 48 243 

Spring, 1915: 
OO nL eae 2 5 108 A745) 60 1, 244 1 276 
Barley. eo. n5 os. 2 5 108 305 60 1,180 1 272 

Summer, 1915. : 
Corn eee sec 2 12 3l 220 90 1,732 -40 200 
Barleyssees se. 5. 2 12 33 25 90 1,592 -33 214 

Spring, 1916: 
Pony eee oes 5 2 2. 26 20 74 1 60 1,147 -95 247 
pavleyeer cess. 2. 52 19 rit 1 60 963 . 84 300 

Summer, 1916 
Comers 22-2225 2.70 40 30 1 97 1,995 - 55 289 
BAVIEY ae S25 =.= 2. 50 40 30 1 97 1,738 - 45 280 

Miscellaneous grains —There have now been considered 80 lots of 

hogs pastured on alfalfa supplemented with some kind of grain. Of 
these 80 lots 44 received corn, 15 received barley, 3 milo, 3 wheat, 2 
shorts, and 13 were fed mixed grain rations, each of which contained 
either corn or barley. The predominance of corn and barley as sup- 
plements to alfalfa pastures on irrigated land is thus reflected in the 
data which have been presented. Other grain feeds are important in 
certain sections (as, for example, the grain sorghums in the South- 
west) and in individual instances in all sections. The data under con- 

sideration do not afford comparisons of grains other than corn and 
barley similar to those made of those two grains in Table XIV. The 
results secured with milo, as shown in Table X, and with wheat and 
shorts, as shown in Table XI, furnish no basis for a presumption that 
these feeds are inferior to corn or barley as supplements to alfalfa 
pasture. It should be stated, however, that for economic reasons the 
use of wheat for this purpose is not generally looked upon with favor. 
The three grains which appear to be best suited for use as alfalfa- 
pasture supplements in irrigated sections are corn, barley, and the 
grain sorghums; and, pound for pound, they probably do not differ 
materially in value for such use. At any rate, it seems certain that 
any slight differences in feeding value are of decidedly less impor- 
tance than differences in adaptation to local climatic, economic, and 

cultural conditions. 
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ALFALFA PASTURE FOR SOWS AND PIGS. 

At the Scottsbluff Experiment Farm in 1914 and 1915, tests were 
made of alfalfa pasture for sows and their litters. Each lot contained 
two sows and their litters of spring pigs. Each lot had access to a 
quarter of an acre of alfalfa divided into two parts, which were pas- 
tured alternately for 60 days. The pasture period began on May 4 
in 1914 and on April 27 in 1915. One of the lots used in 1914 is illus- 
trated in figure 4. In addition to the pasture the sows and pigs were 
fed a 2 per cent ration of grain, the pigs being fed grain by them- 
selves. The results are summarized in Table XV. 

Pp4944wi 

Fic. 4.—Two sows and their litters of spring pigs on alfalfa pasture at the Scottsbluff 

Experiment Farm late in May, 1914. If good alfalfa pasture is supplemented with 

as much as a 2 per cent ration of corn or barley, an acre will support 6 to 8 sows 

and 50 to 70 suckling pigs for 60 days. During this time the pigs should gain 25 

to 30 pounds each and at the close of the period be ready to go on to alfalfa DaREBBE 

by themselves. 

TABLE XV.—Results secured with sows and pigs on irrigated alfalfa pasture 
supplemented with a2 per cent ration of grain at the Scottsbluff Haperiment 
Farm in 1914 and 1915. 

Gain (pounds). 
is Average 
Number initial : Aver- 

of— eight | : (out ds). Piss: Sows and age Grain 

Grain. ; g pigs. earry- | fed per 
Sows and pigs. fed ing 100 

3 = Avorn}. < enn) Gap |) joouragls 
Sows. Per Per | ity per | of gain. 

u ya «| Pio. To- | pig |. Per | acre | acre. Sows. | Pigs. 'Sows.) Pigs. tal. | per |acre.| per 

day. day. 

Pounds.| Pounds. 
ot aloa he eee Corn 2 14} 351 12 | —99 | 472 | 0.56 /1, 492 25 1, 052 315 
IG POR AaooeSeaeee do 2 15 | 436 15 | —93 | 491 . 54 |1, 592 26 1,155 276 
WOES Sccobcsosoue EOS See 2 15 | 234 8 | —388 | 423} .47 |1,540 26 779 228 
A DOL Cera sree “Barley ae 2 17} 351 3 | —28} 446] .44 |1, 672 28 969 235 
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On the basis of the results of these tests, an acre of good alfalfa 
pasture supplemented with a 2 per cent ration of barley or corn would 
carry 8 sows and from about 50 to 70 suckling spring pigs for a 
period of 60 days. During this period the pigs should gain an aver- 
age of 25 to 30 pounds each and be ready at the close of the period 
to be placed by themselves on alfalfa pasture for the remainder of the 
summer. Whether results of this character can be obtained will 
depend on the character of the pigs, the stand and growth of the 
alfalfa, and the efficiency with which the enterprise is conducted. 

EFFECT OF PASTURING ON THE ALFALFA STAND. 

It frequently becomes important for a farmer to know something 
of the effect which hog pasturing has on the stand of alfalfa. Knowl- 
edge on this question is useful when plans are being made for pastur- 
ing enterprises. At such times it is necessary to select the area to 
be used and to determine how much land is to be set aside for 
pasturing. 

The intensiveness with which irrigated alfalfa is pastured by hogs 
ranges from almost negligibly light grazing, in which a small number 
of hogs are allowed the free run of a large field of alfalfa used pri- 
marily for hay production, to the full utilization of the crop by hogs: 
and beyond this, to extreme overgrazing, in which the grazed area 
comes to be little more than a dry lot. The very hght grazing 
method may be followed in a field year after year without serious 
detriment to the stand of alfalfa, but each of the other methods 
produces marked effects on the stand of the crop. In fields which 
are grazed approximately to capacity throughout the growing season, 
the stand is frequently reduced materially in a single year. As the 
alfalfa plants disappear, weeds, especially grasses, come in, so that 
the carrying capacity gradually declines. It is seldom profitable to 
pasture a field to full capacity more than two seasons, and prefer- 
ably not more than one, as only under unusually favorable condi- 
tions will a sufficient alfalfa stand be maintained for a longer time. 
Overgrazing causes rapid deterioration of the alfalfa stand and soon 
results in almost complete displacement of the alfalfa plants by 
weeds or in total lack of plant growth. In fields which are grazed 
approximately to capacity, the stand of alfalfa can be conserved 
by practicing sound pasturing methods. The alternate-pasturing 
method is important in this connection, as it makes it possible to 
keep the hogs on one pasture while the other is being irrigated, thus 
preventing the puddling of the soil, which otherwise would occur on 
all but very light soils. It also allows the plants in each division of 
the pasture, periods of time at intervals throughout the season in 
which to recover somewhat from the effects of trampling. 



24 BULLETIN 752, U. S. DEPARTMENT OF AGRICULTURE. 

In most cases, the effects of grazing are sufficiently marked to 
require attention in connection with crop rotation. It is usually de- 
sirable to pasture the alfalfa for only one year, or at most two years, 
before the crop is to be plowed up. In this way efficient utilization 
of the pasture may be secured, and at the same time the pasturing 
will be helpful in eradicating the alfalfa in many fields in which 
the eradication of the crop is a serious problem in crop rotation. 

PASTURING SWEET CLOVER. 

On the irrigated lands, sweet clover is grown chiefly in fields where 
alfalfa fails to do well because of seepage or alkali. The species 
most commonly grown is white sweet clover (MJelilotus alba). The 
crop is used chiefly for pasture, to a slight extent for hay, and some- 
times it is grown in irrigated districts for its seed, which usually 
can be marketed in other districts where seed production is more 
difficult. The crop is not to be regarded as a rival of alfalfa on 
ordinary irrigated lands, but its ability to grow on certain soils 
where conditions are aerobic for alfalfa has resulted in 1 its use 
on limited areas in irrigated districts. 
Two tests of white sweet clover as hog pasture have been made at 

the Truckee-Carson Experiment Farm. In 1916 a field of 1.25 
acres was pastured for a short period (18 days) by 18 pigs, weighing 
33 pounds each, which, in addition to the sweet clover, had a 2 per 
cent supplementary ration of barley. In 1917 nine pigs with an 
average initial weight of 59 pounds were pastured on a 0.5-acre 
field for 105 days. For the first 84 days the pigs had a 2 per cent 
ration of 3 parts barley and 1 part tankage, and during the re- 
maining 21 days a 3 per cent ration of 5 parts barley and 1 part 
tankage. The results are shown in Table XVI. 

TABLE XVI.—Results secured with pigs on irrigated sweet-clover pasture at the 
Truckee-Carson Experiment Farm in 1916 and 1917. 

| Gain (pounds). Aver- 
age Ration 

Ra. | Num- Aver- | mime carry- | fed per 
Supplementary feed. tom ber of crite of Per Per ing 100 

; pigs. tent} test. | Per | acre | pig | capac- | pounds 
Boles acre. | per per | ity per | of gain.’ 

day. | day. acre. 

Per ct. Pounds.| Days. Pounds.| Pounds. 
Barley: i tenensseee seaces coos 2 18 33 18 46 2.5 | 0.18 420 390 
iBarleygssitankacenlessesse=seee 2 9 59 84 754 9 - 50 1,431 308 
Barley 5 tankage IBA Seca aeaue 3 9 100 21 238 | 11 . 63 1,927 500 

In 1916, when the sweet clover was supplemented with barley, the 

pigs made very poor gains, although there was an abundance of 

clover and the pigs ate it readily. Because of the poor gains made, 
the test was discontinued at the end of an 18-day period, when the 
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pigs were transferred to alfalfa pasture. In 1917, when tankage was 
added to barley in the supplementary ration, the results were some- 
what better for the first 84 days, but, during the last 21 days the 
gains were unduly expensive, 500 pounds of supplementary feed 
being reouired for each 100 pounds of gain. The results obtained 
in these tests should not be regarded as conclusively unfavorable to 
sweet clover as hog pasture. Further trials need to be made of the 
crop for this purpose. Pending the making of such trials, sweet 
clover is likely to continue to be considered inferior to alfalfa as a 
forage crop for hogs and to be regarded as valuable chiefly on soils 
where alfalfa does not do well. 

HOGGING OFF CROPS. 

In several swine-producing districts of the country there is a 
erowing practice of turning hogs into fields of corn or other crops 

P99TRP 

Fic. 5.—View of a cornfield on an irrigated farm near the close of the hogging period 

in late autumn. Hogging has proved to be a satisfactory method of utilizing corn 

crops on irrigated lands, as it saves the labor of harvesting and feeding the crop, 

produces gains on the hogs economically, and leaves the manure on the land. 

at about the time the crops are mature and allowing the hogs to do 
the harvesting. This practice is becoming common on irrigated 
farms in connection with corn, and is followed in a limited way with 
other crops. Three important points in favor of hogging off mature 
crops are (1) the saving of labor necessary to harvest and feed the 
crop products, (2) the prompt application of the manure to the 
land, and (3) the healthful and sanitary conditions of feeding. 

During the past six years some data have been secured from 

tests of hogging off certain of these irrigated crops. A summary 
of the results follows. 
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CORN. 

In some of the tests here reported the corn has been hogged off 
without any supplementary feed being used with the corn. In 
others, the corn was supplemented in various ways. The hogs usually 
were turned into the cornfields at about the time the corn was well 
dented. They remained there for varying lengths of time, depending 
on the size of the field, the number and size of the hogs, and the quan- 
tity of feed available. Usually the period ranged from 20 to 40 
days, but sometimes it was 60 days or longer. A view of a field in 
which hogging was continued into the late autumn is shown in 
figure 5. } 
Hogging corn without supplementary feed—The results secured 

with 23 lots of hogs which harvested corn without supplementary 
feed have been tabulated. These tests were made at the Scottsbluff, 

Huntley, and Belle Fourche Experiment Farms, and in cooperation 
with farmers on the North Platte and Huntley Reclamation Proj- 
ects. The results are shown in Table XVII. 

TasleE XVII.—Results secured by hogging corn without supplementary feeds on 
four reclamation projects during the 5-year period from 1912 to 1916, in- 
clusive. 

Gain (pounds). Estimated—! 

f eau ar Area | Time Corn 
Location and lot of hogs. | Year. ae || Satire aoe : gt Total zee ae Yield cone 

pigs. | weight. } iil ieee Gere ere ee | oat ani 
acre.| Por | Pe | acre. | Bet 

y. | day. pounds 
of gain. 

Pounds. | Acres.|Days. Bushels.| Pounds. 
7 117 | 0.25 16 | 628 39 | 1.40 56 499, 
6 91 ~25 28 {1,012 36 | 1.50 83 460 
4 63 25 49 |1, 048 21 | 1.31 82 438 
3 89 33 77 | 810 10 | 1.17 70 496 
3 89 33 77 \1,020 13 | 1.44 81 444 
3 75 25 19| 212 11 -91 26 687 
3 80 33 55 | 666 AW i IY ee ee eos ones 
3 68 33 55 | 483 Uh biel ee ees a eat 
5 94 25 23 | 840 37 | 1.85 67 446 

4 84 25 23 768 33 | 2.06 60 437 
4 86 25 22 | 896 41 | 2.56 50 324 
4 86 25 25 | 864 34 | 2.16 52 340 
4 95 25 20 | 672 34 | 2.10 60 500 

TO tas SEs ete 1912 2 85 25 26 | 340 13 | 1.62 29 477 
TMOG W SS se ees nee ee see 1913 8 51 25 11 560 51 | 1.60 34 340 
OG Gee Sys ls Screen 1914 4 107 25 20 | 582 29 | 1.80 35 337 
AYO) Ft Uy eA Na 1915 5 81 25 15 | 548 36 | 1.80 40 409 
OTH Sess eae OS ers 1915 12 62 50 10} 451 45 | 1.87 34 422 
NG OG IO ae ee screlsisicer ass 1916 3 104 25 24] 518 21 |} 1.80 59 638 
Ot 20628. ede eS ee 1916 3 100 25 24 | 350 14 | 1.29 45 750 
Motes cess Sak eecene 1916 3 112 25 27 | 562 21 | 1.86 60 498 

North Platte project: 
Moti 2 ese ace ceases aane 1915 38 152] 3.60 25 | 580 23 | 2.19 57 548 

Huntley project: g ; 
Oba Sse eacetee a cs ees 1915 67 100 | 13.40 27 | 183 7 | 1.40 14 435 

1 Fractions are omitted from figures showing estimated yields but are included in the calculations of the 
corn consumed per 100 pounds of gain. 

The data shown in Table XVII involved 198 hogs and about 23 
acres of corn. It will be observed that most of the fields were small, 
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21 of the 23 containing less than 1 acre each. In average initial 
weight, the pigs used ranged from 51 to 152 pounds, but 18 of the 23 
lots averaged 80 pounds or more per pig. Seven of the lots averaged 
100 pounds or more per pig. The length of the hogging period 
ranged from 10 to 77 days, about half being between 20 and 30 days. 
The gains per acre varied widely, of course, because of the variations 
in the yield of corn and the character of the hogs used. The range 
in gain per acre was from 183 to 1,048 pounds. The gains per acre 
per day depend chiefly on the yield of corn and the number of hogs 

per acre, but they are influenced also by the size and thriftiness of the 
hogs. The animals all made fairly rapid gains, as would be expected 
of hogs having free access to cornfields. 

The yield estimates for lots 1 to 21, inclusive, were made in one of 
two ways. In some cases the yield of the hogged plat was assumed 
to equal the average yield of several other plats in the same field 
with the same cultural treatment. In the other instances the yield 
of 100 stalks systematically selected in the quarter-acre or half-acre 
plat was actually determined, and the average yield per stalk so de- 
termined was multiplied by the total number of stalks on the plat. 
These two methods of estimating probably gave results which were 
within 10 per cent of the actual yields, but the figures should be re- 
garded merely as approximations. The yield estimates in lots 22 and 
23 mere made by the farmers owning the fields. 

On the basis of these estimates, the corn consumed per 100 pounds 
of gain ranged from 324 pounds (5.8 bushels), in lot 11 at the Hunt- 
ley Experiment Farm, to 750 pounds (13.4 bushels), in lot 20 at the 
Belle Fourche Experiment Farm. In only 5 out of the 21 cases for 
which estimates were made did the corn consumed equal or exceed 
500 pounds per 100 pounds of gain; and in only four cases was it less 
than 400 pounds. The average for the 12 lots consuming between 400 
and 500 pounds of corn per 100 pounds of gain was about 450 pounds, 
or 8 bushels. This probably is a fair approximation of what should 
be expected when hogs weighing 75 to 125 pounds are used to hog off 
the corn without supplementary feed. : 

logging corn with supplementary feed—The supplements used 
in, the corn-hogging tests considered here include tankage, alfalfa 
pasture, rape, and the aftermath in alfalfa and grain fields. Data 
from 14 lots are available and are summarized in Table XVIII. 
These lots were distributed as follows: ; 

Lots 1, 2, 3, 4, 7, 8, 9, and 10 at the Scottsbluff Experiment Karm. 

Lots 5 and 6 on a small farm on the Tieton Reclamation Project. 

Lot 11 on the North Platte Reclamation Project. 

Lot 12 on the Huntley Reclamation Project. 

Lot 13 on the Huntley Experiment Farm. 

Lot 14 on the Boise Reclamation Project. 
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Taste XVIII.—Results secured by hogging corn with supplementary feeds on 
four reclamation projects for the 4-year period from 1914 to 1917, inclusive. 

Grain (pounds). Estimated— 

, Num-| Average| Area | Time Corn 
Hogs. | Year. Supplementary of | initial | of of Imotal| Per | Per con- 

pars pigs. | weight. | field. | test. er | acre pig | Yield | sumed 
ere per | per | peracre.| per 100 

day. | day. pounds 
of gain. 

} 
Pounds.| Acres.| Days. ' | Bushels.| Pounds. 

Motleeeee 1914 | 100 pounds tank- 3 88 | 0.33 77 |1,377 18 | 2 87 354 
age. 

WOE Yosser 1914 |....- (Ch sesasoceeGed 3 90 -33 77 11,308 17 | 1.90 88 377 
oteeeee UGS 55555 COM eases 3 74 33 55 606 WD A 220 ee ee see eee 
WOE fo esos Tey es sos GOR S eae 3 72 33 55|| 822 15, |: 1:66 esecoeces ceeeoreee 
WOE Bs2s5- 1916 | 500 pounds tank- 60 91 9. 40 44 709° 16.4) 22525) seaae oe a ERE 

~ age. 
MotiGseeee 1917 | 200 pounds tank- 50 106; 6.96 46; 733 16 | 2.22 56 428 

age. 
otiweecee 1914 | Latealfalfa pasture 3 91 33 77 \1, 116 14 | 1.60 81 406 
MOT See POU4N ES see doe eae 3 89 -33 77 {1,117 15 | 1.66 88 420 
WOE Yescce IONS soo dos. eet a-2 3 78 33 58 || 723 43° )| 1:46) eae 5aos eens 
ILA NWO coal) NOUS esse Olt} esa scuCocas 3 69 33 55 | 699 43 | 2541 |) 2sesceees | eee 
Lot 11 TIONG |soss< dose?) js5nth 133 68 | 47.50 97 | 335 fe ea eee re secoscasc 
IDoyF 185) ONG esse Cae coseeatcs 151 124 | 15. 20 21} 391 19 | 1.87 27 394 
WO So 5o|) HONG |) IRE cocokoacosas6 4 82 -50 | 38 | 586 16 | 2 50 485 
Lot 14....| 1915 | Aftermath of al- 28 117 1 30} 589 Ie eer UM Bree coca|lbosaseume 

falfa, peas, and 
wheat. 

The figures shown in Table XVIII involved 450 hogs and 83.2 
acres of corn. Only four of the fields contained more than 1 acre 
each, so that 10 of the lots were small. The average initial weight 
of the hogs in the 14 lots ranged from 68 to 124 pounds, only three 
lots having average initial weights as high as 100 pounds per pig. 
The length of the hogging period ranged from 21 to 97 days. With 
10 of the 14 lots this period ranged from 44 to 77 days. The gains 
per acre ranged from 335 to 1,377 pounds, depending chiefly on the 
yield of corn and the character of the hogs used. The average daily 
gain in all but five cases exceeded 1.5 pounds per pig. On the basis 
of the estimated yields in the seven cases in which estimates are avail- 
able, the corn consumed per 100 pounds of gain ranged from 354 
pounds (6.3 bushels) in lot 1 to 485 pounds (8.7 bushels) in lot 18. 
The average for these seven lots is 409 pounds. This is somewhat 
lower’ than the corresponding figure (450 pounds) indicated as an 
approximation for the lots hogging corn without supplements. 

There appears to be no doubt that supplements reduce the corn 
requirement. Just how great this reduction is can not be definitely 
determined from the figures given in Tables XVII and XVIII, but 
valuable indications with reference to alfalfa pasture and tankage as 
supplements may be found by comparing the results secured at the 
Scottsbluff Experiment Farm with the six duplicate lots of three 
hogs each which were used in the experiments in 1914 and 1915. This 
comparison is shown in Table XTX, in which the average results of 
the trials for two years are presented. 
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TABLE NIX.—Results secured by hogging corn with supplementary feeds on the 
: Scottsbluff Experiment Farm in 1914 and 1915. 

Supplementary feeds. 

Items of comparison. Keer 
alfa 6 

None. pasture. Tankage. 

TOPS OH DIDESS 3 5 Je Soap SORE OO OE ESE ere eee Se apa cee a 4 4 4 
Pe SPEAerP LMP ACH Obs «oe oe wis che cee bine Se en ee: ener ee doses 9 9 9 
MR PrTOTN GAOL PCNIOM es. - 8 a6 2 asa he cans sacle cain hs o ote cis Jereesinel= ie 7S. - 66 66 66 
AyErareininalweilght per hog... 2. 2.2 becies esses eee oes oie 82 82 81 
ID WEL Senn Tr GOR See So el ae RS Fic Gozese nae 930 1,029 
Average daily gain per hog...........-----+--s.2-----: =-d0uee- 1.25 1.57 1.73 
Estimate of corn consumed per 100 pounds of gain Padoeee 524. 446 405 
Tankage consumed per 100 pounds of gain..........-..-..--.------- Ee aS ee SSOlee aces a8 29 

Jt will be seen that the lots which received supplementary feed 
made more rapid gains and consumed less corn, per unit of gain than 
those which received no supplements. Holden,! who first reported 

the results of this experiment, concluded that with the usual price 
for tankage, the use of that material as a supplement to hogged-off 
corn would be better than not to use any supplement, but that where 

the hogs could have access to alfalfa pasture it was doubtful whether 
it would pay to feed tankage. In any event the desirability of giving 
the hogs access to alfalfa pasture is apparent. At the time of year 
when corn is hogged off in irrigated districts, the growth of alfalfa 
is relatively slow, so that the small quantity of alfalfa which the 
hogs eat would otherwise be wasted in most instances. 

At the Huntley Experiment Farm, where rape, grown with the 

corn, has been tested as a supplement to hogged-off corn, no material 
effect on the rate or amount of gains has been observed. This might 
not be the case in sections where rape produces a heavy growth. It 
seems likely that in most irrigated sections access to an alfalfa field 
during the corn-hogging period will furnish a satisfactory supple- 
mentary feed for the hogs, particularly in view of the inexpensive- 
ness of this supplement. 

FIELD PEAS. 

Field peas have not been widely adopted as a hog feed on irrigated 
lands generally. The use of the crop for this purpose, however, has 
been sufficiently successful on individual farms in a large number of 
districts to indicate the high value of the crop as hog feed. Most 
of the difficulties encountered in attempts to use field peas in swine 
feeding have been production difficulties. As will be indicated later, 
widely varying results have been secured from hogging off peas in 
different fields in a single locality. These variations reflect, the wide 
differences in the yields obtained by different farmers. The succegs- 

*Tiolden, J. A. Uxperiment in disposal of irrigated crops through the use of hogs, 

Dept. Agr. Bul, 488, 25 p., 3 fig. 1917. 
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ful production of field peas requires a wise selection of a variety 
from a very large number and careful attention to the cultural re- 
quirements of the crop. The crop undoubtedly is adapted to the con- 
ditions in most irrigated districts, except, perhaps, those in the South- 
west, where high summer temperatures prevail. The present indica- 
tions are that, as farmers learn to grow the crop successfully, its use 
as hog feed will be widely adopted. 

Data are available from 18 of these tests in which field peas were 
hogged off. In eight of these tests the peas were grown without addi- 
tional grain. In six tests the peas were grown with wheat. Peas 
were mixed with oats in one case and with barley in three cases. In 

P4siRP 

Fic. 6.—A field of peas being pastured off by hogs on an irrigated farm. This field con- 

tained 4.6 acres, and 97 shotes gained at the rate of 843 pounds per acre in 387 days. 

12 of the 18 tests no supplementary feed was given. In the remaining 
instances the pigs had access to alfalfa from which usually the sea- 
son’s hay crops had been harvested. The time of turning the pigs 
into the field in these tests ranged from late July to mid-September. 
The pigs may be turned in as soon as the peas show signs of ripening. 
The duration of the hogging period will depend on the time required 
to clean up the crop. This depends on the size of the crop and the 
age and number of the pigs. In these tests the hogging period ranged 
from 12 to 68 days. A view of one lot of pigs (lot 15 in Table XX) 
in a field of peas is shown in figure 6. 

The very wide diversity in the results secured was due largely to 
the variation in the size of the crops hogged off. The tests were all 
conducted on practical farms in cooperation with their owners on 

five reclamation projects. The results are presented in Table XX. 
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TABLE NN.—Resulis secured by hogging off field peas when grown alone and 
with other grain crops on five reclamation projects in 1915, 1916, and 1917. 

Gain (pounds). 

Num- . Supple- Average | Area | Time 
Pigs. Project. Year. other mentary per initial | of | of |motai| Per | Per 

gral feed. : weight. | field. | test. acre | pig pigs. per | per | per 
acre. | Gav | 

y- | day. 

Pounds.| Acres.|Days 
Lot le22:. ieioness-= 5-1 -=-=— 1915 | None...| None. 67 2. 20 32 | 672 21 | 0.69 
Lot 2 Minidoka. ..-..-.--- 1917 |...do.-.-.]...do.. 39 113 | 3.40 55 | 949 17 | 1.50 
iL eaanl Meee OM SSaee ace 1917 |...do.. -do. - 38 94 | 3.63 68 | 808 12] 1.13 
Lot 4 IBOIS@E esac - = 1917 |...do -do. - 33 80} 1.50 17 | 250 15 66 
Hoetoe=22-|=5- = Qasosscessssas 1916 | Wheat..|...do..-} 138 32 | 5.20 36 | 915 25 96 
Don Geesca|sss—- dose se esse se 1916 |...do...|...do-..] 128 68] 9 41} 515 13 90 
Lot 7.....| Truckee-Carson.-..| 1916 ;...do...|...do---; 34 63) 1.25 21 | 760 36 | 1.40 
Lot $-_...- BOIS aa sig cis-1- UO Noose 5 alacaoloa ae 33 91} 1.50 14 | 286 20 93 
Ibe Sl oes Goer eres ses 1917 | Oats- sls 5 - 26 CP 1g Rae sors ae eeiaers aeeaae 1.40 
on sees | coe GON esac scr 1916 | Barley do 20 11g] 1 43 | 650 15 75 
Woutiere || Pieton: 2. =.=. 2-2. TONG oO. sso.6Ws es 60 54] 3.10 40 | 716 18 -92 
1E\0) Fel C2 eee (100) Janae SoS Eee 1917 |...do..-/-..do.--| 48 63 | 4.40 37 | 371 10 92 
Mopdseeeeetumtleys 2223. ==. 1915 | None...| Alfalfa 66 63 | 1.90 12) 479 40 | 1.02 

pas- 
ture 

Lot 14 BOSC a= eis ccrs-\c% 1915 do do. . 28 75] 1 25 | 425 17 61 
Lot 15 Minidoka. .......-- 1915 do -do-- 97 71 | 4.60 37 | 843 23 | 1.08 
iba? Une. | io kG sarees eee 1916 |...do.-.].-.do1.. 33 69} 2 381 | 277 9 54 
ewti--3|5---- GOseesroenceess 1915 | Wheat.|...do. - - 28 hit |) i 25 | 746 30 | 1.06 
ot Pkee~ Fe 28 CW -Bemeteleaece 1916 |...do--.-|--.do.-.. 33 86} 1 17 | 447 26 80 

1 Plus 350 pounds of barley and 600 pounds of milk. 

Table XX shows the results of 18 tests involving a total of 949 
pigs and a total area of about 50 acres. The number of pigs per 
lot ranged from 20 to 138, and the fields ranged in size from 1 acre 
to 9 acres. The gains per acre varied from 250 to 949 pounds. The 
average gain per acre of the 17 lots for which this was determined 
was a little less than 600 pounds. Of the eight tests in which the 
gains per acre were less than 600 pounds, six were on the Boise 
project; but some of the best gains were made on the same project. 
These facts indicate the wide variation to be expected in any given 
locality, depending upon the size of the pea crop in each field. The 
average daily gain per pig ranged from 0.54 pounds to 1.50 pounds. 
These gains naturally depend upon the abundance of the feed and 
the character of the pigs used. While the gains per acre of peas 
are not strictly comparable with those secured by hogging corn, be-. 
cause of differences in the location of the tests, it 1s of interest to ob- 
serve that the ranges in gains per acre of the two crops were not 
widely different. The range with corn without supplementary feeds 
was from 183 to 1,048 pounds: per acre, while that with peas was 
from 250 to 949 pounds per acre. 
The conditions under which these tests were conducted made it 

impossible to determine the values of supplementary feeds and the 
advantages of growing some small grain with the peas. There is 
nothing in these data to show whether or not a grain mixture or a 
supplementary feed is advantageous, This is a question which should 
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be thoroughly investigated under irrigation. It was impracticable 
in the tests reported above to determine the quantity of peas or of 
peas and other grains required to produce a pound of gain. There 
is need for experimentation in this connection also. 

Speaking generally, it appears that where field peas do well under 
irrigation their use as a crop to be hogged off should be much more 
extensive than it is at present. The crop is particularly valuable 
at times when the commoner grain feeds are high priced, and its 
utilization by swine growers on irrigated lands offers many excellent 
opportunities. 

HORSE BEANS. 

Horse beans have not been tried extensively by irrigation farmers 
in this country, but in one or two sections, particularly in the Snake 
River valley of Idaho, the crop has become of some importance. In 
1915 plantings of horse beans were made at the Scottsbluff, Huntley, 
and Belle Fourche Field Stations, with seed produced at Gooding, 
Idaho. The results were unsatisfactory, as shown by the following 
report made by the superintendent of the Huntley Field Station on 
the behavior of the crop at that point, where the results: were typical 
of those secured at Scottsbluff and Belle Fourche: 

A test of horse beans was made in 1916 on a one-eighth acre plat in field 

A-I. Seeding was done in the latter part of April. The seed was planted 

closely in rows 20 inches apart. A good stand was secured and the crop 

made a very good growth up to the time of blooming, which was about 

August 1. It was attacked at this time by a disease which practically stopped 

the growth of the plants. In many instances the plants were killed. On a 

few of the plants a small amount of seed formed. This seed was badly 

shrunken, as were also the foliage and stems. Only a few of the plants re- 

mained alive at the end of the season, and the amount of seed was so small 

and the quality so poor that the crop was not harvested. 

Welch reports! as follows regarding horse beans on irrigated lands 
in Idaho: 

Horse beans (Vicia faba), or Broad Windsor beans, are extensively grown 

in some parts of irrigated Idaho. They are grown almost exclusively for 

“hogging-off ”’ purposes. During the season of 1915 a crop was grown on 

the station farm for the purpose of finding its relative value when compared 

with field peas used in the same way. The horse beans were sown a little too 

late to secure maximum growth. They are .considered somewhat inferior to 

field peas when used for pork production. 

A few farmers in Idaho have reported very satisfactory results 
from hogging off horse beans. Others have attempted to use the crop 
for this purpose but without success. It appears that the plants are 

specially susceptible to the attacks of certain fungous diseases, as was 
indicated in the test at Huntley. In view of the knowledge at pres- 

1 Welch, J. S. Experiments with legume crops under irrigation. Idaho Exp. Sta. Bul. 

94, 14 p., 4 fig. 1917. 
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ent available, the crop is to be regarded as in the experimental stage, 
and attempts to grow it for hogging-off purposes should be made 
conservatively. 

: GRAIN SORGHUMS. 

Although certain of the grain sorghums are hogged off in the irri- 
gated sections of the Southwest, there are but few experimental data 
regarding the practice. The high value of one of the grain sorghums 
(milo) as a supplement to alfalfa pasture for hogs already has been 
pointed out, but only fragmentary evidence is available regarding the 
practice of hogging off the crop. 

In 1916 at the Yuma Field Station, 12 hogs with an average initial 
weight of 170 pounds were pastured on a half-acre field of milo for 
21 days, at the same time having access to a small patch of alfalfa 
pasture. The hogs gained at the rate of 0.90 pound per day each, or . 
25 pounds per acre per day. The total gain per acre of milo for the 
period was 518 pounds. The milo yield was estimated as 1,874 
pounds per acre, so that the estimated grain requirement per hun- 
dred pounds of gain was 342 pounds. In 1917 another lot of 12 pigs, 
weighing 113 pounds each, was pastured on an 0.83-acre field of milo 
for 14 days. They had access to alfalfa pasture, but made little use 
of it. They gained 25 pounds per acre per day, or 1.76 pounds per 
hog per day, and the total gain per acre of milo was 355 pounds. The 
superintendent of the Yuma Field Station reports that much of the 
grain was trampled into the soft soil and lost. It is generally be- 
lieved that much of the feeding value of sorghum grain is lost when 
the grain is fed without grinding. These two tests furnished no 
evidence on this point. There is need for further experimentation 
in connection with hogging off grain-sorghum crops, as a number of 
important problems regarding the practice remain to be solved. 

PUBLICATIONS ON SWINE PRODUCTION. 

A list of publications issued by the Department of Agriculture con- 
taining useful information and suggestions of interest to swine pro- 
ducers on irrigated lands in the western United States is given be- 
low. Those of which the price is not stated can be obtained without 
charge upon application to the Secretary of Agriculture; the others 
may be obtained by remitting the price specified to the Superintend- 
ent of Documents, Government Printing Office, Washington, D. C. 
As this paper discusses only one phase of swine production on irri- 
gated lands, it is suggested that the reader consult one or more of 
the publications mentioned below and also publications of the State 
experiment stations for information regarding other features of the 

industry. 
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Farmers’ Bulletins. 

No. 488. Hog Houses. 

724. The Feeding of Grain Sorghums to Live Stock. 

765. Breeds of Swine. 

780. Castration of Young Pigs. 

834. Hog Cholera: Prevention and Treatment. 
873. Utilization of Farm Wastes in Feeding Live Stock. 

874. Swine Management. 

906. The Self-Feeder for Hogs. 

913. Killing Hogs and Curing Pork. 

Department Bulletin. 

No. 488. Experiments in the Disposal of Irrigated Crops through the Use 

of Hogs. 

Miscellaneous Circulars. 

Bureau of Plant Industry Circular 116, part B. The Work of the Scottsbluff 

Experiment Farm in 1912. Price, 5 cents. 

Western Irrigation Agriculture unnumbered circular (B. P. I. Document 1081)._ 

The Work of the Scottsbluff Reclamation Project Experiment Farm in 1913. 

Price, 5 cents. 

Western Irrigation Agriculture Circular No. 6. The Work of the Scottsbluff 

Reclamation Project Experiment Farm in 1914. Price, 5 cents. 

Western Irrigation Agriculture Circular 11. The Work of the Scottsbluff 

Reclamation Project Experiment Farm in 1915. Price, 5 cents. : 

Western Irrigation Agriculture Circular 18. The Work of the Scottsbluff 

Reclamation Project Experiment Farm in 1916. Price, 5 cents. 

Western Irrigation Agriculture unnumbered circular (B. P. I. Document 1084). 

The Work of the Huntley Reclamation Project Experiment Farm in 1913. 

Price, 5 cents. 

Western Irrigation Agriculture Circular 2. The Work of the Huntley Reclama- 

tion Project Experiment Farm in 1914. Price, 5 cents. 

Western Irrigation Agriculture Circular 8. The Work of the Huntley Reclama- 

tion Project Experiment Farm in 1915. Price, 5 cents. — 

Western Irrigation Agriculture Circular 15. The Work of the Huntley Recla- 

mation Project Experiment Farm in 1916. Price, 5 cents. 

Western Irrigation Agriculture unnumbered circular (B. P. I. Document 1088). 

The Work of the Belle Fourche Reclamation Project Experiment Farm in 

1913. Price, 5 cents. 

Western Irrigation Agriculture Circular 4. The Work of the Belle Fourche 

Reclamation Project Experiment Farm in 1914. Price, 5 cents. 

Western Irrigation Agriculture Circular 9. The Work of the Belle Fourche 

Reclamation Project Experiment Farm in 1915. Price, 5 cents. 

Western Irrigation Agriculture Circular 14. The Work of the Belle Fourche 

Reclamation Project Experiment Farm in 1916. Price, 5 cents. 

Western Irrigation Agriculture Circular 20. The Work of the Yuma Reclama- 

tion Project Experiment Farm in 1916. Price, 5 cents. 

Western Irrigation Agriculture Circular 1. The Work of the Umatilla Recla- 

~ mation Project Experiment Farm in 1914. Price, 5 cents. 

Western Irrigation Agriculture Circular 13. The Work of the Truckee-Carson 

Reclamation, Project Experiment Farm in 1915. Price, 5 cents. 

Western Irrigation Agriculture Circular 19. The Work of the Truckee-Carson 

Reclamation Project Experiment Farm in 1916. Price, 5 cents. 

Demonstrations on Reclamation Projects Circular 1. Hstablishing the Swine 

Industry on the North Platte Reclamation Project. 
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Circulars of the Office of the Secretary. 

No. 80. Disposal of City Garbage by Feeding to Hogs. Price, 5 cents. 

83. Swine-Judging Suggestions for Pig-Club Members. Price, 5 cents. 

102. Movable Hog Houses. Price, 5 cents. 

Yearbook Separate. 

No. 690. Agriculture on Government Reclamation Projects. Price, 5 cents.. 

SUMMARY. 

The irrigated lands of the western United States offer excellent 
opportunities for the production of pork in commercial quantities, 
and swine feeding has proved to be a satisfactory method of utilizing 
certain field crops, but the swine industry in irrigated districts in the 
past has experienced extremes of expansion and depression. 
One of the causes of this instability is a lack of knowledge as to 

the possibilities of using certain irrigated field crops and as to the 
value of these crops when measured in terms of pork production. If 
full advantage is taken of the wide range of feeds available to swine 

- growers on irrigated lands, pork production can be carried on more 
widely and with more assurance of success than has been the case 
heretofore. 

Most of the published information regarding the values of field 
crops used in swine production is based on conditions in nonirri- 
gated sections and can not always be applied satisfactorily under 
irrigated conditions. This js true particularly of those field crops 
which are pastured by hogs or hogged off. 

Since 1912 the Department of Agriculture has been conducting 
experiments and making observations regarding the utilization of 
irrigated field crops by hog pasturing. This.bulletin discusses the 
results of pasturing tests involving 149 lots of hogs containing a total 
of 3,795 animals. In these tests 89 lots containing 2,138 swine were 
pastured on alfalfa. The other lots were used on sweet clover, corn, 
field peas, and milo. 

Pasturing alfalfa with hogs has been shown to be a very satisfac- 
tory method of utilizing that crop and one of the cheapest ways to 
produce pork. To obtain satisfactory results the alfalfa pasture 
must be supplemented with some carbonaceous feed. When supple- 
mented with a 2 per cent ration of corn, barley, milo, wheat, or 
shorts, an acre of good alfalfa pasture can be expected to produce 
about 2,500 pounds of gain in live weight in a season. Gains as high 
as 4,292 pounds per acre were obtained in one of the tests reported 
here, a test in which the hogs received a 3 per cent supplementary 
ration of corn. The gains per acre of alfalfa depend on the size of 
the crop, the character of the hogs used, the method of management, 

and the quantity and quality of supplementary feed given. To pas- 
ture alfalfa without supplementary feed is not to be recommended. 
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Hogs on alfalfa pasture supplemented with about a 2 per cent 
ration of corn, barley, wheat, shorts, or milo will consume from 250 
to 3800 ae of grain per 100 antmele of gain. In general, the 
grain requirement increases with the increased size of hogs and 
with increased grain rations. The feeding values of corn, erler. 
shorts, and milo as supplements to alfalfa pasture differ from one 
another so little that the choice among these supplements should de- 
pend on prices, cultural adaptability, and general economic condi- 
tions. When the grain supplement is to be produced by the swine 
grower, preference usually should be given to corn, barley, and the 
grain sorghums, depending on the adaptability of each of these crops 
to local conditions in each instance. 
An acre of good alfalfa pasture supplemented with as sities as a 2 

per cent ration of grain has an average hog-carrying capacity of 
about 2,500 pounds of live weight for the growing season. Carrying 
capacity increases rapidly with imcreased grain allowance, and it 
varies somewhat during the growing season with the rate of crop 
growth. 
An acre of good alfalfa pasture, if supplemented with a 2 per cent 

ration of corn or barley, will support 6 to 8 sows and 50 to 70 suck- 
ling spring pigs for a period of about 60 days in early summer, dur- 
ing which time the pigs should gain 25 to 30 pounds each. At the 
close of this period the pigs should be ready to go into alfalfa pasture 
by themselves for the remainder of the growing season. 

_ The few tests so far conducted indicate that white sweet clover 

is not to be regarded as a rival of alfalfa as hog pasture. The crop 
is valuable to irrigation farmers chiefly for use on soils which are 
too wet or too salty for alfalfa. 

The practice of hogging off corn and field peas is a desirable one. 
for swine growers on irrigated lands, in that it saves labor, produces 
satisfactory gains on the hogs, and adds manure to the soil. 

The gains made in the tests of hogging corn reported in this, bulle- 
tin ranged from 183 to 1,048 pounds per acre of corn when no supple- 
mentary feed was given and from 335 to 1,377 pounds per acre 
where the corn was supplemented. It is estimated that in these tests 
an average of about 450 pounds of corn was required to produce 100 
pounds of gain when no supplement was used, as compared with an 
average of 409 pounds when the corn was supplemented with tankage, 
late alfalfa pasture, or rape. Alfalfa pasture is to be preferred as 
a supplement to corn in hogging off enterprises on irrigated lands 
because of its cheapness and reliability. 

The tests reported show that field peas have a high value as an 
irrigated crop to be hogged off. The gains in live weight per acre 
of peas in 17 tests ranged from 250 to 949 pounds, averaging in the 
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neighborhood of 600 pounds. These results compare not unfavorably 
with those obtained by hogging corn, when the costs of production 
of these crops are considered. It is to be remembered, however, that 
in some districts where corn grows well, field peas do not do as well 
as in cooler localities less favorable to corn. Field peas are particu- 
larly valuable as a crop for hogging off when the commoner grain 
feeds are high priced and the swine grower is seeking a substitute for 
them. 

Horse beans are used satisfactorily in a few irrigated districts, 
but the crop is to be regarded as in the experimental stage for 
irrigation farmers generally. This crop appears to be especially 
susceptible to the attacks of certain fungous diseases. 

While grain sorghum, particularly milo, is used to some extent in 
the Southwest for hogging off purposes, its chief value in swine pro- 
duction probably lies in its usefulness as a supplement to alfalfa 
pasture and as a finishing feed. When used in either of these ways 
the grain is cracked or ground, and its feeding value is believed to be 
higher than when the grain is fed whole, as in hogging. 

O 
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INTRODUCTION. 

Wood has always been of considerable importance as fuel in this 
country, and the present emergency has greatly increased its com- 
parative value for this purpose. Wood is now being cut for fuel in 
places where for many years it had practically gone out of use. On 
farms where coal had become the ordinary fuel and was brought in 
from great distances while wood suitable for fuel went to waste in 
the neighborhood, wood is now coming into its own again. It is 
being more used in churches, schools, and homes, and even in fac- 
tories. The use of wood for fuel saves transportation, it utilizes 
wood that would otherwise go to waste, and it releases coal for ships 
and railroads and munitions plants. Heretofore wood has supplied 
between 10 and 15 per cent of the total amount of fuel used in the 
United States. The wide distribution of wood fuel supplies, and the 
fact that they are so located as to save transportation should, under 
present conditions, lead to a considerable increase in the proportion 
of wood in our fuel consumption. 

The purpose of this bulletin1 is to aid in the conservation of the 
Nation’s coal supply and in the full and proper use of our wood 

1As is readily apparent, the material used in this bulletin is largely compiled from 
many sources. Credit has been given as far as it has seemed practical, but in many 
instances the data are so adapted and changed that a specific reference would be mis- 
leading. Information has been obtained from State wood-fuel and Forest Service publi- 

cations mainly, but miscellaneous data and tables have been drawn from everywhere. 

This general statement is made in order to acknowledge help from sources not specifically 
mentioned. 
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resources to prevent the recurrence of such a fuel shortage as occurred 
during the winter of 1917-18, by indicating the best and most eco- 
nomical methods of cutting, distributing, and using wood for fuel. 
Uneconomical methods of handling the wood increase the cost and 
waste the product, careless methods of cutting the trees may endanger 
the future supply, and the reckless use of shade or ornamental trees 
for fuel is an unjustifiable extravagance. 

In the utilization of the forests of the country, including farm 
woodlands, a great deal of wood material is produced which can not 
find a use other than as fuel wood. While some of it is used for 
acid wood, charcoal, etc., most of it is left for fuel or wasted. 

Since many of the trees in our forests are fit only for fuel, they will 
not be cut unless there is a demand for fuel wood. Improvement 
cuttings, which take the small, diseased, or defective trees, can not be 
profitably made in many cases unless there is such a demand. Thin- 
nings can frequently be made to pay for themselves if the material 
is used for fuel. Sometimes products of thinnings can be used for 
other purposes than fuel, but more often they can not. As proper 
thinnings and improvement cuttings are a great stimulus to increased 
production and at the same time improve the quality of the timber, 
a fuel wood demand opens up a great opportunity for forest im- 
provement and, if widespread and continued, will produce a vast total 
effect for the better in the character and quality of our forest re- 
sources. 
Wood waste occurs at every stage of the manufacture of wood 

products, from the lumber operations through the milling process 
and in the special processes necessary to shape the article into its 
final form. A wide use of wood fuel affords a market for this waste, 
which would otherwise be lost. 

Preparing wood for fuel involves slightly more labor than is 
_ required to produce coal. It is, however, usually widely scattered 
labor which is used in wood cutting and hauling, and no increased 
demand on labor is really made. On most farms there is plenty of 
time during the winter for both men and teams to work at getting 
out wood. | 

WOOD INSTEAD OF COAL FOR FUEL. 

USE OF WOOD SHOULD BE LARGELY INCREASED IN RURAL DISTRICTS. 

Who can with the least hardship restrict his consumption of coal? 
Certain classes of consumers require concentrated fuel, such as coal 
or crude oil; others can use other fuels, but at a considerable disad- 
vantage. Most manufacturers are unable to substitute wood for coal 
to any great extent because of the character of their heating and 
power plants and because of their location, which involves railroad 
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haul for wood. For similar reasons domestic consumers in the cities 
can not well use wood to any great extent. Wholesale rail trans- 
portation of fuel wood is not desirable because of its bulk as com- 
pared with coal of the same heating value. The substitution can best 
be made in places where team-hauled wood will take the place of 
rail-hauled coal. Farmers who own woodlands and villagers who 
can buy wood from near-by farms can reduce their consumption of 
coal with least inconvenience to themselves and with the greatest 
benefit to the public interest. 

Because of the large proportion of wood normally used in the 
South and the long hauls involved in the West it is not likely that 
the use of wood for fuel can be greatly increased in those regions. 
In New England, New York, New Jersey, Pennsylvania, Ohio, In- 
diana, Illinois, Iowa, Missouri, and the Lake States it ought to be 
entirely practicable in many cases to replace coal with wood. In 
these 17 States is a rural population of about 20,000,000, which is 
estimated to use annually 18,000,000 tons of coal. If by substituting 
wood one-quarter less coal could be burned on farms and one-tenth 
less in villages, the total saving would amount to nearly 3,000,000 
tons, or between 65,000 and 70,000 carloads. 

For many uses, and particularly for summer-time use, wood is a 
more convenient and cheaper fuel than coal. Churches, halls, summer 
cottages, and other buildings where heat is wanted only occasionally, 
and then on short notice, find wood more satisfactory for this 
purpose. | 

PRESENT USE OF WOOD FUEL. 

Up to the present time practically no systematic attempt has 
been made to take a census of the wood fuel cut or on hand each year. 
Wood seems to be the only form of fuel on which annual statistics 
of production are not available. 

In 1916 and 1917 the Bureau of Crop Estimates in the Department 
of Agriculture secured estimates of the number of cords used on the 
farms but not the total amount cut. It is understood that in 1918 
the amount sold from the farm annually will be obtained also, thus 
showing the total cut. 

According to figures collected by the Bureau of Crop Estimates - 
(see Table 1) about 83,000,000 cords of wood fuel were used in 1917 
on the farms of the United States. Similar estimates made in 
December, 1916, indicated that about 82,000,000 cords were used. 
It is likely that the total amount consumed on farms and in villages 
and cities is upwards of 100,000,000 cords annually. In these esti- 
mates, and in all other references to “cord” in this bulletin, unless 
otherwise stated, a cord is reckoned as 128 stacked cubic feet—i. e., a 
pile 8 by 4 by 4 feet. 
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The value of wood advanced more than 24 per cent from December, 
1916, to December, 1917. On the basis of 1917 prices reported, the 
value of firewood used on farms of the United States is about 
$283,000,000, or $48.13 per farm. 

TABLE 1.—Wood fuel used on farms. 

Value of wood used 
Number Value per cord. on basis of Decem- 
offarms | Gq, | Number ber, 1917, values. 

1917 cor | dfeords 
(esti- ees per 

mated) etal, State. | Decem- | Decem-| yao Total 
pe pet, per farm.| value. 

Maine saaseeeee cote cts sacle | ; 13 780, 000 $6.40 $4.50 $83.20 |$4, 992, 000 
New Hampshire 5 12 324, 000 6.40 4.60 76.80 | 2,074,000 
Mermont s226 32s oe eras : 15 495, 000 6.00 4.35 90.00 | 2,970, 000 
Massachusetts. - 10 370, 000 6.35 4.70 63.50 | 2,350, 000 
Rhode Island.. 10 50, 000 5.80 4.00 58.00 290, 000 
Connecticut. - oak) 13 351, 000 6.00 4.50 78.00 | 2,106,000 
New York...... 14 | 3,010,000 4.60 4.00 64.40 |13, 846, 000 
New Jersey 8 , 000 5.10 4.00 40.80 | 1,346,000 
Rennsylvanianess- sesso ae 218,000 9 | 1,962,000 3.50 2.60 31.50 | 6,867,000 
Delaware reese es ef 11.000 13 143, 000 4.20 3.10 54.60 601, 000 
Maryland soe ieee sate ene | 50,000 13 650, 000 4.15 3.20 53.95 | 2,698, 000 
Warciniae see SALE eaten 190, 000 18 | 3,420,000 3.20 2.40 57.60 |10, 944,000 
iWestiVircinias ens eee 99, 000 16 | 1,584, 000 2.90 2.30 46.40 | 4,594,000 
North Carolina... ............- 259, 000 17 | 4,403, 000 2.75 2.10 46.75 |12, 108, 000 
South Carolina 14 | 2,590, 000 3.00 2.10 42.00 | 7,770, 000 
Georgian sos sctes Secs cae a 16 | 4,800,000 2.50 2.00 40.00 |12, 000, 000 
(HlOrid aug ets Ee 11 605, 000 3.10 2.60 34.10 | 1,876,000 
Ohio EE 13 | 3,523, 000 3.60 3.00 46.80 |12, 683, 000 
id Tara eee a ae eee a 12 | 2,580,000 3.70 3.30 44.40 | 9,546, 000 
AOU TBaYSIC pis te ee ee a os OR 9 | 2, 250, 000 4.60 3. 40 41.40 |10,350, 000 
Michi cane ecets aero nas eaten 13 | 2,717,000 5.25 4.00 68.25 |14, 264, 000 
WWisconsink ery sce ast SD 13 | 2,340,000 5.50 4.20 71.50 |12, 870,000 
IMinneSOLA eae te eee oe eee 11 | 1,727,000 5.40 4.30 59.40 | 9,326, 000 
TOW ASE See eee at ae Pet pe 5 | 1,075,000 4.70 4.20 23.50 | 5,052,000 
IMiSSOUTIE Res heya 13 | 3,575, 000 3.20 2.60 41.60 |11, 440, 000 
North Dakota 3 270, 000 7.50 6.40 22.50 | 2,025, 000 
South Dakota 3 270,000 6.20 6.00 18.60 | 1,674,000 
Nebraska? eee. issoacee eesce 3 405, 000 4,25 3.90 12.75 | 1,721,000 
IKamSas wees Maer es oe PA 6 | 1,080, 000 4.25 3.30 25.50 | 4,590, 006 
Kentucky......- i 18 | 4,770,000 2.20 1.70 39.60 |10, 494, 000 
Tennessee. - - 19 | 4,750,000 2.20 1.75 41.80 |10, 450, 000 
Alabama... 18 | 4,860,000 2.00 1.80 36.00 | 9,720, 000 
Mississippi. - 16 | 4,560, 000 2.30 1.90 36.80 |10, 488, 000 
LOUISIANA elie epee niaeis eee ee 15 | 1,830,000 2.50 2.25 37.50 | 4,575, 000 
TERS Wa aie Ree as Aa a 9 | 3,870,000 3.40 2.80 30.60 |13, 158, 000 
Okighonialeee soe see es ceca 10 | 2,100,000 3.10 2.75 31.00 | 6,510, 000 
IAG ANISAS Sere eye wae aston arm 19 | 4,275, 000 2.35 2.00 44.65 |10, 046,000 
WIG. soos ocscnsasctbcosse 10 350, 000 4.380 4.50 48.00 | 1,680,000 
JWAyODIIN Saas ee eee eee 10 150, 000 4.50 3.30 45.00 675, 000 
Colorad ote sees ek eer ea 6 330, 000 4.50 3.70 27.00 | 1,485,000 
New Mexico 9 405, 000 4.20 4.00 37.80 | 1,701,000 
IATIZON ASS ee ese eee 9 108, 000 5.75 5. 40 51.75 621,000 
LORE Mem Bir Ne ee eee ag S| 184,000 5.00 4.00 40.00 | 920,000 
ING Vad a ees ene eae 11 33, 000 7.00 6.00 77.00 231, 000 
Tdahowee eco oe ata 9| 324,000 5.00 4.60 45.00 | 1,620,000 
Washington 11 715, 000 5.20 4.50 57.20 | 3,718,000 
OHGHON. .ssonasonossodsosousee 12 600, 000 4.70 3.90 56.40 | 2,820,000 
OMT yogic deacodossmocse 10} 950,000 7.40 5.80 74.00 | 7,030, 000 

United States.......... 6, 562, 000 12.6 |82,777,000 3. 42 2.75 43.13 |282,915,000 
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Fig. |1.—SAWING EMERGENCY WOOD TO RELIEVE COAL SHORTAGE, GREENVILLE, 
TENN., JANUARY [8, 1918. 

F-43247 

Fic. 2.—A LOAD OF STOVE Woop IN NORTHERN MICHIGAN (ONTONAGON 
COUNTY). 
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A detailed survey of the use of wood and coal in selected localities 
in a number of States gave the following comparative data: 

TABLE 2.— Average annual consumption of coal and wood per family on farms in 
eight States. 

Coal, per family. Wood, per family. 

State and county. 

Tons. Value. Cords. Value. 

MAC ERTE IA MATIIOUIC) meee cas Jae Soak ee ace toe noes atee nee 0.1 $1.01 14.3 $65. 40 
New York (Otsego)...-.. 2.5 16.00 12.2 54.80 
Pennsylvania (Bucks)... 4.9 26.90 6.2 19.00 
Ohio (Champaign)......... 5.7 23.70 12.0 32.50 
\ RETREAT GREVERD (011) J ea aia ile a = a 3.0 20.70 ed 38.80 
IISIVERF EC OMOGY)) = ho725 <0 Sahoo soe <isjaicisive bee, c pura dee 3.9 29.57 4.8 22.40 
ORO ACO ty (GASLOD) ee ee ee eet tA I OR Ng SE eee i a 14.0 43.58 
BETREE: CORT O edgo eee Dea can a ee 5 coe POUR E Cote tee e EBS 54 sce setcrrat Baremeeerre 17.8 51.60 

LITO id SaaS OE ORO SORE TRE ee REE eae 2.5 14.74 11.1 41.01 

1 From Farmers’ Bulletin 635, ‘‘ What the Farm Contributes Directly to the Farmer’s Living,” by W. C. 
Funk. See also Depa linent of Agriculture Bulletin 410, ‘‘ Value to Farm Families of Food, Fuel, and Use 
of House,” by W. C. Funk. 

TABLE 3.—Average annual consumption of wood per person in eight States, show- 
ing the per cent of wood bought and the per cent furnished by the farm. 

Per person. Per cent. 

State and county. 
senna ea 

Cords. Value. Bought. Furnished 
by farm. 

“ORSTER(ETETE (CLUGETATOY LN epee nh oN vee ae RO ee 3.0 $13. 62 3.0 97.0 
MemMMMOank(OLSCLO) je <cise one Sais Macca tijele au maathel ee 3.1 13.70 1.8 98.2 
Penasyivanic (BUCKS) 37522. ALES RAE! NSD ee 1.2 3.65 5.8 94.2 
Pe reMMUHARTED) SIST1) ee ey Balt sig ee ee ais ods See 2.9 7.93 6.2 93.8 
IMESCOHSHNCIOUETSON) © cose eee CPR 0 1.1 5.34 Wart 92.3 
Reee ANNES OIICLY)) sap a> cio. se wa eerste oes awe whe a eae 1.7 ChePA lpececemebee 100.0 
MWarnn@arolina (Gaston) 22.205 2022 2 ee ee 3.1 9.68 3.9 96.1 
Georgia (Troup).-....-.... Bee Aca Deane nace Goat AoE eRe 3.3 QO oe Bute ae 100.0 

A ORES ESSE EEE BOOB ABCD AOE OES Be AOR BOE AE AOE Sc 2.4 9.04 3.55 96. 45 

INDUSTRIAL USE OF WOOD FUEL. 

The use of wood fuel by factories reached its greatest development 
in New England during the acute coal shortage of the winter of 
1917-18, because this section was practically shut off for a time from 
all supplies of bituminous coal, which is the factory fuel. Com- 
plete information is not available on the quantity of wood used by 
the factories or how extensive its use was throughout New England, 
but it is known that a great many factories were forced to use wood 
to keep in operation. One dealer reported that he had shipped 5,500 
cords of wood to the factories in eastern Massachusetts. 

Such use of wood will come about only through necessity, as it 
costs at least three tinres as much as soft coal. The only reason for 
using it, therefore, is to keep the factories running. This points to 
the fact that in wood fuel the country has a reserve or substitute fuel 
which can be drawn upon in an emergency, not only to supply domes- 
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tic consumption but to keep the factories running, although it may 
not be so efficient in the latter case as coal. Instead of waiting for 
emergency conditions to arrive, it would be well for both domestic 
and industrial users of fuel to plan on wood reserves in case the 
main reliance, coal, is not forthcoming. 

Tt has been reported that cotton mills in South Carolina and else- 
where throughout the South are laying in wood to supply the mills 
in case of shortage, in addition to their usual supplies of wood for 
the operatives. 

It is, of course, not desirable to use railroad transportation for 
wood fuel to factories unless there is no coal to haul. Then wood may 
be moved by rail to avoid shutting down. Many factories are so 
located at points away from large centers that wood can be used 
without shipping, and as in the aggregate they consume a large 
amount of fuel, a change to wood would be an appreciable help. 

WHAT TO USE FOR WOOD FUEL. 

THINNINGS AND IMPROVEMENT CUTTINGS. 

The great bulk of the wood-fuel supply in farming regions should 
come from thinnings and improvement cuttings on farm woodlands. 
Except under stress of emergency, trees which will produce lumber 
or other material of higher value than cordwood should not be cut 
for fuel. 

Trees which are better suited for fuel than for any other purpose, 
and whose removal will be of benefit to the remaining stand, are: 

1. Sound standing and down dead trees. 
2. Trees diseased or seriously injured by insect attacks, or those 

extremely liable to such injury, such as chestnut in the region subject 
to blight, or birch in the gypsy-moth area; badly fire-scarred trees. 

3. Crooked trees and large-crowned short-boled trees which will 
not make good lumber and which are crowding or overtopping others. 

4. Trees which have been overtopped by others and their growth 
stunted. 

5. Trees of the less valuable species where they are crowding more 
valuable ones, as beech, block oak, birch, hard maple, white oak, or 
white pine. 

6. Slow-growing trees which are crowding fast-growing species of 
equal value. 

TREES ON OLD PASTURES. 

On many farms former pastures have become overgrown with 
red cedar, gray birch, aspen, pine, or other trees. The trees came in 
slowly and through neglect were allowed to steal much of the pasture. 
Tf fuel is to be cut somewhere on the farm, such land as this should 
be drawn upon first of all and redeemed by removing all the trees and 
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restoring the land to grass. Also, uncleared corners of fields or 
patches of agricultural land within the border of the wood lot may be 
cut clean, the wood used for fuel, and the land eventually farmed. 
The expense of clearing is thus largely or entirely met by the value 
of the fuel produced. 

TOPS AND LOPS. 

Thousands of cords of wood from the tops and limbs of trees felled 
in lumbering operations rot annually or furnish fuel for forest fires. 
Ordinarily this waste can not be avoided, because lumbering is most 
important in the less thinly populated parts of the country, and long 
hauls to cordwood markets are too costly. Sometimes, however, 
farmers overlook near-by woods operations as sources of fuel. The 
material is already down and can be worked up easily into cordwood. 
Owners of cut-over land usually are glad to have such material re- 
moved. 

MILL WASTE. 

Mill waste is very widely used as fuel in the neighborhood of saw- 
mills and woodworking plants. Much of this refuse is burned to sup- 
ply power for the mills themselves, but considerable is used as fuel by 
individuals and in some regions by other manufacturers. In many 
instances there are still large amounts of this material going to waste 
which could be made available for fuel. 

SAWDUST BRIQUETS. 

There are now at least three firms on the Pacific coast engaged in 
the manufacture of sawdust briquetting machinery, and at least three 
plants for the manufacture of this fuel have been established there. 

The main market for briquets will probably be for domestic use 
where the cleanliness and easy kindling qualities of the briquet are. 
a fine asset. For this use the briquet might be able to compete with 
coal at only $8.50 a ton, the housewife being willing to pay a little 
more for the same heat value on account of these desirable proper- 
ties. The almost total absence of ash, the absolute absence of clinker, 
and the lack of smoke are great advantages of briquets over coal. 

In competing with cordwood the briquet has certain advantages, 
such as requiring less labor in preparing for the fire, containing less 
moisture and more wood per pound, and obviating the need for 
kindling wood. 

The best chance for the success of the wood or sawdust briquet 
is in those regions where sawdust is abundant and coal is expensive. 
The region best fulfilling these conditions in this country is the 
Pacific coast, and it is a significant fact that the companies now 
establishing the industry in America are all, as far as the author 
knows, on the Pacific coast. 
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CHARCOAL. 

In England it is said that the war has caused a revival of the dying 
charcoal industry. A great deal has been done with this fuel and 
there is a possibility of a like interest being aroused in this country 
as fuel conditions become acute. There are doubtless many places 
in the wooded districts of the East, especially near large cities, 
where charoal can be made to advantage in the next few years. 
Charcoal has a larger heating power per cubic foot than wood, a ton 
yielding about 2,000 horsepower, and it is cheaper to transport on 
account of its hght weight.1 

Table 4 gives the production of charcoal in the United States in 
1909. It is reported that Michigan and Wisconsin now lead in char- 
coal production. 

TABLE 4.—Charcoal production in 1909. 

State. Quantity. Value. 

Bushels. 
Mi CHIP ATL ales rs cys ele Sosa e sce ISIE lem in Le 13, 514, 106 $868, 003 
INGWeViOnkssiiese tie Sr see fs hee ae ZO ne eee ee eee 5, 147, 160 287, 103 
Pennsylvania sten aoc Noes ne sees eis aint cies ses ge See RE eee eee caries 16, 357, 598 936, 357 
"Alliother'S tates mass oe ceases ELSES y PCa 2 eee eee ee ye tees See 3, 998, 383 260, 181 

Motaleeeccss SORE LEE Gak Pea te re SORRY ATSC. Se 5 RR a ee ee eee Se. ee 39, 017, 247 2,351, 644 

1 Thirteenth Census, U. S. 1910, vol. 10, p. 622. 

SUPPLY OF FUEL WOOD. 

With the increased use of wood fuel which is likely to continue 
for several years, it is important to know how much fuel wood there 
is in the country and its local distribution and availability. An 
estimate of the total amount of firewood has never been made. Ten- 
tative figures show the following cords per farm in certain selected 
regions: 

No. of cords 
Region. per farm. 

Northern Vier montets2) 2228 U8 Ee ie ed ine eee 952 

SOubMeasterns PRENMS yal vl yee se ea ee eee ee ee eee 218 

Southern’ (imdiamas = teeta he cel i ee ae ee ee ie a 474 

Ge vatrsea Morn hei eh ea a Vs a 167 

Neorstihre rer) Minne tear hic Ic 344 

NOM EINE TT WATS CO TUS ra aS ee a Ml See RELU ees 317 

Southernt) Minnesota ce 2. Bak eee ee a oa 256 

astern Wo watt Sei Oe aise A OP See gk seo eee eens 243 

Southeastern Nebraska SD LINE 141 

OCeninenll Norn Cemolhin A ee ee ee 1 233 

INGRHACARErM Souln Oryeoling a 1, 978 

@entraly Pennmessee ss = Ses ee SE Eee Le 192 

Northern: AY aa mya 2 Sere Ea AN sis A Ag ere 1, 660 

Northern Mowisiam at. ee ee i Pee ere ee ee ee 2, dL5 

SoOuthermyMSSO Ura ee ke oe A a a a en 601 

WAV OTAGO oie oh i et 739 

1“ Logging and Lumbering,’ by C. A. Schenck. 
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F—37649—A 

Fic. |—UNLOADING CORDWOOD FOR FUEL FROM SAILBOATS AT WHARVES, 
WASHINGTON, D. C. 

F~37647—A 

Fic. 2.—VIEW OF TOP OF STACKS OF CORDWOOD IN ONE YARD AT WASHINGTON, 
Dac. 

Capacity of yard 5,000 cords. 
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Fic. |.—INDUSTRIAL USE OF WooD FUEL. STORED Woop FUEL RESERVE OF 
A NEw ENGLAND FACTORY. 

This supply was obtained in anticipation of a coal shortage. Photo by W. D. Clark, published 
in American Forestry, June, 1918. 

F—-2-RS 

Fic. 2.—FIRING WITH WOOD FUEL; FURNACES IN A NEw ENGLAND FACTORY 
EQUIPPED WITH AUTOMATIC STOKERS FOR COAL. 

Photo by W. D. Clark, published in American Forestry, June, 1918. 
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On the farms alone the total area of woodland in the eastern 
United States is approximately 148,392,000 acres. The first tier of 
States just west of the Mississippi has a great deal of timber, espe- 
cially northern Minnesota, southern Missouri, Arkansas, Louisiana, 
southeastern Oklahoma, and eastern Texas. In the West the 
wooded areas are for the most part restricted to the mountains. An 
average of 10 cords per acre, which seems reasonable, would give 
one and one-half billions of cords for the region east of the Missis- 

-SIppl. 
At the average rate of consumption on the farm itself, 12.6 cords 

per year, 739 cords will last 58 years. On the average this would 
be ample time to replace the stands and thus continue the supply 
indefinitely. As a fact, however, the woodland area is in many re- 
gions constantly shrinking as a result of land clearing for agricul- 
tural use and grazing. Thus unless care is taken of that which 
remains the future supply of fuel wood will be materially reduced. 

The supply of wood fuel in any particular locality depends on 
more than the total amount of timber. Part of it will be on the 

-land which is suitable for clearing for agriculture, and which will 
be cleared and improved in the near future. Obviously, the timber 
on such tracts can all be cut. More will be found on land which 
should be retained in woodland, and here the question is how much 
can be cut out safely. As a rule, only a certain percentage can be 
cut without jeopardizing the forest resources of the future. There 
is the further question of how much of the wood cut is available 
for fuel. The trees which are cut may be suitable for lumber, ties, 
telephone poles, and other higher uses. Therefore, it is essential to 
Inow not only the total amount of wood but the amount of fuel 
wood which can come out without injury to the forest. Only by 
means of a survey covering these points can a practical and compre- 
hensive plan be developed to coordinate the supply and use of wood 
fuel within a given region with other forms of fuel which may be 
available. 

PRODUCING AND MARKETING WOOD FUEL. 

STUMPAGE. 

The first item of cost in producing wood fuel is the price reckoned 
or paid for stumpage. Stumpage for this purpose ranges in price 
from nothing to $5 per cord, depending somewhat upon the region, 
the kind and quality of timber, and the ideas of the owner. In remote 
districts where land is being cleared the standing cordwood material 
is sometimes given away. Slash from lumbering operations is also 
frequently given away for the cutting or is sold at a nominal price. 
Timber of better quality than cordwood material may naturally be 

expected to sell for higher prices than seems justified when compared 
89354 °—18——2 
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with reasonable cordwood stumpage prices. Such material should, 
however, not be so used except in cases of emergency, when other 
stumpage can not be secured. It is reasonable that higher prices 
should be paid for stumpage when the area is to be cut clear than 
when only an improvement cutting is to be made, since the latter 
method increases the cost of cutting somewhat and besides takes 
material of the least value, the removal of which is a distinct benefit 
to the forest. In many cases an owner can well afford to give mate- 
rial from improvement cuttings or thinnings to anyone who will 
cut it. 

Average stumpage prices ordinarily range from 50 cents to $1.50 

per cord. 
ESTIMATING STANDING CORDWOOD. 

While cordwood is generally sold on the basis of measurement after 
it is cut and corded up, it is frequently desirable, especially in case 
of buying entire tracts, to estimate the amount of wood while still 
standing. This can be done by methods similar to those used for 
saw timber. Table 51 shows roughly the number of trees of different 
diameters required to make a cord. 

TABLE 5.—Number of trees required to yield 1 cord. 

Hardwoods. 

; . Northern Soft- 
Diameter of tree (breast high, outside bark). Southern 

: (beech | (chestnut,| Woods. 
? | oak, hick- 

BI GRS SEUSS Soe Reed Gon ASU oOo boU dE GuOne oor EBeHoraane soHSanssodéccorasoaca Meeaeeaunee 170) 4) eo eeee sae 
SE EOE SEE a Ae Ania Oot ie aR REE AA Donets oui sue ao Jecceeceeees 90 eee 

BA ARCO Aeon ee aoe A SOE ate Sano coor op anereren ene [base bodadcoomaseuseacass eerie aaiclers 50: isle ees 
35 25 -N(L Ssaees ae 
20 V7) eS eee er 
15 13 20 
il 9 13 
8 7 10 
6 6 8 
5 5 7 
4 4 6 
3.5 3.4 4.5 
3.0 3.0 3.7 
2.5 2.5 3.0 
2.0 2.2 2.5 
1.7 2.0 2.1 
1.5 1.8 1.9 
1.3 1.5 1.6 
1,2 1.3 1.5 
1.0 1.2 1.4 
9 1.1 1.2 
-8 1.0 iat 
ol of 1.0 

The figures given are for trees of average height; allowances 
should be made in case of unusually short or tall timber. 

1‘‘ Measuring and Marketing Woodlot Products,’ Farmers’ Bulletin 715, by W. R. 

Mattoon and W. B. Barrows. 
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FELLING. 

On the farms a time when labor can not be used at other work is 

the best time to cut wood; winter, late fall, and early spring are 

therefore generally the seasons when most wood fuel is cut. In the 
South, where the slack season comes at a different time, summer 
may prove the best season. However, there is no good reason why, 
if labor is available, fuel wood may not be cut at any time. 

In the case of hardwoods which reproduce readily from sprouts 
the time of cutting is of some importance. The sprouts will start 
immediately if the timber is cut in the summer or early fall but 
will not be strong enough to stand the winter, with the result that 
the reproduction will be winter-killed. On the other hand, if the 
timber is cut in the winter the sprouts will grow during the spring 
and summer to such a size and hardihood as to be immune from 

winter-killing. Winter cutting should therefore be practiced with 
species which sprout, if reproduction is desired. 
Cordwood is generally felled and cut into 4-foot or sled lengths 

with axes, or in some cases where larger trees are cut, with crosscut 
saws. Owing to the small size of the material generally cut this is 
the most economical method of felling the trees. A number of 
power-driven tree-felling machines have been devised, but none of 
them have proved practical, and even if they should become so their 
value would be in felling trees of large size. 

The cost of cutting cordwood varies with the prevailing wages 
of the region and with the kind of timber cut. Woodcutters’ wages 
run from less than $2 to more than $4 per day, or where paid by the 
cord, as is general in some regions, from about $2 to $3.50 per cord. 

The quantity of wood which can be cut per day per man is, of 
course, the real basis of the cutting cost and depends most on the 
skill of the workman and on the kind of wood. Inefficient labor will 
produce but one-half cord of hardwood or 1 cord of softwood per 
day, whereas good skilled workmen will cut from 14 to 2 cords of 
hardwood or from 3 to 4 cords of softwood per day. In one instance 
men inexperienced in timber work, such as business men from town, 
cut in hardwoods at the rate of two-thirds of a cord per day for the 
first day. 

These figures include both felling the trees and cutting them up 
into 4-foot lengths. If material is cut sled length, as is frequently 
done, more can be cut in a day. 

SKIDDING AND HAULING. 

In probably the majority of cases the practice is to cut wood into 
4-foot lengths and pile it close to where the trees are cut, and to haul 
it direct from these piles to consumers, 
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In many cases, however, the trees are merely trimmed or cut into 

sled lengths and hauled to the consumer to be sawed into stove 
lengths, or to central points in the woodlot or along a road to be 
cut up and piled for future hauling. It is possible that extension of 
this practice may in many instances considerably reduce the cost of 
producing wood fuel, both by reducing the amount of hand labor: 
required in cutting up the material, in centralizing the work of cut- 
ting it up, and in increasing the amount which can be hauled by re- 
ducing its weight through seasoning. | 

Skidding or hauling out to a roadway or central point should not 
cost over $1 per cord. 

SAWING AND SPLITTING. 

Stove wood is no longer “ bucked up” by hand with a bucksaw, 
except in isolated cases. Few men can saw more than from 14 to 2 
cords of 4-foot wood into 16-inch lengths in a day, while with power 
saws of from 6 to 10 horsepower a three-man crew can saw up from 
10 to 15 cords per day. 

For ordinary use a 24 or 26-inch circular saw, driven by a 6 to 12 
horsepower gasoline or kerosene engine, is used. The engine and 
saw frame are mounted on a truck so as to be readily moved from 
place to place. Long sticks can be cut up by such a saw as easily 
as 4-foot pieces, except that in case of larger wood one or more addi- 
tional men will be required to pass wood to the saw. At the present 
time complete sawing outfits cost from $200 to $500, depending on 
the horsepower and the size of the saw. Saw blades cost from $6 to 
$12, and saw frames from $30 to $40. 

Farmers who do not have this equipment and whose requirements 
will not warrant such an investment may hire such a saw and engine 
and exchange the necessary labor in its operation within the com- 
munity, as is frequently done in grain thrashing. Many have gaso- 
line or kerosene engines or tractors, and a small portable saw would 
therefore be a comparatively minor investment and would pay for 
itself in working up the average wood lot. It could be used every 
winter in cutting the yearly supply as well as a surplus which might 
be marketed. Good opportunities exist for operators of thrasher 

and silo-filling outfits to do custom sawing during the winter. 
For cutting large logs there are on the market several types of 

power-driven drag-saws, such as are in common use in lumber opera- 
tions in the Pacific Northwest. These machines, which are generally 
operated by a 4-horsepower gasoline engine, can be carried from 
log to log by two men, and cut logs up to 7 feet in diameter. It is 
claimed that they can cut from 10 to 30 cords of firewood (soft- 
woods) in 10 hours. 
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F—51620 

Fig. 1—SAWING BLUE GUM (EUCALYPTUS) WOOD WITH GASOLINE ENGINE. 

Rate 14 to 2 cords per hour. Santa Fe Springs, Cal. 

F—36792—-A 

FiG, 2.-LOAD OF HACKBERRY POLES ON PUBLIC SQUARE FOR SALE AT $2.50 

PER LOAD, GALLATIN, TENN. 
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F—-3—-RS 

Fig. |.—Buzz SAW, POWER SPLITTER, AND CONVEYOR, SET UP AT 
DOVER, MASss. 

Photo by W. D. Clark. 

F—4—-RS 

Fic. 2.—TABLE SAW AND SPLITTER OPERATED IN A MASSACHUSETTS 
FARMER’S WOODSHED. 

Photo by W. D. Clark. 
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These machines weigh from 150 to 200 pounds, and cost from 
$170 to $200. They are probably not practical for ordinary cord- 
wood operations where the trees are of comparatively small size. 
The cost of sawing with power saws depends, of course, upon the 
kind and size of wood sawed and upon the prevailing rate of wages. 
With three or four-men crews, wages of 30 to 35 cents per hour, 
and a cut of 16 to 20 cords per day, the average is as follows: 

Y Cents per cord. 

POET DT ae er ih BL RCS Rl eS hg a 50 

SPATS I ee PO 82 7 SL Oe Oy A Oe, AD 9 

OP NS OSE Snape EES OE I BAB eg 1 

WENTECIAMOM- VINteTESt, CLGs a 22s 2 se! Seek pale By 10 

TRUER ss SE Sa WOE a sg PAN a ge 70 

Charges for custom work were from 50 cents to $1 per cord, de- 
pending on the number of cuts and the kind of wood, but are now 
between 75 cents and $1.50. 

Splitting is still largely done by hand, often by the consumer in 
his spare time, so that its cost is not an item to be considered in the 
price he pays for wood. Although much larger amounts have been 
split by expert axmen, an average man will seldom split more than 
four cords of stovewood per day. The amount depends, of course, 

on the species of wood. Some woods, such as birch, maple, and most 
conifers, split very easily; others, such as elm, sycamore, gum, and 
apple, are very hard to split. Most woods split more readily when 
green or partly dry than when dry. Splitting machines are now 
coming into more general use around woodyards where considerable 
quantities of wood are handled. These machines are driven by the 
same engines which run the cutting-up saws, and sawing and split- 
ting are done at the same time. Two men with such a machine can 
split the wood as it comes from the saw. By installing an automatic 
carrier from saw to splitter one man can operate the latter. (See 
fig. 1.) Splitting by machine should not cost more than 75 cents 
per cord. By hand it costs around $1 per cord. 

SEASONING. 

The seasoning of wood for fuel is important, because dry wood 
has a somewhat greater heating value than green wood, is much 
more convenient to use, and is very much lighter in weight and 
therefore can be handled at less cost. In general it seasons more 

rapidly in the late spring and summer than during the remainder of 

the year, and most slowly when cut in late winter. The fact that 
checking is severe in summer does not matter, as this does not injure 
fuel wood. 

The method of stacking depends primarily upon the rapidity with 
which it is desired to have the wood seasoned. A common practice. 
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is to pile the 4-foot lengths in compact piles resting on two bed pieces. 

longer, but a different procedure must be adopted where more rapid 
seasoning is desired. The most open form of pile is the so-called “log- 
cabin ” style. A pile which gives almost as good results without occu- 
pying nearly as much space has alternate tiers resting on single sticks 

at each end. There 

pi pe through the alter- 
nate open layers. 

It is very im- 
portant for rapid 

Building seasoning to place 

| air will circulate 
readily through 

| them. The ideal 
| place for this pur- 

pose is an open field, 

| top. The direction 
| toward which the 

piles face is not 
| very important if 
| there is good air 

| best results will be 
_j obtained in season- 

ing if the piles are 
so constructed as to 
shed rain as much 

Cordwood of the 
ordinary species 

Fie. 1—Plan of a retail wood dealer’s plant for sawing Nel per loe ou 
ial Sia eolitine, cara hala from 9 to 12 months 

to season thor- 

cent in three months’ time, depending somewhat on the season of the 
year. Wood of three months’ seasoning has from 85 to 95 per cent 
as much fuel value as wood of the same species thoroughly seasoned. 
Even green wood has a heating value of 80 per cent or more of that 
of dry wood. 

This does very well when the wood is to season for six months or 

isample ventilation 

Rie. Scat LT | the piles so that the 

preferably ona hill- 

circulation. The 

as possible. 

oughly, although the moisture content will be reduced to about 35 per 

TRANSPORTATION. 

Ordinarily wood fuel is used within 5 to 10 miles of the locality 
-where it is produced, because its great bulk makes it expensive to ship. 
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It is commonly hauled from the woods to consumers or to dealers 
in towns by team or auto trucks. The cost of hauling is determined, 
of course, by the length of haul and by the amount that can be hauled 
per trip, which depends upon the condition of the roads and upon 
the species and dryness of the wood. The lowest cost for a given 
operation can be attained by letting the wood season thoroughly 
where it is cut and doing the hauling when the roads are best. 
Where much of the haul must be over woods roads or other roads 

which are normally in poor condition, winter hauling on sleds is 
favored, since larger loads can be taken in this way. The chief disad- 
vantage in depending on this method is the possibility of deep snow 
interfering with the hauling. Where the wood can be skidded 
out and piled beside good roads summer hauling by auto trucks is 
by far the most economical way to get wood to market. 

Costs for hauling wood by team may be put at about 50 to 75 cents 
per cord per mile. The following tables, which show approximate 
costs of hauling northern hardwoods, may be taken as fairly typical 
of the northern and eastern States: 

TABLE 6.—Team capacity per day for hauling various distances. 

Number of cords per day per team. 

Sizes. 

7 Pe TeN eed Nanak ISS CT SR My Sy, eel 
*| miles. | miles. | miles.} miles.| miles. | miles.| miles. | miles.} miles. 

LEY TRUE TT ea 7 6 5 3 2 13 14 1 1 1 
TO IOD ee eps e= oncine aisicioicine 5 4 3 23 2 13 14 1 1 1 
16-inch stove wood............ 4 3 24 2 1 abs 1 1 1 1 

TABLE 7.—Cost of team-hauling per short cord of 16-inch lengths, for different 
distances and at different wage rates, including charge of 26 cents for 
handling. 

Approximate cost per cord, with team 
Trips Cords wage ol— 

Distance from town (miles). er hauled 
ay per day 

"| $4.50 perday.| $5 per day. | $6 per day. 

1 3-4 | $1.40-$1.75 | $1.50-$1.95 | $1. 75-$2. 25 
2 6-8 -80- 1.00 -90- 1.10 1.00— 1. 25 
3 9-12}. .65- .75 -65- .80 .75- .90 
4 12-16 .00- .65 .55- .65 -65- .75 

Although wood fuel can not as a general thing be economically 
shipped to market, it is in certain instances practicable to do so, 
especially in districts remote from the coal regions. Since shipment 
by water is the cheapest method of transportation, towns on navi- 
gable rivers and inlets along which are supplies of fuel wood are in 
the best position to get wood at a reasonable cost. Washington, 

1“ The Price of Fuel Wood,’ by William K. Prudden, State fuel administrator of 

Michigan, Mar. 1, 1918. 
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D. C., uses normally about 17,000 cords of wood fuel annually, most 
of which is brought up the Potomac by sailboats with an average 
capacity of 30 cords. 

Freight rates on cordwood vary in different sections of the country 
and on different railroads. At this time, on account of readjust- 
ments, it is not possible to give very definite information on freight 
rates. Recently the rate for distances of about 10 miles has averaged 
about 50 to 60 cents, and has sometimes reached $1. Around 100 
miles the rate has averaged $1.50 per cord, but has in some cases been 
as low as $1 and in others as high as $2. 

CAR CAPACITIES. 

The minimum carload measurements on cordwood are as follows: 

Number of 

cords per car. 

Dry. Green. 

In box ears 34 feet 4 inches and less in length, inside measurement__ 12 12 

In box ears over 34 feet 4 inches in length and 8 feet and over in 

Herehiaen sid esmea SULEMENG 26 oa a eee eee ra leone IE} 

In box cars over 34 feet 4 inches in length and under 8 feet in height, 

HAAS. IraveRS TURD PRE ey ee ee era et 1G 5 
On flat or gondola cars 34 feet 4 inches and less in length____________ aAD al 

On flat or gondola cars between 36 and 34 feet 4 inches in length____ 18 16 

WEIGHTS. 

The following estimates are used for cordwood in shipments by 
rail when actual weights can not be obtained: 

Degree of seasoning. Pounds per cord. 

1 6) 8 sb a et oY PO a 9 a SA ge Re es Oy eR UO MA 3, 650 

Partly “SCA SON Gd ss es SS SS es ee ee 4, 600 

Gr@GI2 hed. _ cet ee A 6s Sa en ee IN 5, 200 

IMxKe@ISs 2262) 0 eRe ek We ae er ee ee Lh 4, 600 

Approximate weights per cord ? of a number of the more important 
fuel wood species are: 

Green. Air dry. 
Pounds. Pounds. 

PNT cay te: fo. eas eR aaa oe es Pe ee eerie Ree OO an ats 4,300 3,800 

1 SYS Cl se a ER AR OR i OE py hice Ey 5,000 3,900 

Birch sy ellowe =o = aera arenes Ce 8) ee ee ee eel 5,100 4,000 

CO) OYE) mht ener Meet Men ete oS Ape oe ae eee es Sn a ee oes 4,900 2, 700 

WOOT WOO Sak Ee ee ee eee ee Se 4,200 2,500 

1 2) I 2 et eam nee ene PEN teks coe Dogs Ree el We Leet: SS er ee 4,400 3,100 

AREHSE CIR TY Se NS Pe ea eT OR 5,700 4,600 

Maple iSU gar 2 a2 eee Re eh ee ee eee eee 5,000 38,900 

Maplered 2s 0's!) 3 UE es a eee ene hee ae 4,700 8,200 
Oaks rede Seite. aU 2B Os tye CAR Sages eras ake oy 5,800 3, 900 

Oalkt wititetisre.) oc} aise ae by ee eae eae iene ee ees 5,600 4,300 

RW tl owe ses De gece! Poe Sra seh ann nte erie re ty ae 4,600 2,300 

1 Where the wood is 16 inches or less in length, the capacities for these dimensions for 

dry and green wood are 16 and 15 cords, respectively. 

2U. S. Department of Agriculture, Farmers’ Bulletin 715, ‘“‘ Measuring and Marketing 

Woodlot Products.’ 
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In loading and unloading from cars or boats one man can handle 
from 7 to 10 cords of 4-foot wood per day and from 6 to 8 cords of 
16-inch wood. 

METHODS OF SELLING. 

In spite of the fact that fuel wood is not transported any great dis- 
tance or marketed on an extensive wholesale scale, some organiza- 
tion is needed for its marketing and local distribution. In com- 
munities where there are regular wood dealers the problem of bring- 
ing the producer and consumer together is simple. Such men have, 
of course, made a study of the problem and are better qualified | 
than anyone else to perform this service. Unfortunately, however, in 
a great many communities the amount of cordwood sold has been 
so small in the past that it has not been worth anyone’s while to go 
into the business of marketing firewood. In such communities the 
usual practice has been for the woodlot owners to make a house-to- 
house canvass with their loads. This is usually an expensive way of 
marketing wood, for the producer spends a large amount of time in 
finding a customer. <A substitute for this canvass is the advertising 
of wood either in the papers or by posters at public places. 

The possibility of selling cordwood through coal or lumber dealers 
deserves attention in every locality. This would have the advantage 
of making possible a reduction in cost by using power saws at their 
yards to cut the wood into stove lengths: A still better plan is for 
communities to establish and control their own municipal wood yards, 
at which producers can deliver wood and receive pay for it according 
to a regular schedule of prices. 

MUNICIPAL WOOD YARDS. 

Municipal wood yards, war fuel companies, and similar organiza- 
tions have been tried with fair success. Their field of usefulness 
will doubtless be greatly increased as their need is more clearly appre- 
ciated and their effectiveness becomes more apparent. Some organi- 
zation is needed to keep alive the wood-fuel idea between seasons 
and to see that wood is cut, even though it does not seem immediately 
necessary. Every community should by means of a municipal wood 
yard or otherwise get in a reserve of wood for the winter, sufficient 
to insure its members against a fuel famine. One city in New Eng- 
land has made plans to purchase 100,000 cords of wood as a fuel 
reserve for the city. In one Southern State there are already some 
30 municipal wood yards in operation, and plans are being made to 
have one in practically every community in the State. If this is 
necessary in the South it is much more urgent in the North, where 

29354°—18-_-3 
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the winters are longer, and snow, especially in northern New Eng- 
land, makes it practically impossible to get out much wood in the 
depth of winter. 
A yard established~in 1917 at Durham, N. C., purchased 1,260 

cords of wood at an average cost at the yard of $5 a cord. Wood 
was delivered at an average cost to the consumer of $7. It came 
from two sources—a sawmill about 14 miles distant from which slabs 
were shipped by rail, and a farmer’s woodland from which cordwood 
in, 8-foot lengths was secured. The slabs were mostly green pine 
of odd lengths, for which $2 per cord was charged f. o. b. cars. 
Freight charges amounted to about 75 cents per cord. The coal and — 
wood yard is adjacent to the railroad tracks, and the wood was un- 
loaded from the cars exactly where needed by the sawyers. The 
wood from the farmers’ woodlands near by was green pine and oak, 
cut in 8-foot lengths and split in halves or quarters. The price was 
$3.50 per cord piled in the woods. It was hauled from the woods to 
the roadside by six county teams and there piled in a long rick, from 
which it was loaded upon motor trucks. Three trucks were used, 
each making four trips a day and carrying about 1 cord per ton of 
rated capacity, so that the total daily delivery was about 40 cords. 
The cost of hauling was about $1 per cord; it would have been less 
if there had been better loading and unloading facilities. The dis- 
tance was 24 to3 miles. (See fig. 2.) 

Cordwood was sold according to the cubic contents of the wagon 
boxes, most of the wood being sold at the yard. The estimated cost of 
sawing to stove length was 50 cents per cord on the yard. 

MEASURING WOOD FUEL. 

CORDS. 

A standard cord of firewood is a pile 8 by 4 by 4 feet, which con- 
tains 128 cubic feet of stacked wood. It is customary to pile green 
wood 2 or 8 inches higher than 4 feet to allow for shrinkage and set- 
tling as it dries. In measuring piles of wood the average dimensions 
are taken. 

A “running” cord or “ face” cord, 8 feet long by 4 feet high and 
12, 16, or 24 inches wide, according to the length to which it is cut 
for use, is frequently called a cord in the market. 
Though a cord contains 128 cubic feet the space occupied includes 

air as well as wood. The actual solid contents of a cord is only about 
70 per cent of this amount, or 90 cubic feet for wood of average size. 

For small sticks, where the average diameter is 4 inches or less, there 

are less than 80 cubic feet per cord; in the case of larger sticks 10 

inches or over in diameter there may be as much as 100 cubic feet per 
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cord. Crooked, rough sticks can not be piled as closely as straight, 

smooth sticks. Therefore there is less wood in a cord of crooked 

sticks than in a cord of straight sticks. 

HAULING PROFIT 
To producer. Incase of 

Includes loading,hauling farmer usually abserb- 

CUTTING-STACKING 
Includes such items as, 
felling.bucking, skidding 
to road, and staking. 
Bucking willecost tess if 
weed is hauled sledteagt 

ST-UMPAGE 

Actual cost if pur- 

chased, otherwise 

market value. 

by sled,wagen,truck rail,|] {ed in stumpage or his 
or boat,and unloading. | own wages. 

COST OF WOOD 
4-FOOT OR SLED-LENGTH 

DELIVERED TO 

MUNICIPAL OR 
COMMUNITY 

YARD 

wWooD DEALER CONSUMER 

| SAWING & SPLITTING 

Same as for dealer if consunt| 
er uses own machinery+other - | 
jwise price paid for custom work | 
if he works up wood by hand 
inspare time,-cost nominal 

SAWING @ SPLITTING 

Includes labor, oil, gas 
etc.and depreciation and 
maintenance of equipment: 

| SAWING & SPLITTING — 

| Same as for dealer, 

SELLING & OVERHEAD OVERHEAD 
Includes advertising, rentats| jIncludes such itemsas 
yardand officeexpenses j j jrentals yard and office ex- 
Salaries, insurance, taxes. | | penses, salaries, insurance. 

DELIVERY 

Includes loading, transpo: 
ation, uniosding 

DELIVERY 

| Same as for dealer. 

INTEREST 
| Same ae for dealer. 
| Rate may be lower. 

INTEREST 
On fixed investment 
and working Capita] 

DEALER’S PROFIT 

cost TO CONSUMER OF 
WOOD READY TO BURN 

Fig. 2.—The elements of cost of wood fuel. 

SELLING WOOD BY WEIGHT. 

The great demand for fuel wood and the high prices during the 

winter of 1917-18 brought out plainly the inadequacy of the cord 

unit for measuring wood. The purchaser of fuel wood buys it not 

for its bulk but for its heating value, which depends not upon the 
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volume of wood but upon its weight. A pound of dry wood of one - 
species has about the same number of heat units as a pound of any 
other species; but a cord, assuming the same solid volume of wood in 
each case (90 cubic feet), of basswood, for instance, yields but 12,- — 
600,000 British thermal units, while a cord of black locust, yields 
26,500,000 British thermal units. As a matter of fact, we can not 
assume the same solid volume in two cords of wood; a loosely piled 
cord of small, round sticks may contain 70 cubic feet or less, while a 
closely piled cord of large split wood may contain over 100 cubic 
feet. If it is locust, the first pile will yield 20,700,000 British thermal 
units; the second, 29,600,000 units. If the first pile is basswood, it 
will have a heating value of but 9,600,000 British thermal units. The 
same cord of wood sawed up and repiled will be less than a cord in 
bulk, though its heating value will not be reduced; thrown loosely 
into a wagon box, it will fill up considerably more than 128 cubic 
feet, but will not give off any more heat. | 

It is now the custom in most places to sell hardwoods and soft- 
woods at slightly different prices because of recognized differences 
in heating values. Branch wood is frequently sold at a lower price , 
than split body wood, as a result, partly at least, of a hazy recogni- 
tion of the fact that there is less solid wood in a cord of the former. 
Chestnut and hickory, however, are frequently mixed together as 
hardwood, and sold at a given price regardless of whether 90 per cent 
is chestnut, which would give the cord a low heating value, or 
hickory, which would give it a high value. In many places even pine, 
oak, and hickory are indiscriminately thrown together at a uniform 
price, regardless of the proportion of each, so that one man may 
for a given amount of money buy twice as much heat as another. 

The practice prevalent in some sections of selling wood by the load 
has afforded excellent opportunities for profiteering without the 
knowledge of the purchaser. Few people would buy coal by the load 
instead of by the ton, yet a given load of coal can not vary nearly 
so much in heat value as a load of wood. 
A better way to sell fuel wood would be by weight, which is entirely 

independent of species, shape, or size of sticks, or of method of 
piling, and is a very good measure of the fuel value of thoroughly 
seasoned wood. Green wood, of course, varies considerably in water - 
content and therefore in fuel. value per unit weight, and naturally 
would be sold at a price different from that for dry wood. The 
extreme difference in heat units per pound between green and dry 
wood of any species is approximately 70 per cent of the dry value; a 
pound of green willow, for instance, is worth about one-third as much 
as the same weight of dry wood. Green wood of most of the hard- 
woods commonly used for fuel has about half the heating value of 
dry wood of the same weight. 
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Tf weight instead of volume is adopted as the standard measure, it 
will be necessary to fix certain standards as to time of seasoning of 
wood offered for sale. This can easily be regulated in the case of 
larger dealers, wood yards, and probably without serious difficulty 
even for individual farmers, by use of a licensing system under which 
a seller shall be required to certify under oath as to the date when 
his wood was. cut. 

SELLING PRICES OF WOOD FUEL, 

The Federal Government is without authority to fix prices on wood 
fuel, as the act granting this power for coal and coke does not cover 
wood. Some States, however, have gone ahead and set price limits 
on the ground of public necessity in an emergency. While this may 
be desirable in restricted areas, fixing of a maximum price on wood 
is scarcely a good general policy, for two reasons: 

First, the cost of producing wood fuel depends so much upon local 
conditions that it would be hard to adjust prices equitably. 

Second, price-fixing might tend to limit production to such an ex- 
tent as to aggravate the crisis by decreasing the amount of wood fuel 
available during the emergency. 

The production of wood will be greatest if prices are left to regu- 
late themselves, possibly with some local supervision. In all cases the 
producer of wood should be considered entitled to a reasonable profit 
on the costs of his operation. Some of the “war fuel companies” 
which were formed during the fuel crisis in the winter of 1917-18 
limited their profits to 6 per cent. Municipal yards as a rule sell at 

_ cost. 

MANUFACTURE OF SAWDUST BRIQUETS.1 

Practically all of the European machines use some kind of binder 
mixed with the sawdust, or rely upon the resinous material in the 
wood to hold the briquet together, but American and Canadian in- 
ventors have apparently preferred mechanical binders. One com- 
pany in Los Angeles is now building machines for the manufacture 
of briquets of the wire-bound type, and a company in Vancouver 
is perfecting machines for making the rope-core type. As far as can 
be ascertained, both of these machines give promise of satisfactory 
service under conditions of continuous operation. Another Van- 
couver company is manufacturing machines for the production of 
briquets composed of sawdust, coal dust, and binder in about the fol- 
lowing proportions: Sawdust, 65 per cent; coal dust, 25 per cent; 
age (coal-tar pitch, petroleum refuse, or sulphite waste liquor), 

“ Briquetting of Bagaunt on a Conmerela] Basis,” R. ‘Thelen, forest meets (herd. 

tory, Madison, Wis., in Canada Lumberman and Woodworker, vol. 36, No. 5, pp. 39-40, 

Mar. 15, 1916. 
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(10 per cent. These briquets are hard and firm and resemble coal 
briquets in general appearance. 
_Although the various presses differ greatly in the details of their 

‘construction, most of them work on the cylinder-and-plunger prin- 
ciple, the plunger being driven by means of crank and connecting 
rod or by some toggle-joint system of levers so designed that it is 
capable of exerting a very great pressure at the end of the stroke. 
Practically all of them also are automatically fed. In systems in 
which binders such as pitch are used and in those in which the resins 
of the wood serve as binders, it is necessary to provide a long cooling 
trough, sometimes as much as 150 feet in length for the finished 
briquets. In systems using mechanical binders these cooling troughs 
are unnecessary. 
The cost of manufacturing briquets is not inconsiderable, conserva- 

tive estimates placing the figures at not less than $3 a ton. The bulk 
of the fuel prevents its economical shipment over long hauls. This 
applies both to the finished briquet and to the raw sawdust. It is 
believed that the ultimate consumer will have to pay at least $6 a 
ton for the briquets to make the success of their manufacture assured. 

| 

MANUFACTURE OF CHARCOAL.1 

There are two chief methods of producing charcoal, the old kiln 
method and the modern method of destructive distillation in a closed 
retort. Most of the commercial charcoal is still made in the kiln, the 
erection and operation of which costs, for the labor, about 60 cents 
per ton of charcoal. 
Wood loses 75 per cent in weight and 50 per cent in volume in char- 

ring. Two cords of hardwood will yield 1 ton of charcoal; 1 bushel 
of charcoal, the selling unit, weighs about 25 pounds. . 

For making charcoal the wood should be thoroughly seasoned, 
free from knots, and of but one species for each kiln charge. 

The ground is prepared near water by leveling and hoeing the 
soil, removing roots and stones, and raising the center of the circle 
to be occupied by the kiln about 10 inches above its circumference. 
The usual diameter of the circle is from 15 to 30 feet. The best soil 
is loamy sand, which secures proper regulation of the draft. The 
site should be protected from wind. 
A “chimney” is erected by placing three or four poles of even 

height at 1 foot distance from a central pole, and fastening them 
around the central pole by withes. It is cylindrical if the kiln is 
lighted from above, and pyramidal if the kiln is lighted from below; 

and is filled with inflammable substances, such as dried twigs, char- 
coal, ete. 

1 Logging and Lumbering or Forest Utilization, pp. 167-168, a textbook for forest 

schools, by C. A. Schenck, director Biltmore Forest School. 
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The kiln proper is then constructed in a parabolic form. It con- 
sists of two or more tiers of billets placed more or less vertically with 
the bark turned outward, the big ends downward, the smallest pieces 
near the chimney and near the circumference, the largest pieces’ 
halfway between. These tiers are topped by a cap, consisting of 
smaller billets placed sloping. If the chimney is cylindrical it 
extends through the cap; if it is: pyramidal it is closed by the cap. 
In the latter case a lighting channel is left on the ground running 
radially on the leeward side from the base of the pyramidal chimney 
to the circumference. This channel, lke the chimney, is filled with 
inflammable material. All irregularities, interstices, and cracks 
showing on the outside of the kiln are stuffed with small kindling. 
The kuIn is covered by two draft-proof layers so as to exclude the air; 
first the vegetable layer, one-fourth to three-fourths of a foot thick, 

made of green branches, weeds, leaf mold, and moss; second, an 
earth layer, 2 to 6 inches thick, consisting of loam, charcoal dust, ete. 
Tf the kiln is lighted from below, a belt about 1 foot high running 
around the circumference on the ground is left without the earth 
cover until the fire is well started. The earth layer and the vegetable 
layer are thoroughly joined by beating with a paddle. 

The kiln is lighted early in the morning on a quiet day. The cylin- 
drical chimney is closed on top as soon as the fire is well started in 
the cap. The lighting channel, in the case of a pyramidal chimney, is 
-similarly closed. 

The regulation of the fire and of the draft are the most important 
functions of the attendant, who guides the fire evenly and gradually 
from the cap down to the bottom. To check the draft the earth 
cover is increased. To increase draft, holes of about 1 inch diameter 
are made through the cover with the paddle reversed. If the wind 
is strong all holes are closed and the earth cover is increased. Cracks 
which form in the cover must be closed at once, The kiln may 
explode if the cover is too heavy and the draft too strong. In dry 
weather the kiln is continuously sprinkled. The color of smoke 
escaping through the punctures indicates, by turning blue and trans- 
parent, the completion of the charring process above the puncture. 
The old punctures are then closed and another row of punctures is 
made about 2 feet below the closed holes. 

Refilling is required where dells are forming irregularly, while 
the kiln gradually shrinks to one-half of its original volume. For 
refilling, the cover over the dell is quickly removed, all holes having 

been closed beforehand, and the dell is rapidly filled with new wood. 
When the bottom holes show the proper color of smoke, the char- 

ring process is completed. All holes are then closed, and the kiln 
is allowed to cool, The duration of the charring process is from 6 to 
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28 days, according to size of kiln. The contents vary from 4 to 60 
cords. 

Beginning at the leeward side the kiln is gradually uncovered. 
The crust of earth, cut into fragments, is thrown on again. The 
earth trickling down quenches the fire. After another 12 to 24 
hours, preferably at night, the coal is taken out in patches or pockets, 
slowly and carefully, so as to prevent the flames from breaking out. 
Water must be at hand to quench incipient fires. 

HOW TO USE WOOD FUEL. 

Coal has been so generally used lately and furnaces and stoves have 
become so adapted to its use that it seems impractical to many to 
burn wood without going to great expense. Such is not usually the 
case, as simple adjustments will allow wood to be used with coal- 
burning equipment. The size of the firebox, of course, gives the 
greatest difficulty, since in many cases it may make it necessary to 
cut the wood into very small blocks. This trouble, however, is not in- 
surmountable and is not so expensive as it might seem. The matter 
of adjusting the drafts and arranging the grates is simple. 

Following are a number of practical directions which are largely 
the result of experience in changing from coal to wood fuel. 

BURNING WOOD IN STOVES. 

A coal-burning stove can be converted into a wood-burning stove 
by removing the fire brick and substituting lighter bricks at a cost 
of about $1.25. Most country cook stoves can burn wood with little 
trouble. Ifa stove grate is too coarse for Wood, a sheet-iron cover over 
a good part of the surface will make it suitable, or a few fire bricks 
can be used. Wood grates made in two pieces are sold which can be 
inserted through the fire door and placed on top of the regular 

grate. | 

BURNING WOOD IN FURNACES.! 

Furnaces are built especially for burning wood in 3 or 4 foot 
lengths. Short lengths, of course, can readily be burned in an ordi- 
nary coal furnace or in a box stove, though this is rather wasteful of 
fuel. Many furnace manufacturers, however, make a special wood 
grate for use in their furnaces. One advantage in burning wood is 
that on moderately cool days the furnace can be run at a lower ebb 
than when coal is used, consuming only enough fuel to remove the 
chill. When wood is used in a round pot furnace care should be 
taken to have each piece lie flat. 

1Adapted from a bulletin by HE. H. Lockwood, published by P. B. Noyes, director of 

conservation, U. S. Fuel Administration, Washington, D. C. 
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USING WOOD ONLY. 

There are difficulties in burning wood as a substitute for coal in a 
steam, hot-water, or warm-air furnace, but it can be done with a 
fair degree of success, especially in mild weather. 

The best form of wood is short blocks, from 8 to 12 inches long, 
preferably of hardwood, although mixed hard and soft, or even 
softwood alone, can be used. Medium-sized pieces, such as those 
found in ordinary cord wood, are suitable, although larger pieces 
keep the fire better. 

The best method of firing is to keep the furnace full of wood 
packed close with a moderate draft to give the desired amount of 
heat. As the wood burns more should be added in order to keep the 
deep bed of burning fuel, which is most economical. 

Banking the fire at night requires an extra supply of the largest 

blocks and special attention to closing the dampers tight. Experience 
will show the best way, but it can be done with success in most 
furnaces. 

It is not necessary to buy new grates for burning wood, although 

the ordinary coal grate is not well adapted for wood. A good way 
is to add a little nut coal to the fire at the start, allowing the layer 
of coal ashes to remain on the grates. Air required for combustion 
can pass through the ash layer, which can be shaken lightly without 
much loss of ashes. The larger the fire box the better the results. 
A furnace designed for burning coal may be made into what is 

known as a “Wilson heater,” which is one of the most economical 
stoves for wood burning, by removing the grate bars and laying 
fire brick on the floor of the ash pit. A wood fire is then built on 
the fire brick, and the ash pit door is kept tightly closed and the 
ventilator in the fuel door open. A wood fire can in this way be 
made to burn very slowly. 

USING A COMBINATION OF WOOD AND COAL. 

The simplest way to use wood in a coal furnace, and the most effec- 
tive in producing heat, is to combine it with coal. The method of 
firing is to place blocks of wood on the fire to about the level of the 
fire door, instead of shoveling on coal in the usual way, then add 

coal on the top, which will fill the crevices between the wood, mak- 
ing a level fuel bed with coal on top. A fuel charge of this kind 
will produce good heat but will not last as long as a fire pot full of 
coal, hence more frequent attention is needed. 

From 25 to 50 per cent of the coal ordinarily used can be saved by 

substitution of wood in this way. Any kind or size of wood can 
be used that will go into the fire pot, and will burn with good 
efficiency when surrounded with coal. 
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Any size of coal or coke can be used, but the small sizes fill in best 
between the chinks in the wood. Buckwheat coal can be burned 
successfully in this way, and its low price will help to offset the 
higher price of block wood, making an economical combination. 
CAUTION.—When burning the small sizes of coal take care to 

avoid gas explosions by always leaving a flame burning on some part 
of the fire; in other words, do not cover the whole fire with fresh 
fuel at one time. 

BURNING WOOD IN FIREPLACES. 

Where a fireplace is available wood can be used to good advan- 
tage, affording both heat and ventilation. Its value is to supple- 
ment a furnace, although it may replace the furnace in fall and 
spring with decided economy. 

It is not generally realized that a wood fire can be kept burning 
night and day in a fireplace with very little attention and with small 
consumption of wood. One user reports continuous use of a fire- 
place in this way for over a month, with dry chestnut wood, where 
the amount of ashes formed by a month’s use was not enough to 
require removal. 

The secret of fireplace management is a plentiful supply of ashes, 
kept at the level of the andirons. As the blocks burn, an accumu- 
lation of glowing charcoal forms in the ashes. This keeps on burn- 
ing slowly and assists in igniting the fresh blocks on the andirons. 
A pocket may be formed in the ashes into which the hot charcoal 
may fall, forming a heat storage. Two or three blocks on the and- 
irons with the hot charcoal in the ashes will form an excellent fire. 

To check the fire, ashes are shoveled over one or more of the blocks, 
covering lightly all the burning wood. This will not put out the 
fire; it will only check the rate of burning, so that red charcoal will 
be found when the ashes are removed for addition of fresh fuel. 

Fireplace wood is usually cut in longer lengths than stove wood, 

but the ordinary 16-inch stove length is convenient. Any kind of 
wood can be used, provided it is dry and seasoned. 
A banked fire will keep 10 or 12 hours and will send some heat 

from the hot bricks all the time. A well-managed fireplace will be 
found a great addition to the heating system in any residence. 

INDUSTRIAL USE OF WOOD FUEL. 

Wood is very generally used for fuel by sawmills and wood- 
working plants. For this purpose it is burned in the form of slabs, 
4 feet or so long, or is cut up into “hog” fuel and shoveled or fed 
automatically into the fire box. In these cases wood fuel is a by- 
product which would have to be disposed of at some cost if not 
burned for fuel, so that its use is economical. It is seldom economical 
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to buy firewood for industrial use, except to keep a plant running 
when other fuel can not be had. 

EFFICIENCY OF WOOD FUEL. 

THEORETICAL HEATING VALUES OF WOOD. 

The heating power or fuel value of a given volume of dry wood 
is in direct ratio to its specific gravity. By specific gravity is meant 
the ratio of the weight of a given volume of wood to that of an 
equal volume of water. Water weighs a little over 62 pounds per 
cubic foot, and wood, which weighs 31 pounds per cubic foot when 
perfectly dry, is said to have a specific gravity of 0.50, and so on for 
other weights. 

In theory equal weights of wood substance will give the same 
amount of heat regardless of the species. In other words, a hundred 
pounds of absolutely dry cottonwood should furnish as much heat 
as a hundred pounds of hickory. In reality the varying forms of 
tissue found in the different species, the addition of resin, gums, 
tannin, oils, and pigments, as well as water present in varying 
amounts, cause different woods to have different heating values. 
The presence of rosin in wood increases the heating power mate- 
rially, the results of numerous tests showing a difference ranging 
up to 12 per cent or more. 

The composition of absolutely dry wood is approximately as 
follows: Carbon, 49 per cent; oxygen, 44 per cent; hydrogen, 6 per 
cent; ash, 1 per cent. 

This is fairly constant for all species, except as modified by infil- 
trations, such as gums, pigments, resins, tannin, etc., so that equal 
weights of dry nonresinous woods give off practically the same 
amount of heat in burning. A pound of thoroughly dry wood will 
furnish under good conditions between 7,000 and 9,000 British ther- 
mal units. A pound of good coal will furnish from 12,000 to 14,000 
units, making dry wood about 57 per cent as efficient as coal. 
When wood containing water is burned part of the heat the wood 

is capable of yielding is taken up in raising the water to the boiling 
point and converting it into steam. The steam must then be raised 
to the temperature of the flue gases. All this heat is lost, and the 
greater the amount of water present the more heat is carried off. 
The water in green wood often makes up half of the total weight, 

especially in sapwood. After such wood is thoroughly air-seasoned 
there would remain about 20 per cent of water. If the wood is kiln- 
dried, from 2 to 5 per cent of water remains, and if it is exposed to 
the air, this percentage is increased by absorption (hygroscopically) 
from 10 to 15 per cent, depending upon the humidity. 
A hundredweight of wood as sold on the market contains about 25 

pounds of water, 74 pounds of wood substance, and 1 pound of ash, 
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These 74 pounds are made up of 37 pounds of carbon, 4.4 pounds of 
hydrogen, and 382 pounds of oxygen. The oxygen combines with 
the hydrogen in the proportion of 8 to 1, producing 36 pounds of 
water and leaving four-tenths of a pound of hydrogen to produce 
heat. The total amount of water to be evaporated becomes 25 plus 
36, or 61 pounds; the amount of wood substance left available for 
heat production is 37.4 pounds out of the original 100 pounds. 
It is evident that the greater the proportion of water the less the 

amount of available heat. Only about one-half of the weight of 
wood substances produces heat, while every pound of water com- 
bined in the wood requires 1,108 units of heat to evaporate it, from 
ordinary room temperature (70° F.). Hence under the most favor- 
able circumstances the heating efficiency of a pound of wood con- 
taining 25 per cent moisture will be less than that of dry wood not 
only by the 2,000 units representing the weight of wood replaced 
by water, but also by one-fourth of 1,108 units, or 277 units, so that 

its heating value is but 5,723 units instead of 8,000, or 72 per cent of 
that of a pound of dry wood. On the other hand, if we take the 
pound of wet wood and dry it out absolutely, so that it weighs 
three-fourths of a pound, it will have 6,000 heat units, an increase in 
heating value due to drying of only about 5 per cent. 

COMPARATIVE VALUES OF DIFFERENT WOODS. 

The comparative values of fuel of various species of American 
woods are shown in Table 8. These values are necessarily some- 
what approximate but afford a good basis for comparison of the 
different species. 

Taste 8.—Heat values of cordwood, based qn Forest Products Laboratory 
(Madison, Wis.), weights for oven-dry, air-dry, and green woods and assum- 
ing 7,350 B. t. u. available per pound of dry wood with flue gases at 800° F. 

Available heat units 
per cord of 90 solid |Per cent of short- 

“ cubic feet (in mil- | ton coal value. 
Species. lions B. t. u.). 

Air-dry. Green. Air-dry.| Green. 

Alder red CAcOregong) sec cenericecac cacccco- ue nscaeoneee sate 14.8 13.0 57 50 
Ash* biltmore (F. biltmoreama)..-..2 022.000... 05. cco ccec eee cess 20.7 20.0 80 77 

Blacks (h Mniera) ste ee Se ORS 18.5 16.5 71 64 
Blue imaguadranculata) passe. se see -ccece ocece woe ee eee 21.3 20.7 82 80 
Green! (Halanceolata)=so2. 6 jogen< cic oc oon oe tees eee anstoe 20.6 19.6 79 75 
Oregon GE XOregona) Fase eee eo a ae eee 19.7 19.0 76 73 
ERT kan CH LOLUTI Ca) eevee er ee een en 19.4 18.2 75 70 
RW te GE AMOeriCANS) exec ee sels Se cain cea eee 20.5 19.9 79 77 
sVVhi te; (SecondserOwal)) Bae nee mene tne eee ee ees 23.0 22.4 88 86 

‘Aspens@itremuloides) ee eee AE es Se 14.1 12.1 54 47 
Largetooth (P. grandidentata)..-...............-.---.------ 14.2 12.4 55 48 

Basswood (CE Samericanay ys sie este clea Haass ek te tare 12.6 11.0 48 42 
iBeéch: CE atropuniced) sess cee eS Re a 20.9 19.7 80 76 
Birch paper’ papyLilers) = emer osc e cee eee ee eee eee neee 18.2 16.7 70 64 

DP weet GB ental we sete apie ase aes ee ta ee ED 23.3 21.9 90 84 
Melo wAGB Tite) eee Eee RR ie ee Ue CI elie en 20.9 19.4 80 75 
Gray GB spopulifolia) a ee a ep ea eee. 17.5 16.1 68 62 
Ried /@Bemiera lak sect ccecictemeccee seek: sate ou series 17.5 15.7 68 60 

1 Gray and red birch estimated. 
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TABLE 8.—Heat values of cordwood, based on Madison Laboratory weights.—Con. 

Available heat units 
per cord of 90 solid |Per cent ofshort- 
cubic feet (in mil- | ton coal value. 
lions B. t. u.). Species. 

Air-dry. | Green. | Air-dry.| Green. 

Buekeyesyellow (A octandra))..25-.--<22---02-c- sce nee eeos ores 12.8 10.1 49 39 
Baek nomNucih. PUTSHIANA) joie oc - 055262 oes esse ecese- snes 20.2 18.6 78 72 
SHIT LOrPREEIC s CINICTED) bo. 5 =a tk aeveefe os nid wieeiee 2 simre emiecteteeisinise aw 14.3 12.2 55 47 
Chinquapin, western (C. chrysophylla)...........--.------------ 17.2 13.9 66 53 
iehermny lack (P§serotina) 2.2 #20 55-.6 42.22 oss so seecseee cess 18.5 17.3 71 67 

Wileired) (..pennsylVanica) ce s-. 25.2 sci- Poon secsde eo oenice= 14.2 13.5 55 52 
TIE ESTE (BUCY) a a sea 15.6 12.9 60 50 
SEOUL i LTICHOCATDA) Gan sete e sciace coms ses once ee seee ees 12.8 10.5 49 40 
MALCHMNGOC GE GELLOICES) xcs naeene ee oe ode cesocces neeceaseetebans 15.0 12-7 58 49 
SeHMneE (IM ACUMINAtA) = =6 = 72 sco 2on- eles ctaceseaeees 17.8 16.0 68 62 
PMeswood) flowering (GC. florida) 22... ..25).052-25.6)522 222i... 1.2 25.2 23.7 97 91 

Westonn (Contato ssp scsscane cooled set eeaegne eee 22.4 21.4 86 82 
PEE PATO (SMelaucA) i coke ep kes GAT oll care erat! 18.4 15.2 71 58 
aPICORA WU ATACEINOSA) sone hae ec hse enol hes Dee Renee Te: 22.6 21.5 87 83 

BienwiGWendbescens).i) ei... cs TSE TSE: 19.1 17.1 73 66 
MFIEONUM AMenCana)s. sb eee Po eer eee ees 17.7 15.8 68 61 

Gum, black (N. silvatica).................. RRs i asta aa st 18.5 17.4 71 67 
Beige PODS) os. 20k sees scales seo we dasisce canons 24.1 22.4 93 86 
WOLLOMICN SAGUATICA) = bp ee ee et Se Se eee gee 18.5 16.2 71 62 
vcr GNStVFACHIUA): 25 [Uae te naa ho NE Oe eR 17.7 16.0 68 62 

Hackbernya(O occidentalis) <i4: 0220.23... oee ks cee cece celeue 19.1 17.7 73 68 
ERA WASpash(CSLOMENCOSS) eos foe jek tocee sole coe c een se ee eee 24.8 23.1 95 89 
ENCKOLY, Shellbark (Ee laciniosa):- 2.2.2. csc. cae cso cuec sade ee 24.8 23.1 95 89 

Bi ferme Cee mings) sess ee ek SE ee ee Rae 24.2 22.2 93 86 
MOCK CErititl GE alti) tet ne chee sel tenon eee oda 25.4 23.8 98 92 
Nutmeg (H. myristicae formis)....................-.------- 22.0 19.9 85 77 
LPPETET: (BLS yoyereeena) VS my pee one ae dr a REDE 24.2 22.5 93 87 
pate labra). oteean yaseet ess kL Dae eg eae 25.9 24.7 100 95 
Shiceasts ka CHR OV ATA) St cree ace cece eee ec 25.4 23.8 98 92 
Mattcn@Hnaquaticn) Jastt iki silico ie Ca ee 24.5 21.6 94 83 

TE PEUEN ana IS Be SS A et 2 a cin ne rE 19.6 17.8 75 68 
iornibeam(@ svirginiana)) oot Hse. cesccee eee. ee ee noes eSke 24.7 93.5 95 90 
Panrel) Calitornial(Uscaliformica)..)....52.... 222.222... 2. ese 20.7 18.8 80 72 

Monmiiain (Kelatilolia) ide steer Te es 24.9 23.2 96 89 
Locust, black (R. pseudacacia).........- 26:5 25.4 102 98 

Honey (G. triacanthos)........ 24.5 22.5 94 87 
Mondrona (A. menziesii).............. 22.6 20.9 87 80 
Magnolia, evergreen (M. foetida) 18.4 15.5 71 60 
Maple, Oregon (A! macrophyllum)_..._........--.---2.----.-..- 17.7 16235) 4) (68 63 

CAMO MrT DIIIT) ee aL Ree NR See 19.1 17.6 73 68 
17.9 16.4 69 63 
21.8 20.4 84 78 
22.6 20.8 87 80 
20.5 17.7 79 68 
27.5 25.7 106 99 
22.4 20.7 86 80 
24.0 22.1 92 85 
21.7 19.6 83 15 
25.3 23.4 97 90 
24.0 22.2 92 85 
21.7 19.6 83 75 
20.4 18.1 78 70 
24.0 21.9 92 84 
25.1 23.4 97 90 
21.7 19.7 83 76 
21.7 19.4 83 75 
23.9 22.4 92 86 
21.2 19.3 82 74 
22.0 19.7 85 76 
30.8 30.1 118 116 
25.0 24.0 96 92 
19.5 17.2 75 65 
17.2 15.7 66 60 
26.1 25. 2 100 97 
17.2 15.7 66 60 
19.9 18.2 77 70 
17.9 16.9 69 65 
18.5 17.1 71 66 
18. 5 16. 6 71 64 
15.5 13.8 60 03 

a 20.8 18.6 80 72 
: ie. nigra)... 13.5 10.9 52 42 

Western, Diack (S,laslandra). 2.0.33. ceus ce iee enc oceo ssc 15.5 13.4 60 52 
Witcn hazel (EL) wirginianayi iio. 8s sii Ed 21.8 20.1 84 w7 
elow poplar (12> Fulipitera) 4245. -pccsecaeseeesecsadcceenennece 15.1 13.9 58 53 
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TABLE 8.—Heat values of cordwood, based on Madison Laboratory weights.—Con. 

Available heat units 
per cord of 90 solid | Percent of short- 
cubic feet (in mil- | ton coal value. 

Species. lions B. t. u.). 

Air-dry. Green. | Air-dry.| Green. 

Cedar, incense (L. dacurrens).............----2---0--e eee eee eens 14.5 12.3 56 47 
Port orford (C. lawsoniana)...............---- egis 16.3 15.5 63 60 
Western red (T. plicata)................---- i 12.1 11.7 47 45 
White (T. occidentilis)..................---- i 11.3 10.7 43 41 

Cypress, bald (T. distichum)-............ Sas - 16.4 14.5 63 56 
Yellow (C. nootkatensis)............ 15.8 15.1 61 58 

Douglas fir, Pacific coast (P. taxifolia)..- Wee 0 17.3 68 67 
Rocky Mountains.......... wee cbse 15.6 15.1 60 58 

Fir, alpine (A. lasiocarpa).......-.------ 12.0 11.5 46 44 
Amabilis (A. amabilis). - z 15.1 12.9 58 50 
Balsamy (Av balsamea) eases eseeaee es saeeace = 13.5 11.5 52 46 
Howlandiwihite\ CAs erancis) sso. eee ee cese saan a eee eee 15.1 13.3 58 51 
INO DEEN nobilis) eee ee i eos Me Ss eae 14.3 13.7 55 53 
SilivenswhitelGAsiconcolon) psec seeeeeeces eee e sea e ae eeee eee 14.3 11.1 55 43 

EHemlock,blacki(RSmertensiana) psec -ee ce eee ee eee 17.2 «1527 66 60 
Hasterm (Lcanadensis) stecacscesece ae sees eee eee eee 15.0 12.8 58 49 
Western Ciheterophylla) Pasecseasee eee cee eeee eee ee eters 15.0 13.5 58 52 

Larch, western (L. occidentalis)...........---------------------- 19.3 2 Ue) 74 69 
Eastern\ (us americana) see acess nee eee meester eee cree eee 19.1 18.1 73 70 

Pine, Cuban, slash (P. heterophylla). .......-..-.---------.------ 22.4 21.6 86 83 
eck CEs Gly al Caytien)) es RS ey a Le eC ot er a 15.7 13.4 60 52 

» deity CPi einng)) cocost oosbossuesascoosnoascssoousssoness 15.0 12.9 58 50 
Moblolivg(batacda)isn och acons coc casinos beeen eee 19.9 18.1 77 70 
Modrepolel(Bacontonta)seseeeeee cee eee eee eee eee 15.0 13.8 58 53 
mongleaf((Pepalustris) gee eae Sone ee eco eee ene 22.0 21.1 85 81 
INOTWw aya (PE TeSIMOBa) See: lan eas cee scene te tee ee eee eteee 17.8 16.8 68 65 
Pit Chi GR Teta ay) ee a a ee Te Nelle ee OT al gh tes sea 18.5 16.4 7 63 
PONG CRASOLOEIIA) Soe sete es Sac Aes eee ee eee eee , 20.0 18.7 77 72 
Shortleat(@P: echinata) 22ers ee as ee ey 19.9 18.5 77 71 
Sugar Ge slambertiana) pene oee soe cece eee eee eee eee eee eee 14.3 11.7 55 45 
Ubi) o} ks) I oybuat isin (BQ jowbakeAs) noe bohS soobonoboosoeosmoSocoode 19.3 17.2 74 66 
WiestermiwhiteGbsamonticola)s een ceee seen eeeeeeeeee ence 15.7 14.6 60 56 
Western yellow (P. ponderosa)..............-...-..-- eae 15.0 13.1 58 50 
WUT Ot CE ASELG IOUS) ess ce ote tees cas ocelot atsroele arate et ete oe 14.2 12.9 55 50 

Spruce, Engelmann (P.engelmanni)...............-....-......- 11.9 10.5 46 40 
Red(GLerubra) eee Soe eee cect ee eS eee 15.0 14.2 58 55 
Sitka(heSitChensis) sess wesc ciate cette cs Cae ee eee nee 13.5 12.7 52 49 
Wihiter@P..|canadensis) is eae oe ee rc ratte estetehetoe 14.1 13.5 54 52 

Wow, western (Tibrevitolia)\ pe. ss. ss ac cenee eee eee cee eer 24.4 23.2 94 89 
Redwood (Sasempernvirens)/ssescsecnecee seer econ ee eeee eee 14.3 12.9 55 50 

Coalfloneitonl(2)240pounds) seats = = pee e eee eee eee eee eee 74S el aa eae [Saat ne yeah A eyes Se 
Short ton C2'000spounds) eee se et ck be ccm cereietceieee cee HY aoobaccoacallbaed BSH acuerdo 

Note.—Values given for resinous woods are low, since resin adds to heating value;'for instance, dry 
longleaf pine with 20 per cent resin has a value ofapproximately 26,400,000 B. t. u., instead of the 22,000,000 
givenin thetable. The amount of bark in a cord of wood also affects the heating value; for instance, bark 
of birch, Douglas fir, western yellow pine, and others has a higher value than the wood. Much of the 
theoretical value of both wood and coalislostin use. While anthracite and soft coal have about the same 
theoretical value, only from 70 to 75 per cent ofthis value is realized with anthracite and from 60 to 65 per 
cent with bituminous coal. Values decrease as temperature of flue gasesincreases. To get values for wood 
only partly seasoned it may be assumed that in most cases it will be about half seasoned in three months, 
two-thirds seasoned in six months, and entirely air-dry in about a year. 

It may be seen from this table that the heating power of a given 
quantity of green wood is not so very much below that of the same 
wood after it has been dried. The choice of wood for fuel does not, 

however, depend entirely upon its calorific power; other factors, such 

as freedom from smoke, completeness of combustion, and rapidity of 
burning, play a very important part. Green wood is not only much 
heavier to handle but it is also harder to ignite and to keep burning, 

unless mixed with dry wood or with coal, and makes more smoke. For 
a slow fire green wood or a mixture of green and dry wood is 
often more satisfactory than dry wood alone, since the latter burns | 
up rapidly and much of its heat escapes up the pipe. 
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Heating values of different parts of the same tree may vary con- 
siderably, because of differences in moisture content, proportion of 
bark to wood, and other factors. Tests made by the department of 
forestry of the Michigan Agricultural College gave the following 
results: 

British thermal units 
(per pound). 

; : Dry 
Position. Moisture. matter. 

Green Dried 
wood. wood. 

Per cent.| Per cent. 
eachesap eal StUMIP in<-cleaictess cess ieee es wiles sie omnia 40. 2 59. 8 5, 584. 4 9, 253. 5 

25.2 74.7 7, 258. 0 9,718.5 
44.1 55.9 5, 086. 6 9,098. 5 
36. 2 63.8 5, 888. 4 9,227.1 
36. 1 63.9 5,581.9 8,735.8 
32.8 67.2 5, 870.8 8,735.8 
30.8 69. 2 6, 099. 1 8, 313.3 
35.7 64.3 5, 817, 2 9,045.8 

In a number of species the bark has a higher heating value than 
other parts of the tree. In the Northwest, Douglas fir bark is often 
a principal source of fuel in firing donkey engines. The bark of 
shagbark hickory has a high fuel value and burns with intense heat, 
but with much crackling. In the case of many woods, such as the 
cedars, the bark has a comparatively low fuel value and leaves a large 
proportion of ash. 

Root wood is little used for fuel, mainly because of the difficulty in 
getting it and its awkward form. It is interesting to note, how- 
ever, that the roots of mesquite are capable of producing more heat 
than the average butt cut, and are commonly dug up for firewood 
where other wood is very scarce. Very often mesquite roots are so 
much more developed than the rest of the tree that the name “ under- 
ground forests” has been applied to stands of the timber in semi- 
arid regions. 

The rapidity of burning may be important where quick heating is 
desired. Asa general rule the softwoods burn more readily than the 
hardwoods, while the lighter hardwoods burn more readily than the 
heavier ones. The pines, for instance, give a quicker, hotter fire and 
are consumed in a shorter time than birch, but birch gives a more in- 
tense flame than oak. On the other hand, the oaks give a more steady 
heat. Less than 5 per cent of the wood used as fuel is consumed in 
the industries, the remainder, or more than 95 per cent, being used 
for domestic purposes, where such qualities as ease of ignition, ra- 
pidity of combustion, freedom from smoke, uniform heating, or 
quickness of burning, depending on the particular results desired, are 
more important than calorific value. A few species, such as chestnut, 

butternut, tamarack, and spruce, are in ill favor for open fires be- 
cause they throw off sparks, 
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Another point worth bearing in mind in connection with the burn- 
ing of wood in place of coal is the difference in the amount of ash 
produced. A cord of hardwood will make only about 60 pounds of 
ashes, while a ton of hard coal will make from 200 to 300 pounds.2 
A pound of wood briquet, irrespective of species, should have 

about the same heat value as dry wood, probably a little higher, on 
account of the heat value of the organic binder (if one is used), 
which may have a greater unit heat value than wood and thus raise 
the average slightly. If the resins in the wood are used as binders 
the same result may be expected. In comparing briquets with cord- 
wood or stove wood it must be remembered that the briquet is usually 
drier and will therefore generate more heat per pound of material 
than will wood. 

In actual use wood fuel does not always show up as favorably in 
comparison with coal as the above heat values would indicate. This is 
probably due to the fact that it is not the actual heat-producing’ 
power of the fuels that is compared but the efficiency of the appara- 
tus for utilizing the heat. Wood requires about one-third more grate 
surface and two-thirds more cubical space than coal for generating 
an equal amount of steam. 

In logging engines a ton of good grade bituminous coal is consid- 
ered equivalent to a cord and a half of air-dry oak or two cords of 
softwood. Two and a half cords of pine knots (about 125 cubic 
feet) are thought to furnish about the same amount of steam as 1 
ton of southern soft coal. For general calculations for stationary 
engines 1 ton of coal is considered equivalent to 2 cords of wood, or 
1 pound of coal to 24 pounds of wood. During the winter of 1917-18 

1Since potash is now greatly in demand, the quantity which may be obtained from 

wood ash is worth consideration. 

The quantity of ashes obtained from a cord of wood varies with the conditions under 

which it is burned. About 30 cords of hardwood produce a ton of ashes equal in quan- 

tity to the Canadian wood ashes of commerce; but the same quantity of wood consumed 

as fuel in a cook stove or other small, closed burner would be far more completely reduced 

and would produce only about one-third to two-thirds of a ton of ash. On the other 

hand, commercial hardwood ashes contain only 5 per cent of the valuable fertilizer 

potash, whereas stove ashes contain from 10 to 15 per cent, so that the amount of potash 

to be had from a cord of wood is about the same however the wood is burned and re- 

gardless of the bulk of the resulting ash. Softwood ashes contain on an average about 

one-third less potash than hardwood ashes, and the quantity of ash obtained from 

softwoods is less than from the same bulk of hardwood. The present price of potash, 

about 25 cents a pound, or $500 a ton, almost prohibits its use in fertilizers. 

It is important always to keep wood ashes under cover, as they leach rapidly if allowed 

to become damp. New ashes should be allowed to cool before they are dumped on the 

ash heap. 

It is estimated that the ashes from a cord of northern hardwoods will furnish about 

20 pounds of lime, more than 3 pounds of potash, and a half pound of phosphoric acid, 

and that they have a value at present prices of about $1. 

H. J. Wilder, agriculturist of U. S. Department of Agriculture (letter to Mr. A. F. 

Hawes, July 18, 1918) : Hardwood ashes which have not been wet analyze about 5 per 

cent potash, 30 to 35 per cent lime, both in desirable forms. Potash contents of soft- 

woods is rarely below 3 per cent. Hardwood ashes have 600 to 700 pounds lime per 

ton of ashes. Mixture of coal ashes from factories would do no harm. 
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one factory which normally used 50 tons of soft coal a day used for 
a month in mid-winter a minimum of 15 tons of coal and 50 cords 
of mixed hardwood daily, from which the conclusion may be drawn 
that for steam production 1 cord of green hardwood is equal to 
seven-tenths of a ton of soft coal. Careful tests made in Georgia 
showed that to keep a room at a comfortable temperature with an 
open-hearth fireplace nearly 10 times as much wood must be con- 
sumed as when a stove is used. This plainly indicates that it is very 
uneconomical to depend on open fireplaces alone for heating houses. 

WOOD FUEL FOR THE FUTURE. 

GROWING TIMBER FOR FUEL. 

There is probably a general impression that timber for firewood 
can be grown rather rapidly, within a period of 5 to 10 years. This 
will not hold true for general forest areas,, especially hardwoods. 

From 20 to 50 years and even longer are required to produce a full 
stand. The sprout forests of southern New England will grow a 
crop of wood in 10 or 15 years and perhaps less; a full stand, how- 
ever, requires more time. Planted catalpa on good soil will yield 
fairly well in 8 or 10 years; and eucalyptus or blue gum will produce 
a heavy growth in five or six years. Willow and cottonwood on 
suitable sites will yield firewood in from 10 to 15 years, but usually 
a longer time is required for large yields even with these rapidly 
growing species. Old field and white pine make rapid growth and 
yield heavily in a comparatively short time. With hardwoods like 
oak, hickory, maple, beech, birch, etc., not much can be expected in 
less than from 30 to 50 years. 
An average of 1 cord of fuel wood per acre per annum is a large 

yield, taking the country as a whole. Hardwood forests will prob- 

ably not average more than three-fourths of a cord growth per year 
and many will not make more than one-fourth of a cord. With the 
faster-growing species 2 cords per acre is a high average annual yield 
even on favorable sites. With average natural stands of cottonwood, 
cordwood can be obtained in about 16 years, with a total yield of 
approximately 424 cords per acre, or an annual yield of 2.7 cords. 
Under particularly favorable conditions of growth the time may be 
shortened to 12 years, especially where thinning and cultivation are 
possible. Since stands cut for cordwood can be most easily renewed 
by coppicing, the second rotation should be much shorter than the 

first because of the more rapid growth of the sprouts. Eucalyptus 

in California is reported to yield as high as 7 cords per acre per an- 
num on a comparatively short rotation. With the pines a yield of 
over 4 cords per acre per annum has been reached. Only on the best 
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sites and under suitable climatic conditions can such yields be ex- 

pected even with these species. 

FORESTRY. 

It will not do for communities in wooded regions to depend on the 
chance growth of wood for their future fuel supply. Already many 
communities, especially in the Northeast, are finding it necessary 
each year to go farther and farther back for their wood, or to cut 
smaller trees each succeeding year, because the available supply of 
standing wood is too small to allow the trees to grow to the proper 
size before they are cut. 

Tt is not too much to expect that the time will come—and soon in 
some regions—when it will be necessary to provide definitely that cer- 
tain areas be set aside to produce wood, and that they be so man- 
aged as to produce the maximum amount of wood possible within 
the shortest possible time. It is not desirable to devote good 
agricultural land to growing an annual supply of fuel; generally the 
inferior land on farms will grow sufficient fuel to supply regularly 
each year’s needs. Farms with such land are numerous in the hilly 
sections of the country, and are found almost everywhere except in 
the prairie and plains regions and in limited areas in the river 
bottoms. . 

Meanwhile, the least that should be done is to see that fire and other 

destructive agents are kept out of growing woodland, and that when 
cutting is done for firewood only that material is taken out whose 
removal will not cause injury to the productive capacity of the 
remaining stand. Advice on these matters will be freely given by 
the various State forestry departments, or where they are not avail- 
able, by the Forest Service of the United States Department of 
Agriculture. 

MUNICIPAL FORESTS. 

Acute need for fuel in emergencies furnishes one of the strongest 
arguments for maintaining municipal forests by cities or towns in 
wooded districts where this is possible. These emergencies may be 
expected periodically, and municipal forests serving as parks and 
pleasure grounds or as protection to water supplies can come into 
play as fuel reserves in time of stress when coal can not be obtained 
in sufficient quantities for the needs of the communities. It is a point 
well worth the thoughtful consideration of every community which 
has woodland adjacent to it suitable for this purpose. Some towns 

already own such tracts, and no doubt there will eventually be many 
of these forests in the older settled sections of the country when it 
is found how easily they are handled and how advantageous they are 
in many respects. Instead of being sources of expense, well-managed 
woodlands should quickly become sources ‘of considerable revenue to 
the communities owning them. 
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PROMOTING USE OF WOOD FOR FUEL. 

PUBLICITY. 

Where wood fuel has been little used or its use has been discon- 
tinued for a long time, a great deal can be done toward developing 
a demand for it by means of newspapers, motion pictures, illus- 
trated talks, “cut-a-cord” clubs, “cutting bees,” and posters. News- 

papers are usually most active in advertising the work when fuel 
conditions are acute. In the depth of winter when a shortage 
is severe it is a matter of news and is “played up” a great. deal, but 
at other times it is difficult to use this medium of publicity. Motion 
pictures may be used, with short, pithy sentences embodying facts 
about wood fuel. Lantern slides are being used to illustrate talks 
on wood fuel given before clubs and various local organizations in- 
terested in the subject. Posters carrying catchy slogans and con- 
densed information have been devised in several States and have been 
very effective. 
“Cutting bees,” so called, are organized efforts at getting out wood 

by a crowd and are in the nature of a picnic. They are carried on 
with great enthusiasm and rivalry, and well serve the purpose of 
advertising the need of wood fuel and the means of getting it. 
Other forms of organization can be used which suit the particular 
locality and the spirit of the people, or existing organizations can 
be turned in this direction. : 

“Cut-a-cord” club, as organized in New England and some other 
sections during the winter of 1917-18, carry the “cutting bee” idea 
still farther. Each member agrees to cut a definite amount of wood, 
either one cord or several. Organization is made semipermanent, 
so that the work is carried on more » systematically than in the more 
or less spontaneous “bees.” 
Many other ways can, of course, be devised to suit local conditions 

and to arouse interest al action. The essential aaa is to arouse 

the public from its inertia. 
When the public realizes the necessity of returning to wood fuel 

the advertising campaign is mainly finished. It should be succeeded 
by a campaign of instruction in methods of producing wood fuel 
and in organization for its production and distribution. With the 
population concentrated at a distance from its fuel supply, as a 
large part of it is to-day, and not accustomed to providing fuel in ad- 
vance of need, individuals are not able to cope with an emergency 

brought on by war, prolonged congestion of transportation, or inter- 
ference with coal production. 
A number of different organizations have been developed to meet 

this situation, such as wood fuel committees, war fuel companies, 
municipal wood yards, and “cut-a-cord” clubs. 
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The wood fuel committees may be State, county, or community 

organizations. In some States all three are used and all work more 
or less closely with the Fuel Administration. Many municipalities 
appoint such committees temporarily during the emergency winter 
season to organize means of production and transportation of wood 
as well as to equalize its distribution and price. AIl these com- 
mittees should be made permanent, for much effective work can be 
done by them during that part of the year when conditions are not 
so acute. 

As usually organized, a war fuel company is a stock company made 
up of public-spirited citizens operating under a charter duly regis- 
tered with the State. The object is to buy and sell wood and coal at 
a low rate of return on the money invested, for the purpose of alle- 
viating the undesirable conditions that are bound to follow wherever 
sufficient fuel can not be had by families, business concerns, and 
public institutions. The rate of profit is sometimes limited to not 
more than 6 per cent and the proceeds are turned over to some 
public charity. 

WOOD FUEL LEGISLATION. 

Doubtless in many cases State legislation would help to promote 
the use of wood fuel. Price regulation, measuring, shipping, mar- 
keting, and other features may be aided by specific laws adapted to 
local conditions. 

In Virginia an order has been issued by the Federal Fuel Admin- 
istrator for the State prohibiting any person residing outside the 
cities or incorporated towns from obtaining coal except by special 
permit from the local administrator upon the execution of a state- 
ment to the effect that wood is not available. This was done to bring 
about the substitution of wood for coal to a very appreciable extent 
without imposing serious hardship on those required to use wood. 
Similar restrictions for most localities in the eastern United States 
would seem desirable as a reasonable means of bringing about a 
greater use of wood fuel by those who have wood around them or can 
obtain it readily. This method is sufficiently elastic to accomplish 
the object aimed at without working hardship on those who can not 
reach wood. It should be especially valuable in the matter of coal 
embargoes which may be suddenly found absolutely necessary in the 
depth of winter in a fuel crisis. When an embargo must be laid, it 
should be a flexible one and the heaviest restrictions placed on those 
localities where wood is available and on those consumers who can 
use wood fuel. In this way coal may be conserved and the evil effects 
of a blanket embargo avoided. 

MUNICIPAL WOOD YARDS. 

In many places municipalities themselves organize wood yards to 
purchase, manufacture, and distribute wood fuel, in order to sup- 
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plement the regular supply where no other agencies exist to take the 

whole field. Wood handled by them is usually sold at cost. 

In some States a grant of specific power is necessary before a 

municipality can engage in the fuel business. In many cases in the 
eastern United States last winter this fact was a serious obstacle 

which prevented cities and towns from taking active relief measures 

to keep the people warm and supply power to essential commercial 
enterprises. In two States, Maine and Mississippi, public fuel yards 
are specifically authorized by law. The Mississippi law, approved 

April 21, 1918, authorizes municipal wood and coal yards.t. The 
essential features of this law are of especial interest in view of the 

country-wide effort being made to provide against a fuel shortage 

in the future. By this law— 
(a@) The authorities of every municipality are authorized to establish and 

operate wood and coal yards until one year after the close of the war, for the 

purpose of supplying the inhabitants with fuel. 

(0) <A municipality which establishes and operates a wood yard or coal 

yard has full power to create, fill, discontinue, or abolish all such offices or 

employments in connection therewith as may be deemed necessary or proper; 

to fix and pay salaries; to cut, purchase, transport, sell, and deliver wood or 

coal necessary for providing the inhabitants with fuel; from time to time to 

fix the selling prices and the terms of sale; and to make and enforce such rules 

and regulations as may be necessary for the carrying out of the act. 

(c) The necessary funds are to be set aside out of the general municipal 

fund, or borrowed at interest on the credit of the municipality. 

(d@) In order to borrow money for this purpose the municipality is required 

to publish in local papers, for a period of ten days, a full statement of its .inten- 

tions, stating the sum needed and rate of interest to be paid. In case a protest 

signed by at least 25 per cent of the qualified electors of the municipality is 

filed before ,the expiration of the period of advertisement, the question must 

then be submitted in an election requiring for passage the approval of a majority 

of the qualified electors. 

Similar action by other States is desirable. 

WOOD FUEL RESERVES. 

There is considerable difficulty in getting wood into suitable form 
for fuel and transporting it to the market on short notice. It is 
only a matter of good business foresight for those communities 
which have the wood around them to see that some time during the 
season a sufficient supply is cut and hauled to where it may be easily 
available as a reserve for the winter season. The time to cut it is at 
any slack time during the year, preferably in the spring, so that it 
will have time to season thoroughly by the next winter. 

tAlthough Mississippi is the first State to respond with a law on the subject in the 

present emergency, it is not actually the first to pass such legislation. As early as 1903 
Maine passed a law allowing cities to establish public yards for sale of wood, coal, and 

other fuel without financial profit. The Maine law has been sustained by the highest 

court in the State and also by the United States Supreme Court, 
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In this connection it is very desirable that reasonably close esti- 
mates be made in advance of the amount of wood which will be 
available to different communities from all sources. It would be a 
comparatively simple undertaking to secure estimates of the amount 
of fuel wood which is ready for use or which it is planned to cut for 
the next winter. The figures should include (1) the number of cords 
used in the previous year; (2) the number of cords cut, including 
the amount left over from the previous winter; (3) the number of 
cords to be cut for winter, say from September 1 to December 31. 
Such figures would afford valuable bases not only for organizing 
wood fuel work but also for allotting supplies of coal. 

' SUMMARY. 

1. With enormous supplies of wood widely distributed over much 
of the United States, especially the eastern half, there is no excuse 
for suffering because of inability to get-coal. 

2. Wood is already widely used in rural districts; its use can and 
should be greatly extended, at least during the present crisis, to save 
coal and cars for more essential uses. 

3. Wood can be substituted for coal with greatest public benefit 
in places where rail-hauled coal can be replaced with wagon-hauled 
wood. Long distance rail transportation of wood is not economical]. 

4, Domestic consumers in rural districts and small cities can most 
easily substitute wood fuel for coal. Most types of stoves and 
furnaces can be adapted to the use of wood. 

5. Except in case of plants which use their own wood refuse, or 
others in the close vicinity of such plants, wood fuel is less economi- 
cal than coal for factories. When coal can not be had, however, 
wood can be used with fairly satisfactory results, and is cheaper than 
shutting down the plant. 

6 The widespread use of wood for fuel, if only such wood as is best 
fitted for this purpose be taken, will be of great, benefit to our forests 
as well as a source of revenue to their owners. 

7. To promote the use of wood fuel, especially where it is not now 
in general use, will require organized effort, preferably by com- 
munity, municipal, or State organizations. Such effort should cover 
the stimulation of demand for wood and stimulation of production 
by private agencies, as well as direct organization of producing, 
transporting, and marketing of wood fuel by the community. 

8. Reserves of wood fuel should be established in all districts 
where there is a possibility of fuel shortage. For the present these 
reserves will probably consist largely of wood purchased from pro- 
ducers; it may eventually be advisable for communities to own their 
own woodlands in order that they may more effectively regulate the 
cutting and the price of fuel wood. 
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APPENDIX. 

PUBLICATIONS ON WOOD FUEL. 

Karly in 1917 publications began to appear treating wood fuel 
briefiy with reference to local conditions. They were issued mostly 

-by States, and State foresters were chiefly instrumental in getting 
them out. The first one appeared in June in the shape of a press 
bulletin by K. W. Woodward of the New Hampshire Agricultural 
College, Durham, N. H. This was followed by others until at least 
20 have been published. Canada also published one early in 1918 
modeled on those put out by the States. Future publications should 
go into detail as to the quantity of wood fuel available in the State 
and its distribution, as well as the amount of fuel wood cut and 
used by specific localities within the State. 

RECENT PUBLICATIONS ON WOOD FUEL. 

Emergency Fuel from the Farm Woodlot, by A. F. Hawes, Circular 79, Office 

of the Secretary, U. S. Department of Agriculture. (Contributed by the 

Forest Service, Washington, D. C., October, 1917.) 

Firewood, by K. W. Woodward, Extension Circular 22, September, 1917, New 

Hampshire Agricultural College, Durham, N. H. * 

The Fuel Situation, by K. W. Woodward, Extension Press Bulletin 77, June, 

1917, Agricultural College, Durham, N. H. 

Wood Fuel, by Paul D. Kneeland and F. W. Rane, Massachusetts State For- 

ester’s Office, 1917, Boston, Mass. 

Wood Fuel, by R. D. Forbes, Assistant Forester, Department of Conservation 

and Development of New Jersey, 1917, Trenton, N. J. 

A press bulletin was issued October 13, 1917, by the State fuel administrator 

at Greensboro, N. C., urging the cities and towns of the State to furnish wood 

to consumers at cost aS a war measure. 

Wood as Emergency Fuel, by J. H. Foster and F. H. Millen, bulletin, department 

of forestry, Agricultural and Mechanical College, 3d series, vol. 4, No. 2, 

January 15, 1918, College Station, Tex. 

Cordwood for Fuel, by J. H. Pratt and J. S. Holmes, Press Bulletin 160, North 

Carolina Geological and Economie Survey, January 30, 1918, Chapel Hill, N. C. 

Wood Fuel, by William G. Howard, assistant superintendent of State forests, 

Bulletin 16, conservation commission of New York, 1918, Albany, N. Y. 

Wood Fuel to Relieve the Coal Shortage in Hastern Canada, by Clyde Leavitt, 

chief forester, commission of conservation, Ottawa, Canada, 1918. 

Municipal Woodyards, by the Federal Fuel Administrator (Wood Fuel Depart- 

ment for Georgia), Commerce, Ga., February, 1918. 

Wood Fuel for Iowa, March, 1918, by Prof. G. B. McDonald, Iowa State College, 

Ames, Iowa (in cooperation with Charles Webster, Federal fuel adminis- 

trator for Iowa.) 

Coal Conservation and Wood Fuel, March, 1918, State fuel administrator for 

Minnesota. 

Tamarack for Fuel, 1918, issued by the publicity department, Minnesota, com- 

mission of public safety, St. Paul, Minn. 

Wood Fuel and Democracy, 1918, State fuel administrator of Minnesota, St. 

Paul, Minn. 
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Cordwood Producers, list furnished to Minnesota forest service for distribution, 

March 12, 1918. 

Firewood to Relieve the Coal Shortage, Forestry Leaflet No. 19, February 15, 

1918, by F. W. Besley, State forester, Maryland State board of forestry, 

Baltimore, Md. 

Firewood and the Woodlot, Press Bulletin 1918, by Edmund Secrest, State for- 

ester, Wooster, Ohio. : 

The Price of Fuel Wood, by William K. Prudden, State fuel administrator, 

Lansing, Mich., March, 1918. 

Wood and the Present Fuel Hmergency, by John M. Briscoe, Maine Forestry 

Association, February 6, 1918, Bangor, Me. 

Municipal Woodyards, Circular 2, by T. A. Parker and James B. Berry, of the 

wood fuel department of United States fuel administration for Georgia, 

May, 1918. 
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ENDOSPERM TEXTURE IN MAIZE. 

In 1908 Mr. G. N. Collins found in a variety of maize imported 

from China a new type of endosperm which was entirely unlike the 

endosperms of any other varieties previously known, being neither 

horny, starchy, nor sweet. This new texture of the endosperm was 

designated cereous or waxy, which well describes its appearance, the 
cut surface of the seed resembling a hard wax : (3 ye 

1 Serial numbers in parethioscs refer to.“ L tet ‘ature cited,’ page 99, 

89356°—19 1 
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In subsequent breeding work this waxy endosperm was found to 
be alternative to horny endosperm, behaving as a recessive character 
when crossed with American flint and dent varieties. The new 
endosperm character has proved to be adapted for investigation of 
some of the problems of heredity in maize. The inheritance is defi- 
nitely alternative, no blending or intermediate stages having been 
found. This absence of intergradations between the new waxy 
endosperm and the other endosperm textures simplifies the classifi- 
cation of material and renders the numerical relations of this char- 
acter more definite and hence of more significance than those ob- 
served with other Mendelian characters of maize thus far studied 
where intermediates are comparatively common. 

In the first crosses that were made the behavior of the waxy 
endosperm was very similar to that of a Mendelian unit character, 

. the approximation being so close that the deviations were at first con- 
sidered accidental. But with the progress of the investigation and 
the accumulation of larger numbers of individuals it became apparent 
that the deviations from the theoretical Mendelian ratios, though 
never large, were too definite to be ascribed to chance. It further 
developed that a correlation existed between the waxy texture of the 
endosperm and the red and blue colors in the aleurone cells of the 
Chinese maize in crosses with other varieties. 

This bulletin reports the results of a series of crosses between the 
Chinese variety and an African pop corn made for the further study 
of the correlation between the endosperm texture and the color of 
the aleurone. In these experiments large numbers of seeds were 
classified with respect to the endosperm and aleurone characters. 
While the results are in the main similar to those previously reported, 
the experiments now comprise such large numbers of individuals as 
to place the deviations from the expected ratios beyond question and 
also to establish more definitely the existence of the correlation be- 
tween endosperm texture and aleurone color. 

The subject became somewhat involved when it was found that the 
aleurone color had to be resolved into two factors, and it became 
necessary to analyze the behavior of correlated characters where the 
correlations are between factors. In attempting to understand the 
correlations of the characters, both the theory of reduplication (1) 
and the linkage theory (11) have been kept in mind. 

The experiments have yielded a body of evidence that should be 
of value in testing the general applicability of current theories of the 
segregation or alternative inheritance of characters and also in test- 
ing explanations that may be advanced in the future. To be of 
value in this connection, it is necessary that the data should be placed 
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on record in the most complete and available form. An effort has 
been made to tabulate the results in such a way that pedigrees can 
be traced readily, and it is hoped that the data may have a value 
apart from the explanations that are suggested or considered in the 
body of the bulletin. 

CROSSES BETWEEN THE ALGERIA AND A CHINESE VARIETY. 

FIRST GENERATION. 

In 1911, pollen of a plant of the white Chinese variety with waxy 
endosperm, was used on a plant of a colored variety of pop corn 
that has been grown under the name Algeria.‘ The resulting ear 
was indistinguishable from pure seed ears of the Algeria, both the 
aleurone color and the horny texture of the endosperm of the latter 
showing complete dominance. This hybrid ear received the num- 
ber Dh 2287. 

The same year a cross was made, using the white waxy Chinese 
variety as the female parent and the Algeria as the male parent. 
This hybrid ear received the designation Dh 234, 

SECOND GENERATION. 

Seeds from Dh 234 and Dh 237 were grown in 1912 and in 1913, 
and 96 hand-pollinated ears were produced. These 96 ears bore four 
classes of seeds: Colored waxy, white waxy, colored horny, and white 
horny. The color of the aleurone is discussed later and may therefore 
be disregarded in analyzing the inheritance of the endosperm texture. 
The numerical results are presented in Table I. 

1 The original seed of this variety was obtained from Dr. Trabut in Algeria by Mr. 

W. T. Swingle. Dr. Trabut has recently informed Mr. Swingle that the variety is not an 

Algerian variety, having been introduced into Algeria from Morocco. 
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TABLE I.—IJnheritance of endosperm texture in 96 ears of maize, the progeny of 
the twe hybrids Dh 234 and Dh 237. 

{Lines bracketed together in pairs indicate ears borne on the same plant; ears selected for planting are 
designated by an asterisk (*).] 

Hyprip DH 234, CHINESE VARIETY X ALGERIA. 

Pedigree No. of— Number of seeds. 

i Percent- 

Self-pol Expected| Devia De TEM Nene elf-pol- r uxpecte evila- waxy. 
Progeny ear. linated ¢. Total. | Waxy. waxy. tion. me 

1 2 3 4 5 6 q 8 

657 160 164 — 4 0.5 24.3 
599 167 149 18 2.5 28.2 
533 146 133 13 1.9 27.3 
517 129 IAS) Ngee a Rae a 24.9 
272 80 68 12 1.4 29.4 

573 136 143 — 7 1.0 23.7 
609 161 152 9 1.2 26.4 

690 182 172 10 1.3 26:3 
691 183 172 11 1.4 26.4 
402 -~ 86 100 — 14 2.3 21.3 

: TA5 204 186 18 2.2 27.5 
iT Lee AN RE ORAL Sis cooboe TAT 165 186 — 21 2.6 22.2 

733 201 183 18 DD 27.4 
643 181 160 21 2.8 28.1 

428 120 107 13 2.1 28.0 
508 137 127 10 1.5 27.9 

322 83 80 3 5 26.0 
564 137 141 = 4 25 24.2 
623 137 155 — 18 2.4 21.9 
414 107 103 4 6 25.8 
655 145 163 — 18 2.4 22.1 
687 152 172 — 20 2.6 22.5 
555 139 nee) ere i [ee 5. 25.0 
510 110 127 2217 2.6 21.5 
605 143 151 = 8 1.1 23.8 

275 63 69 — 6 9 22.9 
571 119 143 — 24 3.4 20.8 

773 166 193 — 2% 3.3 21.5 
212 45 53 — 8 1.9 21.3 

522 140 130 10 1.5 26.8 
614 143 153 — 10 1.4 23.3 

334 71 83 — 12 2.3 919 
676 133 169 — 36 4.7 19.7 
659 149 165 — 16 2.1 22.6 

ee geek ae Es Ble Oe Co anal WPM seccsce 707 151 177 — 26 3.4 21.4 
1533 ae A I eee Sis obec 679 154 170 — 16 2.1 22.7 
SY aes eee a eee ee domaees 492 107 | 123] —16 2.5 21.7 
TERS Sigel ees A ike ep RH! WD ogoeee 440 100 110 — 10 1.6 22.7 

725 172 181 — 9 1.1 23.7 
592 136 148 — 12 67 22.9 
609 150 152 — 2 38 24.6 
626 146 156 — 10 1.4 23.3 
679 162 170 — 18 2.4 22.4 
631 169 158 1 all 25.2 

515 120 129 — 9 1.4 23.3 
570 119 142 — 33 4.7 20.9 
491 18 | e123 —12 1.9 22.6 
417 101 104 = 8 25 24.2 
800 205 200 5 il 25.0 
633 140 158 —18 2.5 2 
607 146 152 — 6 8 24.0 
479 118 120 — 2 3 24.6 
383 79 96 —17 3.0 20.6 
578 123 144 == Ml 3.0 21.2 

Opals Se eee MUL aie ah BBEe 30, 571 7,309 7, 643 —334 7.5 23.9 
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TABLE I.—Jnheritance of endosperm texture in 96 ears of maize, the progeny of 
the two hybrids Dh 234 and Dh 237—Continued. 

Hysrip DH 237, ALGERIA X CHINESE VARIETY. 

Pedigree No. of— Number of seeds. 

Percent- 
j D+E. age of 

Progeny ear. eter a Total. | Waxy. es exe WEES 

1 2 3 4 5 6 7 8 

648 139 162 — 23 3.7 21.4 
672 157 168 — il 1.5 23.3 
837 201 209 — 8 9 24.0 

723 177 181 — 4 -o 24.4 
319 80 ESTO tier Guar Urs | (okey Ue ey 25.0 

TAT 180 187 — 7 8 24.1 
741 155 185 — 30 3.7 21.0 

58 4 134 146 12 1.7 22.9 
575 134 144 — 10 1.4 23.3 

758 187 189 — 2 2 24.6 
446 73 111 — 38 6.1 16. 4 

627 135 157 — 22 3.0 21.5 
£15 176 154 22 3.0 28. 6 

740 193 185 8 1.0 26.0 
548 140 137 3 4 25.1 

459 141 115 26 4.2 30.7 
712 165 178 — 13 i 7 23. 2 

677 162 169 = 7, -9 23.9 
664 136 166 — 30 4.0 21.0 

374 119 93 26 4.5 31.8 

472 114 118 — 4 -6 24. 2 
560 122 140 — 18 2.6 21.6 

503 110 126 — 16 2.4 21.9 
613 169 153 16 2.2 27.1 

401 92 100 — 8 1.4 22.9 

532 126 133 — 1.0 23.7 
419 95 105 — 10 1.7 22.7 

634 161 158 3 4 25. 4 
516 119 129 — 10 1.5 23.1 

458 102 114 — 12 1.9 22.3 
595 138 149 — il 1.5 23, 2 

472 119 118 1 -2 25n2, 

630 161 157 4 6 25.6 
485 110 121 — il 1.7 22.7 

559 119 140 — 21 3.0 21.3 
575 118 144 — 26 3.7 20. 5 

{ Z 512 133 128 5 8 26. 0 
he 625 149 156 -—- 7 1.0 23.8 

{947 er SARC es ae tae Bs OEY 46 Toa 7 See: 621 162 155 7 1.0 26. 1 
MIA le Mot oc Pais Bie be sate cse de Self scass: 658 147 164 — 17 2.3 22.7 

(749 so cie SPE  S  e E EL Saar 538 139 134 5 ol 25.8 
MEU SE Mids 2 brat dsp eesaccdhs Belt. coe: . | 342 90 85 5 9 26. 3 

PAIL LS SGI Is 24,186] 5,779| 6,047) —208| 5.9 23.9 
———— | | SS —————————— ‘=-- —=—== 

Total for both hybrids.|............ | 54, 759 13, 088 13, 690 —(602 8.8 3.9 
| | | | 
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EXPLANATION OF TABLE I. 

In column 1 of Table I is found the pedigree number of the 
individual ears. When it so happened that two ears borne on the 
same plant were pollinated in such a way that they both appear in 
the same table, they are bracketed together, thus facilitating a com- 
parison of the behavior of two crosses having the same female 

_ parent and different male parents. 
Column 2 gives the pedigree number of the ear that resulted from 

self-pollinating the plant that served as the male parent of the ear 
in column 1. 

Thus, for example, the first two ears were borne on the same plant 

but were fertilized with pollen secured from different plants. The 
male parent of ear No. 1099 bore the self-pollinated ear No. 1106, 
while the male parent of ear No. 1100 bore the self-pollinated ear 
No. 1103. The seed classes of these self-pollinated ears can be found 
by referring to Nos. 1106 and 1108, where they occur in their numeri- 
cal places in column 1. | 
In column 2 the word “Self” indicates that the ear represented 

in column 1 is the result of self-pollination. 
As a further example, Nos, 1104 and.1105 may be taken. It is here 

possible to compare the result of crossing with a sister plant, the 
behavior of which, when self-pollinated, is shown under No. 1108, 
with the result of self-fertilizing the same plant. 

Columns 3, 4, and 5 are self-explanatory. Column 6. gives the 
deviation of the observed from the expected number of seeds, on the 
assumption that horny and waxy were approximating a 3 to 1 ratio. 

Column 7 (headed DE) gives the number of times the observed 
deviation (D) exceeds the probable error (E), and affords a basis for 

_ judging whether the difference between the observed and expected 
is a real or chance deviation. . To facilitate the translating of DE 
into probabilities, reference may be made to Table II, which shows 
the values copied without recalculation from Pearl and Miner (12). 
It was not thought necessary in Table I to include the probable 
errors, which were calculated by the formula 

0.6745 ./0.25 X0.75 x ytotal seeds, 

since their only present use is in comparison with the deviations. 
The 96 ears shown in Table I were the results of self-pollinations, 

crosses between sister plants, or crosses between the two hybrids. In 
all cases the expected percentage of waxy seeds was 25. The progeny 
of the two hybrids have been examined and tabulated separately, but 
as no significant differences were found between them, it will save 
space to consider them as a single group. 

The 96 ears produced a total of 54,759 seeds, of which 23.9 per 
cent were waxy. This deviation of 1.1 per cent from the expected 
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25 per cent, though seemingly small, is nevertheless 8.8 times the 
probable error and could be expected to occur as the result of chance 
only once in over a billion times. The percentage of the individual 
ears ranged from 16 to 32. 

TasLE I] —Probability of occurrence of statistical deviations of different mag- 
nitudes relative to the probable error. 

Odds against Odds against Odds against 
ee geen tence we pec urnenee the prenrence 

anraaior of a deviation Deviation of a deviation Deviation of a deviation 
as at as 

(probable error). er eae: thon (probable error). pe fo (probable error). es ae 

the designated the designated the designated 
one. one. one. 

LAN a eee 1.00 to 1 ES A eR ce 9.89 to 1. Ce Oesesle uae aL Ae 142.26 to 1. 
Lee Se ee 1.18 tol ae 11.58 to 1. GA Rs SS Se Te 174.75 to 1. 
2 Pa) ee 1.39 tol 2. 13.58 to 1. CEA PAS BND 8 1s 215.92 to 1. 
(Sie Dis vo Eee 1.63 to 1 2. 15.95 to 1. CEB yer LP PES Mee ad 267.10 to 1. 
Ux tee 2B oeseeeeee 1.90 to 1 2 18.80 to 1. CEA ARG ot Fa aes 332.33 to 1. 

SE SB QE CRC ES 2.21 tol 3. 22.26 to 1. 4, 415.67 to 1. 
Lee ee -| 2.57 tol 3. .| 26.40 to 1. 4, -| 519.83 to 1. 
Li. -| 2.98 to 1 3 .| 31.36 to 1. 4, .-| 656.89 to 1. 
1.8. -| 3.45 to 1 one .| 37.46 to 1. 4, .| 825.45 to 1. 
ce lem cn ccleeca 4.00 to 1 3. 44.87 to 1. 4, 1051.63 to 1. 

ZAGER PES 4.64 to 1 53.95 to 1 BY 1350.35 to 1. 
7.73 SSE oo a 5.38 to 1 64.79 to 1 6. 19,230 to 1. 
29) RS See 6.26 to 1 78.37 tol Ue 434, 782 to 1. 
233» SS ane (eee 7.28 tol 95.15 to 1. 8. Over a billion, 
7 Os ae 8.48 tol 116.23 to 1. 

1 Copied without recalculation from Pearl and Miner (12). 

One ear deviated below the expected by 6.1 times the probable 
error, but with 96 individuals the odds against a deviation of this 
magnitude would be about 190 to 1. 
A similar shortage of waxy seeds has been observed throughout 

the experiments with this character. 
In a previous publication (7) 45 ears were reported, representing 

many different crosses and having 22,339 seeds with 23.1 per cent 
waxy, the deviation from the expected 25 per cent being 9.24 times 
the probable error. Adding this group to the results obtained from 
the second generation of the two hybrids Dh 234 and Dh 237, there 
is a total of 77,098 seeds, 18,267 of which are waxy, while the ex- 
pected is 19,274 waxy seeds, a shortage of 1,007+81 seeds, a devia- 
tion of 12.4 times the probable error. A deviation of this magnitude 
would be expected to occur as the result of chance only once in well 
over a billion times. 

The approximation of the observed percentage of waxy seeds to 
the theoretical 25 per cent is very close for the individual ears of 
the hybrids Dh 234 and Dh 237, only two of the ears deviating by 
larger amounts than could be reasonably ascribed to chance, and of 
these one was below and the other above the expected percentage. 
The large number of individuals involved has made it possible to 
accurately measure small differences which ordinarily would escape 
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unchallenged as very good approximations of actual observation to 
theory. 

The percentages of waxy seeds shown by the individual ears for 
the first-generation hybrids and those previously reported (7) have 
been plotted in figure 1, which shows that the deviation from 25 per 
cent is not the result of a few aberrant ears. It readily can be seen 
that while the mode and mean are considerably below the expected 
25 per cent, the curve very closely approximates the normal prob- 
ability curve. 
Although the graph (fig. 1) bears a striking resemblance to the 

normal probability curve, there is reason for believing that the indi- 

O15 76 /7° A 19 20 2/ 22 23 24 25 26 27 28 29 30 3/ 32 33 

Fic. 1.—Diagram showing the percentage of waxy seeds on 141 ears obtained from the 

second generation of the hybrids Dh 234 and Dh 237 and the ears previously reported: 

The dotted line shows the probability curve for this population of.141 ears, the mean 

and standard deviations being the same. 

viduals do not form a homogenous group deviating from a common 

mean. 
As a means of determining whether the varying percentages of the 

individual ears are chance deviation from the mean of the entire 
group, a method has been proposed by Yule (16) by which a theo- 
retical standard deviation is calculated, based on the harmonic mean 
of the observed individual ears. 

The “ goodness of fit” of the observed standard deviation to the 
calculated standard deviation is measured by the probable error of 
the former. 
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For the ears in the accompanying graph the calculated standard 
deviation is 1.95, and the observed standard deviation is 3.11. The 
difference is 8.5 times the probable error. 

Since 45 of the individual ears represent crosses between the 
Chinese variety and horny varieties other than the Algeria, it may — 
be well to examine the curve without these ears. Omitting these 
45 ears, the standard deviation is reduced to 2.5, the mean remain- 
ing unchanged at 23.9. The theoretical standard deviation is also 
slightly reduced. The difference is now 5.2 times the probable error, 
a difference still too large to be ascribed to chance. 

Thus while the mean percentage of waxy seeds reappearing in 
the second generation of waxy < horny hybrids is 23.9, which is too 
large a deviation from 25 per cent to be ascribed to chance, the indi- 
vidual ear approximations are not sufficiently close to the observed 
mean to be considered as chance departures from it. The explana- 
tion that at once presents itself is that through mistakes in classifica- 
tion a varying number of waxy seeds were being included in the 
horny group. 
Endosperm texture is not subject to the minute spotting encoun- 

tered in the aleurone’color, and in the series of crosses here reported 
the classes were unusually good, owing to the fact that the Algeria 
parent was a pop corn and had a minimum of soft starch. Two 
instances where the endosperm was part horny and part waxy have 
been reported (5) and four additional seeds have since been found. 
When these mosaic seeds were planted and self-pollinated, they be- 
haved as normal seeds heterozygous for horny endosperm. 

Since mosaic endosperms are known to occur, it is of course con- 
ceivable that the horny or waxy portion of the seeds may be so 
reduced as to escape detection, but since such seeds are heterozygous, 
the only result could be to erroneously class heterozygous seeds as 
waxy, but this would increase rather than diminish the number of 
seeds classed as waxy. 
A deficiency in the number of individuals with the recessive 

character does not readily admit of the explanation that the devia- 
tion is due to mistakes in classification. Such an explanation would 
require that some of the individuals exhibiting the dominant char- 
acter were in reality homozygous recessives. Where a deficiency in 
the number of individuals with the dominant character occurs, such 
deviation could be the result of mistakes in classification, since it is 
conceivable that a failure or a partial failure of dominance results in 
some individuals exhibiting the dominant character to such a slight 
degree as to pass for homozygous recessives. If waxy seeds were 
being included in the horny group, some all-waxy ears would be se- 
cured in self-pollinating plants grown from the horny seeds. 
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Since the deviation observed was approximately 1 per cent, only 
one ear of every hundred would be expected to be all waxy. Several 
hundred ears, the result of self-pollinating plants grown from the 
horny seeds of waxy X horny hybrids, have been secured, but no 
all-waxy ears have been found. 

The shortage of waxy seeds not only occurs where the expected 
ratio of horny to waxy is 3 to 1, but was also observed in crosses 
between waxy endosperm and sweet endosperm where the Mendelian 
dihybrid ratio was expected (8). Here the deviation was 1 per cent 
below the expected 18.75, and it should not occur as the result of 
chance oftener than once in 15,000 times. 

THIRD GENERATION OF THE HYBRID DH 234. 

Three ears were selected for planting from the hybrid Dh 284. 
These three ears are Nos. 1099, 1110, and 1111 in Table I. The 
last two ears were borne on the same plant. Ear No. 1110 repre- 
sents a cross between the two hybrids and is discussed later, with 
the results from a similar ear taken from the hybrid Dh 237, 

One of the two ears remaining, No. 1111, was self-pollinated, while 
No. 1099 was the result of pollen from another plant of the same 
hybrid. Both of these ears were close approximations of the expected 
25 per cent waxy, as was also a self-pollinated ear secured from the 
male parent of No. 1099. 

There were four classes of seeds on Nos. 1099 and 1111, colored and 
white horny and colored and white waxy. These classes were planted 
separately, and reciprocal ‘crosses were made between white waxy 
and colored horny and colored waxy and white horny plants. Wher- 
ever possible, self-pollinated ears were secured from all the classes, 
but since the self-pollinated plants grown from waxy. seeds resulted 
in ears all the seeds of which were waxy, these ears do not appear in 
the tables, 

To avoid unnecessary complications, the inheritance of aleurone 
color is discussed separately from the behavior of the texture of 
the endosperm. The color of the aleurone appeared not to affect the 
behavior of the waxy endosperm as far as the percentage of waxy 
seeds was concerned. The progenies were examined with this point 
in mind, but since no differences were found it was not thought nec- 
essary to discuss the behavior of the colored seeds separately from 
the behavior of the white seeds. 

The results obtained from the progeny of ears Nos. 1099 and 1111 
were also examined separately, but presented no significant difference 
in their behavior, and to avoid unnecessary repetition the progeny 
of these two ears coil be considered together. The progenies of the 
four classes of seeds from the two ears are separately indicated in 
Tables III and IV. 
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WAXY X HORNY. 

The ears resulting from pollinating the plants grown from the 
waxy seeds of pedigree Nos. 1099 and 1111 with plants grown from 
the horny seeds of these same ears are shown in Table III. Column 
1 of Table III gives the pedigree number of the progeny ear of 
Dh 234 from which the plants that produced the ears in that section 
of the table were grown. In this same column will be found symbol 
letters which indicate the character of the seeds from which the 
plants that produced the ears in the table were grown. The letters 
W and C indicate white or colored aleurone. The symbol used for 
waxy endosperm is X and for horny endosperm Z. 

The symbols given first indicate the character of the seeds from 
which the female parent of the ears in the table were grown. For 

PEGI IG2 [62/ 1622 
Fic. 2.—Diagram showing the relations of ears Nos. 1592, 1621, and 1622. 

example, the first group of five ears which are separated from the 
following ears by a total are the result of crossing plants grown 
from the white waxy (WX) seeds with plants grown from the col- 
ored horny (CZ) seeds of ear No. 1099. In this group the white 
waxy plants were used as the female parents. Column 8 in Table 
III gives the pedigree numbers of the ears representing the recip- 
rocal cross. The classes of seeds produced by the reciprocals are 
found in Table IV. 

There were 11,724 seeds on the 27 ears shown in Table III. The 
expectation of waxy seeds was 50 per cent, and the observed percent- 
age was 49.5. The deviation of 60 seeds is 1.65 times the probable 
error and can, of course, be ascribed to chance. Three ears deviated 
from the expected percentage by more than 3 times the probable error, 

and one ear, No. 1592, showed a deviation above the expectation of 
5.7 times the probable error. 
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The reciprocal of ear No. 1592 is No. 1621 (Table IV). There 
was also a self-pollinated ear from the male parent of No. 1592, No. 
1622 (Table IV). The relations of these two ears are shown in 
figure 2. 

The difference between the two reciprocal ears is 5.92.62 per 
cent. The self-pollinated ear obtained from the horny parent 
does not show a significant deviation from 25 per cent. The plant 
which bore ears Nos. 1621 and 1622 is shown by the cross with waxy 
to have 60.8 per cent of the male gametes bearing the waxy charac- 
ter and 54.9 per cent of the female gametes with this character. 

The expected result of self-pollinating a plant with such a gametie 
series would be an ear with 33.4 per cent waxy, from which ear No. 
1622 with 28.5 per cent deviates 4.9+2.1, a deviation which is not 
significant. - The plant, then, which bore ears Nos. 1621 and 1622 
produced an excess of gametes bearing the waxy character, this ex- 
cess being greater in the male gametes. An excess of male gametes 
bearing the waxy character is contrary to the results obtained with 
most of the ears where it was found that the waxy gametes were 
below instead of above the expected percentage. 

The observed excess of waxy seeds on ear No. 1592 might be ex- 
plained by the assumption that a failure of the dominance of the 
horny endosperm resulted in some of the heterozygous horny seeds 
being classified as waxy. Another generation grown from the waxy 
seeds would throw hght on this matter, since if the observed devia- 
tion was due to a failure of dominance 10 of every 100 plants grown 
from the waxy seeds, when self-pollinated, would be expected to 

_ result in ears with some horny seeds, 

HORNY X WAXY. 

As the result of pollinating plants grown from the horny seeds 
with plants grown from the waxy seeds of ears Nos. 1099 and 1111, 
39 ears were obtained (Table IV). In this same table are also 
shown the ears resulting from self-pollinating the heterozygous 
horny plants. These ears will be discussed later, but it was thought 
advisable to include them in Table IV, since it makes possible the 
comparison of the behavior of the horny plants when self-pollinated 
with their behavior when pollinated with homozygous waxy. Al- 
though only 2 of the 29 ears deviated from the expected percentage 
in excess of three times the probable error, the deviation for the total 
number of seeds is 3.9 times the probable error. 
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TABLE I11.—/nheritance of endosperm texture in 27 ears of maize, the wary X 
horny progeny of the two ears Nos. 1099 and 1111, the progeny of hybrid Dh 
234. 

Pedigree No. of— Number of seeds. 

Per- 
Parent ear and pedigree No. of Ez D=E Gents 

progeny. Self-polli-| Recipro- X-_|Devia-| ——*| 8° 0 
nated ¢.|cal cross. Total. | Waxy. | pected ideti waxy 

waxy. 

1 2 3 £ 5 6 7 8 9 

Ear No. 1099, WX X CH: 
(SRY >. ee See re 16445562 1643 Sears 506 227 253 —26 3.4 44.8 
IGG. 2. S25 ee eee H705= sei None: 230 120 115 5 98 52.2 
(SR. Sa ee ee iNones==.| 22-0 Onsea= 257 109 128 —19 3.51 42.4 
Tas) i ee sen Osccdo| sees Os550 438 220 219 1 14 u. 2 
iWi?PS 325 eR ene Eee ne a eeeaes 1633..... 1632..... 114 56 57 —1 27 49.1 

Sibahalemetaeae sae eet et ate celebs. teen 1,545 732 772 —40 3.02 47.4 

Ear No. 1111, WX X CH: 
UPS. ie Oe Re a a 1696S eee None.... 712) |, 381 356 25 Di 53.5 
UPSTL. 2 2 aa 1644.....)... domes. 286 139 143 —4 62 48.6 
TCP. oo Ed ee pe Be M700 nee = dos 611 302 305 —3 .06 49.4 
GHA ee hee WON eeallead domes 387 202 193 9 1.3 52.2 
HGil. Le 2S ee None... .|---do....- 600 283 300 —17 2. 06 47.2 

AUTH) 5 ee Re ee a a eS «> iy 2,596 | 1,307 1, 298 9 52 50. 4 

Ear No. 1099, CX XWH: 
Te hy 122. oe ess See Eee Ase See ees 1596..... 537 283 268 15 1.92 52.7 
LET ee Ge eee: Se eee None....| None.... 404 204 202 2 29 50.1 
In; 6 SE 1605..... 1604-..... 127 53 63 —10 2.63 41.7 
Peeper eee AN None....| None... 645 327 322 5 .58 50.6 
15) Qoend Bebe eee Cee ee Ge sae UG sog6 519 253 259 — 6 78 48.8 
DA Doo SARA aes ea ee DO ot ene Se 61OREE 468 221 234 —13 1.78 47.2 
TENS sue Se 2S A ae ee NGI eee None... 503 246 251 -—5 66 49.0 
ROM. wo. SO Ee Be eee | ee eee 623 eee 406 195 203 -—§8 1.17 47.8 
IBD 8 ee ee ee 16202254. UGE) 56 580 291 290 1 12 Owe 
TBP a3 SREB SSeS HEE ee ees G22 eee 1621 eee 307 187 153 34 Onn 60.8 
TEE on a Oe ee Serer ioe LOT 764 3l7 382 —5 53 49.4 

Tapa 2s We elas eaten | pte ane ials Pam fe 38/22 5,260 | 2,637 | 2,630 i 28 50.1 

Ear No. 1111, CHXWH: 
iS 2) Coe ae eee eee a, None....| 1684..... 658 329 S20) Peete cel menace 50.0 
NGG eet? ode ss ci d- oe sa io eee GSTs 1686ue el 403 205 201 4 59 50.9 
Livi 4 ak ee eee ee None....| None.. 87 45 43 2 63 Sl. 7/ 
TEL oo RES Ee See SE eel bee ee Gores: |p sdosnes 352 170 176 — 6 1.0 48.3 
Lge). 32 a ne LOl2e Secale doves 342 153 171 —18 2.89 44.7 
Abn ee oe SEE EA! be) - SATU 3 None....| 1690..... 481 224 240 —16 2.16 46.6 

LUGE) Se VSS) Te | Se ee i 29303) 1 126) | ety —=85 | arb 48.5 

Total of the above four ji 
ATE ee eet Seek i ety A 11,724 | 5,802] 5,862] —60|] 1.65 49.6 

From an examination of the crosses shown in Tables III and IV 
it is possible to determine whether the male and female gametes 
bearing waxy endosperm are produced in equal numbers. All the 
female gametes in Table III were bearing waxy endosperm, so 
that. the results obtained are the ratios prevailing in the male 
gametes. In Table IV all the male gametes were bearing waxy 
endosperm, so that the ratios here represent’ the proportion pre- 
vailing in the female gametes. 
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TaBLE LV.—Inheritance of endosperm texture in 39 ears of the horny X waxy 
and 28 ears of the horny X self progeny of the two maize ears Nos. 1099 and 
1111, the progeny of hybrid Dh 234. 

[Lines bracketed together indicate ears borne on the same plant.] 

Pedigree No. of— | Horny X waxy. Horny self. 

Paroatearend Number of seeds. “ Number of seeds. te 

pedigree No. of - = = 
progeny. Self-polli- | Recipro- jo | a BO 3 | a 50, 

nated 3. | cal cross. . (Sales 2k Pea ere SHI oo | ee 
= | BP ISkiisys (2b) = |S | Siesta 3 2 7s lal |S 3 i 3 | cs SE 
S/S |RF/S/ +5 | 51S |REI S| + 18 
Be |F la |Aa/a |e Be |EF la |aljala 

1 2 3 4 5 6 7| 8 9 10 | 11 | 12 | 18] 14] 15 

Ear No. 1099, 
CH X WX: 

16255seeee" Self 
WES Soace All waxy. 

NG Zee el eemieeielsicjocis 
L623 Self 

162922. All waxy. 
1630 Sees Self 
1G pote pososoneaebS 

ee P betes Allwaxy. 
1633......-. Self 

IGS Sans albsocasescsee 
1G36222s 5-2 Selfsos--- 

GRY Ge poase All waxy. 
GBs seacce Self 

163928 3—2: Allwaxy. 

1 See eSe Sececaeee cos 
1642e es Self 

1643 Sees Allwaxy. 
1644 ee ase Self 

1645 eee eae All waxy. 
1646 8 eo Self 
Uae ya al All waxy. 

(ROA | Poser cee 

Ear No. 1099, 
WH X CX. 

OSG eee. All waxy..-| 1567..... 292} 147) 146 1 ONY {ita 05 Wl Pe eee es BES Ad Isnod coo allioad 50 

1600 ea sell hee ee er | sce ae ZVAN akstal| PA) O74) act Cee ee eee coellsocodloccc|loscclo5255- 
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160255e=ees All-waxy.-| None...-| 322) 158] 161/— 3] .49) 49.0|_.....]...--)-..--|-.--|---=-|---- 5c 
160322525 8 Self se sace| sac eacgee loess a4 eercelaeeee Sosdlebeacscans 457; 118) 114, 4) .64) 25.8 
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W605 ees Selfcimsssale sees fees eee a Beal see aac 365, 101{ 91; 10) 1.97) 27.7 

160622 ee ee Alliwaxy--| None®:--|)" 391) 203) 195) 9 9lias so (5252)5 22a eee cee ee ees | seer 
W607Seeese- Selies temwelbtesecce co hae ola eee ee Sy eee aeece 257| 70} 64) 6) 1.28) 27.5 

1610 See ene None......| 1579..... 303) 148)) 151 ssl aol | P4828 | ere ners eee eee ate afore erates ee 20 

ib ae eee Allwaxy..| 1594..... 689) | 362) S44 et eli2s 04105256 | bee vel ees | aries elaine eee eters 
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TasLeE 1V.—I/nheritance of endosperm texture in 39 ears of the horny X waxy 
‘and 28 ears of the horny X self progeny of the two maize ears N Os. 1099 and 
4111, the progeny of hybrid Dh 234—Continued. 

| 

Pedigree No. of— Horny X waxy. Horny xX self. 

Bnenpecenid Number of seeds. - Number of seeds. Me 

pedigree No. of : m : 2 
progeny. Self-polli- | Recipro- us} g oe, i) 8 0p, 

nated @. | cal cross. . | Seals a8 - | Sel =k 
= mPISki Sig |Se| a bm |Sk| 3a 8 = 
3 K S| "Bp S 8 BK aS] ‘S 
sulle | FS) BW Se aS || Bale as 
Be |= je |A/ A |e SE see ey lies 

1 2 3 4 5 6 7) 8 9 10 | 11 | 12) 18} 14) 15 

Saucy | SBN RD ile Sul acai alrnmsasal oe cama TET acres late liceasacl Se 

Ear No. 1099, | 
WHx Cx— 
Continued. 

i?) ee Allwaxy-.| 1592..-.. Bey eon a tCed al PA Gy Bone soc||boucalladaseliacoul|seeas|ooeeae 
WG22E =. 25 Syelbis Seed eA aie Miss ss A laa aliGicd Searle e--ee| 207) 59) 52) 7 1.44) 28.5 

S623=2 3-2 All waxy--| 1584....- 497| 263] 248) 15) 1.99) 538.0)......)..-../---.- A) HON De ea 
IGE ou Jw sdOse=ce~|| None... 67] 30) 33)— 3] 1.09) 44.8)......).....)..... Bhs OR 

Tees ee ee 4, 384|2, 2292, 192) 37| 1.66) 50.8| 3,041] 824| 760) 64! 3.9 | 27.1 

Ear No. 1111, | have 
WH X CX. 

Liye ee All waxy.-| None 448) 236) 224) 12) 1.68) 52. 7)......|.----|.---- SOE nie rane es 
GGSSe aes as Glbis SScecdlaseondqoed| |sseeeas otas dosed baad accelascae 383} 83} 96/—13 21.7 

16845322325 All waxy-.-| 1663...-.- 4851| U236)\ )242|— 6] er SO nA SiGe eee alls hac alleleietere ets al apes alse 
TGS eS eee eee None...- AG2| 228i DSU 9S | Na Al ADs A ecto erel |leteorets| eletee =| (cretone |e ete erecta 

ABS: oSSh.. All waxy--| 1665..-..-. 370) 198] 185) 138] 2.00) 53.5)......]...-.|..--- :[ietetetai| RSS| Breet 
AGS Toaatncis 1 PSEUES 2 ree | pect es | veeee Reels 5] Kearse eens te cS er 565) 145] 141) 4) .57| 25.6 

M690 22 =. <5 All waxy..| 1676..... (OL PANS UO a Oa) AOE Alea oe dlepaselleoescllosoclbecoditecso 
16922E2- = elie eo 225|'] deceeses Vases: | eee ese A saad 533] 128) 1383/— 5} .74| 24.0 

Tyeintl a 4 eae a eee ene ee: 2,365]1, 196|1,182| 14] .85| 50.6] 1,481) 356] 370/—14! 1.24] 24.0 

Ear No. 1111, | Fat 
CH XK WX | 

1694-2525. Stilts sé -Steleeeicceccelbeaasa bocce |cepas seco luicidenl boson 578) 142) 144)— 2 24.6 

NGpases 2s. All waxy..| None 393] 212) 196} 16] 2.39) 53.9).....-|..-..|----- Bale eeal peretiee 
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17/1 ees Belinea eal sas ccs oe |= aise <i) sicttae| aysepes lta lalererets ictetenate 451} 110) 113;— 3 24.4 

iy eee Allwaxy.-|) NONG=.5-|) 0192) TOO!) 96) TAIN eb GB Qk De aoe ee eee) e ad eee eeaieia|ereieleels 

MIDS aoe weir SAAOsaa> s2QOis.=% PER PAN) PEN ely eae) ereood locood lace sel4acolsaseeliesacoo 
eg ote) ed eed AeA eae Beoellascee aad leeepelicapen 569} 156) 142) 14) 2.05) 27.4 

02-2 aos All waxy..| None... 458!) (240) M220 ML Pde 2] oan |e cratacale eters tefone elere oil etal ate ote 
ph eee Cle al Rae Ae Nedieac| Hooded cbellocecellde see 415) 103) 104)/— 1 24.8 

“ht ae Allwaxy..| None S| AeA hates Gl ere | 8 De a oer ae eet Ee me 
6 pe Os vais | sae Golo = sty 94 89 [fs LO) RD Zot | eta) attiotellateratate | ateletslel| siete ie | Meenvol eiemlaets 

ilar es se -do... F003 se: DOL) PZBPHZB0| AVNan toe] Ole Zllava dss silts arate aide e]|lete ies Aye a [abe arcteta 
MODs etise 500.3; , Lift eeae "A PAA eT 52 | el N fee 8G | AGA eyo cere Vvetarae |peete el ta IM a avare 

{79 PRETO .-do. WO. 522 5 PAU be NR ATE Ora Re Ael eaaee dase beried saecliseeee| Aaeooe 
LIAD oc Stone BEll ss ooh alec we oe asa leee ss s| semtee eenic = |ereee [epee eels 549) 128) 137/— 9} 1.31] 23.3 

DALI 23 $225) -'s'o} AE ORCL 3, a17\1, 6871, 658) 29) 1.5 | 50.9) 38,475) 867} 869)\— 2 24.95 
— > $$ [| | | | 

Total of the above four groups. . 5, 305 a 817 7,653) 164] 8.9 | 51. 0)12, 4741/3, 3, 114|3, 118)/— 4|..... 25.0 

The horny K waxy crosses (Table IV) have a higher percentage 
of waxy seeds than the waxy & horny crosses (Table IIT). 
difference is 1.4+0.41 per cent, a difference 3.9 times the probable 

This 
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error. While this difference could be expected as the result of 
chance once in 116 times, a more detailed examination of the mate- 
rial indicates that the difference observed for the totals is not thus 
to be explained. The four groups on Table IV are the reciprocals 
of the four groups on Table III. Thus the uppermost group on 
Table III is the reciprocal of the uppermost group on Table IV, ete. 
A comparison of the four groups on Table III with the corre- 

sponding four groups on Table IV reveals the fact that in every 
case the groups on Table III have a lower percentage of waxy seeds. 
The percentages and probable errors for the four reciprocal groups 
are shown in Table V. 

TasLteE V.—Inheritance of endosperm texture in the progeny of the two maize 
ears Nos. 1099 and 1111, by groups as shown in Table III and their recipro- 
cals as shown in Table IV. 

Percentage of waxy seeds. 

Progeny of— Nature of cross. aisle Wh ae ' D+~+E,. 
able eciproca . 
group. ORGEE. Difference. 

IDEN? INO; IE); acosoddoudoddsase WAS SS Gilsosacce 47.440. 89 51,640.47] 4.24 1 4.2 
= Me WR UNIO JU Lae Sree gees ers be Se do ee eee 50.44 .67 50.9+ .59 -o +£0.89 «5 
IDE ye ING HG) s gos oouadooceaseee OXEXGWAL ee 50.1+ .47 50.84 .51 694 . 69 1.0 
IBA NOS Ub See sspuadsseodcocd aoaes Chis enesececds 48.5+ .7 50.6+ .69 2.1 + .98 2.1 

POtaIS saya heces.scececs D.C s kee eee Lee 49.64 .31 50.64 .27 1.44 .41 3.9 

Taking each group by itself, the only significant difference is that 
observed between the WX X CH and the CH * WX group from ear 

No. 1099. In this case the difference is 4.2 times the probable error 
and should occur as the result of chance but once in 217 times. 

As above observed, however, the differences are uniform in that 
whenever the male parent is heterozygous for horny endosperm and 
the female parent homozygous for waxy endosperm the percentage of 
waxy seeds on the ears is lower than in the reciprocal group. This 
difference in reciprocals indicates a deficiency of effective male 
gametes bearing the waxy endosperm. This result could be brought 
about by a higher death rate for the gametes with the waxy char- 
acter, or a less vigorous growth of the pollen tubes of such gametes, 
or a failure of the plants to form the gametes in equal numbers. 

HORNY X SELF. 

As the result of self-pollinating plants grown from the horny seeds 
of ears Nos. 1099 and 1111, 28 ears were obtained. (Table IV, col- 
umns 10 to 15.) 

- The ears resulting from self-pollinating the plants grown from 
horny seeds show a remarkably close approximation to the expected 
25 per cent of waxy inheritance, the two individual ears that devi- 
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ated in excess of three times the probable error being no more than 
could be expected in a group of 28 ears. 

With 12,400 seeds the probable error for a 25 per cent ratio is 
0.082 per cent. We may, therefore, feel reasonably certain that if 
the real ratio deviated from the expected by as much as three-tenths 
of 1 per cent the deviation could have been detected. Furthermore, 
the distribution of the percentages is as uniform as could be expected. 
Measured by the method proposed by Yule (16), the range is really 

smaller than the expected. In other and even larger groups it has 
been shown that there is a deviation of approximately 1 per cent; 
and since in these groups the deviation from the observed means was 
greater than the expected, it becomes almost certain that the devia- 
tions are due to the abnormal behavior of some of the individuals 
rather than to a small and consistent deviation. It would thus 
appear that the present group differed from the preceding by includ- 
ing none or very few of the aberrant individuals. 

SUMMARY OF THE PROGENY OF DH 234. 

The total number of ears representing the progeny of the hybrid 
Dh 234 and expected to have 50 per cent of the seeds waxy is 66. 
These 66 ears had 27,029 seeds with 50.4 per cent waxy, the deviation 
in this case being about 1.9 times the probable error. 

While the observed percentage of waxy seeds for the 66 ears is a 
very close approximation to the expected percentage, we have seen 
that the two major groups, waxy X< horny and horny X waxy, that 
make up this total, differ from each other by an amount that would 
be expected to occur as the result of chance but once in 116 times. 

Had the crosses all been made in one direction—i. e., waxy by 
horny—there would have been a significant deviation below the ex- 
pected number of waxy seeds. Had the crosses been confined to 
horny by waxy, the number of waxy seeds would have been in 
excess. Since the reciprocal crosses were made in approximately the 
same numbers, the fit of the observed percentage of waxy seeds for 
the total to the expected percentage appears good. 

THIRD GENERATION OF THE HYBRID DH 237. 

Four ears were selected for planting from the hybrid Dh 287. 
These four ears are Nos. 1129, 1130, 1131, and 1134 (Table I). 

The last two ears represent crosses between Dh 237 and Dh 234, 
and their progenies are considered separately following the analysis 
of the progeny of ears Nos. 1129 and 1130. These last-mentioned 
ears were borne on the same plant. Ear No, 1129 was the result of 
self-pollinating a plant of Dh 237, while ear No. 1130 was the result 
of pollinating this same plant by mothe plant of the same hybrid. 

89356 ° —19-———2 
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Ear No. 1129 had 24.1 per cent of waxy seeds, a close approxima- 
tion to the expected 25 per cent, the deviation being less than the 
probable error. The deviation of ear No. 1130 was 3.7 times the 
probable error below 25 per cent. The plant that served as the male 
parent of ear No. 1180 bore ear No. 1185, the result of self-pollina- 
tion. The deviation of this ear was also below the expected 25 
per cent by three times the probable error. This fact would indi- 
cate that the low percentage of waxy seeds observed on ear No. 1130 
was due to the male parent, since there was also a deficiency of waxy 
seeds when the male parent was self-pollinated. 

TABLE VI.—Inheritance of endosperm texture in 20 ears of maize, the waxy X 
horny progeny of the two ears Nos. 1129 and 1130, the progeny of hybrid 
Dh 287. 

Pedigree No. of— Number of seeds. 
Foe Beet aie eT See ee eee ES ee ieee Per- 

Parent ear and pedigree No. of a Dea centage 
progeny. 7 - . X= * eco” fo) 

% Sees eCrDES Total. | Waxy.| pected Devi waxy. 
waxy. 

1 2 3 4 5 6 7 8 9 

121 3 0. 57 51.2 
250 —15 1.99 47.0 
219 —6 . 48.6 
268 —28 3. 58 44.7 
249 1 13 50. 2 
264 —15 1.93 47.2 

1,372 —61 3.45 47.9 

181 —15 2.33 45.7 
217 20 2. 84 54,5 
137 —i1 alle 49.5 
220 18 2.54 54.0 
199 12 1.78 53.0 
232 5 . 69 51.0 
257 23 3.00 54.3 

1, 446 59 3. 25 52.0 

216 6 65 51.4 
72 3 74 52.0 

246 7 93 51.4 

534 16 1, 45 51.5 

377 —i1 1.70 48.6 
108 —4 . 82 48.0 
27 22 2. 80 53.8 
292 —24 2.75 46.0 

Total ee are estes ee eae cele SU a UNO 2,087 | 1,031 1, 043 —12 -78 49.5 

Total of the above four groups. .............-. | 8,791] 4,397 4,395 2: Pane eee 49.9 

If any difference in the behavior of the progenies of Nos. 1129 and 
1130 occurred, a lower percentage of waxy seeds on the progeny of 
ear No. 1130 would be expected. A careful analysis of the progeny 
with this point in mind failed to reveal any significant differences, so 
that the differences observed in the percentage of waxy seeds of the 
two ears, Nos. 1129 and 1130, must, for the present, be ascribed to 
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chance; at least it does not appear to be hereditary. There were four 
classes of seeds on ears Nos. 1129 and 1180—colored and white waxy 
and colored and white horny. The four classes from each of these 
ears were planted separately and are separated in the tabulation, but 
since no differences appeared in the percentage of seeds with waxy 
endosperm from the colored and white seeds, they are discussed to- 
gether. To avoid repetition, the progeny of the two ears are consid- 
ered together, since the differences found between them were slight. 
The ears secured from the progeny of ears Nos. 1129 and 1130 are 
shown in Tables VI and VII. There were no ears with aberrant 
ratios larger than might be due to chance. 

TYasrE V1I1l.—Inheritance of endosperm texture in 26 ears of the horny X wary 
and 17 ears of the horny X self progeny of the two maize ears Nos. 1129 and 
1120, the progeny of hybrid Dh 237. 

{Lines bracketed together in pairs indicate ears borne on the same plant.] 

Horny X waxy. Horny self. 

Pedigree No. of— SEAN BALL GARE | 
bel “« 

° = °o Encanem een Number of seeds. 5 Number of seeds. a 

pedigree No. of - elec - cone 
progeny. o | oe i di =e 

: : ree As Qe! x - 1as 
Self-polli- | Recipro-| _- B1ee| a] A | ce] = & 1eel B | A cE 
natedg. jcalcross.| @ | Has! eo} .ie |S | 8 fast e |] 4 le 

IS) SE le ® ° S phe) © ® 
ee) Ee Sie) ay Meiie 1) Basie er) ati lie, 

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 «| «15 

Ear No. 1129, 
WAS CIE? 

iP a None=-,.-| Nones-2}, 448) 209) 224)— 15}: 12))-46:6).-23-|- 2. cclac-2 =| -c cols caclente 2 

iia ee lois (9 (6 Serer Bh Re Gozeee 613} 309) 306 Slee Olt OOS Al srevatete | erases | eretate a sept | aera | meer 
iVVE ES eee (Se) Nie Spare ot eee A es cea 2 ea | =| | See poem ee ATR 2 204, 63 64) — 1) 0.01) 24.7 

Gib Saas None..... 1768..... 533] 271) 261 UO Wa lae-EIS 0) be Seale besel tececl petal aclon| bBBee 
i {a PSelis oe L Ao Se Gos Maids bi: | scaebaliee a ste bs = stl aeci| oo ath 272) 80) 68} 12) 2.50} 29.4 

Fi. eee None..... Noness zit), 428) 20916 214)— oi 7 AS Siena. a po eR 
Vitee 22s. SOLE re se ay Va NaN ee. | eum eis a chi evaire elinesm ely Sei 319 64); 80} —16| 3.07) 20.0 

VY ES ee None..... None.... 476| 234) 238)— 41). 254) 49. 2x2 |ceiciccl. | sO. 
5p U Se See oo ee Best cdr ocd bose peo lO6bac) locos Rea 4 aBoee 474, 114) 118} — 4) .63} 23.6 

LBL S553. None....- None: =|. 477). 288), 2e8\——| 5), 2168) 482910 oslo acc [asektolecs aaleieteleccics 
1 (7S ee Selfis S922 aoe oe ae ot: | ce oe eaters See ee eon Peay 475) 118) 119} — 1 15| 24.9 

W835 28 22. All waxy..} 1770..... 562) 27 2811 O25 e4se ole See eres amily 2 Pelee Bae 

Jt None..... None 591) 307) 295 VZNAUSAG RS DO | eisiss 2 [terelerehe| crorchd cafiaivovsel es mel eater 
L785 2220: SO i ait creo |ssciremiareete ( areicet > | teteterel omar eetarerel ME REE TIE ave )6 412) 90) 103) —13, 2.20) 21.8 

tS ie ee None..... None 446) 211} 223)— 12) 1 68} BIT HO | oreo Xz |e satel] Se cea nate a tae loacce 
‘iy (ee a oamga [oie] i sp aed) fees iad Fe a Dal Leno Bet enc ein 450] 106) 112) — 6 .97, 23.6 

T7884.) 2 | None....- None.... 886),.180) (193|— 13) 1.80)947,2).. ccc eecwe |e ccs ced-| acy delle =< 

Total. . fi CARE ps) ep ae By wees 4, 960)2, 434 2, 480)- — 46 iby R 49, 12, 656 656) 635 ~ 635 664| —29] 1.90) 23.9 

Ear No. 1130, [wee] fit “7 ; my 
WH X CX; 
SEL kere Bey All waxy..| 1818..... 644 210) Beam 121) URAO|) ABs DNs cos! a\no'm oreil'eeiele al = clameig| kbs oraya lee aerate 
11828......<] OMe cain tebe dine ola 0 sivinc on ule aiviareie | oepiaiel Wseial s orale 404| 109) 101 8) 1.36) 27.0 

1829..:....] NOC. ce None....) 511 ond LO PeeAA sO | T0440) aieletsta|'s teleis sesinal wemsielesiniel-anieie 
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Taste VII.—IJnheritance of endosperm texture in 26 ears of the horny X waxy 
and 17 ears of the horny X self progeny of the two maize ears Nos. 1129 and 
1130, the progeny of hybrid Dh 237—Continued. 

Pedigree No. of— 

Horny X waxy. Horny X self. 

a et 

° So Parent ear ea a Number of seeds. ° Number of seeds. 2 

pedigree No. o - 5 = : progeny. 3.)2|.|58 3.)2|. (23 
Self-polli- | Recipro-| _, | & |/8%| 3 | |2f| | S|3h| 8 | 4 lee 
natedg. |calcross.| & K as 5 ay | 3 ial os 5 + |e 

fo) [9] Oo 

BE fa er ate eo eee ean ce 

1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 18 | 14] 15 

Ear No. 1130, 
WHX Cx— 
Continued. 

ISS Seen es Allwaxy..-]..- do.. CEI SPAN PAYA ie ese) Ae ey ees sllecoenllosceo|lo65e-\|sc0--|lsa5-- 
1834S | eee Oi seeathe do.. a PAO Za TAPE OMe see clencoslleosea)s4o5-||s-25-||,-5-- 

Ce scos6cdlese OWocacee 1825... .- 503] 254) 251 Bisco! GbE paced lsessollecots lssocellbooceleecas 

WEB poo scollace doze S22 eee Zeya) Abel) MEE 2A) BEG ZOE oS Saliscanallecosallesooallbasscllao-a- 
IES P(e Air SO Ufere ee ey einl | eerste tate | ace ant cl] Sean 2 Se meg |e 41) 126) 135) — 9} 1.32] 23.3 

Totaly | ess sec er al eee 2,900|1, 483)1,450|— 17] .94) 49.5] 945) 235) 236] — 1} .14] 24.9 

Ear No. 1129, 
CH X WX: 

1794 ee i) liserseines| Hees SO SesG SESeee Isoses soare doocalbeosnilaseae 634) 172) 158} 14] 1.90) 27.1 

W95 sere None....- None 593 |26815 9276|— see ON 8275 | eer | eee are eee ete | eee | ele | 
IVR Sosae Selfs cee cb eae Se Sea Gos bee S| pee | 296) 66 74] — 8) 1.59) 22.3 

Ie aoe None... . - None 230} 117) 115 SAB!) ONC) eee Gees sacs Sacbsl|scasellaace 
7GSEe FS Kes Ui gee ars OS el eee oa Be ee. a elle sie 752) 194) 188 6| . 75] 26.2 

IV CMSB eas None....- 1764..... 510} 262) 255 TM eet [ica ae! PR el SS orisollbodaclosoos 
TSOOS STe) TEs ee eens Penne te Mea, eel Perera Tort ah ae 755| 191) 189 2) .25/ 25.3 

Totals Sooo s ee eet nem cee 1,293} 647] 647)..... 2.6 | 50. 0/2, 437] 623) 609 14) .97| 25.7 

Ear No. 1139, 
CH X WX: 

IRS 02 eee All waxy 1804..... 545] 260) 272! — 252) 478] ee eee eee a etre ie | creer eee | eee 

S390 Ss see doses eas None 415) 208) 207 Ul pe Cs Oe es eS eoallsenc et lscadcll>ooos 
1840....... SVE re 5) eee Syeda (iene PR Ee esol snes 308] 75) 77) — 2| .39) 24.3 

18435 eee All waxy.-}| None 537i) 2282126815 owt alete 95 2NG|be eee eee pees eens eee Bee 

1846 ence doxsess he do 621) 305) 310/559) 4942 |S ee eee cel sees | see | Seen eee 
1847....... Self see ees ie i EI a ee | | ee Tre 721| 155} 180) —25} 3.19) 21.5 

1849....... All waxy 1815... .. 581} 299) 290 (2) jet Le Wo} fetal by: 4 ee ee eile lS SM oe 

MS pa dosoollase dorset SIS 561] °9273|| 280|— aaa 8 7| 484i Se sce] lee | eee ees eee eee 
IGS. Sones Sees ee Ree SI TT aap A Sl INT Mee | 547| 126) 137) —11| 1.61] 23.0 

1854.22.22. All waxy USGS 2256 6141) 5 306))) 307 — aed ase 2/49 SS | rere | ern | er | 
Poh yeeross Selfss setae es Se ee es Cae Ce | pa ee | RR 563} 132} 141] — 9} 1.30} 23.5 

Rotalese | sees sPe ee oets| eee eepae 3, 874|1, 933/1,937|— 4] .19| 49.9/2,139| 488| 535] —47| 3.48] 22.8 

Total of the above four groups. - ./13, 027|6, 447|6, 513/— a 1.71} 49. 5|8, 177|1, 981|2, 044) —63) 2.40) 24.3 

The four groups in Table VII are the reciprocals of the four 
‘groups in Table VI. The first group in Table VI is WX X CH from 

ear No. 1129 and the first group in Table VII is WH X CX from the 

same ear. 

Since one parent was homozygous for waxy endosperm, it be- 
comes possible to test whether the same ratio of waxy to horny 
genes is found in the male gametes as in the female gametes of the 
heterozygous parent, 
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The percentage of waxy seeds in Table VI is the percentage of 
male gametes bearing this character, while the percentage of waxy 
seeds in Table VII is the percentage of female gametes bearing the 
waxy character. 

The difference between these reciprocal groups is very small, indi- 
cating that for the progeny of the hybrid Dh 237 there is little or 
no difference in the percentage of male and female gametes bearing 
waxy endosperm. 

The fact is further demonstrated when the individual groups are 
examined. Table VIII gives the percentage of waxy seeds for the 
four pairs of reciprocals, with the differences between them. 

Taste VIII.—J/nheritance of endosperm texture im the progeny of the two 
maize ears Nos. 1129 and 11380, by groups as shown in Table VI and their 
reciprocals as shown in Table VII. 

Percentage of waxy seeds. 

Progeny of— Nature of cross. D+E, 
Table VI Reciprocal “ 
group. cross. Difference. 

EMO OO! 22a, ES eects asics WX X CH......- 47.9+0. 64 50. 0-40. 94 2.1+41.14 1.85 
RNAS OMS So Same cbeccse ew eics|oeese GOs. - 22. ebece| 520052. - 63 49.94 .54 2.14 .83 2.53 
BaTIN OWI 29 ae oc cneseseaes ccs ODE XW «5 seee 51.5+1.00 49.1+ .68 2,141.21 1.73 
PIN OSUSOL - ae coecccecececs|sesss Owe... scemete 49.5+ .74 CO BES GOB Essuopapcasons Bee SDE Pees 

4a} 723 bs 3 ene INE MO Facies ga 49.9+ .36 49.54 .3 44 .47 ~85 

In the first instance the percentage of waxy seeds is lower when 
heterozygous plants were used as male parents, but in the next two 
pairs of reciprocals this condition was reversed, the percentage of 
waxy seeds being higher when heterozygous plants were used as the 
male parents. 

In none of the pairs of reciprocals was a significant difference 
found, so that the percentage of male and female gametes bearing 
waxy endosperm may be said to be alike for the progeny of the 
hybrid Dh 287. 

In this regard the progeny of the two hybrids differ. The progeny 
of the hybrid Dh 234 showed that a significant deficiency of male 
gametes bearing the waxy character occurred, while no such de- 
ficiency is found on the progeny of the hybrid Dh 237. 

CROSSES BETWEEN THE TWO HYBRIDS DH 234 AND DH 237. 

Three of the ears that were selected for planting were the result — 
of crossing the two hybrids Dh 234 and Dh 237. These ears are 
Nos. 1110, 1131, and 1134 (Table I). 

As only self-pollinated ears were secured from ear No. 1181, the 
progeny of this ear is discussed separately from the progenies of 
ears Nos. 1110 and 11384. 
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Ear No. 1181 had 22.9 per cent waxy seeds, while self-pollinated 
ears secured from the male and female parents had 24.2 and 23.3 
per cent waxy, respectively, as shown by the following diagram: — 

Pedigree No. 1132 (Table I), 23.3+1.2 per cert waxy 

Heped Drea 237 

<9. Pedigree No. 1131 (Table I), 22.9+1.2 per cent waxy. TN oe en ae EE ee ed ee 

faawadl Din eo 
Self. Pedigree No. 1117 (Table I), 24.24+1.2 per cent waxy. 

As can be seen from the diagram, neither of the parents of ear 
No. 1181 deviated from the expected 25 per cent by a larger per- 
centage than could be ascribed to chance, although both parents, as 
well as ear No. 1181, were below the expected percentage. 

As ear No. 1131 was:all colored, there were only two classes of 
seeds, horny and waxy. These were planted separately and self- 
fertilized by tubing (6). The waxy seeds when self-pollinated 
resulted in all waxy ears. Such ears, therefore, were not tabulated. 

HORNY. 

Four ears that were the result of self-pollinating horny plants 
were secured from the horny group. These ears are shown in 
Table IX. 
Two ears were above and two below the expected 25 per cent of 

waxy seeds. The deviation on all of these ears could be ascribed to 
chance. The four ears had a total of 1,055 seeds, with 24.3 per cent 
waxy, the deviation of 0.7 per cent being 0.74 times the probable error. 

TaBLeE 1X.—Inheritance of endosperm texture in ears Nos. 1898, 1894, 1895, and 
1897, the progeny of maize ear No. 1131, self-pollinated, the progeny of a 
cross between the hybrids Dh 234 and Dh 237. 

Number of seeds. 

Pedigree Dae Vereen tage 
c Expected +4 ‘ Total. Waxy. waxy. Deviation. 

oo ee EEE ee eee 

No, 1893..-.--------------- 337 94 84 10 1.61 27.9 

ae No, 1894...--.------------ 261 55 65 —10 1.83 Hil, ih 

Far No, 1895. .-.--------------- 33 11 8 3 1.55 30.0 

Ear No, 1897...--------------- 424 97 106 — 9 1.51 22.6 

MO bales seiaelecten iain = mi = 1, 055 257 264 —7 74 24.3 

There are two remaining ears that represent crosses between the 

two hybrids Dh 234 and Dh 237. These ears are Nos. 1110 and 1134 

(Table I), as shown by the following diagram: 
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Pedigree No. 1111 (Table I), 22.2+1.0 per cent waxy. 

Self 
Hybrid Dh 234 ( 

=e 

Hybrid Dh ost * 

Self. Pedigree No. 1132 (Table 1), | 23.3+1.2 per cent waxy. 

\ Pedigree No. 1110 (Table I), 27.5+1.1 per cent waxy. 

cf 

Pedigree No. 1133 (Table I), 24.6+1.0 per cent waxy. 
PMETUT ONY REMI MLD RATT a AUTOM, ATT 

Hybrid Dh 237 /5e# 
\-2- Pedigree No. 1134 (Table I), 16.3-+1.2 per cent waxy. 
aa Hybrid Dh 234,/— 

Self. Pedigree No. 1118 (Table I), 21.9+1.1 per cent waxy. 

Ear No. 1110 and the two self-pollinated ears secured from the 
parents are all approximations of the expected 25 per cent. This is 
not true of ear No. 1134. The diagram shows that the female parent 
of the self-pollinated ear No. 1134 was a close approximation to the 
expected 25 per cent, while the self-pollinated ear from the male parent 
was below the expected by 3.1 per cent, which is almost three times 
the probable error. Although both parents could reasonably be said 
to approximate the expected 25 per cent, ear No. 1134 is below the 
expected by 8.7 per cent, which is 6.1 times the probable error. 

There seems to be no very good explanation of this departure, 
either the female gametes selected male gametes bearing the horny 
endosperm or a differential death rate prevailed for the zygotes with 
waxy endosperm. 

There was no difference in the Rohner of the progeny of ears 
Nos. 1110 and 1134. The ears secured from self-pollinating plants 
grown from the horny seeds of No. 1134 bore 2,277 seeds, of which 
25.5 per cent were waxy, the deviation being less than the probable 
error. Only one ear of the five secured deviated in excess of three 
times the probable error, and that ear, No. 1923 (Table XI), was in 
excess of the expected. 

The 10 ears representing the progeny of ear No. 1134 that were ex- 
pected to have an equal number of waxy and horny seeds had 4,948 
seeds, with 49 per cent waxy. The deviation of 1 per cent is but 2.1 
times the probable error. The progeny of ear No. 1184 failed to 
throw any light on the observed deficiency of waxy seeds in the 
parent ear. 

The two ears, Nos. 1110 and 1134, that represent crosses between 
the two hybrids had but two classes of seeds, colored horny and 
colored waxy. These classes were planted Ae catcly: As no signifi- 
cant differences were found in the behavior of the progeny of He two 
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ears, they will be considered together. The ears secured from the 
progeny of Nos. 1110 and 1134 are shown in tables X and XI. The 
ears resulting from pollinating homozygous waxy plants with heter- 
ozygous horny plants are extremely variable. Five of the eleven 
ears deviated from the expected percentage in excess of three times 
the probable error. With the exception of the ears shown in Table 
X the remaining ears show no significant deviation. 

TABLE X.—IJnheritance of endosperm texture in 11 ears of maize, the waxy X 
horny progeny of ears Nos. 1110 and 1134, the progeny of crosses between hy- 
brids Dh 234 and Dh 237. 

Pedigree No, of— Number of seeds. 

Per- 
Parent ear and pedigree No. of D = £, | centage 

progeny. Self- Recip- Eecpected|sDevise Shing of 
polli- rocal Total, | Waxy. | ~*Pe° : waxy. 

natedg.| cross. waxy. | tion, 

1 2 3 4 5 6 q 8 9 

Ear No. 1110: 
TRIS Wits AE ee areca ae 187SSesee VS Tiere 525 239 262 | — 23 2.97 45.6 
S60 Resse oats poreconaed Ne Bscode 1874..... 649 289 324) — 35 4.07 44.6 
TUTTE Se a Se a eS oe None. IBYAlsGooc 450 204 225 | — 21 2.93 45.4 
TRSTa RSs oa A ea ei () None... 679 306 339 | — 33 3.76 45.0 
TE eee NS SO ee eee 87a seeee --do 739 380 369 11 i? 51.4 

ANON Seat NS I SN eset (ts RG erate Le eae scyrse 3,042 | 1,418 1,521 | —103 5.5 46.6 

Ear No, 1134: 
ROSE AE RL MORI ey moe ott None....| None 516 237 258 | — 21 2.74 45.9 
TSO (OS Set UES oe a ae 19D Tee 1920 S2eee 572 261 286 — 25 3.10 45.6 
1902 ss Sse ee SS a See OTS Ses LO (eu eee 765 415 382 33 3.53 54.3 
TOY NY A A pe a res ne None 443 219 221) — 2 28 49.5 
ASOT Na re fs ne ME O23 ake 1920 eee 315 158 157 1 17 50.1 
1909 ce chee se ea es ICS aged 1924..... 485 217 242 — 25 3.36 44.7 

Mo tales ee ues cehn al hw ele aille AN Soe aie 3,096 | 1,507 1,548] — 41] 2.19 48.7 

Total ofabove two groups |-:--.--.--|---------- 6,188 | 2,925 3,069 | —144 aS 47,7 

The two groups in Table XI are the reciprocals of the two groups 
in Table X and since one parent is homozygous for waxy endosperm 
it is again possible to determine whether a difference exists in the 
percentage of male and female gametes bearing the waxy endosperm. 

The ears in Table X show the proportion of waxy to horny endo- 
sperm in the male gametes, while the ears in Table XI show the 
proportion of waxy to horny endosperm in the female gametes. 
Table XII shows the differences observed in the reciprocal groups. 

Table XII shows that a difference exists between the male and 
female gametes in the proportion of gametes bearing waxy endo- 
sperm, the male gametes bearing the waxy character being deficient. 
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TasrE XI.—Jnheritance of endosperm texture in eight ears of the horny X 
wary and eight ears of the horny X self progeny of the two maize ears Nos. 
1110 and 1134, the progeny of crosses between hybrids Dh 2384 and Dh 287. 

[Lines bracketed together indicate ears borne on the same plant. ] 

Pedigree No. of— 

Parent ear and 
pedigree No. 
of progeny. 

Horny X waxy. Horny self. 

= oH 

Number of seeds. © Number of seeds. ©) 
oO oO 

z a0 ,° 5 teva) B b é4 B/S]. (28 ge/ Ela [Bs 
a8 BISH#| @ | A JoF] a b> 18kl @ | | ge 
io a S| 6 + 12 8 a S| + / 8 
os Ss SE © 5 o Ss es © 5 
as Sisley ey Wer aver SS Nepal vey eer les 

8 9 | 10} 11 | 12 | 18 | 14 | 15 | 
Re) eee eed eo na i enn 

716} 151] 179) —28} 8.1 | 21.1 
2.13) 53,4 

226) 212) 14) 2.01) 53.3).....].....|...--]-.-.-|-.---]----- 
as6co|ladcca|lscccallcodadllacsea 496} 122) 124) — 2) .26] 24.6 

250} 226) 24) 3.24! 55.3].....|....-]-----]-----]-----|---26 
closteedcede|sasasdboscq|loocodooscc)sooogladséc 5} 93) = 86 7| 1.16) 27.0 

e 

254) 279) —25] 3.13) 45.4). ole eco | ce ec|incece|ensne 
dieses socec|lasscoallsoade|odscd|locbsallossha|isondc 19} 133} 130 3| 1.5 | 25.6 

Pate) PANO SS 4 68) COC eee celisoaaaloGoce| Gases|iquscs 
a|noosorseee|ecossdoseodfescod||[soasc|bose4}locs50 399) 128} 100) 23) 3.41) 30.8 

208) 207 I) oi BUG cocsallbooedleocedliedcodlacé=sllesods 
q|sosccodosd Sac6cd[sooce|oossdlocada|lsedoe[besas 457; 110) 114) — 4) .55) 24.1 

alosetesace|lsosscallbboodllsocodllestadlesesellsacce 557) 121) 189) —18) 2.25} 21.7 

1,847} 920] 923) — 3) .27| 49.8/2,277) 580} 569) 11) .68} 25.5 

, 4511, 433) 18) 1.0 | 50.7/3,625) 881) 856) 25) 1.42) 24.3 

Tapte XII.—Jnheritance of endosperm texture in the progeny of the two maize 
ears Nos. 1110 and 1184, by groups as shown in Table X and their reciprocals 
as shown in Table XI. 

Progeny of— 

Man WO, W110! 4. 2h. ai. 
Uo TCs 2 ES ee 

Percentage of waxy seeds. 

Nature of cross, 
Table X Reciprocal | pisrence, | D +E group. cross, 

PAS CMET 8 2 fos ose 46.6+-0.61 52.2+1.0 5.641. 27 4.4 
AB Foie (Oot ROBE Doe 48.7+ .61 49.84 #79 1,141.18 ot) 

3.9 Voale/afeleis'ninse'ela'n eels] 47.74 .43 50.7+ .63 3.0+ .76 

Fourteen self-pollinated ears were also obtained from these same 
horny plants. With these data it is not only possible to determine 
whether a difference exists between the male and female gametes, in 
the proportion of gametes bearing the waxy character, but also to 
compare the relation of the percentage of waxy seeds on the self- 
pollinated ear from the heterozygous parent with the percentage of 
male gametes bearing the waxy character, as indicated by the per- 
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centage of waxy seeds on ears that result from crossing homozy- 
gous waxy plants with heterozygous horny plants. 

These 14 ears are shown in Table XIII. Column 1 of the table 
gives the pedigree numbers of the ears borne on the homozygous 
waxy plants pollinated by heterozygous horny plants. Column 2 

gives the percentage of waxy seeds observed on these cars. Column 
3 gives the pedigree number of the reciprocal ears of those shown in 
column 1. The ears shown in column 3 were borne on heterozygous 
horny plants, the result of pollen from homozygous waxy plants. 
Column 4 gives the percentages of waxy seeds on the ears shown 
in column 38. Column 5 gives the difference in percentage of’ waxy 
seeds between the reciprocal ears. A minus sign is used in this 
column to indicate the ears that had a higher percentage of waxy 
seeds when the male parent was heterozygous horny than when the 
male parent was heterozygous waxy. Column 6 gives the number of 
times the difference observed exceeds the probable error. Column 
7 gives the pedigree number of the ears which resulted from self- 
pollinating the heterozygous horny plants which bore the ears shown 
in column 3. Column 8 gives the percentage of waxy seeds observed 
on the ears shown in column 7, and column 9 shows the percentage 
of waxy seeds expected from the gamete classes of the parents in 
columns 2 and 4. Column 10 gives the number of times the deviation 

of the percentages in column 8 from the expected 25 per cent exceeds 
the probable error. 

Taste XIII.—IJnheritance of endosperm texture in 14 ears of maize. the 
reciprocal crosses between homozygous waxy and heterozygous horny plants.. 

Waxy X horny. Horny X waxy. Horny X self. 

Percentage 
Per- . Per- 5 of waxy 

Pedi- . . Pedi- 
: cent- cent- | Difference in és 5 

Pedigree No. age of No, age of | reciprocal. | D+=- Ro, D+E. 
waxy. * | waxy. * | Obser-| Ex- 

ved. | pected 

1 2 3 4 5 6 i 8 9 10 

44.8 1643 51.4 6.6+2.1 3.1 1644 25.5 2B) 0. 42 
49.1 1632 50.0 943.7 24 1633 24.5 24.5 19 
41.7 1604 51.4 9.7+3.9 2.48 1605 20.0 21.5 1.97 
48.8 1617 52.6 3.8+2.2 1:72 1618 32.0 25.6 3.41 
50. 2 1619 50.0 | —.2+2.1 | —.09 1620 24.1 Zone . 68 

60. 8 1621 54.9 | —5.94+2.3 | —2. 26 1622 28.5 33. 4 1.44 
49.4 1611 52.6 3.2+41.8 1.81 1612 31.1 26.0 4.40 
50.9 1686 53.5 2.6+2.4 1.07 1687 25.6 2.2 .o7 
45.6 1877 53:13 7.7+2.2 3.50 1878 24.6 24.3 . 60 
44.6 1874 51.8 7.24:3.2 2.29 1875 21.4 23. 2 3.00 

45.6 1920 45.4 — .242.5 | —.08 1921 25.6 21.0 -d0 
45.6 1917 55.3 9.7+2.0 4.86 1918 27.0 25. 2 1.16 
50. 2 1922 49.4 8+2.5 — .28 1923 30.8 24.8 3.41 
44.7 1924 50. 6 5.92.2 2. 63 1925 24.1 22.6 Ae 

4584 ii oS 51.5 2.74.61 4.44}... 25.5 Py. 1k iE? / 

Total 9 excess...| 48.0 |........ Bo! 4i| (yl ea eGo nee 25.6] 25.2| 1.38 
Total f excess...| 50.6 |....---- 49. 4 TP zea, Tl TROOU Sse em 27.0 25.0 2. 69 
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DIFFERENCES IN RECIPROCALS. 

Tt would appear from differences in the behavior of reciprocals in 
the progeny of Dh 234 and also in the progeny of crosses between 
the two hybrids that in the descendants of certain ears there is a 
significant deficiency of male gametes bearing the waxy character. 
This deficiency may be due to a differential death rate, a lack of 
vigor resulting in a slower growth of the pollen tube, or an unequal 
formation of gametes bearing waxy endosperm. 

The difference observed is not of sufficient magnitude to account 
for the deficiency of waxy seeds in the perjugate generation of 
waxy X horny hybrids. There is evidence to show that the de- 
ficiency of waxy seeds observed in the perjugate generation of 
waxy X horny hybrids is not entirely due to tnis deficiency of 
effective male gametes bearing the waxy character. There were 
14 pairs of reciprocal crosses between identical plants. One 
parent of these 28 ears was homozygous for waxy, the other parent 

was homozygous for horny endosperm. 
Of the 14 ears shown in Table XIII, 10 indicate a difference be- 

tween the male and female gametes in the percentage of gametes 
bearing the waxy character. In 9 of these 10 pairs the proportion 
of male gametes bearing the waxy character was below the expected 
percentage and the proportion of female gametes was above the 
expected, indicating that the difference between the male and female 
gametes was not only due to a deficiency of male gametes bearing 
waxy endosperm but also to an excess of female gametes bearing 
waxy endosperm. 

The total for the 14 pairs of reciprocals shows a difference of 2.7 
per cent between the male and female gametes in the number of 
gametes bearing the waxy character. A difference of this magnitude 
would be expected to occur as the result of chance but once in over 300 

times. Ten of the 14 pairs show the percentage of male gametes 
bearing the waxy character to be lower than the percentage of female 
gametes bearing this character. 

While the totals show dependable differences, there is but one case 
where the individual reciprocals differ by a significant amount. Nos. 
1902 and 1917 differ by 9.72.0, which is 4.86 times the probable error. 
The relations of the ears of this last pair are shown in figure 3. The 
difference in this case is due to both the male and female gametes. 
There is a deficiency of 4.4 per cent in the proportion of male gametes 
with waxy endosperm, while there is an excess of 5.53 per cent of 
female gametes bearing waxy endosperm. 

Self-pollinating such an ear would be expected to result in an ear 
with 25.2 per cent waxy. Ear No. 1918, which is the result of self- 
pollinating the above heterozygous horny plant, had 27.0 per cent 
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waxy, the deviation of 1.8 per cent from 25.2 per cent being no larger 
than could be ascribed to chance. ‘As long as the deficiency in any 
class of gametes in one sex is made up in the other sex, the discrep- - 
ancy would have to be relatively large before it could be detected in 
self-pollinated progeny. In an ear of 600 seeds, the deviation above 
and below 50 per cent would need to be as much as 38 per cent. 

Summing up the inheritance of waxy endosperm for the third gen- 
eration of the hybrids Dh 234 and Dh 287 and the crosses between 
them, we have 57 ears that are expected to have 25 per cent of the 
seeds waxy. The observed percentage for the total of 25,329 seeds is 
24.6 per cent. The deviation from 25 per cent is 2.09 times the prob- 
able error. . 

Fed, 1902 V1 77 AE 
Fic. 3.—Diagram showing the relations of ears Nos. 1902, 1917, and 1918. 

The second-generation ears of these bybrids, together with 45 ears 
previously published (7), determined the percentage of waxy seeds 
to be 23.7 per cent. The difference between the second and third 
generation ears is 0.9-+-0.21 per cent, which would be expected as the 
result of chance once in 142 times. 

There were seven groups of ears that made up the total of 25,329 
seeds (Table XTIT). Of these seven groups, five were below and two 
above 25 per cent. From this we may conclude that the percentage 
of waxy seeds for the third generation of the hybrids was signifi- 
cantly below 25 per cent, but even with the 25,000 seeds involved, it is 
not possible to determine whether the percentage observed is approxi- 
mating 23.7 per cent, the mean percentage found for the second- 
generation ears. 

There are 131 ears of the third generation that are expected to 
have equal proportions of waxy and horny seeds (Table XIV). The 
131 ears had 57,851 seeds, of which 49.8 per cent were waxy. The 
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deviation of this percentage from 50 per cent is insignificant. The 
percentage of waxy seeds has been determined as 23.9 per cent for 
the 198 ears expected to have 25 per cent of the seeds waxy. 

The proportion of gametes bearing the waxy character to the 
gametes bearing the horny character necessary to account for 23.9 
per cent of waxy seeds on self-pollinated ears is 48.9 to 51.1. 

The 131 ears on this basis are expected to have 48.9 per cent of 
waxy seeds. The deviation of the observed from this percentage 
would be expected to occur as the result of chance once in 25,000 
times. 

TABLE XIV.—J/nheritance of endosperm texture in all the maize ears. 

Ears EXPECTED TO HAVE 50 PER CENT OF THE SEEDS WAXY. 

Number of pape: Number of seeds. 

Per- 

Nature of cross. D+E. cent- 
Ob- Below Ex- Devise age of 

served.|_&%-. | Total» | Waxy. | pected | 44° WEBS 
5 “| pected. / waxy. B 

Pepeuny o of hybrid Dh 234: 
PrNGy L009 Ss a5 Bane ae sts 40 15 16, 428 8, 308 8, 215 88 2.03 50. 6 

Dpe yey 1 GU eae ae 26 12 10, 601 5,316 5,300 16 -46 50.1 
Progeny of hybrid Dh 237: 

Bir iNG videos es se 22 12 10, 065 4,942 5,031 |] — 89 2. 60 49.0 
TORTS ISG Re 2 ee ne eee 24 13 11,753 5, 902 5, 876 26 a ffi 50. 2 

Progeny of crosses between hy- 
brids Dh 234 and Dh 237: 
TIN OSebiiO eS eo tee! See 9 5 4,061 1,949 2,030 | — 81 3.76 48.0 
iar Wold S4 oe kk 10 6 4,943 | 2497 | 2.471] — 44] 1.85 49.0 

ASF Oe 2 ee Se 131 63 57,853 | 28,839 | 28,925 | — 86 1.05 49.8 

EARS EXPECTED TO HAVE 25 PER CENT OF THE SEEDS WAXY. 

Second generation ears (Table I): 
eg padi 234... aes. 54 36 30, 571 7,309 7,643 | — 334 7.5 23.9 
Eby brid! Dh’ 237 = 22h. 42 28 24, 188 5,779 6,047 | — 268 5.90 23.9 

Prey cache iE) 00) 4 20 aa eee 45 29 22, 339 5,179 5,585 | — 406 9. 24 23.1 

SEAT Sea a ae er eae 141 93 77,098 | 18,267 | 19,274 | —1,007 | 12.4 23.7 

Progeny of hybrid Dh 234: pe a 
AL MO ADOGE De) ESS 28352 18 8 7,516 1, 891 1,879 12 47 25.2 

EUS Tad SY) 9a ly Se ea 10 7 4,956 1, 223 1,239} — 16 . 67 24.6 
Progeny of cross between hy- 

brids Dh 234 and Dh 237: é 

Mar Movi ye 2088 oe 3! 3 3 1,348 301 337 | — 36 2.91 22.3 
Progeny of hybrid Dh 237: 

PANO! 1120. 45252 2225-2 11 6 5, 093 1, 258 1,273 | — 15 . 62 24.7 
MALING: 1150... - 2225-29. 6 5 3, 084 725 771) — 46 2. 84 23.5 

Progeny of cross between hy- i 
brids Dh 237 and Dh 234: 
ATMO 010 5.252 ose | 4 2 1,055 257 264 | — 7 74 24.3 
ear NOs bos oe 5o2 th Shee, 5 2 2,217 580 569 11 - 68 25.5 

Total for third-generation | 
Ly Pa: a ne bd Se a 57 33 25, 329 6, 235 6,332} — 97 2.09 24.6 

Total for both second and 
third generation ears...| 198 126 102,427 | 24,502 | 25,607 | — 105 11. 82 23.9 

SUMMARY OF THE INHERITANCE OF WAXY ENDOSPERM. 

A large amount of data has been secured that confirms previous 

observations on the inheritance of the waxy endosperm which had 
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been found to reappear in deficient numbers in the perjugate genera- 
tion of crosses with horny and with sweet varieties of maize. 
By adding all of the ears expected to have 25 per cent of the seeds 

waxy, including the 45 ears previously reported (7), there are 198 
ears having 102,427 seeds. The mean percentage of waxy seeds is 
93.9 and the deviation of 1.1 per cent would be expected to occur as 
the result of chance but once in 10 raised to the fifteenth power. « 

This deviation though apparently small is certainly too large to be 
attributed to chance. The apparently slight deviation from 25 per 
cent and the large number of individuals necessary to establish the 
significance of such small deviations suggest the possibility that such 
departures may not be uncommon for other character pairs which 
have not been subjected to such an exhaustive test. 

Although the observed deviation could not reasonably be expected 
to occur as the result of chance, all of the individuals do not approxi- 
mate the mean percentage of the whole. An analysis of the “ good- 
ness of fit” of the individual ears to their observed mean by the use 
of the method proposed by Yule (16) showed that the individual 
plants did not form a single homogeneous group with a mean per- 
centage of waxy seeds below 25 per cent, but that many of the in- 
dividual ears could not be considered as merely chance deviations. 

Thus in hybrids between waxy and horny individuals the mean 
percentage of waxy seeds reappearing in the perjugate generation 
is below the expected 25 per cent by an amount too large to be due 
to chance. The differences between individual plants with respect to 
this character are also too large to be due to chance. 

Reciprocal crosses clearly indicated that in some cases the per- 
centage of male gametes bearing the waxy character was below that 
expected. It has not been possible thus far to determine whether 
this observed deficiency is due to a higher death rate, reduced vigor, 

-or a failure of equal segregation. 
The deficiency of waxy seeds can not be due to a fractionation of 

this character, since such a fractionation could not result in horny 
seeds but should give seeds that were neither horny nor waxy. 

INHERITANCE OF ALEURONE COLOR. 

The crosses made between the white waxy Chinese variety and 
the colored pop variety also produced excellent material .for the 
study of aleurone color. The results in a very striking manner con- , 
form to the Mendelian proportions expected in monohybrid and 
dihybrid ratios. 

In many crosses involving aleurone color the inheritance is blended 
rather than alternative, and classification is more or less arbitrary. 
In the Algeria & Chinese hybrids the classes were exceptionally good, 
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especially in the second generation, no ears difficult of classification 
being found. 

In the third generation, however, this crisp difference partially 
disappeared. Several ears were found that were so minutely spotted 
that an accurate classification was impossible and therefore not under- 
taken. The deviations in the individual ears were also somewhat 
wider, a few being found that could not be considered as approxima- 

tions of any Mendelian ratio founded on reasonable assumptions. 
In presenting the results obtained, all possible precautions have 

been taken to eliminate personal error. There is always room for 
a slight difference of opinion in the classification of aleurone color, 
owing to the fact that some persons detect color where others fail. 
The chief object of the investigation being to study the correla- 

tion between aleurone color and endosperm texture, it was desirable 
to reduce all unnecessary complications. For this reason, only ears 
that had definitely alternative classes were considered. The conclu- 
sions, therefore, are based on ears that had very distinct classes, 
eliminating the chance that aberrant ratios were due to inability to 
properly classify the seeds. Without doubt much could be learned 
from a careful study of the inheritance of aleurone color in the 
ears that did not have definitely alternative classes. This bulletin 
therefore does not present a complete study of aleurone color, since 
only a part of the material was analyzed. It is believed that the 
results do afford an accurate measure of the percentage of white 
seeds segregating from white < colored crosses on ears with distinct 
classes. 
The number of individuals classified is believed to be larger than 

in any previous experiment with aleurone color. The numerical 
equality of the two classes of gametes at segregation has consequently 
been subjected to a more searching test. 

Since faintly colored ears were discarded, it is not surprising that 
the inheritance of aleurone color for these hybrids admits of com- 
paratively simple explanation. That two factors are concerned in 
the production of aleurone color is clearly indicated by these two 
hybrids. Most of the ears require an explanation no more compli- 
cated, but with the partial results of the season of 1914, all the ears 
of which are not at present completely classified, a third factor be- 
comes necessary, with a possible fourth. 

It can easily be seen that many complications are to be expected 

from the recombination of these factors; hence, this phase of the 
problem is just touched upon in this bulletin. That these com- 
plications eventually arise in the study of aleurone color, as with 
many other characters, certainly limits the general application of 
Mendelian explanations, but should not conceal the fact that Mende- 
lian segregation does occur with respect to aleurone color and that the 
numerical relations are wonderfully exact, 
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GAMETIC COMPOSITION OF THE TWO HYBRIDS DH 234 AND DH 237. 

The percentage of white seeds obtained in the second generation 
of the hybrid Dh 234 showed that the aleurone color of this hybrid 
was behaving as a unit character, all the ears approximating 25 per ~ 
cent white. The second-generation plants of the hybrid Dh 237 fell 
into two main groups, approximately half of the plants having a 
monohybrid and the other half a dihybrid ratio of white to colored 
seeds, 
When the two hybrids were crossed, two classes of ears resulted— 

one group all colored, the other group having the monohybrid ratio 
of white to colored seeds. To explain these phenomena, it becomes 
necessary to assume that aleurone color is the result of two factors. 
The hybrid Dh 234, all the plants of which, when self-pollinated or 
crossed with sister plants, resulted in ears with a monohybrid ratio 
of white to colored seeds, must have been homozygous for one color 
factor and heterozygous for the other. The plants of Dh 237 which 
when self-pollinated produced ears with a monohybrid ratio of white 
seeds were also heterozygous for one color factor and homozygous for 
the other. 

Crosses between plants of this type with plants of the hybrid Dh 
234 resulted in ears all the seeds of which were colored, indicating 
that the factor homozygous in Dh 234 was heterozygous in Dh 237. 
Since one-half of the plants of the hybrid Dh 237 when self-polli- 
nated or crossed with sister plants produced ears with a dihybrid 
ratio of white and colored seeds, these plants must be heterozygous 
for both color factors. Crosses between plants of this nature and 
plants of the hybrid Dh 234 resulted in ears with a monohybrid ratio 
of white to colored seeds. 

Tt will be recalled that self-pollinating plants of the hybrid Dh 
237 resulted in two approximately equal classes of ears, one with a 
monohybrid ratio of white to colored seeds and one with a dihybrid - 
ratio of white to colored seeds. The hybrid Dh 234 when self- 
pollinated produced only ears with a monohybrid ratio, but when 
crossed with plants of the hybrid Dh 237 two classes of ears again 
resulted, one class having all the seeds colored, while an equal 
number had a monohybrid ratio of white to colored seeds. 

To explain the two classes of ears resulting from self-pollinating 
first-generation plants of the hybrid Dh 237 and at the same time 
to explain the results obtained when first-generation plants of the 
hybrid Dh 237 were crossed with first-generation plants of the hy- 
brid Dh 234, it is necessary to assume somewhat involved gametic 
formule. 

It is assumed that in the first cross (Dh 237) the Chinese parent 
had the gametic combination cR cR and the Algeria CR Cr, where 
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C and # are the presence of color factors and cr their absence, both 
C and R being necessary to produce color. Were this true, wherever 
cR fertilized CR a colored seed would result, and this seed when 
planted would make the gametes CR and ch, which would give a 
ratio of 3 colored to 1 white, when self-pollinated. 
Wherever cP fertilized Cr, a colored seed would result, which when 

planted would make four kinds of gametes as follows: CR, Cr, ck, 
and er. Self-pollinating such a plant would result in an ear with 9 
colored to 7 white seeds. 

In the second cross (Dh 234) it is assumed that the Chinese parent 
had the gametic composition of Cr Cr, while the Algeria parent had 
the gametic combination of CR CR. Wherever Cr fertilized CR, a — 
colored seed would result, which when planted would make the 
gametes CH and Cr. Such a plant when self-pollinated would give 
3 colored seeds to 1 white. As all the seeds of the hybrid Dh 234 
have the combination CC Rr, nothing but 3 to 1 ratios could result 
from self-potlnating any of the plants of this hybrid. 
When the combination CR Cr is pollinated with the other hybrid 

combination of CF cR, an all-colored ear would be the result, but when 
the combination of Dh 234 CR Cr is pollinated by the other combi- 
nation of Dh 237, CR, Cr, cP, or cr, an ear having 3 colored seeds 
to 1 white would be the result. This fulfills the observed conditions. 
Whenever an Algeria plant with the gametic composition CR Cr is 
self-pollinated, there should result an ear with 3 colored seeds to 1 
white. Nothing but all-colored ears have been obtained as a result, 
of self-pollinating Algeria plants, but there have not been more 
than 10 or 12 self-pollinated Algeria plants, so that the failure to 
obtain an ear with 3 colored seeds to 1 white calls for no comment. 
Two other crosses described below do afford evidence, however, that 
Chinese plants of the gametic composition ce? cP and Algeria plants 
with the composition CR Cr do occur. On the other hand, whenever 
a Chinese plant producing Cv gametes was pollinated with Chinese 
producing c# gametes an all-colored ear should result. We have 
never obtained any colored seed in crosses between two plants of 
white Chinese, although a large number of such crosses have been 
made, a fact which makes necessary the further assumption that 
plants with the gametic formula ascribed to one of the Chinese par- 
ent plants must be rare. 

An F, plant of the hybrid Dh 284 was fertilized with pollen from 
a white waxy Chinese plant; the resulting ear was all colored. A 
second ear on the Chinese plant was self-pollinated and was all 
white, while a second ear on the hybrid Dh 234 was self-pollinated, 
producing 26 per cent white. These results accord with the idea 

89356°—19-——_-3 
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that the Chinese plant was producing gametes ch ch. The cross is 
shown by the following diagram: 

all white waxy (observed). 

Self 
Chinese cR WA i 

Neg 
\all colored (observed). 

Hybrid Dh 234 CR, Ops 

Self, 25 per cent white (observed 26 per cent). 

An F, plant of the hybrid Dh 237 was pollinated with Chinese, 
and the resulting ear had 54.1 per cent white, while a second ear of 
the Dh 237 plant, when self-pollinated, had 25.2 per cent white. As 
Dh 237 segregating 3 colored seeds to 1 white, when self-pollinated, 
has been assumed to have the composition CR ch, a Chinese plant 
producing only c# gametes would be expected to give 50 per cent 
white when crossed with Dh 2387 segregating 3 colored to 1 white, 

as in the following diagram: 

Chinese cR 

Pines per cent white (observed 54.17 per cent). 

= 
Hybrid Dh 237 CR, cR G 

Beli 25 per cent white (observed 25.2 per cent). 

COMPOSITION IN THE SECOND GENERATION OF THE HYBRID 
DH 234. 

The hybrid Dh 234 had 46 ears, which were obtained from 31 
plants, many plants having two ears. Of these 46 ears, 25 were the 
result of self-pollination, 12 were the result of fertilization by sister. 
plants of the same hybrid, and 9 were the result of pollinating the 
hybrid Dh 234 with pollen from the hybrid Dh 237. There ap- 
peared to be no difference among these three groups as to the per- 
centage of seeds with colored aleurone, so that they were all tabulated 
together and arranged numerically by pedigree numbers. Two ears 
from a single plant are indicated by a bracket inclosing the pedigree 
numbers of the ears. 

The 46 ears are shown in Table XV. The total number of seeds 
for these ears is 26,3838, with 25.8 per cent white, the expected being 
25 per cent, a deviation of 0.8 per cent, which is 4.45 times the prob- 
able error. The individual ears ranged from 21.4 per cent white to 
30.9 per cent white, making a continuous series. Five of the ears 
deviated above the expected in percentage by an excess of three times 
the probable error, two of these deviating by four times the probable 
error. Of the 46 ears,:30 had white seeds in excess of the expected 
number, 13 below the expected percentage, and 3 were exactly 25 
per cent white. 
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TABLE XV.—Jnheritance of aleurone color in 46 maize ears, the second-genera- 
tion progeny of the hybrid Dh 234, Chinese variety X Algeria. 

[Lines bracketed together in pairs indicate ears borne on the same plant; ears selected for planting are 
designated by an asterisk (*).] 

Pedigree No. of— Number of seeds. 

Self- 
Progeny ear. pollinated g 

Total. 

657 
599 

533 
517 
272 

573 
609 

690 

691 
402 

747 

733 
643 

428 
508 

322 
564 

623 
414 

655 
687 

555 

510 
605 

571 

773 
212 

614 
334 

676 
659 

707 
679 

492 
592 

609 
626 

679 
631 

515 
570 

417 

800 
633 

479 
578 

26, 383 

White. 

165 
172 

165 
148 
68 

151 
177 

178 

196 
113 

192 

215 
168 

112 
134 

87 
144 

174 
117 

182 
191 

141 

130 
156 

133 

189 
53 

148 
87 

182 
176 

158 
175 

127 
148 

156 
138 

161 
135 

114 
131 

109 

196 
145 

138 
132 

6, 807 

Expected 
white. 

164 
149 

133 
129 
68 

6, 596 

Percent- 
D+E. age of 

white. 

Clee 

p99 

eb 

ee 
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The deviation of 4.45 times the probable error above the expected 
percentage for the total number of seeds, together with the large 
proportion of ears having an excess of white seeds, indicates a rather 
definite tendency toward a higher percentage of the recessive class 
than that called for by the Mendelian theory. 

The inclination is to attribute such a small variation to a failure 
to properly classify the seeds, so that some faintly colored seeds were 
being included with the white seeds. The number of individuals 
necessary to detect such a slight error would be very large, so that 
the number of second-generation ears obtained is not sufficient to 
shed light on this matter. 

COMPOSITION IN THE SECOND GENERATION OF THE HYBRID 
DH 237. 

An examination of the zygotic formule for the hybrid Dh 237 will 
show that two equal groups of plants are to be expected in this 
hybrid—one group homozygous for the color factor # and heterozy- 
gous for the factor C, the other group being heterozygous for both 
of these factors. Representatives of both groups were obtained, 8 
plants exhibiting a dihybrid and 19 plants a monohybrid ratio of 
white to colored seeds. Although these two ratios were expected in 
equal numbers, the deviation of 5 plants below the expected for the 
dihybrid ratio may be looked upon as a chance fluctuation. 

In tabulating the plants, only 23 are shown in Tables XVI and ° 
XVII, as four plants, owing to the nature of the pollinations, pro- 
duced all-colored ears only and were not tabulated. It will be re- 
called that all of the plants of the hybrid Dh 234 were alike in that 
they were homozygous for the factor @ and heterozygous for the 
factor f. 
. Two groups of ears are to be expected in crossing these two hy- 
brids: One group all colored, the result of crossing the plants of 
Dh 237 constituted cC RR with Dh 234 CC Rr; the other group with 
a monohybrid ratio of white to colored seeds, the result of crossing 
plants of Dh 237 constituted Ce Rr with Dh 234 CO Rr. In both 
cases self-pollinating plants of the hybrid Dh 234 show ears with a 
monohybrid ratio. In the first instance self-pollinated plants of the 
hybrid Dh 237 should also result in ears with monohybrid ratios and 
in the second instance in dihybrid ratios of white to colored seeds. » 

With this expectation it becomes possible to separate the plants of 
the hybrid Dh 237 when they were both crossed with the hybrid Dh 
234 into two classes, one of which contains plants heterozygous for 
two color factors and the other with plants homozygous for one and 
heterozygous for the other factor. 

Only four plants of the progeny of the hybrid Dh 237 were ob- 
served to have a dihybrid ratio of white to colored seeds. These are 
shown in Table XVII, However, an examination of Table XVI re- 
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veals the fact that eight plants were the result of crossing the hybrids 
Dh 237 and Dh 234. Since these eight plants resulted in ears with a 
monohybrid ratio of white to colored seeds, we must conclude from 
the gametic formula that had they been self-pollinated they would 
have given dihybrid ratios. 

The four ears shown in Table XVII are the result of self-pollinat- 
ing second ears borne on four of the eight plants just discussed. 
The plants which as the result of self-pollination produced ears Nos. 
1132, 11383, 1721, 1741, 1748, and 1745 in Table XVI also produced 
second ears, the result of crossing Dh 237 with Dh 234. These latter 
ears were all colored. 

Twenty-nine ears were borne on first-generation plants of the hy- 
brid Dh 237 that may be compared with the monohybrid ratio of 
3 colored to 1 white. As has been said before, some of these ears are 
self-pollinated, some are crosses between sister plants, and some are 
crosses between the hybrids Dh 237 and Dh 234. In this latter cross 
only plants of the hybrid Dh 237 that were heterozygous for two 
color factors would give a monohybrid ratio of white to colored seeds 
when: crossed with the hybrid Dh 2384. 

Tt may not be immediately apparent that crosses between two 
groups of plants which when self-pollinated produce ears with 48.75 
and 25 per cent, respectively, will give ears with 25 per cent white. 
A consideration of the gametic formule shows, however, that this is 
according to expectation. All crosses with this hybrid that resulted 
in other than all-colored ears approximated 25 per cent white and 
were therefore included with the self-pollinated and pure-seeded ears 
in Table XVI. 

The 29 ears in Table XVI had a total of 16,947 seeds, with 25.4 per 
cent white, the deviation of 0.4 per cent in this case being only 1.84 
times the probable error. Two of the ears deviated in excess of 
three times the probable error, both of these being above the ex- 
pected percentage. The ears ranged from 21.6 per cent white to 
28.7 per cent white, forming a well-connected series, and since the 
range is within four times the probable error, these ears may all be 
looked upon as deviations from the theoretical 25 per cent. This reg- 
ularity is an exception to that encountered among most of our pre- 
vious hybrids and provides an excellent opportunity to study the 
correlation between endosperm texture and aleurone color in crosses 
where the percentage of white to colored seeds is behaving in a regu- 
lar manner. 

The four ears resulting from self-pollinating plants of the hybrid 
Dh 237 that were heterozygous for two factors for color are shown in 
Table XVII. These four ears had a total of 2,477 seeds, with 43.3 
per cent white. The deviation of 0.45 per cent from the expected 
percentage is less than the probable error. One ear, No. 1726, was 
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shghtly over 5 per cent in excess of the expected, the deviation in this 
case exceeding the probable error by 3.5 times. Another ear, No. 1747, 
was below the expected percentage by 3.3 times the probable error. 

TABLE XVI.—Inheritance of aleurone color in 29 maize ears, the second-genera- 
tion progeny of the hybrid Dh 237, Algeria X Chinese variety (monohybrid). 

(Lines bracketed together in pairs indicate ears borne on the same plant; ears selected for planting are des- 
ignated by an asterisk (*); ears borne on plants which when self-pollinated proved to be heterozygous 
for two color factors are indicated by a dagger (+); ears borne on plants which had they been self-polli- 
nated would have proved to be heterozygous for two color factors are indicated by a double dagger (4).] 

Pedigree No. of— Number of seeds. 

Percent- 

Self-polli Expect- | Devi te white elf-polli- . xpect- evia- waite. 
Progeny ear. nated 3. Total. | White. ed white.| tion. 

NEP P Ae Sia ah aE Ea i a cae se eeue at at 8 None.....- 647 148 162 —14 1.9 22.8 
TEAS NECN ee aya tvas Micsar Gozaescce 672 171 168 3 4 25.4 
Tae Ee ene aS ne OM ee pS Self....... 837 241 209) . 32 3.8 28.7 

DD Tae AN SA RCE be SN ek UPR Ce SGae 723 190 181 9 1.1 26. 2 
AA Fe ay aie ae pe el a Selfzeesaee 319 69 80); > —ll 2.1 21.6 

Te ae no A aloe AAR tes) ees done ens 747 189 187 2 3 25.1 
BG TU pageae es © Pa TRS Sak a ear WOES sae 741 188 185 3 4 Qn 

TRG PL ad has ORL AOR Selieeee 575 160 144 16 2.3 27.8 
TESS ES SE aR ne Pe oa ay (ee doe 758 175 189 —l4 57 23.1 

TUS TS Ea ee A | a dometes 627 166 157 9 1.2 26. 4 
11 elas Zeb ise ts yeaa S InIB/cooesse 615 175 154 21 2.9 28.4 

TE / SI Ses eras eta nr ee Self....... 740 205 185 20 2.5 Ni. 0 
TTS eer es a Sa a WB sedase 548 128 137 -—9 1.6 23.3 

BL LN ener ey ae NU evden veces S Seliteeaese 712 160 178 —18 2.3 22.5 
IP Re See a aS more ae motes O43 eee ee 677 193 169 24 3.1 28.5 
DA ere cia lalciete ese ane wisiois GPR couse 374 90 93 —3 1.9 24.1 
PGS ieeiscnanasmemoetaae aonae 151g Res 472 125 118 7 1.1 26.5 

IU PAGE Sat oa ata oer as Eh 1903. seek 421 105 MOS il verercteteteverall wore Sones 24.9 
TP PAE SA eect oe Gea ar Ne Re USERS SeSGec 613 148 153 —5 od 24.2 

401 102 100 2 3 24.9 

634 164 158 6 9 25.9 
516 133 129 4 6 25.8 

458 111 114 — 3 5 24.2 
472 119 118 1 1 25.2 
485 120 121 —1 1 24.7 
575 127 144 —17 2.4 22.1 
625 139 156 —17 2.4 22.2 
621 168 155 13 1.8 27.1 
342 98 85 13. 2.4 28.6 

TRO Ga eee eae neseters eas eraser a atevalaisc 16, 947 4,307 4, 237 70 1.8 25.4 

TABLE XVII.—/nheritance of alewrone color in four maize ears, the second- 
generation progeny of the hybrid Dh 2387, Algeria X Chinese variety 

(dihybrid). 

Pedigree No. of— Number of seeds. 
Percent- 

Self-polli Eapeee. | ED ms ate elf-polli- xpect- evia- white. Progeny ear. nated 3. Total White ed white tion 

M23 reine tins Hesee uteicuacices Self oa. 664 284 290 — 6 0.7 42.75 
1 E30) PhS eae ee edad uae dossese. 560 273 245 28 3.5 48.8 
DTS a ate th en Re IE G@ssecone 595 256 260 —4 5 43.0 
II es net aI Sie eis eared Lae Goseeneee 658 259 288 —29 3.3 39.4 

ARO GALES Wisi hye a Sa io te soi Sh 2,477 1,072 1, 083 —11 66 43.3 
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COMPOSITION IN THE THIRD GENERATION OF THE HYBRID DH 234. 

Three ears were selected from the progeny of hybrid Dh 234 and 
planted the following season. Two of these ears are Nos. 1099 and 
1111, in Table XVIII. The third ear was a cross between the two 
hybrids Dh 234 and Dh 287, and since it was all colored it does not 
appear in Table XVIII. The progeny of this last-mentioned ear 
are considered later in connection with two similar ears borne on 
plants of the hybrid Dh 237. The ear numbered 1099 was a cross 
between two sister plants and had almost exactly the expected per- 
centage of white seeds. A self-pollinated ear secured from the male 
parent also was a close approximation to the expected 25 per cent. 

The ear numbered 1111 in Table XVIII was the result of self- 
pollination. This ear also had white seeds, closely approximating 25 
per cent. There were four classes of seeds on both the ears Nos. 
1099 and 1111. These four classes were planted separately. An ex- 
amination of the data failed to show any significant differences in 
the behavior of aleurone color due to the texture of the endosperm, 
making it possible to disregard the endosperm texture in analyzing 
the aleurone colors. 

The progeny from the two ears behaved practically alike, no sig- 
nificant differences being found. Hand-pollinated ears to the num- 
ber of 85 that had both colored and white seeds were obtained, 50 
ears being from the progeny of ear No. 1099 and 35 ears from the 
progeny of ear No. 1111. 

WHITE X COLORED. 

Twenty-nine of the 85 ears obtained from the progeny of ears Nos. 
1099 and 1111 were the result of crossing plants grown from the 
white seeds with plants grown from the colored seeds of the same 
ears (Table XVIII). The table is so arranged that the progeny 
from each of the four groups of each ear may be examined separately, 
if desired. In column 1 is found the number of the progeny ear 
from which the plants that produced the ears whose pedigree num- 
bers are there given were grown. In this same column are also found 
the symbol letters for the characters. Thus the first six ears in Table 
XVIII, which are separated from the remaining three groups by a 
total, are the result of crossing plants grown from the white waxy 
(WX) seeds with plants grown from the colored horny (CZ) seeds 
of ear No. 1099. The symbols mentioned first indicate the character 
of the seeds from which the female parents were grown. The ex- 
pected proportion of white seeds is 50 per cent. The 29 ears had 
11,949 seeds with 47.2 per cent white, the deviation being more than 
9.4 times the probable error. A deviation of this magnitude would 
not be expected to occur as the result of chance more than once in 
over a billion times. 
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Two of the four groups that make up the total deviated below the 
expected by an amount too large to be due to chance. In one of these 
groups the result of crossing white horny by colored waxy seeds from 
ear No. 1099, the deviation of 6.9 times the error is due in a large 
measure to two ears, both below the expected by an amount more 

than eight times the probable error. One other ear, No. 1653, devi- 
ated below the expected by more than seven times the probable 
error, having only 39.3 per cent white. A reexamination of these ears 
failed to reveal errors in classification. 

TasLe XVIII.—J/nheritance of aleurone color in 29 ears of maize, the white X 
colored progeny of the two ears Nos. 1099 and 1111, the progeny of hybrid 
Dh 234. 

[Lines bracketed together indicate ears borne on the same plant.] 

Pedigree No. of— Number of seeds. Per 

Parent ear and pedigree No. Bugera || Rela [SRG | PRL |= cents 
of progeny. Self . = Tomy |pazer0 pol- | Recipro- : Expect- | Devia- é 

linated g.| cal cross, | Tt@l. | White. | oq White.| tion. white, 

1 2 3 4 5 6 7 8 9 

Ear No. 1099, WX X CH: 
1552 644 1643 506 232 253 — 21 2.8 45.8 
Ta5D=s 113 115 — 2 4 49.1 
1558 296 281 15 1.9 5257 
1562 205 207/ — 2 38 49.4 
1563 128 IS |\saceceec|onscusc 50.0 
1564. 212 219} — 7 1.0 48.4 

ANE ae ee Sopsou sen coaoed pacoosecod banesaccse 2,408 | 1,186 1,204 | — 18 4.1 49.4 

712 345 356 — ll 1.2 48.5 
286, 149 143 6 eit 52.1 
611 282 305 — 23 2a 46.2 
502 198 251 — 53 7.0 39.3 
387 177 193 | — 16 2.4 45.7 

491 227 245 — 18 2.4 46.3 
600 310 300 10 1.2 51.6 

3, 589 1, 688 1,794 —106 5.0 47.0 

SP) || 9 bio) 161 — 11 1.8 46.6 
171 88 85 MS) ou Aull 
391 196 195 il a) 50.1 
460 215 230 | — 15 Dil 46.8 
303 104 151] — 47 8.4 34.3 
384 183 192 — 9 1.4 47.6 
484 178 242 — 64 8.7 36.8 
502 259 251 8 1.1 51.6 
467 222 233 | — il 1.5 47.6 
348 160 174 — 14 2.2 46.0 
497 254 248 6 -8 51.5 
67 36 33 3 ipa 53.8 

4,396 | 2,045 2,198 | —153 6.9 46.6 

297 128 148 — 20 3.4 43.1 
441 199 220 — 21 3.0 45.1 
448 205 224 — 19 2-7 45.8 
370 179 185 — 6 9 48.4 

1, 556 7il 778 — 67 5.0 45.6 

11,949 | 5,630| 5,974] —344/ 9.4| 47.2 
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The percentages for the three ears are 39.3, 34.3, and 36.8 white. 
These figures are closer approximations to the Mendelian dihybrid 
proportion of 43.75 per cent than to the expected 50 per cent white. 
The nature of the crosses, however, prohibits a dihybrid ratio. 

Three ears, Nos. 1610, 1615, and 1653, were all borne on plants 
grown from white seeds and were pollinated with plants grown 
from colored seeds of the hybrid Dh 234. The plants grown from 
the white seeds could be making but one class of gametes, (7, and the 
plants grown from the colored seeds were making two classes of 
gametes, CR and Cr. 
A self-pollinated ear, No. 1703, was secured from the male parent 

of ear No. 1653. If the 39.3 per cent of white seeds on ear No. 1653 
was due to the male parent being equally deficient in both male and 
female gametes bearing one of the two color factors the expected per- 

Fed. 16/0 LE 
Fic. 4.—Diagram showing the relations of ears Nos. 1610 and 1579. 

centage of white seeds on a self-pollinated ear would be 15.45 per 
cent, but since the deficiency was observed only for the male gametes 
a percentage of 19.65 per cent could be expected. The observed pro- 

portion on ear No. 1703 was 22.3 per cent, which is not a significant 
departure from the monohybrid 25 per cent or the 19.65 per cent indi- 
cated by the deficiency of colored seeds in ear No. 1653. 

Further analysis is also possible for ear No. 1610, which had a 
reciprocal ear in No. 1579. This reciprocal ear gives a close approxi- 
mation to the expected 50 per cent, while ear No. 1610 was below 

the expected by 8.4 times the probable error. The difference be- 
tween these two reciprocals is 18.7--2.4 per cent, a difference of 7.8 
times the probable error. No analysis is possible for ear No. 1615, 
but for the two ears numbered 1610 and 1653 there is indicated either 
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a failure of dominance in some of the seeds or a deficiency on the 
part of the male parent of gametes bearing one of the color factors. 

This deficiency could be due to a differential death rate, a les- 
sened vigor resulting in a slower growth of the pollen tube, or to a 
failure of the plant to produce gametes in equal proportions. It will 
be recalled that the plants heterozygous for colored aleurone are pre- 
sumed to be making two classes of gametes, (OR and Cr; a deficiency 
of white seeds when plants of this nature are used as male parents 
on plants making one class of gametes (C7) indicates a deficiency of 
gametes bearing C7. The relations of those ears are shown in figures 
4 and 5. 

The large deviation for the total seeds of the 29 ears is due to a 
great extent to the three ears that deviated by more than seven 
times the probable error. These ears must stand as definite excep- 

ARG STS IZOS W002 

Fic. 5.—Diagram showing the relations of ears Nos. 1653, 1703, and 1702. 

tions to the general agreement of the material with theory, but since 
they stand rather apart from the remaining ears it may be well to 
exclude them and then examine the totals. 

Omitting the data relating to these ears from the total number of 
seeds for the 29 ears, the percentage of white becomes 48.5. This 
deviation is 4.6 times the probable error and is still too large to 
occur as the result of chance. That there is a tendency toward too 
few white seeds when heterozygous colored plants are used as male 
parents is demonstrated for this group, even omitting the ears with 
obviously aberrant ratios. 
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TABLE XIX.—IJnheritance of aleurone color in 31 ears of the colored X white 
and 24 ears of the colored X self progeny of the two maize ears Nos. 1099 and 
i111, the progeny of hybrid Dh 234. 

\ 

[Lines bracketed together indicate ears borne on the same plant.]} 

Pedigree No. of— 

Colored X white. Colored x self. 

Number of seeds. S Number of seeds. © 
Parent ear and a & 
pedigree No. i aE 3 3 
of progeny. _ 3 S < 2s 4g : 22 

=O ° = Yo g a Po 8 a q 
og Ca : S| Ss |} 3s - |OB 4 ; |o8!] B fay lee 

2 ag Se ee | Seah ey SE jg | 8 /og| 8 = 
: BE Soeaiee  e Peeaee levers. ia Wee ae lillie 

B ea} Be lel |S | a ie a | ie | a 1A |e 

1 2 3 4 5 6 q 8 9 10 11 | 12 | 18 | 14) 15 

Ear No. 1099, 
CH X WX: 

AO25 2 Solis Se esoc laa setae etre Pree RSS Sool le eel eects S92 464] 137} 116 21) 3.3) 29.5 
MO2beo = = ct All white. . None.| 427] 219} 214 HH Oe) Gil, Oleacece pees | ea 8 ME ea ees are 
I6342—2 2 5 2| 22 Ore 1558 454) 222) 227) — 5 sf BASSO | 22 Beas Pea Ge a AS 

1635 S2—450—+ None.. None 703| 348) 351) — 3 Be) ee Becerra eee) lees S| eer Byes 
A1G636222- = <2 S@biGes aba seees c55ec leceaae Meee S| soe 60 omen Eee aca 573) 151) 143 8) 1.1] 26.4 

OS7E sn -te All white.. None 424| 218) 212 6 EC) fag CA PRESS Ha TT SS er 2 Ne re 
16382522 =-- SU Sa oee ed bacon chee BHasee) Gaaee Geeoa lseesae een ieee 573] 146] 143] +3] .4) 25.5 

ee Allwhite..| None.| 123} 60/ 61) — 1} .3) 48.8]......1_.. idl Bl ys a 

1 eee None..... None 396; 199) 198 1 PAIR OO 2 |B 55] Ora ae ee a eet 
O42 hose ES te) Wi ee a a | Kem SY | ev Leer Pa 551] 134] 138] — 4] .6] 24.6 

1643s 522 All white. . 1552 511} 262) 256 6 AO OLS S te cois pees eerste | ae cell eee | ae |i 
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ee SO frees eer |r atte erie | rete tcc = wiser | ese | emcee | ee en | eee 368 79} 92) —13}] 2.3] 21.5 
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hes a DE ie Ul | 3, 935|1, 929]1, 968] —39] 1.8] 49.0] 3,181] 830] 795] 35) 2.1| 26.1 

Ear No. 1111, 
CH X WX. 
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| fd aan fae oy Pe eek None. 179 98 89 QIN 2AO leans. aietotar tell ore icters | che on cie | Geel terete aretetore 
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ip Se ee 10235. None. 4 .200|Ao0 adie ec blae ODL zie ce cele estes Sel cme ance enter 
7d 0 ne a IU SOML sate moos era bac el See vo ocd ote ental eee ere | meee Soraya 549 TOI Orsi etetar=tel| ererete 25.0 

Lea CE eal | Aire Sil bees Sats 3, 751|1,888)1,875| 13|  .6| 50.3] 8,481] 854| 870] —16] .9| 24.5 
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TABLE XIX.—I/nheritance of aleurone color in 31 ears of the colored X white 
and 24 ears of the colored X self progeny of the two maize ears Nos. 1099 and 
1111, the progeny of hybrid Dh 234—Continued. 

Colored X white. Colored X self. 

Pein) NO OS 

Number of seeds. 2 Number of seeds. | o 
Parent ear and A os 
pedigree No. ; ae 3 3 
of progeny. a 3 ie i +8 i 5: = 

0+ Sy ie) & Aid See || Aid 
os oa 6 Wes || 2) of - or] 3B + | OB 
ag a ase |) S eh 4 | Sieg) s )es 
= es cee) Soe aisle Boe |e 
a es BS lEe ia |ealala | a | Bde |e leave 

1 2 Bets 4105) 106) Ie es | 9) °10. | trallaee trem itealinns 

Ear No. 1099, 
CX X WH: 
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YB ee cose Self seb 2. Vo elas chee sto Ne SR eS oataiaee 379 95 95 (ees | Seer 25.0 

Ame e None.....- None. 645) 317) 323) — 6 + MO 49.2) eras so peee SC] ee 
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HEY. Soasoe ES Ye) ORES Se PAREN SN | ene fe ey eae 2 ee Sul ears 397] 106 99 7| 1.2) 26.7 
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US Be Gos (S12) Beene ie ele tare ace nes nad IP oh | eS 565} 148) 141 7| 1.0) 26.2 
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P5BQH eos DOT SA Neel Sea 2 leg (I Pe = 458] 112) 114) — 2 3 24.5 
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1592E Soo All white. . TGA Bova aka aS} — Gl ROP Eye ese seal so sallotcoclleosac a5 SESS 
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Ear No. 1111, | 
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ANOLE e ata, NM are ae 1,258} 620} 629] — 9] 8] 49.3] 1,813| 469] 453| 16| 1.2| 25.9 

Total of the above four groups. .|12, 191/6,071/6,096| 25.7 49.812, 546/3, 211|3, 136] 75| 2.3] 25.6 

COLORED X WHITE. 

As the result of poilinating plants grown from the heterozygous 
colored seeds with pollen from plants grown from the white seeds of 
ears Nos. 1099 and 1111, 31 ears were obtained. These ears are 
shown in Table XIX. The 31 ears had 12,193 seeds with 49.8 per 
cent white, the deviation being 0.7 times the probable error. Four- 
teen ears exceeded the expected, sixteen were below the expected, and 
one was exactely 50 per cent white. The fit was therefore extremely 
good. 
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Only one ear, No. 1647, deviated by an excess of four times the 
probable error, being 8.4 per cent below the expected. 

Three ears were borne on the plant that produced ear No. 1647. 
One ear, No. 1646, was the result of self-pollination and had 21.5 
per cent white, the expected being 25 per cent. The other ear was 
pollinated by a homozygous white plant and had 46.3 per cent white. 
Although these last two ears did not deviate by a number too large 
to be bed to chance, the fact that they were both below the ex- 
pected taken in conjunction with the fact that ear No. 1647 was 
significantly lower than the expected would seem fairly conclusive 
evidence that there was a deficiency of female gametes bearing white 
aleurone on the plant that produced these three ears. 

The four groups that make up the total in Table XIX are the 
reciprocals of the four groups that make up the total in Table X VIII. 
With the exception of the first group, the families resulting from 
pollinating plants grown from heterozygous colored seeds with plants 
grown from homozygous white seeds have a higher percentage of 
white seeds than the reciprocal cross. 

The percentages for the families and the difference between the 
reciprocals are shown in Table XX. : 

TasBLE XX.—I/nheritance of aleurone color in the progeny of the two maize ears 
Nos. 1099 and 1111, by groups as shown in Table XVIII and their reciprocals 
as shown in Table XIX. 

{The minus sign (—) denotes a difference between reciprocal groups, the opposite of the remaining differ- 
ences.] 

Percentage of white seeds. 

Progeny of— Nature of cross. aes ne : 
Table X eciproca « : 

group. aaa Difference. | D +E. 

aM OS L009. 245252 b deed see WEES CHs a | 49.4+0.69 49. 0+0. 54 —0.4-+0. 87 0. 46 
LD ING 3 1 [i ee betes Gosess.2- ase 47.0+ .56 50.38+ .55 3.3+ .78 4.25 
MARIN Os O00. 22. bee seo2 cake WELDS GSS E52} 46.64 .50 50.34 .59 3.74 .78 4.77 
Loi (Pr 0 bb a Se ee eee peers GOs... 2-220 ee 45.64 .85 49.34 .95 3.741. 28 2.90 

DY GAD Sas a eee ee a Rn 47.2+ .31 49.8+ .31 2.64 .43 6.0 

The difference between the reciprocal groups of 2.6 per cent should 

be expected to occur as the result of chance but once in more than 
19,000 times. With the one exception, the groups representing crosses 
between homozygous white plants and heterozygous colored plants 
had a lower percentage of white seeds when the heterozygous colored 
plants were used as the male gametes. This would indicate a de- 
ficiency of male gametes bearing the colorless aleurone or an excess 
of the female gametes bearing colored aleurone. 

In analyzing the inheritance of waxy endosperm, a deficiency of 
male gametes bearing the waxy character was observed for the 
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progeny of the hybrid Dh 234. The fact that male gametes bearing 
colorless aleurone are below the expected would seem to indicate 
that the gametes bearing recessive characters are less vigorous than 
those bearing the dominant characters. The observed differences 
could also be explained by assuming the plant to be making an un- 
equal proportion of male gametes bearing colored and colorless 
aleurone. . 
As the result of self-pollinating plants grown from the hetero- 

zygous colored seeds of ears Nos. 1099 and 1111, 24 ears were ob- 
tained. These ears are shown in Table XIX. 

The expected percentage of white seeds is 25 and the observed 25.6. 
The deviation in this case is only 2.3 times the probable error. Only 
one ear deviated from the expected percentage by more than three 
times the probable error, all the ears showing a remarkable uni- 
formity. ° 

Reciprocal crosses between heterozygous colored plants and homo- 
zygous white plants showed that for the heterozygous colored plants 
the male gametes bearing colorless aleurone were 3 per cent below 
the expected proportion. These same crosses showed the female 
gametes to be approximately normal. From these facts it would be 
expected that self-pollinating. these heterozygous colored plants 
would result in ears having approximately 23.5 per cent white. The 
observed percentage of 25.6 can not be considered as a chance devia- 
tion from 23.5 per cent, since the deviation of 2.1 per cent is 8.1 times 
the probable error. 

To explain these conflicting results it is necessary to make the as- 
sumption that the gametes bearing the recessive color find a better 
medium for growth in the stigmas of the heterozygous plant than in 
those of the homozygous white plants. An adequate test of this as- 
sumption would require numbers in excess of 10,000, making it very 
unlikely that the hypothesis will soon be put to the test. 

COMPOSITION IN THE THIRD GENERATION OF THE HYBRID DH 237. 

Four ears from the hybrid Dh 237 were selected for planting. Two 
of the four ears are shown in Table XVII as Nos. 1129 and 1130. The 
other two ears were the result of crossing Dh 287 by Dh 234, and 
since all the seeds were colored on both these latter ears, they do 
not appear in Table XVI. Their progeny are discussed later with 
the progeny of a similar ear from the hybrid Dh 234. 

Ear No. 1129, grown in 1913, was the result of self-pollinating a 
plant of the hybrid Dh 237. This ear had 747 seeds with 25.1 per 
cent white, the percentage being almost exactly the expected 25 
per cent. Since this ear is demonstrated to be segregating in a 
normal monohybrid ratio, the progeny plants of the heterozygous 
seeds are expected to behave in a like manner. 
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Ear No. 1130 was a second ear on the same plant that bore No. 
1129, but instead of being the result of self-pollination as was No. 
1129, ear No. 1130 was the result of pollen from a sister plant. The 
plant that served as the male parent of ear No. 1130 bore a self- 
pollinated ear, No. 1135. This ear No. 1135, had 26.4 per cent white, 
the deviation only slightly exceeding the probable error. 

Since we have already seen that the plant which bore ear No. 
1130 was segregating in a regular Mendelian monohybrid ratio and 
since the male parent was also a close approximation to the mono- 
hybrid ratio, the progeny might also be expected to behave in a 
regular manner. 

There were four classes of seeds on ears Nos. 1129 and 1130— 
colored and white horny and colored and white waxy. The four 
classes were planted separately and crosses made between plants 
grown from the white waxy seeds and plants grown from the col- 
ored horny seeds and also between plants grown from the white 
horny seeds and plants grown from the colored waxy seeds. Self- 
pollinated ears were obtained from all the classes, but since the self- 
pollinated plants grown from white seed resulted in white ears only 
these ears were not tabulated. 

The results of the different crosses were examined separately, but 
since no significant differences were found in the behavior of aleurone 
color between waxy and horny seeds the endosperm textures may be 
disregarded. Further, there appeared to be no significant differ- 

ences between the progeny of the two ears, so that they also may be 
considered together. 

WHITE x COLORED. 

As the result of pollinating plants grown from the white seeds 
with plants grown from the heterozygous colored seeds of ears 
Nos. 1129 and 1130 thirty ears were obtained (Table X-XI). These 
30 ears totaled 14,227 seeds, with 50.1 per cent white. This is a re- 
markably close approximation to the expected 50 per cent. Of the 
30 ears, 16 were below, 13 were above, and 1 equaled the expected 50 
per cent. Three ears deviated in excess of three times the probable 
error, all being above the expected 50 per cent. One of these ears, 
No. 1784, exceeded the expected proportion by 7.8 per cent, and must 
stand as an exception. A deviation of this magnitude would be 
expected to occur as the result of chance but once in more than 
1,500 times. 

COLORED X WHITE. 

From the progeny of ears Nos. 1129 and 1130 that were the result 
of pollinating plants grown from the heterozygous colored seeds 
with plants grown from the homozygous white seeds 20 ears were 
obtained (Table XXIT). 
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TABLE XXI.—I/nheritance of aleurone color in 30 ears of maize, the white X col- 
ored progeny of the two ears Nos. 1129 and 1130, the progeny of hybrid 
Dh 237. 

[Lines bracketed together indicate ears borne on the same plant.] 

Pedigree No. of— Number of seeds. P 
er- 

Parent ear and pedigree No. of idee ’ |p .| cent- 
progeny. Self-polli-| Recipro- ae 5 Devia- | ~~ age of 

nated 9.| cal cross.| 1otal- | White. peched tion. white. 

1 2 3 4 5 6 7 8 9 

Ear No. 1129, WX X CH: 
752s See Cees ae Ree 180225. 4- SDL oes 536 255 268 —13 iLa7/ Sed) 

237 250 —13 ei 47.4 
216 219 — 3 4 49.2 
258 268 —10 1.3 48.0 
251 249 2 73 50.4 
251 264 —13 -9 47.6 

3,038 | 1,468 1, 5145\ ==46)| es 48. 4 

179 181 — 2 3 49.3 
232 217 15 2.1 53.3 
127 137 —10 1.8 46.2 
243 220 23 3.3 55.0 
224 232 — 8 1.1 48.2 
272 257 15 2.0 52.8 

1,277 1,247 30 1.8 51.2 

215 224 —9 Uso 48.0 
304 306 — 2 2 ‘49.6 
266 2662 Ae eee 50.0 
194 214 —20 2.9 45.3 
262 238 24 3.3 55.0 
242 238 4 -5 50. 4 
339 295 44 5.4 57.3 
214 223 —9 1.3 48.0 
189 193 —4 -3 49.0 

2,225 2,199 26 1 50.7 

333 322 el ee secur Es 
262 255 7 9 51.3 
307 321 —14 1.6 47.8 
186 192 — 6 =9 48.3 
203 185 18 2.8 54.9 

214 217 — 3 «4 49.3 
256 255 1 -1 50.5 

256 251 5 oil 50.9 
149 148 1 -2 50. 1 

2,166] 2,148 18 .8 50.3 

7,136 7,114 22 .6 50.1 

The expected percentage of white seeds is 50 and the observed 
50.1. Only one ear deviated from the expected percentage by three 
times the probable error, the remaining ears being very close ap- 
proximations of the 50 per cent. Ten ears were below, eight above, 
and two equaled the expected. The four groups of ears shown in 
this table are the reciprocals of the four groups shown in Table XXI. 

There are no significant differences between the groups, all showing 
a remarkable uniformity, the percentage of white seeds for the totals 
being exactly alike. The reciprocal groups are shown in Table 
XXIII. This is a striking contrast with the behavior of reciprocal 
groups in the progeny of Dh 234, in which a deficient number of male 
gametes bearing colorless aleurone were found. 
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TasBLp XXII.—J/nheritance of aleurone color in 20 ears of the colored X white 
and 14 ears of the colored X self progeny of the two maize ears Nos. 1129 
and 1130, the progeny of hybrid Dh 287. 

[Lines bracketed together indicate ears borne on the same plant. ] 

Pedigree No. of— 

Parent ear and 
pedigree No. 
of progeny. 

Self-polli- | Recipro- 
nated ¢. | cal cross. 
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iF Se] Pees s| ee aos ae ee Meee Sale sens ace 

TSD5E ee None...... SSD eee 584] 287} 292) — 5 

MOtals ese eee ae cie| so eteice ens 2, 653)1, 8341/1, 326 

Ear No. 1129, awl 
CH X WX: 
iyi ee All white .| None.... 512) 238} 256) —18 
LIF be se aa Olean cee Meconeeeen siecees Semeeleeeesiee ee 

AVOID Sse. Alliwhite.=|4i5oo e223. 487) 228) 243) —1 

TA Ses None...... None 553} 281) 276 
WSOPE 2. DOLL eas einer ote vec a a cation |eimecalieepee | aatse 

vy None a None.... 230) 125) 115 
il), : ae Beli e ceil pecerceshc|a2s-osleosee penealteaneimene 

Lyi | ae None.....- 1764..... 510} 271) 255 
1Z0022. Aoi: SOILS ep hil ae nao seen |e a-- Saldana seer sae akan 

ESOL: 225 -- oe WOE ip2oe nee 381] 190) 190)...2.)..... 
i ees Sel fess iese |e oes ereral ie> 4 2 | etclaee eee emacial aes 

PS ac ooo si ae er None 244) 130) 120 

tae see eee ts oe, 2, 917|1, 463]1, 458 
Ear No. 1130, Heaeapal (aa aaa 
CH XK WX: 
if) ae All white..| 1804..... 545} 271) 272) — 1 

ROO Se cia os S222 gor None.... 415) 220) 207 ; 
fe Bele a ee ae lene eels 2 a0 on'crd |eutarers | seers |e nests 

IRAAES 2. All white .| None.... 583] 283] 291) — 8 
{6.2 ARS Seeheee Solty see ese co aha ae sane|feomelpaaeelese os 

TNA eee a2 All white .| None.... 621) 299) 310) —11 
[bo ee Bete sal Bu ae at eos | 25 6 keine ee Leelee ner: 

NPAD oe orice = All white .} 1815..... 581 301) 200 

j1854 aiaw matalesse 02-2257 LAO oa 614] 299] 307) — 8 
$Isb5e 825) SESE a | Sa ee Damme Kel * ell leat oa 

IV OTALI He ose ea ede tie ande Ue ov c'e'rs|' 0,008 5011, 6 673\1, | 679 Bi 6 
pf 

Total of the above four groups. . 9, 505)4 ae 752 

89356 °—19——4 

2,346} 599} 586} —13} .9 

563) 182) 141) — 9} 1.3) 23.5 

9.9)2,043) 497) 511) —14) 1.1) 24.6 

“1/6, 648|1, 645|1, 662| —17 

Percentage of white. 

" +7| 24.6 
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COLORED X SELF. 

Fourteen self-pollinated ears were obtained that were expected to 
have 25 per cent white. These ears are also shown in Table XXII, 
columns 10 to 15. Two ears deviated slightly in excess of three times 
the probable error, but the remaining ears were very close approxi- 
mations to the expected 25 per cent. Seven ears were above, six 
below, and one equaled the expected percentage. 

TABLE XXIII.—/nheritance of aelurone color in the progeny of the two maize 
ears Nos. 1129 and 1180, by groups as shown in Table XXI and other recipro- 
cals as shown in Table XXII. 

[The minus sign (—) denotes a difference between reciprocal groups, the opposite of the remaining differ- 
ences. | 

Percentage of white seeds. 

Progeny of— Nature of cross. Fs sole ' 
able X> eciproca . ne 
group. GSS, Difference. | D+E. 

BEV INOS NOMA Aes se Hee Ree eae WES Xi GHEeree-e 48. 44-0. 61 49.2+1.4 0.8+1. 53 0.5 
1op ye INOS BO eee eae sepeoSeeeed aaa COR ee ye 51.2+ .68 50.54 .66 | — .7+ .94 215 
STR OME 2G ee ee Senet ci 2 WAL EC XG ee 50.74 .51 50.2+ .638 | — .5+ .81 .62 
BOE He INO TDRSS esa b ecerseeee lperrr Gon eee ae 50.5+ .52 49.94 .58 | — .64 .78 odd 

EDO Gare oneness he Nanas no Wi OR eaten: Soe 50.14 .28 50.14 .34 0 

SUMMARY OF THE HYBRID DH 237. 

From the progeny of the hybrid Dh 237 there were in all 48 plants 
that produced 64 ears. Of these, 32 ears were below, 28 above, and 4 
equaled the expected percentages. There were only 6 ears that must 
be considered exceptions. While the ratios on these 6 ears can not 
be brought into accord with the other results, the progeny of hybrid 
Dh 287 is strikingly uniform as compared with the sister hybrid 
Dh 284. 

PROGENY OF THE CROSSES BETWEEN THE TWO HYBRIDS DH 234 
AND DH 237. 

EARS NOS. 1110, 1131, AND 1134. 

Three ears representing crosses between the two hybrids Dh 234 
and Dh 237 were selected for planting. These three ears were all 
colored and therefore do not appear in the second-generation tables. 
The ear numbered 1110 was borne on a plant of the hybrid Dh 234, 
which, when self-poilinated, produced ear No. 1111, the progeny of 
which have been considered on pages 39 to 46. 
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The ears are shown in the following diagram: 

Pedigree No. 1111, 25.8 per cent. white. 

Self: 
Hybrid Dh 234 CC Rr / 

\-2-\ Pedigree No. 1110, all colored. 

Hybrid Dh 237 Ce RR/-a~ 

Self \ Pedigree No. 1132, 27.8 per cent. white. 

Pedigree No. 1132, 27.8 per cent. white. 

Hybrid Dh 237 Ce RR “ae 
om \ Pedigree No. 1131, all colored. 

Hybrid Dh 234 CC Rr/- 3— 

Self Pedigree No. 1117, 25.5 per cent. white. 

Pedigree No. 1133, 23.1 per cent. white. 

Self” 
Hybrid Dh 237 Ce RR / 

Ss 2—\ Pedigree No. 1134, all colored. 

Hybrid Dh 234CC Rry- 3 =f. 

Self, Pedigree No. 1118, 27.9 per cent. white. 

The same explanation will apply to all three ears, Nos. 1110, 1131, 
and 1134. Self-pollinated ears were obtained from the male and 
female parents of each of the ears, and the results showed all of the 
plants to be segregating in a regular manner, pr oducing the unit char- 
acter ratio of 3 colored to 1 white. 

It has been assumed that the hybrid Dh 234 was producing gametes 
CR Cr, and that the hybrid Dh 237 was producing gametes CR ch. 
Either hybrid, self-pollinated, would result in a monohybrid ratio, 
while if crossed it would result in ears with all of the seeds colored. 
If this assumption is correct the expected result of planting the seeds 
from a cross between two such plants and self-pollinating them would 
be one ear all colored, two having 3 colored seeds to 1 white, and one 
having 9 colored seeds to 1 white. 

PROGENY OF EAR NO. 1131. 

As only self-pollinated ears were obtained from the progency of 
ear No. 1131, these ears will be discussed separately. 

There were two classes of seeds on ear No. 1131, colored horny 
and colored waxy. These two classes were planted separately. The 
ears obtained from both classes are shown in Table XXIV. The 
upper group of four ears was obtained from self-pollinating plants 
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grown from the waxy seeds, and the lower group is the result of self- 
pollinating plants grown from the horny seeds. The 10 ears do not 
afford a sufficient number to determine whether 1 all-colored ear, 2 
ears segregating 3 colored to 1 white, and 1 ear segregating 9 col- 
ored to 7 white are obtained. 
No all-colored ears were obtained. Nine of the 10 ears are approxi- 

mating 25 per cent white, while the remaining ear, No. 1892, approxi- 
mates the Mendelian dihybrid ratio. The total number of seeds for 
the nine monohybrid ears is 2,158, with 24.7 per cent white, the de- 
viation being less than the probable error. None of the ears deviated 
in excess of three times the probable error, 5 were below, and 4 above 
the expected. 

TABLE XXIV.—Jnheritance of aleurone color in 10 ears of the colored X self 
progeny of maize ear No. 1131, the progeny of a cross between hybrids Dh 234 
and Dh 237. 

Number of seeds. 

Charactes of Gages and pedigree D-+E. Percentage 
No. of progeny. of white. 

Total. White. | Pxbected | neviation. 

Colored waxy X self: 
RTS (Ps eee ee nat 269 69 67 2 0.4 25.6 
SSB ieee itera ys ame ens 279 7. 69 6 1.2 26.9 
SSO Ar el a Gey haere eat 257 58 64 — 6 1.3 22.5 
89 (een SA oye IE ee tie 47 10 12 —2 1.0 21.3 

No) Hf) LE we ee 852 212 213 —1 1 24.9 

Colored horny x self: 
DYUSOD othe dF SER Se ak ae 36 18 15 3 1.5 50.0 
S93 bas Toe ibe Ghee ee ae 337 69 84 —15 2.8 20.5 

fantasia yt 3 "3 in 3 18 int 
ASG REEL ERE CCCI EA | Si 251 75 63 12 2.6 29.8 
TRS PAS ee hae ted Sears pea Ce 424 105 106 —1 2 24.8 

“AN0) 221) Lene nee ey om him er ea 1,306 323 326 — 3 4 24.7 

Total for both groups... 2, 158 535 539 — 4 . 29 24.7 

a Kar No, 1892 is assumed to be approximating 43.75 per cent white and is not included in the totals. 

PROGENY OF EARS NOS. 1110 AND 1134. ’ 

There were also two classes of seeds on ears Nos. 1110 and 1134, 
colored horny and colored waxy. These two classes were planted 
separately, and crosses were made between them. Self-pollinated 
ears were also secured from each class. 

The progeny of the two ears were examined separately, but no sig- 
nificant differences were found, so the progeny are tabulated together. 

COLORED X COLORED. 

As the result of crossing plants grown from the colored horny 
seeds with the plants grown from the colored waxy seeds of ears Nos. 
1110 and 1134, 24 ears were obtained (Table X XV). The crosses 
were made using the waxy plants as both male and female parents, 
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but as no significant differences were found the endosperm textures 
may be disregarded. Five all-colored ears were obtained that are 
not tabulated. The 25 ears tabulated were borne on 23 plants. 

The expected proportions for these 28 individual plants is 15.75 
plants all colored, 10.5 plants with a monohybrid ratio, and 1.75 
plants with a dihybrid ratio. The observed plants fell into two 
groups only, 5 ears all colored and 28 with a monohybrid ratio. The 
deviation, though too large to be ascribed to Ce may, neverthe- 
less, be the anit of accident. 

The observed deviation would be expected to occur as the result of 
chance but once in 500 times., Although this deviation would seem 
significant, it is, in fact, merely accidental. Self-pollinating these 
plants proved that they were in the expected proportion of 1 homo- 
zygous for both color factors, 2 heterozygous for one’and homozygous 

for the other, and 1 heterozygous for both factors. The deviations 
noted from this gr ouping would be expected to occur as the result of 
chance eight times in a hundred. 
The large deviation from the expected grouping for the crosses 

between sister plants was probably the result of an unconscious 
selection of the male parents, since we have seen that the plants were 
present in the expected proportions. Seven of these 23 ears were 

borne on plants that were shown by means of self-pollinated ears to 
be heterozygous for two color factors. But since these seven ears were 
all the result of pollen from plants that were homozygous for one 
color factor and heterozygous for the other, they had approximately 
25 per cent of the seeds white. 

One of the four groups that comprise the total deviated in excess 
of the expected percentage by 3.7 times the probable error. The 
deviation in this group is due to an excess of white seeds on ear 
No. 1876. This ear had 32.4 per cent of the seeds white. The devia- 
tion of 7.4 per cent above the expected 25 per cent is 4.9 times the 
probable error. -The plant that produced the ear in question bore 
two other ears, Nos. 1874 and 1875. No. 1874, like 1876, was the 
result of pollen secured from a plant grown from the colored waxy 
seeds of ear No. 1110. The third ear, No. 1875, was the result of 
self-pollinating the female parent of ears Nos. 1874 and 1876. The 
self-pollinated ear No. 1875 had 41.6 per cent white, demonstrating 
the female parent of these three ears to be heterozygous for the two 
factors for color. Unfortunately, an ear was not secured from the 
male parent of No. 1876, so the gametic constitution of this plant can 
not be definitely determined. Ear No. 1876, however, with 32.4 per 
cent white, is closer to a monohybrid ratio than a dihybrid ratio, but 
it stands almost midway between the two ratios and can scarcely be 
referred to either. The relations of these ears are shown in figure 6. 
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TABLE XXV.—Inheritance of aleurone color in 24 ears of the colored wary X 
colored horny and 28 ears of the colored waxy X self progeny of the two 
maize ears Nos. 1110 and 1134, the progeny of crosses between hybrids Dh 234 
and Dh 237. 

{Lines bracketed together indicate ears borne on the same plant; ears that were considered as approxima- 
tions of 43.75 per cent white are marked with an asterisk (*); ears that were pollinated by sister plants 
are marked with a dagger ().] 

Colored waxy X colored horny. Colored waxy X self. 

Pedigree No. of— 

Number of seeds. S Number of seeds. 3 
Harent eat gud a ! i 
pedigree No. o 2 

progeny. 5 F ae 5 3 5s 
~~ ~~ +> —= 

Self-pol- | Recipro- . |e 2 ae . (2s 5 3 RE 
linatedg.|caleross.| = | 8 [55] S| & |S ais ag ss |A|s 

lee leit is | 2 |e lel 8 | + |B 
= A eel Ais | 6 |e a eiecma cs 

1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 18 | 414 | 15 

Ear No. 1110, 
CX X CH: 
ie we nave Sa 1878..... Wiidiesianis 525 | 143) 131) 12) 1.8) 25.4!......)....- Bases Foca bascallbas se 
IGY aaepoense Site oc6| bcascas004 scan bocce bo5=¢]bo¢0>|[cosa}hocer 433 91; 108} —17| 2.4) 21.0 

TS5S ee este 1880..... None: -32|) 490) 921) 5123) — 2 ees DA Tee sate lee | ere ee ae 
{ieee males Seles eEa eR So. o [Besos seas acces sleeeee eeemlee oe *477| 207| 208) — 1) .1) 43.4 

1860 Beers ee 1S(5eeees 1874..... 649) 164) 162 G74) Pasoea bososloe ssa |soooc aoeca|neeee 

USGI eae None....] 1871....- 450} 109) 112) — 3 5j\.24:.2) 25 oo cloccaelteage leases eee See 
ASH2SSal (2% 2 eee SUE eG EScece HORN Ra Sacl 550 Pes, ee *532| 193) 233} —40] 5.2) 36.3 

ee Be ays None....} None....| 679) 174) 170) Aly!) (5) 2596\2. 2 5./2 3.32 |- eke as pn ee 
18642002555 Belts sanys sconce ces|scene|smine- |e se [eee eects acials 2 *556| 253) 244 9) 1.1] 45.5 

304) —20) 2.3) 40.9 

Total, two X AH groups...... 6, 391|1, 623|1, 598} 25 1.1| 25.4) 3,504| 855| 80s) —43| 2.4) 23. 
Totalsimarke dears eepees tees lessee seer peer jroscelesees|boces *3, 461/1, 498/1, 513) —15 7| 4 
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TABLE XX V.—/nheritance of alewrone color in 24 ears of the colored waxy X 
colored horny and 28 ears of the colored waxy X self progeny of the two 
maize ears Nos. 1110 and 1134, the progeny of crosses between hybrids Dh 234 
and Dh 2387—Continued. 

Colored waxy X colored horny. Colored waxy self. 

Pedigree No. of— = = 

Number of seeds. ° Number of seeds. ° 
Parent ear and & 
pedigree No. of = She = Soe 

progeny. © : as o : as 
o So q bata) = 3 d pana 

Self-pol- | Recipro- . |eel & Ane ess a ee 
linated¢.| cal cross.|_ 4 @ (Se ae | El |S Me i di) Orei | ey LS 

a |= |22| 3 2 |B Pelee é 2 & | 3 |x Pa ealpad pes 2 | 3 |x BaP 
aie if |e ao |e |e la |ala ie 

1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14) 15 

Ear No. 1110, 
CH X CX: 

iy Aloe ecg 1862... .- 1861..... 81; 21) 20) —1 off) PLO csas See| ene oo|sececlioocee 

WST2e eee =: 1862....- None.... Gayl) Te eM) FIG) | BY POElosoccalloosecllocoodlls sooellse Sault soo 
ES (doe a2 === = SalisSece lbocoseecod BoSSae Gecad laosnal pote decad| anee 73} 19) 18 1 -4| 26.0 

1h Ee Ree None..-.} 1860..... 137) 41) 34 CM Pa As Ce) Ee is Ae UNE Be el dct 
ES ioeee <2 =- ROT AEE e Rote dasess Meceaal Bares lootca Memes sacaat eee *716| 298] 306) — 8} 1.0) 41.6 
17 (Deo sec5e6 INGe@s=o-l) INO esa) BY TER Ge OR ee BRN ee oallocsoalloccod||accod|acbes||aobo5 

tli =s-- CGY /eSccs 1856.... COMIN TON) kta) = GN ots} ZB cee salleosacllbococ|lsoucalle soneiltees 
NS Be omens. Shea enceosencd Bencre Saeed Baca sees Gates Mersey 496) 136) 124 12) 1.8) 27.4 

IRE oo oAseo ped (Case BSS Seoese S656 Mensa fe Gaal SeBee bese Be cae 371] 87] 93) — 6) 1.1) 23.4 
Teneo bog (0 SF BERS Sep Ese Geman fence Hesce| Geaeo Secral lasso *136) 61) 58 3) .8) 44.8 

POtalas ase soccesee 1,557) 429) 387| 42) 3.7) 27.5) 940) 242) 235 7 - 8) 25.8 
iis prepa eet nS Ae Spenosopoed bocoud Beood eSccolleooos lcaccolbeeoalls tsar4l SGI) | Meet clei!) Ik ei) Cheb 4 

Ear No. 1134, 
CH X CX: 

AO iee enna 1903S oho 1902..... 452} 120) 113 Tt dal D6 abies sera selina ell tee | teal eee 
1O1Bse= 2-5 Selgee eas | Soo scceses lcescec| cookie oeecs | stiees| scene soca. 345] 92! 86 6] 1.1) 26.6 

Meee ain.= = None....}.1906..... 421} 109} 105 Ale STW 265Gl2 eso] seer le sce [esau | Maeee laure 
UPA seacese Sino edllococacosecllococedliacecelacess|| cooalledcoe|looa5e 399} 113} 100) 13) 2.2) 28.3 

{ioo5 eee seat 1910... .. 1909..... 415) 108) 104 Ale ted 205 9| peace eae seria 2 suey er PS eee 
ME) tee SE osc habsocesaellicoced| Sadacllaocse boned jpocbelloocde 457} 111] 114) — 3) .5) 24.3 

Ue ene Be Cf aor BEeecrsercl Hor BeBe 5c Sooo] Reese Roca Heres 397} 88} 99} —11} 1.9) 22.1 
spt s RAE None....| None....] 332} 88) 83 Bt Bt) Pasi) a edeualbonssclloooeellaaderiboosalrone 
VAD oereoe ETP jncdieae! dosees- ANfA|| 354) tisk) 7A ths PR conelasceallociccd|bobseiacosellec nee 

AOD oE ones = itt) Oa LOU eee SPN NON aN Shey Ace eos bee sballoadediabse silsecd 
a ee Belts: 522 ee eee soot. ee Bee len bee ees eels *346] 161] 151 10) 1.6) 46.6 
BS eiee dala = 1912... .- OM eee PRA | GE TN) PEG) Pe sae ebelisc oer secsellbsada|eocee o 

7 Selfc sz cal bcccceeccc| eaten stecece|beeee|Meeee| baistelaeces *443) 188} 194) — 6 9) 42.4 

TUG SO ne a 2,643] 704] 661) 43] 2.9] 26.6] 1,598] 404} 400] 4] .3) 25.3 
Opal CUATRO COIS cecssc acces calyeeeiss|- 22h e[bceeelle cee |eceen) sate. #789) 349] 345 4.4) 44.3 

Total,two HX X groups.....- 4, 200)1,113/1,050) 63) 3.3) 26.5) 2,538} 646) 635} 11) .8| 25.4 
Total, two groups, marked ears.|.....-|....-|-----|-«---|-----|e---- *1,641| 708] 718} —10) .7| 43.1 
Total, four C % C groups.......|10, 591/2,736|2,648} 88] 2.9) 25.8] 6,132|1,501/1,533| —32] 1.4] 24.5 
Total, four groups, marked ears.|...... be sadlesccall bond) posorlbesane #5, 102|2, 206|2, 230) —24| 1.0} 43.2 

The probable error is so high on ear No, 1874 that the deviation 
from 25 per cent is insignificant, although the percentage of white 
seeds on this ear approximates the percentage observed on ear No. 
1876 more closely than that observed on the reciprocal e 
the deviation from either is insignificant. 

ar, No. 1860; 
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It becomes of interest to note that there is one other case where a 
plant heterozygous for two color factors when pollinated with pollen 
from a plant heterozygous for one color factor and homozygous for 
the other has a percentage of white seeds intermediate between 25 
and 43.75. The ears are Nos. 1933 and 1935, Table XXV. The plant 
that bore these ears also bore ear No. 1934. The ear numbered 1935 
had for a male parent the same plant which served as the male parent 
of No. 1933. Both of these ears had white seeds in excess of the 
expected. Ear No. 1934 was the result of self-pollinating the female 
parent of ears Nos. 1933 and 1935. This self-pollinated ear had 46.6 
per cent of its seeds white, demonstrating the plant to be heterozy-. 
gous for two color factors. 

The male parent of ears Nos. 1933 and 1935 produced an ear the 
result of self-pollination, No. 1912. This ear had 24.9 per cent of its 

Fed /860 1874 1875 18760 

Fic. 6.—Diagram showing the relations of ears Nos. 1860, 1874, 1875, and 1876. 

seeds white, demonstrating the male parent to be approximating the 
percentage expected if the plant were heterozygous for one color 
factor and homozygous for the other. 
A reciprocal cross was also made between the plant which pro- 

duced ears Nos. 1933, 1934, and 1935 and the plant which produced 
ear No. 1912. The ear representing the reciprocal cross of ears Nos. 
1933 and 1935 is No. 1911. This latter ear had 26.6 per cent. of its 
seeds white, the deviation from 25 per cent being only slightly in 
excess of the probable error. The difference between the reciprocal 
ears (averaging Nos. 1933 and 1935) is 4.1 per cent, a difference that 
would be expected as the result of chance once in six times. The 
relations of these ears are shown in figure 7 . 

The seeds from three ears, Nos. 1876, 1933, and 1935, were re- 
examined and the classification was found to be correct. The dis- 
tinction between white and colored seeds was very good, no doubtful 
seeds being encountered. Ears Nos. 1876, 1933, and 1935 indicate 
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that the deviation is constitutional, as all the ears are near enough 
to the same ratio to be placed ina single group. This affords evidence 
that one of the factors for color is varying, and the rather definite 
deviation indicates that the change is in the nature of fractionation. 

Tf definite segregation of hereditary units 1s a fact, then the number 
of white seeds reappearing in the second generation of white x col- 
ored crosses will approximate certain percentages. If these per- 
centages are not approximated, two explanations are possible on the 

basis of equal segregation : 

(1) The predication of additional factors, inhibitors, and assumptions. By 

this method any percentage is possible, though when more than three factors 

are required it is seldom possible to test the explanation, since the number 

of individuals necessary to measure accurately small differences is extremely 

large. Immediate percentages may be explained by the use of additional fac- 

Pa age) /955. (985 -/9// /H2 
Fic. 7.—Diagram showing the relations of ears Nos. 1934, 1935, 19385, 1911, and 1912. 

tors, but in most cases it becomes impossible to reconcile the explanation with the 

behavior of the same individual in other combinations. Not infrequently in- 

dividual ears of maize are found that seem to fulfill certain comparatively 

simple explanations, but when the related pedigrees are analyzed a frequent 

result is to find incompatible individuals. 

(2) “ Failure of dominance” is the term often used to explain an excess of the 

recessive character, but this explanation will not serve when the recessive char- 

acter is deficient. If the fact that hereditary units undergo change during 

hybridization requires any further evidence than that presented by Castle and 

Phillips (2) this frequent “ failure of dominance” in generations succeeding the 

first would seem to furnish this evidence. If in a cross between a colored and a 

white plant the color proves to be dominant in the first generation, but in sub- 

sequent generations this complete dominance partially disappears, as it actually 

does, it seems natural to assume that either the color or the white, or both, 

have undergone some change, so that they do not stand as unalterably opposed 

as at first. In other words, a partial blend has taken place. Such a theory 

without doubt “strikes at the very heart of Mendelism,” but the facts as they 

are must be acknowledged. 

In demonstrating that an excess of white seeds is due to a failure 
of dominance the seeds bearing this character are planted, and upon 
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the appearance of some seeds with the dominant character the “ fail- 
ure of dominance” is considered demonstrated. This is all very well, 
but it is also just what would be expected if segregation were not 
definite or complete. The finding of some seeds bearing the dominant 
character on plants grown from the suspected seeds does not: explain 
the discrepancies observed in the parent stock unless the proper pro- 
portion of plants show the dominant character. In most cases the 
actual number of plants necessary to determine whether this propor- 
tion is as expected is so large that investigators have been content 
when some of the plants exhibited the expected dominant character. 

COLORED X SELF. 

Twenty-eight ears were obtained from self-pollinating plants 
grown from the heterozygous colored seeds of ears Nos. 1110 and 
1134. Of these 28 ears, 17 were considered as approximations of the 
monohybrid ratio of 3 colored to 1 white. The total number of 
seeds secured from these 17 ears was 6,132, with 25 per cent white. 

The individual ears are also shown in Table XXY. The ears 
marked with a star are those considered as approximations of some 
percentage other than 25 per cent. Of the.17 ears, none deviated 
from the 25 per cent in excess of three times the probable error. The 
remaining 11 ears with two exceptions were close approximations to 
the dihybrid percentage of 43.75 per cent white. The total number 
of seeds obtained from the 11 ears was 5,102, with 48.2 per cent 
white. The deviation of 0.55 per cent below the expected just equals 
the probable error. With the exception of ears Nos. 1914 and 
1862 none of the 11 ears deviated from the 43.75 per cent white in 
excess of three times the probable error. The deviations noted on 
ears Nos. 1914 and 1862 practically balance each other. No. 1862 
being 5.2 times the probable error below the expected and No. 1914 
being 6.5 times above the expected ratio. 

Ear No. 1862 has a percentage of white seeds 11.3 per cent above 
the 25 per cent expected ratio for a monohybrid and 7.45 per cent 
below the 43.75 per cent expected on a dihybrid ratio. The probable 
error is +1.4 and the deviation is 5.3 times the probable error from 
the dihybrid percentage, which the ear more nearly approximates. 

The same plant which produced ear No. 1862 also produced ear 
No. 1861, which was the result of pollen from the plant which pro- 
duced ear No. 1871. These ears, Nos. 1861 and 1871, are reciprocals, 
and are very close approximations to the monohybrid percentage of 
25. If the plant which produced ear No. 1862 was heterozygous 
for two color factors, pollinating this plant with one homozygous 
for one color factor and heterozygous for the other would result in 
an ear with 25 per cent of its seeds white. This same percentage of 
white seeds would of course be the result if both the plants in 
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question were homozygous for the same color factor and heterozygous 

for the other. The percentage of white seeds is a fairly close 
approximation of 31.25 per cent expected on a 11 to 5 ratio, but the 
assumptions necessary to account for this ratio on ears that result 
from self-pollination are too absurd to permit such an explanation. 
The relations of these ears are shown in figure 8. . 

Here again we have evidence of a change in the effect produced 
by the factors, but since the same plant behaved normally when 
crossed with a sister plant in respect to both male and female 
gametes we must assume that whatever the change it was not suf- 
ficient to affect the results except where the changed gamete was 
received from both parents. 

Tf we look upon ear No. 1862 as being a deviation from a 
dihybrid ratio, there is an excess of colored seeds. If the assumption 

Fed /862 /E6/ 1871 

Fic. 8.—Diagram showing the relations of ears Nos. 1862, 1861, and 1871. 

is made that this excess is due to a fractionation of one of the 
factors, this altered factor must be the one for which the plant 
which bore No. 1871 was homozygous. 

Thus the plant which bore ear No. 1862 was forming gametes 
CR, Cr, cR, and cr. Tf we assume that a sufficient amount of the 
factor ? was included in the gamete Cv’ to make the union of the 
two gametes C7’ result in a colored zygote the ratio of white to . 
colored seeds would be altered and the percentage would be 39.06 
white, a percentage closely approximated by ear No. 1862. (See 
Table XXVI.) This change, however, was not sufficient to produce 
color when combined with a pure Cv gamete obtained from the sister 
plant, as is shown by ears Nos. 1861 and 1871. 
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TABLE XXVI.—Possible. effect of self-fertilizing a plant in which the color 
factor has become fractionated in such a way as to make the union of the 
gametes result in a colored zygote. 

[The percentage of white seeds is 39.06.] 

Gametes. CR. CR’, Cr’. Cr. cR. cR’. cre cr. 

CRigs ean Colored. .| Colored. -.| Colored. -.| Colored. .| Colored. -|} Colored. -} Colored - | Colored. 

CRA ase zat ee dor |F2d Ose Pe MOLE aNd Oe ee Ped Ose s-e 154: 00:5.. 4 | aed Ouaeee "Do. 

( eset eee ee domes ce Osea seetloes soe) ANAM 5) Clb seca eo lheesee|laoeOlOh 5-0 52 White. 

(Oa eee eee Ors eae eee CO secee= | eV Gels a |e Os saan ee OW oc slo GOne bey. White----||, Do: 

CRG e ee soe) ae do do Colored - - Colored. -| White White eC Wsceas+ Do 

CHU se eee ae doa do do =O <—- =) Owes. do doses Do 

CA ee ae dose do dozzeees White sas lMeed O2es2 = do dota Do 

Cree tases ester do does Wihites-e Eee do. Coz ease Gloysses eoe do.. Do 

The other aberrant ear, No. 1914, which is shown in figure 9, is a 
very close approximation of the 1 to 1 ratio, the deviation being but 
slightly in excess of two times the probable error. The deviation is 
also insignificant from the 56.25 per cent white expected on a 7 to 9 
ratio, while the expected ratio was 9 to 7 or 48.75 per cent white. 
Here again we may be dealing with a fractionation of the factor R 
in such a way perhaps that enough has been separated from the fac- 
tor R to occasionally prevent the normal color reaction with the 

Fed. /9/4 IGT SS LGH2, 
Fic. 9.—Diagram showing the relations of ears Nos. 1914, 1913, and 1912. 

factor C. (See Table XXVII.) If this assumption is made, the 
expected percentage of white seeds is 53.1, which is indeed a very 
close approximation to the observed 53 per cent. 

With the assumption that the plant which bore ear No. 1914 was 
of the type indicated in Table X XVII, such a plant if crossed with 
one heterozygous for the factor C and homozygous for the normal 
F factor would give an ear with the monohybrid ratio of white to 
colored seeds which fits the observed results, as is shown in figure 9. 
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TABLE XX VII.—Possible effect of self-fertilizing a plant in which the color factor 
has become fractionated in such a way as to prevent the normal reaction. 

[The percentage of white seeds is 53.125.] 

Gametes. CR. CR’. Gre Cr. eR. cR’. cr’. cr. 

ii Colored. -.| Colored. .} Colored. -} Colored. .} Colored. .| Colored. | Colored. | Colored. 

Ode 5 feo 60 eee il eet OE a screl ecse(6 Kaname 2 Watt coool Schtal Eon enc closes sacee White. 

eee omen etdas el Wihite: sale dose: douse Meedoren ys) wyinitos ss |aneDo: 

Cid ees ee Gowss | Wihitesse|2=-0--.26e EEO e225 BeudOsres se Wihiters- | == d Olsens Do. 

OUP at Skee ee do......| Colored. -} Colored. -| Colored. -}| White... -|...do......|...do...__- Do. 

EL es eee Le Gormesaa nd osseece Be Ove cee Svar elo bea en |e Gorse | Soles: Do. 

(Grates eee eed do do White @I@- bese) @Osesode|ee GOnsseee ee do Do 

(CAs ee eee Nee do White douse do. do do doenane Do 

SUMMARY OF THE INHERITANCE OF ALEURONE COLOR. 

The total number of ears expected to have 25 per cent of their 
seeds white was 163. This number includes both the second and the 
third generation of the two hybrids. The groups are shown in 
Table XXVIII. The 163 ears had a total of 81,336 seeds, with 25.5 

per cent white. This percentage is misleading, for, while it is only 

PT TT Nectecrdte Inca [oone,| | | || 
Se a 2 
a ee 
_ See eee eerie 
eee 
Ep CW 
a 
- JRE nee Sei 

(aE 7 a 9 2022 25) BF es Ze z7ivzeiea solisy G2 ssc 

Fic. 10.—Diagram showing the percentages of white seeds on 163 ears expected to have 

25 per cent of the seeds white compared with the normal probability curve. 

0.5 per cent above the expected ratio, the deviation for the number of 
seeds involved is almost five times the probable error. 

A deviation of this magnitude should not occur as the result of 

chance oftener than once in 666 times. The deviation, then, demands 
an explanation. That this deviation is not the result of a few 
aberrant ears is shown by the curves in figure 10. Only 11 of the 
163 ears deviated in excess of three times the probable error, and 
only 8 exceeded four times the probable error, although with 1638 
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ears we would expect 8 to deviate in excess of three times the probable 
error. There is undoubtedly a tendency to produce an excess of 
white seeds among most of the groups expected to segregate in a 
normal Mendelian monohybrid ratio. This tendency to produce an 
excess of white seeds is more evident in the hybrid Dh 234 and its 
progeny than in the hybrid Dh 237. 

TABLE XX VIII.—Inheritance of aleurone color in all the maize ears expected to 
have 25 per cent of the seeds white. 

Neue of Number of seeds. 
rs— 

; Per- 

Nature of cross. TS E D-+E. cee 
elow X- é z 

i Mle ex- | Total. | White.| pected De Gite white. 
pected white. arr 

Hroeeupot of hybrid Dh 234: 
Setninish nace coe Deeks 15 3 7, 252 1,888 1,813 75 3.01 26.0 

Ear No. Ti eS ee or ones 10 5 PE | ae PaN | aeaP Ry oe een cellsocoscce 25.0 
Eroscuy of of pybrid Dh 237: 

Bee aie ae ee ste ee Nae 7 3 2,898 740 724 16 1.02 25.5 
Ear No. 0 Ey ta ese ey ean aes Sea 7 3 3,750 905 937 — 32 1.79 24.1 

ETOP ERY of Dh 234 X Dh 237: 
ATEN O lil OB meee eee Nee oe 18 9 7,234 | 1,833} 1,808 25 1.00 25.3 

prOseny: of Dh aH X Dh 234: 
STeNO MSI ee est) Set ae 9 5 2,158 535 539 — 4 29 24:7 

WariNowisdeensncs, ee 22 7| 9,420] 2,402| 2,355 47| 1.66 25.5 
Second generation: 

IBivAbnGl IDN BY. .geccodesseees- 46 13] 26,383] 6,807] 6,596 211} 4.45 25.8 
JeGYontGl INN PSY Go sa eoseosseese 29 11 16, 947 4,307 4, 237 79 1.84 25.4 

Rota lees mente ta 163 59 | 81,336 | 20,740 | 20,334 406] 4.88 25.5 

One explanation of this deviation would be that through mistakes 
in classification colored seeds were being included among the white. 
If this were the case, the white seeds planted and self-pollinated 
would be expected to result in some ears having colored seeds. The 
deviation is so small, however, that only one such ear could be ex- 
pected in growing and self-pollinating 200 of the so-called white 
seeds. , 

If seeds bearing color had been classified as white, crosses between 
plants grown from the white seeds with plants grown from the 
colored seeds would be expected to result in some ears with a mono- 
hybrid ratio of white to colored seeds, instead of equal numbers of 
white and colored seeds. Several hundred ears representing the above 
crosses were obtained without finding any ears with a monohybrid 
ratio. i 

The possibility, then, that some of the seeds classified as white 
were in reality colored is remote. In hybrids involving endosperm 
texture the significant deviations observed have been with the reces- 
sive class below the expected (5, 7, and 8). 

This significant departure above the expected number of recessives 
is not supported by the remainder of the progeny expected by the 
nature of the crosses to have equal numbers of white and colored 
seeds (Table X XIX). 
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There were 110 ears of the progeny of both the hybrids that were 
expected to be segregating in a 1 to 1 ratio. These ears had 47,872 
seeds, with 49.2 per cent white. Here again the seemingly close ap- 
proximation of the observed percentage to that expected by theory 
is misleading. The deviation of 0.8 per cent is 5.10 times the prob- 
able error and is evidently too large to be ascribed to chance. Only 
4 of the 110 ears deviated from the expected percentage in excess of 
three times the probable error, and with 110 ears 5 such ears would 
be expected. 

The deviation in this case can not be explained by assuming that 
colored seeds are being classified as white, as the colored seeds are in 
excess. It is hardly reasonable to assume that white seeds were being 
included in the colored class. The second-generation plants from the 
colored groups failed to produce any all-white ears, which would be 
the case if the excess of colored seeds resulted from mistakes in classi- 
fication. 

TABLE XXIX.—IJnheritance of aleurone color in all the maize ears expected to 
have 50 per cent of the seeds white. 

Number of Number of seeds. ears 
Per- 

Nature of cross. AG z D+E. centage 
elow x= 2 ; ; 

oie ex- | Total. | White.| pected Devige white. 
*|pected. white. 5 

Progeny of hybrid Dh 234: 
TUTTE DGC ALU a eae 35 20 | 138,986] 6,794 | 6,994] —200 5.01 48.6 
a0 La, Ll ee rrr 25 16 | 10,154] 4,907| 5,077| —170| 5.00 48.3 

Progeny of hybrid Dh 237: 
IDG Lt, 19 2 yee eee eee 24 14} 10,929) 5,488 | 5,463) — 25 71 49.7 
MTINOUUION. - se. ose soles. 26 12) 12,803 | 6,457 | 6,401 56 1.46 50.4 

Riptalner cn. 2. ost cosas cides 110 62 | 47,872 | 23,596 | 23, 937 —341 5.10 49.2 

{ 

One parent of each of the ears having equal numbers of white and 
colored seeds must be homozygous for white aleurone, and is, there- 
fore, making white gametes only. When these gametes unite with 
gametes produced by plants heterozygous for colored aleurone, the 
resulting seeds are expected to be white and colored in equal pro- 
portions, but this has not proved to be the case. A deficit too large 
to be due to chance occurs in the number of white seeds. It becomes 
of interest to note that the largest deviations below the expected per- 
centage occur in the progeny of the hybrid Dh 234. This is all the 
more remarkable, since the hybrid in question has been shown to be 
producing an excess of white seeds on the first-generation ears as 
well as on the second-generation ears, expected to have but 25 per 
cent of their seeds white. 

Since the variation in the percentage of white seeds, noted for the 

47,872 seeds forming the total for the 110 ears which were expected 
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to have equal numbers of white and colored seeds, was of necessity 

confined to one parent, it became of interest to know whether that 
parent was defaulting equally in the number of male and female 
gametes carrying white aleurone. The progeny of ear No. 1099 had 
6,804 seeds born on homozygous white plants, but pollinated with 
pollen from heterozygous colored plants. The percentage of these 
white seeds was 47.5. The heterozygous colored plants grown from 
seeds of ear No. 1099 bore 7,182 seeds that were the result of pollen 
from the homozygous white plants. The percentage of these white 
seeds was 49.6. 

The difference between the white plants pollinated with pollen 
from the colored plants and the colored plants pollinated with pollen 
from the white plants is 2.1+0.571 per cent. This difference is 
3.67 times the probable error and would seem to indicate that the 
heterozygous colored plants were making the expected proportions of 
female gametes with the observed shortage occurring in the male 
gametes. 

A similar analysis of the progeny of ear No. 1111 shows the per- 
centage of male gametes bearing white aleurone to be below the 
expected by 5.2 times the probable error. 
The homozygous white plants of ear No. 1129 bore 7,434 seeds 

that were the result of pollen from heterozygous colored plants of 
this same progeny. The observed percentage of white seeds is 49.7. 
The heterozygous colored plants bore 3,493 seeds that were the result 
of pollen from the homozygous white plants. The observed percent- 
age was 50. The difference between these two groups is but 0.3 per 
cent and can not be considered significant, though the variation is 
in the same direction as the cases previously considered. 

The progeny of ear No. 1130, progeny of the hybrid Dh 287, varied 
slightly in the other direction, the male parents proving to have a 
higher percentage of white than of colored gametes, and while the 
white female gametes also were in excess, the excess of white male 
gametes exceeded-that of the white female gametes by 0.5 per cent, 
which is not significant. 
Combining the progeny considered above, there were 26,174 seeds 

which were borne on homozygous white plants, but the result of pol- 
len from heterozygous colored plants. The observed proportion of 
white seeds in these was 48.8 per cent. 

The heterozygous colored plants which were the result of pollen 
from homozygous white plants bore 21,698 seeds. The observed per- 
centage of white seeds in these is 50. The difference between these 
two groups is 1.2+0.31 per cent. This difference is 3.87 times the 
probable error, which is a rather large difference to be ascribed to 
chance. 
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The hybrid Dh 237 seems to be much more regular in behavior, at 
least as regards the proportions of white and colored seeds, though 
this hybrid produced ears segregating in a dihybrid ratio, as well as 
ears approximating a monohybrid ratio; usually in dealing with two 
color factors it is found that the iuhen cic of color is most irregular, 
the ratios often exhibiting a great range of variation. 

Fifteen ears that were assumed to be segregating approximately 
9 colored to 7 white are shown in Table XXX. These 15 ears had 
-6,519 seeds with 43.0 per cent white, the deviation of 0.75 per cent 
being 1.55 times the probable error and no larger than can be rea- 
sonably ascribed to chance. 

TABLE XXX.—/nheritance of aleurone color in all the maize ears expected to 
have 48.75 per cent of the seeds white. 

Naber o Number of seeds. 
Per- 

Nature of cross. ae e D+E. renee 

Oper aan , *- , | Devia- white ex- | Total. | White.) pected | 3; : 
served. | nected. white. | tion. 

Bybed. Dh 237, Algeria X Chinese 

Onl poueration sosnosoocant60e 4 2 2,477} 1,072} 1,083 —11 0.66 43.3 
Hybrid Dh 234 X Dh 237: 

- Progeny of ear No. 1110..-....-- 6 3 2,020 879 854 25 1.65 43.5 
Hybrid Dh 237 X Dh 234: 

Progeny of ear No. 1131. ..-....-. i ae ceserte 36 18 15 3 1.50 50.0 
Progeny of ear No, 1134.......-- 4 3 1, 986 839 868 —29 1.95 42.2 

ENUELW.o sons dSd60ReScreeEAOnEES 15 8 6,519 | 2,808 | 2,850 —42 1.55 43.0 

CORRELATION BETWEEN ENDOSPERM TEXTURE AND 
ALEURONE COLOR. 

In several hundred crosses between American varieties of maize 
with horny endosperm and the Chinese variety with waxy endo- 
sperm a correlation has always been found to exist between the 
texture of the endosperm and the color of the aleurone. The results 
of a number of these crosses have been previously reported (7 and 4). 

The study of correlation which had been relegated to the back- 
ground upon the appearance of Mendelism with its theory of inde- 
pendent units received fresh impetus with the announcement of 
Bateson and Punnett that the mathematical regularity common in 
Mendelism was also to be found in the relationships between char- 
acters. These authors found that correlations were gametic, the 
parental combinations being found to occur in the gametes more 
frequently together than separated. To account for this difference 
in the gametic ratios they have assumed that the cells bearing the 
parental characters divide or reduplicate more frequently than the 
cells bearing the characters derived from different parents. For 

89356°—19——_5 
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some inexplicable reason they assumed that the ratio between the 
number of gametes in which the parental combinations occurred 
together to the number in which they were separated would fit a 
definite series composed of the familiar Mendelian ratios of 3 to 1, 
7 to 1, 15 to 1, etc. From this arbitrary series they have evolved an 
elaborate system of cell division to account for the gametic asso- 
clations. 

As higher couplings were secured these authors came to the reali- 

zation that an insufficient number of cell divisions occurred between 
synapsis and the formation of the gametes to give these higher 
ratios. As a consequence they have assumed that segregation takes 
place earlier in the life history of the organism. 
Working on the same problem, Morgan came to the conclusion 

that correlations were due to the fact that the correlated characters 
were located on the same chromosome (11). At synapsis the chromo- 
somes derived from one parent pair with those from the other parent 
and presumably twist around each other. At the maturation divi- 
sion these pairs of twisted chromosomes split, resulting in the genes 
that are located close together along the chromosome falling to- 
gether more often than apart. Tehe degree of correlation depends 
upon the distance separating the character determiners, or genes. 
This distance is determined by the percentage of gametes bearing 
the characters derived from opposite parents which are called 
“crossovers.” Thus the adherents of this theory would explain a 
gametic ratio of 3-1-1-8 as the result of the correlated characters 
lying 25 units apart on the chromosome. 
Morgan and his coworkers, unhampered by an arbitrary gametic 

series and in fact working with material very unsuited for such an 
analysis owing to differential death rates, have amassed a wealth of 
material which has certainly served to put the linkage theory in an 
exceptionally strong position. 

These authors claim no definite gametic series, and in the present 
status of the theory such a series would be meaningless, but while 
the theory makes little provision for such a series, it does not pre- 
clude it. 

Once having established the number of units separating the cor- 
related characters, deviations too large to be ascribed to chance are 
looked upon as the mutation of the locus of one or both of the char- 
acters, the value of the theory resting upon the infrequency of such 
departures. Whether we look upon a given gametic series as the 
result of unequal cell division or whether we assume that the gametic 
ratios are the result of the correlated characters lying a certain dis- 
tance apart on the same chromosome, the question arises, Is the cor- 
relation of the same intensity between two characters for the in- 
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dividual ears of a given family? Both theories require that this be 
true and that the correlation between any given pair of characters 
remain constant. 

In this bulletin there is evidence to show that at least in the second 
generation the correlations observed are for the most part explained 
by assuming a gametic series of 3-1-1-3. 

METHOD OF MEASURING CORRELATIONS. 

It has been the common practice to test the “ goodness of fit” of 
couplings by contrasting the observed series with the calculated series 
and trusting to the eye to detect the agreement. 
The danger of this method has been effectively pointed out by 

Collins (4), who proposed using Yule’s coefficient of association with 
its probable error as a quantitative method of making the compari- 
sons. For the higher degrees of coupling the coefficient of associa- 
tion with its probable error does not afford a satisfactory method of 
comparison, since the differences between the higher couplings, when 

* measured by the coefficient of association, are extremely small. 
With couplings of this nature and where more than two coupled 

characters occur, a method proposed by Pearson (13) can be used. 
By the use of Elderton’s tables (9) the method is very simple. Cau- 
tion, however, should be observed in applying this method as a 
measure of correlation where the characters are departing from the 
Mendelian expected ratios. This method does not distinguish be- 

tween departures from the Mendelian proportions and differences in 
the way the characters are combined. Since the behavior of the in- 
dividual characters from a Mendelian standpoint need not affect their 
association with each other, we are not concerned with any discrepan- 
cies between the observed and expected percentages of these charac- 
ters, desiring only to know whether the characters under discussion 
are correlated or associated in a given proportion. It is obvious, 
then, that to measure the “ goodness of fit” of the observed associa- 
tion to the theoretical association by the use of Pearson’s formula 
(13) and Elderton’s tables we must first eliminate any differences 

between the observed proportion of the individual characters and the 
Mendelian expected ratios, otherwise an injustice will be done to the 
agreement of the observed with the theoretical association. 

Mr. G. Udney Yule has recognized this difficulty in applying Pear- 
son’s formula to testing the “goodness of fit” of a coupling ratio 
where the Mendelian ratios of the characters are skew, and in a letter 
to Mr. Collins suggested another method (15, pp. 585-590). 

This method very satisfactorily corrects the material to the proper 
Mendelian proportions without altering the degree of association, 
but it seems to offer little advantage in cases of a low degree of 
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coupling over Yule’s coefficient of association, which is not affected by 
the Mendelian proportions of the characters. 

As all our observed associations more nearly approximate the 
lower coupling series of 3-1-1-3 than any of the others proposed, the 
degree of association has been measured by Yule’s coefficient of asso- 
ciation (14), which has proved very satisfactory except in cases 
where one class is unusually low. This method has the advantage of 
being easily executed and comparatively rapid, which is no small 
item in figuring the association for hundreds of individuals, though 
its general application has been challenged by Heron (10). . 

As we are primarily concerned with comparing observed correla- 
tion with theoretical expectation rather than accurately measuring 
the degree of correlation, there can be no real objection to the formula 
proposed by Yule, which has been used throughout in comparing in- 
dividuals with a common ancestry. 

GAMETIC CORRELATIONS IN THE TWO HYBRID DH 234 AND DH 237. 

In all the early crosses between the Chinese variety with waxy 
endosperm and American horny varieties the second-generation seed 
showed a correlation between the color of the aleurone’and the tex- 
ture of the endosperm. The first exception occurred in the hybrid 
Dh 234. The reciprocal hybrid Dh 237 had, however, the usual cor- 
relation between colored aleurone and horny endosperm. 

The gametic formulas for the aleurone color have already been 
considered on pages 32 and 33, where the hypothesis was adopted that 
in the hybrid Dh 237 the gametic composition of the Chinese parent 
was cP cR and of.the Algeria parent Cr cr. Adding the symbol 7 
for horny endosperm texture and A for the waxy texture, we have 
for the Chinese c?’A ch and for the Algeria CRH Cri, 

In crossing cRA and CRH a colored horny seed would result which 
when planted would make gametes CRH, CHh, cRH, and ckh, and 
when self-pollinated would result in ears having 3 colored seeds to 1 
white and 3 horny seeds to 1 waxy. Wherever cRA and CrH are 
crossed, a colored horny seed would result, which when planted would 
make eight classes of gametes, CRH, CRh, CrH, Crh, cRH, cRh, 
crH, and crh, and when self-pollinated would result in an ear having 
9 colored seeds to 7 white and 3 horny seeds to 1 waxy. This has been 
found to be true with respect’ to this hybrid, with the additional fact 
that a correlation exists between endosperm texture and aleurone 
color. . 

The Chinese parent of the second hybrid Dh 234 was assumed to 
have the gametic composition Crh. Crh, while the gametic composi- 
tion of the Algeria parent was assumed to be CRH ORH. All the 
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seeds of a cross between the Chinese variety and Algeria would be col- 
ored horny. These seeds would all produce four classes of gametes, 
CRH, CRh, CrH, and Crh, resulting in ears with 3 colored seeds 
to 1 white and 3 horny seeds to 1 waxy when self-pollinated. This 
was found to be the case for all the ears secured, but no correlation 
was found between endosperm texture and aleurone color. 

Since the aleurone color of the hybrids Dh 234 and Dh 287 is 
shown to be the result of two independent factors, it becomes appar- 
ent at once that the correlation previously reported as between 
aleurone color and endosperm texture must be looked upon as a cor- 
relation between endosperm texture and one of the factors for 
aleurone color. 

CORRELATION IN THE SECOND GENERATION OF THE HYBRID 
DH 234. 

The homozygous color factor in the hybrid Dh 234 was designated 
C and the heterozygous factor was called R. Second-generation seed 
from this hybrid produced 37 ears, the result of self-fertilization or 
of crosses between sister plants in the same hybrid. (Table XX XI.) 

If the association were between the endosperm texture and the 
factor for color R, these ears would show a correlation, but should 
the association be between the color factor ( and the horny endo- 
sperm texture the 37 ears obtained would exhibit no correlation, since 
all the gametes are homozygous for this factor. The correlation 
between aleurone color and horny endosperm texture for the 20,483 
seeds borne on the 37 ears was 0.0040.013, which is less than the 
probable error. Two individuals among these 37 ears showed cor- 
relations more than four times the probable error. 
Two correlations, however, exceeding the probable error by 4.6 

and 4.1 times would be expected to occur as the result of chance in 
37 observations once in about 19 times. As this chance is small, 
these correlations may be considered as the result of chance. The 
remaining ears showed no significant correlations; 16 of the 37 ears 
had negative and the remainder positive “paler between colored 
aleurone and horny endosperm. 

The results from the self-pollinated ears of the hybrid Dh 234 
would indicate that there is no correlation between endosperm tex- 
ture and the color factor which is heterozygous in this maize hybrid. 
This factor has been designated 2. 
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TaBLE XXXI.—Correlation between the endosperm texture and the aleurone 
color of self-pollinated and pure-seeded ears of maize in the second genera- 
tion of the hybrid Dh 2384. 

[Lines bracketed together in pairs indicate ears borne on the same plant; ears selected for planting are 
designated by an asterisk (*).] 

Pedigree No. of— Number of seeds. Percentage of— 
Correla- | Proba- 

ae Total, a ( aumemnnen CLOTS ble 
el f- - 

Progeny ear. area 3. WX.| WH. | CX. CH. Masada Waxy. | White. 

1 2 3 4 5 6 q 8 9 10 11 

aes bike daseea|im62s 40 134 97 352 .076 | .071 21.9 27.9 
1108..... 414 31 86 76 221 023 | . 084 25.8 28.2 

buco 655 39 143 106 367 | — .064| .072 22.1 27.7 
Selige254| 0 1687 45 146 107 | 389 .056 | .068 20.5 24,2 

5 eee a do.. 555 37 104 102 B12 hla O03) OTS 25.0 25.4 
are Den re ae do 605 33 123 110 339 | — .095| .075 23.8 25.8 
SA Re (Ween |) zal 28 105 91 347 008 | .082 20.8 23.3 
SUR AA|lae Assos) | zie 12 41 33 126 055 | .088 21.3 25.0 
GSR Aes aes doy ealia etd 35 113 108 358 014] .075 23.3 24.1 
TAPERS CONEY do... 334 22 65 49 198 156 | .097 21.2 26.0 
DE SMEBECEEREY ae do... 659 26 150 123 360 | — .327| .071 22.6 26.7 
Hage Shaye Uy, do....}° 679 40 135 114 390 007 | .071 22.7 25.7 

15 gar ee coe eee (Ns 6Oos6 0) 28 99 79 286 059 | .083 21.7 25.7 
TEBE BOs aye: do....| 592 32 116 104 340 | — .052| .075 22.9 25.0 
AGRO Rae SR A Bait do....| 626 30 108 116 372 | — .057| .078 23.3 22.0 
1 5) Ra a do....| 570 27 104 92 347 | — .008| .082 20.9 23.0 
TAS ee Sl Dacoall |!) eae? 32 77 69 239 180 | ..082 24.2 26.1 
ET awe SO & 1537..... 633 37 108 103 385 IIS LOTSA |) eae 22.8 
TSAI Sein oes ey Self.....| 479 30 108 88 253 | — .112] .079 | 24.6 28.8 
PSS His rdkc ees lee | dow.oé| +1 578 30 102 93 353 054} .062 | 21.2 22.8 

Motalweseret aes ---| 20,483 | 1,295] 4,091 | 3,653 |.11,444] — .004| .0125| 24.2] 26.3 

CORRELATION IN THE SECOND GENERATION OF THE HYBRID 
DH 237. 

If the correlation is between the color factor C and horny endo- 
sperm, the self-pollinated ears of the hybrid Dh 237 should exhibit 
a correlation between aleurone color and endosperm texture, since 
this hybrid has been assumed to be heterozygous for the factor C. 
From this hybrid 20 ears were obtained that had approximately 25 
per cent of the seeds white, indicating that these plants were homo- 
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zygous for the color factor & (Table XXXII). These 20 ears had 
a total of 12,394 seeds with a correlation of 0.769+0.006 between 
colored aleurone and horny endosperm. The lowest correlation se- 

cured in any individual ear was 0.697-+-0.35, which is certainly a 
significant correlation. 

The correlation for the combined seeds of these 20 ears was a very 
close approximation of the 0.766 expected on the assumption that the 
correlation is the result of a 3-1-1-3 reduplication in the gametes. 
One ear, No, 1128, has a correlation exceeding the expected 0.766 by 
3.8 times the probable error, but the remaining ears are exceptionally 
close approximations of the 3-1-1-8 coupling, and with 20 ears one 
such deviation is not surprising. 

TABLE XXXII.—Correlation between the endosperm texture and the aleurone 
color of self-pollinated and pure-seeded ears of maize having approximately 
25 per cent of the seeds white in the second generation of the hybrid Dh 237. 

{Lines bracketed together in pairs indicate ears borne on the same plant; ears selected for planting are 
designated by an asterisk (*).] 

Pedigree No. of— ' Number of seeds. 5 Percentage of— 

Progeny ear. Re) Total.| wx. | wH.| ex. | on. |V+X-| error. Waxy.| White. 

1 2 3 4 5 6 v| 8 9 10 11 

647 74 74 65 434 0.741 | 0.032 21.4 22.8 
672 94 77 63 438 7 026 23.3 25.4 
837 129 112 72 524 786 023 24.0 28.7 

723 102 88 75 458 751 027 24,4 26.2 
319 46 23 34 216 868 027 25.0 21.6 

Bes TAT 102 87 78 480 - 766 | .026 24. 1 25.1 
DSO oe oe aoa. ITSoc ee) 741 96 92 59 494 -794 | .025 21.0 25.3 

A ee eee Selipeees 575 80 54 361 739 033 23.3 27.8 
ia 2 aey 5 A to) 758 104 71 83 500 798 024. 24.6 23.0 

LAGE SS ae eee do... 627 83 83 52 409 774 029 21.5 26.4 
Ue ae AST oe miol= 615 104 71 72 368 764 028 28. 6 28.4 

{nas Be inicio o's > Selim: :. 740 125 80 68 467 829 023 26.0 27.7 
WA eE 29922 5250s «xfa--' 548 70 58 70 350 715 037 25.1 23.3 

i)? |S ee Self-=-. 712 89 71 76 476 774 027 23.2 22.5 
UA a Se See WE eee 634 85 79 76 394 697 035 25.4 25.9 
Tore Ss 234. 152 42 Self..... 472 60 59 45 308 749 036 25. 2 25.2 
itt| = ee ) 485 63 57 47 318 759 036 23.6 24.7 
pe ea eee S403"). 575 59 68 59 389 -702 | .039 20. 5 22.1 
Jee ee ae seh ease 625 82 57 67 419 -799 | .030 23.8 22.2 
YC) eee ped0sss 342 58 40 32 212 -818 | .031 26.3 28.6 

Potals sles 52. sec 12,394 | 1,705 | 1,427] 1,247} 8,015 769 0064 23. 8 25.3 

did not show a correlation between endosperm texture and aleurone 
color and the hybrid Dh 237 with the gametic composition cRA CRM 
did show a correlation, we can assume that the correlation is between 

the color factor (7 and endosperm texture. Additional evidence that 
the correlation is between a factor for color and endosperm texture 
is obtained from the self-pollinated ears of the hybrid Dh 237 that 
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had approximately 43.75 per cent white seeds, indicating that the 
plants in question were heterozygous for both color factors @ and R, 

If the correlations were independent of the gametic composition, 
we might expect no consistent differences in the degree of correlation 
between the monohybrid and dihybrid ears; but if, on the contrary, 
the correlation is between a factor for color and endosperm texture, 
the correlation should be reduced in a definite degree on the dihybrid 
ears. The reason for this reduction in the degree of correlation 
follows. 
A plant which when self-pollinated produces an ear with a di- 

hybrid ratio of colored to white seeds and a monohybrid ratio of 
horny to waxy seeds must be heterozygous for both color factors 
and endosperm texture. 

If we assume that the association is between a color factor ( and 
horny endosperm #, and if we further assume that the association 
results in the combination CH being formed three times as often 
as the combination Ch, we then have the above plant making the 
following gametic classes: 3 CRH, 1 CRh, 3 CrH, 1 Crh, 1 ckH, 
3 chh, 1 crH, and 3 crh. 

The union of the gametes (rH and crf will result in a white horny 
zygote; and since C’ and 7 are the associated factors, these seeds 
will be produced in relatively large numbers, resulting in a reduc- 
tion in the degree of correlation between colored aleurone and horny 
endosperm. 
A plant which when self-pollinated produces an ear with a mono- 

hybrid ratio of white to colored seeds, as well as a monohybrid ratio 
of horny to waxy seeds, must be homozygous for one color factor and 
heterozygous for the other color factor as well as endosperm texture. 
If we assume the heterozygous color factor to be the one which is 
associated with endosperm texture, we have the above plant making 
the following gametic classes: 3 CRH, 1 CRh, 1 chH, and 3 ckh. 
The union of gametes CRH with cRH results in a colored horny 

zygote. 

Thus every gamete carrying the color factor C results in a colored 
zygote, and the correlation is the same as if it were between color 
and texture rather than a factor for color and texture, and the nor- 
mal 41-7-7-9 zygotic grouping is expected, and the correlation be- 
tween colored aleurone and horny endosperm is 0.766. 
When the dihybrid ratio of white to colored seeds is obtained, all 

of the gametes bearing the factor for color C’ do not result in colored 
seeds, and the zygotic classes are altered from the above 41—7-7-9 
to 123-21-69-48 and the correlation is reduced from 0.766 to 0.570. 
From the hybrid Dh 237 four self-pollinated ears were obtained 

that had the percentage of white seeds closely approximating 43.75, 
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the expected ratio where two independent factors are required to 
produced a colored seed (Table XX XIIT). 

TABLE XXXIII.—Correlation between the endosperm texture and the aleurone 
color of self-pollinated ears of maize having approximately 43.75 per cent of 
the seeds white in the second generation of the hybrid Dh 237. 

Pedigree No. of— Number of seeds. Percentage of— 

al sCOtrey esa 
tion able Self-pol- ee 

Progeny ear. | linated | Total.| WX.| WH. | cx. | cH. |V++-| or | waxy. | White. 
foi 

1 2 3 L 5 6 7 8 9 10 11 

UPS eee Cae Self..... 664 94 190 42 338 0.60 0. 045 21.0 42.75 
Le aa See eee () 560 94 179 28 259 - 653 - 046 21.6 48.2 
AES Seseede Bete Ree do 595 93 163 45 294 577 046 23.2 43.0 
Ui R Saag Sa aE eeSes Bae do 658 96 163 51 348 601 033 22.3 39.3 

LUT RE LE, BASRA) Be acca oe 2,477 377 695 166 | 1,239 603 023 21.9 43.2 

The total number of seeds for'the four ears are grouped as follows: 

Number of seeds. 

Class. Correlation. 

CH. Ce WH. Wx. 

ROR Ved er severe oss. oi. Selah te orcieb ane ace duces 1, 239 166 695 377 0. 603+ 0. 0229 
LUST ECG 684|- te Se Sep ape ap eee eee eae ea 1,190 203 668 416 570 

The agreement is very close, the deviation of 0.033 being but 
slightly larger than the probable error, and none of the four ears 
comprising the group deviated in excess of twice the probable error. 

CORRELATION IN CROSSES BETWEEN THE TWO HYBRIDS DH 234 

AND DH 237. 

If the above explanation is correct and the association is between 
the factor for color C’ and horny endosperm H, a cross between the 
two first-generation hybrids should result in two groups of ears, one 

group all colored, the other group with four classes of seeds, but no 
correlation. Both these groups were obtained; the all-colored group 
has been previously discussed under aleurone color, and the progeny 
of three such ears are considered from the standpoint of correlations 
on pages 88 to 95. 

Nine ears were obtained with the hybrid Dh 234 as the female 
parent and eight ears were secured with the same hybrid used as the 
male parent. These 17 ears showed four classes of seeds, indicating 
that the plants of the hybrid Dh 237 were heterozygous for the 
color factor Cas well as endosperm texture. None of the correla- 
tions are above 0.1, 9 being plus and 7 minus correlations. The 
two groups are shown in Table XXXIV. Together they aggregate 
10,032 individuals with a correlation of 0,0149-+0.0166. 
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TABLE XXXIV.—Correlation between the endosperm texture and the aleurone 
color of ears of maize, crosses between the hybrids Dh 234 and Dh 2387, using 
each as the male and as the female parent. 

CROSSES BETWEEN HYBRIDS Du 234 * Dx 237. 

Pedigree No. of— bd 

Number of seeds. Sr Mi Ye perculaee 
i=] 

Self-pollinated. Ss 
=I 8 

° 
4 oO 

Progeny ear. papas ' 3 3 e 3 

3 9 Ss | Siem eS te | 
ae | = pS Poesy a | s e 

1 2 3 4 5 6 7 8 9 10 11 12 13 

POT Spiers ee lea! 1726..... 1519..... V2.5 sees 510 28 | 102 82} 298 | 0.014 |0.083 | 21.5 | 24.5 ~ 
WS24e 5 Jose ee None... .| 1525... .. None....| 773 40} 149] 126 458 |—.'012 | .069 | 21.5] 24.5 
WSO Re eee WES Ee. GR ASE 1734..... 676 36 | 146 97} 397 005 } .073 | 19.7} 26.9 
TIGR PAS Seen None 1533...-. 1729...-.. 707 35 | 123] 116] 433 033 | .073 | 21.4] 22.4 
WSS8E So ieee Cae () 1539...-. None 609 33 | 123] 117) 336 |—.107 | .075 | 24.6] 25.6 
1540........... 1736..... None WB i ooae 679 37} 124] 115} 403} .023 | .072| 22.4 3.7 
TT aa sete None 6 36 99} 123] 373 048 | .074 | 25.2] 21.4 
1 a ene WEBS. one IE Ro esse WP Po soce 515 24 90 96} 305 |—.028 |] .087 | 23.3 | 22.1 
VAG ee eek NE socadl UGEYeoous 1746..... 800 42] 154 163 441 |—.151 | .066 | 25.0] 24.5 

CAINS HL OVE 2 Ry a gel 5,900 } 311 1,110 |1,035 |3,444 |—. 035 024 | 22.8 | 24.1 

CROSSES BETWEEN HYBRIDS DH 237 X DH 234. 

UP-h s sevremersep ae 1519..... 1726: ..-- 1518..... 472 34 91 80 | 267 109 |} .079 | 24.2] 26.5 
DRY a aes P5315... - WE Bo see 1S80E8 5.4 516 27 106 92 | 291 |—.124 | .082 | 23.1 25.8 
29 Oe ee Se 1533e- 2: None 1532..... 613 40} 108} 129} 336 |—.019 | .O71 | 27.1 24.2 
WB Bosseessecee None WEOs 643 1540..... 458 25 86 77) 270 010 | .088 | 22.3} 24.2 
NPP ASA ess Sanaa 1543....- 23 eaeee 1542.00: 677 41 | 152] 121] 363 |—.106} .068 | 23.9} 28.5 
AG coe Welostoe 1546..... 621 47] 121] 115] 338 |—.069] .068 | 26.1] 27.1 
ABO eee Seo None None None 401 27 75 65} 234] .129] .088 | 22.9] 24.9 
W243. REPO ek (0) do do 374 30 60 89} 195] .041 | .087] 31.8] 24.1 

TOGA SAREE. GR EAE OE PSE S Be ee 4,132 | 271.) 799] 768 |2,294 | .015| .027 | 25.1} 26.0 

With an association between one of two factors for color and endo- 
sperm texture, a variety of zygotic ratios may be obtained, even 
though the assumption is made that the gametic reduplication is only 
of the series 3-1-1-3. Table XXXV gives the degrees of correla- 
tion expected between endosperm texture and aleurone color where 
the assumption is made that the reduplication in the gametes between 
endosperm texture and a factor for color (C’) is of the series 3-1-1-3. 
The minus sign is used to indicate a correlation between colored aleu- 
rone and waxy endosperm; the other correlations are between colored 
aleurone and horny endosperm. Column 4 gives the gametic com- 
position of the two parents which, when crossed, give the zygotic 
classes shown in column 5 and the correlations shown in column 1. 
The letters Cand F represent color factors. H represents the domi- 
nant character, horny endosperm, and h waxy endosperm. 
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TABLE XXX V.—Possible degree of correlation between alewrone color and endo- 
sperm texture, the gametic reduplication being 3—1-1-8. 

[A correlation between colored aleurone and waxy endosperm is indicated by the minus sign in column 1; 
the other correlations are between colored aleurone and horny endosperm.] 

Percentage of— 

. Gametic composition Zygotic 
Degree of correlation. of parents. aneeen 

White. | Waxy. > 

1 g 3 4 5 

50 50 | CcRrHh CcRRhh..... 3- 1-1-3 
50 50 | CcRrHh CcRRhh..... 1- 3- 3-1 
25 25| CcRRHh CcRRAhN... 41- 7-7-9 
25 25| CcRRHh CcRRAh... 33-15-15- 1 
25 50 | CcRRHh CcRrhh....- 7-5 1-3 
25 50 | CcRRHh CcRrhh....- §- 7 3-1 
50 25 | CcRRHh ccRRAN.... 7- 5-1-3 
50 25 | CcR RHh ccRRAN... 5- 7-1-3 
43.75 25 | CcRrHh CcRrHh..... 123-21-69-43 
43.75 25 | CcRrHh CcRrHh...-- 99—45-93-19 
43.75 50 | CcRrHh CcRrhh...... 21-15-11-17 
43.75 50 | CcRrHh CcRrhh...... 15-21-17-11 
50 50 | CceRrhh ccRRHh..... 1-1-1-1 
50 25 | CCrrHh ccRkrHh..-.. 3- 1-3-1 

1 The first figure in column 5 is the colored horny, followed by the colored waxy, the white horny, and 
the white waxy zygotes, respectively. 

CORRELATION IN THE THIRD GENERATION OF THE HYBRID DH 234. 

Two ears from each of the two first-generation hybrids were 
selected for planting. The four classes of seeds from each ear were 
planted in separate rows. Crosses were made between plants from 
the white waxy and colored horny seeds and between plants from 
the colored waxy and white horny seeds. Self-pollinated ears were 
also obtained from all the classes, but the ears resulting from self- 
pollinating the colored horny seeds are the only self-pollinated ears 
that exhibit four classes of seeds. 

The two ears grown from the hybrid Dh 284 are shown in Table 
XXXI as pedigree Nos. 1099 and 1111. Ear No. 1099 was the 
result of pollinating a plant of the hybrid Dh 234 with pollen from 
a plant of the same hybrid which when self-pollinated produced 
ear No. 1106. Both these ears curiously enough have exactly the 
same degree of association, or, rather, lack of association, — 0.019 
+0.07. 
The other ear, No. 1111, was the result of self-pollinating a plant 

of hybrid Dh 234 and had a correlation of —0.256-+0.063, heretofore 
referred to as one of the two ears that might be held to show a 
significant correlation. 
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TABLE XXX VI.—Correlation between the endosperm texture and the aleurone 
color of 32 ears of maize, the progeny of ear No. 1099 of the third generation 
of the hybrid Dh 284. 

WHITE WAXY X COLORED HORNY. 

Pedigree No. of— bd 

Number of seeds + . | Percent- 
; i= 5 age of— 

Self-pollinated. = = 

: a i) Ss 
Progeny Recipro- “| 38 a g 3 

ear. cal cross. 3 ” ay 3 's | 8 

3 ? Simi ei kik F eae tet 
es || Sa ievapisaias is | = 

1 2 3 4 5 6 7 8 9 10 11 12 13 

V552E ees see 1644....... All white | 1643..... 506} 113] 119} 114] 160] 0.145 |0.061 | 44.8 | 45.8 
waxy. 

Git Aasacs W052 seee |e donee None.. 230° 60 53 60 57 | 0.036 |0.088 | 52.2 | 49.1 
ISG eee eee None.....- a0) 0; ee do..... 257 56 72 53 76 045 | .085 | 43.4 | 51.0 
1564........ jase Oseee -do.... 5a ss56e 438 92 120 128 98 |—.260 | .061 | 50.2 | 48.4 

Aa oy a ges eee St ee UN re or es Pe ae 1,431 321 364 355 391 |—.102 | .035 | 47.2 | 47.8 

COLORED WAXY X WHITE HORNY. 

1 ay ee eh All white .| 1573......- 1604..... 127 22 40 31 34 |—.247 | .115 | 41.7 | 48.8 
VTA eee see None.....- MGV (De cBooo> None....| 645 166 151 161 167 .067 | .053 | 50.6 | 49.2 
GY ess ososioss do.... None...... TGVOSe ase 468 114 134 107 113 |—.054 | .062 | 47.2 | 53.0 
V5 RAE eae S| a. GO syea aD ees = 1623esee 406 111 103 84 108 -162 | .065 | 47.8 | 52.4 
P590)S Se Soe All white .} 1591....... LG19SSe 580 145 142 146 147 .014 | .056 | 50.2 | 49.4 
EWES Ss Cae ee Gone as 51593 se 1621 307 86 61 | 101 59 |—.104 { .078 | 60.8 | 47.9 

Rota ee Ls eos NES Soe eons 2,533 | 644] 631 | 630 | 628} .009 | .027 | 50.7 | 50.7 

; Wuite Horny X COLORED WAXY. 

16022 c2 82 ae All waxy..| 1603....... None 322 76 74 82 90} .018 | .075 | 49.0} 46.6 
160G eS eceec see OOss5q555)| GR Ses5e UeYHe eae 171 46 42 42 41 . 046 103 | 51.4 | 51.5 
W606 baa. eee |ons dors GOES eee None 391 95 101 109 86 |—.148 | .069 | 52.2 | 50.1 
NGOs 5 45666 None...... None...... 15792252 303 44 60 | 104 95 |—.197 | .079 | 48.8 } 31.5 
UGVO ee 3. All waxy..| 1620....... V590-- - 467 110 | 112 123 122 |—.013 | .062 | 50.0 | 47.6 
UGH lee eee Bae Osseeeen| O22 ee anes V5922ss5- 348 86 74 105 83 |—.042 | .072 | 54.9 | 46.0 
GVA ee sspeu hee do.... None.....- 1584..... 497 134 | 120 129 114 |—. 044 | .062 | 53.0} 51.5 
WG24e cctccwelces Ch) Se cde bea do.......| None.... 67 17 19 13 18 108 | .054 | 44.8 | 53.7 

Rotaleeieccucsccetceccen KAS ed a AICS Rea 2,566 | 608 | 602] 707 | 649 |—.037.| .027 | 51.3 | 47.2 

COLORED HORNY X WHITE WAXY. 

427 | 112} 107} 115 93 | .068 | .088 | 51.0 | 52.9 
703 | 179} 169} 177] 178] .032 | .051 } 49.5 | 50.6 
424} 109; 109 99 | 107 042 | .088 | 51.4 | 49.0 
123 32 28 33 30 019 | .121 | 48.8 | 52.9 
396 106 93 90 107 151 066 | 50.2 | 495 

ae 511 } 133 { 129] 130] 119 044 | .059 | 51.3 | 51.4 
: Ae 510 | 120} 116) 135] 139 034 | .060 | 46.3 } 50.0 

LGA SESS do.......| None......| None....] 387 80 85 113 109 047 | .070 | 42.6 | 50.0 

Mo tale eek Ruts Petro ae Ae ds oe RAS 3,481 871 836 892 882 -014 | .023 | 50.5 | 49.0 

COLORED Horny x SELF. 

IPD cscsans Selfecc2 3 Solis soe sees ees 464 27] 110 72} 255 }—.068 | .059 | 29.5 | 21.3 
16365 ae (Ke Se saat Olen s cai eee yee Sie 573 49 | 102 97 | 325] .239 | .066 | 26.4 | 25.5 
NGS So eoseollece Gort esa led os ee Eee 573 34] 112]; 105} 322} .030] .076 | 25.5 | 24.3 
G42 ee Sas alnae GO 2ee oe Ses d 0 SORE | eee ae eRe 551 31 103 113 304 |—. 152 076 | 24.6 | 26.2 
G44 ee dole Re ose ie ac ee 652 45 | 1388 | 121] 348] .009 | .067 | 28.1 | 25.5 
1646.25.05. c)e05 Gon Ses |S dO eee es ee 368 21 58 65} 224 .195 095 } 21.5 | 23.4 

UI. ball eS ee ee ie ae ate NS arial 3,181 207 623 | 573 |1,778 - 0152} .031 | 26.1 | 24.5 
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TABLE XXXVII.—Correlation between the endosperm texture and the aleurone 
color of 23 ears of maize, the progeny of ear No. 1111 of the third generation 
of the hybrid Dh 234. 

WHITE Waxy X COLORED HORNY. 

Pedigree No. of— Number of seeds. 
Corre- | Prob- 
lation, | able 

Self-pol- | Recipro- = W-+ XX] error. Progeny ear. linated ¢. | cal cross. Total. | WX. We CX. CH. 

1 2 3 4 5 6 7 8 9 10 

BASE ee oto Geese None.... 712 179 166 202 165 |—0. 062 0. 049 
LES ae eee GES SSSI ee dozeuzs 286 77 72 62 75 128 078 
LRA Lhe 5 HDS. Soncliade dont =e 611 142 140 160 169 035 068 
TGS 5 Neen oce Soeee eae WO0Gs ea. - 5 do. 387 97 80 105 105 098 068 
RGU ee Hees oe None...--.|--- do..... 600 155 155}, 128 162 119 055 

Motaleeeres tie. bees sc sche ncsetebeieess 2,596 650 613 657 676 044 026 

COLORED WAXY X WHITE HoRNY. 

US Th sk Ree | UG eensane 1686... .- 403 105 101 100 97 0.005 0. 067 
INV t// > pk 5 5S Se Be Ba None .| None...- 87 20 20 25 22 |— .064 -144 

SL Tie SMe RS Cees ee hes See ee ee 490 125 121 125 119 |— .009 061 

WHITE HORNY X COLORED WAXY. 

Li 2) So ee | All waxy. None.... 448 110 95 126 117 0.040 0. 064 
US TL +. Set Bers seer Gee dose) - 4) W665 622 370 90 89 108 83 |— .125 . 071 

WUD A SNe a eee See ae eee eeeer 818 200 184 234 200 |— .036 . 047 

COLORED HORNY X WHITE WAXY. 

(it a eee All waxy..| None.... 393, 95 96 117 85 |—0. 164 0. 067 
PU eT es 2 See) ed Goze- 2525). 22002. 3. 511 126 126 119 140 - 081 - 060 
Lil... - Lessee jae dO on scl eee OW -5e 192 51 53 49 39 |— .350 -078 
517) |) Se Ot es |oee GOs. oe alee dss... 458 114 106 126 112 |— .022 . 085 
NigAe ee ca ive we0jo == |- - BOLO= See eee doze: 181 56 42 38 45 223 096 
LLG Ee ied (eee do domes 179 57 41 37 44 |— .246 096 
Lie. . a ae ree [eae Or eee a ee doy 561 36 150 151 124 147 056 
L Ln, ee 12q-€053 MdOuaaen 304 168 81 73 82 |— .029 077 
Sh iter < ae ee aaa api! G0se.--sAloee Glaenic 290 77 73 76 64 |— .060 079 

DG ed ete Bi pom aaa ae ete ee AR 3, 069 780 768 786 735 |— .024 024 

COLORED HORNY X SELF. 

UL) eee ee | Self. | ae Sb a ai 578 39 110 103 326 | 0.057 0.073 
CUE te Ae le ee Sa a dorset: Sts ait 373 23 66 76 208 |— .025 092 
ME oe. SPE TEL Tas |-- of (ORS Snel Ree = Seer 451 31 97 79 244 |— .007 O81 
MRR ace cs ctecccOseeslers doves | Se oe 415 26 66 77 246 115 089 
UE ee ae See See (0 ee | | ee ae 549 35 102 93 319 O81 076 

As no correlation was found on the second-generation ears of this 
hybrid, none was to be expected on the third-generation ears. Fifty- 
five ears were obtained, representing many combinations. With the 
possible exception of two ears, Nos. 1564 (Table XXXVI) and 1704 
(Table XXXVII), no correlations were obtained. The individual 

ears shown in these tables are so arranged that the ears resulting 
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from the same cross may be readily compared. Ear No. 1564 had a 
correlation of 0.260+0.06. A correlation of this magnitude would 
be expected to occur as the result of chance once in 267 times, but 
since it occurs in a group of four, it would be expected as the result 
of chance once in 67 times. ’ 
Ear No. 1704 had a correlation of 0.3500.078, which is 4.5 times 

the probable error, and should occur as the result of chance once in 
415 times, but since it is but 1 in a group of 10 individuals, the 
odds against its chance occurrence are 42 to 1. We may with some 
propriety conclude that the correlations found on these two ears are 
accidental. The results, then, as shown by the third-generation ears 
support the assumption that this hybrid is homozygous for the color 
factor C: ; 

CORRELATION IN THE THIRD GENERATION OF THE HYBRID 
DH 237. 

Two ears were selected and grown from the hybrid Dh 287. 
These two ears are shown in Table XXXII, pedigree Nos. 1129 and 
1130. Ear No. 1129 was the result of self-pollinating a plant of the 
hybrid Dh 287, and ear No. 1130 is a second ear from this same 
plant. The male parent of this latter ear, when self-pollinated, 
produced ear No. 1135. Ear No. 1129 had the exact degree of corre- 
lation which is expected on a 8-1-1-3 coupling, 0.766 0.026, while the 
second ear of the same plant, No. 1130, had a correlation of 0.794 
+0.025. The male parent of ear No. 1130 had a correlation of 0.774 
+0.029. These two ears are very close approximations of the 0.766 
correlation which is expected on a 3-1-1-38 coupling. There were, 
of course, four classes of seeds on each of these two ears. The dif- 
ferent classes were planted separately. 

Crosses were made between plants from the white waxy seeds and 
plants from the colored horny seeds from the same ear. These 
crosses were made, using white waxy plants as the female parent, 
and also as the male parent. Self-pollinated ears were also secured 
from all the plants to make sure that they were of the type expected. 
The self-pollinated colored horny ears, however, are the only self- 
pollinated ears that would have all four classes of seeds. The three 
ears obtained from self-pollinated plants grown from colored horny 
seeds of ear No. 1129 are shown in Table XX XVIII. 

The correlation for these three ears is 0.770+0.017. This cor- 
relation is certainly a close approximation of the expected 0.766, but 
upon examining the three ears that make up the total we find the 
difference between the extremes to be 0.3840.06, a difference of 
more than six times the probable error, which can hardly be ascribed 
to chance fluctuation. The ear with the lowest correlation (No. 
1796, correlation 0.450+-0.063) deviates from the expected 0.766 by 
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0.316, which is slightly in excess of five times the probable error. 
The correlation of 0.45 is rather close to the expected 0.57 where a 
plant heterozygous for two color factors is self-pollinated, but the 
percentage of white seeds, 21.9, precludes this explanation. 

Fortunately another ear borne on the same plant was pollinated 
by a plant grown from a homozygous white waxy seed. If ear No. 
1796, deviating from the expected correlation of 0.766 by five times 
the probable error, represents but a chance fluctuation from this 
correlation, then the first ear of this same plant should, when crossed 
with white waxy, produce an ear with a correlation approximating 

0.8. The ear representing this cross is ear No. 1795. (Table 
XXXIX.) The correlation found was 0.387+0.05, certainly not an 
approximation of 0.8. These correlations show that the two ears of 
the plant were pro- 
ducing the same ex- 
cess of gametes 
bearing colored 
waxy and white 
horny genes. The 
relations of these 
ears are shown in 
figure 11. 

Since the male 
parent of ear No. 
1795 was a homozy- Ped 1VI6 SOS 
gous recessive, the 
zygotic ratio ob- Fig. 11.—Diagram rae es Miata of ears Nos. 1796 

served on this eur 
is also the gametic ratio of the female gametes within the range of 
chance fluctuation. 

To determine the gametic ratio of this ear as accurately as possi- 
ble the sum of the two reduplicated groups was divided by the sum 
of the nonreduplicated groups and the gametic ratio found to be 1.5 
to 1, or 3 to 2. The expected correlation on an ear the result of 
self-pollinating a plant with the gametic ratio of 3—-2-2-3 is 0.517. 
Ear No. 1796 is the result of self-pollinating the plant which bore 
ear No. 1795 with the above gametic ratio. The observed correlation 
on ear No. 1796 is 0.45, which deviates from a 0.517 correlation by 
0.067 +0.063, the deviation being insignificant. The plant, then, 
which produced ears Nos. 1795 and 1796 may with propriety be con- 
sidered as having formed gametes in the proportion of 8-2-2-3, 
while the majority of ears with a correlation have been shown to 
approximate the gametic series 3-1-1-3. 

The adherents of the linkage theory would look upon this de- 
parture from the expected as a mutation of the locus of one or both 
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of the characters, resulting in the distance separating them being 
widened from 25 to 40 units. To explain this gametic ratio on the 
reduplication theory requires but a simple alteration of the series of 
cell division, assumed to account for 3-1-1-3 couplings. 

The 3-1-1-3 gametic ratio is assumed to be the result of the type 
of cell division shown in figure 12, and the 3-2-2-3 coupling merely 
requires that the cells 46 and aB divide once while the cells AB, ab 
are undergoing two divisions. (Fig. 13.) 

The fact that both of these ears had approximately the expected 
percentage of both white and waxy seeds demonstrates beyond doubt 
that the distributions observed are not due to a failure to properly 
classify the material or to the presence of other factors that would 
influence the expected proportions. If these correlations are to be 

bx 
Fig. 12.—Diagram showing the type of cell Fic. 13.—Diagram showing a possible modi- 

division proposed by Punnett to explain a fication of figure 12 to account for a 

3—-1-1-3 gametic coupling. 3—2-2-3 coupling. 

looked upon as the result of reduplication the only explanation is to 
admit other series than those proposed. The remaining two ears of 
the three self-pollinated horny plants are sufficiently close approxima- 
tions of the expected 0.766. 

Five ears were secured from plants grown from the white waxy 
seeds of pedigree No. 1129 that were the result of pollinating these 
plants with plants grown from the colored horny seeds of the same 
ear. Three ears were also obtained where the parentage was re- 
versed. These eight ears are shown in Table XX XIX. 

The first group had a correlation 0.806+-0.017 between colored and 
horny, the expected being 0.8. Of the individual ears only one de- 
viated in excess of four times the probable error, that one—No. 1764— 
deviating by eight times the probable error. The correlation of 
0.91, observed on this ear, is intermediate between the 0.8 expected 
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on a 3-1 coupling and the 0.96 expected on a 7-1 coupling, though it 
is a closer approximation of the latter. The deviation of 0.06+-0.013 
from the 7-1 coupling is, however, 4.6 times the probable error. 

Ear No. 1764 has a reciprocal ear in No. 1799. This ear had a 
correlation of 0.7, a deviation of 0.10.03 from the expected 0.8, and 
differing from No. 1764 by 0.210.048, which is almost 4.5 times 
the probable error. A self-pollinated ear was obtained from the 
same plant that bore ear No. 1799. This self-pollinated ear is No. 
1800 (Table XXXVIII). The correlation of 0.834 observed on this 
ear is higher than the expected 0.766. The deviation of 0.068--0.02. 
from 0.766 is 3.4 times the probable error, which is rather large to 
be attributed to chance. The relations of these ears are shown in 
figure 14. 

Fic. 14.—Diagram showing the relations of ears Nos. 1764, 1799, and 1800. 

Since the female parent of ear No. 1764 was homozygous for waxy 
endosperm texture, the correlation of 0.91 represents the reduplica- 
tion in the gametes of the male parent. This reduplication is higher 
than the expected, the degree of correlation indicating the reduplica- 
tion to be closer to a 7-1 than a 3-1; in reality the series very closely 
approximates 4.5-1. The reciprocal ear of No. 1764—No. 1799—has 
a lower reduplication series than 3-1-1-3, being in reality 2.4-1. 

The correlation of 0.834 on ear No. 1800, the self-pollinated ear of 
the heterozygous colored horny parent, indicates a gametic series in- 
termediate between the 4.5-1 and 2.4-1. 

The expected correlation in self-pollinating a plant with a male 
gametic series of 203-44-45-206 and a female gametic series of 
168-71-80-191 is 0.788. Ear No. 1800, which represents such a self- 
pollinated ear, has a correlation of 0.834-+0.02, the deviation of 0.046 
from 0.788 being no larger than is to be expected. 

89356°—19——-6 
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This difference between the male and female gametes in the degree 
of reduplication could be brought about by a higher death rate pre- 
vailing in the pollen grains carrying white horny and colored waxy, 
the combinations that came from opposite parents. It might-be urged 
that these combinations reacted in an unfavorable way, lessening the 
life of the pollen grain or so reducing it in vigor as to have a larger 
proportion of the ovaries fertilized by the parental, white waxy and 
colored horny combinations. 

It would be necessary that the death rate be alike for the two com- 
binations, colored waxy and white horny, or the percentages of 
white and waxy would be found deficient. This is in itself an argu- 
ment against this explanation, since it seems improbable that CY and 
WZ should happen to be equally weak. The percentages of white to 
waxy seeds for the three ears are sufficiently close approximations to 
the expected to indicate that the two combinations were retarded 
about equally. 

Ear No. 1764 had 50.2 per cent waxy and 50.4 per cent white seeds, 
certainly very close to the expected 50 per cent. The reciprocal ear, 
No. 1799, had 51.4 per cent waxy and 53.2 per cent white seeds. The 
differences between white and waxy percentages of these two recipro- 
cals are not significant. The percentage of waxy seeds on the self- 
pollinated ear (No. 1800) is almost exactly the expected percentage, 
while the percentage of white seeds is in excess of the expected by 
more than three times the probable error. That the excess of white 
seeds on this ear is not brought about by a failure of the pollen grains 
carrying colored waxy combinations is demonstrated by the percent- 
age of waxy seeds, which is normal. In other words, if the high 
percentage of white seeds is due to a high mortality of the pollen 
grains carrying colored aleurone, this mortality must have been equal 
in the pollen grains carrying colored-waxy and colored-horny com- 

binations. ; 
The expected grouping compared with that observed for the 755 

seeds is as follows: 

Number of seeds. 

Class, 

CH. Cx WH. Wx. 

pected tes sie Ser psee ters teptetars ciclo wisteteclete 'eision Pe sasoosacs 484 82.5 82.5 106 
COLORECT Z10 Waa SR See A Sea One EERE il OAc 476 64 88 127 

As can be seen, there was a failure of both colored horny and col- 
ored waxy gametes, but greater in the colored waxy than in the col- 
ored horny, while a corresponding increase is noted in both the white 
horny and white waxy combinations, though the increase is much 
larger in the latter case. The figures would seem to indicate that the 
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higher correlation was due to the weak growth of the pollen grains 
carrying the odd character combinations. If this be the case, it 
should also be observed on ear No. 1764, but not on ear No. 1799, as 
the male parent of this ear was making but one kind of pollen 
grains—white waxy. 
The grouping for ear No. 1764 is as follows: 

Number of seeds. 

Class. 

CH. CX. WH. Wx. 

TERED GT. bAceade pA SaaS ESR EASE So Soa SCE eR eRenCP Cds soo aesod 186.7 62.3 62.3 186.7 
EBSCEVCR ERE eee enn sae oS oe ee eek e Geneeaee ceded Ae 203 44 45 206 

These figures would certainly seem to indicate that the odd combi- 
nations (CX and WH were in some way at a disadvantage when com- 
pared with CH and WX. 

The grouping for ear No. 1799 is as follows: 

Number of seeds. 

Class, 

CH. CX WH. WX. 

WERPOCHEE = os. = Sees SR cls SRE nee eee aig eae 191.3 63.7] 63.7 191.3 
DSoIVedeen eee SoS 5 oso Scialae's se ante calinse’e - oie dices Ses oat ese 168 71 80 191 

The low correlation on this ear is obviously due to paucity of 
colored horny female gametes, a combination that would not be 
expected to be deficient. No question of the vigor of part of the 
pollen grains is concerned on this ear, since they were all alike. A 
shortage in the colored horny gametes was indicated on the self- 
pollinated ear (No. 1800), but not to the extent noted on ear No. 1799, 
while an increase was observed of the white waxy gametes on ear 
No. 1800, which was also found on ear 1764, but not in such an 
increased degree as would naturally be expected. 
Summing up the three ears, we find ear No. 1799 indicating that 

the female gametes were deficient in the colored horny combination, 
practically the expected proportion of white waxy gametes, and a 
slight excess of the two odd combinations. The male gametes, as in- 
dicated on ear No. 1764, were in excess in both the colored horny and 
white waxy combinations and deficient in the odd combinations. 
From these two ears we would expect the self-pollinated ear to be 

deficient in colored horny seeds, in excess in white waxy seeds. 
Using the zygotic ratios of the male and female parents as repre- 
senting the actual gametic ratios, we find the white waxy combina- 
tion in excess by 20 in the male gametes and equal in the female 
gametes; so we would expect an excess of about 20 in the self-polli- 
nated ear, and we find an excess of 21, 
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The colored horny combination in the male gametes was in excess 
by 17 and deficient in the female gametes by 21; so a deficiency of 4 
would be expected on the self-pollinated ear, and we find a defi- 
ciency of 8. 

The colored waxy combination in the male gametes is deficient by 
18; in the female gametes this same combination is in excess by 8; 
so a deficiency of 10 would be expected in the self-pollinated ear, 
and a deficiency of 18 is noted. 

The white horny combination is deficient by 17 in the male 
gametes and in excess by 17 in the female gametes; so that they 
would be expected in the theoretical proportion on the self-pollinated 
ear, and we find an excess of 6. This agreement of evidence derived 
from so many different sources would indicate that the departures 
observed were the result of a definite and unexpected gametic series 
formed by the plant which bore ears Nos. 1799 and 1800, rather than 
fluctuations due to chance. 

The three ears that were obtained when plants grown from white 
waxy seeds were used as the male parent had a total of 1,293 seeds 
with a correlation of 0.610+0.025, but since one ear of the three 
has been shown to be of entirely different coupling this ear should 
not be included in the totals. Omitting, then, this one ear, No. 
1795, which is outstanding and does not belong to the series, the 
total number of seeds then becomes 740, with a correlation of 
0.737+0.025—a deviation from the expected 0.8 of but 2.5 times the 
probable error. 

Nine ears were secured from plants grown from the colored waxy 
seeds as the male parent, and two ears were secured from plants 
grown from the white horny seeds as the male. These ears are also 
shown in Table XXXVI. The correlation for the total number of 
seeds is not significant. One ear, however, No. 1781, has a negative 
association between C’ and H of 0.220+0.059, a deviation from a 
zero correlation by 3.7 times the probable error. This ear could in all 
probability be looked upon as the result of chance fluctuation in 
sampling, though closely approximating the 0.27 expected when a 
plant heterozygous for the color factors C and # and horny 
endosperm texture with a 3-1-1-8 coupling between the factor C and 
waxy endosperm is crossed with a homozygous waxy plant heter- 
ozygous for the two factors for color. 

As a test of the possibilities of securing a correlation when cross- 
ing two plants, one heterozygous for endosperm texture and without 
the factor for color C, the other homozygous for endosperm texture 
and heterozygous for the factor (, crosses were made between plants 
from white horny seeds and plants from colored waxy seeds. ‘These 
crosses were made, using the colored waxy plants as the female parent 
and also as the male parent. 
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Tt is obvious that no coupling could occur in the gametes, but Col- 
lins (4) reported significant correlations on two ears representing a 
similar cross that as yet can not be explained. It would be possible, 
however, to obtain a correlation by crossing a plant grown from a 
white horny seed with a plant grown from a colored waxy seed where 
two factors are required to produce color, and the correlation is be- 
tween one of these color factors and endosperm texture. 

TABLE XXXVIII.—Correlation between the endosperm texture and the aleuron? 
color of 22 ears of maize, the progeny of ear No. 1129 of the third generation 
of the hybrid Dh 287. 

COLORED Horny X SELF. 

Pedigree No. of— m4 

Number of seeds. £ a Heneniage 
Progeny ear. Self-pollinated. 8 g I 

AG ca A 

o Q 58 3 : 3 3 g £ 
oie 2 a ha ioe H ) a a oO I 

f2 eB SS |g S| ee |e 

1 2 3 4 5 6 q 8 9 10 11 12 13 

UP Fee eee aoc] SGU SEBOGSSe BOD SEsaee nee Aas 296 24 41 42 189 | 0.450 |0.063 | 23.3 21.9 
PIGRE Re Oe |e ese BOS Sl IEE Her |e eee 752 107 71 87 487 - 788 | .025 | 26.2 | 23.7 
180082 Ss 5252 eee ra ees | esrs abel e os tee 755 127 88 64 476 . 834 | .020 | 25.3 | 28.5 

TUTE 6 tg ae Oe et ee ee a 1,803 | 258 | 200) 193 |1,152 | .770} .017 |-...--|---.-. 

WHITE WAXY X COLORED HORNY. 

BSASE Pe 1800.......|......--.-| None....| 500] 178 59 67 | 196 | 0.797 |0.025 | 47.0] 47.4 
YG eae SOO oo mis jsc| scseseceen| soe do....| 439 165 51 48 175 -790 | .030 |} 48.6 | 49.9 
(7s a a 10/2; epee (aS eA See ee Gosss -|) /5372| +170 88 70} 209] .704 | .032 | 44.7] 48.0 
1764, 2 = TSOO Sooo | seosiscicicce W990 Se. 498 206 45 44 203 .910 | .014 | 50.2 50.4 
176aaee ----- SOO SS oe |p eeace niece None....| 528 | 177 74 72) 205| .705 | .033 | 47.2} 47.6 

Berarsles tee ey LO ee De, 2, 502 896 317 301 988 AS0Gi | e207 |Pe eae Ice 

COLORED HORNY X WHITE WAXY 

VIDS 2 xiao o's INONC 2 sua M96 oo eme None....| 553 164 117 104 168 | 0.387 |0.050 | 48.5} 50.5 
Uf ae ee (CE a eS eee 4 ae G0se a |uezo0) 93 32 24 81 -810 | .036 | 50.9] 54.4 
POSES es fit doce. 224) 180032252 GEES se 510 191 80 71 168 .700 | .034 | 51.4 53.2 

S035 | SS es SL See et ee 1, 293 448 229 199 417 GLOM PE O25y | Se aece | Meeaet 

COLORED WAXY XK WHITE HORNY 

TIGGE Sodcecss Alliwhite.2}is2i2..2 None....| 432 112 102 110 108 | 0.038 |0.065 | 51.4 | 49.6 
Vly aS ee CB ee] Sone re 7 144 33 35 42 34 |—.135 | .112 | 52.0} 47.2 

LU LS Ser Se re 576 145 137 152 142 |—.009 | .056 |-.....]...... 

WuitE Horny X COLORED WAXY. 

| (ee None...... te aS None....| 448 95 | 120] 114] 119 |—0.095 |0.064 | 46.6 | 48.0 
a sae OOo oi sfetue as vexals Fe do....| 613 146 158 161 148 |— .082 | .055 | 50.4 49.6 
I costal OSs 52a sli de caedasl( Lh] OSeuece 533 128 138 143 124 |— .096 50.8} 650.0 
NEES Hae G0. 22 A525 6. 2322.|) None:.2.|' 428 97 97 112 122 - 043 48.8} 45.3 
CRS ae eae AO sok plaece chao val ore do....| 476 127 135 107 107 |— .036 49.2 55.0 
J eS 2 ee) he ee eS GOs onl ATT 105 137 128 107 |— .220 48.9 50. 4 
i) Se ae AREA Seeley aerr | pee 0;)-\5'< | AsDOL 174 165 133 119 |— .029 52.0 57.3 
Ln SS ae Os. oly clewwe a nae aac do....| 446 101 113 110 122 |— .004 47.3 48.0 
fe oe ee UGs real onesacsael ses do....| 386 87 102 95 102 |— .044 47.2) 49.0 

ae Bee 4,398 |1,060 |1, 165 |1,103 [1,070 |— .061 
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The assumption can then be made that the white horny plant is 
producing gametes CHr, Chr, cHr, and chr, with a correlation be- 
tween C’ and H. Such a plant, if self-pollinated, would produce an 
all-white ear with 3 horny seeds to 1 waxy. 

The colored waxy plant might be making gametes CRA Crh. A 
cross between a colored waxy plant of this nature and a white horny 
plant such as has been described would result in an ear with four 
classes of seeds: CH, 7; CX, 5; WH, 1; WX, 8; correlation, 0.615. 
In this case, however, the percentage of white seeds is but 25, and 
the correlation is 0.615, while in the two ears reported by Collins, one 

~ had 30.1 per cent white with a correlation of 0.373+0.057, and the 
other had 48 per cent white and a correlation of 0.47+0.056. It is 
at once apparent that neither of these ears could be looked upon as 
approximations of the above zygotic arrangement. 
From the second ear of the hybrid Dh 237, No. 1130, from which 

the six classes of seeds were planted, three self-pollinated ears from 
colored horny plants were secured that had four classes of seeds 
(Table XX XIX). These three ears had a correlation of 0.725+0.017, 
slightly lower than the expected 0.766. None of the three ears devi- 
ated from the expected in excess of three times the probable error, 
though all three were below the expected. As the result of crossing 
plants grown from white waxy seeds with plants grown from colored 
horny seeds of ear No. 1130, six ears were obtained, by using the 
white waxy plants as the female parents, and five ears were obtained 
by using the white waxy plants as the male parents. These 11 ears 
are also shown in Table XX XIX. 
The 6-ear group had a correlation of 0.8090.01, which is a Wery 

close approximation of the expected 0.8. None of the individual ears 
of this group deviated from the expected correlation by as much as 
three times the probable error. 

The ears of the 5-ear group had with one exception lower correla- 
- tions than the lowest obtained in the 6-ear group. The correlation 
for the five ears was 0.76+0.01, which differs from the 0.809 correla- 
tion obtained in the reciprocal ears by 0.049+0.015. None of the 
ears in the 5-ear group deviated by as much as three times the prob- 
able error from the expected correlation. These two groups, together 
with the three self-pollinated ears from the colored horny plants, are 
certainly very close approximations of the expected results where the 
coupling is of the form 3-1-1-3. The individual ears exhibit a re- 
markably uniform grouping of the four classes of seeds. 

Crosses were also made between plants from the colored waxy seeds 
and plants from the white horny seeds, which should result in ears 
with no correlation. 
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TABLE XXNIX.—Correlation between the endosperm texture and the aleurone 
color of 14 ears of maize, the progeny of ear No. 1130 of the third generation 
of the hybrid Dh 237. 

{Lines bracketed together indicate ears borne on the same plant.] 

CoLORED Horny X SELF. 

Pedigree No. of— 

N f . iu Percentage umber of seeds Cor Pian pe 8 

Self-pollinated. tion able 
Prgreryg| (seem i le ets |SRecipron||a A Rie ee oe pchr ali iey | CITOLS|P Ui sue 
ears. cal cross. 

3 Q Total.| WX.|WH.| CX.| CH. Waxy.|White. 

1 2 3 4 5 6 7 8 9 10 11 12 13 

197 | 199 | 165 |1,031 | .725 | .017 | 22.75) 24.9 

COLORED HORNY X WHITE WAXY. 

s 1838.....<- All waxy+-|=<.5-..0--- 1804. .... 545 | 193 78 67 | 207] .768 |..027 | 47.8 49.8 
LS Bee Soe] See donee EO ee Soe None...-} 415 | 153 67 55 | 140} .706} .037]} 50.1 53.0 
ASAGS soe s|-t< Mo- =! 1847-2) ha =- do..--] 621} 219 80 86] 236] .765 | .025 | 49.2 48, 2 
ib Gs a te! es (@)-SeSes Aaneembsee 1815. .... 581 | 222 79 77} 203) .754 | .027) 51.4 51.8 
1 iS Bart dove 223 1855. ..-. PSIG see: 614 | 223 76 83} 232] .784) .024} 49.8 48.7 

“Lt ESTs (AE See ee ea thodlbobseesase 2,776 |1,010 |} 380} 368 |1,018 | .760 | .012| 50.1 52.0 

WHITE WAXY X COLORED HORNY. 

1804......- None sess | jee = tse 1838....- | 363 | 132 47 34 | 150 850 | .027 | 45.7 49.3 
eee ee ObeGs salad sceice oe None....| 435} 180 52 57 | 146 799 | .027 | 54.5 53.3 
LU tei eae Move. soos. Ae dowte- 275 95 32 41} 107 775 | .037 | 49.5 46. 2 
ji eee ae (hE SAs56 Sac sanerod soe do....- 441 | 183 60 55 | 143] .776 | .028 | 54.0 55.0 
fi Ree eee dose a AAMT 1649 Ese 465 | 164 60 53 | 188 | .814 | .025 | 51.0 48, 2 
4816-27. 1G) Geel Bosee ceeae 1854... .. 515 | 215 57 65 | 178 §24 | .023 | 54.3 52.8 

LH Coe Ser eee eae! beet Seer 2,494 | 969] 308] 305] 912 809 | .O11 | 51.0 51.2 

AS81824 .9723 All white.|......-.-- 1827....-. 754 | 185 | 182] 181] 206 | 0.074 [0.049 | 48.6 48.7 
1h Ue ee Bee eae beesoadaue None....| 207 57 52 47 51} .G86 } .C95 | 48.0 49.8 

50.0 
49.2 

4 CPP All Wamyys|biessee'- Jc 1818..... 644 | 170} 163] 140] 171 | 0.119 |0.053 | 48.2 51.7 
1829....... INOUO,smsssloor sess cn- None....| 511] 134] 128} 142] 107 |—.117]. 059 | 54.0 51.3 

1833...... LWA oss osaceen =| te 0 (ile pepe 434] 116 98] 100] 120) .173 | .063 | 49.8 49.3 
1834......|--- Oe SA es Sacco tn do....} 511] 128} 128] 122) 133) .043 |} .060 | 49.0 50.5 

See Pe Ch ee ee Peer eee 1825..... 603} 125] 131] 129} 118 |—.068 | .060 | 50.5 50.9 
Eicesvsa1- 60 COA Ee) SAOEABEE DE 1822..... 297 58 91 69 79 |—.156 | .077 | 42.8 50.1 

LUNe lesa scores seal eescert ts s| 22 te o-'a\see 2,900 | 731] 739) 702| 728 | .013 | .025 | 49.4 50.6 

As the result of such crosses 10 ears were obtained, 4 with the 
colored waxy plants as the female parent and 6 with colored waxy 
plants as the male parent (Table XX XIX). The highest correlation 
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secured was 0.1730.063 on ear No. 1833, which can not be considered 
significant, being less than three times the probable error. 

The results obtained from the progeny of the two ears, Nos. 1129 
and 1130, of the hybrid Dh 237 were, with a few exceptions, fairly 
close approximations of the expected results on the assumption that 
the gametes were formed in a series of 3-1-1-3. 

SECOND GENERATION OF THE CROSSES BETWEEN THE TWO 
HYBRIDS DH 234 AND DH 237. 

Aside from the two first-generation hybrids between the Algeria 
and the Chinese varieties of maize, Dh 234 and Dh 237, and their im- 
mediate progeny, the result of self-pollination or crosses between two 
plants of the same hybrid there were 34 ears, the result of crossing 
the two first-generation hybrids. Seventeen of these ears were all 
colored with both horny and waxy seeds. 

Three of these all-colored ears were grown the following season. 
One ear, resulting from using the hybrid Dh 234 as the female 
parent and the hybrid Dh 237 as the male parent, was renum- 
bered cross Dh 330 and grown under that symbol. The other two 
ears grown were the result of using the hybrid Dh 237 as the 
female parent and the hybrid Dh 234 as the male parent. These 
two ears were known as crosses Dh 333 and Dh 334. The female 
parent of the cross Dh 333 was used as the male parent of the cross 
Dh 330. 

On each of these three all-colored ears there are 16 classes of 
zygotes, only 6 of which will exhibit, when self-pollinated, ears with 
all 4 classes of seeds, colored and white horny and colored and white 
waxy. 

All 6 of these classes of zygotes when planted and self-pollinated 
are expected to have horny and waxy seeds in the proportion of 3 to 1, 
while 4 of the 6 are expected to have colored and white in the pro- 
portion of 3to1. The remaining 2 classes are expected to have colored 
and white seeds in the proportion of 9 to 7. 

For the 6 classes of zygotes, 4 very different degrees of correla- 
tion are expected, in the following proportions: Four ears with no 
correlation between the colored aleurone and horny endosperm, 3 
ears with a correlation of 0.766 between colored aleurone and horny 
endosperm, one with a correlation of 0.744 between colored aleurone 
and waxy endosperm, and one with a correlation of 0.380 between 
colored aleurone and waxy endosperm. Of the 16 zygotic combina- 
tions represented on the all-colored ears, only 2 classes of seeds could 
be distinguished, namely, horny and waxy. These were planted 

separately. 
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When the colored horny plants are crossed with the colored waxy 
plants, 6 of the 16 zygotic combinations are expected to exhibit all 
4 classes, and since there are three classes of waxy, 14 combinations 
result, as shown in Table XLII. Of these 14 ears, 12 are expected to 
have colored and white in the proportion of 3 to 1 and horny and 
waxy seeds in equal numbers, while the remaining 2 ears are expected 
to have colored and white seeds in the proportion of 9 to 7, with equal 
numbers of waxy and horny seeds. The 14 classes of ears are ex- 
pected to be divided into five groups, with different degrees of cor- 
relation, as follows: Twenty ears with no correlation, 27 ears with 
a correlation of 0.615 between colored and horny, 9 with a correla- 
tion of 0.270 between colored and horny, 9 with a correlation of 0.615 
between colored and waxy, 3 with a correlation of 0.270 between col- 
ored and waxy. The classes of zygotes are represented in Table XL. 

TABLE XL.—Classes of zygotes on the all-colored ears resulting from crossing 
the hybrids Dh 234 and Dh 237. 

Hybrid Dh 234. 

Gametes. 

CRE. CRh. Cr. Crh 

RR Ni pied en ban atinn, Okan Oit he@wuilh @ 
SMe cc MC we a gL ©) @ 

B Gif [EL we ae Se PSE pe a PR ca in I Q) @ ® 

4) OL). aoe SAGE EC OE SRE SoG SRE c ECE eR CRE ACeee ona raaEn (3) @) 

The italic letters in the column boxes of the table represent the 

gametic combinations formed by the hybrid Dh 234, and those in the 
left-hand column represent the gametic combinations formed by the 
hybrid Dh 237. The figures 3, 1, 1, and 3 preceding the italic letters 
in the left-hand column indicate the proportion in which each of 
these gametic combinations are formed in the hybrid Dh 237. 
Owing to the reduplication of certain combinations, resulting in an 
association of the color factor C’ and the endosperm texture //, there 
was no reduplication in the hybrid Dh 234. 

Each circle in the table represents one of 16 zygotic combinations 
formed by crossing the two hybrids Dh 234 and Dh 237. The 
circles are numbered for convenience of reference. Thus, owing to 
the reduplication, the zygotic combinations represented by circles 
1, 2, 3, and 4 are present on the ears three times as often as the com- 
binations represented by circles 5, 6, 7, and 8. It must be borne in 
mind that two factors are required to produce colored seeds; these 
factors are represented by the letters ( and &. 'The endosperm tex- 

tures horny and waxy are represented by the letters 7 and h. 
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Table XLI shows the expected result of self-fertilizing the 16 
classes of zygotes in Table XL. When horny and waxy seeds are 
both present on a self-pollinated ear the expected proportion 1s 
always 3 horny seeds to 1 waxy, within the range of chance fluctua- 
tion. 

TABLE XLI.—Hxpectation of seed classes resulting from the self-fertilization of 
the zygotes enumerated in Table XL. 

Circle. Class of seeds. Circle. Class of seeds. 

INOS Tose ose cesses All colored. horny. Nos. 8 and 14.....- 3 colored to 1 white, all waxy. 
Nos. 2and 5....... All colored, horny, and waxy. Coa Se aS 9 colored to 7 white, "all horny. 
Nos. 3 and 9.....-. 3 colored to 1 white, all horny. Nos. 12 and 15-....| 9 oes to7 white, horny, and 
Nos. 4, 7,10, and 13.| 3 colored, 1 white, horny and 

axy. No. 16...........-- 9 lewd to 7 white, all waxy. 
INONGSoss ice ese outs All colored, waxy. 

The following list shows the circles that would have four classes 
of seeds when self-pollinated, together with the degree of correla- 
tion expected : 

Circles Nos. 4 and 7, no correlation. 

Circle No. 10, correlation, colored and waxy, 0.744. 

Circle No. 12, correlation, colored and waxy, 0.380. 

Circle No. 13, correlation, colored and horny, 0.766. 

Circle No. 15, correlation, colored and horny, 0.570. 

The proportions in which the different degrees of correlation are 
expected are as follows: 

INOH GORE A ETO Te gee RS NLA sR a IK eT a LOS MOL 4 ears. 

Correlation between colored and horny, 0.766___ = 3 ears. 

Correlation between colored and horny, 0.570_______-______ 3 ears. 

Correlation between colored and waxy, 0.744_____________ 1 ear. 

Correlation between colored and waxy, 0.380_-_-_________ 1 ear. 

Table XLII shows the expected results of crossing colored horny 
with colored waxy plants when the ears obtained exhibit four classes 
of seeds, the expectation being that these ears are to have horny and 
waxy seeds in equal numbers. 

horny with colored waxy maize plants whose ears exhibit fowr classes of 
seeds. 

Circle. Color. Texture. Correlation. 

Number 4 & 8.......... 3 colored, 1 white............ Horny and Ee None. 
Number 7 X 8......-...|-..-. C6 (0 a a AES NS CRA a Ose ue er Do. 
Number 12 x 8.......--|..... a Lo eS A a TS Ie CO Ko Ae Do. 
Number 15 X 8........-]..... CO) Se eres Walceze, ea rah mmr DESDE f Dore ae ate Do. 
Number 10 X 14...-....)..... CAO) Span pa yi US aes iy at does Colored and waxy. 0.615. 
Number 12 x 14.........}..... (0 (0) ae GES RE Re iprerIa ea LNB eA NONATD Gow eree eee Do. 
Number 13 X 14.......-]...-. (6 Ca eee a pei SRS Nate bi TA do..........-..| Colored and horny, 0.615. 
Number 15 X 14. ....-_.-}..2.. (0 (oa SR NS Rc eS doe Do. 
Number 4 X 16....-.-..|...-. OE Se Ee certian do.......-..-..| None. 
Number7 X 16........-}..... C0 1p ae em eT OS MRE REIL Gores joene se 
Number 10 K 16........|....- CO eee ee Mente 2 Mili EME Ri do ee Colored and waxy, 0.615. 
Number 12 X 16.......- 9 colored, 7 white............|...-. do.......-..-.-| Colored and waxy, 0.270. 
Number 13 X 16.......- 3 colored, IAT Ene Eeeal ocee do........-..--| Colored and horny, 0.615. 
Number 15 X 16........ 9 colored, CNHIG CSO oe Re do..........-.-| Colored and horny, 0.270. 

. 
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The proportions in which the different degrees of correlation are 
expected where colored horny is crossed with colored waxy are as 
follows: 

BSE eT SAY Te a ae REC 20 ears. 

Correlation between colored and horny, 0.615____________ 27 ears. 

Correlation between colored and horny, 0.270____________ 9 ears. 

Correlation between colored and waxy, 0.615____________ 9 ears. 

Correlation between colored and waxy, 0.270____________ 3 ears. 

Tt can readily be seen that a very large number of individuals 
would be necessary to determine whether the ratios, together with 
the expected degrees of correlation, were obtained in the correct pro- 
portions. The results obtained from the cross Dh 333 can be dis- 
posed of rather easily, since only four self-pollinated ears were se- 
cured from the colored horny group (Table XLIII). With three 
of these ears it is not possible to accurately determine the degree of 
correlation to which to refer them, since the number of individuals 

is small. The fourth ear seems to have rather too high a degree of 
correlation between colored and horny to be referred to the expected 
0.766, but the chances of such a deviation being due to an error in 
sampling are about 5.5 in 10. It can therefore be assumed that the 
four ears secured from the cross Dh 333 do not in any way conflict 
with the expected results. 

The remaining crosses, Dh 330 and Dh 3384, have a slightly larger 

number of ears with which to further test the fit of observed to 
theory, but it is not the number of ears, which indeed are far short 
of sufficient numbers to make an accurate test of proportions, but 
from the way in which they are related that the most interesting 
results are obtained. 

Tapite XLIII.—Correlation between the endosperm texture and the aleurone 
color in four ears of maize, the progeny of cgi’ horny seeds of cross Dh 
333 self-pollinated. 

Number of seeds. Percentage of— 

Progeny ear, |] lation, | able 
Total.| WX.| WH. | cx. | cH, |W+*.| error. | waxy. | white. 

1 2 8 4 5 6 | 8 9 10 

CU ee BS rosees 337 16 53 78 190 | —0.153 | 0.103 27.9 20.5 
RE ete a wn wie nila = “eis pise 7 261 14 55 41 151 | — .032 -117 21.1 26.4 
LL os ee epee ape Si Mes ae 33 2 3 9 19 - 169 - 270 33.3 15.2 
RN tebe a Bop = ert o's on o's 424 58 47 39 280 - 800 031 22.9 24.7 

At. first glance the degrees of correlation obtained with the cross 
Dh 330 by pollinating the colored waxy individuals with the colored 
horny individuals and the reverse, together with the few self- 
pollinated horny plants, seem to very nearly approximate those ex- 
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pected on theory, as all of the correlations obtained could be re- 
ferred to some of the expected degrees of association. 

The first ear shown in Table XLIV, No. 1856, has an exact recip- 
rocal in ear No. 1877, and the self-pollinated colored horny parent 
is ear No. 1878, both of the same table. All three of these ears show 
practically no correlation, and the Mendelian ratios approximate 
the expected proportions. This group can be said to fulfill the ex- 
pected results where either circles 4, 7, 12, 15 are crossed with circle 
8, or where circles 4 or 7 are crossed with circle 16 (Table XLII). 
The second group consists of ear No. 1860, its exact reciprocal ear 

No. 1874, together with the self-pollinated colored horny parent ear 
No. 1875 (Table XLIV). 

TABLE XLIV.—Correlation between the endosperm texture and the aleurone 
color of 12 ears of maize; bhe progeny of the cross Dh 3350. 

CoLORED WAXY X COLORED HORNY. 

Pedigree No. of— tas 

Number of seeds. ee ng Percentage 

Self-pollinated. = wees 
Progeny ear. ele pollinis g gs & 

on BS oD 

AS melee : 

~ j=} Gs} cm 

Be iS as |e) eo eee 

1 2 3 4 5 6 q 8 9 10 11 12 18 

18565 o8ce 5 yf Ee Se cere se Ee Wey foacas 525 69 74} 170{ 212 | 0.075 |0.067 | 45.6} 25.4 
ISGO RSE S75 SSE chs ee AS TAs 649 | 119 45 | 170} 315] .653 | .039 | 44.6] 25.3 
USGL IN@MCB CE Scalboosaaacse WeyAlsoose 450 51 58} 153] 188] .034] .074 | 45.4] 24.2 
1863......... BAVA O MR AEE Sees None....| 679 72 102 | 234 271 |—.114 | .059 | 45.0] 25.6 
US Seeas6on 1S 75 Se ie SIS et Se do....| 739] 148 38 | 237] 321) .670} .031 | 51.4} 24.5 

COLORED HORNY X COLORED WAXY. 

WS7Ae tes oery: All waxy..| None....} 1861..... 81 10 11 23 37 | 0.188 |0.053 | 40.6 | 25.9 
SASH sce clecce weecce ee 1S /Deeeee 1860..... 137 25 16 46 50 -259 | .120 | 51.8} 29.9 
N87 Secs ci None...... No one....}| None....| 377 86 36 | 115 | 140] .491 | .064} 53.4] 32.4 
Nevi(codesagee All waxy..| 1878..... 1856..... 424 51 50 | 175] 148 |—.074 | .076 | 53.3} 23.9 

COLORED HorRNyY X SELF. 

S7Oe ee eeeece Self acral aces act aameceateae 716 { 104} 194 47 | 371} 0.605 |0.042 | 21.1] 41.6 
1878....... SLI BA AG OR = oB 6 So or ASE laos see aos 496 32} 104 90 | 270 |—.040 | .080 | 24.6 | 27.4 
1S 5 abedeal bod CORES SS sGosneosne Seceeeeaae 136 19 42 9 66 .5388 | .077 | 20.6 | 44.8 

Since the self-pollinated ear from the colored horny parent of the 
above reciprocals had approximately 9 colored to 7 white seeds with 
a correlation of 0.605 between C and H, it could have come only from 
circle 15 (Table XL). The expected correlation upon self-polli- 
nating circle 15 is 0.570, of which 0.605--0.04 can reasonably be con- 
sidered an approximation. 
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There are three classes of waxy seeds with which circle 15 may be 
crossed that will result in ears with four classes of seeds. These 
seeds are represented by circles 8, 14, and 16 in Table XL. ‘Circle 8 
can be eliminated, since a cross between it and circle 15 would result 
in an ear with no correlation. The choice lies between 14 and 16. 
The result of crossing circles 15 and 14 would be an ear with a cor- 
relation approximating 0.615 between C’ and H. This is a fairly 
close approximation to the 0.653+0.039 obtained with ear No. 1860, 
but the correlation of 0.259+-0.12 obtained with the exact reciprocal 
of ear No. 1860, namely, No. 1874, is a very close approximation to 
the expected 0.270, when circles 15 and 16 are crossed. In this, case, 
as is shown on page 90, the expected ratio of colored to white seeds 
is 9 to 7, while on the ear concerned, No. 1874, the colored seeds are 
approximately three times the number of white seeds. The corre- 
lation of 0.259 certainly can not be looked upon as a chance fluctua- 
tion from the correlation 0.615 expected when circles 15 and 14 are 
erossed. A case parallel to this is found in the cross Dh 334. The 
colored waxy parent pollinated by the colored horny is represented 
by ear No. 1902, the exact reciprocal is ear No. 1917, and the self- 
pollinated colored horny parent is ear No. 1918 (Table XLV). 

Taste XLYV.—Oorrelation between the endosperm texture and the aleurone color 
of 10 ears of maize, the progeny of the cross Dh 3834. 

COLORED Waxy X COLORED HORNY. 

Pedigree No, of— bd 

Number of seeds. + i pore nace 
Self-pollinated. 3 4 e E 

oy S| 2 
Progeny ear. A 5 ic e a S 3 

a |) ee PSR PR ea ob eps 
fa es ESIC eS cule UNM ted leg 

1 2 3 4 5 6 q 9 10 ab] 12 13 

aes ae 1918 .5-2-:. 1903..... LOU Tiecleee 765 | 166 49 | 249} 301 |0.640 0.038 | 54.3) 28.1 
ee None...... None....| None....} 443 57 58 | 162] 166 .002 | .073 | 49.5] 26.0 
DOG rs ae ods oni i PAP Oe aa re do..... 1922..... 315 40 Al 112 116 | .076 | .085 | 50.1 | 27.6 
PO a eee '> LOZ ott aie o's TOTO Se ee 1924..... 485 71 32 | 146 236 | .563 | .042 | 44.7] 21.3 

COLORED HORNY X COLORED WAXY. 

ROM Oar ades dn All waxy.-| 1918..... 1902. «206 452 80 40 |} 170} 162) .348| .067 | 55.3] 26.5 
NAP pBABE Be Ov eaens Ah PAS ae 1906..... 421 56 53 156 160 | .040 | .046 | 49.4] 26.5 
WA sopeeencrl occ erase 1925...-. 1909..... 415 83 25} 125) 182) .658] .049 | 50.6} 26.9 
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The self-pollinated colored horny ear had approximately 3 col- 
ored seeds to 1 white and a correlation of 0.628+0.054 between ( 
and H. This correlation is about midway between that expected for 
self-pollinating circles 13 and 15, though it is slightly closer to the 
latter. Self-pollinating circle 15 would have an expected ratio of 
9 colored to 7 white seeds, but since the ear in question is a fairly 
close approximation to the ratio of 3 colored to 1 white it fits the 
expected proportions when circle 13 is self-pollinated. 
Assuming the plant in question to be the result of planting circle 

13, there are two classes of waxy seeds with which it may be crossed 
that will result in ears with four classes of seeds. These classes are 
represented by circles 14 and 16. 

The ears secured by either cross would be alike, both having 3 
colored seeds to 1 white and a correlation of 0.615 between C and H. 
Ear No. 1902, with a correlation of 0.640.038, is a close approxima- 
tion to the expected results on this basis, but the exact reciprocal ear, 

No. 1917, with a correlation of 0.348+-0.067, can hardly be looked 
upon as approximating the expected 0.615. This correlation 1s much 
closer to that expected when circles 15 and 16 are crossed, but the 
ratio of white to colored seeds would in that case be as 7 to 9, and 
the observed ratio is a close approximation to the 3 to 1 ratio. In 
both the cases where the reciprocals differ in the degree of correla- 
tion the lowest correlation is found where the colored horny plant 
served as the female parent, indicating a higher correlation in the 
male gametes. This tendency has been observed with ear No. 1764 
(Table XX XVIII), where a significant difference was observed in 
reciprocals, and also with ears Nos, .1804, 1815, and 1816 (Table 
XX XIX), where smaller differences in this direction were observed. 

This difference may be due to a higher death rate for the pollen 
grains bearing the character combinations resulting from different 
parents, or it may be that such pollen grains are less vigorous or that 
the male gametes are not being formed in the expected proportions. 

The remaining ear of cross Dh 330 that resulted from pollinating 
colored horny individuals by colored waxy is ear No. 1876. There 
is no reciprocal of this cross nor is there a self-pollinated ear from 
the colored horny parent. The ratio of white to colored seeds is 
rather closer to a 8 to 1 than a 7 to 9, and the correlation, 0.491 
+0.064, though low, may be looked upon as an approximation of 
the expected 0.615, when circles 13 and 16, 18 and 14, or 15 and 14 

are crossed. 
Of the three self-pollinated ears of the cross Dh 330, one ear, No. 

1875, has already been discussed. Ear No. 1878, having no signifi- 
cant correlation, could be the result of self-pollinating circles 4 or 
7. Ear No. 1882, with an approximate ratio of 9 colored to 7 white 
seeds and a correlation of 0.538 between C’ and H, is a very close ap- 
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proximation of the expected 0.570 when circle 15 is self-pollinated. 
The remaining ears of the cross Dh 384 also seem to approximate the 
expected correlations. 

Ears Nos. 1906, 1904, and 1922 are all close approximations to the 
expected results of crossing circles 4, 7, 12, or 15 with circle 8 or 4 
or circle 7 with 16. Ears Nos. 1906 and 1922 are exact reciprocals, 
and as such agree as well as could be expected. The colored horny 
parent of these last-mentioned ears had a self-pollinated ear, No. 
1923, which could have been the result of the self-pollination of 
circles 4 or 7, so that ears Nos. 1906 and 1922 are probably the result 
of crossing circles 4 or 7 with circles 8 or 16. Ears Nos. 1909 and 
1924 are exact reciprocals, and with the self-pollinated ear from the 
colored horny parent, No. 1925, make a complete group. ‘The self- 
pollinated colored horny parent is a very close approximation to the 
result expected when circle 13 is self-pollinated. The reciprocals, 
Nos. 1909 and 1924, are in fairly close agreement with each other 
and are close approximations to the expected result of crossing circle 
13 with either circle 14 or 16. 

SUMMARY OF THE CORRELATIONS BETWEEN ENDOSPERM 
TEXTURE AND ALEURONE COLOR. 

The preceding experiments were undertaken in the spring of 1910 
with the view to determining whether the previously observed 
coherence between endosperm texture and aleurone color could be 
referred to the 8-1-1-3 reduplication series of Bateson and Punnett. 
The intention was to obtain a number of individuals large enough 
to determine definitely the degree of reduplication, as well as to 
decide whether all plants gave the same reduplication ratio. 

The experiments have now been carried to the third generation, 
and the degree of correlation with 17,015 seeds has been found to be 
0.762+0.0057. This correlation is a very close approximation to 
the 0.766 expected if the reduplication was of the series 3-1-1-3. 
Some plants have been found, however, which gave reduplications 
other than 3-1-1-3, and it is possible that succeeding generations of 
these will throw additional light on this complicated subject. In 
some cases the departures could be readily explained by slightly 
modifying the theory proposed by Punnett as to the type of cell 
division, which resulted in the 3-1-1-3 ratio, but in other cases an 
extremely complicated theory of cell divisions would be required to 
give an adequate explanation of the observed ratios. 

To explain the aberrant cases by Morgan’s linkage hypothesis, we 
would be forced to believe that at least one of the characters was. 
insecurely located on the chromosome, since with the widely different 
correlations obtained it is necessary to assume that the mutation of 
the locus of at least one of the characters is of frequent occurrence. 
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With a new series of hybrids between these same varieties compris- 
ing some 20,000 seeds, a correlation has been obtained which more 
nearly approximates a 4-1-1-4 than a 3-1-1-3 gametic series. The 
correlation for these last hybrids differs from that obtained in the 
original crosses by more than eight times the probable error. From 
this we must conclude that the correlation between the same char- 
acters differs widely in different families, though the individuals 
within a family seem to approximate the same mean. 
We must further conclude that the association between these two 

characters in maize does not always fit the arbitrary series of 3 to 1, 
7 to 1, etc., proposed by Bateson, but that in some instances the 
couplings more nearly approximate the intermediate points of this 
series, such as 4 to 1, 5 to 1, etc. 

It is not intended to imply that the reduplication found in the 
gametes is the direct result of unequal cell division, although the 
observed results can be explained on such a hypothesis. The assump- 
tion that for the higher coupling ratios segregation must take place 
before synapsis in order to permit of the proper number of cell 
divisions seems thus far unwarranted by any cytological evidence. 
A study of the Mendelian behavior of the aleurone color has led 

to the realization that since characters are the result of many factors 
more or less independent the correlations must also be between these 
invisible factors rather than between the visible characters. 

The fact that correlations are between factors which can be de- 
tected only when in combination with certain other factors permits 
of many different degrees of correlation and lessens the degree of 
confidence to be placed in conclusions regarding both the factorial 
composition and the correlations or couplings. There is danger of 
explaining aberrant Mendelian ratios by the predication of correla- 
tions and to explain aberrant coupling ratios by assuming changes 
in the factorial composition. Because of this fact, great care must be 
given to the analysis of correlated characters from the standpoint 
of their Mendelian behavior, since auch depends upon the number 
of factors involved. 

Reciprocal crosses between plants heterozygous for endosperm 
texture and aleurone color and plants homozygous for the recessive 
characters waxy endosperm and colorless aleurone have shown in 
many cases that certain character combinations are deficient in the 
male gametes. It is suggested that this deficiency may be due to a 
higher death rate, less vigor, or a failure of the plant to produce 
these odd combinations in the proper proportions. 

If we can assume that correlations are the result of unequal cell 
division, we can further assume that the reduplicated character com- 
binations are also the most vigorous. Thus the tubes from the pollen 
grains bearing the reduplicated characters may grow more rapidly 
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than the pollen tubes from the grains bearing the odd combinations. 
Such a difference in the rate of growth would not occur in the female 
gametes, and they would be present in the theoretical proportions 
unless a differential death rate supervened. 

Tt does not seem unreasonable to believe that any reaction, which 
causes the more rapid division of the cells bearing the correlated 
characters, may also cause the gametes with these same combinations 
to be more vigorous. In most cases when an ear is pollinated there 
are enough pollen grains on each stigma to insure the presence of all 
gametic combinations, and if any difference in the rate of growth 
prevailed for a certain gametic combination most of the seeds would 
be fertilized by that combination. 

CONCLUSION. 

A thorough understanding of the laws of heredity is essential in 
determining the most effective methods of breeding plants and ani- 
mals with the special characters that are needed for purposes of com- 
mercial production under different environmental conditions. It is 
of general interest to practical breeders at the present time to know 
the extent to which it is possible to rely upon the application of the 
Mendelian principles of heredity. Assurance has been given by cer- 
tain writers that analysis and recombination of characters of varic- 
ties by the Mendelian methods could be substituted to advantage for 
the methods of selection that have been considered as the most 
effective means of obtaining improved strains. 
An adequate investigation of the current theories in regard to the 

laws of heredity requires the detailed analysis of results derived from 
the study of large numbers of individuals. In this respect the seeds 
of maize offer unusual opportunities. Instead of a single offspring, 
or a few, from 400 to 800 seeds result from a single application of 
pollen, and the technique of hybridization is extremely simple. In 
addition to the ease of manipulation and the relatively large num- 
bers obtained, maize seeds offer the further advantage of several 
alternative characters which permit rapid and accurate classification, 
This makes possible the definite determination of questions which 
depend upon the regularity of the proportions in which the charac- 
ters are represented in the various hybrid stocks. 

With these possibilities in view, the experiments reported in this 
bulletin were undertaken in 1910, to analyze further the inheritance 
of contrasted characters and to obtain a clearer understanding of 
the nature of the interrelations or correlations between such charac- 
ters. The characters chosen were the waxy endosperm texture found 
in a variety of maize from China and the colors of the aleurone cells 
with which this endosperm texture was known to be associated. 

89356°—19——7 



98 BULLETIN 54, U. S. DEPARTMENT OF AGRICULTURE. 

The results of this analysis show that the number of seeds with 
the waxy endosperm reappearing in the perjugate generation of 
waxy xX horny crosses is less than the expected for a simple Men- 
delian character, but this deviation, though significant, is too small 
to warrant the predication of additional factors. In making this 
determination, more than 100,000 seeds were classified, and it has 
been possible therefore to establish the actual percentage within 0.3 
of 1 per cent. 

The same material was used to test the inheritance of aleurone 
color, which also was found to depart from the theoretical ratios. 
Unlike the waxy endosperm texture, no definite trend above or below 
the expected ratios was observed, but many abnormal ratios were 
obtained which necessitated further refinements in the factorial 
analysis of this character. 
From the results of the Mendelian analysis of aleurone color and 

endosperm texture it must be concluded that in many cases uniform 
Mendelian reactions are obtained which allow certain predictions to 
be made with respect to the behavior of these characters in subsequent 
generations. But that these predictions based upon the gametic an- 
alysis will be uniformly fulfilled must not be supposed. As we have 
seen, aberrant behavior is far from uncommon, increasing with the 
progress of investigation and the refinement of analysis. The fact is 
coming to be appreciated that instead of a few simple unassociated 
factors most characters are composed of many complex units which 
may no longer be considered singly but that their interrelations or 
correlations must be taken into account: 

The present investigations show that certain of the more definitely 
alternative characters of maize are subject to variation or fluctuating 
behavior that renders these supposed Mendelian factors too irregular 
to justify a belief that the very definite relationship predicted in the- 
ories of gametic coupling could exist between such characters. There 
can be little doubt, however, that at least with several combinations 
of characters the gametic ratios are to a certain extent regular, but 
that these ratios fit any arbitrary series is not so well demonstrated. 

For the breeder of crop plants where most of the desired characters 
are almost infinitely complex, seldom alternative, and often intangi- 
ble, Mendelism seems to have little of practical value to offer, whether 
the attempt of some investigators to so extend the theory to embrace 
such characters be approved or not. While Mendelism may assist in 
making desired combinations, there is nothing to show that it can 
serve as a substitute for selection either in finding the best stocks or 
in preserving them from subsequent deterioration. 
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INTRODUCTION. 

The price a farmer gets for his products varies greatly according 
to the section of the country in which he is situated. For some 
crops—the staples even—twice as high a price level frequently pre- 
vails in one part of the United States as in another. 

The charting of geographic variations in farm or producers’ prices 
has possibilities of practical usefulness. General price levels of most 
agricultural products fluctuate constantly, of course; but as between 
two sections the difference in the farmers’ price of a product remains 
approximately the same. This price advantage or disadvantage 
differs with each product, so that a region of high prices for one may 
have low prices for another. 

In this bulletin a survey is made of the sectional differences 
throughout the United States in the producers’ prices of oats. Some 
consideration is also given to the influence of producing areas, 
trade routes and consuming centers upon such variations, and to 
local factors which qualify price advantage—factors such as relative 
yields in bushels to the acre and costs of production. 
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PRICE MAPS. 

Sectional differences in the farmers’ price of oats have been charted 
on Maps 1 and 2. In Map 1 a price unit of 10 cents has been used to 
show tendencies due to broad general influences, as distinct from the 
minor variations due to local factors. Minor variations are shown in 
Map 2, which is more detailed. 

The farm prices of oats, by counties, which form the base of these 

maps—averages by counties for the five years, 1910—1914—are given 
in the Appendix; also a further explanation of data and methods. 

SURVEY OF REGIONAL DIFFERENCES IN FARM PRICES OF OATS. 

Lowest prices paid for oats to farmers are along the northern 
boundary of the United States, from Ohio westward. The minimum 
price (Map 2) is seen in adjoining parts of North Dakota and Minne- 
sota, in the north-central part of the country. From this zone the 
price levels of oats graduate upward in the various directions. Hast- 

ward through the grain belt, as far as Ohio, prices rise slowly, but 
through the Atlantic States a more rapid rise takes place; the in- 
creases are gradual westward also, toward the Pacific coast. It is 
in the South that the higher prices are most noteworthy. Highest 
prices are paid to growers of oats in the southeast—in Florida, 
Georgia, and South Carolina—where the prices are more than twice 
as high as in the zone of minimum price. 

PRICE LEVELS AND TRADE ROUTES. - 

Map 3 shows the relative importance of different parts of the 
United States in the production of oats, according to the census for 
the year 1909. ' 

Although oats are a northern crop, their production within the 
United States is more general than that of any of the other cereals, 
because they can be grown on a variety of soils, because they fit 
readily into crop rotations, and because the practice of fall sowing 
in the South has made it possible to grow oats with good returns in 
that section. But the great bulk of the crop is produced in the 
sections of lowest price. 

It will be observed that the zones of low price coincide with areas 
of dense and surplus production. A price divide appears between 
sections which ship to the Hast and South and those which ship 
to tne West and South. The line of demarcation is indicated, 
roughly, by the territory of minimum price, which is remotely 
situated with regard to the markets in either direction. 

Prices paid to producers of oats attain higher levels toward all 
points of the compass, rising steadily, as a rule, with distance from 
this region of lowest price. Emerging from the sections of large 
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production, the upward movement in the price levels becomes more 
pronounced. In deficiency regions near the main channels of trade, 
price increases are small. Highest prices are paid to producers in the 
southeastern cotton States—areas of insufficient oat production 
which are farthest removed from the surplus-producing sections. 

OATS 

PRODUCTION IN 1909 1 DOT = 100,000 BUSHELS 
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Compared to such products as corn or vegetables, gradual elevation 
in the price levels of oats is a distinguishing characteristic, as well as 
comparative regularity in the upward slope of prices from the region 
of minimum price. In the commerce in oats, a weight per bushel 
nearly half that of wheat or corn lowers the freight charges. More- 
over, the rate per 100 pounds is sometimes less than for wheat, 
consequently oats move at nearly half the expense of other cereals, 
and the greater the distance the more marked does this difference 1 in 
costs of transportation become. 

The trend of the price levels is evidently closely related to such 
influences as the location of areas of surplus and deficient production, 
the local uses of oats, end to the group of factors which enter into 
the distributive movement. 

DISPOSITi:ON OF UNITED STATES OAT CROP. 

The price of oats is dominated by the demand for them as a feed- 
stuff; as such by far the larger part of the crop is consumed on farms, 
and second in importance is the consumption by live stock in cities. 
Imports and exports are normally unimportant, and only a small 
part of the crop is used for human food and for seed. 
A few general phases of the uses and distributive movement of oats 

are shown in Table 1. 

TaBLE 1.—Oats: Approximate distribution of the harvest of the United States. 

[Figures are five-year averages for the years 1911 to 1915. Number of bushels rounded to the nearest 
million.] 

Item. Per cent. Bushels. 

ETO CMUIC GOT a Vee IR EL hagas lasts ee tate te a eT TS TE epee ete alot nace DS 100.0 1, 229, 000, 000 

Shippedioutiohcounties wherejsrownleaseeeaseeeee cece esse essence ee eeeeeeee 29.0 361, 000, 000 
Remainingyin counties where grow ve 2.) acces eee ereeesia (eae oe ee men 71.0 868, 000, 000 

Farm consumption :2 
Florsesian dg mules). ceo eess atec ee ab eiiec et craig aoe eee ieee seater ine 46.4 570, 000, 000 
AMEN COM et OA CaS AGO Rae Se CUC GH aCe Meron HORNA A SUB CGABS ame Aemnadegos 5.0 61, 000, 000 
Othericattles eee see coe ckes oeceeree ils cialis oe SRR ee eee eee 1.8 22,000, 000 
SV AUT Sa Go SAB EESG SEA: OnE nE tert re OE RCnce Enger china MEE ons Ome 1.8 22, 000, 000 
Beep ee ee eR aie Seis ce Ok 2 ena niet ee ac) sia e are eee 1.8 22,000, 000 
TROUT GE yee ee Bae ge en Ee a et A 1G a ea 2.2 27, 000, 000 
Buen ELM GS Ss re NAS ass Rice lamcis tisjs sjnyemre © hie wie ale VS enero oe eto ara eee 9 12, 000, 000 

BRAUN Us Ae heer ent ees See SAA E Ee Bie t 055 SAS ee ROSHe snc c 7.6 94, 000, 000 
OnE: OT COUG Ha ee pee ie sreiss nie cine ate = Se eee See teehee siete 4.5 55, 000, 000 

NOE) lee SESE OC IER Sen ae mae cre METS MEINE See MSGS hb 72.0 885, 000, 000 

Not used on farms: 
LO @oOT RES pen Segoe ee boCree tn Son roo cae HORST aecsaoD oodckHoreuecdocnseeo0a 3.9 48,000, 000 
Consumed inumerchant flourgmallss25e2 2 se see eee meee see eeanee eee ele 4.1 50, 000, 000 
Other urban uses, principally consumption by over 3,000,000 horses in, 

cities, also human food (rolled oats and ‘breakfast foods’ 2s) herpes ate 20.0 246, 000, 000 

PT Ot ale oye alee ita lo tsjain ala mente s iain etetaiaie rata a aialaletisietniane malaise tetera einnleteiotes 28.0 344, 000, 000 

1JTn the census year 1909, total sales of oats from farms constituted 32.7 per cent of the crop. Asin the 
same year shipments out of counties where grown amounted to 25.9 per cent, the difference represents 
approximately the local sales, amounting to 6.8 per cent of the crop. ; 
2U.S. Department of Agriculture. Farmers’ Bulletin 629, p. 8. (1914.) 

\ 
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As less than 4 per cent of the national production was exported in 
1911-1915, on an average, it is evident that domestic requirements 
absorbed nearly the entire crop. 
Farm consumption absorbs 72 per cent of the crop. According 

to the 1909 census only a third of the harvest is sold, the remaining 
two-thirds never leaving the counties in which it is produced. A 
small part of the third sold is shipped back to farms for consumption. 

Urban markets receive about a third of the national production. 
This third includes the export oats and the small percentage shipped 
to farms, but most of it is for urban consumption. In urban con- 
sumption the chief item is the requirement for horses. Other items 

are the quantity which enters merchant flour mills, about 50 million 
bushels, and the uses for human food in the form of rolled oats and 
breakfast foods. The latter uses take up the higher grades of oats. 
The census for 1909 reported 50 million bushels consumed in merchant 
flour mills, of which 36 million bushels were manufactured “chiefly 
for human food” and 14 million bushels “chiefly for stock feed.’ 
In 1909 the quantity entering custom flour mills was reported to be 
13 million bushels. \, 

Uses of oats may be grouped under the foe headings: (1) Live stock 
consumption, (2) seed, (3) human consumption, and (4) export. Many 
million bushels are required for seed, human consumption, and ex- 
port, but such uses do not absorb normally more than one-fourth of 
the crop. 

Requirements for live stock, according to an estimate made in 1914, 
took up approximately ete termi oe the production of the uid 
States, of which more than half a billion bushels, or over 60 per cent 
of the oats used on farms, were fed to horses and mules. Adding to 
this figure the quantities fod to animals not on farms, the aggregate 
consumption by horses and mules was possibly at iene one-half of 
the national production. 

LOCAL VARIATION IN USES OF OATS. 

There is much variation throughout the country in farm practice 
as to feeding or selling, in the various uses of oats, and in methods of 
marketing. Used interchangeably. with other crops, consumption in 
any section depends upon price, local piecagton, and the abundance 
of other feeds. 

Where corn is scarce and high in price, as in the Pacific States, a 
larger use is made of oats and barley for feeding purposes. In many 
sections of the West and South, oats are cut for hay. A special 
investigation for the State of Tennessee’ showed that about 49 per 
cent of the crop of the State was fed in the straw and 51 per cent was 
thrashed. 

1 Monthly Crop Teport, March, 1916, p. 21. 
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PRODUCTION, CONSUMPTION, AND MARKETINGS, BY STATES AND 

SECTIONS. 

An idea of the relation of production to consumption, surplus and — 
deficiency in each State and section, and the direction of the trade 
currents may be gained from Table 2. 

It will be noted that three-fourths of the national oat crops of 
1911-1915 were produced within the two divisions comprising the 
North Central States, which contain but 17 per cent of the total land 
area. This area embraces the regions of lowest farm price. It is the 
greatest grain and live-stock producing region, and most of the oats 
raised is consumed locally. However, the fraction of the erop which 
moves from this section constitutes the bulk of the commercial crop 
in the United States. 

‘‘Shipments out of counties where grown’”’ in Table 2 may be said 
as a rule to represent the fraction which enters commercial channels, 
the rest of the crop remaining for local consumption. 

In the census report for the year 1909, the sales of oats from farms 
were reported as 32.7 per cent of production. In the same year 
shipments out of counties where grown amounted to 25.9 per cent. 
The difference, 6.8 per cent of the crop, would appear to constitute 
the local sales. 

Nearly 84 per cent of all the oats entering general trade channels 
originates within the North Central States. Yet this 84 per cent of. 
the total commercial oats constitutes only a third of the production 
of this region, the remaining two-thirds being consumed on the farms 
where grown. The oat crop of the Pacific Northwest, with that of 
adjacent territory, enters normally into a distinct trade westward, 
the surplus over domestic needs beg exported via the Pacific. If 
from the total commercial oats the figures for the far Western States 
be deducted, the concentration of production in the North Central 
States becomes still more pronounced compared with the rest of the 
country. The surplus from this north central section evidently 
supplements deficient production in other regions east of the Rocky 
Mountains and furnishes the bulk of the export oats. All other 
sections produce less than requirements, although some small areas 
therein produce surpluses. Details are given in Table 2. 

LOCAL PRICE FACTORS. 

THE GENERAL PRICE TREND AND LOCAL VARIATIONS. 

Map 2, showing geographic differences in the farm price of oats, is 
designed to show local variations in the general price zones. It is 
based upon the same data as Map 1, except that a 5-cent unit has 
been used to throw imto relief local deviations and minor counter- 
currents to the general drift of the price movement. The basic 
figures and an explanation as to methods are given in the appendix 
(pp. 21-28). 
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TABLE 2.—Oats: Production and commercial movement. 

[Five-year average, 1911-1915.] 

Shipped out of counties where 
Production. grown. 

Per cent Per cent 
State and geographic division. 7 af 4 ip i io BGs ie a 

: 2 nite er : uction | of tota 
Quantity. | States | capita. | QU@Dtity.| orstate |  ship- 

produc- or ments. 
tion. division. 

Thousand Thousand 
bushels. Bushels. | bushels. 

lUnitediStates 4... fa-csds42 2s 1, 228, 765 100. 0 12.6 360, 560 29 100.0 

Mevguneiand -ccee ss heel hah ceacae 9, 789 .8 1.4 149 2 () 
MiddlerAtlanbiCn. 25.045 8 Seis oe 80, 401 6.5 3.9 4, 930 6 1.4 
NUMEMEN TAMtIC ros eco ee oe ee 32,461 2.6 2.5 1,385 4 4 
Bast North’ Central../.....5-...-.0.---- 395, 331 32.2 20.8 144, 601 37 40. 1 
Wes North Centralssss 228. 0 ee 527, 674 42.9 43.8 157, 009 30 43.5 
East South Central.-:.-......-..---.--- 21, 558 1.8 2.5 1, 856 9 5) 
West soutin@entral tie. 2. 2522222 52. 60, 946 5.0 6.4 15, 813 26 4.4 
IA PAVSEEVISUID cco 0S ee 65, 282 5.3 22.2 20, 442 31 5.7 
TEE GRITS Ac Sie ae a aa 35, 323 2.9 7.4 14,375 41 4.0 

New England: 
NEU S Soe dba Oe see eae ee eEbenas 5, 452 4 Te® 112 2 0 
Newellampshire sc: 2255.54.22: 441 (4) 1.0 4 1 1) 
‘WASTER RS Sse Bm etl 3, 178 A 8.8 32 | 1 (1) 
IMASSAGHUSCUES coca). <= seein uae desc 305 (4) oll en) (4) 
node msland-c- 535-252. 62 sees 58 (1) oil 0 0 0 
Monmneciicub=aseie ste io eee. 355 (4) a8) 0 0 0 

Middle Atlantic: 
Mp MOn Ke oo bs a es ee 42, 500 3.4 4.4 2,331 5 6 
ING WAJEISG yo kie22 2. eles. 2,024 22 all 216 11 1 
RemMSVAVanIA a 8s ooo ek oso 35, 877 2.9 4.4 2, 383 7 ai 

South Atlantic: 
DRIES MOUS: 5 So Stee ae Eee ueEEe are 121 (1) 6 12 10 (4) 
ie Tid va GIES es ae A 1,309 pel 1.0 167 13 i 
TEVA Bs Gye, SER Se nae 4, 108 583 1.9 295 7 z 
Westevarpinia. 2). ALPS 2222). 2,774 34 %, 1 60 2 (4) 
Npreni@arolimea $25 ese eee ae 4,864 4 2.1 97 2 (@) 

7, 988 Mi &, il 296 4 jul 
10, 429 .8 3.8 439 4 ol 

868 nal ital 19 2 (4) 

64, 308 5) 13.0 21, 668 34 6.0 
54, 731 4.5 19.8 23, 801 43 6.6 

145, 962 11.9 24.7 72, 156 49 20.0 
50, 948 ak al 17.3 12,411 24 3.4 
79, 382 6.5 32.8 14, 565 18 4.1 

West North Central 
WRITES AS oe eee S252 GS55 ote hk 104, 457 8.5 47.9 30, 449 29 8.4 
LUE ec - see eal aaa lira tees 175, 081 14,2 78.8 77, 507 44 ie) 
LA UISS TI hs 22S paps op eo ol 27, 807 23} 8.3 3, 772 14 1.0 
sV37a si DEY Ee] Gee epee ee Ate 73, 436 6.0 111.1 13, 200 18 aNd 
SEFEsH 1D BN a] hgh 9 ee ea 44, 507 3.6 69. 2 13, 992 31 3.9 
MODIASKAL = -- sess eS aes e set ense 57,977 4.7 47.0 12, 439 21 3.4 
BGTISAS en ee te ee See Bt ey i 44, 409 3.6 25.2 5, 650 13 1.6 

East South Central: 
MGB TIT PICKU es ab yeiciai eo pas dst 5 3, 893 se) ea 172 4 (4) 
SCTE 7 aa pl te aed a 6, 967 -6 3. 1 1,313 19 4 
WADA a) oe eee RA iy ta 7, 455 .6 bho} 212 3 i oul 
SST TESSI 0) heptane rg a eset ai 3, 243 23 ia 159 5 (2) 

West South Central: 
OUSIndiee eee oc ors Nhe RE TOe ee 1, 429 ail 8 166 12 (1) 
DOKAS S55 528 29, 803 25 7.1 10, 433 35 2.9 
Oklahoma...... 23, 653 1.9 12.2 4, 953 21 1.4 
PAE B AB 2 5225 Re ide SMe sso he 6,061 AD 3.7 261 4 dil 

Mountain: 
OW AM A Soi = Les" oles SL ba 23, 103 1.9 55. 1 7, 243 31 2.0 
eee eg Sa bid tok at soba | 8,179 ait 50. 2 1,846 23 5 
SONORAN Oana aia tsi s ar depig ee 11, 587 «9 13.1 3,040 26 8 
MGW MOMICOn sets. t eee tole 1, 867 jill 5.0 381 20 oll 
List/y ne pee Ba, eile Se eee ae 298 (1) ie} 37 12 (1) 
UD 1 pees tap ener lem elit 4 ales abate Bal 4,340, 4 10.7 1, 103 25 13 
BMAD A oni fos: theirs sk. as ee 499 (1) Bio 83 17 (1) 
UU EROS Scicese apr eae a eae 15, 409 WAG) 40.7 6, 709 44 1.9 

Pacific: 
WastitictOnt:-: soos. .5 center. 14,035 iu 10. 4 6, 409 46 1.8 
(Wea pour oe eee sane | | * 14,040 1.2 18. 5 4,570 33 1,3 
AMI OVI Bigs sine ucicn cis wales tne cee 7,248 .6 PAT 3, 396 47 9 

Waited Statess ass tots Foca tre. 1, 228, 765 100. 0 12.6 260, 560 29 100.0 
Exports (including oatmeal) 48, 291 BD etait aharo ret atal leper motel ties crates dlectade tb ui wi Sparel ba wvarat An Mapatane 
RE DOTUS obtuse. Sis ort eben aD cena « 5, 383 AAI tale taleM totais | Petal e iene loi siay oN eis =\aterattatat sia [ba eiefe ately 

! Less than one-tenth of 1 per cent., 
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Examination of Map 2 will disclose an irregular slope in the price 
levels in a number of instances. A varying rate of increase in the 
upward trend is also in evidence. The deviations from the general 
trend are not so frequent or pronounced as in the case of farm products 
which have comparatively local markets, or where cost of transpor- 
tation, incident to greater bulk, represents a larger proportion of 
market values. This lower cost of shipping oats from one section 
to another tends to regulate and reduce the price differences between 
the two sections. 

Price levels are more irregular and rise more rapidly southward 
than to the east or west. A number of factors contribute to this con- 
dition. On the north, the Canadian surplus is a factor to be reck- 
oned with; other factors in this section are cheaper water transporta- 
tion via the Great Lakes, availability of other feeds, and the organi- 
zation of the grain trade. 

ISOLATED AREAS. 

The existence or absence of adequate transportation facilities has 
a strong influence on the price zones. An isolated region has prac- 
tically a local market, influenced little by outside market conditions. 
The prices in the mountainous areas are out of lime with prices in 
surrounding territory. Illustrations of this are seen in Appalachian 
Mountain regions and the Ozark section in Missouri. 

LOCAL VARIATIONS IN DEMAND. 

The elasticity of domestic demand and supply and the availability 
of substitutes are indicated by the fact that during the years 1911 
to 1916 the annual variation in consumption a oats ranged from 
20 million to 600 million bushels. 
Much variation exists throughout the country in the relation of 

production to consumption, in farm practice as to feeding or selling, 
and in the various uses of oats and methods of marketing. Used 
interchangeably with other crops, consumption in any section 
depends upon price, local production, and the abundance of other 
feeds. Thus in the important oat-producing States west of the 
Mississippi—which are unfavorably situated as to the trade routes 
owing to distance and higher costs of transportation—a considerably 
larger proportion of the crop is retained for farm consumption than 
in the important surplus-producing States east of the Mississippi. 
The great variation, section by section, in the farm consumption of 
oats was indicated in Table 2 in the quantities remaining in the 
counties where grown. 
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COSTS OF HAULING TO SHIPPING POINTS. 

Prices are influenced also by distance from shipping points, con- 
dition of wagon roads, and other things affecting wagon trans- 
portation. 

Table 3 gives cost of hauling as estimated for 1906. Such costs 
are frequently higher than the costs of long shipments by rail or 
water. 

g cs 
| 
iS) 
Org 
kee 

State and geographic division.| © Ss 

Be 
aS! 

8 

Z 

North Atlantic: 
Mewaviorketee joe. ts cessed 8 
iRennsylvania......--....- 24 

seas Atlantic: : 
PEPIN Aponte ene a oe tse 

West Vareinia! = 2..3225.... 5 
Geprota eres. seas etc e 8 

North Central: 
LIND). . . (Spoor So aee eee 46 

LEGO a See 46 
{I Gigs SERS Sete eee 58 
1 LLU ET ETT an fe le Oe ee 44 
WSCOn SU 25252. . 5-552 8 30 
WMTNESOP ALS cece oo ech ae 44 
HG WEEE ee roti d se ces 73 
MISSOHTIE oo sin2 Scale cone 42 
North Dakota............. 20 
South Dakota............. 32 
Wepraskarty wih 22: 3 dfn 51 
REHGAG =) feet et 30 

South Central: 
Mentticky=2: S545 4 ee 18 
Wennesseer =. S45 I8.4.) 423; 24 
laganis 23s. 58s. a SPT" 2 
peas. -b Tee eee es Ly, 43 
Indian Territory.......... 2 
Okisghomazs. 282-3. ose 3 12 

Western: 
Monta ese S585. fe 17 
PY yomiinig ss rey. 2 oH 7 
Malprado 2) Sete. 2. L398 27 
INGwAMeSICOL sc ccetec ns sacs 4 
PUZON Ss Aen ab 3 8 Ge 2 
Wales so esss cee ewiettscas 10 
Wevadas 25) 225 tS. 1 
CET: Se 2 2 Se ee ee 9 
Wrashitigton: 3252.25.22 14 
te Li) OS Oe oe Se 15 
Paltforms. 5625 .5.% 3 2 17 

ag ag division: 
North Atlantic............ 32 
South Atlantic............ L221 
North Central...2..52..:.. 521 
Boupn Cantal. ...25000552 101 
by estern 2h. betes cs 22 | 123 

States represented....... 798 

TaBLE 3.—Average cost of hauling oats from farms to shipping points.} 

[Cost refers to expense for round trips.] 

1 From “Costs of hauling crops from farms to shipping point 
Statistics, U. 8. Dept. Agr. 

89781°—19—Bull. 755 

From most remote farms to 
Average— shipping points— 

t o © =) ! rd >) iS) 
eM) ELAR Wo cyan acl a laine eeu = Pla ee di | 
ao|s Sey as) a el |S Su es gy 
5 io) at ey rd oes ay ° Ss (ey Selo} or ali! 
Se Ss ns ca) ag | P a o'n a 2 as wiles | oe for iS) wo) | oS a i) 
es) IS 5 |e oe iS g 2 pe 
Pe rer  s} ° to Pa ts) 
SSH age | aN Ie SS) SG Vey eal Yes 5 15 

7.8 | 0.6 | 2,619 |$2.21 |$0.08 | 25.0} 1.5] 3,000 | $6.75 | $0.22 
Tul .@ | 2,875 | 2.48 |. .09 | 20.0} 1.0) 2,000] 2.50 12 

7.5 .7 | 2,644 | 2.28} .09| 18.0] 2.0] 2,200] 5.00 = 2B 
10.0 -8 | 2,410 | 3.12 -13 | 20.0] 2.0) 1,750) 6.00 34 
12.7 | 1.1} 1,575 | 2.62 | .17 | 30.0} 2.5 | 2,000) 5.00 -20 

6.2 -6 | 3,120 | 1.96 | .06 | 30.0] 2.0] 2,000] 8.00 - 40 
6.6 .6 | 3,021 | 1.75 -06 | 25.0 1.5 | 3,000} 4.50 -15 
5.7 -5 | 2,847 | 1.47] .05] 24.0] 1.5) 3,500] 6.00 -17 
7.8 -6 | 2,710 | 1.81 | .07) 30.0} 2.0] 3,500] 6.00 o ?/ 
8.8 -7 | 2,588 | 2.09] .08] 30.0} 2.0] 2,500] 6.00 -24 
8.3 .7 | 2,916 | 2.25} .08] 30.0} 2.0 3,000} 7.00 23 
6.1 -6 | 2,354] 1.78] .08] 16.0} 2.0] 3,500] 7.00 - 20 
8.6 .8 | 2,335 | 2.03 -09 | 25.0 | 2.0) 2,000} 5.00 20 

10.7 -7 | 3,738 | 3.23 | .09 | 35.0] 2.0] 2,700] 6.00 OPP} 
12.7 -9 | 2,880 | 3.23 | .11 | 50.0] 2.5] 2,500 | 15.00 - 60 
9.1 .7 | 2,826 | 2.14 .08 | 30.0 1.5 | 2,500} 5.25 eal 
7.6] .6| 2,835 | 1.69] .06 | 25.0] 2.0] 3,000] 7.00| :93 

10.5 | 1.17} 2,256 | 2.99} .13 | 30.0] 3.0] 1,250] 9.00 72 
9.8 -8 | 1,883 | 1.86 | .10]| 30.0} 3.0] 1,600] 6.00 -38 

15.5} 1.4 | 1,500] 3.50) .23 | 25.0] 2.0] 1,500] 4.00 aoe 
13.8} 1.1 | 2,358 | 3.02] .13 | 42.5] 3.0] 2,500] 4.50 -18 
8.8 -6 | 1,900] 1.65] .09 | 15.0 -5 | 2,000} 1.38 - 07 

12.9 -9 | 2,354 | 2,51 -11 | 45.0} 3.0] 2,000) 7.50 38 

13.9] 1.3 | 3,076 | 5.69| .19/35.0| 3.5/ 2,500] 10.50] .42 
22.1 1.9 | 2,829 | 7.03 -25 | 55.0] 6.5 | 4,500 | 22.75 obi! 
12.5 | 1.1 | 3,307 | 4.50] .14] 70.0; 7.0] 2,500 | 35.00} 1.40 
18.0 1.7 | 2,212 | 5.42 -25 | 37.5] 3.0 | 2,750 | 10.50 38 
13.8] 1.3 | 4,250} 7.15] .17 | 27.5) 2.51 4,500 | 18.75 42 
21.9| 2.2] 3,665 | 6.71} .18 |100.0 | 14.0 | 7,000] 35.00] 50 
12.0} 1.4 | 6,000 |10.50) .18] 17.0] 2.0] 6,000} 15.00 «25 
13.6] 1.1 | 38,278 | 4.86) .15] 27.5] 1.5] 2,500] 6.75 PAL 
9.8} 1.0] 2,654] 4.00] .15] 60.0] 7.0] 2000 | 28,00] 1.40 

10.3 -9 | 8,783 | 38.24] .09]| 380.0} 2.0] 4,000] 6.00 Ly 
9.9 -9 | 6,229 | 4,31 -07 | 32.0} 3.0] 4,000 | 12.75 Bey) 

7.5| .6| 2,713 | 2.18 
9.4| .8| 2,318 | 2.56 
6.9| .6| 2,766 | 1.82 

13.0 1.0 | 2,289 | 2.74 
11.5 | 1.1 | 3,683 | 4, 5: 

2 

8,’ by Frank Andrews. Bul, 49, Bureau of 
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URBAN MARKETS. 

A large part of the commercial oat crop is first concentrated in a 
few large primary markets, most of which are located in the region 
of large production. Each market has a tributary territory, and 
farm prices in the sections shipping to each market tend to differ in 
proportion to costs of transportation. As this grain business is on a 
highly competitive basis, the price levels in surrounding sections (see 
price levels in North Central States) are comparatively even. 

RECEIPTS, SHIPMENTS, AND CONSUMPTION OF CHIEF MARKETS. 

In Table 4 are assembled data as to receipts, shipments, and 
apparent consumption in the most important grain centers. Allow- 
ing for duplication in reports of receipts, the degree of concentration 
in a few primary markets in the North Central States is manifest in 
comparing the total of receipts with the ‘‘shipments out of counties 
where grown”’ (Table 2). 

While the great markets such as Chicago, St. Louis, and New York 
consume large quantities of oats, they are also points for concentra- 
tion and reshipment. 

TasBLe 4.—Oats: Receipts and shipments in leading markets. 

[Figures are five-year averages, 1911 to 1915, unless otherwise noted. ] 

Excess, re- 
Market. Receipts. Shipments. | ceipts over 

shipments. 

EAST OF THE ROCKY MOUNTAINS. 

Primary markets: Bushels. Bushels. Bushels. 
CONTEC TOTS Oe = Le CER ae BP ee Ce ee Ch | 121,774,000 | 104,622,000] 17,152,000 
StSleouis se as oes Se SE I ee are EN nk AS | 22,117,000 15, 409, 000 6, 708, 000 
Minneapoliss f: CGE St eh: Beeb Meee AE sb ieee {| 21,513, 000 20, 218, 000 1, 295, 000 
Milwaukee. S20 ieee MMe aaa Uae. Sa 19, 620,000} 18, 125, 000 1, 495, 000 
Qrnsia SA oh 5 EE Ted) NE Se DY SO Sa ee 13,266,000 | 113,599,000 |......._.. EAS 
MELSON np Um es RN CS AI a MO 0 ta I 10,391,000 | 111,717,000 |_.... Lt eee 
IK SAS! ON Gye eres) See 2 ER ag A Ce ER a 7, 719, 000 6, 203, 000 1,516, 000 
Cleves dee a oe Sa EN AES be ORC ER 2 at A 7,419, 000 1, 606, 000 5, 813, 090 
Gincinnatibssce so. ed, MRI De 2 2D TE 82 a 7, 188, 000 5, 076, 000 2, 112, 060 
DA a boi ap pet. SRE UR UY AR era AY FOO 6, 592, 000 2165626: 000) |Saeeeeeeeeee 
ri iarapo lisse sss we Sa is ik Ma ae pe tl Ve 6, 242, 000 2, 405, 0060 3, 837, 000 
Moms valle yee Nee As Ne arse ae 2 SAE Se See, Ve ae 6, 037, 000 4,240,000 |’ 1,797,000 
FROLE CO: spa Meee MeN 2 Ie CINE 2 EI Ne AY 4,561, 000 3, 770, 000 791, 000 
DE TTOL RAEN SEI | ERE ND CR UTS RES A LS BE Spay ee) 3, 823, 000 743, 000 3, 030, 090 

Total 2 Ayes sons fa ae SE URE TY AWD Ee 258, 262,000'| 214,359, 000 45, 596, 000 

Other markets: 
Bui alos § Sea ce clase ce Ae bets aa ee sects Oye a tk cal 12, 685, 000 (3) (3) 

Exports. 
INEM AD CONG es AP Ome ae LS ME AR CES in eS a ea obe 27,071,000 | _ 8,001,000 19, 070, 000 
IB att OLe seen ee Sei Lin es aretits e Nimer vith ay AR 15, 726, 000 12,310, 000 3, 416, 000 
Rinladelphia eee es see es Sah aS ras ae a 11, 143, 000 3, 567, 000 7, 576, 000 
Boston cece eee hee Os ES LRT Rs 4,539, 000 789, 000 3, 750, 000 
News Orleans rae een BIG Pe PRD, 1 ge gay ts RB 3, 089, 000 700, 000 2, 389, 000 

PACIFIC MARKETS. : 
SCRE (eee oe sein rere aeys Wey ee Ca eh UU RU ate cee. 5 a lk 2,344, 000 764, 000 1, 580, 000 
San Bran CIS COM eee eee See ae ee ln Rem ey Heeroma I haeran eel bd 2,049, 000 259, 000 1, 790, 060 
Portland Oxegen cesta sate ce mete sete a A ete te es Nee Sia ete ‘ 2, 286, 000 1,327,000 Gae, 000 

1Tn these cases shipments apparently exceed receipts, according to the originai reports. 
2 Allowance shouid be made for some duplication in receipts due to such causes as intermediate markets 

crediting themselves with through shipments. 
3 No data. 
4 Data for 1915 only. 
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PRICE ZONES FLEXIBLE. 

In concluding the brief summary of a few of the more general facts 
concerning regional price differences it appears necessary to direct 
attention to the changeable character of the price zones. The price 
differences as charted on Maps 1 and 2 represent the usual conditions 
as established by averages for the five years 1910 to 1914. These 
averages, which are based upon average prices for individual counties, 
indicate price zones which are fairly definite, but whose boundaries 
and price averages are subject to change. Unusual harvest or market 
conditions may change the price in one section as compared with 
another. Especially is this true for comparatively isolated sections, 
which are somewhat out of line with general trade currents. How- 
ever, a comparison of the prices of many hundreds of counties during 
1910-1914 shows that in individual years the price zones were substan- 
tially the same as those based upon the average prices of the five years. 

SECTIONAL PRICE RATIOS CHANGING WITH ECONOMIC TRANSFORMA- 
TIONS. 

The differences in price between one region and another, as indi- 
cated by the five-year averages in Table 5, reflect economic conditions 
that are changing; and the character of these changes in economic 
conditions since 1871-1875 are to a considerable extent indicated by the 
varying difference in price in one section as compared with another. 

Transportation costs have declined greatly; other distributive ex- 
penses have dropped also; areas which formerly produced sufficient 
quantities for local needs must now bring in supplies. Sectional 
price differences have narrowed notably. The farmers’ price of oats 
has become lower in areas of insufficient production, coincident with 
cheaper transportation from regions of surplus; on the other hand, 
prices have increased in areas of surplus production. 

RETROSPECTIVE VIEW, 1871 TO 1915. 

CHANGES IN REGIONAL PRICE DIFFERENCES. 

In Table 5 the regional differences in the price of oats during the 
. period 1871 to 1915 can be observed. The center of oat production 
has shifted to the west and north. The minimum farm price of oats 
has followed in the same direction. In the period 1871-1875 the 
lowest farm price appeared in Iowa, in 1882-1886 in Nebraska, and 
in 1911-1915 in North Dakota. The farm price in Massachusetts 
was 34 cents higher than in Iowa in 1871-1875, but only 18 cents 
higher in 1911-1915. In the surplus-producing North Central 
States, west of the Mississippi River, prices have increased, abso- 
lutely as well as relatively, but in the areas of insufficient production 
in the Southern and Mountain States prices have declined. Ten- 
dencies can best be followed through the percentage based upon the 
average for the United States at each period taken as 100 per cent. 
Details follow in Table 5. 
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TaBLe 5.—Farm prices of oats, 1871 to 1915. 

BULLETIN 155, U. S. DEPARTMENT OF AGRICULTURE. 

[A review, by States and sections, of the trend of geographic price differences. ] ( 

Farm: prices per bushel, in 5-year Measurement of changes in percent- 
ages of the United Les average averages. 

earcendivcasipinc as base (100 per cent) 

division. ; 

1911— | 1901— | 1891— | 1882— | 1871— | 1911— | 1901— | 1891— | 1882- | 1871- 
1915. | 1905. | 1895. | 1886.1 | 1875.2 | 1915. | 1905. | 1895. | 1886.1 | 1875. 

Cents. | Cents.| Cents.| Cents. | Cents.| P.ct. | P. ct. | P.ct. | P..ct. | Bch 
United States.......--- 39 33 29 31 36 100 100 100 100 | 100 

| 

New abinglandi ee: loan eee 53 46 43 46 54 136 139 148 148 150 
MiddlevAtilantic::*----.--.-=!- 47 40 36 38 44 121 121 124 123 122 
SOUtHPAIAAT UI Cee ee ae 59 48 44 | 48 58 151 145 152 155 161 
East North Central...-.....--- 39 33 28 | 30 32 100 |» 100 97 97 39 
West North Central_.........- 36 29 25 25 27 92 88 86 81 75 
East South Central...........- ay 47 42 47 61 146 142 145 152 169 
West South Central.-.......-- 50 44 41 50 78 128 133 141 161 217 
Mountaineer peste ee aS Xe 47 52 40 | SRY I ReScoee 121 |* 158 138 DAE ee 
IPACITO ase ne Eee see eee as 46 45 3¥/ | 45 64 118 136 128 145 177 

New England: | 
IMainel enim mene Soon ere 52 46 43 | 45 53 133 139 148 145 147 
New Hampshire. ........--- 55 47 43 | 46 54 141 142 148 148 150 
WernmMonttteerertsascere seek 53 44 42 j 42 46 136 133 145 135 128 
Massachusetts....---.-.----- 53 47 43 48 57 136 142 148 155 158 
Rhodevsland sees eseeeee ee 52 46 45 48 54 133 139 155 155 150 
Connechi cuteae apse. secon ae oe 54 45 41 45 57 138 136 141 145 158 

Middle Atlantic: 
ING WAYIOD KS =) So Shh aS. 47 40 35 38 43 121 121 121 123 119 
Wew Jersey-~ = -5 222 ee see 5 49 41 37 39 46 126 124 128 126 128 
Pennsylvanians. s2seen ae 46 38 35 38 42 118 115 121 123 117 

South Atlantic: 
Melawarevss f2525 2425 2 Pee 49 42 35 3 40 126 127 124 126 111 
Maryland) n52 542 sane eee 49 38 35 37 41 126 115 121 119 114 
Virginians (he 235 ee eee 54 42 36 42 44 138 127 124 135 122 
WestiVirginia: =o) --550-seee- 52 4: 38 | 3 39 133 130 131 123 108 
iNorthi@arolna! 222th e- ess. 63 51 44 48 58 162 155 152 lay, 161 
South @arolina=- =. 4=- sees 69 | 59 54 56 Ut 177 179 | . 186 181 214 

68 5 52 | 56 74 174 176 179 181 206 
ql 54 60 | 69 90 182 164 207 223 250 

40 34 30 33 33 103 103 103 106 92 
38 31 29 29 30 97 94 100 94 83 
38 32 26 26 27 97 97 90 84 75 
40 35 31 33 36 103 106 107 106 100 
39 32 26 28 32 100 97 90 90 89 

34 28 25 26 30 87 85 86 84 83 
35 IS || og) 24 23 90 85 79 77 64 

i 41 33 26 27 28 105 100 90 87 78 
INGOT PD ako tases aes eee 31 28 25 98 { 79 85 86 \ 90 
SouGheDakotaxesenese eee 34 28 25 \ rate ee 87 85 86 I> Sarai Bagram 
Apes BON ER Ae ser ate 36 28 2 20 25 92 85 83 65 69 
a ek 41 33 26 24 27 105 100 90 77 75 

Bast Sc South Central: ; 
Kentuc 49 39 34 35 41 126 118 117 113 114 
‘Tennessee 51 41 34 37 41 131 124 117 119 114 
Alabama 66 56 51 58 76 169 170 | ° 176 187 211 
Mississippi 63 53 48 58 86 162 161 166 187 239 

West South Central 
AVOUISIAN Yess eens eo eee 58 49 46 56 98 149 148 159 181 272 
Texas we She Re SS 1d eee eee 48 47 38 47 76 123 142 131 152 211 
QORIsn oman eee cee ae ace 41 BT. spreise = = | eee ere Seem 105 bbe Benes Heroes aa seeo5 
IAT KANSAS SRO Te eee sce “eee 52 45 39 47 61 133 136 134 152 169 

Mountain: | 
IMontanaeessct-ree acces. | 36 39 40 1533s: Wess 92 118 138 gly (: S| Sie? 5 
Wi OMin Steere A soos sae | 44 AD Noose aoe SOR is SS ee 113 IBY) base sec ay Si Gees 
Colorado facses shee 43 46 37 | Ee = Ae 110 139 128 1655|- 28 oe 
New Mexico 51 61 51 560 |e eee 131 185 176 TRS WA pe el 
IATIZOMAS 2 Sees ee Seni sceee 63 OTH Sra) eee etter 162 203 sos. 10 HES Seale eee 
Uitaheer seen 45 48 36 AG (Seas o 115 145 124 148"|-2 se 
Nevada...-- 58 Galea ee 58 95 149 Tye Eee 187 264 
Tahoe ee cee esac esas 36 46 38 54s ee ee 92 139 131 T74 ise 

Pacific: 
Washinetonsse2 2 Sos 242 | 41 41 34 AD | Baas 105 124 117 139) ees 
Oregon tens case e en a se 41 42 34 43 53 105 127 117 139 147 
Califormia s_2ic5s-45 -ee5-ed 55 51 44 49 74 141 155 152 158 206 

11882=1886 taken instead of 1881-1885 because of availability of statistics for a larger number of states 
beginning 1882. 

2 Values reduced to gold basis. 
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TREND OF YIELDS TO THE ACRE. 

Yields in bushels to the acre must be taken into consideration as a 
qualifier of price advantage or disadvantage. The trend of yields, 
by States and geographic divisions, is shown in Table 6. 

Increases in yield are general. Itis only in the West North Central 
States, the western part of the great surplus-producing section, that 
diminishing yields appear. In this section large areas have been 
added to the cultivated land between 1875 and 1915, and the average 
yields of 1915 include areas not included in 1875. The most pro- 
nounced increases in yields per acre are seen in the Mountain and 
Southern States, offsetting declining price advantages in those 
sections. 

TREND OF VALUES TO THE ACRE. 

Prices and average yields have been correlated in Table 7 to show 
average values to the acre. For the period under review, values have 
increased in nearly all States and sections, but in varying ratios. The 
most pronounced improvement in this respect is seen in the Southern 

- States. The average for the United States shows an increase, but 
declines are shown in the States of the industrial East and the far 
West. 

SECTIONAL CHANGES IN PRODUCTION OF OATS. 

The changes in the location of the chief oat-producing sections 
from 1871 to 1915 and the relation of production to population and 
other factors are indicated in Table 8. 

During the period under review, production has increased fivefold. 
It has been concentrated to an increasing degree in the North Central 
States, which in 1871-1875 grew 60 per cent of the national crop of 
oats, and in 1911-1915, 75 per cent. The most marked relative 
increases during the last decade are shown in the Mountain and 
Southern States, but in relation to the United States total these 
sections are still comparatively unimportant. The three States con- 
stituting the Middle Atlantic section produced nearly one-fourth the 
total in 1871-1875, and in 1911-1915 their proportion dropped to 
about one-fifteenth. 

PRICE VS. COST OF PRODUCTION. 

Difference in costs of production is an independent factor which 
modifies sectional differences in producers’ prices of oats. Costs are 
qualified by varying productivity as expressed by yields in bushels 
to the acre. High yields to the acre may reduce high acre-costs to low 
bushel-costs, and conversely. In the Southern States, for instance, 
the favorable combination of highest price and lowest costs to the 
acre is offset by relatively low yields to the acre; hence these States 
show the highest costs per bushel of oats and the minimum net 
returns, 
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TaBLE 6.—Oats: Trend of yields per acre, 1871-1915. 

BULLETIN 755, U. S. DEPARTMENT OF AGRICULTURE. 

[Limitations of soil and climate, reflected in yields per acre, as qualifying price factors. 

State and geographic divis- 
ion. 

United States!.-22--.-*.-22: 

Newstinolandzerese rs. -ePee- 
Mid dleyAtamiicsaren. 22-25-20 
East North Central 
West North Central_...-...--- 
OUtHPAG ANG Chee eeea paren re 
East South Central.....-.-...- 
West South Central. -.......--- 

IWErMONT NAW ise SES eae 
Massachusettse: S227 22. 2222: 
‘Rhodersland ss h9_ 455. ss554" | 
Connecticut 

Middle Atlantic: 
ING WRORK eo aee oe ee a | 
New Jersey 
Pennsylvania 

East North Central: 
Ohio 

NVVAISCONSINGE AR ee Nae c eee 

NOW AEH eta ee eet ee sees sass 

South akopas sss eee I 
Nebraska 

Dela Wale swe sce sense | 
iMamylaaid sone see eer ee | 
VAT SUA Re oe ee mee | 
West Virginia......-----.--- 
NOTRE Ca OlNas asses: ae Eeee 
South Carolina. ....-----.--- 
Georgia 

Kentuckyeorm nent oo eet ose 

IMASSISSIP DUS eee eee aoe | 
West South Central: 
Arkansas 

Wiyomine! a! > seek eee 

Yields per acre, in five-year aver- | Comparisons in percentages of the 
United States average as base. ages. 

1911— | 1901— | 1891— | 1882— | 1871- | 1911- 
1915 | 1905 } 1895 | 18861) 1875 | 1915 

Bush- | Bush-| Bush-| Bush-| Bush-| Per 
els. els. els. els. els. | cent. 

$2 31 26 27 28 100 

35 34 33 31 32 109 
31 30 28 28 29 07 
34 34 29 32 30 106 
29 31 26 a32 32 01 
23 18 16 13 15 72 
21 18 16 14 17 66 
24 23 20 18 22 75 
42 35 31 Sl ase 131 
41 36 31 | 30 33]. 128 

39 38 35 29 26 122 
37 32 34 34 36 116 
40 38 37 35 36 125 
35 32 34 31 33 109 
29 30 30 28 32 91 
31 32 28 29 32 97 

33 33 27 30 34 103 
29 28 29 27 25 91 
32 30 20 28 29 100 

36 36 30 32 28 i 
32 31 27 29 25 100 
34 32 30 35 30} °106 
34 34 27 33 31 106 
35 35 32 31 35 109 

35 36 32 35 34 109 
35 30 32 34 36 109 
23 23 24 26 29 72 
32 35 28 \ 34 100 
27 36 233) Pee rae oe 84 
26 29 22 32 31 81 
25 25 23 32 31 73 

30 25 21 23 19 94 
29 25 21 20 17 91 
21 17 14 11 14 66 
25 24 22 18 23 73 
19 14 12 9 13 59 
21 15 12 10 11 66 
21 14 13 9 12 66 
17 13 11 10 12 53 

22 22 21 19 22 69 
22 19 17 13 17 69. 
20 15 13 11 13 62 
20 17 13 10 15 62 

23 19 19 17 23 72 
22 16 15 13 16 69 | 
21 B08 ee see eee ee ete 66 
31 28 26 24 28 97 

46 42 34 36" SE 25552 144 
46 40 33 G8) | Boaaode 144 
38 35 31 S08 Saseeee 119 
38 33 27 2B lsencods 119 
36 24 | 29 22S e eee 112 
42 Bt ee Oye eats te te 131 

45 36 | 30 30h ae 141 
45 BOM eeeee 32 34 141 

49 47 37 38) |Bea see 153 
39 28 28 27 33 122 
35 32 29 26 33 109 

1901— 
1905 

1891— 
1895 

1882- 
1886 

1871- 
1875 

1See note 1, Table 5. 
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TaBLE 7.—Oats: Gross returns per acre. 

{A review of the trend of returns per acre of oats, 1871-1915, and measurement of tendencies in absolute and 
relative figures. ] 

Gross returns per acre in five-year | Comparisons in percentages of the 
averages. United States average as base (100). 

State and geographic 
division. } 

1911— | 1901— | 1891— | 1882- | 1871- | 1911- | 1901— | 1891- | 1882~- | 1871- 
1915 1905 1895 | 18861] 1875 1915 1905 1895 1886 1875 

Dolls.| Dolls. | Dolls.) Dolls.| Dolls.| P.ct.| P.ct. | P.ct. | P.ct.| P. ct. 
United States ......... 12.48 | 10.23 | 7.54] 8.37] 10.08} 100 100 100 100 100 

WNewelinplandss 2265220. 2222. 18.55 | 15.64 | 14.19 | 14.26 | 17.28 149 153 188 170 171 
Middle Atlantic............... 14.57 | 12.00 | 10.08 | 10.64 } 12.76 117 117 134 127 127 
East North Central..........- 13.36 | 11.22] 8.12] 9.60] 9.60 107 110 108 115 95 
West North Central........... 10. 44 8.99 | 6.50] 8.00] 8.64 84 88 86 96 86 
MOMUMEAIANTIC 22.202. <2 55 13.57 | 8.64] 7.04] 6.24] 8.70 109 84 93 75 86 
East South Central............ 11.97} 8.46] 6.72] 6.58 | 10.37 96 83 89 79 103 
‘West South Central..........- 12.00 | 10.12} 8.20) 9.00] 17.16 96 99 109 108 170 

TICE LTT hs i a 19.74 | 18.20 | 12.40 | 16.43 |...._.. 158 178 164 196) ease 
LGU. 25 2 ae Se 18.86 | 16.20 | 11.47 | 13.50 | 21.12 151 158 152 161 210 

New England: 
LENG So oaaRee eae SE OSeeee 20.28 | 17.48 | 15.05 | 13.05 | 13.78 162 171 200 156 137 
New Hampshire._..__...... 20.35 | 15.04 | 14.62 | 15.64 | 19.44 163 147 194 187 193 
MERETOTI GM ets sic eo 21.20 | 16.72 | 15.54 | 14.70 | 16.56 170 163 206 176 164 
Massachusetts... .........-.-- 18.55 | 15.04 | 14.62 | 14.88 | 18.81 149 147 194 178 187 
i bodensiand:-eo4.. Su 2 15.08 | 18.80 | 13.50 | 13.44 | 17.28 121 135 179 161 171 
Connecticnt. hi. leh 16.74 | 14.40 | 11.48 | 13.05 | 18.24 134 141 152 156 181 

Middle Atlantic: 
1 Gye? NAG de 15.51 | 13.20} 9.45 | 11.40 | 14.62 124 129 125 136 145 
INGWrJerSCYen. 22) bee 14.21 | 11.48 | 10.73 | 10.53 | 11.50 114 112 142 126 114 
aot Nath Gan A 32 14.72 | 11.40] 9.45 | 10.64 | 12.18 118 111 125 127 121 

9.00 | 10.56 | 9.24 115 120 119 126 92 
7.83} 8.41) 7.50 97 94 104 100 74 
7.80} 9.10] 8.10 104 100 103 109 80 
8.37 | 10.89 | 11.16 109 116 iil 130 111 
8.32 | 8.68 | 11.20 109 109 110 104 dil 

8.00] 9.10} 10.20 95 99 106 109 101 
7.36 | 8.16] 8.28 98 82 98 97 82 
6.24] 7.02] 8.12 iG a Be 84 81 
7.00 9 9 
5.75 \o eho t { 74| 991 76 \ 114 |..-.... 

aay ere eer SN eye 9.36] 8.12] 5.28) 6.40 7.75 75 79 70 76 77 
23 ee SS 10.25 | 8.25] 5.98 | 7.68] 8.37 82 81 79 92 83 

South ladies | 
Welawarees ss. 5..28e5552..: 14.70 | 10.50} 7.56} 8.97] 7.60 118 103 100 107 75 
Led 14.21 9.50 7.35 7.40 | 6.97 114 93 97 88 69 
Waren ele 32 ses  n 11.34] 7.14] 5.04] 4.62] 6.16 91 70 67 55 61 
Westivircinia 80s 13.00 | 10.32 | 8.36] 6.84] 8.97 104 101 111 82 89 
North Carolina ie sas See Be 11. 7.14 5.28 | 4.32 7. 54 96 70 70 52 75 

8.85 | 6.48 | 5.60] 8.47 116 87 86 67 84 
8.12 | 6.76) 5.04} 8.88 114 79 90 60 88 
7.02 | 6.60} 6.90 | 10.80 97 69 88 82 107 

East South Central: 
NSE TIC eye pets erence itr 10.78} 8.58] 7.14] 6.65] 9.02 86 84 95 79 89 
Menmicsse == She S8 ie 8 t 22 eet) | “ane 4.81 6.97 90 76 77 57 69 
cl GTi oe ee atin i al a 13.20] 8.40] 6.63] 6.38] 9.88 106 82 88 76 98 
MMissinatyypie ss: bi Shr Be 12.60} 9.01] 6.24] &.80]| 12.90 101 88 83 69 128 

West South Central 
Keg i 11.96 | 8.55 7.41 7.99 | 14.03 96 84 97 95 139 
Potaiarict 8) 8 toa. ne fo 5 12.76 | 7.84 6.90 | 7.28 | 15.68 102 77 92 87 156 
Orinhonian asses) als Oe. SrOL eT 10! | epee eeeeeealee cues 69 VOSA AEE ook A eel eee 
Mexaass 289! si 20. ede ss 14. 88 | 13.16 9.88 | 11.28 | 21.28 119 129 131 135 211 

Mountain: 
LCN ET Ca Renee 16.56 | 16.38 | 13.60 | 19.08 |......- 133 
MURLOCS ehh st rao leechers ane 3. 56 | 18.40 | 12.54: | 17.82 )..-.... 133 
Wyoming H 6 LBRO} eit: Sea Uae a eee 134 
Cmorado ss j253.502.! L6. é 15.18 9.99 | 16.83 |....... 131 
New Mexico , 36 | 14.64 | 14.79 | 12.32 |....... 147 
LUA Ey SA RN eae Se eee UE stone eer eae lbetatene ere 212 
UE ies iG IS) Sey eee 17.28 | 10.80) 18.80 )....... 162 
PCV Midee spe cell eas ones D2ar4Giie I. carat 18.56 | 32.30 209 

Pacific: ; 

Washitieton:.203 55 ke: 20.09 | 19.27 | 12.58 | 16.34 |....... 161 188 167 LOB Pigs dee 
OLOZON ass eee se ee 15.99 | 11.76 9.52 | 11.61 | 17.49 128 115 126 139 174 

Calorie te nate ge tee hae rae 19.25 | 16.32 | 12.76 | 12.74 | 24.42 154 160 169 152 242 

1 See note 1, table 5. 
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Such factors are assembled in Table 9, which gives an idea as to 
sectional differences in costs per bushel and per acre, also yields and 
returns. The table is divided into two parts; the first shows costs 
in absolute figures, the second affords a comparison through per- 
centages based upon the average for the United States taken as 
100 per cent. The varying advantage or disadvantage in prices, 
costs, and yields can be followed more easily in these percentages. 
Taking Iowa as an illustration, it will be observed that price per 
bushel is 90 per cent ef the United States average, yields 109, and 
the two combined in returns per acre 98. But the cost per acre, ex- 
cluding land rental or interest, is only 84, and the ratio of returns to 
cost is high—204 per cent. 



j APPENDIX. 

The data which follow, form the bases of Maps 1, 2, and 3, and are explained on 

pages 2 and 6. 
Counties have been used as the smallest effective unit of measurement, for the reason 

that the usual State prices are frequently averages for large expanses of territory 

with dissimilar physical and price conditions. The basic figures were compiled from 
returns of some 30,000 township reporters for each of the five years 1910-1914, as of 

December 1. Observations for this period and for a like date of each year were 
employed to distinguish normal geographic variations from temporary deviations; 

and to further conduce thereto the price averages have been rounded to a five-cent 

unit to overcome occasional minor differences due to such causes as local variations 
in. grade. 

As the figures are designed to show geographic variation in prices paid to oat pro- 
ducers, counties with little or no oat production have been omitted (those with less 
than 500 acres in oats, according to the 1909 census). 

AVERAGE FARM PRICES OF OATS, BY COUNTIES, 1910-1914. 

[Cents per bushel.] 

ALABAMA: ALABAMA—Continued. ARKANSAS—Continued, CaLirorntA—Contd. 
55-59 cents— 70-74 cents—Conitd. 50-54 cents—Contd. 55-59 cents—Contd. 

Jackson. Butler. Montgomery. Lassen. 
Lauderdale. Chambers. Newton. Merced. 
Limestone. Chilton. Prairie. Modoe. 

ison. Cofiee. Randolph. Monterey. 
60-64 cents— Conecuh. Scott. Napa. 

Colbert. Coosa. Searcy. Plumas. 
an. Covington. Sebastian. Sacramento. 

Dekalb. Crenshaw. Sharp. San Benito. 
Franklin. Dale. Stone. San Francisco. 
Lawrence. Elmore. White. San Joaquin. 
Marshall. Escambia. 55-59 cents— San Luis Obispo. 
Morgan. Geneva. Clark. San Mateo. 
Walker. Henry. Conway. Santa Barbara. 
Winston. Houston. Faulkner. Santa Clara. 

65-69 cents— Lee. Garland. Santa Cruz. 
Autauga. Pike. Hempstead. Shasta. 
Blount. Randolph. Hot Spring. Siskiyou. 
Calhoun. Russell. Howard. Solano. 
Cherokee. Shelby. Logan. Stanislaus. 
Choctaw. Tallapoosa. Perry. Sutter 
Clarke. ARIZONA: Pike. Tehama 
eke 50-54 cents— Polk. Trinity 
Cleburne Maricopa. Pope. Yolo. 
Dallas. 60-64 cents— Pulaski. 60-64 cents— 
Etowah Apache. Saline. Fresno. 
Fayette ARKANSAS; Sevier. Humboldt. 
Greene 45-49 cents: Van Buren. Lake. 
Hale. Benton. Yeil. Los Angeles. 
Jefferson Boone. 60-64 cents— Madera. 
Lamar. Carroll. Ashiey. Marin. 
Lowndes Madison. Bradley. Mendocino. 

, Washington. Calhoun. Orange. 
Marengo 50-4 cents— Columbia Riverside. 
Marion Arkansas. Drew. San Diego. 
Monroe. Baxter. Lafayette. Sonoma. 
Montgomery. Clay. Little River. Ventura. 
Perry. Cleburne. Miller. COLORADO : 
Pickens. Craighead. Nevada 40-44 cents— 
Saint Clair. Crawford. Ouachita. Larimer. 
Sumter. Franklin. Union. Logan. 
Talladega. Fulton. CALIFORNIA‘ Morgan. 
Tuscaloosa. Greene. 55-59 cents— Phillips. 
Wilcox. Independence. Alameda. Sedgwick. 

70-74 cents— Izard. Amador. Washington. 
Barbour. Johnson. + Colusa. Weld. 
Bibb. Lonoke, Contra Costa. 45-49 cents. 
Bullock. Marion. Glenn, Adams. 
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AVERAGE FARM PRICES OF OATS, BY COUNTIES, 1910-1914—Continued. 

CoLtorapo—Continued. GEoRGIA—Continued. GEORGIA—Continued. ILLINOIS—Continued. 
45-49 cents—Contd. 65-69 cents—Contd. 70-74 cents—Contd. 35-39 cents—Contd. 
Arapahoe. Floyd. Morgan Champaign. 
Archuleta. Forsyth. Muscogee Christian. 
Bent. Gordon. Newton Ciark. 
Boulder. Habersham. Oconee. Coles. 
Chaffee. Hall. Oglethorpe. Crawford. 
Conejos. Haralson. Paulding. Cumberland. 
Costilla. Milton. Pierce. Dekalh 
Crowley. Pickens. Pike. Dewitt 
Custer. Polk. Pulaski. Douglas 
Denver. White. Putnam. Edgar 
Douglas. 70-74 cents Quitman. Edwards 
Eagle. Appling Randolph. Ford. 
Elbert. Baker. Richmond. Fulton 
El Paso. Baldwin Rockdale. Grundy 
Garfield. Ben Hill Schley. Hancock. 
Hueriano. Berrien. Screven. Henderson. 
Jefferson. Bibb. Spalding. Henry. 
Kit Carson. Bieckley. Stephens. Troquois, 
La Plata. Brooks. Stewart. Jasper. 
Las Animas. Bryan. Sumter. Jo Daviess. 
Lincoln. Bulloch. Talbot. Kankakee. 
Moffat. Burke. Taliaferro. Kendall. 
Montezuma. Butts. Tattnall. Knox. 
Otero. Calhoun. Taylor. La Salle 
Pitkin. Campbell. Telfair. Lawrence. 
Prowers. Carroll. Terrell. Lee. 
Pueblo. Chatham. Thomas. Livingston. 
Rio Blanco. Chattahoochee. Tift. Logan. 
Rio Grande. Clarke. Toombs. McDonough. 
Routt. Clay. Troup. McLean. 
Saguache. Clayton. Turner. Macon. 
Yuma. Clinch. Twiggs. Marshall. 

50-54 cents. Cobb. Upson. Mason. 
Delta. Coffee. Walton. Menard. 
Mesa. Colquitt. Ware. Mercer. 
Montrose. Columbia. Warren. Morgan. 
Ouray. Coweta. Washington. Moultrie. 
San Miguel. Crawford. Wayne. Ogle. 

CONNECTICUT: Crisp. Webster. Peoria. 
55-59 cents. Decatur Wheeler. Piatt. 

Fairfield. Dekalb. Wilcox. Putnam. 
Hartford. Dodge. Wilkes. Richland. 
Litchfield. Dooly. Wilkinson. Rock Island. 
Middlesex. Dougherty. Worth. Sangamon. 
New London. Douglas. IDAHO: Schuyler. 
Tolland. Early. 35-39 cents— Scott. 
Windham. Effingham. Bannock. Shelby. 

DELAWARE: Elbert. Bear Lake. Stark. 
45-49 cents. Emanuel. Bingham. Stephenson. 
New Castle. Fayette. Bonneville. Tazewell. _ 

50-54 cents. Franklin. Fremont. Vermilion. 
Kent. Fulton. 40-44 cents— Wabash. 
Sussex. Glasscock. Blaine. Warren. 

FLORIDA: Grady. Boise. Whiteside. 
70-74 cents. Greene. Cassia. Will. 
Columbia. Gwinnett. Clearwater. Winnebago. 
Gadsden. Hancock. Custer. Woodford. 
Hamilton. Harris. Franklin. 40-44 cents— 
Holmes. Hart. Gooding. Adams. 
Jackson. Heard. Idaho. | Bond. 
Jefferson. Henry. Kootenai. . Calhoun. 
Leon. Houston. Latah. Clay. 
Liberty. Trwin. Lemhi. Cook. 
Madison. Jackson. Lewis. Dupage. 
Suwanee. Jasper. Lincoln. Effingham. 

80-84 cents. Jeff Davis. Minidoka. Fayette. 
Alachua. Jefferson. Nez Perce. Gallatin. 
Bradford. Jenkins Oneida. Greene. 
Levy. Johnson Power. Hamilton. 
Marion. Jones. 45-49 cents— Hardin. 
Sumter. Laurens Ada. Jefferson. 

GEORGIA: Lee. Adams. Jersey. 
60-64 cents. Liberty Canyon. Johnson. 

Catoosa. Lincoln Elmore. Kane. 
Dade. Lowndes Owyhee. Lake. 
Murray. McDuffie Twin Falls. McHenry. 
Walker. Macon Washington. Macoupin. 
Whitfield. Madison. ILLINo!s: Marion. 

65-69 cents. Marion. 35-39 cents— Montgomery. 
Banks. Meriwether. Boone. Pike. 
Bartow. Miller. , Brown. Pope. 
Chattooga. Mitchell. Bureat. Saline. 
Cherokee. Monroe. Carrell. Wayne. 
Dawson. Montgomery. Cass. White. 
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Txrmois—Continued. 
45-49 cents— 
Alexander. 
Clinton. 
Franklin. 
Jackson. 
Madison. 
Massac. 
Monroe. 
Perry. 
Pulaski. 
Randolph. 
Saint Clair. 
Union. 
Washington. 
Williamson. 

INDIANA: 
35-39 cents— 
Adams. 
Allen. 
Benton. 
Blackford. 

Delaware. 
Elkhart. 
Fountain. 
Fulten. 
Grant. 
Hamilton. 
Hancock. 
Hendricks. 
Henry. 
Howard. 
Huntington. 
Jasper. 
Jay. 
Kosciusko. 

Montgomery. 
Newton. 
Noble. 
Parke. 
Porter. 
Pulaski. 
Putnam. 
Randolph. 
Rush 
Saint Joseph. 
Starke. 
Steuben. 
Tippecanoe. 
Tipton. 
Vermilion. 
Wabash. 
Warren. 
Wayne. 
Wells. 
White. 
Whitley. 

40-44 cents— 
Bartholomew. 
Brown. 
Clark. 
Clay. 
Crawford. 
Daviess. 
Dearborn. 
Decatur. 
Dubois. 
Fayette. 
Floyd. 
Franklin, 
Gibson. 
Greene. 
Harrison. 
Jackson. 
Jefferson. 
Jennings. 
Johnson, 

INpDIANA—Continued. 
40-44 cents—Conid. 
Knox. 
Lake. 
Lawrence. 
Marion. 
Martin. 
Monroe: 
Morgan. 
Ohio. 
Orange. 
Owen. 
Perry. 
Pike. 
Posey. 
Ripley. 
Scott. 
Shelby. 
Spencer. 
Sullivan. 
Switzerland. 
Union. 
Vanderburg. 
Vigo. 
Warrick. 
Washington. 

Towa: 
35-39 cents— 

Adair. 
Adams. 
Allamakee. 
Appanoose. 
Audubon. 
Benton. 
Blackhawk. 
Boone. 
Bremer. 
Buchanan. 
Buena Vista. 
Butler. 
Calhoun. 
Carroll. 
Cass. 
Cedar. 
Cerro Gordo. 
Cherokee. 
Chickasaw. 
Clarke. 
Clay. 
Clayton. 
Clinton. 
Crawford. 
Dallas. 
Davis. 
Decatur. 
Delaware. 
Des Moines. 
Dickinson. 
Emmet. 
Fayette. 
Floyd. 
Franklin. 
Fremont. 
Greene. 
Grundy. 
ruthrie. 
Hamilton. 
Hancock. 
Hardin. 
Harrison. 
Henry. 
Howard. 
Humboldt. 
Ida. 
Towa. 
Jasper. 
Jefierson. 
Johnson. 
Jones. 
Keokuk. 
Kossuth. 
Lee. 
Linn. 
Louisa. 
Lucas. 
Lyon. 
adison, 

TowAa—Continued. 
35-39 cents—Contd. 

Mahaska. 
Marion. 
Marshall, 
Mills. 
Mitchell. 
Monona. 
Monroe. 
Montgomery. 
Muscatine, 
O’Brien. 
Osceola. 
Page. 
Palo Alto. 
Plymouth. 
Pocahontas. 
Polk. 
Pottawattamie. 
Poweshiek. 

Washington. 
Wayne. 
Webster. 
Winnebago. 
Winneshiek. 
Woodbury. 
Worth. 
Wright. 

40-44 cents— 
Dubuque. 
Jackson. 

KANSAS: 
35-39 cents— 

Brown. 
Doniphan. 
Marshall. 
Nemaha. 

40-44 cents— 
Allen. 
Anderson. 
Atchison. 
Bourbon. 
Butler. 
Chase. 
Chautauqua 
Cherokee. 
Clay. 
Cloud. 
Coffey. 
Cowley. 
Crawford. 
Dickinson. 
Douglas. 
Elk 
Franklin. 
Geary. 
Greenwood. 
Harper. 
Harvey. 
Jackson. 
Jefferson. 
Jewell. 
Johnson. 
Kingman. 
Labette. 
Leavenworth. 
Linn, 

Lyon. 
McPherson. 
Marion. 
att 
ontgomery. 

Morris. js 
Neosho. 
Osage. 

Kansas—Continued., 
40-44 cents—Contd. 
Pottawatomie. 
Reno. 
Republic. 
Rice. 
Riley. 
Sedgwick. 
Shawnee. 
Sumner. 
Wabaunsee. 
Washington. 
Wilson. 
‘Woodson. 
Wyandotte. 

45-49 cents— 
Barber. 
Barton. 
Cheyenne. 
Clark. 
Decatur. 
Edwards. 
Ellis. 
Ellsworth. 
Ford. 
Gove. 
Graham. 
Hodgeman. 
Lane. 
Lincoln. 
Logan. 
Meade. 
Mitchell. 
Ness. 
Norton. 
Osborne. 

Scott. 
Sheridan. 
Sherman. 
Smith. 
Stafford. 
Trego. 

KENTUCKY: 
45-49 cents— 

Anderson. 
Boone. 
Boyd. 
Boyle. 
Bracken. 
Breckinridge. 
Bullitt. 
Campbell. 
Carroll. 
Carter. 
Daviess. 
Elliott. 
Fleming. 
Franklin. 
Fulton. 
Gallatin. 
Grant. 
Graves. 
Greenup. 
Hancock. 
Hardin. 
Henry. 
Hickman. 
Jefferson. 
Johnson. 
Kenton. 
Larue, 
Lawrence. 
Lewis. 
Marion. 
Mason. 
Meade. 
Mercer. 
Nelson. 



24 BULLETIN 755, U. S. DEPARTMENT OF AGRICULTURE. 

AVERAGE FARM PRICES OF 'OATS, BY COUNTIES, 1910-1914—Continued. 

KENtTUucKy—Continued. MARYLAND: MicHicgaAN—Continued. Minnrsota—Contd. 
45-49 cents—Contd. 45-49 cents— 45-49 cents—Contd. 35-39 cents—Contd. 

Ohio. Anne Arundel. Grand Traverse. Waseca. 
Oldham. Baltimore. Houghton. Washington. 
Owen. Caroline. Kalkaska. Watonwan. 
Pendleton. Cecil. Keweenaw. Winona. 
Robertson. Frederick. Lake. Wright. 
Rowan. Harford. Leelanau. 40-44 cents— 
Shelby. Howard. Luce. Aitkin. 
Spencer. Kent. Mackinac. Beltrami. 
Trimble. Montgomery. Manistee. Carlton. ~ 
Washington. Prince Georges. Marquette. Cass. 

50-54 cents— 50-54 cents— Mason. Clearwater. 
Adair. Allegany. Menominee. Crow Wing. 
Allen. Garrett. Montmorency. Hubbard. 
Barren. Somerset. Ontonagon. Kanabec. 
Bath. Washington. Otsego. Pine. 
Bowron: Worcester. 7 resaue Isle. occa 
utler. t oscommon. t. Louis. 

Casey. MASSACHUSETTS: MINNESOTA: 5 Sea 55-59 cents MISSISSIPPI: 
Christian. cht 30-34 cents— Berkshire. A 60-64 cents— 
Clay. : Bigstone. Tah 
Edmonson. MICHIGAN: Chippewa. aera 
Fayette. 35-39 cents— Clay. Calhou: 
Garrard. Branch. Grant. : Chi eee 
Grayson. Cass. Kandiyohi. Choe i Be 
Greene. Hillsdale. Lac Qui Parle. Gia 
Harrison. Leaawee. Lincoln. rei ue h 
Hart. St. Joseph. Lyon. Hinds i 
Jackson. 40-44 cents. Norman. Tames 
Jessamine. Alcona Renville. Thaw ae Fi 
Knox. Allegan Stevens. Tannoy e 
Laurel. Arenac Swift. Manca 
Lincoln. Barry. Traverse. Aenod z 
Logan. Bay. Wilkin. Monroe. 
Madison. Berrien Yellow Medicine. Pike b 
Menefee. Calhoun 35-39 cents, Pontotoc 
Metcalfe. Clare. Anoka. Peas ¥ 
Monroe. Clinton Becker. mon : 
Montgomery. Eaton. Benton. Ww ebster 
Morgan. Genesee. Blue Earth. Wilkinson 
Nicholas. Gladwin. Brown. Wal nies 
Owsley. Gratiot. Carver. 65-69 cence 
Pulaski. Huron. Chisago. Clark 
Rockcastle. Tngham. Cottonwood. C ovineton 
Scott. Tonia. Dakota. Nae. 
Sipe roses : Dose: Jasper _ 
aylor sabella. ouglas. aa * 

Todd. Jackson. Faribault. see Davis. 
Warren Kalamazoo. Fillmore. k oe om 
Wolfe. Kent. Freeborn. L me do can 
Woodford. Lapeer. Goodhue. Leake ee 

55-59 cents— Livingston. Hennepin. Tecra ae 
McCreary. Macomb. Houston. Neshoba : 
Wayne. Mecosta. Tsanti. No aron 2 
Whitley. Midland. Jackson. waebee 

LOovIsIANA! Missaukee. Kittson. Oktibbeha. 
py Monroe. Lesueur. 60-64 cents: Perry. 

Se ee Montcalm. McLeod. Bienville. 2 Scott. 
. Muskegon. Mahnomen. 5 Bossier. Simpson. 

: Newaygo. Marshall. ‘ Claiborne. . Smith. 
Oakland. Martin. 

Jackson. a Wayne. 
F Oceana. Meeker. oaxrs Lincoln. 0 Secs Winston. Ouachita: gemaw. Millelacs. 

Sapna Osceola. Morrison. MIssovURI: 
ion 5 Oscoda. Mower. 35-39 cents— 
Webster Ottawa. Murray. Adair. 
With, Saginaw. Nicollet. Atchison. 

z St. Clair. Nobles. Caldwell. 
MAINE: Sanilac. Olmsted. Clark. 

50-54 cents— Shiawassee. Ottertail. Daviess. 
Androscoggin. Tuscola. Pennington. Gentry. 
Cumberland. Van Buren. Pipestone. Grundy. 
Kennebec Washtenaw. Polk. Harrison. 
Knox. Wayne. Pope. Holt. 
Lincoln Wexford. Ramsey. Knox 
Oxford. 45-49 cents. Red Lake. Lewis. 
Sagadahoc. Alpena. Redwood. Linn. 
Waldo. Antrim. Rice. Livingston. 
morksG+ Baraga. Rock. Macon. 

55-59 cents— Benzie. Scott. Mercer. 
Aroostook. Charlevoix. Sherburne. Nodaway. 
Franklin. Cheboygan. Sibley. Putnam. 
Hancock. Chippewa. Stearns. Schuyler. 
Penobscot. Crawford. Steele. Scotland. 
Piscataquis. Delta. Todd. Shelby. 
Somerset. Dickinson. Wabasha. Sullivan. 
Washington. Emmet. Wadena. Worth. 
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AVERAGE FARM PRICES OF OATS, BY COUNTIES, 1910-1914—Continued. 

Missourrt—Continued. Missouri—Continued. NEBRASKA—Continued. NEw York—Contd. 
40-44 cents— 50-54 cents—Contd, 35-39 cents—Contd. 45-49 cents—Contd. 
Andrew. Texas. Seward. Cortland. 
Audrain. Washington. Stanton. Erie. 
Batry. Wayiie. Thayer. Genesee. 
Barton. Wright. Thurston. Jefferson. 
Bates. MONTANA: Valley. Lewis. 
Benton. 35-39 cents— Washington. Livingston. 
Boone. Beaverhead. Wayne. Madison. 
Buchanan. Blaine. Wheeler Monroe. 
Callaway. Cascade. York. Niagara. 
Carroll. Chouteau. 40-44 cents— Onondaga. 
Cass. Dawson. Adams. Ontario. 
Cedar. Flathead. Banner. Orleans. © 
Chariton. Granite. Box Butte. Oswego. 
Clay. Hill. Buffalo. Schuyler. 
Clinton Lewis & Clark. Chase. Seneca. 
Cooper. Lincoln. Cherry. Steuben 
Dade. Madison. Cheyenne. Tioga. 
Dekalb. Missoula. Dawes. Tompkins 
Greene. Powell. Dawson. Wayne. 
Henry. Ravalli. Deuel. Wyoming 
Hickory. Sanders. Dundy. Yates. 
Howard Sheridan. Franklin. 50-54 cents— 
Jackson Teton. Frontier. Albany. 
Jasper. Valley. Furnas. Clinton. 
Johnson. 40-44 cents— Garden. Columbia. 
Lafayette. Big Horn. Gosper. Delaware. 
Lawrence. Broadwater. Hall. Dutchess. 
Lincoln. Carbon. Harlan. Essex. 
McDonald. Custer. Hayes. Franklin. 
Marion. Fergus. Hitchcock. Fulton. 
Moniteau. Gallatin. Howard. Greene. 
Monroe. Jefferson. Kearney. Herkimer. 
Montgomery. Meagher. Keith. Montgomery. 
Morgan. Musselshell. Kimball. Oneida. 

. Pettis. Park. Lincoln. Orange. 
Pike. Rosebud. Logan. Otsego. 
Platte. Stillwater. Morrill. Rensselaer. 
Polk. Sweet Grass. Perkins. St. Lawrence.. 
Ralls Yellowstone. Phelps. Saratoga. 
Randolph. NEBRASKA: Redwillow. Schenectady. 
Ray. 35-39 cents— Scotts Bluff. Schoharie. 
St. Charles. Antelope Sheridan. Sullivan. 
St. Clair. Blaine Sherman. Ulster. 
Saline. Boone Sioux. Warren. 
Stone. Boyd. Webster. Washington. 
Vernon. Brown. NEw JERSEY: NEVADA: 
Warren Burt. 45-49 cents— 55-59 cents— 

45-49 cents— Butler. Burlington. Elko. 
Bollinger Cass. Camden. White Pine. 
Butler Cedar. Gloucester. NORTH CAROLINA: 
Camden. Clay. Hunterdon. 55-59 cents— 
Cape Girardeau. Colfax. Mercer. Alleghany. 
Christian. Cuming Middlesex. Ashe. 
Cole. Custer. Morris. Avery. 
Crawford. Dakota Salem. Buncombe. 
Dallas. Dixon Somerset. Haywood. 
Douglas. Dodge Warren. Mitchell . 
Franklin. Douglas 50-54 cents— Watauga. 
Gasconade Fillmore. Sussex. Yancey. 
Howell Gage. NEw HAmpPsuIRE: Madison. 
Jefferson Garfield 50-54 cents— 60-64 cents— 
Laclede Greeley. Coos. Alexander. 
Maries. Hamilton Grafton. Burke. 
Miller Holt. 55-59 cents— Caldwell. 
Oregon. Jefferson. Cheshire. Catawba. 
Osage. Johnson. Sullivan. Davidson. 
Ozark Keyapaha. NEw Mexico: Davie. 
Perry. Knox. 50-54 cents— Iredell. 
Ripley. Lancaster. Chaves. Rowan. 
St. Genevieve. Loup. Colfax. Surry. 
8t. Louis. Madison. Mora. Wilkes. 
Scott. Merrick. Otero. Yadkin. 
Shannon. Nance. Rio Arriba. 65-69 cents— 
Stoddard. Nemaha. San Juan. Alamance. 
Taney. Nuckolls. San Miguel. Anson. 
Webster. Otoe. Taos. Cabarrus. 

50-54 cents— Pawnee. NEw YORK: Caswell. 
Carter. Pierce. 45-49 cents— Jhatham. 
Dent. Platte. Allegany. Cleveland. 
Iron. Polk. Broome. Columbus. 
Madison. Richardson. Cattaraugus. Jum berland, 
Phelps. Rock. Cayuga. Durham. 
Pulaski. Saline. Chautauqua. Edgecombe. 
Reynolds. Sarpy. Chemung. Forsyth. 
St. Francois. Saunders. Chenango. Franidin. 



26 BULLETIN 755, U. S. DEPARTMENT OF AGRICULTURE. 

AVERAGE FARM PRICES OF OATS, BY COUNTIES, 1910-1914—Continued. 

NorTH CAROLINA—Con. OHIO: Oxnto—Continued. OrEGON—Continued. 
65-69 cents—Contd. 35-39 cents-— 45-49 cents—Contd. 45-49 cents—Contd. 

Gaston. Allen. Trumbull. Clackamas. 
Granville. Auglaize. Vinton. Columbia. 
Greene. Champaign. Washington. Lane. 
Guilford. Crawford- OKLAHOMA: Linn. 
Halifax Defiance. 40-44 cents— Marion. 
Harnett Fulton. Adair. Multnomah. 
Hoke. Hancock. Alfalfa. Polk. 
Johnston. Hardin. Blaine. Sherman. 

ee. Henry. Caddo. Wasco. 
Lenoir. Logan. Canadian. Washington. 
Lincoin. Madison. Cherokee. Yamhill, 
Mecklenburg Marion. Cleveland. 50-54 cents— 
Montgomery. Mercer. Comanche. Baker. 
Moore. Paulding. Cotton. Crook. 
Nash. Putnam. Craig. Douglas. 
Orange. Seneca. Custer. Grant. 
Person. Shelby. Delaware. Harney. 
Pitt. Union. Dewey Klamath. 
Randolph. Van Wert. Ellis. Malheur. 
Richmond. Williams. Garfield. PENNSYLVANIA: 
Robeson. Wood. Garvin. 45-49 cents— 
Rockingham. W yandot. Grady. Adams. 
Rutherford. 40-44 cents— Grant. Allegheny. 
Scotland. Adams. Harper. Armstrong. 
Stanly... Ashland. Jackson. Beaver. 
Stokes. Brown. Jefferson. Bedford. 
Union. Butler. Kay. Berks. 
Vance. Clark. Kingfisher. Blair. 
Wake. Clermont. Kiowa. Bradford. 
Warren. Clinton. Logan. Bucks. 
Wayne. Coshocton. McClain: Butler. 
Wilson. Daike. Mor Conte 

elaware. ayes. ester. 
oe ey Erie. Murray. Clarion. 

B pes Fairfield. Noble. Clinton. 
Benes es Fayette. Nowata. Columbia. 
Bo Tinea Franklin. Oklahoma. Crawford. 
Burke Greene. Osage. Cumberland. 
ChE. Hamilton. Ottawa. Dauphin. 

Cavalier Highland. Pawnee. Delaware. 
Divide Hocking. Payne. Erie. 
Eddy Hehe: i onvetiontte ners 

oo uron. ogers. ranklin. 
Hosters Pees Knox. Stephens. Fulton. 
Grsee ; Licking. Tillman. Greene. 
M Hear Lorain. Tulsa. Huntingdon. 
Nelson a Lucas. Wagoner. | Jefferson. 
Peni Medina. Washington. Juniata. 
Pierce ; Miami. Washita. Lancaster. 
Eager Montgomery. Woods. _ Lawrence. 
Bak ae Morrow. Woodward. Lebanon. 
innit Ottawa. 45-49 cents— Lehigh. 

Richland Fickaway. BeaVer. Lycoming. 
Rolette 2 Pike. Beckham. McKean. 
Guevanil Preble. Bryan. Mercer. 
Shek aaa Richland. Carter. Miffln. 
Steele . Ross. Cimarron. Monroe. 

Stutsman Sandusky. Coal. Montgomery. 
i Scioto. Greer. Montour. 

Prout, . Stark. Harmon. Northampton. 
Walsh Tuscarawas. Haskell. “Northumberland. 
Wanda Warre2. Hughes. Perry. ; 

Welis Wayne. Johnston. Philadelphia. 
. 45-49 cents— Lincoln. Potter. 

35-39 cents— Ashtabula. McIntosh. Snyder. 
Adams. Athens. Marshall. Somerset. 
Billings. Belmont. Muskogee. Sullivan. 
Bowman. Carroll. - Okfuskee. Susquehanna. 
Burleigh. Columbiana. Okmulgee. Tioga. 
Dickey. Cuyahoga. Pontotoc. Union. 
Dunn. Gallia. Roger Mills. Venango. 
Emmons. Geauga. Seminole. Warren. 
Golden Valley. Guernsey. Texas. Washington. 
Hettinger. Harrison. 50-54 cents— Westmoreland. 
Kidder. Jackson. Atoka. Wyoming. 
La Moure. Jefferson. Choctaw. York. 
Logan. Lake. Le Flore. 50-54 cents— 
Mcintosh. * Lawrence. Pittsburg. Cambria. 
McKenzie. Mahoning. Sequoyah. Cameron. 
McLean. Meigs. OREGON: Carbon. 
Mercer. Monroa. 40-44 cents— Clearfield. 
Mountrail. Morgan. Umatilla. Elk. 
Morton. Muskingum. Union. Forest. 
Oliver. Noble. Waliowa. Indiana. 
Stark. Portage. 45-49 cents— Lackawanna. 
Williams. Summit. Benton. Luzerne. 
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PENNSYLVANIA—Contd. 
50-54 cents—Contd. 

Pike. 
Schuylkill. 
Wayne. 

SouTH CAROLINA: 
70-74 cents— 

Abbeville. 
Aiken. 
Anderson. 
Bamberg. 
Barnwell. 
Beaufort. 
Berkeley. 
Calhoun. 
Charleston. 
Cherokee. 
Chester. 
Chesterfield. 
Clarendon. 
Colleton. 
Darlington. 
Dillon. 
Dorchester. 
Edgefield. 
Fairfield. 
Florence. 
Georgetown. 
Greenville. 
Greenwood. 

Orangeburg. 
Pickens. 
Richland. 
Saluda. 
Spartanburg. 
Sumter. 
Union. 
Williamsburg. 
York. 

SoutH Daxkorta: 

faa Ne 
ingsb 

Lake. mans 
Marshall. 
Miner. 
Moody. 
toberts. 
Sanborn. 

35-39 cents— 
Aurora. 
Bonhomme. 
3Trown. 
Brule. 
Buffalo. 
Charles Mix. 
Clay. 
Davison. 
Douglas. 
Gregory. 
Hand. 
Hanson. 
Hutchinson. 
Lincoln. 
McCook. 
McPherson. 

SoutH DaKoTa—Con. 
35-39 cents—Contd. 
Minnehaha. 
Spink. 
Tian 
Turner. 
Union. 
Yankton. 

40-44 cents— 
Campbell. 
Edmunds. 

Walworth. 
45-49 cents— 

Butte. 
Custer. 
Fall River. 
Lawrence. 
Meade. 
Pennington. 
Stanley. 

TENNESSEE: 
» 45-49 cents— 

Davidson. 
Hickman. 
Lewis. 
Maury. 
Rae ford. 
Smith. 
Williamson. 
Wilson. 

50-54 cents— 
Bedford. 
Blount. 
Cannon. 
Carroll. 
Carter. 
Cheatham. 
Claiborne. 
Clay. 
Cocke. 
Coffee. 
Crockett. 
Decatur. 
Dekalb. 
Dickson. 
Dyer. 
Franklin. 
Gibson. 
Giles. 
Grainger. 
Greene. 
Grundy. 
Hamblen. 
Hancock. 
Hawkins. 
Tlaywood. 
Henderson. 
Henry. 
Humphreys. 
Jackson. 
Jefferson. 
Johnson. 
Knox. 
Lauderdale. 
Lawrence. 
Lincoln. 
Macon. 
Madison. 
Marshall. 
Monroe. 
Montgomery. 
Moore. 
Obion. 
Perry. 
Putnam. 
tobertson. 

Sevier. 
Sullivan 

TENNESSEE—Contd. 
50-54 ‘cents—Contd. 

Sumner. 
Trousdale. 
Unicoi. 
Union. 
Van Buren. 
Warren. 
Washington. 
Wayne. 
Weakley. 
White. 

55-59 cents— 
Anderson. 
Bradley. 
Campbell. 
Chester. 
Fayette. 
Fentress. 
Hamilton. 
Hardeman. 
Hardin. 
James. 
Loudon. 
MeMinn. 
McNairy. 
Marion. 
Meigs. 
Overton. 
Pickett. 
Polk. 
Rhea. 
Roane. 
Scott. 
Shelby. 
Tipton. 

TEXAS: 
45-49 cents— 

Archer. 
Armstrong. 
Baylor. 
Blanco. 
Bosque. 
Briscoe. 
Burnet. 
Carson. 
Clay. 
Collingsworth. 
Cooke. 
Coryell. 
Desf Smith. 
Floyd. 
Foard. 
Gillespie. 

ray. 
Grayson. 
Hale. 
Hamilton. 
Hansford. 
Hardeman. 

’ Haskell. 
Hemphill. 
Hutchinson. 
Kendall. 
Knox. 
Lampasas. 
Montague. 
Ochiltree. 
Potter. 
Randall. 
Sherman. 
Swisher. 
Taylor. 
Wichita. 
Wilbarger. 
Young. 

50-54 cents— 
Bandera. 
sell. 
Bexar. 
Collin. 
Comal. 
Dallas. 
Denton. 
Ellis. 
Fannin. 

1910-1914— Continued. 

TEXAS—Continued. 
50-54 cents—Contd. 
Haye: 
Hill. 
Hunt. 
Johnson. 
Kaufman. 
Kerr. 
McLennan. 
Medina. 
Parker. 
Rockwall. 
Tarrant. 
Travis. 
Williamson. 
Wise. 

&5-59 cents— 
Delta. 
Falls. 
Henderson. 
Hopkins. 
Lamar. 
Limestone. 
Milam. 
Navarro. 
Rains. 
Red River. 
Van Zandt. 
Wood. 

60-64 cents— 
Anderson. 
Bowie. 
Cass. 
Cherokee. 
N ecoe doce. 

45-49 cents— 
Boxelder. 
Cache. 

Sanpete. — 

50-54 cents— 
Beaver. 
Garfield. 
Tron. 
Millard. 
Piute. 
San Juan. 

VERMONT: 
50-54 cents— 

Addison. 
Bennington. 
Caledonia. 
Chittenden, 
Essex. 
Franklin. 
Grand Isle. 
Lamoille. 
Orange. 
Orleans. 
Rutland. 
Washington. 
Windsor. 

55-59 cents— 
Windham, 

VIRGINIA: 
50-54 cents— 

Albermarle. 
Alexandria. 
Augusta, 
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VirGintAa—Continued. VirGINIA—Continued. WEST VIRGINIA—Con. Wisconsin—Contd. 
50-54 cents—Contd. 60-64 cents—Contd. 50-54 cents—Contd. 40-44 cents—Contd. 

Botetourt. Cumberland. Lincoln. Kenosha. 
Caroline. Dickenson. Marion Kewaunee. 
Clarke. Dinwiddie. Minera Lafayette. 
Culpeper. Goochland. Monongalia. Manitowoc. 
Essex. Nottaway. Morgan. Marathon. 
Fairfax. Powhatan. Preston. Marquette. 
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SERIOUSNESS OF THE DISEASE. 

The so-called rosette is considered generally by growers to be the 
most serious trouble to which pecan trees are subject, and this opinion 

is justified by the facts. Probably 10 to 20 per cent of the pecans 
planted in orchards in the southeastern United States have shown 
this trouble in a more or less marked degree, and the resulting loss 
of tree growth and nut production undoubtedly has been great. 

In its earliest stages the disease is indicated by a few small, 
wrinkled, yellow-mottled leaves at the ends of the branches. All 
gradations of the disease are found between that shown by these 
first symptoms and the condition illustrated in figure 1, where the 

tree is dying back. The writer has never seen a tree which has died 
entirely as a direct result of rosette, but affected trees become so 
weakened that frequently they are killed by winter injury and borer 

attacks. Seriously affected trees rarely bear nuts, and they make but 
little growth. 

PREVIOUS WORK. 

Investigations conducted by the United States Department of 
Agriculture* between 1902 and 1913 showed that no parasitic organ- 

7 Orton, W. A., and Rand, F, V. Pecan rosette. In Jour. Agr. Research, vol. 3, no. 2, 
p-. 149-174, 1916. 
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ism was associated with the diseased trees and indicated rather 
definitely that the cause of the trouble lay in the soil; but whether 
this cause was physical, chemical, biological, or a combination of 
the three was not indicated. 

PRESENT INVESTIGATIONS. 

In 1914 investigations of the disease were taken up by the writer, 
and an effort was made to find some common factor running through 
a large number of cases. Without such a common, factor an infinite 

variety of empirical 
experiments was the 
only recourse. With 
this preliminary 
problem in mind, the 

examination of a 
large number of af- 
fected orchards was 
undertaken. Or- 
chards between cen- 
tral Florida and east- 
ern Louisiana were 
visited, and while the 

disease was seen to 
be present on a wide 
range of soil types 
and under various 
conditions of culti- 
vation and fertiliza- 

tion, one factor 
seemed to stand out 
prominently. 

THE COMMON FAC- 
TOR IN PECAN 
ROSETTE. 

A marked differ- 
Fig. 1—A typical badly rosetted tree in one of the stable ence in the amount 

manure plats in September, 1915. The same tree is shown ‘of the disease in dif- 

in figures 2 and 3. se 

ferent localities was 

found. On the river flood-plain soils of southern Louisiana the 
disease 1s practically unknown. Only two individual cases have ever 
been reported to State or Federal pathologists from that State. The 

soil is deep and black, of high fertility, and presumably of high 
water-holding capacity as compared with the typical sand, sand- 
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clay, and clay soils of the Atlantic and Gulf coastal plains, where 

the disease is so widely prevalent. 
Quite as striking a difference in the distribution of the disease was 

found within the States of Georgia and Florida. A very large pro- 

portion of the diseased trees, probably 90 per cent or more, was 

found on the hilltops and slopes. Occasional cases or groups of cases 

were on bottom lands, but all of these that have been examined have 

been found to be growing in deep sand or else in a clay or sand clay 

underlain at 2 to 3 feet by sand. It was observed also that wherever 

the conditions were such as to produce any quantity of rosette, the 

weeds or crops grow- 
ing in the tree rows 
had a stunted, yel- 
low, unthrifty ap- 
pearance as com- 
pared with those 

growing among 

healthy trees and 
that large, healthy 
trees, 5 to 10 years 

old, frequently 
showed marked signs 
of the disease the first 
year after being 
transplanted. On the 
other hand, trees 
planted in low places 
in which humus and 
fertility had accu- 
mulated from year 
to year were uni- 
formly yigorous, Fic. 2.—The tree shown in figure 1 after receiving the 

> y] ‘ 4 2 stable-manure treatment for one and one-half seasons. 
thrifty, and free July, 1917. 

from the disease. 
While apparently contradictory cases occasionally are seen, 90 per 

cent or more are surrounded by conditions that plainly indicate a de- 

ficiency of humus, plant-food material, and moisture. Either where 

the soil or topography is such that there is a deficiency of this com- 

bination, or where the tree’s condition is such as to interfere with its 
obtaining an adequate supply of plant-food material, the result ap- 

pears to be the same, i. e., a yellowing of the foliage, a shortening of 

the internodes, a pushing out of dormant buds, and in many cases a 

dying back of the twigs and branches. 

The facts pointed very strongly to the rosetting of pecans being an 

evidence of bad soil conditions—a deficiency in humus, fertility, and 
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moisture supply; and field experiments to determine this matter defi- 
nitely were begun in the fall of 1915. 

THE EXPERIMENTS. 

If it were true that pecan rosette is merely an evidence of star- 
vation, it might be supposed that liberal applications of mineral fer- 
tilizers would relieve the condition, but such is not the case. Ex- 
periments by the United States Department of Agriculture with 

heavy applications 
of mineral fertilizers 
in young orchards 
located on poor soil, 
as well as the experi- 
ence of many grow- 
ers, indicate clearly 
that rosetted trees 
generally become 
worse under such 
treatment. This 
point, taken in con- 
nection with the facts 
that the native habi- 
tat of the pecan in 
the United States is 
the flood plains of 
the Mississippi 
River, its tributaries, 
and other streams of 
the South and South- 

Fie. 3.—The tree shown in figures 1 and 2 after two com- west and that pecans 

plete seasons. There has been some normal loss of is : 

foliage, but striking improvement is evident. October, make a uniformly 

1917. vigorous, healthy 
growth on these soils, 

indicated that the fertility to be added should be from organic 
sources and that the physical condition and water-holding capacity 
of the soil must be improved in order to overcome the disease. Only 
by the annual addition to the soil of large quantities of humus- 
forming material could this result be obtained. 

PURPOSE OF THE EXPERIMENTS. 

The experiments were designed to demonstrate the correctness or 
incorrectness of the view stated above. It was proposed to increase 
the humus content and the fertility of the soil and thereby to better 
its physical condition and water-holding capacity as rapidly as pos- 
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sible by means of heavy applications of stable manure and cotton- 
seed meal and by the use of legumes. 

In the experiments the most economical method of obtaining these 
results was left out of consideration for the time being. If the cor- 
rectness of the principle could be established, the cheapest method 
of arriving at the desired results in actual orchard practice could 
be worked out by later experiments. Therefore, in order to secure 
quick results, much heavier applications of fertilizers were made 
than would be used in commercial practice. 

Three experiments, including about 13 acres of pecans in three 
orchards in southern Georgia, were begun in the fall of 1915. The 
three tracts were divided into plats, with suitable checks. Three 
plats, one in each tract, received stable manure alone at the rate of 
20 tons to the acre; two received stable manure at the same rate, 
and in addition cottonseed meal at the rate of 1 ton to the acre; 
and two received cottonseed meal alone at the rate of 1 ton to the 
acre. The stable manure was applied in the fall, and the three 

_ tracts were then plowed; the cottonseed meal, analyzing 62 per cent 
ammonia, was applied in the following April. In the fall of 1914 
lime alone was applied to a separate plat in one of the tracts at the 

rate of 3 tons to the acre of ground limestone (unburned). From 
April until June clean culture was maintained with harrows in all 
the plats, and they were then sowed to cowpeas. These were per- 
mitted to grow until killed by frost, when they were plowed under, 
and then the entire program was repeated except that the cottonseed 
meal was omitted in the second year. The check plats received the 
same cultural treatment, but no fertilizer. This program has been 
followed without material variation for two years. The trees in 
two of the tracts were 6 years old and in the third 10. None had 
ever borne a crop. The most that had ever been obtained from the 
10-year-old trees was a few scattered nuts. The soils in the three 
tracts were not well suited to conserve, or, when needed, give up 
moisture. This was largely due to the heavy clay subsoils with in- 
sufficient surface soil. 

RESULTS OF THE EXPERIMENTS. 

The results of the work for the past two seasons on the three ex- 
perimental tracts have been compiled in Table I. The fact that the 
amount of rosette normally fluctuates to some extent makes this the 
fairest way of presenting the results. Practically no results were 
obtained during the first season. 

In Table I the term “badly rosetted” indicates trees which are 
dying back and “rosetted” those which are yellow and making but 
little growth. Trees showing merely a trace of the disease were 

4 
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considered healthy, as bearing trees not infrequently show traces of 

the disease at the end of the growing season. 

At the beginning of the experiments there were in the fertilized 

plats 56 badly rosetted trees, 11 rosetted, and 21 healthy. After two 
years the number of badly rosetted trees in the fertilized plats was 
reduced to 7 , and 26 were in the rosetted class—i. e., partially re- 

eovered. The number of healthy trees had been increased from 21 

to 53. Two trees had been killed by winter injury. 
During the same period the healthy trees in the check plats had 

decreased from 29 to 17, the rosetted had increased from 13 to 

94, and the badly rosetted had decreased from 38 to 37. Two were 
dead from winter injury. 

TABLE 1.—Effect of the use of selected fertilizers for the control of pecan rosette 
in southern Georgia during the seasons of 1915 and 1917. 

Per- 
Num- j Badly |p oset- centage 

Fertilizer used. ber of] Date of observation. | roset- ted. |Healthy.)Dead) of 
trees. ted. : healthy 

trees 

ie |sseptember, 1915.....-- 29 10 Tal Sasa 15 
Stable manure. ..-.-------------- 46 \ October, 1917......... 2 9 i6) Pha\ieo ihl\ oe 
Stable manure and cottonseed 15 |\{September, 1915... .- 8 1 6; | eae 40 
THeD Ls ee Oe ee ers se es 3 eee OctoberstOl/peeese oe 1 2 12 | Rees 80 

September, 1915....--- AO) |S eee cot aera 29 
Cottonseed meal. .......-.----.-.- al eetoner, iy feet lence c 4 5 iy 1 65 

= September, 1915...-.-- 27 16 3 | eaeee 6.5 
Lime......------------+++++-+++-- 46 |\ October, 1917..-...... 45 il Reed 0 

i te |fSeptember, 1915...._.- 38 13 29) ee 36 
Check (not fertilized) ..-.....----- 80 October, ei. 0... 37 2, 17 9g Or 

~ DISCUSSION OF THE EXPERIMENTS. 

The figures presented in Table I convey but an inadequate idea of 
the striking change that has taken place in the fertilized plats. 
Figure 1 shows a typical badly rosetted tree at the beginning of the 
experiments in September, 1915. Figures 2 and 3 show the same tree 
in July and October, 1917, respectively. This tree received stable 
manure alone, but the striking improvement shown is quite typical 
of that noted in all the fertilized plats. Larger leaves of dark-green 
color and a marked increase in the circumference of the trunks of 
the trees in the fertilized plats made the contrast with the unferti- 
lized plats most striking. 

Only one lot of trees in these experiments was old enough to bear 
nuts. Of this lot 14 received the stable-manure treatment and 33 
were used as checks and received no fertilizer. These trees were 12 

years old in 1917. The 14 fertilized trees produced 197 pounds of 
nuts the second season, and the 33 unfertilized checks produced 10 
pounds. 

In the last analysis the production of nuts will give the real 
measure of the success of these experiments and the proof of the 
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correctness of the view that pecan rosette is due to a deficiency of 
humus, plant-food material, and soil moisture. Consequently, it will 
probably be three or four years more before definite and conclusive 
results can be had, but the improvement obtained during the first 
two years, together with the other evidence presented, eles a strik- 
ing case, and it appears reasonably certain that the improvement in 
the fertilized plats will continue until rosette is practically eliminated 
and nut production established in ail of the fertilized trees. 

LIME AND ROSETTE. 

The use of lime as a remedy for pecan rosette has been strongly 
urged by some growers, and there appears to be a rather widespread 

belief in its efficacy for this purpose. Apparently this belief is based 
on the assumption that the disease is due to acid soil. That there is 
little or no reason for making such an assumption will be evident 
from a consideration of the facts in the case. 

The soils of the native habitat of the pecan—i. e., river flood 
plains—are practically all acid and yet rosette is a rarity on such 

soils. Practically all of the soils of the Atlantic and Gulf Coastal 
Plains are acid, yet as a whole the orchards planted on these soils 
show probably not more than 20 per cent of the trees rosetted. 

Tests for acidity by the litmus method have been made of soil from 
around 53 trees. The samples were taken to a depth of 4 feet and 

each foot tested separately. Of the 30 samples from rosetted trees, 29 
gave acid reactions and 1 was neutral. Of the 23 samples from 
healthy trees, 18 gave acid reactions and 5 were neutral. 

In the lime test, the results of which are given in Table I, the trees 
in the plat which received lime alone at the rate of 3 tons of ground 
limestone to the acre not only failed to improve, but were worse at 

the end of the third season following its application.t : 
There appears to be no reason to suppose that lime will be of any 

direct benefit in the treatment of pecan rosette. That it may be of 
indirect benefit in improving the physical condition of certain soils 
and in promoting the growth of legumes is highly probable, and 
when lime is used in rosetted pecan orchards this relation should be 
kept in mind. 

THE ROOT SYSTEM AND ROSETTE. 

The fact that the pecan develops a long taproot probably explains 
the view so commonly held by growers that the tree draws largely 
on the subsoil for its plant-food material. The facts of the case are 

Similar results were obtained by Rand in experiments with lime. Tor details of these 

> asmntala see Orton, W. A., and Rand, I’. V., Pecan rosette, in Jour. Agr. Research, 

vol. 3, no. 2. p. 149-174, 1916. 
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that the feeding roots of the pecan are distributed through the surface 
soil, and in proportion as this is deep and fertile the tree does well, 
but where the surface soil is of insufficient depth and lacking in 
humus and fertility the tree is likely to become rosetted. Prolonged 
hot, dry weather not infrequently kills many of the feeding roots in 
shallow surface soils. In plowing such land large numbers of roots 

Fic. 4.—A 10-year-old pecan tree, showing taproot and main laterals intact. Practically 

all the laterals originated within 18 inches of the surface of the soil. Nearly all the 

small feeding rootlets originating on the laterals were found in the upper 6 to 8 inches 

of soil. 

up to an inch or more in diameter are cut by the plow, and it appears | 

that this must aggravate the disease in some degree. 
It remains for experimentation to determine just how serious a 

matter is this drying out and cutting of the roots of rosetted trees. 
Meantime it would appear to be the part of good practice to develop 
a deeper surface soil between the rows of trees by the use of cover 
crops and by deepening the plow furrows from year to year until 
8 to 10 inches of fertile surface soil is established and to avoid as 
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much as possible the cutting of the roots by plowing shallow close 
te the trees. 

Figure 4 shows a 10-year-old pecan tree which was carefully dug 
so that as much of the root system as possible might be obtained. 
This tree was growing on a stiff clay hilltop where the soil was only 
moderately fertile. The white band indicates the ground line. The 
taproot and all of the main lateral roots are shown intact. The chief 
point of interest is that practically all of the laterals originated 
within 18 inches of the ground line, and even at 12 to 15 feet from 
the tree they were rarely found deeper than 20 to 24 inches below the 

surface. The small fibrous roots originating on the main laterals 
may be seen plainly. Practically all of these small roots were found 
in the surface soil. 

PREVENTION AND CONTROL. 

The experimental and other evidence indicates very strongly that 
pecan rosette is a sign of a soil deficient in humus, fertility, and 
moisture supply, and certain conclusions with reference to the con- 
trol of the disease in established orchards as well as its prevention in 
those yet to be planted may be drawn therefrom. 

In setting new orchards it would be the part of sound judgment 
and economy to plant only on good land or land which is susceptible 
of rapid and permanent improvement. Deep sand, clays underlain 
by sand, and eroded hillsides should be avoided. 

After the orchard is planted the cultural practices should be such 
as to increase the depth, humus content, fertility, and moisture- 
holding capacity of the surface soil as rapidly as possible and to 
conserve moisture during dry periods. Prolonged periods of dry 
weather during the spring are the rule rather than the exception in 
the southeastern United States. Consequently, the interplanting of a 
diseased orchard to shallow-rooted crops which require frequent 
cultivation, as, for example, cotton or peanuts, appears to be a desir- 
able and economical way of obtaining this result. The constant 
addition of large quantities of humus-forming materials, thereby 
both bettering the physical condition of the soil and increasing its 
water-holding capacity and fertility, is absolutely necessary to pro- 
duce healthy trees from those already diseased and to prevent the 
development of new cases of rosette. : 

THE USE OF COVER CROPS. 4 

These results can be obtained in a variety of ways. Legumes, such 
as cowpeas, velvet beans, or soy beans, may be sown in the orchard in 
June and turned under in the late fall or winter. Fall and winter 

cover crops, either leguminous or nonleguminous, may also be used 
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and plowed under green in the spring before the trees have started 
their growth. Just what procedure should be followed depends on 
the conditions connected with each orchard. But whatever the con- 

ditions may be, some definite and consistent soil-building policy 
should be adopted in the pecan orchards of the South if rosette is to 
be overcome and healthy productive orchards maintained. The pro- 
gram of work should involve the growing of one crop, preferably a 
legume, which may be returned to the soil. This procedure should 
be accompanied by the gradual deepening of the plow furrows until 
8 or 10 inches of surface soil is turned over annually. 

In this connection it is only necessary to add that intercrops which 
draw heavily on the soil moisture in the spring, such as oats, have a 
very undesirable effect on the trees by checking their growth, and 
they undoubtedly aggravate the disease. Consequently, such crops 
should never be allowed to mature in the orchard, but when used 

should be turned under about the time tree growth is starting. 

THE USE OF FERTILIZERS. 

Definite advice can not be given on the use of commercial fertiliz- 
ers until adequate experimental data are available. Meantime, it 
would appear from the experiments which have been conducted and 
from. the writer’s general knowledge of the situation that the best 
course to follow is to use them on such intercrops as may be planted 
rather than to attempt to produce healthy trees by the direct use of 
such materials. 

In these experiments, heavy applications of stable manure, cotton- 
seed meal and stable manure, and cottonseed meal alone, in connec- 
tion with legumes, have proved highly beneficial to rosetted trees. 
Inasmuch as the supply of stable manure is so limited, the orchardist 
must of necessity place his main dependence for soil improvement 
upon the consistent use of legumes or other crops which may be re- 
turned to the soil, together with the judicious use of commercial fer- 
tilizers to promote the growth of these crops. Legumes have the ad- 
vantage of adding nitrogen to the soil as well as increasing its humus 
content and water-holding capacity and are for that reason to be 
preferred to other intercrops for improving the soil. Whether the 
tops of such soil-building crops are to be turned under, grazed off, or 
cut for hay is largely a matter of economics, and the individual 
grower must determine which is the best course for him to follow. 
While the soil will be improved and the disease overcome more rap- 
idly by turning under the entire crop, it may be and probably would 
be the more profitable course in the South at the present time to uti- 
lize the tops for hay. 
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IMPORTANCE OF PROPER SOIL. 

The newness of the pecan industry, the rapidity with which it has 
spread over a wide territory, and the general lack of knowledge of 
the tree’s requirements have led to the planting of many orchards 
and portions of orchards in situations which are totally unsuited to 
the production of healthy trees. A large proportion of the cases of 

rosette in the Southeast are due to such plantings. While it is en- 
tirely possible to reclaim practically all of them and develop healthy 
trees from the diseased ones, it will probably not be profitable to do 
so In many cases. On deep sand, clay underlain with sand, and on 
badly washed hillsides the difficulty and expense of sufficiently in- 
creasing and maintaining the soil fertility will be such that it is 
hard to see any justification in attempting it, particularly in view 
of the fact that vast areas of suitable pecan lands at reasonable prices 
are available. 

On the other hand, where the disease is present on soils which are 
readily susceptible of permanent improvement, it would probably be 
cheaper and more profitable to build up such soils and thus develop 
healthy bearing trees rather than to replant in a new location. 

The matter is thus seen to be one of soil deficiency, and the answer 
to the pecan-rosette problem is very evidently “soil improvement.” 
In proportion as the soils in the orchards are made to approach the 
condition of those found in the native habitat of the pecan in humus 
and plant-food content and in water-holding capacity, the disease 

may be expected to decrease and eventually to become reduced to a 
negligible factor, if not entirely eliminated. 
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SUMMARY OF FACTS BROUGHT OUT. 

This bulletin presents the results of over 350 records of grain pro- 
duction in 1912, 1913, and 1914, for 34 counties of North Dakota, 
together with information relating to dates of operations, time avail- 
able for field work, farm organization, character of equipment, man 
labor, horse labor, use of eenerse amount of seed needed for 

various crops, thrashing, etc. In conclusion there are presented, in 
comparison, the costs of various items for five years prior to the war, 
and the costs of the same items for 1917, as found on a representative 
North Dakota farm. 

Wheat occupies 39 per cent of the crop acreage of the farms studied 
in North Dakota, oats 17 per cent, and barley 14 per cent. Crops of 
less importance are flax, corn, rye, and potatoes. 

The average yield of wheat on the farms visited in this investiga- 
tion is 13.2 bushels per acre; for the State as a whole, 12.7 bushels. 

The equivalent of one disking and two harrowings, in general, ap- 
pears to give better results than either more working or less. Under 
certain conditions the disking may be omitted and the same results 
obtained by covering three times with the harrow. — 

Summer-fallowing is not generally profitable, except in the case 
of land foul with weeds. Comparatively few farmers follow this 
practice. 

$9815°—19—Bull, 757——1 
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No apparent difference in yields is seen between spring plowing 
and fall plowing, but fall plowing has an advantage in giving a 
better distribution of labor and making it possible to sow grain 
earlier in the spring. 

gs Stubbling-i -in” is almost invariably inpSttable! This practice 
of sowing grain without plowing, after merely disking the land, 
tends to lower yields and to encourage the spread of weeds and other 
pests. 

About 6.4 hours of man labor and 19.4 hours of horse labor (aver- 

age for all records) are required per acre in the production of wheat. 
Oats, barley, and flax require a little more work per acre than wheat. 
Different parts of the State show wide variation in this regard. 

The cost of thrashing from the stack is slightly greater than the 
cost of thrashing from the shock, but thrashing from the stack has 
advantages in labor distribution and the saving of grain. 

The cost of maintaining work stock was $145 per head in 1917, as 
compared with an average of $105 for the five years 1911-1916. The 

difference is attributable to the great advance in the price of feed. 
The first cost of farm machinery used on North Dakota farms was 

40 per cent higher in 1917 than the average for the five years 1911— 
DIU 

Seed wheat cost $2.28 in 1917, as compared with an average of $1.23 
for the preceding five years. 

AGRICULTURAL DEVELOPMENT OF THE STATE. 

The first agricultural enterprise to receive attention in North 
Dakota was the production of stock on large ranches. The location 
of the headquarters of the various holdings was determined largely 
by the availability of water for the cattle. As the tide of settlement 
moved westward and as the availability of underground water be- 
came known, the ranges were encroached upon by homesteaders who 
took up claims in units of 160 acres. A very large part of the ranges 
was Government land to which the ranchers could not secure title, but 

they nevertheless made use of the land for grazing purposes. (Fig. 
1.) The ranchers, who had preceded the homesteaders, resented the 
presence of the farmers, because they encroached upon the ranges, 
and many attempts were made to force the withdrawal of the so- 
called “nesters.” (Fig. 2.) However, the desire for ownership of 

the land was so strong that practically all Government land suitable 
for farming purposes has now been occupied by farmers, as distin- 

Notr.—The data in this bulletin were secured in cooperation with the North Dakota 

Agricultural College. Special acknowledgment is due Mr. W. E. Palmer for furnishing 

photographs. 
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guished from the ranchers, the latter being found at present only in 
the more inaccessible and less desirable lands. The discovery of 
artesian and other underground water made it possible for the new- 
comers to locate in almost any place where land was found desirable 
for tillage. 

Fic. 1.—Headquarters of a North Dakota wheat ranch. 

As settlement advanced, far-sighted pioneers in railroad develop- 
ment extended their lines, greatly facilitating the general settlement 
of the State. At present the trunk and branch lines make practi- 
cally all farming land accessible to outside markets. 
As the land was broken up, the four crops, wheat, oats, barley, and 

flax, were produced extensively, the last-mentioned crop being partic- 

Fic. 2.—These “shacks” were typical homes of early homesteaders in North Dakota. 

ularly adapted to freshly broken sod. Ever since farming became gen- 
eral in the State wheat has been the important money crop, and for 
many years only enough stock was kept to furnish power to till the 
land. However, the same experience was encountered as in other 
regions where a single-crop system of farming was followed, namely, 
the decrease in yields. This condition is very generally recognized 
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at present and the farmers are gradually diversifying their produc- 
tion. The raising of stock on the farms has increased materially, 
indeed, in some instances enough to overcome the decrease in crop 
yields. It has been found, also, that certain feed and forage crops 

can be produced successfully, among these being corn, alfalfa, and - 
sweet clover. 
Among the early homesteaders in North Dakota were many who, 

unable to withstand the trials of the border line of civilization, sold 
their homesteads or relinquished their claims. By acquiring these 
lands some were able to secure title to large acreages of excellent 
farming land. Others secured large acreages from the railroads, to 
which the Government had made extensive grants as bonuses to 
further the construction of railroad lines. Notable examples of large 
holdings are to be found at present at Casselton, Amenia, and 
Larimore. : 

With the passing of the one-crop system it is found that these ex- 
tensive bonanza wheat farms are not only less and less profitable, but 
unsuited to the new system, and they are gradually being broken up 
into smaller farms and sold or leased. However, the size of the aver- 
age North Dakota farm will doubtless remain comparatively large 
for a long time to come, and some of the holdings are still much too 
large to be managed efficiently under systems of diversified farming. 

GENERAL CONDITIONS INFLUENCING GRAIN FARMING IN 
NORTH DAKOTA. 

In topography North Dakota varies from level to hilly, with a 
very large proportion of undulating to rolling land which is well 
adapted to grain farming. 
The soils of the greater part of the State vary in texture from 

sand to clay loam, and in the Red River Valley very heavy clay is 
found. The loams and clay loams appear best adapted to grain 
farming, although excellent crops are produced on the clays when — 
the moisture is not in excess. | 

The climate of North Dakota is extreme. Winter temperatures 
ordinarily range from about freezing to 30° F. below zero, with occa- 
sional extremes of from 40° to 50° below.. In summer the tempera- 
ture ranges from 60° to 90° above zero, with occasional cold nights 
when it is as low as 40°. Occasionally temperatures slightly above 
100° are recorded, but these are uncommon. On account of the very 
low humidity of the Great Plains area, the extremes of temperature 
are not so keenly felt as where the air is damp. 

The dates of the latest Iilling frosts in spring on record for the 
State range from May 31 to June 28 at various stations. The dates 
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of the earliest killing frosts in the fall range from August 6 to Sep- 
_ tember 12.7 

The rainfall of North Dakota is somewhat variable, depending 
upon elevation and longitude. The variation is approximately 6 
‘inches, the precipitation in the extreme eastern part of the State 
being slightly over 20 inches and in the extreme west slightly less 
than 15 inches. From 14 to 4 feet of snow may be expected ordi- 
narily, though occasionally there are years with scarcely any snow- 
fall or with as much as 8 feet. However, on account of the high, 
northwest prevailing winds, the amount of snow that lies on the 
level surface during the winter is generally small, the snow being 
drifted into depressions and about obstructions. 

The months of May and June are the critical growing months, the 
amount of rainfall during these months having a marked effect on 
the yield of crops. . 

The growing season varies from about 100 to approximately 160 
days, averaging 135 days, but the season in which field work is done 
is considerably longer. Records kept in various parts of the State 
show that, on the average, field work begins April 18 and closes 
November 6, embracing a total of 202 days. The days available for 
field work, after deducting Sundays, holidays, and days on which 
the fields are too wet, amount to 144. (See p. 9.) 

THE FARM AND ITS ORGANIZATION. 

In general, farms in North Dakota vary in size from a quarter sec- 
tion (160 acres) to four sections; a few bonanza wheat farms and 
stock ranches have several thousand acres each, but the average farm 
in the State is from three-quarters to one section in extent. 

INVESTMENT PER FARM. 

The selling value of land varies about 100 per cent between eastern 
and western North Dakota, as indicated in records from over 200 
farms. The average value of farm land in the Red River Valley was 
$50 per acre (including buildings) in 1914. The average value of 
land approximately in the two rows of counties west of the Red 
River Valley (including Towner and Cavalier, Stutsman and Barnes, 

Dickey and Sargent) was $40 per acre. The average value of land 
east of the Missouri River, not including Williams and Mountrail 
Counties, but west of the above-mentioned counties, was $30 per 
acre, while the average value of land in the western counties of the 
State was $22 per acre. 

Difference in the amount of rainfall is the principal cause of the 

extreme variation in value of land, the eastern and western parts of 

1Pata from United States Weather Bureau. 
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the State showing a difference of approximately 6 inches in annual 
precipitation. While the difference in average yield per acre between 
different parts of the State is not wide, the difference in rainfall 
causes a very marked increase in risk involved in crop production, 
which is reflected in the price of land. A less important cause is 
the quality of land, as that in the Red River Valley is somewhat 
more fertile and, being generally heavier in texture, retains moisture 
better than the soils of the western part of the State. 

Fic. 3.—Acreage of crops (North Dakota, 1891-1916). 

The value of farm buildings varies according to size of farm and 
decreases somewhat on farms of the same size from east to west. 
The latter fact is due to the earlier development of eastern North 
Dakota as well as to the greater certainty of production in this 
region. The average building investment of farms of 320 acres or - 
under over the State is approximately $3,000. The value of build- 
ings per farm of 321 to 640 acres averages approximately $5,000. 
Farms averaging 1,000 acres, and ranging from 641 to 2,560 acres, 
have buildings averaging $5,200 in value. 
Work stock in North Dakota consists chiefly of horses, and the 

average value is $155 each. Farms of 640 acres utilize approxi- 
mately 13 horses each. Each horse covers the equivalent of 38 acres _ 

of crops. (See page 15.) 
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The value of implements and machinery per farm is comparatively 
high. The average value of implements and machinery per farm of 
640 acres, not including tractors, thrashing outfits, or automobiles, is 
approximately $1,800. (See p. 17.) 

CROPS. 

In 1917 records were obtained from representative farms in various 
parts of the State showing the following percentages of crop area in 
various crops: Wheat, 39 per cent; oats, 17 per cent; barley, 14 per 
cent; corn, 6 per cent; flax, 6 per cent; miscellaneous crops, 18 per 

cent. Tame hay and prairie hay occupied the largest areas among 
the miscellaneous crops; rye, millet, and alfalfa followed in order. 

Summer-fallow land occupied less than 3 per cent of the crop area. 
Pasture and waste land occupied approximately 22 per cent of the 
total farm area. | 

Fic, 4.—A field of oats on a characteristic Red River Valley farm. 

The lines in figure 3 show the trend of acreage from year to year 
from 1891 to 1916. Wheat always occupied the first place, increas- 
ing from about, 3,000,000 acres in 1891 to more than 9,000,000 in 

1911. In 1891 flax occupied less than one-quarter million acres, but 
in 1902 occupied nearly two and one-quarter million acres; from 
that date it has diminished in importance to the present time. 
Flax reached its greatest importance at the time when a maximum 
amount of prarie sod was being broken up, as this crop is perhaps 
better adapted to “breaking” than any other crop produced in the 
region. 

Oats and barley increased in acreage from 1900 to 1916, but had 
remained at about the same level from 1890 to 1900. ‘These crops are 

utilized locally quite largely for feed, although considerable barley 
is sold. <A good field of oats is shown in figure 4. 

Corn, potatoes, and rye received little attention until after 1900, 
when the corn acreage increased markedly. Varieties of hardy and 
quick-maturing corn were developed, so that in 1915 nearly three- 
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quarters of a million acres were growing in the State. Rye began to 
receive attention in 1913, and reached 350,000 acres in 1916. Pota- 
toes increased in acreage somewhat from 1910, there being about 
75,000 acres in 1915. 

LIVE STOCK. 

The production of live stock, particularly cattle (fig. 5), has in 
general increased in the State since 1860. The broad free ranges 
were particularly adapted to this enterprise until about 1900. 
Ranching is now principally confined to isolated areas in the western 
part of the State. 

NUMBER 
oF 

600,000 

500,000 

400,000 

300,000 

200,000 

100,000 

1880 1885 1830 1895 1900 19:05 1910 

Fig. 5.—Live stock in North Dakota (1860-1915): 

The years since 1899 have seen a marked increase in cattle and 
horses, this increase being brought about by production on farms as 
distinguished from that on the more extensive ranches. Sheep, 
being well adapted to the broader range, have decreased as the land 
has been developed into farms. However, sheep production on the 
farms of the State probably increased somewhat during 1916 and 
GUT 

Hogs have increased in number since 1909, amounting to more than 
700,000 head in 1916. 

The lines in figure 5 show that there was a decrease in horses and 
hogs, and particularly in sheep, following 1900, and in cattle follow- 
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ing 1910. These decreases undoubtedly were due to scarcity of feed, 
which caused the sale or loss of large quantities of breeding stock. 
Both 1900 and 1910 were years of exceeding drought, particularly 

during the growing months of April, May, and June. 

LABOR. 

To determine the number of men required to operate a farm, rep- 
resentative operators were asked as to the amount of labor hired, 
amount of work done by members of the family other than the 
operator, and amount of work done by the operator himself. The 
average farm of 640 acres, with 480 acres in crops, requires approxi- 

mately 8.5 months of time of the operator. Some farms utilize labor 
by other members of the family, and this was calculated on the basis 
of the number of months employed; other farms hire labor by the 
month; the total of these two items of labor average 17.3 months per 
farm. Extra labor was hired by the day during haying, harvesting, 
and thrashing, averaging 84 days per farm, or the equivalent of 2.9 
months. In general, farms using family labor do not hire outside 
labor by the month. The 640-acre farm with 480 acres of crops 
requires the equivalent of approximately four men (including the 
operator) during the season of seven months. Each man employed 
under average farm organization, therefore, does the work equiva- 
lent to that required on 120 acres of crops. More men are required 
during harvest than during plowing and seeding, and scarcely any 
extra labor is needed for a period between planting and harvest. 

The amount of overhead labor—that is, labor necessary to the up- 
keep of the farm but not applied directly to productive enterprises— 
is 16.2 per cent of the total labor utilized on the farm, as estimated by 
40 farm operators. This overhead labor is included in the above 

calculations. 
Labor is unevenly distributed on the grain farms of the State, in- 

asmuch as work on the grain crops is required at about the same time 
for the same operations on all crops. In the case of the four leading 
grains—wheat, oats, barley, and flax—the work of plowing, prepara- 
tion, and seeding is practically completed by May 31, and harvest- 
ing and thrashing are done between August 1 and September 30, 
On many farms a considerable amount of plowing is done in the 
fall, in which case nearly twice as much man labor is required 
during the critical period of late summer and fall as during prepara- 
tion and planting. | 

While the season in North Dakota is comparatively short, not 
much time is lost because of unfavorable weather. On the average 

144 days are available for field work, excluding Sundays, holidays, 

R9815-—19-— Bul. 751——_2 
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and days when it is too wet for field work. This available time is . 
distributed as follows: 

Days. Days. 

ATONE ec ey Sa ee AT RUS (a Ose ee a 22 
May —__ oe ds SS be Ae EEE 22) |S Septemberai i: is) Seyi a eee) 
June sue aot teal So ee | OCOD eR 2 = ee 22 
Sulyaen ja es 2 | NO Vembpers. 2s Wali so. Ue ee 2 

FACTORS THAT CONTROL COST OF PRODUCTION. 

Several important items enter into the cost of production of crops, 
each of which has a bearing on the profitableness of the various farm 
enterprises. In general, as each of these items increases in amount 
above a normal average the profits decrease. There are, however, one 

or two exceptions, such as the cost of twine and of thrashing, which 
are directly in proportion to the yield. 

USE OF LAND. 

The value of agricultural land, in general, is determined largely by 
its average productivity. Security of investment, profits from ex- 
pected advances in value, and risk in production are other influenc- 
ing factors. The earning value or productive value of land in North 
Dakota, however, is not always in proportion to its market value. 

The payment to capital for the use of the land in older farming 
communities is usually equivalent to the current rate of cash rent 
for such land, less taxes and upkeep of buildings. In North Dakota 
scarcely any land is operated on a cash rent basis. In the rare cases, 
where obtainable, cash rent usually amounts to from 3.5 to 4 per cent 

on the investment. It was found in eastern North Dakota, where 

the average selling value of land is approximately $50 per acre, that, 
in general, when a: farmer buys land, paying one-half the cost price 
in cash, the remaining $25 per acre is liquidated in about 15 years, 
interest being allowed at 6 per cent, indicating that he has made a 
net income of at least $2.50 per acre per year. 

For purposes of calculation, if 6 per cent on the value of the land 
is assumed for use of land, no serious error will be made. In the 

Red River Valley this interest amounts to $2.97 per acre; in east- 
central North Dakota, $2.42; in west-central, $1.77; and in the west- 
ern part, $1.34 per acre. 

LABOR ON CROPS. 

Man labor is one of the important factors of production. The 
amount required per farm was indicated on page 9. The amount 
required per acre for the leading crops under normal yields is shown 
in Table I. 
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TABLE I1.—WMan and horse labor required per acre on various crops. 

{10-hour day.] 

Man Horse Man Horse 
Crop. days days Crop. days |. days 

per acre. | peracre. per acre.| per acre. 

WWE gee eS oe 0. 64 POA |) Wh laxigk pe wee ene es Heyes ee 66 2.23 
DEUS Cn See Ss SG en eee 74 ZEOOR!|| Corm=see cs eseeree seme asses 1.64 8.85 
Barley rs 255 P6222 5 oe 71 Sa! Potatoes’: -eete ves. aes 22 3.16 4.58 

@ Does not inelude thrashing. 

The amount of man labor per acre varies somewhat with yield, 
since the time required for certain operations is greater if yields are 
heavy than if yields are light. The leading four grain crops require 
each approximately the same amount of man labor, since the same im- 
plements and crews are used for all of them. 

Corn and potatoes require more work in cultivation and harvest- 
ing than do the small-grain crops. Most of the cultivation is done 
with two horses; the harvesting of corn is done by cutting with corn 
binder and shocking in the field. Potatoes are planted and dug by 
machine. 

Horse labor is approximately the same on the leading four grain 
crops, but is considerably higher on corn and potatoes. For details 
of factors entering into the cost of horse labor, see page 15. 

SEED PER ACRE. 

The amount of seed used for planting by different farmers varies 
somewhat. The relation of. the amount of seed for various crops to 
the yield of the same is shown on page 31. In seeding durum wheat, 
farmers generally use from one-quarter to one-half bushel more seed 
per acre than for other varieties. 

TWINE. 

Since practically all grain is harvested with the binder, large 
amounts of twine are required. The amount used per acre varies 
directly with the yield; when wheat yields 8 bushels per acre, 1.5 
pounds of twine are required, and when wheat yields 20 bushels, 2 
pounds. Barley and oats require slightly more twine per acre for 
harvesting than wheat. Where barley yields 12 bushels per acre 1.3 
pounds are used, and where 30 bushels are made, 2.3 pounds. Oats 
require 1.5 pounds of twine when the yield is 34 bushels and 2.25 
pounds when the yield is 45 bushels. Where flax yields 8 bushels of 
seed per acre, 1.3 pounds of twine are required. Not all flax is bound, 
however, it often being dropped in loose bunches by reapers or 
binders, 
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USE OF MACHINERY. 

The use of machinery on North Dakota farms is costly in the ag- 
gregate, but when reduced to the acre basis the cost is comparatively 
small, owing to the fact that the large implements cover large acre- 
ages. The cost of operation of machinery may be classified under 
the three main headings: Depreciation, interest on investment, and 
repairs. A fourth group might be included which would cover stor- — 
age, Insurance, and taxes on machinery, but these amount to com- 

paratively little. 
The depreciation may be determined by estimating the life of the 

various implements; interest on investment in machinery is calcu- 
lated on the value at the beginning of the year and not on the first 

cost, except during the first year; repairs cover necessary outlay for 
replacing broken or worn parts, paint, oil, etc. The average depre- 
ciation of farm implements in North Dakota varies considerably, de- 

Fig. 6.—Thrashing in the field from the shock. 

pending upon the care and use of the various machines. The average 
life of implements is 12 years; in other words, the average annual 
cost for machinery depreciation is approximately 8 per cent of the 
new value. 

Repairs amount to approximately 6.5 per cent of the cost value 
of all farm implements on the average, although there is a wide 
variation in the amount of repairs required for different implements. 
For further details concerning the use of farm machinery, see page 17. 

THRASHING. 

Thrashing is a comparatively large factor in the production of 
grain, since large amounts of both man labor and horse labor are 
required in a very short time, the greater part of the thrashing in 
the State being done in less than 30 days, after about September 10. 
Most of the thrashing rigs are composed of a steam traction engine 
and separator with self-feeder and blower. 

The usual thrashing crew (fig. 6) consists of about 20 men and 
22 horses as follows: Eight to 10 men with teams hauling grain from 
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the shock to the machine, four or five field pitchers, two “spike 
pitchers,”? one man and team hauling water and fuel, an engineer, 
and one or two separator men, one of whom is usually foreman of the 
crew. The farmer usually furnishes the necessary teams to haul the 
grain from the machine. In some cases the crews are boarded by the 
farmers for whom thrashing is done, while in others “ chuck-wagons ” 
or boarding cars are maintained by the crew. 

The practice is becoming very common in parts of the State for 
farmers to stack grain as soon as it is sufficiently cured, so that the 

erew for thrashing is considerably reduced and thrashing is done at 
a smaller cost per bushel under these conditions (fig. 7). 

Fic. 7.—Many farmers now put up their grain in stacks. 

Table II shows the charges per bushel in 1913 for thrashing from 
shock and from stack the four chief crops in eastern North Dakota, 
as reported by over 100 farmers. 

TasLe I1.—Thrashing charge per bushel where done from shock and from 
stack (1913). 

[Cents per bushel.] 

Thrashing method. Wheat. Oats. Barley. Flax. 

JST Tn ty Dee ee ee al ee of - aR 10.4 6.4 6.6 25.7 
MPP Mews nisin ass Pe Se aye ee yates So a Sales oo eee 6.1 3.8 4.0 11.4 

Beare Lo PAN varies ee | Se 4.3 2.6 | 2.6 14.3 

Information was secured from 140 farmers regarding the amount 
of wheat of average yield that was stacked in an average day’s work 
with different crews. Two men with one team stacked 10.7 acres, 

and three men with two teams stacked 14.3 acres. Assuming average 

1 Spike pitchers mount each loaded grain wagon as it comes to the machine and assist 

in pitching to the feeder of the separator. 
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costs of labor to be $2.50 per day for man and $1 per day for horse, 
which were approximately prevailing costs at that time (1913), the 
cost of stacking with the smaller crew was $7 per day or $0.65 per acre. 
With the larger crew the cost was $11.50 per day or $0.805 per acre. 

With an average yield of 12 bushels of wheat per acre the saving 
by thrashing from the stack (from Table II) amounts to but $0.52 
per acre. However, several factors taken together have an important 
bearing in this connection. If grain is stacked as soon as cured sufii- 
ciently, there is very little loss in quality of grain, except in rare 
instances. Scarcely any loss of grain from shelling occurs when 
thrashing is done from the stack, while considerable losses occur when 
the dry, ripe grain is taken from shock to machine. Also, the reduc- 
tion in the size of the thrashing crew, made possible by having the 
grain stacked, is very important, especially during any shortage of 
labor. While a slightly larger total amount of labor is required 
when the grain is stacked, the distribution of the work over a much 
longer period is an advantage. 

The average crew usually thrashes from 1,800 to 2,000 bushels of 
wheat, about 2,500 bushels of barley, and approximately 3,500 bushels 
of oats in a full day. 

FARM UP-KEEP. 

Of the total amount of man Jabor required on the farm, 40 opera- 
tors estimated that on the average 16.2 per cent was required for 
overhead work not chargeable directly to any productive enterprise. 
This overhead labor is utilized in general repair of buildings, fences: 
and ditches, repair of machinery, care of work stock, ete. 
The amount of horse labor required in the overhead work is esti- 

mated to be about one-quarter as much as man labor. 

MANAGEMENT OF FARMS. 

The management of North Dakota farms is somewhat more costly 
than that of farms in some other sections. In determining this cost 
the value of the operator’s time was assumed to be the value of his 
actual manual labor at current wages plus the estimated value of his 
management. The average farm operator puts in the equivalent of 
about eight months of actual work, averaging 21 days per month. 
This allows him credit for caring for productive stock in winter at 
the rate of about 30 hours per animal unit per year. 

The average estimated value of management for 40 farms is $549. 
This amount is prorated to the productive enterprises in proportion 
to the number of days of work required on each. The total amount 
of man labor on crops and productive stock, together with outside 
labor, such as thrashing and hauling outside of the cperator’s own 
farm, is 505 days per year, so that the management charge is $1.09 

per day of productive work on the average farm of 640 acres. 
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RISK. 

As previously indicated, production is affected by several condi- 
tions over which the farmer has little or no control. Among these 
are rainfall, frost; hail, and market fluctuations. While failure for 

one year or for two successive years may be offset by high returns in 
seasons following for the farmer who has sufficient capital to carry 
him over the years of failure, many farmers lack sufficient capital or 
credit to carry them over even two years of failure. For some of 
these, one complete failure is equivalent to 100 per cent risk and for 
many more two crop failures mean ruin. 

MAINTENANCE OF WORK STOCK. 

The average cost of maintaining a work animal in North Dakota 
prior to 1916 was $105 per head, and in 1917, $145. 

As stated previously, the average farm having 480 acres in crops 
requires 13 work stock, valued at $155 each. As the number of acres 
in crops decreases from that acreage, the number of necessary work 
stock decreases at the rate of about 1 horse per 38 acres, and as the 

size of the farm increases above 480 acres, the number of work stock 
increases at nearly the same rate. Large farms utilize horse labor 
slightly better than small ones, owing to their slightly better distri- 
bution of work. 

The principal feeds for work horses in North Dakota are oats and 
hay, although corn and barley are occasionally fed. Straw is utilized 
to a large extent as a maintenance feed during the winter, oat straw 
being considered best. Records were obtained concerning feed for 
462 horses, which show that, on the average, 142 bushels of oats and 3 
tons of hay per year are fed to each horse. The amounts of each feed 
vary considerably, depending somewhat upon the size of the animals, 
but more particularly upon the combination of feed and the amount 
of work done by the animals. 

The horses generally have free access to the straw pile, so that the 
amount of straw consumed can not be determined. However, this 
feed very often entirely replaces hay during the winter. Work stock 
are kept on pasture very little. 

The hay utilized is generally the native prairie grass or slough 

grass, although tame hays are being produced to some extent. Among 
these are timothy, clover, and alfalfa. 

The depreciation of work horses is an item of expense not usually 
considered by the average farmer. The number of years horses are 
useful for farm work varies considerably, depending upon use and 
care. Estimates from 100 farmers in eastern North Dakota relative 
to the number of years work horses are useful vary from 7 to 20 
years, averaging 12 years. The average annual depreciation, there- 
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fore, is asumed to be 8.3 per cent of the prime value, which is usually 
considered to be the value at six years of age. As a matter of fact, 
very little depreciation occurs until after the animals are eight years 
of age. It has been shown? that a horse is worth 84 per cent of its 
prime value at 10 years of age, 70 per cent at 12 years, and 40 per cent 
at 16 years. The value of the average work animal changes very 
little between the ages of 5 and 9 years. 

The shoeing of work animals is generally limited to those that are 
being used,in hauling on hard roads or other hard-surfaces. Some 
farmers shoe the front but not the hind feet. In ordinary field work, 
shoes are not necessary. Of 103 farmers, 69 had some of their horses 
shod, but only a small percentage had all of them shod. Of the total 
of 718 head on these farms the average prorated cost per horse was 
$0.89 per head per year. 

Veterinary charges are a very small item and no data are available 
on this subject. | 

The assessed valuation of work stock in the State in 1914 was ap- 
proximately $30 per head and the tax rate about 30 mills per dollar. 

Thus the average taxes per head amount to $0.90. | 
Information was secured from 48 farmers concerning the amount 

of barn room used for stabling. The buildings ranged in size from 16 
by 22 feet for 9 animals to 38 by 80 feet for 32 animals. The average 
floor space utilized was 70 square feet per animal. 

The time required to care for work stock varies considerably, de- 
pending upon the convenience of arrangements for feeding and for 
removing manure. Also, the number of animals per farm is a factor, 
the larger the number of animals the more total time required, but 
the less the time required per animal. The results of 129 records are 
given in Table III, the approximate time per horse being given. 

Taste III.—Time required per day to care for work stock. 

Number of horses. 

Item. ; 

4 5 6 | 8 10 

Ae 
hrs. min. | hrs. min.| hrs. min. | hrs. min. | hrs. min. 

Tofal time pen day, --..c8.ss8s-ceeee nce bewaoecemeeces 1 3) 2 i) 2 20 | 2 43) 2 45 
Minitesipershorseseeseemeceeaaeeeeenc oe eee nee a Erase 28 25 23 20 16 

The average work horse in North Dakota is utilized for 79 days of 
productive labor on the farm. While 144 days are available for 
field work during the crop season, practically all of the work done 
is in planting and harvesting time, as there is very little field work to 
be done for a period of from six weeks to two months in June and July. 
Some productive work is done during the winter in hauling grain to 

1 United States Department of Agriculture Bulletin 413, page 11. 
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market. A small amount of work in general farm upkeep is done by 
horse labor., 

USE OF IMPLEMENTS AND MACHINERY. 

The prewar value of machinery on the average North Dakota farm 
visited (averaging 480 acres in cultivation), was $1,757 (cost price). 
This figure does not include automobiles, tractor-plow rigs, or thrash- 
ing rigs. Each acre of crop land, therefore, must bear the mainte- 
nance charges for $28 worth of machinery. 

Table IV shows some of the facts relative to the utilization of the 
more important implements, as indicated by information secured on 
40 farms in North Dakota. These figures represent prewar condi- 
tions, a marked advance having been noted in 1917. The average 
life of implements varies somewhat, with consequent variation in the 
amount of depreciation. The average life of all farm implements is 
12 years, making the annua! depreciation 8.3 per cent. 

The annual repairs for the varicus implements depend upon the 
amount of use and care. The high repair cost of gang plows is due 
to the replacement and sharpening of shares. The big item of re- 
pairs of binders consists of new canvases, which are generally re- 
placed every two to four years. The average annual cash expense 
for repairs amounts to 6.7 per cent of the first cost of implements. 

TaBLe IV.—Average value, life, annual repair cost of various implements, and 

the area covered by each (prewar data). 

Acres Average Annyal 
Implement. value apes repair | Covered 

(new). ; oar, |) At week 
(each). 

: Years. 
CAMP RR LOW eae eee ans eee last soe elec see ecisk a keseeeee $75 13 $16 174 
PIS MMT EOWA es toes se cise nee ace oe wisinacsc tesecmeani- > Sacre 44 12 3 165 
TARTAR VOW eters, 2 as aaa ini ieee Aclee G oie ales 22 22 oe eye 23 9 1 670 
POOUB UE ANONDACK OU ss ele «2 se ate a iss ose sce eneetcs nes = veceisasa 53 19 1 240 
EET UT i te pie 2 Or a RES 5 5p RRO em 35 130 11 4 300 
Cait ONC ae ae ee Sea eee 2 a eee eS 144 19 13 168 
Lea Cid his. ea ee Sy en. ne rae 49 12 4 54 
LEP) I OO ele Ot pee eno! eam iss 3 3 1 67 
Manure spreader. .-2..-..-.-.-.-- SPY oss o's = PORE 2 ose ee 129 12 7 31 
Comipinider. =. 22.':.- Sa eae a= |e UPS 2 8 alls ever 132 10 7 49 
Woci a tiGyey oa hanced Peo sar OS bEe nen Gone C~ COCR eBEDEE Ee aoe 43 16 2 61 
ELUTE ARES fe ie ee ee 2 olseer eee 36 12 1 57 
DRIP AME PE ADS ae ere ares amare ar ae 2 eee eet: = = <n notes 59 18 pila See oz are 
RU RGRMAEREEL CR ty ss a ah ine eee aoe Aca oe Re wo we 28 ALN Se eye dene | Oras aparece 
WV BSERME LORS Se cee ass eis elem a erie... a since etemeyne, « « - =\aichptietetae 14 A ate enee aparece 
LG GOS aes Caaiee Sonrigs seg 0G- OP eR G BAe eS -i9:- Saab em: he 53 15 | Rises, eo | op 
Sp Gt 1h 2 ee SE Re eee: ene | 74 13 PAN eS RHBeS B Toade 
Risers (S06) 2 2i52:. 002 one ree ot Be obs scale Soe - -' sous 33 11 W lceee eae 

The last column of the table shows the average number of acres 
each implement covers each year, in the usual farm practice. Nearly 
all of the larger machines cover from 150 to 300 acres each per year. 
This is one of the factors which determine the comparatively large 

89815°—19—Bull. 757——3 
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size of farms in North Dakota. None but large farms can utilize 
these labor-saving implements efficiently. 

Fic. 8—The gang plow drawn by the five good horses turns from 5 to 6 acres in a day. 

The gang plow (fig. 8) cuts two furrows of 12 to 14 inches each; 
the most common gang is the 28-inch. The majority of farmers use 
five horses on the gang plow, although a large number use only four. 

5 

Fic. 9.—The spike-tooth harrow covers from 40 to 60 acres per day, depenaive apes 

the width of the harrow and size of the team. 

A very few use six horses on this implement. Usually three horses 
are placed abreast and two in the lead, but when four horses are used 
they are generally driven abreast. 
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The harrow (fig. 9) varies in width from 16 to 32 feet, and occa- 

sionally greater widths are used. This implement is usually con- 
structed in 4-foot sections and may be made any width that is a mul- 
tiple of 4 by the addition of more sections. Four horses are used 
most commonly on widths from 16 to 24 feet, but five and six horses 
are used on the wide harrows. 

The disk harrow (fig. 10) is used generally for pulverizing cloddy 
soil. Sometimes it is used in place of a plow in preparing stubble land 
for the succeeding crop, but this practice isnot common. This imple- 
ment generally consists of from 16 to 24 disks on two shafts set end 
to end, which may be set at various angles to each other by means of 

Fic. 10.—The disk harrow is an implement especially useful on packed or cloddy soil. 

levers. The most common size of disk is the 16-inch, though the disks 
vary from 12 to 18 inches in diameter. Four horses are most com- 
monly used on the disk harrow, with one man as driver, who usually 
occupies a seat on the implement. 

Grain drills (fig. 11) are ordinarily from 8 to 12 feet wide, occa- 
sionally a 16-foot implement being used. Both the shoe and the disk 
type are in rather common use. Almost invariably four horses are 
used on the drill in North Dakota. 

Rollers and packers are used to some extent, but are not necessary 

implements. They are used for pulverizing the surface and packing 
the soil into a firm seedbed. Figure 12 illustrates a type of subsurface 
packer. Four horses are normally used on either roller or packer. 
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The binder (fig. 13) is one of the most complicated and most 
expensive implements used on grain farms. Those used in North 

lic. 11.—The grain drill is one of the essential large implements on the grain farm. 

Dakota are usually of from 6- to 8-foot cut. In nearly all cases four 
horses are used on this implement, but occasionally three are used. 

Fic. 12.—A subsurface packer that makes a firm seedbed and breaks the clods, leaving 
a dust mulch. 

It is not uncommon for a farmer to allow the binder to stand in the 

open during the year, the canvases being removed and placed under 
cover. While this practice increases the rate of depreciation to some 
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extent, the binder does not suffer as much from exposure to the 
weather as do certain other implements, notably those largely made of 
wood. 

Fic. 13.—The self-binder is most commonly used for harvesting grain. 

Mowing machines and hay rakes (generally two-horse size) are 
found on practically every farm (fig. 14). Each of these implements 

Fic. 14.—The mower. Often several acres must be cut to get a ton of prairie hay. 

is nearly all of iron, and depreciation is therefore not great’ when 
they are left in the open. 
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The manure spreader has lately come to be a very common farm 
implement in certain parts of North Dakcta, as the farm operators 
have begun to appreciate the value of manure. The increase in 
amount of live stock has caused an increase in the amount of manure, 

and this is now being utilized more efficiently. Manure spreaders 
vary in make and size; those of from 60 to 70 bushels capacity are 
common. Two, three, or four horses are used, depending on capacity. 
Where the barn is built with a driveway through it the spreaders are 
loaded directly from the gutters. In other cases overhead carriers 
are used, which dump into the manure spreader outside the barn. 
The larger machines for corn production are now common, the two- 

row check planter being used as well as the corn binder. Two horses 
are used on the planter and four on the binder. The 2-horse rid- 
ing cultivator for corn and potatoes is more common than the walk- 
ing cultivator. Very little wood is used in its construction; it lasts 
for a dozen years with scarcely any repairs. 

A farm wagon is required for approximately every 100 acres of 

crop land on the farm. The wide-tire wagon is most common. Grain 
tanks of from 60 to 125 bushels capacity are found on every farm, one 
to about every 270 acres. Racks for hauling hay and grain are short- 
lived, being almost entirely of wood construction. 

Stationary gas engines are found on nearly every farm, many 
farms having two or even three of them. These are used for grind- 
ing feed, pumping water, elevating grain, etc. They vary in size 
from one to four horsepower, the one and one-half horsepower engine 
being very common. The prewar cost of these was approximately 
$30 per horsepower, with considerable variation according to make 
of engine. The small gas engine has now been simplified to such an 
extent that anyone of average intelligence can operate it, and it is 
now practically a necessity on the North Dakota farm. 

On those farms where potatoes are raised, both planters and dig- 
gers are used. Diggers are four-horse implements, and both dieeem 
and planters are very necessary where large acreages of the crop are 

raised. 
Buck rakes and hay stackers (fig. 15) are not infrequently found 

on the larger farms where much live stock is kept and a considerable 
acreage of hay is harvested. It is only on such farms that these im- 
plements are profitable, inasmuch as the depreciation and repair 
charges on them are comparatively high. 
A large amount of small tools and implements is necessary to the 

operation of the farm, although many farms have considerably more 
of these articles than are essential. 

Thrashing outfits (fig. 6) are often owned and operated by farm- 
ers, although they generally do considerable outside work, except on 
the very large farms. Not infrequently two or more farmers in a 
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community own a thrashing rig jointly and do their own thrashing as 
well as some outside work. In some cases rigs are owned and oper- 
ated by men who are not farmers but who make thrashing a busi- 
ness. Steam engines cost from $1,500 to $3,000 (1914) and separa- 
tors cost from $750 to $1,200. The cost usually depends on the size 

more than any other factor. An engine lasts from 12 to 20 years, 
according to the use and care given it. The life of a separator is not 
so long, being from 7 to 15 years. 

It was formerly the practice to use straw for fuel, flax straw be- 
ing the best for this purpose. During the last five years this practice 
has been almost entirely discontinued, and now coal is the fuel com- 

Vic. 15.—Buck-rake and hay-stacker commonly used where a considerable acreage of 
prairie hay is cut. 

monly used. An ordinary 25 to 30 horsepower engine consumes from 

1,800 to 2,000 pounds of soft coal per day. It was suggested that 
during the shortage of coal (1918) the former practice of burning 
straw be revived. a 

The use of straw as fuel involves the use of a larger amount of 
labor than where coal is used, as a fireman is required to feed the 
straw to the fire box almost continuously, and it is necessary to keep 
one man and team hauling the straw from stack to engine. Further- 
more, the risk from fire is great, on account of the proximity of a 
load of straw to the engine and the danger from flying sparks. 

Improvements and simplifications of the gas tractor have made it 
possible for many more farmers to use it now than formerly. No 
data are available as to the number of tractors on farms in North 

Dakota at present (1918), but among 37 representative farmers in the 
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eastern half of the State, six owned and operated tractors for plowing 
and small amounts of other farm work. ~ 2 

The automobile now occupies an important place on North Dakota 
farms. Of 34 farmers, unselected, and located in the eastern half of 

the State, 27 operated cars of some kind, and one farmer kept two. 
The value of the car to the farm was determined largely by the 
distance from the market point. 

WHAT CREWS CAN DO. 

The amount of work that can be done in a normal day is important, 
especially in certain operations that must be done within a limited 
time. A very large part of the field work on North Dakota farms is 
done with one man and four horses. The number of acres per day 
covered by this crew in various operations is shown below: 

Acres 
per day. 

STN yal rn a Se Se Ee 0 ee ee oe ie ep 5 

ATER: ea SYSY5 © eA es ee se 47 

STB) USS Fecha es PS oa ST a gS EU Eisg see OG Oss ga 17 

BR) re aI Nin os Se ee ee eR pees) X() 

EVA Vie St Wy LTC eat 2 ee Sa a Oe er 16 

FETA TVCS EPO AGS a eee a ae 1S pee Oe LS ee Se, Sr es ONE 15 

Harvest barley ate pease 2 Bae) AI gh 5 EN) Sc 16 

Dea Eu SS ep ec aS a SS 2 er a eee eS 15 

One man and five horses with a gang plow turn 5.2 acres per day 
-and one man with six horses turns 5.5 acres per day. 

A few farmers visited used three horses in harvesting wheat, and 
covered an average of 10.6 acres per day. 

In shocking wheat one man can not quite keep up with a 4-horse 
binder, being able to set up 15.6 acres per day on the average. One 
man shocks 15.6 acres of oats or 17.8 acres of barley per day on the 
average. 

In hauling grain to market one man and two horses haul an aver- 
age of 132 bushels per day where the average length of haul is 6 
miles. Two loads are hauled of approximately 65 bushels each. 
Where the distance is within 4 miles the average day’s haul is 172 
bushels (three loads) and within 2 miles, 312 bushels (five loads). 

In haying, one man and two horses cut an average of 9 acres per 
day and rake 18 acres. 

In stacking grain various crews are used, but the two most com- 
mon are two men with one team and three men with two teams. 
The former crew stacks on the average 10.7 acres per day and the 
large crew stacks 14.3 acres of wheat of average yield of 12 bushels 

per acre. 
There is a wide variation in the size of crew and proportion of men 

to teams in stacking hay, determined rather by the available labor 
than by efficiency of crews. The average amount of tame hay stacked, 



GRAIN FARMING IN NORTH DAKOTA. 25 

as reported by 15 farmers, was approximately 5 tons per day per man, 
and the average proportion of men to horses was approximately two 
men to three horses. The average yield of hay was 1.15 tons per acre 
and it was stacked in the field where the length of haul was short. 
A very large part of the grain used for seed must be cleaned by 

running through a fanning mill before planting. Ordinarily this 
is a two-man job and in many cases the mill is run by motor. The 
following data relative to cleaning grain show the number of bushels 
per day that are cleaned: 

Bushels 
per day. 

Wheat 2S ORE eee 2) | IRR EN EE ALY ie eS Ra 108 

OAS H tess fe SE Ee) SUR oC Le ee ee een Lae 119 

Eyal] @ ype ee es A NS ES ie oni re Sats 92 

[Migb-<28 See DLN ee apes Su Es De AES eed eee 29 

DATES OF OPERATIONS. 

Estimates from several hundred farmers, as well as actual records 
from several covering periods of from 12 to 30 years, indicate that, 
on the average, field work begins about April 18 and ends about 
November 6. These dates are subject to about 20 days’ variation 
either way, depending upon the season. It happens not infre- 
quently that some field work is done in March. 
Any one of several operations may be the first done in spring. If 

plowing was done in the fall, either harrowing or disking may be 
done first, and seeding may follow within a day or two. Table V 
shows the most common dates between which the principal operations 
are performed. These dates are subject to some variation, depending 
upon the season, varieties of grains planted, etc. For example, oats 
are usually planted between April 26 and May 20, and are harvested 
generally a day or two ahead of wheat; if, however, a late variety of 
oats is planted the harvest may be 10 or 20 days later than the 
average. 

Taste V.—Dates of operations on wheat, oats, barley, flax, corn, and potatoes. 

Crop. Plowing (fall). Plowing (spring). Harrowing. 

SIT a a Se SS Se eae Sept. 26-Oct. 17........- ADI te uay DY eieiSai3'225 ADE Ue May 28. 
1 

Crop. Disking. Planting. Harvesting. 

MENON oa di5. 9:5 62. elo Suv.alcem's a> ele Apr. 18-May 19.. »oea|| AxDIe LOLA) Leys sic. «= «1% Aug. 10-Aug. 20. 
Oat EEE es eee EP PEPE C005.) sete - a2. Apr. 26-May 20........- Aug. 8-Aug. 15. 
lo ee ee ee ee \ URSA OS”. BBE May 12-May 28.......... Aug. 6-Aug. 13. 
Ot AEB oa, Coe Peper | CEeEe AO jie. tb WeeeE - <<» May 31-June 15......... Sept. 1-Sept. 15. 
A 1 RE Ce es [Pa Ba OE... > ae May 20-June 10....-.... Sept. 5-Sept. 25. 
PIMAWOOB Sc ee oss tsar ae [bias LOD: a REE cw «0 oid May 20-June 3.....-.... Sept. 20-Oct. 12. 

| 
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It is scarcely possible to separate the dates of plowing and prepara- 
tion of the land for the various crops, since these operations all over- 
lap; furthermore, land that was plowed and prepared for a certain. 

crop is often seeded to another on account of seasonal conditions, or 
for some other reason. 

Thrashing is usually done in from one to three days on the average 

farm, and is generally from 25 to 35 days after the beginning of har- 
vest. If flax is raised it sometimes happens that a separate job of 
thrashing is necessary because this crop is harvested much later than 
the others. . . 

Farmers differ somewhat in opinion as to the latest safe seeding 
date in the spring for the various crops. The following dates are the 
averages of the estimates of over 200 farmers: 

WWal Gay ree ee ae oe May: 212%) Barley 29522 ear mms 

Ol aitS hier san ee ee May 21 | Potatoes Rees SSS une wa6 

Conme nesessi ebb eee May 28%). Waxes 2.2) oh Oe ae June 11 

Two important considerations should be taken into account in con- 
nection with these dates, namely, varieties and weather conditions. 
Varieties that mature quickly niay be planted later than those re- 
quiring longer growing periods. When the spring season is very un- 
favorable, it is sometimes necessary to plant later than the above- 

indicated dates and take the risk of not maturing a crop. 
Cultivation of corn and potatoes is usually done in June and July, 

the inclusive dates for corn being June 5 to July 15, and for potatoes 
from June 12 to July 30. 

The number of. days for the production of the various crops varies 
considerably. The following data show approximately the number 
of days from planting to harvest of the leading crops: 

Days to Days to 

maturity. maturity. 

Wheat____ aoe Se =. 112") Potatoes. 2 2 ee 129 

CEN SI ok Ue rl ee Seok DEIN aa LOG Hh lax ee Se Se 94 

Barley seems Die, NE AS Siig), Millet) iis ee 78 
COT a Ee ee i ea ee, OS) 

The amount of time required from planting to harvest varies, 
depending upon the variety of grain; the above figures represent 
the average for the various crops produced on several farms cover- 
ing periods of from 12 to 30 years. The season also has a marked 
effect on the length of time required. For example, the average 
season from seeding to harvest of wheat in 1910 was but 97 days, 
while the average for all years covered in the records is 112. The 
1910 growing season was one of the driest on record for this area. 
Further, grain crops planted late in the season generally mature in 
a shorter time than the earlier planted crops; a difference of from 
10 to 12 days is noted in the case of wheat and oats. 
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YIELDS. 

Success in farming in North Dakota depends very largely upon 
yields, and the factors that affect yield are of interest to every 
farmer. Some of these factors are not under human control, but 
many of them are, and even the uncertain factors may be in some | 
degree controlled by the prospective farmer by avoiding localities 
unfavorably situated. 
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Fic. 16.—Yield per acre of wheat, oats, barley, and corn (North Dakota, 1891-1916). 

Yields per acre of all crops vary from year to year for various 
causes. The lines in figure 16 show the average yields that have 
been made in the State from 1891 to 1916, inclusive. Wheat, of 
course, is of greatest importance. It generally happens that where 
low yields of this crop are made the production of other crops is 
also low. It is noted that there is a marked parallelism in the lines 
for wheat, oats, and barley; the corn line, however, does not follow 
the general order very closely. 

Within the limits of the growing season, the yield of these crops 
of wheat, oats, and barley are dependent upon rainfall to a greater 
extent than upon any other factor. Corn is dependent upon rainfall 
also, but is affected very greatly by temperature. Its growing season 
is also different from that of the other grain crops. 

The lines in figure 17 show the relabion of rainfall to yield. The 
line at the bottom of the figure represents the combined rainfall in 
inches during the months of May and June for each year from 1891 
to 1916, and the upper line is a crop index representing the yields of 
wheat, oats, and barley. It is noted that there is a marked paral- 
lelism in these lines, that is, where the rainfall is greatest the yields 
are uniformly largest. There are two exceptions to this order, one 
for 1896 and another for 1914. In both of these years there was a 
large amount of rainfall during May and June, in each case more 
than 8 inches falling in such short periods that much grain was 
drowned out. Three other years show rainfall during these months 
in excess of 8 inches, but so distributed as to cause increases rather 

than decreases in yields, 
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It should be noted that in 1900 and 1910 exceptionally low yields 
were made, owing to drought conditions. In 1900 the annual rain- 
fall was about normal in the State (18.6 inches), the shortage of May 
and June being made up during the other months, but 1910 was very 
dry during the whole year, the total rainfall being but 12.4 inches. 

Other data not here presented show that there is only a slight rela- 
tionship between rainfall in April and yield. Neither is there any 

CROP INDEX - WHEAT, OATS, AND BARLEY 

[MAY AND JUNE] 

PRECIPITATION ~ INCHES 

Fic. 17.—Relation of rainfall in May and June to yield per acre. 

marked relation between annual rainfall and yield of these crops. 
May and June are the critical months. With a rainfall of 6 inches 
distributed over the months of May and June, at least normal crops 

may be expected. 

TABLE VI.—Yield per acre for various crops in North Dakota (Bureau of Crop 

Estimates’ figures for 1891-1916, and records of actual yields obtained in this 

imvestigation for 1912-13-14). 

Yield per acre (bushels). 

Source of figures. ——— SSS TSS 

Wheat. Oats. Barley. Flax. Corn. | Potatoes. 

Bureau of Crop Estimates...._..........-- 12.3 28.1 22.4 a8.6 22.8 95 
PTI SHMVeStl Get O Hee ae eee ae 13.2 33.9 PING T/ 7.9 33.8 87 

a Averate 1902-1916 inclusive. 
” 
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- Table VI shows the average yield per acre of the leading crops of 
the State. There is a wide variation in yield from year to year and 
also between farms. The lowest yield of wheat recorded for the 
State is 4.9 bushels in 1900 and the next lowest 5 bushels in 1910. 
Other crops made their lowest yields also in these years. 

RELATION OF LAND VALUE TO YIELD. 

Little relation appears between the selling price of land and the 
yield per acre of wheat. Table VII shows the relation of land value 
to yield per acre for the three leading crops. 

Tapie VII.—Relation of land value to yicld per acre of wheat, oats, and barley. 

[Figures are per acre.] 

Wheat. Oats. Barley. 

Value 0 Value mo 3 Value a 
ofland. | Yield. | ofjana. | Yiel4- | ofiana. | Yiel4- 

Bushels. Bushels. Bushels. 
$19 12 $23 28 $27 22 
31 13 34 32 41 21 
50 14 52 38 58 22 

As previously pointed out, other factors than yield appear to de- 
termine the price of land in North Dakota. Land in the western 
part of the State, valued at $19 per acre, produced average yields of 
12 bushels of wheat; while land in the Red River Valley, valued at 
$50 per acre, produced average yields of only 14 bushels. However, 
the risk in the western portion is many times greater than in the 

_ eastern, because of the fact that seasons of drought occur more fre- 

quently in a given period. This risk is reflected in the value of the 
land. Furthermore, the fact that the annual rainfall is approxi- 
mately 6 inches greater in the eastern portion than in the western 
makes it possible to have a much wider diversification of crops and 
stock in the east than in the west. 

RELATION OF TILLAGE TO YIELDS. 

The operations in which an increase of labor may affect yield are 
plowing and the various operations of preparation, such as harrow- 
ing, disking, rolling, etc. The amount of labor used in seeding is 
practically the same on all farms, the ground being covered with a 
drill. The efficient plowing of the land is of prime importance. 
More depends upon proper plowing than upon any other operation. 
A few farmers were found who planted wheat without plowing, disk- , 

ing the seed into the stubble. These farmers made yields of 10 

bushels or under per acre. 

é 
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The amount of working of the soil required for best production 
is dependent largely upon the character of the soil and weather con- 
ditions. Under normal conditions tillage equivalent to one disking 
and twice over with the harrow gives better results than where 
greater or less amounts of labor are utilized. Frequently time is 
lacking for more than one harrowing, and when this is the case, 
yields are generally about 2 bushels of wheat per acre less than when 
the land is disked and harrowed twice. 

The practice of going over the land with the harrow as soon as 
possible after each rain, conserves moisture and tends to increase 
yields. Where land is in a fair state of tilth after plowing, disking 
is omitted and care is exercised to conserve moisture by harrowing. 

Leaving the land as rough as possible during the winter is advis- 
able, as thus it catches and retains more snow than w hen the surface 
is smooth. 

SUMMER-FALLOWING. 

Summer-fallowing is practiced by comparatively few farmers, 
since experience has shown very little difference in net returns be- 
tween this method and that of planting a crop each year. In some 
cases this method is advisable, particularly where the land is weedy, 
as clean cultivation for a season will eradicate many of them. In 
general, however, summer-fallowing does not appear as profitable 
for North Dakota as crop production each year. 

FALL VERSUS SPRING PLOWING. 

In so far as yield is concerned, it appears that, in general, it makes 

very little difference whether the land is plowed in fall or spring. 
Weather conditions may cause one method to be highly desirable in 
one year while in another the same practice may prove a poor one. 
Among nearly 100 farmers, 60 plowed for wheat in the fall and the 
remainder plowed in the spring. Records from a number of farms 

indicate on the fall-plowed land a yield of 13.1 bushels and on the 
spring-plowed 13.6 bushels per acre. With oats and barley slightly 
larger yields are made by fall than by spring plowing, a difference 
of from 4 to 6 bushels being noted. However, only 18 farmers out of 
90 plowed in the fall for these crops. 

Aside from the question of yield, there is a very great nines 
in plowing in the fall where possible. The period for plowing, prepa- 
ration, and sowing in the spring is short, and plowing is the operation 
that requires most time. Even though the weather may be disagree- 
able in the fall, as much plowing should be done after harvest and 
thrashing as possible, since it makes a much more even distribution 
of labor and makes it possible to seed at the earliest possible date in 
the spring. 
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SEED. 

Within certain limits little difference in yield of grain is caused by 
sowing different amounts of seed. Much depends upon the season in 
this regard, small amounts of seed giving better results in dry sea- 
sons, because there may not be sufficient moisture to mature a heavy 
stand, while a light stand may come to full maturity. The more 
space allowed each plant the greater the amount of stooling, so that 
where grain is sown thin, more stalks of grain mature from the same 
individual seed than where a thick planting is made. 

The amount of seed commonly sown per acre, and which produces 
the best yields in the average, falls between the following limits: 

Mini- Maxi- 
mum. mum. 

2.0 Y/Y) Oe a as ace Sale pishelses le 0, 

(ORR ee ee eee ee oe DE ee Qa IN Dab 

Barley____+ Lae ees is ee a Pee ee dose ari Sara; 

0 LEVIS pe ep ir Be aie ae er TORS 

STUBBLING-IN GRAIN. 

The practice of disking grain in the stubble of the previous crop 
without plowing is followed to some extent, and information was 
obtained from 136 farmers in 35 counties of North Dakota as to the 
profitableness of the practice. The following is a summary of the 
information obtained: 7 

112 farmers reported the practice as without profit. 

33 farmers reported one-fourth to one-half normal yield. 

28 farmers reported a marked increase in weeds. 

13 farmers reported normal yield when previous crop was properly tilled. 

7 farmers reported normal yield under any previous condition. 

10 farmers reported the plan satisfactory only for rye. 

A few scattered farmers reported that it is more profitable to 
summer-follow than to stubble-in grain. Others reported that it is 
more profitable to let the land lie idle than to stubble-in, since stub- 
bling-in often fails to return the equivalent of the seed sown. 

Three principal arguments are used in favor of the practice: (1) 
A saving is made in time and cost of preparation and in consequence 
a larger area can be seeded; (2) stubble of the previous crop left 
over the winter catches and holds snow; and (3) the quality of the 
grain is said to be better from stubbling-in than from planting on 
plowed ground. 

There are several serious disadvantages: (1) Low yields, from 
one-fourth to one-half of normal; (2) fields dry out rapidly, as less 
moisture is absorbed than by plowed ground; (8) the ground is 
harder to plow the following year; (4) a much shorter straw is made; 

and (5) weeds and insects are increased materially by the practice. 
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Ground previously planted to potatoes, corn, or flax appears to 
give best returns if grain is sown without previous plowing for the 
crop. 

In general, it would seem that the practice of stubbling-in is not 
to be advocated except possibly in the case of winter rye. Many 
farmers in the eastern part of the State believe that stubbling-in rye 
is entirely justified. 

ROTATION. 

Hitherto very little consideration has been given to the subject of 
crop rotations by the farmers of North Dakota. Of 40 farmers 
interviewed on this subject, only 12 gave any information as to 
order of planting crops, the greater number stating that they gave 
little or no attention to the matter. A few said that they changed 
from one crop to another as often as possible. Only seven farmers, 
and these in widely separated counties, were found who followed a 
fairly uniform system of rotation. These men adhered as closely 
as possible to this order: Barley, 1 year; wheat, 1 year; oats, 1 year; 
summer fallow or intertilled crops, 1 year. 

The greatest difficulty in establishing a system of rotation is the 
fact that the type of farm is based on a one-crop system, wheat, pro- 
duction occupying such a large part of the farm area. However, 
the increase of stock production is materially remedying the situa- 
tion, and tame hay and other feed crops are occupying larger and 
larger percentages of farm areas. Alfalfa, timothy, and clover, and 
corn are now of some importance, though 10 years ago these crops 
were scarcely known in the State. 

Thus far no serious decrease in yields, due to depletion of the soil, 
has been noted in North Dakota. New land, that is, land that has 
never produced anything but prarie grass, is being brought into cul- 
tivation every year in all parts of the State, with the possible ex- 
ception of some of the Red River Valley counties. As long as this 
condition prevails and wheat occupies so large a proportion of the 
crop land, rotations will hardly be given serious consideration by 
the farmers. 

MANURE. 

A decade ago scarcely any manure was applied to the land, because 
there was little to apply. Practically the only stock on the farms 
were work animals. At present, however, from 5 to 50 animal 
units? of productive stock or even more, besides the work animals, 
are found on every farm, so that the amount of manure now pro- 
duced annually is worthy of consideration. In general, on the aver- 
age farm of 640 acres, manure is applied to 30 acres or more every 

1 An animal unit is a mature horse or cow or as many smaller animals as require the 

feed of a horse or cow, approximately 2 young cattle, 5 hogs, 7 sheep, or 100 hens. 
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year. This factor is and will continue to be of great importance in 
maintaining yields within the State. 

There has been a marked improvement in the utilization of straw 
within the last 10 years. Formerly, it was a common sight at night 
in the late summer or fall to see from 50 to 100 straw piles burning 
within the circle of the horizon. At present the amount of straw 
burned is greatly reduced, since its value as feed, and as fertilizer 
when rotted, is becoming better understood. 

SUMMARY OF COST FACTORS. 

In order that a basis may be available for determining the values 
of various items that enter into the cost of production of grain in 
North Dakota, the various cost factors for the four leading crops are 
summarized in Table VIII. Practice varies from farm to farm, but 
the figures given are based on 350 farm records, and may be taken as 
representative. 

Taste VIII—Summary of items entering into the cost of raising wheat, oats, 
barley, and flax in North Dakota. 

Wheat Oats. Barley. Flax. 

Seed, bushels per acre. =. ....-2.522205.---.6-5 1.2 2.0 1.7 0.5 
Man labor, days per acre...-.--.-...-.......- 64 74 71 66 
Horse labor, days per acre..--...............- 1.94 2.09 2.11 2.33 
Use of machinery, per acre..-................ 18 per cent of | Same as for | Same as for | Same as for 

first cost wheat. wheat. wheat. 
divided by 
number of 
crop acres 
in farm. 

Twine,pounds per acre....-........:.-.-/..:- 1.78 1.88 1.75 1.33 
Thrashing, cents per bushel.............-.-.- 10 (15) 6 (9) 6 (10) 20 (35) 
WR ABEAP CINCH Ee ote ee as ize cies eins aoicsielio zack $1.09 per man | Same as for | Same as for | Same as for 
fe day on crop. wheat. wheat. wheat. 
DIR CMENATIN DOT ACTO oto ooo occ < octets Saito a = =,5,2 6 per cent of |..... COM ee eels ee do. Do. 

land value. 
MASINED LONS DET ACTC!. 3.25. fo .sio5sccan6-2 = 0.65 .-do. Wid Owes eae: Do. 

“Man labor, days per acre ” and “ Horse labor, days per acre ” in- 
clude all the work done upon the respective crops except thrashing, 
which is accounted for in the direct thrashing charge per bushel. 
Among the items included in the labor are plowing, disking, har- 
rowing, planting, cutting and shocking, hauling grain from thrashing 
machine, and hauling grain from farm to elevator. In cases in which 
time was occupied in cleaning and treating grain or by any other 
operations in connection with the crops, this labor has been included. 
Under “ Use of machinery ” it is found that the sum of interest on 

investment, depreciation cost, and repair cost amounts to 18 per cent 
of the new value of the equipment utilized on the farm, excluding 
from all calculations tractors, thrashing rigs and automobiles, Since 
all crops require so nearly the same use of machinery, as indicated by 
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the amount of horse labor expended on each, the machinery cost per 
acre is approximately the total cost divided by the total number of 
acres under cultivation on the farm. If a tractor is used for any 
operation, a separate charge should be made for this item. The usual 
‘prices charged in custom thrashing have been used; this covers all 
‘costs for the use of machinery in this operation. The use of the 
automobile is of undoubted benefit to the farm business on the aver- 
age farm; however, the automobile is used to a considerable extent 
for pleasure purposes, and although a number of farmers were found 
who were willing to make an estimate of the benefit that the car is 
to the farm business, not enough data are available to justify pre- 
senting figures in Mes connection. 

Under the item “ Thrashing, per bushel” two figures are given for 
each crop, the first in each case being the average ohnres for the 
period 1911— 1916, and the second, the 1917 charge. 

Since manure is utilized on many farms, a charge should be ae 
against the crops for this fertilizer. It lho previously been pointed 
out that, on the average, approximately 30 acres are covered with 
manure each year on the farm of 640 acres. Assuming an annual 
application of approximately 10 tons per acre, this application is 
equivalent to 0.65 tons per crop acre. This distribution of the charge 
is justified, inasmuch as the benefits from the manure accrue for 

“several years after application and the object is eventually to cover 
‘the whole farm. 

COSTS FOR 1917 AS COMPARED WITH PREWAR COSTS. 

In Table LX are shown the relative costs of the various items enter- 
ing into farm operation for the period 1911-1916 and for 1917, on a 
representative farm having a total acreage of approximately 640, 
with an organization and equipment that approaches the average very 

closely. 
It will be noted that there is an increase in the cost of every item, 

the mecreases being particularly noticeable in the case of seed for 
planting and in the value of machinery. The cost of “Labor per pro- 
ductive day of work” is determined by ascertaining the total cost of 
all hired labor by the day or month, together with the labor done by 
the family at average rates, and dividing the sum of these by the total 
number of days of productive work done per farm per year. By pro- 

ductive work is meant that which is applied directly to an enterprise 
such as wheat production or stock raising, etc. All other labor, such 
as that necessary for the general upkeep of the farm, is considered 
as overhead expense, and is paid for in the labor by the day or month, 
or is pro- -rated to the various productive enterprises. The increase 

noted in the cost of a productive day’s work corresponds: to the ‘in- 
crease in the cost of labor by the day or month as indicated. 
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The increase in the value of farm machinery is 40 per cent, but ad- 
ditional information (1918) indicates that even greater advances 
have been made. 

Concerning work stock, feed costs are the only costs that have ad- 
vanced recently, so that depreciation in work stock may be considered 
as indicated on page 15. The difference in annual cost of work stock 
between $105 and $145 represents the increased cost of feed. 

Table I—Cost of various factors entering into cost of production of crops on a 

representative farm in North Dakota for 1911-1916 and for 1917. 

Factors entering into cost of Cost Cost Factors entering into cost of Cost Cost ¢ 
production. 1911-1916.) 1917. production. 191i1-1916.| 1917. 

Seed cost (per bushel): New value of machinery @ .....| 1,757.00 | 2,473.00 
WihGatntest sec joccas ess $1. 23 $2.28 | Feed for work stock: 
ODS s sos beanies ase neBeeee -47 . 70 Oats,-per bushel..........- 39 61 
iB Ge eee Sees ale 1.19 JeleWyd DOL WOW soacceeseoeds 6. 65 9.77 
IPG9S. Se Se ee 2.23 St 610), |) Wlenaybis), Tee WON ooo sooceocee 1.00 2.00 

Hired labor: Thrashing, (per bushel): 
OTTO NUN e so 2's a ciaiacre isis 35. 00 45. 00 Wil eae ie eee ie ene ast 10 5 HSS ° 
OMA tare 22) ose bisicc emcee 2. 44 3-16 ORs ete eoeuasoe sae cemon ae 06 . 087 

Labor per productive day of (Banleyeceeeeceaiceecworescs 06 . 094 
Wk 2 ogo ose eeee ee 2.20 2. 83 BEDS SUEe suena seek eeeoE eae - 20 BBD 

Farm cost of board per month. 15. 70 22.80 | Twine, per pound..:.-.......- .118 18 
Farm cost of board per produc- 
BARMERA 2 cet 2b ora)ein<is\cinjosi =) -89 iL, 28) | 

@ Does not include tractors, thrashing rigs, or automobiles. 
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INTRODUCTION. 

This bulletin covering the year 1917 is the second of a series pre- 
senting detailed statistics on pulpwood consumption and wood-pulp 
production in the United States. The first was for 1916, and the 
figures for the two years are directly comparable. Similar statistics 
were compiled by the Forest Service for 1905 and for the period 
1906-1911 in cooperation with the Bureau of the Cersus. The Bureau 
of the Census published figures for 1914 in connection with the census 
of manufactures. 

The cooperation of the News-Print Manufacturers Association in 
the collection and compilation of the statistics in 1916 was continued 
by the News-Print Service Bureau in 1917. 
A return was made by every pulp mill solicited to make a report. 

The complete and cordial cooperation of the mills, particularly in 
view of the additional calls for information and the reduced clerical 
forces, is an evidence of the need of such statistics and of the conven- 
ience to the manufacturers of the form in which they are presented. 
Note.—Acknowledgment is made for assistance in the collection and compilation of the statistics and 

in the review of the report to R. 8. Kellogg, secretary of the News-Print Service Bureau, and Albert H. 

Pierson, of the Forest Service. 

89951°—19—Bull. 758——1 
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PULPWOOD CONSUMPTION AND WOOD-PULP PRODUCTION, 1917. 

A total consumption in 1917 of 5,480,075 cords ' of pulpwood was 
reported by 241 establishments, an increase of 251,517 cords, or 5 
per cent, over the estimated total consumption in 1916. The im- 
ported spruce and aspen formed 14 per cent of the quantity used in 
1917, in comparison with 15 per cent for the year before. 

The production of wood pulp totaled 3,509,939 tons—an increase 
of 74,938 tons, or 2 per cent, over the 1916 reported total output. 
The quantity manufactured by the mechanical process was 1,535,953 
tons, by the sulphite process 1,451,757 tons, by the soda process 
437,430 tons, and by the sulphate process 84,799 tons. The quan- 
tity of mechanical pulp produced was 2 per cent, that of soda pulp 
13 per cent, and that of sulphate pulp 15 per cent more than in 1916. 
The output of sulphite pulp was 1 per cent under that of the previous 
year. 

The production of pulp was increased by the manufacturers under 
industrial conditions that were in reality conducive to decreased 
production. Not only did the cost of practically every material, 
inclusive of pulpwood, advance, but grave and discouraging prob- 
lems were met with in securing and holding an adequate supply of 
labor, in procuring fuel for operation of plants, and in the transpor- 
tation of both the raw and finished product. War enlarged rather 
than diminished the demand for pulp for ordinary purposes and at 
the same time developed additional uses for pulp and paper. Imports 
of wood pulp were practically as great as for the preceding year, 
despite the fact that total receipts from overseas were lighter because 
of war-time shipping conditions. 

PULPWOOD CONSUMPTION. 

In Table 1 are presented the figures on the consumption of pulp- 
wood, by each kind of wood used, for four calendar years, 1909, 1914, 
1916, and 1917. The use of both domestic and imported spruce 
shows a decline in 1917 from 1916, attributable perhaps to the more 
restricted supply available and to the possibilities attached to the 
cheaper species. Some of the less important species, such as balsam 
fir, yellow pine, tamarack, and the group of hardwoods—beech, 
birch, chestnut, and maple—were consumed in considerably greater 
quantity than during the previous year. Taken as a whole the 
figures for 1917 do not indicate any marked or significant changes, 
other than those referred to, from the statistics for 1916. While the 
consumption figures for the entire country are greater for 1917 than 
for 1916, decreases, which are mostly slight in character, are re- 
vealed (see Table 5) in individual State totals. In New York the 

1 Cord=128 cubic feet. 
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decrease was 3 per cent, New Hampshire 1 per cent, Pennsylvania 2 
per cent, Minnesota less than 1 per cent, and West Virginia 6 per 
cent. On the other hand, increased consumption over the pre- 
ceding year reached 9 per cent in Maine, 8 per cent in Wisconsin, less 
than 1 per cent in Michigan, 105 per cent in North Carolina, 7 per 
cent in Virginia, 25 per cent in Vermont, 102 per cent in Massachu- 
setts, 1 per cent in California, Oregon, and Washington, and 20 per 
cent in all other States. (See Table 1, Appendix.) 

ANNUAL WOOD CONSUMPTION AND COST. 

Table 2 contains figures on the consumption of pulpwood for 1899 
and for the years from 1905 to 1917 for which statistics are available. 
Total cost figures for 1910 and 1911 were not compiled. The con- 
sumption data reveal an almost unbroken annual increase, while the 
total cost figures emphasize the growing yearly expenditures made 
by the manufacturers. (See Table 2, Appendix.) 

CONSUMPTION OF WOOD BY SPECIES AND STATES. 

Pulpwood consumption by kinds of wood by the mills in the several 
States is detailed in Table 3. The importance and value of spruce 
for pulp is indicated by the fact that a greater quantity is used than 
of any other one wood, and that its use is reported in nearly all of 
the States. Spruce formed 56 per cent, hemlock 14 per cent, and 
poplar 7 per cent of all the pulpwood consumed. The use of certain 
woods, such as yellow pine, tamarack, white fir, Douglas fir, bass- 
wood, and white pine, is confined to the regions to which these species 
are indigenous. 

As during the previous year, considerable spruce in log form that 
ordinarily would have gone to the sawmills was diverted to the pulp 
mills because of the higher prices paid by the latter. 

Continued rise in wood prices will accelerate the tendency among 
the mills to utilize all the species available and will serve further to 
stimulate improvements in production to permit the use of woods of 
comparatively small pulp value. The 233,982 cords of slabs and 
other mill waste used in 1917 was 33,138 cords, or 16 per cent, in 

excess of the quantity reported in 1916. (See Table 3, Appendix.) 

CONSUMPTION OF WOOD BY PROCESSES OF MANUFACTURE, 

Table 4 shows the consumption of wood by kinds and by processes 
of manufacture. Of the 5,480,075 cords converted, 28 per cent went 
into the production of ground wood pulp, 53 per cent into sulphite, 
15 per cent into soda, and 4 per cent into sulphate. The spruce, as 
shown by the tabulation, is about evenly reduced as between the 
mechanical and sulphite processes, while 89 per cent of the hemlock 
is reduced by the sulphite process, and 93 per cent of the poplar by 
the soda process. (See Table 4, Appendix.) 



4. BULLETIN 758, U. S. DEPARTMENT OF AGRICULTURE. 

AVERAGE AND TOTAL COSTS OF WOOD. 

Comparative figures for 1909, 1916, and 1917 are given in Table 5 
on the number of establishments reporting, the quantity, average 
cost f. o. b. mill, and the total cost of the wood consumed, and the 
number of tons of wood pulp reported produced. The 1916 and 1917 
figures are closely aligned, since the basis of collection and compila- 
tion was the same for each year; the 1909 statistics are reproduced 
to permit of the changes for the nine-year period beg more readily 
noted. 
A noteworthy advance of $2.34—from $8.76 to $11.10, or 27 per 

cent—took place from 1916 to 1917 in the average cost per cord of 
wood f. o. b. mill. The average given is secured by a weighted or 
statistical computation and is based upon the average cost of approx- 
imately 90 per cent of all the wood reported consumed. No figures 
in this publication are likely to be more commented upon or ques- 
tioned as to their correctness when compared directly with actual 
cost data of a single operation or a group of mills. The fact is there- 
fore emphasized that the average cost figure was determined from 
pulp mill costs involving long and short hauls, rail or water hauls, or 
a combination of both, wood purchased in the open market, cut under 
old and new contracts, or taken from long held lands and for which 
but a nominal book charge was made. All species are represented 
and no distinction is made for the rough, peeled, and rossed wood. 
The per cent of increase in average value for the several States ranged 
from 13 per cent for the group of “all other States’’ to 56 per cent in 
North Carolina. The advance in Minnesota was 54 per cent, in New 
Hampshire 41 per cent, and in New York, Pennsylvania, West Vir- 
ginia, and Vermont between 30 and 40 per cent. (See Table 5, Ap- 
pendix.) 

RANGE OF PULPWOOD PRICES. 

Table 6 is presented to show more clearly the range of prices paid 
by the mills for wood according to its condition—rough, peeled, and 
rossed, and for slabs and other mill waste. Few mills out of the total 
number reporting costs got their supply of pulpwood for less than $6 
per cord; two mills paid between $25 and $26 per cord for their wood. 
The bulk of the mills paid somewhere between $10 and $20 per cord, 
and the average for the country as a whole was $11.10. (See Table 
6, Appendix.) 

QUANTITY AND COST OF WOOD BY CONDITION. 

Wood as delivered to the mill is referred to as rough, or with the 
bark intact, or as peeled and rossed, either of the two latter adding to 
the cost. In Table 7 are given, by States, the quantity, average cost, 
and total cost for the pulpwood according to the condition in which 
it was reported delivered to the mill. Of the wood consumed 46 per 
cent was in the rough, 41 per cent peeled, 9 per cent rossed, and 4 



PULPWOOD CONSUMPTION AND WOOD-PULP PRODUCTION. 5 

per cent in the form of slabs and other mill waste. In 1916, 34 per 
cent was in the rough, 51 per cent peeled, 11 per cent rossed, and 4 
per cent slabs and mill waste. 

Considerable variation exists in the average cost of the wood by 
reason of its treatment. For rough the average was $9.67 per cord, 
for peeled $11.91. for rossed $17.03, and for slabs and other mill 
waste $6.14. (See Table 7, Appendix.) 

CONDITION OF WOOD BY SPECIES. 

In Table 7 is shown the condition of pulpwood as delivered to the 
mill, arranged by States; in Table 8 the data are presented by kinds 
of wood. Of the domestic spruce 57 per cent is rough, 34 per cent 
peeled, and 9 per cent rossed; in imported spruce 18 per cent is 
rough, 49 per cent peeled, and 33 per cent rossed. In hemlock 79 
per cent is rough, 20 per cent peeled, and 1 per cent rossed. Spruce, 
hemlock, and balsam fir are the only woods which are reported rossed. 
All of the imported poplar, yellow poplar, gum, Douglas fir, and 

- basswood was peeled. (See Table 8, Appendix.) 

DISTANCE OF PULPWOOD HAULS. 

The belief prevails in the pulp and paper industry that the distance 
between the source of the pulpwood supply and the place of its 
manufacture grows greater with each succeeding year. Figures for 
a number of individual plants give weight to the assumption, but 
proof is lacking for the industry as a whole. In order that this 
important phase of operation might be recorded, the schedule 
employed by the Forest Service in making the 1917 census carried 
a question as to the approximate average distance between the source — 
of supply of pulpwood covered by the report and the mill at which it 
was consumed, The data are shown in Table 9 arranged according 
to distance zones for the five principal pulp-producing States. The 
figures are truly representative, since the quantity of wood referred 
to by distance for each State amounts to 80 per cent or more of the 
total quantity reported consumed in that State, an exception being 
noted for New Hampshire alone, where the quantity of wood included 
in the distance tables is but 28 per cent of all the wood reported 
consumed. In Maine more than 60 per cent of the quantity reported 
upon was transported less than 150 miles; in New York 40 per cent 
was hauled between 300 and 500 miles; in Wisconsin 32 per cent was 
shipped between 150 and 200 miles and an additional 30 per cent 
under 150 miles; in New Hampshire 39 per cent was moved less than 
25 miles and another 54 per cent between 25 and 50 miles; in Penn-: 
sylvania 32 per cent was carried between 600 and 1,000 miles and 27 
per cent between 250 and 400 miles, the remainder between 100 and 
250 miles. Taking the States as a whole, approximately 54 per cent 
was transported under 150 miles and another 35 per cent between 
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150 and 400 miles. Unfortunately, no comparative data are avail- 
able for preceding periods. (See Table 9, Appendix.) 

WOOD-PULP PRODUCTION. 

The production figures on wood pulp are given in detail in Table 10. 
The total output reported was 3,509,939 tons 1, of which 44 per cent 
was mechanical, 41 per cent sulphite, 13 per cent soda, and 2 per cent 
sulphate. The production of pulp in 1917 was 2 per cent 
more than in 1916, the mechanical pulp figures representing a 2 per 
cent increase, those for soda pulp a 13 per cent increase, and those for 
sulphate pulp a 15 per cent increase, while those for  sul- 
phite pulp are a1 per cent decrease from the 1916 statistics. Of 
the mechanical pulp turned out 87 per cent was not steamed, and 13 
per cent was steamed. In the production of sulphite pulp, 69 per 
cent was unbleached and 31 per cent bleached; in soda pulp 8 per 
cent was unbleached and 92 per cent bleached; in sulphate pulp, 83 
per cent was unbleached ‘and 17 per cent bleached. Maine, New 
York, Wisconsin, New Hampshire, Pennsylvania, and Minnesota are 
the leading States in pulp production in the order given and in 1917 
produced collectively 79 per cent of all the pulp reported. (See Table 
10, Appendix.) 

The output of pulp was generally larger for all the States in 1917 
than the year before, the exceptions being in New Hampshire where 
the decrease was 25 per cent, Pennsylvania 1 per cent, Michigan 3 per 
cent, and West Virginia 7 per cent. It already has been noted that 
less wood was used in New Hampshire, Pennsylvania, and West 
Virginia, which is in line with decreased pulp production even though 
the relation of quantity of wood consumed to pulp produced is 
variable. 

Pulp manufacturers were asked to give the average value f. o. b. 
mill of all pulp sold, and the computations which have been made are 
based upon the reported value of approximately 90 per cent of all 
the pulp sold. The value of a ton of pulp is established by its quality 
and is further affected by competitive conditions, contractual rela- 
tions, intercompany accounting methods, and other factors which 
make the application of an average value or sale price to any indi- 
vidual operation impracticable without due allowances being made. 
The mathematical average value for all pulp in 1917 was $43.33, an 
increase of $7.86 per ton, or 22 per cent, over the 1916 average. A 
considerable spread exists between the value of. unbleached and 
bleached pulp, amounting to $30.27 per ton for suiphite, $6.55 for 
soda, and $14.85 for sulphate. The spread is much less for steamed 
and not steamed mechanical pulp, reaching but $2.73 per ton. 

Figure 1 shows the importance of the several States in the produc- 
tion of pulp. 

1 Short ton—2,000 pounds. 
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IMPORTS AND EXPORTS OF PULPWOOD, WOOD PULP, AND PAPER. 

Tables 11 to 15, inclusive, are transcripts of statistics compiled by 
the Department of Commerce and are of importance in connection 
with this report because of their showing of the annual imports of 
pulpwood, and the imports and exports of wood pulp and paper. 
Revised classifications effected during the periods covered by the 
tables account for the omissions and regroupings. 

IMPORTS OF PULPWOOD. 

In Table 11 is shown the annual imports of pulpwood for the last 
eight calendar years. The figures given in the table showing impor- 
tations of 1,031,934 cords in 1917 are at variance with the figures in 
Table 1, giving the combined consumption of imported spruce and 
poplar as 867,301 cords. This difference is due to the fact that the 
Forest Service figures are for spruce and poplar consumption alone, 
while the statistics in Table 11 cover all pulpwoods imported. 

THOUSANDS OF TONS 
400 

MAINE eee 

PENNSYLVANIA. _______ 

CALIFORNIA, OREGON, 
AND WASHINGTON 

MINNESOTA 

Fic. 1.—Production of pulp in the United States, by States. 

Further, all of the pulpwood imported during one calendar year may 
not be used during the same year but stored for future consumption. 
The number of cords imported in 1917 was less by 65,643 cords, or 
6 per cent, than in 1916. The average value of $8.30 per cord for 
the imported wood for 1917 is an increase of 27 per cent over the 
previous year. (See Table 11, Appendix.) 

IMPORTS OF WOOD PULP. 

The total importations of wood pulp in 1917 (Table 12) were 1 per 
cent less than those of 1916, but in excess of any other one of the 
years for which figures are given. ‘There was a remarkable increase 
of 58 per cent—from $44.02 to $69.36—from 1916 in the average 
value per ton. ‘The value is more than double that for 1915 or any 
other of the preceding years shown. In sharp contrast to this, the 
average value of domestically produced pulp advanced only 22 per 
cent. (See Table 12, Appendix.) 
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EXPORTS OF WOOD PULP. ~ 

Wood-pulp exports in 1917, as shown in Table 13, total 34,695 
tons and were 3 per cent under those in 1916. Shipments were 
largely to Canada, England, Japan, and Argentina. There has 
been a decided acceleration in exports since the beginning of hostili- 
ties in Kurope in 1914. A jump was made in the average value per 
ton of export pulp even greater than that in the value of imported 
pulp. The value rose from $59.37 in 1916 to a flat $100 in 1917, 
an advance of 68 per cent. (See Table 13, Appendix.) 

IMPORTS OF NEWS PRINT AND OTHER PAPER. 

A material increase in the imports of news print paper in 1917 
over the imports of the previous year is shown in Table 14. The 
total quantity imported was 1,118,225,912 pounds, an increase of 
19 per cent over 1916. The mathematical average value of the im- _ 
ported news print in 1916 was 1.98 cents per pound; in 1917 it was 
2.76 cents per pound, an increase for the year of 39 per cent. While 
news print imports increased in 1917, the imports of all other printing 
paper fell off 67 per cent from the year before, and the imports of 
wrapping paper 6 per cent. (See Table 14, Appendix.) 

EXPORTS OF NEWS PRINT AND OTHER PAPER. 

Exports of news print paper in 1917 amounted to 187,780,747 
pounds and were 22 per cent more than those recorded for 1916. 
The exports were equal to 27 per cent of the total imports of news 
print, showing that 83 per cent, or 930,445,165 pounds, of the total 
imports went into domestic consumption. Exports of all other 
printing paper declined 24 per cent in comparison with 1916, and 
exports for wrapping paper 37 per cent. Export figures are shown 
in Table 15, Appendix. 



APPENDIX. 

TaBLE 1.—Pulpwood consumption: Quantity of wood consumed by kinds, with per cent 
of distribution, 1909, 1914, 1916, and 1917. 

1917 1916 1914 1909 

: Per Per Per Per 
Kind of wood. Quantity | cent | Quantity | cent | Quantity | cent | Quantity | cent 

(cords). | distri-| (cords). |distri-| (cords). | distri-} (cords). | distri- 
bution bution bution bution 

Rae ot 5,480,075 | 100.0 | 5,228,558 | 100.0 | 4,470,763 | 100.0 | 4,001,607 | 100.0 

Spruce: ‘ 
omeshicws saer eG 15) 2,385,966 | 43.5 | 2,399,993 | 45.9 | 1,892,739 | 42.3 | 1,653,249] 41.3 
ERIpMEted fetes See. 2: 681,450 | 12.4 701,667 | 13.4 768,056 | 17.2 768, 332 19.2 

Howlock eer ote 775,003 | 14.1 760,226 | 14.6 602,754 | 13.5 559, 657 14.0 
oplar: 
Salami SSS LES aN Ce aere 313, 955 5.7 329, 370 6.3 328, 513 7.3 302, 876 7.6 
atporteda/se4.0 6222.0: 92,298} 1.7 82,326 | 1.6 61,644 | 1.4 25, 622 6 

Let rier ee ee rr 382, 036 7.0 301, 032 5.8 125, 296 2.8 95, 366 2.4 
MeNowspine ele ee 142,094} 2.6 90,310] 1.7] 141,350] 3.2 2.3 
TIGA {DEE (oe ec 75,382 | 1.4 80,068} 1.5 Oe ess 
Ua EAN rity Re Ea Seca eoe 58, 732 1.1 33, 271 -6 15, 320 3 
Yellow poplar................ 41155 D7 le szaG7a m7 EN bl ieee 
WuraicHiv een Mee Fe 33, 181 6 49,425} 1.0 39, 648 9 

32, 993 6 22) 211 4 18, 176 4 
32,513 6 37, 391 atl 11, 935 3 
3, 807 1 11, 481 2 (A) Sona ene 

Dp 3,562 1 2,545 | (5) (pe een ace 
Beech, birch, chestnut, and 
rest iyi 8 ak er ie 183,317 3.3 477, 762 1.5 ()) ch oN es (Dai eee 

All other species............. 8, 649 2 10, 662 .2| 211,436} 4.7] 182,569 4.6 
Slabs and other mill waste...| 233,982 4.3 200, 844 3.9 253, 887 5.7 248, 977 6.2 

1 Included in ‘yellow pine.” 71909 figures=Bureau of the Census and Forest 
2 Included in ‘‘all other species.”’ Service. 
3 Included in ‘‘domestic poplar” previous to 1916. 81914 figures= Bureau of the Census. 
4 Not including ‘‘ chestnut.” 9 1916 figures= Forest Service. 
5 Less than one-tenth of 1 per cent. 10 1917 figures=Forest Service. 
6 Mills keep no separate record of species. 

TaBLe 2.—Annual consumption of pulpwood and total cost for specified years. 

2 Consumption 
Year. (cords). Total cost. 

See a a a aiaciaic sci me ie'e's Lipase niniean & - ~ mater Sioie este oniay ae ae eet 21M 1, 986, 310 $9, 837, 516 
MEN tere eae one aise sa tisieis o.oo ietesu'e <)aja/asBle < > clan ln cei ohs ota laetd veemyene aaa 3,192, 123 17, 735, 665 
Ot A REE De EE ore Ce Bd 7G AEEEEB IC. 6 SESE SEE oA GHo ci .ec GUBaHe 3,661, 176 26, 411, 887 
MEN Rl cence sues cee Saidaete ise sis cial aie ET - » - SEM tn ele ee APE aie a 3, 962, 660 32, 360, 276 
Mat te 222 Seas deere eee pons a cae eek en + - Ee varies an eee eC See 3,346, 953 28, 047, 473 
Ne alae roel Saisis oie conte = ’oiniv.e 2 ee cancel: + - eRREaerO ceieik Go Sie CSE eee ei ee 4,001, 607 34,477, 540 
MS ee se kee oe ase a's tt ape - - ERM a clstslclora' alot ete ae era ee 2 A“ 04m R06) nee sae meee 
Rr ee ee ree ea: -- eee eae eee. ASZORUO SON Me 7 ence aaa 
BOA Se . Se a gda nels ccc ssee eaech a. » ee > MAREE cate eee ee ee eeE or 4,470, 763 39, 408, 453 
Ty scp EIS CRIS 2, IM apa eA? Fc 5,228,558 | 145, 785, 682 
MMA see oo oo adore ee ws Socebisee acct >> -- MMM sop ai to's: ae ee ae een eee 5, 480, 075 60, 815, 057 

4 Not including cost of slabs and other mill waste in Louisiana, Massachusetts, North Carolina, and 
rginia. 

89951°—19—Bull. 758——2 » 9 
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TaBLeE 4.—Pulpwood consumption: Quantity of wood consumed, by kinds and processes 
of manufacture, 1917. 

Reduced by— 

AGEEOR ALC | cmcramanr sesame | 

quantity. | Mechanical | Sulphite | Soda Sulphate 
process. process. | process. | process. 

Cords. Cords. Cords. Cords. Cords. 
Motalee sss tecesees bevacee cltescees Heese 5.480, 075 ~ 1,553,633 | 2,892,322 | 843,048 | 191,072 

Spruce: 
WMomesticw 2-2 ot te eS. ie MN a 2,385, 966 1,076,027 | 1,290,817 4,890 | 14,232 
WOMPONHCO sss Seas wisieciceee essen dace dees 681, 450 264, 570 415, 870 UO Ae soe ce 

pomlock a2 DASE SE RS SRS ee MEE PN ah 775, 003 55, 628 689,703 | 11,069] 18,603 
oplar: 
DOGS nll a6 ss Sheaaee gee Seeesee BSBe ne ru ais 313,955 
BINPONLOU Heys se ects ce case iio emis ae sis: 92, 298 

USPUSE SN TED. 5 SOS Se ee nae aa 382, 036 
STL So eer 142, 094 
OEE aE See ee a a eee ry 75, 382 
PRATER ANA Ke operate whats ci Sinioi ye cialorrsicis!sgiecisjcreteteciers 58, 732 
Yellow poplar Kis 41,155 
DuterGifines peewee nk : 33,181 
Cottonwood (poplar) u 32,993 

TER co co SCC Re ee eee ere 32, 513 
PH PIAS He os 5 oe 5 <a singe anes ode eS haeeie se 7,421 
LD ES S207 Le 8 ea ie 3, 807 
VLESHS) S002). CGS. SUR e ES Gu EO BeORes bee Gene aeee 3, 562 
SWEDIND EDS {eget e CERES oe Ieee a erie ieee 1, 212 
WET EY ERs es Soe ae ee eee Leads 16 : 
Beech, birch, chestnut, and maple..........-.. BS SLi Seciemies ste cles [eiseeine cece EBL BI | ooenecos 
Slabs and other mill waste............------ ..| 233, 982 4, 806 187,067 | 27,193] 14,916 

TABLE 5.—Pulpwood consumption: Number of mills, quantity and cost of wood con- 
sumed, with average cost per cord and quantity of wood pulp produced by States, 1909, 
1916, and 1917. : 

Wood consumed. 

Wood pul 
State. Foy ___ | Average produce 

Year. | ment Quantity | cost per Total cost. (tons). (num-| (Cords). | cord (f. 0. 
bai: b. mill). 

Boaigodistates$s 2-3-2... 2s oe | 1917 241 | 5,480,075 | $11.10] $60,815,057 ; 3,509,939 
1916 230 | 5,228,558 8.76 | 145,785,682 | 3,435, 001 
1909 253 | 4,001, 607 8.62 | 34,477,540 | 2,491, 406 

CEA gage WR CE a re eae eke EI, 1917 33 | 1,309, 239 11.31} 14,813,387 898, 798 
1916 32] 1,198, 753 9.09 | 10,891, 247 852, 276 
1909 37 903, 962 9.15 8, 267, 958 603, 852 

SW LGN oeisieis 2,225) oo esed = eaas Sees 1917 79 | 1,056, 556 14.45 15, 270, 142 798, 616 
1916 95 | 1,094,513 11.05 | 12, 098, 608 787, 397 
1909 90 921, 882 10. 45 9, 630, 575 686, 323 

NEA BUQMGIE eons 5 Seb oo. coh a deeene 1917 38 805, 490 8.79 7, 083, 173 456, 129 
1916 38 743, 595 7.70 5, 729, 044 451, 651 
1909 37 576,019 7.46 4,294, 229 324, 509 

New Hampshire..............-...----- 1917 11 416, 553 13.78 5, 738, 883 257, 645 
1916 11 471,041 9.81 4, 6235 146 341, 365 
1909 11 349, 997 9.36 3, 276, 620 212, 599 

PMITIAUAU ETD 2 on See oes on nino teen can's 1917 14 415,776 11. 23 4, 669, 165 215, 060 
| 1916 13 423,843 8.74 3, 706, O81 216, 964 

1909 15 295, 038 7.25 2, 139, 087 135, 525 

BEIGHCROLA Sos oss ice | 1917 6 205, 026 11.31 2,319, 833 140, 353 
| 1916 5 205, 433 7.34 1,507, 233 138, 799 

1909 7 47, 373 7.02 332, 548 37, 295 

Maonivans is. ..20. J dee. oy ss eee 1917 11) ase ldy 9.30 1, 740, 580 96, 623 
1916 10 | 186, 993 7.50 1, 402, 245 99, 601 
1909 8 132, 846 6.29 $35, 861 64, 369 

1 Not including cost of ‘Slabs and other mill waste” in Louisiana, Massachusetts, North Carolina, and 
Virginia. : 
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TaBLE 5.—Pulpwood consumption: Number of mills, quantity and cost of wood con- 
sumed, with average cost per cord and quantity of wood pulp produced by States, 1909, 
1916, and 1917—Continued. 

Wood consumed. 

[ Wood pul 
State. ae olen Average weieaae 

uantity | cost per (tons). Year. cane (cords): ¢ or d ( o Total cost. 

ber). Oe ). 

“North Carolina.......... SEE A ERE a 1917 3 175, 433 $8.05 1, 412, 940 64,548 
pe 3 Boe pe 16 1 re 2 35, oae 
1 145, 34 19, 733 53, 92 

Viper bathe aie oan ek ie NA oa le 1917 7 141,579 10.31 1, 459, 061 15, 972 
1916 6 132, 736 8. 46 1], 036, 118 Be 595. 
19 6 , 03 4 2, 963 48, 641 

Wiest: Vir giniasee ty secs 1 se Nigel 1917 5 119,918 8.61 1, 032, 045 54, 813 
ane 5 tae ae ‘ 6.42 Bee ae Be fue 
19 5 109, 16 5.43 582, 48,79 

Wermont= 22 elena omaecneiocnce haere ee 1917 10 109, 616 12.33 1,351, 825 94,975. 

109 | it| olgr7| 10.8} tant7r7 | «800350 1 1 L ; i 9, 35 

Massachusettsse-mejsags cece enenee sees 1917 4 55, 897 12.58 703, 369 30, 802 

me | 3) Bee] Sh) at] ae 1905 5 5, 89 ; : 25, 

California, Oregon, and Washington....| 1917 8 262, 294 6. 43 1, 687, 670 213, 813 

io | =| seis} 752) Li’ss8| — i0¢g71 ? = ] 2 1 2 

ININotheriStateseemae: eee 21917 12 219, 581 6.98 1, 532, 984 102, 792 
31916 11 183, 605 6.18 | 41,135,154 102, 250 
5 1909 9 155, 476 6. 86 1,125, 870 80, 039 

1 Not including cost of ‘‘Slabs and other mill waste. 
2Includes Delaware, District of Columbia, Georgia, Louisiana, Maryland, Mississippi, Ohio, South 

Carolina, Tennessee, and Texas. 
3 Includes Delaware, Georgia, Louisiana, Maryland, Mississippi, Ohio, South Carolina, and Texas. 
4 Not including cost of ‘‘Slabs and other mill waste” in Louisiana. 
5 Includes Delaware, Maryland, Ohio, South Carolina, and Texas. 

TABLE 6.—Prices paid for pulpwood, number of mills, and form in which purchased, 

Number of mills. 

Range of price per cord (f. o. b. mill). eiape 
and other 

Rough. | Peeled. | Rossed. mill 

waste. 

“A i 

PO RICO WSO 
Ne re Noe Ss 

: 

PEEP eT EET eG INS Seeseseesss _ — 



13 PULPWOOD CONSUMPTION AND WOOD-PULP PRODUCTION. 

“4UOULIOA 
p
u
s
 
‘sexe, 

‘eossouuey, 
‘eUT[OIeD 

W
I
I
O
N
 
‘S}josnyoesseyy 

‘puelAieyy 
“
e
u
e
I
s
M
o
y
 
‘elz10ey 

‘VIqumM[OH 
Jo JOII}SIq 

“
o
l
e
M
L
l
O
G
 
SepNyouUy 

x 
198 ‘EIT 198 (Ed | 

PLT 
‘216 

‘G 009T el ‘eT9 ‘e 

Ted 

“OOT‘T 

$0
 

‘8
63

 
‘8
% 

“4
80
0 

[2
10

.1
 

eoz‘c6e |
 0
6
'
S
 |
 80 'SL 

a
p
c
e
n
e
i
S
e
 

|
 pesareare|ecsss< 

2255166) {¢ 
9c2IST 

|
 €h"9 

809 *€% 
C02 ‘F 

0
3
 

002 <T 
Gtr 

‘LST 
|
 269 

608 
‘Gz 

elp’cly 
=| 0°2 

|
 €99°L9 

080° 
oZ et 

|
 LST, 

2ST FE 
10° 

0&2 (9 
160 

‘¥6 
£66 

9L7 ‘6 
669 ‘PZT 

|
 OLS 

Teh 
6% 

98T 
‘
9
S
h
 

I$] 
FL‘'9$ 
|
 

786 
‘EE 

Ae 
"4800 
(‘sp109) 
1810 
|
 

rolt 
qgoo 
|
 

A
I
U
D
 

o
3
8
1
0
A
 VY 

*O
]S
BA
 

[[
TU
L 

10
40

 
pu

s 
sq
ei
g 

96 “LT ¥6 ‘OT 09 “61 69 “CT 

6F 
“OT 

99 "LT 9F ST £0 "418 

p
0
0
 

ro
d 

4s
00
 

o
s
B
1
0
A
 Vy 

TLP‘9LL‘T | 98°6 | _L00 f06T e00‘eLe | ees | 22g oL ‘Treice, | 21% | 228/19 926‘909 | €6°IT | 9EF (ar TSZ ‘TFET | FOIL | FPP TCT 
Se ers racasnce ee eee 

TSh‘816‘% | GOOL | Bes ‘rLe LyO(ST6‘T | PE 'sE | 609‘EhT ShO'PIL, | 26°6 | LG0 ‘22 

193 

‘TTP 
(6 
| SPT 

_ | 
022 
‘1S9 

248 
‘S80°L 

| 
88°1T 

| 
699 

'22G 

ZOT'S06‘9Z8] 16 TIS 

a 
“4800 

*(Sp.09) 

T2100 

| 
sot 
gg00 

[AIFEEND 

OsBIOA 

VY “pojood 

*posso yy 

Tre ‘9 

19
9‘
 

IST (22 662 “O6T 
16 

96
0 

‘0
0%

 
91
9 

“6S
 

160 ‘284 

*(
sp

.1
0d

) 
Ag
yu
en
d 

£69 ‘998 ‘I 
299 

‘TIE ‘T 

ore (Lc¢ 

£96 
‘SLE 

O19 
‘EIT 

. 

966 

9h‘ 

€€8 
‘618 

‘3 

OOF 

‘abe 

Z8S ‘6F8 SLE (eee “9 

899 

‘193 

°% 

Oz 

‘209 

‘9 TRIOL 

69T “892 “G| ShL‘O8T'FZ$] 29 6S 

228 ‘00S ‘Z| 
290 “STS ‘09$} 

OT “IIS 

GST‘6LT | £62 ‘6F9E | 60'S TT6 ‘Ost 

@LL 

‘TEE 

| 
OL9Z89'T 

| 
F8°9 

| 
F65 
‘29S 

og 

|Meat 

|S" 

|e 

: 
II 

ce6‘st 
|
 T90‘6cr‘T 

|
 TeOL 

|
 629 ‘TFT 

ZO0‘6FT 
|
 O8efORL*T 

|
 O86 

=
 |
 LITEZST 

920‘c0% 
|
 ees ‘6Te's 

|
 Te It 

|
 9z0‘s0z 

OOF‘9F 
|
 GOT‘699%% 

|
 Se IT 

|
 92L ‘STF 

8F'28 
|
 ESB‘seL‘s 

|
 SL "EE 

|
 Sse ‘OTF 

909‘T2L 
|
 €2T‘es0%2 

|
 6L°8 

|
 O6F “S08, 

POL ‘GGT 
|
 ZPL“OLZ‘ST 

|
 SF'FE 

|
 OSS 

“9S0'T 
geo ‘209 

|
 286 ‘eI8 ‘FI |

 Te TT 

“(
TT
Ea
r 

*q
 

‘0
 

°3
) 

10
0 

Jo
d 

4s
00

 
o
s
B
I
O
A
y
 

“qanoy 

“(
Ty
ra
 

"q
°0
")
) p
0
0
 

re
d 

4s
00

 
as
BI
OA
Vy
 

*(
Sp
z0
d)
 

£arpuend| 790° [OL 

‘TBIOL 

*(spz0o) 
A
y
n
u
s
n
d
 

~
7
>
"
*
;
S
0
9
8
I
S
 
I
N
G
O
 
[
T
y
 

~
>
“
u
O
I
S
U
T
Y
S
S
 MA
 PUB 

‘U0S8IQ 
‘BIMIOITED 

~
-
>
>
>
>
*
-
B
r
u
p
a
p
s
s
u
u
e
d
g
 

~
-
-
*
-
g
u
T
y
s
d
u
e
y
y
 
ALON 

620 08¥ “¢ 
| "seqsig 

p
e
u
 

“O
US
IS
 

“LIGR 
‘saqwig 

hq ‘wourpuod 
07 burpsooop 

pawnsuods 
poom fo 7809 70707 pun 

‘pio sad 9809 abp.svan 
‘hpyunng 

-
u
o
y
d
w
n
s
u
o
s
 
p
o
o
n
d
)
n
g
—
 

|, T
A
Y
]
,
 



BULLETIN 758, U. S. DEPARTMENT OF AGRICULTURE. 4 rt 

Test 
|
 9F8‘9 

ZEL ‘
O
T
T
 
|
 Zo°9 

|
 622 ‘691 

TIDTIIETIITITT 
7] 
889,088_ 
|
 

8874. 
|
 

186 
4
0
0
 

616 
F
L
 

SLIt 
|
 G12 ‘T 

6LE “CS 
166 

|
 692 °% 060 

‘F8 
S68 
|
 

08's 
918 ‘OF 

0g '¢ 
Ter ‘2 

p
e
e
s
 
e
e
 

AS 
TWAS 

r
I
T
 
|
 S19 ‘ze 

e
s
e
:
 

= 
7
7
1
5
s
 
|
 $80 

763 
96'°8 

|
 F08 

‘ze 
e
p
e
e
 

a
l
 
a
e
s
 

PROS 
SS 

eo 
088 (28 

00°9 
082 ‘9 

ae b
e
e
p
e
r
 

“7777 
7""") 980 

698 
16°8 

CGT 
‘TP 

SPORES 
aS Boo 

SE 
See 

LOE F
T
 

0¢°6 
|
 909 ‘T 

=~ aaueds |
 ee
e
e
 

GPE 
ECL 

G6 'OT 
|
 L
E
 99
 : ; 106 
‘SSP 
20'9 
|
 

ZOL 
‘SL 

8s 
“968 

PP 
LT 

809 698°S 
|
 86°SE 

|
 Shh SLT 

pacoeeree (rs e
t
e
 

CTE ‘ST0'T 
|
 SOIL 

|
 862 

(26 
Sn 

eie 
e
t
e
 

FES ‘226% 
|
 0
8
6
 
|
 9IL‘86z 

ios 
|e 

MOT 
ne 

[elie 
oy 

6: 
¢ 

. 
‘ 

‘ 
9 

5 
¢ 

FEZ 
‘TSS 

|
 S
S
T
 
|
 S8h‘L0% 

|
 SL6‘ZGS 

‘OL |
 S8°ZL 

|
 GLb 

‘TZ8 

LIS ‘219 ‘8s |
 86°91 

|
 EFF ‘eer 

|
 FEz‘800‘8z3| 

Fo°11$ 
|
 SPF ‘27> ‘Z| 

n
o
n
 

(spi00) 
a
i
 

S
e
r
a
 

0
9
)
 

ore 

"4s0Q 
|pioored) 

A419 
*4S0 

p
0
0
 
19d 

1
2
 

jso0028| 
-
u
B
n
y
 

2
 

4800 038 
A
y
y
u
e
n
®
 

“
O
A
V
 

-
1
0
A
 WV 

*passory 
“Palood 

T9o‘8hz 
|
 9%"F 

=| Ase‘gg 
|
 OST ‘9h ‘T |

 FIO 
|
 286 ‘eE% 

a
e
 LS 

09°L 
a
8
 GL 

b
e
 Str 

‘T 
a
 4
 

p
e
 €8T 

: I 
oe 

a
e
 e
a
e
 

S
a
n
e
 

eee 
612 ‘FI 

eL 
IL 

|
 G
1
2
 ‘1
 

96 
‘OT 

£08 
‘T 

SEE “EE 
966 

|
 Z9g‘e 

ceesscessits 
sce] 

Qigor 
fee 

|
 Ted 

m
e
e
e
 

p
e
t
 
2
9
"
 
e
e
e
 
o
t
 |
 CLO RELE 

W
I
T
 
|
 S19 'ze 

ped ‘T 
¢L°¢ 

|
 68T ‘9 

v
e
 ‘G62 

i
e
 3
 

£66 ‘28 
18 

‘GPT 
0e's 

1&6 
‘9% 

T ‘OST 
i 

IST 
‘ee 

peas p
e
e
a
e
s
 

|
b
 t
a
 
5
 [ge t

e
e
 

[SRO ROE 
16°8 

|
 SST ‘TF 

G19 ‘8c8 
16°9 

|
 922'LG 

|
 88 

'ZLE 
ce"9 

Ts 
‘69 

€0'2 
|
 SPI ‘6 

099 ‘182 
CF OT 

QOT‘z62. 
|
 OFF 

|
 68:99 

|
 L00/8PL, 

|
 92'S 

; 
116 

62E‘T 
|
 20°6 

|
 LLT‘ZST_ 

|
 296 'ShO'h 

|
 O
T
E
 
|
 980 ‘ze 

ita y
e
n
 

|
 Se
e
 

SEAT 7777] 
STS ‘8T0'T 

|
 €0°IT 

|
 862 ‘26 

68E FIT, 
|
 OSL 

|
 6&2 (ST 

£26 ThO'€ 
|
 69°6 

|
 S96 (STE 

Gro 'LPL'® 
|
 692 

|
 96T'LT9 

|
 Ge9'ZOT'9 

|
 962 

|
 £00 SLL 

FIZ ‘S69‘T 
|
 G8°SE 

|
 129'ZOL, 

|
 2T
6
'
8
G
e
 11
 |
 co '9T 

|
 OSh 

189, 
¥£6‘008 

‘FT 
| T6°OT 

|
 900‘2¢ET) 

OFI‘GLG‘8Z 
|
 86 

IT 
|
 996 

‘G8e'Z 

908 ‘6zF ‘F2$| ¢¢°6$ 
|
 FST ‘

6
S
S
 ‘Z| 290 ‘GTS ‘09$| OL 

ITS 
|
 S20 ‘O8F‘S 

Altes 
A
i
s
 

A
O
 

eg 
*(Sp.100) 

d
e
y
 

*(Sp.100 )
 

*4S00 
pi09 

10d 
"4800 

[840,T, 
|p100 

ted 
{soo 

038 
A
V
y
U
B
N
O
 

4S00 038 
A
y
a
n
}
 

-
I
0
A
V
 

-I0.AV 

“qsnoy 
12101 

Ta c
s
c
s
c
e
n
e
s
s
o
n
c
c
c
c
s
o
s
e
s
s
s
s
=
 

9
1
5
M
 
[[TUI 10730 

PUB S
Q
L
S
 

“"-"""">-anujseyo 
pue 

‘afdeur 
‘qor1q 

‘qovog soricleis 
sscigeiis 
*S, 
"75" *"7epa9 

z
f
o
c
e
c
c
l
e
t
e
l
c
i
e
(
-
(
o
)
n
i
i
e
i
 

aicin c
i
 
ree S

h
i
r
e
e
n
 
=
 1
 
OIOULBOAG 

~>-ourd 
e77q M

A
 

--- poomsseg. 
P
o
s
 
I
g
 sepsnoqg 

P
i
c
i
p
e
k
i
s
k
 

geine s
m
e
 
a
 st DIN 

aegeeS 
m
n
)
 

“>>> 
> pooMuo0jz109 

See 
e
a
e
 TY 

O
T
M
 

s--7>--7eyTdod 
M
O
T
j
e
 x
 

"77°" 
"*HOBIVUIG 

TL, 
s
o
o
s
e
s
s
s
s
s
 

o
n
d
 

WOel: ---=-9uId 
M
O
T
O
 

A
 

poop 
eeeee 

cece 
ss 
s
e
s
s
o
 

TTPULes| eel 
**peqiodunt 

‘repdog 
BSS To eS 

nS 
S o

y
s
o
m
o
p
 
‘reldog 

“7 
°° HOOTUO, 

“>-"peqyioduny 
‘eonidg 

sietiniciaisicic.wleisciniinsinieisiciicaelicicsis)2'-/= 
(= 

S
O
M
O
 
P
O
O
 

s
 

SICA, GIES Noe 1 
BE 

cher os 
| 

se 
a
g
 ampere 

nn 
eat 

L
O
T
;
 

“
p
o
o
 
Jo p

u
l
 

*LI6L 
‘
p
o
o
 
f
o
 spury 

fig ‘
u
o
w
y
p
u
o
a
 

07 Burpsooon 
‘
p
a
u
n
s
u
o
a
 
p
o
o
m
 
f
o
 7809 

7030) 
p
u
n
 
‘pioo sad 

800 
abnsarn 

‘hyyuvn?) 
suoyudwunsuos 

p
o
o
n
d
j
n
g
—
'
§
 

ATav,I, 



15 PULPWOOD CONSUMPTION AND WOOD-PULP PRODUCTION. 

ma
re
s"
) 

To
p 

“O
Lp

 
T 

|7
-7

 
7-
77
7]
 

OL
E 

GT
R 

|-
--

-7
 

77
" 

"|
 

ec
g 

‘o
Th
 

[
7
-
7
 

7"
 

7"
 

>
"
 

O6
F 

‘G
08

 
|-

"7
-7

7"
 

">
| 

9g
¢9
G0
‘T
 

|"
*-
--
""
>7
] 

Ge
a 

‘6
08

 
‘T
 

|-
>-
-"
~"
-"
| 

G2
0 

‘O
gP

‘¢
 

|
-
-
-
-
-
-
-
-
W
o
N
d
u
m
s
u
o
d
 

pa
qJ

od
az

 
pe
}0
7,
 

LO
L 

00
0 

‘T
9 

p
e
c
k
 

PT
 

Q
I
N
]
 

]
 

EE
SE
SS
 

s
t
r
t
t
t
s
t
t
o
 

ss
s 

2°
 

Sa
rt
 

66
6-
00
6 

se
e 

or 
le
e 

ce
ce

 
ae 

Pr
i 

PS
P 

ST
 

SS
 

S
h
.
 

Gh
ee
 

|p
 

es
as

 
e
e
 

~7 
>" 

" Sa
TT
UT
 

66
8-

00
8 

; 
Z'

GT
 

O1
8 

‘g
e 

81
 

GP
L 

‘O
T 

Pa
y 

ZS
S 

‘Z
L 

e* 
SE
ER
 

as
sy
 

55 
SS 

25
35
 

TT
T 

SO
TT

O 
G
R
I
N
 

8°
 

94
0 

‘O
T 

a
 

aa
es
 

ae 
CH

G 
91

9 
‘0
% 

ie
 

79
9 

‘u
g 

Se
ce

ee
 

D
e
e
n
 

~7
*"
 

sa
[T

ar
 

66
9-
00
9 

9°
 

00
0 

‘0
8 

6'
T 

S&
T 

‘8
T 

sr
 

SS
ig
ei
ae
= 

|
 

TO
G 

€2
0 

‘6
8 

e
e
e
 

“
7
7
5
7
7
 

**
 

Sa
[T

U 
GG
S-
00
E 

1'
é 

B9
8 

‘9
8 

6 
LT

 
JE
CO
RS
N 

U
s
 

ic 
Be
 

F
a
e
 

bh
 

26
 

‘F
OG

 
[
7
7
7
7
 

TT
T 

T
T
T
 

SO
TT

O 
GG
F-
00
F 

6%
 

GO
L 

‘G
S 

G6
2 

‘8
0L
 

|
 

8°
%o

 
66

1 
‘2
1 

1S
 

69
8 

‘E
s 

$6
 

OL
S 

“G
TP

 
[P

Ts
 

ts
e 

ear
eer

n 
os 

es
 

>
 

S
O
T
T
U
R
G
 

RS
 

t
s
 

o
T
 

. 00
6 

e
T
 

FO
E 

‘F
E 

8
9
 

Gg
9 

‘8
9 

G*
e&

 
89
8 

“F
S 

87
6 

82
6 

‘S
aP

 
SO

TT
UT

 
GE

Z-
0C

T 
IT
 

6G
 

"S
T 

61
9 

"6
8 
|
 

9°
¢ 

82
6 

‘Z
S 

0
1
 

0Z
0‘

PI
T 

|
 

2:
9 
I
N
R
 

Ae
n 

ee
 

2 a
C
 

SO
TT
UT
 

OF
T-
WO
T 

PO
L 

G6
I 

‘Z
I.
 

1Z
9‘
9%
B 

|
 

9'
T 

LO
T 

‘C
T 

im
 

1E
8°

S 
06
 

£9
0 

‘2
6 

SO
[T
U 

GG
I-

OS
T 

9°
60
 

£0
2 

‘F
6S
 

e
e
e
 

ee
 

SE
NG

 
66
8 

‘F
6 

PO
L 

09
9 

‘9
6 

er
g 

ES
T 

‘I
ST
 

L
I
 

£9
8 

‘6
6 

S
O
T
 

GF
I-
OO
L 

0°
e 

G
L
Y
 

G
e
 

P
e
e
 

R
 

ES
E 

OM
T 

LT
O'
L 

$6
 

O8
P 

‘8
8 

1°
26
 

Le
P‘

O0
E 

=
 

|
 

E1
1 

$9
6 

‘2
6h

 
S
O
T
 

66
 

—S
2 

ia
 

L6
8 

‘9
8 

00
0 

‘8
 

9 
OT

 
£6

2 
“G

2,
 

9°
9 

L9
OF

 
‘T

9 
87
g 

C6
8 

‘2
9 

Lg
 

BE
S 

“E
GS

 
"
S
o
 

T
U
 

FL
 

OF
 

v
O
 

$5
6 

TC
L 

92
L'

29
 

|
 

6°
 

16
8 

‘1
6 

|
 

€°
S 

GE
 

‘6
h 

TI
L 

29
9'

6I
T 

|
 

2°
8 

PG
C 

18
6:

 
A
l
g
a
 

e
e
e
 

a
 

SO
LU

S 
ea
e 

o
h
 

25
0 

‘F
8 

16
0 

‘S
P 

6
0
 

SG
P 

‘9
 

6
S
 

GL
I 

‘G
S 

87
g 

Z8
6 

‘2
9 

B
g
 

OO
 

SO
G 

aa
) 

ae
 

e
e
n
s
 

a
 

SO
L 

LO
L 

OE
 

0‘
00

T 
68
8 

‘F
LT

 
‘L

 
|
 

0°
00

T 
70
9 

‘9
98

 
|
 

0'
O0

T 
€2
8 

‘S
IL

 
|
 

00
0T
 

P6
L‘

20
2 

|
 

O'
0O

L 
|
 

g9
e‘

Te
6 

|
 

0°
00

T 
S
T
A
E
Z
R
 

Te
 

|F
OR

CO
 

Da
me

n 
|L

OG
AL

SE
G 

Wa
] 

0
 

oe
 

re
 

en 
e
a
e
 

EI
ON

, 
"
S
p
o
 

“s
pl
op
 

*s
p.
lo
9 

*S
pL
op
 

“S
p.
lo
p 

*S
p.
09
 

*S
pl
og
 

ox
o)
 

Un
 

AK
O]

 
“T

OT
yN

, 
“m

oO
 

G,
 

“m
Ot
Nn
q 

“m
oT
yn
NG
 

“
m
o
n
n
 

-y
st
p 

|
 

A
q
y
a
e
n
y
 

|
 

-M
ys

tp
 

|
 

Aq
yy
ae
ny
)|
 

-w
ys

tp
 

|
 

Ay
yu
en
d]
 

-w
ys

tp
 

| Ag
VU
eN
y|
 

-L
ys
tp
 

|
 

-A
QW
Ue
NH
}]
 

Wq
st
p 

|
 

-A
yQ
Ue
Nn
dH
 

“
c
o
n
n
 

40
90
 

1
0
 

7
 

4U
90
 

1
0
 

qf
 

yu
ed

 
10
7 

4u
ed
 

o
q
 

4U
e0
 

1
0
 

q
 

yu
ed
 

18
g 

“
S
I
P
 

n
p
n
 

“s
au

oz
 

ao
uN

ys
IC

 
qu
oo
 

we
g 

|
 

O
n
 

"
$
0
7
1
9
 

I
o
q
4
0
 

I
v
 

“
e
r
a
e
 

A
l
A
s
 

J
 

a
r
t
y
s
d
m
e
 

y
y
 

M
O
N
 

“
U
I
S
H
L
O
O
S
T
 

A
 

“
y
O
 

X
 

M
O
N
 

“
O
U
I
L
|
Y
 

‘sagnng fq ‘pnoy poomdjnd fo yj6uap pajsoday—'§ XIAV I, 



BULLETIN 758, U. S. DEPARTMENT OF AGRICULTURE. 16 

“S
IU

IZ
IL

A 
4
S
O
M
 

p
u
s
 

“
e
m
I
s
I
I
A
 

‘s
ex
ey
, 

‘e
ul
fo
re
D 

y
y
n
o
g
 

‘
o
r
o
 

‘e
ul
fo
re
D 

Y
y
I
O
N
 

‘T
dd
is
si
ss
tp
y 

‘s
yy

os
nt

oe
ss

ey
y 

‘
e
s
o
 

*‘
sp
un
od
 

0
0
0
‘
¢
=
0
0
}
 

4
I
0
4
9
—
 

A
L
O
N
 

“e
IU
IS
IT
A 

15
9M
 

PU
G 

‘T
OY
SU
IY
SE
 

MA
 

‘C
TU
IS
IT
A 

‘W
OM
MI
EA
 

‘e
as
so
uM
ay
, 

‘O
TT

O 
‘e
UT
[O
Ie
D 

YI
IO
N 

‘e
jo
se
uu
ry
y 

‘s
}j
os
nq
ou
ss
ey
 

‘p
uv
pA
se
yy
 

“e
Ue
Is
In
o’
yT
 

‘e
lq
ui
nj
og
 

so
 

Jo
rN
sI
q 

‘e
re
Me
IE
q 

Se
pN
Io
Uy
 

» 
“p
ou
rv
ey
s 

pu
v 

pe
qo
Le
ld
 

;,
'S
e}
e9
 

Io
u}
O 

[T
V 

,, 
Ul
 

Pe
pn
yo
uy
 

e 
85
 

‘B
Iq

Qu
UI

N[
OD

 
Jo
 

I
N
S
T
 

So
pn

jo
uy

 
g 

“p
ou

le
e}

s 
Jo

u 
pu
s 

pe
yo
ve
rq
un
 

,,
‘S
e}
e}
g 

Jo
y}
O 

TV
 

,, 
UI

 
pe
pn
jo
uy
 

x 

1e8‘S%6 
|
 99°29 |

 108 ‘FT| c6L‘98E‘8 
|
 98°99 |

 LFF ‘GCT| COL “
F
O
E
 

'ST |
 GE°08 

|
 F8P“OGL 

|
 ES9'zG, 

|
 89"ES 

|
 OBL‘TE 

|
 FPS ‘TOS‘ST 

|
 96°89 |

 FE9‘ZZe 
[
7
-
7
7
-
7
7
 

777 77777 7y SEqBIg JOMIO TIV 
(e) 

|
 OO°SS 

|
 Ce) 

f
r
r
e
 rirre nme 

iorenes "1 Ose 
“GOS 

|
 GE"E8 

|
 GPO 

‘9E 
|
 T90"G8S"T 

|
 OOPS 

|
 LPS 

"ES 
|
 LBZ iBhy 

|
 TS °Sh |

 681 °26 
7777775" 

*TISTOOST AA 
e
e
e
 

ae 
ce || eeeatee| 

ely ley -9= |
 OO kZOn 

aIG. G6 
(2) 

OB 560) |
 

oa) 
elem t

o
r
e
 

ees 
vemleteey 

t
 91 O06 

OTE 00 
|
 26089!) 

GOs -0or 
“***-ermeAAsmueg 

e
e
 

: 
"777| 

P92 
692% 

|
 94°S2 |

 928 
‘C9 

fs) 
| 

8h°26) 
—(s)~—s| 

894278 
‘T |

 09°22 
|
 048°S9 

|
 SOP‘GZT‘6 

$= | ZG8¢ 
|
 882 “OST 

“7777 
"HIOK 

MON 
S
a
 

ee 
re | e

e
e
 eee |

 eee] 
e
e
e
 

COO RCH 
TIE |

 0 2n 08 |
 ROLO) 

SC [|
e
 c
r
i
e
s
 
e
e
 |
 e
e
e
 

C00 
GP Tee [ tes] O75 0881 OLOSSe Te |

 w
a
c
m
a
m
n
n
e
a
n
e
e
 

<a ONT SC ULB ET MONT 
(oe 

|
 ries 

Cw) 
|e ee 

ee 
ll 

eed 
ee 

cea [OLE ECRr 
|
 908 C2, 026,07 

ie) ee 
ROO ROS: |= 

tc() =
 
[20ST CO0- Ts |

 -CS50G) 
leg) Sims sie 

eee 
eee 

sce 
eeUuE 

TONY 
re 

eee 
smaroecto=="""91 

808 
"28h 9 

|
 SE°99 |

 LL0“STT| 
6E8‘FSE°S 

|
 OL°OL 

|
 FL 

‘SL 
|
 OTT“600'T 

|
 180% 

|
 28 

Sh 
|
 SGT 

‘OPS‘ZE 
|
 89°ES |

 TOE ‘Ges 
|-------- 

t
e
n
 

o
m
e
 

Tes ‘Sz6$ 
|
 9°Z98| 

1
0
8
 

“FT| 088 ‘GSE ‘9zS| OF 898) 126 ‘ZOF| 118 ‘Z89‘CeS] 
26 °SL8] SFB “IS 

|
 L89‘F98‘FS 

|
 VE°PZS) 

G89 “66T 
|
 G9T“Ee8L9 

|
 Fr 'E9 |

 S97 ‘690 ‘T 
: 

“poyovelg 
*peulveyg 

Z19‘89L‘T 
|
 06°SF |

 FES ‘8E| Eo 
‘FEL‘s 

|
 98°19 

|
 60S ‘FE |

 SFE Cer ‘> |
 80°9F 

|
 ZLZ"96 

|
 TLZ‘909 

|
 Sze 

|
 Seize 

|
 SeO‘IsT‘s 

|
 Shee |

 erH'es 
(
"
7
7
7
7
7
7
7
7
7
7
7
7
7
 

*"g 8098Ig JONI 
ITV 

m
o
m
e
n
 spose ees 

fmcemee 
aren rors rneyersoescieorse"""1 

G60‘807E 
|
 SZ°7E| 

S09"66 
|
 Tes‘BG8"T 

|
 06°21 

|
 8e8 "EOL 

|
 9Te‘99G°S 

|
 06"Sz |

 SEE ‘E0% 
s
j
a
s
a
e
e
 

a
 c
E
 

-
s
U
I
Y
S
e
M
 

P
u
s
 

‘
M
O
s
e
I
O
 

‘
e
I
U
I
O
I
I
e
D
 

e
e
e
 

16 “67 
G
e
e
 

ceetoeo 
Peeters 

a
e
 
e
e
 

O
h
 

Ba 
a
 

e
e
e
 
e
e
 

Si 
at 

Gi 
Ove (E98 
e
e
 

ee UISUOOSTAN 
I 

QOSEO! 
=n) 
=
 |=ee e

a
e
 

I 
: 

I 
OFZ 

SOS"T 
|
 84°06 |

 L20°0L 
|
 

ELT iess'e 
|
 20°62 |

 ST8 
‘28 

: 
“UOULIO A

 Se
 

e
e
e
 

ee |e (1) 
08 
"FS 
917 
‘€98'T 
|
 

29°09 
|
 

STS 
‘98 
(1) 
69°02 
|
 

(x) 
GOL 
“F2S 
‘8 
|
 

GZ 
"09 
|
 

TOT 
+9 
"oii 
TtrermeayAsuueg, 

S
E
R
R
E
 P
 I I
S
 Sa e

e
 
e
e
e
 

e
e
 

GL°L9 
|
 POL ‘TEs 

|
 OTL ‘9ST ‘OT |

 &L PZ 
poe b

y
 
p
e
r
 
e
e
 
o
e
 

B
O
S
E
 WO |

 i
e
e
e
 
O
A
 

E
N
 

Pei e
s
 

Bees 
a
e
 ae ee

e
 

eae 
a 
a
o
e
 

16 
6L0° 

|
 8 "FF |

 2OL"89 
|
 SLO'TSP'T 

|
 GL "22 |

 £8669 
I 

"og 
|
 Seg*goE 

[777777777777 
Tt emmysdureRy 

MON, 
PRR 

EP OSE 
S
e
 
E
e
 

i e
e
 

(
a
e
 

Mi) 
|
 orsr| 

(7) 
|
 898 “S2LT 

|
 69°02 |

 Tor‘es 
|
 SoirZ6'e 

|
 LL°6C 

|
 EF8'TEL 

|°77777777 7777777777 
ByoseuaT (1) 

|
 

bres] 
(a) 
2 766 
‘O91 
|
 

F6"S9| 
E
T
F
 

LG 
|
 

LIG‘SLZ 
|
 

60'1G| 
GSO'er 
|
 

Z8tOee*h 
|
 

L9°SS 
|
 

GSLiLh 
fii 
r
r
r
 

w
e
s
 

Gq) 
|
 

0079} 
(1) 
@) 
00°00T| 
(x) 
_
 
|
 

STL 
“S8T 
‘OL 
|
 

OS 
FF 
|
 

G06‘82z 
|
 

ZP8“ESL“9 
|
 

LOOT 
|
 

SEL‘CeF 
|
 

FO6‘TCL“LT 
|
 

L8°9Z 
|
 

LEV 
‘GSO 
|--~--- 
T
r
o
e
 

ouTeny 
100 “68S “€$| 02° L$] 86669] 

EG9 “FET “ZS |
 S8°T9$) 

GOS ‘FE |
 Z8E‘L69‘SF$] 

OL °SF$} 606666 
|
 69T ‘868 °8ZS] E9°TZ$| 

89z ‘9EE‘T] TIT “690‘E8 
|
 FOF 

|
 789 ‘OFF ‘2 

“
p
o
g
o
e
s
(
q
u
y
Q
 

*poeuree}s 
J
O
N
 

888 
792 

F3] 62098] 
662 ‘F8| S&F 

FEF ‘SZ$] 
FI °S98| 

Oh 
‘LEF| ES ‘O8E‘F8S| 

ZT “898) 
L9L ‘TSP ‘T| SG2 ‘ZOL“ces| 

8612S] 
696 “Ses ‘T) 08z ‘206 OSTS| E&“SFS| 

686 “60S 
“E)-"~-**-""----Se}eIS 

pezTU, 

“Tye 
“Tur 

“Trur 
‘Tur 

rar 
| 

“q'0°} 
°
0
J
 

0
°
}
 

“q°0°J 
-0°J 

‘on 
0
g
 

=|*(Su0})| 
0
4
 
|
 *(Su04) 

: 
m04 

|
 
*(st0}) 

6 
uo 

*(st0}) 
: 

m0 
*(st10}) 

Tes 
|
 god 

|
 441 

euee 
god 

|
 
A4r 

e
n
e
 

d 
AT 

Spies 
& 

Walics 
0 

Aat 
[e10J, 

|
 

reog, 
414 

[e101 
Jo 

4
 

[e101 
Jo 

419 
[e101 

414 
: 

e
n
i
e
s
 
-
u
e
n
d
 

2
a
 

-ueny? 
s
u
l
e
s
 

-uenyd 
o
n
e
s
 

-
u
e
n
d
 

o
n
i
s
s
 

-uenty 
07838 

9
5
8
 

O
5
8
 

8
3
8
 

958 
938 

: 
-I9A 

VW 
-
I
0
A
V
 

-
I
9
A
V
 

-
I
0
A
V
 

-
I
9
A
W
 ‘
e
y
e
q
d
i
n
g
 

“epog 
‘
o
y
r
g
d
i
n
g
 

*‘[eoTWe 
o
e
,
 

“[e10,L 

pu
p 

sa
jn

7,
9 

fi
g 

‘a
no
n 

70
10
2 

pu
n 

uo
z 

ta
d 

an
jo

a 
ab
oi
aa
n 

y
n
m
 

‘d
yn
d 

po
 

“LIG6L 
‘sassaosd 

OM 
paupars 

PUD 
payova]g 

PUD 
pauLvajs 

Jou 
pun 

payovajqun 
fo U

o
r
j
o
n
p
o
L
g
—
 OT TIAVE, 



PULPWOOD CONSUMPTION AND WOOD-PULP PRODUCTION. 

TaBLE 11.—Imports of pulpwood, calendar years, 1910 to 1917. 

Year. 

By form. 

Quantity. 

Cords. 
Per cent 
of form. 

17 

Value (see note). 

Total cords.| Per cord.| Average. Total. 

$53, 845, 160 

190, 921 
742, 337 
164,319 

8, 563, 458 

258, 620 
544, 139 
178, 215 

198, 414 
599, 299 
201, 936 

195, 906 
581, 756 
257, 223 

139, 002 
528, 900 
265, 663 

191, 062 
473, 116 
225, 079 

Note.—The value of merchandise imported is the actual market value or wholesale price thereof at the 
time of exportation to the United States in the principal markets of the country from whence exported. 
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TaBLE 13.—Exports of wood pulp, calendar years 1908 to 1917. 

Value. 

IS Quantity 
(long tons). 

Year. 
Average 
per ton. Total. 

163, 914 $59.73 | $9,791,089 

34, 695 100.00] 3,469,549 
35, 735 59.37 | . 2,121,745 
18, 120 45.26 "820, 134 
11,015 43.98 484) 477 
17, 657 41, 82 738,451 

1 12) 669 42.86 542/949 
18) 477 45.62 386, 711 
1 7 465 46.12 344) 251 
1 of 994 46.13 368, 738 

1 10,087 50.97 514, 084 

1 Quantity shown in pounds and is reduced in this table to the nearest long ton. 

Taste 14.—Imports of paper, calendar years 1910 to 1917. 

All other printing 
News-print paper. Wrapping paper. 

Baa All other 
Year. AUTEN 2 (ae SS SP SR 9 0 | UI ceed AW EU eer gt paper. 

Quantity. Value. |Quantity.| Value. |Quantity.| Value. 

Total (8 Pounds. Pounds. Pounds. 
years). -/$201, 779, 996/4, 258, 310, 682/391, 876, 005/31, 532, 503/$1, 944, 558/77, 054, 050 $4, 503, 848/$103, 455, 585 

1 Cy eee 41, 734, 084|1, 118, 225, 912) 30,929,628] 412,091 67,931] 6,661,518} 456,752] 10,279,773 
ADIG HEE sae 28, 189, 998| 936, 460,899] 18,527, 748| 1,259, 761| 119,802] 7,103,661] 280,952 9, 261, 496 
as ee 4° 465, 694 736, 817, 721| 14, 188, 651) 2,395,755) 161, 703/22,208,212) 626,661 9, 538, 679 
gitar ee 27,604, 771| 630, 950, 295| 12° 189, 792| 5,752; 447| 261,616/41; 080, 659| 1,156,591| 13,996,772 
i LEB es ee 24,359, 827| 439,687,195} 8,549,062) 6, 758, 490 371, O28 ee eee "735, 857 14, 703, 580 
jC be 18, 723, 877| 171,186,402] 3,262,778 ix 597, 094 292, DAD |B GRE oN SE 846, 500 14; 322, 357 
UU 18, 112, 859} 111,660,615} 2,096,105 7, 376, 598 534, 250 |eeheatease? 400, 535 15, 081, 969 
TCC ek ae 18, 588, 886| 113,321,643] 2; 182) 241/1 1,980, 267| 1135,686|..........|...---.--- 16, 270, 959 

1July 1 to Dec. 31. 

TaBLE 15.—Exzports of paper, calendar years 1910 to 1917. 

News-print paper. | 4! a at Wrapping paper. 
’ i All other Year. Total. $A | paper. 

Quantity.| Value. | Quantity.| Value. | Quantity.| Value. 

Total (8 Pounds. Pounds. Pounds. 
years). -|$207, 525, 606/918, 231, 527 $25, 767, 653/430, 324, 115/$26, 222, 250/208, 756, ee $11, 048, 494'$144, 487, 209 

3 (iy Ce ee 46, 566,671|187, 780, 747| 7,597,509 94, 423,954| 8, 168, 277 277) 52,519, 392 3,988,727] 26,812,158 
1 ee eae 39, 576, 879 153, 472, 663 4 126, 617) 124° 145, 837 8, 069, 812 83, 673, 411} 4,025,388] 23,355,062 
Cae PA (74 264, 371 110, 322, 513 2 707, 626 44. 657, 646 2; 169, 067 36, 991, 079| 1,667,387 15, 720, 291 
(Uc eae 20), 113, 942 121,578, 332 2; 983, 344 30, 259, 588) 1, 568, 960} 14, 815, 496 522, 951 15, 038, 687 
(Oo ee 21,174, 217| 86,602,057) 2,105,984 28, 117, 871 1 617, 285 13, 722, 414 560, 5385 16, 890, 413 
(1 Oe 21, 166, 566|111, 135,997] 2, ee ree 26, 904, 552) 1, 440, 992} 1 i, 034; 849} 1283, 506 16, 751, 843 
ft) | [Saas 18, 702, 151 97, 841,361 455 26, 429° 186 1,278, OG ei ereyte Saas a oe Fs) AYO k UY 15, 065, 900 
Uy) Oe 17, 960, 809 149, 497, 857|) i ty 893 55,385,981! 1,909,061)........ oyirall Bieitatereraita aie 14, 852, 855 

! Figures for period July 1 to Dec. 31. 

WASHINGTON : GOVERNMENT PRINTING OFFICH ; 1919 



es 

32> es we 

ELT 

ee 

=e 

re Sy ae 

eae Wess See fe 
. zm oe 

t y ; 
Pept tnt gman ma nay 

Te pine sett ag) ites zs) a 
cae a 
es 

ie 
[Sate Ae aes 

ae Srinkeeke 
We 

NaN He 
raid Pen hod os 



UNITED STATES DEPARTMENT OF AGRICULTURE 

BULLETIN No. 799 
Contribution from the Bureau of Plant Industry 

WM. A. TAYLOR, Chief 

Washington, D. C. PROFESSIONAL PAPER June 19, 1919 

THE LEAF-SPOT DISEASES OF ALFALFA AND RED 
CLOVER CAUSED BY THE FUNGI PSEUDO- 
PEZIZA MEDICAGINIS AND PSUEDOPEZIZA TRI- 
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SCOPE OF THE INVESTIGATION. 

Among the diseases of the foliage of the alfalfa plant, the one 
which is most widely known and is reported to cause the greatest loss 
is the leaf-spot caused by the fungus Pseudopeziza medicaginis. The 
disease is commonly called the alfalfa leaf-spot. This name is not 
distinctive, and its continued use is open to the objection that it 

promotes the present tendency to apply it inclusively to all the sev- 

eral leaf diseases that may be present with the true leaf-spot. How- 
ever, the usage is so prevalent that it appears likely to persist. 

Although the importance of the disease has caused it to. be men- 
tioned widely and frequently, little careful study has been devoted 
to it. A great number of scattered and conflicting observations have 
left the life cycle of the fungus causing the disease in doubt; the 
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method of overwintering of the fungus has not been conclusively 
demonstrated; and the oft-considered question whether this fungus 
is identical with or merely similar to one which causes a correspond- 
ing leaf-spot on red clover has never been decisively answered. It 
is because of the last consideration that the two diseases have been 
studied together. The leaf-spot of red clover caused by the fungus 
Pseudopeziza trifolii occurs over a wide range of territory, but 
usually not so abundantly as that on alfalfa. Mention of it occurs 
frequently in literature. No distinctive common name has been ap- 
plied to it. Much of the later interest in this disease is in connection 
with the question whether or not red clover is a source of infection, 
producing destructive outbreaks of leaf-spot on neighboring alfalfa 
when this plant has been introduced into new localities. 

Leaf-spots of a nature very similar to the two already mentioned 
and commonly reported to be caused by the same fungi are known 
on a long list of clovers, alfalfas, and closely related plants. All of 
these diseases should be studied together and the relationship of the 
causal organisms determined. However, most of them do not occur 
in America or only in restricted localities, and none of them causes 
great damage to the host plants. The only one of these of which any 
living material has been available for study is that caused by 
Pseudopeziza medicaginis on Medicago lupulina. The incomplete 
notes on this disease have been included. 

THE DISEASES. 

ECONOMIC IMPORTANCE. 

As has already been stated, the assertion has been made again and 
again that leaf-spot is the most common and destructive of the 
foliage diseases of alfalfa. That it is the most common is beyond 
question. But in the estimates of the loss which it has caused it 
appears highly probable that damage from other causes than the 
conspicuous leaf-spot has been included. Nevertheless, even if proper 
deductions for these inclusions could be made it might still be true 
that leaf-spot causes greater loss than any other foliage disease. 

The highest estimate of loss from this disease is that of Pammel 
(1891) * from Iowa. In 1890 he attributes to this cause a loss of 
half the crop. Stewart and others (1908, pp. 384-887) report from 
New York that young stands are often ruined and that old stands 
are killed outright. Chester (1891) reports that some plats at the 
Delaware station in 1889 were attacked severely before the plants 
were large, and some of them were completely destroyed. Voges 
(1909) in Germany and Ivy Massee (1914) in England note the 
sickly appearance of diseased fields. 

1 The dates in parentheses refer to ‘‘ Literature cited’? at the end of this bulletin. 
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The amount of damage which the fungus may cause appears to de- 
pend on several circumstances relating to the development of the 
crop and the weather. Under ordinary conditions the incubation 
period of the disease is more than a week. If for any reason the 
plant is growing slowly, the stand is thick, and the weather is fre- 
quently wet, only a few of the upper leaves reach full development 
before they are covered with the disease. Thus young stands which 
grow slowly before becoming firmly rooted and old stands which are 
retarded for any reason are likely to show bad attacks, while stands 
which are growing rapidly keep most of the upper leaves well above 
the rising invasion of the fungus and show little harm. Thus, in 
most cases where the fungus is found in great abundance, apparently 
defoliating plants, it will be found that some condition has reduced 
the normal rate of growth of the plants and is in part responsible 
for the resulting damage. When plants are vigorous, infection must 
be heavy indeed to cause extensive yellowing and falling of leaves, 
though this may occasionally occur. 

Nevertheless, the fungus is present in almost every alfalfa field, 
if not in all fields, taking a small toll of the foliage under even ay 
conditions and a large toll under more humid conditions. Since it 
‘rarely produces great loss at one time it has come to be regarded as 
one of the unavoidable evils to which the alfalfa plant is subject. 

The leaf-spot of red clover caused by the fungus Pseudopeziza 
trifoliz has not frequently been reported as occasioning great loss. In 
Russia Jaczewski (1912, p. 98) speaks of it as causing appreciable 
damage. Blasdale (1902, p. 75) states that it injures nearly all the 
clovers of the stock ranges of northwestern California. Freeman 
(1905, p. 809-310) notes that it causes local epidemics in clover fields 
in Minnesota. In fields in northern Wisconsin and in Maine in the 
summer of 1915 it was observed by the writer to be so abundant as to 
cause appreciable loss of foliage. From the evidence at hand it 
appears that the disease is not of great significance to clover and 
that this significance is only in northern regions. However, the 
destroyed foliage is so much less conspicuotis than that on alfalfa 
that the amount of damage is more likely to be underestimated than 
overestimated. 

DESCRIPTION OF THE DISEASE ON ALFALFA. 

There are two characteristics of the leaf-spot caused by Pseudo- 
pexiza medicaginis which usually serve to distinguish it from spots 

caused by other parasitic fungi. The first of these is the circular 
shape and limited size of the spot. (Pl. I, A.) The second is the 
presence of a smal] raised disk (PI. II, B) that appears in the center 
of the spot when it has reached full development. The edge of the 
spot may be smooth and definite, especially if the leaf has been much 



4 BULLETIN 759, U. S. DEPARTMENT OF AGRICULTURE. 

exposed to the sun, or it may be more or less dendritic, with a fringe 
of olive-colored rays. No marked killing or sinking of the leaf 
tissue occurs. In size, the spot rarely exceeds 2 or 3 millimeters in 
diameter. | 

The disk at the center of the spot is the fruiting structure of 
the fungus and consists of a mass of asci which discharge large 
numbers of spores when sufficient moisture is present. These disks 
usually occur on the upper side of the leaf, sometimes on the lower 
side, and rarely on both sides from the same spot. Typically they 
are 1 to 14 millimeters in diameter, slightly raised, and when fully 
developed surrounded by the torn edges of the epidermis of the leaf. 
Rarely the central disk is found surrounded with several smaller 
disks at its margin. Under very moist conditions the disk may ap- 
pear as a jellylike drop of exudate at the center of the spot. Under 
arid conditions it becomes very dark in color, often almost black. 

There is not usually a striking difference in color between the dis- 
cased tissue and the disk at the center. This color varies from dark 
brown to almost black. If the leaf has begun to yellow, the green 
color is sometimes retained longest around the diseased area. 

The disease often occurs on succulent stems, where it has an ap- 
pearance so characteristic that it can hardly be confused with injury 
from any other cause. The spot is elliptical in shape, with perfectly 
smooth edges. In size it is about 1} by 3 mm. It is not abundant, 
and rarely bears a fruiting disk. 

DESCRIPTION OF THE DISEASE ON RED CLOVER. 

The leaf-spot on red clover caused by Pseudopeziza bears a very 
close resemblance to the similar disease on alfalfa. The spots are 
limited in size, usually slightly larger than on alfalfa, in early 
stages tending to be angular (PI. I, C). The border of the spot is 
more frequently dendritic in outhne. In early stages the color is 
dark olive, becoming brown or almost black in later stages. After 
the death of the entire leaf, the spot usually becomes almost indis- 
tinguishable. Fruiting-disks are not as frequently found abundantly 
on the spots while the leaf is still alive as in the case of the leaf-spot 
of alfalfa, but they may develop abundantly after the death of the 
leaf. In early stages they are brownish or dirty yellow, but later 
they become almost black. They are more frequently found on the 
under side of the leaf than on the upper side, and occasionally occur 
on both sides from the same spot. On dead leaves they appear as 
amber drops of jelly in wet weather, but when dried they shrink to 
bodies so small and inconspicuous that it is practically impossible 
to find them. The disease has not been noted on any other part of 
the plant than the leaves. 
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PSEUDOPEZIZA ON HOST PLANTS AND PURE CULTURES. 

A, Leal-spot of Medicago lupulina caused by Pseudopeziza medicaginis (Lib.) Sace. B, Pseudopeziza 
medicaginis developing in pure culture from spores discharged on plaster of Paris (right) and filter 
paper (left). C, Leaf-spot of red clover caused hy Pseudopeziza trifolit (Biv.-Bern.) Fekl. at an early 
stage of development. Apothecia have not yet appeared. 
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PSEUDOPEZIZA ON ALFALFA. 

A, Apothecia of Pseudopeziza developing on old leaf-spots on overwintered leaves. In many cases 
the apothecia are clustered. 3, approximately. B, Apothecia of Pseudopeziza on an alfalfa 
leaflet. The leaf has been decolorized to show the fungus more clearly. The small dark circles 
near the lower right-hand edge of the leaf are early stages of apothecia of Pyrenopeziza medicaginis. 
X 5, approximately. 



LEAF-SPOT OF ALFALFA AND RED CLOVER. 5 

HOST PLANTS. 

Although these fungi occur extensively in America on alfalfa and 
clover only, each of them has been reported in mycological literature 
on a number of related plants. 

The names of these host plants are shown in Table I.1 

Taste I.—List of host plants of Pseudopeziza trifolii and Pseudopeziza 
medicaginis. 

Hosts of Pseudopeziza trifolii. Hosts of Pseudopeziza medicaginis. 

Name of host plant. 

Trifolium: 
alpestre L ......--.- 

ALVENSE re cassie <5: 
eyathiferum Lindl .. 
fragiferum L 
hybridum L .......-. 

medigmyrls. -25-..=/- 
macrodon Hook and 

Arn. 
nigrescens Viv-..--- 
pallescens Schreb...- 
pratense L........-.- 

pallidum W. and K. 
Tepenspc ee i. 8 
resupinatum L.--... 
spadiceum L........ 

Authority cited. Name of host plant. 

Saccardo, D., 1903,n0.526, 
1319. 

Krieger, 1892, no. 781, 794. 
Blasdale, 1902. 
Massee, 1914. 
Bivona- Bernardi, 1816, 
ON ae ypl. 6, fig. 5. 

Saccardo, P. A., 1889, pp. 
723-724, 

Lambotte, 1880, p. 264. 
Blasdale, 1902, p. 75. 

Briosi, 1888. 
Massee, 1914. 
Saccardo, P. A., 

pp. 723-724. 
Maire, 1913, no. 119. 
Briosi, 1888. 
Massee, 1914. 
Saccardo, P: A., 1897, p. 

623. 

1889, 

Medicago: 
carstiensis Jacq...--- 

PNY, Wickasscsance 
hispida denticulata 

( Wild.) Urban. 
lupulina L....-.--..- 
lupulina wildenowii 

(Boenn.) Aschers. 
minima Link.......- 
prostrata Jacq...---- 
sativa L 

Melilotus alba Desv.-.-- 

Onobrychis sativa Link. 
Trigonella: 

coerulea (L.) Ser. ... 

corniculata L......-. 
foenum-graecum LL... 

Vicia villosa Roth....-.-. 

Authority cited. 

Saccardo, D., 
526, 1319. 

Cavara, 1892, p. 243. 
Massee, 1914. 

1903, no. 

Libert, 1832, fasc. 2, no. 
176 

Fuckel, 1870, p. 290, 236. 
Jaap, 1916. 
Desmazieres, pp. 

182-183. 
orecy vend Earle, 1895, 

p. 106. 
Berthault, 1913. 

1847, 

Mazerius, 1875, fase. 33, 
no. 1645. 

Jaap, 1916. 
Massee, 1914. 
Tracy and Warle, 1895, 

p. 106. 

THE FUNGI. 

SYNONOMY OF PSEUDOPEZIZA TRIFOLII. 

Pseudopeziza trifolii was first described by Antonio Bivona- 
Bernardi (1816, Mar. 4, p. 27, pl. 6, fig. 5) on Z'rifolium hybridum 
from Sicily under the name of Ascobolus trifolii. When Boudier 
(1869) revised the genus Ascobolus he listed this species among 
those which he believed should be excluded, and suggested that it 
be placed in the genus Phacidium. The following year Fuckel 
(1870) made this species the type of his new genus Pseudopeziza. 

Other early synonyms as given by Rehm (1892, p. 597-598) are 
as follows: Peziza trifoliorwm Libert, Trochilia trifolii DeNot., 
Molliscia trifolii Phill., Phyllachora trifolii Sace. 

The following three names have been included in the synonomy 
by Ivy Massee: Pseudopeziza (Phacidium) divergens (Desmaz.) 
Sacc.; Peziza dehnii Rab., a common parasite of Potentilla; Pyreno- 
peziza medicaginis ¥ckl. The last of these three species has already 
been shown by the writer (Jones, 1918) to be the ascigerous stage of 

1In compiling this host list, the fungus found on species of the genus Trifolium is 

regarded as Pseudopeziza trifolii (Biv.-Bern.) Wekl., while the fungus on species of the 
genus Medicago or closely related genera ‘is révarded as P. medicaginis (Uib.) Sace. 

Owing to the fact that the two fungi have frequently been regarded as one, the fungus 

on Medicago and its relatives has often been reported us P. trifolii. 
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Sporonema phacidioides Desmaz. The writer has not been able to 
discover any adequate reason for the inclusion of the other two 
names. 

SYNONOMY OF PSEUDOPEZIZA MEDICAGINIS. 

The first collection and description of Pseudopeziza upon a species 
of the genus Medicago were made by Madam Libert (1832, fase. 2, 
no. 176) under the name of Phacidium medicaginis. The host was 
Medicago wildenowii, now known as Medicago lupulina wildenowii. — 
Later, when Desmazieres (1841) found Pseudopeziza upon alfalfa he 
assumed that it was identical with the species described on Medicago 
wildenowii. His assumption has not been seriously questioned. 

In 1883 Saccardo (1883, no. 1390, 1391) transferred this species 
to the genus Pseudopeziza which Fuckel (1870) had established 
with Pseudopeziza trifolii as the type species. As soon as the two 

fungi were brought together in the same genus their similarity 
raised the question whether they were not identical. Briosi (1888) 
compared the fungi as they occurred on several species of Trifolium 
and Medicago and failing to find sufficient morphological difference 
between them to justify retaining them as distinct species advised 
that Pseudopeziza on alfalfa be called Pseudopeziza trifolii forma 
medicaginis. 'This usage has been followed by Rehm (1892, p. 597— 
598) and appears to have been generally accepted by mycologists, 
many of whom drop the form name altogether. Plant pathologists, 
on the other hand, have found it more convenient to retain the two 
names, though in most texts it is noted that possibly or even prob- 
ably the two species are identical. The writer believes that the fol- 
lowing pages present adequate evidence that the fungi on the two 

hosts are separate and distinct species. 

COMPARATIVE MORPHOLOGY OF THE FUNGI. 

The apothecia of both these species of Pseudopeziza arise in a deli- 
cate stroma beneath the epidermal layer of the leaf. The apothecia 
on alfalfa are usually solitary, except on overwintered leaves, where 
several clustered apothecia may develop on a stroma. On red-clover 
apothecia are sometimes clustered. The hymenial layer when first 
developed is covered with a thin stromatic stratum of small rounded 
cells, the outer layer of which may develop thick dark-colored walls. 
This stroma usually remains adherent to the epidermis when this is 

_ ruptured by the developing asci. 
As the hymenial layer develops, the stroma from which it arises 

becomes thicker, forming in and among the collapsing leaf cells. The 
epidermis is ruptured, the hymenium is raised above the surface of 
the leaf, and after the spores have been largely discharged and the 
hymenium has shrunken the recurved flaps of the torn epidermis 
become conspicuous around the apothecium. 
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Under favorable conditions apothecia may reach 14 mm. in di- 
ameter, but are usually 1 mm. or less. Asci are 60 to 70 microns 
long, and about 10 microns in diameter. Paraphyses are slightly 
longer than the asci, nonseptate, and swollen at the ends. 

Ascospores of the two species (figs. 1 and 2) show slight differ- 
ences in size, those of Pseudopeziza trifoli being larger. The 
spores of each species have shown small variations in measurement 
when they were obtained under different conditions affecting their 
discharge. The most important of these variations has occurred 
when spores are obtained from apothecia which are drying rapidly. 
Under these conditions discharge is greatly accelerated, and the 
number of spores of smaller size is increased. Therefore, in order to 
obtain comparable measurements certain precautions were always 
taken to obtain spores of the same degree of maturity. Fruiting cul- 
tures of the fungus or leaves bearing apothecia were placed in the 
cover of a Petri dish over a layer of clear agar. After about 10 
hours, when the discharge be 
of spores was apparently 
proceeding at a uniform 
rate, the cover of the dish SS = 6) 

was turned about so that sie, 1—aAscospores of *Fic. 2.—Ascospores of 
the spores now fell on a new Pseudopeziza trifolii. Pseudopeziza medica- 

x 600. gints. X 600. 
portion of the agar surface. 
After half an hour a considerable number of spores were usually 
found on the agar. The cover was then removed from the dish, a 

small drop of water and a cover glass were placed on the area on 
which the spores were scattered,. and measurement was made as 

rapidly as possible. 
When a large number of spores have been measured to the nearest 

micron and the spore lengths arranged, as shown in Table IT, it has 
always been found that the number of spores of Pseudopeziza medi- 
caginis which measure 10 microns and less constitute more than 
half the total, while in the case of P. trifolit the number of spores 
which are 11 microns and longer constitute more than half the total. 
Table IL presents a typical comparison of the measurement of 100 
spores of each species. 

Taste I1.—Comparison of the lengths of 100 spores each of Pseudopeziza medi- 
cagmis and Pseudopeziza trifolii, measured to the nearest micron. 

Length (microns). 

Spores of— = 

Pseudopeziza medicaginis........... number... 7 26 33 24 LO) |eiayete a's ee |sfeimitiere 
Pseudopeziza trifolii...................- WOstersseeasis as 3 26 46 18 6 1 
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By careful comparison in this manner it has been found possible to 
distinguish between the two species on the basis of spore measure- 
ment alone. 

In addition to the difference in size, there is a difference in shape 
that is discoverable by the examination of many spores—a difference 
that does not significantly appear in measurement. Some of the 
spores of Pseudopeziza trifolit are slightly flattened on one side. 
When the flattened side is seen in profile the spore has a somewhat 
pointed appearance. The occurrence of occasional pointed spores 
(fig. 1) is a distinguishing feature of this species. 
Spores from dried specimens have not been found satisfactory for 

comparative measurement. Unless the collection is made just before 
the apothecium is completely mature, nearly all of the spores are un- 
avoidably discharged during drying. The few remaining are likely 
to be found much shrunken. 

MORPHOLOGICAL CHARACTERS IN CULTURE. 

MYCELIUM. 

In culture these fungi preserve the same general characteristics 
that they show on the host plant. The mycelium radiating from the 
germinating spore or group of spores soon produces a stroma at the 
center. Thereafter this stroma is surrounded with a narrow fringe 
of hyphe, which never advance far beyond the stroma. When the 
fungi are grown from spores on the same nutrient substratum, differ- 
ences in the character of the mycelium can be noted. That from 

Pseudopeziza medicaginis branches earlier than that of P. trifoli,; 
most of its branches come off at an acute angle, while those of P. 
trifolit come off somewhat regularly at a right angle, or occasionally 
at an obtuse angle. 

CONIDIUMLIKE STRUCTURES. 

Although no conidia have been found in nature, conidiumlike struc- 
tures occur regularly in culture and are a feature by which cultures 
of the two specées can be most easily distinguished. They arise from 
the ends of branches or from the distal ends of somewhat swollen 
cells. They measure 5 to 8 by 8 to5 microns. They occur most abun- 
dantly when the ascospores are germinated on clear agar to which 
no nutrient has been added, appearing in about three days in the 
case of Pseudopeziza medicaginis and somewhat later on mycelium 
of P. trifol. On mycelium of the first fungus they are produced in 
great abundance before the end of the first week, though the mycelium 
from different spores or groups of spores produces them in varying 
amount. (Fig. 3.) The mycelium may grow but little, becoming 
thickly covered with the conidia, or it may grow more freely with 
but a few conidia at the ends of short branches. Rarely are they 
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absent. In striking contrast is the scarcity of these spores on my- 
celium from spores of P. trifolii. (Fig. 4.) Never are they pro- 
duced in great numbers, and frequently they are entirely absent from 
all but a few fungous colonies. Thus, the striking abundance of these 
structures on mycelium of P. medicaginis and their scarcity on 

Fie. 3.—Mycelium and conidiumlike structures developing from ascospores of Pseudo- 

pexiza medicaginig on agar agar. X 400. 

mycelium of P. trifold furnish an easy morphological distinction 
between the two species. 

REPORTED CONIDIAL STAGES OF THESE FUNGI. 

It is a matter of some interest to note that all the studies of 
Pseudopeziza on alfalfa and clover 
which have been made by European 
mycologists and pathologists with 
but a single exception (Briosi, 
1888) have contained a discussion 
of an associated conidial stage. 
Thus at least three, perhaps four, 
imperfect fungi have been assigned 
to this role in addition to the coni- 
diumlike structures which are pro- 

duced in culture. A summary of 
the evidence on the basis of which 
the association of these conidial Fic. 4.—Mycelium developing from an 
stages has been made is here given. rests comand ee ane pone 

The first of these fungi to be 
regarded as a conidial stage of Pseudopeziza medicaginis was Sporo- 
nema phacidioides Desm. Since the writer has a previous article 
(Jones, 1918) traced the development of the purely observational 
evidence on which this association was based and has shown that this 

Sporonema is the conidial stage of Pyrenopeziza medicaginis Fckl., 
no further discussion is necessary here. 

89950°—19——2 
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The second suggestion that Pseudopeziza produces conidia comes 
from the work of Brefeld (1891, p. 325). In the course of his study 
of Pseudopeziza on both clover and alfalfa he germinated the asco- 
spores. The cultures thus obtained of these fungi behaved alike. 
Very little mycelium was produced. After about 14 days conidia 
were cut off laterally from certain threads and from the ends of side 
branches. These conidia were not observed to germinate. After 
describing them, Brefeld refers them to the conidia described by 
Tulasne (probably referring to the conidia of Sporonema phacid- 
zoides), but he does not state whether he regards his conidia iden- 
tical with those described by Tulasne or not. The structures which 
Brefeld describes and figures as conidia appear to be identical with 
those already described as occurring in culture. 

The third and most extended reference to a conidial stage of 
Pseudopeziza medicaginis is that of Voges (1909). In the course of 
a study of an outbreak of the disease in fields under his observation 
in Germany, he reports that he finds closely associated with the fruit- 

ing disks of Pseudopeziza on living leaves the pycnidia of a Phylio- 
sticta which does not appear to him to belong to a previously de- 
scribed species. Unfortunately, his own description of this Phyllo- 
sticta is so meager that it does not serve to identify it. He states that 
the spores are differentiated into two forms—a smaller 1-celled spore 
and a larger, often 2-celled spore. No mention is made of any 
attempt to determine whether or not the two types really belong to 
the same fungus or not, nor does he explain why such a fungus should 
not be called Ascochyta rather than Phyllosticta. 

Voges next attempts to identify the Phyllosticta with Pseudope- 
ziza by cultural methods. He places fragments of Pseudopeziza fruit 
disks on a nutrient substratum. When this is done in March and 
October, no results are obtained; but in June he gets a fungus on his 
plates which first produces aerial conidia and later pycnidia like 
those previously found on the leaves. Inoculations made on alfalfa 
leaves with these leaf-spot cultures produced typical. Phyllosticta 
spots. Inoculation of alfalfa leaves with fragments of Pseudopeziza 
fruiting disks gave like results. Consequently he concludes that the 
Phyllosticta and Pseudopeziza are identical and that Pseudopeziza 
-has three spore forms—aerial conidia, conidia in pyenidia, and asco- 
spores. Finally he inoculates clover leaves with fragments of his 
-Phyllosticta culture and finds that typical spots bearing Phyllosticta 
spores are produced. Hence he concludes that the Pseudopeziza on 
alfalfa must be identical with that on clover. 

Even if these results of the few experiments which he performed 
are.accepted at their full value, the conclusions which he draws are 
manifestly not justified. In the first place, the fact that he was 
unable to get cultures of his Phyllosticta from Pseudopeziza spots 
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except at a certain period in the summer is not adequately explained 

by his extraordinary theory of a periodicity in the vegetative vigor 
of the fungus. In the second place, inoculations with this Phyllo- 
sticta whether upon alfalfa or upon clover produced lesions which 
bore only the pycnidia of the Phyllosticta, never the apothecia of the 
Pseudopeziza. These cultures obtained under doubtful conditions 
produced ascospores neither in culture nor as a result of inoculation. 
Thus, the evidence which Voges presents, judged entirely by itself, 
does not prove or even clearly indicate that he ever had “Psu ayaeoiae 
in culture. It does not appear, however, that the work of Voges 
has been widely accepted, at least not in America, even though the 
report of his work as presented in the Experiment Station Record + 
is incorrect or misleading in almost every detail, causing his conclu- 
sions to appear much more justifiable than when they are read in 
the original article. 

In the same year that the article by Voges was published Voglino 
(1909, pp. 226-228) in Italy presented evidence which he believed 
indicates that Gloeosporium caulivorum YWirch. or G@. trifolii Pk., 
which in his opinion may be identical with it, is the conidial stage 

of Pseudopeziza on Trifolium pratense. His evidence was obtained 
both from observation and from cultures. In a certain field consid- 
erably injured by Gloeosporium he finds apothecia of Pseudopeziza 
trifolii developing in close association with the acervuli of the 
Gloeosporium. Later he makes cultures from conidia obtained from 
stems on a clover decoction with gelatin, and in a single culture he 
found after 30 days three apothecia of a fungus which he assumes 
to be a Pseudopeziza. On the basis of this evidence he decides 

that the Gloeosporium must be the conidial stage of Pseudopeziza. 
The account which Voglino gives of his work is very brief and 

bare of details. No mention of inoculations is made. No descrip- 
tion of the Pseudopeziza which he regards as Pseudopeziza trifolit 
is given. It is not clear from his account that he obtained a pure 
culture. Therefore his results can hardly be regarded as having 
more than a suggestive value. 

This review of European literature brings us to the eonclision 

that, with the possible exception of the description by Brefeld of 
conidia in culture, there is no conclusive observational or experi- 
mental evidence that either of these Pseudopezizas has an associated 
condidial stage. 

PHYSIOLOGY OF THE FUNGI. 

ISOLATION OF THE FUNGI. 

Efforts to isolate these fungi by ordinary methods were continued 
for a a, long time without avail. The first success was jyobtained by 

1 Bpevinient Station Record, v. 22, no. 7, p. 648. 
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taking advantage of the fact that when the ascospores are dis- 
charged from the ascus they are thrown several millimeters verti- 
cally. Repeated trials showed that if fresh leaves were used, spores 
could sometimes be obtained in considerable numbers on an agar 
surface placed over the apothecia without bacterial or fungous con- 
tamination. This work of collecting spores was best carried out in 
a Petri dish in which a layer of very clear agar had been poured. 
The dish was inverted and the leaf bearing the apothecia supported 
2 or 3 millimeters below the agar. After a short period the area over 
the apothecia was marked, the dish turned, and examination made 
with the low power of the microscope to determine whether the 
requisite number of spores were present. The difficulty would have 
been lessened had a few spores been sufficient for the development 
of a culture, but experience soon showed that a large number of 
fungous colonies crowded together developed better than .a few. 
When several areas on the plate had been scattered with spores, the 
leaf bearing the apothecia was transferred to another plate. By using 
the utmost care and exposing a large number of plates a few could 

be obtained without contamination or with so small a number of 
foreign organisms that they could be cut out with a sterile needle. 
After a plate had been observed until it appeared certain that no 
foreign organism was present, it was found advisable in order to 
prevent drying to cut out the area bearing the developing fungous 
colonies and transfer them to agar slopes in test tubes. . 

In the course of experiments with cultures made in this way the 
first culture of Pseudopeziza from alfalfa to produce apothecia was 
obtained. The spores were discharged on an alfalfa-agar plate on 
October 5, and the agar was transferred to a water-agar slope on 
October 22. The ascospores were being produced on November 6. 
At first it was assumed that the fungus had been starved into fruiting 
by this process, but later work does not indicate that. this was the 
case. Fruiting cultures can be obtained most readily by transferring 
the developing fungous colonies as soon as they become macroscopic 
from the water-agar plates to oatmeal-agar slopes. In this way the 
fungus was isolated six times in the autumn of 1914 and once in the 
autumn of 1916. 

Pseudopeziza was isolated from red clover in the same way as 

from alfalfa. Two isolations were made of this fungus in 1915, one 
from clover leaves collected by Prof. H. H. Whetzel at Ithaca, N. Y., 
and one from clover collected in Door County, Wis. 
A later successful reisolation of this fungus from plants inoculated 

in the greenhouse suggests that it may not always be necessary to 
employ this tedious process. In the instance referred to, diseased 
leaf fragments were cut from clover leaves two weeks after inocula- 
tion. The fragments, each bearing from one to three infections, were 
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dipped in 50 per cent alcohol and placed in a solution of 1 part of 
bichlorid of mercury in 1,000 parts of water for 1 to 14 minutes. 
After washing, the fragments were placed separately on slopes of 
2 per cent water agar. After these cultures had been kept three 
weeks at 17° to 19° C., small tufts of mycelium emerged from the 
fragments which had remained free from contamination. The frag- 
ments were then transferred to oat agar. Apothecia appeared two 
weeks Jater, and cultures were started. Success in this imstance seems 
to be due to the relative freedom of these greenhouse plants from 
fungi which quickly enter the host tissue that has been killed by the 
parasite. ; 

CULTURAL CHARACTERS OF SPECIAL MEDIA. 

Only a few of the more common media on which the fungi grow 

‘most readily and show the most striking differences are selected. 
In connection with these descriptions the following facts regarding 
the method of making cultures and their habit of development should 

be kept in mind: 

(1) New cultures are started by placing near the top of an agar slope a 

fragment of a culture which is producing and discharging ascospores abun- 

dantly. The position of the slope should be changed from time to time to insure 

a somewhat uniform distribution of the spores over its entire length. After 

from one to four days the original transfer may be removed to another slope 

and thus serve to start a number of cultures successively. 

(2) The small fungous colonies which arise fruit better and earlier when 

closely crowded together. Yet excessive crowding may delay fruiting. 

(3) Apothecia appear in three to five weeks at favorable temperatures. 

After a period of active spore production lasting from one to two weeks, fur- 

ther spore production takes place only occasionally. ‘Transfer of the stroma 

to new media increases the likelihood of its occurrence but does not insure 

it. The stroma itself continues to grow very slowly. 

Oatmeal agar.—As a culture medium oatmeal agar has proved to be 
the most useful for general culture work, because upon it ascospores 
are produced in greatest abundance. The following description 
applies to cultures kept at 20° to 22° C. 

Pseudopeziza medicaginis: 'The first evidence of growth appears 
about one week after spores are discharged upon the medium. At 
this time the surface of the substrate appears roughened as though 
pushed up into a multitude of minute flat cones. In about two 
weeks the cones are increased in size and show a rusty brown color at 
the center. The color becomes darker at the center of the cone, 
surrounded by a rusty rim. Soon the dark-brown color covers the 
entire slope. If the colonies are not sufficiently close to touch each 
other in three weeks, the color is darker than if the colonies merge. 
At the end of three or four weeks apothecia appear at the center of 
the stromata as small grayish white, often glistening gelatinous 
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masses, very small at first, but often extending until they merge. 
The apothecium is merely a rounded, sometimes flattened, firm mass 
of asci and paraphyses which crumbles when crushed (PI. III, B). 
The gray color of the mass becomes darker with the increased age 
of the culture, and finally is dark brown or almost black. The rusty 
brown color that is seen early in the development of the culture is 
usually found to have permeated the agar slightly by the time the 
fruiting stage is reached. A greater amount of color is usually 
found in cultures which have relatively few colonies and which 
fruit. but little. Retardation of the growth of the cultures by low 
temperature appears to allow the color to diffuse farther through the — 
agar. In cultures which grow rapidly, the yellow color may be 
diffused only in the upper part of the slope where the layer of agar 
is thin. 

Pseudopeziza trifolii: The development of Pseudopeziza trifolii 
on this culture medium differs from that described for P. medicaginis 

only in the details here stated. The color which develops in the stro- 
mata as they develop is dark gray, becoming black, with no trace of 
brown. The fungous colonies appear a little more vigorous and co- 
alesce into a more solid crust on the surface of the medium than those 
of P. medicaginis. The fruiting structures appear more typical (Pi. 
III, A), being flat on top, but are not surrounded by a wall. The 
substrate never becomes discolored. 

Potato-dextrose agar.—Cultures of both fungi grow very rapidly 
on potato-dextrose agar. When the colonies are much crowded the 
leathery surface growth becomes crumpled. 

Pseudopeziza medicaginis: Color at the end of four weeks brown, 
sprinkled with a few black stromata; substrate decidedly colored; 
apothecia produced in small numbers. 

Pseudopeziza: Culture coal black, with slight amount of frosty 
mycelium. There is a slight staining of the substrate. 

Lima-bean agar.—Pseudopeziza medicaginis: Growth yellowish in 
varying degree; no fruiting observed; substrate shows discoloration. 

Pseudopeziza trifolii: The growth is a rough black mat with a little 
white mycelium. The substrate shows slight discoloration. 

Corn-meal agar.—Pseudopeziza medicaginis: Growth not vigor- 
ous; colonies scattered, black, and distinctly raised from the sur- 
face, which appears as though sprinkled with coarse black pepper; 
apothecia minute and scattered. 

Pseudopeziza trifolii: Growth black, almost submerged in the sub- 
strate; colonies tend to remain separate, though the slope appears a 
solid black color; scattered minute apothecia occur. 

Liquefaction of gelatin——Both fungi cause rapid liquefaction of 
gelatin. 
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FRUITING CULTURES OF PSEUDOPEZIZA. 

A, ¥ruiting culture of Pseudopeziza trifolii. % 15, approximately. B, Fruiting culture of Pseudopeziza BAA, » DY eB ay L 
medicagimis {rom alfalfa. % 15, approximately. 
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SPORE DISCHARGE. 

The discharge of ascospores has been observed frequently under the 
microscope when apothecia have been crushed in water. The ascus 
slowly becomes longer and of greater diameter, forcing the spores 
forward in a more or less oblique biseriate position. The increase in 
diameter of the ascus of Pseudopeziza medicaginis appears to be 
somewhat greater than in the case of P. trifolii, thus allowing 
the spores to come more nearly into a biseriate position. When 
the limit of resistance of the ascus wall has been reached, the end rup- 
tures, allowing the spores to be expelled in a column. When dis- 
charge takes place under water the spores show no tendency to re- 
main together, but when they are discharged in air they show a ten- 
dency to remain in pairs. This pairing of the spores is probably due 
to the adhesive quality of the spore wall, a quality which is also 
shown by the tenacity with which the spores adhere to the cuticle of 
a leaf. ( 

It is interesting to note that the tendency to remain in pairs is not 
shown equally by spores of the two species of Pseudopeziza. It is 
somewhat more marked in the case of Pseudopeziza medicaginis. 
This may be due to the fact already cited that the spores of this 
species are brought more clearly into biseriate position before dis- 
charge takes place. In order to determine this difference, spores were 
collected on water agar as though for measurement. The spores in 
each group in selected miscroscopic fields were counted until the 
grouping of 1,000 spores had been determined. The results obtained 
at various times are shown in Table ITI. 

Taste Ill.—Grouping of ascospores of Pseudopeziza medicaginis and Pseudo- 
peziza trifolii when caught on an agar surface after being discharged 
normally from cultures. 

Spores in group— 

Spores of— 

1 2 3 4 5 6 a 8 

Pseudopeziza medicaginis: 
BOIS Obs ea eee eae eke sek number..| 60{ 238 19 43 7 19 2 9 
LEV IG Gro asa se pany ase Re memeee do... 66 | 342 8 30 4 alee 4 
CLUTTER do 58 | 356 6 33 6 0 Becooe 1 

BEMOLAIE cee, cere cb sabe esp kercles ac cedar ledge 184 | 9386 33 106 17 32 2 14 
—_—_—_—S=_=E«&UWW—S=“—_ ————L—_—_——S=_—__—_—=—_ _—=S|-«)«s ———S=—_—o———_— 

Pseudopeziza trifolii: 
UL Gets ase ie omnia eae tae number..| 133 | 215 39 28 16 11 2 6 
Second Oe OOO CORE ECE EE OEE TSA Gove |9272 189 48 22 7 4 5 3 
1 ey Fy ieee is alee pen ll Ne yeaa gree ante, do 242 | 185 54 19 10 9 2 4 

eee tek sees Ate Rind OO) 647 | 589| 141| 60 | 33| 24] 9 13 

It will thus be seen that while in the case of Pseudopeziza medi- 
cagimis each spore group containing an even number of spores is 
greater than the preceding or following group, in the case of P. 
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trifolii there is almost a regular decrease of the number of groups 
from those containing one to those containing eight. Sufficient evi- 
dence has not been collected to determine whether the same clean-cut 
difference in the behavior of the two species appears when the 
spores are discharged from apothecia on living leaves. 

SPORE GERMINATION. 

In all the more obvious features of germination, the ascospores of 
the two fungi behave alike. They germinate readily when they have 

been discharged naturally upon a suitable moist surface; but germi- 
nation is infrequent if the spores have been crushed out of the asci 
or if they are submerged in water. A single germ tube emerges from 
any point in the circumference of the spore, except that germinatiqn 
from the end has been observed only in the case of a few spores of 
Pseudopeziza trifolii. Under the best conditions that have been 
found, the proportion of germination is usually from 30 to 50 per 
cent. The vigor of germination varies greatly. Many of the spores 
which push out short germ tubes cease growth promptly, while a few 
develop vigorous germ tubes. , 

Tapte 1V.—Time required for the germination of ascospores of Pseudopeziza 
medicaginis and Pseudopeziza trifolii and rate of growth of the germ tube 
for three days at constant temperatures. 

[A plus sign indicates that the germ tube could be seen emerging from the spore, but that it did not reach 
a length equal to half the length of the spore. The figures in the body of the table represent the estimated 
length of the germ tube in terms of the length of the spores. ] 

Pseudopeziza medicaginis. Pseudopeziza trifolii. 

Temperature (°C.). 
8 12 24 48 72 4 8 12 24 48 72 

hours, |hours.|hours.|hours, |hours,|hours,|hours, |hours.|hours,|hours,|hours,|hours. 

+ 

or TIC 

Hd © 
+ 

1 Spores disintegrate. 2No germination. 

The one significant difference that they show is found in the fact 
that the spores of Pseudopeziza medicaginis will continue to germi- 
nate at a slightly higher temperature than those of P. trifol#. In 
order to test this relation of temperature to germination, spores were 
discharged naturally upon an agar surface with all the precautions 
necessary to secure mature spores previously described in obtaining 
spores for measurement. The agar used in all cases consisted of 2 
per cent of agar-agar in water carefully cleared and filtered. In 
order to insure identical conditions for the two species in each test, 
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transfers of both were made to the cover of the Petri dish contain- 
ing the agar. The spores were discharged simultaneously for 1 to 14 
hours. If at the end of this time sufficient spores were present, the 
cover containing the cultures was transferred to another dish and the 
spores placed at the desired temperature. Petri dishes to the number 
of 72, nearly all of them containing spores of the two fungi, were 
incubated in this way. The results are given in Table IV. 

This table shows that the two species germinate with almost ex- 
actly the same degree of vigor at each temperature, except that the 
spores of Pseudopeziza trifolii cease to germinate, or, perhaps more 
exactly, to make growth after the initial stages of germination, at a 
slightly lower temperature than those of P. medicaginis. Although 
the difference here may seem slight—almost within the limit of ex- 
perimenta] error—it has been found constant and definite in repeated 
tests. The possible significance of this fact in connection with the 
difference in geographic range of the two fungi will be considered 
later. 

EFFECTS OF TEMPERATURE ON SPORE PRODUCTION. 

When cultures of the two fungi are placed at a series of constant 
temperatures they appear to show constant differences in the time 
required for spore production and in the abundance of spore pro- 
duction at each temperature. At the outset it must be stated that 
limitations inherent in the method of starting cultures cause wide 
variation in the behavior of the cultures of each species. This difli- 
culty is partly overcome by using several cultures and by repeating 
the work. Even then the results must be regarded as being sug- 
gestive rather than accurate. The time required for the production _ 
of ascopores as obtained in two trials is given in Table V. Three 
cultures of each fungus were used, and the earliest time at which 
the discharge of ascospores could be demonstrated in any of the three 
cultures was recorded. The three highest and the lowest temperature 
rarely varied more than one degree, and the remaining temperatures 
varied only half a degree. 

Tarte V.—Time required for the production of ascospores of Pseudopeziza 
medicagimis and Pseudopeziza trifolii at constant temperatures. 

Temperatures (°C.), 

Ascospores of— 

8 9 | 11 | 12.5] 13 | 14} 15 | 16 | 18.5] 20 | 21.5] 24 

Pseudopeziza trifolii.......... days..| 82] 58] 52 30 | 48] 30] 36] 30 20} 16 16 21 
Pseudopeziza medicaginis..... GOsees| be) |aseaaltaean Bil sass 52) 49] 36 16 | 14 14 20 

Table V shows that below 14° C. the behavior of Pseudopeziza 
medicaginis was erratic, rarely fruiting at all. Only one culture 

89950°—19-——3 
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fruited at 8° C. in one of the trials.. At and below 16° P. trifolit 
requires a shorter time for the production of spores than P. medi- 
caginis, while above this temperature the condition appears to be 
reversed. But the most striking differences in the behavior of the 
two fungi are not shown in the table. These differences lie in the 
length of the spore-producing period and in the abundance of the 
spores produced. Although P. trifolii is under most circumstances 
the more prolific spore producer, this preponderance is greatly in- 
creased at and below 18° C. Here abundant fruiting may occur for 
two weeks and longer, while cultures of P. medicaginis fruit very 
meagerly and only for a short period at these temperatures. Above 
16° P. medicaginis begins to fruit more abundantly, reaching its max- 
imum at temperatures a little above 20° C. Thus, the optimum tem- 
peratures for the fruiting of these fungi may be judged roughly as 
about 13° to 22° C. for P. trifolit and 16° to 24° for P. medicaginis. 

RESISTANCE OF THE SPORES TO DESICCATION, 

In order to determine whether ascospores discharged from the 
ascus might be able to live over winter on seed or débris carried with 
the seed, it was desirable to test the resistance of discharged asco- 
spores to periods of drying of such duration as they would be obliged 
to endure on the seed. Owing to the slow growth of the fungus after 
germination and the limitations of conditions under which spores 
will germinate at all, it is obvious that the spores must be dried and 
germinated under such conditions that all other organisms will be 
excluded; that is to say, the entire process must be carried out under 
conditions of pure culture. 

Obviously, the preferable method would be to dry the spores on 
the seed itself. In order to do this, sterile seeds were necessary. The 
difficulty of obtaining such seeds which were certainly free from any 
residual effect of the sterilizing agent on the seed coat was so great 
that it was finally abandoned. 

Preliminary tests with plaster of Paris blocks as the conveyor for 
the spores during desiccation were so satisfactory that they were used 
exclusively. Thin blocks small enough to slip into a test tube easily, 
were sterilized by heat and placed beneath cultures which were dis- 
charging spores actively. After a period of 8 to 12 hours the blocks 
were placed in sterilized test tubes. These were stored, some in a 
glass case in the laboratory and some outside a north window. 
From time to time one or more of these blocks were placed on 

water agar to which a small amount of alfalfa-leaf decoction had 
been added. The amount of the decoction appeared to make no ma- 
terial difference up to any amount that could be added to 3 per cent 
agar without causing it to lose its ability to solidify upon cooling. 
Other culture media were tried, but none gave as prompt a result 
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as this. The red-brown color of the Pseudopeziza stroma produced 
by this medium on these white blocks (Pl. I, B) could be recognized 
at an earlier date than the pale-colored growth which developed 
when other media were tried. 

Spores of Pseudopeziza trifolii were tested in the same way with 
those of P. medicaginis, though not as extensively. The results are 
given in Table VI. 

TABLE VI.—Viability test of ascospores of Pseudopeziza medicaginis and Pseu- 
dopeziza trifolit viable when dried on plaster of Paris blocks in the laboratory 
and out of doors. 

Place and date of ending Time Place and date of ending Time 
desiccation. (days). | Results. desiccation. (days), | Results. 

PSEUDOPEZIZA MEDICAGINIS. PSEUDOPEZIZA MEDICAGINIS— 
continued. 

In Iaboratory: 
inept bees eee 32 + Out of doors—Continued. 
Panevoo M0152 os 2e ce es: 36 4- May 20, 1916...-.......-.-. 120 a 
1D EEE S} TRG ee AOE eee . 37 + INO, Ws, WONG. coca ko suecs 108 + 
mebesle 19th ee. 2 Sore Pes s 4 2 38 + APTS CG FIOIG Sse eke ease 159 ae 
eereiO1G. 2 se! 39| + Nay 20NIGI5 nmi em 212| 0 
WeewIGT19ID 2 ek = sate 48 + Septic] s191G eae eee 303 + 
ing, 2 Ga ene eee 49 + DO gaetoacicne se Gage sees 329 0 
Mar 2651915253 522552325522 63 ft 
AT a a sae eee 66 0 PSEUDOPEZIZA TRIFOLII. 
Jan. 12, 1916 es 72 ae 
Jan. 17, 1916 76 + In laboratory: 
Jan, 23, 1915. 76 + Jan. 17, 1916... 36 + 
Jan, 22, 1915 79 + Mar. 7, 1916... 63 + 
Jan. 1, 1915. 85 0 Feb. 15, 1915... 64 + 
Aug. 26, 1915 a 93 0 Apr. 6, 1916... 112 0 

Wosns 22525k a2 94 0 May 15, 1916... 113 + 
i \aypeth a) Gee eee ee 100 0 Apr. 20, 1916 120 0 
Hebi; 191682 24.222...) 104 + Sept. 1, 1916 258 0 
Std LD es eSeepeeeee 210 0 DD Ormsa eee ciecion sowie 256 0 
TET Gy Ee Se es ee 357 0 Out of doors: 

Out of doors: denny Ws WUG. sceoebouededks 28 + 
Weeq9 91S. Je saeco dese: 27 + OL aos se eg ss ee 25 + 
WECMIG T1919 bo ook eee 34 + Weng ey TONG ese sae aue5e 104 aa 
Dec. 22, 1915......- Le = cil 52 0 Apr 106s see Pee wee 107 0 
Part 0(G2 es ast Se. 77 ate Sion, 2 WIGS so Leosgs shaved 265 0 
Janet, 1916-032): 2. ae eee 78 + Septic W916 casas 265 0 
MOUs 10 1916-2 cceee ses. see 106} + 

From these results it appears that drying alone can not be ‘de- 
pended upon to kill all the spores of either Pseudopeziza in less than 
one year. Severe freezing during drying had no apparent effect. 
If conditions for survival are as favorable on the seed as on plaster of 
Paris blocks, the spores should be able to live from one season to the 
next on the seed. But unless conditions on the seed are more favor- 
able than on the block, they should not be able to survive and 
germinate during a second year. 

PATHOGENICITY OF THE FUNGI. 

METHOD OF MAKING INOCULATIONS. 

In all inoculations that have been made, ascospores alone have been 
used as the inoculum. The conidiumlike structures which have 
been described are produced almost wholly in the substrate, and 
since only rarely will one of them separate from the mycelium, no 
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practicable method for using them has been developed. Since no 
evidence has been found indicating that they occur in nature or that 
they germinate, no great importance attaches to them. 

In the first inoculations an attempt was made to obtain the asco- 
spores in water suspension, but when the apothecia were crushed in 

water usually only a few spores became separated from the ascus. 
The few attempts to make inoculations with such meager spore sus- 
pensions failed. The method finally adopted and used with minor 
modifications in all inoculations reported takes advantage of the 
natural discharge of spores from cultures. If a Pseudopeziza cul- 
ture is removed from the test tube carefully it may be cut into frag- 
ments and placed on a support, where it will continue to discharge 
spores for several days provided it is not exposed to direct sunlight 
or high temperatures. A culture may thus be removed from a test 
tube and placed over a plant upon which the spores will fall. If the 
whole plant is to be inoculated, the culture may be placed in the top 
of a bell jar which is set over the plant and turned from time to 
time to insure a uniform distribution of the spores. 

If single leaves are to be inoculated, the culture or fragments of the 
culture may be placed for a short time over these leaves in succession. 
A more uniform discharge of spores for long periods is obtained in a 
dark room at 16° to 20° C. If inoculations are made in the field, they 
should be made at night or on a cloudy day. The plants may be wet 
with a fine spray before the spores are discharged, or if time permits 
this may be deferred until the spores are on the leaf. In the latter 
case, a larger number of infections are usually secured, due appar- 
ently to the fact that spores falling on large drops of water are held 
from sinking by surface tension and germinate too far from the leaf 
surface to effect penetration. After the inoculated plants are sprayed, 
they should be kept in a moist chamber for at least 12 hours. 

This method has been employed in all inoculations made, unless 
otherwise stated. 

CONDITIONS UNDER WHICH INOCULATIONS WERE MADE, 

If inoculations are to be entirely conclusive in result, the control 
plants must remain free from the disease. It has been found impos- 
sible to keep plants free from leaf-spot for infection experiments 
during the summer at Madison, Wis., where the work was done. This 
has been due to the fact that alfalfa fields are located so close to the 
greenhouse that spores are easily blown in through the ventilators. 
But it has been found that if all diseased alfalfa foliage was removed 
from the greenhouses in the autumn after the ground outside froze, it 
was possible to keep alfalfa plants free from infection with leaf-spot 
during the winter and spring. Therefore all inoculations have been ~ 
made or at least repeated during the winter months. This precaution 
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has not been necessary in the case of inoculations with Pseudopeziza 
trifolii, since the Pseudopeziza leaf-spot has not occurred on any spe- 
cies of Trifolium about Madison during the time this work was in 
progress. The following host plants have been inoculated with pure 
cultures of both species of Pseudopeziza. 

HOST PLANTS INOCULATED. 

Medicago sativa with Pseudopeziza medicaginis.—In seven or eight days, 

under greenhouse conditions, infections begin to show aS minute brown spots 

seattered over the foliage. If infection is very abundant these leaves quickly 

die. If only four or five infections are scattered over each leaflet, apothecia 

begin to appear in about two weeks. For instance, one inoculation made on 

December 2, 1915, produced abundant apothecia on the spots by December 15. 

On December 20 spores discharged from apothecia on one of the leaves of this 

plant were cultured, and the fungus was recovered. An inoculation made on 

April 17, 1915, on plants in the field before the natural infection developed 

showed abundant spotting 11 days later. The weather turned cold after this 

date and no fruiting was observed. 

Leaves of all ages are attacked. Leaves which have grown to full size 

appear to develop more abundant infections than leaves which are not full 

grown, but leaves which are yellow and weak do not seem to become infected 

as easily as those which are more vigorous. 

None of the infection experiments performed during three winters has failed 

to develop a greater or less amount of typical leaf-spot. 

Medicago sativa with Pseudopeziza trifolii—Inoculation experiments have 

been repeatedly conducted parallel with those already cited on alfalfa, using 

plants of different ages. No infections visible to the naked eye have been 

produced. 

Medicago lupulina with Pseudopeziza medicaginis.—Plants of this host have 

never been very thrifty under greenhouse conditions, and therefore not a large 

number have beeen available for inoculation. In no case has any infection been 

obtained. Attempts to secure infection by setting Medicago lupulina plants 

in the garden among alfalfa plants which were heavily infected with Pseuw- 

dopeziza medicaginis also failed to produce infection. 

Medicago lpulina with Pseudopeziza trifoliimOnly two inoculations have 

been tried. No infections resulted. 

Melilotus alba with Pseudopeziza medicaginis—On March 28, 1915, several 

leaves of a yigorous sweet-clover plant were placed beneath fragments of a 

culture of Pseudopeziza medicaginis which was discharging spores. At the end 

of 24 hours the culture was placed over the entire plant, which was kept in a 

moist chamber 48 hours longer. After four days the leaves first inoculated 

showed minute brownish spots. These did not increase in size. After two 

weeks the portions of the leaves bearing the minute spots were embedded in 

paraffin and sectioned. In these sections the brown spots were found to 

eonsist of dead shrunken cells in which traces of mycelium could be found. 

But this mycelium appeared to be shrunken and dead and not advancing into 

the living cells of the host. From this, it appears possible that under favorable 

eonditions P. medicaginis may be able to cause a very slight spotting of sweet- 

clover leaves. 

Trifolium pratense with Pseudopeziza medicaginis.—Inoculations of red- 

clover plants in the greenhouse with pure cultures failed to produce any infec- 

tion. Red-clover plants grown in the garden in close proximity to badly dis- 
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eased alfalfa plants have never shown a trace of this leaf-spot during the two 

years that these diseases have been under observation. 

Trifolium pratense with Pseudopeziza trifoliit.—infection from inoculation 

with spores from pure cultures has been at all times easy under greenhouse 

conditions. Frequently such abundant infection has been obtained that the 

leaves are killed before the spots develop to a fruiting stage. ‘The incuba- 

tion period of the disease appears to be slightly longer than that of Pseudope- 

ciza medicaginis, varying somewhat with the abundance of the infection. If a 

leaf is heavily infected, the individual infections appear to develop more 

rapidly and produce small characteristic killed areas earlier than if infections 

are few. Numerous infections appear in 11 or 12 days, and in the greenhouse the 

leaf frequently dies a few days later. Fruiting bodies have not been observed 

on such leaves, but a reisolation has been made from infections two weeks after 

inoculation. f 

Less numerous infections may not show for two weeks or even longer, but 

at the end of three weeks or more they may produce typical apothecia if the 

air of the greenhouse is sufficiently moist. These apothecia have been found 

on leaves nearly or quite dead. In this respect the fungus behaves differently 

than does Pseudopeziza medicaginis. Apothecia on dead leaves are very diffi- 

cult to discover unless the leaf has been in a moist atmosphere for some time, 

when they appear as dark-amber gelatinous masses on the leaf surface. The 

exposure of these gelatinous masses of asci to dry air for even a few minutes 

causes them to discharge the larger part of the spores present and to shrink 

to a minute mass only a little darker in color than the leaf and therefore 

difficult to identify. The best development of apothecia has been obtained by 

placing infected plants outside the greenhouse during protracted periods of rainy 

weather. 

Trifolium hybridum with Pseudopeziza medicaginis.—No success in obtaining 

visible infections has been attained. 

Trifolium hybridum with Pseudopeziza trifolii.mOf the several plants inocu- 

lated only one survived in a vigorous condition for a sufficient period to show 

infection. This showed an abundant spotting, which was in every way charac- 

teristic of the Pseudopeziza spot on red clover except that the spot appeared to 

be somewhat limited in development by the veins, thus showing a slight ten- 

dency to become angular. No fruiting bodies were produced. Apparently 

infection takes place only under the most favorable circumstances. This plant 

appears to be a much less congenial host than red clover. 

GERMINATION OF THE SPORES ON THE LEAF, 

While study was being made of the leaf-spot fungus in the host 
tissue it was found that the mode of penetration could be observed 
very readily by decolorizing the leaf soon after inoculation was 
made. This method of study was used, not only to determine the nor- 
mal penetration of these fungi into their own hosts, but to determine 
the relation of these parasites to other closely related plants reputed 
to be hosts of these fungi but upon which infection had not been 
obtained. In case preliminary inoculations failed to give visible 
results it was more simple and rapid to determine whether the spores 
of that fungus could penetrate the host in question and develop after 
penetration had taken place than to conduct other extensive inocula- 
tions. Thus, a study of penetration has formed a part of all inocu- 
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lation trials. The results of the two methods of attacking host rela- 

tionships should be considered together. 

METHOD OF STUDY. 

The most of the data given here have been obtained by the follow- 
ing simple procedure: Leaves which have just reached full develop- 
ment are selected for inoculation. A culture of Pseudopeziza known 
to be discharging spores abundantly is supported over the leaf or one 
of the leaflets so that the spores as they are discharged will all fall 
upon it. The leaf may be removed from the plant for studies which 
do not involve a period of more than two days, since results obtained 
from such leaves have always been found by comparison to agree 
with results obtained from leaves attached to the plant. The leaf 
may be sprayed with very fine spray before the spores are discharged 
upon it, but more abundant penetrations are usually obtained if the 
spores are allowed to stick to the leaf before it 1s wet. When the 
leaf has been kept moistened for at least 12 hours, usually longer, 
it is removed, dropped into a mixture of equal parts of acetic acid 
and alcohol and promptly heated to the boiling point. Leaves which 
are killed promptly in this fashion decolorize in better condition than 
when slower killing takes place in cold acetic alcohol. The acetic 
alcohol is changed until all color has been removed from the leaf. 

The leaf may then be mounted in this liquid on a slide under a 
cover glass and examined under the microscope. The epidermal cells 
should be perfectly clear, and the entire structure of the leaf to its 
very center should be visible. The spores remain attached to the leaf 
during the treatment, and the method of entry and the mycelium 
within the leaf can be clearly seen. No method of staining has been 
found to improve the visibility of the fungus. 

Although this method works best in the case of alfalfa leaves, it 
works well enough with the various clovers to give entirely satis- 
factory results. 

METHOD OF PENETRATION. 

In all of the hundreds of penetrations observed the method of 
entry has invariably been as here stated. The spore is found stuck 
fast to the leaf. The germ tube emerges from the spore either within 
or at the margin of the area of contact of the spore with the leaf and 
passes directly through the cuticle into the epidermal cell. Occa- 
sionally a spore sends out its germ tube along the surface of the 
leaf, but such a germ tube has never been observed to enter the leaf. 
Apparently the germ tube must enter the leaf at the moment of 

emergence from the spore, if at all. Ordinarily there is no per- 
ceptible thickening or alteration of the wall in consequence of this 
penetration. The actual opening appears to be extremely minute. 
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After passing through the wall, the germ tube quickly expands to 
normal size. When it reaches the center of the cell it usually divides 
(fig. 5) mto two or three branches, which pass into the adjoining 
epidermal cells or down into the palisade layer. Cell walls do not 
appear to offer any obstruction to advancing hyphe. No marked 
disorganization of the cell contents appears to result from this in- 
_vasion until hyphe become very numerous. 

The actual time required for a spore to germinate and transfer its 
contents to the germ tube inside the leaf has not been determined 
accurately, but in most cases it must be less than 12 hours at 18° to 
22°C. 

This description applies to the method of penetration of Pseudo- 
 peziza medicaginis and P. trifolii in their respective hosts. The 
following notes have been made of the penetration of germinating 

spores of these 
fungi in other 
reported hosts 

that have been 
available: 

Trifolium  pra- 

tense by Pseudo- 

peziza medica- 

gimis. — Inoculated 

leaves were de-, 

eolorized in two, 

three and five 

days after inocu- 

lation. After 

three days the 

host cells beneath 

many of the germinated spores had yellow granular contents. The yellow 

color made the exact relation of the germ tube to the cell impossible to deter- 

mine. In five days it could be observed that in the case of at least a part of 

these yellowed cells the germ tube had passed through the epidermal cell wall, 

but had not advanced far into the cell. : 

Medicago sativa by Pseudopeziza trifolii—A leaf inoculated on the plant on 

March 28, 1915, appeared to show penetration in 60 hours. Five leaves inocu- 

lated on December 4, 1916, and decolorized four days later showed many yel- 

lowed cells beneath germinated spores. Suitable fragments were embedded 

and penetrations found in sections. The germ tube had not advanced beyond 

the first cell which it entered. 

Medicago lupulina by Pseudopeziza medicaginis—Four series of leaves re- 

moved from the plant were tried. Penetrations were noted in 28 hours at 22° C. 

Penetrated cells always show yellow granular contents. Even after 75 hours 

it was doubtful whether the germ tube had advanced beyond the first cell 

penetrated. 

Medicago ltupulina by Pseudopeziza trifoliii—One series of leaves was removed 

from the plant. Penetrations were abundant and the penetrated cells yellowed, 

Fic. 5.—Penetration of the epidermis of an alfalfa leaf by the 

germinating ascospores of Pseudopeziza medicaginis. X 800. 
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but even after 52 hours the germ tubes had not advanced beyond the cell first 

penetrated. i 

Melilotus alba by Pseudopeziza trifolii—Three days from inoculation a few 

germ tubes were found distinctly inside epidermal cells, but they had advanced 

but slightly. Penetrated cells were not yellowed. 

Melilotus alba by Pseudopeziza medicaginis.—The cultures used for inocula- 

tion in this series did not produce many spores. Nevertheless, after four days 

two penerations were found. The penetrated cells were very slightly yellowed. 

Trifolium hybridum by Pseudopeziza trifolii—No examination was made 

until two days after inoculation. At this time penetrations were abundant 

and easily seen. In a few cases germ tubes had advanced into cells adjoining 

those first penetrated. No yellowing of penetrated cells was observed. 

Trifolium hybridum by Pseudopeziza medicaginis.—In 24 hours penetrations 

were abundant, but the germ tubes had not advanced far into penetrated cells. 

Penetrated cells showed no yellowing. 

It appears that the results which are shown above are exactly 
parallel to the results obtained from inoculations. In every case 
where infection in varying degree has been attained, penetration has 
occurred abundantly and the growth of the hyphz within the host 
cells has been rapid without causing discoloration of the cell con- 
tents. In cases where visible infection has not been obtained, the 
relative number of penetrations is usually reduced, but in any case 
growth of the germ tube ceases promptly upon entering the epidermal 
cell. Thus, the resistance which the plants that can not be infected 
offer appears to be due not to any mechanical obstruction to entry, 
but to something within the epidermal cell which prohibits growth. 

These infection experiments supported by penetration studies have 
failed to produce a completely successful infection of any of the 
hosts tried except those from which the fungi were isolated. This 
result is very different from that which was anticipated from a 
consideration of the host lists. Have we here a group of closely 
similar fungi highly specialized in their host relationships? 

It is noteworthy that in both host lists only two or three of the 
species of Trifolium are native to America. All the rest have been 
introduced if they occur here at all. Moreover, some of these intro- 
duced hosts which are widely distributed do not appear to be 
attacked by this parasite except in certain limited areas. For ex- 
ample, Pseudopeziza medicaginis has been found on Medicago lupu- 
lina only in New York; P. trifoli has been reported on Z'rifolium 
repens only by McClatchie (1895) on the Pacific coast+ and not at 
all on 7. hybridum. It is not likely that these fungi have been over- 
looked on these hosts in other localities, and therefore the conclusion 
that they do not always pass to these hosts can hardly be escaped. 
Thus, there is reason to suspect that these two species, as now re- 

1An excellent collection of Pseudopeziza on Trifolium repens now in the possession of 

the writer was made by Mr. C. W. Hungerford at Olga, Wash., on Sept. 3, 1916. 
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garded, are made up either of several closely similar species or of a 
group of specialized races. 

Especially in the case of the Pseudopeziza on Medicago lupulina 

the fragmentary evidence indicates a species distinct from that on 
alfalfa. In addition to the evidence already given, the measurements 
of 113 ascospores collected under standard conditions is adduced. 
(Table VII.) 

TABLE VII.—Lengths of 113 ascospores of Pseudopeziza medicaginis on Medi- 
cago lupulina, measured to the nearest micron. 

Length (microns). 

Ascospores of — SSS 

4 9 10 11 12 13 

Pseudopeziza medicaginis.........--.-..--.----------- number... 1 14 59 31 8 

When Table VII is compared with Table II, it will be noted that 
these spores are even larger than those of Pseudopeziza trifolii. Un- 
fortunately, the cultures which were made of this fungus were de- 

stroyed, and complete evidence of the relationship of these fungi was 
not obtained.t. Of the other hosts of P. medicaginis, less can be said. 
Field observation indicates that the fungus in Medicago falcata and 
M. hispida denticulata occurs by infection from Pseudopeziza in al- 
falfa. A collection of the fungus has been found in only one in- 
stance each on Melilotus alba and Vicia villosa., An examination of 
a portion of the collection on Melilotus alba reveals a lesion that is in 
all respects similar to that which the fungus causes on other hosts, 
but no asci and spores by which the fungus could be identified were 
found. Certainly the occurrence of the fungus on these hosts is not 
common or of economic importance. No material of Pseudopeziza 
on Onobrychis sativa or any species of Trigonella has been available 
for study. 

Of the host list of Pseudopeziza trifolit only a few species have 
been available for study. The fungus from 7rifoliwm pratense has 
not infected any other species to produce fruiting of the fungus on 
that host. Furthermore, it has not been found fruiting on any other 
host in America except in the one instance already mentioned. Yet 
reports well supported by herbarium specimens indicate that 77i- 
folium repens and T. hybridwm are abundantly infected in Italy. . 
Whether this infection is by the same species of the fungus or not 
can not be determined at present. 

11[t is of interest to note that Psewdopeziza medicagimis was first described on what is 

now known as the variety wildenowii of Medicago lupuiina. If it should be shown that 

Pseudopeziza on Medicago lupulina wildenowiti is a distinct species from that on Medicago 

sativa the name Pseudopeziza medicaginis will be restricted to the fungus on the original 

host, and a new species name will be required for the fungus on alfalfa. 
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LIFE HISTORY OF THE CAUSAL ORGANISM IN RELATION TO 
THE HOST PLANTS. 

AMERICAN STUDIES BEARING ON LIFE HISTORY. 

The great economic importance of the alfalfa crop in America 
has inspired the small amount of work which has been done upon 
this disease with a point of view quite different from that shown in 
the European studies already reviewed. Life history has been studied 
with a view to the possible control of the disease. 

The first work was done by Chester (1891) at the Delaware 
Agricultural Experiment Station. In 1889 twenty plats of alfalfa 
were seeded in different parts of Delaware, with seed from the 
same source. The disease appeared on all of these plats at about the 
sixth week after planting. The plat under closest observation at 

Newark showed a yellowing of the leaves accompanied by black spots 
before Pseudopeziza was found fruiting on some of the dark spots. 

Evidently some other disease was associated with Pseudopeziza. 
Chester concludes from this experiment that the disease is carried 

by the seed and next tries a method of disinfecting the seed in order 
to prevent such conveyance. Seed was treated with copper sulphate 
and planted in heat-sterilized soil in cans. The diseases appeared 
on all the plants from these cans. Therefore, Chester concludes that 
the source of the disease must be a general atmospheric infection. 
Unfortunately, in none of his experiments does he give any details 
regarding the proximity of his plats or plants in cans of sterile soil 
to alfalfa which was infected with the leaf-spot and which might 
have been a source of wind-borne spores. 

The only other attempt to study the disease which has been re- 
ported was made by Coombs (1897a) in Iowa. On August 20 alfalfa 
seedlings 3 weeks old grown under bell jars were treated as follows: 
One was left as control, one sprayed with germinating Pseudopeziza 
spores, and one sprinkled with powdered diseased leaves showing 
disease. Next, plants growing in the field were cut back, and after 
the débris was removed, the roots were protected by large bell jars. 
In the next six weeks the plants outside the bell jars became diseased, 
while those inside were healthy. However, when the jars were re- 
moved the plants immediately became diseased. As a result of this 
work Coombs concludes that two things are established: (1) That 
plants are infected by spores from the air and (2) that the disease is 
strictly local and not systemic. 

It will be seen at once that these conclusions are based on a very 
small amount of experimental evidence. Such important factors as 
the high temperature and absence of dew or rainfall inside the bell 
jars do not appear to have been considered as possible conditions 
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which might have prevented infection even had the spores been 
present. 

At this point, it is convenient to mention an English disenssiion. of 
this disease by Ivy Massee (1914) in-which an effort is made to 
throw light on the method by which the fungus is conveyed from one 
locality to another. In this article Miss Massee states that so far as 
England is concerned the dissemination of the disease is due to 
diseased seed which is badly cleaned. She says, “I have recently 
examined a sample of commercial seed and found the fungus present 
in abundance on minute fragments of leaves and calyces, and rarely 
on the seed itself.” Unfortunately, Miss Massee does not state the 
methods by which she was able to make the identification of the 
fungus with such certainty on this single sample of commercial seed. 
Even if she was correct in this observation, it still remains to be 
proved that the fungus which she found was alive and capable of 
infecting the plants grown from this seed. 

The many scattered observations of the disease merely contribute 
data regarding distribution, seasonal occurrence, and environmental 
factors. Most of these reports indicate that the disease is worse on 
plants during the first summer of their growth than later, but 
Coombs (1897) speaks of attacks as being worse after the first year. 
Most reports indicate that the disease usually gains headway slowly 
in the spring and becomes worse later in the season, but this is not 
always the case. Stewart, French, and Wilson (1908, p. 384-387) 
speak of the disease as being worse in dry years while most reports, 
especially from drier regions, indicate that the disease is worse in 
wet seasons. 

The facts bearing upon the overwintering of the fungus in the 
field are surprisingly meager. The only definite bit of observational 
evidence is that of Chester (1891), who states that he found live 

asci on leaves in midwinter. Voges (1909) suggests in addition that 
the fungus survives the winter in living leaves. 

After surveying these scattered references in American. literature 
we find that there is a general belief that Pseudopeziza medicaginis 
is distributed with the seed and survives the winter on dead leaves. 
This opinion has been reached, not so much as the result of careful 
experimental evidence, which in fact is meager, but more as the 
cumulative effect of the expressed opinions of competent observers 
who have watched its development during a series of years. 

METHOD OF OVERWINTERING. 

The first evidence of the method of overwintering of the leaf-spot 
fungus in the field was obtained in the spring of 1916. On April 11 
overwintered alfalfa leaves showing abundant Pseudopeziza spotting 
were brought into the laboratory and placed in a moist chamber. 
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Two days later, when one of the apothecia was crushed out in water, 

asci containing spores apparently mature were found. The leaf was 
then supported over an agar surface. In two hours a large number 
of spores were discharged, which germinated promptly. At this 

_ time the young alfalfa shoots had hardly emerged from the mulch 
of the débris of the previous season’s growth. 

On May 6 spots began to appear on the alfalfa foliage of some of 
the plats under observation. When the spotted leaves were decol- 
orized, characteristic Pseudopeziza spores with germ tubes penetrat- 
ing the epidermal cells were found in nearly all the spots. 
A search of the overwintered foliage discovered a large number of 

fresh-appearing apothecia developed on leaf areas that had been 
diseased the previous year. When the overwintered leaves were 
placed over agar plates, a large number of viable ascospores were 
caught. 

Fragments of overwintered leaves bearing apothecia were placed 
over ten marked leaves of a healthy alfalfa plant in the greenhouse, 
and the plant was kept in a moist chamber for 24 hours. On May 17 
seven of the ten marked leaves showed more or less of the charac- 
teristic Pseudopeziza spotting. 

Five or six of these overwintered leaves bearing apothecia were 
placed on the ground under a rank growth of alfalfa plants in the 
greenhouse. The plants were then sprayed, but not covered to pre- 
vent evaporation of water from the foliage. On May 21 the alfalfa 
foliage in the vicinity of these overwintered leaves was found in- 
fected with leaf-spot. 
On March 31, 1917, overwintered alfalfa leaves bearing leaf-spot 

lesions were collected in an alfalfa plat. At this time no spores 
could be found in the apothecia. These leaves were kept in a moist 
chamber for a week, care being taken to soak them in water twice 
a day to remove the products of decomposition. At the end of the 
week asci with mature spores had developed in the old apothecia. 

Thus, it appears evident that Pseudopeziza medicaginis survives 
the winter on diseased foliage which escapes decay. When the 
weather becomes sufficiently warm in the spring and moisture is 

provided by protracted rains or the shelter offered by the young 
growing foliage, new asci develop apparently in the old apothecia 
and, in addition, new apothecia are produced around the old one 
(Pl. IJ, 4). The spores thus produced furnish the primary infec- 
tion in the spring. 

Apothecia producing spores indistinguishable from those of Pseu- 
dopeziza trifoli were found on overwintered clover leaves in the 
spring of 1916 in northern Wisconsin, but since no inoculations were 
made with these spores, their identity was not determined. However, 
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it does not seem unlikely that this fungus winters in the same way 
that has been demonstrated for its close relative on alfalfa. 

METHOD OF DISTRIBUTION. 

SUGGESTIONS FOUND IN THE LITERATURE. 

Since the method of overwintering of these fungi has been traced, - 
it is now possible to see their entire annual cycle in a field in which 
they have once been introduced. But thus far no information has 
been gained which serves to indicate how they are conveyed into 
new localities in which the host plants are grown for the first time. 
This phase of the problem is of special importance in connection 
with the alfalfa leaf-spot. A large amount of recorded experience 
indicates that this disease appears wherever alfalfa is grown, re- 
gardless of environment. A knowledge of the source of infection in 
these new localities might suggest feasible control measures. 

Scattered through the various discussions of the alfalfa leaf-spot 
are found four suggestions that have been put forth to explain the 
constant appearance of Pseudopeziza on alfalfa in newly seeded 
fields: It is suggested (1) that the fungus is carried with the seed, 

(2) that it is conveyed in soil that is used to inoculate the new field 
with the bacteria producing nodules on the roots, (8) that the fungus 
spores are generally distributed in the air, and (4) that other host 
plants near by furnish the source of infection. Since none of these 
suggestions are supported by carefully controlled experimental evi- 
dence, they must be subjected to examination before they are used as 
working hypotheses in experimental work. 

The first suggestion, that the fungus is carried with the seed, de- 
serves careful attention. This might happen in three ways. Spores 
might adhere to the seed coat, spores or fragments of the fungus 
might accompany the seed, and living mycelium of the fungus might 
occur within the seed. When the conditions under which seed is 
produced are examined it is found that the fungus spores are prac- 

~ tically all discharged and blown away before the seed is thrashed, 
thus making it highly improbable that spores are attached to the seed 
except as a rare occurrence. Commercial seed is so well cleaned that 
there appears to be small chance that fragments of the fungus are 
often conveyed with the seed. 

The possibility that fragments of the fungus as well as the spores 
may be carried with the seed appears unlikely in the case of most 

commercial seed. Débris consisting of plant parts is so light in com- 
parison with the seed that it is easily removed. Nevertheless, Ivy 
Massee (1914) states that she has examined commercial seed and 

1On April 6, 1919, apothecia of Pseudopeziza trifoliti were found abundantly on living 

overwintered clover leaves at Madison, Wis., showing clearly that young leaves infected 

late in the autumn under favorable conditions may carry the fungus over winter. 
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found the fungus present. This can hardly be a common occurrence 
in America. 

The possibility that the fungus may be present in the seed as 
mycelium is open to the objection that this involves a larger or 
smaller amount of systemic infection, both of the plant producing 
the seed and of the seedling. No evidence of such a relation of these 
fungi to their host plants has been found, and therefore this method 
appears highly improbable. 

The second suggestion, that the fungus is conveyed with plant 
débris that accompanies soil which is transported to new fields, may 
and probably does account for a small amount of the distribution of 
the fungus. But owing to the restricted extent of this practice, this 
method must be of minor importance. 

The third hypothesis, that spores of Pseudopeziza are generally 
distributed in the air, has been advanced several times in a vague 
way either in a discussion of conditions where large areas of dis- 
eased alfalfa were growing at no great distance or with an implied 
belief that some other host plant in the vicinity was the source from 
which this general infection arose. In the vicinity of areas of dis- 
eased alfalfa it is highly probable that spores are borne to a consid- 
erable distance by wind, but it is not often that the spores are pro- 
duced so abundantly that they are likely to be conveyed great 
distances in large numbers. 

The final hypothesis, that other hosts provide the source of infec- 
tion, has been rendered less probable by results already presented. 
The only common hosts that can be considered are red clover and yel- - 
low trefoil (Medicago lupulina). Pseudopeziza on red clover appears 
to be a distinct species from that on alfalfa, and no evidence has | 
been obtained indicating that the fungus on yellow trefoil can cross 
to that host. 

Thus, a summary of the available evidence does not point clearly 
to any of these suggestions as the one most likely to contain the 
truth. However, the suggestion that the fungus is carried with the 

seed affords most opportunity for experimental study and, if found 
true, affords the greatest opportunity for the application of control 
measures. The following experiments in seed sterilization were car- 

ried out. 
EXPERIMENTAL METHODS AND RESULTS. 

Laboratory experiments.—Vf the fungus spores are carried adherent 
to the seed they must inevitably germinate upon the seed coat and . 

produce apothecia there, if at all. In order to determine to what 
extent the fungus is capable of developing upon the seed coat, spores 
were discharged upon seeds sterilized with formaldehyde. The seeds, 
were then germinated upon agar in test tubes. After a time minute 
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fungous colonies were found developing upon the seed coats, whether 

they remained attached to the cotyledon leaves or fell to the agar. 
In no case were the cotyledon leaves attacked. Subsequent attempts 
to infect cotyledon leaves of seedlings did not produce macroscopic 
lesions. The seed coats bearing the minute fungous colonies were 
subsequently transferred to fresh agar slopes to keep them moist, and 
finally they developed minute apothecia. This development was so 
slow, however, that it is doubtful whether it could proceed so far 
under field conditions, where periods of drying would occur and com- 
petition with other fungi would be encountered. 

Efforts to grow the fungus on soil sterilized or unsterilized have 
been entirely unsuccessful. 

If the fungus occurs on the outside of the seed or in débris it can 
easily be destroyed by the surface sterilization of the seed. If such 
treated seed can then be grown under conditions which will exclude 
other sources of infection and which will also be favorable for the 
development of the fungus, the occurrence of the disease will indi- 
cate that the fungus is carried within the seed. - 
A satisfactory method of seed sterilization has been worked out 

by Mr. A. H. Gilbert (in an unpublished manuscript). He found 
that treatment with a solution of 1 part of bichlorid of mercury in 
1,000 parts of water for five minutes rendered the seed sterile, while 
treatment for 10 minutes injured the seed. These treatments were 
repeated, and it was found that treatment for eight minutes was 
more than sufficient to render the seeds sterile without injury, pro- 
vided they were washed promptly after treatment. All sterilized 
seed mentioned in the experiments here described were treated in 
this way. 

Suitable conditions for growing the treated seed were difficult to 
obtain. Two places were tried—in the greenhouse during the winter 
months and in the open field in localities as remote as possible from 
other alfalfa. Experience in the greenhouse in the winter of 1915 
showed that unless great care was taken with infected plants, the 
fungus was likely to occur occasionally on other alfalfa plants in the 
same house. During the following two winters all inoculated plants 
were cared for so thoroughly that in not a single instance did the leaf- 

spot develop upon any other plant in the houses until the disease 
appeared in the fields outside in the spring. Alfalfa plants grown 
close to red clover infested with Pseudopeziza trifolit remained free 
from leaf-spot. The following greenhouse-plat trials were made: 

(1) Four grams of sterilized alfalfa seed were exposed to a discharge of 

ascospores of Pseudopeziza medicaginis for three days before sowing in the 

garden greenhouse on March 3, 1916. Thousands of viable spores must have 

been attached to the seeds at the time they were sown. By April 15 the plants 

were 6 inches tall and very vigorous. When the experiment was discontinued 
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on May 10 no trace of Pseudopeziza had appeared. The plants were then 10 

to 12 inches tall, very vigorous, and in a dense mat apparently favorable for 

the development of the fungus. At the end of this experiment the plat was 

inoculated with Pseudopeziza from overwintered leaves and was quickly over- 

Tun with the disease, showing that the greenhouse conditions were favorable 

for its development. 

(2) On January 27, 1917, a plat about 4 feet square was sown in the garden 

greenhouse with unsterilized Kansas-grown alfalfa seed. This plat developed 

normally without leaf-spot until May 5, when the disease was present in the 

field outside. 
(3) On February 16, 1917, a plat 2 by 3 feet was sown in a garden green- 

house with sterilized alfalfa seed 3 years old. This plat likewise developed 

normally with no leaf-spot until May 10, at which date leaf-spot was abundant 

outside the greenhouse. 

Several other- plats were started and developed in the green- 
house without leaf-spot, like those referred to above, but owing to 

insect injury the conditions were not as favorable for the develop- 
ment of the disease as those described. In fact, all greenhouse plats 
started from seed, whether sterilized, unsterilized, or even treated 
with spores before sowing, have developed without the appearance 

of leaf-spot until the disease occurred abundantly in an alfalfa 
field close outside the greenhouse. 

Field plats.—In the selection of locations for plats three conditions 
were sought: (1) Remoteness from large areas of growing alfalfa; 
(2) the greatest possible distance from farms where alfalfa has been 
grown; and (3) accessibility, so that a visit to the plat would be 
possible. The second condition was very difficult to secure. Small 
plats of alfalfa are surprisingly abundant even in localities where it is 
not grown as a farm crop. In consequence of this fact, only one of 
the eight plats started in 1915 was found upon examination to be 
sufficiently remote to give results of value. 

In 1915 the assistance of the States Relations Service secured the 
cooperation of several agricultural county agents whose intimate 
knowledge of local conditions made possible the selection of a larger 
number of suitable locations. To these men the writer is indebted 

for any degree of success that was attained in these experiments. 
The seed which had been sterilized superficially was furnished to 

the agricultural county agents, who allotted it to the men on whose 
farms the plats were to be located. In the autumn all the plats 
were visited except the one at Bruce, 8. Dak., which was under the 
observation of Dr. A. G. Johnson, and the presence or absence of 
leaf-spot was determined. In a number of cases alfalfa was found 
growing nearer the plat than was previously supposed. The results 
noted on such plats—always an abundance of leaf-spot—are excluded 

from the summary in Table VIII. However, if, as sometimes oc- 
curred, the near-by plants were very few in number and no other 
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plants were known to exist within a 5-mile radius the results have 
been included. 

TasLteE VIII.—Summary of data of plat tests to determine whether leaf-spot can 
be prevented on alfalfa sown in isolated localities by the superficial steriliza- 
tion of alfalfe seed. 

me a Distance 
r ate ate é oO nearest 

State and town. sown. visited. (square alfalfa Leaf-spot. 
rods). : 

(miles). 

Maine: 1915. 1916. 
INE CECT Ns me tse ee are fe ee oO Ree OLSEN Ne june 2S June 14 1 6 | Present, 

1916. 
WAN Fo OTT ae cree Roe ayaa a SL SOT Re ie May 6 | Sept. 12 20 3h Do. 
Fairfield.....-- EUS Ey aA Set eke NEE aid ey AUS TN pac atat ad une sees pee doz=s=5 40 5 Do. 

1 4 Do. 
2- 34 | Doubtful. 

40 5 | Present. 
40 5 Do. 

IBTUCOH IS 2 Nes 3 oe ERE Se epee May 20} Aug. 11, 40 5 Do. 
Wisconsin: 

I OGriN ge 742755 Hear SER Ed Se he See ee alte June sss| OCtan 2 40 10 | Doubtful. 
INRA CONN Se oacenoecoonseseoobsssouessucedes May..--- Oct. 4 10 4 | Present, 
Radisson sos icke Mees as sie Date eee Eee June. -..|-.. do...-- 40 3 Do. 
IM@rrilest snake ahi: it ROR SUN TC RN eta ety Eee Omenae Octa 2 40 5 Do. 

D GOs a |/s22dOs-s4- 40 8 Do 
CW accsellese 6asao0 40 124 Do. 
dos ieee 6lOc656 40 10 Do 
do O22 40 10 Do 
do Oct. 5 40 5 Do 

From Table VIII it appears that the one small well-isolated plat 
started in 1915 did not develop leaf-spot until the following year. 
Of the 16 plats started in 1916 only 2 failed to show an abundance 
of leaf-spot in the autumn of the same year. One of these plats, 
located at Harrison, Me., was in very poor condition, only a few 
scattering spindling plants about 4 inches high being found. How- 
ever, other plats in almost as poor condition showed leaf-spot. The 

second doubtful plat, at Doering, Wis., was in very vigorous con- 
dition, but it had been cut just previous to inspection, leaving very 
little foliage. Unfortunately, it was not feasible to revisit the plat 
the following year. 

These results are in accord with previous experiments and experi- 
ence. Surface sterilization of seed apparently accomplishes nothing 
in excluding leaf-spot from alfalfa fields. But these results do point 
very clearly to one conclusion, that the leaf-spot fungus is not car- 
ried on or in débris mixed with the seed. The greenhouse experi- 
ments, which are only suggestive because of their limited extent, 
indicate that the fungus is not carried within the seed. 

Thus, in conclusion, it is necessary to say that no positive evidence 
pointing toward the method by which this disease gains access to 
remote alfalfa fields has been found. Evidence has been obtained 
which apparently eliminates other plants previously under suspicion 
as host plants of the fungus from consideration as sources. A lim- 
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ited amount of evidence indicates that the fungus is not carried 
with the seed. Yet the fact of the almost universal occurrence of the 
disease in remote localities is well established. The explanation of 
this fact still furnishes a very interesting and apparently very 
difficult problem. 

SUMMARY. 

(1) One of the most important diseases, if not the most important 
foliage disease, of alfalfa is the leaf-spot caused by the fungus 
Pseudopeziza medicaginis (Lib.) Sace. A similar but less important 
leaf-spot of red clover is caused by the fungus Pseudopeziza trifolii 
(Biv.-Bern.) Feckl. The morphological differences between these 
fungi are so slight that doubt has frequently been expressed whether 
they are not identical. Several conflicting opinions as to the life 
histories of these fungi are found in mycological literature. This 
study attempts to determine the relationship of the two fungi here 
mentioned and to trace as far as possible their life histories in rela- 
tion to their host plants. 

(2) Pseudopeziza medicaginis on alfalfa and Pseudopeziza trifolii 
on red clover have been obtained and studied in pure culture. Efforts 
to cross these fungi from one host to the other have not been success- 
ful. Morphological as well as physiological differences have been 
found which in the opinion of the writer justify retaining the fungi 
as distinct species. 

(3) None of the imperfect fungi which have been regarded as a 
stage in the development of these fungi have been found to be re- 
lated. Apparently no other spore form than the ascospore occurs 
in nature. 

(4) Infection is produced by the direct penetration of the germi- 
nating ascopores through the cuticle and epidermal cell wall of the 
leaf. The mycelium developing into a small stroma about the point 
of entry produces in about two weeks an apothecium. 

(5) The fungus lives over winter on dead leaves which escape 
decay, and ascopores produced in the spring furnish the source of 
new infection. | 

(6) Efforts to exclude the disease from alfalfa fields sown in 
Jocalities remote from other alfalfa by the surface sterilization of 
the seed have given no degree of success. Evidently, in these experi- 
ments at least, the fungus was not carried on the surface of the seed— 
probably not with the seed at all. The demonstration of the source 
of infection in such fields still furnishes an interesting problem. 
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The data presented in the following pages are based upon 165 
farm records obtained in three typical sugar-beet regions of Cali- 

fornia. (See fig. 1.) The first part of the bulletin deals with farm 
practice in the production of the sugar beet. The second part dis- 
cusses the requirements of the beet crop in terms of the values that 
prevailed during 1915 and 1916. If such requirements are known, 
that is, the amount of labor, seed, water, etc., used, the cost of pro- 
ducing sugar beets can be ascertained for any given crop year by 
substituting current rates for those used in this study. Actual costs 

for 1915-1916 are presented solely for purposes of comparison. 
Eighty-one records were obtained south of Los Angeles, in Los 

Angeles and Orange Counties; 45 were taken at Oxnard, in Ventura 

Norr.—tThis bulletin is the fourth of a series of publications which have been prepared 

to give the results of an investigation dealing with tlfe farm practice involved in growing 

sugar beets in four of the more important sugar-beet areas in the United States, The 

first bulletin dealt with this study in Utah and Idaho, the second took up the work in 

Colorado, and the third gave the results obtained in Michigan and Ohio. 
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County; and 39 records were obtained at Salinas, in Monterey 
County. The Salinas records apply to the 1916 crop, while records 
obtained in the two other areas are for the 1915 and 1916 crops. 

While the suggestions that have been made as a result of this sur- 

CALIFORNIA 

© FACTORIES OPERATING 1915-1916 

@® FACTORIES IDLE 1915-1916 

SPRECKLES 

: A CORCORAN 
. Zz s 

BETTERAVIA \ 

ee NG @.SSANTA ANA TON BEACH RAS 
DYER a 

Fie. 1.—Map of California showing the districts in which records were obtained and 
indicating the beet-sugar factory areas of this State. It will be seen that the 
southern part of the State possesses a majority of the factories now in operation. 

vey are directly applicable.to the districts in which the records were 
taken, it is believed that certain features relating to increased pro- 
duction will be of very great value to men who are growing this crop 
in other regions, 
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SUMMARY OF RESULTS. 

Briefly, these are the more important facts brought out in this 
study of 165 California sugar-beet farms: 

Tillable area in sugar beets: Los Angeles district, 68 per cent; 
Oxnard, 34 per cent; Salinas, 52 per cent. 
No definite cropping system is followed. Sugar beets are some- 

times grown on the same land for as many as 10 successive years. 
Other important crops are beans and barley. 

All available farm manure is spread upon beet land, but so little 

manure is available that only a small fraction of the beet acreage is 
manured each year. 

Average yields (1915-1916): Los Angeles, 14.52 tons per acre; 

Oxnard, 9.53 tons; Salinas, 15.59 tons. 
Cost per acre (1915-1916): Los Angeles, $67.11; Oxnard, $54.88 ; 

Salinas, $66.45. In general, as acreage increases cost per acre de- 
creases, while as yield increases cost per acre increases though cost 
per ton decreases. 

Labor constitutes 50 per cent of total cost of production; use of 
land, 35 per cent. 
Beet tops were fed on the maj ie of the farms in the Los Angeles 

and Oxnard areas. At Salinas 56 per cent of the growers plowed 
under the tops. The value of this by-product depends on the method 
of utilization. The highest value was put on the tops when used as 
feed. 

METHOD OF INVESTIGATION. 

Experienced enumerators visited the growers and obtained infor- 
mation as to the number of times the beet land was plowed, disked, har- 
rowed, rolled, etc., the size and kind of implements used, the size of 

the crew worked, and the time required to perform these operations, 

the season of the year when the work was done, and the materials 
used, such as manure, fertilizer, seed, and irrigation water. Each 

grower was also asked to outline his cropping system. In short, a 
complete record of the sugar-beet crop was obtained, and sufficient 
data on other farm crops and live stock to make possible a study 
of the entire farm business. Enough of these records were obtained 
so that variations in individual estimates were more or less equalized 
in the averages. A comparison of farmers’ estimates with actual 

figures taken from the books of the beet-sugar factories in two dis- 
tricts indicates the reliability of the results obtained by this method. 
(Table I.) Figures for the Los Angeles district are omitted, as a 

number of growers contracted a part of the acreage to one factory 
and the remainder to another. For similar reasons several growers 

in the other districts are not included in this table. It will be noted 
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that there was a slight tendency on the part of the grower to over- 

estimate.’ 

TapLe I.—Comparison of farmers’ estimates with factory records (crop year 
1916). 

Num- 7 
District. Dera gt | Muar oiacies Tons per acre. Total receipts. 

} 

Farmers’.| Factory. | Farmers’.| Factory. Farmers’. Factory. 
Oxmnard...-:--------------- 11 122. 21 124. 52 10. 94 10. 88 $10, 731. 26 $10, 102. 78 
SHilMS.55¢acc6cbesossoce sa 31 92. 13 90. 16 15. 42 15. 73 8, 044. 71 7, 556. 48 

HISTORY AND DEVELOPMENT OF THE SUGAR-BEET INDUSTRY 
IN CALIFORNIA. 

As early as 1856 a small beet-sugar factory was built at Ocean 
View near San Francisco, which failed in a few years. In 1869 and 

Fic. 2.—Beet-sugar factory at Alvarado, Cal. It was on this site that the beet- 

sugar industry had its beginning on the Pacific Coast. 

1870 a beet-sugar factory having a capacity of 50 tons was erected 

at Alvarado and was operated under: the name of the California 

Beet Sugar Manufacturing Co. After operating four years it was 

sold to a concern in Santa Cruz County, which failed in 1876. The 

1The Office of Farm Management and the Office of Sugar-Plant Investigations worked 

in cooperation in securing the records. The former office was primarily interested in the 

labor requirements of the crop and farm organization in the sugar-beet areas. The latter 

office was concerned with the methods of growing the crop, as well as with the study of 

the effect of certain pests and diseases upon production. 

Acknowledgment is due to the many farmers through whose liberal contribution of time 

and information this publication has been made possible, and to the sugar-factory officials 

who furnished the figures from the company books for comparison with the farm 

estimates. 

Acknowledgment is also due S. B. Nuckols and James W. Jones, Agriculturists, Office 

of Sugar-Plant Investigations, who assisted in obtaining the field records from the 

growers, 
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factory opened again for one year in 1880. About this time a new 
company was formed, which increased the capacity to 100 tons daily, 
but in 1886 the factory was partially destroyed by fire and the enter- 
prise failed. In 1887 and 1888 the factory was rebuilt and sold to 
the Alameda Sugar Co. The plant was subsequently enlarged in 
1890. This factory in 1916 had a daily slicing capacity of 800 tons. 
(See fig. 2.) | 

Other attempts to establish the beet-sugar industry were made at 
Brighton and Isleton, but these met with no success. In 1888 a plant 
was built at Watsonville with a 300-ton capacity. This was soon en- 

larged to 1,000 tons, but was later dismantled. In 1898 the Spreckels 
plant was erected at Spreckels, Cal., with a 3,000-ton capacity. This 

Fic. 3.—A modern beet-sugar factory in the Oxnard area. This factory has a daily 

slicing capacity of 3,000 tons of sugar beets. 

factory has become the largest in the United States, and in 1916 
sliced an average of 4,500 tons daily. 

At the close of the 1890 slicing season there were only three fac- 
tories in the United States, two in California and one in Nebraska. 
Following is a list of the beet-sugar factories now in California: 

Location. nen Capacity. Location. pater Capacity. 

Tons. Tons. 
URDAL ACO ee er ree sia cto tte. oni | 1870 BOON Viselianee sae ctetacleuiecm we". s 1906 400 
“EAA oo ee eee | 1891 LOO) ||| Saute Aten ale sete nterniee\atelaeiselotsiela 2 1908 600 
BIOS ANAM COB! cio res niriseie' = 21 - | 1897 BOO) ||) Corcoramye-seeekteres- aa adore 1908 600 
OU ENE Le See aie ie OB este eee aed bel el 3,000 || Huntington Beach........- Pesci 1911 1, 200 
NEC REID soe pane sia tele ss vials « 1899 ABDOO)||| AMAMOMe sees te ae sisetteb ale sine 1911 850 
MSEPLOLAVIG Es aces eeaaenie see 1899 TAOOO) ||). Diy ete sae eaciep emia shen s selec. 1912 1, 200 
Hamilton City.....- Petes: .-| 1906 700 

During 1915-1916 two of these plants (Corcoran and Hamilton 
City) were not operating. 
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The industry has grown rapidly. During the 5-year period from 
1913 to 1917 over 20 per cent of the entire acreage of sugar beets in 
the United States was grown in California. In 10 years, 1899-1909 
(see Table II) the acreage almost doubled, while the tonnage in- 
creased more than 100 per cent. The yield per acre was also in- 

creased 2.1 tons, or about 24 per cent. In the same period the total 

acreage in the United States had increased about three times, while 
the total yield had become five times as great as in 1899. 

TaBLE I1.—California sugar-beet acreage and yield. 

Total pro- 
Acresin | Potal pro- | Yield per Bectiacy © | duction in 

Census. Year. 3 Ge af = duction acre Unit Ml United 
: (tons). (tons). States - States 

E (tons). 

GIN ROUTH. ba Ge Sa eee ee ee aren 1899 41, 242 356, 535 8.6 110, 170 793, 353 
MIVA Gertler syste eee se ey eierertoeyele tees 1909 78, 957 845, 191 10.7 364, 093 38, 932, 857 

The following data from the Crop Reporter of the United States 
Department of Agriculture show the acreage and yield of sugar beets 
in California from 1910 to 1917. (Table ITI.) 

Tasie ITI].—Acreage and yield of sugar beets in California. 

Acres Total Yield Sugar Z 
Year. harvested. | production. | peracre. | made. 

Short tons. | Short tons.| Short tons. 
10. 20 90,500 923, 100 139, 890 

99,54 1,037, 283 10. 42 161, 300 
111, 416 1,004, 328 9.01 158, 904 
127,610 1, 138, 003 8.92 171, 208 
104, 000 1, 126, 700 10. 83 169, 004 
122, 737 1,249, 111 10. 20 195,343 
141, 097 1, 462; 895 10. 36 236 , 322 
154, 700 1,318, 400 8.53 200, 100 

AGRICULTURE OF AREAS STUDIED. 

CLIMATE. 

The climate of the region studied is characterized by two seasons, 
one wet and the other dry. Practically all of the precipitation oc- 
curs during the period from November to March. The average 
annual rainfall for the three areas is fairly uniform, ranging from 
14.06 to 15.73 inches. However, in 1915 and 1916 the rainfall was 
in excess of the average. Records were obtained covering both the 
1915 and 1916 crop years at Los Angeles and Oxnard. In this way 
the effect of the fluctuation in the annual precipitation has been 
considered. (See Table IV.) 
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TasBLE 1V.—The annual average rainfall by months for three sugar-beet districts 

; in California. 

Los Angeles.| Oxnard. Salinas. 
1877-1909. 1892-1912. | 1873-1912. 
Elevation | Elevation | Elevation 

293 ft. 150 ft. 40 ft. 

TENECTINIY 4 3.5 ses SE CCE SEE SER IC TS Ee oe es 3.03 3.96 3. 02 
oF FITTER so si QA SEI ee ot ae 3.00 2.44 2.21 
MOTD D . 3 eka SoS RSS CO NEE ORES a Sy Se RS 3.05 3. 09 2.50 
JT ow co She eRe aE el a ns 1. 02 0. 44 1.18 
EET nec pe cee on SEO Et OES EES Se aR rete ec PO ek 2) eS eS 0. 48 0. 43 0. 49 
PapEBeI eC rn ee rote Ct! LN 08 Bh ae ane uae beieac's an tanese 0.08 T 0.138 
TRIN o-oo ded See REUSE SSE BON SES EE EE BA SER oe) aan 0. 01 0.01 T1 
BVT EDS Eo 3s SSA SEG BEI SS a re 0. 03 Tl 0. 01 
SUDEP PAP .w - ces ESOS SCO BORE OS Oe SEO e BE ee c CeCe see EEaeeere 0.10 0. 48 0.19 
SitTPO 2 cacao Se ae aE eT Ee ee ES tas) aa ee ree 0.75 0.79 0. 68 
LS SY PEE DOP. CSRS SS RES ee a RR ee oD am ate aa 1.33 1.03 1.33 
LDRPTITD . aco aa sons ese S Rane TOBE eS CEDURE EEO SorL Us oe eeEmeeenere 2. 85 2.08 2.32 

TGP. cS SES AB BEBE Bs OS Oa a Sel eo en er ar 15. 73 14. 75 14. 06 

Total 
DENG annoc bce e RS RE SBE SRS OEE ee eter ein ea wee eerie eS 16. 67 19.38 18. 24 
ES ee ees ee ene cise eins tea sie oo ssn 23. 29 28. 01 18. 81 

1 A trace of moisture only. 

In the Los Angeles area the normal monthly temperature ranges 
from 53° to 70°, at Oxnard from 52° to 64°, and at Salinas from 
47° to 62°. Generally speaking, no irrigation is practiced at Oxnard ; 
at Salinas it is frequently advisable to irrigate the land before it is 
plowed for beets (see fig. 4), and at Los Angeles it is often necessary 
to irrigate at least once during the growing season. The prevalence 
of fogs during the dry season plays an important part in the con- 
servation of moisture. In all areas the average temperature during - 
the growing season approaches 70°, the temperature recognized as 
being necessary for sugar-beet production. 

SOIL. 

Several soil types are found in the three areas studied. A brief 
reference to these types will undoubtedly assist the reader in his 
interpretation of the cultural methods which are described in this 
bulletin. The amount of work that may be required in the prepara- 
tion of a good seed bed is governed to a certain extent by the char- 
acter of the soil. Very heavy land must be cultivated at the proper 
time if the minimum labor requirement is to be attained.1 

Most of the records in the Los Angeles district were taken on two 

types of soil, Fresno fine sandy loam and Fresno sand. By far the 

1Jn 1901 the Bureaw of Soils, United States Department of Agriculture, made a survey 

of the Salinas Valley and the Ventura area, the latter including the Oxnard district. In 

19023 the Los Angeles area was surveyed, so that all three areas have been mapped by the 

Bureau of Soils. (Soil Survey of the Los Angeles Area, California, by Louis Mesmer, 

1903. Soil Survey of the Ventura Area, California, by J. Garnett Holmes and Louis 

Mesmer, 1901. Soil Survey of the Lower Salinas Valley, California, by Macy H. Lapham 

and W. H. Heileman, 1901.) 
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most of the sugar beets were grown on the former. In the Oxnard 
district there are two soil types, Oxnard sandy loam and Oxnard 
sand. As is suggested by the name, the Oxnard sand is the coarser 
and more open of the two and contains less organic matter. The 
sandy loam is probably better adapted to sugar-beet production than 
is the sand: In the Salinas district the records were obtained on 
three types of soil, Salinas gray adobe, San Joaquin black adobe 
and Fresno fine sandy loam. Salinas gray adobe is very sticky 
when wet, becoming hard when dry. It holds moisture well. At 
certain seasons of the year it is very heavy to work. San Joaquin 

Wig. 4.—A field which has received an application of waste water from the beet-sugar 

factory. This water contains considerable lime, which is deposited on the surface 

of the field. The whitened portions of the ground indicate that the surplus water 

flowed into these areas and the lime was left after the water had passed into 

the soil. 

black adobe is similar to Salinas gray adobe, and is probably a little 
better adapted to sugar-beet production. Sugar beets are grown also 
on Fresno fine sandy loam, but they probably do best on the adobe 

soils. 

SIZE OF FARMS. 

The relation of the sugar-beet enterprise to size of farm may be 
seen in part by comparing the Thirteenth Census figures with the dis- 
tribution of the records obtained in this investigation (see Table V). 
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Taste V.—Distribution of farms by size in Los Angeles, Ventura, and Monterey 

counties, and in the groups in which the records obtained appear (1915— 

1916). 

Los Angeles - - County. Ventura County. | Monterey County. 

ase hi Thi Thi Thir- ir- ir- 
Farm Farm Farm 

teenth records. teenth recor ds. teenth: records. 
Census. Census. Census. 

9 acres and under yy P3 | cee Ee OOS Wee sopasos SO Rasa ras 
10 to 49 acres..-.- 5,374 9 319 1 253 1 
50 to 99 acres... 1,049 37 214 8 185 9 
100 to 174 acres 706 14 207 14 263 12 
175 to 259 acres 252 10 142 16 127 10 
260 to 999 acres 459 10 245 6 507 7 
1,000 acres and above 122 1 (Oiaconeaeese 2437S snes cisie 

In Los Angeles and Ventura Counties, according to the Census 
figures, the largest group of farms is that of from 10 to 49 acres, 
while in Monterey County there are more farms in the 260 to 999 
acre group than in any other class, and 248 of 1,000 acres and above. 

The numbers of farm records obtained in these groups are not 
quite in proportion to the Census figures. In Los Angeles County 
there are many small farms in the suburbs of the city of Los An- 
geles, over 75 per cent of the farms in the county having an acreage 
of 49 acres or less. Many of these small farms grow beets, but have 
such small acreages that they are not comparable with the larger 

sugar-beet farms. No records were used from farms with less than 
5 acres of beets. The largest number of records was obtained in the 
90 to 99 acre group.’ 

The beet farms visited in the other two areas are, as a rule, larger, 
most of them being in the 100 to 259 acre groups.? 

CROPS GROWN. 

The number of major crops in each district was rather small. (See 
Table VI.) In the Los Angeles district sugar beets, alfalfa, and 
barley hay were the principal crops; in the Oxnard district sugar 
beets, beans, and barley; at Salinas, sugar beets, barley hay, and 
beans. 

2it is the practice in this region for a grower owning a small farm to rent additional 

land. The total acreage farmed in such cases is considered the farm unit. This accounts 

for the apparent inconsistency in the table. 

One peculiarity in these districts is the lack of uniformity in size. Instead of being 

40, 80, 120, or 160 acre farms as in other Western States, the farms are of many different 

sizes. This is probably due to the breaking up of the land grants and the selling of the 

land in small irregular acreages. 

89948*—19—Bull. 760-2 
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TABLE VI.—Crop acreages per farm and average yiclds per acre. 

Percent | Acres vs 
District and crop. Bumuber of total per Wield per 

orlarms. | farms. farm. acre. 

Los Angeles (average tillable area, 140 acres): 
SU PATH DECLS ae meee Sees eee ee Cee nae ae 81 100 95. 2 14. 52 tons. 
PAN Tey fates ieee ACC he Fa se ane ee nk ota 27 33 14.11 6.82 tons. 
Barleyphayecee. ssn ciacsaeee ae poset ae ee ee ae a teoee 24 30 61.4 1. 28 tons. 
© renege ese RENE OPE eet ay py By a ye EE 17 21 35. 49 
AES CATS Ho ee eV NS LOLI ea ee UY ia Va tp a a) na ec 12 15 45.5 12.37 ewt. 
IBATIC yA erat Nee ee Ae 2 se ea aN Be oe 2 2 140 30. 84 ewt. 
IP OFA ORS ors acts ON Ha a Se aCe oA SS Seah 2 2 8 83 ewt. 

Oxnard (average tillable area, 183 acres): 3 
Sugaribeets as eee ee aoe See eo eee ene eee 45 100 62. 47 9.53 tons. 
IB Cans Sepia near eeepc ee ca eens ee BOERS emer eee 42 93 87.57 13. 43 cwt. 
Barleyahaycs cso Sse cic es a ton sae ats ose cies Stee ees 23 51 27.65 1.48 tons 
ANUS) SES a ee ere ane aes aya A LEER a tars eS 9 20 9.33 4.88 tons 
IWihea thay ess eae eae cee oe ee ae yap ae 6 13 61.33 1.74 tons. 
Barley Grain son ce eee gala ala eee ee eee 2. 4 11 26.54 ewt. 
IE OLA EOES Beate lk ra tstege Al epe a Oars aa see ra IRS 2 4 -75 94.4 cwt. 
(Chaya SES RA eae ee eG ner OR See apamnine emu nae ena 2 4 28 

Salinas (average tillable area, 178 acres): : 
ESAUTSREY OS] OYeYeT SSS RA Ne ee ee a eee eS 39 100 92.72 15.59 tons. 
iBarleyihay. ee See sae eee enor Biss, yearns 30 77 35.93 2.42 tons. 
IS CATIS Baas eS y et ihe es ky Ne Fee aed APRIL Cok = ele 15 38 27 10.28 ewt. 
Barleyceralmics sess ne cmee eee eee eee eeaaee 15 38 59.13 36. 95 ewt. 
OLA OCS ee ee Se cise tse t EC e UE ee eee ieee 14 36 22.82 70. 85 ewt. 
PAN Tea fee oe Re eyeereinere sae an eine ace eee ee ceteris | 7 18 16.57 4.74 tons. 
TEENS Se Se ne Pe en re es Se a | 4 10 43.25 22.98 cwt. 

On all farms where records were obtained sugar beets and beans 
were the principal cash crops. In the Oxnard district, beans were 
grown on 93 per cent of the farms visited. Barley hay was pro- 
duced on 77 per cent of the Salinas farms. In all districts the 
major portion of the barley crop was grown for hay. On 38 per 
cent of these farms barley was grown for grain. 

Twenty-one per cent of the farmers reporting in the Los Angeles 
area grew corn. As a part was husked and the remainder fed as 
fodder, no attempt was made to determine the yield per acre. 

Alfalfa was grown on 33 per cent of the Los Angeles farms studied 
in this investigation and was cut an average of six times during the 
season. On Oxnard farms five cuttings were made, in the Salinas 
district three. Peas for seed were grown on 10 per cent of the Salinas 
farms. 

In addition to the crops shown in the table a small acreage in each 
district was devoted to fruit, and in the Los Angeles district a small 
amount of cauliflower and other vegetables was grown. 

No attempt has been made in any case to establish a definite crop 
rotation, nor is the acreage grown from year to year at all uniform. 

On 78 per cent of the farms in the Los Angeles district beets followed 
beets, and on a few farms the sugar beet had been grown continu- 
ously on the same land for as many as 10 years. Beets followed beans 
on only five farms. 

In the Oxnard district beets were grown immediately after beets 
on 51 per cent of the farms. It is a common practice in this area 
to grow beets continuously on land that is slightly alkaline, while 
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beans are grown continuously on the better-drained and more valu- 

able land. The fact that the beet is grown on the less productive 
land may explain in part the relatively low yield in this district. A 
few of these men occasionally grow a crop of barley on the beet land, 
while others sometimes let it lie fallow for a season. 

In the Salinas area beets were grown after beets on 64 per cent of 
the farms. The tendency to rotate occasionally with barley was more 
in evidence here than in the other districts visited. 

Considering the benefits that are usually obtained through follow- 
ing a well-planned cropping system, it would seem that the crop land 

in these areas is not as well managed as would seem to be advisable. 

RELATION OF BEET ACREAGE TO TILLABLE AREA. 

The total acreage per farm averages about 200 acres at. Salinas, 195 
at Oxnard, and 150 at Los Angeles. About 93 per cent of the farm 
land in the Los Angeles area is tillable and in the Oxnard district 94 
per cent is tillable. At Salinas the figure drops to 89 per cent. 

At Los Angeles and Salinas more than 50 per cent of the tillable 
land is utilized by the beet crop, while at Oxnard over one-third of 
the tillable area is devoted to beets. 

FARM PRACTICES. 

SCATTERING BEET TOPS. 

Beet tops are usually plowed under in the Salinas area. Tops are 
of considerable value for fertilizing the land, the best results being 
obtained when they are evenly distributed over the field. The beet 
tops when cut are usually left in rows, with occasional small piles 
in the row. Before the land is plowed for the succeeding crop of 
beets the tops are sometimes scattered over the field with a harrow. 
This operation is known as “ scattering tops.” One harrowing is suf- 
ficient to do the work. Fifty per cent of the Salinas growers scat- 
‘ered the beet tops before plowing. An average crew of one man 

and six horses was used, with a 16-foot harrow. The time required 
per acre was 0.42 man hours and 2.47 horse hours, the labor cost per 
acre being 34 cents.? 

MANURING. 

In the California areas farm manure is exceedingly scarce. AI- 
iough it is the general practice to spread all available manure upon though it is the general practice to spread all availabl e upo 

the beet land, in the Oxnard area only about 9 per cent of the beet 

1Jn computing the cost of labor a uniform rate of 10 cents per hour was used for 

horse labor. The man-labor rate at Oxnard and Salinas was 21 cents per hour, while 

at Los Angeles a man-labor rate of 20 cents per hour was used, 
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acreage was manured, at Los Angeles only 6 per cent, and at Salinas 
7ypeG cent. 

Sixty-nine per cent of the Los Angeles growers applied manure to 

the beet land, 62 per cent of the Oxnard growers, and 54 per cent of 
the Salinas growers. (See Table VII.) 

Taste VII.—Manuring. 

Hours of labor 
Number} Acres Tons per acre. Labor 

District. of manured | applied cost per 
records. | per farm.| per acre. j acre. 

Man. Horse. 

MUosuAaipelestisse sap: sis Woe ii eee cess ue yaa 56 8.33 13. 70 15. 81 24. 22 $5. 58 
Oxnard ees ce tsp eye ee epee Beye 28 8. 93 10. 83 13. 29 28. 02 5. 59 
Salinas eee ee erenapoee eee eeeee meee 21 3.90. 11. 82 13. 21 19. 94 4.76 

A crew of 1 man and 2 horses was used in hauling manure on 
39 farms. On 27 farms the crew was 2 men and 2 horses. Twelve 
operators hauled with a crew of 1 man and 3 horses, while 13 
growers with the same number of horses provided an additional 
man to assist with the loading, etc. Two men and four horses 
were used on nine farms. Approximately two-thirds of these grow- 
ers hauled manure with wagons; slightly more than one-third used 

spreaders. 
Twenty-six operators apphed. manure during the fall, 20 did 

this work throughout the winter months, a few at odd times during 
the fall, winter, and spring, and in one case the work was done in 
summer. 

There was little variation in labor cost for the first two areas 
($5.58 and $5.59), but at Salinas the total labor cost was consid- 

erably less ($4.76). 
PLOWING. 

For the successful production of an intensive crop lke the sugar 
beet, it is necessary to have a deep, well-prepared seed bed. In re- 
gions where rainfall is limited and occurs mainly during the winter, 
as in California, it-is especially desirable to practice deep fall plow- 
ing. This enables the soil to store a large quantity of water during 
the rainy period and increases the yield by facilitating the develop- 
ment of a beet with a long tap root. On the farms included in this 
study the depth of plowing ranged from an average of 9.5 inches in 

the Salinas district to 11.5 inches in the Oxnard district. 
Most of the plowing on the farms in question was done from Octo- 

ber 1 to February 1. A small number of growers practiced spring 
plowing, but all customarily had finished this operation by May 1. 

Eighteen men replowed all, or a portion of their beet acreage dur- 
ing March and April to an average depth of 5 inches. The average 
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number of times plowed for all sections was 1.1. Replowing was 
necessary mainly because weeds had not been kept in control during 
the winter. 

Ninety-one per cent of the men in the Los Angeles and Oxnard 
districts and 86 per cent in the Salinas district used horsepower. 
(See Table VIII.) In the Los Angeles area a 1-man-4-horse crew 
was reported on 15 farms and a 1-man-6-horse crew on 28 farms. In 
the Oxnard area a larger crew size predominated, a 1-man-8-horse 
erew being reported on 20 farms and a 1-man-10-horse crew on 10 
farms. In the Salinas area a 1-man-6-horse crew was reported on 
15 farms and the 1-man-8-horse crew on 15 farms. 

TABLE VIII—Plowing with horses. 

K Hours of labor 

Number | Per cent | .o-Gacm per acre. Labor 
District. of oftotal | P& cost per 

records. | records. acre. 
for beets. Man. Horse. 

TUES PTET (SSE Be a es ee 74 91 80. 24 4. 66 24. 83 $3. 41 
(DIES CHYG [hi 32 Si ee Oe ea a eee 41 91 45. 80 3.95 26. 72 3. 50 
SUDTER L355 5 SS One OSS SEE Sette esas ae aes 35 86 79. 51 aie 18} 21.72 2.83 

For all districts considered together 11 per cent used a 1-man-4- 
horse crew, 31 per cent a 1-man-6-horse crew, 27 per cent a 1-man- 

8-horse crew, and 7 per cent a 1-man-10-horse crew. In addition to 
the above a few other crew sizes appeared in the three districts, such 
as the 1-man-3-horse, 1-man-5-horse, 1-man-7-horse, and 1-man-9- 

horse crews. 
The average depth of plowing ranged from 10.75 inches for the 

1-man-4-horse crew, to 12.8 inches for the 1-man-10-horse crew. 
The labor requirements varied from an average of 5.2 man hours 
and 20.8 horse hours per acre for the 1-man-4-horse crew, to 2.8 man 
hours and 28 horse hours per acre for the 1-man-10-horse crew. From 
the above it will be-seen that there was a distinct saving in the man 
labor requirements through the use of the larger crew. However, 
the additional horse-labor requirements for the larger crew made the 
total labor cost 23 cents more for the 1-man-10-horse, than for the 
1-man-4-horse crew. 

In the Los Angeles district 14- to 16-inch sulky plows were most in 
evidence, 56 of this size being reported. In the Oxnard and Salinas 
districts, however, the 2-gang, 24- to 28-inch plow. was the popular 
size, 28 being reported in the former and 27 in the latter area. (See 
fig. 5.) 

For all districts 11 men were found who had all or a portion of 
their beet acreage plowed on contract with tractor power, at a rate 
ranging from $3 to $4 per acre. Twelve men plowed the beet acre- 
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age with their own tractors. Two- to 4-gang 14- to 16-inch plows 
were used, and the ground was plowed to an average depth of 12 
inches. The man-labor requirement -averaged 1.77 hours per acre, 
involving a labor cost of 37 cents per acre. (See fig. 6.) 

CHISELING. 

The field chisel or deep cultivator, as it is often called, has two 
staggered rows of rigid, narrow teeth, firmly attached to an iron 
frame which is supported on wheels at either end. (See Table 
TX.) Hand levers which are attached to the frame insure an ac- 
curate adjustment of the depth of cultivation. On loose, spring- 

plowed land, the deep cultivator is used to firm and compact the 

The crew in this case consisted of one Fig. 5.—Plowing with an ordinary sulky. 

man and six mules. 

soil for the entire depth of the seed bed. When the chisel is used 
for this purpose it should be followed soon after by a spike-tooth 
harrow to create a dust mulch to lessen evaporation. On the heavier 

soil types, such as are found in the Salinas area, the deep cultivator 
serves to loosen up the surface soil which has become compact, and 
at the same time to subdue weeds. 

TABLE LX.—Chiseling. 

Acres in beets Hours of labor 

Number | Per cent per farm. mines per acre. Labor 
District. of of total chiceledell cost per 

records. | records. - acre. 
Total. | Chiseled. Man. Horse. 

Mos Angeless2 222-).--- 7 9 119. 29 97. 86 1. 43 2.07 14. 40 $1. 85 
Oxnard eee eeeee ee 5 11 93. 20 53. 20 1. 20 1.90 12. 76 1. 68 
Salinas fete ahe sees: 34 87 88. 85 88. 12 1.69 12. 93 1. 64 
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Of a total of 46 farms where chiseling was reported, 61 per cent 
used a 1-man-8-horse crew, and 24 per cent a 1-man-6-horse crew. 
The width of the implement ranged from 5 feet to 8 feet, with an 
average of about 54 feet. This work was performed mainly during 
the months of March and April. 

In the Salinas area where the majority of the growers used this 
implement, practically the entire beet acreage was covered with the 
chisel in each case (Table IX), while in the Los Angeles and Ox- 
nard districts 82 per cent and 57 per cent, respectively, of the beet 
acreage was covered on the few farms using this implement. How- 
ever, 22 men at Los Angeles and 25 at Oxnard used the spring tooth, 
which serves much the same purpose as the chisel. 

Fic. 6.—Dry plowing with a tractor. It will be observed that a float or planker is 

being operated simultaneously with the plow. 

Tn addition to those included in the table, three men in the Salinas 

district did the work of chiseling with tractor power. One of these 
had an 8-foot double disk and an 8-foot spike-tooth harrow attached 
behind the chisel. Another had a 10-foot spike-tooth harrow at- 
tached. The average man-labor requirement for tractor chiseling 
was 1} hours per acre. 

DISKING. 

The disk harrow was used on a relatively small number of farms. 
(See Table X.) Disking breaks up surface clods, kills the weeds, 
and firms the seed bed. Occasionally, where the harvesting of a 
preceding crop has left the surface of the field rough, this condition 
is corrected by disking the ground prior to plowing. 
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TABLE X.—Disking. 

Hours of labor per 

Number | Percent | Acres Times acre. T abor 
District. of oftotal | disked | gickea cost. per 

records. | records. | perfarm. G acre. 
Man. Horse. 

MospAn celeswns te). s seme oe shee 25 31 63. 44 1.15 1.18 6. 47 $0. 89 
Oxnardnie eee ale ee 8 18 62. 88 1.88 1. 25 8. 28 1.09 
alinash eee eee kets ea senor 8 20 78. 38 1.38 1.05 7.30 ~ 95 

Two types of disk were used, the single action and the double 
action. The latter type has two sets of disks, one set in front of the 
other and so adjusted that the front set throws the soil out while 

the rear set throws it in, thus leaving the ground smooth. 

Fig. 7.—A: cross-kill roller. The method of construction not only permits this’ imple- 
ment to break clods, but it is also well fitted to firm the loose surface and secure 

the proper texture for a first-class seed bed. 

The width of implements used varied from 8 to 12 feet. Four men 
in the Los Angeles and one each in the Oxnard and Salinas districts 
did this work with a tractor. 

ROLLING. 

_BEFORE PLANTING. 

The type of roller employed in preparing the seed bed ranged from 
the smooth-drum roller, either wood or steel, to the clod crusher or 
“ cross-kill” (see fig. 7), as it is commonly called. The cross-kill con- 
sists essentially of a series of narrow, toothed rings, attached to a 
shaft or axle. This implement not only breaks up clods and pul- 
verizes the soil, but also serves to pack loose soil. (See Table XI.) 
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TaslLeE XI.—Rolling. 

Acres in beets per Hours of labor per 

Number | Per cent farm. Times acre. Labor 
District. of of total rolled cost per 

records. } records. 5 acre 
Total. | Rolled. Man. Horse. 

Before planting: 
Los Angeles... -... 30 37 115. 22 96. 38 1, 24 0. 90 3.75 $0. 56 
Pot Wee 11 24 117. 36 80. 55 1.09 1.01 5.53 . 76 
SHG oat ee 35 90 93. 46 93. 46 1.41 1.14 5. 51 79 

Aiter planting: 
Los Angeles...... 78 96 93. 16 91. 42 1.69 97 1.95 .39 
Oxai arden 22! 39 87 66. 72 61.59 1.52 - 80 1. 60 33 

The cross-kill was used exclusively in the Salinas district and on 
50 per cent and 72 per cent, respectively, of the farms in the Los 
Angeles and Oxnard areas. The smooth wood and steel rollers were 
also used to some extent in preparing the seed bed. The season for 
rolling extended from October to May. The width of implement 
ranged from 6 to 12 feet. The labor cost per acre was about the same 
at Oxnard and Salinas, but considerably lower at Los Angeles. 

AFTER PLANTING. 

At Los Angeles and Oxnard 96 per cent and 87 per cent, respec- 
tively, of the growers rolled after seeding. This work was done 
when the seedlings were about to push through the ground, and again 
after thinning. If the rain causes a crust to form before the beets are 
up, it is customary to break this crust with a roller. Again after 
thinning it is customary to use a roller to firm the surface soil around 
the plants. 

With the exception of 12 bar rollers in the Los Angeles district, 
smooth iron and wood rollers were used for this purpose. These 
rollers were drawn by two-horse teams, and ranged in width from 
8 to 16 feet. 

HARROWING. 

SPIKE-TOOTH HARROW AND SMUDGE. 

Tn addition to the common spike-tooth harrow, the “smudge” har- 
row was found on many farms in the Los Angeles district. The most 
common type of smudge consists of two square timbers, usually 4 
by 4 inches, and ranging in length from 10 to 12 feet, set parallel 
about 4 feet apart and securely fastened together by means of cross- 
pieces, with usually a small platform in the center, on which the 
operator stands to give the implement additional weight. At regu- 
lar intervals of about 6 inches steel teeth are driven through the two 
main timbers. These teeth are shorter than those of the spike-tooth 
harrow, and are set at an angle of about 45 degrees by placing the 

89948°—19—Bull. 760——3 
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timbers on edge. (See fig. 8.) In passing over the surface of the 
soil this implement has a grinding, pulverizing action, fills in de- 
pressions, and serves to make a smooth, even surface. (See Table 
XII.) 

Taste NII.—Harrowing (spike tooth and smudge). 

‘Acres in beets 192s Hours per acre. 

Number | Per cent ; Times Labor 
District. of of total! |\——je6. eC a=) | |S ee ECOSUIDES 

records. | records. ar rowed. acre. 
Tota aol Man Horse 

LL = | | (EC | + ! reo 

Los Angeles.........- 80 99 95. 66 95. 66 3.77 3. 01 12. 80 $1. 88 
Daa PRO LS wee eee 41 91 57. 73 55. 05 2.49 1.14 7. 26 97 

Salli als emma se rs see 39 100 92. 72 92. 72 4,74 2. 00 12. 45 1. 67 

Fie. 8.—Harrowing with a smudge. 

The spike-tooth harrow was in almost universal use in the Oxnard 

and Salinas districts. Smudging was common in the Los Angeles 
district. On 95 per cent of the farms in the Oxnard and Salinas 
districts the spike-tooth was used while 95 per cent of the men in 
the Los Angeles district reported the use of the smudge. 

_ The 1-man-4-horse crew was most in evidence in the Los Angeles 
district. Sixty-five per cent reported a crew of that size, while 14 per 
cent, 33 per cent, and 74 per cent in the Los Angeles, Oxnard and Sa- 
linas districts, respectively, reported the use of the 1-man-6-horse 
crew (see figs. 9 and 10). The 1-man-8-horse crew was reported on 
42 per cent of the farms in the Oxnard district. | 

The spike-tooth used consisted of from two to four sections and 

varied in width from 10 to 20 feet. 
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THE CYCLONE HARROW. 

The cyclone harrow was found on five farms in the Los Angeles 

area and on four at Oxnard. This implement consists of a heavy 

Fic. 9.—Typical crew harrowing with a spike-tooth. 

plank armed with steel knives which extend to the rear and down- 
ward. These knives are bent toward the center of the implement 

Fic. 10.—Spike-tooth harrowing with a crew of one man and six horses. Two horses 

are hitched directly to the harrow, while four horses are worked abreast in front 

of them. 

from either side, and they run just below the surface and cut off 

weeds. This implement pulverizes the soil quite effectively and cre- 

ates a dust mulch on the surface. 
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The cyclone harrows ranged in width from 8 to 10 feet, and were 

used for a period extending from December to April. In the Oxnard 
area the total beet acreage was covered on the farms using this im- 
plement, while in the Los Angeles area only 32 per cent of the acre- 
age per farm was covered. 

SPRING-TOOTH HARROW. 

This implement was found only in the Los Angeles and Oxnard 
areas, its purpose being served by the chisel in the Salinas area. 
The spring-tooth harrow stirs the soil to a greater depth than does 
the cyclone or spike-tooth, brings clods to the surface and pulverizes 
the soil. Like the cyclone, the spring-tooth, where operated, was used 
on the total beet acreage per farm in the Oxnard district (see Table 
XIII) but on only 80 per cent of the Los Angeles acreage per farm. 

TABLE NIII.—Harrowing (spring-tooth). 

Acres in beets per Hours of labor per 

Number | Per cent farm. : acre. Labor 
District. of total yaa cost per 

records. | records. 2 acre. 
Total. | Harrowed. Man. Horse. 

Los Angeles. ...-. 22 2 99. 86 79.73 iL? Te) 8.01 $1.10 
Oxnarde ae 25 56 44.36 | 1.6 1.25 8.48 il ih 

The spring-tooth harrows used consisted of from 2 to 4 sections 
and ranged in width from 6 to 12 feet. Its use extended over a 

period of from December to April. Four-horse outfits were used 
on 32 per cent of the farms in the Los Angeles district. On 72 per 
cent of the Oxnard farms 8-horse outfits were used. 

FLOATING AND LEVELING. 

The float or plank drag was used on a relatively small number of 
farms, ranging from 11 per cent in the Los Angeles to 46 per cent in 
the Salinas district. (See Table XIV.) This implement is an ex- 

cellent tool to break up small clods and create a smooth, even surface. 
It is generally one of the last implements to be used in preparing 

the seed bed and is usually run over the ground a few days before 
planting. 

TABLE XIV.—Floating and leveling. 

Acres in beets per Hours of labor per 
Number | Per cent farm. Ty acre. Labor 

District. of of total iuaslgs cost per 
records. | records. OYE acre 

Total. | Floated. Man. Horse. 

‘Los Angeles. .....----. 9 11 122.11 122.11 1.6 1.58 10.69 $1.39 
RMAL OL aaa aee See 16 36 71. 88 47.19 il,al . 90 6.09 -80 

Shine ss aaa sobees 1% 46 95. 00 81.39 1.4 .97 5573 Stee 
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The width of the floats used varied from 8 to 14 feet. The size of 
implements depends somewhat upon the horse power available. For 
all districts studied 43 per cent used a 1-man-8-horse crew, 35 per 
cent a 1-man-6-horse crew, and 16 per cent a 1-man-4-horse crew. 

On fields where irrigation is necessary a homemade implement, 
known as a level, is used to make the surface of the ground level 
and to facilitate an even distribution of water over the land. (See 
fig. 11.) 

PLANTING. 

The seeding was done from December 1 to June 1, the time varying 
somewhat according to locality. The records for the Los Angeles 
district do not indicate any definite planting period. There the seed- 
ing extended from December to May, with 39 per cent of the men 

Fie. 11.—Leveling. This operation is especially important on fields that are to receive 

irrigation. 

reporting the work as being performed in March or April. In the 
Oxnard area 44 per cent planted in December or January and in the 
Salinas area 80 per cent seeded in April or May. (See Table XV.) 

TaBLeE XV.—Planting. 

Hours of labor per 

Number | Acres in Tim acre. Labor 
District. of | beets per] ianted cost per 

records. farm. Peres acre, 
Man. Horse. 

0 Ci) FC Ee eae Se a a ee ee 81 95.14 1, 25 1.15 2.34 $0. 46 
Che TS ee phe SE ee ES eA ee eae ieee 45 62.47 1.05 .93 2.12 41 
Salinas 5 eA Pe SES bch «sole cee 39 92.72 118 1.12 2.24 46 

In every district some replanting was necessary. Forty-eight men 
in the Los Angeles district and seven and sixteen, respectively, in 
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the Oxnard and Salinas districts, replanted a portion of their acre- 
age. In most cases reseeding is made necessary by rains causing the 
surface of the soil to cake so that the young beet seedlings are unable 
to push through. Sometimes, on sandy soil, wind storms blow the 
seed out, and sometimes excessive alkali prevents good germination. 

The average rate of seeding for the several districts showed some 
variation. Approximately an average of 184} pounds per acre was 
required in the Los Angeles district, while an average of 16 pounds 
and 14 pounds, respectively, was used in the Oxnard and Salinas 
districts. 

The seed is planted in solid rows to insure a good stand. Later, 
after the young plants have pushed through to the surface, they are 
thinned out to a suitable distance. This operation will be discussed 
under a separate heading. 

Special beet drills were used. These were of two sizes, the 4-row 
and the 8-row, and they were usually equipped with press wheels, 
which exert a uniform pressure on the drill row, firming the soil and 
aiding in retention of sufficient moisture to insure quick germination 
of the seed. The 8-row drill was not very common, only two being 
reported in the Los Angeles district and eleven in the Oxnard dis- 
trict. None were reported in the Salinas district. The 8-row outfit 

requires four horses to operate, while 4-row drills are operated with 
9-horse teams. On farms in the Oxnard area, when no replanting 
was done, the average labor cost of planting with an 8-row drill was 

18 cents per acre less than on farms where 4-row drills were used. 
In the Los Angeles area the seed was planted in rows -18 inches 

apart on 88 farms and 16 inches apart on 43 farms. All of the Ox- 
nard growers planted in 18-inch rows, while in the Salinas district 
20-inch rows were reported on all farms except four, where the 18- 

inch row was used. . 

CULTIVATING. 

The cultivating period in the Los Angeles and Oxnard districts 
extended from about February 15 to July 15. On Salinas farms the 
work was done mainly in May, June, and July. The first cultivation 

precedes blocking and thinning. The cultivator is usually equipped 
with knives or “duck feet ” for killing weeds, and a shallow cultiva- 
tion is given. Subsequent cultivations are usually deeper. It is cus- 
tomary to run the cultivator at frequent intervals until the beets are 
so large that it is impossible to follow the row. 

On the Los Angeles and Oxnard farms the ground was cultivated 
from three to seven times (Table XVI), while in the Salinas district 

it was covered from one to three times. Twelve other men in the 

Salinas district, whose records do not figure in the table, had culti- 
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vating done under contract by Japanese, the horses and implements 
being provided by the grower. 

TABLE NVI.—Cultivating. 

Acres in beets per Hours of labor 

Number | Per cent farm. Times per acre. Labor 
District. of of total culti- cost per 

records. | records. vated. acre. 
Total. | Cultivated. Man. Horse. 

Los Angeles-.....-.. 81 100 95. 20 95. 20 4.72 4.54 9. 08 $1. 82 
Oxsiardeaza so - 45 100 62. 47 62. 47 3.73 3.78 7. 56 1.55 
SU UT ee eee 26 67 85. 62 85. 62 1.50 1.47 2. 94 . 60 

There is no apparent reason for the relatively few cultivations 
given on the Salinas farms. It would seem that somewhat mre 
intensive cultivation throughout the growing period would be neces- 
sary to control weed growth effectively. | 

In all districts special 4-row riding cultivators and 2-horse teams 
were used. 

HAND LABOR. 

The hand labor includes such work as thinning, weeding, hoeing, 
pulling, topping, and loading. These operations are done on a con- 

tract basis. In some cases all of the hand labor is handled under one 

contract. Some growers use two contracts, the first taking care of 
the thinning, weeding, and hoeing and the second dealing with the 
pulling, topping, and loading.’ 

14 contract embracing all hand labor is given herewith for the purpose of illustration: 

This agreement, made and entered into between ————, party of the first part, and 
———., party of the second part, 

Witnesseth: That, for and in consideration of the covenants hereinafter contained on 
the part of the first party, the party of the second part agrees, at different times and 
in the manner prescribed by the party of the first part to thin out, hoe, clean between 
the beets in the row and keep said beets free from weeds until they are harvested, and 
top and load said beets into wagons, a portion or portions, to be assigned hereafter, of 
sugar beets planted by party of the first part on land described as follows :————————— 

The party of the second part further agrees as follows: 
1. To commence thinning beets within 24 hours after verbal notice given by the 

party of the first part, and to complete the thinning before the said beets shall have 
four leaves well developed. 

2. To thin out beets to ———— inches apart in the rows and to leave no more than 
one beet to each ———— inches in the row. While thinning to hoe, with hand hoe, two 
inches on each side of the beet row as well as between the beets in the row so that the 
soil will be thoroughly cultivated and all the weeds totally destroyed. 

3. To do the thinning and weeding above mentioned in proper and farmerlike man- 
ner and to the satisfaction of the party of the first part. 

4. Within 24 hours after verbal notice given by the party of the first part to pull, 
shake free from adhering earth, top and load beets into wagons; beets to be topped 
Gleanly and squarely with one blow of the knife at base of bottom or last leaves. Beets 
will be carefully plowed out by party of the first part, but any beets not loosened by the 
plow shall be dug out by party of the second part. 

5. When beets are plowed, party of the second part shall top and load into wagons 
as many tons of beets each day as party of the first part shall be required to deliver to 
the sugar factory. 

6. Party of the second part agrees to personally superintend all the work above 
described and to have it done to the satisfaction of the party of the first part. 

It is further agreed that if the party of the second part shall neglect or refuse to 
perform any of the above operations at the time set, or in the manner prescribed by the 
party of the first part, then the party of the first part shall have the right and option 
to cancel this contract, and any money that may have become due to the party of the 
second part on account of thinning, hoeing, topping, or loading done shall be forfeited 
to the party of the first part, or it shall be optional with the party of the first part to 
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IRRIGATION. 

In the Los Angeles and Salinas areas irrigation is frequently 
necessary in the production of sugar beets. Usually one irrigation 
is required. 

Different methods are employed in applying the water. In the 
Los Angeles area the water is pumped from wells and forced through 
portable galvanized iron pipes (see figs. 12 and 13). These pipes, 
10 to 12 feet long, with a diameter of 8 to 10 inches, are fitted to- 
gether and stretched across the beet field. The entire ROU | is covered 
by moving them from one place to another, the land adjacent to the 
pumping plant being watered last. In a number of cases under- 
ground,concrete pipes are used to carry the water from the well 
out into the field, where a number of outlets are provided for at- 
taching the galvanized surface pipe. This method requires less sur- 
face pipe than the first, and less work in moving pipes from one 
place to another. It is a comparatively expensive method, however, 
requiring a large investment in equipment. 

This system of irrigation is known as the flood system and the 
water is applied to the growing crop usually during the latter part 
of July or the first part of August. 

In the Salinas area winter irrigation is usually practiced. In most 
instances the water, as well as the labor for applying it to the land, is 

furnished by the sugar company at a flat rate of $3.75 an acre. The 
water used is the factory waste water, and it is applied in October 

put in other men to complete any work unfinished or neglected by the party of the 
second part and charge the cost of such labor to the party of the second part. 

In consideration whereof the party of the first part agrees to pay to the party of the 
second part for thinning, hoeing, weeding, topping, and loading beets, as follows: 

a Price Price Price Price 
Tons| per acre. |peracre.| perton. | Tons per acre. per acre. | per ton. 

| {| 

| i 

2 i gare es a $16/50"| S01 sash os eee eer $14.25 | $1. 295 
NO) sesso R aes aose SaaS ou ee ntne oes 16. 25 Steioiey || Waser bes Rhee oid a ee 14. 00 1. 400 
IO aso SNe eases Sa ee eee ere 16. 00 OOO PO a ces ree te ton ane tek oe 13. 75 1.528 
i Pees epee ers gmreynntle ec keds kaa 1S SO ZG ss Se eee ye ee poten ee - 13.50 1. 687 
ALG eve Pes ee ete ore aes 15. 50 S OGG Tn ork Ae em Ie eet een oe a menitece ib 25) 1. 893 
NG shok tig eee ace Cae aoae ae 15. 25 SISO NS ee Li ee ea ee ke 13. 00 2. 167 
Mes apes Sian nr a a eee ees 15. 00 TS OAS )o. 2 See aa eee enemies ap eke 12.75 2. 550 
eee ee Ly An ae Rn Ne OS 14.75 ILS |) ChovesbbaOre soo cGessesboomecces 12. 50 3. 125 
DT aE ICR A BN AO eae ON | 14. 50 1. 208 

Fractions of tons per acre in proportion. 
The tonnage per acre to be determined for each field upon the net weight of the beets 

received by the sugar factory. 
During the course of the work the first party agrees to pay the second party a sum 

not exceeding 80 per cent of the amount covering work already done, the balance to be 
paid when the work specified in this contract shall have been completed to the satisfac- 
tion of the first party. 

The sum not to exceed 80 per cent of the amount covering the work already done is 
to be based on $ per acre for thinning, $ per acre for the first hoeing, and 
$ per acre for the second hoeing, and the balance for topping and loading, ac- 
cording to schedule of prices stated in ‘this contract. 

Witness our hands and seals this day of 19—. 
Witness : 

[SEAL. ] 

[SEAL. ] 
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and November. The irrigation may come before the land is plowed, 
or after the plowing, depending on the condition of the soil. It is 

Fic. 12.—Pipes used for irrigating. They have been distributed across the field, but 

; have not been connected in a continuous line. 

frequently advisable to put the water on the land before plowing, 
since this practice greatly facilitates that operation. 

Occasionally it is necessary to irrigate the beets after they are up. 
When this is done river water is used, being pumped through the 
same system as is used for the factory waste water, at the same 

Vic. 13.—Irrigating sugar beets. 

charge per acre. At this time the flood system is used without the 
use of surface pipe. 
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A few growers have their own water systems and pump the water 
from wells on the farm. In these cases also the land is flooded, but — 
no surface pipe is used. 

CHECKING LAND. 

Where winter irrigation is practiced, considerable labor is re- 
quired in preparing the land for the water. The land is checked— 
that is, a network of small levees is thrown up which serves to hold 
the water on the land until it has time to soak in. A strip several 
furrows wide is plowed across the field where each levee is to be 
made and the loose earth is ridged by a special implement called a 
“Vv.” (See fig. 14.) When a “V” is not available a Fresno, or a 

small scraper, is used to ridge the earth. 

Fig. 14—A “V.” This implement is used to check the land for winter irrigation. 

~ About 62 per cent of the growers at Salinas checked the land for 
irrigation. There were only two instances where the land was re- 
checked. This was done to irrigate for replanting. This operation 
occurred from September to June. An average crew of 1.5 men and 
7.2 horses was used and 0.93 man hours and 3.96 horse hours were 
required per acre at an average cost of 40 cents per acre. 
_ Frequently these levees are permanent and require only a small 
amount of labor each year to keep them in repair. Sometimes, how- 
ever, the levees are harrowed down after the irrigation and new 
ones are constructed annually. 

About 30 per cent of the growers who checked the land for irrigat- 
ing made it the practice to break up or level the levees before the 
beets were planted. A plow, harrow, and roller were used in this 
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operation. An average crew of 1.1 men and 5.4 horses consumed 
0.33 man hours and 1.56 horse hours per acre at an average cost of 

23 cents per acre. 

TABLE XVII.—Irrigating. 

Acresin beets per 

Number | Per cent farm. Man Labor 
District. : of of total hours | cost per 

records. | records. peracre.| acre. 
Total. | Irrigated. 

SSP ASIP CIES Fs (hie foe Se saan eines cle we 53 65 104.67 |, 87. 26 6. 57 $1. 31 
SER G -A UA Ae Cg oaeet MO SGC er EeHE oe eee 9 23 97. 67 73. 44 5. 04 1. 06 

Irrigation was not practiced at Oxnard, and only nine growers at 
Salinas reported labor on this operation. (Table XVII.) How- 
ever, this number represents only the growers who practiced irriga- 
tion, and not those who had it done on contract. In all, 24 growers, 
or 62 per cent, irrigated, 56 per cent of which paid a contract rate of 
$3.75 per acre. The percentage of total number of records in both 
areas where irrigation was practiced is fairly uniform. On the farms 
where irrigation was practiced, 83 per cent of the beet land was 
irrigated in the Los Angeles area, while at Salinas 92 per cent of the 
beet land received an application of water. 

At Los Angeles the beets were irrigated from March to August. 
At Salinas three growers irrigated the beets from June to August, 
two men irrigated only for replanting beets, fourteen growers irri- 
gated before plowing, while five made the application after the land 
was plowed. 

The time required per acre, as well as the cost, does not vary 
greatly in the two regions. At Salinas the estimates are slightly 
lower than in the Los Angeles area. The average crew at Salinas 
was 2.7 men, while at Los Angeles the crew was only 1.6 men. 
A twofold benefit is derived from the factory waste water. In addi- 

tion to furnishing moisture that is usually sufficient to bring the crop 
to maturity, the water returns to the soil some of the mineral con- 
stituents of the sugar beet. It has been found that for every 100,000 
parts of water there are 80 parts residue. This plant food is in an 
available form and can be readily taken up by the sugar beet. 

LIFTING. 

The degree of maturity of the crop determines the time to start the 
work of lifting or plowing out the sugar beet in these areas. The 
time that the beet reaches the proper stage varies according’ to weather 
conditions, time of planting, etc., and is generally determined for 

the grower by a sugar test made by the sugar-factory representative. 
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In the Los Angeles area this period extended from July 20 to De- 
cember 1, in the Oxnard district from July 15 to November 10, and 
on Salinas farms from September 1 to November 25. (Table XVIII.) 

TasBLE XVIII.—Lifting. 

Acresin beets per | Hours of labor per 
Number | Per cent farm. acre. Labor 

District. of of total cost per 
records. | records. acre. 

Total. Lifted. Man. Horse. 
| 

NGoswAM celes ae ee ee nace sae | 66 81 91.92 89.52 4.19 16.72 $2.51 
ic aye 0 kta ces ser Unga oe A an ee es 37 82 46.68 46.68 3.63 23.77 3.14 

Salimasee ee et ene lc oes 39 100 92.72 92.72 4,45 26.37 3.57 

Fic. 15.—Harvesting sugar beets with a crotch lifter that is operated by a crew of 

one man and four horses. 

There are two general types of implement used in doing this work, 
viz, the crotch lifter and the side lifter. (See fig. 15.) The crotch 
lifter has double prongs which run on both sides of the row, while 
the side lifter has single points on the ends of long, thin, cutting 
blades, the most common size being the one-row implement with but 
one point. This is called a “side lifter” because the point runs at 
the side of the row. The crotch type lifts only one row, while side 
lifters are made to lift from one to four rows at a time. Side lifters 
are universally used when tractor power is employed. (See fig. 16.) 
The size of the lifter used depends on the horsepower of the tractor. 
Both side and crotch lifters were used in the Los Angeles district. 
On Salinas farms crotch lifters were used exclusively, while on 
farms in the Oxnard district the side lifter was the universal type. 
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In the Los Angeles district 4-horse outfits were employed on 
48 per cent of the farms and 3-horse outfits on 19 per cent. Six- 
horse outfits were found on 44 per cent of the farms in the Oxnard 
and on 95 per cent in the Salinas area. 

In addition to the work shown in the table, 13 men in the Los 
Angeles and 5 in the Oxnard area contracted the lifting at a rate of 
$3 to $3.50 per acre. In some cases this work was done by steam 
power. (See fig. 17.) 

Four men at Los Angeles and four at Oxnard did the work of lift- 
ing with their own tractors. The amount of work accomplished per 
day varied from 4 to 10 acres. 

Fic. 16.—A 4-row beet harvester (side lifter) that is operated by a gasoline tractor. 

TOPPING. 

Topping is classified as contract labor, and has been considered 
under the heading “ Hand labor.” (See fig. 18.) 

HAULING. 

The sugar beet is loaded by the contract beet workers into strong, 
well-built beet boxes, either with forks or by hand. (See figs. 19 
and 20.) From the field they are hauled either to a loading station 

where they are loaded into cars, or directly to the sugar factory 

beet dump. Upon arrival at the loading station or factory, as the 
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Fic. 17.—A beet harvester that is operated by steam power through the use of a steel 

cable. Two engines are required in this case, one at each end of the field. 

Fig. 18.—Topping sugar beets. A small hook attached to the end of the knife enables 

the worker to lift the loosened beet out of the soil. He then takes hold of the 

root with his left hand and cuts off the top. 



GROWING SUGAR BEETS IN CALIFORNIA. 31 

Fic. 19.—Loading by hand and hauling sugar beets from the field. Observe the net 
that is used on the wagon rack. At the dump the wagon is unloaded in a single 
operation by lifting this net. 

ic. 20,—Loading sugar beets with forks. 
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case may be, a representative sample is taken and weighed as it comes 
from the load. Then all dirt is removed, the sample is retopped 
when necessary, and the clean beets are weighed a second time. The 

difference in weight between the beets before and after cleaning de- 
termines the percentage of tare. 

Eighteen men in the Los Angeles and five in the Oxnard district 
hired all of the hauling done at a contract rate of from 35 to 55 cents 
per ton, depending on the distance hauled. (See Table XIX.) In 
the Salinas area the hauling was all done by the farmers themselves. 
The number of tons of beets hauled at one trip ranged from 3 to 6 

Fig. 21.—Hauling sugar beets with wagon and trailer. The crew consists of one man 

and eight horses. This is a common practice in the beet-producing districts of 

California. 

tons for the smgle wagon to 7 to 10 tons where a trailer wagon was 
used. 

TABLE XIX.—Hauling. 

Acres in beets per Hours of labor per 
Number | Per cent farm. : acre. Labor 

District. of of total Distance cost per 
: records. | records. eo acre. 

Total. Sold. Man. Horse. 

Miles 
Los Angeles....-..--. 63 78 109.29 108.90 1.20 5.80 31.36 $4.30 
Oxnardiiey cs ees 40 89 63.30 63.30 1.76 4.66 31.00 4.08 
Salinaseeee anes se as 39 100 92.72 90.15 1.06 4.99 30. 74 4.12 

The season for hauling extended from July to December. The 1- 
man-6-horse and 1-man-8-horse crews were the ones most in evi- 

dence, 50 per cent of the former and 24 per cent of the latter being 
reported. (See figs. 21 and 22.) 
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The average distance to the loading station was 1.33 miles. The 
shortest average distance hauled, 1.02 miles, was found in the Salinas 
district, and the longest, 1.76 miles, in the Oxnard area. (Table 
XX.) One hundred and forty-two men reported hauling with 
horsepower, and of this number 47 per cent hauled less than 1 mile 
and 13 per cent more than 2 miles. Forty per cent hauled an aver- 
age of 1.56 miles. Those who hauled an average distance of 0.67 
of a mile did so at an average cost of 14 cents per ton less than the 
men who hauled over 2 miles, or an average of 2.83 miles. (See figs. 
23 and 24.) 

Fic. 22.—Hauling sugar beets from field to factory with a tractor and a train of 

four wagons, 

TABLE XX.—Cost of hauling as influenced by the distance hauled. 

! Number | Percent | Labor 
Distance. av tBEe of of total | cost per 

‘| records. | records. ton. 

Miles 
METTAV I ATI TTI OL soins ict ene ee cic cieinis asince oats oe asieemesie | 0.67 66 47 $0. 26 
ME 2 AOS ATICIISI VO: 22-30 5422 i12 fae 2 oslo 22 ee =o ois se sla ee 1.56 57 40 32 
POMEL ORNL OS oe aie acne ee anise Seria SSS Aen EN oie Aisi eeeamiaine 2.83 19 13 .40 

VARIATIONS IN FIELD PRACTICE. 

While standard methods of handling a crop may be followed quite 
closely by many growers in a given district, certain variations are 

inevitable because of differences in soil, or in the previous treatment 
of the field, or in the time when the work of preparation is begun. 
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Factory methods can not always be followed in producing a crop of 
sugar beets or any other crop. In districts where the weather condi- 
tions do not interfere seriously with field operations, the plowing, 

Fie. 23.—Weighing sugar beets at point of delivery. 

harrowing, etc., may be done according to a previously planned 
schedule, but even in such cases variations in field practice are bound 
to exist. Some of these features are illustrated in Tables X XI, XXII, 

Fig. 24.—Delivering sugar beets to cars at a typical loading station. 

and XXIII, tabulated from the records of 10 selected farms from 

each district. 
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TABLE XXI.—Variations in farm practice (Los Angeles district). 

Farm |} Farm | Farm} Farm | Farm | Farm | Farm | Farm | Farm | Farm 
No.1. | No.2. | No.3. | No.4. | No.5. | No.6. | No.7. | No.8. | No.9. | No. 10. 

Operation. 

Times over. 

3 
il 

2 3 1 2 1 2 
i 2 1 il. 1 1. i. 1.8 i, 

Rolling ne PRS ya eimai sis ce 58 1 1 2 3 DANAE M2) Goes ee a ah ey 5 1. 
Wrilidvenane 2255.2 -. 555 4 4 4 5 SB 4.5 4 4 7 
erie tin pee ee esses sec ak 1° ou il 1 TDRCC)uit Sarl al Ss ee Pe TIGL Sereeaese 
Ree and thinning......-. Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. Con. 

oeing: 
First 225625 eeo eR ee eee: Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con Con 
SETI he ee Con. | Con. | Con. | Con. | Con. | Con. | Con: | Con. | Con Con 

Topping and loading Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con Con 
Rigi eee Con 1 1 1 1 1 1 1 1 Con 

IRV hNe 53 3e 8 See een 1 1 1 1 Con 1 1 Con 1 1 
Steen 2 eb ees ol Eee HA | se Se 5 lt | eas Oa paste [a St ACTER (Na 
Manin flee Se ooo e- ae | Maen eee 1 72 Ree oil Mt Serer 22 . 04 
Hours per acre: 

LUG ee pee 25 26 33 43 24 28 17 17 42 25 
Erp... 3. Sea ee 72 98 100 136 63 105 94 58 130 109 

PAIGE HCRACTOs 54.05 os Sac.nec ce 15.3 22.0 15.8 16.1 13.3 17.2'| 13.9 12.0} 18.6 19.2 
@oesiPeracte-.: ==. -<.2.--2-26=< $74.55 |$68.85 |$76. 77 |$74. 28 |$67.13 |$69.48 |$64.92 |$65.41 |$76.11 | $74.69 

ME CUCUS ea CF ACTS fOni ute) GISUbI Cbs s/s = 15/5 =c sie eveia= ~~) nic icisied Sjsin Cee a ey oeae Sacer ane eee $67.11 

1J¢ will be seen that fractional numbers are used under the operation manuring. These numbers 
indicate that only a part of the beet land was manured. For instance, Farm No. 1 in the Los Angeles 
district applied manure to four-tenths of the sugar-beet acreage. No.3 treated one-tenth of the beet acreage 
with manure, while No. 4 covered two-tenths. Fractions occurring under other operations should be 
interpreted in the same manner. 

TABLE XXII.—Variations in Farm Practice (Oxnard District). 

Farm | Varm | Farm | Farm | Farm | Farm | Farm | Farm | Farm | Farm 
No. 1.| No. 2. | No. 3. | No. 4.| No. 5. | No. 6. | No. 7. | No. 8. | No. 9. |No. 10. 

Operation. 

Times over. 

PLO NPE eee ora lerafe inn Sm = =n 1 2 1 1 2 1 2 1 1 1 
WISEAN Ops sores et sa ises ees eli sa2%5< Ie Neepcose Pte eae cecal seseran Smee ase eM) dl a eel oanticoc 
Ci) ee ae pesebadsscoed|acas sd eabebadleosecullocteocdlonsosccl>eqoadbsaases|booqcun 
(UGS) RE een oC e Eee ene ae il Iecaceer 1 1 Il.” eeeoseale s5ocon|seacecalbasanne 2 
Harrowing 

“SATO apn SOE BODE CIEE] Pie ne beg mre Petr | Peace Ianto Ozeki | (eek ee ea 1 a aS aes 
Sf BAe eee Sag 1 2 4 2 4 3 2 2 { 4 
Sue A See sence eobe Sane 3 2 I Wesececdiseeoccclssedsce 1 ea Eerste 3 

Rolling: 
(CTT oil Ce eee aeaerer | een As 3] Re 1S oll Se ees nes Septet Bea ee ee a csese 
161i. 42 ae See eeesrae eee se Visrarags 2.0 =| Septal sels, Seai|eraeealctoral bee ata ROS Ee Wale ERs cee 

Fertilizing We eee aise reat seen ee sees PL eseeees bale: on) SEper er Be cerca le meeare| eae cl | sateen el semester Ln = 2 
LU TiN (AA SS ere AOS 1 1 1 1 1 1 1 1 
ESIC COLE: -5 ao 22% soc. 2s 1 2 2 1 Lae cca sl sace be aleseeceis 2 3 
EEO SLING sone sree Se 4 4 4 4 5 5 3 4 3 3 
Blocking and thinning Bhd Se a Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. Con. 
LU ee ernie oie benecnee Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. Con. 
Topping and loading Seed ate Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. | Con. Con. 
WAAIATIO ae oie oe mablce sto b ss 1 1 1 1 “1 1 1 1 1 1 
LEED (os en a eae 1 Con. | 1 1 1 1 1 1 1 1 
OINIELP Sy et roe esas. ee Mi Pe ee 2 WY ml nD) af 47) TG) | eke 
Hours per acre: 
Man. =. PP OPES | 12 29 19 16 19 25 20 19 30 22 
RA OUNG or fe nicest oa cola: 79 86 122 107 117 109 121 102 100 119 

MACIG DOE ACTO. 1.205 Sesn ccc. 10 6.5 8 9 8.25 | 11 8 12 12 16.3 
MORDELACIOs, sa c8bes cose eee} /$53.34 |$51.41 1852.37 |$55. 92 Fe 14.88 $55.54 |$59.00 |$56.34 |$57.83 | $60.01 

J 

Average cost per acre for the district....--.....--.-0.--- Folate Sine atete eo ae pines Ded al bielelein mo cizinjdle a reralats $54. 88 



36 BULLETIN 160, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE XXIII.—Variations in Farm Practice (Salinas District). 

Farm | Farm | Farm | Farm | Farm | Farm | Farm | Farm | Farm | Farm 
No. 1.| No. 2. | No. 3. | No. 4. | No. 5. | No. 6.| No. 7. | No. 8. | No. 9. |No. 10. 

Operation. 

Times over. 

TP iNsue do dossseoneeosaasder 1 1 11 70 igi eee a 1 1 1 1 1 
IDG TNS eso bes cbacoandeRgacsos| beacons sosococ|oos ssdalscoccos|ssacbo- Ba Nooegocd||concscs iti? Ala eee 
INAH. sou bodoodooaneuceaco HoseEoe Qi mal eee: || sr1eeree 1 Die Wese5ee 2] | eee 1 
Chiselineeeep reset eee eee ee 1.5 1 1 1 1 2 -5 13 1 1 
Harrowing (spike) ---------.-- 3.5 6 6 3 2 5 3 10 5 5 
VOUT oe a ee Nei 1 1 2 1 1 2 1.5 1.3 1 2 
IPRA HOR. 66 ob oasosoussaudooods 1.5 1.1 1 1 1 1 1.5 3 1 2 
(CUMIN ENTS. sob oe coscoscesedsos|beocuce 1 1 1 1 2 3 2 il 1 
Checkin) ain dee eee 36) [hss gi) Meee Le VAS ae AO ass. | Seeeeee 1 1 
Trrigating Con Tu beets eb hse 5a). aiaeesen Con 1 
ILS Wein IOWOES oe cus ccosooSeca|leag s6sel[ocs 2oclloos s<dalloou ococlleoacose||- 199 o00o|lasgces|lecgcoce 1 1 
Blocking and thinning Con. | Con. | Con. | Con. | Con Con. 
Hoeing 

WHITES LB aerers scatters Con. | Con. | Con. | Con. | Con Con 
Second 0 Con. | Con. | Con. | Con. | Con Con 

Topping and loading -.{ Con. : on. . | Con. | Con. | Con. | Con. | Con. | Con. 
Lifting -..-.. 1 1 1 1 1 1 
Net man. 1 1 1 1 1 1 
Hauling... .-- 1 1 1 1 1 1 
SGeiiiGnlNS 1Osssossschocseasa|) MLL! |ecsoscalsccosoalocs tecslccasco= 1 je PAP Pee season cook 
MERIT. G5 baabecedsauaraenaal) oll WRegescollscsosealy oD lleoadooc OU ses 1 02 1 
Hours per acre: 

INTENDS Sone eeoeeceOoamaae ats Uy 32 20 25 19 30 
Horse . "1142 & 85 149 122 132 93 122 

Nyieldiperacrel ss. - sis -= -- 16.50 | 17.70 | 15.00 | 18.50 | 14.00 | 9.00 | 20.50 | 18.00 | 14.80 | 13.00 
Cost per acre.....---.--.------|$56. 56 |$67.48 /$60.78 |$67.81 /$54.88 |$63.86 |$74.21 |$69. 72 |$63.00 | $73.96 

Average cost penacre lon therdistrictsene eee see ee en eee ee ee eee nee eee Eee eee eee $66. 45 

Some of the operations that are mentioned in these three tables 
were not common to all districts. On many farms it was customary 
to give the land one plowing. However, in several cases the early 
fall plowing was followed by winter plowing. The chisel was used 

on only one of the ten Los Angeles farms, on none.in the Oxnard 
group, and on all farms in the Salinas group. There was considera- 
ble variation in the number of times the fields were covered with the 
spike-tooth harrow. This was also true with cultivation. 

COST OF PRODUCING SUGAR BEETS. 

The more important factors which enter into the cost of producing 
sugar beets are labor, interest on land or rental, seed, water, taxes 
and insurance. In terms of money these factors are variable. As 
the supply of farm labor decreases the labor cost increases. There 
is a corresponding increase in the cost of farm implements. In- 
creased labor costs result also in an increase in the cost of materials. 
If the land valuation advances or the rate of interest increases, so 
also does the interest on the land investment become greater. How- 
ever, such fundamental factors as hours of man labor, hours of 
horse labor, pounds of seed, hours use of equipment and tons of 
manure do not fluctuate appreciably. Comparisons of amounts of 
labor and materials required in each area give the true relationship 
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of farm practices. Thus, though the values of the several items in 
dollars and cents have increased since these records were obtained, 
the amounts of labor and material used have not changed, and the 
actual cost of production for a given region in a given season can 
be ascertained by substituting current prices for those that prevailed 
when this study was made. It should be borne in mind that the cost 
figures given herewith are presented solely for the purpose of com- 
parison. 

The computations are made to apply to the entire beet acreage. 

_ Thus all averages are weighted, and the cost per acre in the respec- 
tive areas represents the cost per acre of producing 7,011.5 acres of 
beets in the Los Angeles district, 2,811 acres in the Osnard area, and 
3,616 acres at Salinas. 

LABOR. 

As has been previously stated, the production of sugar beets neces- 
sitates a great amount of both man labor and horse labor. A con- 
siderable portion of the man labor is crowded into two distinct 
periods. The first period covers blocking and thinning, and hoeing, 
while the other comes at the harvest time, when the pulling, topping, 
loading, and hauling are done. So srr labor is necessary during 
these periods that extra laborers must be hired to do the work. 

It is the general practice to hire most of this labor on a contract 
basis, paying a stipulated sum per acre or per ton. Such labor is 
frequently called “contract labor.” Sometimes the same group of 
laborers will contract for all the hand work. This is the general 
practice in the Salinas area. In other sections there are sometimes 
two groups of workers. The first contracts the blocking and thin- 
ning, and hoeing, while the second takes care of the pulling, topping, 
and loading. 

The number of acres of beets that can be grown on the farm de- 
pends on the available supply of labor to do the contract work. In 
years when farm labor is scarce, considerable difficulty has been en- 
countered in getting the crop harvested. 

There is very little difference in the labor cost per acre between 
the Los Angeles district and the Oxnard district (Table XXIV). 
The labor cost at Salinas exceeds the labor cost in the other regions, 
but when reduced to the basis of cost per ton, the labor cost at Ox- 
nard is the largest. The difference is due entirely to the factor of 

yield. The smallest yield per acre, 9.53 tons, was realized in the 

Oxnard district. The labor cost alone ced from $2.13 to $3.02 

per ton, or $28.73 to $35.64 per acre. (See Table XXIV.) 
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TABLE XXIV.—Labor costs. 

Number Total Labor Labor 
District. of farm acres in cost per | cost per 

records. beets. acre. ton, 

NG OSWAM s CleSet ee sete os ccicie coe tee ood is oe eee ee. - aes 81 Up all) $30. 93 $2.13 
Osxanard ee eee a Se A sa 2 RS eee 45 2,811.0 28.73 3.02 
(SPaIn ts hes ee See ane ee ae aes oS 5. ae ee ic 39 3,616.0 35. 64 2.29 

MATERIALS. 

Under materials come the items of seed, manure, and water. The 

cash paid out for materials as well as the estimated values of ma- 
terials produced on the farm were used in computing the costs. 

SEED. 

Beet seed is furnished by the sugar companies and advanced to 
the farmer. The seed is paid for out of the first delivery of beets 
to the factory. No interest is charged to the farmer on the money 
invested in the seed during this period. 

In the Los Angeles and Oxnard districts, the beet seed cost 12 cents 
per pound, while in the Salinas area the farmer was charged 16 cents 
a pound. The rate of seeding also affects the cost per acre. At Los 
Angeles the average rate of seeding was 20.7 pounds per acre, at 
Oxnard 16.6 pounds, and at Salinas 14.6 pounds. It will be seen that 
the low cost at Oxnard is due to the lower rate of seeding (Table 
XXV), while the high cost at Los Angeles results from a high rate 

of seeding. In the Salinas district the high cost per acre is due to 
the higher cost per pound of beet seed. 

TABLE XX V—Cost of materials. 

Cost per acre. 
Number Seco oa Cost of 

District. of farm aes materials 

Tecords. | Seed. | Manure. | Water. | per acre. | Pet +02. 

IG OSPAM Se lessee Se mere cise Gemoseeeten ae 81 $2. 48 $0. 67 $0.55 $3.70 $0. 25 
Obaihinel Soop ce nocsie Gono SSSR Ernest anne | 45 1.99 SON see sceae 2.88 30 
Salinas eee eee ee eee teiet isis bette niae oe 39 2.34 | 27 1.50 4.11 26 

MANURE. 

The manure charge deals only with the manure produced by the 
stock kept on the farm. Neither commercial fertilizer nor green 
manures are used to any extent in any of the areas studied. 
An estimate of the value per ton of the manure in the barnyard 

was obtained from the grower. By multiplying this figure by the 

+This includes seed for replanting if charged to the grower. 
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number of tons of manure applied per acre the actual cost per acre 

covered was computed. 
Comparatively speaking, very little manure was used. At Los 

Angeles about 6 per cent of the beet land was manured, in the Oxnard 
district 9 per cent, and at Salinas only 24 per cent. The cost of ma- 
nure per acre of beets grown is found by dividing the total value of 
the manure applied by the entire beet acreage. Thus the extremely 
low costs per acre are shown, since but a small percentage of the 
sugar beet acreage received an application of manure. 

WATER. 

In the Los Angeles area and in the Salinas district the sugar beet 
is frequently grown under irrigation. At Oxnard only one man was 
interviewed who followed this practice. No favorable report was 
obtained regarding irrigation in this area. 

At Los Angeles the beets are irrigated by pumping water from 
wells. Here the principal charge, exclusive of equipment, is for 
fuel and lubricating oil. The equipment charge is included under 
the machinery cost. About 62 per cent of the beet land was irri- 
gated in this district. 

At Salinas the greater portion of the irrigation is done by the 
sugar company. A flat rate of $3.75 per acre is charged. A few 
growers who own the land they farm have pumping plants and irri- 
gate by pumping the water from wells. About 50 per cent of the 
growers either irrigated their beet land or hired it done. Since the 
cost of labor required to irrigate is included in‘most of the records 
for Salinas, the cost per acre for this district is considerably greater 
than for Los Angeles. 

The highest cost per acre for materials was reported at Salinas, 
the lowest at Oxnard. As has been indicated, much of the difference 
in the cost in favor of Oxnard is due to the fact that the farmers of 
that district did not irrigate their beet land. Figured on the ton 
basis, the low yield per acre gives the highest cost per ton to Oxnard. 
The costs in the other two areas are approximately the same. 

OTHER COST ITEMS. 

In considering the cost of producing any farm crop, there are a 
number of items of expense which apply to more than one enterprise 

on the farm and some that have to deal with the whole farm as a unit. 
Such items as insurance, taxes, interest on the land investment, ma- 

chinery, and miscellaneous expense come in this group of costs. 
Table XX VI shows the average cost per acre of these different items, 
the total cost per acre of the group, and the cost per ton for the three 

areas, 
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INSURANCE. AND TAXES. 

The sugar beet must stand a share of the farm insurance and taxes. 
This charge is greater on farms owned by the operator than on rented 
land, since the owner pays taxes on the assessed valuation of the 
land, while the tenant pay taxes only on his personal property. 

TABLE NNVI.—Other costs. 

Cost per acre. 

Number Total ae Total cost] Cost per 
District. Oui ines beet Tnsur- : Miscel- | peracre.| ton. records. | acreage. aricaand Interest | Machin- 

x laneous 
taxes, |andrent.) ery. expense. 

Los Angeles. .._...... 81} 7,711.5 $1.98 $26. 66 $2.80 $1. 04 $32. 48 $2. 24 
Oxnardeeeaese ees 2262 45 | 2,811.0 1.97 17.85 2.50 «95 23.27 2.44 
Salinaseeeeeeee een ate 39 | 3,616.0 1.04 21. 22 3.25 1.19 26.70 1.71 

On owned farms taxes and insurance were charged against the 
beet crop according to the percentage the investment in the beet land 
was of the total farm real-estate investment. (See Table X XVI.) 
On tenant farms the proportion of this expense chargeable to the 
sugar beet was determined by the relative importance of the sugar- 
beet enterprise. In the latter case the charge per acre was always 
small. 

Several factors affect the average charge for these two items, 
namely, percentage of tenant farmers in a given group, the relative 
importance of the beet crop compared with other farm enterprises, 

and the valuation of the beet land. At Los Angeles the tenure was 
about evenly divided between tenants and owners; at Oxnard only 
20 per cent of the growers were tenants, at Salinas 64 per cent. On 
some farms practically all the tillable area is in beets. In such 
instances all the insurance and taxes are chargeable against this crop. 
At Los Angeles and Oxnard taxes were higher than in the Salinas 
area. As a result of the influence of these several factors the cost 
per acre for insurance and taxes in the Los Angeles and Oxnard 
districts averaged about $2, while at Salinas it was only about half 

that figure. 

INTEREST AND RENT. 

Interest on the land investment, where the owner is the operator, 
and rent where the operator is a tenant, are probably the pees va- 
riable factors. 

The current rate of 7 per cent on Fars -mortgage notes was used in 

computing interest. The cash paid out for rent of land or the value 

of the part of the crop given to the landlord as rent was used in 
figuring the rental charge. Some of the factors affecting these 
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charges are value of land, amount of cash paid as rent, proportion 
of the crop given as rent, the yield of beets, and the price received 
per ton. 

In the areas studied the value of the share given for the use of 
the land exceeds the cash paid for this same privilege. However, 
the element of risk enters into the consideration. A share renter 
runs less risk of failing to meet his rent than the cash renter. In 
poor crop years the cash renter usually has to pay the same rent as 
in seasons of good crop yields, while the smaller the yield the less 
the actual number of tons of beets the tenant must give to the land- 
lord. In sections where $6 a ton is received for beets, the value of 

one-fourth of the crop is greater than where $4.50 a ton is received 
for the crop. 

At Los Angeles sugar beets brought an average of $5.79 a ton; 

at Oxnard, $6.88 a ton; at Salinas, $5.58. 
The land values were highest at Los Angeles, where the average 

value of sugar-beet land was $494 per acre. At Oxnard and Salinas 
the values were $294 and $328 per acre, respectively. In the Los 
Angeles and Salinas districts about one-fourth of the land in beets 
was farmed by the owners; at Oxnard about 60 per cent. At Los 
Angeles about one-third of the beet land was cash rented, at Ox- 
nard 22 per cent, and at Salinas 18 per cent. The highest average 

cash rent was paid at Los Angeles ($26.33 an acre), the lowest at 
Oxnard ($12). At Salinas the cash rent averaged $15.06 an acre. 
Of the share renters the major portion gave one-fourth of the crop 
to the landlord. A little over one-third of the beet land in the Los 
Angeles area was share rented, about one-fifth was share rented at 
Oxnard, while over one-half was share rented at Salinas. The high- 
est share rent was paid in the Los Angeles district ($22.18), and the 
lowest in the Oxnard region ($15.82). At Salinas the share rent was 
$20.12 per acre. 

MACHINERY. 

Interest on investment, depreciation, and annual repairs, taken 

together, make the total annual machinery charge. This total 
charge was used in the case of implements used exclusively on the 
beet crop, and a fair proportion of this charge for implements used 
in common with other crops or farm enterprises. 
The machinery charge was fairly uniform at Los Angeles and Ox- 

nard, but was considerably higher at Salinas. This difference is due 

in a measure to the type of tillage implements used. At Salinas very 
deep tillage is practiced, and heavy and expensive implements are 
necessary to do the work. The cost per acre for machinery was $2.50 
at Oxnard, $2.80 at Los Angeles, and $3.25 in the Salinas district. 
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MISCELLANEOUS EXPENSE. 

All expenses not hitherto provided for have been grouped as “ mis- 
cellaneous.” It has been found that a rough approximation of this 
item can be reached by taking 3 per cent of the cost of labor and ma- 
terials combined. The figures for miscellaneous expense are fairly 
uniform for the three districts. 

SUMMARY AND DISTRIBUTION OF COSTS. 

In making plans for greater efficiency in the production of sugar 
beets, it 1s necessary to know something of the relative importance 
of the different items of cost. To improve methods which reduce the 
cost of an item. that constitutes only 1 per cent of the total cost may 
be merely a waste of time. However, if an item representing 50 per 
cent of the total cost can be reduced one-half, then something worth 
while has been accomplished. 

Labor is the largest item of expense, constituting about 50 per 
cent of the total cost of production. (See Table X XVII.) The cost 
of materials is about 5 per cent of the total cost, while the remainder 
is taken up by other costs. 

TABLE XXVII.—Summary and distribution of costs. 

Distribution of costs. 

Cost per | Cost per 
acre. ton. 

Mate- Other 
Labor. rials. Gosts. 

District. 

Per cent. | Pej cent. | Per cent. 
46 6 48 iOSpAM g ClOS rece ienyee ce eee acie ee See Se ee a ee eee $67. 11 $4. 62 

Oem OT Re Bn Boe he Seis aes Seychocse (Ae neikts de sae ee 54, 88 5. 76 52 5 43 
Salinaseee ck eacsac cose aeoem dsece secas ana ep ese - 66. 45 4, 26 54 6 40 

The largest item in the labor cost is man labor, exclusive of con- 
tract labor. This constitutes about 55 per cent of the total labor 
cost. The cost of seed is about 65 per cent of the cost of materials, 
while the interest and rent make up the greater part of the other 
costs. 

DISTRIBUTION OF RECORDS ACCORDING TO COST PER TON. 

All of the records were sorted in reference to the cost per ton of 
producing sugar beets. The growers producing beets for $3 a ton, 

or under, made up one group; those producing for an average of 
$3.50 were put in another class and so on. A frequency curve was 

then constructed which shows the number of growers in each group 
and also the average yield per acre for each class. (See fig. 25.) 
The $5 class is the largest, containing about 22 per cent of the 

growers, In the three larger groups 45 per cent of the farmers 
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are represented. The cost per ton in these groups ranges from 
$4 to $5.50. The growers for the three areas studied received 

an average of $5.88 a ton for their beets, which means a profit of 38 
cents a ton for the $5.50 group and a loss of 12 cents a ton for the 
$6 group. At this rate, 19 per cent of the farmers, producing about 
11 per cent of the total tonnage, are not making any profit growing 
sugar beets. They are living on the interest on their investment. 

Tt will be noticed that, generally speaking, those producing high 
yields per acre had low costs per ton and, those who produced low 
yields per acre had high costs per ton. In the case of the $6 and 

the $6.50 groups, an analysis shows that the farms in the former 
class grew an average of 146 acres of beets per farm, while those in 

the latter grew only 49 acres of beets per farm. It is usually found 
that the larger the acreage in beets the more efficiently certain opera- 
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Fic. 25.—Curve showing the distribution of operators and the relationship of yield 

per acre to cost per ton. 

tions can be performed and the lower the cost will be per ton. The 
yield undoubtedly is a very important factor affecting the cost per 

ton. 

AVERAGE RETURNS AND MARGIN ABOVE COST. 

In all the areas studied beets are bought on contract by the sugar 
factories. At Los Angeles beets were Tid for on the sugar test. 
Beets testing 11 per cent sugar and under brought $3.50 per ton, with 
an increase of 25 cents per ton for each additional 1 per cent above 
11 per cent until 15 per cent was reached. Above 15 per cent an in- 
crease of 30 cents a ton was paid for each additional 1 per cent. A 
bonus of 50 cents a ton was added to this amount for the 1916 crop. 
When the wholesale price of sugar was raised beyond expectation 
during the crop year an additional bonus of 50 cents a ton was given 

to the grower, making a total bonus of $1 per ton. 
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The same scale of prices was in force in the Oxnard area for the 
1916 crop, including the bonus of 50 cents a ton for the beets. 

In the Salinas area certain records were obtained from tenants who 
rented beet land from the sugar company. In 1916 these tenants re- 

ceived from $4.50 to $5 a ton for beets. The scale for the growers 
who did not rent sugar-company land started at $5.25 for beets test- 
ing 15 per cent sugar, with an addition of 25 cents per ton for each 
1 per cent above 15 per cent. 

Tt can be plainly seen that on account of the difference in amounts 
received per ton for the beets and the variation in yield that the 
receipts per acre would not be uniform for the three regions. The 
largest average price, $6.88 a ton, was received at Oxnard, the Salinas 
and Los Angeles growers getting a slightly lower price. By sub- 
tracting the cost of production from the receipts there is left a mar- 

gin of from slightly more than $10 to almost $21 an acre. (See 
Table XXVIII.) Figured on the ton basis, the net returns per ton 
from beets alone ranged from $1.12 at Oxnard to $1.32 at Salinas. 

In addition to this amount there is a benefit received from the beet 
tops, whether sold, fed, or plowed under, which brings the average 
net return up to from $12.99 to $23.41 per acre. 

TABLE XXVIII.—Average returns and margin above cost. 

Beet | Cost NGL a i ee ‘os returns 
District. oe receipts’ | per acre eae per acre 

acre. pe o for beets | cluding acre beets. alone beet 
. tops. 

Tons. 
AT OSPANIA CLES! anes reyes ee Sa ats Mie a rare pa Sa ep 14.52 $84. 04 $67. 11 $16. 93 $19. 68 
@xmanrdeets co sabas ces alae ses eee an becelyee meee tae 9.53 65.56 54. 88 10. 68 12.99 
Salinas reese Bae sees tieysowic com c)storete acini eis ee aecinis 15.59 87.06 66.45 20.61 23.41 

THE EFFECT OF SIZE OF BEEF ACREAGE AND YIELD PER 

ACRE ON THE COST OF PRODUCTION. 

Tt has already been indicated that the yield of beets is one of the 
most important factors affecting the unit cost of production. There 
is also another factor which materially affects the cost of production, 
namely, the size of the beet acreage. 

To bring out the effect of these two factors, all the records were 
classified according to acreage in beets. The first group contained 
the farms producing 40 acres and under, the second those growing 

41 to 70 acres, and the third, those producing 71 acres and over. 
Each group was then subdivided into three classes according to 

whether the yield per acre was 10 tons or less, 11 to 15 tons, or 16 

tons or over. (See Table X XIX.) 
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TABLE NNIN.—Relation of acreage and yield to cost of producing beets. 

10 tons or less per acre. 11 to 15 tons per acre. 16 tons or over per acre. 

Acres in beets. +r w F | 
UE Cost per | Cost per Nae Cost: per | Cost per Nasaber, Cost per | Cost per 
Gnas acre. ton. raariee acre. ton. ivamne. acre. ton. 

40 and under. ...... 15 | $54.04 $6. 63 16 | $66.93 $5. 29 18 | $80.77 $4.50 
BELOW Oe-— os. 5-55. 14 57.46 6.03 18 67.54 4,83 15 79. 31 4,22 
WANG OVeL=—--.. - = - 16 50. 84 5.97 25 62.05 4.60 28 73.85 4.05 

Tt will be noticed that the group growing 40 acres and under had 
a higher acre cost than the growers producing 71 acres and over, but 
that the group growing 41 to 70 acres had a higher acre cost than the 
first group except in the case of farms with a yield of 16 tons or over 
per acre. An analysis of the records in this group shows that the 
major portion of these records was obtained in the Los Angeles and 
Salinas areas, where the acre costs were uniformly higher than in 
the Oxnard area. Generally speaking, however, the larger the acre- 
age devoted to sugar beets, the smaller is the cost of production 

per acre. 
The effect of both acreage and yield can be plainly seen in the cost 

per ton. The higher average yields in the group which produced 41 

to 70 acres throw this group into its logical place in relative unit cost. 
As the acreage and yield increase there is a uniform decrease in the 
cost per ton. 

VALUE OF THE SUGAR-BEET TOPS. 

The sugar-beet tops are a valuable by-product of the sugar beet, 
and their value depends on the use made of them. The tops may be 
fed to stock or plowed under. ‘They may be sold as pasture on the 
farm (see fig. 26) or sold and hauled away from the farm. Some 
growers may combine two or more of these practices, especially if 
the beet acreage is very large. (See Table XXX.) 

Taste XXX.—Disposition and estimated acre value of sugar-beet tops. 

Number | po Value Value | Percent | Value 
District. of farm. : ot cert when Benet when plowing ee 

records. Jeane: fed. See sold. under. OMe 
under. 

Joly Lg ee ee 81 10 $3. 04 42 $2. 82 9 $2. 67 
en Se eae yea 45 11 2. 82 51 Dol 29 2.08 
Ua. at Ra Eee Ss eee | FI Es ae at |, ea ea 18 3. 25 56 | 3. 61 

Among the Los Angeles and Oxnard growers the general practice 
was to sell the tops as pasture. Forty-two per cent of the former and 
51 per cent of the latter handled the tops in this manner. About 10 
per cent in each of these areas fed tops to stock kept on the farm. 

In the Los Angeles district 39 per cent of the growers combined two 
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or three methods of handling. It will be noticed that in these areas 
the highest valuation was placed on the tops when fed to stock on 
the farm, the next highest on tops sold and the lowest when the tops 
were turned under for manure. Where combinations of methods 
were employed, the results show that the acre value depends on the 
percentage of tops handled in a given manner, a higher valuation 
resulting when the greater percentage of tops was fed or sold, than 
when plowed under. 

In Salinas it is not the common practice to pasture the tops with 
stock on the farm since very little stock other than work stock 
is kept. Then, too, the scarcity of farm manure makes it advisable 
to plow under the tops. Fifty-six per cent of the growers followed 
this practice, 18 per cent sold the tops to be pastured on the field, and 

Fig. 26.—Dairy cattle feeding on beet tops. A temporary fence separates the cattle 

from the part of the field not yet harvested. 

the remainder combined these methods of handling. <A higher valu- 
ation was placed on the tops when plowed under than when sold. 
However, the highest acre value ($4) was reported where part of the 
tops were fed to stock on the farm and the remainder plowed under. 

Generally speaking, beet tops are of the greatest value when fed to 
farm stock by the operator and of least value when plowed under, 
and of more value when sold as pasture on the field than when sold 
and hauled away from the farm. (See fig. 27.) 

BEET RECEIPTS IN COMPARISON WITH OTHER FARM RECEIPTS. 

Table XX XI shows how beet receipts compare with other farm 
receipts on these farms. It will be seen that 92 per cent to 98 per 
cent of the farm receipts came from the sale of crops. Considerably 

more than 50 per cent of the farm receipts in the Los Angeles and 



GROWING SUGAR BEETS IN CALIFORNIA. 47 

Salinas areas were derived from the sale of sugar beets alone, while 
at Oxnard about 43 per cent came from sugar beets. In this last 
section the bean is a competing crop, about 46 per cent of the receipts 
resulting from the sale of beans. Beans and beets combined fur- 
nished 89 per cent of the total farm receipts. 

TABLE XXNI.—Beet receipts in comparison with other farm receipts. 

oanae Per cent of farm receipts from—] Per cent | Per cent 
Number Ne sao offarm | ofcrop 

District. of farm racainne receipts | receipts 
records. ae ke Crone Live Miscel- from from 

P : OPS. stock. | laneous.| beets. beets. 

WfaspAm Peles sseeee 2s enissesens : 81 | $8,159. 60 92 7 1 84 91 
OSE? ne SS ene CUR ne eee 45 4,192.16 98 1 1 43 44 
SUITS = Sas aS se BEE OnEee 39 8, 197. 56 97 2 1 66 68 

Fic. 27.—VFeeding yards at Betteravia, Cal., where beet pulp constitutes an important 

part ot the ration. 

The receipts from live stock and live-stock products are second in 
importance, while not more than 1 per cent of the receipts in any of 

the three sections came from sales other than crops or live stock. 

It can be stated that in Los Angeles and Salinas the farms are 
specialized and can be properly classed as beet farms, while at Ox- 
nard the type can be designated as bean and beet farms. 
_ There is certainly a field for more diversified farming in these 
areas. Since crops like barley, alfalfa, potatoes, and beans can be 
grown successfully, there is no good reason for depending on a 
single crop. In sugar-beet areas of Michigan, Ohio, Colorado, Utah, 
and Idaho, live stock fits in with the general farm scheme and 
utilizes to good advantage the beet tops, alfalfa, and other roughage 
produced on the farm. More live stock in the California beet region 
would mean more manure to keep up the soil fertility and a better 
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distribution of profitable labor throughout the year. The develop- 

ment of a sound cropping system at the same time would increase 
yields by adding humus to the soil. 

LABOR REQUIREMENTS. 

It has already been pointed out that the sugar beet is an intensive 
crop and requires a great amount of labor, some of which is hired 
and paid on a contract basis. In discussing labor requirement, the 
cash amount paid out for contract labor has been converted to man-. 
hours, using a rate of 25 cents per hour. It is generally conceded 
that the expert labor that contracts this work receives a higher wage 
per hour than the regular farm labor. (See Table XXXII.) 

TanteE XNXNII.—Labor requirements in producing an acre of sugar beets. 

Total hours per m 2 Hours of man labor a | 
| 
Farmers’ 

Pee Acres. Contract. 
District. grown. labor. 

Man Horse 

Machine Equiva- || 120Or sears 
: Contract 

opera- mee lent 
tions. BP 4 hours. 

IGOSPA MP CleSE so sne Scere seamen ee uN neue Uy (ils 27.7 $15. 01 60. 0 87.7 109.3 
Oxnard Sievers Sa sta ieta aye ereie lace oe ie eee 2,811.0 20. 2 14. 82 59.3 79.5 111.5 
Salinas 22 seseceaees-ceeae eee cee See 3,616.0 20.7 18. 87 75. 5 101. 2 124.3 

Tn these three districts all of the hand labor was done on a contract 
basis. The machine operations are given separately so that the reader 
may see the relation between this part and the total man labor. The 
number of man hours per acre expended at Oxnard is considerably 
less than for the other two areas, since the yield at Oxnard is the 

lowest and irrigation was not practiced in this area. 
The horse labor necessary to produce an acre of sugar beets was 

fairly uniform at Los Angeles and Oxnard, but slightly greater at 
Salinas, where, on account of the character of the soil, the work is 
heavier, and larger teams are used, than in the other areas. 

The cash paid out for contract labor was almost $3 per acre more 

at Salinas than anywhere else. For the most part the contract labor 
at Salinas includes not only the cost of irrigation water but also the 
man labor necessary to do this work. When the cost of irrigation is 
deducted from the contract labor cost, there is no very wide variation 
in the amount paid out for contract labor in the three areas. 
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I. The Comparative Value of Cottonseed Meal, Cold-Pressed Cottonseed 

Cake, and a Mixture of Cottonseed Meal and Corn for Fattening 

Steers. 

II. A Comparison of Cottonseed Meal, Cottonseed Meal and Broken-Ear 

Corn, and Cottonseed Meal and Shelled Corn for FattenIng Steers. 

I. THE COMPARATIVE VALUE OF COTTONSEED MEAL, COLD- 
PRESSED COTTONSEED CAKE, AND A MIXTURE OF 
COTTONSEED MEAL AND CORN FOR FATTENING STEERS. 

INTRODUCTION. 

During recent years there has been much interest manifested in 
the manufacture of cottonseed oil from cotton seed without cooking 
it. The oil is extracted by severe pressure without hulling the seed, 
thus securmg a better quality of oil and leaving a residue called 
cold-pressed cake, which is made up of the entire seed less the oil. 
With the increased output of cold-pressed cottonseed cake has 
arisen a demand for definite information concerning its feeding value. 

Several years ago a cooperative experiment was conducted by the 
Bureau of Animal Industry and the Alabama experiment station 
testing the value of cold-pressed cottonseed cake for fattening steers 
on grass.” Now, however, most of the up-to-date farmers of the 

South who fatten beef cattle for the market have silos and use silage 
for the roughage in fattening the stock. No work had been done 
by the bureau to test the feeding value of cold-pressed cake when 

1 Acknowledgment is due G. A. Scott and 8. W. Greene, of the Animal Husbandry Division, United. 

States Department of Agriculture, for assistance in compiling this bulletin. 
2 See Bureau of Animal Industry Bulletin 131. 
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fed with silage during the winter months. To get information on 
this subject the experiment hereinafter described was planned and 
executed. 

OBJECT AND PLAN OF WORK. 

The objects of this experiment were to make a comparison between 
the feeding values of cottonseed meal and cold-pressed cottonseed 
cake, when each was fed to steers with a roughage ration of corn silage, 
and to study the effects of the addition of corn-and-cob meal to a 
ration of cottonseed meal and corn silage. | 

The steers used in this work were bought during the fall months 
after having been on pasture during the summer without other feed. 
They were placed in the cotton and cornstalk fields until the feeding 
was begun and were given a small allowance of cold-pressed cottonseed 
cake. Nearly all the 75 steers used in the test were horned when 
purchased. They were dehorned two weeks prior to the beginning 
of the experiment. 

Individual weights of the steers were obtained on November 30 
and December 1. After weighing on the second day the steers were 
divided into three lots of 25 each and started on feed. The division 
was made so as to have the three lots as nearly equal in weight and 
quality as possible. 

CATTLE USED. 

The steers used in the test were grade Shorthorns, Herefords, 
Aberdeen-Angus, and Red Polls. Their breeding was from one-half 
to seven-eighths pure bred. They were all raised in Madison County, 
Miss., and were somewhat better than the average of steers found in 
the State. They had been run on good grass pastures during the 
previous summer, and averaged 860 pounds the day they were 
placed in the feed lots. After they were brought to the farm they 
were given a small allowance of cottonseed cake and most of them 
were in fair condition at the beginning of the experiment. At that 
time the steers were all about three years of age. 

CHARACTER AND PRICES OF FEED. 

The cottonseed meal used in the experiment was of very good 
quality; the analysis showed a protein content of about 40 per cent. 
The cold-pressed cottonseed cake likewise was of good quality and 
showed a protein content of about 27.5 per cent. 

The silage used was mixed; about one-half of it was made of corn, 
and the other half of corn and sorghum. Some of the corn used 
for silage would have averaged about 35 bushels an acre in production 
of grain. Some of it, however, was rather poor, but the silage on 
the whole was considered excellent by the feeders. 

During the second and third 28-day periods a small amount of 
cowpea hay was fed to each of the three lots. During this time the 
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steers were given what silage they would eat and as much hay as 
they would consume in addition. The hay was fed in racks and less 
than 34 pounds was eaten by each steer daily. It was of fair quality 
and contained a considerable quantity of peas. 

The various feeds used were charged as follows: 

ROR SEEd Ce eee ON Ee. a ee NS ee am per ton.. $22.50 
Wold=pressed cottonseed cake. 2.2 ....5 528. Lo ee doze aan 6750 
OTINE(. 2 no 3 SN SE See a eee eae mPa CaP per bushel.. -— . 70 

(DTT ERS LS ASE i A SAR ee an per ton.. 10.00 

SLE DE Lo 2 Los Be ge eee RES EA © an O AEGRIC eG EU Ae do 3. 00 

METHOD OF FEEDING AND HANDLING CATTLE. 

The steers were divided into three similar lots, 25 in each, on 
December 1. They were weighed individually on this and the day 
previous and the average of the two weights was used as the initial 
weight. At the end of the experiment they were again weighed 
individually, and in the meantime they were weighed by lots at the 

_ end of each 28-day period. Each steer was provided with a numbered 
metal tag, which was placed on a strap and attached around the neck 
for identification. 

Each lot of steers had the run of a shed, which was about 24 by 30 
feet in size and opened on a yard about 30 by 150 feet. All lots and 
sheds were kept well bedded at all times. Inferior hay, oat straw, 
and broom sedge’ were used for this purpose. The yards never 
became boggy, but at times were somewhat sloppy. 

Stationary troughs under the sheds were used for feeding. The 
cowpea hay that was used during the last two months was fed in 
racks with a trough underneath. These racks were in the yards. 
The steers were fed at 7 in the morning and at 5 in the afternoon. 
All lots were given as much silage as they would clean up. The cow- 
pea hay was fed once each day. Salt was given the steers in their 
feed troughs and over their feed once each week. Fresh water from 
a deep well was furnished in galvanized-iron troughs placed in the 
feed lots. Feed which was not cleaned up was weighed back as often 
as necessary, and credit for same was given the steers. The feeding 
period lasted 123 days. 

AVERAGE DAILY RATIONS. 

The amounts of silage and hay consumed by Lots 1 and 3 were 
practically the same; that consumed by Lot 2 was considerably less. 
This same condition has been found in other experiments and seems 
to be due principally to a considerable quantity of hulls contained 
in the cold-pressed cake, and as the latter can not be as thoroughly 
mixed with the silage as cottonseed meal, the silage may be slightly 
less appetizing than when cottonseed meal is fed with it. Lot 1, in 
addition to the roughage mentioned, received cottonseed meal; Lot 
2, cold-pressed cottonseed cake; and Lot 3 a mixture of cottonseed 



4. BULLETIN 761, U. S. DEPARTMENT OF AGRICULTURE. 

meal and corn-and-cob meal. The ratio used in mixing the two feeds 
was two parts by weight of cottonseed meal and one part corn-and- 
cob meal. 

TaBLE 1.—Average daily rations by 28-day periods. 

Naan : ; Fifth | Entire 
Lot} her of Ration First | Second | Third | Fourth | period | period 

0-1! steers. : period. | period. | period. | period. qi 23 

1 25 | Cottonseed meal.......--..------ 6.8 7. 7.3 6. 62 
Hagelin: slsdo.2icies Es 39. 4 41.2 37.0 41.9 41.8 40,2 

Cowpea hay...-.--.------.------|----.---- 3.4 740 Mscooes Ibdq|[oooogocse 1.46 
2 25 Galdepreseed cottonseed cake... 8.6 10.3 10.6 10.7 11.0 10.0 

Silagesece ee eeeeee eee eee 32.2 32.5 27.6 1.2 31.5 30. 96 
Cowpeahayes-eee= see eee eee eeeeeeee 3.5 Goll Wosssancecllooocosoce 1. 48 

3 25 | Cottonseed meal.....--.----.---- 3.7 Deel 5.3 5.9 6.0 5.1 
Corn-and-cob meal....--.------- 1.8 2.5 2.6 3.0 3.0 2.55 
Silagestee-cpais- seen eee eee a 39.8 40.7 37.4 41.8 37.0 39. 54 
Cowpea ayececeeteeae Ee ceeeee ee eeeee 3.5 SG} |lsaccaacccllosscucces 1.55 

1 | 

Lot 1 was started on a ration of 2 pounds of cottonseed meal. This 
was gradually increased until at the end of the first 28-day period 
they were receiving 6 pounds. The amount of meal received by each 
steer in this lot at the end of each period thereafter was, second 
period, 6 pounds; third period, 7 pounds; fourth period, 7.3 pounds. 
During the last week of the experiment enor were recelving 7.4 
pounds. 

Lot 2 was started on a ration of 3.4 pounds of cold-pressed cake, 
which was gradually increased to 10 pounds at the end of the first 
month. They were kept on this amount until near the end of the 
fourth period, when the cake was increased to 11 pounds. 

Lot 3 was started on a ration of 1.44 pounds of cottonseed meal 
and 0.72 pound of corn-and-cob meal. This was increased to about 
4 pounds of cottonseed meal and 2 pounds of corn-and-cob meal at 
the end of the first 28-day period. During the second, third, and 
fourth periods they received an average of about 54 pounds of cotton- 
seed meal and 2? pounds of corn-and-cob. meal. At the end of the 
experiment they were receiving 6 pounds of cottonseed meal and 3 
pounds of corn-and-cob meal. 

WEIGHTS AND GAINS. 

The following table shows the initial and final weights and the total 
and average gains for each of the lots. 

TaBLE 2.— Weights and gains (Dec. 1, 1914, to Apr. 3, 1915—123 days).: 

Average | Average | Average | Average 
Lot initial final total daily 
No. Ration: weight | weight | gain per | gain per 

per steer.| per steer.| steer. steer. 

Pounds. | Pounds. | Pounds. | Pounds. 
1 | Cottonseed meal, silage, and cowpea hay....-.----------- 863 1,114 251 2. 04 
2 | Cold-pressed. cake, silage, and cowpea hay........-.----- 860 1,108 248 2.01 
3 | Two-thirds cottonseed meal, Sue thien, corn-and-cob 

meal, silage, and cowpea hay SECT Goa c Soe Green ease 865 1,117 252 2.05 
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There was very little difference in the average daily gains per steer. 
These gains are very satisfactory for a feeding period of 123 days with 
steers such as those used. 

QUANTITY AND COST OF FEED REQUIRED TO MAKE 100 POUNDS OF 
GAIN. 

Table 3 shows the amount and costs of feed required to make 100 
pounds of gain. 

TaBLe 3.—Quantity and cost of feed required to make 100 pounds of gain—December 1, 
1914, to April 8, 1915, 123 days. 

Quantity 
ak of feed to Pest of 
N = Ration. make 100 No. pounds 

pounds | of ain 
of gain. Sa 

Pounds 
Mater emurcnl sees eee es ee ee ee ee oe me 5 

Le ASHLEE. 6 SAS SIRES eS Oe a SS eg I a en TE 1,971 at $6. 96 
Wa wie a HAY eens coe a eS SRE ee a EE os se ee SRR Ea 8 71 
GIG =PrESSOG CAKE Pe anette tach see Nu al Bee oem che aa duels Meee ee mts otaadl 502 

Se SUN AE oer eee eter ais Staten mia siatcle arco niece's Sele cicibs Stare siolae ees we slo ee oe te SU 1,535 
WA WEAN AY See a oo ais aise = pee bon Sed ee eeeine a re SUL piece ey tmotes tel ttate 73 
PECOLEOUSCEUSING A se ne aac ane Sie iays niece oie hic iels cin= aE ern en aie s Samer Nine elites ere 249 

3 PACOEH-ANG-COD MEAN: Ys Sains cee Saye ese eSicin ceca ns Metis aes eee chee eee eee eelee 125 
SUB GS. 22 sc cocssocconsdosuocconoscbesceoscebeoaooses adSsosenDESsssceccooooRdaS 1,931 
OSC OMED ict ole eam ate eo =t = ee iasel= nielele Taso oe wicloit aniprerciasicactcicis\actaisiamieeinteisisis = sic 75 

Lot 1 consumed 325 pounds of cottonseed meal for each 100 
pounds of gain made. Lot 2 consumed 502 pounds of cold-pressed 
cottonseed cake per 100 pounds gain. Lot 3 consumed 249 pounds 
of cottonseed meal and 125 pounds of corn-and-cob meal for 100 
pounds of gain. 

Lot 2 consumed much less silage per hundred pounds of gain than 
either of the other two lots. Lots 1, 2, and 3 consumed 1,971 pounds, 
1,535 pounds, and 1,931 pounds, te spectively, for each 100 pounds 
af gain, 

Lot 2, which received cold-pressed cake, made the cheapest gains, 
each 100 pounds of gain costing $6.80. The gains made by Lot 3 
were the most expensive, costing $7.82 per 100 pounds. The gains 
on Lot 1 were made at a cost of $6.96 per 100 pounds. 

The cost of gains made by the steers of all lots was very satisfactory 
and was much smaller than usually obtained with steers fed in the 
ordinary manner. 

FINANCIAL STATEMENT. 

The steers of each lot were charged in the experiment at $5.50 per 
100 pounds, which was the actual average purchase price. They 
were marketed at St. Louis, and sold for $7.35 per hundredweight. 

The steers were driven about 3 miles from the feeding station 
to the railroad at Canton, Miss. They were loaded at Canton on 
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April 5, and arrived at the National Stock Yards on: April 7, after 
being in transit 47 hours. 

The following statement shows the financial results for each of the 
three lots: | 

Financial statement. 

Lot 1, cottonseed meal, silage, and cowpea hay: 

To 25 steers, 21,580 pounds, at $5.50 per hundredweight............-- $1, 186. 90 
To 20,368 pounds cottonseed meal at $22.50 per ton. ....-.-.-...-.-- 229. 14 
To 123-668 pounds silage at $3 per ton-) 2242-2 ee Soe eee eee 185. 50 
To 4,499 pounds cowpea hay at $10 per tone .222-252.0..5.-522e5 ees 22. 49 
Tofreight on) car of 2) steers.22e 2 sp ee eo verre ee 89. 60 

To commission, yardage, feed, insurance, etc....---.---------------- 26. 85 

Totalexpenditure:: 25. 2.5 ghe. 2 sei ee eee NO ree ut 740. 48 
By sale of 25 steers, 25,590 pounds, at $7.35 per hundredweight....... 1, 880. 86 

Mota promibe sce eee Sos tee tent eee eee eee eee eee 136. 38. 
Acvierape promt, per Steers .“sisit5s l: cee ees we eee oo eee 5. 45 

Lot 2, cold-pressed cottonseed cake, silage, and cowpea hay: 
To 25 steers, 21,507 pounds, at $5.50 per hundredweight.............. 1, 187. 88 

To 31,183 pounds cold-pressed cake at $16.50 per ton...............-- 207. 25 

To 95,235 pounds silage at $3 per -ton...-2 2225/52 032-3225. eeaeeeeee 152. 85 
To 4,570 pounds cowpea hay, at $10 per ton. .....-..--........----- 22. 85 

oiireigh tioncear Of 25 Steers ieee he eee oe ok eee rere nel eee 89. 60 
To commission, ‘yardage, feed, insurance, etc....-.-.-.-.-.---------- 26. 85 

Lotal expenditure: 2.) CHE says ete yal past be eel. epee 1, 737. 28 
By sale of 25 steers, 25,510 pounds, at $7.35 per hundredweight. ----- 1, 874. 98 

Motalsprotit 5023-1221 ees ES ATT ep SE RCE Pee 137. 70 
Average. profit: per steer. .c2 2.225255. ce eee chee oe eee 5. 50 

Lot 3, cottonseed meal, 4 corn-and-cob meal, silage, and cowpea hay: 
To 25 steers, 21,646 pounds, at $5.50 per hundredweight..........---- $1, 190. 53 
To 15,709 pounds cottonseed meal at $22.50 per ton. ..-...-.-.-.---- 176. 72 
To 7,854 pounds corn-and-cob meal, at 70 cents per bushel? ...-.-..-- 78. 54 

ito 1217599 pounds silape Jat, $3.sper tones=e sear 6 eee ee 182. 40 
To 4,778 pounds cowpea hay, at $10 per ton....-.-.--------- Joueee 23. 89 

Mo ireicht on car ot 2o¢steerse.- 0... Sec mer ee ee serio e a ere 89. 60 

To commission, yardage, feed, insurance, etc....-------------------- 26. 85 

Motal.expenditure =... 2. Scot ss. ole CN eee eee Syl ee 1, 768. 50 

By sale of 25 steers, 25,620 pounds, at $7.35 per hundredweight....... 1, 883. 07 

Motalyrotiteye es ic aie ees) ee ee Es Or ager OSE 20 114. 57 

Aweragesprofit per Steers c/s... naa a eee ereteeere viele a ct! ave eee 4, 58 

The steers of Lots 1 and 2 made practically the same average profit 
per head, $5.45 and $5.50 per head, respectively. Lot 3, which was 
fed cottonseed meal and corn-and-cob meal, made a profit per steer 
of $4.58, being nearly a dollar per head Jess than Lots 1 and 2. 

The steers of Lot 3 made slightly greater daily gains than either of 
the other two lots, but the cost per 100 pounds of gain was about 
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$1 greater, which reduced the profit per steer. The financial out- 
come of the feeding test was satisfactory, as the farm-grown feeds 
were marketed by means of the steers at a good price, a large amount 
of manure was produced for the farm, and in addition an average 
cash profit of more than $5 per steer was realized. 

SLAUGHTER DATA. 

The following table shows the shipping and slaughter data for 
each of the three lots: 

TaBLe 4.—Slaughter data. 

Per cent dressed. 

Average |A verage |Average 
Lot Ration farm | market | shrink- average. 
No. = weight | weight | agein Ue aes Biya BY 

per steer.|per steer.| transit. i =a hts, | market 
sats. weights. 

Pounds.| Pounds.| Pounds.| Pounds.|Per cent.|Per cent. 
1 | Cottonseed meal, silage, and cowpea hay..} 1,092 1,024 68 608 55.6 59. 37 
2 | Cold-pressed cake, silage,and cowpea hay.| 1,092 1,020 72 603 55. 22 59. 12 
3 | 2 cottonseed meal, 4 corn-and-cob meal, 

silage, and cowpea hay...-.-......----. 1,101 1,029 72 600 54. 40 58. 79 

The shrinkage of the steers of all lots was very uniform and was 
considered about normal for that distance and time in transit. The 
dressing percentages were exceedingly satisfactory and show clearly 
that the steers of all lots were well finished. The carcasses were very 
desirable, showing a good covering of fat and a nice marbling of the 
meat. 

SUMMARY OF THE EXPERIMENT. 

1. The object of this experiment was to make a comparison of the 
feeding value of cottonseed meal, cold-pressed cottonseed cake, and 
a combination of cottonseed meal and corn-and-cob meal for fatten- 
ing steers. As this was a study of the feeding value of various con- 
centrates, the same kinds of roughage were fed to all three lots. 

2. The 75 steers used were grade steers of medium-to-good quality, 
raised in Mississippi, 2 to 3 years of age, and averaging 860 pounds at 
the beginning of the experiment. 

3. Each lot contained 25 head of steers evenly divided. When on 
full feed each steer was eating the following ration: 

Lot 1. Cottonseed meal..........- ah raat eene (aye see SL SiN 7.4 pounds. 

WOR CULARS siete: o(a's'=. oa laie os 2\~ -, 2 SERRE 1a. see & Sraityaseivara at 41.8 pounds. 
Lot 2. Cold-pressed cottonseed cake.............-..-...----- 11.0 pounds. 

WOVIISUALC oleate le sa lee oie sieves CMe eel erere eae linn Si 31.5 pounds. 

Past ove OOttOBseCed Deals. a8 Rie Sse ee sicioioe siete Sites = 6.0 pounds. 

COMN-ANG-COW Meal =... 5 2% 2 uel ee = hone tes cere ieienioe 3.0 pounds. 

OTIC or ois es ‘ois ornate tides, HEMMER = Mara sia’ atte 37.0 pounds. 
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The steers of Lot 2, which received cold-pressed cottonseed cake; 
consumed much less silage per day than the other steers, because of 
the large amount of dry matter in the grain ration. 

4, The average daily gain for each steer of Lots 1, 2, and 3, was 
2.04, 2.01, and 2.05 pounds, respectively, or practically the same for 
each lot. The greatest variation in the total gain was 4 pounds per 
head for a feeding period of 123 days. 

5. The cost of 100 pounds of gain for Lots 1 and 2 was very uni- 
form, being $6.96 and $6.80. The cost for Lot 3 was $7.82. 

6. After paying for all feeds at market prices each steer of the 
three lots made a net profit of $5.45, $5.50, and $4.58 per head, 
respectively. 

7. Cold-pressed cottonseed cake at $16.50 per ton is as economical 
as cottonseed meal at $22.50 per ton, or 3 pounds of cottonseed meal 
proved to be equal in feeding value to 4 pounds of cold-pressed cotton- 
seed cake; as the price of these feeds advance the same proportion 
should be maintained. The cottonseed meal analyzed 40.4 per cent 
proteim and the cold-pressed cottonseed cake 27.6 per cent protein. 

8. The cold-pressed cake was relished by the steers and all of them 
ate it readily from the first. 

9. It did not pay to feed a one-third ration of corn-and-cob meal 
with the cottonseed meal. 

10. There was no difference in the finish of the three lots and each 
sold for the same price, viz, $7.35 per hundred pounds. 

11. The shrinkage in transit to the St. Louis market was heavier 
than for the steers shipped from Abbott, Miss. The steers shrank 
68, 72, and 72 pounds per head, respectively, for Lots 1, 2, and 3. 

12. By market weights the steers dressed out as follows: Lot 1, 
59.4 per cent; Lot 2, 59.1 per cent; and Lot 3, 58.8 per cent; which 
indicates a uniformly high finish. 



If, A COMPARISON OF COTTONSEED MEAL; COTTONSEED 
MEAL AND BROKEN-EAR CORN; AND COTTONSEED MEAL 
AND SHELLED CORN FOR FATTENING STEERS. 

INTRODUCTION. 

Since the boll weevil has done such damage in Mississippi the 
farmers have been turning very strongly to raising more live stock 
and more feeds for stock, such as corn and various kinds of hay. 
This has resulted in a greater interest in cattle feeding and a greatly 
increased corn crop. In many parts of.the prairie and brown-loam 
section of Mississippi there has been quite a large amount of corn 
and hay produce, which has been very hard to dispose of satisfac- 
torily because of poor roads, long distances from shipping points, and 
lack of knowledge regarding the marketing of such products. Under 
these conditions any definite information regarding the feeding of 
corn to beef cattle to be fattened for the market is of prime impor- 
tance. The farmers and plantation owners desire to know whether 
it is possible to market the corn at a good price through the cattle. 

To get definite information on this subject the Bureau of Animal 
Industry, cooperating with the Mississippi experiment station, con- 
ducted the feeding experiment describéd herein, using three carloads 
of grade Mississippi steers for the experiment. 

OBJECT AND PLAN OF WORK. 

The object of this experiment was to study the relative feeding 
value of cottonseed meal when fed alone, when supplemented with 
shelled corn, and when supplemented with broken-ear corn, as the 
concentrated part of the ration for fattening steers for the market. 

The steers arrived on the farm during late October and early 
November. From this time until November 24 they were run in 
good cornstalk pasture. The experiment involved no preliminary 
feeding period. About one-fourth of the steers had to be dehorned, 
which was done two weeks previously to the date on which the 
experiment began. On November 23 the steers were brought to the 
feeding pens and 75 of the best animals were selected from a total 
of 127 and divided into three lots of 25 each. The different lots 
were practically equal in size and quality. The general plan of the 
feeding work was the same as that outlined in previous experiments. 
Mr. N. F. Hanson, under the direction of Mr. S. 8. Jerdan, did the 
feeding and kept complete records of the work throughout the 
experiment. 

9 
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CATTLE USED. 

The steers used in the experiment were mostly grade Shorthorns, 
with a few Angus, Red-Polls, and Herefords. The cattle were all 
natives, being raised in the county where fed, but as a whole were 
much better than the average of steers in Mississippi. They ranged 
in age from 2 to 34 years. All were raised in the neighborhood of 
Abbott, Miss., and were free from ticks. 

CHARACTER AND PRICES OF FEEDS USED. 

The cottonseed meal used in the experiment contained from 39 to 41 
per cent protein; the corn used was clean and sound. Most of the 
corn silage was very good; it kept well and showed considerable 
grain. The oat straw was bright and the steers ate it with relish. 
The following prices were paid for feeds: Cottonseed meal, $27 per 
ton; corn, 70 cents per bushel. - The corn silage and oat straw were 
valued at $3 and $5 per ton, respectively. The cottonseed meal was 
purchased early in the fall and was then cheaper than it was later 
in the year. While corn could be bought on neighboring farms at 
about 50 cents per bushel early in the fall, it is charged at 70 cents, 
which was about the average market price in that section for the 
winter of 1915-16. 

METHOD OF FEEDING AND HANDLING THE CATTLE. 

All the steers in each of the lots were numbered by means of a tag 
on a leather neck strap. They were weighed individually on Novem- 
ber 24, 25, and 26, respectively, and the average of these three 
weights used as the initial weight. After that the steers were 
weighed at the end of each 28-day period. The steers of each lot 
were well housed at all times and did not have the run of open lots 
until after March 29, when they had the run of open lots both night 
and day. Each pen used previously to March 29 was 38 by 98 feet in 
size and each had troughs which were kept full of running water at 
all times. The steers were supplied with plenty of fresh water while 
in the open lots. 

Mixed shavings, cornstalks, and oat straw were used for bedding in 
all the lots during the first half of the feeding period. After that the 
roads became so bad that bedding could not be hauled and the pens 
became somewhat sloppy. The pens had been concreted around the 
watering troughs during the summer and they did not become so 
muddy as they did the previous year. 

The steers were given their feed at 7 in the morning and 3.30 in 
the afternoon. The cottonseed meal and corn were thoroughly 
mixed with the corn silage at each feeding and the feeds placed in 
stationary troughs. Rock salt was kept before the steers at all 
times. 
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AVERAGE DAILY RATIONS. 

Table 5 shows the average daily rations by 28-day periods for each 
lot. As a comparison was to be made of the concentrated portion of 
the rations, each lot was fed as nearly the same amounts of roughage 
as possible. During the first 28-day period the amount of corn silage 
and oat straw consumed by each lot was the same. After that the 
steers were given what feed they would clean up within 1 hour after 
feeding. The silage ration was kept practically the same for all lots, 
so that the variations occurred chiefly in the amounts of oat straw 
consumed. Thecattle were permitted to eat as much oat straw as they 
desired after being fed-the silage. 

TaBLE 5.—Average daily ration by 28-day periods. 

5th Entire 
Lot | Number Raven Ist 2d 3d 4th period | period 
No. | ofsteers. si 3 period. | period. | period. | period. (29 (141 

days). | days). 

Pounds.| Pounds.| Pounds.| Pounds.| Pounds.| Pounds. 
1 25 | Cottonseed meal............-...- 3.1 5.0 6.6 7.0 7.0 5.7 

an ailsee wusidiiesieasaert sek cae ze 3 we : oP 3 ae % 40. 39. 
AGISULBW isc ceeccsinie Acts eed . p : : 5. 4. 

2 25 | Cottonseed meal................. 19 2.8 3.3 3.5 3.5 3.0 
IBV TI CORN ase ei as saat ee clees 4.4 7.0 8.5 8.7 8.7 7.6 

Conmistlag hss S222 bot desk Esta! = AEH mate lid Ud RON ME Sh8 
SSL Wa: « aneeee ees osetes : : . : y ‘ 

3 | 25 | Cottonseed meal................. 1.9 2.8 3.3 3.5 3.5 3.0 
Shelled. coms. aso2- 2432822 kee 3.9 5.6 6.5 7.0 7.0 6.0 
Gorn sSilagGaeacen cbs stiec cece see 38.8 40.0 39.5 35.7 38.5 38.5 
Oats 4.9 305 4.0 2.6 2.4 3.5 

| | 

1 Johnson grass hay fed instead of oat straw during last 174 days. 

The steers of Lot 1 in this experiment, which received cottonseed 
meal as the sole concentrate, were fed as much of it as was deemed 

advisable for a feeding period of 141 days. Lots 2 and 3, which re- 
ceived broken-ear corn and shelled corn, respectively, were given an 
allowance of cottonseed meal which was about one-half that received 
by Lot 1. Lots 2 and 3 received exactly the same amounts of cotton- 
seed meal and practically the same amount of corn without consid- 
ering the cob. 

The difference in the amounts of roughage consumed by each lot 
would be expected, since lots 2 and 3, which were getting broken-ear 
corn and shelled corn, were getting slightly larger amounts of roughage 
material in their grain allowance than Lot 1, which received cotton- 
seed meal only. 
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WEIGHTS AND GAINS. 

The following table shows the initial and final weights, the total and 
average daily gain per steer for each of the three lots: 

TaBLE 6.—Weights and gains (Nov. 26, 1915, to Apr. 15, 1916—141 days). 

Average | Average | Average | Average 
Lot . initial final total dail 
No. Ration- weight | weight gain maak 

per steer. | per steer. | per steer. | per steer. 

Pounds. | Pounds. | Pounds. | Pounds. 
1 | Cottonseed meal, corn silage, and oat straw.....---------- 824 1,044 220 1.56 
2 | Cottonseed meal, broken-ear corn, corn silage, and oat 

Sti Wie sacensting cee coe cee eases Shek ooere «cn Se eee 824 1,059 235 1. 66 
3 | Cottonseed meal, shelled corn, corn silage, and oat straw. - 826 1, 066 240 1.70 

The gains made by the steers, while fairly uniform, were not so 
good as they should have been considering the quality of the steers 
that were used. This may have been due somewhat to the lack of 
bedding during the latter part of the experiment, and to the fact that 
the steers were kept in pens under a barn without access to open yards 
during most of the experiment. As soon as the steers were trans- 
ferred to open yards the daily gains increased. 

QUANTITY AND COST OF FEED REQUIRED TO MAKE 100 POUNDS OF 
GAIN. 

The following table shows the quantity and cost of feed required 
to make 100 pounds of gain: 

TABLE 7.—Quantity and cost of feed required to make 100 pounds of gain ( Nov. 26, 1915, 
to Apr. 15, 1916—141 days). 

Lot . to make 100 
No. Ration. 100 | pounds 

pounds |} of gain 
of gain. 

1b Cottonseed*meal 3) 4 aise. esse ee: RE ee eee eae 366 
Corn silage.....---------: Sbacoeeossoss6ss dae ros: cua ocassnossessuodossaascoses 2,497 $9. 53 
Oatistrawi sess cee seca A SSeS eS ee eae ree 10 

D4Cottonseed meal. see aes asic SAS oo See = Soe Oe Ee Eee eer 181 
IBLOKEN-CaI GOTH =) sSciats Sica meet SS cee eer en eee 457 10.82 
Wormisila gener ac ser emsec a siecee ene eee | 3c eee eee ree ee eee ee 2,244 : 
Oatistra wis seers se eo See: Rete cis oro os BEC ER EE ee ee re 173 

SuimCottonseed mealies 4-7 S se EE sank se SE eas PA ee eee 177 
SHES COR MY ah mre eta Ne os OS Ne eae hae 355 10.75 
Cormysilage Meio oa eeeco ee led. a aan! LER ee Ee ane ee 2, 260 : 
Oatistraweerce-e-ce eee Fe ee ee aS EE aan JSeb Saad aoone sob aene Se 205 

The steers of Lots 2 and 3, receiving broken-ear corn and shelled 
corn, respectively, made better average daily gains, but the gains 
made by Lot 1, which received cottonseed meal only as a concentrate, 
were made at much less cost per 100 pounds. While Lot 2, which 
received broken-ear corn, made fairly good average daily gains, the 
cost per 100 pounds gain in this lot was greater than that of the other 
two lots. 
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The prices used in computing the cost of the feeds were as follows: 
Ruarsecedomedl se T ee. Sao) Dg. . a Ms per ton.. $27.00 
TTD sconce ea SO eae Se ae Mame eae ese ERR. per bushel. - . 70 

ORE Se eee. Speman ce acim .--perton.. 3.00 

ETE BID Coe eee ore etc ee ae PN eget Cenc BO 

The cottonseed meal used in the test was contracted for early and 
hence was obtained somewhat more cheaply than the same meal could 
have been purchased at a later date. It cost, however, about 
$5 per ton more than was paid for meal at the same station the pre- 
vious year. 

FINANCIAL STATEMENT. 

The steers used in this experiment were delivered on the farm at 
a cost of 54 cents per pound. This figure was used in making up the 
financial statements for each lot. The prices of feeds have already 
been given. : 

Financial statement. 

Lot 1, cottonseed meal, corn silage, oat straw, and Johnson grass: 

To 25 steers, 20,593 pounds, at $5.50 per hundredweight.........-...- $1, 132. 63 

To 20,2174 pounds cottonseed meal, at $27 per ton..-..........--....- 272. 94 
Wo 4a7,773 pounds corn,silage, at $3: per ton... .- 2. ..22266.2-55-52:)- 206. 66 
To44,929 pounds oat straw, at $5 per ton.-........5--2-2--- 2 eee ese Bio OH 

To 2,1874 pounds Johnson grass, at $8 per ton....-..-...-......----.- 8. 75 

react chorees to market... 20.5. .ee: eis sense ee ee oe 63. 00 
Woe eommission, yardage, hay, ete.2./..2. 22.22.2222 2220- RL ae lide 23. 85 

Mataempenditure’ 12 ..-:. 2dsleee oseh Yk eae ele i ete s 1, 745. 15 
By sale of 25 steers, 24,760 pounds, at $8.58 per hundredweight.... - -- 2, 124..80 

YI LAAY St O70) 11 ak Sse Oe Alege Se ei “rN ME Das AIS Sa le Sa ay eee 379. 65 
Average profit per steer...... Fe idles aciene ie meee aie evens eae rere eisia (era = ac 15.19 

Lot 2, cottonseed meal, broken-ear corn, corn silage, oat straw, and John- 
son grass: 

To 25 steers, 20,167 pounds, at $5.50 per hundredweight.............. 1, 133. 91 
To 10,633 =o feerle cottonseed meal, at $27 per ton............-..----.- 148. 55 
To 26,7964 pounds (382.8 bushels) broken-ear corn, at 70 cents per 

1 EIS) LSS NE I a a eat, aoa Rn ena nena ae ela 267. 96 
To 131,672 pounds corn silage, at $3 per ton..........-.---.--------- 197. 51 
To 9,291 pounds oat straw, at $5 per ton........-..-.2-.----2--------- 23. 23 

To 875 pounds Johnson grass, at $8 per ton.....-.---...-..2..+++---- 3. 50 
enteont chatpes To: Wake. adeno hatte ia = abot pci clate id 5 o steyn a Sia ali 63. 00 

Socomrmisson, yaraace, Nay) CtC<s eu pemy- «ceases tals ute e 3 oe cies a0 a, 23. 85 

Movibexpendiure.: 2.20. TI. SAT Ee SAME NOLES UE ae 1, 856. 51 
By sale of 25 steers, 25,040 pounds, at $8.60 per hundredweight....... 2, 153. 44 
Ota HeLmrOnti e551) she co)... Mee tareemel. ate ut her rape aon! Bo 8S aed 296. 93 

BV CTAPOSDLOWML DOL: StCC sans stats <fsite eee = ors tel bie ta (R= one wears <-delee 11. 87 

Lot 3, cottonseed meal, shelled corn, corn silage, oat straw, and Johnson 

grass: 
To 25 steers, 20,660 pounds, at $5.50 per gl ag Peoieate cate Col BESO 
To 10,633 pounds cottonseed meal, at $27 per ton....-..- 143. 55 
To 21,306 pounds (380.46 bushels) shelled corn, at 70< ce enti per iehushels 266. 32 

To 13 o 796 pounds corn silage, at $3 per ton..........c-eccererseeees 203. 69 
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To 11,257 pounds oat straw, at $5 per ton-.-.-222254..-..--:-.-.).--.- $28. 14 

To 1,050 pounds Johnson grass, at $8 per ton......-.-.--------------- 4, 20 

otreightecharges\to market!s. Ssigeee . See wee eee tea sete eae 63. 00 

Tocommnssionmnvard age -aivenClCsame.. cee ey ee oe ies sr tee 23. 85 

Dotaliexpenditurels 2552 Ls TO: ee ae Sek eve ae ee 1, 869. 05 
By sale of 25 steers, 25,070 pounds, at $8.60 per hundredweight....... 2, 156. 02 

Total met profits, $. 2.82: ae LA: Pee oe eee yee ae 286. 97 
Average sprotit “per steers £22 s. A. Se EN ee Bt le ere 11. 48 

It will be noted from the foregoing statement that Lot 1 made a 
profit per steer of $15.19; Lot 2 a profit of $11.87, and Lot 3 made a 
profit of $11.48 per head. It will be remembered that lot 1 made 
lower gains than either of the other lots; Lot 2 was second in rate of 
gains; while Lot 3, which made the lowest profit, had the highest 
average daily gains. The cost of the gains made by the different lots 
is responsible, more than any other factor, for these differences. The 
gains made by Lot 1, while smaller than the others, were made at so 
much less per pound that a greater profit resulted. 

The two corn-fed lots brought 2 cents per 100 pounds moré than 
Lot 1, which received cottonseed meal only. This difference in sale 
price was due to one steer in Lot 1, which brought only $8 per hun- 
dredweight. 

The degree of finish and quality of the steers of all lots was about 
the same. When weighed at market there was a difference of only 
30 pounds in weight between Lots 2 and 3, they weighing 25,040 and 
25,070 pounds, respectively. The relation of the weights of the 
cattle changed very little throughout the test. 

In this experiment the steers fed on cottonseed meal showed a 
greater profit than either the lot receiving cottonseed meal and 
broken-ear corn or the lot receiving cottonseed meal and shelled corn. 
The differences in profits were due chiefly to differences in cost of 

gains. With more expensive cottonseed meal or with cheaper corn 
‘the differences, of course, would have been less. 

Twenty-five shotes followed the steers of Lots 2 and 3) but as an 
outbreak of cholera occurred on the place and the shotes got out sev- 
eral times, they were disposed of, and accurate records were not se- 
cured on the amount of pork produced from the refuse corn in the. 
droppings. 

Under ordinary conditions, with hogs worth 10 cents a pound, the 
pork credit for each steer for the 141-day period would undoubtedly 
have amounted to over $3 per steer. A credit of $3 per steer on Lots 2 
and 3 would have made the profits on these lots about the same as 
for Lot 1. 

Unless hogs are used to utilize the waste corn it would undoubtedly 
be less profitable to use corn for fattening steers than to use cotton- 
seed meal alone at the current prices of these feeds. 
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SLAUGHTER DATA. 

Table 8 shows the slaughter data for each of the three lots: 

TaBLE 8.—Slaughter data. 

Per cent dressed. 

Average | Average Average 
Lot Piao farm market | Average shrinkage | weight 
No. i weight | weight in transit. of By By 

per steer. | per steer. carcass. farm market 
weights. | weights. 

1 | Cottonseed meal, corn | Pounds. | Pounds. | Pounds. | Per cent.| Pounds. | Per cent.| Per cent. 
silage, and oat straw... . 1,044 990 7 ee) 576 55.2 58.2 

2| Cottonseed meal, corn 
silage, broken-ear corn, 
and oat straw.........- 1,059 1,001 58 5. 46 579 54.7 57.8 

3 | Cottonseed meal, shelled 
corn, corn silage, and 
@at Sivaw.-..:.-3---L=-. 1,067 1,003 64 6.00 576 53.9 57.4 

The steers were driven from the farm to West Point, Miss., a 

distance of 12 miles, from which point they were shipped to St. Louis. 
Before being loaded at West Point they were given hay and water. 
They had a very good run to market and made it within the 36-hour 
limit. 

The steers of Lot 1, which were fattened on cottonseed meal, 

showed the least shrinkage in transit from farm to market. They 
shrank 54 pounds per head; the other two lots shrank 58 and 64 
pounds, respectively. This was very satisfactory, being only a 
medium shrinkage for a 12-mile drive and a long run to market. 

The carcass weights for the three lots were almost identical, and 
there was very little difference between the dressing percentages of 
the different lots. The carcasses of the steers of all lots were nice, 
being well covered with fat. The uniformity of the shrinkage in 
transit and of the dressing percentages of the steers is rather unusual 
and shows that there was little difference between the various lots 
as regards quality and finish. 

SUMMARY OF THE EXPERIMENT. 

1. The object of this experiment was to study the relative feeding 
value of (a) cottonseed meal alone, (6) a combination of one-third 

cottonseed meal and two-thirds broken-ear corn, and (c) one-third 
cottonseed meal and two-thirds shelled corn as the concentrates used 
for fattening steers for the market. 

2. The steers were grades of the beef breeds of medium to good 
quality, raised in Mississippi, and averaging about 825 pounds at 
the beginning of the experiment. They were 2 and 3 year olds. 

3. The steers were divided into three lots of 25 head each, and fed 
for 141 days. When on full feed they were fed the following rations 
daily: 
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Lot 1 
Cottonseed meal_- 222-2 eee: eee eee eee pounds.. 7 
Gornisilage)i5-GibL_5) 27 Aa: | 2k fat. SAREE ELA do.... 40 

Oat StTAWe 2a: i: ce bic ee «coe eee eet doses a2 

Lot 2 

Cottonseed meal cnc. =e ee eer er ere rea pounds.. 3.5 
Bar COTES ose ai 1 See eee Se ere rer epee doc 2,587) 
Comm silage ts. 2 Saal eR At eines Pete 8 Pe dou 236 

OabisiTa Wine! ee: - seep oe ae ea eRe ee ake do. Beyaz 

Lot 3 

Cottonseedimeal +3). Jo) eee ee eee eee ee pounds.. 3.5 
Shelled corm: . 2.2 4sS5: Sas. eee ee ee eee do... 7 
Corn) silage..2: 22.) .... e822. een eee ee ene eee pee do.... 38.5 

Oot sttawes- =. 22 4. Lek Ss ae ce tae Gee eee eee eens do! 22 teacae 

4. The steers of Lots 1, 2, and 3 gained 1.56, 1.66, and 1.70 pounds 

per head per day for the entire period of 141 days.. The final average 
weights of the three lots were 1,044, 1,059, and 1,066 pounds, 
respectively. 

5. The cost of making 100 pounds of gain on each lot was $9.53, 
$10.82, and $10.75, when no pork credit is given the steers. 

6. The conditions under which the cattle were kept. possibly in- 
fluenced the rate and consequently the cost of gains. 

7. Each steer in Lots 1, 2, and 3 made a net profit of $15.19, 

$11.87, and $11.48, respectively, when no credit is given the steers 
of Lots 2 and 3 for the pork produced. The pork credit probably 
amounted to about $3.00 per steer. 

8. When the pork made is credited to the steers of Lots 2 and 3, 
they paid for corn at 70 cents a bushel and then made over $14 a 
head profit, or almost as much as was made on the cottonseed meal- 
fed steers. Without hogs following the steers, the feeding of corn 
would have been considerably less profitable than feeding cotton- 
seed meal alone. 

9. The shrinkage in transit to market, a 34-hour run, average 
54, 58, and 64 pounds per head for Lots 1, 2, and 3. 

10. By market weights the steers of each lot dressed out 58.2, 
57.8, and 57.4 per cent of marketable meat. The carcasses were 
well covered with fat and were very satisfactory. 

11. The steers of all lots were well finished and very uniform. All 
sold for $8.60 per 100 pounds except one steer of Lot 1 which sold for 
$8 per hundredweight. 

12. This test clearly establishes the fact ann the farmer having 
a surplus of corn and farm roughages can market them at a handsome 
price through steers of good quality, when properly purchased, and 
at the same time retain the fertilizing elements of the feeds on the 
farm in the form of manure. In this work it is assumed that the 
cost of labor was offset by the value of the manure produced. 

WASHINGTON : GOVERNMENT PRINTING OFFICH ; 1919 



i eee =, 

UNITED STATES DEPARTMENT OF AGRICULTURE 

BULLETIN No. 762. 
Contribution from the Bureau of Animal Industry 

JOHN R. MOHLER, Chief 

Washington, D. C. WV March 12, 1919 

A COMPARISON OF ROUGHAGES FOR FATTENING STEERS 
IN THE SOUTH. 

By W. F. Warp, Animal Husbandry Division, Bureau of Animal Industry, 

Dan T. GrRAy, Formerly Professor of Animal Industry, Alabama Poly- 

technic Institute, and H. R. Liroyp, Director of Mississippi Hxperiment 

Station.* 

I. A Comparison of Cottonseed Hulls, Corn Silage, and a Combination of Cottonseed Hulls 

and Silage for Fattening Steers During a Short Feeding Period. (Alabama Experi- 

ment, 1913-14.) 
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Ty. A Comparison of Some Common Farm-Grown Roughages for Fattening Steers. (Experi- 

ment of 1916-17.) 

Y. Summary and Conclusions of the Four Years’ Work. 

INTRODUCTION. 

The inyestigations reported in this bulletin are a continuation of 
the cooperative work started in 1904 between the Bureau of Animal 
Industry and the Alabama State experiment station. Previous re- 
sults will be found in Bureau of Animal Industry Bulletins 103, 131, 
147, and 159, and Department of Agriculture Bulletins 73 and 110. 

The map (fig. 1) shows the general location of the farms in Ala- 
bama and Mississippi where the experiments were conducted and 
the location of the markets most convenient to the southern farmer 
and cattleman. The shaded area shows the portion of the South to 
which the results of this feeding work are directly applicable. In 
this area the climatic conditions, pasture grasses, and forage crops 
are very similar to those of western Alabama and central Mississippi. 

Since such a large portion of the South has eradicated the cattle 
tick, there has been quite a change in the movement of cattle to mar- 
ket. Formerly most of the cattle from Alabama and Mississippi 
were marketed at New Orleans and Mobile. Now practically all 

Division, United States Department of Agriculture, for assistance in compiling this 

bulletin. 
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the cattle from the tick-free sections of these States go to the St. 
Louis market, where they are sold in the free pens in direct competi- 
tion with the cattle from the corn belt. The cattle from the tick- 
infested sections of these States go largely to New Orleans, the 
Louisiana cattle go to New Orleans, Fort Worth, and St. Louis, and 
the cattle from Georgia, South Carolina, and North Carolina are 
shipped to the Richmond, Baltimore, Jersey City, and Jacksonville, 

' Fla., markets. The new stockyards and packing plant at Jackson- 
ville, Fla., will receive many of the Florida and some southern Georgia 
cattle, while a few may still be exported to Cuba from Tampa. 

CHIGAGO® 

KANSAS C/TV 3 

ST LOWS 

Gg 
= 

Fig. 1—The shaded area represents the portion of the United States to which the 
results obtained in the feeding experiment are applicable. The circles in Alabama 

and Mississppi show the approxmate location of the test farms. The location of 

the various cattle markets to which southern cattle are shipped is shown also. 

Packing plants at Natchez, Miss., Birmingham, Ala., Moultrie, Ga., 
and Jacksonville, Fla., are having a stimulating effect on the live- 
stock industries in those sections, and this influence will grow in pro- 
portion to the prices paid for live stock. If prices are paid which 
compare favorably with those the farmer can get at other available 
markets less the cost of shipping, then, and only then, will the es- 
tablishment of such plants exert a permanent influence for good upon 
the live-stock industry of those sections. 
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Since the cooperative cattle-feeding work was started between the 
Bureau and the Alabama experiment station, there has been a 
growing demand for more definite information concerning the cost 
of growing or raising cattle and fattening them for the market. In 
many cases the cooperative experimental work has been the absolute 
foundation for building up the cattle industry in certain sections. 
Many of the cooperative experiments were conducted to determine 

what concentrates and combinations of concentrates were most desir- 
able to use for fattening steers and calves for the markets The 
tests reported herein were conducted to determine the comparative 
value of some of the more common farm-grown and commercial 
roughages for fattening steers. Cottonseed meal was the sole con- 
centrate used in each of the experiments. 

In times gone by cottonseed hulls were the principal and the 
cheapest roughage used by farmers of the South, but the price of 
hulls has advanced to such a degree that few farmers can afford to 
feed them. Then, too, where diversified farming has been taken up 
more forage is produced upon the farms, and many of the progres- 
sive live-stock farmers of the South have one or more silos and are 
producing much corn silage, corn stover, and leguminous hays upon 
the farm. 

The importation of pure-bred beef bulls in large numbers in every 
State of the South emphasizes the importance of the growing beef- 
cattle industry, and with the prevailing high prices of meat animals 
there has never been a time when studies of various methods of fat- 
tening beef cattle were of more importance to the farmers of the 
South. 

The first experiment reported in this bulletin was conducted in 
cooperation with the Alabama experiment station in western Ala- 
bama; the others were conducted in Mississippi in cooperation with 
the State experment station. 



I. A COMPARISON OF COTTONSEED HULLS, CORN SILAGE, 
AND A COMBINATION OF COTTONSEED HULLS AND 
CORN SILAGE FOR FATTENING STEERS DURING A 
SHORT FEEDING PERIOD (ALABAMA EXPERIMENT). 

This is the last of a series of cooperative cattle-feeding experiments 
conducted in western Alabama by the Bureau of Animal Industry 
and the Alabama experiment station for the purpose of testing - 
various concentrates and roughages for fattening steers for the mar- 
ket. The results of the previous work have been reported in Bureau 
of Animal Industry Bulletins 103, 131, and 159, and Department 
Bulletin 110. 

OBJECTS AND PLAN OF THE WORK. 

A comparison was to be made of the value of cottonseed hulls, corn 
silage, and a combination of these two roughages for fattening steers 
economically and substantially. As this test was to compare rough- 
ages, the same amount of cottonseed meal was fed per head to the 
steers of all lots. No other concentrate was used. 

The same general plan was followed as had been used in former 
experiments. The cattle were bought in the fall and put on a pre- 
liminary feed of cottonseed hulls and meal, and some silage, while 
confined on a 15-acre pasture until they became thoroughly accus- 
tomed to the feeds. They were dehorned during this time and on 
November 19, 1913, all were tagged, divided into three lots of the same 
quality and about the same size, weighed individually, and started on 
their regular experimental rations. They were weighed individually 
again on the following day, an average taken of the two weights as 
the initial weight, and the experiment started on the afternoon of 
November 20. 

STEERS USED. 

The steers were mostly half and three-quarter breds of Aberdeen- . 
Angus, Shorthorn, Hereford, and Red Polled breeding. They repre- 
sented one or two crosses of pure-bred beef bulls on the native cows 
of Alabama. Some of them showed a small amount of Jersey blood 
also. They averaged about 3 years of age and were of a fair 
feeder type. They were far superior to the scrub steers of the State, 
but about the same grade as the steers produced in the prairie section 
of Alabama and Mississippi. 

4 
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CHARACTER AND PRICES OF FEEDS USED. 

The feeds were all of good quality. The cottonseed meal analyzed 
8 per cent ammonia, or about 41 per cent crude protein, and was 
bright in color. The corn silage was excellent and was made from 
corn which would have yielded about 35 to 40 bushels of corn per 
acre. 

The feeds were charged at the following prices: 

@onmonseed: mens 2 see eS ee ee per ton__ $27. 50 

Cottonseed hulls SO ESF cups DA Sw BUC) (ante ieee ee Mes perton__ 9.50 

NORRIE SOS ete re es ds oN ee ee per ton_— 3.25 

The price of cottonseed meal and hulls was the cost delivered to 
the barn. The cost of the silage was the estimated cost of production 

and ensiling, including the estimated waste which would occur in 
making and feeding it. 

METHODS OF FEEDING AND HANDLING THE STEERS. 

The steers of each of the three lots had an open, unpaved lot for 
exercise and were fed in troughs under sheds which were planked 
up on the north and west sides, but open on the other sides. They 
were furnished water from a 1,300-foot well, and concrete troughs 
equipped with float valves were located in the lots so that the steers 
had access to fresh water all the time. 

The steers were fed at 7 o’clock in the morning and 5 o’clock in 
the afternoon. The cottonseed meal was mixed with the roughage in 
the feed troughs at the time of feeding. The steers were given all 
the feed they would eat up clean within an hour after feeding. 

AVERAGE DAILY RATIONS. 

The steers of all three lots were fed the same amount of cottonseed 
meal each day, as this experiment was conducted for comparing 
roughages. The cottonseed meal was thoroughly mixed with the 
roughage at the time of feeding. 

Table 1 shows the average daily ration per steer by 28-day periods 
during the experiment: 

TAaBLe 1.—Average daily ration per head, by 28-day periods. 

= ae . Entire 
Lot | Number ake First Second | Third : 
No, | of steers. Bape period. | period. | period. |Perlod (84 

days). 

| Pounds. | Pounds. | Pounds. | Pounds. 
1 on \{Cottonseed meal...............-.------------- 5.0 6.6 AY 6, 25 

\Costonsesd hitlise 05. Cees). SoA eee 28. 1 29. 8 Parks tf 28. 46 
2 20 i eon DICH a sXe cee s nlc. .> cae) n oe a : & 3 Hi 2 ie ab 

LRN BUA CS ono oa oxo ianipnesce> = ance eee eas 39. 5. ¢ 4. Be 
JGottonseed 311 (a) ne ee BR Cre a i y | 5.0 6.6 7.2 6. 25 

2D |. Copconseed UUs. . 5.5. soe nisia x» 0,0 ole)» moteseme eee 18.3 19.3 18.6 18. 76 
Ei 7 OR Ia Eo I i oF) 17.4 18.3 17.7 17.77 

J i 
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WEIGHTS AND GAINS OF STEERS. 

The following table shows the initial weight of the steers of all 
lots, the final weights, the total gain per head, and the average daily 
gain: 

TABLE 2.—Weights and gains of steers (Nov. 20, 1913, to Feb. 12, 1914—S84 days). 

Average | Average | Average | Average 
Lot Ration initial final total daily 
No. : weight | weight gains gains 

per steer. | per steer. | per steer. | per steer. 

, Pounds. | Pounds. ; Pounds. | Pounds. 
i | Cottonseed meal and cottonseed hulls.........------.-- 837 : 209 2.48 
2 | Cottonseed meal/and corn silage. 2.2239. P2222 2-2 847 1,058 211 2.51 
3 | Cottonseed meal, cottonseed hulls, and corn silage. ....- 819 1,036 217 2.58 

The gains made by the steers of all lots were exceedingly satis- 
factory and indicate that the steers relished their rations and made 
good use of their feed. The silage-fed steers gained slightly more 
for the short period than those fed cottonseed hulls. The steers 
receiving the mixed ration of cottonseed hulls and silage made the 
greatest gains. 

It is a well-known fact that for a short feeding period a ration of 
cottonseed meal and hulls is a superior feed for fattening steers that 
are not to be fed over 90 days. ‘The results of this experiment indi- 
cate, however, that corn silage as the sole roughage is fully equal to 
cottonseed hulls for making large daily gains, and it is known that 
it would have proved much superior for a long feeding period. 

QUANTITY AND COST OF FEED REQUIRED TO MAKE 
100 POUNDS OF GAIN. 

The economy of gains must be considered as well as the size of the 
gains before drawing any conclusions concerning the value of the 
two roughages. Knowing the price of feeds and the amount of feed 
required to make 100 pounds of gain, this can be determined easily. 
The following table shows the amount of feed required to make 100 
pounds of gain and the cost of 100 pounds of gain for each lot of 
steers: 

TABLE 3.—Quantity and cost of feed required to make 100 pounds of gain. 
(Nov. 12, 1913, to Feb. 12, 1914—84 daysa. 

Pounds 
of feed Cost of 

Lot 4 to make 100 
No. Ration. 100 pounds 

pounds | of gain. 
f of gain. 

Cottonseed mca: ei ARMM ek Lc NG Tac ae AUG UNS alee DL pa Te eee re tap 251 $8. 88 
Cottonseed hulls: ie Mee es eC gia aie yo ee oa Dem Nama nr spare, | 1,142 : 

9 A eoeaiece Tae wo 248 6.19 
Corn silage. ........--. 1, 711 F 
Cottonseed meal. ---- 

Sil WOne-Walie OLLOMSee amines peers =) vay aky s/c) Saleem Ula pIpenenen Dean ee Eme mnpLaD Ege 727 7.89 
Cormisila ge fae oo. AN RS Reed SN A ees Ve a aoe rae er) 689 
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The amount of cottonseed meal required to make 100 pounds of 
gain varied, very little for each of the three lots, ranging from 242 
to 251 pounds. The cost of the gain varied greatly, however, there 
being a difference of $2.69 per 100 pounds between the cost for 
Lots 1 and 2. The use of cottonseed hulls at $9.50 per ton is usually 
of very questionable economy and at times is quite unprofitable. 
Corn silage proved much more economical as a feed at $3.25 per ton. 

As 1,711 pounds of corn silage (the amount required to make 100 
pounds of gain) proved equal to 1,142 pounds of hulls and three 
pounds of cottonseed meal, then each ton of silage proved to be 
worth $6.38 when cottonseed hulls cost $9.50 per ton. This is a very 

strong argument for using corn silage on the farm, for in Alabama 
it can usually be grown and put up for about $3 per ton. 

FINANCIAL STATEMENT. 

The silage was almost exhausted at the end of the third period and 
it was decided to terminate the experiment, but as the steers were not 
finished their valuation on the farm was appraised and they were 
continued on a feed of cottonseed hulls and cottonseed meal for a 
while longer. 

All lots were appraised at the same value, viz, $6.75 per 100 
pounds on the farm less 3 per cent shrinkage. The following finan- 
cial statement has therefore been made for the 84-day feeding ex- 
periment : 

Financial statement. 

Lot 1, cottonseed meal and cottonseed hulls: 

To 20 steers, 16,747 pounds, at $5.25 per hundredweight pen es $879. 21. 

To 10,510 pounds cottonseed meal at $27.50 per tom__---_ =. 144 

To 47,823 pounds cottonseed hulls at $9.50 per ton________ pao dia 227.16 

Motalvexpe;ncituTes 208 fies Cees Sree Sea Ane a aL 1, 250. 88 

By sale of 20 steers, 20,306 pounds, at $6.75 per hundredweight__ 1, 370. 65 

A WO EEN WG yf nS eam Tea Ha 9A ey ea Ye Sat A 119. 77 

ANVETACES PLOME OM eAeh STC Le Le emi pe i Ne Sa 5. 99 

Lot 2, cottonseed meal and corn silage: 

To 20 steers, 16,931 pounds, at $5.25 per hundredweight__________ 888. 87 

To 10,510 pounds cottonseed meal at $27.50 per ton______________ 144, 51 
To 72,521 pounds silage at $3.25 per ton______ Bs a es 117. 85 

EPO bet; OX DCMU UT ah SL ae a hs ibs UaIL a3} 

By sale of 20 steers, 20,535 pounds, at $6.75 per hundredweight__ 1, 386. 11 

OPA TOL oe ee lee Beers CU Sa ein) imme SU UR A 8s 

AVELAS OSLO LG CTS SCC C Le a ea een ene I ie ae a 11. 74 

Lot 3, cottonseed meal, one-half cottonseed hulls, one-half corn silage: 

To 20 steers, 16,390 pounds, at $5.25 per hundredweight__-_____.__ 860.47 

To 10,510 pounds cottonseed meal at $27.50 per ton__.._..-.____. 144. 51 

To 31,520 pounds cottonseed hulls at $9.50 per ton_.....-.-.-._..-___ 149.72 

To 27,861 pounds silage at $3.25 per ton_____. a a eM ese 48. 52 

DoneIeexpenditiye 35 =< 2 ear) oe a Bn a 2 ay 

By sale of 20 steers, 20,103 pounds, at $6.75 hundredwe ight . 1,356. 95 

Tote OLont 2 ee. Bis uid Es Rl : Mayas (93 

Average profit per steer : : 3 7. 69 
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The steers of all lots cost $5.25 per hundredweight in the fall. At 
the end of the feeding period they were appraised at $6.75 per 100 
pounds, or a margin of $1.50 per hundredweight was received for all. 

No charge is made for labor and no credit is given for the manure 
produced. 

The silage-fed steers were by far the most profitable. The steers 
of Lot 1, which received cottonseed hulls as the sole roughage, made 
the smallest profits. When the prices of feeds are considered the 
steers of all lots made exceedingly satisfactory profits. 

SUMMARY OF THE EXPERIMENT. 

1. The object of this experiment was to study the relative efficiency 
of cottonseed hulls, corn silage, and a combination of these two 

roughages when fed with cottonseed meal for finishing steers during 
a short feeding period. 

2. The steers used were mostly 3-year-olds showing a predominance 
of blood of the various beef breeds, and averaged 834 pounds per 
head at the beginning of the test. They were divided into three lots 
of 20 each and fed 84 days during the winter. 

3. The steers of Lot 1 were fed a ration of cottonseed meal and 
cottonseed hulls; those of Lot 2 received a ration of cottonseed meal 
and corn silage; while those of Lot 3 were given cottonseed meal, 
cottonseed hulls, and corn silage. 

4, During the 84-day feeding period the average daily gain per 
head was 2.48 pounds, 2.51 pounds, and 2.58 pounds, respectively: for 
the steers of Lots 1, 2, and 3. 

5. It cost $8.88 to produce 100 pounds of gain in Lot 1, $6.19 in 
Lot 2, and $7.89 in Lot 3. 

6. The net profits per head amounted to $5.99, $11.74, and $7.69 for 
the steers of Lots 1, 2, and 3, respectively. 

7. The experiment shows very clearly the superiority of corn silage 

over cottonseed hulls as a roughage for fattening steers. 



II. A COMPARISON OF THE VALUE OF COTTONSEED 
HULLS, CORN SILAGE, AND A COMBINATION OF COT- 
TONSEED HULLS AND CORN SILAGE FOR FATTENING 
STEERS (MISSISSIPPI EXPERIMENT). 

INTRODUCTION. 

The results of the cooperative experiment between the Bureau of 
Animal Industry and the Alabama Experiment Station, reported in 
Part I of this bulletin, were very satisfactory in every way, but fol- 
lowing the policy of the bureau in all experimental work it was 
decided to duplicate the experiment before publishing the results, as 
conditions under which a feeding test is conducted vary greatly from 
year to year, due to climatic conditions, variations in the feed used, 
conditions of feed lots, fluctuations in the buying and selling prices 
of cattle, feed, etc. As the cooperative cattle-feeding work was 
transferred from Alabama to Mississippi before the test could be 
duplicated, it was decided to conduct another test in Mississippi 
under conditions as nearly similar as possible. 

There are a few points which should be borne in mind in compar- 
ing the results of the two tests in order to do the work justice in 
each case, namely, (1) The steers used in each test were of almost 

the same grade and breeding, but the Alabama steers were a little 
better in quality. (2) Good bright cottonseed meal and cottonseed 
hulls of the same grade were used for both experiments and were 
therefore similar. (3) The corn silage used in the Alabama test 
was excellent, having a large amount of grain in it and keeping 
splendidly, but owing to a bad season for corn the silage used in 
the Mississippi experiment was much below the average, as it had 
very little grain in it and did not keep so well as it should. (4) The 
feeding pens became muddy each winter, but the sheds used in the 
Alabama experiment were kept well bedded, while in the Mississippi 
test after the sixth week bedding was very scarce and the feeding 
pens became very deep in mud, the steers having no choice but to he 

in the deep mud. (5) The Alabama test covered a period of 84 
days, while the steers in this experiment were fed 143 days. 

OBJECT AND PLAN OF THE WORK. 

This test was to be a duplication of the feeding experiment re- 
ported in Part I of this bulletin, namely, a study of the compara- 

91654°—19——2 9 
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tive value of cottonseed hulls, corn silage, and a combination: of 
cottonseed hulls and corn silage for fattening steers, with cottonseed 

meal as the sole concentrate. 
The steers were bought in the fall and started on a preliminary 

feed of cottonseed meal and cottonseed hulls on October 8, 1914. On 
October 25 corn silage was introduced in the ration and the feeding 
continued until November 12, when the steers were divided into 
three lots and started in the regular feeding experiment on Novem- 
ber 13. 

The work was conducted upon the farm of Mr. Ben Walker, of 
Abbott, Miss. Mr. Walker furnished the cattle, the feeds, and all 
equipment except such things as feed baskets, small scales, etc., 
which were furnished by the Mississippi experiment station. The 
bureau placed Mr. N. F. Hanson upon the farm to conduct the 
experiment, and his entire time was devoted to the work. 

CATTLE USED. 

The steers were grades of the various beef breeds and ranged from 
one-half to three-quarters pure. They were from 24 to 34 years of 
age, but were fairly uniform in size. They were not quite so good 
in quality as the Alabama steers. The steers were such as may be 
found anywhere in the South where one or two crosses of pure-bred 
beef bulls have been made on the native eows. All of them were 
raised in the neighborhood of Abbott, Miss. All were tick free and 
had been so for more than a year. 

CHARACTER AND PRICE OF FEEDS. 

The cottonseed meal was bright, and analysis showed a erude pro- 
tein content of about 88 per cent. The hulls were of average quality. 
The corn silage was below the average in quality, as it contained very 
little grain and was somewhat dry when put into the silo. The 
cottonseed meal and hulls were contracted for in the early summer 
and purchased cheap. The cottonseed meal cost $23.50 per ton and 
the hulls $6.50 per ton. They are charged at actual cost in this 
test. Corn silage was charged at $3 per ton. 

METHODS OF FEEDING AND HANDLING THE CATTLE. 

The steers which had horns were dehorned during the preliminary 
feeding period, and each was numbered by means of a tag on a 
leather neckstrap. The steers were divided into three similar lots 
and weighed individually on November 12 and 13, and an average 
of the two weights taken as the initial weight. The steers were 
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weighed each 28 days and were again weighed individually at the 
end of the experiment. 

All three lots were fed in a large barn, but the feeding pens were 
so arranged as to give the cattle the run of lots outside the barn. 
Water troughs were in each pen, and a deep well furnished fresh . 
water at all times. The feeds were placed in stationary feed troughs, 
the cottonseed meal being thoroughly mixed with the roughage at the 
time of feeding. The steers were fed all the roughage they would 
eat up clean within one hour after feeding. The feeding was done 
at 7 a. m. and 3.30 p.m. each day. Rock salt was kept in the feed 
troughs at all times. 
Enough bedding, consisting of shavings, waste straw, and corn- 

stalks, was used during the first six weeks to keep the animals very 
comfortable. After that time bedding was scarce, and the prairie 
roads were in such condition that it could not be obtained; as 
a result the pens became very muddy. Some rotten’ limerock 
was placed around the feed and water troughs to make a firm 
standing place but the urine caused the rock to disintegrate in a few 
days, leaving the pens in worse condition than before. Although 
some manure was taken out, all the pens remained deep in mud 
until the close of the experiment. The relatively small daily gains 
made by all the steers can be attributed largely to the condition of 
the pens and the absence of open lots. There were 25 steers in Lot 
1 and 26 in each of the other two lots. 

AVERAGE DAILY RATIONS. 

The object of the work being to compare the roughage rations, the 
steers of all three lots were fed the same amount of cottonseed meal 

per head per day throughout the experiment. Table 4 shows the av- 

erage daily ration of the steers of each lot by 28-day periods. 

Taste 4.—Average daily ration per head by 28-day periods. (Nov. 13, 1914 to 
April 5, 1915—148 days.) 

Lot | Number First | Second | Third | Fourth | Filth | Entire ati : 2 
No. | of steers. Ration. period. | period. | period. | period. Gane), Hears). 

Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
1 gr Cottonseed meal........ Aaa 5. 5 5.9 6.5 6.7 5. 90 

? \\ Cottonseed hulls........ 25. 2 22. 2 25. 6 24,9 2352 24. 12 
) og, \fCottonseed meal.....-.. 4.7 5.5 5.9 6.5 6.7 5. 90 
7 (Gorn silage: slay. esse. 38. 1 42. 2 45. 2 43.5 3.5 42. 89 

JGottonseed meal 4, 8 5.5 5.9 6.5 (0), 17/ 5. 90 
26 |4Cottonseed hulls........ 10.7 11.4 12.6 Me 11.9 11. 68 

SIT BAG coe as ceaee 26. 4 26. 6 29. 4 21.6 | 29. 2 27.98 

“ach steer was fed an average of about 4% pounds of cottonseed 

meal per day during the first 28-day period. The amount was gradu- 



12 BULLETIN 762, U. S. DEPARTMENT OF AGRICULTURE. 

ally increased until the last period, when each steer consumed prac- 
tically 6% pounds of meal a day. All the roughage was fed which 
the steers would clean up within one hour after feeding. The amount 
consumed by Lots 2 and 3 remained fairly constant for the entire 
experiment. The steers of Lot 1 did not consume quite as much cot- 
tonseed hulls the last two months as they did before that time. 
For the entire period of 148 days each steer of Lot 1 consumed on 
the average 24.12 pounds of cottonseed hulls daily; each steer in Lot 
2 ate 42.89 pounds of corn silage; and each steer of Lot 3 was fed 
an average of 11.68 pounds of cottonseed hulls and practically 28 
pounds of corn silage per day. 

WEIGHTS AND GAINS. 

The following table shows the initial weight, the final weight, the 
total gain, and the average daily gain per steer for all three lots: 

TaBLe 5.—Weights and gains. (Nov. 13, 1914, to Apr. 5, 1915—143 days.) 

Average | Average Average Averase 
Lot - initial na otal dai ay 
No. Ration. weight | weight ain g 

per steer. per steer.| per steer.| per Sian. 

Pounds. | Pounds. | Pounds. POU ES. 
814 198 1.38 1 | Cottonseed meg and cottonseed hulls........-..-.------ 1 1,012 

2 | Cottonseed meal and corn silage. .-.......--..---------- 812 976 164 1.15 
3 | Cottonseed meal, cottonseed hulls, and corn silage. ...-- 814 1,054 240 1. 67 

The average initial weight of the steers in each lot was very un1- 
form, being 814, 812, and 814 pounds, respectively, for the steers of 
Lots 1, 2, and 3. The steers did not gain as much as they should 
during the experiment. The fact that the pens were deep in mud 
during most of the time had considerable to do with the amount of 
gains made and emphasizes the importance of having dry and com- 
fortable beds for fattening steers. In the black-prairie section of 
Mississippi and Alabama, where the ground tramps into deep mud 
very easily, it is essential that the steers have either dry beds under 
shelter, or paved lots, or a combination of both. 

The fact that the silage was of poor quality this year was re- 
flected in the average daily gains made by the steers. The silage was 
practically of the same character as that which would be made by 
pulling all the ears from the corn and running the stalks alone into 
the silo. During the previous year the steers which were fed a ration 
of good silage and had comfortable beds made an average daily gain 
of 2.51 pounds per head per day for 84 days, while the steers in this 
test made less than 14 pounds per day for 148 days. 
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QUANTITY AND COST OF FEED REQUIRED TO MAKE 
100 POUNDS OF GAIN. 

The following table shows the amount and cost of feed required to 
make 100 pounds of gain for each lot: 

TABLE 6.—Quantity and cost of feed required to make 100 pounds of gain 
(Now. 13, 1914, to Apr. 5, 1915—148 days). 

Pounds | Cost of 
of feed to 100 

Lot Ration. make 100) pounds 
No. pounds | of gain. 

of gain. 

CONNOTEA eer0 Das CEOS ie Oe eee en Om ae A Re RO ae Pn meme ng Re S LeU 427 
Berreecd! nine Leaner hemes | Vac mime. 1,749 |p 210-70 

2 MOLLONSCE Aire alee MPH eae PNM TEPER: ali palis: volcyd el RMS MST AN esti DERI 515 11.26 
ROURISUA LO 2 = ep er er met yc eC ucda ol i Pu R UV R ae UI e ala 3, 745 : 
SCTONSCEG MMe eer eet eee em tN ca agree tL oy A eqn va eiapeg Gaca eno 352 

3 |{Cottonseed hulls... __.- Cee RSNA ee 3 SL ETD Paaie is Maes Aik 8 CEP ee ss AOI RU 697 8.90 
Ganmsilage. eee.) Beet Bic MS SRN G ee SP cai ape pyar es ey 1, 668 

The steers which received a combination of cottonseed hulls and 

corn silage for their roughage utilized their feed better than the 
steers in either of the other lots, as a considerably smaller amount of 
cottonseed meal was required to make 100 pounds of gain. 

The following prices were charged for feeds in this test: 

Catouseedameal, per tore. Ly Aare ce $23. 50 

MBs G Eos OTESE CCAD LS: Spy Te li ee ese sr 2 6. 50 

CAGE ASST Fre oY yao 0 ese A II SO 3. 00 

The price of cottonseed meal was less than. normal, as the meal 
was contracted for in the summer, when the price was low. The price 
of cottonseed hulls was relatively cheap for that year, while the 
price charged for corn silage was about as much as it was worth. 

It probably cost about $3 per ton to grow and prepare this silage 
for feeding. With a reasonably good season the silage would have 
been much higher in quality and probably would have cost somewhat 
less per ton, due to the increased tonnage per acre. With feeds at 
these prices the cost of 100 pounds of gain for the entire period was 
$10.70, $11.26, and $8.90 for Lots 1, 2, and 3, respectively. 

FINANCIAL STATEMENT. 

The steers which were used in this experiment had been bought in 
the fall, and put on a preliminary feed from October 8 to November 
12, at which time the experiment was started. The original cost of 
the steers, plus the cost of feed during the preliminary period, was 
divided by the initial weight of the steers to get the price per 100 
pounds. This amounted to an average price of $5.47 per hundred- 
weight for the entire bunch of steers. They are charged at that 
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price. The price of feeds has already been stated. The steers were 
shipped from Abbott, Miss., to the St. Louis market. The freight 
on the cattle to market was $63 per car or per lot, and the charges 
for commission, yardage, feed, insurance, etc. totaled $24 per lot. 

Financial statement. 

Lot 1, cottonseed meal and cottonseed hulls: 

To 25 steers, 20,845 pounds, at $5.47 per hundredweight________ $1, 112. 87 

To 21,098 pounds cottonseed meal, at $23.50 per ton_______..____ 247. 90 

To 86,508 pounds cottonseed hulls, at $6.50 per ton____________ 281. 35 

Tortreicht Onuonme: car Of 25) SteCeCLS =a ee eee 63. 00 

To commission, yardage, feed, insurance, etc______ a 24. 00 

TE OLR eT CMa CLT TT a Nd eh a ie WAY), WA 

By sale of 23 steers, 21,800 pounds, at $7.45 per hundredweight__ 1, 729. 12 

By sale of 1 steer, 800 pounds, at $6.50 per hundredweight______ 52, 00 

By sale of 1 steer, 930 pounds, at $5.40 per hundredweight______ 50. 22 

ROE seal es OE INE ere aa Ea ee er Se 1, 688. 52 

Ota alOSSe Bars ee cele h ena eek ea... aes 40. 60 

Average loss per head________ is pa aes ea he AR wi 1. 62 

Lot 2, cottonseed meal and corn silage: 

To 26 steers, 21,125 pounds, at $5.47 per hundredweight________ 1, 155. 54 

To 21,952 pounds cottonseed meal, at $23.50 per ton____________ 257. 94 

To 159,494 pounds corn silage, at $3 per ton-2_2-_- = 239. 24 

Ato BEEN BR yay Cae COnenAay Suirexen ops es Ne ee Vl a ee 63. 00 

To commission, yardage, feed, insurance, etc____________ Lge 24, 00 

Total -expenditure:.2--.-. See ee as MIA: he i, 739. 72 

By sale of 26 steers, 24,810 pounds, at $7.25 per hundredweight__ 1, 798. 72 

Total :-WROties ~ ee ae. ae See eae 59. 00 
Avera ceaprotit: per isteere 20s See ee ene ie ee ee PAPA 

Lot 3, cottonseed meal, cottonseed hulls, and corn silage: 

To 26 steers, 21,172 pounds, at $5.47 per hundredweight________ 1, 158. 11. 

To 21,952 pounds cottonseed meal, at $23.50 per ton____________ 257. 94 

To 43,451 pounds cottonseed hulls, at $6.50 per ton______________ 141. 21 

To 104,059 pounds corn silage, at $3 per ton-__________________ 156. 09 

TROMERCIStVON (GaliOl 26 SECCTS a meen nee nO een Oo a 63. 00 

To commission, yardage, feed, insurance,.ete__________________ 24. 00 

Total expenditures co Nossa ae ee 1, 800. 35 

By sale of 26 steers, 25,420 pounds, at $7.30 per hundredweight__ 1,855. 66 

STS fecal" YT Basha es a Le ee ee 5b. 81 

AVEraA Se ORO: JOC, SECC 22 sul e ei Beene nue avs cae DS 

The total expenditure for Lot 1 was $1,729.12, while the selling 
price of the cattle was $1,688.52, showing a loss of $40.60 on the lot 
or an average loss of $1.62 per head. The steers of Lot 2, which re- 
ceived cottonseed meal and corn silage, made a net profit of $59 
for the lot, or an average profit of $2.27 per steer. It is seen that 
although the silage-fed steers did not make as big daily gains as the 
steers fed on cottonseed hulls, they sold for a higher price on the 
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market. This was due to finishing more uniformly and having bet-- 
ter coats than the cattle fed on cottonseed hulls and meal. The steers 
of Lot 3, which made the largest gains of all the lots, sold for 
5 cents more per hundredweight than the steers of Lot 2, and made 
a profit of $55.31 on the lot, or an average profit of $2.13 per head. 

The feeding of cottonseed hulls and meal in this experiment was 
unprofitable, whereas the feeding of corn silage or a combination of 
corn silage and cottonseed hulls with cottonseed meal as a concen- 
trate was profitable. The steers of both Lots 2 and 3, as a whole, 
showed more uniformity of finish than the steers of Lot 1, although 
some of the latter had gained exceedingly well and had finished out 
well. This is frequently the case when cottonseed hulls and meal 

are fed. Cattle fed on these feeds seldom finish out as uniformly as 
cattle which receive silage as a roughage. The steers were sold on 
a rather poor market, and if they could have been held three weeks 
longer they would have brought considerably more money and 
showed quite a nice profit. When all things are considered, the re- 
sults of the test were satisfactory and tend to emphasize the impor- 
tance of corn silage as a roughage for finishing steers for the market. 

SLAUGHTER DATA. 

In Table 7 are shown the results of the shipping and slaughtering 
of the steers in this experiment: 

Taste 7.—Slaughter data. 

| Per cent dressed. 
Average | Average | Average | Average 

Lot Ration farm market | shrink- weight 
No. 3 weight | weight age in of, Beriacm By 

persteer.) per steer.| transit. | carcdss. | J. 045. | market 
| aS: weights. 

i 

1 | Cottonseed meal and cottonseed} Pounds. | Pounds. | Pounds. | Pounds. | Per cent. |Per cent. 
in eee 2 ee eae nae 996 944 52 531.6 53. 40 56. 27 

2 | Cottonseed meal and corn silage. . - 1,017 954 63 557.4 54, 81 58. 41 
3 | Cottonseed meal, cottonseed hulls, 

ANd COMMSUage oo seco wmiee nen 1,033 978 55 566. 8 54. 85 57.97 

1 The final farm weights were taken April 11, six days after conclusion of the experiment; the market 
weights were taken three days later, April 14. 

The steers were driven from the feed lots to West Point, Miss., 
a distance of 12 miles, to be loaded on the cars. As they had to 
travel over a gravel road, some of them began getting tender footed 
before reaching the pens. They arrived at the loading pens in the 
afternoon, where they were given hay and had access to water, and 
were loaded the following morning. They were in transit 24 hours, 

and were sold and slaughtered the same day that they reached the 
market. 

The dressing percentages show that the steers of both Lots 2 and 

3 were finished somewhat better than the steers of Lot 1. The per- 



16 BULLETIN 162, U. S. DEPARTMENT OF AGRICULTURE. 

centages are all satisfactory, and th e purchaser reports that the steers 

of all lots showed extra nice carcasses and that he was well pleased 
with the way they dressed out. 

SUMMARY OF THE EXPERIMENT. 

1. This experiment was a duplication of the Alabama test reported 
in Part I of this bulletin as to the relative efficiency of cottonseed 
hulls, corn silage, and a combination of the two when fed with cot- 
tonseed meal for fattening steers. 

9. The steers used were grades of the various beef breeds, averag- 
ing 813 pounds per head at the beginning of the experiment. The 
77 steers were divided into three lots and fed 143 days during the 
winter of 1914-15. 

3. Cottonseed meal was fed in equal quantities to all the steers. 
In addition to this the steers in Lot 1 were fed cottonseed hulls, those 
in Lot 2 corn silage, and those in Lot 3 both cottonseed hulls and 
corn silage. 

4, For the entire feeding period of 143 days the steers of Lots 1, 
2, and 3 made an average daily gain per head of 1.38, 1.15, and 1.67 
pounds, respectively. These daily gains are noticeably smaller than 
those made in the Alabama test the previous winter. This is due 
chiefly to slightly inferior steers, poor silage, less desirable feeding 
conditions, and a longer feeding period in the 1914-15 trial. 

5. The cost to make 100 pounds of gain was $10.70 for Lot 1; $11.26 
for Lot 2, and $8.90 for Lot 3. 

6. The steers of Lot 1 were marketed at an average loss of $1.62 
per head, but those of Lots 2 and 3 returned an average net profit of 
$2.27 and $2.13 per head, respectively. Notwithstanding the fact 
that the prices of feeds were less and the steers were sold at a greater 
margin in the 1914-15 trials, the three lots of steers fed the previous 
year in Alabama made considerably more profit. The high cost of 
gains in 1914-15 had offset the advantages of cheap feeds and more 
favorable marketing. 

7. The shrinkage per head in transit to market was 51 pounds for 
Lot 1, 63 pounds for Lot 2, and 56 pounds for Lot 8. The silage-fed 
steers shrank a little more in transit than the steers of Lot 1. 

8. The dressing percentages were 56.27, 58.41, and 57.97 for Lots 
1, 2, and 3, respectively. 

9. While the steers of Lot 1, which were fed cottonseed hulls as 
roughage, made slightly larger daily gains and less expensive gains 
than the steers of Lot 2, which received a poor grade of silage, the 
steers of Lot 2 made a greater profit and dressed out a higher per- 
centage of marketable meat. 



Ill. A COMPARISON OF SOME COMMON FARM-GROWN 
ROUGHAGES FOR FATTENING STEERS (EXPERIMENT 
OF 1915-16.) 

INTRODUCTION. 

This experiment was conducted on the Canton Stock Farm, located 
in the “Brown loam” section of Mississippi, near the town of 
Canton, in Madison County. The work was conducted during the 
winter of 1915-16 under the same general plan under which the other 
cooperative work was conducted and does not need explaining here. 
Mr. 8.S. Jerdan, who had been employed for three years previously 
in conducting such experiments, was located on the farm and closely 

supervised the weighing of all feeds and the feeding. His entire 
time was devoted to this and some other experimental work being 
done on the farm. 

OBJECT AND PLAN OF THE WORK. 

Many feeders have claimed that when silage is fed to steers 
they should have a small amount of dry roughage in addition, and 
that it would be more economical and satisfactory to feed a small 
amount of roughage with the silage than to feed silage alone. It has 
been claimed also that this is especially desirable when no other 
concentrate than cottonseed meal is fed. 

This experiment was planned and conducted to determine whether 
these statements were true. Three lots of steers were used for this 
comparison, and a fourth lot was fed to see what such common south- 
ern feeds as cowpea hay, oat straw, and corn stover would give satis- 
factory returns if they were fed in equal parts to fattening steers. 

CATTLE USED. 

The 80 steers used in this experiment were grades ranging from 
one-half to seven-eighths pure-bred of the various beef breeds— 
Shorthorn, Hereford, Aberdeen-Angus, Red Poll, and Devon. In hge 

they ranged from 2 to 4 years. 
All the steers were bought in Madison County, Miss., and were 

better than the average steers found in that section. They averaged 
787 pounds in weight when placed in the experiment. 

91654°—19-—2 17 
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CHARACTER AND PRICES OF FEEDS USED. 

The steers were divided into 4 lots of 20 each. Lot 1 was fed cot- 

tonseed meal and sorghum silage. Lot 2 received cottonseed meal, 
sorghum silage, and corn stover. Lot 3 received cottonseed meal, sor- 
ghum silage, and oat straw. Lot 4 received cottonseed cake, cowpea 
hay, oat straw, and corn stover. 

The meal and cake used in the test had a crude-protein analysis 
of 41 per cent. Both were bright and of good quality. The cake 
was cracked to nut size. The silage was made of a rank-growth 
sorghum and was very good. The cowpea hay was of good quality; 
most of it carried lots of peas, and 1t was nicely cured. The corn 
stover was fairly bright and as good as the average stover found in 
the South. Oat straw that had been baled immediately after thrash- 
ing was used; it was clean and bright. 

The prices used in charging the different feeds were as follows: 

WattonSeed); mie Mus MS ge. 2) a en i a per ton__ $32 

SOrehumiisilagsekees oe eee ee PASO tele 1S SOS ahaa doshas 

CCHOS 7 OY SEEN wy ai gt ol ala ct ate CO Koy tater 1(0) 

WORT TOV CI Meter ee ee AE IE Re RY eS NT Le SS One 

CFE eS) 6222 ei ei ae Beep a aie Ee La I dolls ays 

METHOD OF FEEDING AND HANDLING THE CATTLE. 

The lots in which the steers were fed varied somewhat in size. Lots 

1, 2, and 3 were fed in stationary troughs which were located under 
sheds, which opened on the south and west sides. Lot 4 was fed 

from a trough which was in the open. 
Water was furnished to each lot in large galvanized-iron troughs 

kept filled from a deep well. 
The steers were fed at 7 a. m. and 5 p. m. Each of the first’ 

three lots were fed cottonseed meal and silage twice a day. The 
hay and stover were fed once a day. The silage was limited to the 
amount they would clean up in one hour. 

All the steers were dehorned about two weeks before going into 
the experiment. About this time they were placed on a preliminary 
feed of cottonseed meal and sorghum silage. The cattle were tagged . 
and on November 26 and 27 were weighed individually, the average 
of the two weights being used as the initial weight. 
During the progress of the experiment the steers were weighed by 

lots at the end of each 28-day period. At the end of the experiment 
the steers were weighed individually on three successive days, and the 
average of these weights was used as the final weight. 
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AVERAGE DAILY RATIONS. 

The average daily ration per steer by 28-day periods and the aver- 
age ration for the entire period of 127 days is shown in the follow- 
ing table: 

Taste §—Average daily ration per head by 28-day periods. 

Fifth Entire 
Lot | Number These First Second Third Fourth iod period 
No. | ofsteers. oy period. | period. | period. | period. | ,P&toc- (127 

(15 days). days). 

Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
1 99 {Cottonseed meal......... 4.1 : 6.9 7.0 7.0 6.1 

“ |\Sorghum silage......--.- 40.5 46.0 41.0 42.7 40.8 42.4\ 
| Cottonsead meal_....-.-- 4.1 5.8 6.9 7.0 7.0 6.1 

2 20 |;Sorghum silage........-.. 36.0 41.1 37.7 38. 7 39.5 38. 6 
Comistovierse = 225-5. - Bn if 3.0 2.4 15 0.8 2.5 
Cottonseed meal......-.--. 4.1 5.8 6.9 7.0 7.0 6.1 

3 20 {Sorghum silage..-.-...-- 36.3 41.0 37.8 38. 8 39.0 38. 6 
Oatistrawe it. f5 225-028 3.5 1.7 2.3 0.9 0.8 1.9 
Cottonseed cake. -..--..- 4.1 5.8 6.9 7.0 7.0 6.1 

4 20 Cowpea hay.....-----.2- “od 7.9 8.9 7.8 7.4 8.0 
Oatistra weer so gae ose Tod 7.9 8.9 7.8 7.4 8.0 
Corn stover. i. ...2--22-- Uetl 7.9 8.9 7.8 7.4 8.0 

The steers of all four lots were fed cottonseed meal as the sole 
concentrate. As all the steers were of about the same size, and as a 
comparison of roughages was to be made, the steers of the various lots 
received the same amount of cottonseed meal each day. For the first 
28-day period the steers of all lots were fed 4.1 pounds of cottonseed 
meal each per day. The amount of cottonseed meal was gradually in- 

creased so that all steers received an average of 5.8 pounds per head 
the second period, 6.9 pounds the third period, and 7 pounds per head 
per day during the fourth and fifth periods. The average amount of 
cottonseed meal consumed daily by each steer for the entire period of 
127 days was 6.1 pounds. 

The steers of Lot 1, which received sorghum iam as the sole 
roughage, consumed 40.5 pounds per head daily. Each steer in Lot 
2 consumed 36 pounds of silage and 3.7 pounds of corn stover, while 
each one in Lot 3 ate 36.3 pounds of silage and 3.5 pounds of oat 
straw. The average daily ration of roughage per steer in Lot 4 was 
7.7 pounds each of the following: Cowpea hay, oat straw, and corn 
stover. 

The steers of Lot 1 ate 46 pounds of silage per head daily during 
the second period, but this amount decreased for the subsequent 
periods. Each steer fed silage as the sole roughage consumed an 
average of 42.4 pounds per day for the entire 127-day period. 

The steers of Lot 2, which were fed silage with what corn stover 
they would eat, consumed 41.1 pounds of silage and 3 pounds of 
corn stover per head daily for the second period. During subsequent 
periods they ate somewhat less silage and stover. During the last 

two periods the steers did not seem to care much for the stover and 
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consumed an average of but a little more than 1 pound per head 
daily. : 

The steers of Lot 3, which were fed all the silage they would eat 
and had access to good oat straw, consumed 41 pounds of silage and 
1.7 pounds of oat straw per day during the second period and some- 
what less roughage during the subsequent periods, eating less than 
1 pound of oat straw per head daily during the last two periods. 

These rations indicate that while steers which are being fed silage 
will eat a little dry roughage if placed before them, the amount 
is small if the silage is palatable and the amount of roughage be- 
comes almost a negligible factor during the latter part of the feeding 
period. The steers which ate some roughage did not eat so much 
silage. For the entire period of 127 days the steers of Lots 2 and 3 
ate exactly the same amount of silage, namely, 38.6 pounds per head 
per day, and in addition consumed 2.5 and 1.9 pounds of stover and 
oat straw, respectively, each day. The steers of Lot 1, which received 
silage alone, consumed on the average 3.8 pounds more silage per 
head per day than the steers of Lot 2, or, in other words, 2.5 pounds 
of corn stover or 1.9 pounds of oat straw replaced 3.8 pounds of 
sorghum silage in the ration. 

WEIGHTS AND GAINS. a 

The following table shows the average initial and final weights 
per steer of each lot and the total and average daily gains per steer: 

TABLE 9.—Weights and gains (Nov. 26, 1915, to Apr. 1, 1916—127 days). 

Average | Average | Average | Average 
Lot Ratio initial final tota aily 
No. 7 weight | weight gain gain 

per steer. |per steer. | per steer. | per steer. 

Pounds. | Pounds. | Pounds. | Pounds. 
1 | Cottonseed meal and sorghum silage.................... 787 1,058 272 2.14 
2 | Cottonseed meal, sorghum silage, and corn stover-......- 788 1,036 248 1.95 
3 | Cottonseed meal, sorghum silage, and cat straw.--....... 790 1,030 }. 240 1.89 
4 | Cottonseed cake, cowpea hay, oat straw, and corn stover - 787 989 202 1.59 

The steers of all lots were nearly uniform in size at the beginning 
of the experiment, the greatest average variation in weight per steer 
of any lot being 3 pounds. ‘The final average weight of the steers of 
Lot 1 was 1,058 pounds; Lot 2, 1,036 pounds; Lot 3, 1,030 pounds; 
and Lot 4, 989 pounds. 

The average gain in weight per steer for Lot 1 was 272 pounds for 
127 days, or an average daily gain of 2.14 pounds, which is exceed- 
ingly satisfactory. Each steer of Lot 2, which had a small amount 
of corn stover in addition to the sorghum silage, gained 1.95 pounds 
daily, while those of Lot 3, which had a supplemental ration of oat 
straw, gained but 1.89 pounds daily. The steers of Lot 4, which were 
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fed a dry-roughage ration of cowpea hay, oat straw, and corn stover, 
gained only 1.59 pounds per head per day. 

The use of a small amount of dry roughage fed with good sor- 
ghum silage failed to cause the steers to make larger daily gains; in 
fact, it had just the opposite effect. ‘The steers receiving silage alone 
consumed a larger amount daily and made larger daily gains. A 
roughage ration composed of one-third cowpea hay, one-third oat 
straw, and one-third corn stover did not prove satisfactory for fat- 
tening steers when cottonseed cake was the sole concentrate fed. 

QUANTITY AND COST OF FEED REQUIRED TO MAKE 
100 POUNDS OF GAIN. 

The following table shows the amount and cost of feeds required 
to make 100 pounds of gain: 

TABLE 10.—Quantity and cost of feed required to make 100 pounds of gain. 
(November 26, 1915, to April 1, 1916—127 days.) 

Pounds of Cost 
Lot Ration acy For of 100 No. : ane of pounds of 

gain gain. 

Mattonsced mealees =< 2255 eet ee os eared apes oe eae mene ey I MRE oo ces 284 
d {eorcunra SEIS SAAR SS Aorta eee aoe SUM e SES Bone ee ie eS 1,978 HI 

PB LEOUSCEC TCA ees <= sek eet UN SI ihe A aN et ues ep UPA ae ea 312 
Ay be SEV CERT GMCS ES EXE) ag ee La 1 1,976 8.26 

BE ESIAAES FON CL gee ela cece ne Bie ecient mec eh Sa MAY lla I aia Tet 125 
Moapronseed meaAlee.~ 2s saseteees e eet bd e e a A ies G ‘ 322 

Sym PULL PETAL] 22 mee Sc eee ayy IE alam IE ee NL A ae 2,041 8.47 
BOSS SEMEL = everett acne! omic ier aera eS Tice eae = elcid See cree See 2 I a 103 
pebtonseed BOAT COr | Up ON gy te Se MC EU! OCR RE ee ance Ace SNS pa 383 
MUHA LUA oie cle cies oreo mre stele recy oS pale Gates eal mier even yey epey ara eee ener ay sth WISI 504 

4 i SULAW co's Socio eis ook ate eee oe Sore ee iets er Se es ea as oe 504 11.16 
RSOUTUSLOV ELS Seen oes eye ees ae ce 2 ce eiaue oh) ao a me ee te em eee 8 504 

Lot 1, which was fed on a ration of cottonseed meal and sorghum 
silage, required 284 pounds of cottonseed meal and 1,978 pounds of 
silage to make 100 pounds of gain. Each 100 pounds of gain was 
made at a cost of $7.52. The cost of producing the gains on this lot 
was lower than for any of the other lots. 

Lot 4 received 383 pounds of cottonseed meal and 504 pounds each 
of oat straw, corn stover, and cowpea hay per 100 pounds gain. The 
gains in this lot were made at a cost of $11.16. The steers in this lot 
not only made the smallest gains of all the lots, but the gains were 
the most expensive. Thesmall gains, which are accounted for by the 
lack of succulence and palatability in the roughage ration, are 
responsible for the high cost of gains. 

The rate of gains as well as the cost of gains in this experiment 
seems to indicate that the addition of such roughages as corn stover 
or oat straw do not add to the value of a silage ration when the 
silage is made of well-matured sorghum. The outcome of Lot 4 in 
this experiment emphasizes the value of silage in the fattening ration 
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and that a ration containing so much cheap roughage as stover and 
oat straw is not well adapted for fattening cattle. It could probably 
be used to better advantage for wintering feeder and stocker cattle. 

FINANCIAL STATEMENT. 

The following table gives a financial statement of the purchase, 
feeding, transportation, and sale of each of the four lots of steers: 

Financial statement. 

Lot 1, cottonseed meal and sorghum silage: 

To 20 steers, 15,734 pounds, at $5 per hundredweight____________ $786. 70 

To 15,455 pounds cottonseed meal at $32 per ton________________ 247, 28 

To 107,627 pounds silage at $3 per ton_____ ae: ie 161. 44 

To freight, yardage, commission, feed, etc._____________________ 104. 08 

YAS Gen 79 NT GUT Ce EN aS Se. 1, 299. 50 

By sale of 20 steers, 19,333 pounds, at $8.45 per hundredweight__ 1, 633. 64 

MONO eEE TI 2 Gy icy 1] Ph seal Se NMR ea Elbe Ne SreM MN Ni eneeiamar I-18 334, 14 

Average profit per steer_______ ie Has RR iGavel 

Lot 2, cottonseed meal, sorghum silage, and corn stover : 

To 20 steers, 15,718 pounds, at $5 per hundred weight____________ 785. 90 

To 15,455 pounds cottonseed meal, at $32 per ton______________ 247, 28 

To 98,014 pounds silage, at $3 per ton_______/___ ae leo? 

To 6,233 pounds corn stover, at $5 per ton________ PORES Leds 15. 58 

MowMreieht, yaALdase: COMMISSTOMM Ghee Can et Cae eee eee en 104. 08 

Motalivespenditwre kaos 2 ee ee eee ee 1, 299. 86 

By sale of 20 steers, 18,870 pounds, at $8.45 per hundredweight__ 1, 594. 51 

Mo tal pro fie Se ag ai he as 294. 65 

AWerace: DLotit per Steer oo an ee ee ee 14, 73 

Lot 3, cottonseed meal, sorghum silage, and oat straw: 

To 20 steers, 15,808 pounds, at $5 per hundredweight____________ 790. 40 

To 15,455 pounds cottonseed meal, at $32 per ton________________ 247, 28 

AND QU GKG4E ToOrnIAGlS illevexs., aye G83 (eee OM 146. 95 

AND 4LGSs joOuINGIS ORie Sac, Bie 635) jee iOmMLL 12, 34 

To freight, yardage, commission, feed, ete.______________________ 104. 08 

Total EXpenditUren< silo s> . nie ee ae 1, 301. 05 

By sale of 20 steers, 18,900 pounds, at $8.45 per hundredweight__ 1, 597. 05 

Mo Gell GO fi tame ek BRE eA) ee ae eet ia a ees aan 296. 00 

Averadce: proftiper Steers 1k Sis eee ee ae 14, 80 

Lot 4, cottonseed meal, oat straw, corn stover, ane. cowpea hay: 

To 20 steers, 15,735 pounds, at $5 per hundredweight____________ 786. 75 

To 15,455 pounds cottonseed meal, at $82 per ton________________ 247, 28 

To 20,387 pounds straw, at $5 per ton_______ pa es eh S. 50. 97 

NOPZO SSK OUNG Se COTM S COMET stig sp ya] Yon tO 1 eae ane ene err Dns 50. 97 

LO) ZO BSI WOWMGIS Inasy, Be SO josie gene 101. 93 

To freight, yardage, commission, feed, etc.______ i ER ~_ 104.08 

Po talrexpen Cite Gyan ee ee See cae ee 1,342. 98 

By sale of 20 steers, 18,020 pounds, at $8.17 per hundredweight__ 1,472. 23 

FRO Ger @ pore ti es vA ee Bs | Fo i ie aD ps Sn 129. 25 

Average iprofitapen. steer. 228) ie eee, See ee 6. 46 
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The steers used in this test were purchased at an average cost of 
$5 per 100 pounds. After 127 days of feeding the steers of each of 
the first three lots sold on the St. Louis market for $8.45 per 100 
pounds. The steers of Lot 4 brought but $8.17 per hundredweight, 
as they were not so well finished. The margin between the purchase 
and the sale price of the steers was exceptionally high. The costs 
of gains were low and this factor combined with the wide margin 
tended toward the high profit which was realized on the different 
lots. Lot 1, which received cottonseed meal and corn silage, showed 
the greatest profit, and Lot 4 showed the least profit. 

SLAUGHTER DATA. 

On April 2 the steers were driven 2 miles to Canton, Miss., from 
which place they were shipped to the St. Louis market. During the 
24 hours prior to this they were given only bright oat straw to eat, 
but were allowed all the water they wished to drink. They were 
loaded on the cars at 10 a. m., April 2. At 4 p. m., April 4 they 
arrive in the stockyards at East St. Louis, being in transit 56 hours, 
which was unusually long for this run. Upon arrival at market they 
were fed and watered. They were sold the morning of April 5, 
after taking only a fair fill. 

The following table gives the slaughter data for each of the lots: 

TaBLe 11.—Slaughter data. 

Per cent dressed. 

Average | Average Average 
Lot Ration farm market | Average shrinkage | weight 

. No. ; weight | weight in transit. of car- By By 
per steer.| per steer. cass. farm market 

weights. | weights. 

1 | Cottonseed mealand sor-| Pounds. | Pounds. | Pounds. | Per cent.| Pounds. | Per cent.| Per cent. 
ghum silage........... 1,058 966 92 8.69 549 51. 88 56. 82 

2} Cottonseed meal, sor- 
ghum silage, and corn 
SLOVO! =. eee sceareces 1,036 943, 93 8.97 537 51.81 56. 92 

3 | Cottonseed meal, sor- 
ghum silage, and oat 
SULAW «icone = scmiow'a ee 1, 030 945 85 8.25 532 51.65 56. 29 

4 | Cottonseed meal, oat 
straw, cowpea hay, | 
and corn stover....... 989 901 88 8. 89 491 49. 65 54.51 

The average shrinkage per head for each lot was as follows: Lot 
1, 92 pounds; Lot 2, 93 pounds; Lot 8, 85 pounds; Lot 4, 88 pounds. 

Lot 3, which received oat straw in addition to cottonseed meal and 

corn silage, showed the least shrinkage. The shrinkage was more than 
normal on all lots, probably due to the length of time in transit. 

The carcasses were all good, being nicely covered with fat. The 
dressing percentages of the first three lots were very uniform. ‘The 
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steers of Lot 4 were not so fat as the silage-fed steers, as shown by 
the dressing percentages; the steers of Lot 4 dressing out almost 2 
per cent less than the steers of the other lots. 

SUMMARY OF THE EXPERIMENT. 

1. The objects of this experiment were: (a) to determine whether 
it is more profitable to feed silage as the sole roughage ration or to 
supplement it with a small amount of dry roughage, such as corn 
stover or oat straw, and (0) to determine the value of a combination 
of such common southern roughage as cowpea hay, oat straw, and corn 
stover for fattening steers. 

2. The steers used in this experiment were grade native steers, 
ranging from one-half to seven-eighths pure-bred Shorthorn, Aber- 
deen-Angus, Hereford, Red Poll, and Devon. They were above the 
average of steers found in that section and ranged in age from 2 
to 4 years. 

3. The steers were divided into 4 lots of 20 each and fed for a 
period of 127 days. Lot 1 was fed cottonseed meal and sorghum 
silage; Lot 2 received cottonseed meal, sorghum silage, and corn 
stover ; Lot 3 received cottonseed meal, sorghum silage, and oat straw ; 
Lot 4 was fed cottonseed cake, cowpea hay, oat straw, and corn stover. 

4, Lot 2 started with a daily average consumption of 3.7 pounds of 
stover per head, decreasing to 0.6 pound in the last period. Lot 
3 commenced with a daily average consumption of 3.5 pounds of oat 
straw per head, decreasing to 0.8 pound in the last period. These 
rations indicate that while steers being fed silage will eat a little dry 
roughage if placed before them, the amount is small if the silage is 
palatable, and becomes an almost negligible factor during the latter 
part of the feeding period. The steers which ate some roughage 
did not eat so much silage. 

5. The average daily gains per head for the period of 127 days 
were 2.14, 1.95, 1.89, and 1.59 pounds, for Lots 1, 2, 3, and 4, respec- 
tively. The use of a small amount of dry roughage fed with good 
sorghum silage failed to cause the steers to make larger gains; in fact, | 
it had just the opposite effect. The steers receiving silage alone con- 
sumed a larger amount daily and made larger daily gains. 

6. A roughage ration consisting of one-third cowpea hay, one-third 
oat straw, and one-third corn stover did not prove so satisfactory for 
fattening steers when cottonseed cake was the sole concentrate fed. 

7. The total cost of 100 pounds gain was $7.52, $8.26, $8.47, and 
$11.16 for lots 1, 2,3, and 4, respectively. The rate of gains, as well 
as the cost of gains in the experiment, seems to indicate that the addi- 
tion of such roughages as oat straw and corn stover do not add to 
the value of a silage ration. 
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8. The outcome of Lot 4 emphasizes the value of silage for fatten- 
ing cattle and indicates that such cheap roughage is not adapted for 
the purpose. It probably could be used to better advantage for win- 
tering feeder and stocker cattle. 

9. The profit per head in Lot 1 was $16.71; Lot 2, $14.73; Lot 3, 
$14.80, and Lot 4, $6.46. The exceptionally high margin combined 
with the low cost of gains tended toward the high profits realized in 
the various lots. 

10. Lot 4 was not so well finished and brought a lower market 
price. 



IV. A COMPARISON OF SOME COMMON FARM-GROWN 
SAG FOR FATTENING STEERS (EXPERIMENT 
OF 1916-17). 

INTRODUCTION. 

This test, conducted on the Canton Stock Farm at Canton, Miss., is 
a duplication of the work at the same station the previous year. As 
before, Mr. S. S. Jerdan had charge of the work, and the test was 
carried out under the same general conditions as the experiments 
of previous years. Owing to a lack of cowpea hay, it was not pos- 
sible to feed a lot of steers as Lot 4 had been fed in the winter of 
1915-16. 

OBJECT AND PLAN OF THE WORK. 

The objects were identical with those stated under Part III and 
serve to furnish a check or certification uf the results obtained in 
the test of 1915-16. 

The test was planned to duplicate the work of the previous winter 
at the same station, with the omission of Lot 4 for the reason above 
stated. The steers were purchased in the fall, dehorned, carried two 
weeks on preliminary feed, then divided into three similar lots of 
20 each and fed as follows: Lot 1, cottonseed meal and sorghum 
silage; Lot 2, cottonseed meal, sorghum silage, and corn stover; Lot 
3, cottonseed meal, sorghum silage, and oat straw. 

CATTLE USED. 

Sixty head of steers were selected from various points in Madison 
County, Miss. They ranged from 2 to 4 years of age and were grade 
stock, showing Shorthorn, Hereford, Aberdeen-Angus, Red Poll, 
and Devon breeding, while a trace of Jersey blood was evident in 
a few of them. At the beginning of the test they averaged 856 
pounds per head. They were a thrifty lot of steers and were larger 
and of better quality than the average in the State. 

CHARACTER AND PRICES OF FEEDS USED. 

The cottonseed meal used was clean and bright, analyzing about 
36 per cent crude protein. The sorghum silage was of fine quality, 
and very palatable to the cattle. The oat straw had been baled in the 
fall and put into the barn, so it was bright and of high quality: The 

corn stover also was very good. 

26 
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The feeds were charged against the steers at the following prices: 

Cottonseed PVE N Oe ewe tae eS OL VIR RV MEN meee ton__ $33. 00 

Sorghum silage_____ As Juss per tons) (hs: 00 

Worm Stover ss. 222. TE BE ee en Ure eat Ae IO) per ton__ 5.00 

Oat straw ieee io iad ee fd ae per ton__ 5.00 

The cottonseed meal was purchased early in the fall at the above 
price. Three dollars per ton covered the cost of growing and put- 
ting up the silage. Local market prices were placed upon the stover 
and straw. 

METHODS OF HANDLING AND FEEDING THE CATTLE. 

The 60 steers were purchased in October, brought to the farm, 

and allowed the run of stalk fields and lespedeza meadows. Two 
weeks before they were put on regular feed they were dehorned and 
started on a preliminary ration of cottonseed meal and sorglium 
silage. After dehorning, the flies were very troublesome, which, to- 
gether with the difficulty of getting some of the steers to eat silage 
and meal, caused quite material losses in weight. 
On November 23, 24, and 25, individual weights of all the steers 

were secured and the average taken as the initial weights of the 
steers. During the progress of the experiment each lot was weighed 
every 28 days, and individual weights were again taken on two con- 
secutive days at the conclusion of the test and neta for the 
final weights. 

Experimental feeding began on November 24. Feeding was done 
about 7 a. m. and 5 p. m. each day. Water and salt were supplied 
as during the previous winter. Dry roughage was kept in the racks 
for the steers of Lots 2 and 3 at all times, fresh roughage being placed 
in the racks each morning after the silage was fed. 

The lots, sheds, and feeding equipment were the same as those 
used in the previous winter’s experiment. 

AVERAGE DAILY RATIONS. 

The avearge daily rations per head by 28- day periods, and for 

the entire feeding period of 128 days, is shown in Table 12. 

TABLE 12.—Average daily ration per head by 28-day periods (Nov. 24, 1916, to 
Mar. 23, 1917—120 days). 

Fifth Entire 
Fi re Second Third putt peri al period 

period. | period. | period. | period. aes (120) 
(8 days). days). 

Lot Number 
No. | of steers. | Ration. 

Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds, 
y 12 dt 1 on JCottonseed meal........| 2.7 5.1 6.5 5.5 

(Sorghum silage.......... 34.4 43. 2 49, 2 49. 5 42. 8 43.9 
{Cottonseed tidal) - 5322. 24 5.1 6.5 7.2 Mov 5.5 

2 20) {Sorghum silage.......... 31.3 | 37.9 40. 6 40. 5 38.3 37.6 
Corn stover. bide 1.9 | 3.0 8.3 3.4 2.9 2.9 
fc ottonseed meal. ; VP 5.1 6.5 (Ar) (ett 5.5 

3 20 \¢Sorghum silage.......... 32.9 36.4 AQ, 2 39.9 37,4 37.4 
QC SITAW.. --ncccenes 1.4 2.5 2.3 2.4 1.2 2.2 
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Tt will be noted that the steers were on feed 120 days. The amount 
of cottonseed meal fed was uniform for each lot, while the rough- 
ages were different for each lot. 

All the cattle were started on 2 pounds of cottonseed meal per head 
daily, which amount was increased during the first 28-day period, 
so that for this period each steer in the three lots ate an average of 
2.7 pounds daily. They were given all the silage they would eat, 
and in addition Lots 2 and 3 were given what dry roughage they 
would consume. 

Some of the steers had never been fed meal and silage and con- 
siderable difficulty was encountered in teaching a few in each lot to 
eat these feeds. Several head were stall fed for a few days until 
they became accustomed to the feeds. When they had once started 
eating well they gave no further trouble. 

The allowance of cottonseed meal was increased gradually until 
in the last period the steers of each lot were getting 7.7 pounds daily 
per head. The roughage also was increased until the steers were on 
a full feed of cottonseed meal, after which time less roughage was 
eaten. 

In Lot 2 one pound of corn stover replaced about 2 pounds of 
silage in the ration. Each pound of oat straw added to the ration 
of Lot 3 replaced about 3 pounds of silage. 

Only about 50 per cent of the corn stover was actually eaten, as 
most of the dry stalks were refused by the steers. It was estimated 
that 25 per cent of the straw was likewise refused. These waste feeds 
were pulled down under the steers’ feet and could not be weighed 
back. 

WEIGHTS AND GAINS. 

Table 13 gives the average initial and final weights per head for 
each lot, and the total and daily gains per head: 

TABLE 13.—Weights and gains (Nov. 24, 1916, to Mar. 23, 1917—120 days). 

Average | Average | Average | Average 
Lot Ration initial final total daily 
No. oD. weight | weight gain gain 

per steer. | per steer. | per steer. | per steer. 

Pounds. | Pounds. | Pounds. | Pounds. 
Cottonseed meal and sorghum silage......-. eae A hI 856 1,078 2 1.85 
Cottonseed meal, sorghum silage, and corn stover.---.-- 856 1,084 228 1.89 
Cottonseed meal, sorghum silage, and oat straw..--.----- 856 1,073 218 1. 82 Whore 

The above figures indicate that the addition of stover or oat straw 
to the cottonseed meal and silage combination had little effect so 
far as producing gains is concerned. The steers which had corn 
stover in addition to meal and silage made slightly better gains, 
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which is contrary to the results for the previous winter. In each 
test, however, the difference was so small as to be almost negligible. 
The steers of Lot 3, which were given oat straw, again made the 
poorest showing. Considering the type of steers used and the amount 
of feed consumed, the gains were quite satisfactory. 

QUANTITY AND COST OF FEED REQUIRED TO MAKE 
100 POUNDS OF GAIN. 

The quantity and cost of feeds required to produce 100 pounds of 
gain in the case of each lot of steers are shown in Table 14. 

TABLE 14——Quantity and cost of feed required to make 100 pounds of gain 
(Nov. 24, 1916, to Mar. 28, 1917—120 days). 

Pounds 

Lot 7 offeed to| {ost of 
Ration. make 100 No. 100 

pounds arin 
gain. eel 

ABUT SOOC ATE Saale ee tay ste apy taney ester ur el net TLE en ia ce pang a 299 
cere Man TE a a RR vi rig A 2,372 \ $8. 49 

ROSSRTOTE SOG CTILG CL et oi. ait 2 Wyse aT ace IES LE rel Sn all see aa Up se 292 
uae teins enemas ae | fear eth hy. ede cs SM aa BL torn oh 1,981 8.18 
ROB ETIES OVOP eects aspect hat tL MS co pe eae ue ate cra 8 155 
DLCORSEEO IM Gales. oes a yey ete ai oT ORI RM eae ia eee a 305 | 

Pe OL Omty Sy Mees. Quran Sai 2 Or amed 0.) a a IM EN ie Me nN 2,057 8, 42 
WOE ISDEAN =. Home en eee Ee. Sle Nee Le ae ened pee hiked | ka 121 | 

In this feeding trial the use of stover and straw to supplement the 
silage served to lower slightly the cost of gains by reducing the silage 
required for the same amount of gain. With the steers of Lot 2 less 
cottonseed meal was needed to produce 100 pounds of gain than was 
required when silage was the sole roughage received. However, there 
are no outstanding variations in these figures. 

FINANCIAL STATEMENT. 

The cost of the steers in the fall, the cost of feeds to fatten them, 
the charges for marketing, the gross receipts, and the profits are 
shown for each lot in the following statement: 

Financial statement. 

Lot 1, cottonseed meal and sorghum silage: 

To 20 steers, 17,115 pounds, at $5.56 per hundredweight_________ $951. 59 

To 13,315 pounds cottonseed meal at $33 per ton________________ 219. 70 

To 105,590 pounds sorghum silage, at $8 per ton________________ 158. 39 

Couireichtin yardage, Commission, ClLCz eee R eas le oe 108. 31 

OPAL SOS RONOItEe 22 eres) Re eemememne Fe ea 1, 432. 99 

By sale of 20 steers, 20,340 pounda, at $10.89 per hundredweight_ 2, 215. 03 

OLAL MEO oe ae OU eo RR Sy a 782. 04 

AVeCracerprout per steeri2o2l ese eee ee 39. 10 
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Lot 2, cottonseed meal, sorghum silage, and corn stover: 

To 20 steers, 17,129 pounds, at $5.56 per hundredweight_________ $952. 37 

To 13,315 pounds cottonseed meal, at $83 per ton______________ 219. 70 

To 90,255 pounds sorghum silage, at $8 per ton__________- 135. 38 

To 7,040 pounds corn stover, at $5 per ton_____ MS 17. 60 

To freight, yardage, commission, ete.______ fave OEM ME SE 103. 31 

ANNO Gals Ox eT CHG UY Cais alk AAR eee ae Ae, 1, 428. 36 

By sale of 20 steers, 20,370 pounds, at $10.99 per hundredweight_ 2, 238. 66 

ELIE eM 0 ye TU RR LeU isla Ne eal a en 810. 30 

FACVera Ser promt (Pers Stee ri was al Nr epee Se eu ae 40. 51 

Lot 3, cottonseed meal, sorghum silage, and oat straw: » 

To 20 steers, 17,112 pounds, at $4.46 per hundredweight________ 951. 43 

To 13,995 pounds cottonseed meal, at $83 per ton______________ 230. 92 

To 89,679 pounds sorghum silage, at $3 per ton_______________ 184. 52 

To 5,282 pounds oat straw, at $5 per ton_____--__ z 113), Pal 

To freight, yardage, commission, ete.________________ 103. 31 | 

Total expenditure_____ eee ee Steere ane ammo eC EN IL. ALS BAG) 

By sale of 20 steers, 20,010 pounds, at $10.77 per hundredweight_ 2, 155.08 

Rotalles: PRO Pen me si LN IS ats SONU Sees Na 721. 69 

Average profit per steer____ as tif AES Sane a 36. 08 

The steers were purchased in the fall for $5.56 per hundred- 
weight. After being fed 120 days and held on the farm 8 days 
longer, they were shipped to the St. Louis market. There the 
steers of Lot 1, which had been fed cottonseed meal and silage, sold 
for an average of $10.89 per hundredweight; those of Lot 2 brought 
410.99 per hundredweight, while those of Lot 3 sold for $10.77 per 
hundredweight. The market prices, while not widely different, in- 
dicate the relative finish of the steers of the three lots, and the 
profits were greatest on the steers which were finished best. 

The margin of selling was $5.33 per hundredweight for Lot 1, 
$5.43 for Lot 2, and-$5.21 for Lot 3. Such margins would in them- 

selves largely account for the large profit realized from the steers. 
The average profit per steer was $39.10 for Lot 1, $40.51 for Lot 

2, and $36.08 for Lot 3. These figures indicate the efficiency of the 
rations used. At the same time the wide margin realized between the 
buying and selling prices must be considered one of the chief factors 
determining the large profit. 
The steers fed cottonseed meal, silage, and corn stover made the 

largest profit, and the steers fed cottonseed meal, sorghum, silage, and 
oat straw made the smallest profit. 

SHRINKAGE AND SLAUGHTER DATA. 

As stated before, the experimental feeding was concluded March 
24, at which time the supply of silage was exhausted. The steers 
were held until April 1 in order to appear for a farm demonstration 
at the Canton Stock Farm. Silage for the steers during this time 
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was purchased from neighbors, but changing feed, driving, and the 
excitement caused by crowds of farmers made all the cattle lose 
weight between March 24 and April 1. For this reason the average 
final farm weights shown in Table 15 do not coincide with those 
shown in Table 13. 

The steers were weighed at 7 a. m., April 1, driven two miles 
to the loading station, and were on their way at ll a.m. They 
arrived at the St. Louis stockyards at 2 p. m., April 3, having been 
in transit about 54 hours. 

The average shrinkage per head was low for the time in transit, 
but the steers had been losing weight during the days previous to 
shipping, which accounts for the comparatively low shrinkage. The 
amount of shrinkage varied only slightly, being highest in Lot 1 and 
lowest in Lot 2. 

The steers were given feed and water in the yards during the after- 
noon and night of April 3, and were sold the following morning. 
They were slaughtered the next day, April 5, and the carcass weights 
recorded as below: 

TABLE 15.—Slaughter data. 

Per cent dressed. 

Average | Average 
Average 

Lot Dat: farm market | Average shrinkage - 
No. abou: weight | weight inransita gp cea Ole By 

per steer. | per steer. ; = ne market 
m SS weights. 

1 | Cottonseed meal and | Pounds. | Pounds. | Pounds. | Per cent.| Pounds. | Per cent.) Per cent. 
sorghum Silage..-...-- 1,067 1,017 50 4.68 59 55.10 57. 81 

2 | Cottonseed meal, sor- 
ghum silage, and corn 
SUOV 00s = 2 ee eee ee sae 1, 064 1,019 45 4,23 593 55. 73 58.19 

3 | Cottonseed meal, sor- 
ghum silage, and oat 
SHAW Sep -acees ene 1,048 1,001 47 4,47 578 55.15 57. 74 

The carcasses were well covered with fat and were pronounced by 
the butchers as well finished. Little variation was found in the 
degree of finish of the different lots of steers, as the dressing per- 
centages show. It will be noted that these dressing percentages are 
rather high for this class of cattle, which speaks well for the 
efficiency of the rations fed. 

SUMMARY OF THE EXPERIMENT. 

1. The objects of this feeding test were to study the effect of a 
supplemental allowance of corn stover and oat straw to a basic ration 
of cottonseed meal and silage for fattening mature steers, and to 
furnish data by which former work of a similar nature might be 
checked. 

2. The work was planned so that it would be a repetition of the 
test of the winter of 1915-16. 
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3. The steers used were mature twos, threes, and fours, carrying 
from one-fourth to three-fourths pure blood of the various beef 
breeds, including the Devon and Red Poll. They were better steers 
than the average found in the State. 

4, The steers were divided into three lots of 20 each and fed as 
follows: Lot 1, cottonseed meal and sorghum silage; Lot 2, cotton- 
seed meal, sorghum silage, and corn stover; Lot 3, cottonseed meal, 
sorghum silage, and oat straw. 

5. Equal quantities of cottonseed meal were fed to the steers of the 
three lots, beginning at 2 pounds per head, and increased to 7.7 
pounds during the latter part of the feeding period. The steers of 
Lot 1 ate an average daily ration of 43.9 pounds of silage, while 
those of the other two lots consumed practically 6 pounds less daily 
per head, which amount was replaced by a daily consumption of 
2.9 pounds of corn stover per head in the case of Lot 2, and 2.2 
pounds of oat straw in Lot 3. 

6. The average daily gains per head tor the 120-day feeding period 
were 1.85 Pils 1.89 pounds, and 1.82 pounds for the steers of Lots 
1, 2, and 3, respectively. Thus it is seen that the addition of stover 
and straw had very little effect upon the rate of gains. 

7. The cost per 100 pounds gain was $8.49, $8.18, and $8.42, for 
Lots 1, 2, and 3, respectively. These gains were put on cheaply, and 
there is very little variation in the costs in the different lots. The 
addition of stover and straw to the cottonseed-meal and silage com- 
bination lowered the cost of gains slightly. 

8. The relatively cheap cottonseed meal and silage, combined with 
the extremely wide margin of selling, largely accounts for the high 
profits realized from feeding these steers. The average profit per 
steer, after deducting the cost of feeds and marketing, was $39.10, 
for Lot 1, $40.51 for Lot 2, and $36.08 for Lot 3. 

9. The steers in Lot 1 dressed out 57.81 per cent, those in Lot 2, 
58.19 per cent, and those of Lot 3, 57.74 per cent, which indicates 
well-finished carcasses. 



V. SUMMARY AND CONCLUSIONS OF THE FOUR YEARS’ 
WORK. 

SUMMARY OF RESULTS. 

Table 16 shows in condensed form the chief features and results 
of the four years’ work and permits an easy study and comparison 
of the figures: 

TABLE 16.—Summary table of four years’ steer feeding. 

Lot1.—Cottonseed | Lot 2.—Cottonseed qo sn ove asend 
mealandcotton- | meal and corn nalts By ee 

Group 1. seed hulls. Silage. silage. 

1913-14 1914-15 | 1913-14 1914-15 | 1913-14 | 1914-15 

MRENEMGUSLCPES S228 io. vice Soe scecmawee 20 25 20 26 20 26 
Mimmibeno1days feds. 5. Le let ae ee oo. 84 143 84 143 84 143 
Average daily gain per head... -. pounds. . 2. 48 1.38 2. 51 1.15 2. 58 1. 67 
Average cost of feed per 100 pounds gain... $8. 88 $10. 70 $6. 19 $11. 26 $7. 89 $8. 90 
Average selling margin....-....-.-.------- $1. 50 $1. 68 $1. 50 $1. 78 $1. 50 $1. 83 
Average profit per head..-..........---.-- $5. 99 | 1 —$1. 62 $11. 74 $2. 27 $7. 69 $2. 13 

Rpt ie @artonsced Lot 2.—Cottonseed | Lot3.—Cottonseed | Lot 4.—Cottonseed 
2 meal, sorghum meal, sorghum cake, cowpea hay 

me ane SOF silage, and corn | silage, and oat| oat straw, and 
Group II. 8 ee stover. straw. corn stover. 

1915-16 | 1916-17 | 1915-16 | 1916-17 | 1915-16 | 1916-17 | 1915-16 | 1916-17 

Number of steers fed. 20 20 20 20 20 20 207\55 ae 
Number of days fed - - 127 120 127 120 127 120 ATEN 2 Mee eye 
Average daily gain 

per head..pounds. - 2. 14 1. 85 1. 95 1.89 1.89 1. 82 P59) |eoeeesueye 
Average cost of feed 

per 100-pound gain . $7. 52 $8. 49 $8. 26 $8. 18 $8. 47 $8. 42 CHO |S cogeeas 
Average selling mar- 
Se eae See $3. 45 $5. 33 $3. 45 $5. 43 $3. 45 $5. 21 Poe Lesa ae 

C274 eae Soe $16. 71 $39. 10 $14. 73 $40. 51 $14. 80 $36. 08 $6.46) eee cee ee 

iMinus sign shows a loss, 

FIRST TWO WINTERS’ FEEDING. 

Inspection of the data presented in the first group shows that there 
was a difference of nearly two months in the feeding period for the 
two years and that the average daily gains were much greater for 
the steers fed only 84 days. The short-fed steers received a heavier 
ration and, notwithstanding the fact the meal and hulls cost more 
per ton than they did the following year, they made gains more 
cheaply in all the lots. They also were sold on a narrow margin but 
returned much larger profits than the steers fed in the succeeding 
winter. 

33 
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Comparison of the results secured by the use of the different rations 
indicates a slight advantage in the rate and cost of gains produced - 
in favor of the ration of meal, silage, and hulls (Lot 3). But it will 
be recalled that the poor showing made during the second year’s trial 
was due chiefly to the muddy condition of the lots and to the poor 
quality of the silage, the latter disadvantage reflecting most severely 
on the steers of Lot 2, which had no other roughage. Yet the steers 

fed only cottonseed meal and silage made the largest profit in each 
instance. The ration of cottonseed meal and hulls (Lot 1) proved the 
least satisfactory of the three rations tried, as the steers of this lot 
returned the least profit the first year and lost money in the second 
year. All the steers were sold on narrow margins, and the profits 
were only moderate. 

LAST TWO WINTERS’ FEEDING. 

In the last two winters’ feeding, the data of which are given under 
Group II of the summary table, the feeding periods for the two years 
were practically equal, the conditions for feeding improved, and all 
the feed was of high quality. 

Omitting Lot 4, which was carried only one year, the figures show 
that larger gains were made in each lot in the third year, 1915-16, 
chiefly ari to the heavier ration of cottonseed meal for that ene 
The cost of gains was quite uniform in each lot during the two years’ 
trials, the beces! variation being in Lot 1, where the difference was 
$0.97 per 100 pounds. The wide margins on which all the steers 
were sold in the last two years’ tests are outstanding, ranging from 
$3.17 to $5.43 per 100 pounds. These large margins, together with 
good gains produced economically, are responsible for the remark- 
able profits realized on these cattle. The differences in profits shown 
in each lot for the two years are due mainly to the larger selling 
margins realized on the steers the last year. 

The results obtained from feeding the different rations show that 
the steers of Lot 1, fed cottonseed meal and sorghum silage, made the 
most rapid gains and made them more cheaply than the steers of any 
other lot. The ration of cottonseed meal, silage, and corn stover 
proved to be a little less efficient than cottonseed meal and silage 
alone, while the meal and silage supplemented with oat straw, which 
was fed to Lot 3, did not produce quite so rapid or so cheap gains as 
the second ration. The ration of cottonseed meal and dry roughages, 
which was given to Lot 4, did not produce results satisfactory as to 
rate and cost of gains. 

The profits from the various lots show that the first three rations 
were successfully fed, there being practically no difference in Lots 
1 and 2, which returned the most profits. Lot 3, because of slightly 
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smaller and more expensive gains, returned a smaller profit, while 
Lot 4 would have been fed at a loss had it not been for the wide sell- 
ing margin. 

CONCLUSIONS. 

The four years’ feeding work with southern steers furnishes data 
from which some valuable conclusions may be drawn. 

1. The outstanding efficiency of corn or sorghum silage in rations 
for fattening steers is distinctly brought out by these feeding tests. 
Good gains are produced economically by the use of cottonseed meal 
and silage, or cottonseed meal and silage supplemented with dry 
roughage, such as cottonseed hulls, corn stover, or oat straw. How- 

ever, satisfactory results in finishing steers on the block can not be 
expected from silage of poor quality. 

2. A ration of cottonseed meal and cottonseed hulls produces less 
rapid and more expensive gains in fattening steers than a ration in 
which good silage forms all or most of the roughage portion of the 
ration. If hulls are available at a reasonable price, they can be used 

economically to supplement a ration composed chiefly of cottonseed 
meal and silage. ni 

3. Cattle receiving cottonseed meal and a heavy feed of silage eat 
only a small quantity of dry roughage, such as corn stover or straw, 

but the consumption of such roughage reduces the total amount of 
silage consumed. 

4 The use of cheap dry roughage for supplementing a silage 
ration has little effect on the rate or economy of gains. When such 
feeds are available on the farm and are not needed for wintering 
stock or for breeding animals, they should be utilized as supplements 
in the rations of fattening cattle. 

5. Cottonseed meal or cake supplemented with dry roughage, such 

as cowpea hay, straw, and stover, does not produce as rapid or 

economical gains on steers as rations containing a generous quantity 
of corn or sorghum silage. 

6. It is often more profitable to food heavy rations over a short 
period, as was done in the winter of 1913-14, than to feed. lighter 
rations over a longer period. Thé condition of the steers when feed- 
ing begins and the market price are the chief factors that will deter- 
mine whether the steers are to be fed over a short or a long feeding 
period. 
7%. In these experiments feeding pens and lots which were fairly 

dry and furnished dry sleeping quarters were conducive to better 
gains on the steers than those which were muddy. 

8. Steers having the best finish brought the highest, prices per 100 
pounds and returned the most profit. This indicates that it is a safe 

policy for the feeder to finish his cattle well. 
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9. Cattle sold on large margins usually bring good profits, even 
if the cost of finishing has been high. Hence, buying feeders at right 
prices, or raising them economically, chiefly on farm-grown feeds, 
such as silage, stover, straw, and pasture, will usually insure a satis- 
factory financial outcome. 

10. Taken as a whole, the results of the tests reported in this bul- 

letin show that the southern farmer can feed steers on cottonseed 
meal or cake and corn or sorghum silage, with or without other 
farm-grown roughage, and produce satisfactory gains at compara- 
tively cheap cost, and can market well-finished steers for good prices 
if he is in a tick-free section. By so doing he not only utilizes his 
farm-grown crops but adds to his farm in the form of manure the 
fertilizing elements of the cottonseed meal fed, thus carrying out a 
system of diversified, permanent, and profitable farming. 
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INTRODUCTION. 

There are few branches of agriculture that take as little fertility from 
the soil and at the same time returns a profit to the farmer as dairy 
farming. While teaching dairy farming is not the purpose of this 
bulletin, yet it is the basis of the lessons presented. These lessons 
present the subject from the standpoimt of clean milk production, 
milk products, milk as a food in the home and as a supplement to 
other food materials, and have been prepared to give to the organized 
school work in elementary agriculture additional impetus in dairying, 
to provide material for instruction that is within the range of elemen- 
tary pupils, and to furnish a topic for home projects that may be 
worked out with profit to every community and with real educational 
value to the pupils concerned. 

SOURCES OF INFORMATION. 

Practically all the subject matter for class use and instructions for 
home projects will be found in bulletins available, either free or at a 
small cost. Almost every State agricultural college has published 

1 Prepared under the direction of F. ©. Heald, Specialist in Agricultural Education, States Relations 
Service, U. 8. Department of Agriculture, Washington, D. C, 

2 The writer ig indebted to the Dairy Division of the Bureau of Anima] Industry and to the Office of Nome 

Economics for valuable assistance in preparing this bulletin, 

94438°—19—Bull. 763 1 
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one or more bulletins on some phase of dairying, and in most instances 
these may be had for the asking. Address the dean of the agricul- 
tural college. | 

The Farmers’ Bulletins of the United States Department of Agricul- 
ture referred to in this bulletin will cover most of the topics to be 
studied. Bulletins in this list will be sent free, so long as the supply 
lasts, to any resident of the United States, upon application to his 
Senator, Representative, or Delegate in Congress, or to the Chief of the 
Division of Publications, U. S. Department of Agriculture, Washing- 
ton, D. C. Because of the limited supply, applicants are urged to 
select only a few numbers, choosing those which are of special interest, 
and ordering but one copy of each. When the free supply has been 
exhausted, a number are yet for sale. Apply to the Superintendent 
of Documents, Government Printing Office, Washington, D. C., who 
has these bulletins for sale at 5 cents each. Other publications of 
this department are for sale by the Superintendent of Documents, 
but these are more often technical bulletins, and of interest to those 
only who wish to specialize in the subject. 

Frequently revised classified lists of department publications on 
different phases of agriculture, one of which is on the subject of dairy- 
ing, are issued by the Division of Agricultural Instruction, States 
Relations Service, U.S. Department of Agriculture, for teachers’ use. 
The teacher will find that a number of the textbooks on dairying are 
suited to her needs, and that some of the elementary textbooks may ~ 
be used by the pupils. Dairy cattle breeders’ associations and dairy 
equipment concerns publish some interesting literature that may 
be had for the asking. Usually one or more dairy journals will 
be taken in the community, or a general farm paper with a well 
edited dairy section. Pupils should be encouraged to bring these to 
school. Clippings may be made of articles of interest and filed care- 
fully. An easy and effective system of filing is to use pasteboard 
cases, which may be purchased or made by the pupils from paste- 
board boxes, and to file the bulletins in these boxes by subject. 

In addition to the Farmers’ Bulletins and other Department Bul- 
letins, the Dairy Division, Bureau of Animal Industry, issues a num- 
ber of circulars on various phases of dairying which may be obtained 
directly from that division. 

THE SURVEY. 

One of the means by which the teacher may become informed about 
the dairy interests of the district is a dairy survey. The pupils may 
assist In obtaining this information, but a first-hand knowledge ob- 
tained by the teacher will be a valuable aid. 

This survey should include the kind of farm (crop or stock farm), 
purpose of dairy cows (commercial or home use), breed of cattle, 
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feeds raised on farm, feeds purchased, records kept, milk tested, 
how milk is disposed of, and dairy conveniences. This information 
may be collected and tabulated. 
A map of the district may be procured, or, if not available, one can 

’ be drawn on a large sheet by the pupils. On this map the homes 
and farms of the pupils are to be located. Place signs, emblems, or 
colored bits of paper to represent various facts from your tabulations; 
for example, colored circles to represent dairy breeds, squares to 
represent milk disposal, etc. Additional facts may be placed on 
this map, taking especial note of new cows, improvements, etc. 

ILLUSTRATIVE MATERIAL. 

Construct a chart showing the points of a typical dairy cow. On 
a large card mount pictures of the different breeds of dairy cows. 
Construct charts showing relative milk production of the cows of a 
herd; also one showing the percentage of butter fat from different 
cows. Preserve notable dairy records. Make diagrams showing the 
food value of milk; others comparing the food value of milk with that 
of other foods. Samples of feed raised or used in the district may be 
placed on exhibit. Make drawings showing a section of a model 
dairy barn; of a model milk house. 

Pupils may construct actual models. of dairy barns, models of 
stalls, stanchions, feed racks, etc. Drawings may be madé or illus- 
trations cut from magazines and papers and pasted on cardboard 
sheets showing by comparison the food value of a quart of milk with 
certain portions of other foods. (Farmers’ Bulletin No. 363.) 

Milk pails of various sorts may be borrowed from homes in the ~° 
district or from dealers. If possible, dairy cows of different types 
may be brought to the school grounds and studied first hand. The 
teacher should enlist the services of the county agent in this work. 

Write to the Division of Agricultural Instruction, States Relations 
Service, U. S. Department of Agriculture, Washington, D. C., for 
lists of lantern slide sets with lecture syllabi on the different phases 
of dairying. These sets of slides are loaned to teachers free of charge. 

THE HOME PROJECT. 

It is agreed by teachers of agriculture that instruction in that sub- 
ject should follow certain definite lines: (1) It should be seasonal. 

(2) It should be local in its interests and development. (3) It 
should meet the interests of the pupils. (4) It should be practical. 
The home-project plan affords the best means of meeting these con- 
ditions, especially the practical side. The pupil is working out for 
himself the principles and theories taught in the classroom. 

The term ‘‘home project,’”’ applied to instruction in clementary 
and secondary agriculture, includes each of the following requisites 
(1) There must be a plan for work at home covering a season more or 
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less extended. (2) It must be a part of the instruction in agriculture 
of the school. (3) There must be a problem more or less new to the 
pupil. (4) The parents and pupil should agree with the teacher on 
the plan. (5) Some competent person must supervise the home 
work. (6) Detailed records of time, method, cost, and income must. 
be honestly kept. (7) A written report based on the record must be 
submitted to the teacher. This report may be in the form of a book- 
let. The club project should be identical with the home project 
from the school point of view. 

CMULAING TIME INV | 

, A CLEAN BARN. |. 

WOULD YOU 

DAINAG M/LAC 

| PRODUCED 

UNDER THESE 

C _contorrrons? * 
Fic. 1.—Contrasted milking quarters. 

The home-project work may take two distinct directions in this 
series of lessons. One, project A type, will be the business phase of 
the subject of dairying and will include clean milk production, weigh- 
ing and testing, marketing, computing profit and loss, inspection of 
the herd, judging, and purchasing. The other, project B type of 
work, will bear a close relation to the home and will develop more the 
home economics side. It will begin with the production of clean milk 
and include care and handling, manufacture of dairy products, use of 
milk in the home, food values, use of by-products of milk, and 
cooking with milk. 
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The general dairy practice of the district will in some measure deter- 
mine the direction of the project, although the second type of home 
project is important to develop in any dairy community. 

LESSON I. PRODUCING CLEAN MILK. 

Sources of wnformation.—Farmers’ Bulletins 602, 748, 976, and 
1019. Department Bulletin 642. Bulletins from the State agricul- 
tural college. 

Topics for study.—Meaning of clean milk: If sl is kept compara- 
tively free from bacteria at source of production and is kept cold, the 
chances are good of its reaching the ultimate consumer carrying only 
a comparatively small number of bacteria. 

Types of bacteria in milk: Upon what does the number of bacteria 
in milk depend ? 

Sources of milk contamination: From the udder, dust 1 in air and on 

udder and flanks of cow, 
the milker, unclean milk 

utensils, impure water 
supply, and disease in 
the herd. (Fig. 1.) 

Importance of clean 
milk: Less danger to the 
consumer of contracting 
disease, keeps sweet 
longer, and makes higher 
grade of products. 

Relation of milk to 
: : Fie, 2.—T wo types of milk buckets: (A) Open top, undesirable; 

health 2 Uncle an M1 l k (B) top partially covered, desirable. 

sometimes cause of out- 
breaks of epidemics; clean milk important to the producers; protec- 
tion to health of family; better prices for milk; satisfied customers. 
How to obtain clean milk: (1) The care of the cow—health, test 

for tuberculosis, condition of udder, external condition, dirt on body, 

grooming, washing, clipping, bedding, disposal of manure, feed, fresh 
water. 

(2) The stable—location, surroundings, drainage, ventilation, sun- 

light, floors, stalls, cleanliness. 
(3) The milkhouse—location, arrangement, ventilation, cleanliness, 

equipment, water supply, etc. 
(4) Utensils—material, cleaning, sterilizing, need of cleaning. 
(5) Milking—where cows should be milked; care of cow before 

milking (grooming and cleaning); preparation by the milker (cloth- 
ing, hands, milking-stool, milk-pail); types of pails (fig. 2); dry hand 
versus wet hand milking. Stress importance of the milker’s health 
and the danger of contagious diseases being transmitted by the milk. 
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(6) Cooling milk—water tanks, ice houses. (Write Dairy Divi- 
sion, Bureau of Animal Industry, U.S. Department of Agriculture, 
for information.) 

Practical exercises.—Cleaning cow stable, brushing and washing 
cow before milking. 

Care of milk utensils, seeing that they are properly washed, steri- 
lized, and aired. © 

Testing of milk, as follows: Take a sample of milk from a cow 
whose flanks and udder have not been cleaned and another from a 
cow that has been cleaned. Set them together and note which sours 
quicker. Make sediment test as follows: Strain a quart of milk 
through absorbent cotton and note the sediment collected on the cot- 
ton (sediment tests may be made of the milk of the cows from differ- 
ent farms); carefully dry these cotton pads and place them on ex- 
hibition. Compare the sediment tests. Account for the different 
results. If there is a commercial dairy in the district, sediment 
tests may be made of this milk. Make survey of sanitary condi- 
tions of the barn, milking place, and place where milk is handled 
after milking, reports to be made in writing (owners’ names need not 
be mentioned). In this survey, score the farms using the score card 

printed in the supplement (See p. 28), extra copies of which may be 
obtained upon application by the instructor to the Dairy Division, 
Bureau of Animal Industry, U. S. Department of Agriculture, Wash- 
ington, D. C. 

Illustrative material—Mounted specimens of sediment tests (fig. 3), 
showing tests under different conditions, may be made by pupils and 
teacher. Pictures of model dairy farms and dairy barns may be 
mounted on pasteboard. Samples of various forms of milk pails 
may be borrowed from either a dealer or from homes in the district. 
These may be brought before the class and inspected. In case 
neither are available, drawings of these pails can be made and 
mounted for class use. 
Home projects—The production of clean milk will lend itself to 

either project A or project B. Students should now select the type 
of project they are to work out, and begin with the production of 
clean milk. Practicums may include milking the cow under sanitary 
conditions, care of the stable, and care of the milk vessels. 

Correlations.—A written report of a visit to a dairy barn or farm, 
with special attention to the production of clean milk, will make a 
good lesson in language. Other reports on tests for sediment, and 
on clean dairy practice, will also be of use in language classes. A 
booklet prepared on the entire lesson, with a record of the dairy 
practice of the community, will make an excellent language project. 

The pupils may assist in the preparation of illustrative charts 
giving practice work in drawing. 
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A discussion of bacteria, both harniful and useful, their methods 
of growth and reproduction, how they cause disease, the manner in 
which they are carried from place to place, the ways in which they 
enter the body, and methods of control and prevention may be 
studied with profit in the subject of physiology and hygiene. 

S5O77TOM FEMOVED 
FEO QUART 
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Fig. 3.—Simple apparatus for sediment test. 

LESSON II. THE CARE OF MILK AND CREAM. 

Sources of information.—Farmers’ Bulletins 413, 490, 602, 623 689, 
748, 976, and 1019. Bulletins from the State agricultural college. © 

Topics for study.—The milk producer having done his duty in 
delivering clean milk to the home, it then depends much upon the 
care and handling as to how long it will remain sweet and free from 
contamination, 
How milk becomes unfit for food: (1) Placing it in unclean ves- 

sels. (2) Exposing it unnecessarily to the air. (3) Failing to keep 
it cold up to the time of using it. (4) Exposing it to flies. Discuss 
these sources and methods of handling in each case, and the tendency 
of milk to absorb bacteria, odors, and other impurities. Avoid hay- | 
ing uncovered milk in close contact with food of any kind, especially 
strong-smelling foods. 
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Fig. 4.—The iceless refrigerator. 
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Care of milk after milking: Straining—discuss best methods. 
Cooling—need of; how done. Coolers—the refrigerator, homemade 
cooler (fig. 4); care of the refrigerator; dangers of an unsanitary one. 
Care of vessels—cleaning, sterilizing. (See Farmers’ Bulletin 748 
for a simple sterilizer for utensils.) | 

Practical exercises—Have some samples of clean milk brought to 
school and experiment with them as follows: Place some milk (1) in 
an unclean bottle, (2) in a bottle in which the milk is exposed 

to open air of schoolroom, (3) in another in which flies have been, 
and (4) in a bottle which has been thoroughly boiled for 5 minutes 

and carefully closed up. Place these bottles where other conditions 
will be equal, and note the time it takes each to sour and the changes 
that take place in each sample. 

Have samples of various kinds of strainers brought to school. 
Strain milk samples through each, making a sediment test after 
straining, comparing each with the same test of unstrained milk. 
Dry the cotton pads and mount same with a label, giving description. 

Pupils may construct under the teacher’s directions a homemade 
refrigerator. In case the home has no refrigerator, the construction 
of one for the home may be made a short project. 

Visit the creamery and note the methods of handling and cooling 
milk or cream, making a written report of the trip. 

Iilustratwe material—Collect samples of various kinds of milk 
bottles and covers, milk vessels, and strainers of various types. 
Clip and mount illustrations from dairy supply catalogues and farm 
journals, showing modern milk utensils. (Refrigerator dealers will 
provide ample material for the study of the refrigerator.) 
Home projects.—The care of the milk and cream on the farm will 

be a part of either home project A or B, or the pupil may take this 
lesson alone as a shorter project. This would be practical if the 
milk was not prepared and sold. If the whole milk was marketed, 
then the handling and bottling and marketing of milk could be 
assigned as a project. 

Correlations.—For language: A booklet on the care of milk in the 
home, illustrated by drawings or clipped pictures; reports neatly 
written of work done in practical exercises, and how the home takes 
care of milk and cream; report of the visit to the creamery. 

For drawing: Sketches of equipment for handling milk, milk 
bottles, vessels, and strainers, mounted on cardboard, will give 
practical work in drawing. 

LESSON Il. WEIGHING. 

Sources of information.—Write to the Dairy Division, Bureau of 
Animal Industry, United States Department of Agriculture, for infor- 
mation. Consult with the dairy department, State college of agri- 
culture; also with the county agent. 

94438°—19—Bull. 763- 



10 BULLETIN 763, (U. S. DEPARTMENT OF AGRICULTURE. 

Topics for study.—To build up a herd of cows intelligently and to 
eliminate those that are not paying their way, it is necessary to keep 

adequate records of produc- 
* tion, feeding, and breeding. 

A simple piece of home work 
under direction may be devel- 
oped so that the farm children 
may have valuable problems 
and at the same time obtain 
results that will be useful to 
the parents. Such aplan will 
establish a point of contact 
between school, home, and the 
child. 

The equipment for weighing 
is simple, consisting of a spring 
balance -reading in tenths of 
pounds (fig. 5), costing $3 to 
$5 if bought new, and a series 
of record sheets, which may be 
ruled by the pupil himself. 
What cows are being tested in 
the district? State the advan- 
tages of a milk record. How 
often should the milk be 
weighed ? 

Practical exercises.—Encour- 
age the pupils to adopt the 
practice of weighing daily the 
milk of each cow. A contest 
in milk production will stimu- 
lateinterest. Duplicatesof the 
record sheets may be posted 
side by side in the schoolroom, 
where the pupils will have 
an opportunity of comparing 
records. 

Illustrative material.—Cop- 
ies of milk records of the best 
dairy cows may be obtained 
and posted in the classroom for 
inspection. ‘The records made 

SS | by the pupils may be compared 

Fia. 5.—Outfit for weighing milk. with these records. 
Charts showing a comparison between the records of these champion 

cows and the best cows of the district may be made by the pupils. 
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Home projects.—The weighing of milk and keeping a record of the 
same belongs to project A type, and may be assigned alone as a 
short-time project. 

Correlations.—Construct various problems showing the difference 
and the percentage of difference in the weekly and monthly milk 
record of two or more cows; others showing the percentage of gain 
or loss in the milk record of a cow in consecutive weeks or months. 

LESSON IV. TESTING. 

Sources of information.—Bureau of Animal Industry (U. S. De- 
partment of Agriculture) Document A-12, Chemical Testing of Milk 
and Cream. 

Fic. 6.—Outfit for testing milk. 

Topics for study.—A simple Babcock tester should be a part of the 
equipment of every rural school (fig. 6). A machine may be pur- 
chased for a small sum or, in case no fund for its purchase is avail- 
able, one can probably be borrowed from some dairy farmer in the 
district. 

tequire the pupils to bring to school samples of milk and give 
them practice in testing milk. First have the test made by two 
students, and be certain the entire class understands each step in 
the process. Then divide the class into groups and supervise them 
until they are reasonably accurate, using milk from one cow only 
as a check. When they have learned to make the test accurately, 
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they should select carefully samples of milk and make the test to 
determine the value of the cows at home as butter-fat producers. 

The members of the class having Babcock testers at home should 
be required to make reports on the tests made. (Caution.—Too 

much emphasis can not be placed upon the danger of burns from the 
careless handling of sulphuric acid. Pupils should be warned to be 
very careful in handling it.) Give the pupils opportunity to test 
the milk at home regularly, and encourage them to combine the 
records of weighing milk at home with these tests at school to find 
the butter-fat production of each cow. 

Practical exercises—A junior cow-testing association may be 
organized among the members of the class. The cows at home may 
be tested by the class, observing the rules of the association and 
keeping records of same. 

Illustrative material—Construct charts showing the comparative 
amounts of butter fat in the milk of different cows; others showing 
the total amount produced in a given period; others showing the 
records of the best cows of the district. | 
Home projects.—Project A will require the testing of the milk of 

the dairy cows. For other projects, the weighing and testing of a 
dairy cow for a long or short period; the testing of the milk of a 
dairy herd and keeping the records. 

- Correlations.—Write up reports of the milk tests made at school 
and at home. Have the pupils make sketches of the parts of the 
milk-testing equipment, and charts showing quantity of butter fat 
in the milk of different cows. | 

Find how many pounds of butter fat in 3,000 pounds of milk 
testing 4.2 per cent. 
A farmer has 12 cows in his dairy herd, each averaging 25 pounds 

of milk daily. How many pounds of milk does he get in 30 days? 
If the milk tests 4.3 per cent butter fat, how many pounds pro- 
duced each day; for the 30 days? Find its value at.374 cents per 
pound. 

Develop similar problems from information gathered at home. 

LESSON V. RECORDS AND MARKETING. 

Sources of information.—State agricultural college bulletins. 
Topics for study.—This lesson follows naturally after the lessons 

on weighing and testing. The three are so closely related that one 
can not be taught successfully without the others. It would be the 
best thing for the teacher to teach these three lessons as parts of a 
wnit. 

Review briefly the methods of weighing and testing. Discuss the 
advantages of each. Suggest that neither could be of any permanent 
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service unless records were made. Discuss how and when to make rec- 
ords. Suggest simple forms for the pupils to make. In what form 
is the milk of the district sold? Are any provisions made for co- 
operative marketing? What special provisions have been made for 
selling butter? Is the milk sold locally or shipped to other markets ? 
If shipped, to what markets does it go? 
What are the regulations in your district concerning the handling 

of milk? What devices and sanitary conveniences have the dairy 
farms for the handling and marketing of milk? 
What is the amount and value (estimated) of the milk sold in the 

district? Of the cream? Other dairy products? Make a com- 
parison between the amount of milk produced and the amount mar- 
keted. 

Practical exercises.—Require the students to rule their own forms 
and to keep records of both weights of milk and percentage of butter 
fat, making separate records for each cow in the herd. This may 
be extended over a period of time making a good home project. In 
addition to the milk and butter fat record a feed record may also be 
kept. 
Problems.—A farmer has two cows, each producing 6,000 pounds 

of milk yearly. The first cow’s milk yields 3.2 per cent butter fat, 
and the second, 5.8 per cent. What is the difference in fat produced 
by the two cows? Suppose the fat is worth 374 cents per pound. 
What is the money value of the butter fat yielded by each cow? 

The same farmer has two other cows. The first gives 8,000 pounds 
of milk testing 3.2 per cent butter fat; the second gives 5,000 pounds 
of milk testing 5.6 per cent butter fat. Which is the more valuable 
cow? Construct other problems, using local records. 
Home project.—The home project of type A may be assigned to the 

pupil beginning with the production of clean milk, and ending with 
the marketing of the same, keeping all records and summarizing at 
the close of the project period, which may cover several weeks, 
showing the total cost of production, gross returns, and net profit or 
loss. 

LESSON VI. PROFIT AND LOSS—GOOD AND POOR COWS. 

Sources of information.—Farmers’ Bulletins 578, 589, 743, 893, 
and 993. 

Topics for study.—The final results of testing and weighing the 
milk production of a dairy cow will be to determine whether she is 
not only paying her way but also returning to her owner a fair margin 
of profit. These facts may be definitely discovered by comparing 
milk records with feeding records and other costs, and striking a 
balance to determine losses or gains. 
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Impress upon pupils (1) the need of records and tests; (2) the 
importance of studying the records, drawing comparisons and 
striking balances, with the final end in view of determining whether 
the dairy cow in question is worthy of her keep. 
How many cows in the district whose records are being kept? How 

many farms that keep dairy cows? Are the pupils keeping records 
at home? What organizations among the: local dairy farmers? 
Suggest the organization of a cow-testing association. 

Practical exercises—Comparative charts showing the standing of 
two or more cows in milk production, pounds of butter fat and cost 
of feed, may be made by the pupils, using data they have obtained 

| RECORD FOR? OWE YEAP?. 
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Fic. 7.—Contrasting types of dairy cows. 

from their own work in preceding lessons. Problems on costs, pro- 
duction, profits, and losses should be constructed, the aim of this 
lesson being to impress forcibly the need of knowing what the dairy 
cow is really doing, thereby eliminating the unprofitable cow, or 
having an opportunity to develop the profitable one. (Fig. 7.) 

LESSON Vil. JUDGING AND PURCHASING. 

Sources of information.—Farmers’ Bulletins 355, 743, and 893. 
Department Bulletin 434. 

Topics for study.—The unprofitable cow being discovered, the 
problem now is one of discarding the nonpayer and purchasing the 
profit-making cow. 
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A brief study of the types of dairy cows and of the points of a 
dairy cow should be made. (Fig. 8.) Send to your State agricul- 
tural college or the U.S. Department of Agriculture for a score card 
for dairy cows, and study it carefully. 

Chief breeds of dairy cows: Origin, characteristics of each, milk 
and butter fat records. 

The points of a good dairy cow. 
The champion milk and butter fat records in the United States. 

The amount of milk produced, together with the percentage of butter 
fat in same, determines the value of the cow. 

Sources of income: Milk and butter fat. Market requirements. 
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Fic. 8.—Chart showing the parts of a dairy cow. 

Breeds prevailing in the community; personal preference; nature 
of the country and climate; current price; estimate of the future of 
the breed. 

Practical exercises.—Visit a dairy farm in the district and make 
a study of the types of dairy cattle. Secure cooperation of county 
agent for exercises in judging dairy cows. From the dairy survey 
prepare a report showing the number and breed of pure-bred cows, 
grades, and scrubs. Make a study of the milk and butter produced 
by these cows. What breed of dairy cow most common in the dis- 
trict? Is there any special reason for this? What herds could be 
improved? How many farms have pure-bred stock? What breed 
is your cow ? 

Illustrative material.—Cut out pictures of dairy cows of different 
breeds, mount them on cardboard, and paste below a brief description 
of the cow as to origin, records, etc. Collect and mount pictures of 
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famous dairy farms. If there be any good dairy farms or herds in 
the district, apply to the owner for photographs of his cows and farm. 

If possible, make local photographs of the profit-making cows and 
the nonpayers and mount them together with their records on the 
same card. 

Home projects.—Project A will be well nearing completion when 
the dairy herd is culled and selected. A good type of project will 
be to weigh, test, record, and make comparisons between cost and 
production to be in position to discard the cow that does not pay a 
profit. 

A SAN/TARY 
ANDO PRACTICAL 
3 DAIRY BARN. 

MAXIMUM PRO- 
DUCTION MAV BE 
EXPECTED HERE. 

Fic. 9.—A good type of dairy barn. 

Correlations.—Compute the value of the dairy cows of the district. 
Make an estimate of the value of the milk produced in one month. 

Compare the purchase price of a good dairy cow with the net 
value of her milk production for a year; estimate the percentage of 
profit she pays on the investment. 

Make out a written report on the different breeds of dairy cattle | 
in the district. Locate the original homes of these breeds. On a 
map of the United States locate the chief dairy sections, and find 
out, if possible, the prevailing type of dairy cattle in each section. 

What noted dairy herds in your State? What breeds are they ? 
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LESSON VIII. CARE AND HANDLING OF THE DAIRY COW AND BARN. 

Sources of information.—Farmers’ Bulletins 578, 602,689, and 777. 
Bulletins from the State college of agriculture. 

Topics for study.—Care of the cow: The cow must be in good 
health; tests must be made 
for tuberculosis. 

Comfort: Roomy quar- 
ters;clean bedding. Feed: 
Clean, wholesome feed; 
balanced rations. (Avoid 

moldy and decayed feeds.) at 
Water: Clean and fresh; ait Nig t 
free from contamination; i ‘in nS =~ aa ue 
provisions for warming in Mh i Hi nue mine 
cold weather. Fic. 10.—An inexpensive sanitary dairy house. Perspective 

Regular handling: Feed ee 
and milk at definite hours. If a change of feed is made, make this 
change gradually. 

Pleasant surroundings: No ill-treatment or abuse, scolding or 
chasing. Is the practice of sending the dog to chase up the cows at 

milking timeagood one ? 
The barnyard: Dry, 

well drained, clean, 
south exposure, pro- 
tected from winds. 

The stable (fig. 9): 

Located on high 
ground; good natural 
drainage; free from 
places where flies 
may breed; provisions 
for removal of manure; 
separation of cows from 
other animals by a tight 
partition, walls and 
ceiling tight; 4 square 
feet of glass to each 

cow; ample ventilation; floors kept clean by sweeping and washing, 
walls kept free from dirt; stalls comfortable and easy stanchions 
provided. 

The milk house (figs. 10, 11, and 12): Location—convenient to 

stable, but free from dust and odors, and well drained. Purpose—to 
provide a place where dairy produgie may be handled; planned to 
save labor. (Farmers’ Bulletin 689 shows a good plan.) Cleanliness 
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Fia. 11.—Cross section through dairy house shown in figure 10. 
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always kept in mind—concrete floors, round edges; tight ceilings; 
screened doors and windows; plenty of sunlight; ample supply of 
cold running water, clean and convenient. 

Practical exercises.—Inspect a dairy barn or stable for the points 
mentioned, making a written report on the same. Similar reports 
may be made on the barns and stables of the district, names being 
omitted, and the reports being written. Similar reports can also be 
made on the care and treatment of the cow. 
Make models of sanitary dairy barns, stalls, stanchions, milk 

houses and a list of equipment. Make trips to various milk houses. 
Note the handling of commercial milk both by the dairies and farmers. 
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Fic. 12.—Floor plan of dairy house, showing general arrangement. 

Draw a plan of the arrangement of the stables inspected, and com- 
pare this plan with the plans of a model dairy barn. (Write to the 
U.S. Department of Agriculture and to the State agricultural 
college for bulletins and other information about dairy barns and 
milk houses.) 

Correlations.—Prepare reports in the form of booklets on the cor- 
rect care and handling of the dairy herd, and contrast this with the 
general method of the district. ; 

Write up a report of a visit to a dairy farm. Prepare a report on 
the general conditions in the district concerning places of handling 
milk. | 

Make drawings of some of the stables of the district. Prepare a 
plan of a dairy barn of the district, and, by way of comparison and 
contrast, make a copy of the plan of a model barn, plans of which 
may be obtained from the State agricultural college. 
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LESSON IX. BUTTER MAKING. 

Sources of information.—Farmers’ Bulletin 876. State college of 
agriculture bulletins. 

Topics for study —Extent and importance of butter making on the 
farm. Quality and preparation of cream. Cream separation meth- 
ods—egravity, shallow pan, deep setting, dilution, centrifugal. What 
is the chief disadvantage of the dilution plan? Discuss advantages 
of each plan. , 
Cream separator—kinds, location, setting up, running, cleaning. 

When is it advisable for a farm to own a separator ? 

Fig. 13.—Apparatus for butter making. 

Cooling the cream—various methods; an inexpensive plan for the 
farm home; ripening; usual plan; cause of souring; importance of cor- 
rect temperature and proper ripening; creamery methods of ripen- 
ing; the “starter” method, directions for making and using. 

- Churning—time, temperature; results of too high a temperature; 
preparing the churn; adding color; churning; difficult churning. 

Preparing the butter for use—washing, salting, working; discuss 
each. 

Show results of butter not properly washed, salted, and worked. 
The package. Equipment for farm butter making. (Fig. 13.) 
Summary of steps in butter making, 
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Practical exercises —With small shallow pans and with deep bottles 
using the same amount of milk from the same cow, demonstrate the 
difference between shallow pan and deep setting methods of separa- 
tion. If possible, secure the loan of a cream separator from a dealer, 
or borrow one from a home in the district. Make a study of the parts 
of the separator, having the class become familiar with its parts. 
Demonstrate its use. Give practical demonstration of running the 
separator and of cleaning its parts after use. Impress upon the 
pupils the need of keeping it thoroughly clean. Ifasmall churn can 
be borrowed, an exercise in churning should be given, followed 
by a demonstration in washing, salting, and working the butter. 
A visit to the grocery stores will show very clearly the advantage of 

the neat package, both as to appearance and as to price of the butter 
per pound. A butter-making contest may be held, and the butter 
judged by a score card, copies of which may be obtained from the 
State agricultural college, or use the one suggested on page 29. : 

This contest may also be developed into a community contest, ins 
viting the parents to take part. It should be held at the school- 
house. The assistance of the county agent should be obtained. A 
practical demonstration of correct butter making should be given, 
and at the same time the modern butter-making equipment should 
be assembled. The dealer will usually leave with the teacher any or 
all of the equipment. 

Home projects—The use and care of the separator for a given 
period. If no separator is available in the home, then the pupil may 
separate the cream by one of the other processes, preferably the deep- 
setting method, writing up an account of her work. 

Ripening the cream, churning and preparing the butter for either 
sale or table use may be given to the pupil for a useful project. 
Where butter making is the manner in which the milk is disposed of, 
a butter record of the dairy cows, comparing the income therefrom 
with the cost of feed, or a comparative study extending over a period 
of 60 days, showing the results from the sale of cream with those from 
the sale of butter, may be made. 

Correlations.—If the milk has been tested for butter fat, problems 
showing the difference between the butter fat in a given weight of 
milk and the actual butter produced from the same weight, and the 
percentage of gain or loss should be computed. Problems showing the 
income from the sale of whole milk and the sale of butter should be 
made, and others showing the relative incomes from the sale of cream 
and the sale of butter, taking into consideration only the amount of 
each produced and the sale price. 

The pupils may write up a description of a separator and its use. 
They may prepare a booklet on butter making, a neat cover design, 
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and write up the various steps in butter making, illustrating these 
steps either by original drawings or by pictures clipped from various 
sources. 

LESSON X. FOOD VALUE OF MILK. ITS USE IN THE HOME. 

Sources of information.—Farmers’ Bulletins 363, 413, 717, and 824. 
Bulletins from the State college of agriculture. 
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Fic. 14.—Percentage composition and fuel value per pound of whole milk and some milk products. The 

constituents are expressed in per cent, the fuel values in calories per pound. 

Topics for study.—Kinds of milk. Composition and characteristics 
of whole milk, skim milk, condensed milk, buttermilk; flavor. Im- 
portance of clean milk. Sonne ‘es of dirt. Milk as a disease carrier. 

Methods of preserving milk—cold, heat. What are the advantages 
and disadvantages of each method ? 

Digestibility of milk; compared with other foods. Review the proc- 
ess of digestion. Relative value of cooked and raw milk. Milk for 

infants—special infant foods. 
Compare nutritive value of milk with other common foods.  (Iig. 

14.) Of what food value is skim milk? Compare costs of nutrients 
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in milk with those in other foods. What can you say of the cost of 
milk as a food when compared with other foods? Compare the food 
value of a quart of milk with meat and eggs and reach a conclusion 
as to the economy in the use of milk as a food. 

Use in home—milk dishes; in bread, soups, desserts, milk products, 
butter, cheese, buttermilk, whey, Biber. and foment milk prod- 
ucts. 

Practical encore ms tain a chart showing the composition of 
milk; another showing comparative food values of milk and other 
foods. 

Make a report on the amount of milk used as food in the homes of 
the district, and state the ways in which it is used. Determine also 
what milk omochaets are used as afood inthe home. How is the skim 
milk disposed of ? 

Illustrative material—Secure from manufacturers samples of milk 

foods and forms of commercial milk products. Place these on exhi- 
bition. 

Construct a chart showing the composition of milk. Make up a 
collection of recipes wherein milk is largely used. Construct a chart 

_. showing the ways in which milk and its products may be used as food. 
Correlations.—The preparation of milk dishes both at home and in 

school affords work for the class in home economics. A study of 
foods and food values belongs both to home economics and physiol- 
ogy. In the physiology class, a study of digestion in general, and 
tracing the digestion of milk will give a valuable lesson. 

LESSON XI. COTTAGE CHEESE. 

Sources of information.—Farmers’ Bulletins 363, 413, and 850. Ori 
of Secretary Circular 109. 

Topics for study.—Cottage cheese as a desirable food. Quality aa 
requisites—quality of milk the first consideration; clean utensils. 
A simple process for home use—souring, forming the curds, cutting, 

heating, straining, working, flavoring, and storing. Use of starters— 
homemade, commercial. Pasteurization. 

Cottage cheese making on a large scale—setting, cutting, heating 
and stirring, drawing and salting; making cheese with rennet and 
pepsin; yield of cheese; marketing; home equipment. 

What is the food value of cottage cheese? Suggest combinations 
with other foods that will restore the balance. This will lead to the 
preparation of special cottage cheese dishes in combinations with other 
foods. This is an excellent way to use skim milk. 

One hundred pounds of skim milk fed to hogs produces, 4.8 pounds 
of dressed pork, while if made into cottage cheese, it will produce 15 
pounds of cheese, and will furnish nearly seven times the amount of 
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protein and nearly as much energy. Therefore skim milk should be 
used as a human food, and only the excess fed to farm stock. 

Practical exercises —Cottage cheese may be made in the schoolroom. 
The milk may be donated, and the equipment needed may either he 
donated or purchased. The cottage cheese thus made may be used 
for a part of the school lunch. 

For a practicum, the students may make cottage cheese at home, 
making a written report upon the process. A ‘‘Cottage-cheese week”’ 
campaign may be held and not only the pupils, but the housewives 
should be encouraged to make and use cottage cheese during the week. 
Charts can be made showing the comparative value of cottage cheese 
with other foods. Assemble a model equipment for making cottage 
cheese. 

Correlations.—The use of cottage cheese in connection with the 
daily meals; cottage cheese in combination with other foods to make 
a balanced sae 

All these may be pope out in connection with the lessons in home 
economics. 

LESSON XII. THE USE OF MILK AND ITS PRODUCTS IN COOKERY. 

Sources of information. —Farmers’ Bulletins 363, 413, 487, 717, 824, 
and 850. 

Topics for study.—Review food value of milk. Discuss salue of 
_ milk as a food for children. 

Ways to use milk in cooking—white sauce, milk soups, chowders, 
cereals cooked in milk, and desserts made from milk. 

Skim milk—nutritive value; uses—in general cooking, for cottage 
cheese and whey or clabber. 

Cheese—comparison with other foods; food values; its economical! 
use in the diet. 

Cheese dishes in place of meat—cheese fondue (equal to a pound 
of beef), cheese soufflé (equal to a pound of beef and a pound of 
potatoes), baked rice and cheese (equal to one-fourth pound of beef). 

Practical exercises—Havye the pupils make a list of recipes wherein 
milk and milk products are used in cooking; prepare another list 
wherein milk is used as a supplement to other foods. Some of the 
recipes may be prepared in the schoolroom, and used as a part of the 
school lunch; others are to be worked out at home. Especial atten- 
tion is to be paid to the use of milk and milk products to supplement 
other foods. 

\ day may be set apart as “ Milk food day,” and small prizes given 
for the best display of dishes cooked with milk or milk products, and 
others for milk dishes used as a substitute. The patrons of the dis- 
trict should be invited and the county agent should be asked to be 
present and, to lecture on milk. 
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Illustrative material—Charts showing food values have already 
been suggested in former lessons. Sets of charts showing the com- 
parative value of milk and its products may be made and will prove 
of service to the class. 

Home projects.—This lesson offers home project work of the second 
type, and is closely related to similar work in home economics. 
Pupils may undertake projects of short time duration in cooking 
with milk or in using milk dishes or milk products. In either case, 
the work should be carefully written up, the recipes copied in the 
report, and a summary of the work made with some comparative 
costs and food value. 

Correlations.—The study of foods and food values, milk, and its 
use as a food, may well be correlated with the lessons in physiology. 
The home economics class will find abundant material for practice 
work in this lesson. They may prepare the recipes suggested, copy 
‘them neatly on separate cards, and file them, one set being prepared 
for the school, and each pupil preparing a set for home use. Menus 
containing the balanced ration in which milk is largely used, may be 
planned and worked out both at home and at school. The prepara- 
tion of other dishes to go with the milk dishes wil form another 
series of lessons in home economics. 

In language work, written exercises telling how the dishes were 
prepared, the careful writing up of the recipes, and reports on home 
project work will be found useful. 

For arithmetic, a series of problems in which the cost of milk and 
eggs and the cost of is milk found and a comparison made, will be 
found valuable exercises. 
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DISTRICT DAIRY COW SUMMARY. 

Date. scab: aes Seep eee F 

; Number of cows. Young stock 
Purebred.| Total of | Percent- 

Breeds. sires. breed. | age ofall. 
Purebred, Grade. |Purebred.| Grade. 

VOLSCY iz asec os ecpice ca atleis| siete tee ul e's on ceeeeelenee ces ties sce cere cee sto ene eee 

HMolsteinessce ooo esse ccecmiocecal|=2 badioncs | ies soe toes oees| sessions ce | See see eee Sea ee 

AS TSDITC Ss 3 cfu te leit oie Spe he aa es Senso cll 2s. - oe eee See ioe meee |siee's 122 sais] 2 losis eee Cees eee 

Gjbl pals ye secu eae cocHDSOFeRene CEs concce BaEErce-c>| Hecocesees SeseoeNaae essercqacds||sdeaisoscallscesesoces 

SCrubeyas Shaws godess ceoksaasaeeaw sc) + ol gees Heeasetecclesdecce ao4|eoccc6..c PERE 

Rotaleinidistnctess-ssseees | eeeeer eee eee Cee eee eee eres Peer erred Peer erneee 
| 

MILK AND FEED RECORD FOR THE MONTH OF ........-- 5 ue) 

Dateromsbabcockitesta= = eee soe oe Owner of herd.) eee eee 

ING ICIS Slee eed OR SECA cent ee Name of reporter. = = 7-22 =eeee eee 

| | s J & Feed for the month. 
| 2 fe) S 
— 77 =) 

5 F | 2 x“ 3 Ey o 

eld|s 2\¢ : = 5 
Name of ge |2/8 fae or st S uw 
cow.! 6 5 |) BO SS e | & i S |g | 2 ; . a, 

ma |e | is | 5 Ss = ae: ie, & & 5 5 .| Grains fed. om 
& : 4 c eS nas, >) a 
Seale | esol SOB 5 | Mmm en) Nese aces 5S las a) 
S1S/2 (eS /2£/8|/2 1/2) 218 |e! 8) S| Rs = 5 2 = 44 |) 5S zl a = 7 3 Ath ic) 
a vatea te le le, > | eee eles 1S) eal a > 

Per ; 
Lbs. | ct. |Lbs. | Lbs.| Cts.) Cts.|Dols.| Dols.| Dols.’ Dols.| Dols. Dols.| Lbs. Lbs.| Lbs.| Lbs.| Lbs. Cés. 

Seed ees eee eee en | seen - |e e ej ee -|----- |e -- 2 oe ----|-----|----- eqeca|jpcess wee e|-----|-----|ee--- -- ee 

| 

! Same em see | ese chs See See eee bene eee hen be nen bebnn be enn) bee nn Bhnnn nen ben en been) beeen Pee neneee 

NA Ioeccallosea| Somweloeisca|aeealedcclec . ~ oe eee emer tae Menai ale cA ee | rr 

Note when cows freshen, dry off, 
Cost of feed per ton. - are bought, or are disposed of. Remarks. 

1 Enter also names of dry cows and cost of feed. 
2 Price of skim milk fed, -... cents per hundred; skim milk sold, .... cents per gallon. 

Note.—The instructor may obtain sample sheets of this record by applying to the Dairy Division, 
Bureau of Animal Industry, U.S. Department of Agriculture. 
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DAILY MILK AND FEED RECORD FOR MONTH OF ........-- 5 UR bs 

‘DDE GL a Post officegmmeen sofos sos -,< Stated on see 

ISSEED _. 2522 sUecoSP SSeS See eer) (ae ae eanaemmmmnte = hele 8 a eS } See Se Re es 

| 

BPPRO - c2222¢sc dn cae eS Sao nae oP ROO OE SoS SESE BRBSISSS © - ..05|SeSeResnbnaas aaaeee donee cunBeneqosecue 
| 

| 
eGCHERECOLG. sons. 5 2s = oc. 5c sas eac-ndeee 1-10 | 11-20 | 21-31} 1-10 | 11-20} 21-31 | 1-10 11-20! 21-31 
TE ESTIS [NEY (©) EA eR ee ge Sk Os || S| ee eee eee jerecec eeroe eoeae 
LP YELS SUSE ©) = JOY GM. 55 coe sabes osees|2eenee seeees |->=c4]| ee odee|beeoseledones Werteer= Joncbad|isesadd 
LEE S TP @) MP MNES Sse e Seo aaene soeeoe easebe)|>> 5500) oocmellasosau|isauoce Jlapceme lessee eeeano 
Pounds ..... Qe per ton Seas esos eee classes. |52-. Real oes ce |--222+)-- 220. | eases eases oe ee 
Days pasture @ —— per month..............|-.-... losooc | ss2¢sq|) socsse | oodsos saests Vescose JecSsasiicdosce 

\ | | Nae | | | | 

Date. A.M. | P.M. || A.M. P. M. | A.M. P.M. 

| I oe meee. | MOMMA Sure vet © MN een le eyaee 
Ree eee enc accs os deseasoscsscscnece 2): CCOGeeEeR par => 666 habe azcous acoosearall sassceanallesodsaees 
tee tie Se islne ee cc al telecine cee Sneee cic ACO e MEAS Arcee bol g erences Resell Kaas Medea. ct aera arn 
oo 22 S554 5 Ree See eee eee &C. | 3h 4566 PROSE ee eco ses elec aisesel Cees ra 
ee ne se se os oe ce sacs cateeet OU |= ‘ sos ssecel|ss2oscze< \o3222sees|scceecuee 
oe reis pen tte debe se soc ebsesasseensgsesso5 31 acipoql| coos soess|lsssscecon)) bcc on ss 2|45e-5e6c0 
Bete ee anna hones Seis =e ssl ake ose ES... . | ee eee enn | Pate Weead meee. | Seeeocnee 

| | 

ibtne BITRE epee wee oe enc nee ice tee anin cis ois =.= - - een aniston cose es site tase acc ates aetoes 
isdiE IB, GR CRO Se Sa See see eee eS SSE Aa CBAC ha ae MEMES - - SC neta sae tes SSIES sara eae 

- Butter fat, pounds......... ee eeasae SCOR SE HO SS DESDE EEE, - - (oroeb sc Sosa Span R epee aasados 
Meee ee inte csc aies 2 Sais = -\e' Se ee cee eee eno 

Price per pound or gallon. Bulieniater: oem Oe: Rie 3s 
(ORS eee Gocco sO nee CS Eee aaEEe - = SSSPOSS ere ctoncsamec staan St AE Ne ae 

eee eee cee = esa aes ano nsnecce sce feee os oe 2. - apo abies edema se toae Ane CPS ae Sales 
Value skim milk @ — cents per gallon or hun- | 
MECHWEIPR Gee ooo cos scsceknciscnisenesccisse Ve Solo! ase) c)e\«'s = ARES lee nee area cia ae Ses mers ere See cree eee a Sets 
Slay Oees nent oes se ccsesctceecesc: sic = = Soin 2 2 oo Re eee SEC oie eee Se res re AE oa 
Sere ca eee ee ea ee te erate aie we aia eie ay cis < oi oe oo « Se nes cele Se Sec cane oe Une eect oloce net - ee ewice 
ES ae ace oa cae ene ee sees Ses en eee @ en's slajn apr ete ee ae ae eis aoe eee oe es ees oe 

Nore.—The instructor may obtain sample sheets of this record by applying to the Dairy Division, Bureau 
of Animal Industry, U.S. Department of Agriculture. 
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SANITARY INSPECTION OF DAIRY FARMS. 

Score Carp. 

Indorsed by the Official Dairy Instructors’ Association. 

NotE.—Reverse side may contain information concerning owner, number of cows, milk production and 
disposal, and inspection. 

BULLETIN 1763, U. S. DEPARTMENT OF AGRICULTURE. 

Score. 

Equipment. 
ieee Per-| Al- 

fect. |lowed. 

cows. 
1S GOWN > 555545 Sk Gea SAE SR ete Heaeaaeee 6) |... 2s 
Apparently in good health. -.---.- 1 
If tested with tuberculin within 

a year and no tuberculosis is 
found, or if tested within six 
months and all reacting ani- 
Malsimemovedeeeeeee =o eee see 5 

(if tested within a year and 
teacting animals are found 
and removed, 3.) 

Food (clean and wholesome) ......-- 1.|..-55 
Water (clean and fresh) .......-..-- 1)... 

STABLES. 

iocationvostableseesenssceneseeeeee 2) 2. eee 
Well drained .......-- fos Ob Loan 1 
Free from contaminating  sur- 
TOUNGINGS sarees case cnecees 

Construction of stable. ....--......-.- Cd ec. 
Tight, sound floor, and proper a 
SU bEr si Ne paceoeeisincjsnn aes 

Smooth, tight walls and ceiling... j 
Proper Stall, tie. and manger - 1 

Provision for light: Four square feet 
offelassipenicowereeeessseeee ese sees A) eee 

(Three square feet. 3; 2 square 
feet, 2; 1 square foot, 1. De- 
duct for uneven distribution.) 

IB GG Ging ee ee = ee ee ae ales oe eee 1) -- ee 
Wientilatigne a: osseeen es eon. oan (0 |Boeecee 

Provision for fresh air, control- 
lable/flue'system-------..--25-. 3 
(Windows hinged at bottom, 

1.5; sliding windows, 1; other 
openings, 0.5). 

supe feet of space per cow, ong 
CCUia5- Sock saisietoule aceeeee eee 
(Less than 500 feet, 2; less nS 
ay feet, 1; less than 300 feet, 

Provision for controlling tempera- 
GUre S = se esc eeece cee ets seaccs 

UTENSILS. 

Construction and condition of utensils. = 
Waterforcleaning=ser-ee ese lean ree 1). 2.2668 

(Clean, convenient, and abundant.) 
Small-top milking pail Leas saan oes 5 ||. .-eeee 
Milkxcoolen ss a5 ane) ne cinder scenes 1 | -e 
Cleanwmulkingisuitseees seer ene eee eee 1 | ..eee 

MILK ROOM OR MILK HOUSE. - 

Location: Free from contaminating 
SUTLOUNRG INES eee serene eee 1 |. eee 

Construction Of mil kgnOQOM mes sesee aces 2 |...seeee 
Floor, walls, and ceilings. = ll 
Light, ventilation, screens. ...... 1 

Separate rooms for washing utensils 
andjhandling milks sae eeeee css]: | 1 |e 

Wacilitiesifiorsteam=s=ssseie a= ee ee 1.|. 
(Hot water, 0.5.) 

Totalesceeestetsce ss cee eat seee 40 

Hquipmente- esses es -ee Methods 

Methods. 

Cleans. tose sseSace state eee 
(Free from visible dirt, 6.) 

STABLES. 

Cleanliness of stables..........---.--- 

ual 
Ceilings and ledges..........---- 1 
Mangers and partitions.........- 1 
WindOws') sence - sees 1 

Stable air at milking time..........-.- 
Freedom from dust...........-- 3 
Freedom from odors......-.----- 2 

Cleantiness of bedding -..--..-.-.---- 
PAR ALG 2725 cs oe cscs nt cite cee eee 

Gibanlo 222 acest a tect 1 
iWrell\drained a5 oe. o3ueeeeeneeee 1 

Removal of manure daily to 50 feet 
from stables se ee eee eee ant 

MILK ROOM OR MILK HOUSE. 

Cleanliness of milk room 

UTENSILS AND MILKING 

Care and cleanliness of utensils....... 
Thoroughly washed 2 
Sterilized i in steam for 15 minutes.3 
(Placed over steam jet, or scaldea 

with boiling water, 2’) 
Protected from contamination.... 3 
Cleanliness of milking..-......-._...-. 

Clean} dnyshandss5-seeeeee tees 3 
Udders washed and wiped...... 6 
(Udders cleaned with moist cloth, 

4; cleaned with dry cloth or 
brush at least 15 minutes before 
milking, 1.) 

HANDLING THE MILE. 

Cleanliness of attendants in milk 
TOOM se ce cece eee meee ee eee 

Milk removed immediately from sta- 
ble without pouring from pail 

Cooled imumedintely: after Gage 
each cow - S y 

Cooled below SOE (ote nn 
(51° to 55°, 4; 56° to 60°, 2.) 

Stored below 50° F 
(51° to 55°, 2; 56° to 60°, 1.) 

Transportation b below 50°F .........- 
(51° to 55°, 1.5; 56° to 60°, 1.) 
df delivered twice a day, allow 

perfect score for storage and 
transportation.) 

Score. 

Final score 

Note 1.—If any exceptionally filthy condition is found, particularly dirty utensils, the total score may 
be further limited. 
Note 2.—If the water is exposed to dangerous conemaina tion, or there is evidence of the presence of a 

dangerous disease in animals or attendants, the score shall be 0 
The instructor may obtain sample sheets of this record by applying to the Dairy Division, Bureau of 

Animal Industry, U. S. Department of Agriculture. 
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SCORE CARD FOR DAIRY COWS. 

(Dairy Division, Bureau of Animal Industry, U. 8. Department of Agriculture.) 

Points. 

ER ELEM ESF StI OE QE IY oso ot so Satara nic cicisisis aisle teinisinieieiciet since. s'~ 50 2 eRe 
Wedge shaped, when viewed from side, top, and 

HROID 32 aS aCe S eRe CECE CC SSG RCOOCeoe ema - 6 
Size for the breed—Jersey, 800 pounds; Guernsey, 

1,050 pounds; Ayrshire, 1,000 pounds; Holstein, 
1 200 OWING SS se S55 sescqasd ous Ceea oS Seg RBROBReBoS = 3 

2. Quality. RE Sone Ao cine wicis spaces eeiee one Sectie cae ee SMe 
Hide—thin, mellow, pliable, and loose.............- 2 
Hair—fine, EN clas eee a 1 
Secretions—abundant, yellowish 1 
Flesh—muscular, free from bunchiness............. il 
Veins—large and. PLOomInen tess eee es ee. ee 1 
ROHE—ANe ANG Cleans oss see ee Skee cies) cee 1 

3. LEED. - ois -2 Sock apse ee secur. Gans a eee Cee See eeBeABS.- oceds 
Forehead—broad between the eyes and dished 

DEC TRIS TOD eed ee Ce odes so ase ne eC eee eee « 1.0 
Face—medium in length, clean cut in outline, dished 

IDCIONMCV CS ase ees = tena Daceseeaceee es eas -5 
SGSHPISMATEC eee cc cena lee ees seceee tse 1.0 
Muzzle—broad, but not coarse...-...........------- 1.0 
Jaws—wide at base, SURON Seer see corns oso ae 5 
Ears—medium sized, thin, hair fine, blood vessels 

showing, secretion Eipund ant een a 0 
Eyes—full, prominent, clear, and bright............ 1.0 
Horns—small at base, incurving, attached close 

together at poll A) 
6 IEC Ie Oo ee a eee eS SE 

Moderately thin, of good length, nearly free from 
loose skin, neatly joined, throat clean. 

PPRPISBLETIANLOTS ce ose eo soe soe soe es see csciaccee ese. =- = oceans 
Shoulders—withers sharp; shoulder blades lean. . 2 
Chest—broad and deep, well-sprung fore-ribs; large 

heart-girth; moderately full crops; brisket light... 8 
Forelegs—straight, fine bone, strong.......-.-.-.---- 1 

OY CADACLUY 28 =e awe to ott esis a wee ee ee oe eS 
Sachi, strong, vertebre prominent.....-.. 5 
Ribs—long flat, well sprung, wide apart.-........-- 3 
Abdomen “Cb barrel)—long, deep, mae well held up; i 

loin broad, strong, and level; flanks low.........- 10 
Te dB EPTGITIE OSs aee es ae ea ee eM =, 

Hips—wide apart, prominent...........-.-.---..-- 3 
Hamp—lone swide levels... 525-5-sece-0--2------e 3 
Pin bones—widely "spaced, on Jevel with hips. - 3 
Thighs—incurving; escutcheon broad, extending 
Wellup On) pinibones 202. jee ssse ces sae~ csi 5-- 28 1 

Tail—tapering, fine boned, long and neatly set on; 
SAL CU LON Paes se on canine cence cms seine oes = soe 1 

Hind eae placed not sickle-hocked, bone 
NENG o- ine eee esa Base spo ccdad6 SO CCr Ac SB eEeeE > i 

Pep MERINAA SYSLOML = = na = sian os osiees otc cecnSzee-~- +--+ eee 
Udder—iarge; quarters even and not cut up between; 
extending well up behind and well forward in 
front; not fleshy; soft and pliable...........-..--. 20 

Teats—squarely placed; even in size; of convenient 
size for milking; free from lumps, not leaky or 
ANAND OMe eee ee ait meen ees weicieicin<ie oo oe 8 

8. Mammary veins and wells—veins long, branching, 
tortuous, entering body well forward; wells large. 7 

Ota a es si esaee seco chaos eaewcs seek eset... oe 

Per- Stu- Instr Perf Ue: 
es nee centage | dent’s tor’s 

@ value. score. score. 

De eee aacaoe Moaaenaeea sseacemccrs 

Tne SAE crete ens Ieee my eas 

Indicate score on the following basis: 1.0, perfect; 0.9, very slight defect; 0.8, slight defect; 0.7, defective; 
0.6, marked defect; and 0.5, poor. 

The number of points given for any particular part of the animal should be multiplied by the per cent 
given that part by the student. For example, an animal with defective wedges is given a rating of 0.7, 
which, multiplied by 6, the point allowed for perfe ct score, gives 4.2 as the final score for wedge-shaped. 

BUTTER SCORE CARD. 

Scale. Score. Remarks. 

LAD Sis ages ae oe ee Oa 45 |... .aeee 
PRCA ed ooo cn vabussbbdvess ardanedes asec 25 |. cae 
Re AS oa) Sade na ead es o aka melvin a): 15 |... same 
Ub ie a 0 ee ae 10 |. «caer 
RE Ie ele go aan kd nls eehornca Hues 5 |. uae 
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SUGGESTIONS ON HOW TO MAKE A SIMPLE CHART TO REPRESENT THF COMPOSI- 

TION OF MILK. 

Fourteen ounces water in a pint bottle. 

One-half ounce melted butter in 4 ounce vial. 

One-half ounce cheese (protein) in 4 ounce vial. 

Seven-eighths ounce milk sugar in 1 ounce vial. 
One-eighth ounce salt (mineral matter) in smallest vial. 

Label neatly and mount on cardboard. 

DAIRY BREEDERS’ ASSOCIATIONS. 

Letters addressed to the secretaries of these PES OSLID ONS will bring interesting mate- 

rial for the use of the teacher. 

American Guernsey Cattle Club. Wm. H. Caldwell, secretary, Peterboro, ING EE 

American Jersey Cattle Club. R.M. Gow, secretary, 324 West Twenty-third Street, 
New York, N. Y. 

Ayrshire Breeders’ Association. C.M. Winslow, secretary, Brandon, Vt. 

Brown Swiss Cattle Breeders’ Association. Ira Inman, secretary, Beloit, Wis. 

Holstein-Friesian Association of America. [Frederick L. Houghton, secretary, Brat- 
tleboro, Vt. 



PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF AGRICUL- 
TURE RELATING TO DAIRYING. 

FARMERS’ BULLETINS AVAILABLE FOR FREE DISTRIBUTION. 

363. Use of Milk as Food. 
413. Care of Milk and Its Use in the Home. 
487. Cheese: Economical Uses in the Diet. 
578. Making and Feeding of Silage. 

602. Clean Milk: Production and Handling. 

623. Ice Houses and the Use of Ice on the Dairy Farm. 
689. Plan for a Small Dairy House. 

717. Food for Young Children. 
743. The Feeding of Dairy Cows. 

748. A Simple Steam Sterilizer for Farm Dairy Utensils. 

777. Feeding and Management of Dairy Calves and Young Dairy Stock. 

824. How to Select Foods. III. Foods Rich in Protein. 

825. Pit Silos. 
850. How to Make Cottage Cheese on the Farm. | 

876. Making Butter on the Farm. 

893. Breeds of Dairy Cattle. 
927. Farm Home Conveniences. 

930. Marketing Butter and Cheese by Parcel Post. 
976. Cooling Milk and Cream on the Farm. 

_ 993. Cooperative Bull Associations. 
1019. Straining Milk. 

OTHER DEPARTMENT PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 

Office of Secretary Circular 109, Cottage Cheese Dishes. 
Department Bulletin 744, Cooling Milk and Storing and Shipping It at Low 

Temperature. 
Department Circular 26, Delicious Products of the Dairy. 

Bureau of Animal Industry Circular 195, A Plan for a Small Dairy House. 
Bureau of Animal Industry Circular 204, Officials, Organizations, and Educational 

Institutions Connected with the Dairy Interests. 

Bureau of Animal Industry Document A-12, Chemical Testing of Milk and Cream. 

FOR SALE BY SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING OFFICE, 
WASHINGTON, D. C. 

Farmers’ Bulletin 337, Cropping Systems of New England Dairy Farms. Price, 

5 cents. 

Farmers’ Bulletin 349, Dairy Industry in the South. Price 5 cents. 

Farmers’ Bulletin 490, Bacteriain Milk. Price, 5 cents. 
Farmers’ Bulletin 589, Homemade Silos. Price, 5 cents. 

Department Bulletin 177, The Production and Consumption of Dairy Products. 

Price, 5 cents. 

Department Bulletin 319, Fermented Milk. Price, 5 cents. 
Department Bulletin 356, Milk and Cream Contests. Price, 5 cents. 

Department Bulletin 434, Judging the Dairy Cow as a Subject of Instruction in 

Secondary Schools. Price, 5 cents. 
Department Bulletin 642, The Four Essential Factors in the Production of Milk 

of Low Bacterial Content. Price, 15 cents. 0 

Bureau of Animal Industry Circular 197, Directions for Home Pasteurization of 

Milk. Price, 5 cents. 

Sureau of Animal Industry Circular 218, Legal Standards for Dairy Products. 
Price, 5 cents. 
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INTRODUCTION, 

Large quantities of American corn are normally exported to Kurope 
each year. Investigations conducted by the United States Depart- 
ment of Agriculture have shown that a considerable amount of the 
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: / 
9, BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 

corn exported previous to the World War arrived in Europe in a 
heated, damaged, and spoiled condition. 

During the latter stages of the war the authorities who had control 
of the shipping of large amounts of corn to Europe took steps to 
insure that only such corn as would safely stand any voyage without 
spoiling was exported. Some of the requirements imposed were more 
strict than appear to be necessary under normal conditions, and, 
since such normal conditions will again obtain after the close of the 
war, the data presented in this bulletin will be of general interest to 
the export trade. 

The carrying qualities of export corn during shipment to Europe 
depend, for the most part on the moisture content and the quality 
and, condition of the corn as loaded, the length of the voyage, the 
season of the year during which shipped, the weather conditions 
during the shipment, and the position of stowage of the corn in the 
vessel. In order to determine the influence of each of these factors 
under varying conditions, eight representative cargoes of corn were 
accompanied from the United States to various European ports, and 
one additional cargo (cargo No. 5) was thoroughly sampled at the 
time of loading in America and again at the time of discharge in 
Europe.2. In the investigations covering the cargoes which were 
accompanied to Europe, observations and tests were made daily 
from the time the corn was put into the vessels until 1t was discharged 
in Kurope. During the loading of these cargoes, electrical resistance 
thermometers were placed at various definite positions in the corn. 
These thermometers were extended by “leads” to the deck of the 
ship so that they could be conveniently connected to a temperature 
indicator as illustrated in figure 2, thus-making it possible to obtain 
a record, of the changes in the temperature of the corn in the various 
positions of stowage. The temperatures were recorded each day 
that the weather permitted during the voyage. 

As the electrical-resistance thermometers were being placed in the 
corn, 3-quart samples were taken from the corn surrounding each 
thermometer, with which to determine the changes in the quality 

1 These data are given in U. S. Department of Agriculture, Bureau of Plant Industry, Circular No. 55. 

This publication, of which J. D. Shanahan, C. E. Leighty, and the writer are the authors, is now out of 
print. Since the investigations reported in this bulletin are a continuation of those discussed in Circular 

No. 55, the subject matter discussed in that publication regarding moisture content as a factor influencing 

the carrying qualities of export corn, germination, and fermentation in export corn, the keeping qualities 

of export corn influenced by its position of stowage in the steamship, and the length of the voyage and season 

of the year when shipped in relation to the carrying qualities of corn has been freely used in this bulletin 
in the discussion of those factors. 

2 Cargoes Nos. 1, 2, 3, and 8 were accompanied to Europe by the writer; cargoes Nos. 4 and 9 were accom- 

panied by John H. Cox; cargo No. 6 was accompanied by Laurel Duval, and cargo No. 7 was accompanied 

by R. C. Miller, grain supervisors, formerly assistantsin grain standardization. Theinvestigations reported 

herein were made in the Office of Grain Standardization of the Bureau of Plant Industry under the direction 

of Dr. J. W. T. Duvel, crop technologist in charge. Since July 1, 1917, the grain standardization investiga- 

tions of the Department of Agriculture have been administered by the Bureau of Markets in connection 
with the enforcement of the United States grain standards Act. 
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and condition of the corn during the voyage. One-half of each 
sample was retained for analyses and the other half put into a “trap” 
or crossed, wire container, which was then fastened, to the thermometer 
and recovered as the corn was being discharged in Europe. The 
purpose of using the wire containers was to secure certain definite 
samples with which to correlate the effects of the changes in tempera- 
ture during the voyage on corn differing in moisture content and the 
degree of soundness at the time of loading. As will be shown later, 
the corn in the various vessels at the time of loading varied consid- 
erably in the factors of quality and condition. Likewise, a large 
proportion of the corn became hot and damaged while it was in the 
vessels. The records show that the quality and condition of the 
corn at the time of loading, the position of stowage in the vessel, the 
length of the voyage, the season of the year during which the corn 
was shipped, and the weather conditions during the voyage, each 
influenced, to a great extent, the carrying qualities of the corn during 
the time it was in the vessels. 

MOISTURE CONTENT AS A FACTOR INFLUENCING THE CARRYING QUALITIES OF EXPORT 

CORN. 

The moisture content of corn, and of other grains as well, is the 
primary factor determining their capacity to carry safely in ocean 
transit without deterioration. Corn in which the moisture content is 
sufficiently low will carry safely under ordinary conditions of ocean 
transit for any reasonable length of time during any season of the year, 
no matter where it is stowed in the vessel, while corn containing a high 
moisture content is constantly in danger of heating at any time 
owing to a variety of contributing causes. Thoroughly air-dried 
corn contains from about 12 to 13 per cént of moisture. Such corn 
may be shipped for export at any time under ordinary conditions 
with little or no danger from heating in transit, and this is practically 
true also of corn containing up to 14 per cent moisture provided 
fermentation has not started. The fact that certain lots of corn con- 
tain higher percentages of moisture does not necessarily mean that 
they will not stand ocean shipment safely. The corn may be per- 
fectly sound, the voyage may be short, the air temperature at the 
time of loading and during the voyage may be low, no disturbing 
influence such as heat radiating from the ship’s boilers and engine 
rooms and shaft tunnels may be encountered, and the corn kept 
practically in cold storage. Under such most favorable conditions, 
corn with a relatively high moisture content may sometimes be 
safely carried. Cargoes of such corn are often landed upon the 
quays in Europe in a perfectly cool condition, which corn, upon being 
exposed to warm atmospheric conditions often becomes hot and unfit 
‘for reshipment in a short time. When corn ‘‘goes out of condition” 
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the effect of its relative moisture content immediately becomes 
evident. Corn with a low moisture content requires a much longer 
time to reach that stage designated as ‘‘hot” or to become discolored 
or ‘‘damaged” by the process of heating, than corn with a high 
moisture content, while corn with a high moisture content will heat, 
become discolored, and lose weight by evaporation quickly, and the 
processes of deterioration are accelerated with each additional per 
cent of moisture much more rapidly than the proportionate increase 
in the moisture content. When corn of a low moisture content is 
found in a heating condition, it can ordinarily be restored to a cool 
condition with but a slight amount of handling and ventilating and 
without much, if any, loss in value through discoloration, while corn 
with a high moisture content, when heated in any considerable bulk, 
quickly becomes badly discolored and damaged and is restored to a 
cool condition with great difficulty and a great amount of handling 
only with more or less damage to its quality and a corresponding loss 
in value. 

It will be noted from the following charts and tables that many of 
the samples showed a higher moisture content at the time of discharge 
in Europe than the corn had at the time of loading. It is not thought 
possible under ordinary conditions of ocean transportation for corn or 
other grain, confined as it is in the holds of ships, to take on moisture 

from the air, as grain from semiarid regions is said to do when other- 
wise transported to more humid regions. This is especially true when 
the moisture content of the corn as shipped is high. There are two 
means by which the moisture content in any part or the whole of the 
ship’s corn cargo may be increased during transportation: (1) 
Transfer of moisture by air currents caused by changes in temperature, 
and (2) by chemical changes within the corn kernel. As to the first 
means, corn containing excessive moisture and situated so that the 
moisture can escape when subjected to heat, will give off moisture and 
become drier. The moisture thus given off in a ship’s hold, in case 
the temperatures in the hold are not uniform, finds its way to the 
usual air space above the corn and under the deck, passing thence as 
water to other parts of the hold where it condenses on the cooler corn, 
the cooler deck, and the sides of the ship. This process, augmented 
as time goes on by the second means, may increase considerably the 
moisture content of the corn in some portions of the hold or cargo. 

The second means by which the moisture content of the corn may be 
increased is by the change in the chemical composition of the kernel, 
the effect of which is more evident in corn that is heating badly. Con- 
ditions of temperature and moisture may be favorable in some part of 
the cargo for fermentation to begin and to continue with more or less 
vigor. The heat generated in this process is gradually transmitted to 
the surrounding portions, starting and increasing fermentation, which 
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decomposes the grain and liberates its water of composition, thus 
increasing the amount of moisture in some portions or in the whole 
cargo, if conditions are not disturbed, without any addition whatever 
of moisture from outside sources. From these causes, the grain in 
many of the shipments examined was found to be damp and heating 
at the top, while that beneath was cool, and the iron decks and sides 

of the ship were found to be quite wet from the condensed moisture 
from the heating corn. 

GERMINATION AND FERMENTATION IN EXPORT CORN. 

In the grain trade the germinating season, so called, is said to be a 
special season in the year during which grain is customarily planted 
in the ground. The limits of this season are generally understood 
to extend from the middle of March to the middle of June. It is 
generally believed that there is a natural and inherent tendency in 
grain to germinate during that season and that the heating of grain 
in storage and in transit during those months is due primarily to 
this tendency. Sprouted corn was occasionally found in the cargoes 
examined, but only at the top of the bulk, where considerable addi- 
tional moisture had been supplied, either through condensation as 
described elsewhere or from outside sources, and where the corn had 
access to fresh air. In order that corn, or any of the grains, may 
germinate, there must be present: (1) Air or ogygen, (2) heat, and 
(3) moisture. If one or more of these are absent, germination will 

not take place, but if all are present at the same time and in sufficient 
quantities and the germ of the corn be alive, germination will take 
place, regardless of the time, the place, or the season of the year. 
There can be no doubt that the same conditions of temperature and — 
moisture that favor germination or the active growth of the germ of 
the grain, are favorable also to the growth of molds and bacteria as 
well as the production and action of certain ferments and enzymes 
which have the power of changing the composition of the grain 
kernels and which in their action produce heat sufficient to cause the 
heating of the grain. Fermentation is the principal danger to which 
damp grain in storage or in transit is exposed. Corn in which 
fermentation has begun need not necessarily be hot or even perceptibly 
heating, but the action is usually indicated by a peculiar, faintly sour 
odor present. The presence of this odor should serve as a warning 
to the shipper or handler of grain, because corn in which the odor is 
present soon becomes hot if not frequently and thoroughly ventilated, 
especially if its moisture content is high. The process of fermentation 
develops acid within the corn kernel, and the degree to which fermen- 
tation has taken place in any given lot of corn may be very closely de- 
termined by the acidity test and is expressed in this publication in terms 
of “acidity ¢.c.”’ The maximum limit of acidity allowed by Austra- 
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lian and Italian law in corn to be consumed for human food is 80 e.¢. 
and this is also the maximum limit allowed by the pure food board 
of South Carolina in corn entering that State. Corn testing over 
30 c. c. in acidity is such that no reputable grain man in this country 
would class it in any of the numerical grades. In several hundred 
samples of corn tested by the department, corn on the farms averaged 
18.1 ¢. c., corn received at terminal markets 20.4 c. c.,! and the corn 
discharged at foreign ports averaged 30.4 c.c. in acidity. It will be 
of interest to note that of these samples, those taken from the farm 
tested 76.5 per cent in germination, samples received at terminal mar- 
kets tested 58.8 per cent in germination, and samples taken at foreign 
ports tested 31 per cent in germination, showing that there is a close 
relation between the soundness of corn as determined by the acidity 
test and its viability.” 

THE KEEPING QUALITIES OF EXPORT CORN INFLUENCED BY ITS POSITION OF STOWAGE 
IN THE STEAMSHIP. 

Practically all of the corn that is exported to Europe from the 
United States is carried in bulk, with the exception of small quanti- 
ties placed in sacks, which are used for trimming the cargo in order to 
prevent the bulk grain from shiftmg with the rolling and pitching 
of the ship. When the corn is thoroughly air-dried, it is not a matter 
of great importance where or how it is stowed, as long as it does not 
come in contact with the sea water, green or wet shifting boards, 
or damp or wet freight or wet lumber, etc. Where the shipments of 
corn contained a percentage of moisture much above that of thoroughly 
air-dried corn, it was found that at least some of the corn was often 
in a heating condition at the time of discharge. Where the heating 
occurred in positions of stowage free from the engine and boiler-room 
bulkheads and the shaft tunnels, the greatest heat and the most 
severe damage were found at the surface, the less heat and the less 
degree of damage the farther the distance down in the hold. When 
the damaged corn was located in that section of the ship contiguous 
to the boiler and engine-room bulkheads or to the propeller shaft 
tunnels, the greatest heat and the most severe damage were found 
nearest to those bulkheads and shaft tunnels, and the less heat and 

less degree of damage the farther the distance from them. The usual 
situation in such cases is clearly indicated in figures 17 and 54. 

LENGTH OF THE VOYAGE AND SEASON OF THE YEAR WHEN SHIPPED, IN RELATION TO 
THE CARRYING QUALITIES OF CORN. 

It appears from these investigations that if the corn when loaded 
in the ships is sound and dry, the length of the voyage has little or no 

1 The method of determining the acidity of corn is given in Department of Agriculture, Bulletin 102, 

entitled “‘ Acidity as a factor in determining the degree of soundness of corn.” 

2 The germination tests given in this report were made by the Seed Laborator7 of the Department of 

Agriculture. 
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effect on its condition, but when it is shipped with a high moisture 
content and is stowed in such a way as to be subjected to heat from 
the inside of the ship, or is shipped during warm seasons of the year 
when it is subjected to considerable heat from the atmosphere and 
water, the length of the voyage is a very important factor, especially 
if the heating begins early in the voyage, in which case the heat is 
gradually diffused with each succeeding day and a higher temperature 
by action of ferments and enzymes, is developed in the corn already 
hot. Thus, with each succeeding day, more of the sound corn begins 
to heat and the corn already heating becomes more severely damaged. 

CARGO No. 1. 

Cargo No. 1 consisted of 240,000 bushels of corn, which was dis- 
charged at three ports in Denmark. The grain was loaded on the 
6th, 7th, and 8th of March, 1910. The vessel sailed on the 8th of 
March and arrived at Copenhagen April 1, where the discharge of the 
corn was begun on April 4. The last of the corn in the vessel was 

discharged at Aalborg on April 15. The length of the voyage to 
Copenhagen was 24 days. The average time the corn was in the 
vessel was 34 days and the maximum time 41 days. 

DESCRIPTION OF THE CORN. 

The cargo contained four lots of corn, each of which was quite 
distinct in quality and condition from the others. For the purpose of 
designating these lots in the following pages, they will be called natural 
“Southwestern,” natural ‘‘Central,” dried ‘‘A,” and dried ‘“B” corn. 
Although the origin of each lot could not be definitely determined, the 
most reliable data available show that the corn designated as natural 
“Southwestern”’ was grown in the southwestern part of the corn belt, 
presumably in Texas and Oklahoma; that designated as natural 
“Central” originated in the central part of the corn belt, probably 
chiefly in Illinois; the lots designated as dried ‘‘A”’ and dried “B” 
were from the same section as the natural “Central” corn, but had 
been artificially dried. 

STOWAGE OF THE CORN. 

As is shown in figure 1, each cargo hold of the vessel was filled with 
corn, except hold 1, which had an air space on the top of the corn of 
about 4 feet on the port side and of about 6 feet on the starboard side 
of the shifting boards. Holds 1 and 2 contained only natural ‘“Cen- 
tral” corn. Hold 3 contained both natural ‘Central’ and natural 
“Southwestern” corn, The natural “Southwestern” corn, amounting 
to about 6,000 bushels, was stowed near the central part of the hold 
under the middle and after hatches, and the natural “Central ’’corn 
was stowed both immediately above and below the natural ‘South- 
western” corn. Hold 4 contained natural ‘Central’ and the two 



8 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 

lots of artificially dried corn, the natural “Central’’ being stowed in 
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The heavy shading represents heat-damaged corn as 

Fia. 1.—Diagram showing the arrangement of the steamship and the stowage of the four lots of corn in the holds. 

discharged. 

the upper part of the hold directly un- 
der the forward hatch, and separated 
from the dried corn by wooden staves 
and atarpaulin. The dried “A” corn 
was the upper portion of the dried corn 
under the two forward, hatches of hold 
4, and the dried ““B”’ corn filled the 
remainder of the hold. ‘ 

CONDITION OF THE CORN AS LOADED. 

The ranges in the more important 
factors, showing the quality and con- 
dition of the four lots of corn as loaded 
and as discharged, are shown by holds 
in Table 1, while the detailed analyses 
of the samples taken from each lot of 
corn are shown in Table 2. From 
these two tables it will be seen that 
there was a marked difference in the 
quality and condition of the four lots 
of corn at the time of loading, each lot 
considered separately, however, be- 
ing quite uniform throughout. The 
average condition of each of the four 
lots of corn as loaded is shown in Ta- 
ble 3. Asseen in Table 3, the natural 
‘Central’? corn contained the most 
moisture, the average being 18.7 per 
cent. The natural ‘‘Southwestern’”’ 
and the dried ‘‘A”’ corn were both rela- 
tively low in moisture content, the 
averages for these being 14.7 per cent 
and 14.9 per cent, respectively, while 
the dried ‘‘B”’ corn averaged 16.3 per 
cent. The average germination was 
the highest in the natural ‘‘Southwest- 
ern’’ corn, 84 per cent, and the low- 
est in the dried ‘‘B”’ corn, 32 per cent. 
The averages for the natural *‘Cen- 
tral’’ and the dried ‘‘A’’corn were 51 
per cent and 50 per cent, respec- 
tively. The dried ‘‘B” corn con- 
tained the highest degree of acidity, the 

average being 27.5 c. c., and the dried ‘‘A”’ corn contained the 
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lowest, the average of which was only 22.5 c.c. The average acidity 
for the natural ‘‘Southwestern”’ and the natural ‘‘Central’”’ corn was 
25.8 and 26.6 c. c., respectively. 

Tas_e 1.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 1, as loaded and as discharged by holds. 

‘5 6 Weight Temper-| Moisture. «ae Germi- | Sound = 
Holds. ature. |. content. | “@4ty-\| nation. | kernels. Reel 

Hold No. 1: 
Natural ‘“‘Central’’ corn— oes Per cent. Gace Per cent.| Per cent. | Pounds. 

SMORGEC! 2 sha. 052 Se Aes 53- 59 | 18.4-19.3 |21.0- 28.5 45-72 | 85.2-98.7 | 50. 5-53. 0 
Wsdischarged.... 224-508-252 582. 60-143 | 17. 5-23.1 |24.0-101.0 0-80 0-90.1 | 45. 5-55.3 

Hold No. 2: 
Natural ‘‘Central’’ corn— 

PASHIGAGEC Ate fee thy 852 Be el. o 50- 58 | 18.6-19.9 |21.0- 32.0 28-66 | 90.6-96.4 | 51.5-53.5 
mAs@ischarred...-=-4-5-$0.5-6 8s. 67-140 | 18. 6-20. 2 |25.5- 52.0 0-79 0-94.6 | 47.0-53.8 

Hold No. 3: 
Natural ‘Central’’ corm— 

Aciiganedeeek Stee 2d. 3. Js ad 50- 63 | 17.6-19.2 |22.0- 30.0 35-62 | 91.7-97.2 | 52.0-54.0 
AS eascharced) 3... 4.2 .Be SN ee 55-136 | 18.8-25.8 |25.5- 79.0 0-77 0-89.8 | 42.5-52.0 

Natural ‘‘Southwesterr ’’ corn— 
a Col PoE (ir I BE ae 3 a a 59- 59 | 13.9-15.1 |22. 5- 30.0 77-88 | 94.6-98.9 | 52.5-53.5 
As discharged......... Secsocqsene 68- 94 | 14.9-16.4 |23.5- 26.5 49-82 | 96.3-97.8 | 52. 5-52.5 

Hold No. 4: 
Natural ‘‘Central’’ corn— e 

ASHORE i 22 a 25.0. BS ee 59- 59 | 18.8-18.8 |28. 0— 28.0 56-56 | 95.9-95.9 | 53.5-53.5 
AS discharved: ......3.2-2655.)2354 144-148 | 17.8-46.2 |38.5- 60.5 Oe 0 QO 0} 48.5-48.5 

Dried “ A’’ corn— 
BSNONGEG + 4.02 3s ee eee 62- 62 | 14.9-14.9 |22.0- 23.0 49-51 | 96.7-97.4 | 53.5-54.0 
Asmischarcved). =|. - =) 6 essa 52.2 79- 80 | 15.7-17.1 |27.0- 28.0 33-59 | 90.6-94.1 | 51.0-51.5 

Dried ‘‘B’’ corn— 
INS GAG RY RR Eee I en, Cai ete 62- 67 | 15. 8-17. 2 |23.0- 32.0 22-45 | 77.6-94.1 | 50. 0-53. 5 
IAS discharved!|; .-- 2 3-2=PPs-s-5ss2 74-144 | 14.5-25.1 |27.5- 49.0 0-25 0-88.9 | 48.5-52.8 

Considering all the factors for each lot. of corn, it is seen, as far 
as the three factors of moisture, acidity, and germination are con- 
cerned, that the natural ‘‘Central”’ and dried ‘‘B”’ lots were both 
poor in quality and condition’ when loaded. The natural ‘‘South- 
western” and the dried ‘‘A”’ corn were both in good condition, 
haying a low moisture content, and were likewise better than either 
of the other two lots in the factors of acidity, germination, sound 
kernels, and weight per bushel. ; 

' As brought out somewhat in detail in the following discussion, there 
was a close relation between the soundness and condition of the corn 
at the time of loading and its behavior during the voyage. 

Tapsie 2.—Condition of the natural “ Central,’ natural “ Southwestern,’’ dried “A,”’ 
and dried ‘‘ B’’ corn as loaded. 

Mois- Dirt 
Badly | Weight ture | Aeid- |Germi-| Sound | and 

Hold. ye pera- | F : : ~ | broken| per 
| No. | ture. Ae ity. |nation. | kernels. merci kernels.| bushel. 

hip Per ct.| ¢.¢c. | Perct.| Perct. | Per ct. | Per ct. | Pounds. 
1 18.5 2.0 56 94,2 11 5.1 52.5 

| 2 18.5 25.0 59 95.6 6 8.0 52.0 
| 3 18.8 21 ON Sete) a\e «2 98.7 0 3.0 52.0 

Hold 1, natural “Central” 4 53-59 18.6 25.0 72 96.2 3 3.6 52.0 
ENE be sot ese Lets. ie 2 ,- Bilis 18.5 28.5 67 96.3 $2 2.9 53.0 

| 6 18.5 26.5 60 90.6 4 2.9 62.15 
7, 18.4 25.0 66 96, 1 8 3.2 53.0 

} 8 19.3) 26.5) 45 85,2 5 | 3.5 50.5 
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TaBLE 2.—Condition of the natural ‘‘Central,”’ natural ‘‘Southwestern,’’ dried ‘“‘A,” 
and dried ‘‘B’’ corn as loaded—Continued. 

Mois- Dirt 2 
Hold. S tee # ame ture | Acid- |Germi-| Sound} and peas bee 

0. ture. res ity. | nation: |kernels. poreieny kernels.| bushel. 

°F. | Perct.| c.c. | Perct.| Perct.| Perct. | Per ct. | Pounds. 
9 19.1 Osta) lle ea iaueaied 90. 48) 3.1 52.0 

10 19.5 32.0 28 92.0 .5 2.7 51.5 
li 18.6 25.5 37 95.4 oO) 2.5 52.5 
12 19.2 21.0 43 95.6 4 3.1 52.0 
13 18.9 28.5 36 95.5 5 ONOF| Hears 
14 18.8 27.5 47 93.5 oil 2.4 | eee Be 

- ‘“ ” 15 18.6 27.0 57 96. 4 4 3.1 53.0 
Hold 2 aaturly Cen 16 |\ 50-58 |) 18.7] 25.0 66 | 95.0 2 | hae 53.0 

Pb ETE RNS > 5 Batt 17 18.7 26.5 39 92.5 .3 2.8 52.0 
| 18 18.7 25.5 44 94.4 1.1 4.4 52.0 
i 19 19.9 26.0 46 92.4 1.5 4.5 52.0 

20 18.6 27.0 48 95.1 5 5.9 53.0 
21 18.8 26.5 46 94.6 -3 3.1 53.0 
22 18.6 29.5 46 94.2 5 Bi 53.5 
23 18.7 25.5 56 96.0 1.0 3.6 52.5 

1 ‘c 24 59 13.9 22.5 88 98.9 23) 4.5 53.0 

ence weer eat 59 | 15.1) 495.0 87 | 97.7 Pash HineTal 53.5 
POE BESS CES caries 26 & 15.0 30.0 W7 94.6 3.3 6.9 52.5 

27 18.8 30.0 35 93.6 7 3.9 §2.5 
2 28 19.2 26.0 52 96.2 +2 1.4 52.5 

29 18.7 27.0 46 91.9 533 Die 52.0 
30 18.5 30.0 45 95.8 3 1.4 52.5 
31 18.5 28.5 39 95.2 4 3.8 53.0 
32 18.4 25.0 52 97.2 oll 2.6 52.0 
33 18.6 29.5 57 93.8 53) 2.6 52.5 
34 17.6 27.5 49 92.4 A 2.4 53.0 

Hold 3, natural ‘Central’ 35 50-63 18.7 22.0 52 96.1 pil 1.6 53.5 
CORT aR a ee 36 18.9 29.0 Y/ 93.3 573 292, 53.0 

3 18.5 28.5 55 94.6 .6 5.1 54.0 
38 18.8 2SaO ney oon 94.9 5 3.8 53.0 
39 19.0 26.5 52 94.1 58) ab 53.0 
40 18.0 26.0 62 91.7 4 1.6 52.5 
41 18:37 | Pees |e oe 95.0 4 3.2 52.5 
42 18.6 28.0 50 93.4 8 3.4 52.0 
43 18.3 24.0 61 96.0 we 3.0 52.5 
44 18.7 26.5 59 96.8 -3 3.3 52.5 

Hold 4, natural ‘‘Central’’ 
COormessag? 35. tara ee: 45 59 18.8 28.0 56 95.9 20 3.2 53.5 

sod (6A? 46 62 14.9 22.0 51 96.7 Av Bt I 53.5 
Held cd on pe ade de 14.9| 23.0 AS | O74" iso" wees 54.0 

48 16.1 29.5 22 92.4 -6 4.6 53.5 
49 16.3 27.5 27 90.1 4 4.4 53.0 
50 16.1 25.5 32 91.2 4 3.3 53.5 
51 16.3 27.5 38 oe 3 42 Fie zie 

; eq cep BV | oan 16.4 28.0 29 86.6 5 1. 2.0 
Biold ee pied ob coma 53 | ©2-87 1. azo || mmaono 45 | 94.4| (126) 9.4 50.0 

54 16.8 25.0 37 90.7 oft PAST 53.0 
55 15.9 28.5 35 91.3 1.2 8.0 53.0 
56 15.8 23.0 31 77.6 16.0 20.2 53.0 

ee ay/ 16.4 28.0 22 94.1 .6 5.0 52.5 

TaBLE 3.—Average condition of the four lots of corn as loaded. 

Mois- Dirt : 
Tem 2 “ Badly | Weight Kind ot com. | HOM | pom: | ture | Aelt- /Germi-|Sound| and, |aromen pet ie) ture.. || jae y- : : aiton kernels.| bushel. 

°F. | Perct.| c.c. | Perct. | Perct. | Per ct. | Per ct. | Pounds. 
1 56 18.6 25.2 oy - 94.1 0.5 3.4 52.2 

J a] << ” 2 55 18.9 26.8 4 94.2 a 3.4 | 52.4 
Natural Central eo 3 55] .18.6| 27.2 Fal |es Gs 53) epes 52.7 

4 59 18.8 28.0 56 95.9 5 3.2 53.5 

Total natural ‘‘Central’’.....|.._..-- 5d 18.7 26.6 51 94.4 4 3.1 52.5 
Natural “Southwestern” 3 59 14.7 25.8 84 97.0 1.3 6.2 53.0 
Drie dk SA? Steels eee 4 62 14.9 22.5 50 97.0 .6 4.6 53.5 
Driedss B27 ease 4 64 16.3 27.5 32 | 88.7 3.4 6.2 ap = 
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TEMPERATURE CHANGES DURING THE VOYAGE. 
The first readings of the resistance thermometers were made on 

March 8, just after the ship left the dock at the beginning of the 
voyage. With the exception of a few stormy days, readings were 
made for 25 days thereafter, or until April 2, the day after the ship 
arrived at Copenhagen. The manner of reading the temperatures of 
the electrical resistance thermometers is illustrated in figure 2. The 
temperature of the corn at the time of loading varied from 50° to 67° 
Fahrenheit. During the voyage much of the corn became very hot. 
The changes in the temperature of the corn varied considerably in 
the different positions of stowage and were influenced by the quality, 
condition, and. tem- 
perature of the corn 
when loaded, the boil- 

er heat, the air and 
water temperatures, 

and the position of 
stowage in the ship 
with reference to 
height from the bot- 
tom of the holds. 

The air and water 
were generally of 
about the same tem- 
perature, save during 
the latter part of the 
voyage, when the air 
was usually colder 
than the water. The 
water temperature Fig. 2.—Reading the temperature of an electrical resistance thermome- 

varied considerably eee ey OvRee: 
at different stages of the voyage, depending on whether the ship was 
in harbor, the Gulf Stream, the arctic current, or in the North Sea. 

INFLUENCE OF WATER TEMPERATURE. 
The outside walls of the ship consisted of plates of steel, against 

which the outside layers of the corn rested without any protection. 
Steel being a good conductor of heat, the temperature of the corn 
stowed contiguous to these walls was nearly the same as that of the 
water, as is shown by the temperature records of thermometer 17, 
figure 5, and thermometer 31, figure 8. The temperature of the corn 
located a little further in was less affected, as is shown by the temper- 
ature records of thermometer 4, figure 3, thermometer 7, figure 4, and 
thermometer 29, figure 6. The influence of the water temperature 
gradually decreased with the distance from the sides. The same 
relation existed with reference to the temperature of the corn located 
in the bottom of the holds, but not to the same extent as along the 
sides because of the air space in the ballast tanks and also because 
the bottoms of the holds were covered by a wooden flooring. 



163 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 

Tapie 4.—Condition of the natural ‘“ Central,” natural “ Southwestern,’ dried “A,” 
and dried “‘B’’ corn as discharged in Denmark—samples taken in order in the holds 
from top to bottom. 

Hold. 

Hold 2, natural “Central” 

Hold 3, natural ‘‘Southwest- 
etnZicorne ss eae 

Hold 3, natural ‘“‘Central” 

Hold 4, natural ‘‘Central”’ 

Hold 4, dried ‘‘B” corn. .-..- 

123 
124 

127 

Acid- 
ity. 

Germi- 
nation. 

Dirt 
Sound | and peal 
kernels.| foreign | PTOxe? 

aR. kernels. 

—t 

POW Om: 99190 (0.90 SP SO. 
28. 

bo 

stanteatsaeiamy olga! asl etiacs Spent orcas cae gots Dern s Cairo ~~. es SAapT 

AAINIDounononoeoceo am on coocoomounmoooooonoon ooo acoeoeo 

(Jt) 

orocoocooorFoe 

iS) 

cooconooroncoeo 

Nworv 

Coe 

Per ct. 

NSO Cr OVS Ss 00 C1 MD OOD OO Or 

ooontoeo HORN ON ER WERNINNOCOOCSO 

SRZS 

oye) o> 

for) He ~] 

CHK OHOODOCOCOCOCOSCSOSD OF CD PROMrRHAMMNONNOHPOSCOCOSOON BWR BRO 

J 00 GO Gr PUBS 

Per ct. | Per ct. 
0. e 1 6 
3 1.4 
a 4,3 

1.8 4.1 
«2 5.1 
6 5.7 
-4 2.6 
4 3.6 
4 2.9 

3.0 6.5 
4 4.7 

2.8 10.2 
-2 3.5 
-5 2.0 

1.9 3.7 
-6 5.9 
ai 5.7 

2 2.8 
9) 3.5 
-5 2.8 
ol 1.7 
-6 3.6 
-2 4.2 

-8 7.6 
a) 7.0 
2 5.7 
2 5.3 

-2 6.0 
1.7 5.4 
-6 4.7 

7 2.7 
-5 3.1 
-5 2.1 
oll 2.6 

1.3 2.8 
1 3.9 
1 2.0 
4 1.4 

1.0 2.6 
ol 3.7 

1.8 4.4 
5 5.2 
2 4.7 
1 3.7 
.2 3.9 

1.0 4.2 
2 3.0 
-2 2.1 

.3 4.8 
0 

.2 5.2 
1.6 10. 2 

off 5.7 
1.6 5.5 
-6 5.2 

2.0 9.6 
3 6.5 
74 5.7 
-6 6.0 
7 3.2 

3.5 w® 
-3 5. 6 
.2 3.7 
D2 eee see 
2.2 7.9 
2 5.7 
-6 4.6 
2 1.7 
9 3.4 

Weight 
per 

bushel. 
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TEMPERATURE CHANGES IN TOP AND BOTTOM OF HOLDS. 

With reference to the temperature changes in the corn located in 

the upper part of the holds as compared to the temperature changes 
in the corn in the middle and bottom parts, it will be seen in figures 

3 to 6 and Tables 7 and 8, that the corn in the upper part of the holds 

began to heat first and had the highest temperatures at the end of the 

voyage. The corn 
just below the top 
layers was the next 
to begin to heat and 
had the next highest , 
temperature at the 
end of the voyage. 

This order held 
true with consid- 
erable regularity 
through to the corn 
in the bottom por-_ 
tion of the holds, al- 

though not to such 
a great extent where 
there were outside 
influences, such as 
the temperature of 
the sea water, which 
affected the corn 
stowed near the sides 
of the ship, and the 
heat from the boilers, 
which was transmit- 
ted through the boil- aun Cony - 

er-room bulkhead. ae 
Thus, in the natur- rer 

al “Central” corn in 
Fic. 3.—Hold 1: A, temperature records of the electrical resistance 

hold 1 (thermometer thermometers; B and C, location of the (1) resistance thermome- 

No. 1 , fig. 3) the tem- ters in the hold; (2) samples secured in Denmark; (3) the damaged 

corn as discharged in Denmark. (Cargo No, 1.) 

3 See erie oie TREX 
AFFIL 
42 

TEMPERATURE 

VERY BSAOLY 
LAWMTAGED 

LONGITUINAL SECTION. 

perature of the corn 
in the top portion began to increase from the beginning of the voyage 

and had a temperature of 142.5° F. at the end of the voyage, which was 

an increase of 83.5° F.; while the corn located about one-third of the 

distance down in the hold (thermometer No. 2) did not begin to show 

a rapid daily increase until about the thirteenth day out, and had a 

temperature of only 103.5° F. at the end of the voyage, an increase 

of 47.5° F. The corn in the bottom layer had a temperature of only 

55° F. at the end of the voyage, 2s shown by the temperature record 
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for thermometer 4, figure 3. The corn in this position did not be- 
come hot and actually showed a lower temperature at the end of the 
voyage than during the middle of the voyage, because of the influence 
of the water temperature. The same order prevailed in the natural 
‘“‘Central”’ corn in the other holds in which it was stowed, although 
the temperature in each relative position varied somewhat im the 

various holds. The 
dergeraaypor pone Deiantietoeran Sr natural ‘‘Southwest- 

ome 7121316 15 16 17 1B 19 00 21 22 2a OA 25.26 27 B25 30 AE eleiiiag corn in hold 3 

cles and the dried “A’*¢orn 
eq under the forward and 

Ra -- middle hatches in hold 
& 120 4, as is shown by the 
> ¢ ae } ay 

Se temperature records 
: an ? for thermometers 11 
sol me and 30 in figures 5 and 

Ala 7, did not become hot 
during the voyage for 
reasons explained else- 

PRT 140 75 where. , _LORT _ ‘ Fg q 

: : 8 CZ eM ' The upper portion 
Be eee eee w 8 g of the dried ‘“‘B” corn 
a 77 1921-—-~-——- = : : : immediately under the 
Reo ey es ea 2 8 5 dried “A” lot in the 

76 forward part of hold 4 
(sample 115, fig. 6) had 
a temperature at the 

: end of the voyage of 
ees 135° ¥F., as against 

113° F. for the corn in 

age the bottom of the hold 

(thermometer record 

23, fig. 7). This same 
relation held true for 

Fic. 4—Hold 2: A, temperature reccrds of the electrical resistance the dried ba conn 

thermometers; B and C, location of the (1) resistance thermome- located under the after 

ters in the hold; (2) samples secured in Denmark; (3) the damaged. . 

corn as discharged in Denmark. (Cargo No. 1.) hatch, as 1s shown by 

the temperature rec- 
_ords of thermometers 21, 22, 26, and 29, and also for the corn located 
against the boiler-room bulkhead, although the latter was affected 
by the heat from the boilers. The above condition is almost invari- 
ably true in all cargoes containmg heating corn. be bss pees 

BAQLY 
OAMAGED 

SOUR 
‘AND 

SIOLOY 

t GALLAST TANK. LOWGITUO/INAL SECTION. 

INFLUENCE OF BOILER HEAT. 

The heat generated in the boiler room exerted- considerable in- 
- fluence on the temperature of the-corn stowed-contiguous to the boiler- 
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room bulkhead. As hot air always moves upward and cold air down- 

ward, this influence would naturally be expected to affect the corn 

stowed against the upper part of the boiler-room bulkhead more than 

that which was stowed against the lower part, which proved to be the 

ease in this shipment. That part of the dried “B” corn which was 

located against the upper part of the boiler-room bulkhead increased 

in temperature at a 
3 Sie” NORFOLK _ ATLANTIC OCEAN worm, 

much faster rate = anon OEY lta Ee 
40 4 1213 14 15 ‘16 ‘[7_ ‘18 19 20 21 22 23 24 25 2% 27 2829 2 F3 

during the early part 
of the voyage than 
the corn in any other 
position in the ship. 
The temperature of 
all the corn stowed 
along this bulkhead 
registered under 65° 
F. at the time of 
loading. From early 
morning until 4 
o’clock in the after- — pwzrcne 

noon of the day of 2 
sailing, March 8, the 
ship’s boilers were 
under pressure of % 
steam, and consider- 

able heat was gen- 
erated in the boiler 
room. In this short 
time the tempera- 
ture of the corn 
located against the 
upper part of the 
bulkhead had in- 
creased to 76° F., as : 

Fic. 5.—Hold 3: A, temperature records of the electrical resistance 

shown by the tem- thermometers; B and @, location of the (1) resistance thermometers 

perature record of in the hold; (2) samples as secured in Denmark; (3) the damaged corn 

as discharged in Denmark. (Cargo No. 1.) 

TEMPERATURE TF 

BALLAST TANK. LONGITUDINAL SECTION. 

thermometer 18 in 
figure 6, while the corn at the same height in the hold, not more than 

8 feet away from the bulkhead, was only 62° F., as is shown by tem- 

perature record of thermometer 22. Hight days later the corn against 

the upper part of the boiler-room bulkhead had increased to 102° F., 

while the temperature of the corn located only 8 feet away was only 

65° F. From March 17 to 19, inclusive, the weather was stormy, and 

no more readings were made until March 20, 12 days after sailing, by 

which time the temperature of the corn along the upper part of the 

bulkhead had increased to 118° F., a total increase of over 53° F., 
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and the corn stowed 8 feet away from the bulkhead had increased to 
80° F., or an increase of only 18° F., but during the next few days the 
temperature of the corn in the latter position increased very rapidly. 

When the ship arrived at Copenhagen on April 1, the temperatures 
of the corn stowed against the upper, middle, and bottom parts of 
the boiler-room bulkhead, as is shown by the temperature records 

PRSSISSIEFD RORFOLE = < wi na ae RIVER ATLANTIC OCEAN. SCE CREE 

: MARCA $$ $$ ——$§| AP 
89 101 1273 12:15:16 17:18:19 20 2 2223 28 26 27223 GOR | 2 

rd 

430 

72 ie 

v0 | 

#/ net: 
e 

8 a 
we : We 5 3 > 

c \ uf 

50 | \ 
\\/ 

+-- SAMPLE No: 
—  f  -TEMPERATURE 

4 of pT eMestore 
SAMPLE No ---~ 

TEMPERATURE——~, 
YOH1O1STUR¢ tee 

SS READ ahs 80 ./09 
I7.8 1/44 /07 

CENTAAL CORN, 

UE 110. 145-4 OT #62 148 /08 
TANK 

aos f= - = 79-—~ 
DRIED. CORN ——— 

LUUT OF EXTRA WOODEN 
BULAY 1 

MAO WA _+ 16,6 ———-/B 

SHIFTING BOARDS 
Sey --------4- -169 129 119 

T= \|  %---—--—-Fose5-4- G2 120 122 
= Se SS S71 110 123 

~/55 80 125 
-/4.6---—l27 

124 89 16.8%-} 2-555 --—- 
py 

VENTILATO® ___ToP OF CORN 
re OWED CORN;TOP LAYER 

\ AUIBER 

h )YERY BADLY 
wae ( DAMAGED 

LUMBER 

OTher*30\ \ SLIGHTLY 
MOLOY 

Ay PLE T2018 “22. 

LONGITUDINAL SECTIO. 

Fia. 6.—Hold 4: A, temperature records of the electrical resistance 

thermometers; B and C, location of the (1) resistance thermometers 

in the hold; (2) samples secured in Denmark; (3) the damaged corn 

as discharged in Denmark. (Cargo No. 1.) 

for thermometers 18, 
24, and 27, were 140°, 
118°, and 75° F., re- 
spectively, as against 
122° and 59° F., for 

the corn stowed 8 feet 
from the bulkhead 
and the same height 
as the upper and 

lower positions (there 

was no record for the 
middle position) as is 
shown by the tem- 
perature records for 
thermometers 22 and. 
29. Note that the 
corn near the boiler- 
room bulkhead had 
a higher temperature 
by 18° F. in the upper 
position and by 16° 
F. in_the lower posi- 
tion than the corn 
located at the same 
height but 8 feet from 
the bulkhead. 

After the ship was 
docked at Copen- 
hagen, the fires were 
put out under the 
main boilers and the 
effect was quite no- 

ticeable on the corn located near the boiler-room bulkhead. The next 
day, April 2, the temperature of the corn located against the upper part 
of the bulkhead had decreased 5 degrees as against no decrease for the 
corn the same height only 8 feet away, the temperatures for these two 
positions that day being 135° and 122° F., respectively. The tempera- 
ture of the corn against the middle of the bulkhead (thermometer 24), 
about half way to the bottom, was 102° F., on April 2, a decrease of 16 
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degrees from the previous day, and the temperature of the corn against 
the unprotected part of the boiler-room bulkhead at the extreme side 
of the hold (thermometer 25) was reduced from 95° F. on April 1 to 

82° F. on April 2, a decrease of 13° F. During the voyage the tem- 
perature of the corn in the last-named position was affected by both 
the heat from the 
eeereemidithe water “FP Terme: eee ee 
temperature ee a = Us a2 es oe 22 8 A Z ae ae wee — 25 25: 72 6 MPL 

In connection with 
the temperatures of 
the dried ‘‘B” corn in 
hold 4, in the different 
positions of stowage 

ae S 8 

VEMPERATURE sthonde herr, [EEE ee ace LE 
eer ae] note at what stage of j11ITTT¥IIIT {iW REEER aSSoe: 

the voyage the first 
rapi d increas e in tem- Fie. 7.—Diagram showing temperature records for the corn stowed 

in the forward part of hold 4. 
perature began. The 
corn which was stowed next to the upper part of the boiler-room 
bulkhead (thermometer 18) showed a rapid increase from the begin- 

ning of the voyage; next the temperature of the corn in the top 
layer, immediately under the after ventilator, began to increase 
rapidly about March 16. At this time in the voyage the ship en- 
countered cold air and the vapor escaping from the heating corn began 
to condense in the ventilator and fall back on the corn as water. The 
upper layer of corn a short distance from the boiler-room bulkhead 

began to increase rap- 
ArgesssiPrr AF OLA : f NO. ATLANTIC OCEAN WONT, EN, 

APRIL 
8 3/04 ow 14. 15 16 17 ave EL Ey 23 26 25 26 272829 90 Ey, 42 idly im temperature 

about March 20 and 

that stowed along the 
middle part of the 
boiler-room bulkhead 
about March 23. 

CONDITION OF THE CORN 
AS DISCHARGED. bl 

; LT IN eT IAT el BRsea 
lanai’ county CSoeeents When the hatches 

a were opened in Den- 
Fic. 8.—Diagram showing temperature records tos nulseelaneais mark, the corn in all 

electrical resistance thermometers in hold 4. (Cargo No.1.) : 
of the holds gave off 

moisture in the form of vapor in great volume, as is illustrated in fig- 
ure 9, which shows the formation of a dense fog as the result of the 
warm moisture laden air from hold 4 coming in contact with the cold 
outside air. When the cargo was discharged it was found that much 
of the corn had undergone severe deterioration during the voyage. 

95190°—_19—Bull. 7642 
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The detailed analyses of the samples taken from the corn as dis- 
charged are shown in Table 4 and the average condition of each lot 
of corn as discharged is shown in Table 5. 

TABLE 5.—Average condition of the four lots of corn as discharged in Denmark. 

Mois- Dirt | ity 
Tem- : 5 Badly | Weight Ki ture | Acid- | Germi-| Sound} and r 

dof corn. 5 Hold. | pera- con- ity. |nation.|kernels.| foreign brokers Hesse: 
ture. | tent. matter. 

°F. | Perct.| c.c. | Perct. | Per ct. | Per ct. | Per ct. | Pounds. 
if 96 19.1 Sos 42 AG a ra 50.7 

” 2 96 19.4 33.5 29 4. 3 : 50.2 
Natural “Central””..........- 3 90| 19.7] 34.6 35 | 50.9 5 3.5 49.4 

4 1146 17.8 49.5 0 0 -2 4.8 48.5 

Total natural ‘“Central”’_....]..-.2.2 195 19.4 35.0 33 54.9 6 4.0 49.9 
Natural “Southwestern”. ... 3 78 15.7 24.7 70 96.9 8 5.4 52.5 
Motal dried “{Av7E- 4-2 = tS 4 80 16.4 27.8 48 92.4 9 ate 51.3 
Qotaltdried B72 ss as ee 4 119 | 215.7 40.8 4 17.4 .9 5.7 50.8 

1 Sample 108 not included. , 2 Sample 111 not included. 

Fie. 9,—Mcisture from heating corn escaping from a ventilator and from an open hatch at the end of the 

: voyage. (Cargo No. 1.) 

It will be seen from Table 4 that the natural ‘‘Central” corn which 
had an average moisture content of 18.7 per cent and an average 
acidity of 26.6 c. c. at the time of loading, was badly damaged in 
the upper part of all holds at the time of discharge. The corn was 
hot, discolored, very sour, and badly affected with molds. As is 
shown in figures 3 to 6 and Table 4, the degree of damage, as well 
as the temperature of the corn, gradually decreased toward the bot- 
tom of the holds, where the corn was not discolored, but was notice- 
ably sour and more or less affected with molds. The damaged and 
packed condition of the corn in the upper part of holds 1 and 2 at 
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time of discharge is illustrated in figure 10. The corn in hold 1 did 
not entirely fill the hold, and the top of the corn was covered with a 
heavy growth of sprouted corn, as is shown in figure 12. 

‘The comparison of the average condition of each lot of corn, as 
loaded and as discharged, is given in Table6. As shown in this table, 
the natural ‘“‘Southwestern”’ corn in hold 3, which had an average 
moisture content of 14.7 per cent and an average acidity of 25.8 ¢. c. 
when it was loaded, arrived in practically the same condition as when 
loaded, although the natural “‘Central” corn stowed both immediately 
above and below it was hot and damaged and badly packed, as is 
illustrated in figure 5. The natural “‘Southwestern” corn “run” 
freely during the discharge, thus leaving overhanging walls of natural 
“Central” corn, these overhanging walls at times projecting as much 
as 2 feet or more. 

TaBLE 6.—Comparison of the average condition of the natural ‘ Central,’’ natural 
“ Southwestern,’’ dried ‘‘ A,”’ and dried “‘ B’’ corn as loaded, with the average condition 
of each lot as discharged in Denmark. 

t 

: Dirt 
Mois- and ae 

Kind of corn. Condition of Tem- ture | Acid- Ger- Sound for- Badly W eight 
|Hold. Senge EER) eae || ae mina-| ker- ai broken} per 

ture. | tent. Y- | tion. | nels. gn kernels. |bushel. 

SoH Chal Gan Cant lam CL ai l= (Cheal| eas Chal we eects Lbs. 
1|Joaded.....} 56] 18.6|25.2{ 61) 941] 0.5| 3.4) 52.2 
1| Discharged-.| 96] 19.1|35.5| 42| 54.4] 1.0| 4.5] 50.7 

2| Loaded.....| 55 |18.9|26.8| 46| 942] .5| 3.4] 52.4 
2| Discharged..| 96 | 19.4 | 33.5 29 | 64.0 4 4.2 50.2 

Natural “Central”... ....-- 
3 | Loaded.....| 55 |18.6|27.2| 51| 94.6] .3{ 2.8] 52.7 
3 | Discharged..| 90|19.7|34.6| 35] 50.9] .5| 3.5] 49.4 

4 | Loaded...... 59|18.8] 28.0] 56] 95.9] .5| 3.2] 58.5 
4 | Discharged..|1146 | 17.8 | 49.5 0 0 Ay 4.8 48.5 

ae Bi deme Loaded.....| 55 |18.7|26.6| 51| 94.4] .4]/ 3.1] 52.5 
Eckel natal “Central”... °7-"° Discharzed..| 195 | 19.4135.0| 33! 540] 6] 40] 49.9 

| 
? “Southw »  f 3{ Loaded.....) 59] 14.7) 25.8] 84] 97.0] 1.3 6.2 53.0 
Natural “Southwestern’”-..\} 3 | Discharzed..| 78|15.7| 247} 70| 96.9| .8| 5.4| 52.5 

of toy ( 4] Loaded..... 62| 14.9} 22.5] 50] 97.0] .6| 4.6] 53.5 
Dried “A”. --------2--0-2-- \ 4| Discharged..| 80] 16.4] 27.8] 48] 924] .9| . 7.7| 51.3 

| 

Ba ke, 4|Loaded...... 64] 16.3] 27.5) 32] 88.7] 3.4] 6.2] 52.5 
BS PEE A ALOIS; { 4 Discharged.., 119 *15.7| 40.8| 4] 17.4| .9| 5.7/ 50.8 

1 Sample 108 not included. 2 Sample 111 not included. 

Figure 6 and Table 6 show that the dried ‘‘A’’ corn in hold 4, 
which had an average of 14.9 per cent of moisture and an average 
acidity of 22.5 ¢. ¢. when it was put on board, also arrived in Den- 
mark in practically as sound a condition as when it was loaded, 
notwithstanding that both the ‘ Central” corn, which was stowed 
immediately above it, and the dried “B” corn, just beneath it, was 
hot and badly damaged. Figure 6 and Table 6 also show that the 
dried “B” corn in hold 4, which had an average moisture content 
of 16.3 per cent and an average acidity of 27.5 c. c. at the time of 
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loading—the highest acid content of any lot in the shipment—was 
hot and badly damaged throughout when discharged with the 
exception of a small quantity along the bottom in the afterpart of 
the hold, which was not hot but was badly packed, sour, and affected 
with molds. This dried “B”’ corn was so badly packed that it formed 
perpendicular walls from the top to the bottom of the hold (about 
20 feet) when it was being discharged, as is illustrated in figure 11. 

“SWEAT” AND SPROUTED CORN IN THE HOLDS. 

When the cargo arrived in Denmark the top layer of corn in hold 
1 was sprouted as is shown in figure 12, the sprouts in many instances 

measuring 8 inches 
and more in length. 
This hold, which 
was not entirely fill- 
ed with corn, was, 
as already stated, 
the only hold in 
which there was a 
free circulation of 
air from the forward 
to the after ventila- 
tors. . This free cir- 
culation of outside 
air over the corn 
supplied the neces- 
sary oxygen and 
kept the top layers 
of kernels cool 
enough through 

Fig. 10.—Damaged corn in the upper part of hold 2 at time of dis- evapor ation to 
charge. (Cargo No. 1.) 5 

germinate. The 
necessary moisture needed for germination, in addition to the moisture 
present within the kernels, was supplied by the ‘‘sweat’’ dropping from 
the deck above. In other holds in which the circulation of air was 
impeded there was only a very slight amount of sprouted corn, the 
sprouted kernels being found only under some of the hatch beams. 
The air was very ‘‘heayvy”’ in these holds due to the oxygen having 
been used up and replaced by carbon dioxide. 
What is known as ‘“‘sweat’’ in a corn cargo is water that has con- 

densed on the underside of the cooler deck or on the sides of the 
ship when the temperature on the outside of the hold is lower than 
the temperature on the inside. This ‘‘sweat’’ on the underside of 
the deck falls back onto the corn in the form of water, as illustrated 
in figures 13 and 14. In the rolling and pitching of the ship, most of 
the “‘sweat’’ on the underside of the deck works its way to the deck 
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beams and from there it falls onto the corn where it supplies the 
necessary moisture for germination or fermentation as the case may 
be. The sprouted corn immediately under those beams in hold 1 
showed a much more vigorous growth than at other places. During 
the voyage the moisture from the heating corn could be plainly 
seen escaping from the ventilators and especially from the after 
ventilators in hold 4, shown 
in figure 9, where it was first 
noticed on the sixth day out 
when cold air was encoun- 
tered which condensed the 
excess moisture in the warm 
air from the hold into fog. 

MOISTURE TEST ALONE NOT SUFFI- 
CIENT TO DETERMINE CARRYING 
QUALITY OF CORN. 

The moisture test alone is 
not sufficient to determine 
the carrying quality of corn, 
there being other factors 
which must also be consid- 
ered. Based on the mois- 
ture test alone, the dried 
““B”’ corn stowed in the bot- 
tom part of hold 4 should 
have been in better condi- 
tion at the end of the voyage 
than the natural “Central”’ 
corn in the bottom of holds 
1,2, and 3, which at the time 

of loading had an average of 
2.4 per cent more moisture 
than the dried “B” corn. 
The condition at the end of 
the voyage of these two lots Fic. 11.—Perpendicular wall of hot and damaged dried “B’? 
of corn, however, proved to corn in hold 4 at time of discharge. (Cargo No. 1.) 

be the reverse, and the explanation of it is that although the 
dried ‘“B” corn contained on an average less moisture than the 
natural “Central” corn, the dried “B’’ corn was less sound as 
shown by the acidity test. The combination of a comparatively 
high moisture and high acid content caused the dried “B” corn in 
.the lower part of the hold to become hot during the voyage. As 
will be seen by thermometer 23 (fig. 7), which was located near the 
forward bulkhead in the bottom of hold 4, the temperature of the 
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corn at that point was 113.5° F. at the end of the voyage, as against 
a temperature of only 67° F. for thermometer 13 (fig. 5), in hold 
3 located in the bottom portion of the natural ‘Central’? corn only 
a short distance from thermometer 23. 

Fig. 12.—Illustrating the sprouted condition of the surface layer of cornin hold 1 when the cargo 

arrived in Denmark. (Cargo No. 1.) 

The difference between the keeping qualities of corn contain- 
ing a high moisture content and showing a high acid test and 
of corn in which these two factors are low was illustrated in 

Fig, 13.—-Showing where “ sweat’? had dropped from the underside of the deck onto the 

bags of corn in the upper part of the hold. (Cargo No. 1.) 

holds 3 and 4. In hold 3 the natural “Southwestern” corn, 
which at time of loading was lower on an average by 4 per 
cent in moisture content and by 0.8 c¢. c. in acidity than the nat- 
ural ‘‘Central”’ corn in the same hold, remained sound, while the 
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natural ‘‘Central” 
corn surrounding it 
became badly dam- 
aged. Also, in hold 
4 the dried ‘‘A”’ corn, 
which at time of load- 
ing was lower by 1.4 
per cent in moisture 
and by 5c. c. in acid- 
ity than the dried — 
““B” corn, remained 
sound, while the dried 
““B”’ corn in the same 
relative position of 
stowage as the dried 
“A”? corn became 
badly damaged. 
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Iie. 15.—Correlation of the temperature and condition of the corn as 

Fic. {4.—Iustrating the results of ‘‘sweat”’ on the top portion of the 

corn under the hatch in hold 3. 

loaded and as discharged, (Cargo No. 1.) 

SOUND KERNELS-—% | 

/ 

(Cargo No. 1.) 

CORRELATION OF THE 

CHANGES IN TEMPERA- 

TURE AND THE CHANGES 

IN ACIDITY, GERMINA- 

TION, MOISTURE CON- 

TENT, AND TEST WEIGHT 

PER BUSHEL. 

The comparison of 
the average condi- 
tion of the natural 
“Central,” natural 
‘‘Southwestern,” 
dried ‘‘A”’ and dried 
econ aka veack 
hold; also the com- 
parison of the aver- 
ages for the total 
corn of each lot at 
the time of loading 
with the averages at 
time of discharge in 
Denmark are shown 
in Table 6. The avy- 
erage condition of 
the corn in each lot 
in the top third, 
middle third, and 
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bottom third of holds at time of discharge in Denmark is shown in Ta- 
ble 7, and the condition of the individual samples that were put into 
the crossed wire containers at the time the corn was loaded compared 
to the condition of each at the time when the corn was being dis- 
charged is shown in Table 8. It will be seen from these tables that, 
with a few unimportant exceptions, there was on an average quite a 
noticeable change in the acid content, germination, percentage of sound 
kernels, and weight per bushel during the voyage corresponding 
quite closely with the changes in the temperature in each lot of corn 
and in each position of stowage. As is seen from Table 6, the acidity 
was generally greater, while the weight per bushel and percentages 
of germination and sound kernels were generally less at the end of 
the voyage than at the beginning, the greatest differences being 
_apparent in most cases in the corn which had increased the most 
in temperature, as is shown in figure 15. 

TABLE 7.—Average condition of each lot of corn in the top third, middle third, and bottom 
third of holds as discharged in Denmark. 

3 | a = ee eee ts) i 
Pl f 3 S oe 5 = 8 2 a S $ ace 0 = my ; = 5 ot 1 3 

Kind of corn. stowage a |f8|6/]8 | #2 |88] 48 | od 
in hold. a }er| sm] ¢g zg be a3 

Bae) Shih weed See ee 
eH |S 4 | Gahiewd. | Asal = 

Natural ‘Central’ corn: °F, | P.ct.| c.c. | P.ct.| P. ct. |P.ct.| P.ct. | Lbs. 
Upper third...] 132 | 19.2 | 53.4 9} 29.5] 0.5 3.0 47.9 

Hold Wes 2eet sess aac Middle third - . 93 | 18.8 | 27.4 46 57. 4 1.4 5.4 50.8 
Bottom third. 64 | 19.2 | 25.8 TPA \| THOS 74 | Teal 5.1 53.4 

pper third...} 128 | 19.9 | 42.2 0] 27.9 5 3.0 47.4 
Hold:2. 2) 2225 eee eeeeeeee Middle third.-}| 92 | 19.0 | 31.0} 20] 77.5 -3 3.2 50.9 

Bottom third. 67 | 19.3 | 27.4 67 | 86.7 4 6.4 52.3 

Upper third...| 127 | 20.0 | 44.6 3] 21.8 5 2.6 45.6 
TE Wo) (OWS Hoe too sacs bonencncs Middle third - . 81! 19.7 | 32.4 38 | 53.0 7 4.5 50. 8 

Bottom third. 63 | 19.4 | 26.9 63 | 77.9 3 3.4 51.8 

Hold?4 a see eee ee Upper third...|1 146 | 17.8 | 49.5 0 0 2 4.8 48.5 
Total natural “Central,” natu- 

ral “Southwestern,” dried 

“Na ee Gene i oe 1731 | 19.6 | 46.3 3 | 22.9 5 3.1 47.0 Natural “Central” ...-.---- : i B 5 D Z 
Dried Av". Sen ee lupper third... 80 | 16.4] 27.8] 48] 92.4] .9 a 51.3 
Dried “Bvs2s sess renee { 137 |215.3 | 42.5 0 0 1.2 6.5 51.8 

Natural “Central” .....---- Il 88 | 19.2 | 30.7 34 | 62.5 Si 4.3 50. 8 
Dried “SB 22 see a eee |+>Middle third. |; 119 | 15.9 | 44.8 5 11.3 35) 5.4 50. 2 
Natural “Southwestern ’’__. | Tis} (PUBS TE) PERE 70 |. 96.9 -8 5.4 52.5 

Natural Central??= 25255554 | A 64 | 19.3 | 26.8 66 80. 5 -5) 4.8 52.4 
Dried Sonne enna }Bottom GBULES { 102 | 15.9|35.1| 8| 40.8] 10] 5.1] 503 

1 Sample 108 not included. 2 Sample 111 not included. 

THE HANDLING OF THE CORN AS DISCHARGED. 

Much of the corn was so badly damaged that the marine leg could 
not be used to discharge it. All of the dried ‘‘B” corn in hold 4 
on account of its packed condition had to be discharged by use of 
buckets or bags and winches. Discharging corn with bags or buckets 
is a slow process and necessitates much extra labor and time, thus 
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allowing any hot corn that the cargo may contain to become more 
severely damaged and also giving time for the damage in the affected 
location to spread to the surrounding sound corn. 

Fic. 16.—Hot corn from the cargo piled on the open quay being conditioned by hand shoveling. 

: (Cargo No. 1.) 

TaBLE 8.—Comparison of the condition of the corn samples in crossed-wire containers 
as loaded and as discharged. 

. 1 . wn 1 

ae eae ~ ~~ 2 = 4 . Ate 3 ; bs 3 coh o Location of 
Kind ofcorn, | Condition of & /£el6)8 | 2 | 28] 28 | sample in 

ae : a |p 2g rg as hold A} ie |e mec B a |»e| Be wee 
i apis os ll ds Ss |E»| & 
tials <4 | & eo |A°?| = 

GO OPN edie) (e515 \|\25 Bie || $2 Gin |ea@in JolNS 
Loaded..... 1] 59| 18.5 | 28.5 | 67.0] 96.3] 0.2] 53.0 \r0 
Discharged..| 1] 143 |...... 49.0 | 1.0 0 1¢| S25 eas Pp 

Loaded.....| 1] 53 |18.8| 21.0|...... 98.7| O| 52.0 \s feet down 
Discharged... 1 68 | 19.3 | 28.5 | 18.0] 89.7 -4] 49.0 near outside. 

Loaded... -- 1 56 [18.5 | 26.5 | 60.0] 90.6 -4) 52.5 ve feet down 
Discharged. . 1| 104 | 17.8 | 35.0 0 0 =o 2)| ae aisinee near outside. 

» || Loaded...-. 2| 50|19.2| 21.0] 42.5| 95.6| .4]| 52.0 
Natural “Central”.\\Hiccharged..| 2| 89 |....-. D700 93.08 88.0 || }.1 |. 58s \10 feet down. 

Loaded..... 2| 50] 18.9|285]|36.0|] 95.5] .5|.......- 
Discharged..| 2| 88] 19.2/345| 80] 63.0| .2]........ \i3 feet down. 

Loaded..... 3| 50/187] 2201520] 96.1] .1) 53.5 l\n, 
Discharged..| 3] 129 | 18.8 | 42.0 0 Onli tat se ee: Ds 

Loaded.....| 3] 59|18.5|2851|380| 95.2] .4] 53.0 i 
Discharged... 3! 119|19.1'380| 0! 934] Jil... \4 feet down: 

Natural ‘South- |fLoaded..... 3 59 | 15.1 | 25.0] 87.0 | 97.7 4) 53.5 
western.” raster 3| 94| 14.9] 2651 49.0| 96.6| .2|-...-... }10 feet down. 

; Loaded..... 3| 55/18.0| 26.0] 620| 91.7| .4] 52.5 
Natural “Central”. ADiecbargek 3) 671189) 280] 63,.0| 684|  2|........ } Bottom, 

; Loaded..... 4 66 | 15.9 | 28.5 | 35.0] 91.3] 1.2] 53.0 |\Top under 
Dried “B”......... {Discharged 4} 144| 25.1] 490] 0 Gilerrey: [tie \ ventilator. 

Loaded..... 4| 62| 14.9] 23.0] 49.0] 97.4]-1.0] 54.0 lm 
Dried “A”......+-. WDierant 4| 79| 15.7] 28.5 | 50.0] 90.6] 1.6] 51.0 \Pop. 

‘aes Loaded..... 4| 67 | 16.8] 25.0] 37.0] 90.7] .7| 53.0 | 
Dried “B”....-.+.. Discharged. ow i14.|-53508 35.0| 0 0} .9| 48,75 |sBottom. 
een ee ee ee 
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It was necessary to begin treating all of the damaged corn almost 
immediately after it was discharged from 
the steamship. Some of the corn from 
the bottom of the three forward holds 

which was in fair condition when dis- 
charged, ‘‘went out of condition”’ and be- 
came hot within a short time after being 
landed, and this also had to be handled 
at once. The damaged corn from this 

cargo was ventilated by hand shoveling, 
each shovelful being thrown into the air 
in such a manner that the kernels became 
separated and fully exposed to the air. 
Figure 16 shows how a part of the hot 
corn from this cargo, which was piled on 
the open quay, was treated to stop the 
process of fermentation. 

The heavy shading represents heat-damaged corn as discharged. CARGO No. 2. 

Cargo No. 2 consisted of 211,064 bush- 
els of corn, of which 30,500 bushels had 
been artificially dried. The corn was 
loaded, February 27, 28, March 1, and 2, 
1911. The vessel sailed March 3 and 
arrived at Aalborg, Denmark, April 5, 
where 88,827 bushels of the corn were dis- 
charged from April 5 to 11. The steam- 
ship was then taken to Copenhagen, Den- 
mark, where the remaining 122,237 bush- 
els in the cargo were discharged, the last 
of the corn being taken out on April 20. 
The maximum time that any of the corn 
was in the vessel was 53 days, the aver- 
age time for the Aalborg lot being 39 days 
and for the Copenhagen lot 47 days. The 
length of the ocean voyage to Aalborg 
was 33 days and to Copenhagen 40 days. 
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Fic. 17.—Diagram showing arrangement of the steamship and stowage of the corn in the holds. 

HOT CORN 

RS | []=coo2 corn 

HOLD 4 

HOLD § 
STOWAGE OF THE CORN. 

The steamship had five cargo uolds. 
As is shown in figure 17, holds Nos. 2, 3, 
and 4 were entirely filled with corn, while 
holds 1 and 5 were each filled only to the 
main deck, leaving an air space of about 

8 feet on top of the corn in the central or “trunk” part of the holds. 
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The dried corn was stowed in hold 3, and the natural corn in holds 1, 
2A and 5, 

Holds 1 and 2 were located free from the ship’s machinery; hold 3 
was located just forward of the boiler room; hold 4 was located just 
aft of the engine room in the bottom part of which was the shaft 
tunnel, which also extended through the bottom of hold 5. 

TABLE 9.—Range in the principal factors showing quality and condition of the corn as 
loaded and as discharged by holds. 

[Holds 1, 2, 4, and 5, natural corn: hold 3, dried corn.] 

: . Weight 
Tempera- | Moisture ss Germina- Sound 5 

Hold. ture. content. | Acidity. tion. kernels. gee 
bushel. 

Hold 1: oF: Per cent. Cac Per cent. Per cent. | Pounds. 
PAS MGAC CUS tee a nn a5 oS 51.0- 54.0 18.3-19.2 | 17.9- 19.9 61. 0-77.0 93. 1-97. 0. 52. 8-53. 5 

es ies discharged......-...-.-- 59.0-110.0 | 16. 2-43.6 | 21.8- 65.7 0-75.0 0-95.6 | 46.3-54.0 
old 2: 
os JSG 120 pe eee i ee 53.0— 60.0 18. 5-18.7 | 18. 7— 19.7 45. 0-78. 0 94. 7-95. 6 53. 5-53. 8 

= a discharged..-...-.- ce Sas 58. 0-148. 0 17. 6-34.6 | 20.8- 75.5 0-78. 0 0-96. 6 44.0-52.8 
te) 
LSTSs ie eS Ee Sees 65. 0- 74.0 15. 2-15.8 | 20.4— 24.1 | 34.0-61.0 85. 0-96. 5 54. 0-55. 0 

~ a Ussenareed= a. + --- =. eee 74. 0-155. 0 13.0-54.6 | 23. 5-110. 8 0-43. 0 0-93. 7 45. 3-54.0 
old 4: 
PSMA EM Sone oe eee core 52. 0- 60.0 18. 5-19.5 | 18.5- 24.6 58. 0-77. 0 92. 7-97. 5 52. 0-54. 5 

a ae discharged ..---.-.------ 59.0-135.0 | 13.6-48.1 | 21.1- 83.9 0-69. 0 0-96.0 | 48.3-53.5 
ol 
AS losned ee 224 5.22..22. 3 53.0— 55.0 18. 3-19. 2 | 19.5- 22.4 62. 0-75. 0 90. 3-95. 9 52. 5-53. 8 
WES @ISCHATPER =o. +- base 61.0-140.0 | 11.1-18.7 | 23.1- 31.3 0-61.0 0-95. 7 47. 8-52.0 

CONDITION OF THE CORN AS LOADED. 

The condition of the natural and dried corn was quite uniform 
throughout in each lot at the time of loading, as is shown in Table 9, 
but there was considerable difference in the average condition of the 
two lots. It will be seen in Table 10 that the averages for various 
factors in the natural corn as loaded were as follows: Moisture content 
18.8 per cent, acidity 19.8 c. c., germination 66.3 per cent, sound 
kernels 94.7 per cent, and weight per bushel 53.39 pounds; while the 
averages for the dried corn were: Moisture content 15.5 per cent, 
acidity 21.9 c. c., germination 43.2 per cent, sound kernels 93.5 per 
cent, and weight per bushel 54.42 pounds. Comparing the two lots, 
it is seen that the natural corn was the better in that it had a lower 
average acidity by 2.1 c. c., a higher average germination by 23.1 per 
cent, and more sound kernels by 1.2 per cent, but was poorer in that 
it contained on an average more moisture by 3.3 per cent and a 
correspondingly lower weight-per bushel by a little over one pound. 

TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 

DISCHARGED. 

The first temperature readings of the resistance thermometers were 
made March 1, and thereafter each day that the weather permitted 
until April 6, the day after the steamship arrived in Denmark. In a 
few instances the readings were continued until April 15. 
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TaBLE 10.—Average condition of the corn as loaded compared with the average condition as 
discharged. 

Tempera- | Moisture +a: Germina- | Sound ker- | Weight per 
ure. content. Acidity tion. nels. peahel: 

Kind ofcornand hold. | gd | 4 ;-/ 5d |%./| cd | 3d L2 | BS fae] od hs 
SB Pos | 8 [Orel 12S | Pas ere) cree cera 
3 D1] 8 mo | 3 | ob |] gs | Oh] bo 3 0 
cS; a| © a lS a) a| & a Ss a 

Natural corn: OM, | OIA |W eBGal| 2364 || OO |! OE ct.| P.ct.| P.ct.| P.ct.| Lbs. | Lbs 
ETOCS = Ree ose 53.0 | 73.6 | 18.6 | 18.3 | 18.7 | 25 67.2 | 44.4 | 95.3 | 80.8 95 | 51. 16 

Bee ie eae biomes: 56.3 |113.5 |.18.6 | 18.9 | 19.4 | 35.1 | 62.2 | 18.1 | 95.1 | 23.4 | 53. 56 } 49. 52 
(esa ae eS ae 55.6 | 95.8 | 18.9 | 18.1 | 20.0 | 29.8 | 66.9 | 25.8 | 94.6 | 54.1 | 53.50 | 49.93 
Daa oe sce 53.8 | 88.3 | 18.7 | 18.2 | 20.4 | 26.3 | 66.8 | 29.9 | 94.0 | 72.9 | 53.35 | 50. 60 

Total naturaleorn .......- 54.8 | 94.1 | 18.8 | 18.3 | 19.8 | 29.4 | 66.3 | 28.4 | 94.7 | 66.8 | 53.39 | 50. 20 
Dried corn: ; 

VOLS Sees ee ee 69.6 |106.8 | 15.5 | 15.1 | 21.9 | 31.6 | 48.2 | 13.2 | 93.5 | 49.6 | 54.42 | 51.86 

Samples Nos. 43 and 46 in hold 1, 52 in hold 2, 61 in hold 3, and 64 in hold 4, were not included in the 
average as discharged. 

The temperature of the corn as loaded varied from 51° F. in the 
natural corn to 74° F. in the dried corn, the averages for the two lots 
in even numbers being 55° and 70° F. At the time of discharge, 
the maximum temperatures of the corn in the various holds were as 
follows: Hold 1, 110° F.; hold 2, 148° F.; hold 3, 155° F.; hold 4, 
135° F.; and hold 5, 140° F. During the time that the corn was in 
the vessel a large proportion of both the natural and the dried corn 
became hot, discolored, moldy, and badly damaged. 
When the temperature of corn at 51° and 74° F. is raised through 

inherent causes, deterioration becomes apparent at about 90 to 100° 
F. and increases very rapidly thereafter if the temperature con- 
tinues to rise. The temperature records show that the corn reached 
100° F. in the different holds as follows: hold 1 in 35 days, hold 2 
in 14 days, hold 3 in 19 days, hold 4 in 22 days, and hold 5 in 24 days. 
This is interesting in connection with the average time that the corn 
remained in the vessel, which, as already stated, was 39 days for 
the Aalborg lot and 47 days for the Copenhagen lot. 

The wide difference in the rate at which the temperature of the 
corn changed depended on its position of stowage with reference to 
height from the bottom of the holds. Where the corn was stowed 
free from the ship’s machinery, it changed the most and became 
badly damaged in the upper part of the holds. As is shown by the 
accompanying diagrams, the temperature and degree of deteriora- 
tion of the corn at the end of the voyage gradually decreased from 
the surface toward the bottom where the corn in all holds, excepting 
that in hold 3 and along the shaft tunnel in holds 4 and 5, was in a 
sound condition. 

The air and water temperatures during the loading period averaged 
close to 50° F. and were generally somewhat higher than the tem- 
perature of the corn for the first six days of the ocean voyage. The 
air temperature was above 70° F. for the first four days and the 
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water temperature remained above 70° F. for the first six days of 

the voyage, after which the temperature of both suddenly dropped 

and remained under 60° F. during the remainder of the voyage. 

During the latter part of the voyage the air temperature dropped to 

below 30° F. and the water temperature to nearly 30° F. 

CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 1. 

As is shown in figure 18, the temperature of the corn near the 

surface on a level with 
the maindeck changed 2&6 O_i2 ARS ~ 20 22 24 26 28 30 0 Se 

but little during the faiehat Tae 

first 12 days, after ,” BE SUBUCGEU 

83 which there was a 
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102° F. on April 6, or Bee 

35 days after the first + 

reading was made.  ,, 
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The upper portion of : 2 
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of approximately 4 +7 798 39s 

feet below the surface "2 as 289 

was in a heating con- 
dition when the corn S183 212 

wasdischarged. The . 9 
é 50 180 21.8 64 

remainder of the corn 3 185 251 59- 

in the hold changed 
but little in tempera- 
ture during the voy- 
age. 

Sample No. 42 in 
Table 11, which was 

taken from the surface 
of the corn, and sam- 
ple No. 1, which was 
taken from the wire 

4 ¥ic. 18.—Hold 1: Temperature records of the electrical resistance 

container fastened to thermometers, location of the thermometers in the hold, and 

thermometer No. 1, samples secured in Denmark. Heavy shading represents heat- 

damaged corn. (Cargo No. 2.) 
show the damaged 
condition of the corn near the surface as discharged. Samples Nos. 43 

and 46, which were both badly damaged, represent only a small amount 

of corn. The first was ‘‘sweat’’-damaged and the latter sea-damaged 

from water having leaked through a small hole in the deck. 

The average condition of the corn in the hold as discharged is 

shown in Table 10. Compared to the condition of the corn as 
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loaded, it will be seen from the table that there was an average 
increase of 7.2 c. c. in acidity and an average decrease of 22.8 per 
cent in germination; 14.5 per cent in sound kernels and 1. 79 pounds 
in test weight per bushel. 

TaBuE 11.—Condition of the natural corn in hold 1 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 

[T 1, ete., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; *indicates not included in the averages.] 

Temperature. Mowe cons Acidity. Germination. | Sound kernels. eae 

Sam- 

ee A A A A 0 Ss : S : Ss 3 Ss P s 
: As dis- As dis- As dis- As dis- As dis- As As dis- 

load: charged. load charged. et charged. load charged. 1 charged.| loaded. | charged. 

“is FI || IEE Gis eles Gin Che: c.c. | P.ct.| P.ct. | P.ct.| P.ct. | Pounds.| Pounds. 
AO ee eek Se Oa 405i) |lsssebe BOC oul ese aye Ss su6 Boe 4 lees ee 47. 25 

“bab 54 102 | 18.8 16.2 | 17.9 27. 4 70 39 | 97.0 40. 4 52.75 50. 50 
a eT eee EH) sesass a16)s (8) |leeooos T65 Selle ser = 50) Iosooua RUM GER eeuecio soaaauoe 
Ads Stet M2 eae ee is ee llespeee A057 (sil ee IBF NW eadasd GOFQ? IAT, 7 See 50. 00 
ADT | Sere G08|eeses 1s segs es PEON oe, GY||e6 Soon 9358 4 eee 50. 00 
2 52 63 | 18.5 18.3 | 18.9 25.9 77 50 | 93.1 93.8 52.75 52.00 
“445) oeenes Ets lleecore coe toel (aaaen *46.4 | 22022. EB IMDES sa £0) | A ee *46, 25 
CY fe eee LOM eeecee WEG ee Bees AKG) |e oboe 29) eee Sot Slee eseeee 51. 00 
csillasaae 3 Ud: ||-eisee Ty OPN ee aan PR NN ae Brllae cone 927.675 =o eae 51.75 
49 54 73 | 18.3 18.0 | 19.1 24.1 66 75 | 94.4 95. 2 53. 50 53. 25 

T 4 51 69 | 18. 4 18.3 | 17.9 21.8 61 54 | 96.9 94.2 52.75 50. 75 
HO sessas GAn| tae iO) abe he PANS | eee OH) |lssesee Qas2h |e eeees 54. 00 

aS 54 59 | 19. 2 18.5 | 19.9 25.1 62 67 | 95.1 95. 6 53. 00 §2. 25 

CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 2. 

Fully three-fourths of the corn im hold 2 became hot during the 
voyage. The greatest increase in the temperature of the corn was 
at the surface and the lowest at the bottom of the hold. The corn 
at the surface, when the ship reached port on April 5, was 148° F., 
that one-third down was 115° F., that two-thirds down 85° F., 
while that at the bottom of the hold had a temperature of only 50° F. 
These facts are shown in figure 19. 

The temperature of the corn in this hold was under 60° F., in all 
positions of stowage when loaded. By March 11, 8 days after the 
steamship seiled, the temperature of the corn near the surface, as is 
shown by the temperature record for thermometer 5, had increased 
to 73° F.; durmg the next 8 days the temperature increased 58° 

_and reached 131° F. on March 19; during the next 10 days to March 
29, the increase was more gradual, reaching 149° F. on that day, 
after which it remained practically stationary until the ship reached 
port, April 5. The corn located one-third of the distance down, as is 
seen by the temperature record for thermometer 5, had increased to 
68° F. by March 14, and to 118° F: by March 29, which was the maxi- 
mum point reached before the vessel reached port. The corn located 
two-thirds of the distance down, as shown by the temperature record for 
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thermometer 7, increased gradually in temperature until 88° F. was 
reached April 5. Thermometer 8 shows that the temperature of 
the corn near the bottom did not go over 63° F. and during the latter 
part of the voyage decreased to 50° F. being influenced by the water 
temperature. 

When the hatch was opened soon after the steamship arrived in 
Aalborg it was seen that the corn was badly damaged on top. The 
corn immediately under the hatch was discharged as far down as 
the main deck, but as 
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heat discolored when 

it was discharged, 
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had a temperature of F%. 19.—Hold 2: Temperature records of the electrical resistance 

at P thermometers, location of the thermometers in the hold, and sam- 

over 145 F, for 20 ples secured in Denmark. Heavy shading represents heat- 

days As is seen in damaged corn: (Cargo No. 2.) 

figure 19, the heat damage finally extended fully three-fourths of the 
distance down, as the temperature there was 105° F. when the corn ) I 
was discharged. The grain capacity of this hold was over 73,000 
bushels, and as previously stated was entirely filled with corn. 

As is shown in Table 12, only the corn near the bottom of the hold 
showed any germination or sound kernels at the end of the voyage. 
Table 10 shows that the averages for the corn in this hold, as dis- 

charged, were: Acidity 35.1 c. c., germination 18.1 per cent, sound 

— 69 22.0 186 59 

— 58 208 18.5 60 
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kernels 23.4 per cent, and weight per bushel 49.52 pounds. This 
Was an increase over the condition, as loaded, of 15.7 c. c. in acidity, 
and a decrease in even numbers of 44 per cent in germination, 72 
per cent in sound kernels, and 4 pounds in weight per bushel. 

TABLE 12.—Condition of the natural corn in hold 2 as loaded and the change in condition 
while the corn was in the vessel—Samples taken in order in the hold, from top to 
bottom. 

[T 5, ete., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the averages.] 

1 i 

Weight per Temperature. Moisture | Acidity. Germination. | Sound kernels.|. "yp y4 
content. 

ple { 
As No As = As . As - As . As i 

As dis- As dis- As dis- As dis- As dis- As dis- 
ead charged. aed charged. ped charged. ee |charged. Acad charged load- charged 

ae CECE eee Ch. |0.C: c.c. |P.ct.| P.ct. |P.ct.| P.ct. |Pounds.| Pounds. 
5 55 148 | 18.6 18.9 | 19.7 . 0} 94. 
5 130 }s--.= 7 

crip 4s ee APIS cosas ESA GUEE 2 oe 
53 VeSceee iY, FW ee aL ae es 
7. | ee ere AN baie AOS Re See 
Ty Se TG6MESere VR Oa eee 

T6 60) | 4.5.23 tosh ea se 18.7 
o6)|555ca8 145 eee LON Syl i 4s 
G(s ee ib lye eee BOSON Soe e2 

sf Wf 57 117 | 18.6 18.8 | 19.6 
5Silescone 1310) eso 2s Gy 
SON oe acne 69). ee IRA pas i i EB : 
6012-5255 5S sas cee ihe}, | ee 74 tir. 30| Pe (Nee ae 905 2) bases ace 52.75 

T 8 53 63 | 18.7 18.9 | 19.5 22.6 45 | 75 | 94.8 96.6 53.50 52.25 

CHANGE IN TEMPERATURE AND CONDITION OF THE DRIED CORN IN HOLD NO. 3. 

Hold 3 contained artificially dried corn, all of which, excepting a 
small amount along the bottom, became hot and badly damaged dur- 
ing the voyage. Even the corn along the bottom, although it did 
not get hot, was sour, moldy, and badly packed when discharged. 
The average temperature of this dried corn when it was loaded was 
about 15° F. higher than the average for the natural corn in the other 
four holds of the ship. In that part of the corn that was located 
away from the boiler-room bulkhead, the greatest change in tem- 
perature took place in the upper portion. The temperature of the 
corn near the surface increased 13° F. the first 17 days after it was 
loaded, after which the increase was more rapid, reaching 137° F. 
when the ship reached port, as is shown by the temperature record 
of thermometer 9 in figure 20. The temperature of the corn 
in the central part of the hold, about 4 feet under the surface, increased 
in about the same manner as the corn at the surface, but the tempera- 
ture was generally somewhat lower, having a temperature record of 
135° F. on April 7, as is shown by the readings for thermometer 11. 
The temperature of the corn stowed a little over half way down in 
the center of the hold increased but little during the first nine days, 
but from then on steadily increased until 107° F. was reached on 
April 8, as shown by the temperature record for thermometer 14. 
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The temperature of the corn near the center of the bottom of the 
hold increased 19 degrees during the first two weeks, reaching its 
maximum of 89° F. April 14, after which it gradually became cooler, 
being affected by the water temperature, and dropped to 79° on 
April 8. 

TaBLE 13.—Condition of the dried corn in hold 3 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 

[T 9, ete., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the averages.] 

Temperature. Posture Acidity. Germination. | Sound kernels. Wiebe GE 

Sam- 

pals A A A As te) s : Ss . As A As . Ss . s - 5 As dis- As dis- |,~ As dis- As dis- As dis- As dis- 
load- charged. Jong: charged. load- charged. pee charged. pas charged. Joad- charged 

On aH J20 Gig eas cue One \WJenGr|| JF GR PGs 26 Gis, drone Aro 
T9 70 137 | 15.6 18.3 | 24.1 41.4 44 0 | 85.0 0 54.75 45. 25 

52( 1 UG Meee es uy 1 eee 5 (3) Ae ETONS: |e ER) aoe ENN Se ee See eee 
T 10 74 O19) 1505 16.2 | 21.6 42.0 38 5 | 90.5 38.0 54.00 50. 50 
bli fe} 71 135 | 15.4 14.8 | 21.3 30. ¢ 38 0 | 94.4 0 54. 25 53. 00 
T12 68 134 | 15.3 14.6 | 23.2 36.8 48 0 | 92.8 0 54.00 52. 50 

62) 2s. - if G4 sae 15.4.) Reese 32.0) | faa Onieeecs D3E2 | ee aes 50. 50 
T19 68 106 | 15.8 1356) P2251: 36.7 61 2 | 92.8 34.4 54. 25 50. 50 
T 20 68 74 | 15.6 13.0 | 21.7 2350) 42 43 | 96.5 85.8 54. 25 54. 00 

Haet- ose! LOS Nes Ibs Sy |ieheese 2958" | 2a OeScas5: BBR Ilscgueeece 52.00 
Ti4 68 107 | 15.5 T5S2 E215. 29.5 44 15 | 95.7 76.9 54. 25 53.25 
4 ei Bi} 67 109 | 15.2 14.2 | 21.5 24.6 34 21 | 94.0 85.3 55. 00 53. 50 
AS 65 105 | 15.3 15.0 | 20.4 26.5 38 18 | 95.0 83.5 54.75 52. 00 

18 ik pesos #5 52 4 T5HSt Ee. sass = 2A OH See hose OOM |b Seca eee OS b%n Soseceere 4 OOM a 2as-6 a2 
T17 70 89 | 15.8 15.6 | 22:1 28.0 47 31 | 94.8 90.0 54. 75 53. 50 

16 70 78 | 15.2 15.3 | 21.8 25. 2 35 36 | 94.9 93.7 54.25 53. 75 

As is shown in Table 13, the corn became badly damaged in the 
upper part of the hold, the degree of damage gradually decreasing 
toward the bottom. It will be seen in Table 10 that the averages 
for various factors in the analyses of the corn as discharged were as 
follows: Acidity 31.6 c. c., germination 13.2 per cent, sound kernels 
49.6 per cent, and 51.86 pounds test weight per bushel, which, com- 
pared with the average condition of the corn as loaded, was an 
increase of 9.9 c. c. in acidity and a decrease of 30 per cent in germi- 
nation; 43.9 per cent in sound kernels; and a little over 2.5 pounds 
in test weight per bushel. 

INFLUENCE OF BOILER HEAT ON THE CORN. 

There were three main boilers and two donkey boilers in the stoke- 
hold. The donkey boilers were located near the middle of the bulk- 
head which separated the stokehold from hold 3. This bulkhead 
was lined with a plank sheeting on the cargo side, but there was no 
second bulkhead to form an air space. There were coal bunkers 
over and on both sides of the stokehold, as is shown in figures 20 
and 22. Steam was kept up in the donkey boilers during the load- 
ing period, and the effect of the heat generated was plainly noticeable 
on the corn stowed contiguous to this bulkhead opposite the boilers, 

95190°—19—Bull. 7643 
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as is shown by the temperature records for thermometers 13, 14, 
and 15 in figure 21. The corn located next to the bulkhead oppo- 
site the donkey boilers showed a rapid increase in temperature at 
the time of-loading, while steam was kept up in the boilers, and 
showed a higher temperature than the corn located the same height 
but some distance back from the bulkhead until March 27, when it 
was lower. When steam was again generated in the donkey boilers 

at the end of the 
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Fic. 20.—Hold 3: Temperature records of the electrical resistance 

damaged corn. (Cargo No. 2.) encounter d aah d the 

hatch was kept closed, the temperature of the corn contiguous to the 
bulkhead increased 23 degrees, as is shown by the temperature record 
for thermometer 10. The corn stowed along the bottom of hold 3 near 
the boiler-room bulkhead had a lower temperature during the greater 
part of the voyage than the corn some distance away, and this can be 
accounted for in that the temperature at the bottom of the boiler 
room was kept cool by the fresh air that rushed from the ventilators 
and took the place of the heated air that was forced out at the top. 
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The effect on the corn of the heat generated in the boilers is shown 
further by the temperature records of thermometers 19 and 20, which 

were located against 
the upper part of the 

bulkhead, 19 opposite — 10 2244" e4"v periieteae baba TEEPE E eet | | ee 

the boilers and 20 ten 1° 
feet away opposite a0 
ventilated coal bun-_ ,, ry] fo 

ker,asshownin figure 7 

MARCH APRIL 
2 4 6 8 10 1 14 16 18 20 22 24 26 28 30V1! 7 

22. ‘Thermometer 19 ERCGCCEORRBERE 

registered an increase ,''° OT RN Oe ere bene Bae 
of 17° F. the first two ¥ 00 Tt 3 
days after the corn &* = 
wasloaded,whilether-  § LI 
mometer 20 registered §& ,, a 
anincrease of only 1° = *& : 
F. during this time. welapreeriekdwlr Pet declare Pyne 

Thermometer 19 reg- °° 
istered a higher tem- 7 L 1 eee 
perature than ther- Th ALLER Téidesled 
mometer 20 during = «0 Sa S 
the whole voyage. ms CEAN VOVAG F 

Thermometer 19 r €2- Fig. 21—Hold 3: Temperature records showing the effect of boiler 
istered over 100° F. heat on the temperature of corn. (Cargo No. 2.) 

from March 16 to March 26, after which the temperature steadily 
dropped until April 
2, when steam was 
again generated in 
the donkey boilers, 
the heat immediately 
affecting the temper- 

a i ature of the corn, 
AW voyraGe tt Eee which increased 22 

degrees in four days. 
VIEW HOLD*3 On April 6 the corn 

surrounding ther- 
mometer 19 had a 
temperature of 106° 
F. as compared with 
a temperature of 
but 59° F. for the 
corn surrounding 

GTECL BULKHEAD 
SHITTING BOARDS 

COAL BUMKER 

4 

PLM Viren 

Fic. 22.—Hold 3: Temperature records showing the effect of boiler thermometer 20. 
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heat on the temperature of corn. (Cargo No, 2.) It will be seen in 

Table 14 that the corn surrounding thermometer 19, opposite the 

donkey boilers, underwent by far the most deterioration. Sample 



36 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 

No. 19, which was fastened to thermometer 19, as compared with 
sample No. 20, which was fastened to thermometer 20, showed a 
greater increase in acidity during the voyage by 10.8 c.c., and a 
greater decrease in germination by 59 per cent, sound kernels by 47 
per cent, and weight per bushel by 3.5 pounds. 

CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD N@. 4. 

During the voyage the natural corn in hold 4 became hot and 
badly damaged in the upper part of the hold and along the shaft 

tunnelin the bottom, 
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damaged corn. (Cargo No. 2.) Peet own inCreaeeel 

at about the same rate as at the surface, but did not start to increase 
so soon; the temperature at this pot was 115° F. on April 6, as 
compared with 128° F. for the surface corn. (See temperature 
record for thermometer 24.) 

It was still longer before the increase in temperature of the corn 
located about 12 feet below the surface began to be pronounced. 
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By March 26, the temperature had increased to 93° F., after which 

it remained practically stationary until April 2, but during the next 

five days it showed a rapid increase and was 116° F. on April 7, as 

is shown by the temperature record for thermometer 26. It should 

be noted that the tem- 
. Se Te iz 16 18 20 22 24 26 28 30%! 3 #5 

peratureincreasedrap- i 
idly in the three posi- WITH aEaaaa piece 

tions mentioned from 

the 12th to the 24th 

of March, a period of 
the voyage during 
which the weather 
was rough. Ther- 
mometer 28, located 
about two-thirds of 
the distance down in 

the hold, indicated a 
temperature of 66° F. 
on April 8, which was 
an increase of but 9 
degrees during the 
voyage. The temper- 
ature of the corn near 

the bottom of the 
hold varied somewhat = 
with the water tem- Pee ee mikes 

perature, reaching its Se ee 

maximum of (SY fies F - Fic. 24.—Hold 4: Temperature records showing the effect of heat 

on March 1 0, after from the engines on the temperature of corn. (Cargo No. 2.) 

which it gradually decreased to 49° F. on April 7, at which time 
the water temperature was 33° F. 

Seesscue 

TEMPERATURE °F 

TaBLe 14.—L fect of boiler heat on the corn. 

Increase. Decrease. 

Sample I . a “ socation along the bulkhead. : F 
No. neue Acid- | Moist- | Germi- | Sound Weight 

pane ity. ure. | nation. | kernels. puchel 

ee iy c.c. |Percent.|Per cent.\Per cent.| Pounds. 
19 | Opposite donkey boiler..........------ 38 12.6 2.2 59 58.4 3.75 
20 Opposite coal] bunker..........-------- 6 1.8 2.6 (1) 10.7 25 

1 No change. 

Note that the temperature of the corn was over 100° F. near the 
surface for 14 days before it was discharged, 4 feet under the surface 
for 13 davs, and 12 feet under the surface for 3 days. 
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INFLUENCE OF ENGINE HEAT ON THE CORN. 

It will be seen by the temperature records in figure 24 that the 
temperature of the corn located next to the bulkhead separating hold 
4 from the engine room was influenced to a considerable extent by 
the temperature in the engine room, expecially during the early part 
of the voyage. 

There was an unventilated water-tank space next to the engine 
room bulkhead in the upper part of the hold, which was separated 
from the cargo space by a board bulkhead that was not air-tight. 
Thermometer 23, which was located next to the tank-space bulkhead 
in the upper part of the corn, indicated an increase from 60° to 90° F., 
or an increase of 30 degrees the first 8 days ending March 10, during 
which time the corn stowed the same height but about 20 feet back 
from the bulkhead increased only 3 degrees and did not reach 96° F. 
until about March 21, 11 days later. 

TABLE 15.—Condition of the natural corn in hold 4 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 

[T 21, etc., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the average. | 

Temperature. eorstute Acidity. | Germination. | Sound kernels. Weis ie 

Sam- 
ple 

Bee sone | Asidiss Iqass. | As dis-|-°5_| Asidiselmesi| As dis: |jo03_| As dis: | 7-9 eueuerdiee 
ed charged. ad charged. ed, |Charged.| oq charged. eal charged. al charged. 

SoH; O70 2 || LESGe iP oe c.c a. P.ct.| P. ct. |P.ct.| P. ct. | Pounds.| Pownds 
SU FAL 52 117 | 19.5 21.7 | 20.1 41.0 60 0 | 95.5 0 53.25 45.50 
T 22 54 128 | 19.1 18.9 | 20.2 43.9 73 0} 91.1 0 53. 50 43.25 
G4) we EB) |lnceede ETE | ae see Eee) Wa Seoais EV) Neeceee *Q0 |) Seatac eee eee 
(i) leooeae 1345) pacer TG GSH eons BLO scasee (ssenace 13 %4| S-eseeee 48.00 
66) |/eoeeee Ta Necer TG. lescees DAs lee ae O)eecoas (Up eeeeeaeae 48. 25 
6A ER SS Gh iseeas IL Ghilgsaese ABS ON ee - ON eas Oh eeeeee 45.50 

23 56 106 | 19.3 16.4 | 20.0 41.9 73 6 | 94.0 29.6 52.50 49.50 
T 24 56 116 | 19.0 18.5 | 24.6 Bilis A 58 0 | 93.0 0 54. 50 51.00 

Qs ieosose WV essces LOR RAs BEY) ipseess Q3|eree 8 Kast el i Se eater: 49.00 
69) |-aeeee ZS ieee 1GSO;| See BE aad On aaeee Outten see 49.50 

T 31 56 89 | 18.6 16.8 | 19.5 | 29.7 63 22 | 94.4 55.8 54. 25 50. 75 
T 25 60 95 | 18.6 13.6 | 20.1 26.3 73 52 | 97.5 86.4 535508 be sceeeee 
T 26 56 116 | 18.5 16.0 | 18.6 | 32.9 62 16 | 92.8 42.7 53.75 49.75 

(AUR Neste PPD eee i) lesdoue | Bye) lesodoe (On eesti B4.5:)E occ hee 49.25 
(AUN eee G19) |ISosece 183. @ ||besoo- DANTE ese. Sor |Seeeee 8407 |eioeeeee 50. 50 
hah ace lel esis 135 ||Seeese| PY il ees 29) ete 83500 oeeeeece 51.00 

T 27 57 93 | 18.6 18.5 | 19.2 28.7 70 0 | 96.3 57.2 53.00 48.00 
T 28 56 66 | 18.8 17.8 | 18.7 24.4 66 68 | 95.9 95.8 54.00 3.00 

Onl eaeas On eas oP oases 2OHOnI ese: CP eeeae AOU Ge octamer 51.00 
log |e ed ld lee eee 1. @Saasee| 2)le lees: 54 |e eee She lloceeaacoe 51.75 
OSes Gi) ilaseoee HOMO! Pee 22ntalepe sae tal aoe OLSON aol paeeee 52.00 

T 32 57 85 | 19.1 18.6 | 21.1 26.2 58 27 | 94.1 89.7 52.00 50. 00 
40 8} 57 95 | 19.0 18.3 | 20.7 28.4 70 9 | 92.7 55.5 53. 75 50. 00 
T 36 53 74 | 19.2 18.6 | 18.5 24.6 68 65 | 95.5 96.0 53.25 51.50 
T 34 55 59 | 18.8 18.2 | 18.7 22.9 71 69 | 95.1 86.5 54.00 53.50 

HMA sees 64 |....-- TiS, TS eye 24S Sal ase Dl Se aves 846) | Seni aee 48.75 
T 35 55 59 | 18.7 18.2 | 20.3 24.4 61 69 | 97.0 95.4 54.00 53. 25 
T 30 54 77 | 19.7 18.4 | 20.4 24.3 67 59 | 94.2 86.0 53.50 52. 50 
T 29 55 67 | 18.9 18.4 | 19.8 23.2 id, 68 | 95.4 94.5 53.25 52.25 

During tlte first part of the voyage, to March 23, thermometer 25, 
located against the lower part of the tank-space bulkhead about 10 
feet from the surface, also indicated a higher temperature than ther- 
mometer 26, located the same height but some distance back in the 
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hold. During the remainder of the voyage the temperature of the 
corn stowed next to the tank-space bulkhead did not vary a great 
deal until the last few days when it increased 21 degrees in 3 days 
near the surface of the corn and 15 degrees in 4 days 10 feet below 
the surface. The temperature of the corn stowed back from the 
tank space continued to increase irregularly during the whole of the 
voyage and reached 115° F. near the surface and 116° F. 10 feet 
below the surface before it was discharged. Thermometer 27, located 
next to the engine room bulkhead about 20 feet from the surface of 
the corn indicated an increase from 56° to 90° F., or an increase of 

34 degrees during the first 12 days ending March 14, as compared 
with an increase from 56° to 62° F., or 6 degrees, in the corn stowed 
the same height but some distance back from the bulkhead, as was 
indicated by thermometer 28. From March 14 on there was but 
little change in either position. The temperature of the corn near 
the bottom varied somewhat with the water temperature, as is 
shown by the temperature records for thermometers 29 and 30, that 
near the bulkhead being generally somewhat higher than the corn 
some distance back. 

The corn stowed next to the tunnel was affected by the heat which 
penetrated the tunnel from the engine room, the details of which are 
explained under the discussion of the changes that took place in the 
corn in hold 5. 

The changes in the condition of the corn during the voyage in 
various positions of stowage in the hold are shown in Table 15. The 
averages of the corn as discharged were: Acidity 29.8 c. c., germina- 
tion 25.8 per cent, sound kernels 54.1 per cent, and 49.93 pounds test 
weight per bushel, which was an average increase during the voyage 
of 9.8 c. c. in acidity, and an average decrease of 41.1 per cent in ger- 
mination, 40.5 per cent in sound kernels, and a little over 3.5 pounds 
in test weight per bushel. 

CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 5. 

About one-fifth of the natural corn in hold 5 became heat damaged 
while it was in the vessel. The heating corn was found at the top 
to about one-fourth the distance down and also along the shaft 
tunnel. In the heating corn on top the highest temperature and the 
greatest damage were found at the surface, while in the heating 
corn along the shaft tunnel, the highest temperature and the greatest 
damage were found in the corn located against the tunnel. 

The temperature of the corn in this hold at time of loading varied 
from 53° to 55° F. During the voyage the corn near the surface 
on a level with the main deck gradually increased in temperature 
until it reached a maximum of 122° F. on April 2, 3 days before 
the ship was docked, as is shown by the temperature records for 
thermometer 38 in figure 25. The temperature of the corn about 
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5 feet below the surface and the remainder of the corn in the hold, 
excepting that which was located on and near the shaft tunnel, 
changed but little before the cargo arrived in Denmark, as is shown 
by the temperature records for thermometers 38 and 41. But, 
during the discharge of the cargo, which took 15 days, the corn 
at the new surfaces formed from day to day would frequently get hot 
from one day to another. Thus the corn nearly halfway down in 

the hold was cool 
and sound when it 
was first exposed but 
got hot before it was 
discharged, as is 
shown bysample No. 
82in figure 25, which 
had a temperature 
of. 112° hades 
same condition also 

MARCH APRIL 
i315 17 _ 19 2) 23 25 

LTT ek BBR: 

& we t 
We asi 8 ee occurred in the corn 

ae S$. in hold 4. 
ne rs c cs > > Y 

= 2 a 8 é oe Table 16 shows 
Ho > nN GO Ok 2S 
37 114 290 132-- ok & $3 the condition of the 
38184313 64—F — 70 239 18479 individual samples 

as discharged as 
compared to the 
condition as loaded. 
It will be seen in 
Table 10 that the 
averages for the corn 
as discharged were: 
Acidity, 26.3 ¢. ¢., 
germination 29.9 per 
cent, sound kernels 

72.9 per cent, and 

oe os = weight BEE bushel 

50.6 pounds, which 
Fic. 25.—Hold 5: Temperature records of the electrical resistance Ip di - 

thermometers, location of the thermometers in the hold, and sam- Was an average 1n- 
ples secured in Denmark. Heavy shading represents heat- erease from the con- 

damaged corn. (Cargo No. 2.) Be 
dition as loaded of 

5.9 c. c. in acidity, and an average decrease of 36.9 per cent in germin- 
ation, 21.1 per cent in sound kernels, and 2.75 pounds in test weight 
per bushel. 

80 17.1 29.7 140- 1 ‘ © ao Ny a ss i) a © 
82175 254 112--f= -1-- 62 23.8 186 83 

39 --- 256 =| nS Be 2 ae m } 
41 186 262 61 -}- - - S SaaS ose S| ot 4. : 
SONGL 2855 SS ale couces: y ty pe aa nese 
85 187 231 63-\--------4 

INFLUENCE OF TUNNEL HEAT. 

The temperature of the corn located next to the shaft tunnel in 
holds 4 and 5 was noticeably affected by the tunnel temperature, as 
is shown in figures 26 and 27. The tunnel was constructed from 
steel and was unprotected, excepting that part of it which was 
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directly under the hatches, where it had a plank covering. In hold 
4, five thermometers were placed in the corn the same height as the 
top of the tunnel, as is illustrated in figure 26. Thermometer 36 was 
located on the steel side of the ship, where the temperature varied 
with and was always about the same as that of the sea water. 
Two thermometers were placed halfway between the tunnel and the 
outside, thermometer 34 on the port side and 35 on the starboard side, 

and the temperature of the corn in both of these positions remained 
practically the same throughout the whole of the voyage. The two 
remaining thermometers were placed on the tunnel, thermometer 32 
on the unprotected steel part and 33 on the plank protected part. 
The temperature records for thermometers 32 and 33 show that the 
temperature next to 

the tunnel remained i [mca am 
unchanged until the EEE 
ship began to sail at 
the beginning of the 
voyage, after which 
there was an imme- 
diate and rapid in- = — seerees Seiad 
crease during the 

TEMPERATURE °F 

& next seven days, Wy 
reaching a maximum ao Sats ® Se He 

a SO ots AS 2 ry * of 95°F.onMarch10. 4 §& x ee ga : : : Ry S ss 9 
= 2 § Sho? = During thisperiodthe zs 8 § eee ee SNE Sis hastsoon AO 

com thatwaslocated 33 123 28< es --|7*.1 | Peraagdgeoc cnr] 88 262 186 32 ; 36 186 24.6 74 -- ge 2 Eo", SBzegs----4-- $9 264 182 35 
against the steel part cake i 
of the tunnel was the 
first t h aia Fia. 26.—Hold 4: Temperature records of the electrical resistance ther- 

: St to Show a raplc mometers and ‘‘trap” samples located at the height of the top of 
increase, and also the the shaft tunnel. Samples secured in Denmark. Heavy shading 

; 3 represents heat-damaged corn. (Cargo No. 2. greatest daily in- 
crease, in temperatures. After March 10 there was a decided drop in 
both the air and water temperatures, and also a corresponding drop 
in the temperature of the corn next to the tunnel. The corn, how- 
ever, remained above 80° F. until April 1, after which there was again 
a decided drop in temperature corresponains to the drop in fhe air 
and water temperatures at this time. The corn located against the 
steel part of the tunnel was, however, in this case the first to show 
the decrease, and also showed the greatest daily decrease, a condition 
which was just the reverse of that at the beginning of the voyage. 
This illustrates the fact that the unprotected steel tunnel is a better 
conductor of heat than when it is protected by a plank sheeting. 
During practically the whole of the voyage, the temperature of the 
corn stowed next to the tunnel was over 20 degrees higher than the 
temperature of the corn stowed halfway out from the tunnel. 
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TABLE 16.—Condition of the natural corn in hold 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 

[T 37, etc., represents samples in crossed-wire containers fastened to resistance thermometers of the same 
numbers; * indicates not included in the average.] 

Temperature. foisture Acidity. Germination. 

Sam- 

Re A A A A 0. s : S ; s .. | As : 
As dis- As dis- As dis- As dis- 

sone: charged. lea charged. toad charged. ee charged. 

2 L8G IE Cis || Ro Gig 4) Cae c.e I25Gip|| SIPS ae 
Av BY/ 53 122 | 19.1 TL Tb Paes ee) 29.0 75 20 

MStloxesne TDS Boooac SON |Scee ee Po Lessa 0 
Ui Neoacse (Ue Beaeee Gs 20m eee ee BELO esas 55 

T 38 53 64 |} 19.2 18.4 | 22.4 31.3 66 , oo 
SOR eanee LAD Besos (Al) eee OE ihe\| eiseicle 0 
SLE Par eeecss WSS (Oi Seema PARA | Sean 30 
SZ eeeee 1 ee eae WWeay| Besse Deka eae 2 ce 44 
Cail soeee G2U ea USBOAB Segoe 2B 5CElseecce 49 

T 39 54 TOUS Besecoor 19.5 29.6 62 4 
T 40 55 95 | 18.4 18.4 | 19.9 28.5 63 0 

SAN so sere U8 sees 125 RSS 2 baceed 13 
T 41 54 61 | 18.3 18.6 | 20.6 26.2 68 58 

Gon ae sees GS) sgzoce SSCA lepes 23a see es 61 

is Weight per Sound kernels. Beano 

As As 
As dis- As dis- 

ee charged. lone charged. 

P.ct.| P. ct. | Pounds.| Pounds. 
93.2 47.7 53.75 51.00 

Sdodes HE WiScscadsoe 49. 50 
eect Che lsaecsens~ 52.00 
90.3 89.0 52.50 52.00 
sdscc5 OM coe pee 47.75 
Bneobs SONOIESean eee 49.25 
Sate SISO ae Sececce 49.25 
Sse Obs (allesssacese 50. 25 
95.9 89.8 BeBe) lastecceo 
95.1 395. 2 53.50 51.00 

noense S72 ee eee 51.00 
95.5 84.8 53.75 52.00 
BeeeC 92.4 ee eee 51.75 

The influence of the tunnel heat on the corn in hold 5, is illustrated 
by the temperature records for thermometers 39, 40, and 41 in figure 

MARCH 
© ny At: ed nd aod VL Me] Sueom2I= xz 

- 

3838 

TEMPERATURE °F. eb 8s 
aIMEINIOa 
Peo 

Fic. 27.—Hold 5: Temperature records of the electrical resistance 

thermometers, location of the thermometers, and ‘‘t 

located at the height of the top of the shaft tunnel. 

rap’’ samples 

Samples se- 

cured in Denmark. Heavy shading represents heat-damaged 

corn. (Cargo No. 2.) 

27. Thermometer 40 
was located on the 
steel part of the tun- 
nel, thermometer 39 

about 3 feet above 
the plank covered 
part of the tunnel, 
and thermometer 41 
thesame height as the 
top of the tunnel but 
halfway out toward 
the side of the ship. 
Thermometer 40 indi- 

cated a rapid increase 
intemperature during 
the first week after 
the vessel sailed, and 
registered 95° F. on 
March 10. The tem- 

perature decreased to 86° F. on March 11, after which it did not vary 
much until the steamship arrived at Denmark, when the temperature 

The temperature of the corn 
along the tunnel varied with the water and air temperature, but was 
considerably higher after the first few days. Thermometer 39 
located 3 feet above the plank covered part of the tunnel registered 

dropped 16 degrees in four days. 
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an increase of but 17 degrees during the voyage, and thermometer 41 
located halfway out registered an increase of only 7 degrees. The 
temperature of the corn stowed against the tunnel did not go above 
95° F. in either hold, but the corn became sour and moldy and was in 
a dangerous condition for storage after it was discharged. 

TaBLeE 17.—Changes that took place in the condition of the corn located on the shaft tunnel 
compared with the changes in the corn stowed the same height in the holds but located 
halfway between the tunnel and the side of the vessel. 

| | 

Increase | Decrease Increase | Decrease | Decrease oO ‘welt 
Sample No. Location. in tem- oistaes in in germi- | in sound ae 

perature. | content. acidity. | nation. | kernels. b Rel 

Hold 4: Sao ae Per cent. c. Cc. Per cent. | Per cent.| Pounds. 
Ds cea On tunnel, wooden part... -. 28 0.5 25.5 31 4.4 * 2.00 
Borel ae On tunnel, steel part......-. 38 b. 38.5 61 37.2 3.79 
32. and 331 On tunnel..............-..- 33 -6 32.0 46 20.8 2.87 

= = and 367} Tunnel height, halfway out. 12 -6 25.7 2 4.0 1.12 
old 5: 
ABER: Onitumnele sree seeee ese 40 .0 42.5 63 59.9 2.50 
i ee Seema Tunnel height, halfway out. 7 3.3 28. 0 10 10.7 1.75 

1 Data represent averages for samples Nos. 32 and 33. 
2 Data represent averages for samples Nos. 34 and 36. 
3 Increase. 

It will be seen in Table 17 that the corn stowed against the tunnel 
underwent a more severe deterioration than the corn stowed the 
same height but halfway out toward the side of the hold; and also, 
that the corn stowed along the steel side of the tunnel became more 
damaged than the corn stowed against the plank covered part of the 
tunnel. 

“SWEAT” AND FERMENTATION IN THE HOLDS. 

The effects of ‘‘sweat’’ were shown very distinctly immediately 
under the hatch combings and deck beams in each hold. The 
‘““sweat”’ which condensed on the under side of the deck fell on the 
surface of the corn where it supplied the necessary moisture for 
Sunline While the amount of corn that was damaged by 
“sweat” alone was not very large, the fermentation which it eimed 
and the heat which was generated, spread to the unaffected parts 
and in that way caused much damage as a result of the long voyage. 
This condition usually happens early in the voyage. Table 18 
shows the result of ‘‘sweat’’ on the corn located immediately under 
the hatch beams. 

TABLE 18.—Bffect of “sweat” on the corn which was located immediately under the hatch 
beams. 

at | fe Weight 1 F 1 ‘ Hold | Temper- | Moisture Germi- +e Sound 
Sample No. No. at fen content. BEN nation. Acidity kernels. ; bushel. 

At op Per cent.| Pounds. | Per cent. ¢.c; Per cent. 
1 110 43.6 (1) 0 65.7 0 
2 138 34.6 48.00 0 75.5 0 
3 155 54. 6 (1) 0 110.8 0 
4 135 48,1 (1) 0 83.9 0 

1 Too wet. 
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In fermenting corn, the r oisture contained within the kernels is 
liberated quite rapidly, and escapes in the form of vapor. After the 
cargo arrived in Aalborg, the hot corn under the hatch in hold 2 was 
discharged to a-depth of about 8 feet, and then the hatch closed 
again. While the hatch was open, there was no “sweat” dropping 
from the hatch beams because the heated moisture-laden air escaped 
through ventilation, but, a short time after the hatch had been 
closed the water was found to be dripping from the deck and hatch 
beams quite rapidly, which stopped again after the hatch had been 
opened a few minutes. During the voyage all of the ventilators 
leading to the corn were kept closed. 

CORRELATION OF THE CHANGES IN THE TEMPERATURE OF THE CORN AND THE 
CHANGES IN SOUND KERNELS, ACIDITY, GERMINATION, AND TEST WEIGHT PER 
BUSHEL. 

Tt was seen in the tables giving the detailed analyses of the samples 
that considerable change took place in the temperature and con- 

dition of the corn in 
the various positions 
of stowage while the 
corn was in the vessel. 

SS The increase in the 

a  Lempera une mmosamans 
corn in the holds of a 
vesselis brought about 
principally through 
(1) inherent causes, 
usually fermentation, 
which produces heat, 
and (2) external in- 

fluences, such as higher 
air and sea-water 
temperatures and the 
heat from the ship’s 
machinery, which 
penetrates the cargo 
holds and frequently 
induces fermentation. 
As the corn in bulk 
does not afford suffi- 

= CONDITION OF THE CORN AS LOADED cient ventilation for 
EMME = CONDITION OF THE CORN AS DISGHARGED 

the heat to escape, 
Fig. 28.—Diagram showing the correlation of the temperature and 

condition of the corn samples in crossed-wire containers as loaded the temperature con- 
and as discharged. (Cargo No. 2.) tinues to increase un- 

til the corn gets hot. The maximum temperature recorded in this 
cargo as discharged was 155° F. 

We A 
as 
rans 

e 
= 5 
xmow 
9 9 

9: 
Qc 
D 

XS 
= 

as) 

S38 
3 

Wa 

R 
og 
y 2 
e ° 

i) 

R= 
ek 
y 2 

Q w 
= c 

CS 
mors yy 
ee 
= 
ary 
Weg © 

ev 
S 

vs 



CARRYING QUALITIES OF EXPORT CORN. 45 

The temperature of hot corn cften decreases after the corn has 

been fermenting for some time, due no 
doubt to the more or less complete de- 
struction of the compounds and tissues 
upon which the biochemical processes act. 
By examining figure 28, it will be seen 

that there is a close relation between the 
deterioration of the corn and the increase 
in temperature. 

(Cargo No.3.) 

TOP OF CORN 

CARGO No. 3. 

Cargo No. 3 consisted of 145,714 bushels 
of naturalcorn. The corn was loaded De- 
cember 22 and 23,1911. The vessel sailed 

December 24 and arrived in Bremerhaven 
January 7, where the corn was discharged 

from January 10 to 14. The length of 
the ocean voyage was 14 days. The max- 
imum time that any of the corn was in 
the vessel was 23 days and the average 
time 21 days. The heavy shading represents heat-damaged corn discharged. 

HEAVY SHADING REPRESENTS HOT OGRN LIGHT SHADING REPRESENTS COOL CORN 

STOWAGE OF THE CORN. 

NOTE- The steamship had six cargo holds, as 
is shown in figure 29, and each of the 
holds was only partly filled with corn. 
The vessel had two shaft tunnels running 
through the bottom of holds 3, 4, 5, and 6, 
one of which carried steam pipes that sup- 
plied the steam for the rudder machinery. 
Both tunnels were ventilated. 

CONDITION OF THE CORN AS LOADED. 

The condition of the corn as loaded is 
shown in Tables 19 and 20. The averages 
for the various factors in the corn as loaded 
were as follows: Moisture content 19.3 per 
cent, acidity 16.8 c. c., germination 73.4 per 
cent, sound kernels 93.4 per cent, weight 
per bushel 54.5 pounds. The corn at 
this time had an average temperature of 
32° F. It will be noted that the corn 
was in very sound condition as indicated 
by the extremely low acidity test of 16.8 
c. ¢. 

mao OF CORN 
Tr - 

7 

(A)=CONDITION OF THE GORN OVER STARBOARD SHAFT TUNNE'* (8)=CONDITION OF THE GORN OVER PORT SHAFT TUNNEL 

TUNNEL VENTILATORS (2) 

Fic. 29.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 
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TABLE 19.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 3, as loaded and as discharged, by holds. 

Tempera- | Moisture 
Hold. ture. content. 

Hold 1: meri Per cent. 
As loaded .....---.---------| 32.0- 32.0] 18.7-19.0 
As discharged...-.--------- 36. 0- 37.0 | 18.1-18.6 

Hold 2: 
As loaded s2 23225 -5-- === = 30.0- 31.0 | 18.3-18.8 
As discharged. -.....-------- 34.0- 41.0] 17.4-18.8 

Hold 3: 
ENS Noaded 2 ae eee tec = 31. 0- 32.0 18.1-19.7 
As discharged 33.0- 48.0] 17.6-19.4 

Hold 4: 
As loaded ..-..------------- 31.0- 46.0] 19.1-20.6 

. As discharged....-----.----- 42.0-132.0 | 17.9-26.8 
Hold 5: 

As loaded .....------------- 27.0- 32.0] 19.1-20.8 
As discharged....-.-------- 32.0-119.0 | 18.6-22.9 

Hold 6: 
NSoad ed ies sees ee lsc fe ee 28.0- 32.0] 18.4-19.3 
As discharged. ---.--------- 37.0- 52.0 | 18.3-18.9 

BS 
= 9S 

: 9 . 

Soy satne 
Ginga Shee 
~ = ~ 

2 mS 
gy x 
20 33 250 
21 66 180 
22 8! 190 
Si 5! 205 
32 20 250 
24 73 180 
23 64 195 
25 30 240 
27 72 195 
26 72 200 
28 82 180 

TOP OF CORN 

eas Germina- Sound 
Acidity. tion. Kernels. 

Cc. Cc. Per cent. Per cent. 
14. 0-15. 0 74. 0-80. 0 90. 8-94. 5 
18.5-20.5 | 79.0-82.0 | 89.8-95.8 

15. 5-16. 5 71.0-81.0 93. 1-95. 3 
17. 5-20.5 66. 0-78. 0 92. 0-94.3 

14. 0-18. 0 71. 0-80. 0 90. 8-96. 2 
16. 0-19. 0 60. 0-87. 0 82. 8-97.0 

16.0-20.5 | 61.0-78.0 91. 2-94. 7 
18. 0-46. 0 0-82. 0 0-96. 3 

16.5-19.0 | 55.0-85.0 | 90.6-95.7 
17. 5-37.0 0-84. 0 0-95. 8 

15.5-17.0 | 82.0-91.0] 95.7-98.7 
18. 0-18. 0 80. 0-91. 0 92.1-97.1 

s 2 
ty > & re) 
Pp 8 £ $ 

Sovak), jae 
Pega ica aan. (t a tctae 9 
Hog § G 
86 275 15 33 
85 270 0 35 
90 295 27 29 
65 195 65 39 

185 68 38 
185 77 37 

mes 8 
i= col stall is mice 

STARBOARD 

~g------}--42 175 76 48 20) G3 BUG Sateen ee 
4| 66 205 

42 8 19.0 

45 74 175 
4475 175 
43 74 180 
46 42 205 

--47 210 49 47 

-119 370 0.49 

Fia. 30.—Illustrating the position of stowage of the corn in holds 

4, 5, and 6, cargo No. 3, and the effect of the heat from the shaft 

tunnel on the corn surrounding the starboard tunnel. The heavy 

shading represents heat-damaged corn as discharged. (Cargo 

No. 3.) 

Weight 
per 

bushel. 

Pounds. 
54. 0-55. 5 
53. 7-54. 2 

53. 5-55. 5 
53. 5-56. 0 

54. 0-55. & 
52. 3-55. 0 

53. 0-56. 0 
41. 5-56. 0 

52. 0-55. 0 
46. 0-54. > 

55. 0-56. 0 
54. 5-55. 0 
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Taste 20.—Condition of the corn in cargo No. 3 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 

Tempera- Moisture : Germina- | Sound ker- | Weight per 
ture. content. Acidity. tion. nels. bushel, 

Hold = sample |— sale mis — — ad 

No. a avd i/o ihe} ad : as col Ar | a 

ag | 22 |Ey|@8 2g) 22 |Ey|=8 ag | 22 | By | 88 
2°)48/2°/48 /2°| 28 |2°| 28 (2° | 48) 4° | 44 

6.c. | c.c. | P.ct.| P. ct. |P.ct.| P.ct.| Lbs. | Lbs 
15.0} 20.0 79 82} 90.8 | 90.9 | 55.50} 54.00 
14.0 20.5 Tiss 80 | 91.5 | 89.8 | 54.50} 54.50 
15.0 18.5 79 79 | 94.5 95:8 | 54.00 | 53.75 

melee 18.0 |._.... sh) ee aetes 2) OP OY (ie I Beet 56. 00 
15.5 17.5 70 75 | 93.1 92.0 | 63.50} 54.00 
16.5 20.5 73 66 | 95.3 93.1 | 54.50 54. 50 
16.0 19.0 80 75 | 95.0 94.3 | 55.50 | 58.50 

ssisisiss 19508 |Saeee= TS Wecsoso)) SOs Le) Sco 
zecase ie WAS eeee 75 |...2--| 94.6 ].......| 54.00 

18. 2 17.5 | 17.0 75 71 | 92.1 | 98.6 | 55.00 | 64.00 
19.7 15.5 | 18.0 73 76 | 93.6 | 94.0 | 54.00] 52.560 
19.0 16.5 | 17.0 74. 69 | 95.2} 97.0] 64.00] 52.25 
18.5 14.0} 18.6 78 77 | 96.2 | 82.8] 55.00} 63.50 
18.7 16.0 | 16.0 73 77 | 94.2 | 97.0] 55.00] 64.50 
18.1 17.0 | 16.0 79 85 | 90.8 | 96.1] 65.50 | 64.25 
19.1 17.5 | 18.0 70 76 | 91.6 | 938.9 | 54.50] 638.75 
19.2 18.0] 17.5 73 83 | 92.9 | 91.0] 64,00 | 64.50 
WAST 14.5 | 19.0 77 74 | 93.6 | 92.6 | 55.00 | 64.00 

Roe 46 66 | 19.6 | 18.6] 17.0] 25.0] 67 33 | 93.0 | 69.0 | 65.00 | 60.75 
MSS 5). 33 46/ 19.1] 18.9) 17.5] 180] 67 66 | 93.2} 90.4 | 56.00] 55.00 
Maen diy go 32 42} 19.3 | 18.7] 18.0} 19.0 61 81 | 91.2] 87.7 | 53.50] 54.00 
Jae ee eee 36 61 | 19.5 |; 19.0] 17.0] 19.5 78 64 | 92.9} 92.21 55.00} 52.75 
ie ee 31 50 | 19.4} 19.0] 17.0] 18.0 70 73 | 94.7 | 87.3] 55.00} 53.00 
Dae pie: 34 68 | 19.3] 18.5] 16.5] 24.0] 69 30 | 93.0] 75.2 | 54.50 | 50.75 
eee ae 37 47 119.8 | 18.6] 19.0] 20.0 69 72 | 92.2 | 89.4 | 53.00] 538. 25 
76 ey a ee 32 45 | 19.6} 19.3] 17.0] 19.5 67 72 | 92.0} 90.2} 54.00 | 52.76 
Davee ap Se 34 47 |19.7 | 18.7] 17.0] 18.0] 70 82 | 93.9 | 88.7 | 54.50 | 63.00 

Middle— 
33 86/193] 18.4] 16.0] 27.5] 76 15 | 98.8 | 55.6 | 55.00 | 50.50 
29. . O0R tts Fe 1856) |p ae DONS unas Dal eee EIDE ee Renee 45. 23 
30 132) [Cook 1826) EX), |eieeae One PEN RS a 43. 50 
31 (7G) |e ae TOT Doi |ieaale: ily |e eee GG lk cosas 53. 00 
32 ie HT Wes. Di Oi ose Py | eee 6S Le. 56. 00 
34 : 59 ; 20.6 | 18.9) 20.5] 31.0) 68 13 | 93.3 | 538.8 | 54.75 | 51.00 

Starboard side— 
Ci ee 2 ee Bbise. 18525 DEON Wate Quiet OA a ee 1 45. 50 
a 1 ose (P53 |S las ae 2658) |= am 46.0 |...... O llecocoe (0g) as eae 41.50 
7 (4 es CS Pees os Et): REE 1ONeS ae Iie) | pe TE | eae a8} eo basco 55. 00 
SL ae a hoe ge ASR GES: 1710s) acne 1S 5p maps G6Suliet Ps O50) Ej becce 55. 00 
BOE See TER raed (5. | See Be i hel bag isl eens (533i fig 88.5 |...2...| 51.25 

Hold 5: 
Port side— 

AQ! 32 37 | 19.8 | 18.6] 18.0] 21.5] 77 68 | 91.7 
A Tare 32 38 | 20.8] 19.6] 19.0] 20.5] 55 66 | 94.3 
OEE ba 32 45 | 19.1-| 19.2] 19.0] 19.0] 984 84 | 95.7 
ASUS TFET TE 27 32) 19.3] 19.3] 16.5 | 18.0] 84 74 | 93.0 
[US Bae aS 29 32 | 19.5 | 19.0] 17.0| 17.5] 67 75 | 94.6 
ABTS Be 31 41 | 20.0} 19.6] 18.0] 17.5] 73 74 | 92.3 
AB EES 32 50 | 20.5] 18.9] 17.5] 20.5] 63 42 | 90.6 

Starboard sidce— | 
SEE es ene AT alae e.. 2015). |. eae 21RO) | eae WG) Wo one 
ARTES: er si ervey ANCES hee: 1954 |e Lis Dales, Hy Noe nse 
Thi ae ee Cae ail tit) (na 2219) | oan BION... 4: (a ae 

Hold 6: 
Eee a ari 32| 37119.3| 189/%70] 180] 21 80 | 95.7 
pias ted 28 | 52) 1 18.3 | 15.5 | 18.0} 90 91 | 98.7 

TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 

DISCHARGED, 

The top of the corn in each hold of the vessel was either below or 
near the water line. In holds 1, 2, and 3 there was very little change 
in the condition of the corn during the voyage, as shown in figure 29 
and Table 20. In holds 4, 5, and 6, which contained two shaft tunnels 
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along the bottom, the corn became badly damaged over and along 
the starboard tunnel. This is illustrated in figure 30. It will be seen 
in the cross section of hold 4 that samples Nos. 30 and 36, which were 
taken from the corn a short distance above the starboard tunnel, had a 
temperature of 132 and 128° F. and tested 36 and 46 c. c. in acidity. 
The corn in both samples had lost all vitality and was badly discolored. 
Compared to these, samples Nos. 37, 38, and 39, which were taken in 

the starboard tank from about thesame height, butsome distance away, 
did not exceed 65° F. in 
temperature and 19.5 
GHG, in} acidiiye. anal 
sample No. 35, which 
was taken from directly 
above the tunnel, but 
near the surface of the 
corn, had a temperature 
of but 85° F. Sample 
No. 29, which was also 
taken from above this 
tunnel, but near thesur- 

face of the corn, had a 

temperature of 90° F. 
Thestarboard shaft tun- 
nel, which had the two 

steam pipes in it, had a 
temperature inside the 
tunnel considerably 
higher than the tem- 
perature in the port 
shaft tunnel, which did 
not have any steam 
pipes in it. The corn 
surrounding the port 
shaft tunnel was 

E3=CONDITION OF THE CORN AS LOADED ‘“packed,”’ moldy, and 
GB =CONDITION OF THE CORN AS DISCHARGED sour, and had a higher 
Fig, 31.—Correlation of the temperature and condition of the corn temperature than the 

as loaded and as discharged. (Cargo No. ee corn a short distance 

away from the tunnel, but it was not hot or discolored. Thesame con- 
dition of damaged corn along and over the starboard shaft tunnel, 
as found in hold 4, was also found in holds 5 and 6, as will be seen 
from the cross sections of these holds. Sample No. 49, which was 
taken from the corn about a foot from the starboard shaft tunnel in 
hold 5, had a temperature of 119° F., and an acidity of 37 c. c., while 
sample No. 47, taken from directly above it, near the surface of the 
corn, had a temperature of only 47° F., and an acidity of 21 c. c., and 

e5T049 

5070 74 

757r099 2 Ee 
100 T0124 BEES aan 

125 TO/FD E ie en + oO. 

NGE INTHE TEMPERATURE OFTHE CORN AS DISCHARGED -°F. 
AVERAGE TEMPERATYRE OF THE CORN AS LOADED 32 “F-RANGE 277046 °F) 
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sample No. 42, taken from the corn about a foot from the port tunnel, 
had a temperature of 45° F., and an 
acidity of only 19c.c. Sample No. 48, 
which was taken from the same height 
in the corn, but half-way between the 
tunnel and the outside of the hold, had a 
temperature still colder, 32° F., and an 

acidity of only 18 c.c. Table 19 shows 
the total range in each factor and condi- 
tion of the corn by holds as loaded and 
as discharged. Table 20 shows the con- 
dition of each sample taken from the corn 
as it was being loaded and the condition 
of each sample that was taken from the 
corn as being discharged. ‘The correla- 
tion of temperature changes and changes 
in condition of the corn is illustrated in 
figure 31. 

CARGO No. 4. 

Cargo No. 4 consisted of 197,142 bush- 
els of natural corn. The corn was loaded 
February 20 and 21, 1911. The vessel 
sailed February 22 and arrived at Brem- 
erhaven on March 8, where the corn was 
discharged March 9 to 16. The length 
of the ocean voyage was 14 days. The 
maximum time that any of the corn was 
in the vessel was 24 days and the average 
time 20 days. 

STOWAGE OF THE CORN. 

The steamship had six cargo holds, as 
is shown in figure 32. Hold 3 was en- 
tirely filled with corn, and the remaining 
holds were only partly filled’ with corn. 
The vessel had two shaft tunnels running 
through the bottom of holds 4, 5, and 6, 
neither of which tunnels carried steam, 
pipes and both of which were ventilated. 

CONDITION OF THE CORN AS LOADED. 

The condition of the corn as loaded 

is shown in Tables 21 and 22. The 

averages for the various factors of the corn as loaded were 

95190° —19—Bull. 764 4 

GaSe 

TOP OF CORN 

The heavy shading represents heat-damaged corn as discharged. 

BERA=- HOT CORN = }=c00L GOAN 

Fic. 32.—Diagram showing arrangement of the steamship and stowage of the cornin the holds. 
€ 

(Cargo No. 4.) 

LS C 
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follows: Moisture content 19.5 per cent, acidity 21.0 c. ¢., germina- 
tion 69.9 per cent, sound kernels 94.0 per cent, weight per bushel 
53.4 pounds. The corn at the time of loading had an average tem- 
perature of 37.6° F. 

TABLE 21.—Rangein the principal factors, showing quality and condition of the corn in 
cargo No. 4, as loaded and as discharged, by holds. 

Tempera- Moisture Ary Germina- Sound |Weight per 
Hold. ture. content. AGRE: tion. kernels. | bushel. 

Hold 1: oR. Per cent. BoB Per cent. Per cent. Pounds. 
INGioad edie. ae sae ee 35. 0- 37.0 | 19.4-19.6 | 20.0-21.0] 61.0-63.0|] 93.5-94.2] 53.2-54.2 
as discharged........-.---- 39.0- 49.0] 19.3-19.6 | 20.5-20.5} 56.0-66.0] 90.8-91.6 | 53.0-53.0 

Hold 2: 
ASiloaded (]. 53 ee ee 34.0- 34.0] 19.0-19.9 | 19.0-22.0 | 63.0-75.0] 93.3-96.6 | 53.0-53.0 

a as discharged .-22-4..--..-- 39.0- 44.0] 18.6-20.4 | 20.5-27.0 | 82.0-67.0| 73.9-93.7 | 53.0-53.5 
old 3: 

Asiloaded?. 658535. ae ase22 34.0- 39.0] 18.5-20.3 | 19.5-22.5] 58.0 82.0] 89.1-95.6 | 52. 7-54.0 
a Fe discharged........-..... 40.0-118.0 | 18.4-38.1]| 17.0-49.0 78.0 93.4 | 48. 0-53.7 

old 4: 
AS load edissai tere 35.0- 48.0] 18.9-20.7 | 19.5-23.0] 68.0-78.0| 89.7-97.2 | 52.2-54.2 

ae as discharged........-...-. 40.0- 79.0 | 18.1-20.8| 19.0-39.0] 12.0-61.0] 48.6-91.7] 48.5-54.0 
old 5: 
NS 1OAGEd <8 222 ee eae 36. 0- 38.0 | 17.6-19.7 | 20.0-25.0| 60.0-76.0} 89.6-95.4] 51.5-55.0 

ae on discharged........-...-- 38.0- 65.0] 17.7-20.0 | 18.0-24.5] 48.0-77.0| 82.9-94.8 | 45.5-53.5 
old 6: 

INSioaded'! 2.6 as: eee 37.0- 38.0] 18.8-19.0 | 20.0-20.0] 80.0-84.0 | 91.5-93.9 | 54.0-55.0 
As discharged....----.----- 39. 0- 60.0 18. 5-19. 2 18. 0-21. 0 64. 0-86. 0 89. 6-91. 3 52. 5-53. 5 

TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 
DISCHARGED. 

The steamship carrying this cargo was of practically the same 
construction as the vessel carrying cargo No. 3, except that it did 
not have any steam pipes in either of its shaft tunnels. The corn 
was loaded to varying heights in each of the six holds, only hold 3 
being entirely filled with corn. With the exception of small amounts 
of corn in the upper part of hold 3 and the forward part of hold 4, 
the corn in this cargo changed but little during the voyage and 
arrived in Europe in good condition. The detailed results of the 
analyses of the samples taken from this cargo are shown in Table 22. 

Hold 1 was filled about one-third full of corn. The corn as dis- 
charged ranged from 39° to 49° F. in temperature, 20.5 c. ¢. in 
acidity, 56 to 66 per cent in germination, and 90.8 to 91.6 per cent 
in sound kernels. 

Hold 2 was more than half-filled with corn. The corn as dis- 
charged ranged from 39° to 44° F. in temperature, 20.5 to 27 c. c. in 
acidity, 32 to 67 per cent in germination, and 79.9 to 93.7 per cent 
in sound kernels. Sample No. 3 represents a thin layer of corn at 
the surface which was somewhat moldy and had started to go out 
of condition. It tested 27 c. c. m acidity, germinated 32 per cent, 
and had 73.9 per cent of sound kernels. Neither of the two other 
samples taken from this hold lower down in the corn tested over 
21 c. c. im acidity or contained less then 93.5 per cent of sound 
kernels. 
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TABLE 22.—Condition of the corn in cargo No. 4 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 

A ee 
SES Temperature. Moisture Acidity. Germination. | Sound kernels. Weieht ney 

and 
suiple 

9 ° As > AS * As . F AS 0 As fi 
As dis- As dis- As dis- As dis- As dis- As dis- 

“8 charged. See charged. soad charged. toad charged. bed charged. load charged. 

Hold 1:| °F. ae ACs ee Pven Cbs /menC= c.c. |P.ct.) P. ct. |P.ct.| P. ct. |Pownds.| Pounds. 
Hs: 35 39 | 19.6 19.6 | 20.0 20.5 61 56 | 94.2 91.6 54. 25 53. 00 

~ 2. 37 49 | 19.4 19.3 | 21.0 20.5 63 66 | 93.5 90.8 | 53.25 53. 00 
old 2 
5 ae 34 39 | 19.7 20.4 | 21.5 27.0 63 32 | 96.6 73.9} 53.00 53. 00 
ae 34 39 | 19.9 18.6 | 22.0 21.0 75 67 | 93.7 93.5 |} 53.00 53. 50 
5. 34 44 | 19.0 20.0 | 19.0 20.5 64 59 | 93.3 93.7 | 538.00 53. 00 

Hold 3 
aes eer oat Sal eet 20F Teese ory) Iacecd (1): Sees Boi saemceee 48. 00 
6. 34 57 | 20.3 19.4 | 22.5 23.0 70 54 | 95.3 91.3 53. 50 51.75 
Th 34 59 |} 20.1 19.8 | 20.0 23.0 76 52 | 93.1 87.2 | 53.00 51.50 
AG) He Fs. 3 I ee coca Besecaeee Seeees PALO Mecoce: Ts leper esesecresesi: Ha ieee eae ear eee 8 
Pees 35 42 | 19.8 19.1 | 19.5 17.0 61 71 | 95.6 91.8} 53.75 53. 00 
9. 39 59 | 19.3 19.4 | 21.0 22.0 70 55 | 91.4 86. 6 53. 50 51. 25 
10 37 40 | 19.6 19.5 |} 21.5 18.0 64 70 | 92.6 93.4 | 53.00 53. 75 
11 36 46 | 19.2 19.3 | 19.5 18.5 82 78 | 92.8 92.6 54. 00 52. 50 
12 37 53 | 19.2 19.0 | 22.0 27.5 58 46 | 90.2 80.2 | 52.75 51. 50 
13% 36 49 | 18.5 18.4 | 19.5 20.0 60 65 | 92.6 90.6 | 53.25 51.75 

= “3 36 49 | 19.4 19.9 } 21.0 20.0 64 67 | 89.1 91.1 53. 00 §2. 25 
old 4 

15.. 43 58 | 18.9 18.2 | 22.0 25. 0 78 40 | 96.4 87.1 54, 25 51. 25 
17 35 65 | 19.4 18.1 | 19.5 27.0 76 23 | 94.7 73.9 | 55.00 50. 50 
18 36 40 | 19.7 19.4 | 20.5 23. 9 73 53 | 95. 2 89.5} 54.00 53. 00 
16 37 41 | 20.2 19.3 | 23.0 19.0 69 61 | 92.3 89.4] 53.50 54. 00 
78 1) ee (ON Soe. 2 TEE ee ee 22500 |=eeene Sean B25 Oulieeeisse 50. 50 
19 40 66 | 19.5 20.2 | 20.5 27.0 71 33 | 95.1 (asi | GB OK 49.75 
pee 37 F337, id |e eS oe. 22.0 23.0 69 60 | 94.6 91.7 53. 50 52.75 
21. 40 84 | 20.0 19.0 | 20.0 32.0 74 27 | 93.8 64.0 53. 25 49, 25 
22... 48 81 | 21.0 19.0 | 21.0 39.0 68 26 | 89.7 52.7 52. 75 49. 50 
2B 42 79 |) 20.3 19.4 | 20.0 29.0 69 36 | 95.7 72.8} 53.25 48. 50 
24 48 70 | 20.3 20.2 | 19.5 39.0 72 12 | 93.2 48.6 §2. 25 51.00 
25 39 58 | 20.2 19.6 | 21.5 23.0 78 59 | 96.6 87.6 53. 50 51. 50 

40 53 | 20.7 20.8 | 21.0 24.0 75 61 | 97.2 90.3 | 52.75 51. 25 
Hold 5 

36 44 | 19.4 18.8 | 22.5 20. 0 63 53 | 92.5 93.5 | 52.50 52. 00 
28 38 42 | 19.7 20.0 | 22.0 19.0 71 77 | 91.8 93.3 51. 50 45. 50 
29. 36 38 | 19.4 19.5 | 21.5 19.0 73 69 | 92.1 Cpe Sis! Pall eseose oe 
30 37 38 | 18.4 19.2 | 25.0 PB 60 59 | 95.4 88.0 | 54.00 52. 25 
31 36 38 | 19.3 19.0 | 23.0 20.0 62 70 | 94.9 91.2 53. 25 51.75 
32 38 62 | 17.8 18.7 | 22.5 25.0 76 55 | 89.6 82.9} 55.00 53. 50 
33 38 42 | 19.2 19.0 | 20.0 18.0 73 76 | 92.2 94.8 48. 00 53. 00 
34 37 65 | 17.6 17.7 | 21.5 24.5 74 48 | 95.0 Opi Gy) Gt ECON SooanKe 

Hold 6 
35 37 39 | 18.8 18.5 | 20.0 19.0 80 86 | 91.5 90.8 | 54.00 53. 00 
36 38 59 | 19.0 19.2 | 20.0 18.0 84 74 | 93.9 91.3 55. 00 53. 50 
37 38 ODiEeee2 2 AOKOM Ee ce. 20"'05| eee (Please 89}! | Mees eee 52. 50 
38 37 HL ae 5 8337 (al eee PAW |p nc= == G4 alee. 90K0i i saan ees 52. 50 

Hold 3 was entirely filled with corn. A small amount of the corn 
along the starboard side at the top was hot and damaged, as is 
shown in figure 33. It will be seen that samples Nos. 39 and 40 taken 
from this hot corn each had a temperature of 118° F. and an acidity 
of 32.5 c. c. in the first and 29 c. c. in the second sample. None of 
the kernels in sample No. 39 would sprout, and only 1 per cent of 
sample No. 40 had any vitality. There was a steam pipe opposite 
this hot corn which ran along the deck close to the hatch. This 
steam pipe carried live steam to the winches along the deck and 
was under pressure of steam during the first few days after the hold 
was filled with corn and again for a few days at the end of the voyage 
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before the corn in this hold was discharged. Compared with the hot 
corn, samples Nos. 6 and 7, taken from the corn near the surface 
on the port side of the hatch, had a temperature of but 57° and 59° F., 
an acidity of only 23 ¢. c. each, and a germination of 54 and 52 per 
cent, respectively. None of the remaining samples taken from the 
hold had a temperature higher than 59° F. 

Hold 4 was about half filled with corn. In the lower part of the 
hold there was a water tank, extending across the hold against the 

forward bulkhead, 
& 

& 2 2 : . eae he opposite the engine 
2 § 8 ® c 5 ¢ room. The corn 

x ly . . a eS eee ® £ $ z stowed immediately 
Se lcnEe at came ; ; 
Ge G- Sous svaraoanpn *& SX 8 YG against this tank 
6 54 250 S5S7- i "18 325 0 39 

250 52 7 was heating at the 
end of the voyage 

8 7i 170 42 . 

but was only slightly 
Bile ce: discolored. That 

eg ee iss 72 1 portion of the corn 
next to the tank 

which surrounded 
200 65 1S 

200 67 14 the shaft tunnels 

é was more damaged 
FiG. 33.—Cross-section of hold 3, cargo No. 4, showing location of heat- 

damaged corn in the upper part of the hold opposite a steam pipe on than the corn locat- 
the deck. Heavy shading represents heat-damaged corn as dis- ed toward the sides 

charged. (Cargo No. 4.) of “the Wolt mane 

averages for the samples taken from the corn located at a height even 
with the top of the shaft tunnels are shown in Table 23. It willbeseen 
that those samples which represented the corn stowed next to the water 
tank had on an average a higher temperature by 23° I’., more acidity 
by_10.3 ¢. ¢., was poorer in germination by 33.2 per cent, had less 
sound kernels by 29 per cent, and had a lower test weight by 3.1 
pounds per bushel than sample No. 20, which represents corn stowed 
some distance back from the tank and away from the shaft tunnels. 

TABLE 23.—Averages for the samples taken from the corn at tunnel height. 

Temper- Acidity. Germi- | Sound Weight Samples located at tunnel height hold 4. Ti. neon, || Raul, 7 pen 

Per cent.| Per cent. | Pounds. D786 CAG 
Against tank (Nos. 21, 22, 23, 24)!....-2-e2esecececeee 76 33.3 26.8 62.7 49.60 
Free from tunnels and tank, No. 20............-...-. 53 23.0 60. 0 91.7 52.75 

1 Data represent averages for these samples. 

That part of the corn at the surface (in hold 4), which was located 
next to the engine-room bulkhead over the water tank, was out of 
condition, being sour, moldy, and “packed,’’ Compared to the con- 
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dition of the corn at the surface, which was located back some dis- 
tance from the bulkhead, the corn stowed against the engine-room 
bulkhead had, on an average, a higher temperature by 21° F., a higher 
acidity by 4.8 c. c., and lower germination by 25.5 per cent, less 
sound kernels by 8.9 per cent, and a lower test weight per bushel by 
2.6 pounds. 

Hold 5 was nearly three-quarters filled with corn. In this hold the 
corn ranged from 38° to 65° F’. in temperature, 18 to 24.5 c. c. in acid- 
ity, 48 to 77 per cent 

Eeasirwion, and 
82.9 to 94.8 per cent in 
sound kernels. The 
corn was in good con- 
dition when discharged 
except for a small 
amount located near 
the shaft tunnels, which 
was slightly out of con- 
dition. Of the corn lo- 
catedatthesame height 
as the top of the tun- 
nels, that which was 
stowed on and between 
the tunnels had, on an 
average, a higher tem- 
perature by 6° F., a 
higher acidity by4c.c., 
a lower germination by 
11.2 percent, lesssound 
kernels by 16.1 percent, 
and a lower test weight 
per bushel by 0.5 pound 
than the corn stowed 
half way between the 
tunnels and the outside E=3=COND/TION OF THE CORN AS LOADED 
of the hold, as shown MMI=-CON DITION OF THE CORN AS DISCHARGED 
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in. Table 23. Fic, 34,—Correlation of the temperatures and condition of the 

Hold 6 was about corn as loaded and as discharged. (Cargo No. 4.) 

one-half filled with corn. The corn as discharged ranged from 
39 to 60° F. in temperature, 18 to 21 ¢. ¢. in acidity, 64 to 86 per 
cent in germination, and 89.6 to 91.3 per cent in sound kernels. 
The condition of the corn in this hold, like that in hold 5, was 
sound when discharged except that a small amount of corn stowed 
next to the shaft tunnels was slightly out of condition. ‘Table 22 
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shows the condition of each sample taken as the cargo was being 
loaded and as the cargo was being dis- 
charged. 

The correlation of temperature changes 
and changes in condition of the corn is il- 
lustrated in figure 34. 

(Cargo No. 5.) 

CARGO No. 5. 

Cargo No. 5 consisted of 185,571 bushels 
of natural corn, The corn was loaded April 
20 to 24, 1911. The steamship sailed April 
25 and arrived at Dunkirk, France, May 13, 
where the corn was discharged from May 
18 to 27. The length of the ocean voyage 
was 18 days. The maximum time that any 
of the corn was in the vessel was 38 days 
and the average time 31 days. This cargo 
was not accompanied to Europe, but was 
thoroughly sampled at time of loading in 
America and again at time of discharge in 
France. The heavyshading represents heat-damaged cornas discharged. 

STOWAGE OF THE CORN. 

The steamship had five cargo holds, as 
shown in figure 35. This shipment was a 
full cargo, each hold being entirely filled 
with corn. 

CONDITION OF THE CORN AS LOADED. 

The condition of the corn as loaded is 
shown in Tables 24 and 25. The averages 
for the various factors of the corn as loaded 
were as follows: Moisture content 19.2 per 
cent, acidity 24.4 c. c., germination 59.1 per 
cent, sound kernels 95.2 per cent, and weight 
per bushel 53.4 pounds. The corn at the 
time of loading had an average tempera- 
ture of 38° F. 

72]=COOL GORW PREFI=HOT CORN 

Fig. 35.—Diagram showing arrangement of the steamshipand stowage of the cornin holds. 

TEMPERATURE CHANGES DURING THE VOYAGE AND 

CONDITION OF THE CORN AS DISCHARGED. 

As already stated, the steamship carrying 
cargo No. 5 had each of its five holds entirely 
filled with corn. As the cargo was being 

discharged in Europe, it was found that the corn in the upper portion 
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of each hold was badly damaged. This damaged condition is illus- 
trated in figure 35. As will be seen in Table 24, the temperature of 
the corn as discharged ranged from 59° to 138° F. in hold 1, 61 to 
142° F. in hold 2, 53 to 140° F. in hold 3, 59 to 140° F. in inal 4, 
and 64 to 138° F.in hold 5. The sagen tre in a general way was 

the highest at the surface of the corn and decreased toward the 
bottom. It will be seen in figure 36 and Table 25 that all of the corn 
in the lower portion of the holds was not hot, but the corn was very 
poor in condition. 

TaBLE 24.—Range in the principal factors showing quent and condition of the corn in 
cargo No. 5, as loaded and as discharged, by holds. 

Tempera- | Moisture wae Germina- Sound Weight 
Hold. ture. content, | Acidity. tion. kernels. |per bushel. 

Hold 1: 1% Per cent. c.¢. Percent. | Percent. | Pounds. 
PASOANed sat 82 S_ 2 oe cc e548 138.0 | 19.4-19.8 | 23.4-28.0 | 45.0-63.0 | 85.7-95.9 | 53.0-53.5 

= ae @ischarvedis = 1202: <2he. S9FO=13850) |e eee eee 28. 3-48. 6 0-52. 0 0-90.2 | 48. 5-53.5 
to} 

ASE 7 0 2 ae ee 138.0 | 18.6-19.7 | 19.8-27.4 | 56.0-72.0 |] 92.0-97.0 | 54.0-54.5 
H ae discharred: 2.252--55.5-< GIR OT ON One ceeae cee 25. 4-69. 3 0-36. 0 0-73.9 | 48.0-53.3 

0! 
Je S36 (ors (ea ee 138.0] 18.8-19.7 | 22.6-28.6 |. 45.0-62.0 | 91.0-96.0 | 52.8-53.8 

= ak: discharved’s 2.2222 s552h 2k 53.0-140.0 |.......----- 29. 1-72. 7 0-62. 0 |° 0-69.2 | 46.5-53.5 
0 
PASO Ae 12 eas a3 2 ais 138.0 | 16.6-19.6 ) 21.2-25.4 | 56.0-74.0 | 94.1-98.8 | 53.0-53.8 

= ae discharged-............- 59. 0-140.0 |.--.-..----- 23. 7-67.1 0-64. 0 0-87.2 | 47.0-53.3 
old 5: 
LNEAGTG VE a ee 138.0 19. 2-20. 1 23. 2-24. 4 48.0-65.0 | 94.8-98.2 | 52.5-53.5 

PASMESCHSTPO 5 = oo- 2 = cies cj-ss- cae 64.0-188.0 |........---- 26. 7-71. 4 0-44. 0 0-68.6 | 46.8-51.5 

1A verage temperature for the cargo. 

TasBLe 25.—Condition of the corn in cargo No. 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 

n a 0 
Temperature. Acidity. Germination. |Sound kernels. Welebt pen 

~ ° 

g 
j she} ; : : 5 

Hold and isles 4 4 3 3 
ie No ; aa gS : gy : gh : ee : po eee esc BL iilia Sal! 2 a! es aie ers EB 3 id 

ssi a Eis cs 3 a i=l | os a 
Sop geal S| - 2 | ORB | 8,8 a 3 Sees | S| Sacre ast S 3 
2 ese 2 ese i eget |e 

Hold 1: ON ealee cre} 2c CLC.) Pathe ebachae |e. ce Pct Lbs Lbs. 
7) EEE EES ITE Ae Se] esas 36.4 |---.-. (0) |Ise5eee (ed oecson 48. 50 
Doe a toe Sas 135 | 19.4 | 28.0 48.6 45 0 | 85.7 0 53.00 49. 25 
Pe EE ork. F-ESil ie bal eee 38.7, lacie QA |e. 2 CPA eccasnas 51.50 
7g; t yaaa ea oe 138 75 | 19.8 | 26.2 39. 7 53 36 | 93.6 16.4 53. 25 51.00 
Afi ae tee  eetetcl benaae SYR Pe occiec BPM ESB oac (P50 boasabeaa 52. 25 
rh Male eerste 63 | 19.6 |} 23.4 30.8 63 34 | 95.9 57.3 53. 50 53. 25 
Bese Se Socdleonaee 3B) erode BON lcmessr. 1074 oaaoopnen 52. 50 

Hold. 25 
Ce dio cee hi TSS asta esia | airie.s|-\ BES Locos e OF eect () Waansascec 48.00 
LAE Ame 133 | 19.7 | 27.4 52.4 56 0 | 92.0 0 54. 25 48. 50 
ee ee 139 | 18.9 | 27.2 52.7 60 0 | 93.2 0 54. 50 51. 00 
BU ia este ose oe 138 TAM ceeisa=| 510 ype 69) 3! | ererersten OD | Erieet= = OF Peeters 48. 50 
Blin : ee eee 84,0) ||eeieare Wilaremoe O)lisaeaobode 52. 00 
‘Virgenes Cel ems ls ta/c « 40: 1) Vanes PS \\ emit (Pt) I Goreoeoob 50. 50 
Boast ack oyn UE Se | a 89.0) || ees DOM |eriereieb iy U | aSposrde 50. 00 
eh Piel ee } 61 | 18.6 | 19.8 25.4 72 26 | 97.0 73.9 54.00 53. 25 

1 Average for the hold. 
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TABLE 25.—Condition of the corn in cargo No. 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom—Continued. 

n 2 : 
Temperature. Acidity. Germination. |Soundkernels| Weight per 

~ bushel. 

5 =a ; 5 = 
Hold and 3 32 3 3 3 
sample No as a a Ss ay 5 2 3 ae 

® & es © & 2 re 2 q 
"I So - 5 *S Ss) Zc ) uc) S) 

D a=) a os) iz Gs] n 

£ = @ = J £ Z £ J 
a So D D n a n D 

4 aon, ee 4 4 4 4 4 4 

> Ta Chie |e Ce JEL) I25G% P. ct. Lbs. Lbs. 
eR lesceee Gees hee 72D fleece i Becowecoe 46. 50 
AST feces: |2. 255 eer Oss eee O:|-asee 48. 00 
13 Gil Ree Els 32s ee nen eee Oncaea 50. 50 
129 | 19.7 62 0 Se 75) 48.00 
PAO M hte S| s seal GO Nien ees 0) eee 48.50 
122 | 19.7 50 UD 5 53. 50 50. 00 

138 108 | 19.6 45 0 53. 50 50. 50 
5 illeaee Soll. 215.) aed en eee 628 |s25e 25 69,2 teeeeee 52. 50 
OO bo | eA RR ee Dileeseee 16:34 Saasseee 49. 50 
95 | 18.8 45 38 | 96.0 50.6 53.75 52. 50 
SM ace -\|| Seas 20 le | eee 28a\Se es: 66512 53. 50 
(At eee eee en lie soca. eS es ee 665051222 52.00 

81 | 18.8 56 6 | 91.0 40.5 53.25 51. 50 

(a es am Ma fe 72,1 oe Once Ov ee 47.00 
438 ee 1314). ..| 22-2. Caen (as ees: 5.8))| aap aa 49. 50 
M2OeES sect 104 | 19.4 63 0 | 97.6 0 53.75 47.50 
1 aes Sis wes 127 | 18.9 57 0 | 95.9 0 53.75 48.50 
AAD hae ee en |Boee © =| 2S S| Gane ae AO eeacee 90:/45)| ae 51.50 
4 ESS 77 | 16.9 66 38 | 94.1 78.6 53. 25 52.00 
15 oe 74 | 19.4 63 26 | 97.9 60. 1 53.75 51. 50 
6e S553. 8% 138 95 | 19.6 56 12 | 98.8 45.4 53. 00 51. 00 
A eae = SoSH iX0) | eeelse| peeeiets |S Pat f/-llpaaege GAs eae xe S752. |b 2s pee 53.00 

fer ae 72 | 19.6 61 38 | 97.0 56. 7 53.25 52.25 
io alle eee ts 72 | 16.6 74 34 | 95.0 75.6 53525 52.00 
AGn eee neree 8D" 2-228] 2 2283] BIO ees B2poscsee HON 20 eee 51.00 
LU /8 Suen Se (23h Beas ee fen OS. @)"||- aes DO ees (9 Agen 53.25 
LO. Sees 65 | 19.2 74 30 | 96.4 7B 7 53. 25 53.25 
DO SLE Fae 63 | 18.9 71 10 | 97.5 64.5 53. 50 51.50 

Hold 5 
ASi ee Bosc eee 1S Se eee tere amt 5-7/5 ote a Oujesssee Om eee: 46.75 
AQie = Ss eee iiIby eee oselippoceelies Gis!) |lescose Lele eee QO. | SSe82eene 49. 50 
D1 eases 97 | 19.2 53 20 | 94.8 42.3 53. 50 51. 50 
HOSS ae eee 69 e230. 3[99-. 2) MGR leer PAS eee oe ited age soos] < 51.50 
22 STEMS 101 | 20.0 48 10 | 98.2 16.2 52. 50 51.00 
LSet eee 138 Malaise | Sec s.| — POOLS Rees 283i |Raae oe G8365|22=2=eeee 51.00 
Re Be on ide) eee |= Se 7a ee 1G |ceecee BYE Oi\ bacon 51.00 
Dos Sows OR ae ie peal meme) ls soot 1} leosose Qe 0a| Sse sees 49. 50 
i me esesae de Nr Reese. a AA eres 44 Nn dese 545) |e Soe 50. 50 
23) Sas Se 81 | 20.1 60 18 | 96.7 45.9 52. 50 51.00 
DAY oom ee 64 | 20.1 65 24 | 97.4 48.8 52275 51.50 

1 Average for the hold. 

As is seen from cross section of hold 1, in figure 36, the corn in 
this hold as discharged ranged in temperature from 138° F. near 
the surface to 59° F. in the lower part of the hold. The heat- 
discolored corn extended from the surface to a little over one-fourth 
down in the hold. The two samples taken from the heat-discolored 
corn, sample No. 25 from a short distance below the surface and 
sample No. 1 from the lower portion of the hot corn, had tempera- 
tures of 138° and 135° F. and tested 36.4 and 48.6 ¢. c. in acidity. 
None of the kernels in either sample would germinate. Only one 
sample taken from the corn that was not heat-discolored tested 
under 30 c. ¢. in acidity. This sample, No. 28, was taken about 7 
feet from the bottom of the hold. It had a temperature of 59° F., 
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tested 28.3 c. c. in 
acidity and germi- 
nated 36 per cent, but 
sample No. 3, taken 
from still lower in the 
hold, had a tempera- 
ture of 63° F., and 
tested 30.8 c¢. c. in 
acidity, with a germi- 
nation of 34 per cent. 
Sample No. 26, taken 
from the upper part 
of the corn that was 
not heat discolored, 
had a temperature of 
85° F., tested 38.7 ¢. ¢. 

in acidity, and germi- 
nated 24 per cent. 

The temperature of 

the corn in hold 2 as 
discharged ranged 
from 142° F. in the 
heat-discolored corn 
in’ the upper part of 
the hold to 61° F. 
in the lower part of 
the hold, as shown 

in figure 36. All of 
the corn in the up- 
per part of the hold 
was heat-discolored. 
None of the kernels 
from the samples 
taken from the heat- 
discolored corn 
sprouted in the ger- 
mination test, and 
the samples taken 
from the cooler corn 
in the lower half of 

the hold tested low 
in germination. All 
of the samples taken 
from the various 
parts of the hold, 
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36.—Cross-sections, holds Nos. 1 to 5, inclusive, showing the 

locations from which the samples were taken from thecorn, The 

heavy shading represents heat-damaged corn as discharged. 
(Cargo No. 5.) 
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with one exception; tested over 30 c.c. in acidity. Sample No. 6, 
taken about 7 feet from the bottom, tested 25.4 c. c. in acidity, but 
sample No. 33, taken about the same distance from the bottom but 
on the opposite side of the hold, tested 39 c. c. in acidity. 

Hold 3 was one deck higher than the remaining holds in the vessel. 
In this hold the heat-discolored corn extended from the surface to 
about halfway down in the hold. The temperature of the corn, as 
is shown in figure 36, ranged from 140° F. in the heat-damaged corn 
in the upper part of the hold to 53° F. near the bottom on the star- 
board side. Only one sample, No. 8, in the heat-discolored corn, 
showed any vitality; it germinated 6 per cent. Two samples taken 
from the lower part of the hold, Nos. 39 and 11, tested 2 per cent 
and 6 per cent in germination. Both were high in acidity, testing 

43.8 c. c. and 41.6 c. c. in acidity. Two samples, Nos. 38 and 40, 
taken from the lower half of the hold, tested under 30 c. ¢. in acidity. 
Sample No. 38, taken from the upper part of the corn that was not 
heat-discolored, tested 24.3 c. c. in acidity and germinated 62 per 
cent, while sample No. 40 taken about 5 feet from the bottom on the 
starboard side tested 29.1 c.c. in acidity and germinated 28 per cent. 
Sample No. 34, taken from the corn at the surface, showed the 
highest acidity test. This sample had a temperature of 138° F., 
tested 72.7 c. c. in acidity, and contained no corn that would germi- 
nate. 

As will be seen from figure 36, the temperature of the corn in hold 
No. 4, as discharged, ranged from 140° F. at the surface to 59° F. in 
the lower part of the hold. Only one sample, No. 43, taken from the 
heat-discolored corn in the upper one-fourth of the hold showed any 
vitality; it germinated 6 per cent, tested 57.6 c. c. in acidity, and 
had a temperature of 131° F. Sample No. 42, taken from the corn 
at the surface, had a temperature of 140° F., tested 67.1 ¢. c. in 

acidity, and had no corn that would germinate. The heat-discol- 
ored corn extended about one-fourth the distance down in the hold. 
The corn in contact with the shaft tunnel in the lower part of the 
hold was more sour, packed, and moldy than that surrounding 
it, but it was not heat-discolored. 'Thesame condition extended along 
the shaft tunnel in hold 5. 

The condition of the corn in hold 5 was very similar to that in hold 
4. The heat-discolored corn extended about one-fourth the distance 
down from the surface, and the remainder of the corn in the hold 
was very poor in condition. Sample No. 48, at the surface, had a 
temperature of 138° F., tested 57.7 c. c. in acidity, and had lost all 
vitality. Sample No. 24, taken from the bottom, had a tempera- 
ture of 64° F., tested 40.5 ¢. c. in acidity, and germinated 24 per cent. 
The condition of the corn that was not heat-discolored varied greatly 
at different positions of stowage. Sample No. 50, which was taken 
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from the bulk corn just under the heat-damaged position, had a 
temperature of 69° F., tested 26.7 c. c. in acidity, and germinated 
28 per cent, while sam- 

ple No. 22, taken 
from the corn nearly 

halfway down thehold, 
had a temperature of 
101° F., tested 45 c. c. 

in acidity, and germi- 
nated 10 per cent. 
Sample No. 50 was the 
only one taken from 
the corn in this hold 
which tested under 30 
¢. €. im acidity, and 
only two other sam- 
ples, Nos. 21 and 51, 
tested under 40 c. c. in 
acidity. Table 26 
shows the average con- 
dition of the corn in 
the cargo as loaded 
compared with the av- 
erage condition of the 
corn which was not 
heat damaged and of 
that which was heat 
discolored, as dis- 
charged, the average 
being based upon the 
samples that were 
taken from thecorn,the 
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RANGE IN THE TEMPERATURE OFTHE CORN AS DISCHARGED-F. 
(AVERAGE TEMPERATURE OF THE CORN AS LOADED 38 F) 

S=CONDITION OF THE CORNAS LOADED 
SCONDITION OF THE CORNAS DISCHARGEL 

Fic. 37,—Correlation of the temperature and condition of the corn 

as loaded and as discharged. (Cargo No. 5.) 

positions of which are illustrated in the diagrams in figures 35 and 36. 

TasLe 26.—Showing the average condition of the corn as loaded, the average condition 
of the corn as discharged, and the average condition of the heat-damaged corn as dis- 
charged. 

“ Weight oHes Temper- «as Germi- | Sound 
Stage. ature, | *Cidity-| notion. |’ kernels. bushel 

Coie C.C. Per cent.| Per cent.| Pounds. 
PEMA SBIORMIOR 2h. os Shee sees Uh ehecaeccercde 38 24.4 59. 1 95. 2 53. 4 
Average of cool corn as discharged................... 77 35.6 29. 0 56. 8 51.6 
Average of heat-damaged corn as discharged......... | 130 55.9 1.0 1.0 48. 8 

It will be seen in the table that there was considerable deterioration 
during the voyage in the corn that did not become heat-discolored 
and that the corn which did become heat-discolored was very badly 
damaged. 
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The correlation of temperature changes and changes in the con- 
dition of the corn is illustrated in figure 37. 

CARGO No. 6. 

_ Cargo No. 6 consisted of 200,270 bushels of corn, part. of which was 
natural corn and part of which was artificially dried corn. It was 
loaded March 21 to 27, 1911. The steamship sailed March 28 and 
arrived in Rotterdam, Holland, April 17, where the corn was dis- 
charged from April 18 to April 22. The length of the ocean voyage 
was 20 days; the maximum time any of the corn was in the vessel 
was 32 days; and the average time was 27 days. 

STOWAGE OF THE CORN. | 

The steamship had five cargo holds, as is shown in figure 38. This 
shipment was a full cargo, each hold being entirely filled with corn. 
Holds 1, 2, 3, and 5 were filled with natural corn, and hold 4 contained 
artificially dried corn. 

CONDITION OF THE CORN AS LOADED. 

The condition of the corn as loaded is shown in Tables 27, 28, and 
29. It will be noted from Table 28 that, on an average, the dried 
corn in hold 4 had a temperature of 50° F., was relatively high in 
acidity (27 ¢. c.) and low in germination (45.6 per cent), but had a low 
moisture content (15.6 percent). Sound kernels, as determined by 

mechanical analysis, averaged 92.5 per cent. The natural corn in the 
remaining holds of the cargo had an average temperature of 42° F., 
acidity of 24.3 ¢.c., germination of 65.3 per cent, and 95.7 per cent 
of sound kernels, but was high in moisture content, which averaged 
20.2 per cent. 

TABLE 27.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 6 as loaded and as discharged, by holds. 

Tempera- | Moisture | aq dity Germina- Sound Weight 
Hold. ture. content. tion. kernels. {per bushel. 

Hold 1: cers Per cent. Cre: Per cent. Per cent. Pounds. 
AsHoaded!= ssc Secceeee sae 41.0- 50.0] 19.7-20.6 } 22.5-24.2 | 63.0-76.0] 93.7-96.3 | 52.5-53.8 
as Gischargede=seeeeeeeeeee 42.0- 53.0 19. 0-20. 0 26. 3-41. 4 16. 0-55. 0 53. 4-85. 8 49. 5-51.0 

Hold 2: 
Ais loaded asec secn acseceee 39.0- 49.0 | 19.2-20.4 |] 21.9-27.2 | 52.0-78.0 | 95.4-97.7 | 53.0-53.3 

= ae discharged....-...-.---- 45. 0-140. 0 15. 0-27.0 24. 8-65. 2 0-50. 0 3. 2-93. 7 46. 0-52. 0 
old 3: : 

SA'S loadedis- == see cece 37.0- 40.0 20. 1-20. 9 22. 9-24. 4 61. 0-82. 0 94. 0-98. 0 52. 0-53. 0 
= ‘ae discharged ........------ 44. 0-140.0 17. 6-20. 4 22. 8-59. 5 0-55. 0 1. 5-76. 1 45. 5-51.0 

old 4: 
As loaded............------ 43. 0- 56.0 14. 7-16.3 23. 2-31.0 24. 0-61. 0 86. 1-96. 5 53. 0-54. 8 

= rae discharged ......-..--..-- 50.0- 85.0 | 14.4-16.2 |] 25.5-32.7 | 7.0-52.8 | 57.9-95.6 | 52.0-53.5 
old 5: 

AsHloadedet a tose eee cae ee 40.0- 44.0 19. 7-20. 9 22. 4-28. 6 56-0-73.0 93. 9-97. 1 52. 0-53. 5 
As discharged.......-..-.-- 44. 0-120.0 18. 8-21.0 22. 9-54. 9 5. 0-66. 0 35. 3-97. 3 47. 5-52.3 
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TABLE 28.—Average condition of the dried corn and of the natural corn in cargo No. 6 as 
loaded. 

= : Weight - Temper- | Moisture «as Germina-| Sound S Kind of corn and where stowed. Se Sem begccieere: || NCTE aye | acento an ce 

°F: Per cent. Ga Per cent. | Per cent. | Pounds. 
Paredicorn (hold 49522 2h 54. sco. 6Sas5 <2: 50 15.7 |, 27.0 45.6 92.5 53.91 
Natural corn, holds 1, 2,3, and 5...--.---..-- 41 20.2 24.3 65.3 95.7 53.00 

TABLE 29.—Condition of the corn in cargo No. 6, natural corn, as loaded, and the change 
incondition while the corn was in the vessel—samples taken in order in the holds from 
top to bottom. 

52.75 | 52. Fd 
53,501 51. é 
52,00 } 51. 28 

Tempera- | Moisture ae Germina- Sound Weight per 
five content. Acidity. tion. kernels. Machete 

Hold, kind of corn, and 3 3 3 = 8 3 

preset lise jg) Mee ele |e | 8 
cs gq 3 q 3 g 3 gq 3 3 3 ts 
is] a 3 az) 3 a os DB S n Ss n 

= J = cs) = cs} al cs) “ cs] a cs 
nm n n n n n n 

< < < <q <{ < < < < < <4 <q 

Hold i, natural corn: (or |° F |P.ct.|P.ct.| cc. | ec. | P.ct.| P.ct.| P.ct.| P.ct.| Lbs. | Lbs. 
| 9 45 53 | 20.4 | 19.0} 22.5] 26.3 64 55 | 93.7 | 85.8 | 53.00 | 50.50 
eee b 70 ees eee cl sso scclladonod| sSeaae 96.0 ]....-- BPSD Nooocce 

50 TAS cae (eae ee Ral lt A alt ee OH AG | eres 3520) |e oee 
44 20.6 | 20.0 | 23.5 | 39.3 64 16 | 94.7 | 53.4 | 53.25 | 50.00 
41 20.2 | 19.5 | 22.9/ 30.8 63 26 | 94.8} 69.5 | 53.25 |_....- 
44 20.6 | 19.7 | 24.2] 30.2 76 26 | 94.0 | 64.4.] 53.75 | 51.00 

19.9 | 19.8 | 23.8 | 41.4 72 19 | 96.3 | 62.5} 53.00} 49.50 

pe ae 15509] a oyenl eee 6 See oe] 225 ee | 4675 
20:1 | 19.6 | 23.5.) 3357 61 46 | 95.4 | 80.4 | 53.00 | 50. 75 
19.8 | 19.8 | 22.9 | 47.9 66 16 | 97.7 | 65.6 | 53.25 | 50.50 
Eas zi 27. 0) 2 Seen RARE alee Cel | eseseae sl att AO este (ee See eed 
6 BESSA Meee Bee ce DONOR Peeeee GH ees MOOR ON a2 = hoa ce es 
Here 20: 2 ||... ceee OTSA ae ee WWossced) Che llesso-Ag) ZG5 00) 
19.2 |} 19.0 | 27.2} 24.8 66 50 | 96.8 | 93.7 } 53.25 | 52.00 
20.4 | 19.8 | 25.5 | 31.5 52 26) 2 96o7)| 03-00 }) O38 OO) eee oe 
20.1 | 19.4 | 21.9 | 38.7 73 22 | 96.1 | 55.9 | 53.00 | 50.50 

20.4 | 20.4 | 22.9 | 42.2 68 18 | 97.4 | 42.6 | 53.00 | 49.50 
20.9 | 17.6 | 24.2 | 59.5 62 0 | 94.0 1.5 | 52.00 | 45.50 
BS Boas ecace ARGUS. .2 26 (OM essere) tet GAD |e ee |e ees 
20.3 | 18.6 | 23.4 | 56.2 61 0 | 95.7 8.3 | 53.00 {| 50.50 
20.1 | 19.7 | 23.3 | 35.0 78 28 | 95.6 | 50.8 | 53.00 | 50.00 
20.1 | 19.4 | 24.0} 22.8 82 55 | 98.0} 76.1 | 53.00 | 51.00 

15 5.| 16.0 | 24.4 | 29.7 48 29 | 94.4 | 65.7 | 54.75 | 52.50 
16.0 | 15.4 | 31.0 | 32.7 47. 46 | 88.4 | 85.7 | 54.50 | 53. 50 
15:5: 14.8 | Sees 30.5 44 29 | 86.1 | 63.9 | 54.00 | 53.50 
SE oe| ERE ec 745, (5"||SaBee- Ca eee ESO [ioe  ayaters | seers 
16.0 | 14.4 | 26.8] 27.6 58 52 | 94.9 | 95.6 } 54.25 | 53. 50 
16.3 | 16.2 | 23.2] 27.3 56 42 | 96.5] 75.7 | 54.50 | 53. 50 
16.0 | 15.3 | 27.6] 29.8 55 35 | 92.7] 75.3 | 54.25 | 52.50 
16.2} 15.6 | 23.6} 26.4 61 50] 95.4 | 90.6 | 54.75 | 53.50 
15.7 | 14.6 | 25.9) 25.5 36 33 | 94.9 | 91.8 | 58.50 | 52.50 
16.3 | 15.0] 29.3} 25.6 58 52 | 87.1 | 89.3 | 54.00 | 52.50 

are fae ||, @ 0.0.0/f te POE OLB occe PASS AN geht eal its 7° (° al ae me Se 
LOTOR I ess.0 26.2 | 28.7 44 21 } 95.1 | 76.3 | 53.00 | 52.00 
14 15.0 | 29.6] 30.1 24 82 | 92.7 | 87.3 | 53.25 | 52.00 
15.0] 15. 27.6} 27.0 39 35 | 91.9 | 88.8 | 53.25 | 52.00 
15.3 | 15.4 | 26.9 | 29.9 36 28 | 92.7 | 91.0} 53.25 | 52.00 
LDital| cfc cea 29.4 | 29.2 32 18 | 92.3 | 79.8 | 53.50 | 52.00 

20.5 | 20.4 | 28.6 ) 43.8 66 12 | 97.1 | 58.4 | 52.50} 49.00 
19.6 | 19.0 | 26.9 | 25.8 57 55 | 94.8 | 91.0] 53.50 | 52. 00 
20.7 | 20.0 | 22.0 | 28.3 60 35 | 95.1 |] 81.0] 53.50] 51.00 

5 Ree 21.0. |. amen eAu Oa ees aoe LOG eee 2] Dee [cisureen ol) 47,00 
20.2 | 18.8 | 25.61) 37.1 56 33 | 94 77.0 | 62.75 | 61.25 
20,5 | 19.7 | 26, 30.7 61 31 | 95 65.3 | 53.25 | 50. 50 
20.1 | 19.8 | 27. 54.9 62 15 | 96 45.4 | 52.50 ] 49. 25 
20. 1 9, 2 .o.| 60. 25 |) 61..00 

9 9. Ail 
20.3 | 18.8 | 22 a) 

d f 8 
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From this it is seen that although the tests for acidity, germination, 
and sound kernels showed the dried 
corn to be poor in quality, its mois- 
ture content was lower by 4.5 per cent 
than natural corn. 

(Cargo 

TEMPERATURE CHANGES DURING THE VOYAGE 

AND CONDITION OF THE CORN AS DISCHARGED. 

During the voyage the temperature 
of the corn in various positions of stow- 
age was recorded each day that the 
weather permitted. Some of the ther- 
mometers were read before the vessel 
sailed, and some were read for some 
days after the steamship arrived at its 
port in Europe. The location of the 
various thermometers and the changes 
in temperature at those positions are 
shown in figures 39 to 46, inclusive. 
The maximum temperatures found in 
the corn as discharged were 53° F. in 
hold 1, 140° F. in hold 2, 140° F. in 
hold 3, 85° F. in hold 4, and 120° F. 
inhold 5. These were higher than the 
maximum temperatures of the corn as 
loaded by 3° F., 91° F., 100° F., 29° F., 
and 76° F., in holds 1 to 5, respectively. 
Hold 3, however, was the only one con- 
taining any large amount of heat-dam- 
aged corn. 

In hold 1 the temperature of the corn 
in various positions of stowage changed 
but little during the voyage, except 
along the sides of the holds, as shown 
by the temperature records in figure 39. 
As is shown in Table 29, each sample 
that was placed in a wire container as 
the cargo was loaded tested lower in 
quality at the end of the voyage than 
at the beginning of the voyage in every 
factor except moisture content. Only 
one sample, No. 1, tested under 30 
c.c.inacidity. -Thissample was taken 
from the bagged corn a short distance 

under the surface and tested 26.3 c.c.in acidity, 55 per cent in germi- 

NATURAL.CORN + |... 

HOT CORN [=~ -COOL CORN 

Fig. 38.—Diagram showing arrangement of the steamship and stowage of the corn in holds. The heavy shading represents heat-damaged corn as discharged. 

No. 6.) 

TANK 

BALLAST 
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nation, 85.8 per cent in sound kernels, and 50.5 pounds in test 
weight per bushel. Sample No. 7, taken from near the bottom of the 
hold tested 41.4 ¢. c.im acidity, 19 per cent in germination, 62.5 per 
cent in sound kernels and 49.5 pounds in test weight perbushel. The 
corn at the surface and along the sides of the hold for a short dis- 
tance down from the top was somewhat sour, moldy, and packed. 

In hold 2 some of the corn became badly heat damaged. This 
damaged corn was 
found in uneven 
spots on the star- 
board side near the 
after part of the hold 
and extended from 
the surface to nearly 
halfway down in the 
hold. There was also 
a small portion that 
was damaged along 
the forward bulk- 

MARGH APRIL 
2829 303! | 23564 6 7 

TEMPERATURE 

head halfway down : ar Sig 
in the hold. The § So ae 4 
temperature of the 8 3 : 

Peemmersatischared: 2° ieee Aaa ak a 3 
3a2 197 6 from thisholdranged 

from 45° to 140° F. 
Sample No. 8, taken 
from the heat-dam- 
aged corn just under 
the top deck on the 
starboard side, had 
a temperature of 
140° F., and tested 
65.2 c. c. in acidity 
and 6 per cent in ger- 
mi nation, while sam- =—‘"16- 39.—Hlold 1: Temperature records of electrical resistance ther- 

mometers; location of the thermometers in the hold; and samples 

ples N os. 9 and 10, secured at Rotterdam. UHeayy shading represents heat-damaged 

taken from near the ©. (Cargo No.6.) 
same height in the hold but near the shifting boards in the center, had 
temperatures of 50° and 57° I. and tested 33.7 and 47.9 c. ¢. in acidity 
and 46 and 16 per cent in germination, respectively. Sample No. 13, 
taken from the heat-damaged corn, 15 feet below the surface, had 
a temperature of 130° F., tested 57.4 ¢. ¢. in acidity, and no kernels 
sprouted in a germination test. Sample No. 11, taken from near 
the outside wall of the hold on the starboard side, had a temperature 
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of 100° F., tested 48.7 c. c. in acidity, and none of it would germinate. 
Sample No. 14, taken from about the same height in the corn as 
sample No. 13, had a temperature of but 49° F., tested 24.8 ¢. c. in 
acidity, and germinated 50 per cent. Sample No. 16, taken from 
near the bottom on the starboard side had a temperature of 93° F., 
tested 38.7 c. c. in acidity, and germinated 22 per cent. The tem- 
perature record for this sample, in figure 40 shows that its temperature 

was 46° F.when loaded 
and that from March 
28 to April 7 there 
was but little change, 
but from then on the 
temperature increased 
until it reached 93° F. 
when discharged. As 
will be seen in Table 
29, only one sample, 
No. 14, tested under 
30 ¢. c. in acidity at 

AT ae Gao the time of discharge. 
c NG s iS RY 

é Eos WSs : Hold 3 was one 
ee SS § § 3 deck higher than hold 
10 198 479 $37 Ise 8 li and had a ‘‘feeder’’ 

rounding one more 
§ 23 738 11 deck above that. 

This hold was located 
sav ie ig © J US t forward lof the 

boiler room. Fully 
three-fourths of the 
corn as discharged 
was badly heat-dam- 
aged, The tempera- 
ture of the corn in this 
hold at the time of 

Fie. 40.—Hold 2: Temperature records of electrical resistance ther- discharge ranged from 
mometers, location of the thermometers in the hold,and samples 44° to 140° F. - which 
ee ee Nee Heavy shading represents heat-damaged was gre ater by 7 de- 

grees than the min- 
imum and by 100 degrees than the maximum temperatures of the 
corn when loaded. Thermometer No. 18, which was located in 
the ‘‘feeder’”’ about 4 feet below the surface of the corn, registered an 
increase in temperature from the very beginning of the voyage. The 
maximum temperature recorded during the voyage was 144° F., on April 
15, after which there was aslight decrease. The corn surrrounding this 
thermometer had a temperature of over 120° F. for 10 days before 

15 198 SLS 
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it was discharged. It will be noted that the temperature increased 
from 40° to 100° F. during the first 10 days of the ocean voyage. 
Thermometer 17, which was also located in the ‘ ‘feeder,”’ at about 
the same height as thermometer 18, but next to the bulkhead separ- 
ating the corn from the ventilated coal bunker, indicated a much 
slower increase in temperature. On April 8, 11 days after sailing, 
thermometer 18 in- ancy 

- BS 29°30 Gt to - Su atinWlelvllo oe ToL i iste lei 

Bete te temperature | eo Cee 
of120°F.;onApril15 J | | | 1 Ti BP See? 4 

J Sveeaeee a = EN the temperature had 20 
increased to 144° F. $e 
Thermometer 19, lo- § 
cated in the portside § e|— 
a little over half- &§7 
way down from the 
surface of the corn, «ez 
indicated an increase “= 
of 30° F. during 
the first 10 days and 7 2% «22 98-----}--]) Bae) --|----- epee hoe be 
63° F. during the last : : N : i 
11 days of thevoyage, § ak es : 
a total of 93° F. for ° cee ey 
the whole voyage. i: 

21197 (S50 Si See ace oe 4% 228 \Q% 22 
Temperature records 
for thermometers 21 
and 22, located a few 
feet from the bottom 
of the hold, show that 
there was but little 
change in tempera- 
ture in these places of 
stowage. Samples 
Nos. 18, 20, and 22, 

=p 4 Fia. 41.—Hold 3: Temperature records of electrical resistance thermom- 
which WETS attached eters, location of the thermometers in the hold, and samples secured 

to thermometers of at Rotterdam. Heavy shading represents heat-damaged corn. (Cargo 

the same numbers, %*°*? 
had temperatures of 140°, 130,° and 44° F., when discharged, and 
tested 59.5, 56.2, and 22.8 c. c. in acidity. Samples Nos. 18 and 
20 had lost all vitality, but sample No. 22 germinated 55 per cent. 
Only one sample in this hold at the time of discharge tested under 
33 ¢. c. in acidity. 

Hold 4 was one deck higher than holds 1 and 5. It was located 
just aft of the engine room and had a shaft tunnel in the bottom 

95190°—19—Bull. 7645 
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which continued through hold 5. The dried corn in this hold changed 
very little in temperature during the voyage, as is shown in Table 29 

2 S x 4, 
Fd o wy & 

eS S 
IS # 8 e bg 3 5 Ss § § 

6 2 << = § 
23 160 305 148 28 
26 154 266 — 26 

-27 144 298 153 29 
28 i162 64 156 30 

32 150 255 146 31 
Bs = 287 
35 150 299 154 37 
‘% 152 292 - 38 

Dire 26 

Fig. 42.—Hold 4: Temperature records of electrical resistance ther- 

mometers, location of the thermometers inthe hold, and samples 

secured at Rotterdam. Heavy shading represents heat-damaged 

corn. (Cargo No. 6.) 

and figure 42. The 
temperature record for 
thermometer 23 shows 
that the corn at the 
surface near the en- 
gine room bulkhead 
increased 27° F. and 
had a temperature of 
80° F. at the end of 
the voyage, while the 
temperature of the 
corn at the same 
height in the after part 
of the hold was the 
same when discharged 
as’ when loaded, as 
shown by the tempera- 
ture record for ther- 
mometer24, The corn 
stowed next to the 
engine-room bulkhead 
about 6 feet from the 
bottom, increased 8 
degrees, and the corn 
stowed at the same 
height in the after 
part of the hold in- 
creased 7 degrees, as 
is shown by the rec- 
ords for thermome- 
ters 35 and 37. The 

effect of the engine heat on the corn is shown in Table 30. 

TaBLE 30.—EHffect of the engine-room heat on the corn located next to the engine-room 
bulkhead in hold 4, cargo No. 6. 

Sample No. in tem- 
Increase } Increase | Decrease] Decrease Decrease 

in germi-| in sound in weight an er 
perature.| acidity. | nation. | kernels. Buchel 

BREE See kd SO IES = Jee SOE Sees Sess 27 
Be SOROS HAR Et mae cua - Saat em et ees oc 0 

2 TRE cack Per cent.| Per cent.| Pounds. 
28. 7 19 2. 25 

1 2.7 1.00 

1 Sample was located at surface against engine-room bulkhead. 
2 Sample was located same height as No, 23, but some distance from the engine-room bulkhead. 
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Taste 31.—E feet of the shaft tunnel heat on the corn stowed next to the shaft tunnel in 
hold 4, cargo No. 6. | 

Increase | Increase | Decrease | Decrease Decrease. 
Sample No. in tem- in in germi-| in sound pa Ware 

perature.| acidity. | nation. | ke 5 
= y Tels bushel. 

SoAe CHC: Per cent. | Per cent.| Pounds. 
Bate cass a Se Sa Se BERR AS SS SSE BOE Seen ee 27 2.5 23 § 1. 00 
23 STG, OMSL oe eee See oes See eee Safe pets 5 ail 3 8.9 NS 87/ 

1 Sample was located on the shaft tunnel. 
*A verage for these two samples. 
2 Sample was located same height as No. 34, but halfway between shaft tunnel and the sides of the hold. 

The effect on the corn of the heat from the engine room which 
penetrated through the shaft tunnel in the bottom of the hold is 
shown in Table 81. 

The corn located di- 

rectly on the shaft 
tunnel increased 27° 

F. during the voyage, 
- while the corn located 

the same height as the 
tunnel, but halfway 
between the tunnel 

and the sides of the 
hold, increased 7 de- 
grees on the port side 
and 8 degrees on the 
starboard side, as is 
shown in figure 43. 

TEMPERATURE °F 

There was no _ heat- ; r ae : 
* - 2 re) > = 

discolored corn in the “ S g 5S hols 
> is Seed 

hold at the end of the ¢ 8 §& § H s 65 & 

voyage, but the corn 3 $ 2 & Resta) 
yase, Bouis <-pceyy}--- 77 287 — | 3 

35 150 SO! 50 - once! Ica, 61 299 i684 37 

at the surface along 
the upper part of the 
engine-room bulkhead 
and along the top of 
the shaft tunnel was musty, somewhat moldy, and “‘packed.”’ The 
corn in the hold ranged from 50° to 85° F. in temperature and 25.5 
to 32.7 c. c. in acidity (4 samples tested slightly over 30 c. c. and 
12 samples tested under 30 c. c. in acidity), from 7 to 52 per cent in 
germination, and from 57.9 to 95.6 per cent in sound kernels. 

The corn in hold 5 as discharged varied from 44° to 120° F. in 
temperature, from 22.9 to 54.9 c. ¢. in acidity, and from 5 to 66 per 
cent in germination. A small amount of the corn a few feet under 

Fig. 43.—Hold 4: Showing effect of the heat from the propeller-shaft 

tunnel on the corn located against the tunnel. (Cargo No. 6.) 
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the surface in the after part of the hold was heat-damaged. Sample 
No. 42 taken from the heat-damaged corn had a temperature of 
120° F. and tested 49 c. c. in acidity. The corn located along 
the upper part of the shaft tunnel was sour, moldy, and ‘‘ packed.” 

Se APP. The corn near the tun- 
2g29 303) 1 2.3 45 6 7 8 S$ WH 2 Bw IS 16 17 18 i i 

oc nel increased more in 
P Dee] temperature than the 
130 imal 
: ie snaes: 7 corn stowed the same 
110 Ct r = 7 t+ height in the hold but 

*t00 = ell aoa L ala | (ae ls ; located half-way be- 
L rial : tween the tunnel and 

5 70 - rare ee ol the sides of the hold, as 
ae Filles laces wslen is shown by comparing 

ip the records for ther- 

TH, VT obea (VAG ae ea mometers 45, A6, and 

i po ctibehe v AS andfigure45. The 
xs S w S S$ : 

SERPS en ze » § 4 corn located directly 
d 5 s & £3 8 - onthe tunnel increased 
ro eal a as = 2% 39 more in temperature 
41 200 285 | S5- 190 40 rN 
pia Ge and acidity and de- 
43 188 3S7l so 197 4& : 

creased more in ger- 
ae OR eae a mination, sound ker- 

es zea a EE | Re sige “¢ nels, and weight per 

— —s bushel than the corn 
which was located 
some distance from 
the tunnel, also the 
natural corn in this 

hold, located on the 
shaft tunnel, under- 
went more deteriora- 

Fig. 44.—Hold 5: Temperature records of electrical resistance ther- : : 

mometers, location of the thermometers in the hold, and samples tion than the dried 

secured at Rotterdam. Heavy shading represents heat-damaged CGOTrnN located on the 

CO Care O Oe) shaft tunnel in hold 4. 
The correlation of temperature changes and changes in the condi- 

tion of the corn is illustrated in figure 46. 

&é 

CARGO No. 7. 

Cargo No. 7 consisted of 171,428 bushels of natural corn. The 
corn was loaded March 23 to 27, 1911; the steamship sailed March 
31 and arrived at Belfast, Ireland, April 21, where the corn was dis- 
charged from April 22 to May 9. The length of the ocean voyage 
was 21 days; the maximum time that any of the corn was in the vessel 
was 47 days, and the average time was 39 days. 
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STOWAGE OF THE CORN. 

The steamship had six cargo holds. The corn was stowed in four 
holds, holds 2, 3, 5, and 6. Only hold 2 was entirely filled with corn, 
although the corn in eds ee 
hold 3 was loaded to 
the same height, but 
this holdhad onemore 
deck. Hold 5 was 

about two-thirds fill- 
ed, and hold 6 was a 
little over half filled 

with corn. The ves- 
sel had two shaft tun- 

nels along the bottom 
of holds 5 and 6. 
Both of these shaft 
tunnels were venti- 

TEMPERATURE %& |_| 4 

LIMITE 

i 

aa fe 
lated. & 

bs 4 a 
" SS di nace ee 

CONDITION OF THE CORN g $ 6 § Sen y foes 
y Oo c XX SN) AS LOADED. 4 : : : ; & § N 

Qa ry 9 

: : Py ecm es bk gf § g 
The corn in this 4 §& = } 70 'SK9 198 48 

48 188 229 47 54 273 196 46 

cargo was natural 
corn. The condition 
of the corn as loaded 
is shown in Tables 32 
and 33. The averages for the various factors of the corn as loaded 
were as follows: Moisture content 18.4 per cent, acidity 23.8 c. ¢., 
germination 60.2 per cent, sound kernels 95.2 per cent, and test weight 
per bushel 53.5 pounds. The average temperature of the corn as 
loaded was 62° F. 

Fia. 45.—Hold 5: Showing effect of the heat from the propeller-shaft 

tunnel on the corn located against the tunnel. (Cargo No. 6.) 

Tasie 32.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 7, as loaded and as discharged, by holds. 

oe . Weight Tempera- | Moisture +a Germi- Sound Hold. : see Acidity. re pereen per ture. content. nation. kernels. huashele 

Hold 2: lag Per cent. C. C. Pre cent. Per cent. | Pownds. 
YN 04 Ce re ee | 61.0- 67.0 16.4-18.4 26.1-29.9 | 46.0-64.0| 90.2-96.1 52. 8-54. 5 

a as discharged........--.--- 68. 0-146. 0 14.0-18.9 | 28.0-43.2 0-60. 0 0-88. 7 47. 0-53. 5 

old 3: 
LOS aes a 56.0- 66.0 17.8-18.9 | 19.9-26.2} 50.0-73.0 | 90.1-98.1 51.5-54.0 

u 7 s discharged.............. 65.0-141.0 | 16.2-20.1 | 27.6-47.7 0-65. 0 0-91.8 | 47.0-53.8 
old 5: 
_ gh che ae ae 61.0- 65.0 | 18.5-19.0| 22.1-25.9] 42.0-73.0| 98.9-97.7 | 53.5-54.5 

e 3 s discharged........-.---- 69.0-147.0 | 16.8-35.8] 27.7-70.0 0-71.0 0-84.0 | 43.0-52.8 
old 6: 
mS iosdeas.. Fis... 2.22. 57. 0- 64.0 18. 5-19. 1 20.7-24.2| 56.0-68.0 | 93.9-97.7] 53.3-54.0 
As discharged. ........2-.2. 68. 0-122. 0 17.1-19.1 27, 5-43. 4 0-61. 0 0-84. 8 48. 0-53. 8 
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TABLE 33.—Condition of the corn in cargo No. 7, natural corn, as loaded, and the change 
in condition while the corn was in the vessel—samples taken in order in the holds from 
top to bottom. 

[T 1, etc., represent samples in crossed-wire containers.] 

Temperature. aise ure con Acidity. Germination. | Sound kernels. Weipht pet 

Sample ; F = : : 
0 |g ag |g ee ils 425 | 9 20 

esl Pe | so) o> eae oee lea lee 
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sae 67 146 | 17.8 18.0 | 26.1 42.8 AT 0 
A Oars 63 126 | 18.4 16.7 | 26.9 38. 2 58 Uf 

14.0) | Sees Bebe bBaooc 6 
17.9 | 29.9 43.2 46 3 
1H ed see 205 4 eee 28 
18:9) |2t2525 3327 +|\seees6 3 
U7 <idig Were MRO Wena 36 
128" |e FAROE SBe es 47 
V7.2 | 27-1 32.0 58 42 
16.8 | 27.7 31.0 64 60 
i7EO\ess5s- 241) (0) eee 37 

sill 17.2 | 28.5 29.3 60 51 E i 
Divison, Od 68 | 18.3 18.3 | 26.7 32.6 60 60 | 92.2 84.5 | 58.75 53. 50 
4D SrA Sarasa aiessroe oe 16,35 |lsadcaeods 2650) |sseeneeee b34| Saeco ss BBB 55 sases6¢ ie eCl),| See sae 
CO Sonol wooded peccsados Wie |teaenesor 28.2) Rem oeeese (0) Bul Peeeeseae 95 As|iens eee 53.50) ||. 
Eee Sooacel Readers 1/5. |Speeocsoe PAR eae Sone OS aeeeseeoe CVA BS eaosouc 33.000 Feceneees 

Hold 3 
AB 66 141 | 18.5 18.3 | 22.2 43.6 60 0 | 96.0 0 | 53.25 47.00 
ANOS. 66 140 | 18.3 17.5 | 23.8 47.7 62 0 | 96.1 0 | 53.25 47.50 
AD eo 2 aoe oe THRE eos 2051s cose ZG eae 14, asec 29.7; [se eee 47.00 
i i Ce oo) 118 | 18.2 16525 |2 acer 525) Peas 34 | 95.4 18.4 | 54.00 52.00 
AG SS cl Sees OAs | ae WEG oceans 2550 W asec pd Rel eee 625 eer 51.50 
¢. Ye eel ae, (holt eeracie 17.9 | 22.4 29.6 65 Suleeeeee 80:67}2oceees 53.00 
ASU le Seas (G6 ee es USE| Bessce SET | Sheese 35) eee BENT Eaaaaoe 52. 50 
eae Boose AO een TEN ba ae Bie) paesce 44: Wet ede 8329) Ee oe ae 52. 00 
T 11 64 73 | 18.6 18.2 | 20.5 31.7 53 65 | 98.1 91.8 | 54. 00 52.75 
T 12 64 72 | 18.1 18.3 | 25.0 34.0 62 56 | 95.5 80.6 | 53. 50 §2. 25 
47133 64 69 | 18.1 IVE AA Als 24 33.8 65 59 | 97.6 86.5 | 53.50 53.75 
T 14 64 70 | 18.9 18.6 | 22.0 27.6 60 61 | 95.6 82.7 | 53.00 52.75 
Ib il. 63 72 | 18.1 17.7 | 19.9 29.2 63 44 | 96.8 74.8 | 53.25 52.00 
T 16. 62 65 | 18.8 18.3 | 20.8 31.0 65 65 | 95.8 74.8 | 53.25 52.00 
Av IRE 62 68 | 18.6 18.0 | 21.8 31.2 67 57 | 93.2 84.6 | 53.00 52. 50 
T 18. 61 69 | 18.7 18.4 | 24.8 32.0 55 58 | 90.1 87.5 | 51.50 51.25 
T19 58 69 | 18.8 18.8 | 26.2 30.8 62 59 | 94.0 88.7 | 53.50 53. 50 
T 20. 59 70 | 18.3 ee |p ea 30.0 60 64 | 95.3 78.3 | 53.75 53. 00 
IH. 56 72 | 18.1 18.1 | 22.4 27.6 61 64 | 96.7 83:6 | 54.00 52. 50 
ees Saeco Seouaeoas SS 2a ea 20704 |Pen ease (ew peeemciccs 9550 | -- eee Doe OOM hae ee eee 
SUE eae sees |eaesacene 1k) BSeseanee PP ol EO Ae Bo)" |beesoceue 96°10) | See eeoe ee 53400 | Socc eee 
GP) oH lsaSoos) Pococosos Vio, Beeee sear 2352 | EMER eee Gime Rese 95:6) lease ee 58275) | seen one 

Hold 5 
T 22 63 147 | 18.8 16.8 } 24.2 47.4 59 0 | 95.9 0 | 53.50 47.50 
5322 .e|beeaee BB) ||baasce IEG) \baaces Sse Sea aee Ol ass22|) eep2aO eee 49.75 
54e2 2o| eee e| ees lee sees Sibel |boeoae TOPO) | Basoor 0 |-.-2. 2]. 0) ee 43.00 
Oy es oes laaoaee LS a eee OF 2 | bea Pifoth lena 1. |Seuyee 1338/5 cae 50. 00 
Leas aoe 7 fal eee TSH eae 7be) ||saseae 625 eee PR) on see 52.75 
235s Go 74 | 18.5 18.5 | 23.2 32.4 42 56 | 97.6 76.7 | 53.75 52. 50 
T 24 64 77 | 18.6 18.4 | 22.9 34.7 73 67 | 96.1 TA Ib! BY 1S 51.75 
Ly ies asec 1025.5 Beoos| Soome ee emer. ‘Blois Woeeee Oe eB Se CM ye (eye EES a= 
i ees seas Sou Sere TEDW e eae 2016R ieee Wo eee 1254 eee 50. 00 
ree Soe 65 90 | 18.6 18.9 | 25.9 33.3 63 3 | 96.4 66.9 | 54.00 51.00 
yee eee (P+ he Seas 18:4: | ee 310) 44 oes SY fll beascn 10542 \- aan 51.00 
T 26 64 79 | 18.6 18.4 | 22.1 31.3 68 70 | 95.8 66.9 | 54.50 52.00 
GOERS eee (it) EsSe8dl Beceseees| Beeson 2S ssia5- GO)|eeeeer 62:45) 02 558s | Peeee eee 
oe 64 69 | 18.5 17.4 | 25.5 30.3 57 62 | 96.7 84.4 | 53.75 52. 50 
T 28 61 73 | 18.6 18.6 | 23.2 30. 2 67 71) 9527 69.8 | 53.50 52. 50 
Qin ollesadsc|lbacooeees 1} | Sceeeesee 24.4) | 5. es (OFF |locitabigose OT Nese seseee 54,00 |2 28 Bias 
(ye sual|eadoallaooonosas OKO! eee SSS 23:8) |. See 623) Fe. seek 95.4) |eascecen 5400 MSE Se ee 
(Bosse ulbostoc|sososces~ iS). | bossuasse 2054 |. eee (OY/ | baceaaoas CEO |heaooacs< 54,00):|22 5-62.52 

Hold 6 
6425535) sees 72s i fags sl BOs Ree a= AS eae 9281). eee 48.00 
H29% 63 122 | 18.7 18.3 | 20.9 43.4 57 0 | 96.3 0 | 53.50 49.50 
iesoealReosed 100)|-Saeee TR) eooe o- OPES eateoe O) Ss5e53 3338) |/Saesoee 51.25 
66s eS4| Czas 80) |. ee DEUS st ee Sis8) ee ose Pe anes Ss 16.90) = eee 51.50 
CF SA 8s8 EY (Naso Sols 49: Valet ee S278 Res see OVE (1245) 50.00 
T 30 61 87 | 18.7 18.1 | 20.7 30.8 56 23 | 95.4 69.8 | 53.50 51.25 
St 63 86 | 18.8 17.8 | 23.6 29.9 62 33 | 95.3 83.1 | 54.00 52. 25 
T 32 64 75 | 18.9 18.2 | 20.7 30.1 57 55 | 93.9 74.3 | 53.25 51.50 
T 33 63 68 | 18.5 1853 |) 2357 28.4 56 56 | 97.7 82.9 | 53.50 53.75 
of MeL (ees Pe eae 18.5 18.3 | 24.2 33.0 62 61 | 96.3 84.8 | 54.00 53.25 
AM Bh} 57 69 | 19.1 18.4 | 22.3 27.5 68 58 | 97.1 78.5 | 53.50 53.00 
682 soe | Se se oe Sassee ce UGS seissseiaS se 22359! es cece ISD) | een ale O45, 73 |sA cect toe 54:00) +2eeeaee 
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TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 

DISCHARGED. 

During the voyage the temperature of the corn in the various 
positions of stowage was recorded each day that the weather per- 
mitted. The location of the various thermometers and the changes 
in temperature at those positions are shown in figures 48 to 53, 
inclusive. The max- 
imum temperatures 
found in the corn as 
discharged were 146° 
F.in hold 2,141° F. 
in hold 3, 147° F. in 
hold 5, and 122° F. 
in hold 6. These 
were higher than 
the maximum tem- 
peratures at the 
time of loading by 
(9G; 75°. F., 82° 
Bejjand.58°; F.,  re- 
spectively. During 
the time that the 
corn was in the ves- 
sel a large propor- 
tion of it became 
hot, discolored, 
moldy, and _ badly 
damaged. The corn 
changed the most in 
condition and _ he- 
came badly damag- 
ed in the upper part 
of the holds. The 
temperature and 
degree of deteriora- 
tion, in a general 
way, decreased from 
the surface of the 
corn toward the bot- 
tom of theholds. It 
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CARGO No.6 
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EE CONDITION OF THE CORN AS LOADED 
GH CONDITION OFTHE CORNAS DISCHARGED 

Fic. 46.—Correlation of the temperature and condition of the corn as 

loaded and as discharged. (Cargo No. 6.) 

will be seen in the accompanying charts that the temperature of the 
corn reached 100° F. in the following number of days after sailing. 
Three days in hold 2, 44 days in hold 3, 8 days in hold 5, 16 days 
in hold 6. As has already been stated, the average length of time 
that the corn remained in the vessel was 39 days. 
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Hold 2 was entirely filled with corn, the upper part of which be- 

BALLAST _ TAN, 
[Ff = HOT CORN [._)=COOLCORN: 

“= NATURAL’ CORN: ° . 

|: NATURAL CORN 

remained practically 

The heavy shading represents heat-damaged corn as discharged. 

Fig. 47.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 

(Cargo No. 7.) 

came badly heat damaged while it was 
in the vessel. The corn in this hold as 
discharged ranged from 68 to 146 degrees 
in temperature, 14 to 18.9 per cent in 
moisture, 28 to 43 c. c. in acidity, 0 to 60 
per cent in germination, 0 to 88.7 per 
cent in sound kernels, and 47 to 53.5 
pounds in test weight per bushel. Asis 
shown in Table 33, sample 1, taken from 

near the surface, had a temperature 
when discharged of 146° F., tested 42.8 
c. c. in acidity, had no sound kernels, 
and none of the corn would germinate. 
As will be seen by the temperature rec- 
ord for thermomter 1, in figure 48, this 
thermometer was located near the sur- 
face. The corn in this position of stow- 
age increased in temperature very rapidly 
from the time it was loaded, on March 
27, until it was over 140° F., on April 
12, after which the increase became more 
gradual. The corn surrounding this 
thermometer was very badly damaged 
on arrival in Europe. Sample 2, which 
was taken from the corn about one- 
third of the distance down in the hold, 
had a temperature of 126° F., tested 
38.2 c. c. in acidity, germinated 1 per 
cent, and had 1 per cent of sound ker- 
nels. The temperature of the corn sur- 
rounding sample 2 gradually increased 
from the time that the corn was loaded 
until it was discharged, as is shown by 
the temperature record for thermometer 
2. Sample 4, taken two-thirds of the 
distance down in the corn, and sample 
7, taken from the bottom of the hold, 
had temperatures of 69° and 68° F., and 
tested 32 and 32.6 c. c. in acidity, 42 and 
60 per cent in germination, and 88.7 
and 84.5 per cent in sound kernels. 
The temperature of the corn two- 
thirds of the distance down in the hold 

stationary during the voyage, as will be 
seen by the records for thermometer 4, while the temperature of 



CARRYING QUALITIES OF EXPORT CORN. 73 

the corn at the bottom fluctuated somewhat, being influenced to 
some extent by the temperature of the sea water. 

Hold 3 was filled with corn to the second deck. The corn as dis- 
charged was badly heat damaged in the upper part of the hold and 
ranged from 65° to 141° F. in temperature, 27.6 to 47.7 c.c. in acid- 
ity, 0 to 65 per cent in germination, 0 to 91.8 per cent in sound 
kernels, and 47 to 53.8 in test weight per bushel. The corn in this 
hold at time of load- ee 
: APRIL 
ing had a tempera- 28 30 5 7 9 N13 16 17 19 21 23 25 27 29 

i , {iret a 

ture rangingfrom 56° = '*9 f moe Cee 
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F. by the time the ioe 146 428 180 1 
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. . rary -l26 382 16.7 

This is shown in the = ig Pa ig aoe 128 SS 
temperature record See ta 

40 4178 290 -82 310 168 5 
for thermometer 8, 

7O 293 172 6 

nome 49) Asmwillbe “ \7* 9° 
seen in Table 33, 
sample No. 8, which 
was taken from near 
the surface of the 
corn, tested 43.6 c. ¢. 
in acidity and none 
of the kernels would 
germinate. The corn 

at this position was Fig. 48.—Hold 2: Temperature records of electrical resistance ther- 

very moldy, sour, and mometers, location of the thermometers in the hold, and samples 

bad] y h eat d amaged secured at Belfast. Heavy shading represents heat-damaged corn. 

There was not much °“ 
change in the temperature of the corn located one-third of the dis- 
tance down in the hold in the first 10 or 12 days of the voyage, but 
from that time on it increased more rapidly until on April 24 it was 
118° F., asisshown by the record for thermometer 10. The corn sur- 
rounding this thermometer, as discharged, tested 34 c. c. in acidity 
and 34 per cent in germination. The temperature of the corn located 
two-thirds of the distance down in the hold increased only 9° F. 
during the time it was in the vessel, as is shown by the tempera- 
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ture record for thermometer 11. Sample No. 11, taken from the corn 
surrounding thermometer 11, had a temperature of 73° F. and tested 
31.7 c. c. in acidity, 65 per cent in germination, and 91.8 per cent in 
sound kernels. The temperature of the corn in the bottom of the hold 
varied somewhat with the sea-water temperature, as illustrated by the 
record for thermometer 19. Sample No. 19, taken from the corn at 
the bottom of the hold, had a temperature when discharged of 69° F., 

tested 30.8 c. c. in 
SPS 1 3 9 7 9 nS 18 17 18 21 23 28 27 acidity, 59 per cent 

140 in germination, and 
en ia 88.7 per cent in sound 
ue i kernels. 
S 30 Hold 5 was two- 
fe thirds filled with 
a 60 z corn, the top part of 
a | which became badly | 
so ! L heat damaged during 

the voyage. ‘The 
in eae ) RY s 

. 2 . . 

Oe corn in this hold, as 
a 2  & S z y 
248 5 : discharged, ranged 
Oi era x 
9 175 417 oa 8 from 69° to 147° EF. 

cor ap 22 temperature, 27.7 
is2 10 ©§©=—s- to 70. €. c. in acidity, 

48 187 S17 79 =4&T 0 to 71 per cent in 
77 15 germination, 0 to 84 
i77 20 per cent in sound 

kernels, and 43 to 
52.8 pounds in test 
weight per bushel. 
As will be seen by the 
temperature record 

s for thermometer 22 
ae | % in figure 12, the corn 

css tetas (os near the surface in- 

creased from 63° F. 
Fria. 49.—Hold 3: Temperature records of electrical resistance ther- ° 
mometers, location of the thermometers in the hold, and samples OU March 24 to 100 
secured at Belfast. Heavy shading represents heat-damaged corn. F. on April 8 and to 

eee . 147° Fon, Aprile ae 

As indicated in Table 33, sample No. 22, which represents the corn 
surrounding thermometer No. 22, contained no sound kernels or any 
kernels that would germinate, and tested 47.4 c. c. in acidity and 47.5 
pounds in weight per bushel. The corn located halfway down in the 
hold and at the bottom changed very little in temperature except near 
the outside walls and along the top of the shaft tunnel. Sample No. 24, 
taken from near the shifting boards halfway down in the corn, increased 

FORWARD 
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from 64 to 77° F. in temperature and when discharged tested 34.7 

ce. c. in acidity, 67 per cent in germination, 76.1 per cent in sound 
Sample No. 57, 

taken from near the side of the hole a little over halfway down in 
the corn on the port side, had a temperature of 125° F. and tested 
51.8 c. c. in acidity, 6 per cent in germination, and 5.5 per cent in 

sound kernels. The corn along the top of the shaft tunnel varied’ in 

kernels, and 51.75 pounds in weight per bushel. 

temperature during 
the voyage, while the 
temperature of the 
corn thesame height in 
the hold located half- 
way from the tunnel 
and theside of the boat, 
remained nearly the 
same throughout the 
voyage, as is shown by 
comparing the temper- 
ature records for ther- 
mometers 25 and 26. 

Table 34 shows that” 

the corn surrounding 
thermometer 25, which 
was located on theshaft 
tunnel, tested higher 
by 2 c.c.in acidity and 
lower by 67 per cent in 
germination than the 
corn surrounding ther- 
mometer 26, which was 
located at tunnel 
height but halfway be- 
tween the tunnel and 
the side of the hold. 
Four samples taken 
from hold 5 tested un- 
der 30 c. c. and nine 
samples tested over 30 
c. c. in acidity. 
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Fig. 50.—T1old 5: 

corn. 
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Temperature records of electrical resistance ther- 
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plessezured at Belfast. Tleavy shading represents heat-damaged 

(Cargo No. 7.) 

Tasie 34.—Lffect of the shaft-tunnel heat on the corn stowed next to the shaft tunnel in 
hold 5. 

8: ample | 
zy! Location of samples. 

PI ATOR CATES Gir an) be Somat ee 5 a ee 
26 | Tunnel height halfway out 

‘Temper- 
ature. 

°o I. 
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Per cent. 

70 

Pounds. 
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Fia. 51.—Temperature records of electrica! resistance thermometers, 

location of the thermometers in the hold,and samples se2ured at 
Belfast. Heavy shading represents heat-damaged corn. (Cargo No.7.) 
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Hold 6 was a little 
more than half filled 
withcorn. Theupper 
part of the corn be- 
came badly heat 
damaged. The corn 
in this hold as dis- 
charged ranged from 
68% bor 122.9 0K. gen 
temperature, 27.5 to 
43.4 c. c. in acidity, 
0 to 61 per cent In ger- 
mination, 0 to 84.8 
per cent in sound 
kernels, and 48 to 
53.8 pounds in test 
weight per bushel. 
The corn at the sur- 
face, where the heat 
could escape, had a 
temperature of 72° 
F. when discharged, 
as is shown by sam- 
ple No. 64 in fig- 
ure 51. The corn 
just under the sur- 
face gradually in- 
creased from 63° to 

122° F. durmg the a 1 3 5 
voyage, as is illus- HEHEHE 

a Pw" trated by the tem- *-){{[[(| Pes 
perature record for YE 
thermometer 29. Boece 

As is shown in Ta- LETT TT | 

ble 33, sample No. 
29, which repre- 
sents the corn sur- 
rounding thermom- 
eter No. 29, tested 
43.4 ¢c. c. In acidity, 
and 49.5 pounds in 
weight per bushel, 
and contained no 
sound kernels or any 

au 

HUGG SAMPLE No. 

Fig. 52.—Hold 6, showing effect of the heat from the propeller-shait 

kernels that would tunnels on the corn located against the tunnels. (Cargo No. 7.) 
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germinate. The 
corn located about 
6 feet from the bot- 
tom and halfway 
between the shaft 
tunnel and the 
side of the hold in- 
ereased 11° F. in 
temperature and 
tested 30.1 c. c. in 
acidity, 55 per cent 
in germination, 74.3 
per cent in sound 
kernels, and 51.5 
pounds in weight per 
bushel, as is shown 
by sample No. 32, 
while the corn be- 
tween the tunnels 
and near the bottom 
of the hold increased 
but 5° F. in temper- 
ature and tested 
28.4 c. c. in acidity, 
56 per cent in ger- 
mination, 82.9 per 
cent in sound ker- 
nels, and 653.75 
pounds in weight 
per bushel, as is 
shown by sample 
No. 33. 

PANGE IN THE TEMPERATURE OF THE CORNAS DISCHARGED-F. TEMPERATURE OF THE CORN AS LOADED: AVERAGE 62 Ly, RANGE 567067 °F. 125 70/49 

17 

CARGO No.7 

== CONDITION OF THE CORN AS LOADED 
(ME CONO/TION OF THE CORNAS DISCHARGEO 

Fic. 53.—Correlation of the temperature and condition of the corn as 

loaded and as discharged. (Cargo No. 7.) 

TaBLe 35.—E fect of the shaft-tunnel heat on the corn stowed next to the shaft tunnel in 
hold 6. 

a} ] 

Sample | c Temper- wae G i- | Sound Weight I Lidcat : ie Pp 5 termi oun 
No. | ocation of samples ature, |cidity-| nation. | kernels. bushel 

ps | Ine C. C. Per cent.) Per cent.) Pounds. 
30 | On unprotected part of shaft tunnel..... 87 30. 23 69.8 51.2 
81 | On plank-protected part of shaft tunnel. - 86. 29.9 33 83.1 62.2 

30 and 31 | On BUIAIE PIO Leet = arte) o a Se boa aiaia's 86 30.3 28 71.4 61.7 
82 Tunnel height, halfway out........-..... 75 30.1 55 74.3 51.5 

1A verage for samples Nos. 30 and 31. 
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“NATURAL CORN: 

_ NATURAL CORN .* | 

NATURAL CORN 3 *. 

cee = HOT CORN 
im =COOL CORN 

Fig. 54.—Diagram showing the arrangement of the steamship and the stowage of the corn in holds. 

- ‘WATURAL CORN: Be ae 

The heavy shading represents heat-damaged corn as discharged. 

(Cargo No. 8.) 

As will be seen in figure 52 and Table. 
35, the corn which was located on the 
unprotected part of the shaft tunnel 
was influenced more by the tunnel tem- 
perature and tested poorer when dis- 
charged than the corn which was located 
on the plank-protected part of the tun- 
nel. They also show that the corn in 
either of the two positions on the shaft 
tunnel varied considerably more in tem- 
perature and tested poorer than the corn 
located at tunnel height but halfway 
between the tunnel and the side of the 
hold. The temperature of the corn at 
tunnel height near the side of the hold 
varied with the sea temperature as is illus- 
trated by the temperature record for ther- 
mometer 35. 

Three samples taken from hold 6 when 
the corn was being discharged tested under 
30 c. c. and eight samples tested over 30 
c. c. im acidity. 

The correlation of temperature changes 
and changes in the condition of the corn 
is illustrated in figure 53. 

CARGO No. 8. 

Cargo No. 8 consisted of 258,092 bushels 
of natural corn. The corn was loaded 

from February 27 to March 1, 1912. The 
steamship sailed March 1 and arrived at 
Rotterdam, Holland, on March 20, where 
the corn was discharged from March 20 
to March 22. The length of the ocean 
voyage was 19 days; the maximum time 
that any of the corn was in the vessel 
was 23 days, and the average time was 21 
days. 

STOWAGE OF THE CORN. 

The steamship had five cargo holds. 
As is shown in figure 54, this shipment 
was a full cargo, each hold being entirely 

filled with corn. 



& CARRYING QUALITIES OF EXPORT CORN. 79 

CONDITION OF THE CORN AS LOADED. 

The corn in this cargo was natural corn, and its condition as loaded 
is shown in Tables 36 and 37. The averages for the various factors 
of the corn as loaded were as follows: Moisture content 20.1 per cent, 
acidity 17.6 c. c., germination 49 per cent, sound kernels 88 per cent, 
and test weight per bushel 52.7 pounds. The average temperature 
of the corn as loaded was 29° F. 

TaBLe 36.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 8, as loaded and as discharged, by holds. 

: 5 Weight 
Tempera- | Moisture sas Germina- Sound 

Hold. ture. content. | Acidity. tion. kernels. Dianel: 

Hold 1: age Per cent. Cac: Per cent. Per cent. | Pounds. 
ASHGadeds) 2e.25..... 05 25. 0- 32.0 19. 9-20. 3 17. 6-18. 5 45. 0-66. 0 85. 5-94. 1 152. 5 -54.0 

- 28 G@ischareed( 224.2... 32.2 PAVE) IIE sea dooosoe 17. 821.2 | 24.0-53.0 | 84.9-93.0 |51. 75-54. 0 
old 2: a 
AHORA CMe: eee sade 2 Soc 27. 0- 32.0 19. 9-20. 4 16. 8-18. 6 48. 0-57. 0 87. 0-88. 9 |52.0 -53. 5 

~ a discharged.........-..-- 29NO= 1520) |Pee me ce cee 18. 0-28.0} 10.4-40.0 | 838.6-91.1 51.2 -53.5 
old 3: ; 
Aslondedsced- Feo. kiecee 26. 0- 33.0:| 19. 8-20.5 17. 6-20.2 | 36.0-58.0 | 86.7-91.4 [51.5 -53.5 

= 2S discharged............-- ZOO =132> Of Beene shiva e 18. 2-38. 2 0-39. 0 2.0-91. 1 |46.5 -53. 5 
old 4: 

ASioaGgede 2. 5.5250. -.-2 520 26.0- 32.0} 19.5-20.3 |) 15.6-19.2 | 30.0-69.0| 85.5-94.1 |51.5 -53.5 
- ae discharged.....-...-..-- 2 O=14 550 BE ssc Ss2ee2 16. 6-50. 4 0-45.0|} | 0-95.4 |46.0 -53. 25 

old 5: , 
NGA Cd eeee- asses 5. ote 24. 0- 33.0 19. 5-20. 6 16. 6-18. 0 37. 0-65. 0 86. 9-91. 6 |52.5 —53. 2 
As discharged ...-.....:--.- 27.0— 84.0')...-- SES 18. 0-32. 0 4,0-52.0 | 58.1-91.0 |47.0 -53.5 

TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 

DISCHARGED. 

The temperatures of the corn in the various positions of stowage 
were recorded during the voyage each day that the weather per- 
mitted. The location of the various thermometers and the changes 
in the temperature at those positions are shown in figures 55 to 62, 
inclusive. It will be noted that at the time of loading the average 
temperature of the corn wasi very low (30° F.) and that the moisture 
content was dangerously high (20.1 per cent). However, the acidity 
was very low (17.6 ¢. c.), showing that the corn had previously under- 
gone very little deterioration. At the time of discharge it was found 
that the corn in holds 3 and 4 was damaged along the boiler-room and 
engine-room bulkheads and there was also a slight amount of damage 
along the shaft tunnel in the bottom of holds 4.and 5. The maximum 
temperatures found in the corn as discharged were 46° F. in hold 1, 
52° F. in hold 2, 132° F. in hold 3, 145° F. in hold 4, and 84° F. in 
hold 5. These were higher than the maximum temperatures at the 
time of loading by 14° F. in hold 1, 20° F. in hold 2, 109° F. in hold 3, 
123° F. in hold 4, and 54° F. in hold 5. 

There were no facilities for making moisture tests of the samples 
secured at the port of discharge, and consequently the moisture tests 
at the time of loading only are given in this report, 
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TABLE 37.—Condition of the corn in cargo No. 8 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 

[T 1, etc., represent samples in crossed-wire containers.] 

Temperature. | ture Acidity. Germination. |Sound kernels. 
bushel. content. 

£ ; ; ; ; 7 : : 5 F a aT 
Sample No. z ag 3 5 og g ad g rg g nied 

S ro & 3 3 S 8h e ro 60 3 S bp e resje) 
ic) cal ° ° = 3° a ° u is) S 
= a = oo 3 = 3S = ay = 
un A ce n n es n nc n ict a es 
< <q < < <9 4 <° < <0 <4 

Mois- 
Weight per 
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The corn in holds 1 and 2 changed but little during the voyage and 
was discharged in Europe in good condition. 

In hold 3 that part of the corn that was located next to the boiler- 
room bulkhead in the after part of the hold was hot and badly dam- 
aged at the time of discharge. In the damaged corn, as is shown in 
Table 38, the greatest heat and the most severe damage was found 
along the upper part of this bulkhead. The corn located along the 
lower part of this bulk- aa: 
head was not hot but 2829125 4 5'6 7 

wasslightlysour. The 
cornlocatedinthefor- “° 

ward part of the hold 
was discharged in a 
soundcondition. The 
temperature records 
during the voyage for 
the corn located next = 
to the upper, middle, 
and bottom portions 
of the boiler-room 
bulkhead, comparedto 
the temperature rec- 
ordsofthe corn located 
at the same heights 
but near the center of 
the hold, areshownin « 

figure 57. As will be 
seenfrom the tempera- 
ture records in figure _artl pana 
57, the temperature of a 
the corn located 
against theupper,mid- 
dle,and bottom parts 
of the bulkhead was 
very noticeably affect- : ; 

Fia. 55.—Hold 1: Temperature records of the electrical resistance 

ed by the heat from thermometers, location of the thermometers in the hold, and sam- 
the boilers. Table 38 ples secured at Rotterdam. Heavy shading represents heat- 

damaged corn. (Cargo No. 8.) 

(,) fe} 

TEMPERATURE °F 

N oO 

a o 

GERMINATION % 
TEMPERATURE 

3 7EMPERA TURE F 

ie} 
9 
x 
iS 
S) 
8 
x 
I. WSAMPLE Wo. ft LX) 

| 
Ny 0 hy 

of 

pb Gt — SAMPLE No. 

(oy) a a 

30 Us 

shows that the corn lo- 
cated against the upper part of the boiler-room bulkhead, at the time of 
discharge, had a temperature of 132° F., as against a temperature of 
32° F. for the corn located the same height in the hold but 15 feet 
distant from this bulkhead, and that the corn located against the 
bottom of the boiler-room bulkhead at the time of discharge, had a 
temperature of 53° F., as against a temperature of 39° I. for the corn 

95190°—19—Bull. 764——-6 
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at the bottom of the hold but located 30 feet distant from this bulk- 
head. This was a higher increase in temperature by 100°, 77°, and 
10° F., for the corn located against the upper, middle, and bottom 
parts of the boiler-room bulkhead, respectively, than the increase in 
temperature for the corn located at a corresponding depth in the hold 
but from 15 to 30 feet distant from this bulkhead, and clearly shows 
the effects of the boiler heat on corn having a high moisture con- 
tent when stowed in 
this position in the 
vessel. 

Hold4waslocated 
just aft of the engine 
room. The pro- 
peller-shaft tunnel 
was located along 
the bottom of the 
hold, and this tunnel 
also extended along 

- the bottom of hold 
5. The corn that 
was located next to 
the engine-room 
bulkhead in the for- 
ward part of the hold 
became hot and 
badly damaged dur- 
ing the voyage. 
The corn located 
against the shaft 
tunnel in the bottom 
of the hold at the 
time of discharge 
was heating, moldy, 
and slightly discol- 

ored, but: the re- Fig. 56.—Hold 2: Temperature records of electrical resistance ther- 
mainder of the corn marieters: location of pheltneumontetars.in the hold, and samples 
in the hold was dis- secured at Rotterdam, Heavy shading represents heat-damaged 

corn. (Cargo No. 8.) 

iM ° 

= ©@ SAMPLE No. 

charged in good con- 
dition. As is seen in figure 59, the damaged corn next to the engine- 
room bulkhead had the highest temperature at the upper part 
of the bulkhead and the temperature decreased toward the bot- 
tom of the hold, also toward the center of the hold. Thermometers 
29, 37, and 41, located next to the engine-room bulkhead near the 
surface, halfway down, and near the bottom of the hold, indicated 
a rapid increase in temperature from the first day that the corn was 
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in the hold. Thermometer 29, which was located opposite the 
a engine-room bulk- 

28291 2 3 4 5 6 7 8 9 (O12 13:14 15 16 17 18 19 2021 22 head, near thesurface 

eo | 7 [ i 5 of the corn, did not 
aK [ | ale show as high a tem- 

(00 [ z perature during the 
4 2° | ze ii voyage or at the time 
a4 the corn was dis- 
i - Eales ee iz | | charged as thermom- 
le ASSET || PAR encenarate het eter 37, which was lo- 

“0 ef {| i: cated next to the en- 
2s bel os ssc gine-room bulkhead 

¥ eget VOYAGE i halfway down in the 

5 : : g : Sie hold; this is account- 
pseu. eee ac ed for by the fact 

e § Bus & ee anne ro taal Ss SS 3 3 that thermometer 29 
7 7 262 6B ’ Ag ee eee, was inadvertently 

irene or pn orion cont 2° placed several feet 

23 39 182 28----- seo “fae ey oat 22 back from the bulk- 

oe | head. However, 
pecocta J----53 186 32 2% sample No. 30, which 

was taken from the 
corn the same height 
in the hold as sample 
No. 29, but in con- 
tact with the upper 
part of the engine- 
room bulkhead, 

Fig. 57.—Hold 3: Temperature records of electrical resistance ther- shows oe temperature 

mometers, location of the thermometers in the hold, and samples of 145 F, Table 39 

secured at Rotterdam. Heavy shading represents heat-damaged shows that the corn 

1 eee located next to the 
upper part of the engine-room bulkhead increased 113° F. in tempera- 

ture and 26.2 ¢. c. in 
FEB. ig MARCH. 

acidity, and decreased 2829 123 5 6 7 8 9 10 Il i213 14 15 16 17 18 19 20 2) 22 

7.5 pounds in test 9° 4 p : do 
weight per bushel, 30 , 

° . 70 al 
= y per cent in germina Ss : ae 

tion, and 87.5 percent 3 AY eh Seen s ? 550 iG sof . oO 

in sound kernels. §,, / VA 
66.0 : i / 

Thisisin contrastwith “ssess= ee 
an increase of only ed 

OCEAN VOYAGE 

1° F. in temperature 
. : Fig. 58.—Temperature records of the thermometer located fromthe 

and 0.6 c. c. m acid- surface to the bottom of the corn near thecenter of hold 3. . (Cargo 

ity, and a decrease of No.8.) 
only 0.25 pound in test weight per bushel, 20 per cent in germina- 
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tion and 0.8 per cent in sound kernels for the corn located the same 
height in the hold but 

FEB. Mi: E 
2329123456789 10 WP Ie 13 Me 15 16 17 18 19 20 21 22 12 feet distant from 

Seseal ; the bulkhead. The 
20) 

. 

| corn located against 

o las | | insets the engine-room bulk- 

cael | if | ~ head halfway down in 
ly 

. : 

Bao | the hold increased 83° 
= 70 ree : 
is | Sj F. in temperature 
aq 60 F : pret ; 5 .4- 2 

aa Za ng ega a 21.6 c. c. in acidity, 

40 [fa yt | 5 and decreased 6.5 

=9 SSS pounds in test weight 

"| ocean vorace (| per bushel, 48 per 

: 5 8 : : : 2 3 cent in germination, 

gees reaeees § § 2 and 86.4 per cent in 
ee oe acs ; ae 
By BN te a8 =ieyaRBORAD SS zoo 2s co SOU kernels. 18 
311 ‘504 140 - BT FP SARA Se See oan : 

B% 25 236 40----5 & qe Sie es oo a0, 1S I contrast with an 
3314 422 45-4—-~ 2S = 32) Mise) 25 s2 A 

Seo Me asennne: @ Fi 3 X mcrease of only if e 

(A)-FORWARD PART OF HOLD . 3 . 
EF . 

(B)AFTER PART OF HOLD j gS --- SVR Ay 0 37 . in temperature, 0.8 

se 3 402 «15-4 \-+---|- 30 188 25 38 3 2 Fc 

BOR Se {6 ego 10 « C. C. in acidity, anda 
46 35 188 Si-] gp Bp Se = 8° Fy-43 176 30 48 

ao te 196 seh” MAC) mec---] 29 166 s« «8s decrease of only 0.25 
39 2 396 (iG Nees SOO) 168 Si 4!) 

Beilin on ass ae “= 48_202 25 42 ound in test weight 

per bushel, 22 per cent 
in germination, and 
0.2 per cent in sound 

B20 een WE kernels for the corn 

op eg a located the same 
Se ee height in the hold 

but 12 feet distant 
Fic. 59.—Hold 4: Temperature records of electrical resistance ther- 

mometers, locavion of the thermometers in the hold, and samples from the bulkhead. 

secured at Rotterdam. Heavy shading represents heat-damaged '['h e corn locate d 

corn. (Cargo No. 8.) % 

against the lower part 

of the engine-room oa sa 
bulkhead was not 2829!2345 678 9 101! 1213 1415 16 17 1819 20 21 22 

heating, but the tests °° 
showed that it had x 
undergone more de- 
terioration in every 
factor than the corn 
in the lower part of 
the hold but 12 feet 
back from the bulk- 
he ad. The eff ect of Fic. 60.—Temperature records of the corn located from the surface to 

the bottom of the corn near the center of hold 4. (Cargo No. 8.) 

TEMPERATURE 

the engine-room heat 
on the corn located next to the shaft tunnel is described 
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in the discussion of 
the condition of the 
corn in hold 5. 

The corn in hold 5 
underwent very little 
deterioration and was 
discharged in good 
condition, excepting 
that portion of the 
corn that was stowed 
next to the propeller- 
shaft tunnel, along the 
bottom part of the 
hold, which was in a 
sour, moldy, and heat- 
ing condition. As is 
shown in figure 62, the 
corn located directly 
on top of the shaft 
tunnel began to in- 
crease in temperature 
as soon as the ship got 
in motion at the be- 
ginning of the voyage, 
and the temperature 
increased in a regular 
manner during the re- 
mainder of the voy- 
age, while the temper- 

| | | | | | 

TEMPERATURE °F 

FEB. = 
2829 1 2°3 4 56 67 8 

G' SAMPLE No. 

56 

87 

MARCH 
9 10 I 12 13 _ 14 16 16 17 18 19 20 21 22 

te GERMINATION Yo 

s2 
28 

f. ACIDITY C.C. G ° 

282 

180 
21.4 

& GAMPLE Wo 

@ OR 

&7 
6a, 

Fic. 61.—Hold 5: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and samples 
secured at Rotterdam. Heavy shading represents heat-damaged 

corn. 

MA *EB RCH 
ep28 ies 45 678 9 10 11 l2 15 14 15 16 17 18 19 2 

(Cargo No. 8.) 

0 2i 22 

TEMPERATURE ¥ 

oO 

29——— HH HH = 

2 % # 

= o a ) Fa £ 

Sore SOP Sadar 

ie ae Sine i! 
ys eae ie: a $s § 3 
5 ¢ < of ae 26 
68 652 180 27~ ‘eB 21 87 

204 “a 54 

Fic. 62.—Hold 5: Showing effect of the heat from the propeller-shaft 
tunnel on the corn located against the tunnel. 

4—— t f— SS 

OCEAN VOYAGE 

(Cargo No. 8.) 

ature of the corn 
stowed the same 
height in the hold, 
but halfway between 
the shaft tunnel and 
the sides of the 
hold, remained prac- 
tically stationary 
during the whole 
voyage. 

Table 40 shows 
that the corn located 
directly on top of 

the shaft tunnel 
increased 55° F. in 

temperature, 12.6 

ec. c. in acidity, 
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and decreased 4.5 pounds in test weight per bushel, 46 per cent in 
germination and 28.5 percent in sound kernels. This is in contrast 
with an average increase of only 2° F. in temperature and 1.5 c. ¢. 
in acidity, and a decrease of only 0.25 pound in test weight per bushel, 

CARGO No.8 
ACIDITY -C.€. 

SSS /7.6 
as Rate pees CaN 20.8 

520.3 

See im SI5.5 

a 5.7 
ao 38.5 | 

GERMINATION — %o 

RANGE IN THE TEMPERATURE OFTHE CORNAS DISCHARGED — FE 
EMPERATUARE OF THE CORN AS LOADED: AVERAGE 29 °F RANGE 24-T037 7 

ES = CONDITION OF THE CORNAS LOADED 

GB = CONDITION OF THE CORNAS DISCHARGED 

Fic. 63.—Correlation of the temperature and condition of the corn 

as loaded and as discharged. (Cargo No. 8.) 

15 per cent in germination, and 0.8 per cent in sound kernels for the 
corn located the same height in the hold but 10 feet distant from the 
shaft tunnel. 

The correlation of the temperature changes and the changes in 
condition of the corn is illustrated in figure 63. 
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CARGO No. 9. 

Cargo No.9 consisted of 268,682 bush- 
els of artificially dried corn. The corn 
was loaded April 11 to 15, 1912. The 
steamship sailed April 16 and arrived at 
Liverpool, England, on May 2, where the 
corn was discharged from May 3 to May 
10. The length of the ocean voyage was 
17 days. Themaximum time any of the 
corn was in the vessel was 30 days, and 
the average time was 24 days. 

STOWAGE OF THE CORN. 

The steamship had seven cargo holds 
and, as is shown in figure 64, each hold 
was entirely filled with corn. Hold 6 had 
20,000 bushels of wheat stowed in the 

lower part of the hold, the upper portion 
of the hold being filled with corn. Hold 
4 was located just forward of the boiler 
room and hold 5 was located just aft of 
the engine room. The propeller-shaft 
tunnel extended along the bottom of 
holds 5, 6, and 7. 

* PRIED CORN ~ ‘|. pri 

DRIED CORN 

Fic. 64.—Diagram showing the arrangement of the steamship and the stowage of the cornin holds, The heavy shading represents heat-damaged corn as discharged. 

(Cargo No. 9.) 

CONDITION OF THE CORN AS LOADED. 

All of the-corn in this cargo had been 
artificially dried before loading. The 
condition of the corn as loaded is shown 
in Tables 41 and 42. The averages for 
the various factors of the corn as loaded 
were as follows: Moisture content 17 per 
cent, acidity 19.9 c. c¢., germination 37 
per cent, sound kernels 91 per cent, test 
weight per bushel 53 pounds. The aver- 
age temperature of the corn as loaded 
was 51° F. It will be noted from the 
tables and charts that although the aver- 
age moisture content at the time of 
loading was relatively low, it still was 
not low enough to insure the carrying of 
the corn safely in all parts of the vessel. 
In this connection it will be recalled that 

this shipment was made during the spring months of April and May. 

MOLD § 0 FUL DRIED COPN 3 

HOT CORN [[227}= COOL CORN 
FHIOLD 6 

|. BULK coRw 
" 

a 

HOLD 7 
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TaBLE 41.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 9, as loaded and as discharged, by holds. 

Tempera- | Moisture one Germina- Sound Weight 
Holds. ; ture. content. | Acidity: tion. kernels. | per bushel. 

_ Hold 1: Bel Per cent. c.C. Per cent. Per cent. Pounds. 
PRMOAded na caca set ace ces 43.0- 49.0 16.5-17.7 18. 6-21.4 | 30.0-34.0 88. 6-92.5 | 52. 50-53. 25 

= _ @ischarsed/ 4. = 225-5068 ZS GUM Benes Sesencs 19.0-22.8 | 21.0-31.0 63. 5-92.7 | 52. 00-53. 50 
old 2: 

TAS UGG 16 Le a 49.0- 50.0 | 16.6-17.5 | 17.2-23.2 | 16.0-47.0 | 85.4-93.2 | 52.25-53.75 
ae discharged...........-- 49.0- 61.0 |.-..-2.2222- 18.0-20.6 | 14.0-49.0 94. 6-92.4 | 52.75-53.75 

Hold 3: 
PosmOnded 22/2 es ee aoe 47.0— 59.0} 17.1-17.9 | 17.9-26.6 | 25.0-45.0 | 85.9-94.9 | 51.50-54.00 
a discharged........-....- 46. 0-122.0 |.--..--..-2- 19. 8-40. 0 0-38. 0 40.0-93.7 | 47. 00-54. 25 

Hold 4: 
LQ lita el ee ee 47.0— 62.0 | 16.0-17.4 17. 0-22.4 16. 0-45. 0 89.1-94.7 | 52.00-53.50 
7S discharged ea gate! hte 54. 0-140.0 |------2.2--- 19.4-35.8 0-45. 0 0-94.0 | 48. 25-54. 25 

Hold : 
re loaded Be COeE St ee ese 48.0- 59.0 | 16.4-17.1 | 17.0-21.6] 33.0-48.0} 89.3-94.3 | 52.50-54.00 
oo @ischareed 2: 3\cciss22 ASSO=121.10) |e cece ecocs 17. 0-32. 8 0-44. 0 4. 3-93.2 | 49. 25-54.00 

Hold 6: 
Pawinadediss: . 2 25 ncSlk 46.0-— 59.0} 16.8-17.0 | 20.421.4 | 35.0-43.0 | 87.1-89.2 | 52. 00-54. 00 
As discharged..........-.- 52.0— 56.0 |---------- =. 20.2-26.8 | 10.0-43.0 | 70.6-89.6 | 50. 00-54. 25 

Hold 7: 
ENS" evs (ote Pe 43.0- 55.0 | 16.9-17.7 | 17.4-21.2 | 24.0-43.0 | 90.7-93.2 | 53.50-54.50 
As discharged.......-..<-- 4520-2 ONO ee cmos: cents 19. 6-26.0 | 29.0-45.0 | 90.8-93.6 | 53. 25-54. 25 

TEMPERATURE CHANGES APRIL 

DURING THE VOYAGE AND 

CONDITION OF THE CORN ,, ai SuEEBEERTEEE 
AS DISCHARGED. 

a 

During the voyage, * He Soaaanues 
the corn in this tree cate ee 

became badly damaged 8 ee 
next to the upper part Bets 4 
of the bulkheads sepa- 9 Sas § 
rating the corn from the eed oe 
boiler and engine rooms, Beye : 
also.in the “‘feeder”’ at 
the upper parts of holds 206 si 
3 and 4, and, to a small 
extent, in the after part 
of hold 3 and along the 
shaft tunnel in the bot- 
tom of holds 5, 6, and 7. 
The balance of the corn 
in the cargo was deliv- 
ered in Europe in good 

48 : ia. 65.—Hold 1: Temperature records of the electrical resistance 

condition. The maxi- thermometers, location of the thermometers in the hold, and 

mum tem per atures samples secured at Liverpool, Heavy shading represents heat- 

found in the corn as dis- damaged corn. (Cargo No. 9.) 

charged were 57° F. in hold 1, 61° F. in hold 2, 122° F. in hold 3, 
140° F. in hold 4, 121° F. in hold 5, 56° F. in hold 6, and 61° F. in 
hold 7. There were no facilities for making moisture tests for the 
samples secured at the port of discharge, and the moisture tests of the 
samples secured at the time of loading only are given for this cargo. 
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TasLE 42.—Showing the condition of the dried corn in cargo No. 9 at the time of loading 
and the change in condition while the corn was in the vessel—samples taken in order in 
the holds from top to bottom. 

[T i, etc., represent samples in cross-wire containers.] 

Temperature. Mels Acidity. Germination. |Sound kernels. Westie eh 
con- 

Sample No. || _ tent 
aan ak A As joad-| As dis. | load- |, 505 | As dis- | 1655 | As dis: |,oaq.| Asdis-| As | As dis. 

aL charged. ‘ arin charged. in charged. Gl. charged.| loaded. | charged. 

Oa ECE ORG ae IP, Gil) JP. Gis NIPs@e|) 125 Gi Lbs. Lbs. 
57 17.7 | 21.4 22.8 34 21 | 88.6 63.5 53. 25 52.00 
55 17.5 | 18.6 19.0 31 23 | 92.5 92.7 53. 00 53. 50 
44 16.5 | 21.0 19.4 31 29 | 92.5 92.4 52. 50 52. 50 
46 16.5 | 20.2 20.4 30 31 | 89.0 88.9 52. 50 52. 00 

61 16.6 | 20.6 19.4 16 | — 14 | 88.5 87.8 53. 25 53. 25 
53 17.1 | 21.4 20.6 40 49 | 85.4 84.6 52.25 53. 00 
53 Wi 30| 2oe2 18.2 40 31 | 89.6 92.1 53. 00 53.75 
49 W/o) Me 2 20.2 47 40 | 93.2 92.4 52.75 52.75 
54 17.0 | 19.2 18.0 42 32 | 91.5 92.1 53.75 53. 00 

7 Wes O: ff We 23.0 25 0 | 88.2 54.0 52. 50 51. 50 
NO O2|Ssbeccaleaesos 28.4 |..-..- WAS os Scr GIRO) acceso 50. 50 
61 oy lp2252 22.0 44 22 | 86.8 86.6 52.75 52. 25 
59 17.6 | 26.6 24.2 32 21 | 85.9 83.9 51. 50 54. 25 
48 17.7 | 19.0 19.8 45 21 | 92.2 92.2 54. 00 52. 50 
47 17.5 | 20.2 21.0 45 34 | 94.5 91.7 53.00 53.00 
by I te |) Allo} 20.8 34 36 | 88.4 92.3 52. 50 52. 25 
50 17.1 | 21.8 31.0 38 38 | 92.1 69.1 52. 50 49.00 
PP leseeeeue loess 40.0 |...--- Shleaecee AOEONe Sc cescs 47.00 
46 17.2 | 19.6 21.8 33 28 | 94.9 93.7 53.00 53. 50 

135 17.0 | 19.0 33.6 34 0 | 89.1 15.7 53. 00 50. 25 
139 17.0 | 19.0 28. 4 45 0 | 92.1 52. 25 49. 50 
MOD pi Melee io Race | a Vigo Md os Ses PAW cents & 36.8) '|5-pee eee 49.25 

Eye Mes 17.0 | 18.6 30. 2 41 2 | 92.0 44.9 5,600) |lsosscnss- 
TAO Bebe lees ore 74dKts) |e oooc OMS 22 BS SON ep eee es 48.75 
O2e i weseces \eeeseretse PAE lcscosc Sy sacoc Oe ea eee 53.75 

1334 eel loepens Gln) |lccance Oslesseee OV SS ase 48.25 
54 17.3 | 20.0 20.8 38 26 | 94.7 94.0 52. 50 54. 25 
60 16.2 | 18.2 22.8 28 15 | 94.2 94.0 53.00 53. 00 
70 17.2 | 18.0 22.6 45 18 | 93.1 93.7 52. 00 53. 00 
69 17.4 | 22.4 22.2 16 10 | 90.7 90. 5 53. 25 52. 00 
Gis epee [ears Pils |lscoses PA Gee a 84.4 ect eee 52. 50 
58 16.2 | 17.0 20.8 43 42 | 92.9 91.2 52: 25 53.25 
57 16.0 | 18.6 19.4 20 45 | 93.8 94.0 52. 50 52.75 
62 16.5 | 20.6 PAL 43 36 | 93.7 92.7 52. 00 52.75 

112 17.1 | 21.6 31.0 48 4 | 90.6 46.7 54. 00 51.75 
D1 eee lsoaaae BYTES lIsooace AN oso. SOP eGo sree 48.25 
Bi eee eae Meds |Loacee Sadly ode 80024 | i See 51.75 

IO) || Soe a eee DB |lacosse ON eee AC 30 | Reeneeee 51. 25 
52 16.8 | 17.0 18.6 36 41 | 92.3 93.2 53.25 54. 00 
50 16.5 | 18.8 17.0 46 38 | 90.2 88.5 54. 00 53.00 
54 17.0 | 19.4 22.0 33 35 | 93.8 90. 9 53. 25 §3. 50 
95 16.9 | 20.6 22.2 39 28 | 89.3 88.6 53. 00 51. 00 
72 17.0 | 19.8 22.6 33 19 | 89.4 86.9 52. 50 51.25 
71 16.4 | 18.2 27.6 36 3 | 92.6 53.6 54. 00 50. 00 
48 17.0 | 18.4 19.4 38 44 | 92.7 92.6 53. 50 54. 00 
75 16.5 | 19.0 21.6 35 28 | 94.3 91.0 53.00 52. 50 

56 16.9 | 21.4 26.8 35 10 | 87.1 70.6 52. 00 50. 50 
56 16.8 | 20.4 21.0 38 40 | 88.8 88.9 53. 50 54. 25 
52 17.0 | 21.0 20.2 43 43 | 89.2 89.6 54. 00 §2. 50 

60 16.9 | 18.2 19.6 36 45 | 93.2 91.7 54. 50 54. 25 
55 Ul, f-\\ PAN, 26.0 24 29 | 90.7 90.8 53. 50 54. 25 
45 17.6 | 18.8 21.2 30 37 | 92.5 93.6 54. 50 53.75 

es ene sO) WHE Waeksnssse Oli lerersiocs =| SOL SOue aes 545508 See eee 
61 16.9 | 17.4 23.6 43 2 || GPO |leccsoseos 54. 00 53. 25 

1 This sample was principally dirt and broken corn, evidently a representative sample of only a few 
bushels. 
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The corn in holds 
1 and 2 showed prac- 
tically no change 
during the voyage 
and was discharged 
in sound condition. 
The temperature rec- 
ordsfor the thermom- 
eters located in the 
various positions in 
these holds are illus- 
trated in figures 65 
and 66. 

Hold 3 had one 
cargo hold between 
it and the boiler 
room, and, although 
the corn had been 
artificially dried be- 
fore loading and there 
was no opportunity 
for the heat from the 
boiler to penetrate 

APRIL 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 282930 | 

APRIL 
l2_'S 1& 15 16°17 18 19 20 21 22 23 24 25 26 27 2829 30 1 

maarees 
MAY 
2345 6 

oO 
TEMPERATURE °F. 

+ a o 

ic} NES at) Lee 
: He 

& ss 
° s S = 3 2 S $ 3 
° ry w ~ 

Sages phi tian 
Se NIOES SUE 
= = Q Q x oO 
x q 8 3 19% Ih 5 
By x a 
6 49 206 53 182 31 7 

20.2. 40 8 

18.0 se 9 

Fic. 66.—Hold 2: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and samples 
secured at Liverpool. Heavy shading represents heat-damaged 

corn. (Cargo No. 9.) 

this hold, still some 
2 6 

"4s of the corn became 

will be noted from 

€ $8 ¢ $ 
s&s = 
Edad iih od 

x = 

a 
16 2) 198 48----4==-=== 

16 36 208 87--——-}----_— 

o g 3 

: Bee seeecca ss hot and damaged dur- 
é ge oceoes Seacee ing the voyage. It 
= 

Table 42 that some of 
the samples secured 
at the time of loading 
tested the highest in 

SSS S= 61 22.0 22 12 nap 

a ey Slomnom ioe acidity (26.6 Cc. cs) of 
“15 

any samples in the 
cargo that were se- 
cured at that time, 
showing that at least 
some of the corn in 
this hold had under- 

Fic. 67.—Hold 3: 

secured at Liverpool. 

corn. (Cargo No. 9.) 

gone considerable de- 
terioration before it 

was loaded into the 

hold and was in a dan- 

Temperature records of electrical resistance ther- 2{CTOUS condition for 

mometers, location of the thermometers in the hold, and samples 

Heavy shading represents heat-damaged 
export, with an aver- 
age moisture content 
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of over 17 per cent when shipped during Apriland May. The damaged 
corn was found in the after part of the hold near the shifting boards 
about halfway down in the hold, also in the feeder which extended 
down one deck from the top of the corn under the hatchway. This 
is illustrated in figure 67. 

Hold 4 was located just forward of the boiler room. The corn 
located next to the boiler-room bulkhead became badly heat damaged 
during the voyage, the greatest heat and the most severe damage 

aim uae bemg found at the 
12 13 % 15 16 17 18 19 20 2! 22 23 24 25 26 27282930! 234 & 6 surface of the corn. 

There were no ther- 
mometers located im- 
mediately against the 
boiler-room bulkhead, 
but thermometer 21, 

located even with the 
top of the boiler room 
halfway back in the 
hold registered a rapid 

: increase in tempera- 
. ture from the begin- 
3 ning of the voyage. 
% There was a small air 

conovormecomm Space under the deck 
| Smee ee, and above thercorn, 

a6 2 * extending from the 
a2 se ™ feeder in the forward 

part of the hold to the 
upper part of the 
boiler-room bulkhead, 

and, as soon as full 
steam was gotten up 
in the boilers at the 

beginning of the voy- 
Fic. 68.—Hold 4: Temperature records of electrical resistance ther- age, the heat gene- 
mometers, location of the thermometers in the hold, and samples 3 F 

secured at Liverpool. Heavy shading represents heat-damaged rated in. the boiler 

aris ERS See room penetrated the 

bulkhead ana was transmitted to the corn, where fermentation was 

started and accelerated until the temperature of the corn at this posi- 

tion of stowage ‘had increased from slightly under 50° F. at the be- 

ginning of the voyage on April 16, to over 140° F. April 29, an increase 

of over 90° F. in temperature in 13 days, as is shown in figure 68. 

The condition of the corn in the various positions of stowage in the 

hold as loaded and as discharged is given in Table 42. 

Wy 

TEMPERATUR: 

ACIDITY C.C. 

on GERMINATION % 
20 

an ao q AUIDITY C.C. ono 

27 26 208 

29 Is 226 

32 42 208 
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Hold 5 was located just aft of the engine room. The corn located 
next to the engine-room bulkhead became hot and badly damaged 
during the voyage. As is usual, the greatest heat and the most 
severe damage were found next to the upper part of the engine-room 
bulkhead and less heat and less damage the further the distance 
back from this bulkhead, and also toward the bottom of the hold. 

The corn in the remainder of the hold, except that located next to 
the propeller shaft tunnel, changed very little and was discharged 
in good condition. 
The corn located next 

APRIL 2 MAY 
12_8 1% 1S 16 17 18 19 2021 22 23 34 25 26 27.28.2930 | 3 

to the engine-room gx.] | 
bulkhead, about 9 254] LA 

feet under the sur- Boh Ga 
face of the corn, at &°FFRF =02 
the time of discharge Hacnaee 
had a temperature of Bees 8 CE 

PPM tested 32'c. 2 — * & gy 
ce. in acidity, 4 per : 5 : f 3 
cent in germination, 49 se 0 si- = 3 
and 49.25 pounds in * “ "© & oe 
test weight per ,, LR PSS Be 

bushel, while the com “ 2 3% ‘% Boise 
located the same | coun ocom m: 
height in the hold but 3 @7™" "rer 
about 20 feet distant ES 
from the bulkhead, 27-88} = 
had a temperature of 
only 52° F., tested 
18.6 c. c. im acidity, 
41 per cent in germi- ; 

Fic. 69.—Hold 5: Temperature records of electrical resistance ther- 

nation, 93.2 per cent mometers, location of the thermometersin the hold, and samples 

in sound kernels and ‘secured at Liverpool. Heavy shading represents heat-damaged 
5 corn. (Cargo No. 9.) 

54 pounds test weight 
per bushel. This is shown by the analysis records for samples Nos. 
36 and 39, in Table 42. It will be noted from this table that the 

corn which was in the center and after part of the hold was dis- 
charged in Europe in practically the same condition that it was in 
when it was loaded into the vessel. The location of the sound and 
damaged corn in this hold as discharged is illustrated in figure 69. 

The corn in holds 6 and 7, like that in holds 1 and 2, and in the 
middle of the after part of hold 5, was discharged in Hurope in prac- 
tically the same condition that it was in at the time of loading into 
the vessel, except that a small amount of the corn located along the 
shaft tunnel in the bottom of the three after holds was somewhat 
musty and sour. The temperature records for the corn in the various 
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APRIL 
f2 43 1415 16 17 18 19 20 21 22 Gears positions of stowage 

in holds 6 and 7 are 
illustrated in figures 
70 and 71. 

The correlation of 
the temperature 
changes and the 
changes in the condi- 
tion of the corn is il- 
lustrated in figure 72. 

I tc) 

TEMPERATURE °F. § 8 8 

3 G GERMINATION % © O ACIDITY GC. ob & RSAMPLE No. 

20.2 & é 

SUMMARY. 

The results of these 

investigations may be 
summarized in very 
few words: 

(1) If the corn was 

dry and in a sound 
condition when 

shipped, it arrived, in 
Fig. 70.—Hold 6: Temperature records of electrical resistance ther- r : : 
mometers, location of the thermometers in the hold, and samples Kurope in ; e like 

secured at Liverpool. Heavy shading represents heat-damaged sound condition, Tre= 

Rar es Salam gardless of the posi- 

tion in which it was APRIL MAY 
2.8 4 15 16 17:18 © 202) 22 23 24 25 26 27 282930 1 234 5 6 

stowed, the time of tts weed, 2 
year in which it was ;, Lop = poeaeeeeee Sen Seeeeeuae 
shipped, or the length Beene Py a Zee Sa al 

of the ocean voyage. 84S peopel patel Sp 
(2) But the higher 

the percentage of 
moisture in the corn 
when shipped, the 
greater was the danger 
of spoilage during the 
voyage. 

(3) Various contrib- 

uting causes worked 
with the moisture 
in causing spoilage. 
A combination of 
two or more contrib- oe Se are online 
uting causes result- “51 eee 

1 ed in much greater 
: Fic. 71.—Hold 7: Temperature records of electrical resistance ther- 

spo il ag e€ 5 t h an one mometers, location of the thermometers in the hcld, and samples 

contributin g cause secured at Liverpool. Heavy shading represents heat-damaged 
Alone corn. (Cargo No. 9.) 

TEMPERATURE °F 

& TEMPERATURE & © © ACIDITY Gc. 

3  GGERMINATION % 

& SAMPLE No. 

260 o) oa 

45 21.2 37 S52 

6! 256 27 So 
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These conclusions may be verified by a study of Table 43, which 
is practically a sum- - 
mary of the entire 
investigation. 

It may reasonably 
be expected, in other 
export shipments, if 
the quality and condi- 
tion of the corn and 
the shipping condi- 
tions are similar to 
those found in the 
ninecargoesdescribed, 
that the quality and 
condition of the corn 
on arrival at Euro- 
pean ports will be the 
same as in those car- 
goes. 

As the qualy, 
condition, and tem- 
perature of corn to 
be exported can be 
determined before it 
is delivered on board 
the vessel, and as 

the season the 
year during which 
shipment is to be 
made, the place of 
stowage, andthe prob- = = CONDITION OF THE CORN AS LOADED 

GH = CONDITION OF THE CORN AS DISCHARGED 

o 
CARGO No.9 

ACG lias CaS. 

F. RAN GE #3 T0 62 ° 

AVERAGE29 

re 
{ 5 

q 
© 

2 
x 
18) 

ae 
Q 
Y) 
t 
2 
vs 
Q 
O 

= 
& 
Q 

Wy 

5 
kK 

c 
a 
3 = 
z 
WN 

3 
Wy % 
2 
q. 

(TEMPERATURE OF THE CORN AS LOADED 

able length of voyage 
are known or can be Fie. 72.Correlation of the temperature and condition of the corn 

. . as loaded and as discharged. (Cargo No. 9. 
ascertained, an esti- ged. (Cargo No. 9.) 

mate of the condition of the corn on arrival can be made in advance, 

95190°—19—Bull. 764 —7 
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RELATION OF ROOT-ROT TO THE CROPPING SYSTEM IN 
PRACTICAL TOBACCO CULTURE. 

In the systems of tobacco culture prevailing in the United States 
there are two outstanding extremes in the management of the land. 
In one case tobacco is grown on the same soil year after year for 
indefinite periods, while in the other there is a rotation of crops in 
which only one or two crops of tobacco are grown on the land in a 
period of 8 to 10 years. The continuous-culture system is character- 
istic of the cigar-tobacco section of New England and to a con- 
siderable extent of Wisconsin and Ohio, while on the tobacco lands 
of Pennsylvania the systematic rotation of crops is the rule. In 
the southern tobacco-growing sections generally there is consider- 
able variation in farm practice in this particular, but in most dis- 
tricts it is seldom that the system of continuous tobacco culture is 
attempted. The practice of growing only one or two crops of tobacco 
on the land and then allowing a period of 6 to 10 years to elapse be- 
fore cropping to tobacco again is especially characteristic of the 
Burley section of Kentucky and the adjoining States. 

These radically different practices have not developed without 
good reason on the part of the growers, and the cause is a matter 

96766°—19—Bull. 765 
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which will be briefly considered at this time. In the Connecticut 
Valley tobacco growers have less area to exploit, and although the 
land is not naturally fertile heavy applications of commercial fer- 
tilizers are used with profit. Under the conditions there experience 
has shown that it is possible to grow tobacco commercially with more 
or less success by the continuous-culture system. In the Burley dis- 
trict there is as a rule no dearth of tobacco land and the soil is natu- 
rally quite fertile, so that practically no commercial fertilizers are 
used. Here experience has shown that tobacco can not be success- 
fully grown on the same soil for more than two years in succession, 
although other crops following tobacco will grow very satisfactorily. 
Briefly, the accepted explanation for half a century has been that to- 
bacco is very hard on the soil, in that it removes great quantities of 
plant food, and some growers have thought that the supply of cer- 
tain kinds of this food which are essential for tobacco but not for 
other crops becomes exhausted, at least temporarily. In Connecticut, 
then, enormous applications of fertilizer have been resorted to in 
order to maintain production, while in the Burley district the soil 
which has grown tobacco for one or two years is given a 5 to 10 year 
“rest,” usually in sod, to remedy the condition of “ exhaustion.” 

The purpose of this bulletin is to show the incorrectness of the 

commonly accepted explanations, especially as applied to the Burley 
section. The cigar-tobacco sections have made equally incorrect in- 
terpretations of the special requirements of the tobacco crop, and the 
attempt has been made to maintain production by heavy applications 
of fertilizer rather than by crop rotation. Owing to the variety of 
tobacco grown, it will be shown that the Burley grower is at once 

forced to change his land, whereas, on the other hand, the cigar- 
tobacco grower, using other varieties, has been able to keep up con- 

tinuous cropping with considerable success. It is now known that 
there is a root disease which has been an important factor in deter- 
mining cropping methods used in tobacco culture. 

DESCRIPTION OF ROOT-ROT. 

In some sections many tobacco growers have become more or less 
acquainted with the disease of tobacco known as root-rot and realize 
its importance as related to crop production. Unfortunately, how- 
ever, a great many growers are entirely unaware of the occurrence of 
the disease, even though it be the cause of a total failure of the 
tobacco crop on their soils. The primary reason for this is at once 
evident. Though growers as a rule are very keen in observing small 
diseased areas on the stems and leaves of plants, they rarely exam- 
ine with care the roots, which are hidden in the soil. Many growers 
gain their first acquaintance with the root-rot while pulling plants 
from the seed beds. In some districts most tobacco growers, per- 
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haps, have noticed in certain years or on some plants roots which are 
not only small in size and number but which are decayed and brown 
or black, instead of having normally abundant roots of pure-white 
color. No great attention is given to this, since it is known that such 
plants when set in the field send out new roots and may appear to 
start out almost as well as healthy plants. Nevertheiess, this condi- 
tion is frequently the source of future difficulties. The plants may 
or may not recover from this trouble, depending on a number of 
environmental factors. Fortunately, plants so affected often do not 
make a sufficiently vigorous growth in the beds to permit transplant- 
ing; hence they save some discouragement later. In passing, then, it 
may be said that the root dieenee. is one of the common. causes of 
plants turning yellow and failing to grow properly in the beds. 

It has been found that the amount of damage done by the root 
disease is largely dependent upon the temperature of the soil, which 
is, of course, controlled largely by the temperature of the air. Low 

temperatures (60° to 75° F.) favor root-rot, while high soil tem- 
peratures (80° to 100° F.) practically prevent the disease from de- 
veloping. Therefore, if the season is relatively warm, diseased plants 

may partially or wholly recover. However, all growing seasons have 
periods, sometimes extending over most of the season, when the 
weather is cool. Recovery then does not occur or is very slow. The 
plants refuse to grow, or make little headway as compared with 
neighboring fields on ground free from disease, and the crop pros- 
pects are much reduced. Frequently, however, after long cool 
periods a week or two of very warm weather starts the crop into a 
very rapid growth if sufficient moisture is present or if plenty of 
rainfall occurs. 

A common occurrence, even in the Burley district, where a rota- 

tion system is practiced, is the transplanting of ineall ary (or diseased ) 
plants into soils which already harbor the root trouble. These soils 
we will hereafter cail “sick” soils. The result so far as crop pro- 

duction is concerned will depend largely on seasonal conditions, espe- 
cially as to soil temperature, as previously described. A crop may or 
may not be produced. The situation as a whole, however, is much 
more serious, since this is by far the most common way in which the 
disease starts, and all the plants become involved. For all practical 
purposes it is safe to say that in the Burley district substantially all 

fields which have grown two or more crops of tobacco (and often 
those growing only one crop) are more or less “tobacco sick.” This 
disease does not attack grains, corn, or hemp, and, in fact, affects no 
other agricultural crop except certain legumes, ieee sick tobacco 

soils being capable of growing such crops in a Raneractory manner 
80 far as root-rot is concerned. 
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The symptom of this disease is, then, a decay of the root system, 
resulting in a stunting of the plants, roughly proportional to the ex- 
tent of th e decay in the roots. The effect of the disease on the root 
system and the growth of the plant is shown in figure 1. Very fre- 
quently the plants make no growth during the season, on account of 
this disease. Curiously enough, root-rot rarely kills the plants in the 
field. Aside from becoming stunted and yellow, they may show wilt- 

Fig. 1.—Plants of Burley tobacco grown on “‘ tobacco-sick ’’ soil (A) and in soil free from 

disease (B), showing the relative number of roots. These plants were grown under 

identical conditions, except that the soil in which plant B was grown was Sterilized, so 

as to kill the parasites causing the disease. , 

ing, even in very moist soils, on days when tobacco in healthy soil 

and other crops show no wilting. The depleted root system is not 
able to take up water as fast as the leaves lose it, causing temporary 
wilting. It is not, however, a typical wilt disease, since the leaves 
do not remain wilted. Crops with root-rot suffer from “ drought,” 
therefore, very much more quickly than healthy crops. 

The importance of this disease is shown by the fact that careful 
observations over a considerable part of the tobacco-growing sections 
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of the United States in recent years have shown that the damage 
annually runs into millions of dollars. The loss in Kentucky alone 
must easily exceed on the average $2,000,000 yearly. 

CAUSE OF THE DISEASE. 
e 

The root-rot is caused by a fungus which lives as a parasite on the 
roots of the plant. This organism, or germ, although so small that 
it can not be seen except with a high-power miscroscope, is still a 
very large organism as compared with other parasites which pro- 
duce well-known diseases in plants and animals. This organism is 
called Thielavia basicola, and technically this disease should be called 
the Thielavia root-rot, since there are many other organisms which 
cause root diseases in other plants.. This fungus can grow into the 
roots of the tobacco plant and feed on its tissues, which results in 
their decay. Moreover, it can live on dead organic material in the 
soul, though not as readily, and in the absence of the tobacco plant 
from the soil it gradually dies out, though this may require from 5 to 
1Q years or more. The exact time has not yet been determined, but 
it probably varies somewhat with different types of soil. The disease 
spreads very much in the same way as other diseases of plants and 
animals. It is sometimes very difficult to account for the first infec- 
tion by the fungus. The most common means of spreading it is 
through the transference of sick soil, either by wind, water, or 
animals, to healthy soil or by the transplanting of diseased plants 
from infested seed beds. _ 

With this description of the nature and cause of the disease, the 
skeptical grower has still the right to ask for proof that the root-rot 
is doing the amount of damage claimed and that it, and not depletion 
of soil fertility, is the reason why tobacco soils in the Burley section 
require several years of “rest” after having grown one, two, or 
three crops of tobacco. There exists, fortunately, a convenient and 
convincing proof of this fact. This lies in varietal differences in re- 
sistance and susceptibility to the disease. 

VARIETAL RESISTANCE AND SUSCEPTIBILITY. 

It is now a well-established fact that plants as well as animals 
differ in their degree of susceptibility to disease. This is now known 
to hold true for the tobacco plant as regards the Thielavia root-rot. 

If two varieties of tobacco, Connecticut Havana and White 
Burley, for instance, are planted side by side on ground which has 
just grown two or three crops of Burley, the Havana seed in most 
instances will produce at the end of the season from two to a hundred 
times as much weight as the Burley. If, however, these two varieties 

are planted on ground on which tobacco has not been grown for 
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several years and which is not “tobacco sick,” the Burley tobacco 
will produce as great or a greater weight, plant for plant or acre for 

acre, than the Connecticut Havana. If we pull up and examine the 
roots of plants of both varieties grown on healthy ground, they are 
found to be large and white. On sick soil, however, a Burley plant will 
usually have only relatively few stubby bfack roots, as compared with 
the Havana tobacco, although the latter variety also may show some 
signs of the disease. The difference in yields between two varie- 
ties can be made even more striking, since we have varieties two 
and three times as resistant as the Connecticut Havana. No 
variety more susceptible than the ordinary White Burley strains 
grown in the Burley section has been found. Such a test can be made 
easily on any soil, and in connection with this study it has been re- 
peated a great many times, with the expected results in nearly every 
instance. Where the expectations were not realized there has been 
good reason for suspecting disturbing factors other than the Thie- 
lavia root-rot. 

The behavior of resistant and susceptible varieties on sick soils is 
regarded as positive proof of the extent of the injury attributed to 
the root-rot. It can be satisfactorily explained in no other way. The 
accumulation of data upon the subject over a period of five years in 
Wisconsin, Connecticut, Kentucky, and in Canada, together with 
field surveys in other States, has left no doubt of the widespread 
occurrence and economic importance of the disease. 

With the marked differences in resistance to the root-rot mani- 
fested by different varieties of tobacco clearly in mind, it will be 
readily seen that these differences satisfactorily account for the 
marked contrast in methods of handling tobacco lands in some of the 
northern cigar-tobacco districts and in the Burley district. The ex- 
treme susceptibility of the Burley variety permits of no other system 
than a short cropping period for tobacco and a long “rest ” for the 
land. In the northern cigar-tobacco districts tobacco culture has in- 

volved a struggle between old sick soils and the resistance of the 
varieties grown. The influence of this struggle upon agricultural 
practice has been threefold. First, the growers have applied enor- 
mous quantities of fertilizers, hoping thereby to remedy the worn-out 
condition of the soils, which has resulted in more or less wastage of 
fertility, since sick soils can not be benefited appreciably by ferti- 
lizers except under special conditions (by the use of resistant types, 
through prevailing high soil temperatures, etc.). Inthesecond place, 
resistant strains apparently have been unknowingly selected and de- 
veloped on account of their adaptability to these soils. In the third 
place, the disease in many instances has made such progress that 
growers have been compelled to change to new soils frequently, and 
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in some northern districts tobacco has been given a definite and per- 
manent place in rotation with other farm crops. 

DEVELOPMENT OF BURLEY STRAINS RESISTANT TO ROOT-ROT. 

Although a high measure of control of the root-rot.in the Burley 
section is attained by the system of rotation in use it is evident 
that, on account of the extreme susceptibility of the Burley variety, 
considerable disease occurs annually. The susceptibility of this 
variety not only prevents continued culture when desired, but also 
makes the growing of second and third crops on the soil quite a 
game of chance. A type of Burley as resistant as some of the cigar 
varieties and still possessing the yield and quality of the ordinary 
Burley strains therefore would be extremely valuable in reducing 
the annual loss from disease. Two possible means of producing such 
a type are selection for disease resistance among commercial varie- 
ties now grown and crossing resistant green types, such as some of 
the cigar tobaccos, with White Burley, for the purpose of adding 
disease resistance to the White Burley characteristics. The first 
method, that is, selection for resistant strains in diseased fields, has 
been resorted to in obtaining the results presented here, All tobacco 
growers have seen fields in which the crop has made a very uneven 
growth, though all the plants apparently had an equal chance to 
start and develop. It sometimes happens that these fields behave in 
this manner because of the presence of the root-rot and the use of 
impure seed. Those plants which grow rapidly and stand out dis- 
tinctly from their neighbors may be resistant to the disease. A 
large number of these have been selected and the seeds saved from 
the individual plants and grown in separate rows on sick soils the 
following year. A few of these selections have shown very distinct 
resistance when compared with ordinary Burley, and these strains 
propagated and tested over a period of several years under many 
varied conditions have continued to maintain their original degree 
of resistance. In some cases these strains have been tested on a 
rather large scale on both healthy and sick soils for the purpose of 
comparing the quality of the cured leaf produced with that of the 
ordinary White Burley. The results on the whole have been very 
encouraging, although the ideal in mind has not yet been reached. 
The resistant strains thus far produced and given commercial trial 
are all of the drooping-leaf type and not stand-up Burleys, which 

many growers prefer. Encouraging results have now been secured 
in developing resistance in the stand-up types also, and it is expected 
that these strains will soon be ready for testing commercially. 

A more important feature, however, is the quality of the resistant 
Burleys obtained, as compared with the best strains of ordinary 
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Burley. Quality in Burley tobacco is largely a matter of the color 
and texture of the cured product. Several trials have shown that the 
resistant type is practically equal to the ordinary Burley varieties in 
these respects. The final criterion must be the relative prices brought 
on the warehouse floor. In this, the resistant Burley has so far shown 
itself to be equally as valuable as the ordinary Burleys. In the field, 
however, it seems that the top leaves do not color up as rapidly or 
as brightly as some of the best strains of ordinary Burley. The im- 
portance of this from a commercial standpoint is seemingly not 
great, although it is true that it may result in somewhat more “ red 
leaf.” The fact that the resistant Burley makes a more vigorous 
growth on partially sick soils, however, will generally result in a 
greater proportion of the higher priced grades, which, together with 
a larger total yield, may fully offset any disadvantage of slightly 
reduced color. Briefly stated, some of the best strains of the ordinary 
Burley may produce better quality on healthy soil, but on sick soil 
the resistant Burley will usually prove better in both yield and 
quality. 

The results attained up to the present time warrant the recom- 
mendation of the resistant type for growing on all sick soils in the 
Burley section on which it is to be expected that the ordinary varie- 
ties of White Burley will give unsatisfactory yields. It is hoped 
that in the near future the resistant character will be introduced into 
the best strains of ordinary Burley, so that they may be grown suc- 
cessfully on diseased as well as on healthy soils. 

EXPERIMENTS IN THE WHITE BURLEY DISTRICT OF KENTUCKY. 

The resistant Burley strains have been tested on several farms in 
the Burley section of Kentucky during the past three years. These 
demonstrations have been made on the farms of Mr. E. F. Shropshire, 
Lexington; Dr. S. H. Halley, Paynes Depot; Mr. William Feck, Lex- 
ington; Mr. N. H. Witherspoon, Winchester; and Mr. J. Waller 
Rodes, Lexington. Several others also have grown some of the strains 
on trial. The progress of the work from the standpoint of the demon- 
stration of disease resistance has been hampered somewhat by the 
difficulty of finding growers who were willing to put in third or 
fourth crops in succession on the same soil, since it was felt that a 
crop failure with Burley would be almost certain to follow. Such 
soils, however, have been obtained in a few instances. On the farm | 
of Mr. E. F. Shropshire, Maysville Pike, Lexington, a plat which 
had already grown three crops of Burley was secured in 1916. Re- 
sistant and ordinary Burleys have been planted on this land for the 
last three years. The results each season have been striking. The 
ordinary Burleys have made practically no growth, while the re- 
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sistant strains have made on the average a normal growth each year. 
This land, therefore, has been made to produce six crops in succes- 
sion by the use of the resistant Burley variety. The comparative 

Fic. 2—Resistant White Burley and ordinary White Burley strains of tobacco grown on 
“sick ”’ soil in alternate rows. The rows of ordinary Burley have made almost no 

growth since transplanting. Farm of E. F. Shropshire, Lexington, Ky., 1916. 

growth of these resistant strains and the ordinary types of Burley 
is shown in figures 2 and 3. In northern tobacco districts, where old 
tobacco soils are more easily obtainable for such tests, fair crops of 

lic. 3.—Resistant White Burley and ordinary White Burley strains of tobacco grown on 
“ sick”? soil on the farm of BE. IF. Shropshire, Lexington, Ky., in 1917, showing the rela- 

tive growth early in the season. 

resistant Burley have been grown after 12 successive crops of tobacco. 
Lesults similar to those secured at the Shropshire farm have been 
obtained at several other places, indicating the general occurrence of 
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sick land and the adaptability of resistant Burley to it. The be- 
havior of the resistant strains as compared with the ordinary Burleys 
on the farm of Mr. William Feck is shown in figure 4. It does not 
follow, nor is it recommended, that continuous culture of Burley 
tobacco should be practiced in the Burley section. On small farms 
or where suitable soil is scarce it may be highly desirable to grow 
tobacco on the same land more frequently than hitherto has been 
possible. The important point, however, is that the number of to- 
bacco crops which may be grown on a given piece of land usually is 
not sharply limited by lack of fertility, but rather by disease. The 
value of resistant strains, therefore, lies in reducing the chances of 
poor yields in second or third crops on soils gradually becoming sick. 

Fic. 4.—Resistant White Burley tobacco (on the right) and ordinary White Burley strains 

(on the left) growing on the farm of William Feck, Lexington, Ky., in 1917. The 

tobacco was about half grown when the photograph was taken. 

With respect to the quality of the resistant Burley, considerable 
evidence is at hand to show that so far as market value is concerned 
it has not proved to be inferior to the ordinary strains. Some of the 
growers who tried this seed in 1917 on a small scale planted as many 
as 10 or 15 acres in 1918. The final reports as to the quality of the 
1918 crop are not yet obtainable, but there is no reason to believe 
that its average value will be less than that of ordinary Burley, 1. e., 
the Kelly, Halley, Big Stand-up, and other strains. 

RESISTANT BURLEY STRAINS RECOMMENDED FOR SICK SOILS 

IN WHITE BURLEY DISTRICTS. 

Until stand-up Burleys of unquestionable perfection in quality are 
obtained it is believed that growers can very profitably plant the re- 
sistant drooping-leaved variety of Burley where it is desired to utilize 
sick soils. It is recommended that those who are putting in second 
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or third crops of Burley or have reason to suspect that the root-rot 

is present try some of the resistant Burley seed. The grower will 
thus have an opportunity to determine to his own satisfaction the 
cause of tobacco-sick soil and at the same time to compare the type 
and quality of the resistant Burley with that of the ordinary strains. 
For a proper test it is necessary, of course, that some ordinary Bur- 
ley be grown on the diseased soil alongside of the resistant strains 
and handled in the same way in all respects, for otherwise there will 
be no accurate basis for comparison. Two or three strains of the 
resistant Burley seed are available for distribution, and although one 
strain may be slightly better than another, few or no data on this 
point have yet been obtained. Where the land has had a long rest 
from tobacco the resistant type is not recommended, for it will not 
show any improvement over ordinary Burley on healthy soil. The 
value of these new strains lies in their resistance to root-rot; hence, 
there would be no purpose in growing them on land free from this 
disease except in so far as they reduce the injury from root-rot due 
to the transplanting of diseased plants from infested seed beds. 



Keep Your Liberty Bonds 

The War Loan Organization of the Treasury Depart- 
ment has sent the following statement to all publica- 
tions: 

“ Publications cooperating in the Victory Liberty Loan 
Campaign can be of material assistance by voluntarily 
publishing regularly some such invitation as the fol- 
lowing: 

Watch the ’ 
Stock Peddlers e 
READERS: Get the names and 

addresses of all persons and com- 
panies offering you speculative 
or doubtful stocks and securities, 
particularly if in exchange for 
your Liberty Bonds or War Sav- 
ings Stamps, with copies of their 
“literature.” Mail them promptly 
for investigation to the 

FEDERAL TRADE COMMISSION 
WASHINGTON, D.C. 

HELP THE VICTORY LIBERTY LOAN 

“Upon receipt of such information the Federal Trade 
Commission will call for full reports in proper cases. 
The Federal Trade Commission Act provides a penalty 
of a fine and / or imprisonment for those who fail or 
falsely report to the Commission. It may make public: 
so much of the information obtained as may be in the 
public interest and it can prevent unfair methods of 
competition and misrepresentations in commerce.” 

Sign no armistice (iN) with extravagance )} | 

WASHINGTON : GOVERNMENT PRINTING OFFICE: 1919 



a re ee ee ee ee eee 

UNITED STATES DEPARTMENT OF AGRICULTURE 

Contribution from the Bureau of Entomology 

L. O. Howard, Chief 

PROFESSIONAL PAPER July 10, 1919 Washington, D. C. 

A STUDY OF COMPSILURA CONCINNATA, AN IM- 
PORTED TACHINID PARASITE OF THE GIPSY 
MOTH AND THE BROWN-TAIL MOTH. 

By Junian J. Cunver,* 

Entomological Assistant, Gipsy Moth and Brown-tail Moth Investigations. 

CONTENTS. 

Page. S Page 

PRE CEA ior core sce onc ca cactece tows 1 Life history—Continued. 

History of Compsilura concinnata Meigen... -. 3 Parthenogenesis..........2.-.---ee0eeee 16 

DIPS CHIDMONG= 52 == = inc aaee hse ee aes = 3 Copulation joh. fe oe coteeecm esses teise= 17 

Distribution in Europe.........-.------- 4 WMAnVvipOSilONy +22 5 Sec coc coeoee caeeeae es 17 

Hosts, European and American...-...--. 5 Action on hosts other than the gipsy and 

Importations to United States........-.. 6 brown-tail moths.................00--- 18 

WNBTIZCLUIOWN = 25 = 2 sna cis < oot cnaecienio=es 6 Effect of temperature upon various stages 

SSD G23 oe ee ie ae ea 7 of Compsilura concinnata......-.-....-- 19 

PCRNPTN Sees ono. was ee eae aneee 7 | Seasonal history..............--.--.----cc0ce 20 

Discussion of classification of Compsilura con- Presence in field and number of genera- 

CUE Fs OS. OA OIE 9 GLOMUS Ss Re eae ae eke Sew S 20 

Discussion of larva stage of Compsilura concin- Miibermatione nese cesea ae oe oe 21 

MAN meee a ac Sas scene isis asses na ate tosis 10 | Secondary parasitism............----.------- 23 

NiifeMiswry sees 22953252 3i0022-ogsseeee-She 13) || Supenparasitismissecesa. sae sa cses cee asec ee 23 
Method of handling...........-......-.-- 13 | Supernumerary parasitism............------ 24 

Larva and pupa stages.----.........-.-.- 15 | Economic importance.-............---------- 24. 

IIEMBLAEO orcs ons oe ene eee 16) |. Bibliographyzee sec se cmon seeeciaceeeees see 26 
Gesiguguerse: cose Cos Stace neas tess 16 

INTRODUCTION. 

Compsilura concinnata Meigen (P1. I, fig. 1), one of the imported 
tachinid parasites of the gipsy moth and the brown-tail moth, was 
introduced into Massachusetts first in 1906, at which time these moths 
were so abundant and destructive, particularly in eastern Massachu- 

1The writer wishes to express his appreciation of the help given by the various as- 

sistants at the Gipsy Moth Laboratory as well as by the field men, both at the labora- 

tory and in collecting host material; to Mr. A. I’. Burgess and Dr. John N. Summers for 

their helpful suggestions and advice; to Mr. R. T. Webber for furnishing rearing records, 

the bulk of the native host list being the results of his experiments; to Mr. C. I’. Muese- 

beck for assisting in the dissections and drawings of some of the figures in this bulletin ; 

and to Mr. A. M. Wilcox, who furnished large quantities of parasite-free host material. 

for use in the reproduction experiments on Compsilura. 
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setts, that enormous areas of Forest) nw shade trees were defoliated 
annually. In some residential sections life was rendered almost un- 
bearable by the presence of enormous numbers of caterpillars. Al- 
though the history of the introduction and destructive work of these 
two pests has already been published,’ few: except eye witnesses could 
realize the serious conditions that existed at the time parasite intro- 
duction was begun. , 

- Since 1891, when the gipsy moth covered an area of approximately 
9200 square “lles, it has spread until in 1916 it involved 20,715 square 
miles, and is found in all of the New England States. In some 
localities in Massachusetts, where it was once accounted a plague, the 
severity of the infestation has been reduced to such an extent that 
the pest is more easily controlled. 

The brown-tail moth was first regarded as a serious problem in 
1897, when it was found in 15 towns close to Boston. Since then it 
has spread until now (1916) it covers a territory of 38,118 square 
miles, occurring in all of the New England States. Both sexes of the 
brown-tail moth are strong fliers. This important factor helps to 
explain why this insect is found over a larger area than the gipsy. 
moth, the female of the latter species being unable to fly. 

The life cycle of both the gipsy moth and the brown-tail moth is 
such that all stages, with the exception of the imago, are attacked by 
parasites. The internal-feeding parasite Compsilura concinnata 1s 
parasitic only upon the larve of these two hosts, and, while it has 
been reared occasionally from the pupe, it will not complete its life 
cycle if the attack is delayed until the host pupates. These two hosts 
form an ideal combination for Compsilura, as the brown-tail moth 
larvee occur in the field a short while after the parasite emerges from - 

1“ Tnsect Life,’ Vol. III, p. 297. 

“Fifth Report of Entomological Commission,” A. §. Packard, 1890, p. 1388. 

“The Gipsy Moth,” Forbush and Fernald, 1896. State of Massachusetts. 

“™he Gipsy Moth in America,’ Bureau of Hnt. Bull., New Series, No. 11, 1897. 

“The Brown-tail Moth,’ Fernald and Kirkland, 1903. State of Massachusetts. 

“Report on the Gipsy Moth and Brown-tail- Moth,” C.. L. Marlatt, Bureau of Ent. Circ. 

No. 58, 1904. 

“A Record of Results from Rearings and Dissections of Tachinidae,’’ Townsend, Bureau 

of Ent. Bull. Tech. Series No. 12, Part VI, 1908. 

“Parasites of the Gipsy and Brown-tail Moths AEE ECSe into Massachusetts,” W. FI. 

Fiske, 1910. State of Massachusetts. 
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Bureau of Ent. Bull.. No. 87, 1910. 
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hibernation. The gipsy-moth larve are a little later, and the bulk 
of the Compsilura reared at the gipsy-moth laboratory come from 
this host. 

HISTORY OF COMPSILURA CONCINNATA MEIGEN. 

DESCRIPTION. 

Compsilura concinnata is larviparous, the eggs hatching in the 
uterus and the young being injected into the host by means of a 
laryipositor, which is inserted in an opening of the host integument 
made by a grooved, curved piercer, resembling a V in shape. When 
parasites were first imported there were among them certain tachinid 
puparia, some of which were not specifically identified at that time. 
It is probable that in this lot of unidentified puparia were some of 
the Compsilura concinnata, although, if such was the case, no record 
was kept. 

Compsilura aE ne was first described in 1824 by Mieisent | in 
“Systematische Beschreibung des bekannten europiischen zweifliige- 
ligen Insekten,” Volume IV, page 412, under the name of Tachina 
concinnata. Following is a translation of the original description: 

Length 74 mm. Face white, both sides to above the middle with vibrissex; 

paipi orange. Vertex rather narrow, white, with a deep black stripe; bristles 

reaching up to the hypostoma. Antennz somewhat shorter than the hypostoma, 

brown, with a larger bristle, which is thickened for about one-third of its length. 

Thorax whitish; the dorsum with blackish iridescence and four deep black 

stripes ; the outer somewhat broader. Abdomen cone shaped; the first segment 

and a dorsal line and band on the hind edge of the next segment polished black ; 

yenter of abdomen carinate, black, with whitish incisions. Legs black, alule 

white; wings almost glossy transparent; apical cross vein straight, with 

rounded corners; the veins converge closely on the edge of the wing before its 

apex, the usual cross vein somewhat curved. The above description was from 

a female. 

The larva and puparium (PI. I, fig. 2) of Compsilura were both 
ey) described in 1834 by Bouché in “ Naturgeschichte der Insekten . . .”, 

printed in Berlin, page 57. A translation of the descriptions follows: 

The larva is elliptical, somewhat narrower anteriorly, roughish, fleshy, soft, 

variable, with swollen outlines and very finely grooved. The thoracic incision 

is black, as are also the articulation pieces of the abdomen, armed with little 

sharp points. The spines are arranged more or less in wavy rows. The black, 

short, and stout mouth hooks are almost straight. The antennae are wartlike, 

double, clear brown. The prothoracic stigmata are short, yellow, and parted. 

The hind part (last segment) is small, rounded, shallowly excavate posteriorly. 

In this depression are the two round, black stigmata bearers, provided on the 

inner side with white, round, transparent spots and brown three-divided stigma, 

Length 74 mm. 

The pupa is dark brown, elliptical-stout. Almost a smooth barrel. The seg- 

ments are linked together, a little muricate at the abdomen. The prothoracic 

stigmata of the coming fly forms short blunt points. The blackish-brown pos- 

terior stigmata bearers are close together, and are provided with trifoliate 

stigmata. Length, 64 mm. 
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In the description of the larva Bouché neglected to speak of a 
very important point, the anal hooks of the first-stage larvae. This 
character has been found only in one other tachinid first-stage larva, 
that of the closely allied genus Dexodes. It is very easy to deter- 
mine this stage by these hooks and to verify the fact that Comp- 
silura parasitizes early-stage brown-tail moth larve in the fall, as 
has been found from various dissections. Pantel describes and illu- 
trates these hooks in “La Cellule.” (Fig. 1.) There are three of 
these peristigmatic hooks; two prestigmatic and one retrostigmatie. 

It is with these hooks that ‘he 
larva attaches itself to the peri- 
trophic membrane just previous 
to molting into the second stage. 
As the larva grows, the molt skins 
are pushed down on to this fun- 
nel until just previous to emerg- 
ing, when the full-grown third- 
stage maggot breaks loose and 
forces itself out of the dead host. 
This is done in the following 
manner: The anterior end of the 
parasite, assisted by the mouth 

Fig. 1.—Compsilura concinnata: Posterior hooks, makes a small Mckee a. 
stigmata and peristigmatic hooks of the integument of the host and by 
first-stage larva. a, Prestigmatic hooks, a gradual process of extending 

paired; b, stigmatic plate; c, retrostig- 5 3 

matic hook; d, sensory terminations, and retracting the anterior part 

cae eae Tat atcha of the body the larva finally suc- 
folds over the stigmata as two grasping ceeds in passing out. If the host 

Bue megniied.  (Redrawn from is one that has spun a cocoonsihe 
parasite larva will pupate within 

this, but if not, it will drop to the ground or pupate near the host. 
The time between emergence of the larva and pupation is governed 
by such things as temperature and location, whether on a tree trunk, 

in soil, or elsewhere. 

DISTRIBUTION IN EUROPE. 

Compsilura concinnata is found in Europe in practically all of 
the territory covered by the brown-tail moth. It has been imported 
into the United States from 10 European countries and possibly from 
Japan. Very little work has been done with the parasite in Europe 
beyond Pantel’s investigations. Compsilura has been described 
under a number of synonyms by various authors, and reference to 
these synonyms can be found in the “Katalog der Paliarktischen 
Dipteren,” Volume III. 

1 See also “ Bibliography,” pp. 25-26. 
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Iie, 22, 

ADULT AND PUPARIUM OF COMPSILURA CONCINNATA. 

Fic. 1.—Adult female. Vic. 2.—Laterial view of puparium. Vig. 1, 6} 1imes naturalsize; fig, 2, 
about 10 1imes natural size. 
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HOSTS, EUROPEAN AND AMERICAN. 

This parasite attacks a large number of both nocturnal and diurnal 
hosts in Europe, the host list comprising 58 different species. In the 
United States it does not attack so many, probably due to its recent 
importation to this country. In time the host list for Compsilura 
in the United States will, no doubt, surpass that in Europe, for within 
the few years it has been established in New England a host list com- 
prising 33 species already has been compiled,’ and undoubtedly it 
attacks more than are known at the present time. All of the records 
given in the list of native hosts of Compsilura were secured at the 
gipsy moth parasite laboratory, Melrose Highlands, Mass. In a few 
instances these records have been duplicated by investigators at other 
places. 

Table I gives the European host list. 

TABLE I—Foreign hosts of Compsilura concinnata; records from the “ Katalog 

der Paléarktischen Dipteren” and from the Bibliography. 

Abrazas grossulariata L, 

Acronycta aceris L. 

Acronycta alni L. 

Acronycta cuspis Hiibn. 

Acronycta megacephala F. 
Acronycta rumicis L. 

Acronycta tridens Schiff. 

Araschinia levana L. 

Araschinia prorsa L. 

Arctia caja L. 

Attacus cynthia L. 

Catocala promissa Esp. 

Cimber humeralis Fourcr. 
Craniophora ligustri Fab. 

Cucullia lactucae Esp. 
Acronycta verbasci L. 

Dasychira pudibunda L. 

Dilina tiliae UL. 

Dipterygia scabriuscula L. 

Drymonia ruficornis Hiibn. 

Huproctis chrysorrhoea 1. 

Heteromorpha 

phala L. 

IHyloicus pinastri L. 

Libytha celtis Laich. 

Macrothylacia rubi L. 

Mamestra brassicae L. 

Mamestra oleracea L. 

Mamestra persicariae lL. 

Matacosoma neustria 1. 

Oconistis quadra L. 

Papilio machaon I. 

Phalera bucephala L. 

Pieris brassicae L. 

Plusia festucae L. 

Plusia gamma UL. 

Poecilocampa populi L. 

Pontia rapae L. 

Porthetria dispar L. 

Porthetria monacha Tu. 

The following is the American host list: 

caeruleoce- 

Porthesia sinilis Fussl. 

Melalopha anachoreta Fab. 

Pyrameis atalanta L. 

Smerinthus populi L. 

Spilosoma lubricipeda I. 

Stauropus fagi L. 

Stilpnotia salicis L. 

Taeniocampa stabilis View. 

Thaumetopoea. processionea i. 

Thaumetopoea pityocampa 

Schiff. ; 
Timandra amata lL. 

Trichiocampus viminalis Wall. 
Trachea atriplicis lL, 

Vanessa antiopa L. 

Vanessa to L. 

Vanessa polychloras U. 

Vanessa urticae I. 

Vanessa xanthomelas Esp. 

Yponomeuta padella I. 

TapLe Il.—American hosts of Coimpsilura concinnata. 

Apateia hasta Guen. 

Arctiid sp. 

Autographa brassicae Miley. 

Callosamia promethea Dru. 
Cirphis unipuncta Vaw. 

Cimbex americana Leach, 

Deéilephita gallii Rott. 

Disacrisia virginica Wab. 

Deidamia inscripta Warris. 

Bnnomos subsignarius VWiibn 

Eatigmene acraea Dru. 

Buchactias egle Dru. 

Geometrid sp. 

Hemerocampa leucostigma §. 

& A. 

Hyphantria cunea Dru. 

Malacosoma americana Fab. 

Malacosoma disstria VWiibn. 

Mamesira adjuncta Poisd. 

Mamestra picta Warris. 

Melalopha inclusa MWiibn. 

Noctuid sp. 

Notodontid sp. 

Notolophus antiqua I. 

. Papilio polyrenes VWab. 

compressipalpis 

(By Reiff, at Forest 

Plusiodonta 

Guen. 

Hills, April 7, 1913.) 

Pontia rapae L. 

This covers all records, including those of the year 1916. 

Philegethontius quinquemacu- 

lata Taw. 

Rhodophora florida Guen. 

(By Reiff, at Forest ITills, 

Sept. 8, 1913.) 

Schizura concinna §. & A. 

Vanessa antiopa I. 

Vanessa atalanta W. 

Vanessa huntera Fab. 

Xylina sp. Ochs. 
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IMPORTATIONS TO UNITED STATES. 

Compsilura was first imported into the United States in 1906, 

though it was not determined as such, being included in the gen- 
eral classification of Tachinidae. In 1907, from shipments of 
brown-tail moth larve and gipsy moth larve and pup there were 
secured 104 puparia which were determined as Compsilura con- 
cinnata. These came from France, Germany, and Austria. Most 
of the Compsilura imported in 1907 were found free in the boxes 
of brown-tail moth larve, and a few in the gipsy moth shipments. 
In 1908 an experiment was tried in shipping live puparia from — 
Kurope to Melrose Highlands, Mass., but it was not successful, as 
the puparia were nearly all broken. That year 220 Compsilura 
were received. The year 1909 was the banner year in importations 
of Compsilura, a total of 6,626 being secured from foreign shipments, 
about 50 per cent of these coming from gipsy-moth material. This 
was the first time that Compsilura was accepted as more than an 
occasional parasite of Porthetria dispar. During the year 1910 the 
majority of the 1,859 Compsilura received were secured from gipsy- 
moth shipments in the late larva and early pupa stages. No puparia 
shipped as such were received, as those sent the previous year came 
in such poor condition. The season of 1911 was the last during 
which Compsilura was imported. In this year 1,233 were received, 
about 75 of which came as puparia, practically all of the others 
being secured from brown-tail moth shipments. In the period be- 
tween 1906 and 1911 Compsilura was received from nine European 
countries as well as a few possibly from Japan, a grand total of 
10,042 being received at the Gipsy Moth Laboratory. 

COLONIZATION. 

There is no record of the number of Compsilura colonized in 1906 
or 1907, but in Bulletin 91 of the Bureau of Entomology, page 220, 
reference is made to efforts along this line. 

In 1907 a large colony was liberated at the location of one of the 
colonies of 1906, in the town of Saugus, Mass. No colonization was 
attempted in 1908, but in 1909 several colonies were established 
throughout eastern Massachusetts in the gipsy-moth area. Very 
little colonization was done in 1910 and 1911, a total of 1,304 being 
colonized during that time. It was in 1910 that a colony of this 
parasite was put out in Washington, D. C., to combat the white- 
marked tussock moth (/Zemerocampa leucostigma’S. & A.). In 1912 
colonization of Compsilura in New England was again resumed on 
a larger scale than at any previous time, and this has been continued 
until the entire gypsy-moth area has been covered. This parasite 
does not appear to be so firmly established in the brown-tail moth 
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area Where the gypsy moth is not found, though colonization has 
been made there. It is true that it will qenaeeTee itself without the 
gypsy moth, but not in such large numbers, as collections made from 
these outlying towns have Siouae 

‘During the years 1912 to 1916 the entomological branch of the 
Speeerat of Canada collected in New England and shipped for 
colonization to New Brunswick and Nova Scotia 32,824 Compsilura 
to combat the brown-tail moth. In 1914 and 1915 assistants of the 
branch of Cereal and Forage Insect Investigations of the United States 
Bureau of Entomology pollected and sent Compsilura to Arizona 
and New Mexico to be used in the fight against the range caterpillar 
Hemileuca oliviae Ckll., a total of about 4,000 of. these parasites 
being divided between the two States. During the years. 1915 and 
1916 eS ocut, 3,000 Compsilura were sent to Florida to be used against 
the fall army worm (Laphygma frugiperda’ S. & 'K.). Compsilura 
has not proved as successful in the West and South as it has in New 
England up to the present time. In Arizona and New Mexico the 
conditions are so radically different from those in New England 
that even though the parasite becomes established it will take some 
time for it to became climatically adjusted. It has been too recently 
colonized in the South to justify predictions as to the results that 
will be accomplished. In Canada it more*nearly approaches~ its 
standing, as an effective parasite, in the: outskirts of the: brown-tail 
moth infestation in New England and 1 in time should ue: a ae 
‘able aid in the control of this pest. 

SPREAD. - 

The rate of spread of Compsilura has beer determined 3 in two 
ways: (1) By scouting, which consists of carefully examming gipsy 
moth and brown-tail moth infestations in localities just outside’the 
area previously recorded as covered by Compsilura, and (2) by 
collections of various lepidopterous larve from towns beyond the 
known spread of the parasite. This rate of spread has been found 
to be approximately 25 miles per year, and this is taken: into con- 
sideration in colonizing the parasites, the colonies having been put 
out in most cases shout: 25 miles apart in all directions. This proves 
that the insect is a strong flier, for there are no artificial means 
worth considering that will assist in its dispersion. 

RECOVERY. 

The first recovery of Compsilura was made in New England in 
1907, a single specimen reared from a field collection of gipsy-moth 
larve. Attempts to recover this parasite failed in 1908, but in 
1909, soon after colonization, several puparia were reared from col- 
lections of both brown-tail moth and gipsy-moth larve, which 
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proved that the parasite had become established from the colonies 
of 1906 and 1907. It was in 1909 that assistants from the laboratory, 
in scouting for larve of Calosoma sycophanta L., found numbers of 
Compsilura puparia in the field. Since the first substantial recov- 
ery in 1909 the parasite has been recovered from 303 towns in New 
England. These towns are scattered throughout the entire gipsy- 
moth area, with very few outside. (See map, Pl. II.) An interest- 
ing recovery of Compsilura was made in 1915, from the Island of 
Nantucket, Mass., 25 miles from the mainland, where the nearest 
colony of the parasite is located. 

Compsilura is scattered over so wide a territory that it is usually 
possible to collect it in almost any part of New England within the 
gipsy-moth area. This is especially so where the gipsy moth is 
abundant in a locality not far distant from where Compsilura has 
been colonized any length of time. The general method is to make 
trial collections of 100 fourth-stage larve and maintain them in 
feeding trays.t These trays are small and rectangular, the bottoms 
being covered with thin cloth and a narrow band of tanglefoot ap- 
plied near the top to prevent the escape of larve. If this trial 
collection shows a parasitism of 8 to 10 per cent, the location is con- 
sidered a good field for bulk collections to secure parasite material 
for colonization. In a few instances where both trial and bulk col- 
lections showed a very high percentage of parasitism the first year, 
it has not been considered necessary to make trial collections from a 
given locality the following year. This is not always relied upon, 
however, as Compsilura may be present in a locality in fairly large 
numbers one year, while the following year collections from the 
same locality will give a low percentage of parasitism. This is par- 
ticularly true of places where the brown-tail moth is scarce and 
which may have a good infestation of gipsy moths. Compsilura 
seems to be more prevalent where there is a rather heavy infestation 
of both brown-tail moths and gipsy moths. ; 

All of the collections are sent by mail or brought into the labora- 
tory in wooden boxes 33 by 51 by 94 inches. These boxes have a 
hole in one end through which the larvee are put as they are col- 
lected, about 350 to 400 larve in each box; this hole is then covered 
by a piece of tin or zinc, which is secured by four tacks. Fresh 
food is placed in the boxes as the larvee are collected; this keeps 
them separated in transit. As soon as these boxes are received at 
the laboratory they are opened, the location recorded and filed under 
a number, and the larve counted and placed in a feeding tray, the 
size of which is governed by the number from a single locality. 

1These trays have been described in Department of Agriculture Bull. No. 250, July, 

1915. 
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These trays are carefully examined and all of the Compsilura 
puparia removed and counted every two or three days, records being 
kept under the locality number. As these puparia are removed they 
are kept in a cool place until a sufficient number, 500, is secured, 
when they are ready to be sent to some point for colonization. 

DISCUSSION OF CLASSIFICATION OF 
COMPSILURA CONCINNATA. 

The parasitic Diptera, which include Tachinidae, 
are classified according to structure and method of 
attack. Method of attack is governed by the struc- 
ture of the insect, and J. Pantel, in “La Cellule,” 
Volume I, has classified these parasites, grouping 
them in the form of a key, according to structure. 
As this entire classification is too lengthy for re- yi 2 Gompsitura 
production here, the writer will give merely an ex- —concinnata: Ovari- 
tract of the group containing Compsilura. Lo ga Ue 

Group VII. Species which, by means of distinct Greatly enlarged. 
perforating and laying instruments, insert hatched eae 
larve, or those about to hatch, in the body of the host. 

Enumeration of species. General host index. 

Compsilure concinnata Meig. A very long list of caterpillars and 
Desxodes nigripes Fall. false caterpillars. (Pantel here notes 
Vibrissina demissa Rond. that he has bred them from 12 (spe- 

( cies) bombycid caterpillars (Town- 
send).) 

While Compsilura is moderately fecund, each female deposits 
larve singly beneath the skin of the host. The ovaries, at the time 
of hatching, form an obconic bundle consisting, on an average, of 
14 oyarioles or strings of developing eggs, and each ovariole con- 
taining, on an average, 8 developing eggs. (Fig. 2.) These averages 
were arrived at from dissections of 50 sexually mature females. 
This would make the reproductive capacity of Compsilura approach 
225, but this total is not reached, as a general thing, as dissections 
of adults, which were three to four weeks old, have shown. <A series 
of dissections have shown that the average reproductive capacity of 
Compsilura is from 90 to 110 larvee. 

The paired oviducts leading from the ovaries into the anterior 
uterus, the three spermathece, and the accessory glands are shown 
in the illustration of the reproductive system of an unfertilized 
female (fig. 3). The posterior uterus in an unfertilized female is a 
short, nearly straight passageway which is empty, but which, when 
the female becomes gravid, elongates, as the developing young de- 
scend, into a long intestine-like incubating organ leading to the larvi- 
positor. These developing larve are arranged transversely for about 

tod) 

95537°—Bull. 766—19—2 
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halfway down the posterior uterus, causing this organ to resemble 
a flat, more or less coiled ribbon, gradually enlarging toward the 
external organs of reproduction. As the developing larve are forced 
downward their axes gradually change until the axis of the posterior 
uterus and the larve is the same. (Fig. 4.) 

At the distal termination of the posterior uterus is the “laying 
organ” or larvipositor. This is slightly chitinized and has a small 
tubelike opening just large enough for the passage of one larva. 
This organ, as well as the anus, arises in the venter of the sixth 

abdominal segment and is curved forward 
when at rest, fitting into the carinate 
venter of the fifth abdominal segment. 
The larvipositor fits into a curved chiti- 
nous hook or piercer, which is grooved, re- 
resembling a V in structure. Beneath this 
hook is a supporting organ arismg from 
the fifth segment, which is strongly spined 
on both sides in such a manner that it 
reinforces the piercer while the female is 
in the act of attacking the host caterpil- 
lar. The parasite larve, as they are 
forced down the posterior uterus, are 
turned in some manner and are injected 

Fic. 3.—Compsilura concinnata: into the host, with the anterior end first. 

Reproductive system of unter’ ‘This was the conclusion the writer 
tilized female. A, Ovary, F : 
showing ovarioles; B, pairea Yeached after making a number of dis- 

oviducts; C, anterior uterus; sections of females’ after they had’ de- 
D, accessory glands; F, sper- 3 ‘ d ; 

matheee ; F, posterior uterus; posited part of their young. In these dis- 

G, rectum, showing rectal sections some of the larve were found to 
papille; H, lateral lobes of - 5 5 

dorsum of sixth abdominal be inclosed in a very thin membranous 

Sierece ee eee ig, Sheath, which fitted the body very closely, 
ndoenie segment ; J. piercer ; while others were found naked. This 

mOSe Quadaty en- leads to the inference that Compsilura 
deposits both bare and inclosed larvee. 

Pantel suggests that this might be possible on account of a prolon- 
gation of the egg stage, due to the absence of an appropriate host. 

DISCUSSION OF LARVA STAGE OF COMPSILURA CONCINNATA. 

Compsilura larvee pass their entire life within the body of the host. 
The young larva is introduced generally into the intestines, where it 
is motile, floating free until just previous to molting into the second 
stage, when it becomes attached to one of the stigmata or vesicles of 
the branching trachea. This is done by means of the three anal hooks 
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which are found in the first-stage Compsilura maggot. (Figs. 1 
and 5.) 

Respiration takes place through the anal stigmata of the larva, air 
being furnished by the stigma or trachea of the host. A tracheal 
funnel is formed by the maggot pushing itself backward against the 

> 

ih i? Uys A AN) 

Cy 4 nn a 
KY HY 

Peesbat tase, Me oe SG 
Delian, 2 eee 
Ay ao aS ips 

st “ea pee = bere eh 

ATT ee 

——~ 
tS 

Vic. 4.—Compsilura concinnata: Reproductive system of fully developed 
fertilized female. A, Ovary; B, oviduct; ©, anterior uterus; D, 

accessory glands; W, spermatheer; J, posterior uterus; G, piercer 5 

Hi, support for piercer; J, Larvipositor; J, anus; K, rectum, showing 

rectal papille. Greatly enlarged. (Original.) 

place of attachment. This leaves the anterior end of the parasite 
larva free for feeding. As the larva molts, it pushes the exuvium 
down on the funnel, and it is possible to locate both the first and 
second stage mouth-hooks upon dissection of the host. The larva 
remains in this funnel until just previous to emergence from the host, 
when it breaks loose and emerges ready for pupation. 
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The larve differ somewhat in appearance in the three stages. In 
the first-stage larvee the mouth-hook is single pointed, being heavily 
chitinized throughout with the exception of the inside areas of the 
divided posterior part. This posterior end is membranous and serves 

as a place of attachment to hold the hook in posi- 
tion, this being true of all three stages. The 
first segment has a row of heavy spines around 
its base, while the second segment is thickly 
studded with the same kind of spines. The 
ventral part of the remaining segments is also 
fitted with the same spiny structure, in this case 
the spines extending upward laterally along the 
anterior border of each segment. All of the seg- 
ments are more or less covered with what, under 
the high-power microscope, appear to be very 
small granulations. On the last abdominal seg- 
ment there is a peculiar set of hooks that make 
possible the determination of first-stage Comp- 

zx silura. These are for the purpose of attach- 
Fic.5.—Compsilura ment to the stigma of the host. (Fig. 5.) 

| concinnata: First  § 'The second-stage larva of Compsilura differs 
| stage larva, right lat- : . 5 

eral view. Greatly trom the first m three maim pomts: -Ggjmeuee 
enlarged. (Original.) mouth-hook is double throughout, the halves 

‘being jointed by a chitinous structure, and is 
jointed in one place (fig. 6) ; (2) the chitinous part of the hook extends 
farther basally, the whole outline of the hcok being more uneven; and 

- (3) the heavy spines on the integument are lost in this stage, while the 
anterior border of each ab- 
dominal segment has two 
or three rows of lighter 
spines, which extend com- 
pletely around the body. 
The first segment is more 
contracted on the ventral 
surface, grading off at a 
eradual angle to its junc- 
tion with the second seg- 
ment. The anal hooks ee 
are wanting in this stage eis EE 
and the permanent struc- Fie. 6—Compsilura concinnata: Anterior end of 

unre on Ae sal stigmata second-stage larva, left lateral view. Greatly 

enlarged. (Original.) 

is clearly shown. 
The third and last stage of the larva differs slightly from the 

second in the structure of the mouth-hook and spines on the body. 
The mouth-hook is still divided into two parts, but there are two 
joints in it. (Fig. 7.) The heavy chitinous structure does not ex- 
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tend so far basally, but the mem- 
branous portion is larger than in 
the second stage. The spiny 
armature is even less than in the 
second stage, only a thin sprink- 
ling of spines being present on 

the anterior end of each segment. 
The anal stigmata are black and 
much larger than in the second 
stage, appearing as they will be 
found in the puparium (fig. 8). 

LIFE HISTORY. 

METHOD OF HANDLING. 

The collection and handling 
of host material in the laboratory 
has been referred to in the pre- 
ceding pages. The methods of 
handling the parasite in deter- 
mining its life history follow. 

In the fall of 1914, when the 

Poste- Fic. 
rior end of puparium, showing char- 

acteristic structure of the stigmata and 

8.—Compsilura concinnata: 

anal opening, Greatly enlarged, 

(Original.) 

13 

Anterior 

right lateral 

(Original. ) 

Fic. 7.—Compsilura concinnata: 

end of third-stage larva, 

view. Greatly enlarged. 

life-history work on Compsilura 
was begun, the notes at the labo- 
ratory were thoroughly reviewed 
and all of the information con- 
cerning this parasite assembled. 
All of the available literature was 
studied, and, while several authors 
had written of Compsilura, very 
little could be found concerning 
the actual life history of the para- 
site. At this time experiments 
were being carried on to investi- 
gate the life history of Apanteles 
lacteicolor Vier., and it was from 
the type of tray then in use that 
the present “reproduction tray” 
(fig. 9) for Compsilura was evolved. 
This tray measured 12 by 12 by 5 
inches, with a groove around three 
sides, in which a sliding glass 
cover could be fitted. The bottom 
of the tray was of muslin, which 

permitted of partial ventilation and 
could bereplaced. In two opposed 
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sides were holes covered with fine copper screen, affording good venti- 
lation. In the center of the front of the tray was a hole 3 inches in 
diameter, in which was fitted a round plug having a 1-inch hole 
through the center for inserting a vial containing foliage; by this ar- 
rangement the stem of the foliage could be kept in water. The experi- 
ment number label, with the number and species of hosts, number of 

both sexes of Compsilura, and the date begun, was also pasted on the 
front. In the right side of the tray was a smaller hole for the purpose 

| of placing the parasites in the tray, this being closed with a cork. 
| During the summer of 1915 sugar water was used as food, being 

sprayed on the leaves and on the sides of the tray. This was found 
i to be unsatisfactory, first, because sugar water was not heavy enough 

food for the flies and they did not live for any length of time, and, 
second, when this sticky substance was sprayed over the leaves and 
the sides of the tray the flies frequently would become stuck to it. 

During the season of 
1916 honey water in 
the proportion of one 
part honey to three 
of water was used 
very satisfactorily. 
This was fed to the 
flies by the use of an 
atomizer, with which 
it was sprayed on a 
sponge placed in a 
watch glass. In the 
bottom of the tray 

see ns : ah ma was kept a small dish 
Fic. 9.—Reproduction tray used in life-history experiments of sand, which was 

on Compsilura concinnata. (Original.) 

moistened each day, 

thus keeping the humidity constant. Temperature records were kept 

with a self-recording thermometer placed near the reproduction trays. 
The experiments were conducted in a house which had three screened 

windows on one side and the opposite side built so that about half 

of it was open and well screened. One end was closed and the other 

had a screen door in it. The three sides being thus open, good ven- 

tilation was afforded. The reproduction trays were arranged on twe 

sides of this shed on shelves which were constructed of narrow strips 

to facilitate ventilation in the trays. 
During the summer of 1915 difficulty was experienced in securing 

parasite-free hosts, the only material of this nature that could be 

had in large numbers being the brown-tail moth larve. These were 

reared from the hibernating webs collected the previous fall. A 

large number of gipsy-moth larve were hatched for this purpose, 
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but owing to the high percentage of mortality, due to the so-called 

wilt disease, few survived long enough to be used in the experiments. 
In the spring of 1916 efforts were made to secure more of the para- 
site-free material, with the result that the writer was more success- 
ful than before. A large number of brown-tail moth larve were 
reared from the webs, and several thousand gipsy-moth larvee were 
hatched out. These hosts were kept in large “tanglefooted” trays, 
which were covered with fine screen cloth, to prevent any possibility 
of parasitism being effected from outside sources. Through the 
cooperation of the assistants of the Bureau of Entomology at the 
Bussey Institution an abundance of parasite-free material was se- 
cured of the species Bombyx mori L., Hemerocampa leucostigma 
S. & A., and Callosamia promethea Drury, which had been reared 
in a greenhouse, where it was impossible for parasitism by Comp- 
silura to take place. 

LARVA AND PUPA STAGES. 

The conditions under which the life history of Compsilura was 
studied were so different from the normal that no doubt it varies 
from that actually obtaining in the field. Nevertheless, as nearly 
the normal environment of the fly as was possible under laboratory 
conditions was simulated. 

The length of the larva stage in Compsilura varies with the 
season, being unaffected by temperature to any appreciable extent. 
Tables III and VI indicate the length of the larva stage under 
laboratory conditions. As shown, the adult flies were of varying 
ages at the beginning of each experiment, this apparently affecting 
the length of the larva stage. The length of the stage for each larva 
was computed from the time the experiment was begun, for it was 
impossible to note the time at which each adult attacked the host 
larva. The length of the pupa stage is also shown in Tables III and 
VI. The puparia used in these experiments were removed from the 
various trays as soon as they had hardened and become the charac- 
teristic dark-brown color. 

Tapiy IlI.—Length of larva and pupa stages of Compsilura concinnata under 

laboratory conditions, Melrose Highlands, Mass., 1916. 

Age of Proportion 

iamiale Murmt A hey of sexes. 
art Comp- pried jae: se Number| Average 
Tent silura pri in ern of pupa-| length Number and |Species and stage 

vat when prema il Messe: ria that | of pupa stage of hosts, of host. 
, begun. experi- larve | stage of emerged.| stage Fe- ’ 4 *perl- | secured. | Compsi- Bed.) Slabe- | Male.| _- © 

ment lura, male. 
began. f 

1916. Days. Days. 
July 13 3 28 16.64 24 12 13 11 | 100, fourth stage} Brown-tail moth, 

larvee. 
17 17 6 9. 83 3 14, 50 2 1 | 50, fourth stage. Do. 
6 6 19 13.57 15 10. 40 7 8 | 60, third and |Gipsy-moth, 

fourth stages. larvin. 



16 BULLETIN 766, U. 8. DEPARTMENT OF AGRICULTURE. 

The pupa stage of Compsilura is passed in two ways. In the 
field, puparia will be found both in the crevices of the bark and in the 
webs of prepupal brown-tail moth larve or “spin-ups.” They will 
also be found about 1 inch beneath the surface of the soil at the 
base of trees. The average length of the pupa stage in the soil is 
from two to four-days greater than above ground. 

ADULT STAGE. 

The length of the adult stage under laboratory conditions varies 
with the temperature and methods of handling. The methods of 
handling have been previously mentioned. The average length of 
the adult stage of Compsilura is shown in Table IV. 

TasLeE [V.—Average length of adult stage of Compsilura concinnata, Melrose 

Highlands, Mass, 1916. 

22 days for 35 mated males in glass-covered trays. 

18 days for 35 mated females in glass-covered trays. 

13.5 days for 22 unmated males in glass-covered trays. 

4.5 days for 22 unmated females in glass-covered trays. 

GESTATION. 

The period of gestation varies with the temperature, an increase in 
temperature tending to shorten the period. A new supply of hosts 
was added every two days and close watch for the emergence of Comp- 
silura larvee was maintained. The time required for the period of 
gestation was reckoned from the time of mating to the time the 
adults and hosts were separated; then, to get accurately the length of 
the larva stage, each maggot was isolated as it emerged from the host 
and the larva stage was reckoned from the end of the period of 
gestation. (See Table V.) 

TaBLeE V.—Gestation period of Compsilura concinnata: Single females in each 

experiment, Melrose Highlands, Mass., 1916. 

Age off Bonne BOCTIEE Gesta- 
Date experiment Pe a Sallie P length of| Numberand stage Tost fife 

began. SCOR Tal Se Ore larva ofhosts. ; : Higa 
lation. larve Stace period. 

secured. Be. 

Days. Days. Days. 
lye osee sere 1 3 9.5 | 30, fourth stage....) Brown-tail moth larve. - 4.5 

ee Ser 2 13 7.42 | 70, fourth stage....|...-- dossiers 5 
IGS. 32 See: 2 8 7.23 | 60, fourth stage.-..|.--.- GOs soho eee 3 
Sls Fs eeee 2 1 10 70, fourth stage-..--|..--- GOjess eueee eee 6 

Average:=s|- Shi ncace les. 2S Seg Oaks Se cig. || 538 SS Ee ree Bs Ree eee 4.5 

PARTHENOGENESIS. 

Since it was thought that Compsilura might, at times, be par- 
thenogenetic, a series of experiments was conducted to determine 

whether this is the case. In each case 5 unfertilized females were 
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placed in trays with 25 third and fourth stage gipsy-moth larve 
which had been reared under screen from hatching. Attempted 
larviposition was noted, but in no case were Compsilura larve se- 
cured and none were found upon dissecting the hosts. This same 
false larviposition was noted with larve of Bombyx mori. The 
piercer punctured the integument of the host, for each time an 
attack was made the caterpillar bled at the point of attack. A 
number of the Compsilura used were dissected,- but none showed 
uterine eggs or developing maggots in the uterus. In several of 
these females the posterior uterus had become lengthened as is the 
case after fertilization. 

COPULATION. 

When union was successfully accomplished, copulation lasted 
from 26 minutes to 1 hour and 50 minutes, and while a number of 

records were secured, the foregoing represents the extremes. At- 
tempted coition was noted at times which occupied several seconds, 

but in cases of such short duration these attempts were unsuccessful. 
The results of observations on copulation seem to be more or less 
contradictory. In some cases Compsilura were confined in glass 
jars, screen cages, or glass-covered trays for several days, and did 
not copulate; whereas in one case a male, which was 16 days old and 
had been mated previously, copulated for 1 hour and 50 minutes 
with a female which was only 24 hours old. Another pair that 
were only 18 hours old copulated for 14 hours. In cases where 
copulation occurred soon after emergence from puparia the tem- 
perature and humidity were quite high. It was observed also that 
the flies will copulate more readily if the male is from 2 to 4 days 
older than the female. 

LARVIPOSITION. 

Compsilura will attempt larviposition in confinement when only 
one day old and before copulation takes place. It is physically im- 
possible that this attempted larviposition can be effective, as Comp- 
silura is viviparous and young larve have not had sufficient time to 
develop within the mother in that length of time. 

The method of larviposition is as follows: The female approaches 
the host, stopping within about an inch of it and, after surveying the 
victim carefully, strikes quickly. The host makes a quick movement 

, of the entire body and the Compsilura flies off, only to return imme- 
diately until she is finally satisfied. If larviposition is successful at 
the first attempt, the parasite seems satisfied for a few moments. 
Records were secured of Compsilura attacking one gipsy-moth larva 
as many as seven or more times in rapid succession, the whole occur- 
ring within 1} minutes, Larviposition will be attempted shortly 



18 BULLETIN 1766, U. 8. DEPARTMENT OF AGRICULTURE. 

after copulation, as.records show that this occurs within 26 minutes 
after coition has been completed. 

The host larva will be attacked in almost any portion of the body, 
as larviposition was attempted on the head capsule, the middle part 
of the body, and the posterior segments. Although the middle por- 
tion seems to be preferred, this may be due to the host’s inability to 
disturb the parasite as easily in this portion as it does on either the 
anterior or posterior end. 

ACTION ON HOSTS OTHER THAN THE GIPSY AND BROWN-TAIL MOTHS. 

In working out the life history of Compsilura various hosts were 
used, all, with one exception, being indigenous to this country. Six- 
teen native species were utilized, and while Compsilura had been 
reared from most of these, attempts at reproduction in the laboratory 

failed on all but four. A matter of interest in connection with repro- 
duction on Callosamia promethea and Bombyx mori, which had been 
reared parasite-free beneath screen, was the high percentage of super- 
parasitism. This was particularly true of Bombyx mori, in several 
instances as many as 10 Compsilura puparia being secured from a 
single host; and of Lemerocampa leucostigma, it being a very com- 
mon occurrence for from 3 to 4 Compsilura puparia to be reared 
from one host. In Table VI are given the results of reproduction 
upon these three hosts. - 

TapLte VI.—Development of Compsilura concinnata in various hosts, Melrose 

Highlands, Mass., 1916. 

Age of Proportion 

flies |{Number| Average|Number onerh ofsexes. 
Dat when jofComp-} length | of pupa- of 5 : Number and stage Host 
ate. | experi- | silura | oflarva| riase- | “jPUP| ofhost. c 

ment | larve. | Stage. | cured. aee- Male Fe- 
began. “~-| male. 

Days. Days. Days. : 
July 19 3 30 14.76 26 12 19 6 | 50, third! and] Il. leuco- 

fourthstages. stigma. 
15 18 5 17. 20 3 17.33 1 2 | 15, third stage....| C. promethea. 
18 2 23 22.27 17 16. 25 8 9 | 25, third and Do. 

fourth stages. 
19 2 5 19 5 15. 80 3 2 | 25, fourth stage... Do. 
19 3 59 15. 60 50 11. €0 17 13 | 35, fourthstage-...| Bombyx mori. 
24 4 60 AQ O54\S eee ee 2 | S22 ste cea ee 50, fourth stage. .- Do. 

1 These stages refer to each molt of the host larva. 

Pontia rapae is a splendid intermediate host for Compsilura, this 
pest being found in New England wherever cabbage is grown, and » 
because of the overlapping of its broods, which makes it possible to 
find nearly all stages of larvee in the field from spring until winter, 
Compsilura is assured of at least one host upon which to perpetuate 
itself. Fortunately, however, Compsilura is not compelled to rely 
solely upon Pontia rapae for existence, as a glance at the native host 
list will show. ; 
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EFFECT OF TEMPERATURE UPON VARIOUS STAGES OF COMPSILURA CONCINNATA. 

A STUDY OF COMPSILURA CONCINNATA. 

Temperature, under laboratory conditions, appears to exert little 
influence in the development of larvee within the host. This is par- 
ticularly true during the summer season. In the late summer the 

larva stage is lengthened, but in averaging the whole season when 
Compsilura larvee were secured, July 13 to August 24, it was found 
that the larva stage was lengthened at a time when there was very 
little variation in average temperature. (See Table VII.) 

Taste VII.—Effect of temperature upon length of larva stage of Compsilura 

concinnata under laboratory conditions, Melrose Highlands, Mass., 1916. 

Average Average 
Number of individuals. Lee tempera- Number of individuals. Tatve teneee 

Se. ture. See: ture. 

Days. oobi Days °F, 
SE eee east = wi deo cecase. 6 T2"|| -Deeeerenercuire se oe Se 11 71 
ee isis os Sone aan aisee 7 TA, || Vee oases ao *2icee ac 14 74 
330" Soo Sep eee ee es 8 13" || 1 See Sa ed A 15 71 
Tso. 7 eR See ee ee 9 12 || Vee eee re hie a SS ae | 16 71 
Oe ees EP AS: | 10 72 

This average temperature, as noted in Table VII, was secured by 
taking four readings a day and averaging the whole. 

The effect of temperature upon the pupa stage is shown in Table 
Vir. 

TasLe VIII.—Lffect of temperature upon length of pupa stage of Compsilura 

concemnata under laboratory conditions, Melrose Highlands, Mass., 1916. 

Average Average 
Number of individuals. dupa tempera- Number of individuals oene tempera- 

Be. ture. ee ture. 

Days cael Days eas 
4 elo eee ee ea ee 7 71. || Doses ate meannenecca nee ae 15 66 
2). . 53 SBS DSSS SEES SEES SEE } 9 67 |||: SSeS SS SR LE BEES Eee 16 64 
J 5.2 eee Se ee | 10 12)|) Soremaperetseeie\ctersinisbtsimiceialatee crite 17 64 
J, 6 2 SEA RAESD DA ESA OOS APE | 11 TL ||) SERaeaae es oe Perea OS vee es 18 66 
BL 22 ae ee ae Sea | 12 72. |). SS ese cco Nate cicpys ocpie 19 63 
Sod = SENS 0 Is as 2 ee eS Se | 13 69)1|\ DER amne ys sere eee Reece heed 20 63 
Te ws Nao hahaha o Sica pe:o'~ bicis | 14 68 

Temperature averages shown in Table VIII were secured in the 
same way as for the larva stage. The shorter pupal periods were 
observed in the middle of the summer and those of longer duration 
in the late summer and early fall. All of these records were made 
from puparia above ground, the length of the pupa period in those 
below the surface of the soil being from two to feur days greater. 

The effects of temperature on adult Compsilura are shown in figure 
10. The temperature was determined by readings at noon each day, 
when observations were made on the activity of the adults. It is 
practically impossible to rate terms of activity in either degrees or 
percentages, so the following terms were adopted: (1) Very active. 
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Constantly flying; copulating; larvipositing freely and feeding. 
(2) Actwe. Flying a little; larvipositing some; crawling around and 
feeding. (3) Jnactive. Crawling around; no copulation or larvipo- 

_ sition; very little feeding. (4) Very inactive. Practically dormant, 
sluggish. 

SEASONAL HISTORY. 

PRESENCE IN FIELD AND NUMBER OF GENERATIONS. 

Compsilura occurs in the field, as shown by collections of adults 
in 1915,on May 1. It was on this date that two male specimens were 
collected. The latest that adults were taken in the field was October © 
28 and 29, 1915. This represents the extremes of collections ‘of 
adults of this parasite. The earliest collections of puparia in the field 
were made June 16, 1915, from brown-tail moth “spin-ups,” and the 
latest record, from a collection of Pontia rapae, made September 30, 
1915. Among collections of host material for Compsilura is that of 
brown-tail moth “ spin-ups ” and the time of occurrence of these in the 
field varies from year to year, the average being about June 25. In- 

mediately following these is begun the collection of gipsy-moth 
larve for this parasite. Figuring on the foregoing basis of collec- 
tions, and allowing a range of 28 to 30 days for completion of life 
history in the field, it will be found that three full generations are 
passed during the season. 

In the laboratory the period from adult to adult averages 24 days, 
and with a “ gestation period” of 4.5 days, the life cycle involves 
about the same length of time as is required under natural conditions 
in the field. It was found possible to secure more than three genera- 
tions annually in the laboratory by supplying hosts later than they 
could be found in the field. 

The most accessible host in the spring is the brown-tail moth larva, 
which is attacked soon after emergence from the hibernating web. 
The growth of the parasite in this host during the early part of the 
larval period is more or less retarded owing to the slow spring devel- 
opment of the young brown-tail meth larve. Just previous to pupa- 
tion of the host, while the brown-tail moth larva is spinning its 
cocoon, the parasite larva emerges and pupates within the loosely 
woven web. A short time after this the appearance of adult Comp- 
silura is noted, and puparia are to be found in the early gipsy-moth 
larvee, some few coming from the late fourth and early fifth stage 
hosts. These are evidently part of the same generation as those from 
the brown-tail moth larve. The early issuing adults emerge from 
the brown-tail moth hosts in time to attack the later stages of the 
gipsy-moth larve together with native hosts, which are prevalent 
at this time, and this constitutes the beginning of the second gener- 
ation of Compsilura. Those issuing from this second generation the 
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last of August and first of September constitute the third generation 
and furnish the adults which attack the hosts in which the Comp- 
silura larvee later hibernate. 

~ N 

Bees y se ‘ \ y S 
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Fic. 10.—Diagram illustrating relation of temperature to activity of adult Compsilura concin- 

nata, July and August, 1916. (Original.) 

HIBERNATION. 

Hibernation of Compsilura is the point in the life history of 
the parasite which has not been completely worked out, although 

enough has been accomplished in this line to warrant its discussion 

here. Several cases of hibernation of Compsilura have been re- 

corded, but only six hosts have given absolute records. These are 
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Papilio polyxenes Fab., Diacrisia virginica Fab., Deilephila gallit 
Rott., Deidamia ieonier Harris, Callosamia prométhea Drury, 
and an unidentified geometrid. i all of these cases the parasites 
passed the winter as larvee, emerging and pupating in the spring. 
No doubt when the host material lately in hibernation at the labo- 
ratory is fully examined the list of hosts in which Compsilura passes 
the winter will be materially increased. A single record of hiberna- 
tion was noted in a chrysalid of Pontia rapae that was kept inside 
during the winter, the Compsilura emerging January 18, 1915. 
While it would seem that this host is ideal for the hibernation of 
Compsilura, in no other case has the parasite been recorded as pass- 
ing the winter in it, although several thousand chrysalids of Pontia 
vapae have been eollected from localities where Compsilura has been 
recovered in the fall and placed in hibernating quarters, 
Attempts which have been made to carry Compsilura through the 

winter in the adult and pupa stages, under laboratory conditions, 
have proved unsuccessful. In the early fall of 1916 a number of 
puparia were divided into two lots, one of which was placed in an 
ordinary glass vial and the other in a box of leaf mold and loam. 
Both lots were then put in an ice chest where the temperature varied 
from 40° to 42° F., and where the humidity w was high and con- 
stant. A month later some of the puparia were taken ream the vial 
and opened, disclosing well-developed, healthy nymphs. A few were 
opened from time to time until November 15, when the last were 
found dead. The last puparia found alive had been confined in the 
ice chest for 49 days, and it would appear that under natural condi- 
tions the puparia might hibernate, although attempts made in this 
direction have failed. oh 

In Bulletin 91 of the Bureau of Entomology, published in 1910, 
is found the only plausible explanation of the failure of Compsilura 
to hibernate within the overwintering brown-tail moth larve. On 
pages 219 and 220 is the following paragraph: 

Larve, which are almost certainly Compsilura concinnata, have been occa- 

sionally found in living brown-tail moth caterpillars during the winter months. 

It is presumed if these larvze were able to mature under these circumstances, 

that they would have been reared before now from some among the hundreds ot 

thousands of brown-tail caterpillars which have been carried through their 

first three or four spring stages in the laboratory. None having been reared 

under these circumstances, the only logical conclusion is that they start inte 

activity so early and develop so rapidly as to cause the death of the host before 

they are sufficiently advanced to pupate successfully. 

This, no doubt, is true, for the writer conducted beperunone un- 
der idea conditions for the hibernation of Compsilura, if.this were 
possible, in hibernating brown-tail moth larve. From several places 
where Compsilura was prevalent during the summers of 1914 and 
1915, hibernating webs of brown-tail moth larvee were collected dur- 
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ing the following fall and spring, and when the season began they 
were placed in feeding trays which were kept covered with fine mos- 
quito screening. These were fed until the hosts pupated, and al- 
though this experiment was repeated for two years, the trays being 
carefully examined at least once a week during the time of feeding, 
no Compsilura were secured. 

The results of these experiments substantiate the statement referred 
to in the foregoing bulletin, that it is impossible for Compsilura 
larve to hibernate in overwintering brown-tail moth: larve. Dis- 

- sections during the fall of 1915 showed conclusively that Compsilura 
attacks the young brown-tail moth larvee and will live through part 
of the first larval instar in this host, but that the small size of the 
host prevents the parasite larva from maturing sufficiently to pupate. 

SECONDARY PARASITISM. 

Secondary parasites of Compsilura play an important -part in the 
spread and effectiveness of the tachinid parasite. These secondaries 
attack the Compsilura maggot immediately following its emergence 
from the host, or the fresh puparia, and before it hashardened. From 
no puparia secured from beneath the surface of the soil have sec- 
ondary parasites emerged, only those found above ground being at- 
tacked. During the seasons of 1915 and 1916 1,164 Compsilura 
puparia were collected in various parts of New England over the 
entire area covered by this parasite, and from 10.31 per cent of them 
secondary parasites issued. 

SUPERPARASITISM. 

To ascertain the effectiveness of Compsilura, a series of experi- 
ments was conducted from 1912 to 1916, with gipsy-moth larve col- 
lected on the border towns of Compsilura dispersion for the years 
1909 to 1913, five towns being selected in which the parasites were first 
recovered in the five-year period mentioned. These border towns 
have furnished the host material each year for the last four years, 
and the collections yielded an average parasitism of 10.21 per cent. 
These results were secured by making collections of from 10 to 20 
ufth-stage gipsy-moth larvee and feeding them singly, either in small 
trays or in screened boxes, care being exercised to safeguard them 
‘rom any parasitism after reaching the laboratory. 

It was from these same experiments that the highest parasitism by 
Compsilura was gained, and in several cases three puparia were se- 
cured from a single host larva. Data were also obtained from the 

foregoing experiments on the effect of wilt on Compsilura parasitism. 
If the parasite larva is ready to molt into the last larval instar, al- 
though the death of the host occurs from wilt, it will not prevent 
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further development of the parasite larva, but pupation will be ac- 
celerated. The larva can not remain in its tracheal funnel after the 
body contests of the host become flaccid, but it will be seen moving 
slowly about, and will emerge from two to five days after the death 

of the host. 
Similar experiments were conducted during the years 1915 and 

1916 with brown-tail moth larve, treated in the same manner as were 
the gipsy-moth larve, with the average result of two parasites per | 
larva, at times as many as four puparia being secured from one host. 

SUPERNUMERARY PARASITISM. 

The fight for ascendancy between some of the tachinid and hymen- 
opterous parasites is well illustrated by a study of Compsilura para- 
sitizing brown-tail moth larve. When two internal feeding parasites 
of different orders occur in a single host larva and complete that part 
of their existence which is passed within the host, parasitism is de- 
scribed as “supernumerary.” This is illustrated by Compsilura and 
Meteorus versicolor Vier. in their occurrence in brown-tail moth 
jarve. It was noted, in an experiment where brown-tail moth larvee 
were isolated and fed in single boxes, that J/eteorus versicolor was 

present to quite an appreciable extent. The hosts did not die imme- 
diately after emergence of this hymenopterous parasite, and in from 
two to four days, in some cases, Compsilura would emerge. In no 
case were any Compsilura secured previous to emergence of Meteorus. 

ECONOMIC IMPORTANCE. 

The white-marked tussock moth, Hemerocampa leucostigma, which 
a few years ago was a serious pest in many localities in New Eng- 
land, has practically disappeared since Compsilura was established. 
The saturnid Callosamia promethea, which in past years was very 
common in the area covered by Compsilura, is now quite rare. While 
the cabbage worm, Pontia rapae, is still a serious pest, its numbers 
have been materially lessened in some sections, Compsilura, no doubt, 
playing an important part in this decrease. The celery worm, Papilio 
polyxenes, is not So common now as it was previous to the importa- 
tion of Compsilura. The fall webworm, Wyphantria cunea, which 
could be found in eastern Massachusetts in large numbers in 1910, 
is scarcely noticed now. The writer dees not claim that Compsiluy & 
is the sole cause of the disappearance of these pests, but this parasite 
has been reared from all of them, and it is significant that the de- 
crease has occurred since the advent of Compsilura. Outside of the 
area in which this parasite occurs, many of these caterpillars will 
be found in considerable abundance. The gipsy moth and brown- 
tail moth infestation has been materially lessened in sections where 
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this parasite has been firmly established for some time, but spraying, 
hand-suppression work, and the effects of predacious enemies, disease, 
and other parasites have all had their parts to play in causing the 
decrease, not only of the gipsy moth and the brown-tail moth, but of 
other native pests as well. 
From the foregoing it will be seen that Compsilura concinnata is 

the most important tachinid parasite brought into this country for 
combatting the gipsy moth and the brown-tail moth, and that it 
attacks both freely. Judging from its increasing list of native hosts 
in the United States, it bids fair to become one of the most important 
“conomic parasites in this country. Compsilura has been established 
in the United States only 10 years, and during that time it has 
been recorded from a large number cof native hosts, and no doubt 
this host list is much longer than is known at the present time. 
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Glasnik Zem. Mus. Bosn. Herceg., XIV. 488. (Phorocera) (1902) et Wiss. 

Mittheil. Bosn. Herceg., IX. 548. (Phorocera) (1904). 

varia R—-D., Annal. Soc. entom, France, (2) VIII. 184. (Phorocera) (1850). 
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HISTORICAL SUMMARY AND REVIEW OF LITERATURE. 

Although the literature on poisoning by acorns is extensive, publi- 
cations on poisoning by oak leaves are comparatively few. The. 
earliest recorded statement regarding the injurious properties of oak 
leaves is by Mascal, 1662, page 243,' who says ‘‘ Again oak leaves, if 
sheep eat thereof green, it is evil for them, especially for young lambs, 
which will kill them; and likewise of other cattel.”’ 

Apparently there was no other reference to this subject until 1893, 
when Cornevin treats of it quite fully. As this is the only extended 
account in the literature and as his work is not common in hbraries, 
his statement is quoted in full (by translation) as follows: 

There are no less than 300 species of the genus Quercus. For our purpose we con- 

sider only one, the most common. Moreover what is said about this will apply to the 

others, 
Quercus robur, L. (Chéne rouvre).—According to many botanists we should unite 

under this Linnean species the two varieties Q. pedunculata Thrh. and Q. sessiflora 

Smith as well as the forms derived from them, especially Q. Cerris and (. pubescens 

Wills. 

1 For complete titles of works cited see list of literature on page 36. 
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The oak is so common that it is unnecessary to give a botanical description in this 

place. We may recall the fact that the fruit at its base is placed in a cup, which is 

pedunculated in the variety under consideration, but sessile-in Q. sessiflora, while the 
opposite condition exists in the leaves of the two forms. 

Independently of the wood and the tan bark which it furnishes for manufacture a 
fuel, the oak annually provides for the food of animals its acorns, and, in some regions, 

its leaves. 
It is to the leaves exclusively that it is necessary to call attention; they occasion in 

the live stock which consume them, under some special conditions, accidents of serious 

importance. 

In the early spring in the low country, and a little later in the plateaux, when the 

buds of the trees of our forests are opening and the young leaves have still the light- 

green color which tints the country so beautifully in the spring, it happens that the 

farmers whose supplies of forage are exhausted pasture their animals in the forests. 

This is the custom of the inhabitants of the forests, of the charcoal burners, of the wood- 

men who work the cuttings, and is frequently a necessity for the small farmers of the 
wooded country. The cattle, for a long time accustomed to dry feed and finding little 

grass on the soil of the forest, eagerly eat the fresh twigs and young leaves upon them. 
If they are grazing in a thick coppice, their eagerness has no limit at first. 

After some days of this feeding, there appears, at first only on young animals, and es- 

pecially it has been noticed on those with a thin skin and white hair, then later in the 
milch cows and the rest of the herd, the symptoms of a disease observed and described 
for a long time under the characteristic name of ‘‘mal de brou” or of ‘‘maladie des 

bois.’ In the South it has been observed following grazing in lands where different 

shrubs grow, and especially the Spanish broom (Genét D’Espagne) whence it is com- 

monly called genestade. 

Symptoms.—The animals, with a full appetite at first, eat less and less, they rumi- 
nate only a little, and apparently with difficulty; they are eventually affected with 
constipation, which increases and their excrement becomes hard and coated. They 
remain a long time lying down, and from time to time look at their flanks as in cases 

of dull colic, then get up and urinate. The liquid is emitted in jets and is then of a 

dark-red color. The secretion of milk in the females is lessened and eventually fails 
entirely. There is some fever, trembling of the muscles, and weakness of the hind legs, 

the coat is rough, the dorsolumbar region more sensitive than normal, the mouth cold, 
and the saliva reduced. 

Three or four days after the onset of the disease the rumination is completely stopped, 

the patients stamp, exhibit colic, and have the abdomen drawn up; the pulse is hard, 
the heart action agitated, the respiration accelerated and labored, the shaking of the 

muscles violent, and they attempt to urinate frequently. ; 

Always a striking symptom ‘is the color of the urine; it is constantly dark, but with 

variations of shade which pass from a clear red to the deep dark color of Maloeu ae 
with the brown shade predominating. 

If the animal is withdrawn from the cause of its illness and receives the necessary 
care for its condition it will most generally recover. 

The prognosis is bad when the constipation is succeeded by a foamy dysentery with 
very fetid and abundant feces. Then the patients very quickly become He, 

and die in a condition of marasmus. 

In the great majority of cases the ‘‘mal de brou” does not make rapid progress; 

nevertheless, there occurs, exceptionally, a kind of sudden explosion of illness. 
There is a sudden and abundant expulsion of bloody urine with violent colic and 
sometimes intestinal hemorrhage; under these conditions the patients have succumbed 
in 24 hours. 
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- Lesions.—They are those of gastroenteritis and of nephrocystitis. The first are 

generally closely related to the intensity and progress of the disease. The second are 
more accentuated. The kidneys are doubled or tripled in volume, show ecchymotic 

spots on their surface, hemorrhagic foci in their parenchyma, inflammation of the 
pelvis and the destruction of the uriniferous tubules or their obstruction by fibrinous 
coagulum. The bladder is almost always turned back upon itself and is nearly empty 
or contains a small quantity of dark urine; the mucous membrane is inflamed. 

The study of the urine, which is the more interesting partin the history of hematuria, 
has been much neglected up to the last years. Only the most evident physical 

characters have been noted, and there has been established only one essential point, 
the presence of or absence of blood corpuscles in the urine. Stockfleth denies their 
existence in this liquid, while most French authors admitit. M.A. Robin has madea 
thorough study of the urology, and we can not do better than to quote a résumé of his 
observations. 
“The urine is viscous, with alkaline reaction, with an ox-house odor, rich in sedi- 

ment formed largely of coagulated albuminoid matter and tinted brown. The blood 

corpuscles are rare, but one finds crystals of urate of ammonia, a very little carbonate 

of calcium, some drops of oil, some leucocytes, no oxalate of calcium, a little urea in a 

normal condition, a considerable diminution of the hippurates and a notable increase 

of the chlorids, a little phosphoric acid, albumen in considerable quantity and also 
some urohematin and hemoglobin. No trace of sugar.”’ 
From his analysis, M. Robin concludes that during the course of the disease ‘‘the 

organism loses heavily in urea and especially in the chlorids, losses which become 

more evident as the animals eat less, that the uric acid replaces the hippuric, the 
urine of the sick animals approaching temporarily the condition of that in carnivores; 

that the salts of calcium diminish in the liquid and disappear in the sediment; that 

the free oil and the casts increase and appear in connection with the defervescence; 
lastly that the affection appears to be a hemoglobinuria rather than a true hematuria.”’ 

What is the substance producing this hemoglobinuria? It must be found in the 

young shoots and new leaves of the oak, but it is to be noticed that those of the horn- 
beam, ash, alder, hazel, privet, cornel, spruce, pitch fir, gorze, and broom under the 

same conditions are capable of producing similar results. All these shoots and leaves 

are rich in tannin, and investigators have been led to consider this body as the one 
producing the harm. We will discuss this opinion. 

To sustain it, it can be argued that the tannin is in much larger proportion in the - 
accused plants, and especially in the oak in the spring than in the winter, and that 
it is more abundant in the young oaks than in the old since in the latter the tannin is 

transformed to gallic acid and then little by little into brown extractives. 
It is learned that the content of tannin in the plants containing tannin has relation 

to the physiological activity of the tissues in such a way that its maximum is found 
in the young organs, like the sprouts, young branches, and the first leaves, the form- 
ing tissues, the cambium and the phellogen. 

Does it follow that it is a greater introduction of fant into the economy which 

occasions the ‘‘mal de brou?’’ I do not think go. As a matter of fact animals are 
given food which is just as rich in tannin and which, nevertheless, occasions no acci- 
dents in spite of the continuance of such treatment. We may mention the acorns 

which in the wooded districts, in France and elsewhere, are given to all animals, 

horses, fattening animals, and swine, without ever bringing on hematuria, but with 
excellent results. The leaves of the vine are, among foliaceous organs, especially 
rich in tannin—from time immemorial these have been collected and preserved in 
silos as food for animals in winter. Who has ever known the ‘‘mal de brou”’ to follow 

their consumption? In the Scandinavian country, in the north of Russia and_ of 

Asia, especially among the Baskir tribes, they use the bark of the birch, pine, spruce, 
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elm, wild cherry, linden-and willow, having an equal content of tannin, for feeding 

the animals during the winter, and no inconvenience or accident results. 

The experiments, partly with tannin, partly with tannic acid made by the pharma- 

cologists, no more prove the harmfulness of these substances or the production of 

hemoglobinuria. Gohier has performed in this line an experiment often quoted. 
He fed large quantities of oak bark to horses, which came out with good results; he. 
proved an arrest of digestion with obstinate constipation, but without hematuria. 
Their blood, far from having a tendency to lose its hemoglobin, became more red, 

more coagulable, and much slower in putrefying. 

Moreover the therapeutic investigations made with tannic acid employed as pure 

as possible have not disclosed hematuria following its use for a long time. 
Finally we may add that the consumption of the leaves of oak, ash, etc., in summer, 

autumn, and. winter at a time when they contain a much smaller proportion of tannin 

than in the spring, it is true, but still in large quantity, does not bring on the “maladie 

des bois.’’ In the mountain region of the southeast and center, especially in the high 
and low Alps, the Lozére, the Ardéche, the Haute-Loire, the Rhone, etc., they cut in 

autumn the leafy branches of the oak growing from the pollards, and with these they 
feed the sheep for a long time without accident. 

If the tannin of the bark, fruit, and leaves of summer and autumn can not be 

blamed, two hypotheses are presented; there may exist in the young leaves along with 

the tannin an ephemeral poisonous substance, which soon disappears, or the tannin 
itself may come into a special condition which may give it the harmful properties 
which have been described. 

The first hypothesis is hardly tenable for it would be very singular if this poison | 

should have, up to the present time, escaped the notice of the chemists and botanists, 
who have studied tannin so thoroughly. We can not deny it absolutely, for we can not 

-pledge the future, and can not foresee what may ultimately be discovered, but we 
expect the facts will support this belief. 

Let us look at the second. It is admitted nowadays that plants hold the tannin 

under the form of a polygallic glucoside which is easily changed. The varieties of 

this are many, following the plant species which furnish them. It is probable that 
in the same species many of these varieties, derived one from the other, appear and 

disappear to make way finally for the specific variety. It will be very desirable that 
the chemists should study this point, commencing their analyses with the opening of 
spring. The check of its plant histology should not be neglected. We possess, 

actually, many good reagents which can furnish useful information: the perchlorid 
which colors green or blue, according to the character of the tannin; the bichromate of 
potassium which forms a compact reddish-brown compound and the solution of molyb- 

date of ammonia in a concentrated-solution of chlorhydrate of ammonia, which colors 
the tannin red and has the advantage of making it possible to distinguish the glucosides 
of tannin from the tannic acid, for an excess of the chlorhydrate of ammonia produces 

in the first voluminous precipitate, while the last remains colored red. 

These varieties of tannin, very changeable as has been said, may suffer modifications 

in the plant economy and furnish sometimes acids, sometimes special bodies like » 
pyrocatechin. 

Now, some very interesting investigations of M. C. Hayem have shown that the 
blood of animals submitted to the action of pyrogallic acid and pyrocatechin shows 
special modifications. The blood corpuscles are attacked and a certain proportion 
of hemoglobin extravasated. There is a formation of methemoglobin at the same 
time in the red corpuscles and in the plasma and more or less intense degeneration of 
the corpuscles. On the other side it has been established that in hematuric fever and 

in paroxysmal hemoglobinuria, the urine contains methemoglobin. 
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Do not all these ideas combine to make us admit the possibility of a particular state 

of the tannin in the young tissues and the modification of this tannin in the animal 
economy? 

However this may be, the farmer should see from this and what precedes that if 

feeding with gathered leaves in the summer and in autumn raises no objection because 
it brings no inconvenient consequences, it is not the same when the collection is made ° 
in the beginning of spring and contains shoots and very young leaves. The better 

way will be not to subject the animals to it. 
Before closing we should say that the employment of sawdust of oak wood as a litter 

is not to be recommended. It furnishes an acid manure that can only be usefully 
employed after being corrected by phosphates. This litter is also accused of attacking 

in time the udders of milch cows and of occasioning inflammations. 

Harting, 1901, says that goats eat oak twigs without injury, but 
deer and cows are fatally poisoned. 

Mackie, 1903, published a paper on the value of oak leaves for 
forage. He gives chemical analyses of a number of species and 
discusses their comparative value as forage. His general conclusion 
is that the oaks have a fairly high nutritive value, deciduous species 
being better than the live oaks. He does not intimate that the 
leaves have any poisonous properties. | 

In the Breeder’s Gazette of September 1, 1909, page 362, occurs the 
following short article: ) 

OAK LEAF KILLS CATTLE. 

Stockmen grazing cattle in the national forests in the southwest, especially in Colo- 
rado and New Mexico, have suffered serious losses during the present summer through 

the cattle eating oak leaves. In that section of the country the season has been 
unusually dry and grass extremely scarce. To eke out the scanty forage supply the 

cattle have browsed on the scrub oak which covers large portions of the range. Ordi- 
narily the stock does not browse much on the oak and the little they do get, taken with 

the other food, is not injurious, but when, as in the present season, the oak browse 

furnishes a large proportion of the daily food of the cattle, the results are serious. 
The oak leaves and sprouts contain a large percentage of tannic acid. The action of 

this acid on the stomach is extremely injurious and the losses have been unusually 

severe. The symptoms of the disease are staring eyes, feverish and blistered lips and 

nose, the animal ceases to graze or seek for food, standing in one place for hours at a 

time. The coat becomes rough and the hair is all turned the wrong way, as in cases of 
loco poisoning. The animal does not chew its cud and in a comparatively short time 

it becomes too weak to remain on its feet and death rapidly follows. So far as is 
known the only remedy available tor this trouble is linseed oil given as a drench in 

amounts from | to 2 quarts. The oil appears to overcome the injurious effects of the 
tannic acid, and if the disease is not advanced too far and the animal can be furnished 

sufficient food so it will not be forced to eat the oak, it will generally recover. The 

best method, of course, in handling the trouble is, if possible, to get the cattle away 

from the range where the oak is found and furnish them with plenty of fresh green feed 

to build up again. 

Lander, 1912, page 270, makes a brief statement which is evidently 
? ) ] t=] ) . 

based on Cornevin. 

Barnes, 1913, pages 268 and 278, treats of the subject, making 
) ) PD ) ) ; oD 

practically the same statements which were made earlier in the 

Breeder’s Gazette. 
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Glover and Robbins, 1915, page 25, speak of the subject as follows: 

Scrub oak is considered poisonous by many:stockmen. They will take the pains 

to keep their stock from the oak thicket. Itis very likely that most cases of poisoning 
resulting from cattle grazing in scrub-oak thickets are due to larkspur which grows 

therein. 

The foregoing covers all the literature that has been found on the 
subject of poisoning by oak leaves. It may be noted that the bibliog- — 
raphy is surprisingly small, and that even the somewhat extended 
account of Cornevin contains much theoretical matter and is not 
supported by experimental evidence. 

POISONING BY OAK LEAVES IN NORTH AMERICA. 

Throughout the grazing region of the West there is a very general 
belief in the poisonous properties of oak leaves, more particularly 
with regard to their supposed toxic properties for cattle. Heavy 
losses are said to have been caused in certain localities, and many 
inquiries have been addressed to the Department of Agriculture for 
information concerning the disease and its treatment. In connec- 
tion with the investigations of poisonous plants and their effects 
there has been an attempt to collect all available information on | 
the subject, and feeding experiments have been carried on during 
four summers. 

As has already been indicated, the published statements with 
regard to poisoning by oak leaves in America are very few. The 
Department of Agriculture, however, has received by correspondence 
considerable information on the subject which may be summarized 
as follows: 

Localities of supposed poisoning.—The States from which most of 

the complaints have come are Colorado, Utah, New Mexico, and 
Texas. Many of the reports have come through forest supervisors, 
the following national forests bemg represented: San Isabel, Las 
Animas, Nebo, Fillmore, La Sal, Wasatch, Manti, and Fishlake. It 
may be noted that the Utah national forests are largely represented, 
and more detailed complaints have come from that State than from 
the others. 

Species supposed to be poisonous.—Of course, the reports ordinarily 

do not connect the disease with any one species. It is evident, 
however, from our knowledge of the local flora in the places from which 
the complaints come, that most of the trouble is ascribed to two 
species, Quercus gambellii Nutt. and Q. havardi Ryd. The latter 

species 1s popularly known in Texas and New Mexico as the ‘‘shin- 
nery’’ oak, and the plant is said to ‘‘shinnery”’ cattle. 

Season when poisoning occurs.—While many of the reports are 
indefinite as to whether poisoning is more likely to occur at particular 
seasons of the year, there is a general agreement that most cases 
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occur in the spring. Some say that all cases are in the spring. 
Most observers say that the harmful effects are produced by eating 
the buds and young leaves. Some say that these are most harmful 
after being frosted. It has been noted by many that cattle in poor 
condition in the spring of the year are most liable to be affected, 
and that if well fed they are not harmed. 
Symptoms.—The symptoms described by Cornevin included loss 

of appetite, cessation of rumination and lactation, fever, trembling 
of muscles, dark-red, urine, and constipation followed by dysentery; 
the autopsies showed gastroenteritis and acute nephritis. 

The reports from supposed oak-brush poisoning in the United 
States do not agree very closely with Cornevin’s description. Barnes, 
1913, gives the prominent symptoms as fever, scabby sore nose, 
deep-set eyes, hair turned the wrong way, difficult breathing, and 
contents of stomach compacted, the material being dry and burned. 

From the reports of different stockmen may be added as charac- 
teristic symptoms, constipation, dark or bloody feces, and emacia- 
tion; it is said by some that an examination of the stomach contents 
shows masses of oak leaves, and that the material in the third stomach 

is dry and hard. Some of the cases are said to be acute but many 
linger along for weeks and months. 

_ Animals poisoned.—The principal complaint is of cattle, although 
sheep have been reported as affected by oak. It may be noted that 
the European authors, Cornevin more particularly, apparently con- 
sider cattle the principal sufferers, though sheep and deer are men- 
tioned. Harting says that goats are not injured. 

EXPERIMENTAL WORK WITH SCRUB OAK. 

A considerable number of so-called oak-brush cases have been 
seen upon the range in Utah and Texas. These animals exhibit the 
common symptoms of emaciation, sunken eyes, weakness, and 
bloody feces. Autopsies have shown a gastroenteritis and some- 
times a pathological condition of the liver which might be explained 
by parasitism. The temperature in observed cases was subnormal 
rather than one indicating fever. The general condition of the 
animals closely resembled that exhibited by locoed animals. This 
condition in Utah is known as ‘‘summer sickness”’ as well as ‘‘oak- 
brush poisoning.” 

During four summers, 1915, 1916, 1917, and 1918, feeding experi- 
ments were conducted with cattle at the Salina experiment station, 
Utah, to determine whether feeding upon oak leaves is harmful. All 
these experiments were with the scrub oak of Utah, Quercus gambellir. 

The table following gives a summarized statement of the feeding 
experiments: 
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EXPERIMENTAL FEEDING OF CATTLE IN 1915. 

In 1915 oak leaves were fed to seven head of cattle. To two of 
these, Nos. 674 and 692, weighed amounts of the leaves were fed. 
Unfortunately there were no facilities at the experiment station at 
that time for weighing the cattle, so that the weights of the animals 
were estimated and the ratios of the quantity fed to the weights of 
the animals are only approximate. . 

Cattle No. 674 received from June 23 to June 25, 27 pounds of leaves 
with no effect. This was probably in the ratio of about 15 pounds 
daily to 1,000 pounds of animal. 

Fig. 1.—Cattle No, 676. June 20, 1915, to which oak leaves were fed experimentally. 

Cattle No. 692, commencing with June 23, was fed leaves and twigs 
for 10 days, receiving a total of 104.5 pounds. This was probably 
not far from 35 pounds daily to 1,000 pounds of live weight. The 
animal lost flesh and remained thin and weak after being turned 

out in the pasture. 

Five cattle, Nos. 674, 676, 679, 685, 691, received oak-brush leaves, 

the branches being thrown into the corrals and the animals picking 
off the leaves. This method was used partly to avoid the labor of 
gathering the leaves for feeding, but more particularly because in 
this way the animals ate a larger quantity. In this way, too, there 
‘was an approach to the natural conditions of grazing. The animals 
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were fed on oak leaves exclusively and for periods varying from 
4 days in the case of No. 674 to 52 days in the cases of Nos. 676 and 
679. Inasmuch as the cattle could not be weighed the records do 
not show exactly the effect of the feeding on the weights. It was 
evident, however, that all lost in flesh. This might be expected 
even if the oak had no injurious properties,. for it does not have the 
nutritive value of the grasses, and then the cattle would not do so 
well on any one form of forage as they would if their feed offered some 
variety. All were somewhat constipated but showed no other 
undesirable symptoms; this constipation was not a serious matter 

Fic. 2.—Cattle No. 676, August 24, 1915, to which oak leaves were fed experimentally. 

and while the animals lost some flesh, all presented a fair appearance 

at the close of the experiment. The photographs of the two animals, 
Nos. 676 and 679, figures 1, 2, 3, and 4, taken June 20 and August 24, 
show that they did not suffer materially from the experiment. 

The results of the cattle feeding in 1915 left the whole subject in 

much doubt. Some of the cattle were constipated and did not thrive, 
but this in part might be explained away. It seemed clear that 
feeding on oak browse might be continued for a considerable period 
without necessarily producing injurious results but that possibly mn 

some cases more or less injury might follow, 



Fic, 4.—Cattle No. 679, August 24, 1915, to which oak leaves were fed experimentally. 
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EXPERIMENTAL FEEDING OF SHEEP IN 1915. 

An attempt was made to feed four sheep, but three refused to eat 
the oak. The experiment was continued with one, No. 327, for 30 
days. This one received an average of 2 pounds daily per hundred- 
weight of animal. The oak was fed with chopped hay one day at the 
beginning of the experiment, but with this exception it received oak 
leaves exclusively. Its weight fell from 74.5 pounds to 66.5 pounds, 
but no other bad effect was noted. 

EXPERIMENTAL FEEDING OF CATTLE IN 1916. 

Two experiments on the feeding of buds and twigs were conducted 
with cattle Nos. 702 and 712. No. 702 received buds and twigs from 
June 7 to June 16, and small leaves from June 17 to June 19. No. 712 

received buds and twigs from May 31 to June 16 and small leaves 
from June 17 toJune 19. Both animals were treated in the same way, 

* the only difference being that No. 712 was fed for a longer time. 
During the experiment they were kept in the corrals and were fed 
exclusively upon the oak, except that on 12 days each was given 
3 pounds of alfalfa hay daily. 

Careful clinical observations were made, the temperature and pulse 
being taken at stated times three or four times daily, and they were 
weighed frequently. The temperature and pulse showed no devia- 
tions from what might be expected in normal animals and followed a 
strikingly regular rhythm from day to day. The increase in weight 
was continuous. No. 702 weighed at the beginning of the experiment 
448 pounds, and at the end 502 pounds. No. 712 during the same 
time, from June 7 to June 19, increased from 432 pounds to 486 

pounds. Reduced to percentages of the original weight, No. 702 
gained 12 per cent and No. 712, 12.5 per cent. 

It is interesting to compare these gains with those of 23 other 
animals which were kept on pasture during the same period and which 
were weighed June 7 and June 22, thus covering nearly the same time 
as Nos. 702 and 712. The gain in these animals varied from 10.68 
per cent to 25 per cent. One other animal that was in pasture was 
weighed June 7 and June 19 and had lost 8.4 per cent. The average 
gain of the 24 animals in pasture was 15.64 per cent. While the 
experiment animals Nos. 702 and 712 gained as much as the minimum 
of those on pasture, they did not come up to the average and it is 
probably fair to presume that they would have done better in pasture, 
yet this is by no means certain, as only two animals are concerned 
and it is possible that they would have fallen into the number of 
those with comparatively small gains. Moreover, this deflection 
from the average is not enough ta indicate any serious effect on the 
cattle feeding upon oak. Figures 5 and 6 show the weight curves of 
Nos. 702 and 712. Both animals were constipated and once bloody 
feces were noticed in No. 702. No other symptoms were noted. 
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Six other cattle were fed on oak-brush leaves during the summer of 
1916, the feeding being conducted, as in 1915, by throwing freshly cut 
oak brush into the corrals, where the animals picked off the leaves. 
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Fig. 5.—Weight curve of cattle No. 702, fed with 3 pounds of alfalfa hay per day from June7 to July 19, 1916. 

Nos. 715 and 732 were fed in this way from June 21 to June 27. 
Although nothing but oak was furnished them, both of these animals 
ate very little. 
other ill effects. 

They lost weight during the feeding, but showed no 
No. 732 did not make a normal gain during the rest 

of the summer, but there was no reason to think that this lack of 
gain was a result of the oak feeding. 

SON SAL 
Fete 

Fia. 6.—Weight curve of cattle No. 712, fed oak from May 31 to June 19, 1916, with 3 pounds of alfalfa hay 

per day on 12 days. 

Nos. 703 and. 704 received oak brush—703 from June 21 to 
August 4 and 704 from June 28 to August 4—and these animals were 
given oak brush with 3 pounds of alfalfa hay each, from September 10 
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to September 17. During the first period there was a loss of weight 
in No. 704, followed by a sharp gain. No. 703 during this period 
maintained its weight, on the average, and also showed a marked 
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Fic. 7.— Weight curve of cattle No. 703, fed oak from June 21 to Aug. 4, 1916, and oak with alfalfa hay from 
Sept. 10 to 17, 1916. 

gain when turned into the pasture. During the second period, when 
3 pounds of alfalfa hay were given daily to each animal in addition 
to the oak, both animals maintained their weight. Presumably, 
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Fic. 8.—Weight curve of cattle No. 704, fed oak from June 28 to Aug. 4, 1916, and oak with alfalfa hay from 

Sept. 10 to 17, 1916. 

judging from the recorded weights of cattle in the pasture, Nos. 
703 and 704 would have made distinct gains if they had been kept in 
the pasture. Figures 7 and 8 show the weight curves of Nos. 703 and 
704. 
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It may be noted that No. 704 was under observation in 1917 and 
made normal gains. 

No. 723 received oak brush from August 5 to August 10, and from 
August 11:to September 13 received oak brush and 3 pounds of 
alfalfa hay daily. This proved to be a maintenance ration. No 723 
had been gaining during the season, but during the feeding remained 
at a standstill, while under favorable conditions it probably would 
have continued to make gains. 

No. 722 received oak brush from August 5 to August 10 and oak 
brush with a daily ration of 3 pounds of alfalfa hay from August 11 
to September 9. The result was almost identical with that in the 
case of No. 723. In both cases, while the gain continued for some 
days after the oak feeding was commenced, the result of the whole 
period was to stop the gain. 

No. 731 received oak brush from June 28 to August-10, and oak 
brush with a daily ration of 3 pounds of alfalfa hay from August 11 to 
September 9. It lost weight up to about August 5 and then made a 
continuous gain through the remainder of the period of feeding. 
No. 731 was constipated, and at one time during the feeding exhibited 
bloody feces. 

Most of the sheep fed on oak brush were constipated, but showed 
no other symptoms. Moreover, the constipation was not of a serious 
character. 

The work of 1916 modified the results of 1915 by showing definitely 
that feeding upon oak browse may produce constipation and bloody 
feces, but it could not be inferred that so-called oak-brush poisoning 
is a very serious matter. It also appeared that probably a daily 
ration of hay, in addition to the oak, would prevent ill results. It 
should also be noticed that all the animals fed on oak exclusively 
were fed for a comparatively short time. 

EXPERIMENTAL FEEDING OF CATTLE IN 1917. 

In 1917 six head of cattle were used in the experimental feeding. 
In all cases the animals were fed in the corrals, cut branches of the 

oak being brought in, as in 1916, and the cattle ate the buds, flowers, 

and leaves from the branches much as they would when grazing 
upon the range. 

Two cattle, Nos. 758 and 770, were fed early in the season and 
received at first buds, flowers, and small leaves, and later the mature 
leaves. As the season of 1917 was late, these ele were fed as soon. 
as the foliage had started on the oaks. 

No. 758, a steer, was fed from June 11 to July 26, 46 days, eee 
nothing but oak, mail June 25 the feeding was nals, flowers, and 
small eee Pies that date full-grown leaves were “reel On June 
24 the animal was somewhat constipated and at this time and at 
intervals during the remainder of the feeding the feces contained 
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more or less mucus, indicating intestinal irritation. The steer 
made no gain in weight during the time it was eating oak, but after 
being put on pasture at the termination of the experiment, July 27, 
gained rapidly. (Fig. 9.) 
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Fic. 9.—Weight curve of cattle No. 758, fed oak from June 11 to July 26, 1917. 

No. 770, a steer, was fed with No. 758, having the same course of 
treatment. Early in the experiment the animal became much 
constipated, this condition being very marked by June 19. The 
feces contained much mucus and more or less blood. As the experi- 
ment proceeded, the animal ceased to eat freely of the oak and on 

Sune 
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Fic. 10.—Temperature curve of cattle No. 770 during July, 1917; fed oak from June 11 to July 26, 1917. 

July 6,7, and 8 a daily ration of alfalfa hay was added. By July 13 
it was in poor condition, standing in a dejected attitude, with its 
head extended in a position that seems to be typical of bad oak- 
brush cases. Much of the time it was lying down. The pulse became 

99620°—19—Bull. 767 
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slow and weak and the variation between morning and afternoon 
temperature greater than in a normal animal, the morning tem- 
perature being very low (see fig. 10). On July 17 it was turned into 
pasture to graze, but was brought in again July 19 and given feedings 
of oak brush. July 20 it was returned to pasture and brought into 
the corral on July 27. At this time it was very weak and the feces 
were composed largely of bloody mucus. It was given 500 cubic 
centimeters of raw linseed oil. On July 28 its eyes were sunken, and 
in the afternoon its pulse became almost imperceptible. On the 
morning of July 29 it was lying upon its side, groaning, pulse 
imperceptible, breathing with difficulty, and died at 11.30 a. m. 

At the autopsy deep congestion was found in the duodenum, 
jejunum, ileum, cecum, anterior part of the colon, and about 5 inches 

ALINE SLL) SLA. 
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Fig. 11.—Weight curve of cattle No. 765, fed oak from July 10 to July 26, 1917. 

of the: rectum. In the epidermal space of the spinal column there 
Was an excess of serous coagulum. Otherwise the organs were 
normal. 

On July 10 feeding of oak leaves was commenced with cattle 
Nos. 765 and 772. These animals were soup in the corral and fed 
upon oak exclusively. 

No. 765 was fed from July 10 to July 26. On July 21 it was 
noted that the feces were hard and bloody, and from this time the 
animal was very much constipated and showed marked depression. 
The coat was rough and the nose dry. From the beginning of the 
feeding it progressively lost weight, as shown in figure 11. There 
was nothing abnormal about the pulse and respiration rates. The 
difference between morning and afternoon temperature was rather 
greater than normal. July 26 it was fed some alfalfa hay with the 
oak, and on the next day it was kept in pasture. From this time 
until August 4 it was kept in pasture part of the time and part of 
the time fed in the corral: with hay. On August 4 it was turned 
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into pasture, where it was kept under observation until September 28. 
During this time it gained in weight and regained its normal con- 
dition. 
No. 772, a steer, was fed with No. 765. By July 22 it had lost its 

appetite and was much constipated, its feces being not only hard 
but also containing blood and mucus. It had progressively lost 
weight from the beginning of the feeding. Its pulse became weak in 
the succeeding days, its eyes sunken, the nose dry, and the animal 
became very weak and was lying down most of the time. A little 
hay was given it, but it gradually grew worse, the feces became 
more liquid, and contained much blood and mucus. The pulse 
became indistinguishable, and it died on the morning of July 27. 

At the autopsy dark, hemorrhagic areas were found on the peri- 
cardium and the surface of the heart. There was some peritoneal 
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Fic. 12.—Weight curve of cattle No. 751, fed oak and 3 pounds of alfalfa hay per day from Aug. 21 to Sept. 9, 
1917. 

inflammation but no adhesions. Congestion was present in the 
duodenum, the anterior part of the jejunum, the ileum, and the 
rectum. The large intestine showed slight congestion. The liver 
appeared abnormally fibrous, the gall bladder was filled with gelati- 
nous bile; apparently the bile was dammed up, as there was no 
evidence of bile in the duodenum. The history of the animal showed 
no marked abnormalities in the temperature or the rates of the pulse 
and respiration. It should be noted that this animal died after 
feeding upon oak only 13 days. 

Two steers, Nos. 751 and 760, were fed oak leaves from August 2 
to September 9. With the oak each was given 3 pounds of alfalfa 
hay daily. These feedings were to check up the 1916 experiments 
with cattle Nos. 703, 704, 722, 723, and 731, in which alfalfa hay 
was fed with the oak, wath no resulting ill effects from the oak feed- 
ing. Figures 12 and 13 show the curves of weight of Nos. 751 and 
760. It will be seen that they were practically at a standstill during 
the period of the experiment. No symptoms of ill effect were noted, 
however, other than failure to make the gain which would be ex- 

pected at that time of the year. 
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The inference from this experiment and the one of the preceding 
year is that a small hay ration will prevent such ill effects as follow 
an exclusive diet of oak leaves. The cases of 1917 supplemented 
the work of the preceding years by furnishing positive evidence of 
the possibility of oak poisoning and in giving fairly clear pictures of 
the symptoms and pathology. 

EXPERIMENTAL FEEDING OF CATTLE IN 1918. 

The work of the three preceding years at the Salina station, with 
the investigations at Monahans, Tex., which are described on pages 
21-29, was considered to have proved definitely the possibility of oak 
poisoning, showed the symptomatology and pathology, and made it 
probable that a comparatively small quantity of other forage would 
prevent the ill effects of the oak. The experiments of 1918 were 
intended to clear up certain matters that were still in doubt. 

SULME SULY AUG. SEP 

FS 70 15 20 PS 30 5 10 1820 2530 $5 10 15 PO2530 5 10 15 20.2530 

ESE SLs a0 ea i a al el he Se =| 
i ES a ale 
Pee tee eg 

ce Pte Pee eae 

2 als Suigeser SYAND Se. AL PRP Hara | 
ee Perret Clee rt CL ee 
ARERR Ree) 

Shee eae eee RRA 
Fig. 13.—Weight curve of cattle No. 760, fed oak and 3 pounds of alfalfa hay per day from Aug. 2 to Sept. 8, 

1917. 

EPSOM SALT AS A REMEDY. 

From the fact that oak-poisoned animals are constipated it was 
thought possible that treatment which would relieve this condition 
might prevent the illness. Cattle Nos. 808 and 814 were fed upon 
oak leaves in the corrals from July 12 to July 24 and each was 
drenched twice daily with 2 ounces of epsom salt. This remedy 
kept the bowels in a loose condition, but both animals exhibited 
blood and mucus in the feces, and showed other distinct symptoms 
of poisoning. It was eyident from this that constipation was not 
the main factor in oak-brush poisoning. 

POSSIBLE LOSS OF TOXICITY IN MATURE LEAVES. 

The positive cases of the preceding years had been produced early 
in the season, and it is generally believed among stockmen that it is 
the young leaves and buds that produce poisoning. Moreover the 
experiments of feeding hay with the oak, which resulted in the 
continued well being of the animals, were carried on late in the 
season. It was possible that the fact that these animals were not 
poisoned was due to the lack of toxicity of the mature leaves rather 
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than to the beneficial effects of the hay. Therefore it was deter- 
mined to try this experiment early in the season. Cattle Nos. 760 
and 763 were fed on oak buds, flowers, and leaves from June 5 to 
July 4, and to each was given 3 pounds of alfalfa hay daily. Neither 
of these animals showed any ill effects from the oak. No controls 
were used with these animals, but the results of exclusive oak feeding 
at this season in preceding years make it reasonably certain that 
Nos. 760 and 763 would have shown symptoms of poisoning if they 
had not received the hay rations. This supplemented the work of 
the preceding years and made it probable that cattle would not 
suffer from oak poisoning at any season if other forage were provided. 
It should be added that experience at Monahans, Tex., indicated 

_ clearly that hay was equally beneficial in the early stages of the oak. 
Cattle No. 761 was fed entirely on oak from August 15 to Septem- 

ber 10; lost weight, became constipated, and showed mucus in the 
feces. It was not badly affected, but was a clear case of incipient 
oak-brush poisoning. This was positive evidence of the possibility 
of oak poisoning by mature leaves. While probably more cases of 
oak-brush poisoning occur in the spring, due probably to the lack of 
other forage, they may happen at any season when the conditions 
are favorable. 

EXPERIMENTAL WORK WITH “SHINNERY” OAK. 

From March 20, 1917, to May 20, 1917, Mr. Clawson was stationed 
at Monahans, Tex., to study so-called ‘‘shinnery” oak (Quercus 
havardi) poisoning. Arrangements had been made by Mr. W. N. 
Waddell, of Fort Worth, Tex., by which corrals and Oe es could 
be used on the ranch of Estes and Brantley. 

The soil near Monahans is sandy, with areas of gypsum rock, and 
the vegetation consists largely of shinnery oak, mesquite, bear grass 
(Nolina), some sage, some grama grass, and a few weeds, the grass 
and weeds appearing in rather small numbers after rains. In the 
early spring the vegetation consists essentially of oak, mesquite, 
bear grass, and sage. As seen over most of the range, the oak is a 
low-spreading shrub a foot or two in height. Where it has been pro- 
tected from grazing it may grow from 3 to 6 feet in height. 

Figure 14 shows the condition of the shinnery on, a grazed pasture 
March 27, 1917, and figure 15 the plants April 15, 1917, when they 
were in flower. Figure 16 shows a group of cattle April 3, 1917, 
grazing on, a sandhill covered with shinnery, and in figure 17, taken 
on the same date, a 2-months-old calf is shown in the foreground 
eating shinnery. In the early spring the cattle eat very largely of 

the oak, as there is very little other forage. 
It was found that the conditions of the locality were such as to 

make corral feeding impracticable. The cattle, however, are grazed 

in large, fenced pastures, with fixed watering places, at which wind- 
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, shinnery oak, Mar. 27, 1917. Fig. 14.—Quercus havardi 

Fig. 15.—Quercus havardi, shinnery oak, in flower, Apr. 15, 1917. 
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Fic. 16.—Group of cattle feeding on shinnery oak, Apr. 3, 1917. 

Fig. 17.—Cattle feeding on shinnery; a 2-months-old calfin the foreground. 
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mill pumps are installed, and it was possible by constant observation 
to get fairly accurate information as to what the cattle were eating 
and the effect of the feed upon them. 

The pastures under observation included a ‘‘trap pasture” of 
about a section (640 acres) of Jand in which were kept some animals 
which were the special objects of investigation; a 5-section pasture 
containing an abundance of shinnery oak; a similar pasture of about 
16 sections; and another large pasture containing none of the shinnery. 

The general plan of the experiment, as outlined, was as follows: 
1. Fifteen head of cattle which had been on pasture and had 

received in addition more or less cottonseed cake, were to be kept in 
the 5-section pasture where there was shinnery oak, and fed hay from 
time to time. 

2. In the same pasture a large number of cattle were to be observed 
which had received no cottonseed cake, but would be given hay with 
the first bunch. 

3. A still larger lot were in the 16-section pasture; they had 
received no cottonseed cake and would be allowed to graze, receiving 
no hay. 

4. A bunch in the oak-free pasture which were to receive no other 
forage than that which could be picked up by grazing, and, of course, 
would eat no oak. 

5. A few head were to be taken from the other pastures and put 
in the trap pasture, where they would be obliged to eat oak if they 
ate anything, and given no other feed. 

The experiment was commenced sufficiently early in the season to 
follow the cattle from the time the buds began to swell, and was con- 
tinued until well after the maturity of the leaves. 

RESULTS ON 15 MARKED CATTLE IN 5-SECTION PASTURE. 

The 15 animals were a part of a small bunch of cattle, mostly cows, 
which had been picked up in the pastures and put into a small trap 
pasture near the ranch house, because they were in poor condition. 
Besides what these animals picked up in the pasture, they had been 
fed daily from about February 25 to March 26 on cottonseed cake. 
On March 26, 1917, these animals were turned into the 5-section pas- 
ture and fed hay at frequent intervals as they came to water. At 
times they were driven to water and fed. To get data on individuals 
15 of these animals were numbered and marked. 
From March 27 to May 6 almost daily trips were made over the 

5-section pasture, and observations made on the numbered animals 
found. Because of the size of the-pasture it was not possible to see 
all of them each time. From April 8 to April 29 these cattle were 
given an opportunity to get a little alfalfa hay every two or three 
days or oftener, and most of them took advantage of it. One, No. 
784, probably got much less hay than the others. By May 7 all dan- 
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ger of ‘‘oak-brush poisoning’’ was considered to be past by the ranch 
owners, and the cattle were run into the 16-section pasture. 

None of these cattle were injured by the oak eaten, though observa- 
tion showed them to be eating a large quantity of it. No. 784 was 
especially fond of the oak. Between March 31 and April 23 she was 
seen almost daily either eating oak or lying in the best oak patches. 
At times she ate the oak very greedily. April 1 she was fed alfalfa, 
and from April 14 on, it was noticed that she ate other things with 
the oak, such as bear-grass buds and grass. She was very fond of 
the bear-grass buds. 
On April 4 she was thin and gaunt, a condition which continued 

until April 16, when she began to look better. It was thought during 
this period that she might develop into an oak-brush case. From 
April 16 on, her condition improved. 

RESULTS ON OTHER CATTLE IN 5-SECTION PASTURE. 

Besides the lot mentioned as having been fed cottonseed cake, 
something over 200 head of cattle were beg run in the 5-section 
pasture. Of these, 38 were bulls and about 75 were yearlings, the 
remainder being old cows and calves. The bulls and yearlings had 
been fed to some extent, the other cattle had not. While making 
the almost daily rides about the 5-section pasture, close watch was 
kept of these animals to see what they were eating, and to catch any 
possible cases of ‘‘oak-brush poisoning.”’ 

The main diet of practically all these cattle was oak. This was 
determined by observing the animals grazing, and noting where they 
were feeding, as shown by tracks. Most of the pastures being drifting 
sand which filled old tracks almost daily, this observation was easy. 
The oak in this pasture was kept grazed down while in an adjoining 
pasture with no cattle it showed good growth. 

The buds began swelling first on the higher sandhills and last on 
the flats. From about March 29, when the buds first began showing 
to any extent on the sandhills, until near the middle of April, the 
cattle grazed mostly on the sandhills. By this time the buds had 
begun to swell on the flats. Some little grass also appeared on the 
flats at this time, and the cattle began leaving the hills, and were 
more and more seen feeding on the flats. In other words, they went 
where they could get the oak buds and young leaves on which they 
did the main part of their grazing. When grasses and weeds began to 
show up, however, about the middle of April, they took what they 
could get of them. 

From April 8 on, an opportunity was given these cattle to get a little 
alfalfa hay every two or three days. Some days they were rounded 
up at one of the wells and fed, and some days hay was thrown out 
so that they could get it when they came in to water. Most of them 
took advantage of it. From the time the observations began until 



26 BULLETIN 767, U. S. DEPARTMENT OF AGRICULTURE. 

about the middle of April, these cattle were badly constipated, the 
feces as observed being in small, hard, dry lumps. 

It is significant that none of the cattle in this pasture showed 
typical symptoms of shinnery poisoning, though their main diet, 
aside from the hay, was oak. Two or three animals (old cows) were 

at one time suspected of being affected, as their feces became stringy. 
This condition soon passed off, however, and they became normal. 

RESULTS ON CATTLE IN 16-SECTION PASTURE. 

The 16-section pasture lying to the north and northwest of the 
five sections showed practically the same vegetation, excepting that 
some of the oak started a little earlier in. a few places along its eastern 
edge. The western half of this pasture, too, was different in that 
the land was harder and contained no oak. About 400 cattle were 
here. They had all ‘‘rustled” for feed during the winter and were not 
fed hay at any time. 

The grazing habits were exactly the same as those of the cattle 
in the 5-section pasture. They grazed almost entirely in the shin- 
nery hills, eating the oak from the time the buds began to swell 
until late in April, when the oak began to show growth on the flats. 
By the last of April they were working toward the western half of 
the pasture, where they could get some grass and weeds. 

In this pasture seven cattle were seen that showed typical symp- 
toms of ‘‘oak-brush poisoning,” and five were known to have died 
of this trouble. 

Note should be made here of two other pastures which were 
examined from time to time. These are a 12-section pasture to the 
north, and a 40-section pasture to the east, called the Cowden pasture. 
The 12-section pasture was very similar to the 16-section pasture, 
and contained about. 150 cattle. The Cowden pasture was a 
typical shinnery pasture and differed from the others only in having 
a greater abundance of the oak, much of which started growth 
somewhat before that in the other pastures. This was due to the 
great abundance of white sandhills. 

Two typical cases of shinnery poisoning, both of which died, were 
seen in the 12-section pasture and seven cases were observed in the 
Cowden pasture, at least three of which died. Some of the others 
also doubtless died, as they were in bad condition. The size of the 
pasture made it impossible to follow up these cases. It is very 
probable, too, that there were cases which were never seen, in both 
the Cowden and in the 12-section pastures. 

RESULTS ON CATTLE IN OAK-FREE PASTURE. 
Just to the west of the 5-section pasture is a 7-section tract spoken 

of as the hard-land pasture. The sands here are more compact 
and the pasture contains no shinnery. In other respects, it com- 
pares with the other pastures. 
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Thirty-eight heifers were kept in this pasture during the winter 
and spring, and allowed to rustle for their living. The feed in this 
pasture was very short, but the animals managed to get along. 
They were seen very frequently. No cases of sickness occurred. 

RESULTS ON CATTLE IN TRAP PASTURE (OAK ONLY). 

Eight cattle were selected for close observation. They were put 
into a small trap pasture where the only available feed was oak with 
a small amount of grass and over most of the period a very few weeds. 
These cattle were followed and notes made on what the individuals 

were eating and doing, to get as complete a history as possible under 
the conditions. Three of them had been taken from the 5-section 
pasture April 8. They were No. 789, a long yearling steer, weight 
about 600 pounds, and Nos. 790 and 791, both long yearling heifers 
weighing about 400 pounds each. On April 9, three long yearling 
heifers, Nos. 792, 793, and 794, were taken from the hard-land pas- 
ture and placed with the others. On May 1 two calves about 5 
months old, which had been raised by hand, were turned in with the 
above-mentioned six head, and kept with them. 
From the time these cattle were put into the trap pasture until May 

16 they were watched closely. Each day, with very few exceptions, 
they were observed during a good portion of the time they were 
grazing, and notes taken, special attention bemg paid to just what 
each one was eating. Between April 13 and 17 they were herded 
during the forenoon in a pasture adjoining the trap pasture where 
the oak was especially abundant. The other days they were watched 
in the trap pasture. 

Cattle Nos. 789, 790, 791, 792, 793, and 794 are of the greatest 
interest in this experiment, as they were herded on the oak for a 
longer time than the other two and were held there from the time 
the oak began to develop until it was in full leaf, or during the 
period when the shinnery trouble in this region is experienced. No. 
793 was the best oak eater in the little bunch, and developed a 
typical case of shinnery poisoning. Nos. 789 and 790 ate considerable 
oak, but after a few days’ feeding managed to find other things to eat 
with it. Both kept in good condition except for severe constipa- 
tion, which was especially marked while they were eating the 
most oak. Nos. 792 and 794 ate very little oak at any time. Though 
both were poor because of lack of food, they showed no symptoms of 
poisoning. They were at times somewhat constipated but much 
less so than the other cattle. 

Nos. 804 and 805 were run with this bunch from May 1 to May 16. 
During this time they ate considerable oak but got grass and weeds 
along with it and were fed a little cottonseed cake daily. They were 
not harmed by the oak, but steadily gained in flesh, and their feecs 
remained nearly normal. 
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No. 793, above mentioned, is the most interesting case. On 
April 9 she was brought in from the hard-land pasture, having had 
no chance to eat oak, and she was in fair condition. She was marked 
and turned into the trap pasture to graze and was watered at the 
house daily. From April 10 to April 25 she ate the oak freely, 
showing a preference for the buds and young leaves. During this 
time she ate very little besides oak. She was badly constipated all 
of the time so far as observed, defecating seldom, and the feces were 
small in quantity and in small, hard lumps. From April 11 to 14 
the attempt was made to get her to drink water containing a small 
quantity of epsom salt, but as she objected to it the attempt was 
abandoned and straight well water was given the same as to the 
others. 

The constipation grew worse during the oak feeding. On April 20 
the feces were very dry and dark in color; April 22 they were in 
very dry, hard lumps; April 24 they were in small, hard, ball-like 
lumps. On April 25 she came in for water by herself about noon. 
The abdomen was noticed to be drawn up. At 1.30 p. m. she was 
seen to defecate, passing only four very small balls, each about the 
size of a walnut. They were at least as hard and dry as a sheep’s 
feces, and contained considerable gelatinous, tough mucus and some 
blood. She drank considerable water. When walking she moved 
slowly and had a tendency to drag her hind feet. She was somewhat 
humped up. She was turned back into the trap pasture but at 5.50 
p. m. was again found at the gate of the watering corral. At this 
time her nose was noticed to be dry, and there wa. some trembling 
of the lips and grating of the teeth. 

She seemed about the same the next morning, at which time her 
temperature was 98.8° F., pulse 60 and weak, the mucous membranes ~ 
of the mouth and nostrils were pale, there was marked trembling of 
the muzzle, and her nose was somewhat parched. While being 
driven out to the pasture she passed six or seven very hard lumps of 
feces, each about the size of a big hickory nut, and these were covered 
with dry, gluelike mucus and some blood. While in the pasture 
she showed little inclination to eat anything. During the forenoon 
she acted as though trying to defecate, but without result until 
11.20, when she managed to pass about a quart of hard, lumpy, 
and dry feces which were bound together with strmgy mucus and 
contained some blood. A hemoglobin test in the afternoon showed 
75 per cent, and the blood contained 5,280,000 red corpuscles. per 
cubic millimeter. 

On April 27 and 28 her general condition remained the same, and 
she often acted as though thirsty. There was frequent grating of 
the teeth. In drinking she would stand about sipping a little water. 
often. She was much depressed, and at times acted somewhat as if 
nauseated, 
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On April 29 and up to May 10 when being driven she had a ten- 
dency to wander away from the other animals, and had to be urged 
along. She had a strong tendency to get into the brush and stand 
until driven out. On the whole she acted much like a ‘‘loco.” | 

From Apri! 25, when she first began to show marked symptoms, 
until April 30 she ate almost nothing. From then until May 8 she 
ate a little grass and now and then took a very little oak. When she 
did eat it was in a listless manner. On May 9 she ate better and con- 
tinued to improve daily, eating mainly grass and weeds with a little 
oak now and then. 
On May 6 at 5 p. m. she was fine to pass about a quart of 

brownish liquid feces containing neither blood nor mucus. Though 
she had been watched closely this was the first defecation noted since 
May 1. At the time, May 6, her temperature was 103° F., the pulse 
was imperceptible, and her skin was dry and hard. 

On May 10 her pulse was still too weak to feel, her hemoglobin 
tested 80 per cent. 

From this time on her condition slowly improved. On May 14 
her feces were nearly normal. On May 16 she was still very poor, 
but her general condition and action were much improved, and she 
was thought to be on the road to recovery and the experiment was 
terminated. 
Comparing this animal (No. 793) with No. 794, which fed along 

with it but spent her time hunting grass and weeds, we see a marked 
difference. No. 793 became very sick with typical symptoms, while 
No. 794 showed no symptoms, though she remained poor from lack 
of feed. 

In the shinnery country the statement is often made that as soon 
as the shinnery starts growth in the spring cattle will leave all other 
feed, even refusing hay, and eat the oak. This idea is erroneous. 
The oak is the first thing to start growth in the spring, and comes at 
a time when other feed is practically exhausted. The cattle, too, 
have existed for a long time on dry, hard feed, and are hungry for 
something green. 

Careful observation shows that the cattle will eat grass and weeds 
whenever they can find them, and often spend considerable time hunt- 
ing forthem. If held without feed for a few hours they will take the 
first thing handy, which in this region is oak. After taking the edge 
off their appetites, they usually keep a lookout for grass and weeds, 
often refusing the oak. If they have an opportunity to get hay they 
take it. 

The cattle observed showed a very marked preference for oak in 
certain stages of growth. They obviously liked the swelling buds 
and minute leaves spd flowers, but did not care for three-quarters 
to fully grown leaves. Usually they would refuse to eat oak at this 
stage. After the leaves become somewhat older they are said to like 
them again. 
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GENERAL RESULTS OF THE EXPERIMENTAL WORK. 

SYMPTOMS. 

The first symptom, though not always the first one which is noticed 
by stockmen, is pronounced constipation. The feces are passed very 
infrequently, are small in quantity, and very hard andlumpy. These 
lumps may be no larger than a large marble and as dry as the feces 
passed by sheep. Within a few days, stringy, gluelike mucus is 
passed with the feces, and this may be somewhat bloody. As the 
condition develops, the mucus forms a greater proportion of the 
defecated material, until in late stages, clear mucus may be passed 
in lumps. In some cases the feces appear at first sight normal in 
color, but inspection usually shows that they contain a large propor- 
tion of mucus. At this time a diarrheal condition may exist. 

Fic. 18.—A shinneried bull. 

Early in the history of the sickness the animal looks gaunt, the coat 
is rough, and the nose becomes dry and cracked. The attitude, both 
standing and walking, is peculiar; the head is extended forward 
and the animal shows depression, discomfort, and sometimes evidence 
of pain, this pain doubtless being due to the irritated and inflamed 
condition of the alimentary canal. (Figs. 18 and 19.) 

The animal gradually grows weaker and may die at any time from 
a few days to two weeks or more. 

As a rule animals lose their appetites early in the disease, refusing 
food, but appear thirsty. They will stand about watering places, 
taking frequent sips of water. This, together with the dry, parched 
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nose, has given stockmen the idea that they havea fever, but ordinarily, 
at least, the fever does not exist. They are anemic and often have 
upon the body swellings containing an accumulation of serum. 

The respiration remains about normal during the course of the 
sickness, but the pulse is weak and slower than in healthy animals. 
In fatal cases the pulse may become more rapid just before the end. 

The temperature in sick animals has a wider variation between 
morning and afternoon than in healthy cattle, the morning temper- 
ature being unusually low. This results in a lower average temper- 
ature. This is well shown in figure 10, which gives the curve of 
temperature of cattle No. 770. 

Fic. 19.—A shinneried cow, showing a typical attitude. 

It may be noted that the symptoms, in many respects, resemble 
those of hemorrhagic septicemia, and it seems probable that some- 
times the two conditions have been confused. They can be dis- 
tinguished, ordinarily, however, without laboratory examination, by 
the fact that the high temperature and pneumonic conditions of 
hemorrhagic septicemia are absent in the oak cases. 

AUTOPSY FINDINGS. 

The characteristic pathological condition of the animals which die 
of oak poisoning is one of severe enteritis or gastroenteritis followed 
by an edematous stage. The mucosa of the small intestines and 
abomasum is usually badly inflamed and sometimes swollen, and 
areas and patches of congestion are usually present in the cecum and 
rectum. This congestion may even extend to the serous membrane 

of the intestines. 
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The animals are anemic, and pronounced accumulations of serum 
are usually found beneath the skin and in connection with the serous 
surfaces. This in the cases autopsied was especially pronounced in 
the mesentery, which was much thickened and contained a jellylike 
deposit which in some cases forced the serous layers apart. The 
swelling ruptures numerous blood vessels, causing hemorrhagic spots. 

The heart had many petechiz or small hemorrhages on its surfaces, 
and there was sometimes a serous accumulation on its surface or on the 
pericardium. : 

The abdominal cavity of one animal was ihgvndad with a serous 
accumulation. The kidneys may show small hemorrhages. 

One animal autopsied appeared to have passed by the acute stage of 
congestion. The intestines were darkened from an old congestion, 
and the thickened mesentery was adherent in places to the body wall, 
as were the liver and kidneys. In this case no serous deposits were 
found under the skin, but the skin was unusually adherent to the flesh. 

MICROSCOPIC PATHOLOGY. 

The most prominent lesions in cattle killed by oak-brush poisoning 
occur in the alimentary tract and the kidneys. The abomasum and 
the intestmes show a condition of gastroenteritis, often in a very 
severe form. The part of the alimentary canal where this inflamma-. 
tion is exhibited in the greatest intensity varies in different animals. 
The intestines are inflamed or show changes which follow this con- 
dition, such as degeneration of epithelial lining and glandular tissue, 
increase in connective tissue especially in the mucosa, and edema of 
the intestinal walls, which are often thickened. Both small and large 
intestines are involved. 

The abomasum or fourth stomach in most cases shows changes 
similar to those found in the intestines. . 

The kidneys are inflamed and show a pronounced edema, which is 
indicated by shrunken glomeruli, enlarged tubules, and numerous 
casts In the tubules. In some cases the epithelial cells lining the 
tubules appear stretched and flattened, but in most cases they are 
more or less degenerated. The epithelium in many tubules is sloughed 
off from the basement membrane. The enlarged tubules give the 
kidney sections a cystic appearance. There is an increase in the 
connective tissue between the tubules. 

Most of the other tissues may be edematous. This condition is 
frequently seen in the heart, liver, pancreas, and various serous tissues. 
In connection with these edematous swellings hemorrhagic spots often 
occur. 

LENGTH OF TIME NECESSARY TO PRODUCE HARM FROM OAK FEEDING. 

Observation on the range and experimental feeding both show that 
some cattle may eat oak brush for a long time with no definitely bad 
effect. Some will even eat oak exclusively with no harm. Generally 
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speaking, those that are injured show the results only after eating a 
considerable quantity through a rather prolonged period. The 
observations on the shinnery oak showed that symptoms resulted 
after the animals had been feeding from 16 to 35 days. 

In the experimental animals, which were fed exclusively upon oak, 
constipation was noted in 2 cases in 6 days, and in the others definite 
symptoms appeared in from 8 to 13 days. In the 2 fatal cases one 
died in 39 days and one in 17 days. Of course, under ordinary 
circumstances, it would not be expected that range animals would 
show symptoms so soon as the subjects of these experiments, for the 
feeding of the animals in the corrals was intensive, and of oak 
exclusively. 

Permanent injury may not follow from oak. Some animals 
injured by oak feeding may linger a long time, and eventually die. 
In some cases, however, favorable conditions may bring about 
recovery with no evidence of permanent injury. No. 704, which was 
the subject of experiment in 1916, was observed through the summer 
of 1917, and made normal gains: 

EFFECT OF EATING OAK WITH OTHER FEEDS. 

The experimental work at the Salina experiment station in 1916, 
1917, and 1918 showed conclusively that oak could be eaten not 
only ayieh no harm but also with apparently distinct benefit if other 
additional forage was provided. As small a quantity as 3 pounds 
of alfalfa hay daily, with the oak, prevented injury and maintained 
the weight of the animals. Range experience in Utah clearly indi- 
cated the same thing. Observations in the handling of cattle on the 
“shinnery’”’ ranges near Monahans, Tex., also demonstrated the 
beneficial effects of comparatively small feedings of hay. 

In this connection it may be mentioned that W. R. Morley, of 
Datil, N. Mex., told Assistant Botanist Eggleston that although the 
cattlemen of that region had heavy losses from oak poisoning, he 
himself had avoided them by feeding hay and a small quantity of 
cottonseed meal as long as his cattle returned to the corrals. 

ACTIVE PRINCIPLE OR PRINCIPLES CAUSING OAK-BRUSH POISONING. 

Very little chemical or pharmacological work has been done to 
determine the fundamental cause of the injurious effects of oak-brush 
forage; this matter is still under investigation, but the results are not 
sufficiently definite to report. 

It has been assumed by some that tannin or the tannates might 
be responsible for the trouble. On this account it seemed best to 
perform some experiments with tannic acid. Two animals were used, 
cattle Nos. 755 and 815. It was impossible to estimate the quantity 
of tannin obtained by an animal feeding upon oak brush, for it was 
found impracticable to handle the animals in such a way as to know 
how much oak they were eating. It was planned to give to one 
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animal 25 grams (0.055 pound) and to the other 50 grams (0.11 
pound) daily per 1,000 pounds of animal. 

The 25-gram dose was given to No. 755, being administered by 
drench daily in 3 doses of 8.33 gramseach. This was continued from 
August 4 to September 2, producing no effect upon the animal. 

The 50-gram dose was given to No. 815. This, as in the case of 
No. 755, was divided into 3 daily doses, and was continued from 
September 5 to September 10; September 11 only 2 of the doses 
were given, and September 12 only 1. From September 13 to 
September 17 the 3 daily doses were resumed, and on September 
18 and 19 only 1 dose was given. During the experiment the 
animal was fed upon hay. No symptoms were noticed, but on the 
morning of September 20 it was found dead. It was very much 
bloated and it was evident that it had vomited profusely. In the 
autopsy there were found hemorrhages in the trachea. The lungs 
were congested, there were hemorrhages and infiltrations of serum in 
the muscular coats of the esophagus, the first and second stomachs 
were distended with gas, there were hemorrhagic patches in the 
duodenum, and congested spots in the jejunum, ileum, cecum, and 
rectum. There were hemorrhages on the surface and interior of the 
thymus. The superficial blood vessels of the brain were fuller than 
normal and there was a possible excess of spinal fluid. 

The animal had not shown general symptoms which could be con- 
sidered comparable with oak poisoning, but possibly died from the 
effect of the tannic acid. 

These experiments indicated that the cause of oak-brush poisoning 
could not be tannic acid, and made it very doubtful whether the 
tannin in the oak was the fundamental cause of the trouble. 

SUMMARY OF CONCLUSIONS FROM EXPERIMENTAL WORK. 

1. Continuous feeding on oak leaves may produce sickness which 
sometimes has a fatal termination. Only a small percentage of the 
animals in a given range are injured. 

2. The specially marked symptoms are constipation, feces contain- 
ing mucus and blood, emaciation, and edema. 

3. A diet bompoced exclusively of oak leaves does not form a suffi- 
ciently nutritious diet to permit normal gains in weight. 

4. Oak leaves with a small quantity of other feed may provide a 
maintenance ration. It has been found experimentally that as small 
a quantity of alfalfa hay as 3 pounds daily will supplement the oak 
for this purpose. 

5. Oak leaves may produce injurious effects at any season. Most 
of the cases, however, occur in the spring because on the range at 
that time there is a scarcity of other forage and the young oak leaves 
are attractive. While cattle later in the season may eat largely of 
oak, more or less other forage is available and no harmful results are 
experienced, 
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6. The ‘‘summer sickness’”’ of the Utah ranges is identical with 
so-called oak-brush poisoning. 

DISCUSSION OF RESULTS WITH RELATION TO PRECEDING 
INVESTIGATIONS. 

The conclusions stated above are derived ohitiicals from the results 
- of range investigations and experimental feeding in the western part 

of the United States. As has already been stated, very little has 
been published with regard to oak poisoning. The statements of 
Barnes, 1913, and of The Breeder’s Gazette, 1909, cover about all 
that has been published concerning oak poisoning in the United 
States, except newspaper notices. The study of oak leaves by Mackie, 
1903, gave results that are in entire harmony with those obtained 

in the feeding experiments at the Salina experiment station, reported 
in this bulletin. 

The extended account by Cornevin is the only detailed statement 
of oak poisoning that has ever been published. A comparison of 
his statements with the results obtained in our experiments shows a 
general agreement, but with certain marked differences. Cornevin 

states that the animals, in addition to the constipation with hard 
feces, which is so marked a symptom in our experimental work, 
exhibit colic, trembling, and bloody urine. These symptoms did 
not appear in the experimental animals in Utah and Texas; the 
microscopic examination, however, showed marked nephritis. Cor- 
nevin states that the pulse is “‘hard”’ and that the animals have 
fever. In the Salina cases the pulse was weak rather than hard 
and there was no fever, but,on the contrary, the temperature was 
somewhat lower than normal. It may reasonably be questioned, 
however, whether Cornevin’s statement in regard to fever was based 
on any exact observations, as the use of the clinical thermometer 
was not very common at that time. Apparently the European 
animals were affected in a much more acute and severe manner; 
this is also shown in what Oornevin says of the ‘‘lesions,’’ which 
correspond very well to those observed in Utah and Texas, but are 
more marked in the French cases. 
A large part of Cornevin’s description is taken up by an account 

of the condition of the urine and a discussion, largely theoretical, of 
the probable relation of the tannic acid in the plants to the hemo- 
globinuria. This phase of the subject is reserved for a later con- 
sideration, after some unfinished experimental work has been com- 
pleted. So far as the work has gone there appears to be no marked 
discrepancy between Cornevin’s account and the results obtained. 

PRACTICAL CONSIDERATIONS FOR RANGE GRAZING. 

So far as these investigations have gone the following statements 
appear to be justified: 

1. During the summer and fall the oak-brush ranges of Utah can 
be used for grazing, not only with no harm to cattle, but with posi- 
tive benefit. 
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2. The admission of cattle to oak-brush ranges before grass has 
started practically compels the cattle to eat oak, as that is the only 
forage available. To make certain that there is no loss from oak 
brush at this time, it is important that an examination of the condi- 
tion of the range should precede the admission of cattle, rather than 
that they should be admitted on a fixed date, inasmuch as seasons 
differ markedly in the advancement of the vegetation. After the 
grass has started so that the cattle have an opportunity to get 
something in addition to the oak, there is little danger of oak 
poisoning. 

3. On the shinnery ranges, as on the oak ranges in Utah, the 
danger to cattle is from an exclusive diet of oak. The shinnery 
ranges can be used without loss provided a comparatively small 
quantity of other feed is available. 

4. The loss from oak on an oak range is estimated at from 2 to 3 
per cent. Considering the handling of range cattle from a cold- 
blooded business standpoint it may, under some circumstances, be 
more profitable to stand the loss rather than to provide the additional 
feed. It should be remembered in this connection, however, that 
underfeeding tends to injure cattle permanently and prevent normal 
gains in weight, so that the tendency among many stockmen to 
gamble on the chance of getting cattle through the winter and spring 
on short feed is liable to lead to disastrous results. 
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INTRODUCTION. 

In this bulletin, which is one of an annual series covering the period 
1904 to 1917, inclusive, with the exception of 1914,1 are detailed 
statistics of the 1917 production of lumber, lath, and shingles in the 
continental United States,’ with comparative figures from previous 
annual reports. 

The collection and compilation of the statistics for the Western 
States was done through the district offices of the Forest Service at 
Missoula, Denver, Albuquerque, Ogden, San Francisco, and Port- 
land. The figures for New York State were furnished by the New 
York Conservation Commission. The work in all of the other States 
east of the Rocky Mountains was done by the Office of Industrial 
Investigations of the Forest Service , Washington, Docs 

1A detailed summary “of the 1914 jumbe r produc tion is given in Bulletin 506, which contains the figures 

for 1915. 

2 The production statistics for 1917 were summarized in a preliminary statement issued in May, 1918. 
* Acknowledgment is made for assistance in the compilation and review of this bulletin to A. B. Strough, 

New York Conservation Commission; and to J. E. Keach, Miss Ina M. Jenkins, Miss Frances R. Waters, 
Miss Frances Veitch, D. M. Lang, Quincy Randles, E. H, Hall, C. L. Hill, Miss Alice M. Gray, Thornton 
T. Munger, and A. G. Jackson, of the Forest Service. 

96767°—19—Bull. 7683——1 
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As in former years the census was carried on in cooperation with 
the National Lumber Manufacturers’ Association, which contributed 
financial assistance, and aided, through its affiliated organizations, 
in securing reports from the mills. 

TOTAL LUMBER PRODUCTION. 

The quantity of lumber reported cut in 1917 by 16,420 mills was 
33,192,911,000 board feet. The output of 2,652 mills cutting less 
than 50,000 board feet each is not included in the reported cut. An 
additional 2,470 mills were reported idle. The estimated total lum- 
ber production in 1917 was 36,000,000,000 board feet. The reported 
cut shows a decrease of 4.6 per cent from the 1916 figures; the num- 
ber of mills reporting, a decrease of 4.9 per cent; and the estimated 
total production, a decrease of 10 per cent. 

The conditions in and out of the lumber industry which contrib- 
uted to the decreased production in 1917 are obvious. War demands 
almost completely disrupted the usual channels of trade distribution. 
The softwoods which ordinarily are utilized for construction purposes 
in city and country were diverted to a large extent to Government 
war preparations—to the building of ships and the erection of build- 
ings for men and stores and to other types of emergency structures. 

Advanced prices of all material and high labor costs discouraged 
private building throughout the country; statistics covering 101 of 
the principal cities show that the estimated cost of buildings for 
which permits were issued was 29 per cent less in 1917 than in 1916, 
and that the number of permits fell off 23 per cent. Factories con- 
suming hardwoods to a marked extent in nonessential products cur- 
tailed their output or changed their line, and the decreased demand 
was not altogether offset by Government purchases and manufactures. 
A scarcity of cars for long periods, combined with general railroad 
freight congestion and prolonged embargoes in the East, made it 
difficult to ship lumber for other than Government use. Exports, as 
during 1916, were small because of the limited tonnage available. 
High wages paid skilled and common labor and the constant bidding 
for labor by construction companies in the war industries tended 
toward reduced output through depleting the crews in the woods 
and mills. Hundreds of small mill operators were unable to cope 
with the labor situation and did not operate, while hundreds of others 
found it more profitable to engage in other occupations. In 1916, 
67.38 per cent of the lumber reported cut was produced by mills cut- 
ting 5,000,000 feet or more annually; in 1917 the per cent was 71.19. 

The reported lumber cut, the number of active mills reporting, 
and the estimated annual total cut are given in Table 1 for each 
year since 1899 for which data have been compiled. ‘The statistics 
for all of the years are not directly comparable, since the intensive- 
ness of the individual annual canvass made must be taken into con- 
sideration. ‘The enumerations for 1899 and 1909 were made practi- 
cally complete through the employment of field agents of the Bureau 
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of the Census in the decennial censuses for those years, which per- 
mitted the output of nearly all, if not all, mills being recorded. The 
reported cut for 1917 was erallles than for any year since 1905, with 
the exception of 1915, while the estimated total cut for 1917 was the 
smallest for any year since 1899. 

TaBLE 1—Quantity of lumber reported, number of active sawmills reporting, and 
estimated total cut, 1899-1917. 

Year. 

1 Custom mills excluded. 
2 Mills cutting under 50,000 feet excluded. 
3 Including mills which manufacture lath and 

Reported cut of |Active mills} Estimated total 

shingles exclusively (1,500 estimated). 

TaBLe 2.—Reported production of lumber 1909, 1912, 1914, and computed totals, 1915, 

All classes 

Classes. 

Class 5: 10,000,000 feet and over per year........ 

Class 4: 5,000,000 to 9,999,000 feet per year....... 

Class 3: 1,000,000 to 4,999,000 feet per year....... 

Class 2: 500,000 to 999,000 feet per year.......... 

Class 1: 

' The total for 1909 differs from that shown in the other tables because 4,543 mills ‘outting 124 966,000 feet; 

50,000 to 499,000 feet per year........... 

lumber. reporting. 

35, 084, 166, 000 31, 833 
34) 135, 139, 000 218, 277 
30, 502, 961, 000 11, 666 
37, 550, 736, 000 22, 398 
40, 256, 154, 000 28, 850 

33, 224, 369, 000 31, 231 
44, 509, 761, 000 £46, 584 
40, 018, 282, 000 231, 934 
37, 003, 207, 000 228, 107 
39, 158, 414, 000 229, 005 

38, 387, 009, 000 221, 668 
37, 346, 023; 000 2 27, 506 
31) 241) 734, 000 216, 815 
34) 791, 385, 000 217, 269 
33, 192? 911; 000 216, 420 

cut of lumber. 

43, 000, 000, 000 
43, 500, 000, 000 

= 
Ss we ee 

| Beee8 82888 82 

2 a8 8 L 
Pars > Car yer) Orc Ss 

© 

. 

:| B8828 838 

wT 

SST TT 

35, 084, 166, 000 

4 Includes 4,543 mills cutting less than 50,000 feet, 
and all cooperage, veneer, millwork, box, furniture, 

Year. 
Number ; Per 

1916, and 1917, by classes of mills. 

Mills. 

and other factories cutting any lumber at allin 1909. 

Quantity reported. 

reporting.| cent. Feet B. M. 

11909 42,041 100.00 | 44,384, 795, 000 
1912 29, 005 100. 00 39, 158, 414° 000 
1914 27, 506 100. 00 37, 346, 023; 000 

21915 29, 951 100. 00 37, O11, 656, 000 
21916 30, 081 100. 00 39, 807, 251, 000 
21917 24, 815 100. 00 35, 831) 239, 000 

1909 888 2.11 19, 126, 223, 000 
1912 926 3.19 21) 259, 274, 000 
1914 867 3.15 20; 934, 446, 000 

21915 846 2.82 20; 669, 746, 000 
21916 925 3.08 23) 310, 137, 000 
21917 899 3.62 22’ 148, 570, 000 

1909 783 1.86 5, 291, 606, 000 
1912 608 2.10 4 311, 063; 000 
1914 547 1.99 a: 910, 370, 000 

21915 453 ile ail a 224° 448) 000 
21916 484 1.61 3, 513, 767, 000 

|( 21917 459 1.85 3; 360, 502, 000 

1909 5, 443 12.95 | 10, 068, 592, 000 
1912 3, 747 12.92 7, 009, 608, 000 
1914 3, 291 11.97 6, 078, 730, 000 

21915 3,191 10. 65 6, 201, 864, 000 
21916 3,041 10.11 5, 858, 675, 000 
21917 2,352 9. 48 4) 615, 941) 000 

1909 6, 468 15.39 4,315, 636 000 
1912 4,420 15.24 2” 951 068 000 
1914 4,261 15.49 2 780 184 000 

21915 4,198 14.02 2 941 264 000 
21916 4,594 15.27 3 096 760 000 
21917 3, 689 14. 87 2 460 685 000 

1909 28, 459 67.69 5 582, 738, 000 
1912 19, 304 66. 55 3, 627, 401, 000 
1914 18, 540 67.40 Bp 642 293, 000 

21915 21, 263 70.99 3 3) 974, 334, 000 
21916 21, 037 69. 93 4, 027, 912) 000 
21917 17, 416 70.18 3, 245, 541, 000 

or less than 50,000 feet each, are omitted above. 
2 The data here shown for 1915 5, 1916, and 1917 are computed totals by classes of mills, 
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LUMBER PRODUCTION BY CLASSES OF MILLS. 

The policy of arbitrarily dividing the reporting mills into classes — 
according to the quantity of lumber cut was followed as in previous 
years. Table 2 shows, by classes, the computed’ number of mills 
reporting and the computed total production for 1909 and for 1912 

CLASS 5-—10,000 M. FT. AND OVER 

Y— 899 MILLS ~(3.62PC) | 

\\ 22. 148.570M. FT. — (6181 Re) W«CW«CQ 

CLASS 43000 10; 3:93e0N ral 
~— 459 MILLS — (I.85PC) 

<9, 500, 502 erie 56.2.) 

CLASS 3-—|000 T0 4999 M FT. 

<— 2352 MILLS — (948.PC) 

<— 4,615,941 MFT.— (12.88 PC) 

CLASS 2-500 TO 999 MFT. 
W7-—3.6889 MILLS - (14.87 PC) 

«KX ~<— 2460,685 M.FT.— (687 PC) 

CLASS in B 499 M.FT. 

: KWH 3,245,541 Mice (906PC) 
Fig. 1.—Relation of mill classes to production in 1917. 

to 1917, inclusive. The figures for 1909 are given for comparative 
purposes because of the exceptionally complete census obtained for 
that year and the belief held by many lumbermen that that year 
marked the high point in lumber production in this country. 

1“Computed,”’ as used in this bulletin, expresses results obtained by the extension of figures based on 

actual returns so as to show totals for approximately all sawmills whether or not reports were received from 
them. 
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Attention is directed to the increasingly large per cent of the 
total production contributed by the bigger operations. In 1909, 
mills cutting 10,000,000 feet and over produced 43.09 per cent of the 
total cut for the year, while in 1917 this same class of mills cut 61.81 
per cent of the total. Though special efforts are made to secure a 
report for each big operation, which makes the figures for the two 
larger classes of mills more complete than for those of the three lower 
classes, the concentration of production among the larger mills is 
undoubtedly on the increase. 

Figures on sawmill production and sawmill capacity, arranged 
by classes of mills and by States, are contained in Table 3. The 
bases for these data were the answers to a question on the lumber 
cut schedule as to how much lumber the reporting mill could produce 
in a 10-hour shift if demand and price were very favorable. While the 
question was more or less hypothetical, a sufficient number of replies 
was received to indicate the condition. A considerable variation is 
noted in the average number of 10-hour days operated by the mills 
in different States, and also in the average yearly output per mill. 
The table shows that the mills in the fifth class operate closer to 
capacity than do the mills in the lower classes, which bears out a 
theory held by operators generally. No attempt has been made to 
compute average figures for the country as a whole, since conditions 
governing the industry are so divergent as te render a computed 
average misleading. 

The cut by classes of milis arranged by States is given in Table 4, 
which shows not only the importance of the industry of each State 
but the concentration of large mills in certain regions. Of the 894 
class 5 mills reporting their output for 1917, 124 were located in 
Louisiana, 69 in Mississippi, 55 in Texas, 45 in Arkansas, and 39 in 
Alabama. In the Lake States group 50 were in Wisconsin, 36 in 
Michigan, and 24 in Minnesota. In the western States 124 were in 
Washington, 58 in Oregon, and 39 in California and Nevada. 

These 12 States have an aggregate of 663 class 5 mills, or 75 per 
cent of the total reporting for all the States. By contrast they 
contain only 21 per cent of the total number of class 1 mills reporting 
or 2,199 class 1 mills; whereas three other States—Virginia, North 
Carolina, and South Carolina—have 1,937 class 1 mills, or nearly as 
many as the 12 States. 
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LUMBER PRODUCTION BY STATES. 

Table 5 shows for 10 years—1908 to 1917, selene me ial 
number of sawmills in operation and the total quantity of lumber 

BILLIONS OF BOARD FEET 
(@) 1 2 3 4+ 5 

MISS|SSIPPias Vee Eafe 
ARKANSAS. (i (Pt 2 oe) 

CALIFORNIA (INCLUDING NEVADA). 
WISCONSIN ssh oe. Ses 

MIININIESS OilPAse= eee ee ae ere eee 
MICE IGIAIN ee oe a See he 

GEORGIALS 2 Oe oe ck 
TENNESSE. 22. 
PPENNS VAN ANIA ne eS 

KEN TUG Ye cee a eter ee 
MONTANASS = eo 0a Sows 
NEW HAMPSHIRE.._.......--- es 
MISSOURI) ss2 abs DS See 
OKLAHOMA. Sein (ho ors 
NID VAIN A fed 
COMES See es eee a 
VERMONIE.. <<" Sa ee ee 

SOU DAKOTA on) = 
NEW JERSEY..222000 
LON VA ieee See ie Sneed ate Ge oc har ab 

RHODE ISLAND wale) a: 

Fic, 2.—Computed total lumber production in 1917, by States. 

reported sawed in each State. These statistics indicate clearly the 
growth or decline of the industry in each State. 
‘It is significant that only Washington, Louisiana, and Oregon, the 

three States ranking highest in cand aeem for 1917, and Missouri 
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New Mexico, and Kansas show a larger cut thanin 1916. In the other 
States, with the exception of Oklahoma, where the total cut is the 
same for both years, the output decreased. None of the gains were 
of much importance except that in Oregon, which was approximately 
16 per cent. Serious declines are noticeable in the figures for some of 
the larger producing States, such as that of 30 per cent in the North 
Carolina cut, 27 per cent in West Virginia, 21 per cent in Virginia, 18 
per cent in Maine, 26 per cent in Georgia, 25 per cent each in Pennsyl- 
vania and New Hampshire,.and 31 per cent in Kentucky. The 
decreased cut extends through the figures for the other States in a 
varying degree, the 10 per cent, or 89,600,000 feet, decrease in Idaho 
being of relatively greater importance than the 20 per cent, or. 
55,000,000 feet decrease in Ohio. 

The trend of production over a period of years is shown in Table 6 
by groups of States which constitute more or less natural units. 

TaBLe 6.—Lumber cut by groups of States in per cent of the total. 

1850 1860 1870 | 1880 1890 1900 1909 TON 

Northeastern group...........-..---- | 54.8 37.0 37.8 25.8 19.8 16.3 11.7 7.0 
Gentralieroup $2555.22 cease ots « | 18.6 21.1 20. 0 18.4 13.1 16.1 12.3 7.4 
Bengherteroup).- 25-5. 525202 seice de. 8.5 13.0 6.9 9.7 15.6 24.0 33.3 38.8 
North Carolina pine group.-...-.-.... i 5.1 4.8 2.5 4.1 4.7 Got 11.6 9.1 
Lake States proup:-.-. =. .-.--22-.2:- | 6.3 13.6 24.4 34.7 34.6 24.9 12.3 9.9 

Pacifie group..-...-.-.- Pe ke sad 5.9 6.4 4.0 3.6 8.5 8.3 15.5] 23.9 
Rocky Mountain group. -- 22.22. 2-2. -! sscse-0s 1 a) 79 1.1 1.6 2.9 = Big} 
peilother States . 22222 2-2-2 cece nee 8 4.0 3.5 2.8 2.6 1.1 4 Ail 

LUMBER PRODUCTION BY KINDS OF WOOD. 

Arranged in Table 7 is the computed cut of the different woods for 
the last 10 years. As the figures in Table 5 disclose a decreased cut in 
most of the States, the figures in Table 6 show a corresponding decline 
in the quantity of many of the species manufactured. The com- 
puted cut of only three softwoods was greater in 1917 than during the 
preceding year: Douglas fir with an increase of 3 per cent, western 
yellow pine 16 per cent, and white fir with 15 per cent. | 
Among the softwoods the decrease in the output from the year 

before amounted to 10 per cent in yellow pine, 17 per cent in white 
pine, 6 per cent in hemlock, 10 per cent in spruce, 5 per cent in cypress, 
1 per cent in redwood, 20 per cent in larch, and 7 per cent in sugar 
pine. The maximum decrease for any one wood was 59 per cent in 

lodgepole pine. Hardwood production also fell off appreciably, the 
decrease reaching 32 per cent in oak, 6 per cent in birch, 22 per cent 
in chestnut, 38 per cent in yellow poplar, 13 per cent in beech, 15 per 
cent in elm, and 26 per cent in basswood. 
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The several woods which go to make up the bulk of the lumber cut 
in the United States are treated individually in the following pages. 
The tabulation for each species shows by States the number of active 
mills reporting, the quantity reported cut, the proportion of the total 
reported cut, the average value per thousand feet f. o. b. mill, and the 
computed total cut. The average values given in the tables are the 
weighted averages of about 55 per cent of the 16,420 mills which 
reported their cut, and accurately reflect the true value of the several 
species of lumber at the mill. 

Ona lare 

VEELOWRPIN Eee : 
DOUGLAS Fill Res snaaaay : 

WESTERN YELLOW PINES 
SPRUCE__ eM eae 
CYPRESS.. Hae SPAN A 

GUM (RED AND SAP)...--- 
REDWOOD) -)) ue 

GHESTNU TH) at: Lo 
LARCH.. ats 
YELLOW POPLAR. 

WHITE FIR. 
BLM Ere a 
BASSWOOD... 
COTTONWOOD. .. 
ASH... 
SUGAR PINE... Sun 
HICKORY_- Pe TNS) 
BALSAM Pine See ee 
WAIENIOMeetc oe os 
SYCAMIOIRE2 === 5—-a=e= 

LODGEPOLE PINE-- 
ALL OTHER KINDS... 

The variation in values for the same 

BILLIONS OF BOARD FEET 

Stee SO FB) 9) Oh nen 2S am ae 

Fig. 3. Gop ted total lumber production in 1917, by kinds of woods. 

wood in different States is caused by character of timber, type of 
manufacture, and distance from market. 

The question is frequently asked in connection with lumber pro- 
duction figures as to what part shortleaf pine forms of the total 
quantity of yellow pine reported, or the per cent of white oak cut to 
the total. It is not practicable in the lumber census work to do more 
than group the figures for all of the yellow pines together, and treat 
the oaks, gums, cedars, and other woods in the same way since no 
standard classification is found among the lumbermen. Producers 

in one section frequently apply a local name to a given species and 
only confusion would follow an attempt to segregate the figures. 
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YELLOW PINE. 

Yellow pine produces nearly 38 per cent of the aggregate cut of all 
woods. In the yellow-pine cut are included the figures for the long- 
leaf pine produced in the Southern and Gulf States, the shortleaf 
pine from the same region as well as from Arkansas, and the short- 
leaf and loblolly pine of the North Carolina pine region. 

The compated cut for 1917 was 10 per cent under that for 1916 
and is the smallest cut recorded since 1911. The decrease in output 
was generally distributed among the several States, that of 24 per 
cent in North Carolina being the most noticeable and resulting in 
the State’s dropping from fourth to seventh place in the relative 
rank of producing States. Alabama’s total output was 9 per cent: 
greater than for the preceding year, making the one exception of 
any note to the widespread reduction in cut. 

Notonly was the production of yellow pinesmaller than for several pre- 
vious years, but thecharacter of material likewise changed considerably 
through the urgent demand for heavy material needed in ship construc- 
tion. No statistics are available as to the increase in the per cent of 
timbers and large-dimension cut, butitwaslarge. Reports werereceived 
from 6,217 active mills in 1917, whereas 6,592 mills reported in 1916. 

The average value of yellow pine f. o. b. mill for the year was $19 
per 1,000 feet, an advance from $14.33 the year before, and the 
highest average value ever recorded for that wood since the collection 
of prices was undertaken in connection with the lumber census work. 
The advance is equivalent to 33 per cent over the 1916 value, and 
the figure is based upon the reports made by 4,260 mills. 

TaBLE 8.—Reported production of yellow-pine ' lumber in 1917. 

[Computed total production in the United States, 13,539,464,000 feet.1 

Average 

tee oe Quantity | percent,| Value per reporting. reported. 1,000 feet 
Pp f.0. b. mill 

Feet B. M. 
United:States:c: sss eceaiee ees 6,217 | 12, 483,410, 000. 100. 0 $19. 00 

FOULS TAN eo ls Sts Say epee et pr Set 238 | 2,982, 638, 000 23.9 ; 20. 40 
INV UST Fotas 0) OY A ae eG St Ra Te 536.| 1,814,928.000 | . 14.5 18. 84 
SRO SAS IS feet ay ea See ale TG Mle Sal uh SAB Spee et ip Get fo) SN 272 | 1,520, 286, 000 12.2 19. 92 
INU PADS eee a Oa as RE Ie aa IE OT 721 | 1,285, 604, 000 10.3 17.34 
SATEKANSASS eet ease se ene ae ee ee oy ee 397 956, 316, 000 7.7 20. 10 

IP OTId ase se eee SURE CNN OBES NE, | 5 Sad 204 946, 096, 000 7.6 18. 34 
INOntn EC arOlinate sent ete ee eee eet ea 1, 266 940, 972, 000 7.5 17.19 
Virginia......... 831 586, 293, 000 4.7 17.94 
South Carolina 409 558, 194, 000 4.5 19. 22 
Georgia......- 597 547, 870, 000 4.4 16. 59 

CORD BMA eat Sele cc MEDC EEO Sp se INE cei ar 57 196, 677, 000 1.6 19. 84 
PONMIESSCO Ss se aise ei re ele See als ore Ne Ss es 255 55, 550, 000 4 15.16 
IMISSOUTE Shines 3 ee No Se aOpee Sees eee gle 85 31, 118, 000 ~2 15. 58 
Mary larid 930 I a Ce es ea Tee 120 23, 386, 000 :2 18. 80 
Mentuekyscersscse ae se seers see oe eer one oe sie 70 13, 875, 000 1 22.39 
All other States (see Summary, p. 39)....-.-----.-.-- 159 23, 607, 000 2 17.76 

1 Longleaf pine (Pinis palustris), also Known as _ Slash (or Cuban) pine (Pinus cariboea); cut mostly in 
Georgia pine and hard pine and exported as pitch Georgiaand the Gulf States east of the Mississippi River. 
pine; cut mostly in the Gulf States. Scrub pine (Pinus virginiana), also called Jersey pine; 
North Carolina pine (Pinus tzda), also called cut in the Middle Atlantic States. 

shortleaf, loblolly, old field, rosemary, and Vir- Pitch pine (Pinusrigida); Middle Atlanticand North- 
ginia pine; cut mostly in Virginia, Northand South ern States. a: ; 
Carolina, Arkansas, and Texas. Spruce pine (Pinus glabra); Gulf States. 

Shortleaf pine (Pinus echinata); cut mostly in Pond pine (Pinus serotina); South Atlantic States. 
Virginia, North and South Carolina, Arkansas, Sand pine (Pinus clausa); Florida and Alabama. 
Louisiana, and Mississippi. Ae eouan pine (Pinus pungens); Appalachian 

ountains. 
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DOUGLAS FIR. 

The reported Douglas-fir + production, 5,351,025,000 feet, was 3 

per cent greater than that of the preceding year. The computed 
total production of 5,585,000,000 feet is the largest recorded annual 

eut for any year for which there are figures. The cut reported was 
for 1,024 mills; 1,175 mills reported in 1916. A change took place 
in the relative proportion produced by the mulls of the two leading 
States, Washington’s total beg 6 per cent less than in 1916 and 
Oregon’s total 12 per cent more than in 1916. 

The average value of $16.28 per 1,000 feet is an advance of 51 per 
cent over the 1916 value and a 15 per cent advance over the for mer 
record price of $14.12 in 1907. 

TABLE 9.—Reported production of Douglas-fir } lumber, 1917. 

[Computed total production in the United States, 5,585,000,000 feet.] 

| | i 
Number of | so ks "| Average 
active mills Quant | Per cent. value Der 
reporting. | ‘ported. 2000 feet I f. 0. b. mill. 

Feet B. M. 
1,024 | 5,351, 025, 000 100.0 $16. 28 

337 | 3,320, 044, 000 62.0 16.15 
3 1, 759, 044, 000 32.9 16,44 
88 156, 083, 000 2.9 18. 00 

131 66; 663, 000 1.3 14. 78 
Faas, : | 73 38, 600, 000 ag 16.40 

All other States (see Summary, p. 39)..--..-..------- | 69 10, 501, 000 «2 16.24 

1 Douglas fir (Pseudotsuga taxifolia) is the principal commercial species. 

OAK. 

There has been an almost unbroken annual decline in oak production 
in the United States during the last ten years, and 1917 proved no 
exception to this tendency. The reported cut of 1,967,694,000 feet 
was 9 per cent smaller than the 1916 output, with reports from 8,839 
mills in 1917 and 9,400 in 1916. The decreasing cut can be ascribed 
to the fact that oak stumpage is not so plentiful as it was a decade 
ago and that the use of a wider variety of hardwoods has affected 
the demand for oak. 

Several changes in the relative positions of the States in order of 
production occurred in 1917. ‘Tennessee rose to second from third 
place in the amount cut because of an increased cut over 1916 amount- 
ing to 5 per cent, displacing Arkansas. Mississippi dropped from 
sixth into eighth place, North Carolina moving into the former 
position. Missouri advanced to seventh from tenth place, owing 
to an increased cut amounting to 18 per cent over the previous year. 
The figures for ‘Tennesse 0, Missouri, and Indiana are the only ones 

» Psevudoteuga tazifolia. 

96767°—19—Bull. 7683——3 
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showing an increased cut for 1917. Itis worthy of note that Indiana, 
where the manufacture of oak has been carried on for generations 
and where a decreased output could logically be looked for, reported 
a cut of 85,210,000 feet, as compared with 83,674,000 feet in 1916. 

The average value of oak rose from $20.06 per 1,000 feet in 1916 
to $24.49 in 1917, an increase of 22 per cent. 

TaBLe 10.—Reported production of oak ' lumber, 1917. 

[Computed total production in the United States, 2,250,000,000 feet.] 

Number .of . 
active mills) Quentit Per cent. 
reporting. Bo R 

Feet B. M. 
(United Statesseeaeesseee sees eee SR Saeesecey 8,839 | 1,967,694,000 100.0 

Westin Vaireimiaies 2 ee eee Aaa Eyes canes ace 420 242, 415, 000 12.3 
Tennessee! os eee ee eee eee Re eee aoe: 759 237,574,000 12.1 
(Arka nSASis 322 a8 sat eo eee ae ATER ear Soncpeece Bk 421 235, 763, 000 12.0 
LCs 0 AP sae aes eee cose sSoesee Sols Sees 553 170, 469.000 8.6 
Wilgalith hse Choe oenedcaconorsesahsosoeune sneer eeeSed 834 169, 725, 000 8.6 

INOGEMCaroling ees ean eee eee eer Pappa manasa, 3 854 115, 749, 000 5.9 : 
Missouri........-- ON aes Seteieces ae aepiee Siem era sie 320 112,897,000 5.7 : 
Mississippi--.-..---.---- Re oe ee ree ee ates Stine eos 262 111, 751, 000 57 : 
(Qin) Saat gs See ees « Be BOS 6 cigs ae eee eee 476 90, 561, 000 4.6 29.17 
Pennsylvania.-......-.-. Wen Bete eee keas ae baal 680 85, 779, 000 4.3 26.10 

INVGUETB 5 nb as 2 secsosecootneec s20550 29ers sc sesnbees | 412 85, 210, 000 4.3 34.81 
WOWISiana 22 Se APy ios. p ee ee eee Bae 96 70, 538, 000 3.6 23.48 
WAdlabamar . S85 Bose iss Le ee es ec aera 347 38, 363, 000 1.9 17.84 
UY Nia Gris Peres Ae RISO SER BO So aie ores Onsite meee | 86 36,829, 000 1.9 21.06 
Newer OL kK 2/250 5 sas essen aaeesee Ge seas etiee eee eee es 621 22,592 000 il} 28.66 
All other States (see Summary, p. 39).--.-.-.-.-.-... 1,698 141, 179, 000 7.2 24.03 

1 Commercially the oaks are classed as white and red. The principal commercial oaks are listed below: 
White oaks: 

White oak (Quercus alba) is the white oak common throughout the eastern half of the United States. 
Chestnut (or rock) oak (Quercus prinus) is found in the Appalachian region. 
Fost oak (Quercus minor) and bur oak (Quercus macrocarpa) are common throughout the eastern half 

of the country. 
Overcup oak (Quercus lyrata) and cow (or basket) oak (Quercus michauxii) are the principal southern 
white oaks, 

Red oaks: 
Red oak (Quercus rubra) is the red oak common to the eastern part ofthe United States. 
Texan red oak (Quercus texana) is the principal red oak sawed in the lower Mississippi Valley. 
Pin oak (Quercus palustris) is found in the Eastern and Central States. 
Scarlet oak (Quercus coccinea) is the northern and northeastern red oak. 
Yellow (orblack) oak (Quercus velutina) is common to most States east ofthe Rocky Mountains. 
Willow oak (Quercus phellos) is cut mostly in the Southern States. 

WHITE PINE. 

The output of white pine in 1917, like that of other softwoods, 
was smaller than for the previous year. The total reported produc- 
tion of 2,050,360,000 feet showed a decrease of 12 per cent. The 

cut was the smallest of which there is record. The reduced cut is 
consistently shown by all of the States, the greatest reduction for 
any one State being that shown for Idaho of 110,651,000 feet, or 
36 per cent. Minnesota’s mills put out 41 per cent of all the white 
pine reported cut in 1916 and 44 per cent in 1917; Idaho’s share was 
13 per cent in the 1916 total and 9 per cent in 1917. Maine, where 
many generations of lumbermen* have developed the white pine 
industry, displaced Idaho in second place in the rank of producing 
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States, and New Hampshire moved into fourth place, which was. 
occupied by Wisconsin in 1916. 

The average value of white pine for the year was $24.81 per 1,000 
feet, an advance of $5.65 per 1,000, or 29 per cent, over the year 
before. 

Tasie 11.—Reported production of white-pine ' lumber, 1917. 

{Computed total productio1: i: the United States, 2,250,000,000 feet. ] 

: Average Number of z 
active mills Seaee Per cent. yelso Dee 

ToD ORDDE: f.0.b. mill. 

Feet B. M. 
Wmnited States 20s) 355k. Steps ateiaic. asics stare 2,984 | 2,050, 360, 000 100.0 $24.81 

Minnesota... - =< -=:+---- Sa epneietinesisiecies suersceuleaye 148 901, 941, 000 44.0 25.86 
Mae seb <3 Sob ore SASS Ese eee eee 5 408 256, 014, 000 12.5 22. 68 
LIGHT? oa 22 OS ees OR eee er ee 36 193, 404, 000 9.4 25. 56 
New pomp spe SA AEDES aS Sees See ee ee 246 171, 547.000 8.4 21.83 
IASEONS HPCE SoS ociot Saisie wane ene hes eee eine ew semen 234 160, 630, 000 7.8 28.34 

LISS DO NIRG DSS 5 Gu ign LAR ere ae ea 211 90, 797, 000 4.4 20.87 
IER? WTS Soe Saab eee nent ie eee eine eS 3s 698 57, 924, 000 2.8 26.89 
AWE S TSE SD We ce aN 37 56, 955, 000 2.8 19.39 
LMR LS ee Soe cece sanen ae aos OS Saigon eaaaEaseacs 5 131 47, 571, 000 2.3 29.47 
CERIN ANIA ae arse atte eee a eisai e eee 297 25, 756, 000 1.3 26.99 

LACT! (Caria) LUE) eee See a ea ae acts tes ee 96 20, 190, 000 1.0 22.13 
WERIMOHGre es n-ne ads toes hae ach: | JRL ESE oe 114 18, 884, 000 9 21.04 
Connecticut....-... Soeee saege 54 10, 043, 000 .O 23.11 
Virginiat <2. het é 74 9, 144, 000 nO) 19. 20 
West Virginia p 57 8, 461, 000 4 20.89 
All other States (see Summary, p. 39) 143 21, 699, 000 1.0 19.62 

1 White pine (Pinus strobus) is the white pie cut in the Lake States, the Northeastern States, and the 
Appalachian region. 

orway (or red) pine (Pinus resinosa), though botanically a yellow pine, is cut in the Lake States and 
gs marketed with white pine. 

pine (Pinus banksiana) is cut in the Lake States. 
Western white pine (Pinus monticola) is cut in Idaho, Montana, Washington, and Oregon. 

HEMLOCK. 

The curtailment in production in 1917 was less for hemlock than 
for any other one of the principal construction woods. The total 
reported production of 1,968,217,000 feet was smaller by only approxi- 
mately 18,000,000 feet, or less than 1 per cent, than the 1916 cut. 
The output of the mills in Wisconsin, the leading State in hemlock 
production, was enlarged by 7 per cent over that of 1916, which may 
be attributed to the exceptionally heavy demands made Ny the Gov- 
ernment for lumber for construction work. Michigan mills likewise 
increased their output, though less than 1 per cent of the total. 
Wisconsin and Michigan combined to produce in 1917 more than 45 
per cent of the hemlock cut of the country, as compared with 43 per 
cent in 1916. Washington’s increased output was 19 per cent, 
amounting to nearly 50,000,000 feet. Slightly increased production 
also took place among the New York and the Tennessee mills, and 
in the shifting of figures New York supplanted Maine in the sixth 
position in the relative rank of States. 

The average value of hemlock rose from $15.35 per 1,000 feet in 

1916 to $20.78 in 1917, an increase of 35 per cent. 
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Taszie 12.—Reported production of hemlock * lunber, 1917. 

[Computed total production in the United States, 2,200,000,000 feet.] 

: wigs ; 

Number of | Average | 
Vs | Quantit . | value per active mills reported. | Pe €eM*.| 1000 tect 
Eas | f.0.b. mill. 

—————— ss = Peabee eet 2s 
Feet B. M. 

Winitied (States t seen es) ers yore eye nep eesti 3,359 | 1,968, 217, 000 100.0 $20.78 

WiiscomSim. o: 202i Lh SUS CR pais ae RRS poe ers 240 563, 946, 000 28.7 23.27 
IS Ye) offre ene Cec nae MME Gah samen ae 200 327, 651, 000 16.6 19. 80 
Wrashin ston sea cere aa alee a eects Bee Say 2 ei ne 103 317, 243, 000 16.1 16.30 
Pennsylvania. sf see sue oae ee eos See ee eas tee See 409 242, 628, 000 12.3 23.10 
Wiest Vitginias 235. s53452 see este eee acy esr sae 135 134, 060, 000 6.8 21. 81 

ING WSVior kn fo. oo as A 2 2, Seema ap reper 940 84, 193, 000 4.3 23.72 
WEI eos ope eo cous pondcdccancscueueseorocwesoase 355 66, 583, 000 3.4 19.91 
TO ROM 23s 3k Bes os othe eee ae we ee ee ae 33 49, 479, 000 2.5 16. 33 
North) Carolina 25 1s 5 ae ORL aan cetera e et emanate 108 36, 688, 000 Ui) 17. 85 
WIR PUM as Sede isso ap ais ae em nya IS eR I es 82 32, 954, 000 HA 7/ 18.68 

MTlenmesseer soe ae ce. oars ta trae re eee ans hie aa 69 31, 182, 000 1.6 15.75 
Néwa Hampshine 2 5.5 ae es) seis setae agers vate 186 26, 059, 000 1.3 20. 85 
MELM Ones esac ees ot er pen ce aatcle eee Se -| 242 18, 192, 000 ow) 20. 69 
een tuck ae eee ee aa eee secretes nic » 50 13, 489, 000 sf 21.54 
Massachusetts. ------ Be ROBB eben -| 115 10, 201, 000 5 20. 23 
All other States (see Summary, p. 39)--.- --| 92 13, 669, 000 ae 20.36 

1 Hemlock ( Tsuga canadensis) is cut in the Lake States, Northeastern States, and the Appalachian region. 
Western hemlock ( Tsuga heterophylla) is manufactured in Washington and Oregon. 
Black (or western mountain) hemlock ( T'suga mertensiana) is cut in small quantities. Carolina hem- 

lock ( Tsuga caroliniana) is occasionally cut in the Appalachian region. 

WESTERN YELLOW PINE. 

Stimulated cuttmg in practically all of the producing States re- 
sulted in a total production of 1,865,282,000 feet of western yellow 
pine, an increase of 11 per cent over the 1916 cut. While the out- 
put in the chief State of production, California, was less by 3 per cent 
than the year before, the output in Oregon was 18 per cent, in Idaho 
31 per cent, and in Washington 15 per cent greater than in 1916. 
Oregon’s cut was 25.2 per cent of the total production of western 
yellow pine in 1917; in 1916 it was 23.7 per cent. California’s cut 
was 25.6 per cent of the whole in 1917 and 29.4 per cent in 1916. 
Through changes in operations New Mexico took sixth place m rank 
of production, which was occupied by Arizona last year. 

The average mill value for western yellow pine in 1916 was $14.52 

per 1,000; in 1917 it was $19.59, an advance of $5.07, or 35 per cent, 
during the year. 

TaBLe 13.—Reported production of western yellow-pine } lumber, 1917. 

[Computed total production in the United States, 1,960,000,000 feet.] 

= Average Number of F 
active mills euany Per cent. at ae 
reporting. HAUG ce f.o.b. mill. 

Feet B. M. 
Wmited Statessc ce eee anos eee se 747 | 1,865, 282, 000 100. 0 $19. 59 

California Gulag Nevada) a): See 110 478, 565, 000 25.6 22.50 

ee "| IB) Sasep) ea) es AG ondosad Ae : ; 
Washingtony (ss ese mpy patie ADE bly oat: 113 217, 353, 000 11.6 16.29 
Montana si scmccsacssce cee acne ee ee eee eis eee occa 87 150, 905, 000 8.1 18.80 

Nes, IMGRICOM EA ae heer tis eee oe ese ee oss Sele 2 5 see rs = i 
TAZ OU Ate eee eee eee EC eee ele cee 2 107, 9. 42 

COlOTAdO: Ee ERA A seo oe 53 35,328, 000 1.9 17-11 
South; Dakotasioc: seater coe em eee a eee ree oo ae 28 29, 045, 000 1.6 25. 04 
All Os States (see Summary, p. 39). -...--.2.---.-.- 45 | ~——.: 8, 126, 060 4 17. 80- 

1 Western yellow pine (Pinus ponderosa) i is the one species ee as such. 
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SPRUCE. 

The immense demand for spruce for airplane material is not re- 
flected in the lumber production figures for 1917, since the accelerated 
production did not take place until late in the year. Much spruce 
gotten out in the woods was in the form of rived bolts, and was not 
the product of the sawmill. : 
The total reported cut, 978,265,000 feet, was 13 per cent smaller 

than in 1916. Maine, which has contributed annually about one- 
third of the total spruce milled, sawed only 79,000,000 feet, or 21 
per cent less in 1917 than in 1916; even with the reduced cut the 
State maintained first rank among the producing States. The cut 
im Vermont, New Hampshire, and New York also was reduced, and 
this reduction, as in Maine, is directly attributable to the higher price 
obtainable for spruce as pulp material than as lumber. Oregon 
ranked seventh in 1915 among the spruce producing States, jumped 
into fourth place in 1916, and assumed third place in 1917. Oregon 
cut 65,000,000 feet in 1915, 96,000,000 feet a year later, and 121,000,000 
feet in 1917. Washington’s cut was slightly smaller in 1917 than for 
the preceding year. North Carolina, Minnesota, Colorado, California, 
and Idaho enlarged their total for 1917. 

‘The average value reported for spruce lumber was $24.41 per 1,000 
feet, though from $100 to $250 per 1,000 feet was paid for the fone 
grade procurable for airplane construction. The average value in 
1916 was $17.58, so that the 1917 value represents a rise of 39 per 
cent. 

TasLE 14.—Reported production of spruce * lumber, 1917. 

[Computed total production in the United States, 1,125,000,000 feet.] 

| 
= 4 | Average . 
Number of | = esa iet 5 : 
active mills  @Uantity — percent. | Value per 

. | - reported. | 1,000 feet 
BEVOEDIAE- | f. 0. b. mil). 

= : eae |) 

Feet B. M. : : 
Wited States -< a.52: 3.245... Peet oN. eam 1,320; 978, 265,000 | 100.0 $24, 41 

Maing: ) 3505) ee ae: Saas 22. Se 298 297, 949, 000 | 30.4 23. 43 
VAC CTS 471 Ike Re RAN oP Soren GoOCe sap amare vase | 66 198, 271, 000 20.3 22.34 
0 OTe Re SRS ENS SYS Se ee | 26 120, 647, 000 12.3 28. 28 
IGE Ta ES 2 SaaS: eee || 18 68, 895, 000 7.0 30. 30 
EET 1 rg a8 NE RS ST he ae ea | 244 48, 630, 000 5.0 24.28 

RIGIREMCATOUUA. oP eee. Sts Shao eal. le bbe | 17 47, 360, 000 4.8 28.33 
RAINY R eon ac econ NSN inate cinssiaiciaieietofe fw oe pote 67 40, 999, 000 4.2 24.28 
DICPAPMIIDRUIEG 57.2 SE let Fo eae oo ee 112 36, 057, 000 3.7 23.47 
i a aoe Se i A ey ne 184 27, 215, 000 2.8 28. 51 
Si re Ie LEE: ak RES Pe ed BS ed ee 47 22, $96, 000 2.3 17.14 

Caitiormtide [957052 322554. 3, teach aply 232 20's ete Sao 4 20, 659, 000 Pari 17.50 
TANGO 2 2 7 23 19,171, 000 2.0 22. 49 
Wisconsin | 42 th 852) 000 .8 25.78 
Michigan 68 6, 703, 000 ay, 24.06 
Montana | 11 6, 437, 000 M7 18; 22 
All other States (see ‘Summary, LC ea = 8 Ae Bence 93 8, 524, 000 9 19. 79 

| 
} 

i Red spruce (Picea vtras is the principal species cut in the Hortbe: astern States Gel ihe Appal: Pinte 
region. 

Sitka spruce (Picea sitchensis) is the principal species cut in Oregon and ae eto. 
Blac k spruce (Picea marianz) is cut in limited quantit.es in the northeastern State 
White spruce (Picea canadensis) is cut in the Lake States. 
Engelmann spruce ( Picea cngelmanni) is cut in the Rocky Mountain region. 
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CYPRESS. 

Cypress was less seriously affected by the general slump in pro- 
duction than many other woods and the cut of 917,445,000 feet was 
but 3 per cent, or 28,000,000 feet, under that for 1916. In Louisiana, 

which milled 56 per cent of all the cypress cut in 1917, the output 
of 509,659,000 feet was 17,766,000 feet, or 3 per cent, less than in 
1916; and in Florida the cut of 166,857,000 feet was 21,942,000 feet, 
or 12 per cent, under that of 1916. In South Carolina the total cut 
was enlarged and the State displaced Georgia in third place among 
the producing States. The cut reported in Arkansas and Missouri 
also was slightly more in 1917 than the year before. 

The average value of cypress for 1917, $23.92, is an advance of 
$3.07, or 15 per cent, over the preceding year, and the spread is 
noticeably less than for many of the other woods. 

TABLE 15.—Reported production of cypress } lumber, 1917. 

[Computed total production in the United States, 950,000,000 feet.] 

Average 
Number of P : zi 
active mills Qnentyy, Per cent. value pen 
reporting. reported: J ce 

f.0. b. mill 

Feet B. M. 
(United: States Sos 5: 455 Ske ese es Ee 654 917, 445, 000 100.0 $223.92 

TM OuUiSlana)s Sei SRE a Ss ee USE fo oaas eee se ee 97 509, 659, 000 55.6 24.48 
UY] OL aes eee os ree oe ayers < Pe EO ee 36 166, 857, 000 18.2 24.51 
South(Carolina 9920s. Wes ee ee ae esa nae 37 59, 107, 000 6.5 25.90 
OK Od i eer Sao Be a OCG re OMEN AOC ay MUS oan same 31 51, 219, 000 5.6 26.05 
INP KANSAS Doers Jor ns a esaa eae ee eeisie sine cise cine enrgamie sage 135 43, 969, 000 4.8 21.88 

IMISSOUNL Sacer sa ee ee ee ene ae eee 44 26, 981, 000 2.9 19. 68 
Mississipptts 2a ea ess- Gee as Reese) oe eee Ue Beers aes | 91 16, 537, 000 1.8 24.14 
North Carolina ese See. eae ee etiam aie c es Bass 73 15, 958, 000 end 20. 69 
FRETATICSSOO staat eiee ier Na es tee A ay eee ne Rn Sg a ich | 44 10, 003, 000 1.1 25.63 
VAT OUT See eo Goes ose i ce ge i ee ee ee ee eee oS 15 9, 539, 000 1.0 21.87 
All other States (see Summary, p. 39)-----.---------- 51 7,616, 000 .8 21.32 | 

1 Bald cypress ( Tarodium distichum) is the one species cut as such. 

MAPLE. 

The quantity of maple reported sawed was less by approximately 
1 per cent than in 1916: The three principal producing States, 
Michigan, Wisconsin, and West Virginia, produced within 11,000,000 
feet as much as in 1916, and slight increases in output occurred 
among the mills in Ohio, Indiana, and Missouri. The production of 
maple has not varied to any marked degree during the last 10 years. 

The average value of $23.16 per 1,000 feet is an increase above 
the average of $18.24 obtained in 1916 of $4.92 per 1,000 feet, or 
27 per cent. 
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TaBLE 16.—Reported production of maple } lumber, 1917. 
{Computed total production in the United States, 860,000,000 feet.) 

Average Number of : ais 
active mills cuauel Per cent. veto Re 
reporting. A Ae } ce 

f.0. b. mill. 

: Feet B. M. 
TRG DS PUGS ES Ss Geach cess Se eee eee eres ea 3,944 802, 089, 000 100.0 $23.16 

LUST REEL so sae SOB Be BAO OB ORE 5 CB Ree tee ae een 249 349, 688, 000 43.6 24.11 
WAS ETI hh TR Re es a a 264 154, 570, 000 19.3 21.10 
WQS E VATED ES 2 Sen Gs Se eee eee 193 67, 471, 000 8.4 25.90 
EBay WGre is 2 ee ee SS 2 ee 786 45,024, 000 5.6 23.91 
PRS MUSA Aree ooops te ee eA a etig ates s<4 Sabie 427 42, 903, 000 5.3 20.68 

BRT OEP a Oe ke ne ma Srels Sen's Le cighene 328 26, 244, 000 3.3 22.34 
HUTT - Gs Se tee OS ESaES BeBe So Ue een ae emer 340 23, 324, 000 2.9 27.50 
RBEHTON Geer eo ee ee SES A 206 16, 870, 000 7A 21.50 
LUNSS iil. 5 Se Sen eens ree a eee 91 14, 135, 000 1.8 19.93 
All other States (see Summary, p. —)..-..-.-..-.-... 1, 060 61, 860, 000 Uae! 21. 02 

1 Sugar (or hard) maple (Acer saccharum) is cut principally in the Northern States. 
Silver (or soft) maple (Acer saccharinum) 1s also cut in the Northern States. 
Red (or soft) maple (Acer rubrum) is the principal species cut in the Southern States. 
Mountain maple (Acer spicatum) and striped maple (Acer pennsylvanicum) are cut in the Eastern States. 
Oregon maple (Acer macrophyllum) is cut in the Pacific Coast States. 

RED GUM. | 

One of the few woods for which a gain in production was made in 
1917 was red gum, the total output reaching 730,662,000 feet, or a 
12 per cent increase over the 1916 total of 651,879,000 feet. The cut 
in 1916 was 36 per cent greater than for the preceding year. Organi- 
zation of the efforts of the operators in finding new markets and in 
handling their product is responsible for the enlarged output and 
consumption of red gum. The quantity cut in Arkansas, Mississippi, 
and Louisiana was slightly in excess in each instance of the 1916 
output, the total for the three States amounting to 68 per cent of all 
the gum reported cut.° Tennessee’s production almost trebled in 
1917, being 64,356,000 feet. The 1916 cut was 23,917,000 feet. It is 
significant that the number of mills which reported cutting red gum 
in 1917 was 1,949, while but 1,845 reported in 1916. 
A higher average mill value was obtained in 1917 than in 1916, 

the average value of $19.56 in 1917 being an increase of $4.92 per 
1,000 feet, or 34 per cent. 

TABLE 17.—Reported production of gum | lumber, 1917. 
[Computed total production in the United States, 788,000,000 feet. | 

Average Number of : 
active mills| ey Per cent. pelue Pee 

fats. | ie f.0.b. mill. 

| *| Feet B. M. 
“EGC Ce a ek __1,949 | __ 730,662,000} _ 100.0 $19. 56 

asi eee Se Sak eee ae oT Te 284 230, 964, 000 31.6 19.92 
LOI eR eee ie ee ae ee IE 204 169, 847, 000 23.2 19. 96 
Uo ET Se gan Bee ee a 2 a 89 94, 671, 000 13.0 10. 22 
EEO en ee ios ao uss OLR EMO ais cle b.anine 6! os bolas 212 64, 356, 000 8.8 24,42 
(EE Se ae Sie ep ca esi 8 ao >a 49 26, 342, 000 3.6 16. 80 

EG Bee EE ee eee 117 25, 147, 000 3.4 15. 06 
CAE Sa ae SORES Bt ig: <5 a DS am 60 24, 981, 000 3.4 17. 23 
“CETERA ESAT SR eho 5 9 Ee 32 19, 883, 000 2.7. 17.93 
Norte ©arOuney o>. . s Seecmae lec o> ot Boe shoe SPE 116 12, 866, 000 1.8 15. 78 
aS LTTE © Tp Gad aT jh eS a a eae 48 12, 392, 000 1.7 16.75 
MENCOMN sad y So nui odes verre see wee wen siné ae oo ovens 163 10, 084, 000 1.4 16. 80 
ASCII bs set ied Ss fo PERS ele beee dul bie ctv Me eee 122 9, 165, 000 1.3 15.91 
All other States (see Summary, p. 39).......-.---.+0- 453 29, 964, 000 4.1 19.19 

' Red (or sweet) gum (Liquidamber styraciflua) is the only species that goes into red gum lumber. Com- 
mercial sap gum is the sapwood of the red gum. 
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REDWOOD. 

Redwood production was maintained in 1917 on the same scale as 
for the preceding year, the reported total output of 487,458,000 feet 
being less than 1 per cent smaller than that for 1916. The produc- 
tion figure given is believed to cover approximately all of the red-— 
wood cut. 
An exceptional advance of 51 per cent is noted in the average mill 

value over the previous year. The value reported was $21 per 
1,000 feet in 1917, a jump of $7.07 from 1916. 

TaBLe 13.—Reported production of redwood ' lumber, 1917. 

| A verag 
Number of | shite BCU NS 
Rerae = Quantity r value per 
active mills) yenorted. | Per cent-| 3 ono feet 
SEER £0. b. mill. 

- Feet B. M. 
Warlted States: a cetadetee etter e weet. tees 36 | 487,458,000 100.0 $21.00 

Galiforniasts-qonecee tp aes ea asa coc ness RE 36! 487,458,000 100.0 21.00 
i 1 

1 Redwood (Sequoia sempervirens) is the species chiefly cut. Bigtree (Sequoia washingtoniana) furnishes 
a minor part of the redwood production. 

BIRCH. 

The reported total cut of birch, amounting to 387,283,000 feet, 
was an increase of 6 per cent over the 1916 cut, and was occasioned 
by the heightened war demands. Wisconsin and Michigan, the two 
principal birch-producing States, increased their output over the pre- 
ceding year by 16 per cent and 4 per cent, respectively. The com- 
bined output of the two States formed 65.3 per cent of all birch 
reported cut in 1916 and 69.9 per cent in 1917. The number of mills 
which reported cutting birch in Wisconsin and Michigan in 1917 was 
367 and for the preceding year 410. Vermont's increase in cut from 
22,980,000 feet in 1916 to 30,882,000 feet in 1917 puts that State in 
third instead of fifth place in the rank of producing States. 

The average value of $24.07 per 1,000 feet reported for birch is 
$4.48, or 23 per cent, over the 1916 value. 

TaBLe 19.—Reported production of birch ' lumber, 1917, 

[Computed total production in the United States, 415,000,000 feet.] 

| 
ioe Average Number of ‘ N 
| ae mills SELEY Percent.| YaUe per | reporting reported. 1,000 feet 
| : f.o.b. mull. - 

| Feet B. M. 
Wimited’S tatese— sane seeker eee | eee eee | 1, 836 387, 283, 000 100.0 $24.07 

IWS CONSIN epee yeti cpanel eM le reiteee 2 2 res | 226 208, 864, 000 53.9 24.21 
Michigans: hoo ee reps eee Sebel. oc 2 oe 141 61, 768, 000 16.0 24.74 
MenMmONG 25 Pose ae Sco aie Searels) eae: bo oe 202 30, 882, 000 8.0 25.98 

BOSraCH ab AOU RRS Rp Ha Aen 3 o ge eae ee aie merase 150 21, 713, 000 5.6 21.44 
Wiestevineiniakse teat. nate eee ome ert elatrs a. | 107 18, 960, 000 4.9 25. 02 

ING WAVOT eee hee) a eee ee ebm atio sf) g oles 358 17, 628, 000 4.6 24.93 
Penns Vivaniae sacs - 6 -cae eee eet eee secs se 196 7,535, 000 io 20.09 
INewsHampshires se s¢eeneaseebe ae neee ans s. 255 98 6,344, 000 1.6 20. 86 
Minnesotas. 22-2203: beoe eae US| IE Se eae 48 4,395, 000 isi 18. 26 
All other States (see Summary, p. 39)..--..----.-_-_-. 310 9,194, 000 2.4 20. 92 

1 Yellow birch (Betulalutea} isthe principal species cut in the Laxe States, New England, and New York. 
Paper birch (Betula papyrifera) and white (or gray) birch (Betula populifolia) are also cut to a limited 

extent in New England. 
Sweet (or cherry) birch (Betula lenta) is cut in West Virginia and Pennsylvania. 
River (or red) birch (Betula nigra) is cut in the Southern States. 
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CHESTNUF. 

The chestnut-lumber production of 382,652,000 feet was a slump of 

9 per cent from the total of the year before. The cut im West Virginia. 
of 107,410,000 feet was 24,782,000 feet, or 19 per cent less than that 
of 1916. A slight increase occurred among the mills in North Caro-. 
lina, Virginia, Connecticut, Tennessee, and New York. <A decreased 
cut in Pennsylvania dropped that State from second to fourth rank 
in order of State production. 

The average value of chestnut was $21.54 in 1917, an increase over » 
the 1916 value of $4.49, or 26 per cent. 

TaBLE 20.—Reported production of chestnut } lumber, 1917. 

{Computed total production in the United States, 415,000,000 feet.} 

| 

| Number of | Average 
active mills) @Uantity | Der cent. | Value per 
reporting. reported. 1,000 feet 

f.0. b. mill. 

| Feet. BM. : 
MEONBL SUINeS oles Bet cas een ekedaceeseqesdse 3, 061 382, 652, 000 100.0 $21. 54 

SUES FIR ee ee ee eee 295 107, 410, 000 28.1 22. 87 
LUT ety Cn) iS per oe eee see Cee eae aoe eaee Bem 223 47, 277, 000 12.3 20. 76 
“CRRTI 1 1 22 Bo a ee eee 292 42, 073, 000 11.0 19. 38 
erry WAM eee i 2 2 = P22 ee 2 602 40, 149, 000 10.5 21, 49 
(ULE UE Tie. Se Pepe BL Se ee ea ree 134 33, 149, 000 A i a) 

[OEE DES STi... 2! Le ee et oo SR ee eis eeeianes 281 32, 738, 000 8.6 20.35 
New York... -.- 410 17, 153,000 4.5 23.28 -. 
Massachusetts 126 16, 863, 000 4.4 21. 53 
Kentucky....-- 263 13, 231, 000 3.5 20.27 
wf OV ARG. - ste ce eee Bee a ae eee a 75 9, 337, 000 2.4 19. 99 

(CEG. .- 2.75623) NeR ee poe eee 184 6, 795, 000 1.8 23. 29 
LET LESS ay Ss eee ae 2 68 5, 405, 000 1.4 23. 66. 
MipwernInpSbIEe |. -- 52 2 5-2 === - v2 Spe eeEEESE 2 :| 37 4,778, 000 1.2 20. 29 
LETT IEG) Ba Gs Ie a GEA Sig Geert | 20 4, 718,000 1.2 24.70 
All other States (see Summary, p. 39).-----..-.------ 51 1, 576, 000 4 18. 64 

1 Chestnut ( Castanea dentata) is the only species included in chestnut lumber. 

LARCH. 

Larch production declined 11 per cent from 1916, the total cut 
being 336,640,000 feet in 1917 and 376,731,000 feet the year before. 
In Montana the decrease amounted to 17 per cent and in Idaho to 
7 per cent. These two States cut 72 per cent of the total in 1916 and 
70 per cent in 1917. Wisconsin’s output was 40 per cent and that of 
Michigan 11 per cent under the 1916 figures. The quantity milled in 
Washington was 12 per cent greater than the year before; in Oregon 
it was 63 per cent greater. Minnesota’s total showed an increase of 
17 per cent from the year before. . 

The fact that Jarch shared in the advance in price with other of. 
the western woods explains, in part, the greater output in Washing-, 
ton and Oregon. The tamarack, or larch, of the Lake States has 
always returned the operators a higher average value, as will be noted 
from the figures shown in the accompanying tabulation, than the 
western product. 

The average mill value for all larch was $12.49 in 1916; in 1917 it 
was $16.21, an increase of 30 per cent. 
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TaBLE 21.—Reported production of larch ! (tamarack) lumber, 1917. 

[Computed total production in the United States, 360,000,000 feet.) 

Average Number of ¢ 
serene Quantit value per 

active mills reported. Per cent. 1,000 feet 
reporting. f. 0. b. mill. 

United States sescessacsccee so. eeene re eecies 537 100. 0 $16. 21 

MVEOTUGATI Ae epee eae ep oy Aen eee Se Lees 41 40.3 16. 38 
ROI: fh cons Rr A UE See epee 22 eer A a So 56 29.7 14.60 
WASHIN eCOM sees oe mee meee oie ein moe ears seers 48 10.2 13. 74 
WASCONSIN® 5. beyonce eR i Re apa 135 410, 5.8 20. 71 
Minn eSOtd: ss: steer ee er OO Nea 96 18, 217, 000 5.4 20. 56 

IF 421 ei aS Uh EL Co oe A ier ee ok ana Gem 98 14, 680, 000 4.3 21.01 
(ORE OTE Ee EON orn er Nts Seo SO be Seo Bama en SeTGE eC oe 21 13, 793, 000 4.1 14. 94 
All other States (see Summary, p. 39).------.-.-.-... 42 614, 000 47 21.18 

1 Western larch (Lariz occidentalis) is the species cut in the Inland Empire and the Pacific Northwest. 
Tamarack, or larch (Lariz laricina), is cut in the Lake States and New England States. 

YELLOW POPLAR. 

The reported total output of yellow poplar of 325,968,000 feet was 
smaller by nearly 70,000,000 feet, or 17 per cent, than the 1916 cut. 

The decrease is consistent with the general trend of poplar production 
during the last 10 years. West Virginia’s cut alone fell off 23,480,000 
feet, or 23 per cent, from the year before; and a decreased cut took 
place in most of the other States producing poplar except in Tennessee 
and Kentucky, where slight gains are recorded. 

The average mill value of $27.17 per 1,000 feet is $5.28 per 1,000, 
or 24 per cent, above the 1916 value. 

TABLE 22.—Reported production of yellow-poplar } lumber, 1917. 

[Computed total production in the United States, 350,000,000 feet.] 

Average Number of . 
active mills Quant Per cent. yalue Der 
reporting. Se 2 ee f.0. b. mill. 

; Feet B. M. ; 
Winived NS tateskst sa. Poke My Ae aa 2,779 325, 968, 000 100. 0 $27. 17 

Wiestavingimiaess cb See seo) See ee oe on vate 255 79, 035, 000 24, 2 30. 78 
Men eSSCO Me sees oe ee ed sae ee ere oe eee eee 429 48, 425, 000 14.9 28. 61 
Ken tiitkyees cacao so Sus aes cae oo ae 333 42, 205, 000 12.9 - 30.84 
WAT ETON ENS C55 eo ae AN ta i gg 355 37, 213, 000 11.4 25. 00 
North Carolina. --- - jos Ones ABAC aU ese Se eae eee se. 305 29, 311, 000 9.0 21.77 

GeOneiak yee eer sore = Soeeeece bie. sa Sse) ten os sees 87 28, 252, 000 8.7 22. 43 
INV EY OBI 52 PR Pat le ae Re ea 164 21, 519, 000 6.6 19. 87 
(ONO Sos al Nore son cd cea Eee ae © 5 UTIs acer ee a emmareee ies 179 13, 252, 000 4.1 31. 56 
SouthiCarolinasececer erence eter kee. eee 138 7,014, 000 2.1 20. 86 
INEGI 5 Soc egg52edgeeaqscog sa spas se cease ne mae se 198 6, 094, 000 1.9 35. 48 

iRennsylvaniags: 2s s\as-ey ae eee see ares sack Se 161 4, 348, 000 1.3 26. 44 
IMISSISSIP plement oe eee ae ete eee ee ees os ote 89 4, 181, 000 1.3 22. 56 
All other States (see Summary, p. 39).-.............. 186 5, 119, 000 1.6 22. 98 

1 Yellow poplar (Liriodendron tulipifera) is the only species that goes into poplar lumber. 
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BEECH. 

The production of beech was less than 2 per cent smaller in 1917 
than in the preceding year, the figures being 278,345,000 feet for 
1917 and 283,363,000 feet for 1916. Michigan’s cut was 10 per cent 
less than for the previous year. In Indiana the cut was increased 
slightly and that State moved into second from third place among 
the producing States; while Pennsylvania, which occupied second, 
dropped into fourth place. Beech is one of the woods which has 
shown a steady decrease annually for 10 years past. 

The average mill value for beech in 1917 was $19.58 per 1,000 feet; 
in 1916 it was $16.20, so that there was a rise of 21 per cent during 
the year. 

’ TaBLe 23.—Reported production of beech! lumber, 1917. 

[Computed total production in the United States, 296,000,000 feet.] 

Number of Average 
romance Quantity value per 

agave mul reported. | Percent.) 1 000 teat 
Pp 23 f.o. b. mill. 

Feet B. M. 
Peatted states.*... 2h Fie bos. spect sl ses s.ag 3, 095 278, 345, 000 100.0 $19. 58 

Bec et BS es | Bim] ail ae Td. SESSA Saas eo aera aera } : .16 
DVesiiapperranianesss. 2 2 ys) be OS. Seok 207 35, 584, 000 12.8 19. 74 
EAS NM ARTIS So os ko Sane a sits Me sag Si st s => - = ase 336 34, 049, 000 12.2 18.50 
IO RSP ALLS 9 Ae ee ae ae 8 i eae 620 28, 503, 000 10.2 19. 87 

Ohio....-.. 2 hice PROSE Roe Ieee 3 ee ee 358 24, 376, 000 8.8 19. 27 
Le TIES HT ae SE IE SS SS eae, 284 20, 136, 000 7.2 16. 26 
MenwHessce.¢s 2s 2: SSS see So oe ee eer 181 8, 379, 000 3.0 18.75 
UTIL. 2 ahs, Jaan eine meee. 157 7, 698, 000 2.8 20. 84 
WASGONBITS.- 35423212327 65. tue E Perey Speyer: 2 os ae 29 3,335, 000 1.2 24, 29 

COCGTT EP ea ee ee ee ae ee ee 71 3,143, 000 ed 17:46 
LES 1S ETT PES) CU's SINS Sear ead ee nae eS 57 3, 046, 000 toil 18. 87 
All other States (see Summary, p. 39).....-.....---.- 268 9,604, 000 3.5 17.41 

1 Beech ( Fagus atropwnicea) is the only species that goes into beech lumber. 

CEDAR. 

The output of cedar lumber in the United States does not represent 
the drain on the cedar timber, since millions of feet are used annually 
in the manufacture of shingles and, thousands of poles, posts, ties, 
and pencil slats are also produced. The cut of cedar lumber in 1917 
was 258,005,000 feet, 70 per cent smaller than the year before. 
While the production fell off 13 per cent in Washington and 9 per 
cent in Oregon, the combined output of these States was 68.9 per 
cent of that reported for the entire country in 1917, as compared 
with 62.6 per cent in 1916. California’s output increased, 28 per cent 
and the State moved past Idaho and Virginia from fifth into third 
place. 

Considerable variation is shown in the average value compiled 
for the different States, which reflects the difference in the species | 
cut. The average value of cedar per 1,000 feet for the country as a 
whole took an upward turn from $15.24 for 1916 to $19.40 for 1917, 
an advance of 27 per cent. 
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TaBLE 24.—Reported production of cedar } lumber, 1917. 

{Computed total production in the United States, 265,000,000 feet-] 

‘Average ~ Number of : ag) 
active mills eae @ Per cent. Hee of 
reporting. reporte 1,000 feet . :- 

f.o. b. mill. 

Feet B. M. : 
United Statese - s7-ELENS. Haver. yee sees ee 573 258, 005, 000 100.0 $19. 40 

wy EMS UO oe checc cob secncassenscecaasossenncasauces a6 15) a0; G00 32-6 18. 16. - 
GCIs See cnc ou ces sbacosssecsseces oon ssesoasoc 4 4 00! 16. 22. 85 

California: Leet ORO CA Bae ees i og 46 21, 310, 000 8.3 17.50 
Ta aH ees Biya ONS RE a 16 15, 319, 000 5.9 14.29 
Virginiageee. 25.0500) 55) ey, | Ee Eee: 20 9,017, 000 3.5 15. 44 

UNOeNESE. oso tock soca dcgssonsoscceegedecesedascssus 78 7,713, 000 3.0 33. 44 
ING Chri os Asse soe Se be code seoseseeocaseas 34 7, 462, 000 2.9 22.98 

Michiana pr ga | 8 | Pied iris LO ERY s5 Gos co ee sc ace nesacageecceascsseeccecs= sdeec 5,9 0 7.14 
All other States (see Summary, p. 39)----..---------- 160 6, 501, 000 OF ii . 26.70 

i Western red cedar ( Thuja plicata) is cut in Washington, Oregon, and Idaho. 
Port Orford cedar ( Chamezcyparis lawsoniana) is cut in Oregon. 
Yellow cedar ( Chamaecyparis nootkatensis) is cut in Washington. 
Incense cedar (Libocedrus decurrens) is cut in California. 
Northern white cedar (or arborvite) ( Thuja occidentalis) is cut in the Lake States and the North- 

eastern States. 
White cedar (or juniper) (Chamzcyparis thyoides) is cut in the Atlantic Coast States. 
Red cedar (Juni eres virginiana) and southern red juniper (Juniperus barbadensis) is cutin Tennessee, 

Florida, and Alabama. 
TUPELO. 

Nearly all of the leading tupelo-producing States, the exception 
being Virginia, reported a heavier cut in 1917 than the year before, 
the total for the country being 249,992,000 feet, or 17 per cent in 
excess of the 1916 figures. The cut was larger in Louisiana by 12. 
per cent than the year before, 14 per cent in Alabama, nearly three 
times as large in Mississippi, and more than twice as large in North 
Carolina and South Carolina. Forty more mills reported cutting 
tupelo in 1917 than in 1916. In each one of the last 10 years there 
has been a growth in the output of tupelo. 

There was a decided upward tendency in the average value, which 
reached $18.06 per 1,000 feet, an increase of 39 per cent over the 
1916 average value of $13. 

TaBLE 25.—Reported production of tupelo’ lumber, 1917. 

» [Computed total production in the United States, 265,000,000 feet.] 

= Average Number of iol Sa 
active mills ouanty Per cent. Ahn 

6 ’ | reporting. PO ee Ce 1,000 feet 
=) f. 0. b. mill. 

ay; 5 Feet B. M. 
United States: seiye = ae ee el ob eee 658 249, 992, 000 100.0 $18. 06 

TWouisianaeeeey eee ea eee dened ea ale 55 127,210, 000 50.9 18. 30 
JUGS ITIE < paococadacon ose ocdousoeusccasasuouadee ee 43 25, 528, 000 10.2 19. 26 
Mississippi - ----- Bae 54 21,974, 000 8.8 18.68 
North Carolina ii 51 18, 179, 000 ES 16. 16 
South Carolina 18 16, 933, 000 6.8 18. 28 

VAT EAN eee ne ea ee ye meeme acento cae 42 9, 009, 000 3.6 15.22 
WiESOUINS 6 Nos cascoosspoqce sons = soeasedudsououuseEease 29 7,746, 000 3.1 17.54 
ANGTMI CEE Cac cek octet seco s0escqecenecesHeSSepEdaescc 80 5, 115, 000 2.0 17.69 
IN TICATI SASH ee Ua a Tena eee ae ei LSU Neo c 2. a ae 56 4,788, 000 1.9 15.76 
All other States (see Summary UD SOO) ee eee Ges oles 230° 13, 510, 000 5.4 | 18. 06 

! Tupelo (or cotton gum) ( Nyssa aquatica) is cut in the Gulf States. 
Black gum (or pepperidge) ( Nyssa sylvatica) is cut in the Atlantic and Central States and is sold both 

as tupelo and black gum. 
Water gum( Nyssa Syiflora) i is cut to a small extent in the Southern Atlantic States. 
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ELM. 

Compared with the quantity of elm reported cut in 1916, the 1917 
total cut of 191,853,000 feet is but 2 per cent smaller. The cut was 
lower by 11 per cent than the year before in Wisconsin, 15 per cent 
in Michigan, and 9 per cent in Indiana. The mills in Arkansas, 
Tennessee, Mississippi, and Missouri cut more than in 1916. The 
annual production of this wood has not varied much during the last 
few years. 

The average mill value of elm was $23.89 in 1917, an increase of 23 
per cent over the 1916 average of $19.46. 

TaBLE 26.—Reported production of elm? lumber, 1917. 

[Compute total production in the United States, 205,000,000 feet.] 

| 
| AY Bao 

a nee ot Quantit d. | Per cent. value 
reporting . reporte 1,000 et 

F f.0. b. mill. 

Feet B. M. f 
rect: SRS Soa ae eee 2, 562 191, 853, 000 100.0 $23. 89 

WSShTigth de ee 271 46, 077, 000 24.0 24.14 
Michigan... FEES 204 | 36, 107, 000 18.8 27.35 

ae | Gaon) ye) BE ndiana.-...-..------ e . me. 
See Tess pl Lc cS ae 141 12, 809, 000 6.7 25.54 

_ cc eC oe alle aaa ene aaa a 86} 11, 443, 000 6.0 20.41 
eur we eee eee reer eter eee ese eee eee eee 128 9, 959, an Bs 2 a . as 
ane oe Se tes pice saci ac ee gees oe : . 

I 420 & a 3.1 21.88 
SUEIEA\- » -iogoosddecen sSEECeLE Sune we one oer emeEn = j 22.93 

All other States (see Summary, p. 39) /.-.--..---2-.2: 628 16, 012; 000 8.4 | - 18.70: 

1 W ne (or soit) elm ( Ulmus americana) is cut in all of the States east of the Rocky Mountains. 
Slippery (or red, or soft) elm ( Ulmus pubescens) is cut in the same region as white elm. 
Cork (or true rock) elm ( Ulmus racemosa) is cut in the Lake States. 
Mite elm ( Ulmus alata) and cedar elm (Ulmus crassifolia) are occasionally cut in the lower Missieciniei 

ey 
BASSWOOD. 

The cut of basswood has shown an almost unbroken yearly decrease 
since 1908, and the 1917 figure of 190,757,000 feet is 9 per cent less 
than the reported cut of the year pees dines With the exception of 
Michigan, where an increase of about 5 per cent over the 1916 manu- 
facture is noted, the six leading producing States show a decreased 
cut from the year before ranging from a maximum of 27 per cent in 
West Virginia to a minimum of 1 per cent in Virginia. 

The average mill value for basswood in 1917 was $25.96; im 1916 
it was $21.05. The increase is 23 per cent. 
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TaBLE 27.—Reported production of basswood } lumber, 1917. 

[Computed total production in the United States, 203,000,000 feet.] 

Average Number of . 
active mills) Quantity | per cent, | Value per 
reporting. | "ePortved. ey f. 0. b. mill. 

Feet B. M. 
(Winiked (StetesStecs-peoesee es eier see et ssa 2, 548 190, 757, 000 100.0 $25. 96 

IWASCOMSING(-/.(cccinseeccileciee seen eeeeb ae ance eee 273 67, 787, 000 35.5 26. 60 
WOMAN son CeAosQnooesonaobosee= +74 ERCP Se OSCR oe 197 38, 427, 000 20.1 27.74 
IWeS CAV ALIAS ree sae oe ee og ae 161 21, 098, 000 11.1 25. 43 
ING@W: York Sess kcisn sacle eee ei a ae ne beets). Cet 638 12, 240, 000 6.4 25. 48 
With bl jones taass AC hasan so cacuaca nesta sneeaese dee G 73 6, 925, 000 3.6 25.65 

North Carolinas: secre ese seer ere cece ree tec eee 87 6, 570, 000 3.4 22. 96 
W NEMESIS) 56 ogg oc odsnededcosae nsec cone zosocneseeccs 82 6, 251, 000 3.3 29.21 
(ONS nen aaoenaeeobes aannoeoncosondubsasuoosesausse = 174 5, 231, 000 2.7 25. 84 
INO GHAWOE). 6 copoéoccocsoas soos scdasescsasosocouessaosas 128 4, 859, 000 2.6 27.49 
Ken bUCKY. Jo 22-2. jcc se Pee eee nee Bernat Ne 82 4, 698, 000 2.5 23.41 

Veriton tsar ee ere pence eee eee ee oe 174 4, 530, 000 2.4 23. 68 
Rennsyivanig ees eer eee eee eee tees eee ee 196 4,391, 000 2.3 23.69 
WENO 5-55 cosscedasccasosc 22582 sons sceadsaqcogse 70 3,832, 000 2.0 19. 45 
All other States (see Summary, p. 39)-.--.----------- 213 3, 918, 000 Dee. 21.70 

1 Basswood (or linn) ( Tilia americana) is cut in the Lake States. 
White basswood ( Tilia heterophylia) is cut in the Appalachian Mountain region. 
Downy basswood ( Tilia pubescens) is cut in limited quantity in the Southern States. 

WHITE FIR. 

White fir is of ever growing importance commercially, and its 
production increases each year. The 1916 production was 56 per 
cent greater than the 1915 output. The total output of 213,427,000 
feet reported for 1917 is 13 per cent in excess of the 1916 cut. The 
quantity made by the California and Nevada mills was 40 per cent 
more than the year before. The combined cut of the two States was 
56.6 per cent of the country’s total in comparison with 45.3 per cent in 
1916. Thecut of the Washington mills increased 32 per cent and that 
of the Montana mills was nearly trebled; on the other hand, Idaho 
mills cut 38 per cent and Oregon mills 3 per cent less than in 1916. 
A 40 per cent increase in the average value of white fir took place 

during the year. The 1916 value was $12.25; the 1917 value, $17.16. 

TaBLE 28.—Reported production of white-fir’ lumber, 1917. 
[Computed total production in the United States, 218,200,000 feet.] 

Average Number of 3 
active mills} @Uuantity | percent. | Value per 

A reported. 1,000 feet 
reporting. £.0.b. mill. 

Feet B. M. 
Umited'Statessascs2 meee eeer as eeee et eee 233 213, 427, 000 100.0 $17. 1€ 

California (including Nevada).....-...........-.-...- 63 120, 661, 000 56.6 18. 00 
PANO eee Sasso eet aiciclamantno re eine seis ele nieces ie inioie 51 37, 416, 000 17.5 17.83 
Wishing onsesscere eae cieececinee me rieeiee ee cra geist 41 23, 736, 000 11.1 15.36 
Orevontteren aoe eee eee eee cce ane SdenabobeeecS 41 19, 847, 000 9.3 13.79 
Montana seman paeneeeen neem ccecetcaceee 9 9, 645, 000 4.5 15. 28 
All other States (see Summary, p. 39).....-.........- 28 2,122, 000 1.0 17.91 

1 White fir (A bies concolor) is cut only in the West. 
Marketed as white fir are: 

Grand fir (A bies grandis), cut mostly in Idaho and Montana. 
Silver fir (A bies amabilis), cut chiefly in Washington. 
Noble fir (A bies nobilis), cut chiefly in Oregon. 
Red fir (Abies magnifica), cut chiefly in California. 
Alpine fir (Abies lasiocarpa), cut chiefly in California. 
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COTTONWOOD. 

Cottonwood production totaling 178,985,000 feet reflected stimu- 
lated manufacture in 1917, for it was a 33 per cent addition to the 
1916 reported cut. A large part of the cottonwood produced is 
utilized in the manufacture of boxes, and the demand for boxes 
during the year was exceptionally strong. Production in Mississippi 
was 35 per cent over that of 1916, in Louisiana 17 per cent, in Missouri 
62 per cent, and in Arkansas 68 per cent. Cottonwood output during 
the last ten years has remained nearly stationary. 

The average mill value for cottonwood increased 33 per cent, or 
from $17.42 in 1916 to $23.19 in 1917. 

TaBLE 29.—Reported production of cottonwood ' lumber, 1917. 

[Computed total production in the United States, 190,000,000 feet.] 

| Average 

activemilis, Quantity | Pergent,| value per 
reporting. : f.0.b. mill. 

Feet B. M. 
United States.........- sos soscogsocanasaueesses 928 178, 985, 000 100.0 $23.19 

RARRINSI lee ace a ies eae Seco nee tee et ee 55 47, 725, 000 26.7 23.57 
Ar Ue 2 oeetasoo gee eee des Seeder: Cee ee 55 46, 163, 000 25.8 26. 04 
LA TUE EYE epee Sea is i ee a Loe 32 21, 494, 000 12.0 23.85 
MIRED bA re oe sac eRe ee Soca eb ite ce. oo od 65 10, 986, 000 6.1 15.73 

(TUDES aot. Sec eRe SE che eG heal pone a 64 8, 655, 000 4.8 23.15 

LVR TSS to. Sat Bee ea ee ee 48 7, 664, 000 4,3 26.38 
Lu fare Be ee See ands Se ee 55 5, 042, 000 2.8 19. 83 
EXTEGT? VY COe fepyeen Ses le See a a ee 66 4, 750, 000 7,7 20. 24 
BRP OTN ITIP Ae eh 35 oe pei iE asin eos vie Pe eee 40 4, 090, 000 250 19.08 
All other States (see Summary, p. 39)...-.-.---.----- 448 22, 416, 000 12.5 20. 60 

1Common cottonwood (Populus deltoides) is the species most commonly cut east of the Rocky Moun- 
tains and more particularly in the lower Mississippi Valley. 
Swamp cottonwood (Populus heterophylla) is cut in the Mississippi Valley States. 
Aspen (or popple) (Populus tremuloides) is cut in the Lake States and the Northeastern States, and toa 

limited extent in the Rocky Mountains and farther west. 
Large-toothed aspen (Populus grandidentaia) is cut in the Lake States and Northeastern States. 
Balm of Gilead (Populus balsamifera) is cut in the Lake States and Eastern Siates. 
Black cottonwood (Populus trichocarpa) is cut in the Pacific Coast States. 

ASH. 

Of the eight States leading in the production of ash all but one 
slightly increased their respective outputs and contributed to the 
2 per cent increase over the 1916 cut. The total reported quantity 
milled was 159,175,000 feet. The exception noted above was in 
Arkansas, where the decreased output amounted to 10 per cent. 
Louisiana by an increased cut of 33 per cent over 1916 became the 
leading producing State, supplanting Arkansas in the position. The 
demand for ash in 1917 became insistent because of specific uses. to 
which it was put in war-preparation work. 

Ash has next to the highest average value of any domestic wood. 
The average for 1917 was $30.01 per 1,000 feet, an increase of 26 per 
cent from $23.85 in 1916. 
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TaBLE 30.—Reported production of ash * lumber, 1917. 

{Computed total production in the United States, 175,000,000 feet.] 

Number of Average 
active mills Quantit Per cent value per 

‘ reported. - >} 1,000 feet 
reporting. £0. b. mill. 

@ 

; Feet B. M. : 
WWmitediS tates tess ae eae ep ya cel he 3, 259 159, 175, 000 100.0 $30. O01 

TeOuUisSiariaie False 2 eo eins pases Mees ON NON a i ee he 59 21, 492, 000 13.5 27.33 
TAT KANSAS esos Ge ea ae eee liege oe CS a aria 108 20,768, 000 13.0 31.21 
Wasconsin ss. 2c eae eae: se Be 209 13, 676, 000 8.6 25. 22 
TRENTIOSSCO S22 Soe ar eR MR as eee rem ee ape eee 176 13, 649, 000 8.6 34.97 
Tmidianas sae ieee eo Pea ie pas Se Be ee 219 12, 295, 000 Wat! 38.16 

IMASSISSH PD PU eee ees Rik eka ea eg Us 2s 2 ena ae 87 8, 649, 000 5.4 30. 95 
ING Wa YCOTeOS -OScNUOEN S dns ob eu eee 586 7, 955, 000 5.0 29.14 
ET CRnn rears eS Nya La WH ean el ta) We ies 2b re 166 7, 350, 000 4.6 27.12 

ORR SRE aap Se ea pig a A 267 0, 000 4.5 - 33.06 
All other States (see Summary, p. 39).....-..-.------ 1, 382 46, 241, 000 29.1 28. 48 

1 Lumber trade practice specifies white ash and brown ash. The former is cut from the white ash tree 
and the latter from the black ash tree. 

Green ash (Flazinus lanceolata) is cut in the Southern States. 
White ash (Flazinus americana) is cut in the Central States. 
Black ash (Flazinus nigra) is cut in the Lake States and Northeastern States. 
Red ash (F'lazinus pennsylvanica) is cut in limited quantity in the Eastern States. 
Oregon ash (Flaxinus oregona) is cut in the Pacifie Northwest. 

Z SUGAR PINE. 

The cut of sugar pine totaled 132,568,000 feet in 1917, a decrease 
of 22 per cent from the year before. A slightly larger quantity was 

sawed in Oregon than the year before, with an addition of two mills 
to the number reporting. — 

The average value of sugar pine was $24.69 per 1,000 feet. In 
1916 the average was $16.77. The difference represents an imerease 
of 47 per cent. A material difference exists between the average 
value reported for the two States, Oregon and California. 

TaBLE 31.—Reported production of sugar-pine: lumber, 1917. 

[Computed total production in the United States, 132,600,000 fcet.] 

} Average 
Number of . Fase atl Susntily ihpericants value per 

ti reported. 1,000 feet 
ROPOUUIIe: | f. 0. b. mill. 

Feet B. M. : 
WimitedsSta tess ss po nes ek Maye ek 2 68 132, 568, 000 100.0 $24. 69 

California neem pele isl aR ALIS. Ee | 55 | 127,951,000] 96.5 25.00 
ORES OMR SE ee eee aa eee oe Rs ee ae eS UD | 13 4, 617, 000 3.5 16.15 

1 Sugar pine (Pinus lambertiana) is the only species cut as such and is found only in California and south- 
ern Oregon. 

HICKORY. 

Hickory lumber production in 1917 declined 12 per cent from the 
year before, the total being 82,512,000 feet. Production has shown 
a decrease for almost every year of the last ten, emphasizing the 
scarcity of this important wood; much hickory, however, is made 
into vehicle dimension stock and is not reported in the lumber cut. 
Of the ranking 10 States the only one which exceeded its cut for 1916 
is Mississippi, which increased its output by 10 per cent. 
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An increase in the average value from $23.84 to $29.48 per 1,000 
feet, or 24 per cent, took place from 1916 to 1917. 

- Taste 32.—Reported production of hickory } lumber, 1917. 

[Computed total production in the United States, 95,000,000 feet.] 

2 Average Number of = 6 
: A Quantity value per: 

ace ans reported. Eercent: 1,000 feet 
| ee eee f.0. b. mill. 

Feet B. M. 
PEFILOU OLRCES = oe iat Sette eit coe cee eee | 2, 396 82, 512, 000 100.0 $29. 48 

Arkansas......-. S32 See aaa: Bantna Bes Se eee Rear 110 12, 511, 000 15.2 32.57 
DOTS Phe gee Seas SSS See Seer oe eee 232 11, 054, 000 13.4 29. 08 
WESieuEeIIN 2c nee ei eee cee atc e eos eee 197 9, 237, 000 11.2 25.51 
L TSS. oe Se bode ae ee eee ce bees SS SSE Ree 63 7, 338, 009 8.9 33.35 

UTE. ssa aS ane Seas ne ees eess aoe esses eeeeee = 264 7, 276, 000 8.8 35. 28 

TUE rar: sb SUE EE ee eres "297 6, 276, 000 7.6 30. 87 
TRCN GN) oo pe eeot on Seen St ae Sena Se eee ae eats 208 6, 056, 009 Toes 25. 01 
LA TIST PER. 52 = sedate beeen sence Soe aeee cae eS EeeeEEe- 28 3, 229, 000 3.9 24.89 
EDS UG 2 oe sb boc soe dp sear aaresan sosereenseee 202 3, 848, 000 4.7 34.79 
UUOSRDTIM. eos semeeb Sake ee ees pe apa Seat 85 2, 767, 000 3.4 34.18 

BUTTER Cag Ni: See 6 ee ese ace ees 114 2, 383, 000 2.9 21.85 
ETO SS SSO SPECIE Ese foach eras oe eee 113 2,337, 000 2.8 19.98 
All other States (see Summary, p. 39)-.----------.---- 483 8, 200, 000 9.9 26. 08 

1Several species of hickory are cut, the principal ones being: 
Shagbark ( Hicoria ovata). 
Shellbark ( Hicoria laciniosa). 
Pignut ( Hicoria glabra). 
Bitternut ( Hicoria minima). 
Mockernut ( Hicoria alba). 

BALSAM FIR. 

The reported balsam-fir output, 75,491,000 feet, was 22 per cent 
smaller than in 1916. A part of the timber cut was diverted from the 
sawmill to the pulp mill because of its relatively higher value as pulp 
wood than saw logs.- The production in Wisconsin was more than 
double that of the year before. The cut for the other States fell off 
in various proportions from 20 per cent in Maine to 49 per cent in 
New Hampshire. 

The average mill value of balsam fir of $20.02 per 1,000 feet was 
21 per cent more than the corresponding figure for 1916. 

TaBLe 33.—Reported production of balsam-fir } lumber, 1917. 

[Computed total production in the United States, 88,900,000 feet.] 

Average Number of sy 8 
active mills Suey) Per cent. value per : reported. 1,000 feet 
RepoUAng. f.0. b. mill. 

Feet R. M. 
“CTS CA a a 485 75, 491, 000 100.0 $20. 02 

MRS Eas 20 Ie os oct es oie in's op wa pinio aw anisole seman 4a 197 42, 839, 000 56. 8 20). 95 
LTO ni SS a nen, rs A a ae ey 65 11, 234, 000 14.9 14.86 
RIRRAR ESRC ee eset al 5 51s oe lie aie tale wisin'n' an > 2 a0 Al 7, 899, 000 10.4 20. 85 
VE TS 1 eres See aah! Seen ees ere 33 5, 884, 000 7.8 19. 87 
MPEIIMONIDE ite abd o os ar a ab cs see e ae oneicbinn «cee wldie na’ 89 4, 228, 000 5.6 21.62 
DP EAPUTIOUIEO LS poop paciisprosesases 2ecvseverss enn 30 2, 473, 000 3.3 21.18 
All other States (see Summary, p. 39)........--.----- 30 884, 000 we 23.18 

1 Balsam fir ( Abics balsamec) is the only species cut as such. 
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WALNUT. 

Despite the urgent call for black-walnut lumber, made largely by 
rifle manufacturers, production was 53,676,000 feet, or 12 per cent, 
below that of the year previous. Veneer producers were active in 
the market. and many of the best logs went to these plants instead 
of to sawmills. In Missouri and in Ohio the output was greater by 
10 per cent than in the previous year, but the figures for the other 
States show a decline. | 

A noteworthy jump of 72 per cent over the 1916 average value of 
walnut took place. In 1916 the value was $42.38 per 1,000 feet; in 
1917 it was $72.99. The importance attached to walnut is shown 
by the fact that its value is greater than that of any other domestic 
species. 

TaBLE 34.—Reported production of walnut } lumber, 1917. 

[Computed total production in the United States, 62,000,000 feet.1 

{ 

Average 

reporting reported. 1,000 feet 
: f. 0. b. mill. 

Feet B. M. 
UnitediStatesscn. sie. cc ececesne ae seeeeo neces 1,001 53, 676, 000 100.0 $72.99 

MASSOUEL Ss Lae 82 tscc meen iseeslecete Bee aparece ars 61 13, 373, 000 24.9 117.77 
IMOnTUCK ye case 3 ee Se Govan vic oan ace ne tee ee ree 122 8, 112, 000 15.1 44.05 
Ibeshbwessconsasonsnee aabeceoosscaupsESosabuDecpes64- 189 7, 872, 000 14.7 61. 92 
OO ra a Soh ee oe ee 126 6, 656, 000 12.4 44.51 - 
TM ONNOSSEC ss) ee sete rat fete loins | nies ioteats Sree rears oie aS 115 4,828, 000 9.0 55. 82 

LO SG EGHORE SUS CROCS OLOE 6 OOS EE aOne ES abe cce meee 31 3,719, 000 6.9 58. 91 
WIT MOIS SSE Ea? SIO AE ae a EOE NEN IS fo 23 2, 269, 000 4.2 115. 21 
West Virginia...-.....- RG rset irae moet etary toast a ae 77 887, 000 iL? 37.70 
Arkansasi es 2 0ges Si Teed OSCR SE etude Se ne tae 27 532, 000 1.0 51. 06 
War umes oe eet a Se ae cian Sie cia = 52 450, 000 4.8 31.53 

IP OUITTS ys VR TN eae si etary ee ee een re ya se Oa 50 255, 000 .5 41.55 
Northi@anolinatas tun fos) 7a aye. Ss we ee eee 43 230, 000 4 32.85 
All other States (see Summary, p. 39).....-...--....- 85 4, 493, 000 8.4 79. 86 

1 Black walnut (Juglans nigra) is the only species cut as such. 

SYCAMORE. 

Sycamore production has run along rather evenly for 10 years. 
The 1917 cut of 28,548,000 feet was but 2 per cent more than that of 
the previous year. The Arkansas output was 17 per cent and the 
Tennessee output 32 per cent greater than in 1916. 

From 1916 to 1917 the average value of sycamore advanced from 
$14.65 to $18.68 per 1,000 feet, or 28 per cent. 
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TaBLE 35.—Reported production of sycamore } lumber, 1917. 

{Computed total production in the United States, 32,000,000 feet.] 

Average 

reporting reported. 1,000 feet 
D : f.0. b. mill. 

Feet B. M. 
(EEE (SPUR SSE Ss eee ee ee 904 28, 548, 000 100.0 $18. 68 

JATRUREUDSD S128 Oe 3 VES SERIE Ty 25 SE oes de Me tas Ce 59 8, 455, 000 29.6 16. 28 
AV PETIPERRD- oo bp I  ae  ee ot 2 ae 9 els Oe Ree RCo 93 4, 869, 000 17.0 20. 97 
ATi pen een ee EE SES SR ORE Je EOS 3 198 3, 964, 000 13.9 22. 01 
LNG SATU Le BE occ et i ae oe 88 1, 796, 000 6.3 16. 64 
MVD SAIOME~ 2 Le sd Si 58D Ea ee oS 09 eos Ce ee 87 1, 535, 000 5.4 16. 55 

PRINCI S = peers kM ere). SD PR RS. 43 1, 501, 000 5.3 | 23.62 
Qn oe 2 ee ete 29 Se Le nee eae 109 1, 423, 000 5.0 21.18 | 
TESS oe SER ere See ee Gene ee 37 1, 364, 000 4.8 | 15. 69 
ISSISS HPs Se ya a= Me ae ieee ae Sed 32 824, 000 2.9 | 16. 94 
Wasigivivist per yee s SOL ee Se AE Gin alt 14 774, 000 OX 19.08 
All other States (see Summary, p. 39).....-.......... 144 2, 043, 000 7.1 | 17. 36 

1 Sycamore (Platanus occidentalis) is the only species cut as such. 

LODGEPOLE PINE. 

The output of lodgepole pine in 1917, amounting to 12,415,000 
feet, was less than one-half of the quantity reported sawed the year 
before and was very much smaller than for any one of the last 10 
years. 

The average value for lodgepole pine was $18.34, compared with 
$15.13 in 1916, an advance of 21 per cent. 

TaBLE 36.—Reported production of lodgepole-pine 1 lumber, 1917. 

(Computed total production in the United States, 12,500,000 feet.] 

Average Number of 5 
active mills evant Per cent. yalue per 
reporting. EIKO z eet 

f.o.b. mill. 

Feet B. M. 
CUED Ric Eg SME) ADRS pa RS 94 12, 415, 000 100.0 $18. 34 

“ELEC che ak laters eA fee Se a ey a ee 18 7, 673, 000 61.8 18. 35 
Wyoming 27 1, 818, 000 14.7 18. 60 
Memtaniern. 22 27075 11 986, 000 7.9 18. 03 
SE 2 SES i Aer Bee Sa 22 898, 000 Te? 17.81 | 
| Ye eae aa 10 702, 000 5.7 20. 35 
All other States (see Summary, p. 39) 6 338, 000 27 14.75 

1 Lodgepole pine (Pinus contoria) is the only species cut as such. 

MINOR SPECIES. 

In Table 37 is shown the quantity reported sawed of a number of 
woods, both domestic and imported, which have more or less special 
uses and which are in themselves not important enough to be tabu- 
lated and discussed separately. The tabulation also indicates the 
average value reported and the States in which the several woods 
were sawed. The quantity of mahogany cut is nearly twice as much 
as that reported for the preceding year, while the cut of willow was 
five times larger in 1917 than in 1916. 
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TaBLE 37.—Reported production of lumber of minor species, 1917. 

[Computed total production in the United States, 56,117,000 feet.) 

Kind of wood. 
Quantity 
reported. 

Mahosanyejssu-sas- eee 
WAH OW. eeee cee eee 

ASOCUS b= t= sate ees acer 

iHackbetbyeeececes= crea 

Cucumberstese- eee 
Butternubscesce es] see eee 

baureless§. e28 5-2 sessces 
Red! baye-c-ssescesceeccs= 

Japanese oak.......-..--- | 
Horn beam...---.-----.-- 
Persimmon22----2-222---- 

Fee B. M. 
52, 712, 000 

25, 832, 000 
8, 033, 000 

5, 768, 000 

4,317, 000 

2, 133, 000 
1, 022, 000 

979, 000 

967, 000 

865, 000 
742, 000 

~ 

States reporting. 

Louisiana, Kentucky, Indiana, Illinois, Ohio. 
Louisiana, Mississippi, Arkansas, Tennessee, Illinois, 
Towa, New York, Indiana, Missouri. - 

West Virginia, Pennsylvania, Tennessee, New York, 
North Carolina, Indiana, Michigan, Ohio, Ken- 
tucky, Virginia, New Hampshire, Vermont, Wis- 
consin, Arkansas, Connecticut, Louisiana. 

Tennessee, Virginia, North Carolina, West Virginia, 
Kentucky, Ohio, Iowa. 3 

Louisiana, Texas, Mississippi, Florida. 
Pennsylvania, West Virginia, Arkansas, Tennessee, 

Missouri, North Carolina, Virginia, Towa, Loui- 
siana, New York, Illinois, Mississippi, Indiana. 

Louisiana, Arkansas, Mississippi, Oklahoma, Illinois, 
Tennessee. 

Arkansas, Tennessee, Alabama, Indiana, Illinois, 
Missouri, Jowa, Mississippi. 

West Virginia, Pennsylvania, New York. 
Indiana, West Virginia, Wisconsin, Virginia, North 

Carolina, Massachusetts, Vermont, Kentucky, 
New York, Iowa, Pennsylvania, Ohio, Tennessee, 
Michigan. 

California. 
California. 
Georgia, South Carolina. 
Louisiana, Kentucky, California. 
New York. 
Washington, Oregon. 
North Carolina, Illinois. 
California. 
Massachusetts, New Hampshire. 
South Carolina, Arkansas, Georgia, Illinois, Missis- 

sippi, Missouri. 
Tennessee, South Carolina, Arkansas. 
Oklahoma. Louisiana. 

1 Arbitrary value assigned. 

PRODUCTION OF LATH. 

Lath production in the country as a whole responded to the lighter 
demand in 1917, incident to restricted building. The product has 
but one principal use, and anything that interferes with the utiliza- 
tion in the direct consuming channel results in a lessened output. 
Reports were received from 1,456 mills, which scheduled a total of 
2,281,738,000 pieces, a decrease of 17 per cent from the year before. 
The output decreased in all of the States except Arkansas, Florida, 
and Texas. Table 38 shows the number of active mills reporting 
and the production of each for the last three years. 
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TABLE 38.—Reported production of lath, 1915-1917, inclusive. 

Number of active mills 

37 

Quantity reported (number of pieces). 
reporting. 

1917 1916 1915 1917 1916 1915 

United. States. .....-.-.-..-: 1,456 | 1,770} 1,689 | 2, 281, 738, 000 |} 2, 754, 683, 000 | 2,745, 134, 000 

LEP ISR: eee Se Sere eae 68 69 66 348, 806, 000 354, 551, 000 418, 554, 000 
WaStNeLON.. 2 5 2 sci Sone loa 58 64 7 230, 194, 000 264, 690, 000 389, 995, 000 
WIBS OLAS See oe ce Some ones 45 53 54 213, 092, 000 267, 788, 000 230, 686, 000 
IWHSCOMSINia tose se ose occa eee 113 121 116 185, 074, 000 218, 598, 000 179, 193, 000 
PAP RASAS SS oe occ os /saiastooswan sees 31 30 48 147, 578, 000 78, 157, 000 97, 185, 000 

7. 5 SS ge See 106 139 122 142, 488,000 | 1215, 112, 000 172, 346, 000 
MERSSISSIUPI eof anos Stes Se coe seco 33 30 29 133, 925, 000 162, 689, 000 123, 011, 000 
Orprone sf cet bee 32 46 28 132, 418, 000 142, 352, 000 95, 801, 000 
ee ete Noo oe Sa eserne 20 28 23 97, 954, 000 85, 187, 000 89, 860, 000 
MG RNO Rea aca cei coceas OSes 22 24 29 86, 264, 000 117, 365, 000 85, 672, 000 

1 ATP a 2 ee or ee 62 80 74 84, 352,000 | 1109, 323, 000 124,543, 000 
ONDER AN oa ak el de 18 20 19 47, 654, 000 42, 686, 000 40, 698, 000 
SPT Os Begs eee ee eee 25 46 36 46, 889, 000 49, 316, 000 34, 969, 000 
WeESiiVvintinia. ~~~ soo - esc eccs os 54 80 70 44, 233, 000 96, 665, 000 82, 561, 000 
Ter Ged Vee See ee ee Se 158 187 196 43, 928, 000 63, 016, 000 70, 877, 000 
All other States (see Summary, 

Tif) Se aS eee 2 ea ee ae 604 753 708 296, 889, 000 487, 188, 000 509, 183, 000 

1 Corrections have caused a reduction from the figures previously shown. 

PRODUCTION OF SHINGLES. 

With building operations throughout the country adversely affected 
in 1917 it was to be expected that the production of shingles would 
decrease. The reported cut was 8,696,513,000 pieces, a decrease 
of 7 per cent from the 1916 total manufacture. Washington, 
in which State are made 73 per cent of all the shingles reported 
cut, produced 6 per cent less than in 1916. Oregon, Louisiana, and 
Michigan totals are larger for 1917 than for the preceding year. On 
the other hand, California’s output was diminished by 25 per cent. 
Other details of production are given in Table 39, which shows the 
number of mills operating and the cut in each of the last three years 
in the leading producing States. 

TaBLe 39.—Reported production of shingles, 1915-1917, inclusive. 

= pee one mills | Quantity reported (number of pieces). 

1917 | 1916 | 1915 1917 1916 1915 
poo rr | | 

United States...........---. 1,619 | 1,932] 1,648 | 8,696,513, 000 |'9, 371, 333, 000 | 8, 459, 378, 00 

Washington 230| 238 | 239 | 6,313,364, 000 | 6, 739, 388, 000 | 6,313, 335, 000 
Oe rae 42 50 48 | 481,353,000] 471, 762}000 | 336, 652; 000 

siana.... 55 53 45} 453,819,000 | 4047 263,000 | 385, 610, 000 
California... 41 52 25| 261,434,000 | 34876227000 | 200, 755, 000 
a i eae 69 69 63 | 203,907,000 | 201171000 | 250; 640; 000 

150} 200] 187] 166,101,000 | 1 217,543,000} 268, 004, 000 
73 73 77| 151,726,000] 175,455,000 | 122° 8827 000 
49 51 31| 143; 792}000 | 131,795,000 | 116; 054; 000 

16{ 148{| 111} 1123 430,000] 1313 763,000 | 69; 308, 000 
110 35| 125} 73,703,000) 123,959,000 | — 74, 773,000 

39 42 33 | 61,011,000] 32, 749,000| 22, 245, 000 
44 42 311 59,927,000} 45,411,000 | — 20; 501, 000 
94 113 82| 54,735,000} 181,414,000| — 67,629; 000 
i 9 ll 52, 631, 000 79, 960, 000 49, 512, 000 

7 TASS sips ena cae ge 32 29 18} 39,261,000 | 25,196,000} — 11, 950, 000 
All other States (see Summary, 
AOE a EL 463 | 628] 522} 67,319,000 | 160,882,000 | 149, 528, 000 

1 Corrections have caused a slight reduction from the figures previously shown. 
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LUMBER VALUES. 

The average values for lumber shown in Table 40 were determined 
for each species from the individual reports from mills representing 
every variation incident to the logging, transportation, manufacture, 
and sale of lumber. More than one-half of the mills in reporting 
their cut furnished values at which sales were made f. o. b. mill. 
These reports were carefully scrutinized and the figures are un- 
doubtedly representative. 

The table shows the average value of the different woods for 
specified years from 1899 to 1916 and indicates the good, bad, and 
indifferent years of the lumber industry. The 1917 average value of 
$20.32 per 1000 feet established a record. It is 33 per cent higher 
than the 1916 figure and 23 per cent higher than the figure obtained 
for the profitable year of 1907. Every wood listed in the table 
shared in the advance, some to a much greater degree than others, as 
is revealed in the individual species tables. 

TasBLE 40.—Average value of lumber per thousand feet, by m., by kinds of wood, for 
specified years, 1899-1917. 

Kind of wood 1917 1916 1915 1911 1910 1909 1907 1904 1899 

PAUIKANGSE 2S oe areca $20.32 | $15.32 | $14.04 | $15.05 | $15.30 | $15.38 | $16.56 | $12.76 $11.13 

Softwoods: 
Yellow pine.. 19.00} 14.33 | 12.41] 13.87] 13.29) 12.69] 14.02 9.96 8. 46 
Douglas fir.. 16.28 | 10.78 | 10.59} 11.05] 138.09] 12.44} 14.12 9.51 8.67 
White pine - 24.81 | 19.16] 17.44] 18.54] 18.93] 18.16] 19.41] 14.93 12.69 
Hemlock 20.78} 15.35 | 13.14] 13.59] 13.85 | 138.95] 15.53} 11.91 9.98 

PLUCC nse cee Reiteoniees 24.41} 17.58] 16.58] 16.14] 16.62) 16.91] 17.26] 14.03 11.27 
Western yellow pine....... 19.59} 14.52] 14.32] 18.62} 14.26] 15.39] 15.67] 11.30 9.70 
Cypressy.t£t tes tee stecce st 23.92 1 20.85] 19.851 20.54] 20.51! 20.46] 22.121 17°50 13.32 
Redwood aenesseeee see eeee 21.00} 13.93 | 13.54] 138.99] 15.52] 14.80] 17.70) 12.83 10.12 
Cedarl sie See 19.40} 15.24} 16.10] 18.86] 15.53] 19.95} 19.14] 14.35 10.91 

Larch Sooo eu Seles 16.21 | 12.49} 10.78} 11.87} 12.33} 12.68] 13.99} 11.39 8.73 
White HIPS GGasacqppeesouoeN 17.16 |) 12.25 10. 94 10. 64 11.52 13.10} 15.54 (4) (@) 
SRB Te WI asocaucc0esescT 24.69} 16.77] 17.40] 17.52] 18.68] 18.14] 19.84 (1) 12.30 
Balsampiireeeeeese ere eee 20.02 | 16.49} 13.79} 13.42] 14.48] 13.99] 16.16 (1) (@) 
Lodgepole pine............ 18.34 | 15.13] 138.57] 12.41] 14.88] 16.25 (1) (4) (@) 

“Hardwoods: 
Be mays escssikeeins Homeless 24.49 | 20.06] 18.73} 19.14] 18.76] 20.50{ 21.23) 17.51 13.78 

Maplees eect ane aee 23.16} 18.24 15.21 15.49 | 18.16} 15.77 16. 84 14.94 11.83 
Gum, red and sap........- 19.56] 14.64] 12.54] 12.11 | 12.26} 13.20} 14.10} 10.87 9.63 
Chestnuts 42 21.54} 17.05 | 16.17) 16.63] 16.23} 16.12 { 17.04] 13.78 13.37 - 

Yellow poplar........-...- 27.17 | 21.89 | 22.45] 25.46] 24.71] 25.39] 24.91} 18.99 14.03 
Birch use as ooseeee eee oe 24.07 19.59 16. 52 16. 61 17.37 | 16.95 | 17.37} 15.44 12.50 
IBGCCh eras iaaceendecaeess 19.58 | 16.20} 14.01] 14.09] 14.34} 18.25} 14.30 (*) (1) 
IBlaSSwOOGs.. see nee enee 25.96 | 21.05} 18.89] 19.20) 20.94] 19.50] 20.03] 16.86 12. 84 

Pena ciaratea etete ois else aeras 23.89} 19.46] 16.98} 17.13} 18.67 | 17.52] 18.45) 14.45 11.47 

INST sececisiciniictcmeic seo eae 30.01 | 23.85 | 22.15 | 21.21} 22.47] 24.44) 25.01] 18.77 15.84 
Cottonwood.......-.---.-. 23.19 | 17.42} 17.36 | 18.12] 17.78} 18.05 | 18.42} 14.92 10.37 
Mupelower san seecee esc 18.06 | 13.00] 12.25) 12.46] 12.14) 11.87] 14.48 1 1 
HICKOnYE Es 3. eens nese 29.48 | 23.84] 23.35 | 22.47] 26.55] 30.80} 29.50] 23.94 18.78 
Walnut 2. sees sea 72.99 | 42.38 | 48.37] 31.7 34.91 | 42.79] 43.31 | 43.64 36.49 
SyeaninOrs6 sc5cecccocooceoe 18.68 | 14.65 13. 86 13.16 14.10 14.77 | 14.58 (4) 11.04 

1 Data not obtained. 
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DETAILED SUMMARY. 
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In Table 41 are summarized the data presented in the individual 
species tables, showing, by States, the number of active sawmills 
reporting and their cut of each wood, and in addition the production 
of lath and shingles for 1917. 

Tas ie 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported produc- 
tion of each kind of lumber and of lath and shingles, by States, 1917. 

State. 

New Jersey... 
New Mexico.. 
New York.... 

Oregon:...... 
Pennsylvania................ 
Rhode Island. 

Virginia...... 
Washington. . 
West Virginia 
Wisconsin. ... 
Wyoming..... 

Douglas fir. 

Feet B. M. 

ee iy 

SOFTWOODS. 

Number of Aggregate ep 
active mills) softwoods and potatisptt Yellow pine. 
reporting. hardwoods. ; 

Feet B. M. Feet B. M. Feet B. M. 
16, 420 | 33, 192, 911, 000 | 27, 130, 008, 000 | 12, 483, 410, 000-| 5, 351, 025, 000 

772 | 1,409, 618,000 | 1, 291, 066, 000 
22 79, 022, 000 79, 022, 000 |. 

674} 1,591, 952,000 |} 1,000, 295, 000 
169 | 1,417,068,000 | 1, 416,141, 000 
100 71,312, 000 71, 164, 000 

136 61, 236, 000 14, 531, 000 
35 8, 409, 000 6, 345, 000 

212 | 1,127,359,000 | 1,113,194, 000 
613 671, 528, 000 600, 756, 000 
181 749, 764, 000 749, 165, 000 

114 42, 182, 000 1, 437, 000 
439 218, 712, 000 115, 000 
65 13, 143, 000 14, 000 
4 4, 200; OOM BHM ate cx S-c eens Neel alse oacnat EO RE eee 

579 329, 203, 000 30, 270, 000 

335 | 3,861,860,000 | 3,492, 297, 000 
530 705, 014, 000 671, 141, 000 
184 61, 720, 000 27,597, 000 
243 138, 233, 000 107, 918, 000 
301 975, 648, 000 410, 458, 000 

198 999, 476, 000 972, 679, 000 
671 | 2,221,010,000 | 1,831, 465, 000 
357 257, 712, 000 58, 382, 000 31, 118, 000 
122 347, 496, 000 CATES OG ROOD Reemeenite see eee 
263 263, 511, 000 236, 878, 000 689, 000 

92 21, 117, 000 6, 474, 000 6, 020, 000 
56 88, 625, 000 S86 255000 N Remeeeene eee 

1,172 335, 016, 000 171, 474, 000 401, 000 
1,482 | 1,316,307,000 | 1,068,630, 000 940, 972, 000 

511 202, 349, 000 1, 587, 000 109, 000 

96 226, 711, 000 198, 241, 000 196, 677, 000 
409 | 2,485, 783,000 | 2, 480,036,000 }..............-. 
851 501, 359, 000 270, 742, 000 2, 251, 000 
20 10,570, 000 BE OG4A0000 Keke aes see se 

412 672, 852, 000 617, 353, 000 558, 194, 000 

28 29, 045, 000 29: 0455000) |e remas- sersiecicants 
815 582, 003, 000 111, 065, 000 55, 550, 000 
299 | 1,592,119,000 | 1,520,801,000 | 1,520, 286,000 
59 8,567, 000 SAAS INOOO! ER Geo hee ence Gon 

314 157, 258, 000 OOROLON O00)1| Be ectmiccise ricmcue 

1, 168 942, 879, 000 648, 697, 000 586, 293, 000 
438 4,304, 449, 000 DUSTOLA OOOH Sec ccneeeen cae 
430 810, 458, 000 213, 746, 000 2,329, 000 
398 | 1,271,069, 000 PDONBOTOOON| boo eicaicn aie ano ms 
51 7, 932, 000 POOL OOO) | Eiats michie epicomicsice 



40 BULLETIN 768, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 41.— Active sawmills (cutting 50,000 feet and over) reporting, and reported produc- 
tion of each kind of lumber and of lath and shingles, by States, 191 a 

SOFTWOODS—Continued. 

State. White pine. Hemlock. Beale Spruce. | Cypress. Redwood. 

Feet B. M. Feet B. M. | Feet B. M. | Feet B. M. | Feet B. M. |\Feet B. M. 
United States...|2, 050, 360,000 |1, 968, 217, 000 |1, 865, 282, 000 | 978, 265,000 | 917,445,000 | 487, 458, 000 

WMMabamas soc ewe seal seemeeceee oeee LO O00) | Sete eee ses amine ecrerser 3,553,000 |....2222 222. 
TW ea VATU) OTs ap a tec A ENT oP EAS SN SR 78, 107, 000 4055000 |5 2 5 ee ses | eee 
Akan Sassss thee ce a Aas leis Susie Scie alae Sl reisiersts nearer pial wel le tew re mecere 43, 969, 000 |........ 2.2. 
California and Nevada.|......-...---- 3,379, 000 78,565,000 | 20,659,000 |}............. 487, 458,000 
COlOradOsecen cesses deen e cree al teeeeercnerene 35,328,000 | 22, 896,000 |.........-.--|....--. cece 

Connecticut........--- 10, 043, 000 4° 0610008 se aeee eee 5000 ic Sc02 Se ee 
DD CIA WATE Sa ait eee Sal saree RSet ae ETUS LES ete tare oe ect | eee sro oe a BS 25,000) 325 ae 
TONG a0 Mee Oe se aE SEES aa cet USS Ge ROE Suck we At ane ate 166, 857, 0005) 5-2 eu hea 
Georgia. - 2s eNeascseecs 1, 575, 000 80) 000s FEMS saseee concn aie oe ceeaee 51, 219,000 |..........-- 
Idaho see 193, 404, 000 1,325,000 | 315,019,000 | 19,171,000 |.............|..-----2c.ce 

a bh a} fot erate aes el al eecr corateenten al [oa ees pea es artes es Sacra Gas SISO HGOOEBOHOae 14372000) pees 
indiana se eee eee 1,000 | Wet ae ce cee ao ee Ae |e oe EN ea 
OW aes eens 14,000 Se ieee erties NS ae Se I eerea eeepc nes |... a)tece eles ore SON 
IKeanSas is A Bie ee CRIN NS OM aA ee Sle RM ee ee ee sal 
Kentucky...........-. 2,121, 000 13489) OOOW | ee eee ee. ces 21, 000 442,000 |...........0 

{OVO BUSY EEN 0 ects ea EY NE LTA GE De ee tg A a to RA 509, 659,000 |............ 
Maine 2 5 VA ieee ie 256, 014, 000 665,583,000) |e 2225.5: 297, 949, 000 joc co cae c  e 
Maryland.-........-... 288, 000 35835000) | eee Ae alee eee 80,000 |...--2...2-- 
Massachusetts......--- 90, 797, 000 10, 201, O00!) Meese e cas 2; 264, 000 2) 55. 2 2S ase 
Michigan.......520.5-2 47,571,000 | 327,651,000 |.......-...... 6, 703; 000 |). Je. 3 SoS Ra aes isis 

Minnesota.........--.- 901,940 S000! es tacts oo lean eee 40,999: 000')| 0. so 3 S5Sc5 55 Seer 
MISSISSIPPI ss se Soe os Sees eee eee eae ca seek LN eee ete aE Eos SEs | 16,537,000 |.....-...._- 
MEISSOUTE See ea oe VER | Pie ee 8 pe ee ee eee 26, 981, 000 
Montanaeareeeeameen o 4 G74 000 Hees. ae SE 150, 903; 000 |. 6,437,000 
New Hampshire... ... 171,547,000 | 26,059,000 |.............- 36, 057, 000 

ING Wad OTSOU cece ease Se ccehie cee 515000) tse Soeeitese Goel owcSacie Soetice a cemeeeeo eee Meee eee 
ING We MEXICO: FEC Se NR IE Le Sa ae ee 83, 426, 000 612,000) 22.220 5.52 So ee 
New York...........- 57, 924, 000 845193 (000))|Peeeeeeee eee 27, 215;000).)2 58 Sor a ee eee 
North Carolina........ 20, 190, 000 36, 688, O00! | eee 2S 2 47, 360, 000 | 15,958,000 |...-.......- 
OhiOsseeeceeeceeeee ene 558, 000 180001) ees Sa oe hos SS ce soe: eee e ee See euak 

CO EY Yo) 01: Paes ee el RO DR ea LE Ee etna cits ier aerate rie 1,564; 000 cen eee 
Oregon ee 1, 000, 000 49,479,000 | 469, 408,000 | 120,647,000 |...,...-...--|.-.--......- 
Pennsylvania......... 25,756,000 | 242,628,000 |.............- 100, 000! 02. 2:55 ieepeiaepare 
Rhode Island......... 3, 951, 000 10; 000) bore eae oo RS oc ob Sle ale SN ae A ee 
South Carolinas. 0-2) 25) sos ee a ee ae ee PS ss cary Rea se ea ae 59, 107, 000: ||). ae Ses 

South Dakota ee pa a | eee eee ee 29; 045 000) is ood Tee cs] see a eS er 
Tennessee......-....-- 6, 617, 000 31, 18210003) eee ee ee ea ete sss eu ese 10, 003,000 |....2......- 
dN: <7 Koo PE De | ae ag eR gD A a, ee eee NCS 5155 000) 22s ee eee 
LGA VS aN eee ee ty ae ee hs ln A 4, 448, 000 2, 283; 000) Jo55. 20.22 2 eal eee 
Vermont..... elemareetes 18, 884, 000 18, 192,000 |......... B55 48, 6305,000) |e a= o2 eineetel eens eros 

Wirginiaesecncecn sees 9, 144, 000 32, 954)(000)) | Seaeeeeeceeere 1, 750, 000 9,539,000 |............ 
Washington........... 56,955,000 } 317,243,000 | 217,353,000 | 198, 271,000 |.............|.....-.....- 
West Virginia......._- 8,461,000 | 134,060,000 |.............. 68, 895,000 |.:-.--.--.--|s-cnnuueneee 
Wiseconsin............. 160, 630,000 | 563,946,000 |.............- , 802, oe Seislsp ec Sah aoe eee 
IWiy OMIM Sy aes secalaan ee See een ee cote oat cee 3, 678, 000 1,084; 00012.) 0.52... 2a eee 
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Tape 41.— Active sawmills (cutting 50,000 feet and over) reporting, and reported produc- 
tion of each kind of lumber and of lath and shingles, by States, 1917—Continued. 

SOFTW OODS—Continued. 

State. Larch. Cedar. White fir. | Sugar pine | Balsam fir. nae 

\ 

Feet B. M.| Feet B. M.| Feet B. M. | Feet B. M. \Feet B. M. | Feet B. M. 
nited States....... 336, 640, 000 } 258, 005,000 } 213, 427,000 | 132,568, 000 } 75,491,000 | 12,415,000 

SARESERIEAT Ty Sa tee ee TL REE ter DE S99 SOOO 5 | eee als stotats clave ei sial| icicie win ieisiaistell co Seen a 
Jo PE GIDE. . hoe espa geo soses|lssopcsassnoud Sanborn bso se|secc0 255690008 s4ake Soonsoslscecocsopoouldduspasscoce 
nieinicnses ks wee A RES Ree EES OOOO eee tetera) inte sterate eetntalaiai| cisimisin\olel=(aicisiel| cia acne ee eens 
California and Nevada..-..)........----- 21,310,000 | 120, 661, 000 | 127,951,000 |............ 75, 000 
OT GEDG oe Re Se SSS Re oe seco Se ener a TUTE O00) oo coonoopocesl bepudacasose 7,673, 000 

@onnecwient- 229. s2 "2 <= 6 [Passes Se 19; OOO) Sais See eee MTree ere refare cis cll ccis)e ciuee joes cia ae mn yaeee 
TES Se AS ES Ee (a TACO en eo55 soda alssodohuesosbsl basnooodoseslsoouasaobose 
HOTEL GEE eee te. coe aleeescet cesses PME DM) | Sos coseso|iboncobscosens|boussosodus be cossconoos 
GONGiae se care sate Scat Safleaeeceret se TAO) [los eam mascsoSn|bosesSo0b sess lass5auaoqcun| Hooda obeaun 
HANG Sees esslices ute e ss 99,950,000 | 15,319,000 | 37,416,000 |.............)..-...--.... 898, 000 

[JUTE TS A Se Soseceg SSeOneS6 | So SoeenSGo nS SoSeecesercies ane SaA c-.Getn IbbOn Sh SSoncie| Seen emacs Iams rene 
igliitine: sors RK ky 4,000 TORT Dil ho ccc.co sodaka| Roekosbboescs bacucosobrens||ssosaccncaos 
LD oe Soekib a eS eae Sena loasisecossdasal|cuoodoastoonellodassstsscace||snooensoBoodsllpacdodceboor lasosoosoccse 
KCTS? Nice Sipe Sen pee ao cH IAS SOCec aS Cood) SECS eC ee EaS) bocca Share Ioce ris ae smi) Career arenes] RSet tas 
LUT FTG pe apc eece Bees) GEeesSebeneeE S22, OOO ems eisiateteterste | stelaintetelstalevere alal| eleteieteletateyetoiera|| eicievsiseieiomiets 

LUTTE OEE GaP SEIT Sec CaS era TES [ESeSERE Ses PRIS (S25 i then rege to La Me [A UL Rad PON oa a 
PANG sae ee RS 217,000 638225000: || See eeeeessaleeneeeceee acs 42, 889,000 |............ 

Misnyintiiees estos. Ge AS S000) || HAR ee a a ee secede 
15, 000 157, 000) || Seen eS SSE See YB 60,000 |.....-.....6 

14, 680, 000 55954; 000s aaeeeetewicc arc Nae tee ceeeics 7, 899; 000) |... 222.2282 

18, 217, 000 288; 000))| Saree en eRe ok eae nee 23450003! eeereeeeeee 

PRAT A wees oe 283; 000 |S See eee a eine Dare aiere eeaictelel ait orci parvo aavatetetal | slnereisra ans 
135, 734, 000 25, 000 OSG 45s OOO tate sete ole alin sere oeee 986, 000 

4,000 49; 000 [Peace ees ecre 25473; 000: ce ilotcce cece 

LOA Gin er 5,000 BOS, OOO Aa Rer era are crate | Pia aerate ce re Stet sho ch ctian starve] aro eset tae eas 
LT LUG CU Soap Ste Renee OOOO SIS SDE EE Cee ee ae mpamE Ets ooo Vee eats Sere acc arses etl Ramer Re I Rees Ie ey te ea Rees 
DEK 8 Pete on 325, 000 5925000. || PEE eee Sa ae) 8245000) sasiemececes 
INDLHMCATOUNS. 25-23. -afsoscoo eee oe T5562, 000: Baste call ee me pere ia (ccli corso haa See tere ure eae 
“U1 ae eee 20008 Sree fF 5 5 3 ae ne Re Sos eee ee eS 

AEG em ost fom <'2! 2) sc 'o\o | mesa eit mee |nisice cae nie = 35] See arate aialis a | rate ere tae Sia] Ss ser aa eral Ae ee 
ODI eee eee 13,793,000 | 42,088,000 | 19, 847,000 4,617,000 |............ 113, 000 
LTE GR ep Saget ae Ae cei et Fs QOO':| Sei earee rate AORN ACL Hara Soo 6 to eT orate eee 
LES DL Fpl 1 IT i alk ee es 3B; OOO) Seer: foc si ere VA ae Lie cee tof in Dar es 
South Carolina............ pESaHiss A eerae 525 OOO | Beker cttelsjere a ltctcteeatetate morales [An tetanus eal SLRS NE 

South Dakota............. | SEDO OC HOSE SCARE EERE oo Scone bosaein| ER COtetOOebO sieco betes irrl tarsi acer nmrahcs 
PUES SOS Mee tec sok ce jpacoseneneece: 7, (LB, OOO Repeats ter mctaiea |r fers cya ara Syl Ah ay a By a [atl RE 
ARTIC Cee em eee hiens ESC CORE CD IEISS BEE EEIEEE Ese (66: S5c15 SSC FES SSR OCOn SEE SEG cise SM heel icicrs sete an tes 
are ere eras oe ont 2s |e rm Hat ane 3 SOL AOGO | eee os A Dorey Be 702,000 
WEEINODL tt soot ees eee sce | 42,000 43 O00 Semierseiine teeta eicsiacien ecu 4, 228,000 |........--06 

“LEILA A aap ere aan tee eae 95,017; O00’ | Baars eters state ne cietove cisielstotets teisiarrcek arctl kr mn ney 
Washincton... 0 0 oe oire. | 84,242,000 | 135, 820, 000 234738000 Feet eee ees ne ae 150, 000 
We wareilines 5. lee se bee LS O00 |} | Ssepeeieeeerte ere eitrctate ret tata at ALE ee ae 
TA TTT sp ale es | 19,410,000 1 975, 000 (Se Bees alee neta eed 5;88450002|eees2 oe 
NLU ee eee eee bisa Giaesci eaes lee Seema TLORO0O} | Wa 2 OU aa 52253 1188189000 
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TaBLe4!1.—Active sawmills (cutting 50,000 feet and over) reporting, and reported produc- 
tion of each kind of lumber and of lath and shingles, by States, 1917—Continued. 

HARDWOODS. 

Total i Gum, red . 
State. HandwGodse Oak. Maple. anid gap. Birch. Chestnut. 

Feet B.M.| Feet B.M. | FeetB. UM. | Feet B.M. | Feet B. M. | Feet B. M. 
United States.....- 6, 062, 903, 000]1, 967, 694,000! 802, 089,000! 730, 662,000] 387, 283, 000] 382, 652, 000 

Mabamascc eric. cesta 118, 552,000] 38, 363, 000 334,000| 25, 147, 000 118, 000 387, 000 
JNMAD IB 5 5c bo 555s55052 225\ 555505222 saeGO5e55 5655075) 50d aS oes ssa |ooesoess sos eclsasogassasesel|ssoac0.z0725 
Arkansas.....------------ 591, 657,000] 235,763,000] - 7,878,000] 230,964,000|  —S«- 1, 000|............ 
@alifommia ss ieee eee see. 927, 000 CUR (OE ba Ga bcan ssogleossesbosessollamesecesesuso|-ass2-42250- 
ColoradOseee seep eee TUES Ss oon Abe gosalesaSos09ecqus||seneqqdsocesa|ssacosmeaddaq|sosacocesar¢ 

Connecticut ...-....-.---. 46, 705, 000 33, 149, 000 
Delaware.....------------ 2, 064, 000 45, 000 
Mlonid a eee eee cere 14, 165, 000 
CeOrg < oegesssasddsss45- 70, 772, 000 
lidahoOeeeeeseeereeeeeerr ee 599, 000 

IIMOS 2a acosonsdosdeose 40, 745, 000 
ibayobeyney = sodbeosongseesss 218, 597, 000 
VOW. oasusodboosasqodsess 13, 129, 000 
IXBYORREL .ocooboodogSbescos 4, 255, 000) 
IKentickyeeeereeeerrerere 298, 933, 000 

MEOUISIAN Gee eee ee ere eee 369, 563, 000 
Maineuss: o: 2 aaun geen by 33, 873, 000 
Maryland ..-...-.........- 34, 123, 000 
Massachusetts.......----- 30, 315, 000 
Michipaneesssessscteriese 565, 190, 000 

26, 797, 000 
389, 545, 000 
199, 330, 000 

190, 000 
26, 633,000} 6,700,000)  4,000,000!.....---.-... 

ING WS eLSC Ys sess =i 14, 643, 000 510, 000 409, 000) 41,000 5,405,000 
ION EUG) a 100s ee ee Aee Bene earn Has [BOSE Seem mbanG nou RAie ani. MONEE Mans obeseeeacasellsocdeceasces 
New York...... 163, 542, 000 45, 024, 000 ‘ 17,628,000, 17,153,000 
North Carolina 247, 677, 000 7,333, 000| 12,866,000] 1,751,000) 47,277,000 
ONO. cosososososssboes5e4 200, 762, 000 26, 244, 000 1, 946, 000 48,000) 6,795,000 

Oklahomarer eee sineneee 28, 470, 000 18, 000 
Orevonts arch msec ewe 5, 747, 000 
Pennsylvania..-.....-..- 230, 617, 000 40, 149, 000 
Rhode Island........-.-- 6, 606, 000) 4,718, 000 
South Carolina.........-- 55,499,000) 7,184,000) 968,000) 19,883, 000|.-.....-.-..-|.--.----.-.. 

South’ Dakotas so.) ec. eS. ae cian] sels seiee nore g 2 sete ine eee reco cialis oie oe rece | rete eee | ee 
sRonnesseehe ener eeee nce 470, 938, 000 1, 408,000) 32, 738, 000 
GROG bSasaosboscobadabes 7153185000)" 36,829; 000|Seaeeeer= se] 1203542) (000|5 mena eee eee eae 

Witan eee nce eee mee ETE UU Rio ee eeepene at Meals elo Ie ea aT De oo oosca 
Vermont. .---2----.5....- 67,239,000} 2,185,000}  16,870,000)....-.-....-. 30, 882, 000) 290, 000 

Wiigutilaseaoesesadeocnon 294, 182, 000 1,084,000) 42,073,000 
Washington.............. 635, 000) 2-2 225. 22S ihe eb OOOI aes Sa oe SY ee Te ee eee 
West Virginia.....-...... 596, 712, 000 18, 960, 000) 107, 410, 000 
Wisconsin=-- = 22254--- = 511,372,000] 12,761,000} 154,570, 000|.-.-...------ 208, 864, 000) ....-------- 
\NA@amitse Se segneudeeedse TOOO| yas ae 5D, OOO a eee a). eigen eel ee cose ne neces | ee eee ee 

ALASKA LUMBER PRODUCTION. 

Figures are presented herewith covering the cut of lumber, by 
species, in Alaska in 1917. Production data for this Territory have 
not heretofore been compiled. Table 42, at the bottom of page 43, 
shows the quantity of each kind of wood sawed, the number of mills 
cutting each species, the number of mills cutting, and the production 
by classes, and the average value per thousand feet of each species. 
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TABLE 41.—Active sawmills (cutting 50,000 feet and over) reporting, and revorted produc- 
tion of each kind of lumber and of lath and shingles, by States, 1917—Continued. 

HARDWOODS—Continued. 

Cotton- 
State. Basswood. oar Ash. 

Feé B. M. . MM. . iM, i B. M. Eee . WM, 
UnitedStates. .| 325,968, 000) 278,345, 000} 249, 992, , 853, 190, 757, 000} 178, 895, 000}159, 175, 000 

Alabama.......--- 176,000) 1, 947, 000} 2, 911, 000 
Be cee eae | Seige cian o| tenis cool e ciell rwiio ewan [is eiciceenaes| sisting ede cis Tes cme 

Arkansas........-- 229,000} 46, 163, 000) 20, 768, 000 
STUUR - |. sR SURES ER SSS RSBSES (25 SO SS SERRE BOR ACER nes leccb GenCsbe4 SAB oSnbSoGad CMC En a ATANE Iseecrcn n sers 
ST PREM Ros sosscccd boodoosdondd adsadacacsnd lpssuddesoasdlascescocnsSsq|assacdacosas 148,000)... tsbeeeee 

Connecticut......- 111, 000 185, 000 554, 000 
Pewee eee eas} me O00) 6 24000)" 1208 000)eeememecmaas| eee oe 5, 000 5, 000 
Migr Gee eae | pel al 4 O00} eioos2-c-2-5).,.1,917,, 000). sheen 8,000) 2,468,000) 2,185,000 
Georgia.....-......| 28,252,000) 206,000] 2,125,000] 196, 000/......-..--- 2,000] 5, 361, 000 
HPT. 1.3 SERBL SES [BRS SRR Ee [eared (rm ne Pe Fe orn ee A ea 5995000) Sees ee ceaee 

MIND ISS = ss css 103, 000 786,000} 2, 222,000 
Ling Ts eee : 4, 859, 000) 916, 000} 12, 295, 000 
UOT D422 SS Sn55585e CaaS a eee (35 eae seer 1, 000 896,000} 2,490,000 304, 000 
JESSY. - 222 ro ssesd beseocesseed|essoseqnccse|lscosapossece O00|RRReeeeeeer 50, 000 5, 000 
Kentucky ......--. 4, 698, 000} 1,875,000} 3,473,000 

Louisiana.....-...- 126,000} 21,494,000} 21, 492, 000 
Minbar ss sic |eca-ss2--22: 807, 000; , 000] 1,499, 000 
Maryland........-.. SHEL OU Sadoacseaace 93, 000 
Massachusetts... .- 276, 000 55, 000 875, 000 
Michigan.......... 38, 427,000) 5,042,000} 7,350,000 

Marnmnesotas. = =~ 32/2]. 22 2=---2 i 3, 832,000} 10.986, 000 
Mississippi......---]| 4,181,000) 967,000} 21,974,000} 11, 443,000]............ 
Missouri 
an 
New Hampshire. 

New Jersey... 
New Mexico. 
New York 
North Carolina... 
Chie |e. moans: 

Oklahoma 
(LI PPiL. 22+ seneit 4 paebb igen |. bo sepehed Baaaeeeeees | ocoson8-scllhodueasnsmes 1,170,000} 1, 204, 000 
Pennsylvania...... 1,326,000) 4,391,000) 214,000} 4,331,000 
Rhode Island...... OOD ERR ee acdsee vcislocsee seee 35, 000 
South Carolina... . 254, 000)......-.-..- 124,000) 2,956, 000 

LUISE (En ed benBeeBesee Pre roce esse GEBeEERBeBEe > Geccneaoc. NEM Namen Ine Matern |i cue anne 
Tennessee.......-. 12, 809,000} 6,251,000) 7, 664,000) 13, 649, 000 
ire ss. ae) 225 53-- 2508 20, 000 2024000 |Meat. <a 1, 652,000} 2, 151, 000 
nS DoS Beer Bae erected CCCOn SEES Ors BEMO RD EnEnns once Accs See eemries4 1365 000|c tere eee 
Weenont: 22-555: 774,000) 4,530,000 848,000) 3, 107, 000 

Vi ne 86,000} 6,925,000} 1,169,000) 1,068, 000 
OOS EIEGYUL foo: | ASe ae BSS |S 52 ae ere FS OcSccnce-|lcesso renner 290, 000 80, 
West Virginia..... 119, 000} 21, 098, 000 92,000) 5, 703, 000 
wy OAT Re ens a pee 338 46, 077, 000 67) 787, 000} 4, 090, 000 13, 676, 000 
RR TIRERSI r= Sea ae was arate aloe scisia| a= ai< «ic\aiale's aa Meeeetetaetsiae  Rietsioataieta Sales |cisieieieinersione =ilercicemeieesians 

Tape 42.—Number of mills cutting, quantity of lumber cut by species and by classes of 
mills, and average value of lumber in Alaska, 1917. 

Number 
of mills geet? Class 4: Class 3: Class 2: Class 1: 

Species cutting | Total cut. r 1,000 Number of | Number of | Number of] Number of 
each eee mills, 3. mills, 2. mills, 4. mills, 21. 

species. 

Fee B. M. Feet B. M.| Feet B. M.| Feet B. M.| Feet B. M. 
Lp ee ey eee Se 33, 160, 000 $21.19 | 20,540,000 | 5,200,000 | 2, 500, 000 4,920, 000 

BIEUGG ts Seen soees.0 30 | 31,773,000 21. 23 | 19,473,000 | 5,000,000} 2,500,000] 4, 800, 000 
Hemlock.........---- 6| 1,117,000 19.61] 7942 000 TBOKOOO! | acccnne esa. 25, 000) 
ES ee 6 26), 000 21.76 125, 000 BOR OOON erate sists ole or 85, 000 
Yellow cypress....... 1 10, 000 DOF OD precrett seme el | int letanre o'eeieicte||o aie ieiaiere a nie ba 10, 000 
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TABLE 41.— Active sawmills (cutting 50,000 feet and over) reporting, and reported produe- 
tion of each kind of lumber and of lath and shingles, by States, 1917—Continued. 

HARDWOODS—Continued. 

State. Hickory. | Walnut. | Sycamore. ae 

Feet B. M.| Feet B. M.|\ Feet B. M.| Feet B. M. 
$2,512,000) 53,676,009} 28,548,000] 52, 712, G00 

1, 077, 900 58, 090 107, 000 50, 000 

“"42,511,600} 532,000] 8, 455,000] 1, 439, 000 
ase er ae npn NT RES AN Cae 883, 000 

746, 000 11, 000 2, 000 1, 000 
205000) 0.2253 ss ARs SS OO IS eS 
5000) yess tes 2 Raa ee 5, 000 

1,317, 000 35, 000 275, 000 190, 000 

1, 650,000) 2,269,000} 1, 501, 000 578, 000 
7,276,000] 7,872/000| 3,964,000! 2, 557,000 

101, 000) 3, 719, 000 
30,000} 4,010, 000 | 

6, 056, 000 8, 112) 000} = 1, 796, 000) 7, 833, 000 

3, 848, 000)|..------.--- 774,000) 23, 047, 000 

492,000) 67,000, G46) 000) e2 
133, 000 20: 000 Essa. aeaae 72, 000 
324, 000 42, 000 107, 000 173, 000 

Minnesota....-------- 5.000 PA Ut Seer ae eae eee ere 
Mississippi. ...------- 7, 338, 090 1, 000 824,000] 2,313, 000 
INTISSOUIRISSe eee ea 2, 767,000} 13,373,000} 1, 535, 000 66, 000 
WIG MUIRIIE 333-508 5cc0desr|\ee seeds se 2a|losooankodssed)|saacsasce seqlescoobaccaae 
New Hampshire 2; OOO}! Se nsc5-c a Rel aes 10, 000 

New Jersey..-.------ 379, 000 14, 000 DE GOO S iS Rane 
INGA WMI Eee cacoccsesolloseececaeced||-dosecusunsc|cseosenesce|loouocsescces 
New York..-...------ 740, 000 35, 000 14, 000 751, 000 
North Carolina. --.--- 2, 383, 000 230, 000 100,000] 1, 282, 000 

We asdacecaccsstae 6, 276,000) 6, 656, 000) 1,423, 000 211, 000 

Oklahoma.........--.- 205, 000 71, 000 499, 000 86, 000 
CONGR Te sa so scensachsooned sesccocsease||Socebasusced|socéoosesoes 33, 000 
Pennsylvania. .------ 3, 229, 000) 255, 000 120,000) 1, 274, 000 
Rhode Island....---- 22, 000) 12, OO0/ S535 sse sear ase oo ee 
South Carolina..--.-- 29, 000 20, 000 20, 000 114, 000 

South Dakotas icc ce2 28] acc seoncee sti ease eee 2 | beeen sla ad 
Tennessee... --- 11,054,000} 4,828,000] 4,862,000] 3, 233, 000 
RexaSH ee ee 908, 000 5, 65, ( 780, 000 
Wiles sscsscopcbcuusaged |seecess soos] Mosousssaued|= screen ceuc|lssosoasouser 
WORT OMe Soocscsossoesces|\ececcocesoss 93000 |2eeem eae 30, 000 

WATSImIas yoo eem en aris 2,337, 900) 450,000) 1,364,000 928, 000 
Washing Lom see ctes sera este eras | mists lares = ake | See 140, 000 
West Virginia......-- 9, 237, 000 887, 000 239,000} 4, 458, 000 
Wisconsin....-...---- 15, 000 105000|2 2-32 127, 000 
\NOMMNEN YS 6 a cccogescumosd|-censcectocc||es-osounese= eee ceasansuelaseoeSos sore 

Lath. 

Picces. 

39, 685, 000 

213, 092, 000) 
133, 925, 000 

18, 866, 000 
132, 418) 000 
43, 928, 000 

3 0, 000 
21, 934; 000 

100, 000 
10, 318, 000 
47, 654, 000 

333, 000 
6, 170, 000 

30, 244, 000 
230, 194, 000 

Shingles. 

Pieces. 
2, 281, 738, 000| 8, 696, 513, 000 
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Since Department of Agriculture Bulletin 769 was issued new 
statistics on the production, importation, and exportation of fats 
and oils in the United States have become available. The following 
tables, which contain the most recent figures on the fat and oil situa- 
tion, have therefore been prepared to supersede the tables originally 
printed. They have been compiled from data collected by the 
Fats and Oils Division of the United States Food Administration, 
and turned over by that division to the United States Department of 
Agriculture. This publication completes the report of the fats and 
oils survey conducted by the Government during 1917 and 1918. 
Unless otherwise stated, all figures cover the calendar year. 

TasBie 1.—Production of vegetable oils in the United States. 

Oil. | 1912 | 1914 1916 1917 1918 

{ae 
| 
| Pounds. Pounds. Pounds. Pounds. Pounds. 

SAE EE Ss eS | 23, 359, 000 20, 423, 000 22, 766, 000 22, 902, 000 14, 184, 000 
TOUT ee a aes Oe 31, 729, 000 38,272,000] 104,727,000] 188,488,000] 341,235, 000 
I eee ee cece an fE ce oe tee clecec| Se eedae tan Soe SOS OOO) Pec se cise sl aie ctlaleynlscere 
Sortbeeee. fhe ee ok ee 72, 832, 000 91,810,000] 109,963,000] 118,021,000] 111,065, 000 
Cottonseed @.......2........ 1, 435, 401, 000 | 1, 789, 777, 000 | 1,492, 430, 000 | 1,343, 849, 000 | 1,283, 823, 000 
Lit a | Cae a 461,656,000 | 507,422,000} 531,586,900] 482,199,000 | 375,452, 000 
Mustard seed.......-.......- 360, 000 306, 000 729, 000 1, 098, 000 1, 296, 000 
Drives ssi, hon) rae ae 966, 000 1, 128, 000 1, 462, 000 963, 000 618, 000 
Palm kernel?................ 3, 200, 000 402, 000 8, 619, 000 6, 453, 000 3, 784, 000 
fe Se ee 454, 000 1, 006, 000 28, 534, 000 50, 499, 000 95, 934, 000 
aperpeeed =) 22 5. ke 320, 000 435, 000 752, 000 667, 000 586, 000 
TECHIE So lo oe oa paicie os 90, 000 19, 000 223, 000 232, 000 139, 000 
eSame......-. Be See as 2 ok Val aeseaaleenne es 80, 000 129, 000 304, 000 299, 000 

EET ri 4 Bs es ees are eee Genes 8, 974, 000 BUF O00 Waraetemetertestrste 
PIRES LIE TL Ib. aledden sd son bos. 2, 764, 000 9, 920, 000 42, 074, 000 79, 861, 000 
Miscellaneous............-.-- 1,114, 000 1, 568, 000 2, 249, 000 1, 268, 000 409, 000 

otal, ays Fe | | 2,031,481, 000 | 2, 455,362, 000 | 2,318, 866, 000 | 2,259, 098, 000 | 2,308, 685, 000 

' Figures represent total production of edible and inedible oil. As the edible oil is made from the inedi- 
ble oil, there may be some duplication in these figures. 

* Figures represent total production of edible and inedible oil. 
+ Figures represent total production of crude oil only. 

129694°—19 
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TaBLE 2.—Production of animal and fish fats and oils in the United States. 

Product. 1912 1914 1916 1917 1918 

Pounds. Pounds. Pounds. Pounds. Pounds, 
Iboneeneaseeapsee eee ee 29, 528, 000 42, 264, 000 34, 389, 000 31, 020, 000 24,817, 000 
Cod and cod liver oil......-- 372, 000 394, 000 367, 000 439, 000 712, 000 
Garbage grease.......------- 30, 411, 000 44, 688, 000 60, 212, 000 65, 250, 000 53, 476, 000 
TE Gane COWIE Geeqobseoccsasoss 1, 888, 000 1, 512, 000 1, 476, 000 1, 637, 000 774, 000 
Ward hs ee sete ca csser 727, 744, 000 887, 580, 000 | 1,086, 581, 000 868, 389, 000 | 1, 008, 757, 000 
Dard) neutrals. sce. =. 2555- 51, 414, 000 51, 303, 000 76, 163, 000 52,548, 000 81, 289, 000 
Menhadenjolleeeseseeeeeeaes 33, 009, 000 16, 265, 000 20, 598, 000 18, 640, 000 12,370, 000 
INeats toouOllessse spose eee 5, 181, 000 5, 158, 000 7, 239, 000 8,317, 000 9, 764, 000 
GleoistoCks. 225. (oo ae 122, 568, 000 143, 247, 000 152, 982, 000 153,188, 000 145, 929, 000 
Spero aso eee 4, 083, 000 2, 495, 000 4, 5€0, 000 3, 567, 000 743, 0N0 
Tall Owes 2 ecto sae 202, 946, 000 227, 339, 000 275, 511, 009 268, 825, 000 304, 891, 000 
Wihaleioiles.c5-42 ease eee 931, 000 632, 000 1,691, 000 1,193, 000 431. 000 
Wool greaseand recovered 
PT OAS ys eae nme cee ee in 7, 206, 000 9,370, 000 14, 137, 000 13, 839, 000 21, 020, 000 

Miscellaneous animal oils. ... 1, 980, 000 1, 470, 000 2,649, 000 2, 049, 000 7, 559, 000 
Miscellaneous fish oils. .-...- 1, 001, 000 1, 333, 000 1, 931, 000 38, 078, 000 954, 000 
Miscellaneous greases.....--- 95,277,000} 133,195,000| 129,571,000}  113,748,000| 165,509, 000 

MG tale ete see 1,315, 539, 000 | 1,568,245, 000 | 1,870, 057,000 | 1,605, 727, 000 | 1,838, 995, 000 

1 Figures include edible and inedible product 

TABLE 3.—Estimated production of fats and oils in the United States. 

Product. 1912 1914 1916 1917 1918 

Pounds. Pownds. Pounds. Pounds, Pounds. 
Vegetable oils....-----<--<-- 2,031, 481, 000 | 2, 455,362, 000 | 2,318, 866, 000 | 2,259, 098, 000 | 2,308, 685, 000 
Animal fats and oils.......-- 1,315, 539, 000 | 1,568, 245,000 | 1,870, 057,000 | 1,605,727, 000 | 1,838, 995, 000 

Wotaleier es. ty: 3,347, 020, 000 | 4,023, 607, 000 | 4,188, 923, 000 | 3, 864, 825, 000 | 4,147,680, 000 

Butter fat (farm) 2........--- 1,660, 000, 000 | 1,613, 736,000 | 879,610,000| 733,222,000} 777, 000, 000 
Butter fat (lactory)..-.....-- 581,000,000 | 6523382000 | 630,825,000 | 637,503,000} 669, 492, 000 

Rataleeeeer ac. sn ene 2,241, 000, 000 | 2,266,118, 000 | 1,510,435, 000 | 1,370, 725, 000 | 1, 446, 492, 000 

Grand total........---- 5, 588, 020,000 | 6,289, 725, 000 | 5,699,358, 000 | 5, 235,550,000 | 5,594, 172, 000 

1 None of the derivatives reported in Table 11 are included here. 
2 The figures for farm butter fat are based on reports from various sources, and are believed by the authors 

to be at least 90 per cent correct. 

TaBLE 4.—IJmportation of fats and oils into the United States.+ 

Product. 1912 1914 1916 1917 1918 
| 

Vegetable: Pounds. Pounds. Pounds. Pounds. Pounds. 
Ghinesomutiolle ns ehes eee 42,787,000} 30,139,000] 57,649,000] 41,190,000] 42, 717, 000 
Coconuboll sire 22 ee sek. Leek 46,720,000 | 58,012,000 | 64,349,000 | 163,091, 000 | 356, 089, 000 
Cottonseed oll. i5 ee. 2 ee 2,160,000} 16,016,000 | 16,598,000} 13,826,000] 18,373, 000 
erniseed Oil eae ess ot cca eee 2,135, 000 4, 350, 000 711, 000 633, 000 196, 000 
Olive oil, edible............-.-.---- 43,460,000 } 50,857,000 | 55,435,000} 51,055, 000 1, 284, 000 
@liyeloil; imedibless.4) =.) See eee 5,794,000] 5,609,000] 6,335,000] 4,476, 000 3, 000 
Olinetootshaes Wiese. 51 Nee 15, 804,000} 13,045,000] 14,246,000] 8,308, 000 159, 000 
aire oil eee sin ciaiai Sob eee eae 52,671,000 | 49,092,000 | 29,270,000} 34,257,000} 20,993, 000 
Palm) kerneboil eee) eae 27,680,000 | 21,089,000} 4,324, 000 306 34, 000 
EATIU GO lem etna bes Wap eae 7,626,000} 7,365,000 | 15,674,000] 27,405,000] 68, 466, 000 
apesced Olas cen. eee ae 10,266,000 | 11,172,000 | 20,181,000 | 10,132,000 | 23,079, 000 
Oya beaniGuess ees Tae eee 24,959,000 | 12,555,000 } 145, 409, 000 | 264,926, 000 | 335, 984, 000 

Animal and fish: 
Codtandieadilivier oie. -ssee-- see aeeee eee eae 14,198,000 | 10,973,000} 16,618, 000 8, 939, 000 
Oleosteariniase Was 5. SEER soon 9,178, 000 4, 030, 000 649, 000 5, 555, 000 1, 557, 000 
DEMO WAG Se ei oe eee 609,000 | 12,690,000 | 13,087,000} 73,619,000] 51,885, 000 
Miscellaneous greases. ..........--- 14,901,000 | 11,665, 000 9,580,000 | 13,551,000} 29, 711, 000 
Miscellaneous oils... .......2-.----- 221,727,000} 10,943,000 | 23,375,000] 23,426,000] 20,984,000 

Motalestes34ae os eee Cee 328, 477, 000 | 332, 827,000 | 487,845, 000 | 752,068, 000 | 980, 453, 000 

1 The figures in this table are taken from the Monthly Summary of Foreign Commerce of the United 
plaice, issued by the Bureau of Foreign and Domestic Commerce, of the United States Department of 
ommerce. 
2 Reported as “All fish and animal oils.” 
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TaBLeE 5.—Exportation of fats and oils from the United States. 

Product. 1912 1914 1916 1917 1918 

Vegetable: Pounds. Pownds. Pounds. Pounds. Pounds. 
“Chinese nut (qiykelss) yl age ee cee 80, 000 106, 000 132, 000 244, 000 1,105 000 
Paconut Ou eS ee ee eee 358, 000 506, 000 478, 000 1, 830, 000 926, 000 
“CTT GET SA SS ates es ee 22,870,000} 16, 199, 000 9, 119, 000 4,709, 000 171, 000 
attonseed Oil 2s. 2. secs coace sce 355, 973, 000 216, 410, 000 188, 14 000 1247 730, 000 | 119, 090, 000 
RPA POU GL corse oa ae mcrae 3,151, 000 1,995, 000 6, 180, 000 |} 11, 485, 000 5, 806, 000 
Oliveilsedible: =. . <5 55.5. ..c5e2 59, 000 52, 000 392, 000 436, 000 155, 009 
TS ee ea oe 71, 000 74, 000 79, 000 9,000 }............ 
Palmoiee: =. Sas sor oe seas Jaens 112, 000 133, 000 57, 000 31, 000 10 
mabmokernel Os se se cc. so. cee 75, 000 358, 000 5 000 200 1, 000 
(27 Et a eo 7, 000 96, 000 171, 000 145, 000 75, 000 
Sy DERVIS SE emeeeaseions 184, 000 3, 000 2; 063, 000 3, 977, 000 545, 000 
SiR Go Se SS eS Si (2) (2) 1,411, 000 1, 262} 000 1, 020; 000 

Animal and fish: 
Fish oils (except whale). .-.-..-- 9,375, 000 1,340, 000 1, 059, 000 956, 000 4, 281, 000 
la Gil, Suge Seo eee ieee 495, 093, 000 438) 016, 000 | 426, 660, 000 } 372, 721, 000 } 548, 818, 000 
Mardonetitrals: 2535352 S295. ae: 57, 556, 000 21, 798, 000} 27,265, 000 9; 423, 000 6, 307, 000 
LLOEGR eee ae eee 1, 224, 000 767, 000 2; 679, 000 1, 852, 000 349, 000 
DUET Ue eo ae ee AI 94,345,000} 85 145, 000 83, 892) 000 | 33,400,000} 69, 106, 000 
Senin £05 eae ae eae 1, 524, 000 3) 239, 000 13, 217, 000 8, 295, 000 10, 550, 000 
alla fe ast. ene estos sbe 28, 989, 000 9, 980, 000 15, 338, 000 7 510, 000 4 223, 000 
Miscellaneous greases. -.-..------ 119, 000 3, 000 11, 000 34, 000 18, 000 
Miscellaneous oils.....-.--.------ 11, 026, 000 4, 793, 000 4,377, 000 2; 314, 000 6, 060, 000 

TPMMCOMPOUNG S.A nace weciccecne 73, 724, 000 63) 356, 000 | 49,822,000 49, 300, 000 | 43,976, 000 
Mleomarrarine yn a2: Sac en sis - 3, 500, 000 2, 293, 000 6, 309, 000 ae 523, 000 8, 909, 000 

7) 11 | a Ra See ce 1,159, 415, 000 | 866,662, 000 | 838, 930, 000 | 638,186, 000 | 831, 491, 000 

i The figuresin this table are taken from the Monthly Summary of Foreign Commerce of the United 
Biers; issued by the Bureau of Foreign and Domestic Commerce, of the United States Department of 
ommerce. 
2 Not reported as a separate item. 

TaBLE 6.—Comparison of production with importation and exportation of fats and oils 
im 1918.1 

Product. | Produced. Imported. Exported. 

Vegetable: Pounds. Pownds. Pounds. 
EAC GU hon cae Sapa Ske eee se ce ||-..-. 5 5 meme ic aoe 42, 717, 000 1,105, 000 
POC SIG eee ene aaa ae Lace ae cabs s sie sen soa 341, 235, 000 356, 089, 000 926, 000 
POTION ona. cers escort ee sacs seesamanas Seine sees LOG OOO seers n ne mieeenc ce e 171, 000 
RODHSCER Clb tones so aeeee se =2ee SSBa AEB cic ¢ 1, 283, 823, 000 18, 373, 000 119, 090, 000 
PS Ced OU ine aaron iat nice === 952 setbisempec cee 375, 452, 000 196, 000 5, 806, 000 
DAE eee RARE eh OSA EE Cone EE BEEBE BEE’ > 618, 000 1, 287, 000 155, 000 
IP SIISER OVA es ia ee Sree Fe aie 2 5/2 wile =F > wince nim oe 2 oe | Peete oelte epee tele 20, 993, 000 10 
LECT 21) Wa Te er 3, 784, 000 34, 000 1, 000 
LAE tS ee 95, 934, 000 68, 466, 000 75, 000 
RAP ESCCM Ollusee Senate oo. Sa eeee so tee se ee cee ce eeNe 139, 000 Zan MONOOON Eietstsiciem ects eners 
MIU ADPAIY OME ose ie ai ee es fclS2 2 a 2.c'2, nie an Se 79, 861, 000 335, 984, 000 545, 000 
Sirdar ition ee ern ee ne. = os lv qecneeee 9,096, 000 1,020, 000 

Animal and fish: 
Cod and cod liver oil.............. ees a> 2,0 cates 712, 000 30, 000 
Fish oil, sigesl da 14, 098, 000 4, 251, 000 
L707 apne Seal Sapa 1, 008, 757, 000 |... 548, 818, 000 
Lard, neutral......... Be P 81, 289, 000 |... 6, 307, 000 
Magda re 44, 586, 000 "349) 000 
COCA Te He aCe e BAPE As Ie Oe CBEST rE TDe 147, 866, 000 69, 106, 000 
SPORES eer nope Sie oe ere Pein oie ae wicrciae ~ 2, = ofnaieelate sta 95, 433, 000 1, 557, 000 10, 550, 000 
AOW iss oy cera nee teas Cee ae ose Ne cle nc ess aveemes 304} 391, 000 51, 885, 000 4, 223, 000 
Miscellaneous greases......-.- COPE REE CORO OME CCE AGE || 2 0.2 eRe ae abe 29, 711, 000 18, 000 
PATECOMATICONIS ONS socio ce aln-5 0 ota DS ria le dni b'o a's 0 p'd'w vw Horm Peete sa ele 2a 20, 984, 000 6, 060, 000 

SECT DOUUC sete artis tne (pe isis'c » ac'eis eipiaie ARMAGH I36~ OOO) Wein .c 2 ee sites xiv cig 43, 976, 000 
OULU ED pits 5 Se i a eee noep ic ba BEL S99 | OOO | intents = njsinie.c alal<1 8, 909, 000 

1 This table includes only those items for which comparable figures are obtainable. 
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TaBLE 8.—Consumption of fats and oils by the lard substitute industry. 
T 

Products consumed. 1912 1914 1916 1917 1918 

Vegetable: Pounds. Pounds. Pounds. Pounds. Pounds. 
Cottonseedioll> === see 866, 696, 000 | 1, 053, 142, 000 919, 447,000 | 1,069, 214,000 | 1,015, 051, 000 
Coconutioilynseeseeee eee lets Se Soe obs aoe aaicso | Saas eee oes 5, 545, 000 13, 408, 000 
Corn olla ease se eee | eee ee eer eee ee ee aces 13, 105, 000 4, 166, 000 2, 288, 000 
IRE AN DT) Ou ly Sega wacuaudeeses 1, 687, 000 2,144, 000 17, 869, 000 12, 209, 000 27, 912, 000 
Soy: beamioil ae ee sects | eee ese 1, 585, 000 14, 247, 000 34, 351, 000 56,517,000 — 
Steanrin ieee seen ao seek 180, 000 611, 000 4,007, 000 17, 140, 000 14, 904, 000 
Miscellaneous oils.-....-.-- 6, 418, 000 5, 464, 000 13, 421,000 12, 742, 000 6,350, 000 

Animal: 
Pork fat and lard........-. 1, 200, 000 1, 290, 000 1, 069, 000 1, 004, 000 1, 850, 000 
Stearin Sore eee aceeceees 57, 644, 000 64, 926, 000 49, 493, 000 54, 959, 000 54, 598, 000 
Tallow, edible......---- __.| 10,834,000 13, 945, 000 9, 852, 000 9, 953, 000 11,361, 000 

Hydrogenated oill......-.-..-- Aen scons §3, 000 778, 000 833, 000 18, 172, 000 

Mo talli2sie: ce. 2 ee eee 944, 659,000 | 1, 143,190,000 | 1,043, 288,000 | 1, 222,116,000 | 1,222, 413,000 
Lard substitute produced?. .... | 876,927,000 | 1,136, 522,000 | 1,027,133, 000 | 1,173, 446,000 | 1, 146, 236, 000 

1 These figures do not represent the total amount of hydrogenated oil used in the manufacture oflard 
substitutes, for the reason that in many instances manufacturers who do their own hydrogenating re- 
ported the amounts of oils thus treated, rather than the amounts of the hardened product. The figures 
here given represent largely the amount of hydrogenated oil purchased by the smaller substitute makers 
for combining with the other ingredients. 

2 The discrepancy between the amount of the total substitutes reported and that ofthe ingredientsused 
is probably due to the fact that some manufacturers included in their reports the weight of the crude oil 
instead of the refined oil. 

TABLE 9.—Consumption of fats and oils by the soap industry. 
=~ 

Products consumed. 

Vegetable: 
Chinese vegetable tallow ---.--.--.------ 
Chinesenut oils soe eee | Senn Pn e tee et eeeeeaee 
Coconut oil..... 
Com oil 28 esas err eee 

iPeanwitoil=< /2285 6S eeee ee rere ere rere 
Rapeseed!oil! sf. 2222s eee eee eee 
Sesame Olli s 252 eae eee 

Soy bean:oil: see eee cee ee 
Miscellancousioise= sees ae eee 

Animal and fish: 
IB ONC! PLEAS Ca eae cata e eee eee eee 
Garbage greases. ...02 222 he eee 
TELLING Ol esses sees ees 
Ward 2202 5. cue ea 4 ac ee Ce oan 

Neats foot oil and stock 
Recovered grease................--2.- 
Sperm oil..-...... 
Mmallowernsesee 
Mankareyeraseled a2 22.62 eee 
IWihalexolle ce eos <0 See eee 

Derivatives: 1 
Acidulated soap stock...-...._.-2..-..-: 
Cottonseedtiootss aan eee seas 
Cottonseed foots (distilled) ..........._.. 
Hathysacidstee eee ee enn ee head 
Hatty acids (distilled)... --.--2.2222252- 

1912 1914 1916 1917 

Pounds Pounds. Pounds. Pounds. 
2,013, 000 3, 485, 000 5, 273, 000 6, 417, 000 

118, 000 115, 000 
77, 959, 000 111, 084, 000 168, 602, 000 
11, 368, 000 12, 821, 000 15; 997, 000 

132,312,000 |} 119, 254, 000 194, 916, 000 126, 390, 000 
1,390, 000 1, 034, 000 803, 000 1, 006, 000 

690, 000 748, 000 1,184, 000 1, 731, 000 
7, 546, 000 71, 896, 000 14, 938, 000 27, 345, 000 

20, 579, 000 31,376, 000 5, 804, 000 4, 762, 000 
31, 76, 1,181, 000 15, 126, 000 

6, 532, 000 6, 664, 000 7, 224, 000 5,972, 000 
1,110, 000 11, 8, 000 5,000 

1, 058, 000 2, 487, 000 
1, 182, 000 4, 499, 000 57, 373, 000 124, 058, 000 , 
9, 097, 000 6, 637, 000 7, 020, 000 9, 692, 000 & 

271,120,000 | 335,007,000 420, 805, 000 509, 705, 000.0 
SSR SE 2 a es A FO) 

17, 526, 000 16, 832, 000 19, 535, 000 37, 032, 000 % 
12,619, 000 13, 627, 000 28, 719, 000 63,118, 000 

56, 000 10, 339, 000 2, 705, 000 4,104, 000 
8, 469, 000 10, 484, 000 8, 294, 000 7,481, 000 

116, 000 882, 000 330, 000 2,279,000 ; 
29, 000 77, 000 329, 000 118, 000 

2, 858, 000 10, 627, 000 8, 531, 000 12, 680, 000 
9, 000 7, 000 14, 000 17, 000 

238,685,000 | 270, 713, 000 338, 931, 000 362, 297, 000 
28, 566, 000 31, 822, 000 35, 769, 000 38, 303, 000 
9, 927, 000 4, 023, 000 8, 126, 000 5, 732, 000 
4, 639, 000 10, 909, 000 11, 130, 000 9,490,000 . 

323, 499,000 | 380,342,000 462, 413, 000 542, 651, 000 

20, 135, 000 32, 075, 000 20, 473, 000 25, 086, 000 
77, 975, 000 88, 667, 000 103, 868, 000 107, 070, 000 
11,152,000 | 19,474,000 8, 410, 000 8, 872, 000 
16,735,000 | 20,896, 000 33, 720, 000 35, 050, 000 
12, 765, 000 14, 946, 000 28, 195, 000 39, 465, 000 
1, 461, 000 944, 5, 144, 000 19, 146, 000 
1, 134, 000 1, 265, 000 2,143, 000 2,148, 000 
5, 457, 000 7, 298, 000 9,411, 000 10, 500, 000 
8, 723, 000 10, 275, 000 10, 230, 000 12, 812, 000 

25, 000, 000 25, 000, 000 25, 000, 000 25, 000, 000 

180, 537,000 | 220, 840, 000 246, 594, 000 285, 149, 000 

775, 156,000 | 936,189,000 | 1,129,812,000 | 1,337,505, 000 

_ | The fact that no reports for hydrogenated oil are included in this table does not mean that none is used 
in the soap industry. Large amounts of hydrogenated oil were substituted for tallow and other hard 
fats, which were abnormally high during the recent great war. The soap makers using hydrogenated 
oil, however, are largely producers of their own hardened fats, and have reported the oils hardened rather 
than the hydrogenated product. 



PRODUCTION AND CONSERVATION OF FATS AND OILS. 

-TaBLE 10.—Consumption of fats and oils by the oleomargarine industry. 

Products consumed. 

Mastard: seed. oil. =. 2: . 25.2.2. 2 22.2% 
LETTE CO Le ee eee Se eer ae 
POVRDEAONON es ere ans cae Seen se 
Vegetable stearin.-...........--.-- 
Miscellaneous oils..........-..-..-- 

Animal: 

S1Oe Fo Ce ae 
Tall 

Salt 

Pounds. 

17, 837, 000 
197, 000 

2, 453, 000 
708, 000 

Se ln) bn ns leit ier 

645,000 
14, 794, 000 

28, 145, 000 
906, 000 
92,000 

46, 000 
10, 498, 000 
6, 614, 000 

3, 303, 000 
42, 401, 000 

149, 000 
96, 652, 000 
2; 494, 000 
3, 458, 000 

77, 000 

158, 000 
21, 593, 000 
5, 921, 000 

42, 000 
124, 000 

4, 548, 000 
45, 702, 000 

11, 856, 000 
2) 096, 000 

1914 1916 

Pounds. Pounds 
112, 000 563, 000 

147, 000 
21,205,000} 49, 960, 000 

373, 000 169, 000 
3,137,000} 5,335, 000 

486,000 | 2,123,000 

600,000] 2,152,000 
19, 439,000 | 33, 446, 000 

“287145, 000 | 46, 445,000 | 68,989, 000. 
2,620,000} 2,036,000 

161, 000 397, 000 
B29 O00i|weccck secede 

94,907,000 | 165,317, 000 

12,799,000 | 21,331,000 
2,537,000} 4,088, 000 

123, 843, 000 | 184,889, 000 95, 397, 000 

24, 410, 000 
6, 115, 000 

271, 874, 000 

61, 128, 000 
18, 279, 000 

332, 898, 000 

1 The manufacture of the so-called nut margarines has increased greatly during the past few years. The 
makers of this product used a large amount of dried milk, and in some cases they have reported the weight 
of the dried milk instead of its equivalent in whole milk. It must also be remembered that when ready 
for the market oleomargarine contains from 14 to 16 per cent of water, introduced as such or with the 
milk and salt which are among the ingredients of this product. This in part accounts for the discrepancy 
between the amount of oleomargarine reported and the amount of ingredients entering into its com- 
position. 

TaB LE 11.—Production of fat and oil derivatives in the United States. 

Product. 1912 1914 1916 1917 1918 

| Pounds. Pounds. Pounds. Pounds. Pounds. 
.cidulated soap stock......-...------- 32,702,000} 33,025,000 | 26,199,000} 16,151,000] 33, 657, 000 
“GLUT RG 1 17,726,000 | 20,075,000 } 31,811,000 | 31,607,000 | 25,674, 000 
Dipttet tr OLCH ac sere sae cies Sates pi sional sic is.a<ie 60 == ==] 0 ERE emia | eiielalbieisisiem ne'l'eidia\ ns smicis sree 917, 000 
oftonseed fo0ts....-.---------2--2---- 142, 812, 000 | 195, 461,000 | 123,326,000 | 112,847,000 | 113, 592, 000 

Cottonseed foots (distilled).........---- 79,342,000 | 86,910,000 | 32,786,000] 33,900,000 | 37, 939, 000 
Rote aeias erp soe as Re 15,618,000 | 23,463,000 | 20,431,000 | 25,446,000 | 69,112,000 
Fatty acids (distilled)...............-. | 28,476,000 | 382,436,000) 50,016,000} 55,373,000] 46,919, 000 
LAL ls ee eee | 19,812,000} 22,034,000 | 45,413,000 | 37,931,000} 44,586,000 
nT SG eee loembcececneae 378 3, 000 4,000 6, 177, 000 
EAL a eee eee 573, 000 687, 430, 000 405, 000 348, 000 
ind ee ee 118, 939, 000 | 142,367,000 | 150,794,000 | 142,559,000 | 147, 866, 000 
Ly SS eee 27,494,000 | 38,109,000 | 38,300,000} 40,160,000} 38, 450, 000 
Breenigvipidste ss Sess eo ec 3,773,000} 6,176,000 | 10,311,000] 6,351,000] 18,571,000 
Tallow and oleo stearin..........-...-- 77,490,000 | 80,735,000 | 79,828,000 | 83,025,000} 95,442, 000 
ALG ee a er ee 5, 010, 000 8, 103, 000 6, 702, 000 3, 761, 000 1, 239, 000 
Wepetable stearit’.. 22 s55be.iod.20..- 2% \ bij crews svecinso| octmetenere 5, 398, 000 5, 801, 000 9, 096, 000 
Miscellaneous foots........-.---------- | 385, 000 1, 258, 000 2, 210, 000 2,417,000 | 11,778, 000 
Miscellaneous soap stocks.............- 10,076,000} 18,095,000 | 11,629,000 | 7,457,000] 9,168, 000 

rai wnt i Pe fhe gil 580, 228, 000 | 708, 934,378 | 635,587,000 | 605,195,000 | 710, 631, 000 

WASHINGTON : GOVERNMENT PRINTING OFFICH : 1919 
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A FIELD FOR THE MOTOR TRUCK. 

The motor truck as a medium for the carriage of farm products is 

now assuming a permanent place in the general scheme of transpor- 

tation. It was to be expected that the motor truck would find its 

greatest usefulness in solving the problem of the “short haul,” one 

of the most difficult problems which has confronted transportation 
experts during the last decade. The steady growth of our larger 

centers of population and their increasing demands for larger quantities 

of food have stimulated the development of producing areas adjacent 

* Acknowledgements are due to Mr. Robert H. Black, Assistant in Marketing, who 
assisted materially in the preparation of the insurance policy provisions included in this 
bulletin, to various members of the New York and Philadelphia Underwriters’ Associations, 
who reviewed and criticised these insurance policy provisions, and to the Secretary of the 
Philadelphia Truck Owners’ Association, who criticised the proposed bill of lading. 
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to these consuming centers. These producing areas have been pushed 

further and further from the centers of population by the encroach- 

ment of the city proper. Gardeners and dairy farmers who, a few 
years ago, were faced with a short haul to the nearby market, now 

find the horse-drawn vehicle of other days entirely inadequate to 

cover the increased distance to market. Here the motor truck has 

offered itself as a transportation medium capable of working effec- 
tively within a much wider radius than the horse and wagon. The 
development of rail facilities for the short haul has not kept pace: 
with the development of crop producing districts near the larger 

centers of population. The rapid growth of the truck manufacturing 

business during the past five years in itself would have directed the 

attention of manufacturers to rural territory as a profitable sales field. 

Summing up, it will be seen that three general causes have con- 
tributed to the exploitation of the motor truck industry in rural terri- 
tory. These causes, as we have noted above, are substantially as 
follows: (1) the growth of our larger cities and the consequent develop- 
ment of nearby producing areas to provide for part of the food needs 
of these cities; (2) the failure of the railroads to keep pace with the 

expansion of their short haul business; (3) the development of the 

motor truck manufacturing interests and the consequent extension of 

their sales campaigns. The crisis in the transportation field, brought 

about by the national war emergency, has afforded stimulus to the 

development of rural motor transportation more powerful than any 

other general influence. Doubtless the motor truck, in any event, 

would have established itself as a factor in the rural field. Ordinarily 
this establishment would have been a-slow process, involving the many 

preliminary steps customary in introducing a new method of transpor- 

tation. War conditions precipitated action by creating a very unusual 
demand for transportation facilities of all kinds. Persons interested 
in the motor truck found the field made ready by emergency condi- 
tions over which no individual or group of individuals had control. It 
has been necessary only to develop the field of action properly. Such 
development necessitates or presupposes a certain familiarity with the 

problem as a whole. A suspicion that such familiarity did not exist 

among those interested in developing rural motor routes was borne out 

by preliminary investigations, initiated by the Bureau of Markets. An 
attempt was made to conduct a general preliminary survey of rural 

motor routes established or in process of establishment. The general 
purpose of the survey was to secure basic information regarding the 

desirability of establishing such routes, the methods undertaken by the 
beginners in this field, and the measure of success which had been 
attained during the early period of operation. 

Material collected in the survey mentioned above shows considerable 
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differences in the plans adopted by the average inexperienced operator. 

The word “inexperienced” is used advisedly in view of the fact that 

the motor truck is a newcomer'in the field of transportation and there 

has not yet been time for many of the important preliminary problems 

to be worked out and a general understanding of possibilities secured. 

Investigations show that there are five general classes engaged in rural 

hauling on a schedule basis. This classification is about as follows: 

(1) The farmer who hauls for his neighbor or for the community 

as well as for himself. In many cases such persons have purchased 

motor trucks and have afterwards found that their own business was 

not sufficient to justify the maintenance of such equipment. By 

arranging to care for part of the haulage needs of their neighbors, 

Fic. 1.—The cabbages and cucumbers in this truck load will travel 20 miles to Buffalo, 
N. Y., and arrive in good condition. The wire netting all around holds a large 
load in place. 

they have made their investment a profitable one, and unconsciously 

have materially helped the local transportation problem of their com- 

munities. 
(2) The regular local truck operators with limited capital, whose 

income is derived largely from their motor trucking business. Some 

of these persons are small farmers who have embarked in a new busi- 

ness and are willing to devote exclusive attention to the development 

of local motor routes. 
(3) The local automobile or truck agencies that have initiated a 

motor route as a side line. In some cases the establishment of these 

routes has been for advertising purposes, the dealers feeling that a 

practical demonstration of the possibilities of the motor truck would 

result in increased sales. Often these ventures have proven sO suc- 

cessful that they have become a permanent part of the farmers’ busi- 

ness and would be conducted for profit even if the advertising value 
were nil. 
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(4) The city transfer companies, whose business permits them to 

undertake rural hauling. Most routes so developed are built on a 
sound basis. The companies, in most instances, develop their routes 

in districts familiar to them, where the opportunities for business are 

fairly well-known in advance. 
(5) The large corporation operating a fleet of trucks and com- 

manding considerable capital. There has been an increasing number 

of this class of operators, and the field has seemed attractive to many 

men of large capital. Profits during the war period have been such 

as to make it worth while for men of considerable means to devote 

serious attention to the building up of motor routes as a regular 

business. 

There are many and varied modifications of the above classifications 

of operators. Motor hauling during the emergency has been very 

miscellaneous in character, and conditions do not permit general state- 

ments to be made covering the field as a whole. With such an array 

in the field of motor hauling, it would naturally be expected that there 

would be a very wide range of operating conditions. Investigations 

have shown that this is actually the case. Certain weaknesses in the 

rural motor truck industry have been noticed in connection with these 

studies, and it is the purpose of this publication to call to the attention 

of operators and prospective operators those features of the industry 

which apparently are not understood or appreciated. It is hoped that 

some of the suggestions contained in this publication may assist in 

avoiding loss and in helping in the development of the rural motor 
route on a sound business basis. That rural motor routes in general 

are not being so developed is evidenced by the unbusinesslike methods 

adopted by many new operators, including both farmer-operators and 

the strictly commercial organizations. Present efforts to stimulate 

the motor trucking industry on the part of those who would profit 

more by its expansion evidently are not a part of a systematic or well- 
conceived plan. It is easy to call to mind conditions under which 
motor truck operation in -certain rural districts as a regular business 

proposition has not proven profitable. These limiting conditions have 

not received the attention that their importance would warrant. The 

suggestions on the following pages are designed not so much to give 

specific instructions on the formation of new rural routes as to call 

to mind those business arrangements which must in all cases be con- 

sidered carefully if a venture is to prove profitable. It is hoped that 
this publication will assist in developing the proper sort of thinking 

among prospective operators and call up in definite order those basic 

considerations which must be given attention. The suggestions and 

conclusions included herein have resulted from a careful study of a 

large number of typical motor express routes in various sections of 
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the country. In addition, the Bureau of Markets has been instrumental 

in establishing motor service in various districts during the early part 

of 1918 and the methods adopted and the difficulties encountered have 

furnished material for a fairly comprehensive viewpoint on the en- 

tire problem. 

Inquiries are constantly being received regarding the practices and 

methods of successful operators of rural truck routes. It is a regret- 
table fact that there are practically no rural truck operators whose 

general plans are worthy of study by less experienced operators. Most 
rural routes are in the formative stage. For this reason it is felt that 
a summary of the problems of all will be of mutual interest both to the 
present operator and to the prospective one. The usefulness of the 

motor truck for the individual farmer will not be dwelt upon in this 

bulletin, but we will concern ourselves entirely with the possibilities 

of the motor truck as a community transportation feature. 

PRELIMINARY SURVEY OF THE FIELD OF OPERATION. 

Too many beginners delay a canvass of their field of operation until 
they are definitely committed to the establishment of a motor route by 

an investment of funds. Such a beginning is decidedly an unwise one. 

Many an optimistic viewpoint has been changed by a closer scrutiny 

of the business essentials which must be considered when a rural route 

is established. It is very desirable, in fact almost necessary, that a 

thorough business survey be made in advance by the prospective 

operator. In the first place, an investigation may disclose the fact that. 

it is unnecessary or undesirable to start the route at all. Secondly, a 
proper investigation may materially modify preliminary plans, par- 

ticularly with respect to the investment of funds and the selection of 
equipment. Enthusiastic but inaccurate reports which have been given 

wide circulation in many districts, have been responsible for some 
amateur beginnings which should ‘never have been undertaken. The 
motor route which has a chance for success must be founded on a 
careful business analysis of the field of operations. ; 

There are four important factors which must be given consideration 
by the beginner in the field of rural motor transportation. These four 

factors are: (1) The volume of farm products produced along the 
contemplated route; (2) the volume of miscellaneous hauling which 

could be secured to supplement regular loads; (3) competition from 
other carriers which would be encountered; (4) the character of the 

highways over which the trucks must run. It may safely be said that : 
the features mentioned above will ultimately determine the success or 

failure of any rural route. 

A motor route established in a sparsely settled or non-productive 

region is foredoomed to failure. A little thought will make it clear 
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that a potential supply of commodities must be available for hauling 

if there is to be sufficient business to make the route a paying one. 

Secondary only to the total supply is the question of the character of 

production. A region devoted to the production of a few staple crops 
moving to market during a comparatively brief season each year will 

not furnish business for a permanent route. A necessary prerequisite 

for successful operation is a reasonably dependable tonnage through- 

out the year. For this reason it follows that the range of the shipping 

season is of primary interest to the truck operator. Regions of 

diversified farming, particularly those regions devoted to truck farm- 
ing, offer the most fertile fields for rural motor transportation. In such 

districts shipping starts early in the season; new crops are periodically 

available for market, and the productive season usually extends to the 

limit set by climatic conditions. Districts devoted to the dairy industry 

are also potentially rich fields for the motor truck operator since 

dairying furnishes a dependable and reasonably uniform supply 

throughout the year. This permits the establishment of a fairly regu- 

lar routine on the part of the truck operator and to that extent 

renders easy an efficient and economical conduct of his business. 

Consideration should also be given to the nature of the products 

that will be hauled. Low-priced, bulky staples may not stand the 

transportation charges necessary to maintain a motor route. For 

example, it is rather unlikely that hay can be transported by motor 

truck for long distances except under unusual conditions with respect 

to price. Perishables may stand the motor truck tariff if the trans- 
portation service to market is speedier than the customary means of 

transportation. Commodities like cream, milk and eggs which are 

high in price as compared to bulk may bear a reasonably high trans- 

portation charge if more satisfactory facilities are offered. 

The question of supplementary business for rural truck operators is 
often an important one. The return load is discussed in a subsequent 

section of this publication. It is desired merely to take occasion at 

this point to direct attention to possible side lines of operation which 

have been responsible for the final financial success of some routes. 

Arrangements for special hauling outside of the regular schedule are 

often an important source of income to the rural motor truck operator. 

Some have found it profitable to care for the tonnage offered by indus- 
trial enterprises in their districts. Others do special hauling for farmer 

patrons outside of regular hours. Usually the operator of a general 

route secures some profitable business from merchants along the route. 

These possibilities should be canvassed in advance as their presence or 

absence may determine the feasibility of the route. Above all, atten- 
tion should be concentrated on the problem of arranging for loads so 

that there is a profitable load on all trucks whenever they are operated. 
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Competition is as important a feature as in other business. The 
motor operator may find it necessary in some cases to compete with 

express companies, railroads, electric interurban lines, boat lines, or 

other truck operators. It is a very unwise policy to ignore the com- 

petitor who is already in the field. Every producing district in the 

country has some sort of arrangement to provide for transportation 

to market. The wise beginner in the motor truck field will make a 

survey of existing transportation facilities in advance. He will make 

Fic. 2.—Celery in crates is easily carried in most kinds of trucks. 

a special effort to foresee the conditions under which the motor truck 

would fit into existing schemes of transportation. In considering 

competition, particular attention should be given to rates, schedules 

and delivery arrangements. These are the factors on which the motor 

truck must stand or fall so far as concerns competition with other 

transportation agencies. Some operators have found it possible to 
compete successfully with rail service and to charge rates rather 
higher than were charged by the customary carriers. Such a condition 

is possible only where the truck operator is able to afford a superior 

service and in districts where patrons are willing to pay a premium 

for such superior service. Delivery arrangements have always offered 

a certain amount of trouble to rail carriers and by effecting direct 
delivery from shipper to consignee with no intermediate delivery 

charges, the motor truck has been enabled to compete successfully 

with rail carriers whose rates are slightly less than those of the motor 
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truck. Freight and express schedules in some districts have been 

unsatisfactory to the shippers and by offering a more prompt and 

speedy service, operators have often secured for themselves a very 

satisfactory tonnage that ordinarily would move by rail. 

Good roads are a prerequisite to successful motor truck operation. It 
is believed that few motor truck operators realize the increased ex- 

pense which results from travel on poor roads. The prospective 
operator who plans to move his truck along roads which are virtually 

impassable or at any rate unsatisfactory, will find that his daily operat- 
ing costs are far in excess of normal costs of operation, and this one 
fact alone will seriously affect his profits. A careful road survey will 

be made in advance by the businesslike operator. 
Enough has been said in the preceding paragraphs to indicate the 

general scope of the preliminary canvass which every prospective 

motor truck operator should make. The Bureau of Markets has made 
a fairly complete study of a large number of typical rural routes and 

has assisted in the establishment of several such routes. The points 

considered by investigators of this Bureau in making a preliminary 
canvass of the field of operation may be helpful to operators who 

contemplate such a study in their own territory. The following out- 

line was placed in the hands of each investigator, and the final report 

on the feasibility of establishing motor service in any district covered 

complete reports on each of the items in this outline. 

Roaps. 

Character of surface. 

Grades. (As affecting motor hauling.) 

LocaTION AND LENGTH oF PROPOSED ROUTES. 

Terminals. 

Towns to be covered. (Distance apart, size, etc.) 

Total distance covered. 

Logical location for route headquarters. 

PRINCIPAL COMMODITIES TO BE CARRIED EACH Way. 

Nature of agriculture along route. 

Commodities to be hauled each way in summer. In winter. 

AMOUNT oF BusINEsSs WHICH WOULD BE PLEDGED. 

What business would be pledged in summer? In winter? 

Estimated quantity of business by months. 

Of what would return load consist? 

Who would furnish bulk of business—farmers or country merchants? 

Do prospective patrons seem inclined to pledge business? 

Service Now GivEN By OTHER CARRIERS. 

What other carriers serve the territory? 

The maximum, minimum and average farm haul to loading stations. 

Schedule maintained by present carriers. 

How do present delivery arrangements compare with proposed arrange- 

ments if a motor route should be established? 

Rates charged at present. (Freight and express.) 
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SCHEDULE WHICH SHOULD BE MAINTAINED. 

Number and capacity of trucks which probably would be needed. 

When would trucks leave terminals to best serve the territory? 
Probable running time over the route. 

How many stops should be made and where? 

Proposep MrtHops OF COLLECTING AND DELIVERING. 

At how many and at what points would loads be collected? 

How would transportation charges probably be collected? 

What delivery should be effected both at city and country points? 

LocaL INTEREST IN THE ENTERPRISE. 

What persons or concerns are most interested? Why? 

Could private capital be induced to contribute toward an experimental 

service? 

PERMANENCE OF PROPOSED ROUTE. 
Will territory support the proposed route when rail service is normal? 

Is there any reason why the route should not be permanently profitable? 

It is manifestly impossible completely to outline an ideal investiga- 
tion which would be satisfactory for all districts. It is necessary to 

correlate the preliminary canvass with local conditions. The items 

enumerated in the above outline, however, may offer some suggestions 

which will be helpful to those interested in the establishment of rural 

motor transportation routes. 

ADVANCE ESTIMATE OF OPERATING COSTS. 

One of the first questions to arise in the mind of the prospective © 

motor truck operator is: “What will it cost to operate a truck?” Loads 

will be arranged, rates will be established, the route will be planned 

and the truck purchased on the basis of this estimated cost. If the 

business is to be intelligently planned, it is essential that some idea be 

secured in advance as to prospective operating costs. The importance 

of having an idea of these costs in advance can not be over-empha- 

sized. 

There are several sources of information which may be helpful to 

the man contemplating the purchase of a motor truck. Previous 
personal experience of the operator is exceedingly valuable. Experi- 

ences of other operators may often be secured for the asking. Motor 

truck manufacturers will be glad to furnish prospective purchasers 

with such information of this nature as may be available. Data 

secured from truck manufacturers very often do not indicate the con- 

ditions under which the figures were secured. Information thus 

offered is usually an honest attempt to aid buyers but almost invari- 

ably there is too much generalization to make such figures a very 

valuable basis of estimation. Many cost statements issued by truck 

companies do not take into consideration the varying classes of high- 

ways over which trucks run, variations in the load, total monthly or 

yearly mileage and other important factors. There is a tendency to 

submit data secured under unusual or ideal circumstances and thus 
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rendered valueless to the operator who must run his trucks under con- 

ditions over which he has little or no control. : 

Several factors must be considered in arriving at reasonable cost 
estimates. Among them are: (1) size of truck, (2) probable loads, 

(3) daily mileage, (4) condition of roads, (5) cost of gas, oil and 

repairs. Large trucks necessarily involve increased expenditures for 

operation. The cost of operation per unit of load, however, may be 

less with the large truck than with the small one. The operator whose 

prospective daily mileage will be unusually large must expect that his 

operating costs will be correspondingly large. Where the roads are 

smooth and hard, costs of operation will necessarily be much less than 

Fic. 3.—An open-top stake body, with loose canvas cover, carries a large load of grapes, 
but is not the best type of body for hauling perishable products. 

where the roads are in a poor state of repair or so soft as to be nearly 

impassable at certain seasons of the year. Gasoline, oil and repair 

bills will vary in different sections of the country. It is impossible to 

generalize on these expenses at this point. The prospective operator 

must examine his local conditions, however, and adapt his ideas to the 

prevailing scale of prices. 
In view of the fact that no two individuals operate motor trucks 

under identical conditions, it is necessary that there be some basis of 

calculation applicable under all conditions. Calculations bearing on 

costs of operating motor trucks are customarily based on the “‘ton- 
mile.” This expression refers to the transportation of a one-ton load 

for a distance of one mile, or the equivalent thereof. The use of such 
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a basis is more nearly accurate than an estimation of costs on a mileage 

basis where no consideration is given to the load. It is obvious that 

the truck operating with no load, costs less per mile for operation than 

one that is loaded. The wise operator will keep this basis well in mind 

in considering his costs of doing business. 
Few motor truck owners foresee all of the cost items which will 

arise under actual operating conditions. Still fewer farmers, who 

have embarked in the motor trucking industry either as an individual 

enterprise or as part of a community effort, have a clear understand- 

ing of what factors must be considered in estimating costs of motor 

~truck operation. Attention will be directed, therefore, to some of the 
more important items of cost. No attempt has been made to arrange 

these items in order of importance. 

GASOLINE, OIL AND GREASE. 

The costs of gasoline, oil and grease represent the first expense items 

which naturally occur to the mind of the prospective operator. The 

customary error made in considering them is shown in a tendency to 
emphasize unduly this character of expense. The cost of gasoline, oil 

and grease, of course, is dependent directly upon local prices. In some 

districts prices for these supplies are invariably higher than in other 

districts, and the prospective operator will naturally investigate his 

local market. The cost of these supplies is of course heavier when 

the motor truck is loaded and is one of the variable items of expense 

in motor truck operation which can be estimated with considerable 

accuracy. Most operators have a fair idea of the consumption of 
gasoline, oil, and grease by their own trucks. Operators who have 

had some experience in truck operation will find little difficulty in 
arriving at a reasonably clese estimate of these costs. The data col- 

lected by the Bureau of Markets show a very wide range in the gasoline 
mileage for trucks of different sizes under varying conditions. A 

study of about 60 typical motor routes showed a mileage of from 
5 miles to 9 miles per gallon of gasoline for two-ton trucks, 4 miles to 

6 miles for three-ton trucks, and 3 miles to 5 miles for five-ton 

trucks. These figures are not conclusive but. will serve to indicate a 
range which was found under actual operating conditions. 

DRIVERS’ WAGES. 

The wages paid drivers vary in different sections of the country and 

for trucks of different sizes. In districts where the cost of labor is 

high, operators have found it necessary to pay relatively high wages 
for drivers. Information gathered by the Bureau of Markets on a 

number of routes indicates a daily wage range of from $2.75 to $7.50. 

The higher wages were paid for expert drivers of heavy motor trucks 

in industrial regions where the general scale of wages was high. Drivers 

of small trucks in general farming districts were content with the 
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smaller wage. Where the truck owner expects to act as his own 

driver, it is only fair that a reasonable wage for this service be entered 
on the books before an attempt is made to calculate profits. 

DEPRECIATION. 

Depreciation as a feature of expense is little understood by the 
average small operator, and there is an almost universal tendency to 
accord too little consideration to this important item. Investigations 

disclose the fact that this constitutes one of the heaviest items of cost 

per mile of operation. Most operators who consider this item at all 

are inclined to set aside from 20 per cent to 33 1-3 per cent of the 

cost of the truck each year to cover depreciation. This is a very simple 
arrangement but it is not entirely a sound one. It is obvious that 
depreciation will be greatest on the truck which makes the greatest 
annual mileage. It will be seen, therefore, that unless the annual mile- 

age, or prospective annual mileage, is considered, the preliminary 

estimate of depreciation is apt to be incorrect. Depreciation under 

actual working conditions varies considerably with different makes of 

trucks and is correspondingly less on better makes. It is impossible 
to set forth a formula which will enable the prospective purchaser of 

a motor truck to estimate in advance his depreciation with any con- 

siderable degree of accuracy. It will be necessary for each owner to 

consider carefully his own conditions and on the basis of past per- 
formance of trucks of the same size and make as his own, draw his 

own conclusions. The operator who is just considering the route 

will do well to study very seriously the importance of this item of 
cost. If he will tentatively estimate depreciation in terms of dollars 

and cents per year, estimate his prospective yearly mileage, and divide 

his annual depreciation cost by the annual mileage, he will be sur- 

prised at the cost of depreciation per mile of operation. 

INTEREST ON INVESTMENT. 

While interest on investment is a matter of controversy in corpora- 

tion accounting there can be no doubt that the motor truck operator 

must give serious consideration to the fact that he will have invested 

considerable money in the motor truck that can not be used for other 

purposes. Most operators are content to estimate six per cent as a 

fair rate of interest per year, but few of them take into consideration 

the depreciating value of the truck. During its second year of opera- 

tion, it is obvious that the motor turck is not worth as much as during 

its first year. For this reason, a charge of six per cent for interest on 
the purchase price of the car is not a just one during the second year 

_ of operation. 

A simple formula has been devised by a conference: of truck 
_ owners for calculating the average annual interest to be charged 
against a motor truck. This formula is as follows: ASE] y @XB= Z te 
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average yearly interest. In this formula A represents the estimated 

life of the truck in years under actual operating conditions; B repre- 

sents the original investment; and C represents the rate of interest. 

To illustrate the use of this formula let it be assumed that a truck is 

purchased for $3000 which the operator estimates will last for 4 years 

under his operating conditions. Six per cent may be considered a 

fair rate of interest. Inserting the necessary values in the equation 
= x y 

given above, we have: rin x 6 Se000 — $112.50 (average yearly 

interest). The use of such a formula makes it possible to estimate, 

with a reasonable degree of accuracy, the amount which should be 

set aside each year as interest on the investment. 

REPAIRS. 

The regular repair bill, when coupled with the annual cost of over- 

hauling, is often a serious one. The experience of motor truck opera- 

tors in various sections of the country show that this is an important 

item of expense. Naturally it is impossible to make an advance 

estimate of these costs with any reasonable degree of accuracy. The 

annual repair bill will bear a practical relation to operating condi- 

tions. Where care is used in handling the truck, the cost of repairs 

will be much less than where no attempt is made to exercise reasonable 

supervision over operation. The cost of repairs increases with the 

age of the truck. Those operators who have purchased used equip- 

ment have found their repair bills relatively higher. Repairs during 

the first year of life of the new truck are not a very serious considera- 
tion. When the motor truck is in more or less continuous use through- 

out the year, it is usually laid up once each year and given a complete 

overhauling. The cost of this overhauling depends on the age of the 
truck, the care which it has received, and its size. Data collected by 

the Bureau of Markets show annual costs of overhauling ranging from 
about $100 to as high as $800 or $900. Those truck operators who 

make it a point to keep their trucks in a constant state of repair have 
relatively small charges to meet for annual overhauling. Those who 
operate their trucks as long as possible with no regular repairs must 

often face an extremely heavy charge for overhauling at the end of 
each year. 

TIRES. 

Tire cost is another heavy item of expense. ‘This item varies directly 

with the use of the truck. Road conditions are a prime consideration 

in determining tire cost per mile of operation. It is often found that 

there is a very wide variation in tire cost of different trucks operating 

with varying loads and under changing conditions. Data in the pos- 

session of the Bureau of Markets show a range of tire costs of from 
one cent to four cents per mile where solid tires are used. ‘These 

figures cover a large number of trucks of different sizes, operating with 
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different loads. They are offered as illustrative rather than as authori- 

tative. It must be remembered that while the actual tire cost of the 

large truck heavily loaded may be relatively high per mile of operation, 

‘the cost per ton may be small, and in the final analysis the latter com- 
parison is the only fair one. Where pneumatic tires have been used, 

it usually has been found that the actual tire cost is rather in excess uf 
the cost where solid tires are used, but in such cases the annual depre- 
ciation and the cost of repairs are usually less. 

GARAGE RENT. 

Garage rent is an item of expense which is often not incurred directly 

by the rural operator. Where the operator finds it necessary to rent 

garage space it is, of course, easy to calculate the cost. It is not so 

easy to make such an estimate, however, where no actual cash outlay 

is incurred. Where the operator is using garage facilities of his own, 

which might be valuable for other purposes, the rental value of these 

facilities should be entered on the books. Where no attempt is made 
to house the truck when not in use, the operator may save on garage 
cost only to lose a still greater amount due to increased depreciation. 

TAXES,-LICENSE AND INSURANCE. 

Taxes and the costs of a license and insurance vary greatly in 

different states. The prospective owner of a motor truck should look 

into the matter in advance and be in a position to meet these liabilities 

as they come due. Insurance of various kinds must be considered. 
Theft, accident, and fire insurance should be taken out on the motor 

truck itself. Reliable operators now find it desirable to take out 

insurance covering the load which is being carried. 

OVERHEAD EXPENSES. 

The item of overhead expenses includes office rent, office equipment, 

clerical and other salaries, advertising, etc. They are often of minor 

importance to the farmer operator, but constitute a considerable ex- 

pense for the larger operator who finds it necessary to maintain a 

business headquarters. 
The above enumeration of operating costs may serve to call to the 

attention of some beginners in the field of motor truck transportation 

the need for carefully considering the business elements in advance of 

actual operation. The most common error of the beginner is to under- 

estimate some of the cost items. Many beginners either underestimate 

or fail to estimate at all such an important item as depreciation. Such 

operators have been known to conduct their business for several 
months under the assumption that they were making money, only to 

find that their apparent net profit was being absorbed by the lessening 

value of their rolling stock. Other operators have been inclined to 

accept cost figures determined under widely different conditions, or 
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under conditions which were not all comparable to those in the opera- 

tor’s own territory. Few operators realize that costs are directly 

related to the plan of operation, and the final costs of operating a given 

route will depend almost entirely on the local conditions under which 

the route must be maintained. 

SELECTION OF OPERATING EQUIPMENT. 

The problem of selecting proper operating equipment is one that 

ordinarily is not given the consideration its importance deserves. Too 

few operators have a sufficient knowledge of the mechanical operation 

of motor vehicles, so that many a promising route has proven unprofit- 

able because of improper or insufficient mechanical equipment. In 
making their first purchases, some operators rely exclusively upon the 

statements of sales agents for motor truck companies. Often this 

procedure has proven satisfactory in the long run because as a rule 

the sales agent is anxious to see that his customer is supplied with the 

proper equipment, so that other orders may be expected in the future. 

It will be well, however, for the beginner in this industry to confer 

with owners and operators of motor trucks in his vicinity, who will be 

able to give him unbiased and unprejudiced advice. 

SIZE OF TRUCK. 

The size of the truck to be purchased will, of course, depend very 

largely on the estimated tonnage to be hauled. Not only must the 

operator purchase trucks of sufficient size to care for the business at 

the outset, but he must plan for a normal increase in tonnage, so that 
at a later date he will not find it necessary to purchase other equipment 

more suited to his needs. It must be remembered that there is a very 

definite relationship between the size of the truck and its upkeep 

cost. The cost of operation per mile of a large truck is greater than is 

that of a small truck. If a large truck is purchased and the average 

load carried is well below the rated capacity of the truck, the operator 

will find that his cost per unit of load is high. On the other hand, 

where regular loads are uniformly heavy, the cost per unit of load is 

much less with the larger truck. One five-ton truck will transport 

a five-ton load much more economically than will two trucks of half 

that capacity. In some cases, consideration must be given to the 

character of the load to be hauled. If the load is perishable by nature 

and the truck is not loaded to capacity, the comparatively heavy springs 

of the larger trucks may cause a deterioration of the load. If the load 

promises to vary considerably during different periods of the year, it 

may be advisable to consider the use of a trailer in connection with 

a truck of smaller rated capacity than the maximum load. The trailer 
seems to have been successfully used by a large number of commercial 

operators, but the Bureau of Markets has no data regarding the 

advisability of using trailers when the load is uniformly greater than 
the rated capacity of the truck. 



16 BULLETIN NO. 770, U. S. DEPARTMENT OF AGRICULTURE 

Road conditions bear a direct relation to the size of truck to be 

selected. Roads having a light surface or country roads having a 

soft surface may not permit the operation of heavy trucks. In some 

states bridges in rural districts have not been designed to care for 

heavy modern traffic, and in these districts it is necessary to use 
lighter vehicles. Some States and some municipalities have placed 
legal restrictions on the weight of rolling vehicles passing over the 

roads. In most cases these restrictions are so worded as practically 
to forbid the use of trucks whose gross tonnage when loaded exceeds a 

certain maximum. In other cases the load which trucks may carry 

depends upon the width of the tire equipment. The prospective 
operator should communicate with the Public Service Commission or 

such other body as may have jurisdiction over the operation of trucks 
in his territory and inform himself in advance as to legal restrictions 
covering the operation of trucks on the highways. 

BODY EQUIPMENT. 

The selection of body equipment must be based primarily upon the 

general character of the loads to be hauled. In rare cases where the 

goods are highly perishable or must be carefully protected from 

weather conditions, it may be necessary to use specially constructed 

bodies. Under ordinary conditions, however, the operator usually has 

his choice of several types, and his selection, as a rule, is based upon 

his requirements and the initial cost of the equipment. 
Body equipment is usually secured from one of three sources. Bodies 

may be built locally, according to the ideas of the operator, and super- 

imposed on the chassis when delivered; or, bodies of regulation design 

may be furnished by the manufacturer of the chassis as regular or 

special equipment. Some concerns specialize in building truck bodies 

according to regular or special designs and will furnish a body of any 
design submitted by the purchaser. 

Certain basic considerations are necessary in the selection of body 

equipment. The prospective operator should have a fairly clear idea 

of the general nature of the commodities which he will be obliged to 

haul. He should estimate the bulk of his load as compared to its 

weight. If any appreciable proportion of the ordinary load is perish- 

able, necessitating special protection from heat, cold, or rain, con- 

sideration should be given to this fact in the selection of a truck body. 
If the average load is to be composed of package freight, the truck 
body will be much different from the one used if regular loads are 
composed of commodities shipped in bulk. 

Of the large number of body types, many are entirely unsuited to 

the needs of the ordinary operator of a rural motor freight route. 

However, attention may be directed to a few of the more common 

types of bodies. While no uniform names have been applied to these 
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general types, it is believed that the descriptions given herein will be 

sufficiently plain. The following are among the commonest types of 

truck bodies in use: 
Stake body (open top).—tThis is a relatively cheap body, is easy to 

load, and is capable of carrying extra large loads of bulky goods. 

Because of its construction, it is adapted to a large variety of uses. It 
should be remembered, however, that because of the open top and the 

lack of protection on the sides, it offers little protection from the 

weather unless the load is well covered with canvas. It is not always 
easy to protect the load by means of a loose canvas-cover, and for this 
reason, the open-top stake body is not as popular for rural hauling as 

is the next type mentioned. 
Six or eight-post open-side body.—This body has a permanent water- 

proof top and, with the use of the customary side curtains, is a very 
popular and adaptable type. It is comparatively light in weight and 
offers much better protection to the load than does the open-top body. 

In winter, however, it is not easy to heat where it is necessary to pro- 

tect a perishable load. This type of body is the most popular because 

of its light weight, general adaptability and cheapness. 

Straight-side closed body (or van body).—This type offers the best 
possible protection to the load if it is so designed as to insure proper 
ventilation. It is possible to seal such bodies so as to protect the load 
from pilferage, this being a decided advantage where the load is a valu- 
able one. The closed body is heavy, thus increasing the cost of truck 

operation and is initially expensive. It is not so easily loaded as the 

open-top, but may be used for hauling almost anything that is offered. 
Open express body.—This body resembles the ordinary farm wagon, 

has no stakes at the sides, and is uncovered. It is well adapted for 
hauling milk or products shipped in bulk, such as grain. It is fairly 

cheap in price, but offers little or no protection from the weather. It 

is not adapted for hauling large loads of light bulky goods, and except 

for special purposes, should not be selected by the average operator. 
Dump body.—tThis is an unusual type for rural hauling and is not 

adapted to a wide range of uses. It is heavy, unsatisfactory, and 
expensive for general rural hauling. It might be used advantageously 

for handling bulk grain or similar products, but should be selected 
only for special uses. 

In general, the selection of body equipment is a problem which solves 

itself if proper forethought is given to the character of the business. 

There are many special variations from the general types of body 
mentioned above. If the prospective load promises to be heavy in pro- 

portion to its volume, the body need not be large. If, as is usual witt 

miscellaneous farm loads, bulky loads may be carried, it is important 

that the body be of sufficient size to accommodate a capacity load 
for the truck. 
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TIRE EQUIPMENT. 

It is important that due consideration be given to the selection of 

tires, in view of the fact that tire cost is one of the heavy items in 

motor hauling. There are two general types of truck tires in use— 

the solid and the pneumatic. There is a third type, the cushion tire, 
which has a limited use at the present time, but by far the greater 

proportion of motor trucks are equipped with either solid or pneu- 

matic tires. The solid tire is more commonly used because it is more 

adaptable and cheaper than the pneumatic, does not suffer from blow- 

outs or punctures, and stands up well on bad roads and under very 

heavy loads. The pneumatic tire for truck use is a recent development, 

and there is less known about the possibilities of pneumatic tires for 

heavy loads than is known concerning the solid tires. Advocates of 

the pneumatic tire claim lessened vibration for truck and load, greater 

speed, and increased gasoline mileage. Where speed is essential, the 

pneumatic tire should be considered carefully. Where economy is the 

prime factor, the question is debatable. The majority of practical 

operators, however, favor the solid tire. No attempt will be made in 

this publication to issue an authoritative statement regarding the merits 

of the two types. 
The size of tires should depend upon two factors: (1) The weight 

of the ordinary load, and, (2) the character of the road. Under-size | 
tires are not only uneconomical, but are injurious to the roads over . 

which they travel. Over-size tires are initially expensive and, if the 

load is ordinarily light, are unnecessary. With slightly soft roads or 

extra heavy loads, over-size tires may be desirable. In general, the 
recommendations of the manufacturing company or its agents are 

more reliable than the judgment of an inexperienced operator. It is 

well for the prospective purchaser to consult local tire agencies in con- 
sidering new equipment. It should be remembered that the agent can 

offer authoritative advice only when he is fully informed as to operat- 
ing conditions, and when such advice is asked, the operator should 
state his case fully. 

DETERMINATION OF RATES. 

The Bureau of Markets has received many inquiries indicating that 
the question of a basis for the determination of motor freight or 

express rates is not clearly understood even by experienced operators. 

The operator of a regular commercial rural route (as distinguished 

from the farmer operating a truck for himself and a few of his 

neighbors) has little to guide him except the rates of other operators. 

As a rule, these are not sufficiently uniform to form an adequate or 
just basis of comparison. Many operators have established their rates 

on the basis of “what the traffic will bear.” Naturally, rates so 
established have varied in different localities and for different com- 
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modities. Many operators have initiated service with rates so high 

as to drive profitable business away; others have gone to the other 

extreme and in their desire to attract business, have failed to give due 

consideration to operating costs and have lost heavily because their 

rates were too low. There are several factors which should be con- 

sidered in the establishment of rates in any district. The value and the 
fragility of the load bear a direct relationship to the rate which should 

be charged. Very valuable or fragile loads involve a greater risk on 
the part of the carrier, and the tariff for the carriage of such goods 

should be sufficiently high to offset the risk involved. Where insurance 
is carried, this must be considered as an item of cost in calculating 

the rate to be charged. ‘The length of the haul is naturally another 
prime consideration. — It is comparatively easy to consider this item, as 
the cost, as a rule, varies directly with the distance. ° Road conditions 
also directly affect operating costs and, hence, must be considered in 

establishing rates. Where the roads are good, operating costs are low _ 
and charges for transportation can be lessened accordingly. Where 

poor roads are encountered, the additional cost must be featured in the 
rate schedule. The perishability and the bylk of the load also should 
be considered. The transportation of highly perishable goods involves 

a risk which must be paid for.. Where goods are extremely light and 

bulky, it must be remembered ‘that the truck when fully loaded may 
not carry its capacity in weight ; ‘hence, operating costs will be increased 

per pound, and this must be reflected in the rates. Some operators © 

fail to consider competitive rates by railroad, electric line, boat line or 
other motor truck lines. It goes without saying that a profitable busi- 
ness will not be secured if rates are not in line with those of other 
carriers. It should be remembered, therefore, that careful considera- 

tion must be given to rates charged by other carriers. The class of 
service rendered will also directly affect the rate. Where complete 

delivery is made from the door of the shipper to the door of the con- 
signee and service is rendered which is not duplicated by the railroad, 
the additional service must be considered in fixing the rate. In many 

cases rural motor routes make delivery of goods much more quickly 
than does the railroad, and where time in transit is a consideration, 

the additional value of such prompt service is to be considered. Return 

loads bear a direct relationship to the primary rate in that the operator 
whe is assured of a profitable return load will be enabled to reduce 
his charges because of lessened cost per ton-mile. 

There are many other minor considerations to be gone over by the 
beginner in the motor truck industry, but those mentioned above are 

basic in nature. Some operators catering to a business which ordinarily 

would go by freight have established rates which compare directly 

with freight rates. Most operators do an express business and base 

their rates accordingly. In some districts, in the effort to establish a 
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fair rate, motor operators have added ordinary freight and express 

rates together and divided the sum by two. This is decidedly an 
unsound and unscientific method for the determination of such rates 

but represents an earnest effort to place the motor truck on a rate 

basis comparable with that of the chief competing carriers. Practi- 

cally no rates have been established on the basis of cost plus a reason- 

-Fic. 4.—The farmers of Harford County, Maryland, operate a motor truck route for 
themselves with entire success. This is one of their roadside loading platforms, to 
which the farmer brings his milk by a short haul, and the truck takes it to Baltimore. 

able profit. This is easy to understand because cost of operation is 

not well understood by most operators, and very few have any authori- 

tative information in this connection. 
The satisfactory rate must be one which is low enough to attract 

business and high enough to offer a reasonable profit to the operator. 

Where conditions do not permit the establishment of such a rate, care 

should be exercised in starting a route. As the rural motor business 

becomes more firmly established in various districts, the practical 

experience of operators will serve to indicate fair rate bases. In the 

meantime, it will be necessary for each operator to solve his own 

problems on the basis of local conditions in his district, paying par- 

ticular attention to the features indicated in this bulletin. 

COLLECTION AND DELIVERY ARRANGEMENTS. 

It must be remembered that that two of the principal advantages 

of the motor truck, namely, lessened handling of goods in transit, and 

speedier transfer, are lost if satisfactory collection and delivery ar- 
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rangements are not perfected. It may be well to mention and to 

discuss briefly collection methods in vogue among practical operators 

in various districts. It should be stated in advance that no system 

worthy of exact duplication has been found by investigators of the 

Bureau of Markets in studying the business arrangements of a large 
number of operators in various sections of the country. Collection 
and delivery arrangements, as a rule, have grown up gradually with 

the business and in many cases are cumbersome, unsystematic and ex- 
pensive. The following common methods are suggested to prospective 

operators and may serve to stimulate thought in the direction of a more 

systematic handling of this phase of the motor-truck business. 

FARM-TO-FARM COLLECTION. 

Farm-to-farm collection usually is adopted on short rural routes 

where comparatively few stops are ordinarily made. Where heavy 

trucks are used, this method of collection is not entirely feasible be- 

cause of the increased cost of operation. Where light trucks are used, 
however, it has proven reasonably satisfactory. One advantage of 

this method of collection is that the business of the operator is con- 

stantly brought to the attention of shippers along his route, and 

tonnage is thus secured which might otherwise move by different 

means. As has been indicated, farm-door collection is costly in time 

and gasoline, and the successful operator must charge rates which 
reflect his increased costs. In practically all instances it is not advis- 

able to deviate far from the main highway in collecting the load. Most 

operators who gather produce at the farm door refuse to go far from 
the regular route over which they ordinarily travel. 

CROSS ROADS COLLECTION. 

Collection at cross roads involves fewer stops than are made when 

the truck collects goods at each farmhouse and commends itself to 

the businesslike operator. Such an arrangement is convenient both 

for the patrons and for the driver. Of course, this method of collect- 

ing goods makes it necessary for shippers to bring their goods to the 

cross roads, but in most cases this can readily be done with the 

facilities at hand on the farm. This method of collection is very 

popular in various sections of the country and probably will remain 
a permanent feature of the rural motor hauling business in many com- 

munities. In general, it affords a maximum of service and convenience 

for a minimum of cost and comes nearer to fulfilling the ideal con- 

dition than any other method now in vogue. 

CENTRAL ASSEMBLING POINTS. 

Very few rural routes have their business systematized to the extent 

of arranging for central assembling points where shippers may bring 

their goods for transportation to the city. Where proper arrangements 
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are made, this method of collecting has much to commend it to the 

business-like operator. Where trucks of large capacity are used, the 

establishment of a few central assembling points will save operating 

the heavy truck in out-of-the-way districts and will materially lessen 
the cost of service to shippers. Two general methods may be used by 

the operator who desires to utilize central assembling points. The 

first method is to have the shippers bring their own products to the 

nearest central assembling point. In this respect, this system differs 

from the cross roads pick-up system only in that the number of stops 

for collecting loads are fewer. The second method is to arrange to 

have a lighter auxiliary truck to assemble all goods in a given district 

for loading on the heavy truck at the central assembling point or 

points. On one important demonstration route fostered by the Bureau 

of Markets, the first method of collection, 7. e., with shippers bringing — 

their own products to the central assembling point, was adopted. 

Later it was found more satisfactory to arrange for an auxiliary 

pick-up service, utilizing a lighter truck to pick up goods for as- 

sembling at central points to be loaded on the heavy truck for trans- 

portation to market. It seems altogether likely that with the enlarge- 

ment of rural motor service and the consequent systematizing of busi- 

ness, the central assembling point for gathering the load will grow in 

favor and importance. 

Whatever method of collection is adopted by the operator, it is 

advantageous to have a small loading platform at each point where 

goods are to be picked up. This loading platform should be the same 

height from the ground as the floor of the truck, so as to facilitate the 

loading of the goods on the truck. Such platforms are inexpensive 

and save much time and trouble when business is flourishing. 

DELIVERY METHODS. 

Methods of making delivery vary as greatly as do methods of 

gathering the load. These, again, are determined by the class of 

business handled, the type of the load, and the size and nature of 

individual consignments. It is impossible to generalize on the sub- 

ject in a publication of this kind, because satisfactory methods must 

be worked out on the ground so as to permit any changes which may 

be caused by local conditions. In many cases, and particularly by small 
operators, delivery is made directly to the door of the consignee. Where 

the business is on a large scale and is fairly well established, the 

operator often assesses an extra charge for direct delivery of packages 

which do not return a minimum gross revenue. This extra charge for 

complete delivery of small shipments varies from 25 cents to $2.00 per 

package. One large motor truck company operating in New York 
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City delivers free of charge to any point below 120th Street individual 
consignments returning a gross revenue of $1.00 or more. Packages 

returning a lesser revenue are delivered free to the downtown terminal 

of the company only ,an extra charge being assessed for complete 

delivery to the consignee. 
Some rural operators have established city depots for the collection 

and delivery of goods. Commodities picked up at various points in the 

country are brought to these depots in the city. The consignee then 

calls.for the goods, or a light truck for city use effects a complete 

delivery. In order, however, to utilize profitably the services of an 
auxiliary truck for city delivery, it is necessary for the operator to 
have a sufficient volume of business to justify the maintenance of such 

a vehicle. The establishment of a central terminal would solve the 

city delivery problems of the small operator. The central terminal 

plan is discussed in detail in a subsequent portion of this bulletin. 

Most operators have found it more satisfactory to make complete 

delivery to the consignee, assessing a minimum charge on small ship- 

ments sufficient to cover complete service. Such an arrangement is 

almost always more satisfactory to the patrons. Offering complete 

delivery also emphasizes one of the desirable features of motor truck 

service, namely, complete transportation service to the door of the 

consignee with a minimum of handling in transit. 

COLLECTION OF MONEY. 

Nothing has yet been said concerning the collection of moneys. 

With the small operator, particularly the farmer-operator, the collec- 

tion of money is usually a very informal matter. Cash is collected 

either from the shipper or from the consignee, according to previous 

understanding. Sometimes even the formality of a receipt is dis- 

pensed with. Where regular patrons furnish a dependable load, 
arrangements are often made for rendering weekly or monthly bills to 

these shippers. This necessitates more complete and careful book- 

keeping on the part of the operator, but is more desirable from point 

of view of the regular patron, who may not always have the exact 

change to hand to the truck driver when he calls for or delivers the 

goods. In any event, financial transactions should be marked by the 

passing of documents, whether these be receipts, receipted bills of 

lading, or other evidence that money has changed hands. 

KEEPING COST RECORDS. 

Having established a motor route, it is imperative that adequate 
records be kept. In an investigation covering over 60 routes, the 
Bureau of Markets found numerous instances where operators who 

thought they were making a profit as a matter of fact were gradually 

using up the original investment for current expenses. It is obvious 

that a man who has no clear idea of his costs of operation cannot 
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institute changes in business management which may be necessary or 

desirable from time to time. Investigators have found records of 
every sort, ranging from informal notes in a pocket note-book to 

elaborate auditing and accounting systems. The small operator is the 
chief offender in this connection, because he understands little of 

business records and is not disposed to add to his daily burden of 
work ; elaborate truck cost systems seem too complicated to him. The 
Bureau of Markets has placed some cost accounting forms with several 
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co-operating motor truck operators, for the purpose of gathering data 

on costs of maintenance and operation. The forms may not have been 

ideal for the purpose, but a number of operators found, to their sur- 

prise, that keeping complete and accurate records was not the im- 
possible task which it appeared at first. It is not desirable to indicate a 

complete system of accounts in this bulletin, but the “Driver’s Daily 

Report Card” on page 24 should prove a satisfactory basis for any 

permanent cost recording system. This form has been used successfully 
by the Bureau of Markets in cooperating with a large number of rural 

truck operators. It may not prove satisfactory under all conditions, 

but it is offered as a suggestion to those operators who desire to secure 
regular reports from their drivers each day. 

' The information conveyed by the driver’s daily report card, coupled 

with that in the hands of the owner of the truck, can be transferred to 

permanent records of a type desirable to the owner. Whatever system 

is adopted, this one fact must be kept in mind, that periodically it 

should be possible to balance all receipts against all costs, to determine 

profit and loss. Any system which will enable the owner to do this 
without too much effort can be used. 

UTILIZATION OF THE FARM TRUCK. 

There are an increasing number of farm trucks, particularly on 

farms adjacent to large cities. Not all these trucks are loaded to full 

capacity on their periodical trips to the city. Few farmers have their 

business so arranged as to permit the use of the truck to its maximum 

capacity regularly. Many farmers need a motor truck, in spite of 
the fact that they are unable to use it to capacity on a regular basis. 

Such farmers have gradually begun to haul a part or all of their 

neighbors’ products to market and in some cases, this practice has led 
to the establishment of a regular route. Where the business has 

warranted, farmer-owners have increased their facilities for hauling 

goods, and many substantial rural routes are the outgrowth of the 

individual farm haul. Some farmers have been enabled to purchase 

trucks because of the fact that their own business, coupled with that 

of their neighbors’, has been sufficient to warrant the purchase of a 
truck.. It cannot be doubted that the motor truck as a community 

institution will be increasingly important. The farmer who is hauling 

for his neighbors is performing a useful function. Such practice is 

susceptible of expansion and the farmer-operator can usually offer 

attractive rates to his neighbors. Farmers needing a motor truck for 

part time service would do well to investigate the possibilities of 

business in their neighborhoods. It has been found in several instances 
that co-operative action has proven feasible and the subsequent forma- 

tion of a farmer’s association has resulted. This feature of the motor 

hauling business is distinctly worth serious consideration by those 

who may be interested. 
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THE RETURN OR SUPPLEMENTARY LOAD. 

The success or failure of many routes has depended largely on the 

ability of the truck owner to operate his truck at all times with loads of 

sufficient capacity to return at least a moderate profit. Too many 

routes have been started where a good one-way business was secured 

and the operator felt justified in returning with empty trucks. It is 

unsafe to generalize, but it may be definitely stated at this point that 

practically no route has ever been successful which has depended for 

its existence on a one-way load. Where truck operators have been 

farsighted enough to provide for even a partial load on the return 

trip, the business has offered a fair promise for success. Many of the 

more successful rural motor routes now in existence have achieved 

their success because of the fact that before operations commenced, the 
return load was arranged for. Those who contemplate embarking in 

the rural hauling business, would do well to look into the possibilities 

of securing contracts for supplementary or return loads, even though 

such contracts promise to pay little more than the cost of operating the 

truck. Most rural operators return from the city bringing back loads 
of general merchandise for country stores or supplies for farmers 

along the way. Where the operator makes it plain in advance that 

he proposes to cater to the merchant or farmer who makes his pur- 
chases in the city, he finds himself supported by a more or less perma- 

nent class of business which, while possibly not showing a very high 

net profit, makes it possible for him to handle his other business on a 
closer margin and with greater net profit to himself. 

In many districts there are certain periods during which there is 

a heavy local demand for transportation facilities. Truck owners have 
taken advantage of this condition in many districts and have greatly 

improved the financial condition of their business. Special contracts 
for hauling outside of schedule hours are often exceedingly profitable 

and sometimes make it possible for the regular route to be operated 

regularly. | 

In general, it may be said that too few operators realize the im- 
portance of utilizing their trucks to full capacity at all times, ard 
many failures can be traced to the fact that operators have tried to 
secure all of their profits from a one-way business. 

THE CENTRAL TERMINAL. 

A noticeable feature of the operation of rural motor routes into and 
out of various cities, which came under the observation of investiga- 

tors of the Bureau of Markets, was the lack of central receiving or 
distributing stations. In each city the operators maintained their 
own individual stations and each carried on his business independent 

of the business of others. 
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Where a number of independent routes have their terminals in a 

given city, the over-head expenses incident to the maintenance of 

individual terminal stations are multiplied many times, while the 

advantages of a central terminal are lost altogether. These advantages 
are very real. In the first place, the establishment of a central terminal 

for a group of motor routes is in itself an advertisement of the service 

Fic. 5.—The peas in this load will go directly by motor truck to the dealer at the 

market 15 miles away and arrive in fresh condition. This is a concentration plat- 

form, to which perishable products are brought from all directions. 

in that the attention of the shipping public is directed toward the 

possibilities of motor transportation. The use of the central terminal 

encourages and facilitates the transfer of goods originating on one 
route and destined to some point on another route. The problem of 

city delivery, which is a serious one in large cities, can be solved by 

the establishment of a common delivery service, supported by all 
operators who use the central terminal, and obviating the need for 

operating heavy trucks to scattered points in congested districts for 
the purpose of delivering relatively small consignments. Last, but 

not least, the use of the central terminal would effect some very ma- 
terial economies on such items as office rental, clerical assistance, 

telephone charges, heat, light, and related expenses ordinarily incurred 

with the maintenance of terminal facilities. 

In view of these facts, the central city terminal is recommended to 

the consideration of groups of motor truck operators who maintain 

individual terminals. A central terminal company can possibly best 
be organized as a joint stock corporation. Expenses may be pro-rated 

on the basis of the volume of business transacted through the terminal 
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by each contributor to the enterprise. It is realized that competitive 
influences might offer obstacles to the plan indicated, but the operation 

of such a terminal as the one herein described could be made independ- 
ent of ordinary competitive factors. 

If the motor truck as a freight or express carrier is to compete 
successfully with other carriers who have occupied the field for a 

longer time, the business must be organized on a basis which will com- 
pare favorably with the business of older and better established car- 
riers. Central terminal facilities are just as necessary for motor routes 

as for other common carriers. 

BUSINESS ARRANGEMENTS FOR STABILIZING THE BUSINESS OF 

THE RURAL MOTOR OPERATOR. 

Mention has previously been made of, desirable business features 

which should be incorporated in the practices of all rural truck 

operators. Among those mentioned were the determination of fair” 
rate bases, the keeping of adequate cost and operating records, and the 

maintenance of dependable schedules. It is desired, in this connection, 

to direct attention to additional features which, if incorporated in the 

business of the rural motor operator, probably would do more to 
place the industry on a par with rail carriers than would any other ~ 

changes which could be made. Reference is made to the use of a 

Standard Bill of Lading and the adoption of adequate insurance 

coverage. : 
THE STANDARD BILL OF LADING. 

A satisfactory bill of lading should bind the operator to the obliga- 
tions of a common carrier and should set forth the extent of his 

liability very clearly. It should be designed so as to permit the trans- 

fer of goods from one carrier to another. In addition to the features 

of the ordinary railroad bill of lading, it should include some of the 
features of the invoice and the expense bill so as to obviate the need 
for a large number of forms for a relatively small business. The 
accompanying form for a Standard Bill of Lading is offered as a 

suggestion to operators who desire to standardize their shipping docu- 

ments. It will be noted that it is modeled, in a general way, on the 

ordinary “Uniform Bill of Lading,’ used by the railroads. Certain 
important changes have been made, however, to conform to the needs 

of the motor transportation business. The form contains certain 

items not ordinarily incorporated in the regular bill of lading, such as 
statements of value and shipping charges. While these are nota part 
of the ordinary bill of lading, it seems best to refer to the specimen 

document as a bill of lading, although it also includes the essentials of 
the invoice and the expense bill. It should be remembered that laws 

governing the business of common carriers vary in different States and 

in some cases it may be necessary to modify certain provisions of the 

suggested bill of lading to accord with existing laws. 
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S
e
c
t
i
o
n
 

I. 
T
h
e
 

carrier 
or 

party 
in 

possession 
of 

any 
of 

the 
property 

herein 
described 

shall 
be 

liable 
for 

any 
loss 

thereof, 
or 

d
a
m
a
g
e
 

thereto, 
to 

the 
extent 

of 
the 

value 
declared 

in 
this 

bill 
of 

lading, 
except 

as 
herein 

after 
provided. 

N
o
 
carrier 

or 
party 

in 
possession 

of 
any 

of 
the 

property 
herein 

described 
shall 

be 
liable 

for 
any 

loss 
thereof 

or 
d
a
m
a
g
e
 

thereto 
or 

delay 
caused 

by 
the 

act 
of 

God, 
the 

public 
enemy, 

quarantine, 
or 

the 
authority 

of 
law, 

or 
the 

act 
or 

default 
of 

the 
shipper 

or 
the 

owner, 
or 

for 
difference 

in 
weights 

of 
grain, 

seeed 
or 

other 
commodities 

caused 
by 

natural 
shrinkage 

or 
discrepancies 

in 
public 

weights; 
and, 

except 
in 

cases 
of 

the 
negligence 

of 
this 

c
o
m
p
a
n
y
 

or 
its 

agents, 
it 

shall 
not 

be 
liable 

for 
loss, 

d
a
m
a
g
e
 

or 
delay 

occurring 
while 

the 
property 

is 
stopped 

and 
held 

in 
transit 

at 
the 

request 
of 

the 
shipper, 

owner, 
or 

party 
entitled 

to 
m
a
k
e
 

such 
requests, 

or 
resulting 

f
r
o
m
 

default 
or 

vice 
in 

the 
property, 

or 
strikes, 

or 
the 

death, 
injury 

or 
escape 

of 
live 

freight. 

Se
c.

 
2.
 

In
 

is
su
in
g 

th
is

 
bi
ll
 

of
 

la
di

ng
 

th
is

 
c
o
m
p
a
n
y
 

ag
re

es
 

to
 

tr
an

sp
or

t 
on

ly
 

ov
er

 
it

s 
o
w
n
 

li
ne

, 
an

d 
ex

ce
pt

 
as

 
ot

he
rw

is
e 

pr
o-
 

vi
de

d 
b
y
 

la
w,
 

ac
ts

 
on
ly
 

as
 

ag
en

t 
wi
th
 

re
sp
ec
t 

to
 

th
e 

po
rt

io
n 

of
 

th
e 

ro
ut
e 

b
e
y
o
n
d
 

it
s 

o
w
n
 

li
ne
. 

No carrier shall be liable for loss, damage or injury not occur- 

ring 

on 

its 

own 

route, 

or 

its 

portion 

of 

the 

through 

route, 

nor 

after said property has been delivered to the next carrier, except 

as 

such 

liability 

is 

or 

may 

be 

imposed 

by 

law, 

but 

nothing 

con- 

tained 

in 

this 

bill 

of 

lading 

shall 

be 

deemed 

to 

exempt 

the 

initial 

carrier from any such liability so imposed. 

Src. 
3. 

N
o
 

carrier 
is 

b
o
u
n
d
 

to 
transport 

said 
property 

by 
any 

particular 
truck, 

or 
in 

time 
for 

any 
particular 

market, 
or 

other- 
wise 

than 
with 

reasonable 
despatch, 

unless 
by 

specific 
a
g
r
e
e
m
e
n
t
 

endorsed 
hereon. 

E
v
e
r
y
 

carrier 
shall 

have 
the 

right 
in 

case 
of 

physical 
necessity 

to 
f
o
r
w
a
r
d
 

property 
b
y
 
any 

route 
or 

m
e
a
n
s
 

b
e
t
w
e
e
n
 

the 
point 

of 
s
h
i
p
m
e
n
t
 

and 
the 

point 
of 

destination, 
but 

if 
such 

diversion 
shall 

be 
m
a
d
e
 

the 
liability 

shall 
r
e
m
a
i
n
 

as 
if 

the 
entire 

carriage 
were 

m
a
d
e
 

b
y
 
the 

receiving 
carrier. 

In 
consideration 

of 
the 

value 
herein 

declared 
being 

used 
as 

a 
basis 

for 
d
e
t
e
r
m
i
n
i
n
g
 

the 
rate 

to 
be 

charged, 
the 

a
m
o
u
n
t
 

of 
any loss 

or 
d
a
m
a
g
e
 

for 
which 
any 
carrier 
is 
liable 
shall 
be 
c
o
m
p
u
t
e
d
 

om 
the 

basis 
of 

such 
declared 

value 
of 

the 
property 

as 
herein 

stated 
u
n
d
e
r
 

this 
bill 

of 
lading, 

including 
freight 

charges 
if 

paid. 
Except, 

in 
case 

the 
actual 

cash 
market 

value 
of 

the 
goods 

carried 
shall 

be 
less 

than 
the 

declared 
value, 

then 
settlement 

shall 
be 

m
a
d
e
 

on 
the 

basis 
of 

actual 
cash 

m
a
r
k
e
t
 

value 
on 

the 
date 

of 
_ 
shipment, 

but 
the 

shipper 
shall 

in 
no 

case 
be 

entitled, 
after 

a 
false 

d
e
c
l
a
r
a
t
i
o
n
 

of 
value, 

to 
any 

refund 
of 

charges 
made. 

Cl
ai

ms
 

fo
r 

lo
ss

, 
d
a
m
a
g
e
 

or
 

de
la

y 
mu
st
 

be
 

m
a
d
e
 

in
 

wr
it
in
g 

to
 

th
e 

or
ig

in
at

in
g 

or
 

de
li
ve
ri
ng
 

ca
rr
ie
r 

w
i
t
h
i
n
 

th
ir

ty
 

da
ys
 

af
te
r 

de
li

ve
ry

 
of

 
th

e 
pr

op
er

ty
, 

or
 

in
 

ca
se

 
of

 
fa

il
ur

e 
to

 
m
a
k
e
 

de
li
ve
ry
, 

th
en

 
wi
th
in
 

th
ir

ty
 

da
ys
 

af
te
r 

a 
re
as
on
ab
le
 

ti
me

 
fo

r 
th

e 
de

li
ve

ry
 

ha
s 

e
l
a
p
s
e
d
 

;
 

an
d 

su
it

s 
fo
r 

lo
ss
, 

d
a
m
a
g
e
 

or
 

de
la

y 
sh
al
l 

be
 

in
st
it
ut
ed
 

on
ly
 

wi
th
in
 

tw
o 

ye
ar
s 

an
d 

on
e 

da
y 

af
te
r 

de
li

ve
ry

 
of
 

th
e 

pr
op
er
ty
, 

or
 

in
 

ca
se

 
of
 

fa
il

ur
e 

to
 

m
a
k
e
 

de
li
ve
ry
, 

th
en
 

wi
th

in
 

tw
o 

ye
ar
s 

an
d 

on
e 

da
y 

af
te
r 

a 
re
as
on
ab
le
 

ti
me
 

fo
r 

de
li

ve
ry

 
ha
s 

el
ap
se
d.
 

Se
c.

 
4.

 
N
o
 

ca
rr
ie
r 

wi
ll

 
ca
rr
y 

or
 

be
 

li
ab
le
 

in
 

an
y 

w
a
y
 

fo
r 

an
y 

d
o
c
u
m
e
n
t
s
,
 

sp
ec

ie
 

or
 

fo
r 

an
y 

ar
ti
cl
es
 

of
 

ex
tr

ao
rd

in
ar

y 
va

lu
e 

un
le

ss
 

a 
sp

ec
ia

l 
a
g
r
e
e
m
e
n
t
 

to
 

do
 

so
 

an
d 

a
 

st
ip

ul
at

ed
 

va
lu

e 
of

 
th
e 

ar
ti
cl
es
 

ar
e 

en
do
rs
ed
 

he
re

on
. 

Se
c.

 
5.

 
P
r
o
p
e
r
t
y
 

no
t 

r
e
m
o
v
e
d
 

b
y
 

th
e 

pa
rt

y 
en
ti
tl
ed
 

to
 

re
ce
iv
e 

it
 

wi
th
in
 

fo
rt
y-
ei
gh
t 

ho
ur
s 

(e
xc
lu
si
ve
 

of
 

le
ga
l 

ho
li

da
ys

) 
af
te
r 

no
ti
ce
 

of
 

it
s 

ar
ri

va
l 

ha
s 

be
en

 
du
ly
 

se
nt

 
or
 

gi
ve
n,
 

as
 

re
ga

rd
s 

go
od
s 

co
ns
ig
ne
d 

to
 

th
e 

te
rm
in
al
 

of
 

th
e 

ca
rr

ie
r,

 
m
a
y
 

be
 

he
ld
 

at
 

su
ch

 
te

rm
in

al
 

su
bj
ec
t 

to
 

a 
re
as
on
ab
le
 

ch
ar

ge
 

fo
r 

st
or
ag
e,
 

an
d 

th
e 

li
ab

il
it

y 
of

 
th

is
 

c
o
m
p
a
n
y
 

sh
al

l 
be

 
th

at
 

of
 

w
a
r
e
h
o
u
s
e
m
e
n
 

on
ly

; 
or
 

if
 

su
ch

 
g
o
o
d
s
 

ar
e 

he
re

in
 

co
ns

ig
ne

d 
fo

r 
de
li
ve
ry
 

to
 

a 
sp
ec
if
ie
d 

ad
dr
es
s 

ot
he
r 

th
an
 

th
e 

te
rm
in
al
 

of
 

th
is

 
c
o
m
p
a
n
y
,
 

th
e 

li
ab

il
it

y 
as
 

c
o
m
m
o
n
 

ca
rr

ie
r 

sh
al
l 

te
rm
in
at
e 

u
p
o
n
 

te
nd
er
 

fo
r 

de
li
ve
ry
 

at
 

th
e 

si
de

wa
lk

 
or
 

re
ce
iv
in
g 

pl
at

fo
rm

 
of
 

th
e 

co
ns
ig
ne
e,
 

an
d 

if
 

th
e 

g
o
o
d
s
 

ar
e 

no
t 

ac
ce

pt
ed

 
on
 

su
ch
 

te
nd
er
, 

th
ey
 

sh
al
l 

be
 

re
tu
rn
ed
 

at
 

th
e 

ex
pe
ns
e 

of
 

th
e 

ow
ne

r 
to

 
th
e 

te
rm
in
al
 

of
 

th
is

 
c
o
m
p
a
n
y
 

an
d 

he
ld

 
th
er
e 

su
bj

ec
t 

to
 

a 
re
as
on
ab
le
 

ch
ar
ge
 

fo
r 

st
or
ag
e,
 

or
 

at
 

th
e 

op
ti

on
 

of
 

th
is

 
c
o
m
p
a
n
y
 

r
e
m
o
v
e
d
 

to
 

an
d 

st
or
ed
 

in
 

a 
pu
bl
ic
 

or
 

li
ce

ns
ed

 
w
a
r
e
h
o
u
s
e
 

at
 

th
e 

co
st

 
of

 
th
e 

o
w
n
e
r
 

an
d:
 

th
er

e 
he
ld
 

at
 

th
e 

ow
ne
r’
s 

ri
sk
 

an
d 

wi
th

ou
t 

li
ab

il
it

y 
of
 

th
e 

ca
rr

ie
r 

an
d 

su
bj

ec
t 

to
 

a 
li
en
 

fo
r 

al
l 

fr
ei
gh
t 

an
d 

ot
he

r 
la

wf
ul

 
ch
ar
ge
s,
 

in
cl
ud
in
g 

a 
re
as
on
ab
le
 

ch
ar
ge
 

fo
r 

st
or
ag
e.
 

T
h
e
 

ca
rr

ie
r 

m
a
y
 

m
a
k
e
 

a 
re

as
on

ab
le

 
ch
ar
ge
 

fo
r 

th
e 

de
te

nt
io

n 
fo
r 

lo
ad

in
g 

or
 

u
n
l
o
a
d
i
n
g
 

of
 

an
y 

tr
uc

k 
fo

r 
a 

ti
me

 
in

 
ex
ce
ss
 

of
 

th
ir

ty
 

mi
nu
te
s 

ex
cl

us
iv

e 
of

 
ac
tu
al
 

ti
me

 
c
o
n
s
u
m
e
d
 

in
 

su
ch

 
lo

ad
in

g 
or
 

un
lo

ad
in

g,
 

an
d 

m
a
y
 

ad
d 

su
ch
 

ch
ar
ge
 

to
 

al
l 

ot
he

r 
ch
ar
ge
s 

he
re

- 
un

de
r 

an
d 

sh
al

l 
ho
ld
 

su
ch

 
pr
op
er
ty
 

su
bj

ec
t 

to
 

a 
li
en
 

th
er
ef
or
. 
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6.
 

E
v
e
r
y
 

pa
rt

y,
 

w
h
e
t
h
e
r
 

pr
in

ci
pa

l 
or
 

ag
en

t,
 

sh
ip

pi
ng

 
ex
pl
os
iv
es
 

or
 

ot
he

r 
d
a
n
g
e
r
o
u
s
 

go
od
s 

wi
th

ou
t 

pr
ev

io
us

 
fu

ll
 

wr
it

te
n 

di
sc

lo
su

re
 

to
 

th
e 

ca
rr
ie
r 

of
 

th
ei

r 
na
tu
re
 

an
d 

ha
vi
ng
 

th
e 

sa
me

 
ex

pr
es

sl
y 

e
n
d
r
o
s
e
d
 

he
re

on
, 

sh
al

l 
be

 
li
ab
le
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INSURANCE ON LOADS CARRIED BY MOTOR TRUCKS. 

The visible assets of the railroad, express company, or boat line 

offer assurance to shippers that the carrier is financially able to settle 

claims for damage to goods in transit. The operator of a motor route, 
particularly the small rural operator, can offer no such tangible evidence 

of his ability to meet obligations arising out of damages to goods in- 

trusted to his care. Until he can offer protection to his patrons, the 
motor operator must labor under a handicap. The obvious solution 
of the problem is to obtain adequate insurance coverage. Such in- 

surance should be for the full value of goods intrusted for shipment 
to the operator. The policy should cover all ordinary risks. Premiums 

should be paid by the operator from revenues derived from transpor- 

tation charges, unless the value of the goods shipped exceeds a set 

maximum. : 4 

Bearing these facts in mind, the following are offered as suggestions 

for provisions to be incorporated in a satisfactory: policy : 

Provisions to be Incorporated in Policies Covering Shipments by Motor Truck. 

BOM SIgy Ta AG COIN Ores eee ea se re i ee el nde ace) as assured, or for 

account of whom it may concern, but warranted not to cover the interest of 

any alien enemies, including such persons, co-partnerships or corporations as 

now, or may hereafter appear in any Enemy Trading List issued by the War 

Trade Board of the United States of America. 

2. Loss, if any, payable to the assured or order. 

3. On all kinds of lawful goods and merchandise of every description held 

in their custody as warehousemen and forwarders, but only while contained in 

or on the following named and numbered automobile trucks. Whenever necessary 

and for such periods of time as shall be necessary, the assured shall be privileged 

to substitute any motor truck or motor trucks for those herein specified *pro- 

vided the details of the proposed substitution are reported to the assurers in 

advance and an additional premium paid if required. 

* * * > * a 

4. It is the purpose of this insurance to indemnify the assured to the amounts 

which they are obliged to pay on such goods or merchandise by reason of loss 

or damage only by (1) fire, including lightning and self ignition; (2) accidental 

collision of the motor truck with any other vehicle or object, moving or sta- 

tionary; (3) overturning or skidding of the truck; (4) collapse of bridges; 

(5) perils of the seas, lakes, rivers or inland waters, only while on ferries or 

transfers; (6) theft of an entire shipping package or of over 5% of shipments 

made in bulk, but excluding all pilferage; and excluding the theft by any em- 

ployee of the assured, or the shipper or his employee, or the consignee or his 

employees; also excluding all theft of merchandise accepted for delivery within 

the limits of the city, town or village in which the goods are received for 

shipment. 

5. Valued at amounts declared by the shipper to the transportation com- 

pany, but not exceeding actual invoice value or, in the absence of invoice, the 

cash market value at time and place of shipment. In the event of the amount 

declared being less than the invoice or cash market value, as above, any 

partial loss shall be adjusted in proportion as the value declared bears to the 

invoice or market value. 
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6. It is understood and agreed that the assured shall keep a record of all 

shipments covered hereunder, showing shipping points, destination and value 

of each shipment, which record shall be made prior to shipment. It is also 

expressly understood and agreed that no insurance shall be in effect for which 

record is not entered on such forms as shall be prescribed by the assurer. All 

shipments to be reported to the assurers, or their appointed agents, at the end 

ofveach: is ares and premium payable monthly at the rate Of ccc 

per hundred dollars. 

7. This policy shall not be vitiated by any unintentional error in description of 

route or interest, or by deviation, provided the same be communicated to the 

assurers aS soon as known to the assured and an additional premium paid if 

required. 

8. This policy to attach and cover on all shipments made on and after noon 

9. If at the happening of any casualty, the assured or owner of the goods 

has any other insurance, identical with or similar to the terms of this policy, 

whether prior or subsequent thereto in date, or simultaneous with this in- 

surance, then these assurers shall not be liable under this policy for a greater 

proportion of any amount of the property insured than the amount hereby 

insured shall bear to the whole insurance in effect, whether valid or not. 

10. It is also agreed that the assured in claiming and accepting payment for 

any loss, damage or expense under this policy, thereby and by that act assigns 

and transfers to these assurers all right to claim for such loss, damage or ex- 

pense against any person or persons, town or corporation or any government, 

and if so requested by these assurers shall prosecute therefor at the charge and 

for. the account of these assurers, to the extent of the amount of the loss, 

damage of expense, and the attendant expenses of recovery paid and incurred 

by these assurers on account of said loss, damage or expense, or for the re- 

covery of the same, shall be a lien upon such property hereby insured and 

recoverable against the assured. 

11. It is mutually agreed that the acts of either party, or their agents, in 

securing, preserving, or recovering the property insured or any part thereof 

shall not be considered as prejudicial to the interest of either party as set 

forth in this policy. The use of general terms, or of anything less than a 

distinct, specified agreement clearly expressed and endorsed in this policy shall 

not be construed as a waiver of any printed or written conditions or restrictions 

herein contained. 1) | ez 
12. This policy can be canceled at any time at the request of the assured 

or by the assurers by giving notice in writing at least fifteen days before such 

cancellation shall be effective. 

It will be noted that in using the standard bill of lading, the operator 

does not assume greater liabilities than those imposed by law on com- 
mon carriers. Adequate insurance coverage, in turn, will protect the 
operator who assumes such liabilities. The reporting form of policy 

outlined above is probably the best form for the average operator in 

that all goods, while in his possession, are insured for full market 

value and settlement is made on that basis. The reports referred to in 
Section 6 of the above policy provisions would be nothing more elabo- 

rate than carbon copies of all bills of lading issued by the carrier who 
takes out this form of insurance coverage. Should State legislation 



MOTOR TRANSPORTATION FOR RURAL DISTRICTS 31 

covering the business of insurance companies be in contravention of 
any of the suggested policy provisions, it will be necessary to modify 

the language of these provisions to accord with the statutes. 

The use of the standard bill of lading and the adoption of the fullest 
form of insurance coverage are strongly recommended even to the 

small operator. Most operators will prefer to offer free insurang to 

the shipper on all goods valued below a certain maximum. It is sug- 
gested that a fair maximum for free insurance is about 50 cents per 

pound. When goods are valued at more than 50 cents per pound the 

shipper should, in addition to the regular shipping charge, be obliged 

to pay for the insurance coverage on the valuation in excess of 50 

cents per pound. A scrutiny of the clause near the bottom of the 

standard bill of lading will make this point clear to the reader. 

Only by the adoption of modern business methods can the future 
oi the motor express business be assured. Many operators will hesi- 

tate to adopt the two important features, which have just been dis- 
cussed, because they will fear complications in their business and the 

assumption of too great a burden of detailed clerical work. Business- 
like operators, who have given these features a thorough trial, have 

been surprised at the ease with which they have been able to accommo- 
date their business to these changes. The small operator will find that 

the slight extra burden of work which he is assuming will be more 
than paid for in the increased business coming from patrons who are 

confident that any losses will be promptly and properly adjusted. 

LIMITING FACTORS. 

The chief factor limiting development in the field of rural motor 
hauling is the cost of operation as compared with that of railroads, 
electric lines, and boat lines. Cost of operation offers a problem which 
can only partially be solved by the operator. Careful attention to 

effecting economies may offset this limiting feature to some extent, 

but in the main the operator can not change his costs of operation to a 
very marked degree. This means that he must plan his business so 
that in competing with other carriers he is not working on an unequal 

basis. He must cater to a class of business which will pay a small 
additional premium for better service. To supplement this he must 
offer a speedier, more dependable or more complete service. For 
instance, many operators are successfully competing with other car- 

riers whose basic expenses are lower because goods are picked up at 
the door of the shipper and unloaded at the door of the consignee with 

a minimum of handling in transit. 

The second important limit to the extension of rural motor hauling 
is the condition of the average country highways. Road conditions 

bear a direct relation to operating costs. In extreme cases bad roads 

may prevent the use of motor trucks at all. In other and more com- 
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mon cases, poor roads may cause operating costs to be so high and 

truck operation so uncertain that the business is foredoomed to failure. 

A third limitation to rural motor transportation, which has come to 

light under actual operating conditions, has to do with the financial 
responsibilities of the carriers. This feature has been thoroughly dis- 
cussed in the paragraphs referring to the use of a standard bill of 

lading and the securing of adequate insurance coverage. The limita- 

tion is one which need cause no fear to the business-like operator who 
is willing to make the necessary changes in his business so that he may 
be on a par with other carriers. . 

The limitations herein mentioned must be carefully considered be- 

cause they are real factors in actual practice. All can be met and 

solved by the business-like operator. It is to be expected that they will 

be solved as a better knowledge of the rural motor business is obtained 
and the possibilities of this form of transportation become more 

apparent both to the operator and to the prospective shipper. 

CONCLUSIONS. 

The foregoing discussion, although general in character, has been an 
attempt to bring forth one thought, viz; that under proper conditions, 

and where a fair knowledge of the limitations and difficulties obtains, 

motor truck transportation promises to play an important role in 

rural districts. 
Mechanically, the experimental stage for the motor truck has passed. 

Its worth and its efficiency have been demonstrated very thoroughly 
under the most trying circumstances. . 

As operating equipment in a regularly established transportation 

business, where the financial difficulties faced by the ordinary common 
carrier are in evidence, the motor truck may still be considered as in 

the experimental stage. The problem of lifting it from this experi- 
mental stage is one that depends for its solution on careful planning 

and good business judgment rather than on greater mechanical per- 

fection of the truck itself. 

If the prospective operator can force himself to consider his motor 

equipment as merely a means toward an end, and will devote himself 

to a consideration of his business problems, his chances for success will 

be increased manifold. The motor truck as a common carrier has 

come to stay, but the measure of success for the individual will 

depend, as in other lines of business, on initiative and a proper sense 

of business proportions. 
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INTRODUCTION 

It has been generally accepted by entomologists that pyrethrum 
powder deteriorates rapidly under ordinary conditions of storage, 
but few or no data have been advanced to support this theory or to 
show under what conditions or how rapidly such deterioration takes 
place. The following experiments, made at the testing laboratory 
of the Insecticide and Fungicide Board of the United States Depart- 
ment of Agriculture, Vienna, Va., were conducted to ascertain the 
effect of exposure to heat, moisture, and the weather, and of storage 
in sealed glass containers, on whole and ground flower heads of 
Pyrethrum cinerariaefolium (Trev.). 

METHODS OF TESTING 

Two methods of testing the pyrethrum powder were used: (1) By 
dusting and (2) by dipping. 

In the dusting tests small potted nasturtium plants, grossly 
infested with aphids (Aphis rumicis Linnaeus), were thoroughly 
dusted by means of a small hand dust gun. 

In the dipping tests large specimens of the German roach or Croton 
bug (Blattella germanica Linnaeus) were dropped into a beaker con- 
taining a small amount of the pyrethrum powder to be tested, and 
the beaker was given a shake so that the insects were thoroughly 
covered with the powder. Each roach was then placed in a separate 
8-ounce bottle and observed at frequent intervals, the time when the 
insect became inactive, i. e., unable to walk, and ‘the time of death 

96301°—19—Bull. 771 



2 BULLETIN 771, U. S. DEPARTMENT OF AGRICULTURE 

being recorded. With each set of experiments checks, consisting of 
10 roaches dipped in fresh pyrethrum powder and 10 untreated, were 
used. The average mortality for the untreated roaches was found 
to be less than one roach in 108 hours, which is so small that the 
untreated series were omitted from the following tables. 

EFFECT OF EXPOSURE TO WEATHER AND IN A ROOM 

Table I shows the killing effect on roaches of whole and ground 
flower heads that had been exposed to the weather or in a room for 
various periods of time. 

TaBLE |.—Effectiveness against roaches of whole and ground pyrethrum flower heads 
exposed to the weather or in aroom. Ten roaches dipped for each test 

Hours required to kill. 

oy Number 
pele Matcral: ; i dase Seas: | Tafasti Last |, 

roach. | roach. verage. 

2 19.3 43.3 31.2 
12 19.6 92.1 34.6 
21 23.2 dectives atend of 120 

urs. 
2 19.5 64.5 35 

12 19.6 47.6 29.8 
21 23.4.) 4active at end of 120 

hours. 
2 24 64.8 43.1 

12 19.8 92.3 39 
21 14.5 71.9 31 
34 22.4 67 40.7 

150 18 44.5 22 
19.5 64.5 39.5 

12 19.7 43.9 26 
21 16.1 27.5 22 
34 22.1 46.5 36. 4 

136 26.1 | lactive at end of 120 
| hours. 

150 42.1 | 8active at end of 120 
hours. 

150 17.5 41.5 25. 2 
19.3 43.3 36.2 

12 19.9 44 27.4 
21 23.5 47.5 30.7 
34 18.3 46.9 35. 2 
136 22.3 46.3 28 
150 17.9 44.1 21.9 

1 Probably injured in dipping. D 

The material used in these experiments was received as whole 
flower heads in April, 1915, when it was divided into six lots which 
were treated as follows: 

No. 1. Whole flower heads, in a large open glass cylinder, were 
placed out of doors where they were fully exposed to the s sun, wind, 
and rain. : ; 

No. 2. Powdered flower heads, sifted to 80 mesh, were exposed 
as in lot No. 1. 

No. 3. Whole flower heads were placed in a shallow dish and al- 
lowed to stand on a shelf in the laboratory. 

_ No. 4. Powdered flower heads (80 mesh) were exposed as in lot 
No. 3. 
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No. 5. Whole flower heads were kept in a tightly sealed fruit iE 
in the laboratory. 

No. 6. Powdered flower heads (80 mesh) were kept as in lot No. 5. 
At the times indicated in the table portions of these six lots were 

sround, sifted to 80 mesh, and tested against roaches by dipping 
the insects as described on page 1. 

This table shows that an exposure to the weather for 12 weeks 
does not noticeably injure ground or whole flower heads, but that 
an exposure of 21 weeks materially reduces the efficiency of both, 
since at the end of this time they killed, in 120 hours, only 60 and 
70 per cent, respectively. 
When whole flower heads were any 1 in an open dish in the 

laboratory for 150 weeks, they retained their full efficiency. Under 
the same conditions the powdered flower heads showed some de- 
terioration in 136 weeks, and were of almost no value at the end of 
150 weeks. Both flower heads and powder showed no loss of effi- 
ciency when kept in tightly closed jars for 150 weeks. 

EFFECT OF STORAGE IN SEALED GLASS CONTAINERS 

Tables II and III give a comparison of the effectiveness against 
aphids and roaches of whole and ground pyrethrum flower heads 
stored in glass containers for 54 years. 

The materials considered in these tables were received as whole 
flower heads in 1911. A portion of each sample was ground early 
in 1912 and stored in a tightly stoppered bottle. The remaining 
flower heads were stored in sealed fruit jars under the same condi- 
tions until March, 1918, when a portion of each lot was ground and 
tested in comparison with the powders prepared in 1912. 

Tasie II.—A comparison of the effectiveness against aphids of whole and ground pyr- 
ethrum flower heads stored in glass containers for 5% years. One nasturtwum plant, 
grossly infested with aphids, dusted in each test 

Num-| Ground in spring | Num- 
No. Material. ber of of 1912; tested | ber of Ground and tested, March, 1918. 

tests. March, 1918. tests. 

. i | | | 

1 | California flowers....-.- 4 Tuptiective abe a 4 | 80-90 per cent killed or repelled. 
2 | Montenegrin flowers.... Ate Je OO: eseerenc 4 | 80-95 per cent killed or repelled. 
3 | Dalmatian flowers....-- Oe see dovers2 oe 5 2 | 90 per cent killed or repelled. 

Tasie III.—A comparison of the effectiveness against roaches aw ground and whole 
pyrethrum flower heads stored in glass containers for 54 years. Ten roaches dipped for 
cach test 

Ground and tested in March 
1918—Hours required to 
kill— 

7 Ground in spring of 1912, tested March, 
No.) Material. 1918—Hours required to kill roaches. sa 

First Last : 
roach. | roach. |*Veraee- 

1 California flowers.....-. 7 Killed in 120 NOUrs. .- cae sw cawaciciee coe 18.5 44 32 
‘2. Montenegrin flowers....| 5 killed in 120 hours......-.........-...-.- 18.9 72.8 36.7 
3} Dalmatian flowers......| 6 killed in 120 hours.......................- 19.5 72 40.3 
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As will be noted in Table II, the powders ground in 1912 were 
ineffective in 1918, when tested against nasturtium aphids. Whole 
flower heads from the same stock, which had been kept in sealed 
fruit jars for 53 years and were ground in 1918, killed from 80 to 
90 per cent of the treated aphids. Fresh pyrethrum tested at the 
same time killed 90 per cent. 

Table III gives the results of dipping tests against roaches with 
the same materials as used in Table II. In every case the powders 
ground in 1918 were found to be effective, all of the roaches being 
killed in from 32 to 40.3 hours, while in no case did the powders 
ground in 1912 kill all of the dipped roaches in 120 hours. Fresh 
pyrethrum, used at the same time, required on the average 31.3 
hours to kill 10 roaches. These tests show that pyrethrum powder 
kept in tightly stoppered bottles for 54 years loses practically all of 
its effectiveness, but that the unground flower ‘heads stored under 
the same conditions for the same length of time are practically un- 
hurt. 

Table IV shows the effect, on powdered flower heads, of 54 years’ 
storage in tightly stoppered bottles or sealed glass fruit jars. 

TaBLe 1V.—A comparison of the effectiveness against nasturtium aphids of freshly 
ground Dalmatian closed flower heads and of the same powder after it had been stored 
in tight glass containers for 54 years. One nasturtium plant, grossly infested with 
aphids, dusted for each test 

Dalmatian closed flower heads ground in spring of 1912. 

(x0 Tested November, 1912. Tested March, 1918. 
No. Material. ae 

Num-]| Length Num-| Length 
ber of of Results. ber of of Results. 
tests. | tests. tests. | tests. 

Days. Days. 
1 | Wild flowers......-. 1908 1 1 | 98 per cent killed. . 4 7 | Ineffective. 
Wiesece MOS ee ae 1909 2 2 | 95-100 per cent 2 7 Do. 

killed. 
BA eee (KO) les el oe et 1910 2 4 | 99 per cent killed. . 2 7 Do. : 
4 | Cultivated flowers...| 1908 2 2) 100 percent killed.| . 4 7 | Slightly effective. 
Oy tee neete CO Ko} 4 Ss MER SS hee 1909 2 Pts ds GOs ee 2 7 | Ineffective. 
Gil eee Cho OB acres 1910 12 I esiae Copenh. s 2 7 Do. 

1 The cabbage aphis (A phis brassicae Linnaeus) was used in these tests. 

The materials used in these tests were received in 1911 as whole 
flower heads, which were ground and sifted in the spring of 1912, 
and stored in sealed fruit jars or tightly stoppered bottles. These 
powders were tested against nasturtium aphids in November, 1912, 
and again in March, 1918. 

As will be noted, all of these powders were found to be effective 
in November, 1912, and of almost no value in March, 1918. It is 
therefore evident that pyrethrum powder stored in sealed glass con- 
tainers for 54 years wil! lose practically all of its efficiency. 
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In connection with the deterioration of unground flower heads, it 
is of interest to note that, in the 1912 tests, practically no difference 
in effectiveness was found between the 1908, 1909, and 1910 crops, 

which indicates that the flower heads are not noticeably injured in 
four years under the commercial conditions of storage. 

EFFECT OF SOAKING IN HOT OR COLD WATER 

Table V shows the effectiveness against roaches of pyrethrum pow- 
der which had been soaked for 24 hours in hot or cold water. 

TaBLe \.—LEffectiveness against roaches of pyrethrum powder soaked for 24 hours in 
hot or cold water. Ten roaches dipped in each test 

Hours required to kill. 

No. Treatment. 

First roach.| Lastroach.| Average. 

Pe ROOK UTIL OR LOA 3 oo si2 13 e laa) '= (ah is caja ate sjain im my/s aeons Se 21.7 35.9 25.9 
PE SULK OGM COLGUWAbET cc = o.. te Sa yen oo heen ad nicle ce ee ee ee 21.9 48.2 38.9 
Doon liseakede nou Watenes: . 255.9. oc seb aces sees oot eee eesoee 12.5 | 1 living at end of 94 

hours. | 

1 Probably injured in dipping. 

The material used in test No. 1 was prepared by soaking 20 grams _ 
of pyrethrum powder (80 mesh) in 100 c. c. of cold water for 24 hours. 

The water was then filtered off and the powder dried at room tem- 
perature and resifted to 80 mesh. 

The material used in test No. 2 was prepared in the same way, 
boiling water being used. 

This table shows that pyrethrum soaked for 24 hours in cold water 
killed all of the dipped roaches in 48.2 hours, but required on the 
average 13 hours longer to kill than did the untreated powder. The 
pyrethrum treated with hot water killed only 9 roaches in 94 hours. 
It is therefore evident that cold water removes some of the active 
ingredients from pyrethrum powder, but not as much as is removed 
by hot water. 

EFFECT OF EXPOSURE TO DRY HEAT 

Table VI shows the effect on ground flower heads of exposure to 
dry heat for 18 hours. 

Taste V1.—Effectiveness against roaches of Benne powder exposed to dry heat for 
18 hours. Ten roaches dipped in each test 

Hours required to kill. 

No. Temperature. 

First roach,| Last roach.| Average. 

MOY CUGC  TMNORLO oo52.5 +210 vere cae nade demons + (aoa eMin » oeuleelairie 20.5 39.6 31.0 
Ad Dll i DS slice ne sovaraweO tide «oats camer 19.6 43.6 30.9 
ei ee tek bh Sob ch bs beleive be > apnea anes «+m ms step aa 21.1 47.4 27.8 
MIO Re sn oe oa OE vnnec coco Cele ccuse awit > + <a e Serene 1 dead in 48 hours, 
BP IAOUC, 222022 ed Oe RS ee Oe Ree Fee ae dat dead in 48 hours. 

| 
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The materials used in these tests were placed in open tubes and 
heated for 18 hours at the temperature given. The results show that 
an exposure to a temperature of 120° C. (248° F.) for 18 hours does 
not noticeably injure pyrethrum powder, but that a temperature of 
130° C. (266° F.) or 140° C. (284° F.), for the same length of time, 

either destroys or drives off the active principle. 

SUMMARY 

1. Whole and ground flower heads kept in sealed fruit j jars for 150 
ees were not injured. 

. Ground flower heads kept in tightly closed glass containers for 
oy years lost practically all of their effectiveness. 

3. Whole flower heads kept in tightly closed glass containers for 
54 years were practically unhurt. 

4. Whole flower heads exposed in an open dish in a room for 150 
weeks were not injured. . 

5. Ground flower heads were not injured by an exposure for 34 
weeks in an open dish in a room. Their value was materially re- 
duced by an exposure of 136 weeks and they were practically worth- 
less at the end of 150 weeks. 

6. Whole and ground flower heads were uninjured by an exposure 
to the weather of 12 weeks, but an exposure of 21 weeks greatly re- 
duced their efficiency. 

7. Powdered flower heads heated at 120° C. for 18 hours were 
practically uninjured, but a temperature of 130° or 140° C. for the 
same length of time destroyed practically all of their effectiveness. 

8. Ground flower heads were slightly injured by soaking for 24 
hours in cold water, and materially injured by soaking for the same 
length of time in hot water. 
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SCOPE AND PLAN OF THE WORK. 

The present bulletin describes all the genera of grasses that include 
species that are native, have been introduced, or are cultivated in the 
United States. Under each genus are given the species that are 
of economic importance, either as useful or harmful grasses. Of all 
grasses the grains are of the greatest importance. Chief among other 
useful grasses are those that are cultivated for meadow or pasture 
and those indigenous species which furnish forage upon the native 
pasture or ranges. Other important grasses are the sugar-producing 
species, those used in broom or paper making, and the ornamental 
species. . 

It is intended to give under each genus the botanical information 
concerning all our grasses that are conspicuous enough to have at- 

tracted the attention of agriculturists. The keys to the tribes and 
97769°—Bull. 772—20-——1 
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genera should enable the user to identify the genera of all our grasses, 
and the text under each genus should enable him to determine the 
species of our economic grasses. Under each genus are given the 
type? and the synonyms based upon American species, or the names 
that have been used in an American publication. 

The following generic names, of which the types have not been 
found, are based on American material but are unidentifiable from 
the descriptions: 

Anthipsimus Raf., Journ. de Phys. 89: 105, 1819. Based on A. gonopodus 
Raf., “ Dry hills of the Ohio.” 

Dactylogramma Link, Hort. Berol. 2: 248. 1833. Based on D. cinnoides Link, 

described from garden specimens grown from seed from western North 

America. 

Flexularia Raf., Journ. de Phys. 89: 105. 1819. Based on F'. compressa Rat., 

“Kentucky and Ohio.” 

The tribes have been arranged in a new sequence based on the com- 
plexity of the flower structure, the most primitive being placed first 
and the most highly developed last. It is impossible to arrange them 
in a lineal sequence and at the same time represent their relationships, 
as the phylogenetic development has not been along a single line. 
The present arrangement is the closest approximation to natural re- 
lationships that can be shown in sequence. The highest development 
in any given tribe may be far more complex than the most primitive 
example of the tribe placed above it, but the relative development of 

each tribe is believed to be fairly represented by its position in the 
sequence. The bamboos are placed lowest, as certain genera, such as 
Arundinaria, show the least differentiation in the floral structure. 
The Andropogoneae and Tripsaceae are highly specialized, as is 
shown by the great diversity and complexity of the floral structures. 
The tribe Oryzeae of most authors includes two groups of diverse 
genera, each worthy of tribal rank. Theallies of rice (Oryza) are here 

1The type species of a genus is the species or one of the species the author had chiefly 

in mind when describing the genus. Most authors of to-day designate the type species, 

but earlier authors usually did not. To make the application of generic names more cer- 

tain, old genera are now put on a type basis; that is, one of the original species is chosen 

as the type. If, then, a genus as originally established included species belonging in two 

or more genera the name of the genus goes with the type species and the species related 

to it. It will be seen that the type species of a genus as here given often bears a differ- 

ent generic name. (See Miegia, based on Arundinaria macrosperma, p. 22, and Panicu- 

laria, based on Poa aquatica, p. 34.) This means that the genus was based on a species 

previously described under a different genus. In this work the type species is given for all 

generic names, whether valid or synonyms. ‘The reasons for selecting a certain species as 

the type are given in each case. Among several species, the one most familiar to the au- 

thor of the genus may be selected as the type. Species described by Linnzus in his flora 

of Sweden (Flora Suecica) and in his flora of Lapland (Flora Lapponica) were familiar 

to him and are often the types of his genera. (For a further discussion of types, see 

Hitchcock, Generic Types with Special Reference to the Grasses of the United States, Amer. 

Journ. Bot. 5: 248-253, May, 1918; and Report of the Committee on Generic Types of the 

Botanical Society of America, Science, n. ser. 49: 333-336, Apr. 4, 1919.) 

2The form for literature citations throughout this bulletin is in the main that used 
in publications of the United States National Herbarium. 
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retained in the tribe Oryzeae, while the allies of Indian rice (Zizania) 
have been segregated as the tribe Zizanieae. Several genera referred 
to Oryzeae in current works on the classification of the grasses but 
not represented in the United States are evidently not closely allied 
to either tribe. Their disposition is deferred, pending further study. 

The tribe Nazieae (Zoysieae) also is composed of diverse genera. 
Hilaria and Aegopogon should be segregated from Nazia, Anthe- 
phora, and their allies. They are more closely related to certain of 
the Chlorideae, such as Bouteloua and Cathestecum. For the present 
they are appended to the Nazieae, as their final disposition must await 
a careful comparison with several genera outside our geographical 
limits. 

One species of each genus is illustrated. A few of the larger 
genera are represented by more than one illustration, especially if 
the habit of the species shows considerable diversity. The chief 
figure of each illustration shows the habit of the plant, and the ac- 
cessory figures show the structure of the spikelets and florets. The 
habit drawings are usually half natural size; the details of the 
spikelet are enlarged from 2 to 20 times. The parts of the spikelet 
shown are selected to indicate generic differences and are not uni- 
formly of comparable parts, though there is always a figure of a 
spikelet and generally of a floret. The habit drawings are by Mary 
Wright Gill, and the details of the spikelet are by Agnes Chase. 

There are in the United States about 1,500 species of grasses. Of 
these about 60 are cultivated. Approximately 140 native species are 
important forage grasses and are constituents of our stock ranges or 
of’ wild prairie hay. Many others are occasionally eaten by stock 
but are not sufficiently abundant to be included among our economic 
grasses. About 60 species are weeds introduced from foreign coun- 
tries, chiefly from Europe. 

In this bulletin the word grass is used in its botanical sense, that 
is, as applying only to plants of the natural family Poaceae (or 
Gramineae). Many plants other than grasses are used for forage, 
among such the clovers, alfalfa, vetches, peas, beans, and other 
leguminous species being the most important. Sedges and rushes 

resemble grasses but belong to distinct plant families. The rushes 
(Juncaceae) are distinguished by having small green flowers with a 
§-parted perianth. The sedges (Cyperaceae) are distinguished from. 
grasses by having 3-ranked leaves. The stems are often 3-sided. 
The leaves of grasses are 2-ranked and the stems are never 3-sided. 
The flowers of sedges are small and greenish, like those of grasses, 
but there is no bract (palea) between the flower and the rachilla. 

Sedges and rushes usually inhabit wet places or marshes, though 
some of them (such as the nut-grass, Cyperus rotundus) are weeds 
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in cultivated soil. They are usually of little importance as forage 
plants. The sedges and rushes are not included in this bulletin. 

The cultivated grasses may be classified according to their use as 
grains, forage grasses, sugar-producing grasses, textile grasses, soil 
binders, lawn grasses, and ornamental grasses. 

Grains are those grasses whose fruit or grain is used for food or 
for stock feed. The common grains are wheat, corn, oats, rye, bar- 
ley, rice, sorghum, and millet. 

The forage grasses are those used for meadows, pastures, soiling, 
and silage. 
Meadow grasses are those cut for hay. The chief meadow grasses 

of the United States are (1) in the cool humid region, timothy, red- 
top, orchard grass, and meadow fescue; (2) in the warm humid 
region, Bermuda grass, Johnson grass, and (in Florida) Natal grass: 
(3) in the dry area east of the Great Plains, millet and sorghum 
(including its varieties, such as kafir and Sudan grass); (4) in 
the northern part of the Great Plains, brome-grass; (5) on the Pa- 
cific coast, wheat, oats, and barley for the production of grain hay. 

Wild hay is chiefly from three sources: (1) Prairie hay from the 
region lying just east of the Great Plains, including various native 
species such as big bluestem (Andropogon furcatus), little bluestem 
(A. scoparius), Indian grass (Sorghastrum nutans), and switch- 
grass. (Panicum virgatum) ; (2) fresh marsh hay from the region be- 
tween the Dakotas and. Michigan, including chiefly bluejoint (Qala- 
magrostis canadensis), reed canary grass (Phalaris arundinacea), 
and slough-grass (Beckmannia erucaeformis); and (3) salt marsh 
hay used mostly for bedding and for packing, including usually salt- 
marsh grass (Spartina patens) and black-grass (a kind of rush, 
Juncus gerardi). 

Pasture grasses are those that furnish forage to grazing animals. 
The two most important cultivated pasture grasses of the United 
States are bluegrass in the Northern States and Bermuda grass in 
the South. The meadow grasses are also used for a, and in 
the Gulf States carpet grass is of some importance. 

The wild grasses used for grazing are commonly called range 
grasses. The most important are (1) on the Great Plains, buffalo 
grass, curly mesquite, and grama (Bouteloua gracilis and B. hirsuta) ; 
(2) in the Southwest, several species of grama (Bouteloua), Hilaria, 
and Sporobolus airoides; (3) in the mountain regions, pine-grass, 
blue bunch-grass, and mountain bunch-grass (in Oregon); Arizona 
fescue (in northern Arizona) ; and the wheat-grasses (in the Rocky 
Mountains). 

Soiling grasses, those cut and fed green, include the common small 
grains, corn, and the sorghums, and (locally in the South) pearl 
millet and teosinte. 
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Any forage grass may be preserved in a silo, but corn is the one 
most commonly used for this purpose. 

The most important lawn grasses are (1) in the North, bluegrass, 
Rhode Island bent, and creeping bent; (2) in the South, Bermuda 
grass, carpet grass, and St. Augustine grass. 

The ornamental grasses include the reeds, such as pampas grass 
and eulalia; border grasses, such as fountain grass and blue fescue; 
and var ipeaiell grasses, such as ribbon grass. 

Soil-binding grasses are species having vigorous rhizomes which 
hold sand or other loose soil and prevent erosion by water or wind. 
Banks are secured against water erosion by a covering of redtop or 
Bermuda grass. The most important sand binder in use in this coun- 
try is beach-grass (Ammophila arenaria). 'This is planted upon 
sand dunes to prevent wind erosion. 

The two sugar-producing grasses are sugar cane and the saccha- 
rine varieties of sorghum. No textile grasses are cultivated in the 
United States. The esparto grasses (Spartina tenacissima and 
Lygeum spartum) of Spain and Algeria furnish fiber for the 
manufacture of paper and cordage. 

All these grasses are mentioned in the text under the proper genus. 

(See index.) 

POACEAE, THE GRASS FAMILY. 

Flowers perfect (rarely unisexual), small, with no distinct peri- 
anth, arranged in spikelets consisting of a shortened axis (rachilla) 
and 2 to many 2-ranked bracts, the lowest two being empty (the 
glumes, rarely one or both of these obsolete), the one or more succeed- 
ing ones (lemmas) bearing in their axils a single flower, and, between 
the flower and the rachilla, a second 2-nerved bract (the palea), the 
lemma, palea, and flower together constituting the floret; stamens 1 
to 6, usually 3, with very delicate filaments and 2-celled anthers; 
pistil 1, with a 1-celled 1-ovuled ovary, 2 (rarely 1 or 3) styles, and 
usually plumose stigmas; fruit a caryopsis with starchy endosperm 
and a small embryo at the base on the side opposite the hilum. 

Herbs, or rarely woody plants, with usually hollow stems (culms) 
closed at the nodes, and 2-ranked parallel-veined leaves, these con- 
sisting of 2 parts, the sheath, enveloping the culm, its margins over- 
lapping or sometimes grown together, and the blade, usually flat; 
between the two on the inside, a membranaceous hyaline or hairy 
appendage (the ligule). 

The spikelets are almost always aggregated in spikes or panicles 
at the ends of the main-culms or branches. The perianth is usually 
represented by 2 (rarely 3) small hyaline scales (the Jodicules) at 
the base of the flower inside the lemma and palea. The grain or 
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caryopsis (the single seed and the adherent pericarp) may be free, 
as in wheat, or permanently inclosed in the lemma and palea, as in 
the oat. Rarely the seed is free from the pericarp, as in species of 
Sporobolus and Eleusine. ‘The culms of bamboos are woody, as are 
also those of a few genera, such as Olyra and Lasiacis, belonging to 
other tribes. The culms are solid in our species of the tribes Trip- 
saceae and Andropogoneae. The margins of the sheaths are grown 
together in species of Bromus, Danthonia, Festuca, Melica, Panicu- 

laria, and other genera. 
The parts of the spikelet may be modified in various ways. The 

first glume, and more rarely also the second, may be wanting. The 
lemmas may contain no flower, or even no palea, or may be reduced 
or rudimentary. Rarely, as in species of Agrostis and Andropogon, 

the palea is obsolete. 
Most of the genera of grasses fall naturally into one of the two 

series or suena. The remaining few are rather arbitrarily as- 
signed to one or the other series. In the same manner, most of the 
genera may be assembled into distinct and well-marked tribes, but 
several are not closely allied to the other genera in the tribe to which 
they are assigned but are so placed for convenience in classification. 

DESCRIPTIONS OF THE SUBFAMILIES AND KEYS TO THE TRIBES. 

SUBFAMILY 1, POATAE. 

Spikelets 1 to many flowered, the reduced florets, if any, above the 
perfect florets (except in Phalarideae; sterile lemmas below as well 
as above in Campulosus, Uniola, and Blepharidachne) ; articulation 
usually above the glumes; spikelets usually more or less laterally 
compressed. 

Key to the tribes of Poatae. 

Plants woody, the culms perennial; spikelets several-flowered. 

1. Bamboseae (p. 22). 

Plants herbaceous, the culms annual. 

Spikelets with 2 staminate, neuter, or rudimentary lemmas unlike 

and below the fertile lemma; no sterile or rudimentary florets 

BUDO VC ee rn ae ee ee SE 8. Phalarideae (p. 199). 

Spikelets without sterile lemmas below the perfect floret (or these 

rarely present and like the fertile ones, a dissimilar pair below 

and a rudimentary floret above in Blepharidachne). 

Spikelets unisexual, articulate below the glumes, 1-flowered, 

LELELETOIA Nearly 4S see ee ee eneaie 10. Zizanieae (p. 206). 

Spikelets perfect (rarely unisexual but then not as above), usu- 

ally articulate above the glumes. 

Spikelets articulate below the glumes, 1-flowered, very flat, 

the lemma and palea about equal, both keeled; glumes 

Spo el Ope: yea 9. Oryzeae (p. 204). 
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Spikelets articulate above the glumes (rarely below, but the 

glumes, at least one, well developed). 

Spikelets 1-flowered in groups (short spikes) of 2 to 5 

(single in Osterdamia), the groups racemose along 

a main axis, falling entire; lemma and palea thin- 

ner than the glumes___--__----__- 6. Nazieae (p. 165). 

Spikelets not as above. 

Spikelets sessile on a usually continuous rachis 

(short-pedicellate in Leptochloa; the rachis 

disarticulating in Monerma, Pholiurus, Hor- 

deum, Sitanion, and a few species of allied 

genera). 

Spikelets on opposite sides of the rachis; spike 

terminal singlecss aes 3. Hordeae (p. 87). 

Spikelets on one side of the rachis; spikes usu- 

ally more than 1, digitate or racemose. 

7. Chlorideae (p. 171). 

Spikelets pedicellate in open or contracted, some- 

times spikelike, panicles (sessile and distant 

in Hragrostis sessilispica). 

Spikelets 1-flowered____-- 5. Agrostideae (p. 121). 

Spikelets 2 to many flowered. 

Glumes as long as the lowest floret, usually 

as long as the spikelet; lemmas 

awned from the back (spikelets awn- 

less in Koeleria and Sphenopholis). 

4, Aveneae (p. 106). 

Glumes shorter than the first floret (except 

in Dissanthelium with long rachilla 

joints); lemmas awnless or awned 

from the tip or from a bifid apex. 

2. Festuceae (p. 24). 

SUBFAMILY 2, PANICATAE. 

Spikelets with one perfect terminal floret (disregarding those of 
-ne few monecious genera and the staminate and neuter spikelets) 
and a sterile or staminate floret below, usually represented by a sterile 
lemma only, one glume sometimes (rarely both glumes) wanting; 
articulation below the spikelets, either in the pedicel, in the rachis, or 
at the base of a cluster of spikelets, the spikelets falling entire, singly, 
in groups, or together with joints of the rachis; spikelets, or at least 
the fruits, more or less dorsally compressed. 

Key to the tribes of Panicatae. 

Glumes membranaceous, the sterile lemma like the glumes in texture. 

Fertile lemma and palea thinner than the glumes; sterile lemma 

awned from the notched summit_________ 11. Melinideae (p. 212). 

Fertile lemma and palea indurate or at least firmer than the glumes. 

12. Paniceae (p. 213). 
Glumes indurate; fertile Jemma and palea hyaline or membranaceous, the 

sterile lemma (when present) like the fertile one in texture. 

Spikelets unisexual, the pistillate below, the staminate above, on the 

same inflorescence or in separate inflorescences. 

14. Tripsaceae (p. 280). 
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Spikelets in pairs, one sessile and perfect, the other pedicellate and 

usually staminate or neuter (the pedicellate one sometimes 

obsolete, rarely both pedicellate) ; lemmas hyaline. 

13. Andropogoneae (p. 252). 

DESCRIPTIONS OF THE TRIBES AND KEYS TO THE GENERA. ~ 

TRIBE 1, BAMBOSEAE. 

The tribe which includes the bamboos is for the most part confined 
to the Tropics and Subtropics. One genus extends into the southern 
United States. The bamboos have woody jointed, usually hollow 
culms either erect or vinelike. Some of the larger kinds are as much 
as a foot in diameter and 100 feet in height. The common economic 
species of the Tropics, such as Bambos vulgaris Schrad. (Bambos 
bambos (L.) Wight), because of the large hollow culms with hard 
partitions at the nodes found in most large species, can be 
used for a great variety of purposes. Many kinds of bamboos 
are cultivated for ornament in the warmer parts of the United States, 
especially in Florida and California. Arwndinaria japonica Sieb. 
and Zucc. with several-flowered spikelets, and a few species of Phyl- 
lostachys, are hardy as far north as Washington. They form dense 
masses of shoots, usually 8 to 20 feet high. Phyllostachys does not 
usually flower in this country, but the plants can be distinguished by 
the internodes which are flattened on one side. Bambusa is a modi- 
fied spelling of the original Bambos. 

TRIBE 2, FESTUCEAE. 

Spikelets more than 1-flowered, usually several-flowered, in open, 
narrow, or sometimes spikelike panicles; lemmas awnless or awned 
from the tip, rarely from between the teeth of a bifid apex; rachilla 
usually disarticulating above the glumes and between the florets. 
A large and important tribe, mainly inhabitants of the cooler 

regions. The lemma is divided into several awns in Pappophorum 
and its allies, is deeply 2-lobed in Triplasis and in a few species of 
Triodia, 3-lobed in Blepharidachne, several-toothed in Orcuttia, and 
slightly 2-toothed in Bromus and a few other genera, the awn, when 
single, arising from between the teeth. The paleas are persistent 
upon the continuous rachilla in most species of Eragrostis. Sclero- 
pogon, Monanthochloé, Distichlis, and a few species of Poa and 
Eragrostis are dicecious. Gynerium, Cortaderia, Arundo, and Phrag- 
mites are tall reeds. In Blepharidachne there is a pair of sterile 
florets at the base of the single fertile floret, and a rudiment above. 
In some species of Melica there is, above the fertile florets, a club- 
shaped rudiment consisting of one or more sterile lemmas. In Uniola 
there are one to four sterile lemmas below the fertile ones. In Melica 

imperfecta and M. torreyana there may be but one perfect floret. 
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Key to the genera of Festuceae. 

la. Plants dicecious, the sexes very dissimilar, the pistillate lemmas with 

3 long twisted divergent awns, the staminate lemma awnless 

RO TETIRUTLCIOOT) AGC ee SS Be oY Boks Se Be a 30. SCLEROPOGON. 

ib. Plants with perfect flowers, or, if dicecious, the sexes not dissimilar 

EADY GEN AY OYSVE WE OY RSS SI et re TS 2 eee 2 

2a. Lemmas divided at the summit into 5 to several awns or awn- 

Hn Ieuea OPV Shetek Tar 2Ee) EOD (A ES aoe Rn pea 3 

3a. Awnlike lobes 5; inflorescence a simple erect raceme_ 29. ORCUTTIA. 

SUN PN SUAITO Siz OREO Tvs YN OH es cs Se Ee ST 4 

4a. Awns unmixed with awned teeth ; all the florets falling 

attached, their awns forming a pappuslike crown, only 

the lowest floret fertile; panicles narrow_ 32. PaprpopHoRuUM. 

4b. Awns mixed with awned teeth; florets not falling at- 

tached, the rachilla disarticulating between them; 

panicles ‘somewhat openi2202s ee 31. CorTEa. 

2b. Lemmas awanless, with a single awn, or, if 3, the lateral awns 

PUATTULEC eel yee eee RT 8) 0), Se eee 5 

da. Tall stout reeds with large plumelike panicles; lemmas or 

rachilla with long silky hairs as long as the lemmas______ 6 

6a. Lemmas hairy; rachilla naked_____-__~________ 19. ARUNDO. 

6b. Lemmas naked; rachilla hairy______________ 20. PHRAGMITES. 

5b. Low or rather tall grasses, rarely over 5 feet tall__________ iG 

7a. Plants dicecious, perennial; lemmas glabrous; grasses 

OF SaltHrOr alkaline ‘SOUS ees lle DN ee a 8 

8a. Plants low and creeping; spikelets obscure, scarcely 

differentiated from the short crowded rigid 

EC AVC SRE “8 2S SS Se ee eee a 16. MoNANTHOCHLOE. 

8b. Plants erect from creeping rhizomes; spikelets in a 

narrow simple exserted panicle________ 17. DistrcH xis. 

7b. Plants not dicecious (except in a few species of Poa with 

villous lemmas and in an annual species of Eragrostis) — 9 

9a. Spikelets of two forms, sterile and fertile intermixed ; 

panicle dense, somewhat one-sided______________ 10 

10a. Fertile spikelets 2 or 3 flowered; sterile spike- 

lets with numerous rigid awn-tipped glumes; 

panicle dense and spikelike______ 22. Cynosurus. 

10b. Fertile spikelets with 1 perfect floret, long- 

awned; sterile spikelets with many obtuse 

glumes; panicle branchlets short, nodding. 

23. ACHYRODES. 

9b. Spixelets all alike in the same inflorescence_______- 11 

lia. Lemmas 3-nerved, the nerves prominent, often 

Hairy <5. — = — ee aps eee sg eyepiece 12 

12a. Inflorescence a few-flowered head or ecapi- 

tate panicle overtopped by the leaves or 

partly concealed in them ; lemmas toothed 

or cleft; low plants of the arid regions__ 13 

8a. Inflorescence hidden among the sharp- 

pointed leaves, not woolly; plants 

annual (Chlorideae)_- ~----_-- 97. MuNzOA. 

13b. Inflorescence a capitate woolly panicle, 

not concealed; plants perennial____- 14 
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Key to the genera of Festuceae—Continued. 

14a. Lemmas cleft either side of the midnerve to near the 

base, the lower two sterile, the third floret fertile, the 

fourth reduced to a 3-awned rudiment_ 28. BLEPHARIDACHNE. 

14b. Lemma 2-lobed but not deeply cleft, all fertile but the 

UPDELM OS to eS a ee ee 26. TRIODIA. 

12b. Inflorescence an exserted open or spikelike ae pe pwersptev ey soe 15 

15a. Lemmas pubescent on the nerves or callus (except in Tri- 

odia albescens), the midnerve usually exserted as an awn 

OF ‘WUCLO 22.2 Pe a eee eee a eee 16 

16a. Nerves glabrous; callus densely hairy ; lemmas firm; 

paniclewlarge: dittuses as Sees ee eee 15. REDFIELDIA. 

16b. Nerves hairy at least below, the lateral ones often 

CONSPICUOUS]Y.;SO!& sae ae ee ee i i 17 

17a. Palea long-ciliate on the upper half______ 27. TRIPLASIS. 

17b. Palea sometimes villous but not long-ciliate on the 

upper half; perennials___________________ 26. TRtopt1A. 

15b. Lemmas not pubescent on the nerves nor callus (the inter- 

nerves sometimes pubescent), awnless___________________ 18 

18a. Glumes longer than the lemmas; lateral nerves of lemma 

marginal, the internerves pubescent___ 14. DISSANTHELIUM. 

18b. Glumes shorter than the lemmas; lateral nerves not 

marginal, the internerves glabrous__________________ 19 

19a. Lemmas chartaceous; grain large and beaked, at 

maturity forcing the lemma and palea open_ 13. DIARINA. 

19b. Lemmas membranaceous; if firm, the grain neither 

large: nor. beaked= st. . a nae 2 eee 20 

20a. Spikelets subterete; palea longer than the 

lemma, bowed out below____________ 12. Morinta. 

20b. Spikelets compressed ; palea not longer than the 

lemma, not bowed out below________________ PAL 

21a. Lemmas truncate; spikelets 2-flowered. 

11. CATABROSA. 

21b. Lemmas acute or acuminate; spikelets 3 

to many flowered; rachilla continuous, 

the paleas usually persistent after the 

fall of the lemmas___________ 10. ERaGRostts. 

11b. seems 5 to many nerved, the nerves sometimes obscure____--__-__ On 

2a. Spikelets with 1 to 4 empty lemmas below the fertile florets; 

MET VES OW SCUIEs) TIS hits Ti eee ec ene 18. UNIOLA. 

22b. Spikelets with no empty lemmas below the fertile florets ; nerves 

usually prominent; lemmas membranaceous (firm in a few 

Species’ of Bromus and Mestuca) 2222 eee 23 
23a. Lemmas flabellate; glumes wanting; inflorescence dense, 

eylindrie; low annual__- = 25. ANTHOCHEOA. 

23b. Lemmas not flabellate ; glumes present; inflorescence not 

@yMimG nie Pheer er TOURER iN OP ee ee le 24 

24a. Palea winged on the lower half of the keels; spikelets 

linear, in a loose raceme_________________ 5. PLEUROPOGON. 

24b. Palea not winged on the lower half of the keels; in- 

florescence mostly paniculate_____________-__-_----~ 25 

25a. Lemmas as broad as long, the margins outspread ; 

florets closely imbricate, horizontally spreading_ 9. Briza. 

25b. Lemmas longer than broad, the margins clasping 

the palea ; florets not horizontally spreading__-___ 26 
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Key to the genera of Festuceae—Continued. 

26a. Callus of florets bearded ; lemmas erose at the summit -_____ 7. FLUMINEA, 

26b. Callus not bearded (lemmas cobwebby at base in Poa) ; lemmas not 

erose (slightly in Puccinellia)_________ Bae ge eileen Ute Nocera aces 27 

27a. Lemmas Keeled on the back (Somewhat rounded in Poa scabrella 

SONANGL TALES) TL GAS), Se ls aE Se ea 09 ooh i eed coe nll Ae Ma eat 28 

28a. Spikelets strongly compressed, crowded in one-sided clusters 

at the ends of the stiff, naked panicle branches__ 21. Dacrymis. 

28b. Spikelets not strongly -compressed, not crowded in one-sided 

GUD WEN Sy saree emer ge eam SC Na a MC a gb 29 

29a. Lemmas awned from a minutely bifid apex (awnless or 

nearly so in Bromus unioloides and B. brizaeformis) ; 

SPUKELEESy Tay Ons EAA RE EIST ART 2. Bromus. 

29b. Lemmas awnless; spikelets small____-_______________ 8. Poa. 

27b. Lemmas rounded on the back (slightly keeled toward the summit 

IMOyWestues ang AST OMS) es Sis ANE ee SES ae a 30 

30a. Glumes papery ; lemmas firm, strongly nerved, scarious-mar- 

gined ; upper florets sterile, often reduced to a club-shaped 

rudiment infolded by the broad upper lemmas; spikelets 

tawny or purplish, usually not green______________ 24. MErica. 

30b. Glumes not papery; upper florets not unlike the others____ Silt 

31a. Nerves of the lemma parallel, not converging at the sum- 

mit or but slightly so; lemmas awnless mostly obtuse_ 32 

32a. Nerves prominent; plants usually rather tall, grow- 

ing in woods or fresh-water marshes_______ 4, PANICULARIA. 

32b. Nerves faint; plants low, growing in saline soil. 

6. PUCCINELLIA. 

31b. Nerves of the lemma converging at the summit; lemmas 

awned or pointed (upper florets only minutely awn- 

LIP PCA MMPS UGS ONL OE i OIHILS) ee es eee 33 

33a. Lemmas entire, awned from the tip or pointed 

(minutely toothed in Festuca elmert and fF. 

GUGONTER \ See LS DR een eS ong 3. FESTUCA. 

33b. Lemmas awned or awn-tipped from a minutely bifid 

£2N OY 2», (Rae epee ne ees ag eS eS SL 2. BROMUS. 

Tribe 3, Horprar. 

Spikelets 1 to several flowered, sessile on opposite sides of a jointed 
or continuous axis forming symmetrical (not one-sided) spikes. 

This small but important tribe, found in the temperate regions of 
both hemispheres, includes our most important cereals, wheat, barley, 
and rye. ‘The rachis is flattened or concave next to the spikelets, or 
in some genera is thickened and hollowed out, the spikelets being 
more or Jess inclosed in the hollows. In Triticum and its allies there 

is one spikelet at each node of the rachis; in Hordeum and its allies 
there are two or three at each node. In Lolium and its allies the 
spikelets are placed edgewise to the rachis, and the first or inner 
glume is suppressed except in the terminal spikelet. The rachilla of 
the spikelet disarticulates at maturity in several genera. In some 
species of Elymus and especially in Sitanion the glumes are very 
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slender, extending into long awns, in the latter genus sometimes 
divided into several slender bristles. In this tribe the blades of the 
leaves bear on each side at the base a small appendage or auricle. 

Key to the genera of Hordeae. 

1a. Spikelets solitary at each node of the rachis (rarely 2 in species of 

ASTOPY LON. DUt Me Ver bE OU SO Ute) ee ee ee 2 

2a. Spikelets 1-flowered, sunken in hollows in the rachis; spikes 

slender cylmd rics lows ann Wall sees eee eee Bata 3 

8a. Lemmas awned; florets lateral to the rachis_.___ 36. ScRIBNERIA. 

8b. Lemmas awnless; florets dorsiventral to the rachis_________ 4 

49 Kirst) clume wanting eee 42. LEPTURUS. 

4b. First glume present, the pair standing in front of the 

SDUKele tan ee ate ee 43. PHOLIURUS. 

2b. Spikelets 2 to several flowered, not sunken in the rachis________ 5 

5a. Spikelets placed edgewise to the rachis; first glume wanting 

except in the terminal spikelet____________________ 41. Lortrum. 

5b. Spikelets placed flatwise to the rachis____________________ 6 

Ga;..Plants.. perennial! Mae Gair igs eae ee eee 338. AGROPYRON. 

6bi- Plants annual 22S ee ee a ee BN 

7a. Glumes ovate, 3-nerved__________--__-____ 34, TRITICUM. 

7b. Glumes subulate, 1-nerved___________________ 35. SECALE. 

1b. Spikelets more than 1 at each node of the rachis____________________ 8 

2 8a. Spikelets 3 at each node of the rachis, 1-flowered, the lateral 

pair pediceled, usually reduced to awns______________ 40. HorpDEUM. 

8b. Spikelets 2 at each node of the rachis, alike, 2 to 6 flowered____ 9 

9a. Glumes wanting or reduced to 2 short bristles; spikelets hor- 

izontally spreading at maturity ; spikes very loose__ 39. HystTrrx. 

9b. Glumes usually equaling the florets; spikelets appressed or 

ASCOMG LM G20 ote 2 ee ae a 10- 

10a. Rachis continuous (rarely tardily disarticulating) ; 

glumes broad or narrow, entire______________ 37. ELYMUS. 

10b. Rachis disarticulating at maturity; glumes subulate, 

extending into long awns, these and the awns of the 

lemmas making the spike very bristly______ 38. SITANION. 

TRIBE 4, AVENEAE, 

Spikelets 2 to several flowered in open or contracted panicles, or 
rarely in racemes (solitary in Danthonia unispicata) ; glumes usually 
as long as or longer than the first lemma, commonly longer than all 

the florets; lemmas usually awned from the back or from between 
the teeth of a bifid apex, the awn bent, often twisted, the callus and 
rachilla joints usually villous. 
A rather small tribe widely distributed in both warm and cool 

regions. In our genera the rachilla is prolonged beyond the upper 
floret as a slender stipe (except in Aspris). The lemma is awnless 
or nearly so in Sphenopholis and in our species of Koeleria. These 
genera are placed in this tribe because they appear to be closely 
allied to Trisetum with which they agree in having oblanceolate 
glumes about as long as the first floret. — 
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Key to the genera of Aveneae. 

Ja. Spikelets awnless or the upper lemma mucronate (rarely short-awned 

REBIIAS PREVETYO TO MOLIS)) pee toe 8 Sh a ae le 2 

2a. Articulation below the glumes; glumes distinctly different in 

shape, the second widened above____-____=---___ 46. SPHENOPHOLIS. 

2b. Articulation above the glumes; glumes similar in shape. 44. Kor erra. 

1b. Spikelets awned (awnless in Trisetum wolfii) _----_______________- 3 

3a. Florets 2, one perfect, the other staminate__________________ 4 

4a. Lower floret staminate, the awn twisted, geniculate, ex- 

EST Cs C0 eae se NE eee 48. ARRHENATHERUM. 

4p. Lower floret perfect, awnless; awn of upper floret hooked. 

; 51. NoTHoLcus. 

3b. Florets 2 or more, all alike except the reduced upper ones_____- 5 

da. Awn arising from between the teeth of a bifid apex, flat- 

tened, twisted ; inflorescence a simple panicle or reduced 

to a raceme or even to a single spikelet-_______ 52. DANTHONTA. 

5b. Awn dorsal, not flattened ; lemma often bifid at apex________ - 6 

6a. Spikelets large, the glumes over 1 cm. long________ 47. AVENA. 

Gb= Spikelets,less sthan, tem. Jong 28s 7 

7a. Lemmas keeled, bidentate; awn arising from above 

Pew ALG MG pest ea a sn ee 45, TRISETUM. 

7b. Lemmas convex; awn from below the middle______ 8 

8a. Rachilla prolonged behind the upper floret; lem- 

mas truncate and erose-dentate at summit__ 49. Arra. 

8b. Rachilla not prolonged; lemmas tapering into 2 

SLEMders ‘tEe@t His x eer a eee Pe Sy ee ein 50. ASPRIS. - 

TrIBE 5, AGROSTIDEAE. 

Spikelets 1-flowered, usually perfect, arranged in open, contracted, 
or spikelike panicles, but not in true spikes nor in one-sided racemes. 
A large and important tribe, inhabiting more especially the tem- 

perate and cool regions. The articulation of the rachilla is usually 
above the glumes, the mature floret falling from the persistent 
glumes, but in a few genera the articulation is below the glumes, the 
mature spikelet falling entire (Alopecurus, Cinna, Polypogon, 
Lycurus, and Limnodea). The palea is small or wanting in some 
species of Agrostis. In a few genera the rachilla is prolonged 
behind the palea as a minute bristle, or sometimes as a more pro- 
nounced villous stipe (Brachyelytrum, Limnodea, Cinna, three species 
of Agrostis, Gastridium, Calamagrostis, Ammophila, and Lagurus). 
In some genera the rachilla joint between the glumes and the lemma 
is slightly elongated, forming a hard stipe which remains attached 
to the mature fruit as a pointed callus. The callus is well marked 
in Stipa (especially in S. spartea and its allies) and in Aristida, the 
mature lemma being terete, indurate, and convolute, the palea wholly 
inclosed. In many genera the lemma is awned either from the tip 
or from the back, the awn being trifid in Aristida. 
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Key to the genera of Agrostideae. 

la. Glumes wanting; a low annual_________________________ 58. CoLEANTHUS, 

1b. Glumes present (the first obsolete in Muhlenbergia schreberi and 

sometimes in Brachyelytrum and Phippsia)_____________________ 

2a. Rachilla articulate below the glumes, these falling with the 

Spikelets ss. he eee RENAN CE SEE EERE ee 3 

3a. Spikelets in pairs in a spikelike panicle, one perfect, the 

other staminate or neuter, the pair falling together_ 63. Lycurus. 

to 

ob. ‘Spikelets#all alike 2" Ve ee ty eee es ee 4 

4a. Glumes long-awned_______________ 62. PoLyPocon. 

4b. Glumesawnless! 22 seus Jee Sl 2 5 

5a. Rachilla not prolonged behind the palea; panicle 

dense and spikelike; glumes united toward the 

base, ciliate on the keel______________ 61. ALOPECURUS. 

5b. Rachilla prolonged behind the palea; panicle nar- 

row or open, not dense; glumes not united, not 

ciliate’ on’ the keel 22 owe es 6 

6a. Panicle narrow; lemma with a slender bent 

twisted awn from the bifid apex_________ 60. LIMNODEA. 

6b. Panicle open and drooping; lemma with a minute 

straight awn just below the entire apex__.__ 59. CINNA. 

2b. Rachilla articulate above the glumes______________=___________ wf 

7a. Fruit dorsally compressed, indurate, smooth and shining, 

Frisia Cohn f Seen RE RE BY ee Cena Oe SRE ae MA Ns ges Ty Ca 74. MiLium. 

7b. Fruit laterally compressed or terete, awned or awnless_____ “8 

8a. Fruit indurate, terete, awned, the nerves obscure; callus 

well developed, oblique, bearded_____ ee 9 

9a. Awn trifid, the lateral divisions sometimes short, 

rarely obsolete (when obsolete no line of demar- 

cation between awn and lemma as in the 

b YE). GO) Vesa eel sic I ST 77. ARISTIDA. 

9b. Awn simple, a line of demarcation between the awn 

and ‘they lemma fire 0 aes elise ee 10 

10a. Awn persistent, twisted and bent, several to 

many times longer than the slender fruit; callus 

Sharp-pointed es 2S see ee 76. STIPA. 

10b.. Awn deciduous, not twisted, sometimes bent, 

rarely more than 3 or 4 times as long as the 

plump fruit; callus short, usually obtuse_ 75. Oryzopsis. 

8b. Fruit thin or firm, but scarcely indurate, if firm, the 

nerves prominent or evident; callus not well devel- 

OPC eS i ce ge 11 

lla. Glumes longer than the lemma (lemma equaling ~ 

the glumes in Agrostis spica-venti, A. aequivalvis, 

and “A. thurnbeniand) === ee 12 

12a. Panicle feathery, capitate, nearly as broad as 

long; spikelets woolly_____-----_--__ 66. LAGURUS. 

12b. Panicle not feathery; spikelets not woolly__-_ 13 

13a. Glumes compressed-carinate, abruptly mu- 

cronate, stiffly ciliate on the keels; 

panicle dense, cylindric or ellipsoid_ 64.,PHiEUM. 

13b. Glumes not compressed-carinate, not ciliate 14 
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Key to the genera of Agrostideae—Continued. 

14a. Glumes saccate at base ; lemma long-awned ; inflorescence 

contracted sShinince =e eee a ee 65. GASTRIDIUM. 

14b. Giumes not saceate at base; lemma awned or awnless; 

DANCES OPEN OI CONTA CEC Cee ee 15 

15a. Florets bearing a tuft of hairs at the base from the 

short callus, the hairs at least half as long as the 

lemma; palea present_____________ 53. CALAMAGROSTIS. 

15b. Florets without hairs at the base or with short 

hairs rarely as much as half the length of the 

lemma (Agrostis hallii) ; palea usually small or 

SU AIBN TT le ca 56. AGROSTIS. 

1ib. Glumes not longer than the lemma, usually shorter (the awn tips 

LOREM MULE OCTOLULTGAECENLOS W)) == ae eee ee 16 

16a. Lemma awned from the tip or mucronate, 3 to 5 nerved (lateral 

nerves obsolete in Muhlenbergia repens) _-___--_____-________ 17 

17a. Rachilla prolonged behind the palea; floret stipitate. 

73. BRACHYELYTRUM. 

17b. Rachilla not prolonged; floret not stipitate___ 68. MUHLENBERGIA. 

16b. Lemma awnless or awned from the back______________________ 18 

18a. Florets bearing a tuft of hairs at the base from the short 

callus; lemma and palea chartaceous, awnless___________ 19 

19a. Panicles spikelike; rachilla prolonged_______ 54. AMMOPHILA. 

19b. Panicles open; rachilla not prolonged______ 55. CALAMOVILFA. 

Popes OFetsuwithOubt HainsTat ASCs a es es eae 20 
20a. Nerves of lemma densely silky________ 70. BLEPHARONEURON. 

20b: Nerves of Jemma not silkys2202 5.) tos ea 21 

21a. Caryopsis at maturity falling from the lemma and 

palea; seed loose in the pericarp, this usually 

opening when ripe; lemma 1-nerved____________ 22 

22a. Inflorescence capitate in the axils of broad 

DPEACES 22 Se lieth | eth Re eee aT 71. CrYpsis. 

22b. Inflorescence an open or contracted panicle. 

69. SPOROBOLUS. 

21b. Caryopsis not falling from the lemma and palea, 

remaining permanently inclosed in them; seed 

adnate’ toy the pericarpees ss. se ae ee 23 

23a. Panicles few-flowered, slender, rather loose; 

glumes minute, unequal, the first often want- 

ing; a low arctic alpine perennial__ 57. PHIPPsrA. 

23b. Panicle many-flowered, spikelike; glumes well 

developed, about-equalo--—==-- er ee 24 

24a. Panicle short, partly inclosed in the sheath ; 

low? aniniadl] 3° See ee eee 72. HELEOCHLOA, 

24b. Panicle elongate; perennial_____ 67. EXPICAMPES. 

Tribe 6, NAZTBAR. 

Spikelets subsessile in short spikes of 2 to 5 (single in Oster- 
damia), each spike falling entire from the continuous axis, usually 
1-flowered, all perfect, or perfect and staminate together in the same 
spike; glumes usually firmer than the lemma and palea, sometimes 
awned, the lemma awnless. 

This small and unimportant tribe is known also as Zoysieae. In 
Osterdamia the spikelets are single and have only one glume, this 
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coriaceous, much firmer than the lemma and palea, the palea some- 
times obsolete. 

Key to the genera of Nazieae. 

da. Spikelets single; first glume wanting___________________ 79. OSTERDAMIA. 

1b. Spikelets in clusters of 2 to 5; first glume present___________________ 2 

2a. Spikelets bearing hooked spines on the second glume, the group 

formingva little: burt 22 22 ue ee See eS 78. NAZIA. 

2b. Spikelets not bearing hooked spines, mostly cleft and awned____ 3 

3a. Groups of spikelets erect, the spike not one-sided_____ 80. Hrpartia. 

3b. Groups of spikelets nodding along one side of the delicate 

EUG 2 SN ES 2 A el al anplleaieianen chee nee 81. AEGOPOGON. 

TRIBE 7, CHLORIDEAE. 

Spikelets 1 to several flowered, in 2 rows on one side of a con- 
tinous rachis forming one-sided spikes or spikelike racemes, these 
solitary, digitate, or racemose along the main axis. 
A large and rather important tribe, confined mostly to warm 

regions. The group is heterogeneous, the only common character 

of the genera (aside from the characters that place them in Poatae) 
being the arrangement of the spikelets in one-sided spikes. Chloris 
and the allied genera form a coherent group, in which the spikelet 
consists of one perfect floret and, above this, one or more modified 
or rudimentary florets. Leptochloa, Eleusine, and their allies, with 
several-flowered spikelets, are more nearly related to certain genera 
of Festuceae. The spike is reduced to two or three spikelets or even 
to one spikelet and is sometimes deciduous from the main axis in 
Cathestecum and in some species of Bouteloua. In Campulosus 
there are two sterile florets below the perfect one. 

Key to the genera of Chlorideae. 

la. Plants monecious or dicecious; a low stoloniferous perennial_ 98. BULBIEIS. 

Ib. Plants, with, perfect) Howers 222 2s Bee eee eee 2 

2a. Spikelets with more than one perfect floret_____________________ 3 

8a. Inflorescence a few-flowered head or capitate panicle hidden 

among the sharp-pointed leaves; a low spreading an- 

WUT a a ee ear ela Ee 97. MUNROA. 

a) owed bavi(onrssieenieey: Gxdeenprele 4 

4a. Spikes solitary, the spikelets distant, appressed, sev- 

eral-flowered ct bates asta iva AY Ne 83. TRIPOGON. 

Ab. ‘Spikes more “hvac eee 5 

5a. Spikes numerous, slender, racemose on an elongate 

Fpl | eaperpetnie omen erat Pos AREY NSE seh pie ae! BUS 82. LEPTOCHLOA. 

5b. Spikes few, digitate or nearly so___..______________ 6. 

6a. Rachis of spike extending beyond the spike- 

Tet S222 eee ee ER Ure Oe 85. DACTYLOCTENIUM. 

6b. Rachis not prolonged_____-_--_-____-_-_ 84. ELEUSINE. 

2b. Spikelets with only 1 perfect floret, often with additional imper- 

fect florets; above. 0 23 So See De eae ee ee Se ee x 6 
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Key to the genera of Chlorideae—Continued. 

7a. Spikelets without additional modified florets, the rachilla sometimes 

OPO MSG, See Eh seas ak as ae ee i pa ads Beye Dp yall ag Da 8 

8a. Rachilla articulate below the glumes, the spikelets falling entire_ 9 

Sa GlamMes anequal, Marrow 222 5s Bee ee ee 90. SPARTINA. 

9b. Glumes equal, broad and boat shaped__________ 89. BECKMANNIA. 

8b. Rachilla articulate above the glumes_______________-__________ 10 

10a. Spikes digitate; rachilla prolonged________________ 86. CAPRIOLA. 

10b. Spikes racemose along the main axis; rachilla not prolonged_ 11 

lla. Spikes slender, divaricate, the main axis elongating and 

becoming loosely spiral in fruit_______ 88. SCHEDONNARDUS. 

11b. Spikes short and-_rather stout, appressed, the axis un- 

Ch EW AVSXEVO Wan Uae oh YUH REMMI ae 87. WILLKOMMIA. 

7b. Spikelets with 1 or more modified florets above the perfect one______ 12 

12a. Spikelets with 2 sterile florets below the perfect one; second 

glume bearing a squarrose spine on the back; spike single, 

TREY CATON G65 0 [ea Na aaa CEI ca sh I aR 91. CAMPULOSUS. 

12b. Spikelets with no sterile florets below the perfect one; second 

glume without a squarrose spine; spikes usually several______ 13 

Ae SPIKES TO1SiLALe! OF MEA TI V7, SO meee eee ee ae Se in 14 

14a. Fertile lemma 1-awned or awnless_____________ 93. CHLORIS. 

14b. Fertile lemma 3-awned____________________ 94. TRICHLORIS. 

18b. Spikes racemose along the main axis______________________ 15) 

15a. Spikelets distant, appressed; spikes slender, elongate. 

92. GYMNOPOGON. 

15b. Spikelets contiguous or crowded, not appressed; spikes 

usually Shon and) rauheres tO Ube. sun ecm AR aaa 16 

16a. Spikelets 3 in each spike, the 2 lateral staminate or 

rudimentary ; spikes falling entire___ 96. CATHESTECUM. 

16b. Spikelets 2 to many (rarely 1) in each spike, all 

alike ; spikes usually persistent, the florets falling. 

95. BouUTELOUA. 

TRIBE 8, PHALARIDEAE. 

Spikelets with one perfect terminal floret and, below this, a pair of 
staminate or neuter florets. 
A small tribe of about six genera, only three of which are found 

in the United States. In Phalaris the lateral florets are reduced to 
minute scalelike lemmas closely appressed to the edges of the fertile 
floret. In Torresia the lateral florets are staminate and as large as 
the fertile floret. 

Key to the genera of Phalarideae. 

la. Lateral florets staminate; spikelets brown and shining. ____ 99. ToRRESIA. 

1b. Lateral florets neuter; spikelets green or yellowish______-_--»-_--_ 2 

2a. Lateral florets reduced to small awnless scalelike lemmas; spike- 

lets much compressed laterally______________.______ 101. PHALARIS. 

2b. Lateral florets consisting of awned hairy sterile lemmas exceed- 

ing the fertile floret ; spikelet terete___.______ 100. ANTHOXANTHUM. 

97769°—19—Bull. 772-2 
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TRIBE 9, ORYZEAE. 

Spikelets 1-flowered, perfect, strongly laterally compressed, panic- 
ulate; glumes reduced or wanting; palea apparently 1-nerved; stam- 
ens 6. 

A small tribe whose affinities are not evident. It mcludes rice, the 
important food plant. 

Key to the genera of Oryzeae. 

Glumes minute; lemma often awned___________________________-_ 102. Oryza. 

Glumes wanting; lemma awnless____-_______________ 103. HoMALOCENCHRUS. 

TRIBE 10, ZIZANIEAE. 

Spikelets unisexual, the pistillate terete or nearly so; glumes 
shorter than the lemma, usually one or both obsolete, the pedicel dis- 
articulating below the spikelet. 
A small tribe of uncertain affinities; the species aquatic or sub- 

aquatic, of no economic importance except the Indian rice (Zizania). 

Key to the genera of Zizanieae. 

la. Culms slender; plants low; staminate and pistillate spikelets borne in 

Separate Inf OPeESCEM CES eee ARNE AREAL eS CL INAS DILL AeA SL 2, 

2a, Inflorescence a few-flowered spike; plants not stoloniferous. 

107. HypDRocHLOA. 

2b. Inflorescence a panicle; plants stoloniferous____________ 106. LuzroLa. 

1b. Culms robust; plants tall; staminate and pistillate spikelets borne in 

ELVES SUTIN: Ap ANT CLL oA a eR aa BS LOC LE RA ip 3 

38a, Plants annual; pistillate spikelets on the ascending upper 

branches, the staminate on the spreading lower branches of the 

DTA TC] Gio er TEST NSRP EAL Cy SB ARP La Ue ENS Baie nee NOO ee SEMEN es 105. ZIzANIA. 

3b. Plants perennial; pistillate spikelets at the ends, the staminate 

below on the same branches of the panicle_______-_ 104. ZIzANIOPSIS. 

TRIBE 11, MELINIDEAE. 

Spikelets disarticulating below the glumes, these very unequal, the 
first minute, the second and the sterile lemma equal, membranaceous, 

strongly nerved, the latter bearing a slender awn from the notched 
summit; fertile lemma and palea thinner in texture, awnless. 
A tribe of about a dozen genera, none of which is represented in 

the United States. The only economic species is Melinis minutifiora 
(see p. 212). 

Trise 12, PANICEAE. 

Spikelets with one perfect terminal floret and below this a sterile 
floret and two glumes; fertile lemma and palea indurate or at least 
firmer than the glumes and sterile lemma; articulation below the 
spikelet. 
A large tribe, confined mostly to warm regions, and containing few 

economic species. The first glume is wanting in some genera, such 

as Paspalum, and rarely the second glume also (Reimarochloa). 
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The spikelets are usually awnless, but the glumes and sterile lemma 

are awned in Echinochloa and Oplismenus, and the second glume and 
sterile lemma in Tricholaena. In Eriochloa and in some species of 
Brachiaria the fertile lemma is awn-tipped. In Chaetochloa there 

are, beneath the spikelet, one or more bristles, these representing 
sterile branchlets. In Pennisetum similar bristles form an involucral 
eluster, falling with the spikelet. In Cenchrus the bristles are 
united, forming a bur. The spikelets are of two kinds in Amphi- 
earpon, aerial and subterranean. The culms are woody and perennial 
in Lasiacis and Olyra. 

Key to the genera of Paniceae. 

LD SVPILEE VAST POET CC 08 SE en Oe AS 2 

2a. Spikelets all perfect, but those of the aerial panicle not perfect- 

ing grains; the fruitful spikelets borne on subterranean 

RSTSENTV GTN CS see eA EE a a 127. AMPHICARPON. 

2b. Spikelets unisexual, the pistillate above, the staminate below on 

the branches of the same panicle; blades broad, elliptic. 

‘ OtyRA. (See p. 252.) 

ipemsnmcelets all or one kind 22220 15 ee ee ee Ee Ee 3 

3a. Spikelets sunken in the cavities of the flattened corky rachis. 

112. STENoTAPHRUM. 

peespikelets not-sunken in the rachiseas yee see CN ea 4 

4a. Spikelets subtended or surrounded by 1 to many distinct or 

more or less connate bristles, forming an involucre______ 5 

5a. Bristles persistent, the spikelets deciduous_ 124. CHArETOcHLOA. 

5b. Bristles falling with the spikelets at maturity_________ 6 

6a. Bristles not united at base, slender, often plumose. 

125. PENNISETUM. 

6b. Bristles united into a burlike involucre, the bristles 

ELE OLSEL Ysa 1) AEC Ce a een ale es ee SLL 126. CENCHRUS. 

4b. Spikelets not subtended by bristles__._........_.____-_ iG 

7a. Glumes or sterile Jemma awned (awn short and con- 

cealed in the silky hairs of the spikelet in Tricholaena, 

awn reduced to a point in Hchinochloa colonum) —__- 8 

8a. Inflorescence paniculate ; spikelets silky_ 123. TrIcHOLAENA. 

8b. Inflorescence of unilateral simple or somewhat com- 

pound racemes along a common axis; spikelets 

SMOOLM/OLMISHIG MO tS kaye ee yy ae eae 9 

9a. Blades lanceolate, broad and thin; glumes 2- 

lobed, awned from between the lobes. 

121. OpLISMENUS. 

9b. Blades long and narrow; glumes awned from 

Cher Cp Let 2 6 Se eR RE TE Rl sd 122, ECHINOCHLOA, 

7b. Glumes and sterile Jemma awnless_2-____ 10 

10a. Fruit cartilaginous-indurate, flexible, usually dark 

colored, the lemma with more or less prominent 

white hyaline margins, these not inrolled________ 11 

11a. Spikelets covered with long silky hairs, ar- 

ranged in racemes, these panicled____ 109. Vator. 

11b. Spikelets glabrous or variously pubescent but 

HOP VIOUS - OL y a ee ee ete ee 12 
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; Key to the genera of Paniceae—Continued. 

12a. Spikelets in slender racemes more or less digitate at the 

Summit Kot the vem lisa eae as a a ea 110. SYNTHERISMA. 

12b) Spikelets: in’ panicles ue Bo Oe De ee 13 

13a. Fruiting lemma boat shaped; panicles narrow. 

108. ANTHAENANTIA. 

13b. Fruiting lemmas convex; panicles diffuse__ 111. Lepronoma. 

1Ob) Bruit -chartaceous-induratey rigid ae eee eee eee 14 

14a. Spikelets placed with the back of the fruit turned away from 

the rachis of the racemes, usually single (not in pairs)______ 15 

15a. First glume and the rachilla.joint forming a swollen ring- 

like callus below the spikelet_________________ 113. HRIocH1Loa. 

15b. First glume present or wanting, not forming a ringlike 

callus below, the:spikelet2222 22232 es) eae 16 

16a. First glume present ; racemes racemose along the main 

AKL Sas Aa LNG ica RN ead 2 Vs Nt 114. BracHrartia. 

16b. First glume wanting; racemes digitate or subdigitate. 

115. AXONOPUS. 

14b. Spikelets placed with the back of the fruit turned toward the 

rachis of the spikelike racemes, or pedicellate in panicles____ 17 

17a. Fruit long-acuminate; both glumes wanting_ 116. RermarocHLoa. 

17b. Fruit not long-acuminate, at least one glume present______ 18 

18a. First glume typically wanting; spikelets plano-convex, 

subsessile in spikelike racemes____----____ 117. PASPALUM. 

18b. First glume present; spikelets usually in panicles______ 19 

19a. Second glume inflated-saccate, this and the sterile 

lemma much exceeding the stipitate fruit. 

120. SACCIOLEPIS. 

19b. Second glume not inflated-saccate______ ‘oe ee 20 

20a. Culms woody and bamboolike; fruit with a 

tuft of down at the apex__________ 119. LASIACIS. 

20b. Culms herbaceous; no tuft of down at the apex 

OE Ee LU ES 118. Panicum. 

TRIBE 138, ANDROPOGONEAE. 

Spikelets in pairs along a rachis, the usual arrangement being 
one of the pair sessile and fertile, the other pedicellate and staminate 
or neuter, or rarely wanting, only the pedicel present; fertile spike- 

let consisting of one perfect terminal floret and, below this, a stami- 
nate or neuter floret, the lemmas thin or hyaline, and two awnless 
glumes, one or usually both firm or indurate. 

A large tribe, confined mostly to warm regions. The rachis is 
usually jointed, disarticulating at maturity, with the spikelets at- 
tached. In a few genera it is thickened. Sometimes the racemes are 
shortened to 1 or 2 joints and borne on branches, the whole forming a 
panicle (as in Holcus and Sorghastrum) instead of a series of 
racemes. In a few genera the spikelets of the pair are alike. In 
Trachypogon the fertile spikelet is pedicellate and the sterile one 
nearly sessile. 
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Key to the genera of Andropogoneae. 

la. Spikelets all perfect, surrounded by a copious tuft of soft hairs______ 2 

2a. Rachis continuous, the spikelets falling; spikelets of the pair un- 

Ccrenbliya we Ce NM ease Se ee ee 3 

8a. Racemes in a narrow spikelike panicle, spikelets awn- 

TES Serer Aisa eR hs A Re oe ACE Re 128. IMPERATA. 

3b. Racemes in a broad fan-shaped panicle; spikelets awned. 

129. MIScANTHUS. 

2b. Rachis breaking up into joints at maturity with the spikelets at- 

tached ; one spikelet sessile, the other pedicellate_____________ 4 

EFA SPU EL CES fA WIR 130. SACCHARUM. 

ADE SPLECIEES) - ayy Oda LS Ns es Ee ee SEL 131, ERIANTHUS. 

1b. Spikelets unlike, the sessile perfect, the pedicellate sterile (sessile 

spikelet staminate, pedicellate spikelet perfect in Trachypogon ) ____ 5 

5a. Pedicel thickened, appressed to the thickened rachis joint (at 

least parallel to it) or adnate to it; spikelets awnless, ap- 

DLESSCC MO) (EME OLE S 20 oS RK BE Sey Le A le 6 

6a. Rachis joint and pedicel adnate, forming a short flat joint, 

this sunken in the open side of the globose first glume of 

the sessile spikelet; sterile spikelet conspicuous:_ 140. Ryvirrx. 

6b. Rachis joint and pedicel distinct, the sessile spikelet ap- 

pressed to them, its first glume lanceolate_______________ 

7a. Racemes subcylindric; rachis joints and pedicels glabrous, 

much thicker at the summit, the spikelets sunken in the 

hollow below; sterile spikelet rudimentary_____ 139. MANISURIS. 

7b. Racemes flat ; rachis joints and pedicels woolly, not much 

thicker at the summit; sterile spikelet staminate or neu- 

11,2) chiara eer eo Nie ie Re ee DTS ee a 138. HLyonurus. 

5b. Pedicel not thickened (if slightly so the spikelets awned), neither 

appressed nor adnate to the rachis joint, this usually slender ; 

-1 

aMIKcletsnspally, awned = = 2 =: “Secu es as 8 

8a. Fertile spikelet with a hairy-pointed callus, formed of the 

attached supporting rachis joint or pedicel; awns strong__ 9 

9a. Racemes reduced to a single joint, long-peduncled in a 

STi ey On phan ea ee 135. RHAPHIS. 

9b. Racemes of several to many joints, single_____________ 10 

10a. Primary spikelet subsessile, sterile, persistent on 

the continuous axis after the fall of the fertile pedi- 

cellate spikelet, the pedicel forming the callus. 

137. TRACHYPOGON. 

10b. Primary spikelet sessile, fertile; pedicellate spike- 

let sterile; lower few to several pairs of spikelets all 

StLAMINATE) OF, NEUE Tas eee alee eR 136. HreTrropoaon. 

8b. Fertile spikelet without a callus, the rachis disarticulating 

immediately below the spikelet; awns slender __________ dal 

11a. Racemes of several to many joints, solitary, digitate, 

OY SALSSTCLATC 2] = =) eee eee He 132. ANDROPOGON. 

11b. Racemes reduced to one or few joints, these mostly 

peduncled in a subsimple or compound panicle_____— 12 

12a. Pedicellate spikelets staminate____________ 133. Hocus. 

12b. Pedicellate spikelets wanting, the pedicel only 

DIESE ee ee ewe Ee eek 2 Shy 134. SoraHAsTRUM. 
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TRIBE 14, TRIPSACEAR. 

Spikelets unisexual, the staminate in pairs, or sometimes in threes, 
2-flowered, the pistillate usually single, 2-flowered, the lower floret 
sterile, imbedded in hollows of the thickened articulate axis and fall- 
ing attached to the joints, or inclosed in a thickened involucre or 
sheath or, in Zea, crowded in rows on a thickened axis (cob) ; glumes 
membranaceous or thick and rigid, awnless; lemmas and palea 
hyaline, awnless. Plants monecious. 

This small tribe of seven genera is scarcely more than a subtribe 
of Andropogoneae. It is also known as Maydeae. 

Key to the genera of Tripsaceae. 

la. Staminate and pistillate spikelets in separate inflorescences, the first 

in a terminal tassel, the second in the axils of the leaves 

2a. Pistillate spikes distinct, the spikelets embedded in the hardened 

rachis, this disarticulating at maturity_______________ 142. HUCHLAENA. 

2b. Pistillate spikes grown together forming an ear, the grains at 

maturity much exceeding the glumes________ 143. ZEA. 

1b. Staminate and pistillate spikelets in separate portions of the same 

spike;: the-pistillate below See tee es Es PARE a eee 3 

3a. Spikes short, the 1 or 2 flowered pistillate portion inclosed in 

a Dead ikem Slre alten Soyo Te Gey sete ee aa ee 144. Corx. 

3b. Spikes many-flowered, the pistillate portion breaking up into 

several 1-seeded joints; no beadlike sheathing bract___ 141. Trrpsacum. 

DESCRIPTIONS OF THE GENERA. 

1. BAMBOSEAE, THE BAMBOO TRIBE. 

1. ARUNDINARIA Michx. 

Spikelets few to many flowered, large, compressed, the rachilla 
disarticulating above the glumes and between the florets; glumes un- 
equal, shorter than the lemmas, the first sometimes wanting; lemmas 
acute or acuminate or mucronate, faintly many-nerved; palea about 
as long as the lemma, prominently 2-keeled. 

Shrubs or tall reeds, with woody perennial branching culms, flat 
blades with petioles articulate with the sheaths, and loose racemes 
or panicles. Species about 25, in the Tropics of both hemispheres; 
2 species in the southeastern United States. 

Type species: Arundinaria macrosperma Michx. 
Arundinaria Michx., Fl. Bor. Amer. 1: 73. 1803. One species described. 
Miegia Pers., Syn. Pl. 1:101. 1805. <A single species, based on Arundinaria 

macrosperma Michx., is included. 
Macronax Raf., Med. Repos. ser. 2. 5: 353. 1808. Based on “The Arundi- 

naria of Michaux.” 

Our two species, Arwndinaria tecta (Walt.) Muhl. (fig. 1) and A. 
macrosperma (Pl. 1), are the only native representatives of the tropi- 
cal tribe Bamboseae, or Bambuseae, the bamboos. Our species are 
known, respectively, as small and large cane. Both flower infre- 
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Fic. 1.—Small cane, Arundinaria tecta. lowering shoot and leafy branch, x 34; spike- 
let and floret, « 2. 
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quently. The first is rarely over 6 feet tall, with drooping blades, 
the inflorescence on leafless or nearly leafless shoots from the base of 
the plant. This is found from Maryland southward. The other 
species grows to a height of as much as 25 or 30 feet and forms, in 
the alluvial river bottoms of the Southern States, dense thickets 
called canebrakes. The racemes are borne on leafy branches, the 
species flowering less frequently than the small cane. 

Stock are fond of the young plants and of the leaves and seeds, and 
both species furnish much forage in localities where they are abun- 
dant. The young shoots are sometimes used as a potherb. The 
stems or culms of the large cane are used for fishing rods, pipestems, 

baskets, mats, light scaffolding, and for a variety of other purposes. 

2. FESTUCEAE, THE FESCUE TRIBE. 

2. Bromus L., the brome-grasses. 

Spikelets several to many flowered, the rachilla disarticulating 
above the glumes and between the florets; glumes unequal, acute, the 
first 1 to 3 nerved, the second usually 3 to 5 nerved; lemmas convex 
on the back or keeled, 5 to 9 nerved, 2-toothed at the apex, awnless or 

usually awned from between the teeth; palea usually shorter than 
the lemma. 

Annual or perennial, low or rather tall grasses, with closed sheaths, 
flat blades, and open or contracted panicles of large spikelets. Species 
about 100, in temperate regions; about 48 species in the United 
States, of which 17 are introductions, mostly from Europe. 
Type species: Bromus secalinus L. 
Bromus L., Sp. Pl. 76, 1753; Gen. Pl., ed. 5, 38. 1754. Linnzeus describes 11 

species, all but the last 2 of which are still retained in the genus. The cita- 
tion given after Bromus in the Genera Plantarum is ‘ Mont. 32.” This refers 
to figure 32 in the plate accompanying Monti’s Catalogi Stirpium Agri Bononiensis 
Prodromus, published in 1719. This figure represents a spikelet of Bromus 
secalinus, or of a closely allied species. As Bromus secalinus is the first species 
described in the Species Plantarum and was described in the flora of Sweden, 
this species is chosen as the type. 

Ceratochloa Beauv., Ess. Agrost. 75, pl. 15, f. 7. 1812. <A single species in- 
eluded. Festuca unioloides Willd., which is the basis of Bromus unioloides 
(Willd.) H. B. K. : 
Zerna Panz., Denkschr. Baier. Akad. Wiss. Miiench. 4: 296. 1818. (Ideen 

Gatt. Graser 46, pl. 11, f. 3.) Eleven species are included. Bromus sterilis 
L., the one figured, is taken as the type. 

Serrafalcus Parl., Rar. Pl. Sic. 2: 14. 1840. Six species are included. Bro- 
mus racemosus L., on which the first species is based, is taken as the type. 

Forasacecus Bubani, Fl. Pyren. 4: 380. 1901. Proposed for Bromus L., not 
Bromus of the ancients, which is said to be wild oats. 

The section Ceratochloa has large compressed spikelets with com- 
pressed-keeled glumes and lemmas. One species, Bromus unioloides 

(Willd.) H. B. K., is cultivated as a forage grass under the name 
of rescue grass or Schrader’s brome-grass. This is an annual or bi- 
ennial grass 1 to 2 feet tall, with pubescent sheaths and narrow pani- 

cles of smooth spikelets as much as an inch long, the lemmas acumi- 
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nate or awn-tipped. Rescue grass is a native of South America and 
is cultivated occasionally in our Southern States for winter forage. 
The other species of this section are natives of the western half of 
the United States. They are all perennials and have large awned 
spikelets. Bromus carinatus Hook. and Arn. and B. marginatus 
Nees are common on the Pacific coast. They have pubescent or 
scabrous spikelets, the first with an awn longer than the lemma, the 
second with an awn shorter than the lemma. Bromus carinatus often 

appears like an annual, flowering the first year. 

The species of Bromus in which the spikelets are not compressed- 
keeled fall into two rather well-marked groups, perennials and an- 
nuals. The most important species of the first group is Bromus 
imermis Leyss., a European species known also as awnless brome- 
grass, Hungarian brome-grass, smooth brome-grass, and brome-grass. 

It is erect, 2 to 3 feet tall, with creeping rhizomes and narrow, many- 
flowered panicles with erect or ascending branches and smooth nar- 
row spikelets about an inch long, the lemmas acute, awnless, or nearly 
so. Awnless brome-grass is cultivated for hay and pasture in the 

northern portion of the Great Plains from northern Kansas to 
Minnesota and Montana. It is more drought resistant than, timothy 
and in the region mentioned can be grown farther west than that 
species, but does not thrive south of central Kansas. All the other 
perennial species are natives except B. erectus, occasionally intro- 

duced from Europe, and all have distinctly awned lemmas. Bromus 
purgans \. is a common woodland species in the Eastern States. 
This has an open drooping panicle with nearly terete spikelets, the 
lemmas pubescent over the back. The closely allied and equally com- 
mon B. ciliatus L. (fig. 2) differs in having lemmas glabrous on the 
back and pubescent on the margins only. Several species are found 
in the Western States, B. porteri (Coult.) Nash, with close drooping 
panicle and softly pubescent spikelets, being common in the Rocky 

Mountains. 
The group of annuals includes weedy species introduced mostly 

from Europe. The best known of these in the Eastern States is 
Bromus secalinus (fig. 3), chess or cheat, a weed of waste places and 
sometimes infesting grain fields. Formerly it was believed by the 
credulous that under certain conditions wheat changed into chess. 
Chess in a wheat field is due to chess seed in the soil or to chess seed 
in the wheat sown. Chess is a smooth grass 1 to 3 feet tall, with flat 
blades and open drooping panicles of smooth turgid spikelets, the 
lemmas broad and inrolled above, the awn about as long as the lemma. 

Bromus commutatus Schrad. differs in having pubescent sheaths. 
On the Pacific coast the annual species of Bromus have become 

conspicuous. They thrive on all open ground at lower altitudes in 
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spikelet and floret, X 5. Fig. 2—Wild brome-grass, Bromus ciliatus, Plant, X 2; 
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Fic. 3.—Chess (cheat), Bromus secalinus. Plant, ~ 4; spikelet and floret, « ! 

Balri 
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spring and early summer, and on the approach of the summer dry 
season they ripen their seed and turn brown. They often cover 
vast areas and have become a great pest. The commonest species are 
B. rubens L., with contracted panicles of narrow usually purplish 
spikelets; B. hordeaceus L., with compact panicles of short turgid 
usually pubescent spikelets like those of B. secalinus; B. villosus - 
Forsk., with open rather few-flowered panicles and narrow spike- 
lets with awns as much as 2 inches long; and B. tectorum L. (fig. 4), 
a rather small softly pubescent species, with drooping panicles of 
narrow spikelets. Bromus trinii Desv., found chiefly in the desert 
regions of California, introduced from Chile, is peculiar in having 
a bent awn twisted below. Bromus arenarius Labill., a recent intro- 
duction from Australia, is becoming common. This has an open 
panicle with capillary curved pedicels and short, pubescent spikelets. 

The perennial species of Bromus are important forage grasses on 

the mountain ranges of the Western States. The annual species are 
good forage grasses when they are young, but they are rather eva- 
nescent. The fruits of B. villosus and B. rubens and their allies are 
injurious to stock, the sharp-pointed florets working their way into 
the eyes and nostrils. Bromus secalinus is grown for hay in Wash- 
ington, in Oregon, and in Georgia. 

For a revision of the species of Bromus found in the United States, 
see Shear, U. S. Dept. Agr., Div. Agrost. Bull. 23. 1900. 

3. Festuca L., the fescue grasses. 

Spikelets few to several flowered, the rachilla disarticulating above 
the glumes and between the florets; glumes narrow, acute, unequal. 
the first sometimes very small; lemmas rounded on the back, mem- 
branaceous or somewhat indurate, 5-nerved, the nerves often obscure, 
acute or rarely obtuse, awned from the tip or rarely from a minutely 
bifid apex. 
Annual or perennial low or rather tall grasses of varied habit, the 

spikelets in narrow or open panicles. Species about 100, in the tem- 
perate and cool regions; about 40 species in the United States, 7 of 
which are introductions from Europe. 

Type species: Festuca ovina L. 
Festuca L., Sp. Pl. 73, 1753; Gen. Pl., ed. 5, 38. 1754. Linneeus describes 11 

species. Festuca ovina is chosen as the type, as it is the first of the original 
species that is economic and is described in the flora of Sweden. Most of the 
original species are still retained in Festuca but F. decumbens is now placed 
in Sieglingia, F. fluitans in Panicularia, and F. cristata in VWoeleria (K. 
phleoides). 

Vulpia Gmel., Fl. Badens. 1: 8. 1805. One species, V. myuros, based on 
Festuca myuros J.., is described, and two species of Festuca having a single 
stamen are mentioned in a note. Festuca myuros is taken as the type. 

Sehedonorus Beauv., Ess. Agrost. 99, pl. 19, f. 2. 1812. The first of the 25 
species included and the one figured is “ Bromus elatior”’ (.) Koel., based on 
Festuca elatior. The figure shows a floret with a short awn below the minutely 
bidentate apex, as found in occasional specimens of Ff’, elatior, which species is 
taken as the type, 
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x 4; spikelet and floret, Plant, Fic. 4.—Downy brome-grass, Bromus tectorum. 
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Dasiola Raf., Neogenyt. 4. 1825. 
D. elliottea Raf. This is Ff. sciwrea Nutt. 

<= 

SR 

Fie. 5.—Festuca octoflora. Plant, * 34; spikelet and floret, 
xan 

“Type Festuca monandra” Hl., renamed 

Chloamnia Raf., 
Neogenyt. 4. 1825. 
Two species are in- 
eluded, Festuca  te- 
nella and F. bromoi- 
des. The first, which 
is F'. octofiora Walt., 
is taken as the type. 

Hesperochloa (Pi- 
per) Rydb., Bull. 
Torrey Club 39: 106. 
1912. Based on Fes- 
tuca subgenus Hes- 
perochloa Piper, the 
type and only species 
of which is F’. confinis 
Vasey. 
Wasatchia Jones, 

Contr. West. Bot. 14: 
16. 1912. A single 
species is included, 
W. kingiit (Watson) 
Jones, based on Poa 
kingit Watson, which 
is the same as F’. con- 
finis Vasey. 
Gnomonia Lunell, 

Amer. Midl. Nat. 4: 
224, 1915. A new 
name proposed for 
Festuca L., not Do- 
donaeus, 1551. 

The subgenus 
Vulpia, including 
annuals with most- 
ly narrow panicles 
and flowers with 
but one stamen, is 
represented in the 
United States by 
13 species, 2 of 
which, Festwea 
myuros L. and F. 
bromoides L., are 
introductions 
from Europe. 
Festuca octoflora 
Woallt..) (ie): 
with spikelets usu- 
ally more than 
5-flowered and 
hard terete gla- 

brous or scabrous 
lemmas with no scarious margin, is common throughout the United 
States. Several native species of this subgenus are found on the 
Pacific coast. 
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The subgenus Hesperochloa includes a single species Festuca 
conjinis Vasey, a stout tufted perennial with creeping rhizomes, firm 
flat blades, and narrow panicles of awnless spikelets. 

The remaining species, all perennials, are placed in the subgenus 

Eufestuca. Mountain bunch-grass (7. viridula Vasey) with nar- 
row fiat or loosely involute blades and awnless spikelets is common 
in the subalpine meadows of the northwestern mountains where it 
constitutes an important part of the forage. Festuca subulata Trin., 
a common woodland species of the Northwestern States, has flat thin 
blades and very open panicles of long-awned spikelets. Much re- 
sembling this is F. subuléflora Scribn., which is peculiar in having 
a stipelike.elongation at the base of the florets. An allied Califor- 
nian species, /’. elmer Scribn. and Merr., has spikelets like FP’. subulata, 
but the awn arises between the two minute teeth of the lemma. /es- 
tuca obtusa Spreng. is an eastern woodland species with very loose 
sparingly branched panicle and few awnless spikelets. The largest 
species of the genus in the United States is F/. californica Vasey, 

- found in dry woods of western California and Oregon. This grows 
in large tufts, with culms as much as 5 feet tall, hard flat or loosely 
involute blades, pilose on the collar, and large panicles. 

The type species, Yestuca ovina, is the representative of a large 
group of varieties or closely allied species in Europe. Festuca ovina 
itself is cultivated as a lawn or pasture grass under the name of 
sheep’s fescue. It is a tufted grass 6 to 18 inches tall with firm, short, 
involute blades, crowded at the base of the slender culms, and narrow 
panicles of short-awned spikelets. This grass is used in mixtures 
for sterile or stony soil. Three allied European species are used in 
the same way but especially in mixtures for lawns. These are /. 
duriuscula L., hard fescue (a species rare in America), with blades 
about 1 mm. broad; F. heterophylla Lam., with flat stem blades; and 
F. capillata Lam., with very fine blades and awnless spikelets. Red 
fescue, F'. rubra L. (fig. 6), differs in the loosely tufted culms with 

decumbent usually red bases. This is native in both Europe and 
America. Two species allied to /. ovina are native in the Western 
States and are both important range grasses. These are /’. tdahoensis 

Elmer (7. ingrata (Hack.) Rydb.), blue bunch-grass, with pale 
narrow stiff harshly scabrous blades 6 to 15 inches long, and awned 
spikelets, common from British Columbia to Colorado and Cali- 
fornia; and /’. arizonica Vasey, Arizona fescue, with nearly awnless 
spikelets, found in northern Arizona and southern Utah. 

The most important cultivated species of the genus is Festuca 
elatior L., meadow fescue (PI. II; fig. 7). This is a smooth perennial, 
1 to 4 feet high, with flat blades and a narrow but rather loose panicle 
4 to 8 inches long, the awnless spikelets about half an inch long. 
‘Meadow fescue is cultivated for hay and pasture in the humid region, 
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especially in Tennessee, Missouri, and eastern Kansas. There are two 

agricultural varieties of this species. The taller form with larger 
more open panicle is distinguished as tall fescue. The form more 

Fic. 6.—Red fescue, Festuca rubra. Plant, <x 4; spikelet and floret, x 5. 
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Fic. 7.—Meadow fescue, Festuca elatior. Plant, * 4; spikelet and floret, * 5. 

commonly cultivated, usually called meadow fescue, is 2 or 3 feet 
tall and has a nearly simple panicle, sometimes racemose above and 
slightly branched at the base. In eastern Kansas the incorrect name 
English bluegrass is sometimes applied to this species. 

97769°—_19—Bull. 772 3 
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For a revision of the species of Festuca found in North America, 
see Piper, Contr. U.S. Nat. Herb. 10:1-48, pl. 1-15. 1906. 

Scleropoa Griseb., Spicil. Fl. Rumel. 2: 431. 1844. 
The one species, Scleropoa rigida (L.) Griseb., a native of southern 

Europe, is sparingly introduced in the United States, mostly as a 
ballast plant. It is a low annual with racemes of spikelets resembling 
those of Puccinellia. The glumes are 1-nerved, the lemmas convex 
on the back and obscurely nerved. The type is Poa rigida L 

Brachypodium Beauv., Ess. Agrost. 100, 155. 1812. 
One species, Brachypodium distachyon (L.) Beauv., of Europe, 

has been found on ballast at Portland, Oreg., and Camden, N. J. It 
is a low tufted annual, with stiff culms ending in a raceme of 1 to 
few short-pediceled, many-flowered cylindric spikelets, the awned 
lemmas rounded on the back, the paleas stiffly ciliate on the keels. 

4, PANICULARIA Heister. 

(Glyceria R. Br.) 

Spikelets few to many flowered, subterete or slightly compressed, 
the rachilla disarticulating above the glumes and between the florets; 
glumes unequal, short, obtuse or acute, usually scarious, mostly 1- 

nerved ; lemmas broad, convex on the back, firm, usually obtuse, awn- 
less, scarious at the apex, 5 to 9 nerved, the nerves parallel, usually 
prominent. 

Usually tall aquatic or marsh grasses, with flat blades, closed or 
partly closed sheaths, and open or contracted panicles. Species about 
35, in the temperate regions of both hemispheres; 16 species in the 
United States. 

Type species: Poa aquatica L. 
Panicularia Heister; Fabr., Enum. Pl. Hort. Helmst., ed. 2, 373. 1763. The 

genus is based on the species that Linnzeus named Poa aquatica. 
Festucaria Heister; Fabr., Enum. Pl. Hort. Helmst., ed. 2, 374. The 

genus is based on the species that Linnzeus named Festuca fluitans. 
Glyceria R. Br., Prodr. Fl. Nov. Holl. 179. 1810. Based on Festuca fluitans L. 
Nevroloma Raf., Journ. de Phys. 89: 106. 1819. ‘‘ Type, le Briza canadensis 

de Michaux.” This is Panicularia canadensis. 

Our species are divided into two rather well marked groups. One 
group, consisting of five species, has linear spikelets usually as much 

as 1cm. long. These species are represented by Panicularia fluitans, 
the type of Festucaria and Glyceria. The group to which P. aquatica 
belongs has ovate or oblong spikelets usually not over 5 mm. long. 
The commonest species is Panicularia nervata (Willd.) Kuntze 

(fig. 8), with small prominently 7-nerved spikelets in open panicles. 
Panicularia canadensis (Michx.) Kuntze has larger less prominently 
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8.—Manua grass, Ponicularia nervata. Viant, ~ 4; spikelet and floret, x 5. 
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nerved spikelets. Panecularia grandis (S. Wats.) Nash has very large 
panicles of oblong spikelets, the lemmas prominently 7-nerved. Pani- 

cularia pauciflora (Presl) Kuntze, found in the western mountains, 
has 5-nerved lemmas and rather small panicles. 

The species are sometimes called manna grass and fowl meadow 
grass. They are all excellent forage grasses, but usually form no 
very important part of the grazing because they are limited to 
swampy regions. Hydrocyanic acid has been found in Panicularia 
nervata, and some cases of cattle poisoning have been ascribed to it.* 

5. PLEUROPOGON R. Br. 

Spikelets several to many flowered, linear, the rachilla disarticu- 
lating above the glumes and between the florets; glumes unequal, 
membranaceous or subhyaline, scarious at the somewhat lacerate tip, 
the first 1-nerved, the second obscurely 3-nerved; lemmas membra- 

naceous, ¢-nerved, with a round indurate callus at base, the apex en- 
tire or 2-toothed, the midnerve extending into a short mucro or into 
an awn; palea 2-keeled, the keels winged on the lower half. 

Soft annuals or perennials, with flat blades and loose racemes of 
rather large spikelets. Species three, one in the arctic region and 
two on the Pacific coast of the United States. 

Type species: Pleuropogon sabinii R. Br. 
Pleuropogon R. Br., Suppl. App. Parry’s Voy. 189, pl. D. 1823. A single 

species described and figured. 
Lophochlaena Nees, in Taylor, Ann. Nat. Hist. 1: 283. 1838. Type ZL. cali- 

fornica, the only species described. 

Our species are found in bogs and wet meadows. One, Pleu- 
ropogon californicus (Nees) Benth. (fig. 9),an annual with ascending 
spikelets, is confined to California. The other, P. vrefractus (Gray) 
Benth., a perennial with drooping spikelets, is found from northern 
California to Washington. They are palatable grasses, but occur too 
infrequently to be of economic value. 

6. PUCCINELLIA Parl. 

Spikelets several-flowered, usually terete or only slightly flattened, 
the rachilla disarticulating above the glumes and between the florets; 
glumes unequal, shorter than the first lemma, obtuse or acute, rather 
firm, often scarious at the tip, the first l-nerved or sometimes 
3-nerved, the second 3-nerved; lemmas usually firm, rounded on the 
back, obtuse or acute, rarely acuminate, usually scarious and often 
erose at the tip, glabrous or puberulent toward the base, 5-nerved, 
the nerves parallel, obscure or indistinct, rarely rather prominent; 
palea about as long as the lemma or somewhat shorter. 

Annual, or usually perennial, low pale smooth cespitose grasses, 
with narrow or open panicles. Species about 25, mostly along coasts 

1 Alsberg and Black. Journ: Biol. Chem. 21: 601. 1915. 
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9.—Pleuropoyon californicus. Plant, K 4; spikelet, ~ 3; floret, * 5. 

37 



38 BULLETIN 772, U. S. DEPARTMENT OF AGRICULTURE. 

and on interior alkali soil of the cool and arctic regions of the 
Northern Hemisphere; about 12 species in the United States, on 
the Atlantic coast south to Delaware, on the Pacific coast south to 
Point Reyes, and in the western interior south to New Mexico. 

Type species: Poa distans L. 
Puccinellia Parl., Fl. Ital. 1; 366. 1848. Parlatore describes 4 species, P. 

distans (.) Parl. P. festucaeformis (Host) Parl., P. gussoni Parl., and P. 
maritima (Huds.) Parl. The first is selected as the type. 

Atropis Rupr., in Griseb. in Ledeb. Fl. Ross. 4: 388. 1853. Based upon Poa, 
section Atropis Rupr.,’ of which the type and only species is Poa distans L. 

Puccinellia differs from Poa in the rounded lemmas with indistinct 
and parallel nerves. The species are mostly confined to the brackish 
marshes of the coast. One species, Puccinellia nuttalliana (Schult. ) 
Hitche. (P. airoides (Nutt.) Wats. and Coult.) (fig. 10), is common 
in alkaline soils of the interior from Minnesota to Washington and 
south to New Mexico. This species furnishes considerable forage 
where it is common. 

7. FLUMINEA Fries. 

(Scolochloa Link.) 

Spikelets 3 to 4 flowered, the rachilla disarticulating above the 
glumes and between the florets; glumes nearly equal, somewhat scari- 
ous and lacerate at summit, the first 3-nerved, the second 5-nerved, 
about as long as the first lemma; lemmas firm, rounded on the back, 
villous on the callus, 7-nerved, the nerves rather faint and unequal, 

extending into a scarious lacerate apex; palea narrow, flat, about 
as long as the lemma. 

Tall perennials, with succulent rhizomes, flat blades, and orca 
ing panicles. Species two, one in eastern SHheats, the other in north- 
ern Kurasia and northern North America, extending south to Iowa. 

Type species: Festuca borealis Mert. and Koch. 
Scolochloa Link, Hort. Berol. 1: 136, 1827, not Scolochloa Mert. and Koch. 

1823. Based on Arundo festucacea Willd. (Scolochloa festucacea Link), the 
only species described. Scolochloa Mert. and Koch is based on Arundo dona@# L. 

Fluminea Fries, Summa Veg. Scand. 247. 1846. Based on Festuca borealis. 
A single species is included, its name being given as “ Festwea borealis 
or Fluminea arundinacea.” This is the same as Scolochloa festucacea. 

Our single species, Fluminea festucacea (Willd.) Hitche. (Arundo 
festucacea Willd., Graphephorum festucaceum Gray, Scolochloa fes- 
tucacea (Willd.) Link) (fig. 11), is a marsh grass found from Iowa 
and Minnesota northward. It has some value for forage and is often 
a constituent of marsh hay. 

8. Poa L., the bluegrasses. 

Spikelets 2 to several flowered, the rachilla disarticulating above 

the glumes and between the florets, the uppermost floret reduced or 
rudimentary; glumes acute, keeled, somewhat unequal, the first 

1 Beitr. Pllanzenk. Russ. Reich. 2: 61. 1845 (Fl. Samoj. Cis.). 
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Fic. 10.—Puccinellia nuttalliiong, Plant, K 4; spikelet and floret, « 5. 
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x 5. spikelet and floret, Fic. 11.—Fluminea festucacea. Plant, x 43 
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1-nerved, the second usually 3-nerved ; lemmas somewhat keeled, acute - 

or acutish, awnless, membranaceous, often somewhat scarious at the 
tip, 5-nerved, the nerves sometimes pubescent. 

Annual, or usually perennial, species of low or rather tall grasses, 
with spikelets in open or contracted panicles, the narrow blades 
flat or folded, ending in a navicular point. Species probably over 
200, in the temperate and cool regions; about 90 in the United States, 

being especially numerous in the western mountains. 

Type species: Poa pratensis L. 
Poa L., Sp. Pl. 67, 1753; Gen. Pl., ed. 5, 31. 1754. lLinnseus describes 17 

species, 8 of which are still retained in the genus. Poa pratensis is chosen as the 
type because it is an important economic species and because it is among the 
species described under Poa in the Flora Lapponica. The first of the original 
speties, P. aquatica, is now referred to Panicularia ; P. flava to Triodia ; P. pilosa, 
P. amabilis, P. eragrostis, P. capillaris, and P. tenella to Hragrostis; P. mala- 
barica to Centotheca ; P. chinensis to Leptochloa. 

Paneion Lunell, Amer. Midl. Nat. 4: 221. 1915. Proposed for Poa L., the word 
poa being a Greek common noun, meaning herb, the author regarding it “ unfit 
as [a] generic name.” 

The base of the lemma sometimes bears a tuft of loose cottony hairs. 
_ A group of western species, including Poa scabrella (Thurb.) Benth. 
of California (fig. 12), P. nevadensis Vasey of the Great Basin, and 
P. sandbergii Vasey of the northern Rocky Mountain region, have 
narrow, nearly terete spikelets, in narrow panicles, the lemmas 
rounded on the back, glabrous, scabrous or minutely pubescent below. 
Several species, such as mutton grass (P. fendleriana (Steud.) Vasey) 
and its allies, P. douglasii Nees, and P. arachnifera Torr., are 
diccious. A few species, such as P. annua L., P. bigelovii Vasey and 
Seribn. of Arizona, P. howellii Vasey and Scribn., and P. bolanderi 
Vasey of California, are annual. Some of the perennial species, 
such as P. scabrella, are bunch grasses, and some like P. pratensis and 
P. compressa produce creeping rhizomes. Poa macrantha Vasey, a 

diecious sand-dune grass of Oregon, has spikelets as much as half 
an inch long. 

The bluegrasses are of great importance because of their forage 
value, some species being cultivated for pasture and others forming 
a large part of the forage on the mountain meadows of the West. 

The most important species of the genus is Poa pratensis L. (PI. 
ILI; fig. 13) commonly known as Kentucky bluegrass, or simply blue- 
grass. This is a smooth perennial, with creeping rhizomes, erect 
culms 1 to 3 feet high, soft flat or folded blades and open pyramidal 
panicles 2 to 4 inches long, the lower branches in a whorl of usually 5, 
the spikelets mostly 4 to 6 flowered, the florets cobwebby at base, the 
keel and marginal nerves villous. Bluegrass is a native of Europe, 
but is widely naturalized in the cooler parts of this country and is 
cultivated for pasture and for lawns. It is the standard pasture grass 

in the humid regions of the United States where the soil contains 
plenty of lime. 
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Fic. 12.—Poa scabrella. Plant, X 33 spikelet and floret, X 5. 



Bul. 772, U. S. Dept. of Agriculture. 
PLATE III. 

KENTUCKY BLUEGRASS (POA PRATENSIS). 



PLATE IV. Bul. 772, U. S. Dept. of Agriculture. 

Sener 

CANADA BLUEGRASS (POA COMPRESSA) IN FLOWER. 



Bul. 772, U. S. Dept. of Agriculture. PLATE V. 

ANNUAL BLUEGRASS (POA ANNUA). 



PLATE VI. Bul. 772, U. S. Dept. of Agriculture. 
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d floret, * 5. spikelet an Plant, KX 4; pratensis, Bluegrass, Poa G. 13. ¥1 
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The name Kentucky bluegrass has been used because in Kentucky 
the bluegrass pastures have been a prominent feature of the agricul- 
ture of the State. In the northern portion of its range it is usually 
called June-grass. Bluegrass flourishes as far west as eastern Ne- 
braska and as far south as Virginia and in the mountains to northern 
Alabama. In the valleys of the western mountains and in the humid 
region of the Pacific coast, from northern California to British 

Columbia, bluegrass is the common pasture grass. In the regions 
where bluegrass is used for pasture it is the standard lawn grass. 
By liming the soil and by artificial watering bluegrass may be grown 
for lawns beyond the limits outlined above, but it can not be made 
to thrive in the warmer parts of the Southern States or in the arid 
regions of the Southwest. 

Poa compressa L. (Pl. IV), cultivated under the name of Canada 
bluegrass, is of some commercial importance, being grown in the 
region that is adapted to the growth of Kentucky bluegrass, but it 
is used chiefly on sterile sandy or clay soils where the latter species 
does not thrive. Canada bluegrass differs from Kentucky bluegrass 
in its blue-green color, distinctly compressed stems, and narrow less- 
branched panicles. It produces abundant rhizomes that throw up 
numerous scattered stems, mostly 6 to 15 inches tall, these being 
usually solitary rather than tufted. On account of its wiry, com- 
pressed stems it is called in some localities wire-grass and flat-stem. 
Two other species of Poa occasionally grown but of little agricul- 

tural importance are Poa trivialis L., rough-stalked meadow grass, a 
species lacking rhizomes, but resembling P. pratensis in its panicle, 
distinguished easily by its backwardly roughened sheaths; and Poa 
palustris Li. (P. triflora Gilib., P. serotina Ehrh.) known to seedsmen 
as fowl meadow grass, a smooth, rather tall, tufted grass, differing 
from bluegrass in the absence of rhizomes, in the larger more open 
panicle, and in the smaller, 2 to 4 flowered spikelets. 

Poaarachnifera Torr., Texas bluegrass, has been used in some of the 
Southern States as a winter pasture grass and as a lawn grass. It is 
an erect dicecious grass, 1 to 2 feet high, with strong rhizomes and 
narrow panicles, 2 to 4 inches long, the staminate spikelets glabrous, 
the pistillate spikelets with a copious tuft of woolly hairs at the base 
of the florets. Texas bluegrass is a native of Oklahoma and Texas. 

Poa annua L., annual bluegrass (Pl. V), is a low, soft, light-green, 
annual grass that is frequently found as a weed in lawns and gardens. 
It thrives in the spring or even in the winter in southerly regions, 

forming fine light-green patches, which die out later in the season, 
leaving unsightly spots. Poa annua is a native of Europe, but is 

widely introduced in America. 
Several species are important range grasses. Malpais bluegrass 

(Poa scabrella), a bunch grass, with slightly roughened sheaths and 
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narrow panicles of cylindric spikelets, the lemmas pubescent below, is 
common at lower altitudes in California. Mutton grass (P. fendleri- 
ana) is important in the Southwest. Little bluegrass (P. sand- 
bergiz), differing from malpais bluegrass in having smooth sheaths, is 
common at medium altitudes (2,000 to 8,000 feet) throughout the 
Northwest. 

9. Briza L., the quaking grasses. 

Spikelets several-flowered, broad, often cordate, the florets crowded 
and spreading horizontally, the rachilla glabrous, disarticulating 
above the glumes and between the florets, the uppermost floret re- 

duced; glumes about equal, broad, papery-chartaceous, with scarious 
margins; lemmas papery, broad, with scarious, spreading margins, 
cordate at base, several-nerved, the nerves often obscure, the apex 
in our species obtuse or acutish; palea much shorter than the lemma. 
Annual or perennial, low grasses, with erect culms, flat blades, and 

usually open, showy panicles, the pedicels in our species capillary, 
allowing the spikelets to vibrate in the wind. Species about 20, the 
greater number South American. The three species found in the 
United States are introductions from Europe and occur here as 
occasional weeds in waste places. 

Type species: Briza media L. 
Briza L., Sp. Pl. 70, 1753; Gen. Pl., ed. 5, 32. 1754. WLinnseus describes 4 

species, B. minor, B. media, B. maxima, and B. eragrostis. The first three were 
familiar to Linneus as cultivated plants in the Hortus Cliffortianus, and the 
second, which is selected as the type species, was described in his flora of Swe- 
den. The first three species are now retained in Briza, the last is referred to 
Eragrostis. 

Of the three species found in this country, one, Briza media (fig. 
14), is perennial, and two, B. minor and B. maxima, are annual. The 
spikelets of B. maxima, a species sometimes cultivated for ornament 
under the name quaking grass, are large and showy, half an inch long, 
drooping on slender pedicels. Briza minor, with smaller upright 
spikelets, is rather common on the Pacific coast. 

10. Wracrostis Host, 

Spikelets few to many flowered, the florets usually closely imbri- 
cate, the rachilla disarticulating above the glumes and between the 
florets, or continuous, the lemmas deciduous, the paleas persistent; 
glumes somewhat unequal, shorter than the first lemma, acute or 
acuminate, 1-nerved, or the second rarely 3-nerved; lemmas acute 
or acuminate, keeled or rounded on the back, 3-nerved, the nerves 
usually prominent; palea 2-nerved, the keels sometimes ciliate. 

Annual or perennial grasses of various habit, the inflorescence an 
open or contracted panicle. Species more than 100, tropical and tem- 
perate regions; 33 species in the United States, in all except the cool 
or mountain regions. 
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Type species: Briza eragrostis L. 
Eragrostis Host, Gram. Austr. 4: 14, pl. 24. 1809. One species is described, 

but no generic description is given. The genus Eragrostis was first diagnosed 
by Beauvois,* the type being 
Eragrostis eragrostis, based on 
Poa eragrostis L. ia, 

Erochloé Raf., Neogenyt. 4, 
1825; Bull. Bot. Seringe 1: 221. 
1830. Rafinesque first proposed 
the name in 1825 but mentioned 
no species. In 1830 he gives the 
name to ‘Poa spectabilis seu 
amabilis,’ (Hragrostis pectina- 
cea and #. amabilis, respec- 
tively, not the same species, as 
Rafinesque implies). 

Acamptoclados Nash, in Small, 
Fl. Southeast. U. S. 139. 1903. 
The type, indicated on page 1327, 
is Hragrostis sessilispica Buckl., 
the only species described. The 
genus is placed in Chlorides on 
account of the sessile spikelets 
distant along the panicle 
branches. 

Neeragrostis Bush, Trans. 
Acad. St. Louis 18: 178. 1908. 
The type species is indicated, 
Poa weigeltiana Reichenb. The 
genus includes also NV. hypnoides 
(Hragrostis hypnoides). 
Erosion Lunell, Amer. Midl. 

Nat. 4: 221. 1915. Proposed for 
“ Hragrostis Beauv... . The 
name to be avoided, as built on 
another grass name.” 

Fig. 14.—Quaking grass, Briza media. Plant, * 4; spikelet and floret, X 5. 

In many species the rachilla is continuous and does not disarticulate 
as in most species of the tribe Festuceae. The grain is free and falls 
with the lemma, leaving the palea upon the rachilla. To this group 

1Ess. Agrost. 70, pl. 14, f. 11. 1812, 
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belong two common annual weeds, H'ragrostis cilianensis (All.) Link 
(2. megastachya (Koel.) Link, £. major Host), a disagreeable smell- 
ing grass (fig. 15) with rather compact panicles of large spikelets 
(3 mm. wide), the keels of the lemmas glandular dotted, and #. caro- 
liniana (Spreng.) Scribn., with open panicles of small spikelets 
(about 1.5 mm. wide). 
Eragrostis pectinacea (Michx.) Nees (fig. 16) is a perennial with 

handsome purple open panicles, which at maturity separate from the 
plant and tumble before the wind. 

Eragrostis hypnoides (Lam.) B. 8. P. is a spreading dicecious 
annual found on sandy river banks. Z’ragrostis ciliaris (.) Link 
(fig. 17) and 2. amabilis (L.) Wight and Arn. (#. plumosa Link) 
are tropical annuals that extend into the Gulf States. They have 
conspicuously ciliate paleas and disarticulating rachilla. A common 
perennial species in sandy soil from Kansas to Texas is /’. secundifiora 
Presl (Z. oxylepis Torr.) with contracted purple panicles, the rachilla 
disarticulating and the florets falling separately. 

In general, the species of Eragrostis have little forage value. 

11. CATABROSA Beauy. 

Spikelets mostly 2-flowered, the florets somewhat distant, the 
rachilla disarticulating above the glumes and between the florets; 
glumes unequal, shorter than the lower floret, flat, nerveless, irregu- 
larly toothed at the broad truncate apex; lemmas broad, prominently 
3-nerved, the nerves parallel, the broad apex scarious; palea about 
as long as the lemma, broad, scarious at the apex. 

Aquatic perennials, with creeping bases, flat soft blades, and open 
panicles. Species seven, in northern Eurasia and North America, 
extending south to New Brunswick and Colorado; one in Chile. 

Type species: Aira aquatica L. 
Catabrosa Beauy., Ess. Agrost. 97, pl. 19, f. 8. 1812. The species illustrated 

is C. aquatica. Another name mentioned is a nomen nudum. 

Catabrosa aquatica (L.) Beauv. (fig. 18) is found in mountain 
meadows around springs and watercourses. It is an unimporcant 
forage grass. ; 

12. Morinra Schrank. 

Spikelets 2 to 4 flowered, the florets distant, the rachilla disarticu- 
lating above the glumes, slender, prolonged beyond the upper floret, 
and bearing a rudimentary floret; glumes somewhat unequal, acute, 
shorter than the first lemma, 1-nerved; lemmas membranaceous, nar- 

rowed to an obtuse point, 3-nerved; palea bowed out below, equaling 

or slightly exceeding the lemma, 
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Wie, 15,—Stink-grass, Hragrostis cilianensis, Plant, £3; spikelet and floret, x 5. 



Fic. 

GENERA OF GRASSES OF THE UNITED STATES. 

16.—Love-grass, Dragrostis pectinacea. 

97769°—19—Bull, 772 4 

Plant, & 4; spikelet and floret, < 5, 

49 
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Slender tufted perennials, with flat blades and narrow, rather open 
panicles. Species five, Europe and Asia; one sparingly introduced 
in the United States. 
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Fic. 17.—2Zragrostis ciliaris. Plant, X 34; spikelet and floret, xX 5. 

Type species: Aira caerulea L. 
Molinia Schrank, Baier. Fl. 1: 336. 1789. A single species described, M. 

varia, of which Aira caerulea L. is given as a Synonym. 

Molinia caerulea (L.) Moench (fig. 19) is introduced in a few local- 
ities in the Eastern States from New England to Pennsylvania. In 
Europe this is considered to be a good forage grass. A form with 
striped leaves is cultivated for ornament, being used for borders. 
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13. DIARINA Raf. 

Spikelets few-flowered, the rachilla disarticulating abeve the 
glumes and between the florets; glumes unequal, acute, shorter than 

the lemmas, the first 1-nerved, the 
second 3 to 5 nerved; lemmas char- 

taceous, pointed, 3-nerved, the 
nerves converging in the point, the 
upper floret reduced; palea char- 
taceous, 2-nerved, obtuse, at ma- 
turity the lemma and palea widely 
spread by the large turgid beaked 
caryopsis with hard shining peri- 
carp. 

Perennials, with slender rhi- 
zomes, broadly linear, flat blades, 
long-tapering below, and narrow, 
few-flowered panicles. Species 
two, one in eastern Asia and one 
in the eastern United States. 

Type species : Festuca diandra Michx. 
Diarina Raf., Med. Repos. 5: 352. 

1808. Rafinesque bases a new genus on 

Vic. 15.--Catabrosa aquatica. Plant, K 43 spikelet and floret, «* 5. 

Festuca diandra Michx. (not Moench, 1794). He renames the species D. festu- 
coides. Beauvois’ spells the name Diarrhena, crediting it to “Shmal” | Rafin- 
esque-Schinalz| and renames the single species D. wmericana. 

1 Ess. Agrost. 142, pl. 25, f.1, 1812, 
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Koryearpus Zea; Lag., Gen. and Sp. Nov. 4. 1816. The only species described 
is K. arundinaceus Zea, which is the same as Diarina festucoides. Lagasca cites 

ty the reference ‘Ac. Matr. 1806,” but 
y there seems to be no evidence that the 
\y j name Koryearpus was published earlier 
\V f than 1816. 

Ny Our single species, Diarina 
festucoides Raf. (fig. 20), is 
found in rich woods through 
the eastern United States. It is 
of little importance as a forage 
erass. i 7, 
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14. DISSANTHE- 

LIumM Trin. 

Spikelets 
mostly 2-flow- 
ered, the ra- 
chilla_ slender, 
disarticulating 
above the 

Fic, 19.—Molinia caerulea. Plant, X 4; spikelet and floret, xX 5. 

glumes and between the florets; glumes firm, nearly equal, acumi- 
nate, much longer than the lower floret, mostly exceeding all 
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the florets, the first 1-nerved, the second 3-nerved; lemmas strongly 
compressed, oval or elliptic, acute, awnless, 3-nerved, the lateral 
nerves near the margin; palea some- 
what shorter than the lemma. 
Annual or perennial grasses, with 

narrow panicles. Species two, one 
in Mexico and South America, the 
other in California. 

Fie. 20.—Diarina festucoides. Plant, * 4; spikelet and floret, « 5. 
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Type species: Dissanthelium supinum Trin. 
Dissanthelium Trin., Linnza 10: 305. 1836. One species deseribed. 
Stenochloa Nutt., Journ. Acad. Phila. If. 1: 189. 1848. One species described, 

S. californica. 

Our Californian species, Dissanthelium californicum (Nutt.) 
Benth. (fig. 21), is an annual with flat blades and a narrow somewhat 

) open panicle. It isa rather 
yy rare species found in 

v7) southern California and 
4) the islands off the coast 

and has no economic value. 
The second species of 

the genus is Dissantheliium 
supinum Trin., a low 
tufted perennial, with nar- 
row, folded or convolute 
blades and short, densely 
flowered panicles. This is 
found on alpine summits 
in Mexico, Bolivia, and 
Peru. It has been called 
Deschampsia matthewsi 
Ball and Dissantheliwm 

sclerochloides Fourn. 

15. REDFIELDIA Vasey. 

Spikelets compressed, 
few-flowered, mostly 3 or 
4 flowered, the rachilla 

disarticulating above the 
glumes and between the 
florets; glumes somewhat 
unequal, 1-nerved, acumi- 
nate; lemma chartaceous, 

3-nerved, the nerves paral- 
lel, densely villous at base ; 
palea as long as the 

lemma; grain free. 
A rather tall perennial, 

with rhizomes and a large 
panicle with diffuse capil- 
lary branches. Species 

Fic. 21.—Dissanthelium californicum. Plant, X 33 ee sand hills of the 
spikelet,and floret, x 5. Great Plains. 

Type species: Graphephorum flecuosum Thurb. 
Redfieldia Vasey, Bull. Torrey Club 14: 133. 1887. One species described, 

R. fleruosa (Thurb.) Vasey. 

ian 
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Pic. 22.—Kedficldia flecuosa. Plant, * 43 spikelet and floret, x 5. 

Redfiddia flexwosa (fig. 22) is a gregarious sand-hill grass, one 
of the few species found growing in the drifting sand, which it tends 
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to hold in place with its numerous creeping rhizomes. The species 
is found from South Dakota to Kansas. It has little value for 
forage but much value as a sand binder. 

16. MoNANTHOCHLOE Hngelm. 

Plants diecious; spikelets 3 to 5 flowered, the uppermost florets 
rudimentary, the rachilla disarticulating tardily in pistillate spike- 
lets; glumes wanting; lemmas rounded on the back, convolute, nar- 
rowed above, several-nerved, those of the pistillate spikelets like 
the blades in texture; palea narrow, 2-nerved, in the pistillate spike- 
lets convolute around the pistil, the rudimentary uppermost floret 
inclosed between the keels of the floret next below. 
A creeping wiry perennial, with clustered short subulate leaves, the 

spikelets at the ends of the short branches only a little exceeding the 
leaves. Species two, one on muddy shores of the ocean in tropical 
America, one in Argentina. 

Type species: Monanthochloé littoralis Engelm. 
Monanthochloé Engelm., Trans. Acad. St. Louis 1: 1486. 1859. Only one 

species described. 

Monanthochloé littoralis (fig. 23) is found within our limits only 
in southern Florida, southern Texas, and southern California, on 
tidal flats, sometimes covering extensive areas. Owing to the incon- 
spicuousness of the spikelets, the flowering stage can be determined 
only on close examination. The species has no economic importance 
except as it tends to convert mud flats into permanent soil. 

The leaves next the spikelet are reduced, but always present a 
short though well-marked blade or foliaceous tip with a distinct 
ligule. The branches bearing the spikelets are short and clustered. 
The uppermost leaf, the one nearest the spikelet, usually has no bud 

or branch in its axil.. The leaf next below bears a bud or short 
branch and a well-developed prophyllum. The prophylla of 
branches somewhat lower may be as large as the sheath of the leaf, 
and the two nerves may extend into prominent foliaceous tips. As 
the branch develops, the prophyllum usually splits down the middle 
and the two halves stand one on each side. The uppermost leaf 
sometimes has in its axil a thin membranaceous nerveless obtuse 
bract which clasps the spikelets like a second (upper) glume, but 

probably this is to be interpreted as a prophyllum, subtending a 
branch which failed to develop. 

17. DistTicHLis Raf. 

Plants dicecious; spikelets several to many flowered, the rachilla 
of the pistillate spikelets disarticulating above the- glumes and 
between the fiorets; glumes unequal, broad, acute, keeled, mostly 
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3-nerved, the lateral nerves sometimes faint or obscured by stria- 
tions and intermediate nerves; Jemmas closely imbricate, firm, the 
pistillate coriaceous, the margins bowed out near the base, acute or 

Plant, X 4; pistillate spikelet and floret, x 5. 

Pic. 23—WMonanthochloé littoralis. 

acutish, 3-nerved, with several intermediate nerves or striations; 

palea as long as the lemma or shorter, the pistillate coriaceous, in- 
closing the grain. 
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Low perennials, with extensively creeping scaly rhizomes, erect, 
rather rigid stems, and short, dense, rather few-flowered panicles. 
Species about six, in salt marshes of the coast and interior in America, 
one extending to Australia; three species in the United States, one 
widely distributed and two confined to Texas and northern Mexico. 

Type species: Uniola spicata L. 
Distichlis Raf., Journ. de Phys. 89: 104. 1819. Distichlis maritima is indi- 

eated as the type by Rafinesque, who gives Uniola spicata L. as a synonym. 
Brizopyrum Presl, Rel. Haenk. 1: 280. 1830. Presl describes five species, of 

which the first two belong to Distichlis. None is figured. The first species, 
B. boreale (Distichlis, spicata), is selected as the type. 

The common species, Distichlis spicata (.) Greene (fig. 24), is 
found along both coasts and in salt or alkali spots in the interior, 
and extends southward to South America and to Australia. It is an 
erect, gregarious grass usually not more than a foot high, with pale 
spikelets, the staminate having a softer texture than the pistillate. 
The common name is salt or alkali grass, though these names are some- 
times applied to other species. In general it has little value for 
forage but in the interior basins, such as the vicinity of Salt Lake, it 
is utilized for grazing when better grasses are not available. The 
large amount of salt or alkali may cause digestive disturbances. 
This species is variable, and two forms have been distinguished as 
species, D. stricta (Torr.) Rydb. and DP. dentata Rydb., both from 
the Western States. 

The two species of the Southwest are not well known. Distichlis 
texana (Vasey) Scribn., a larger grass than D. spicata, with less 
compressed spikelets and a long, narrow, loose panicle, is found from 
Texas to Durango. Distichlis multinervosa (Vasey) Piper is an 
anomalous species from western Texas known only from the type 
collection. It differs in having a villous rachilla and 7-nerved mem- 
branaceous lemmas, rounded on the back and villous on the lower 
part, and in the 2-lobed palea. 

18. Untorta L. 

Spikelets 3 to many flowered, the lower one to four lemmas empty, 

the rachilla disarticulating above the glumes and between the florets; 
glumes compressed-keeled, rigid, usually narrow, nerved, acute or 
acuminate, or rarely mucronate; lemmas compressed, sometimes con- 
spicuously flattened, chartaceous, many-nerved, the nerves some- 
times obscure, acute or acuminate, the empty ones at the base usually 
successively smaller, the uppermost usually reduced; palea rigid, 
sometimes bowed out in the winged keels. 

Perennial, rather tall, erect grasses, with flat or sometimes convo- 
lute blades and narrow or open panicles of compressed, sometimes 
very broad and flat spikelets. Species nine, all North American. 
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six being represented in the United States, these inhabiting the 
Southeastern States, some species extending as far north as Long 
Island and as far west as Kansas and Texas. 

Fic. 24.—SaJt-grass, Distichlis spicata. Staminate plant and a pistillate panicle, X 43 

pistillate spikelet and floret, X* 5. 

Type species: Uniola paniculata U. 
Uniola L., Sp. Pl. 71, 1753; Gen. Pl., ed. 5,382. 1754. Linnseus describes two 

species, U. paniculata and U. spicata. The first species is selected as the type. 
The second is now referred to Distichlis. 
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Trisiola Raf., Fl. Ludov. 144. 1817. <A single species, 7’. paniculata, based 
on Uniola paniculata 1., is included. 

Nevroctola Raf., Neogenyt. 4. 1825. “ Type Uniola maritima or paniculata.” 
Uniola maritima Miehx. is U. paniculata L. 
Chasmanthium Link, Hort. Berol. 1: 159. 1829. A single species, CO. gracile, 

based on Uniola gracilis Michx., is included. This is the same as U. laxa (1.) 
IBY Sp Jee 

Uniola paniculata, seaside oats, common on the coastal sand dunes 
from Virginia to Texas, is a stout, pale grass, with extensively creep- 
ing rhizomes, long-attenuate, firm blades, and large, drooping, heavy, 
rather compact panicles of large, flat, stramineous spikelets. It is an 
excellent sand binder. Uniola latifolia Michx. (Pl. VI; fig. 25) is 
a woodland grass with broad flat blades and handsome, open, droop- 
ing, rather few-flowered panicles of large, very flat green spikelets. 
The species is worthy of use in landscape gardening. This and the 
remaining species of Uniola are of minor importance as forage 
grasses, as they are not sufficiently abundant. The seeds of U. pal- 
meri Vasey are used for food by the Cocopa Indians. 

19. ArunpDo L. 

Spikelets several-flowered, the florets successively smaller, the 
summits of all about equal, the rachilla glabrous, disarticulating 
above the glumes and between the florets; glumes somewhat unequal, 
membranaceous, 3-nerved, narrow, tapering into a slender point, 
about as long as the spikelet; lemmas thin, 3-nerved, densely long- 
pilose, gradually narrowed at the summit, the nerves ending in 
slender teeth, the middle one longer, extending into a straight awn. 

Tall perennial reeds, with broad linear blades and large plumelike 
terminal panicles. Species about six, in the warmer parts of the 
Old World; one introduced in America. 

Type species: Arundo donag L. 
Arundo L., Sp. Pl. 81, 1753; Gen. Pl., ed. 5, 35. 1754. WLinnzeus’ describes six 

C) represents the spikelets of Aruwndo donax, which is fully deseribed on page 
Genera Plantarum is ‘‘ Scheuch. 3: 14, 3.” Scheuchzer’s figure 14 (A, B, and 
C) represents) the spikelets of Arundo donax, which is fully described on page 
159 of Scheuchzer’s work, Agrostographia. Hence, Arundo donax, the second 
species described by Linnzeus, is the type species of the genus. The other 
original species are now referred as follows: A. bambos to Bambos, A. phrag- 
mites to Phragmites, A. epigejos and A. calamagrostis to Calamagrostis, A. 
arenaria to Ammophila. 

Arundo donax, the giant reed (Pl. VIT; fig. 26), is cultivated as an 
ornamental grass for lawn groups or borders. In tropical America 
it is frequently used for hedges, and the stems are utilized for a 
variety of purposes, such as the making of lattices in the construction 
of huts. The giant reed has become naturalized in the Southwestern 

States and sometimes forms a dense growth along irrigation ditches. 
There is a cultivated ornamental variety with white-striped blades 
(A. donax versicolor (Mill.) Kunth). This was mentioned in Miller’s 
Gardener’s Dictionary in 1768 as Arwndo versicolor. 
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CULTIVATED FOR ORNAMENT. GIANT REED (ARUNDO DONAX). 
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ORCHARD GRASS (DACTYLIS GLOMERATA) IN FLOWER. 
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Ss Oe Plant, K 4; spikelet and floret, Pic. 25.—Uniola latifolia. 
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Fie. 26.—Giant reed, Arundo donasz. Rhizome, leaves, and panicle, X 34; spikelet and 

floret, X 3. 
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The giant reed is one of the largest of the herbaceous grasses, its 
stem being as much as 20 feet tall. Ordinarily it grows in cultiva- 
tion to a height of 6 to 10 feet. The rhizome is thick and knotty. 
The blades are flat, 2 to 3 inches broad (smaller on the branches), 
and distributed rather equally along the culm, the distichous ar- 
rangement being conspicuous. The handsome feathery panicle is 1 
to 2 feet long, the spikelets being about one-half inch long. In 
the Southwest this is sometimes called by the Mexican name carrizo. | 
The stems of the giant reed are used for making clarionet and organ- 
pipe reeds. 

Two large cultivated grasses or reeds allied to Arundo are Gyne- 
rium and Cortaderia. 
Gynerium Humb. and Bonpl., Pl. Aequin. 2: 105, pl. 115. 1809. 

The single species described and figured is G. saccharoides Humb. 
and Bonpl. This species, now called G. sagittatwm (Aubl.) Beauv., 
is a giant dicecious grass as much as 30 or 40 feet tall, with culms 
clothed below with old sheaths from which the blades have fallen, 
sharply serrulate blades, commonly 6 feet long and about 2 inches 
wide (forming a great fan-shaped summit to the sterile culms), and 
pale, plumy, densely flowered panicles 3 or more feet long, the main 
axis erect, the branches drooping; spikelets several-flowered, the 
pistillate with long-attenuate glumes and smaller long-silky lemmas, 
the staminate with shorter glumes and glabrous lemmas. This grass, 
found along streams in tropical America, is cultivated occasionally 
in greenhouses under the name of uva grass. 

Cortaderia Stapf, Gard. Chron. III. 22: 396. 1897. Stapf in- 
cludes five species in the genus, the first of which is (. argentea. 
The genus is technically designated on the page indicated in the 
citation, but on a preceding page (p. 378) he says, “Taking Gyne- 
rium argentewm as representative of the Cortaderas, .. .”. Hence 
Gynerium argenteum is selected as the type. This species, called 
C'. argentea (Nees) Stapf, is an erect dicecious perennial reed, grow- 
ing in large bunches, with numerous long, narrow, basal blades, very 
rough on the margins, and stout flowering culms 6 to 10 feet high, 
with beautiful feathery, silvery white or pink panicles or plumes 1 to 
3 feet long; spikelets 2 to 3 flowered, the pistillate silky with long 
hairs, the staminate naked; glumes white and papery, long and 
slender; lemmas bearing a long slender awn. This grass, called 

pampas grass, is a native of Argentina. It is cultivated as a lawn 
ornamental, being hardy in the warmer parts of the United States. 
Pampas grass is cultivated commercially in southern California for 
the plumes, which are used for decorative purposes. The plants 
grow here to enormous size, as much as 20 feet in height. 
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20. PHRAGMITES Adans., the reeds. 

Spikelets several-flowered, the rachilla clothed with long silky hairs, 
disarticulating above the glumes and at the base of each joint between 
the florets, the lowest floret staminate or neuter; glumes 3-nerved, or 
the upper 5-nerved, lanceolate, acute, unequal, the first about half 
as long as the upper, the second shorter than the florets; lemmas 

narrow, long-acuminate, glabrous, 3-nerved, the florets successively 

smaller, the summits of all about equal; palea much shorter than the 
lemma. 

Perennial reeds, with broad, flat linear blades and large terminal 
panicles. Species three, one in Asia, one in Argentina, and one cos- 
mopolitan. 

Type species: Arundo phragmites lL. 
Phragmites Adans., Fam. Pl. 2: 34, 559. 1763. Adanson cites “Arundo 

Scheuz. 161,” which Linnzeus also cites under Arundo phragmites. Adanson 
cites besides four other pre-Linnzean references, two of them queried. The other 
two, which may refer to sugar cane or to sorghum, are to be excluded because 
the few generic characters given, especially that the spikelets have several per- 
fect flowers, do not at all apply to them, but do apply to Arundo phragmites. 
Trinius * publishes Phragmites as a new genus based on Arundo phragmites L., 
changing the specific name to P. communis. 

Trichoon Roth, Archiv Bot. Roemer 1°: 37. 1798. Based on Arundo karka 
Retz., an Hast Indian species of Phragmites. j 
Miphragtes Nieuwl., Amer. Midl. Nat. 3: 332. 1914. The name suggested for 

Phragmites Trin. not Phragmites Adans. in case Trichoon Roth and Oxyanthe 
Steud., to each of which Nieuwland transfers the specific name ‘* Phragmites,” 
should not “be applicable.” 

Our single species Phragmites communis Trin. (P. phragmites (L.) 
Karst.) (fig. 27) is a tall reed with creeping rhizomes, leaves about 
an inch broad, and panicles commonly a foot long. It grows in 
marshes, around springs, and along lakes and streams throughout the 
United States. Besides the rhizomes it produces extensively creep- 
ing leafy stolons. In the Southwest this species, in common with 
Arundo donaa, is called by the Mexican name carrizo and is used for 
lattices in the construction of adobe huts. The stems were used by 
the Indians for the shafts of arrows, and in Mexico and Arizona for 

mats and screens. 

21. Dactyzris I. 

Spikelets few-flowered, compressed, finally disarticulating between 
the florets, nearly sessile in dense one-sided fascicles, these borne at 

the ends of the few branches of a panicle; glumes unequal, carinate, 
acute, hispid-ciliate on the keel; lemmas compressed-keeled, mucro- 
nate, 5-nerved, ciliate on the keel. 

Perennials, with flat blades and fascicled spikelets. Species two 
or three, in Eurasia; one, Dactylis glomerata, a native of Europe, cul- 
tivated and naturalized in the United States. 

1Fund. Agrost. 134. 1820. 



GENERA OF GRASSES OF THE UNITED STATES. 65 

———— aS 
I 

eff 

Pic. 27,—Reed, Phragmites communis. Thizomes, leaves, and panicles, * 43 spikelet 

and floret, K 8, 

97769°—19—Bull. 772——_5 



66 BULLETIN 772, U. S. DEPARTMENT OF AGRICULTURE. 

= ~—— —— 

——— 

SSS 

Ss 
SS 

SSS 

SS waza — 

EZ ZEA — 
— 

Wig. 28.—Orchard grass, Dactylis glomerata. Plant, X.4; spikelet and floret, x 9. 
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Type species: Dactylis glomerata L. 
Dactylis L., Sp. Pl. 71, 1753; Gen. Pl, ed. 5, 32. 1754. Linnzeus describes two 

species, D. cynosuroides from Vi irginia, and D. glomerata from Hurope. The 
latter species being described in his flora J 
of Sweden is chosen as the type. 

Dactylis glomerata, orchard grass 
(Pl. VIII; fig. 28), is a well-known 
meadow and pasture grass, cultivated 
in the humid region of the United 
States. It is a rather coarse, erect, 
perennial bunch-grass, soon forming 
large tussocks, with culms 2 to 4 
feet tall, flat blades as much as one- 
third of an inch wide, panicles 3 to 8 
inches long, with a few stiff branches, 
spreading in flower, appressed in 
fruit. In England this is called 
cocksfoot grass. Orchard grass is 
recommended for shaded situations, 
as it withstands shade better than our 
other meadow grasses. 

22. Cynosugus L. 

Spikelets of two kinds, sterile and 
fertile together, the fertile sessile, 
nearly covered by the short-pediceled 
sterile one, these pairs imbricate in a 
dense one-sided spikelike panicle; 
sterile spikelets consisting of two 
glumes and several narrow, acumi- 
nate, 1-nerved lemmas on a continu- 
ous rachilla; fertile spikelets 2 or 3 
flowered, the glumes narrow, the 
lemmas broader, rounded on the back, 
awn-tipped, the rachilla disarticulat- 
ing above the glumes. 

Species four, in the Mediterranean 
region; one occasionally cultivated in 
the United States and sparingly es- 
caped into waste places. 
Type species: a cristatus L. 
Cynosurus L., Sp. Pl. 72, 1753; Gen. PL, 

ed. 5, 338. 1754. fstaiaees describes nine 
species. The first species, C. cristatus, iS yg, 29.—Cregted dog’s-tail grass, 
chosen as the type because it is an eco- Cynosurus cristatus. Plant, % 43 
nomic species and is one of three species fertile spikelet and floret, X 5. 
described in his flora of Sweden. Of , 
the re ne Linnean species, one, C. echinatus, is now retained in Cyno- 
surus; lima is referred to Wangenheimia; OC. dwrus, to Scleropoa; C. coeru- 
leus, to ie ssleria; C. aegyptius, to Dactyloctenium ; CO. indicus, to Hleusine; C. 

poniceus, to Polypogon; C. aureus, to Achyrodes. 
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The only species in the United States is Cynosurus cristatus L. (fig. 
29), known as crested dog’s-tail grass. This is occasionally sown in 
mixtures for meadows, but has nothing especially to recommend it. 
It is a tufted senate 1 to 2 feet tall, the panicles 2 to 4 inches long. 

23. ACHYRODES Boehmer. 

(Lamarckia Moench.) 

Spikelets of two kinds, in fascicles, the terminal one of each fas- 
cicle fertile, the others sterile; fertile spikelet, with 1 perfect 
floret, the rachilla produced beyond the floret, bearing a small awned 
empty lemma or reduced to an awn; glumes narrow, acuminate or 
short-awned, 1-nerved; lemma broader, raised on a slender stipe, 
scarcely nerved, bearing just below the apex a delicate straight awn; 
sterile spikelets linear, 1 to 3 in each fascicle, consisting of 2 
glumes similar to those of the fertile spikelet, and numerous distich- 
ously imbricate, obtuse, awnless, empty lemmas. 
A low, erect annual, with flat blades and oblong, one-sided, compact 

panicles, the crowded fascicles drooping, the fertile being hidden, ex- 
cept the awns, by the numerous sterile ones. Species one, a native of 
southern Europe, naturalized in southern California. 

Type species: Cynosurus aureus L. 

Achyrodes Boehmer, in Ludw. Def. Gen. Pl. 420. 1760. The genus is based on 
a phrase name of Tournefort, which Linnzeus cites under Cynosurus aureus L. 

Lamarckia Moench, Meth. Pl. 201. 1794. <A single species is described, L. 
aurea (Cynosurus aureus L.). 

Chrysurus Pers., Syn. Pl. 1: 80. 1805. <A single species, C. cynosuroides, 
based on Cynosurus aureus I., is included. 

The single species, Achyrodes awreum (.) Kuntze (fig. 30), is 
abundantly naturalized in southern California. It is called golden- 
top because of its beautiful golden yellow panicles. 

24. Metica L. 

Spikelets 2 to several flowered, the rachilla. disarticulating above 
the glumes and between the florets, prolonged beyond the perfect 
florets and bearing at the apex two or three gradually smaller empty 
lemmas, convolute together or the upper inclosed in the lower; 
glumes somewhat unequal, thin, often papery, scarious-margined, 
obtuse or acute, sometimes nearly as long as the lower floret, 3 to 5 
nerved, the nerves usually prominent; lemmas convex, several-nerved, 
membranaceous or rather firm, scarious-margined, sometimes con- 
spicuously so, awnless or sometimes awned from between the teeth of 
the bifid apex. 

Rather tall perennials, with the base of the culm often swollen 
into a corm, with closed sheaths, usually flat blades, narrow or some- 
times open, usually simple panicles of relatively large spikelets. 

Species about 60, in the cooler parts of both hemispheres; 18 in the 
United States, mostly woodland grasses. 
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Type species: Melica nutans L. 
Melica L., Sp. Pl. 66, 1753; Gen. Pl., ed. 5, 31. 1754. Linnzeus describes three 

species, J/. ciliata, M. nutans, and M. altissima, all species of Hurasia and all 
now retained in the genus Melica. In the Flora Lapponica, where the generic 
name was first used, the only species described is referred by Linnzeus in the 
Species Plantarum to J/. nutans; hence this species is selected as the type. 

Bromelica Farwell, Rhodora 21: 77. 1919. Based on Melica, section 
Bromelica Thurb., of which the type is J/. bromoides Gray (MM. geyeri Munro). 
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Fic. 30.—Golden-top, Achyrodes aureum. Plant, * 4; fertile spikelet and floret, x 5. 

Tn our eastern species, Melica mutica Walt. (fig. 31) and M. nitens 
Nutt., the sterile lemmas form a rather prominent truncate or hood- 
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Fie. 31.—WMelica mutica. Plant, <X 34; spikelet and floret, X 5. 
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shaped body back of the upper floret, and the glumes and fertile 
lemmas are conspicuously scarious. In many of the western species 
the sterile lemmas are small and narrow, forming an inconspicuous 
body at the top of the rachilla, and the glumes and fertile lemmas are 
either broad or rather narrow with less conspicuous scarious margins. 
In M. imperfecta Trin., of California, there is but one fertile floret. 
One group of species with narrow, scarcely flattened spikelets and 
little-differentiated upper florets has been segregated as a section 
under the name Bromelica. The awned species of the genus, J/. aris- 
tata Thurb. (fig. 32), WZ. smithiz (Porter) Vasey, and MW. purpu- 
rascens (Torr.) Hitche., belong to this group. The inflorescence of 
Melica is usually narrow, a simple panicle or even a raceme, but in 
M. smithii, M. geyert Munro, and M. nitens it may be an open but 
rather few-flowered panicle. The corms produced by many species 
are characteristic and have suggested the name onion grass often 
applied to them. The genus is distinguished from allied genera by 
the scarious margins of the glumes and lemmas. The awned species 
of the section Bromelica approach closely to Bromus. 

The species of Melica, commonly called melic grasses, are in gen- 
eral excellent forage grasses. They are, however, not gregarious, 
and do not ordinarily furnish any large proportion of the forage of 
the ranges. The two most important species on the ranges are M. 
bella Piper and M. spectabilis Scribn. They have broad spikelets, 
bulbous bases, and narrow panicles, the first with erect pedicels, the 
second with slender recurved pedicels. 

25. ANTHOCHLOA Nees, 

Spikelets few-flowered, subsessile, on a simple axis and imbricate, 
the rachilla disarticulating above the glumes and between the florets; 

glumes (in our species) wanting; lemmas thin-membranaceous, flabel- 
liform, whitish, petallike, many nerved; palea narrower than the 
lemma, hyaline. 

Low annuals or perennials, with close spikes. Species three; two 
in the Andes, one in California. 

Type species: Anthochloa lepidula Nees. 
Anthochloa Nees; Meyen, Reise um Erde 2: 14. 1835. One species men- 

tioned. The description is meager and scarcely constitutes technical publica- 
tion. It is as follows: “ Wir summelten hier ein sehr kleines aber Husserst 
schones Gras, das die neue Gattung Anthochloa bildet und von Herrn Nees vy, 
Esenbeck Anthochloa lepidula genannt worden ist (Anthochloa genus proximum 
Melicae, differt glumis brevioribus, valvula superiori quadrifida!).’’ The genus 
is first described by Endlicher’ but no species is mentioned. Remy? describes 
the genus and one species (A. rupestris). 

Stapfia Davy, Erythea 6: 110, pl. 3, 1898, not Stapfia Chodat, 1897. One 
species described, S. colusana. 

Neostapfia Davy, Erythea 7: 43. 1899. A new name for Stapfia Davy. 
Davyella Hack., Oesterr. Bot. Zeitschr. 49: 133. 1899. A new name proposed 

for Stapfia Davy, not Chodat. 

2Gen, Pl, 99. 1836. 2Ann, Sci. Nat. Bot. III. 6:347. 1846, 
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Pic. 32.—WMelica aristata. Plant, x 2; Spikelet and floret, x 5. 
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Our species, Anthochloa colusana (Davy) Scribn. (fig. 33), is 
known only from the type collection, from Colusa County, Calif. Tt 
is an annual, with broad flat leaves with no distinction between 
sheath and blade, and dense cylindric spikes, the upper part of the 
axis bearing, instead of spikelets, lanceolate-linear empty bracts. 

Fie. 33.—Anthochloa colusana. Plant * 1; spikelet and floret, x 5. 

26. Trropta R. Br. 

Spikelets several-flowered, the rachilla disarticulating above the 
glumes and between the florets; glumes membranaceous, often thin, 
nearly equal in length, the first sometimes narrower, 1-nerved or the 
second rarely 3 to 5 nerved, acute or acuminate; lemmas broad, 
rounded on the back, the apex from minutely emarginate or toothed 
to deeply and obtusely lobed, 3-nerved, the lateral nerves near the 
margins, the midnerve excurrent between the lobes as a minute point 
or as a short awn, the lateral nerves often excurrent as minute points, 

all the nerves pubescent below (subglabrous in one species), the lat- 
eral ones sometimes conspicuously so throughout; palea broad, the 
two nerves near the margin, sometimes villous. 

Erect, tufted perennials, rarely rhizomatous or stoloniferous, the 
blades usually flat, the inflorescence an open or contracted panicle, 
or a cluster of few-flowered spikes interspersed with leaves. Species 
about 25, mostly in America; 15 species in the United States. 
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Type species: Triodia pungens R. Br. s 

Triodia R. Br., Prodr. Fl, Nov. Holl. 1: 182. 1810. Six species are described, 
the first of which is selected as the type. In this the lemma is firm, rather ob- 
securely 3-nerved, villous along the lower half of the back and margins, 2-toothed 
at the summit, the midnerve excurrent between the acute teeth as a short awn 
as long as the teeth, the lateral nerves extending into the teeth. 

Tricuspis Beauv., Ess. Agrost. 77, pl. 15, f. 10, 1812, not Tricuspis Pers.. 1807. 
The figured species is 7. caroliniana, discussed in the following paragraph. 

Tridens Roem. and Schult., Syst. Veg. 2: 84. 1817. Under the description of 
the genus is a reference to a figure of Beauvois.t’ Beauvois describes the figure 
(which represents Triodia flava) under the name Tricuspis caroliniana. Under 
the description of the genus (p. 77) Beauvois mentions two species, Poa caerules- 
cens Michx. and Tricuspis novaeboracensis Beauv. Both are nomina nuda, the 
first never having been published by Michaux, and Beauvois giving no descrip- 

tion of the second. Roemer and Schultes on a later page (p. 599) describe the 
single species referred to Tridens, under the name 7. quinquejida, based upon 
Poa quinquejfida Pursh, which is Triodia flava. 

Windsoria Nutt., Gen. Pl. 1: 70. 1818. Two species are described, W. poae- 
formis Nutt., which is Triodia flava, and W. ambigua (Hll.) Nutt. The first is 
selected as the type. 
Rhombolytrum Link, Hort. Berol. 2: 296. 1833. The single species described 

is R. rhomboidea from Chile. Bentham and Hooker’ state that two North Ameri- 
can species, Triodia albescens and T. trinerviglumis, are allied to this. Nash? 
recognizes the genus Rhombolytrum and transfers to it Sieglingia albescens 
(Vasey) Kuntze. 
Hrioneuron Nash, in Small, Fl. Southeast. U. 8S. 148. 1903. The type, Uralepis 

pilosa, is indicated on page 1327 of the Same work. Only one species included. 
Dasyochloa Willd.; Rydb., Colo. Agr. Hxp. Sta. Bull. 100: 37. 1906. (Flora 

of Colorado.) The name first appeared in Steudel’s Nomenclator * as a synonym 
of Uralepis (Uralepsis), where two species are listed, D. avenacea Willd. and D. 
pulchella Willd., both being herbarium names. The type and only species men- 

tioned is D. pulchella (H. B. K.) Willd. 
Some authors have referred our species to Sieglingia Bernh.® The type of 

Sieglingia is Festuca decumbens L. This species seems to represent a distinct 
genus, differing in having 5 to Several nerved lemmas. The single species, S. 
decumbens (.) Bernh., a native of Europe, is found in Newfoundland, but does 
not occur in the United States. 

The species of Triodia are diverse in habit and in floral characters, 
but it does not seem practicable to segregate any of them as distinct 
genera. Z'riodia flava (the type of Tridens) and 7. pulchella (the 
type of Dasyochloa) represent the two extremes, but they are con- 
nected by a series of intergrading species. The type species of 
Triodia, 7. pungens, of Australia, in the form of its spikelets, stands 
about midway between our two extremes. Its spikelets, though less 
pubescent, are much like those of 7’. avenacea, with the midnerve of 
the lemma excurrent between the teeth, the lateral nerves not ex- 
current but extending into the teeth. TZviodia pulchella H. B. K. 
(fig. 34) differs in habit from all the other species. It sends 
up from the basal cluster of leaves slender branches with 
elongate internodes, which produce at the extremity a cluster 
of short leaves and short, few-flowered spikes. Later from these 
clusters are produced slender branches, which in their turn form 
clusters of leaves and spikelets. The clusters bend to the ground and 
take root, so that ultimately there is formed a colony of these clusters 

1Beauv. Hss. Agrost. pl. 15, f. 10. 1812. 4Nom. Bot., ed. 2, 1: 484. 1840. 

2Gen. Pl. 3: 1176. 1883. 5 Syst. Verz. Pflanz. Erfurt. 40. 1800. 

8In Britton, Man. 129. 1901. 
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of leaves and spikelets connected by the slender internodes. This 

species and two others, 7’. avenacea H. B. K. and 7. nealleyz Vasey, 
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Plant, X 3; spikelet and floret, X 5. 

Fic, 34.—Triodia pulchella, 

agree in having deeply 9-lobed lemmas, the midnerve excurrent be- 

tween thelobesasanawn. The last two species and 7’. pilosa (Buckl.) 

Merr. have short, spikelike panicles, but the last species differs in 
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having acuminate lemmas. These four species and 7’. mutica (Torr.) 
Scribn. agree in having woolly lemmas, the lower part of the three 
nerves being long-villous, and in having paleas villous on the wings. 
Triodia mutica has a somewhat elongate panicle and differs in having 
very obtuse, broad, sometimes minutely notched, awnless lemmas, the 
lateral nerves disappearing before reaching the margin. The afore- 
mentioned species might be set off under Erioneuron, but they would 
not form a coherent group. 

Triodia flava (u.) Hitche. (Poa flava L.) (fig. 85) has an open, 
elegantly drooping panicle of purple spikelets, the nerves of the 
lemmas pubescent below, extending into 3 mucros. This is common 
in autumn through the Eastern States in meadows and open wood- 
land and is sometimes called purple-top. It exudes a sticky sub- 
stance on the culm below the panicle and on the main branches of 
the inflorescence, to which dirt adheres. One species, 7. drwm- 
mondit Scribn. and Kearney, produces rhizomes. 

Three species (besides 7’. mutica mentioned above) have a spike- 
like panicle. These are 7. albescens Vasey, with glabrous lemmas; 
T. elongata (Buckl.) Scribn., with glumes nearly as long as the 
spikelet; and 7’. stricta (Nutt.) Vasey, with shorter glumes but mu- 
cronate lemmas. The other species have more or less open panicles. 

In general the species of Triodia are of little importance agricul- 
turally. Triodia pulchella is often abundant on the ranges, but is 
not relished by stock, the little dry plants being seldom eaten. 

27. TRIPLASIS Beauv. 

Spikelets few-flowered, the florets remote, the rachilla slender, 
terete, disarticulating above the glumes and between the florets; 
glumes nearly equal, smooth, 1-nerved, acute; lemmas narrow, 
3-nerved, 2-lobed, the nerves parallel, pubescent or villous, the lateral 

pair near the margin, the midnerve excurrent as an awn, as long as 
or longer than the lobes; palea shorter than the lemma, 2-keeled, the 
keels densely Jong-ciliate on the upper half. 

Slender tufted annuals or perennials, with short blades, short, open, 
few-flowered purple panicles terminating the culms, and cleistoga- 
mous narrow panicles in the axils of the leaves. Species three; south- 
eastern United States. 

Type species: Triplasis americana Beauv. 
Triplasis Beauv., Ess. Agrost. 81, pl. 16, f. 10. 1812. The single species, 

T. americana, is figured. 
Uralepis Nutt., Gen. Pl. 62. 1818. Nuttall describes two species, U. purpurea, 

based on Aira purpurea Walt. (Triplasis purpurea (Walt.) Chapm.) and U. 
aristulata, which is the same species. The first is selected as the type. The 
name is spelled Uralepsis, but this is a typographical error. Nuttall states 
that it is based on the Greek words oura and lepis. 

Diplocea Raf., Amer. Journ. Sci. 1: 252. 1819. One species described, D. bar- 
bata, which is the same as Triplasis purpurea. 
Merisachne Steud., Syn. Pl. Glum. 1: 117. 1854. Contains one species, 

M. drummondu Steud., Drummond 330, from Texas (Triplasis purpurea). 
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Fig, 5.—Purple-top, Triodia flava, Plant, KX 4; spikelet and floret, XK 5, , I 
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The three species are found in sandy soil in the Eastern States, 

Triplasis purpurea (fig. 36) from Maine to Florida and from the 
Great Lakes to Texas. Tvriplasis intermedia is confined to Florida; 
T. americana is found from North Carolina to Florida. All the spe- 
cies, besides the small panicles of cleistogamous spikelets in the upper 
sheaths, have additional cleistogamous spikelets, reduced to a single 
large floret, at the bases of the lower sheaths. The culms break at 
the nodes bearing these cleistogenes, the ripe seed remaining attached 
to the internode. The species are of no importance except as they 
tend to hold sandy soil. 

For a revision of the species of Triplasis, see Nash, Bull. Torrey 
Club 25:561-565. 1898. 

28. BLEPHARIDACHNE Hack. 

Spikelets 4-flowered, the rachilla disarticulating above the glumes 
but not between the florets; glumes nearly equal, about as long as 
the spikelet, compressed, 1-nerved, thin, acuminate, smooth; lemmas 

deeply 3-lobed, 3-nerved, the first and second sterile, containing a 
palea but no flower, the third fertile, the fourth reduced to a 3-awned 
rudiment. 

Low annuals or perennials, with short, congested, few-flowered 
panicles scarcely exserted from the subtending leaves. Species two; 
one in Argentina, one in Nevada. 

Type species: Hremochloé kingit S. Wats. 
Eremochloé S. Wats., in King, Geol. Expl. 40th Par. 382, pl. 40, 1871, not 

Eremochloa Btise, 1854. Two species are described, one H. kingit from Nevada 
and the other, in a footnote, H. bigelovii, from southern New Mexico. The two 
specimens are to be referred to the same species. 
Blepharidachne Hack., in Engl. and Prantl, Pflanzenfam. 27: 126. 1887. Ina 

footnote the name Blepharidachne is substituted for Hremochloé 8S. Wats., 
because of the earlier Eremochloa Btise. The author of Blepharidachne is given 
as “ Hook.,” a typographical error for Hack. 

Blepharidachne kingtit (S. Wats.) Hack. (fig. 37), found on the 
plains and foothills of Nevada (and New Mexico according to 
Watson), has been collected only a few times. 

A second species, Blepharidachne benthamiana (Wack.) Hitche. 
(Munroa benthamiana Hack.) grows in dry regions of Argentina. 
Tn habit it resembles our Munroa squarrosa, but in floral structure it 
agrees with Blepharidachne, having two sterile florets, one fertile 
floret, and a 38-awned rudiment. 

29. ORcUTTIA Vasey. 

Spikelets several-flowered, the upper florets reduced; rachilla per- 
sistent, continuous, the florets falling away or tardily disarticulating ; 
glumes nearly equal, shorter than the lemmas, broad, irregularly 2 to 5 

1In Kuntze, Rey. Gen. Pl. 32: 357. 1898. 
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Fic. 26.—Triplasis purpurea. Plant, * 43 spikelet, floret (above) showing beard on thu 

nerves of the palea and cleistogene (at left), a cleistogamous fertile 1-flowered spikelet 
from the axil of a lower leaf, all * 5, 
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toothed, many-nerved, the nerves extending into the teeth; lemmas 
firm, prominently 13 to 15 nerved, the broad summit with 5 long 
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Fic. 37.—Blepharidachne kingii. Plant, X 1; spikelet and perfect floret, the latter 
showing the rudiment behind the palea, Xx 5. 

teeth or with numerous short teeth; palea broad, 2-nerved, as long as 
the lemma. 

Low cespitose annuals, with short blades and terminal spikelike 
racemes, the spikelets rel- 
atively large, appressed, 
the upper aggregate, the 
lower more or less remote. 
Species two; California 
and Lower California. 

Type species: Orcuttia cali- 
fornica Vasey. : 

Oreuttia Vasey, Bull. Tor- 
rey Club 13: 219, pl. 16. 1886. 
The one species described was 
collected by C. R. Orcutt at 
San Quentin Bay, Lower Cali- 
fornia. 

Our species, both in 
California, are Orcuttia 
greenet Vasey, from Chico, 
of which only the type 
collection is known, and 
O. californica (fig. 388), 

Fic. 88—Oreuttio californica, Plant, x 23 spikeet Which has been. collected 
and floret, the latter without a joint of the at Goose Valley. The lat- 
rachilla, this not disarticulating, xX 5. ter species is distinguished 

by having 5-toothed lemmas; O. greened has truncate lemmas, the 
nerves extending into short points. 
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30. ScLERoPoGOoN Philippi. 

Plants diccious. Staminate spikelets several-flowered, pale, the 
rachilla not disarticulating; glumes about equal, a perceptible inter- 
node between, membranaceous, long-acuminate, 1-nerved or obscurely 
3-nerved, nearly as long as the first lemma; lemmas similar to the 

glumes, somewhat distant on the rachilla, 3-nerved or obscurely 5- 
nerved, the apex mucronate; palea obtuse, shorter than the lemma. 
Pistillate spikelets several-flowered, the upper florets reduced to 
awns, the rachilla disarticulating above the glumes but not separat- 
ing between the florets or only tardily so; glumes acuminate, 3- 
nerved, with a few fine additional nerves, the first about half as long 
as the second; lemmas narrow, 3-nerved, the nerves extending into 38 
slender, scabrous, spreading awns, the florets falling together forming 
a cylindric many-awned fruit, the lowest floret with a sharp-bearded 
callus as in Aristida; palea narrow, the two nerves near the margin, 
produced into short awns. 

A perennial stoloniferous grass, with short flexuous blades and 
narrow few-flowered racemes or simple panicles, the staminate and 
pistillate strikingly different in appearance. Species one; Chile to 
southwestern United States. 

Type species: Scleropogon brevifolius Philippi. 
Scleropogon Philippi, Anal. Univ. Chile 36: 205. 1870. Only one species de- 

Bee dis Fourn., Bull. Soc. Bot. France 27: 102, pl. 3, 4. 1880. Two species 
are proposed, L. multifiora and L. karwinskyana, both referable to the same 
species, Scleropogon brevifolius. 

This species (fig. 39) is found on semiarid plains and open valley 
Jands from southern Colorado to Texas and Arizona and southward. 
The mature pistillate spikelets break away and with their numer- 
ous long spreading awns form “ tumbleweeds” that are blown before 
the wind. The pointed barbed callus readily penetrates clothing or 
wool, the combined florets acting like the single floret of the long- 
awned aristidas. As a forage grass, this is inferior to grama; but on 
overstocked ranges, where it tends to become established, it is use- 
ful in preventing erosion. It is called burro grass. 

31. CoTTtea Kunth. 

Spikelets several-flowered, the uppermost reduced, the rachilla dis- 
articulating above the glumes and between the florets; glumes two, 

about equal, nearly equaling the lower lemma, with several parallel 

nerves ; lemmas rounded on the back, villous below, prominently 9 to 11 
nerved, the nerves extending partly into awns of irregular size and 
partly into awned teeth; palea awnless, a little longer than the body 
of the lemma. 

97769°—19—Bull. 772——6 
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Pistillate (left) and staminate plants, s, Scleropogon brevifolius. 

; pistillate spikelet, x 2; pistillate and staminate floret, X 5. 

Fig. 39.—Burro gras 

xa 
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An erect tufted branching perennial, with oblong open panicles. 

Species one; western Texas to southern Arizona and southward to 
Argentina. 

Type species: Cottea pappophoroides Kunth. 
Cottea Kunth, Rev. Gram. 1: 84. 1829. A single species mentioned, from 

Peru. 

This genus is allied to Pappophorum and very closely related to 
Anthoschmidtia of Africa. It differs from the first in the several- 
flowered spikelets that separate between the florets and in the awns 
interspersed with awned teeth. Anthoschmidtia differs in having 
glumes longer than the florets and in having lemmas with five awns 
alternating with four lobes. 

Cottea pappophoroides Kunth (fig. 40) is not abundant enough to 

have agricultural importance in the United States. Cleistogenes are 
produced in the lower sheaths.* 

32. PAPPOPHORUM Schreb. 

Spikelets 2 to 5 flowered, the upper reduced, the rachilla disarticu- 
lating above the glumes but not between the florets, the internodes 
very short; glumes nearly equal, keeled, thin-membranaceous, as long 
as or longer than the body of the florets, 1 to several nerved, acute; 
lemmas rounded on the back, firm, obscurely many nerved, dissected 
above into numerous spreading scabrous or plumose awns, the florets 
falling together, the awns of all forming a pappuslike crown; palea 

as long as the body of the lemma, 2-nerved, the nerves near the 
margin. 

Erect, cespitose perennials, with narrow or spikelike tawny or 
purplish panicles. Species 20, in the dry parts of the Old World, in 
Australia, and from Texas to Argentina; 3 species in the United 
States, from Texas to Arizona. 

Type species: Pappophorum alopecuroideum Vabl. 
Pappophorum Schreb.; Vahl, Symb. Bot. 3: 10. 1794. Only one species de- 

seribed. 
Enneapogon Desy.; Beauy., Ess. Agrost. 81, pl. 16, f. 11. 1812. Beauvois men- 

tions Hnneapogon desvauzit, Pappophorum gracile, P. nigricans, P. pallidum, 
and P. purpurascens. The first one, being figured, is selected as the type. 

Polyrhaphis (Trin.) Lindl., Veg. Kingd. 115. 1847. Based ‘on Pappophorum, 
section Polyrhaphis Trin., under which a single species, P. alopecuroides Vahl, 
is included. 

Pappophorum bicolor Fourn., with purplish, rather loose panicles, 
is found in southern and western Texas; ?. vaginatum Buckl. (fig. 41), 
with pale, slender, spikelike panicles, and P. wrightii S. Wats. (fig. 
42), with plumbeous short spikelike panicles and 9-nerved lemma, the 
nerves extending into 9 equal plumose awns, are found from western 

Texas to southern Arizona. Pappophorum wrightii produces cleis- 
togamous spikelets in the lower sheaths. The cleistogenes are larger 
than the normal florets, but the awns are almost wanting. As is the 

1 Chase, Amer. Journ. Got, 5: 256. 1918. 
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Fic. 40.—Cottea pappophoroides. Plant, < 4; spikelet, floret, and cleistogene (left) from 

axil of lower leaf, all x 5. 
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5. Plant, * 4; spikelet and perfect floret, Pia. 41.—Pappophorum vaginatum, 
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case with other grasses producing cleistogenes in the lower sheaths, 
the culms disarticulate at the lower nodes. Our species are of minor 

= SS 
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Wie. 42.—Pappophorum wrightii. Plant, X 4; spikelet, perfect floret, and cleistogene 

(below) from axil of lower leaf, all x 5. 

agricultural importance, the second and third sometimes constituting 
a fair proportion of the forage on sterile hills. 
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3. HORDEAE, BARLEY TRIBE. 

33. AGROPYRON Gaertn. 

Spikelets several-flowered, solitary (or rarely in pairs), sessile, 
placed fiatwise at each joint of a continuous (rarely disarticulating) 
rachis, the rachilla disarticulating above the glumes and between the 
florets; glumes two, equal, firm, several nerved, usually shorter than 
the first lemma, acute or awned, rarely obtuse or notched; lemmas 
convex on the back, rather firm, 5 to 7 nerved, usually acute or awned 
from the apex; palea shorter than the lemma. 

Perennials or sometimes annuals, often with creeping rhizomes, 
with usually erect culms and green or purplish, usually erect spikes. 
Species about 60, in the temperate regions of both hemispheres; about 
25 species in the United States. 

Type species: Agropyron triticewm Gaertn. 
Agropyron Gaertn., Nov. Comm. Acad. Sci. Petrop. 14: 539, pl. 19, f. 4. 1770. 

Gaertner describes two species, A.. cristatwm, based on Bromus cristatus 1.., 
and a new species, A. triticewm. The second species is figured. The species 

are referred by some authors to Triticum. Some adopt the spelling Agropyrum. 

The two original species of Agropyron are annuals, but all the 
North American species are perennials. Nine of our species produce 
creeping rhizomes. One of these is the well-known quack-grass or 
couch-grass (A. repens (L.) Beauv.) (Pl. IX; fig: 43), introduced 
from Europe. On account of its rhizomes, it is a troublesome weed 
in fields and meadows. Quack-grass can be distinguished by the 
glabrous, awnless or short-awned lemmas, awn-pointed glumes, thin, 
flat, usually sparsely pilose blades, and the yellowish rhizomes. An 
allied native species, A. smithii Rydb., differs in its pale rhizomes 
and its firm glaucous blades, soon involute in drying, the nerves 
prominent on the upper side. This species, called western wheat- 
grass and bluestem, is common west of the Mississippi River, where 
it is one of the most important native forage grasses. Another com- 
mon species of this group is A. dasystachywm (Hook.) Scribn. (in- 
cluding A. subvillosum (Hook.) KE. Nels.), found along the Great 
Lakes and westward. 

Of the species without rhizomes seven have awnless or short-awned 
lemmas. The commonest species of this group is A. tenerwm Vasey, 
called slender wheat-grass. This is an erect grass 2 to 4 feet high, 
with flat blades and slender spikes, the broad glumes nearly as long 
as the spikelet. It ranges from New England to Washington, and 
southward in the Western States to Mexico. Slender wheat-grass 

is an excellent forage grass and produces a good quality of hay. The 
seed is offered by a few western seedsmen. This species is the only 
native grass that has been successfully cultivated and whose seed is 
on the market. 



88 BULLETIN 772, U. S. DEPARTMENT OF AGRICULTURE. 

One of the long-awned species, Agropyron spicatum (Pursh) 
Scribn. and Smith (A. divergens Nees), called bunch-grass, or more 
distinctively blue bunch wheat- 
grass, is of especial value as a 
forage grass. Itiscommon in the 
Columbia Basin, where it is one of 
the chief range grasses. The spe- i 
cies 1s distinguished by its erect \ 
bunchy habit and by the spread- 
ing awns of the lemmas, giving 
the spike a bristly appearance. 
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Fic. 438.—Quack-grass, Agropyron repens. Plant, X 4; spikelet, X 3; floret, x 5. 

Two of our species have disarticulating spikes, thus approaching 
Sitanion. These are Agropyron saxicola (Scribn. and Smith) Piper, 
of Washington, and A. scribneri Vasey, a spreading mountain species 
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QUACK-GRASS (AGROPYRON REPENS). 



Bul. 772, U. S. Dept. of Agriculture. PLATE X. 

BOTTLE-BRUSH GRASS (HYSTRIX PATULA). 

A native species worthy of cultivation for ornament. 



GENERA OF GRASSES OF THE UNITED STATES. 89 

found at altitudes of 12,000 to 14,000 feet. In some species there are 
two spikelets at the nodes of the rachis. This is especially frequent 
in A. smithia and allies it with Elymus. 

In general, all the species of Agropyron are forage grasses. They 
form an important part of the forage on the western range and in 
the valleys often grow in sufficient abundance to produce hay. 

For a revision of the species of Agropyron found in the United 
States, see Scribner and Smith, U. S. Dept. Agr., Div. Agrost. Bull. 
4325-36. 1897. 

34. Triticum L. 

Spikelets 2 to 5 flowered, solitary, sessile, placed flatwise at each 
joint of a continuous or articulate rachis, the rachilla disarticulating 
above the glumes and between the florets or continuous; glumes rigid, 
3 to several nerved, the apex abruptly mucronate or toothed or with 
one to many awns; lemmas keeled or rounded on the back, many- 
nerved, ending in one to several teeth or awns. 

Annual, low or rather tall grasses, with flat blades and terminal 
spikes. Species about 10, southern Europe and western Asia; none 
in the United States except 7'riticwm aestivum, the cultivated wheat. 
Type species: Triticum aestivum L. 
Triticum’ L., Sp. Pl. 85, 1753; Gen. Pl., ed. 5, 87. 1754. Linnszeus describes 

seven species, 7’. aestivum, T. hybernum, T. turgidum, T. spelta, T. monococcum, 
T. repens, T. caninum. The citation in the Genera Plantarum is to Tournefort’s 
figures 292 and 293 which represent, the first, beardless wheat, and the second, 
bearded wheat. These two forms, beardless and bearded, are named by Lin- 
nzus JT. aestivum, the bearded wheat, and 7. hybernum, the beardless wheat. 
Triticum aestivum is chosen as the type because it has priority of position in 
the Species Plantarum. lLinnzeus divides the genus into two groups, ‘“‘ annua” 
and “perennia.” The latter group, including J'riticum repens and T. caninum, 
is now referred to Agropyron. 

Zeia Iunell, Amer. Midl. Nat. 4: 225. 1915. Based on “Triticum spelta 
Linn.” Agropyron Gaertn. is included in the genus proposed. 

The most important species of Triticum is the cultivated wheat, 
T. aestwum L. (7. vulgare Vill., 7. sativum Lam.). A large 
number of varieties are in cultivation, some with smooth lemmas, 
some with velvety lemmas, some with long awns (fig. 44), some awn- 

less (fig. 44, 4). Durum wheat and club wheat are races, each with 
several varieties. Tviticwm monococeum U., einkorn or 1-grained 
wheat, is grown sparingly in Europe. Triticum dicoccum Schrank, 

emmer, is cultivated in this country as a forage plant. In emmer the 

axis breaks up into joints, each joint bearing a spikelet which re- 
mains entire, each floret permanently inclosing its grain.? 

11n the Species Plantarum the word appears in the plural, Tritica, probably inadvert- 

ently. 

2for a classification of wheats, see Jessen, Deutschlands Griiser 191, 1863; Koérnicke, 

Handb. Getreidebaues 1: 40, 1885; Hackel in Wngl. and Prantl, Pflanzenfam. II, 2: 80, 

1887; True Grasses, translated by Scribner and Southworth, 180, 1890; Schulz, Mitt. 

Natf. Ges. Halle 1: 14. 1911. For an account of 7’. dicoccoides Koérn., recently found by 

Aaronsohn on Mount Hermon, Palestine, see Aaronsohn, Verh. Zool. Bot. Ges. Wien 59: 

485, 1909; U. S. Dept. Agr., Bur. Pl. Ind. Bull. 180: 38, 1910; Cook, U. 8S. Dept. Agr., 

Bur. Pl. Ind. Bull. 274. 1918. 
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Fig. 44.—Wheat, Triticum aestivum. Plant with awned spikes (bearded wheat) and 
(A) a nearly awnless spike (beardless wheat), both X 33 spikelet and floret, x 3. 
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35. SECALE L. 

Spikelets usually 2-flowered, solitary and sessile, placed flatwise 
against the rachis; the rachilla disarticulating above the glumes and 
produced beyond the upper floret as a minute stipe; glumes narrow, 

rigid, acuminate or subulate-pointed ; lemmas broader, sharply keeled, 

5-nerved, ciliate on the keel and exposed margins, tapering into a 
long awn. 

Erect, mostly annual grasses, with flat blades and dense terminal 
spikes. Species five, in the temperate regions of Eurasia; one species 
cultivated in the United States and frequently escaped along way- 
sides. 

Type species: Secale cereale U.. 
Secale L., Sp. Pl. 84, 17538; Gen. Pl. 36. 1754: Linnezeus describes four species: 

S. cereale, S. villosum, S. orientale, and S. creticum. The second species is now 
referred to Haynaldia, the third to Agropyron. The first species is chosen as 
the type, as it is a well-known economic species. 

Secale cereale (fig. 45), common rye, is cultivated extensively in 
Europe and to some extent in the United States for the grain, but 
here it is frequently grown as a forage crop. Rye is used for winter 
forage in the South and for fall and spring pasture in the inter- 
mediate region, and for green feed farther north. It is also used for 
green manure and as a nurse crop for lawn mixtures, especially on 
public grounds when it is desired to cover the ground quickly with a 
green growth. Cultivated rye probably has been developed from the 
wild perennial European species S. montanwm Guss. In the wild 
species of Secale the rachis disarticulates, but in S. cereale it is con- 
tinuous. 

36. SCRIBNERIA Hack. 

Spikelets 1-flowered, solitary, appressed and lateral to the some- 
what thickened continuous rachis, the rachilla disarticulating above 
the glumes, prolonged as a very minute hairy stipe; glumes equal, 
narrow, firm, acute, keeled on the outer nerves, the first 2-nerved, the 
second 4-nerved; floret with short hairs at the base; lemma shorter 

than the glumes, membranaceous, rounded on the back, obscurely 
nerved, the apex shortly bifid, the lobes obtuse, the faint midnerve 
extending as a slender straight awn; palea 2-nerved, about as long as 

the lemma. 
Low annual, with slender cylindric spikes. Species one. 

Type species: Lepturus bolanderi Thurb. 
Scribneria Hack., Bot. Gaz. 11: 105, pl. 5. 1886. One species described, based 

on Lepturus bolanderit Thurb. 

The single species, Scribneria bolanderi (Thurb.) Hack. (fig. 46), 
is found in sandy sterile ground in the mountains from central 
California to Washington. It is too small and rare to be of economic 

importance. 
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Fig. 45.—Rye, Secale cereale. Plant, X 3; spikelet, X 3; floret showing rudiment back 
of palea, x 5. 
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37. ELymMusS L. 

Spikelets 2 to 6 flowered, sessile in pairs (rarely 3 or more or soli- 
tary) at each node of a continuous rachis, the florets dorsiventral to 
the rachis; rachilla disarticulating above the glumes and between the 
florets; glumes equal, usually rigid, sometimes indurate below, nar- 
row, sometimes subulate, 1 to several nerved, acute to aristate, some- 
what asymmetric and often placed in front of the spikelets; lemmas 
rounded on the back or 
nearly terete, obscurely 
5-nerved, acute or usually 
awned from the tip. 

Erect, usually rather tall 
grasses, with flat or rarely 
convolute blades and ter- 
minal spikes, the spikelets 
usually crowded, some- \ 
times somewhat distant. 
Species about 45, in the 
temperate regions of the 
Northern Hemisphere; 25 
species in the United 
States, most of them in 
the Western States. 

Type species: Elymus sibiri- 
cus L. 
Elymus L., Sp. Pl. 83, 1758; 

Gen. Pl., ed. 5,36. 1754. Lin- 
nzus describes five species, H. 
arenarius, E. sibiricus, H. can- 
adensis, FE. virginicus, and E. 
caput-medusae, all of which 
are still retained in the genus. 
The first use of the name Ely- Fic. 46.—Scribneria bolanderi. Plant, X 4; spike- 

mus by Linneus was in his let with joint of rachis, x 5; the same, front 
Hortus Upsaliensis (1748), view, X 5. 
where two species are de- 
scribed, the first being cited in the Species Plantarum under ZH. virginicus 
the second under #. sibiricus. Hlymus sibiricus is chosen as the type because 
it is the first of the five species in the Species Plantarum that is described in 
the Hortus Upsaliensis. 

Terrellia Lunell, Amer. Midl. Nat. 4: 227. 1915. Proposed for Elymus L., 
not Elymus of various ancient authors, 

The asymmetric glumes, in many species standing in front of the 
spikelet instead of strictly distichous and in some species united at 
the very base, have been the object of investigations as to their 
morphological identity. Schenck? considers them to be developed 
from lateral branches at the base of the spikelet. Schuster? states 
that the first or outer glume originates as a single organ but soon 

1PRot. Jahrb. Engler 40: 97-113, 1907. 

?Flora 100: 213-266, pl. 2-5. 1910. 
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divides into two parts, which stand side by side below the spikelet, 
the second glume being suppressed. 

In the group of Elymus virginicus L. and its allies the glumes are 
indurate at the base and bowed out. They stand in front of the 
spikelet rather than at each side, so that the contiguous glumes of 
the pair of spikelets are not back to back but side by side. In 
EL. arenarius L., EL. glaucus Buckl., and allied species, the glumes are 
less distinctly in front of the spikelets. The rachis of the spike is 
usually continuous but in Z’. saunderst Vasey, and, to a less extent, in 
E. macounti Vasey, the rachis disarticulates, showing a transition 
to Sitanion. In many species, such as /. stmplex Scribn. and Merr., 
and F’. salina Jones (named from Salina Pass), the middle spikelets. 
are in pairs, but those toward the base and apex of the spike are 
single at the nodes. Such species are a transition to Agropyron. 
On the other hand Agropyron smithiz often has one or more pairs 
of spikelets and may be considered a transition to Elymus. But in 
the former species the glumes are narrow or almost subulate, which 
shape is to be found in Elymus rather than in Agropyron. The 
spikelets are usually not more than two at each node of the rachis, 
but in /. triticoides Buckl. there are often, and in /. condensatus 
Presl. usually, more than two spikelets at each node. Sometimes in 
the latter species (rarely in the former) the spike is branched so 
that the inflorescence is a condensed panicle instead of a spike. 
Elymus caput-medusae L. is an annual introduced from Europe; the 
other species are native perennials. Some species form extensively 
creeping rhizomes, such as L7ymus mollis Trin., of the sandy sea- 
coasts of northern North America, Z. flavescens Scribn. and Smith, 
of the interior dunes of the Columbia River basin, and £. triticoides 
Buckl., of alkaline soil of the Western States. Llymus canadensis L. 
(fig. 47) and LZ. wirginicus, usually called wild rye, are common in 
the eastern half of the United States. The first has a spre nodding 

head; the latter an erect, stiff head. 
The species of alan are for the most part good fobabe orasses, 

and in some localities form a part of the native hay. In the wooded 
areas of the Northwest, /. glawcus Buckl. is one of the valuable sec- 
ondary species on the ranges. It has flat, thin leaves, erect awned 
spikes, broad glumes, and no rhizomes. 

38. SITANION Raf. 

Spikelets 2 to few flowered, the uppermost floret reduced, sessile, 
usually 2 at each node of a jieomded lashes rachis, the Halas break- 
ing at the base of each joint, remaining attached as a pointed stipe 
to the spikelets above; glumes narrow or setaceous, 1 to 3 nerved, 

the nerves prominent, extending into one to several awns, these 
(when more than one) irregular in size, sometimes mere lateral 
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Fic. 47.—Wild rye, Dlymus canadensis. Plant, X 4; spikelet and floret, x 3. 
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appendages of the long central awn, sometimes equal, the glume being 
bifid; lemmas firm, convex on the back, nearly terete, the apex 
slightly 2-toothed, 5-nerved, the nerves obscure, the central nerve 
extending into a long, slender, finally spreading awn, sometimes one 
or more of the lateral nerves also extending into short awns; palea 
firm, nearly as long as the body of the lemma, the two keels serrulate. 
Low or rather tall cespitose perennials, with bristly spikes. Spe- 

cies about six, in the dry regions of the western United States. 
Type species: Sitanion elymoides Raf. 
Sitanion Raf., Journ. de Phys. 89: 103. 1819. One species is described, which 

is the same as Aegilops hystrix Nutt. 
Polyanthrix Nees, Ann. Nat. Hist. ser. 1. 1: 284. 1838. A single species 

based on Aegilops hystrix Nutt., which is Sitanion hystrix (Nutt.) J. G. Smith. 

This genus is closely related to Elymus, and until recent years has 
been almost universally included in it. The characters which sepa- 
rate Sitanion are the disarticulating rachis, together with the slender 
glumes and long-awned lemmas. 

There are three groups of species. Sitanion planifolium J. G. 
Smith and its allies have lanceolate rather than setaceous glumes, 
‘which are usually 1-awned or occasionally 2-awned. The awns are 
less spreading and the rachis disarticulates rather tardily. These 
species are found from California to Washington. 

A second series, including Sitanion jubatum J. G. Smith and its 
allies, has glumes cleft nearly to the base into three to several 
setaceous lobes. These species also are confined to the Pacific Coast 
States. 

The third series includes Nuttall’s original species, Sttanion hys- 
tria (Nutt.) J. G. Smith (fig. 48) and several allied species, found 
from the Great Plains to the Pacific coast. In some, the glumes are 
setaceous and entire; in others, some of the glumes are cleft into 
two equal, or usually unequal, awned lobes. ; 

The species of the three groups differ among themselves by only 
slight characters, and each group may represent several closely allied 
species or a single species with several forms or varieties. 
When young all the species furnish forage, but at maturity the dis- 

articulated joints of the spike, with their pointed rachis joints and 
long-awned spikelets, are blown about by the wind and often cause 
injury to stock, penetrating the nose and ears, working in by means 
of the forwardly roughened awns, and causing inflammation. The 
species are generally known as squirreltail or foxtail grasses. 

For a revision of the genus, see Smith, U. S. Dept. Agr., Div. 
Agrost. Bull. 18. 1899. 

39. Hystrix Moench. 

Spikelets 2 to 4 flowered, sessile, 1 to 3 at each node of a 
continuous flattened rachis, horizontally spreading at maturity; 
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glumes reduced to short or minute awns, the first usually obsolete, 
both often wanting in the upper spikelets; lemmas convex, rigid, 

y MING > 
SOO 

lia. 48.—Sitanion hystriz. Plant, % 4; spikelet with rachis joint attached and floret, 

3 

tapering into long awns, 5-nerved, the nerves obscure except toward 

the tip; palea about as long as the body of the lemma. 

97769°—19—Bull. 772——_7 
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Erect perennials, with flat blades and bristly, loosely flowered 

spikes. Species four, in temperate regions; one in the Himalayas, 
one in New Zealand, and two in the United States. 
Type species: Hlymus hystrix L. 
Asperella Humb., Magaz. Bot. Roem. and Usteri 7: 5, 1790, not Asprella 

Schreb., 1789, a typonym of Homalocenchrus Mieg. A single species, A. hystria, 
based on Hlymus hystria L. 

Hystrix Moench, Meth. Pl. 294. 1794. One species described, H. patula, 
based on Hlymus hystrix L. 

Gymnostichum Schreb., Beschr. Gris. 3: 127, pl. 47. 1810. One species de- 
scribed, G. hystrix, based on Hlymus hystria L. 

Our species are both woodland grasses, one, Hystrix patula Moench 
(HZ. hystrix (.) Millsp.) (Pl. X; fig. 49), in the Mississippi Valley 
and eastward; the other, 7. californica (Boland.) Kuntze, in western 
central California. They have little forage value, as they are no- 
where abundant. The first species mentioned, sometimes called 
bottle-brush grass, is worthy of cultivation for ornament. 

40. HorpEumM L. 

Spikelets 1-flowered, 3 (sometimes 2) together at each node of the 
articulate rachis (continuous in Hordeum vulgare), the back of 
the lemma turned from the rachis, the middle one sessile or sub- 
sessile, the lateral ones pediceled; rachilla disarticulating above the 
glumes and, in the central spikelet, prolonged behind the palea as a 
bristle and sometimes bearing a rudimentary floret; lateral spikelets 
usually imperfect, sometimes reduced to bristles; glumes narrow, often 
subulate and awned, rigid, standing in front of the spikelet; lemmas 
rounded on the back, 5-nerved, usually obscurely so, tapering into a 
usually long awn. 

Annual or perennial low or rather tall grasses, with flat blades and 
dense terminal cylindric-spikes. Species about 20, in the temperate 
regions of both hemispheres; 10 species in the United States, 3 being 
introduced from Europe. 

Type species: Hordeum vulgare L. 
Hordeum L., Sp. Pl. 84, 1753; Gen. Pl., ed. 5, 37. 1754. Linneeus describes 

six species, H. vulgare, H. hexastichon, H. distichon, H. zeocriton, H. murinun, 
and H. jubatum. The citation given in the Genera Plantarum is to Tourne- 
fort’s plate 295, which represents Hordeum vulgare. This species is therefore 
the type. All the Linnsean species are retained in the genus at present, but the 
first four are usually considered to be forms of one species. 

Zeocriton Beauy., Ess. Agrost. 114, pl. 21, f. 2. 1812. Ten species of 
Hordeum having staminate or sterile lateral spikelets are included ; H. distichum, 

the species figured, is taken as the type. 
Critesion Raf., Journ. de Phys. 89: 103. 1819. A single species is described, 

C. geniculatus Raf. This is Hordeum jubatum L. 

The most important species of the genus is Hordeum vulgare (fig. 
50), the cultivated barley. This is an annual, resembling bearded 
wheat, the awns as much as 6 inches long. In common or 4-rowed 
barley the 3 spikelets of each cluster are fertile, the lateral spikelets of 
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the opposite sides of the spike being imbricate in a row, so that the 

spike appears to be 4-rowed. In 6-rowed barley (1. hewastichon L.) 

O 17 « aa 

el iy, Sica ee 
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Fic. 49.—Bottle-brush grass, Wystric patula. Plant, % 43; spikelet and floret, X 3. 

the lateral spikelets form rather distinct rows. In 2-rowed barley 

(H. distichon lL.) the lateral spikelets are all infertile and reduced, 
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° 
’ A, a spike of beardless barley, X 2 aes 

27 Plant, X 2 Fre. 50.—Barley, Hordeum vulgare. 
showing the rudiment back of the 

gs 
=> roup of three spikelets and a floret, the latter 

palea, X 3. 
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so that only the row of central spikelets on each side of the spike is 
prominent. Naked barley is a kind of 2-rowed barley in which the 
grain is free from the lemma and palea. Rice barley (4. zeocriton 
L.), with spreading spikelets and divergent awns, is not grown in this 
country and but sparingly in Europe. Beardless barley (H. vulgare 
trifurcatum Wenderoth) (fig. 50, A) is a variety of 6-rowed barley 
in which the awns are suppressed or converted into irregular short 
lobes or teeth. Schulz+ divides the cultivated barleys into two 
groups.. The first group, derived from H. spontaneum Koch, in- 
cludes the 2-rowed varieties. The second group, derived from Z. 
ischnatherwm (Coss.) Schulz, includes the 4 and 6 rowed varieties. 
The glumes of Hordeum are thought by Schenck to be sterile spike- 
lets or branchlets. (See footnote under Elymus, p. 93.) 

Three common species of Hordeum are annuals. One of these, 
H. pusillum Nutt., with glumes broadened above the base, is a native 
species. The other two, introduced from Europe, are common weeds on 
the Pacific coast. In 7. murinwm L. a part of the glumes are ciliate; 
in H. gussoneanum Parl. the glumes are setaceous, smooth below. 
Hordewm nodosum L. (fig. 51) is similar to H. pusillum but differs 
in being perennial and in having uniformly subulate glumes. This 
species is abundant throughout the western half of the United States. 
Another perennial species, H. jubatum L., called squirreltail grass 
because of its soft brushlike spikes, is common in the Western States, 
where it is not infrequently a troublesome weed in alfalfa fields. 
This species is called foxtail in Wyoming, barley grass in Utah, and 
tickle grass in Nevada. Hordewm murinuwm, mentioned above, is 
called barley grass, foxtail, and wild barley in different localities. 

The species of Hordeum furnish forage during the early stages of 
growth before the awns are produced. The mature spikes break up 
into sharp-pointed joints that become a serious pest to stock. These 
joints with the forwardly roughened awns work into the eyes and 
nostrils of animals, causing inflammation. 

For a revision of the species of Hordeum found in the United 
States, see Scribner and Smith, U. S. Dept. Agr., Div. Agrost. Bull. 
4:23-25. 1897. 

41. Lotium L. 

Spikelets several-flowered, solitary and sessile, placed edgewise to 
the continuous rachis, one edge fitting to the alternate concavities, the 
rachilla disarticulating above the glumes and between the florets; first 
glume wanting (except on the terminal spikelet), the second outward, 
strongly 3 to 5 nerved, equaling or exceeding the second floret ; lemmas 
rounded on the back, 5 to 7 nerved, obtuse, acute, or awned. 

1Mitt. Natf. Ges, Halle 1:18. 1911. 
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Fic. 51.—Hordeum nodosum. Plant, < 3; group of three spikelets with rachis joint 

attached and a floret, the latter showing the rudiment back of the palea, X 3. 
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Annuals or perennials, with flat blades and simple terminal flat 
spikes. Species about eight, in Eurasia, four of these being intro- 
duced in the United States. 

Type species: Loliwm perenne L. 
Lolium L., Sp. Pl. 83, 1753; Gen. Pl, ed. 5, 86. 1754. Linneus describes two 

species, L. perenne and L. temulentum. The first is chosen as the type, as it is 
an economic species. Both were described in the flora of Sweden. 

Two species are of agricultural importance. Loliwm perenne, Eng- 
lish or perennial rye-grass, was the first meadow grass tc be culti- 
vated in Europe as a distinct segregated species, the meadows and 
pastures formerly being mixed native species. This and the next are 
probably the most important of the European forage grasses. Eng- 
lish rye-grass is a biennial or short-lived perennial, 2 to 3 feet tall, 
with glossy dark-green leaves and a slender spike as much as a foot 
long, the spikelets 8 to 10 flowered, somewhat longer than the glume, 
the lemmas awnless. Italian rye-grass, L. multiflorum Lam. (L. itali- 
cum A. Br.) (Pl. XI; fig. 52), differs from the preceding in having 
awned lemmas and usually a greater number of florets to the spikelet. 
Both species are used to a limited extent for meadow, pasture, and 
lawn. They are of some importance in the South for winter forage. 
Lolium multifiorum is common in the humid region of the Pacific 
coast, where it is often called Australian rye-grass. 

In the Eastern States the rye-grasses are often sown in mixtures 
for parks or public grounds, where a vigorous early growth is re- 
quired. The young plants can be distinguished from bluegrass by the 
glossy dark-green foliage. 

Lolium temulentum L., darnel, is occasionally found as a weed. in 
grain fields and waste places. It is in bad repute, because of the pres- 
ence in the fruit of a narcotic poison, said to be due to a fungus. Dar- 
nel is supposed to be the plant referred to as the tares sown by the 
enemy in the parable of Scripture. It is an annual, with glumes as 
much as an inch long and exceeding the 5 to 7 florets. 

42. Leprurus R. Br. 

(Monerma Beauv.) 

Spikelets 1-flowered, embedded in the hard, cylindric, articulate 
rachis, placed edgewise thereto, the first glume wanting except on the 
terminal spikelet, the second glume closing the cavity of the rachis 
and flush with the surface, indurate, nerved, acuminate, longer than 

the joint of the rachis; lemma lying next the rachis, hyaline, shorter 
than the glume, 3-nerved ; palea hyaline, 2-nerved, a little shorter than 
the lemma; rachilla not disjointing, the spikelet falling entire, at- 
tached to its rachis joint. 
Low annuals or perennials, with hard cylindric spikes. Species 

three, all from the Eastern Hemisphere, one introduced in California. 
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Fig. 52.—Italian rye-grass, Lolium multiflorum. Plant, X 4; spikelet, xX 3; floret, x 5. 



PLATE XI. Bul. 772, U. S. Dept. of Agriculture. 

ITALIAN RYE-GRASS (LOLIUM MULTIFLORUM) 



PLATE XII. Bul. 772, U. S. Dept. of Agriculture. 

GRASS (ARRHENATHERUM ELATIUS) TALL OAT- 
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Type species: Rottboellia repens Forst. 
Lepturus R. Br., Prodr. Fl. Nov. Holl. 207. 1810. One species described, L. 

repens, based on Roittboellia repens Forst. 

Monerma Beauv., 
Hss. Agrost. 116, 
pl. 20, f. 10. 1812. 
The species figured 
is M. monandra, 
which is Lepturus 
cylindrica, 

Leptocercus Raf., 
Amer. Monthly 
Mag. 4: 190. 1819. 

In a review of Nuttall’s 
Genera Rafinesque changes 
the name Lepturus R. Br. to 
Leptocercus because of a 
genus of insects by the name 
of Leptura. 

Our one species, Lep- 
turus cylindrica ( Willd.) 
Trin. (fig. 53), is intro- 
duced in salt marshes 
from San Francisco to 
San Diego. At matur- 
ity the spike breaks up 
into the 1-seeded joints. 
The species has no eco- 
nomic value. For other 
species that have been 
referred to Lepturus, see 
Pholiurus. 

43. PHoLtiuRrus Trin. 

(Lepturus of authors, not 
iv. Br.) 

eri bey, ine ee Spikelets 1 or 2 flow- 
‘16, 53.—Lepturus cylindrica. Eby pig up 7 : : : 

spikelet with a joint of the rachis, x 53; spike- ered, embedded ; in the 

let, front view, X 5. articulate rachis and 

falling attached to the joints; glumes two, placed in front of the 
spikelet and inclosing it, coriaceous, 5-nerved, acute, asymmetric, 
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appearing like halves of a single split glume; lemma lying next to the 
axis, smaller than the glumes, hyaline, keeled, scarcely more than 
1-nerved; palea a little shorter than the lemma, hyaline, 2-nerved. 
Low annuals, with cylindric spikes. Species four, in the Kastern 

Hemisphere, one introduced into the United States. 
Type species: Rottboellia pannonica Host. 
Pholiurus Trin., Fund. Agrost. 131. 1820. Based on a single species, Rott- 

boellia pannonica Host. This species has 2-flowered spikelets. 
Lepiurus Dumort., Obs. Gram. Belge 140, pl. 15, f. 57. 1823. <A single species 

based on “ Rottbolia incurvata L.” fils. 

The species of Pholiurus have been referred by most recent authors 
to Lepturus, the type of which was, by 
the same authors, referred to Monerma. 

Our species, Pholiurus incurvatus (Li). 
Hitche. (Aegilops incurvata L.,1 Lep- 
turus filiformis (Roth.) Trin.) (fig. 54), 
has 1-flowered spikelets. It is intro- 
duced along the borders of salt marshes 
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Fic. 54.—Pholiurus incurvatus. Plant, X 34; spikelet with a joint of the rachis, X 5; 

spikelet, front view, xX 5. 

from Maryland to Virginia and from Marin County to San Diego, 
Calif. It has no economic value. 

4. AVENEAE, THE OAT TRIBE. 

44, KOELERIA Pers. 

Spikelets 2 to 4 flowered, compressed, the rachilla disarticulating 
above the glumes and between the florets, prolonged beyond the per- 
fect florets as a slender bristle or bearing a reduced or sterile floret at 
the tip; glumes usually about equal in length but unequal in shape, 
the lower narrow and sometimes shorter, 1-nerved, the upper some- 
what broader above the middle, wider than the lower, 3 to 5 nerved; 

1Sp. Pl. ed. 2, 2:1490. 1768. 
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lemmas somewhat scarious and shining, the lowermost a little longer 
than the glume, obscurely 5-nerved, acute or short-awned, the awn, 
if present, borne just below the apex. 

Annual or perennial, slender, low or rather tall grasses, with nar- 
row blades and spikelike panicles. Species about 20, in the temperate 
regions of both hemispheres; two species in the United States, one 
native and one introduced. 

Type species: Aira cristata L. 
Koeleria Pers., Syn. Pl. 1:97. 1805. Persoon describes five species, K. gra- 

cilis, K. cristata, K. tuberosa, K. phleoides, and K. villosa. Of these, K. cristata 
and KA. phleoides were described by Linnzus, the first under Aira, the second 
under Festuca. The first of these is selected as the type, as it has priority of 
position in the Species Plantarum. 

Airochloa Link, Hort. Berol, 1:126. 1827. Six species are included. Koeleria 
cristata, upon which the first species is based, is taken as the type. 

Brachystylus Dulac, Fl. Hautes Pyr. 85. 1867. Based on “ Koeleria Pers.” 
Recently a monograph of Koeleria was published by Domin’* in which many 

species were described. Several of these were based upon material from the 
United States but appear to be only forms of the widely distributed K. cristata. 

Koeleria cristata (l.) Pers. (fig. 55) is the only species native in 
North America. This is a common constituent of grassland on prai- 
ries, plains, and in open woods from Ontario to British Columbia and 
south to northern Mexico. It is a cespitose perennial, with slender, 
erect culms a foot or two high, with a pale, shining, densely flowered 

panicle 2 to 5 inches long. The species varies much, but the forms, 
except A. cristata longifolia Vasey, of California, with longer blades 

and larger, more open panicles, can not be distinguished as varieties. 
The slender form, of the semiarid plains and foothills of the West, 
is held by some as distinct and called XH. grocilis Pers. The 
spikelets of HX. cristata are mostly 2 or 3 flowered, with a slender 
prolongation of the rachilla, and the lemmas are acute or mucronate, 
but not awned. The habit suggests a species of Poa, from which 
genus it is distinguished by its mostly 2 or 3 flowered spikelets, acute 
lemmas, and the culm puberulent below the panicle. A second 
species, K. phleoides (Vill.) Pers., a low annual with short-awned 
lemmas, is introduced from Europe in a few localities. Hackel (Nat. 
Pflanzenfam.) places Koeleria in the Festucez, but South American 
and Old World species of Koeleria, with lemmas awned below the 
apex, as well as the shining culm and spikelets of XH. cristata, show 
clearly an affinity to Trisetum. For this reason the genus is here 
placed in Aveneae, although the glumes do not exceed the florets as 
they do in nearly all the Aveneae. 

Kocleria cristata is a good forage grass and is a constituent of 
much of the native pasture throughout the Western States. 

45. Trisrerum Pers. 

Spikelets usually 2-flowered, sometimes 3 to 5 flowered, the rachilla 
prolonged behind the upper floret, usually villous; glumes somewhat 

1 Monographie der Gattung Koeleria. 1907, 
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unequal, acute, awnless, the second usually longer than the first 
floret; lemmas usually short-bearded at the base, 2-toothed at the 

Fic. 55.—Koeleria cristata. 
spikelet and floret, Xx 5. 

Plant, X 33 

narrow but rather loose panicles. 

apex, the teeth often awned, bear- 
ing from the back below the 
cleft apex a straight and in- 
cluded, or usually bent and ex- 
serted, awn. 

Tufted perennials with flat 
blades and open or usually con- 
tracted or spikelike panicles. 
Species about 65, in the arctic 
and temperate regions of both 
hemispheres; eight species in the 
United States, mostly in the 
mountains. 

Type species: Avena flavescens L. 
Trisetum Pers., Syn. Pl. 1:97. 1805. 

Persoon describes 11 species. The 
seventh species, 7. pratense Pers., 
based on Avena flavescens L., is chosen 
as the type, because it is historically 
the oldest species. 

Graphephorum Desv., Nouv. Bull. 
Soe. Philom. Paris 2: 189. 1810. 
Based on Aira melicoides Michx. 

The name Trisetum refers to 
the three awns on the lemma of 
many of the species, one from the 
back and one from each of the 
teeth. In two of our species, 7. 
melicoideum (Michx.) Scribn. 
and 7. wolf Vasey, the awn 
from the back is included within 
the glume or is wanting. T7ise- 
tum spicatum (L.) Richter (fig. 
56) is found at high altitudes in 
all the western mountains and is 
widespread at high altitudes and 
in the arctic regions of the North- 
ern Hemisphere. It is an erect 
grass with a spikelike, often 
dark-colored panicle, the awn 
exserted and bent. Tvrisetum 
canescens Buckl., of the Western 
States, is a woodland grass with 
Trisetum cernuum Trin., of the 

Northwest, has broad flat blades and a loose open penicle, with lax 
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drooping branches, the florets distant in the usually 3-flowered spike- 
lets. Trisetum pennsylvanicum (L.) Roem. and Schult. (Sphenopholis 

palustris (Michx.) 
Scrloms) Ves halle 
Scribn., and 7’. inter- 
ruptum Buckl. have 
been referred to 
Sphenopholis. In 
the first, the upper 
lemma is slightly 
bearded at base, the 
lower glabrous; in 
the other two, the 

Wg lemmas are glabrous. 
WB ° 

‘WZ In these three species 
NW : sate 
ig the articulation is be- 
Wy low the spikelet, as in 

Sphenopholis, for 
which reason Scrib- 
ner placed them in 
that genus, but their 
awned, relatively 
thin lemmas and 
their glumes alike in 
shape place them 
more naturally in 
Trisetum. 

Via. 56.—Trisetum spicatum. Plant, * 243 spikelet and floret, *K 5. 

The species of Trisetum are all valuable for grazing. Z'risetwm 
spicatum constitutes an important part of the forage on alpine slopes. 
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46. SPHENOPHOLIS Scribn. 

(Hatonia of authors, not Raf.) 

Spikelets 2 or 3 flowered, the pedicel disarticulating below the 
glumes, the rachilla produced beyond the upper floret as a slender 

bristle; glumes unlike in shape, the first narrow, acute, 1-nerved, the © 

second broadly obovate, 3 to 5 nerved, somewhat coriaceous; lemmas 
firm, scarcely nerved, awnless, the first a little shorter or a little 
longer than the second glume. 

Perennial grasses, with usually flat blades and narrow panicles. 
Species four, in the United States, extending into Mexico and the 
West Indies. 

Type species: Aira obtusata Michx. 
Reboulea Kunth, Rey. Gram. 1: 341, pl. 84, 1830, not Rebouillia Raddi, 1818. 

R. gracilis, the only species described, is the same as Aira obtusata Michx. 

Colobanthus (Trin.) Spach. Suites Buff. 18: 163, 1846, not Bartl., 1830. 
Trinius applied the name to a section of Trisetum. The type is Koeleria penn- 
sylwanica DC. (Sphenopholis pallens), the first of two species mentioned by 
Trinius, the other being Aira obtusata Michx. 

Sphenopholis Seribn., Rhodora 8: 142. 1906.- A new name is proposed for the 
group of grasses then known as Hatonia, and the type species is designated. 
Seribner showed that the original description of Hatonia Raf. could not apply 
to the genus as later described by Endlicher. The type species of Eatonia Raf. 
proves to be Panicum virgatum.” The genus Sphenopholis was revised by Scrib- 
ner in the above-mentioned paper. 

One species, Sphenopholis obtusata (Michx.) Scribn. (fig. 57), is 
widespread, but not very abundant, throughout the eastern half of 
the United States. In the western portion of its range the panicle is 
condensed and spikelike (var. dobata (Trin.) Scribn.). All the 
species are forage grasses, but they are usually not abundant enough 
to be of much importance. 

47. AvENA L., oats. 

Spikelets 2 to several flowered, the rachilla bearded, disarticulating 
above the glumes and between the florets; glumes about equal, mem- 
branaceous or papery, several-nerved, longer than the lower floret, 
usually exceeding the upper floret; lemmas indurate, except toward 
the summit, 5.to 9 nerved, bidentate at the apex, bearing a dorsal bent 
and twisted awn (this straight and reduced in Avena sativa). 

Annual or perennial, low or moderately tall grasses, with narrow or 
, open, usually rather few-flowered panicles of usually large spikelets. 
Species about 55, in the temperate regions; only a few in the Western 
Hemisphere; 7 species in the United States, only 2 being native. 
Type species: Avena sativa L. 
Avena L., Sp. Pl. 79, 1758; Gen. Pl., ed. 5, 34. 1754. MLinneeus describes 10 

species, 3 of which are now retained in Avena. These are A. sativa, A. fatua, 
and A. pratensis. The other species are now referred as follows: A. sibirica to 

1Gen, Pl. 99. 18387. 2 Hitchcock, Contr, U. S. Nat. Herb. 15:87, 1910, 



GENERA OF GRASSES OF THE UNITED STATES. 111 

Stipa, A. elatior to Arrhenatherum, A. pennsylvanica to Trisetum, A. flavescens 
to Trisetum, A. fragilis to Gaudinia, A. spicata to Danthonia. In the Genera 

Plantarum, Linneeus cites 
Tournefort’s figure 267 
(error for 297), which is 
Avena sativa. Hence 
this is the type species. 

The most impor- 
tant species of the 
genus is Avena sativa, 
the familiar culti- 
vated oat. In many 
of. the varieties the 
awn is straight, often 
reduced, or even want- 
ing. The spikelets 
contain usually two 
florets that do not 
easily disarticulate. 
The lemmas are 
smooth or slightly 
hairy at the base, the 
apical teeth acute but 
notawned. The grain 
is permanent ly in- 
closed in the lemma 
and palea. Two other 
introduced, species are 
known as wild oats, 
because of their close 
resemblance to the 

cultivated oat. Avena 
fatua L. (fig. 58) dif- 
fers from A. sativa 
in the readily disar- 
ticulating florets, be- 
set with stiff, usually 
brown. hairs, and in 

Vic. 57.—Sphenopholig obtusata. Plant, K 4; spike- the well-developed 
let and floret, * 5. 

geniculate and twisted 
awn. <A variety of this (A. fatua glabrata Peterm.) has glabrous y g 5 
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florets. In our other species of wild oats, A. barbata Brot., the 
pedicels are more slender, the spikelets pendulous, and the teeth of 

Fig. 58.—Wild oats, Avena fatua. Plant, X 1; spikelet and floret, xX 2. 

the lemma are prolonged into delicate awns. These species of wild 
oats are common on the Pacific coast, where they are weeds, but are 
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utilized for hay. Much of the grain hay of that region is made from 
either cultivated or wild oats. 

The varieties of cultivated oat are derived from three species of 
Avena. The common varieties of this country and of temperate and 
mountain regions in general are derived from A. fatwa. The 
Algerian oat grown in North Africa and Italy and the red oat of our 
Southern States are‘ derived from A. sterilis. A few varieties 
adapted to dry countries are derived from A. barbata'. 
Avena sterilis L., animated oats, is sometimes cultivated as a 

curiosity. When laid on the hand or other moist surface the fruits 
twist and untwist as they lose or absorb moisture. 

Our two native species, found in the Rocky Mountain region, are 
perennials, with narrow few-flowered panicles of erect spikelets 
smaller than those of Avena sativa. They are excellent forage 
grasses, but occur only scatteredly. 

48. ARRHENATHERUM Beauv. 

Spikelets 2-flowered, the lower floret staminate, the upper perfect, 
the rachilla disarticulating above the glumes, produced beyond the 
florets as a slender bristle; glumes rather broad and papery, the first 
1-nerved, the second a little longer than the first and about as long 
as the spikelet, 3-nerved; lemmas 5-nerved, hairy on the callus, the 
lower bearing near the base a twisted, geniculate, exserted awn, the 

upper bearing a short, straight, slender awn just below the tip. 
Perennial, rather tall grasses, with flat blades and rather dense 

panicles. Species about six, in the temperate regions of Eurasia; 
one species introduced into the United States. 

Type species: Arrhenatherum avenaceum Beauv. 
Arrhenatherum Beauy., Ess. Agrost. 55, pl. 11, f. 5. 1812. Beauvois figures 

one species, which he calls Arrhenatherum avenaceum. This is Avena elatior 
L., and is now called Arrhenatherum elatius (L.) Mert. and Koch. 

Arrhenatherum clatius (Pl. XII; fig. 59) is occasionally cultivated 
in the humid regions of the United States as a meadow grass under 
the name of tall oat-grass. It is a fairly satisfactory forage grass, 
but the seed is expensive and often of poor quality. This species is 
often found growing spontaneously in grassland and along road- 
sides in the Northern States. 

A variety, Arrhenatherum elatius bulbosum (Presl) Koch, has ap- 
peared recently in some of the Atlantic States. It differs from the 
ordinary form in having at the base of the stem a moniliform string 
of 2 to 5 small corms 5 to 10 mm. in diameter. 

1 See Journ. Hered, 5: 56, 1914, a translation of an article by Trabut. Also see Norton, 
Amer. Breed. Assoc. 3: 281. 1907. 

97769°—19—Bull. 772-——-8 
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49. Ama LL. 
(Deschampsia Beauv.) 

Spikelets 2-flowered, disarticulating above the glumes, the, hairy 
rachilla prolonged behind the upper floret as a stipe, this sometimes 

i bearing a reduced floret; glumes‘about equal, acute 
\ or acutish, membranaceous; lemmas thin, truncate 
Si y and 2 to 4 toothed at the summit, bearing a slender 

: Ny ~ awn from or below the middle, the awn straight, bent, 
NOC ‘or twisted. 
Ny) j = ee Low or moderately tall 

annual or usually peren- 
nial grasses, with shining 

>) ann pale or purplish spikelets 
f \. In narrow or open pani- 
l/ ~~ cles. Species about 35, in 

~ the temperate and cool 
regions of both hemispheres, 6 of these 
being in the United States. 

A\ 

aly, 
\S \\ WW 

Type species: Aira caespitosa L. 
Aira L., Sp. Pl. 68, 1753; Gen. Pl., ed. 5, 31. 

1754. Fourteen species are described. The 
name was first used for a genus by Linnzeus 
in his Flora Lapponica in 1737, where he 
describes four species. These four species 
are named in the Species Plantarum: 7. A. 
spicata, 8. A. caespitosa, 9. A. flexuosa, 10. 
A. montana. The first of these, A. spicata, 
is referred to Trisetum; the other three be- 
long to Deschampsia, as recognized in most 
‘American botanies. The genus Aira, as 
accepted by Bentham and Hooker in the 
Genera Plantarum and by Hackel in the 
Natitirlichen Pflanzenfainilien, is based upon 
the last two of the original Linnean 

Fie, 59.—Tall oat-grass, Arrhenatherum elatius. Plant, Xx 43 spikelet and fertile floret, 

x 5. 
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60.—Tufted hair-grass, Fic. 
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species, A. praecow and A. caryophyllea, which are found in southern Hurope 
and are not described by Linnzeus in his Flora Lapponiea nor in his Flora 
Suecica. Linnzeus’s generic idea of Aira is evidently represented by the four 
species first included in the genus. From these Aira caespitosa is arbitrarily 
selected as the type. 

Deschampsia Beauy., Hss, Agrost. 91, pl. 18, f. 3. 1812. The figured species, 
the type, is D. caespitosa. 

Lerchenfeldia Schur., Enum. Pl. Transs. 753. 1866. Three species are in- 
cluded. Aira flexuosa L., on which L, flexuosa is based, is taken as the type. 

Aira danthonioides Trin. of the Pacific coast is an annual. Azra 
caespitosa L. (Deschampsia caespitosa Beauv.) (fig. 60) is common 
in moist or wet soil from Newfoundland to Alaska and south to New 
Jersey, Illinois, and, in the western mountains, to New Mexico and 
southern California. It is a tufted perennial 1 to 4 feet high, with 
smooth, narrow, folded blades and open drooping panicles, 4 to 12 
inches long, of shining pale-bronze or purplish spikelets. This spe- 
cies, sometimes called tufted hair-grass, is often the dominant grass 
in mountain meadows, where it furnishes excellent forage. 

50. Aspris Adans. 
(Aira of authors.) 

Spikelets 2-flowered, the rachilla disarticulating above the glumes, 
not prolonged; glumes about equal, acute, membranaceous or sub- 
scarious; lemmas firm, rounded on the back, tapering into two slender 
teeth, the callus with a very short tuft of hairs, bearing on the back 
below the middle a slender, geniculate, twisted, usually exserted awn, 
this reduced or wanting in the lower floret in one species. 

Low, delicate annuals with small open or contracted panicles. Spe- 
cies about nine, in southern Europe, three being introduccd in the 
United States. 

Type species: Aira praecox IL. 
Aspris Adans., Fam. Pl. 2: 496, 522. 1763. The references cited are also 

cited by Linnzeus under Aira praecox. 
Caryophyllea Opiz, Seznam 27. 1852. Based on Aira caryophyllea. 
Fussia Schur., Enum. Pl. Transs. 754. 1866. Three species, Ff. praecox, F. 

caryophyllea, and F. capillaris, are included. Aira praecor, upon which the 
first species is based, is taken as the type. 

Our three species are Aspris caryophyllea (L.) Nash (fig. 61), A. 
praecow (L.) Nash, and A. capillaris (Host) Hitche. (Aira capillaris 
Host). They are found frequently on the Pacific coast and occasion- 
ally in the Eastern States. The species are of no economic importance. 

Weingaertneria canescens Bernh. has been found upon ballast at 

Philadelphia and on Marthas Vineyard. This is a low, tufted annual 

with pale, contracted panicles, differing from the species of Aspris in 

having club-shaped awns. 
51. NotHotcus Nash. 

(Holcus of authors.) 

Spikelets 2-flowered, the pedicel disarticulating below the glumes, 

the rachilla curved and somewhat elongate below the first floret, not 

prolonged above the second floret; glumes about equal, longer than 
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the two florets; first floret perfect, its lemma awnless; second floret 
staminate, its lemma awned on the back. 

Fic. 61.—Aspris caryophyllea. Plant, K 43 spikelet and two views of floret, < 5. 

Perennial grasses, with flat blades and contracted panicles. Species 
about eight, Europe and Africa; two introduced into the United 

States. 
Type species: Holcus lanatus L. 
Ginannia Bubani, Fl. Pyren. 4: 321, 1901, not Scop., 1777, nor Dietr., 1804. 

Based on “ Holeus L. et Auctor.,” the two species included, C. pubescens and @. 
mollis, showing that it is to the species congenerie with Holceus lanatus L. that 

the name is applied. 
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Notholeus Nash; Hitch., in Jepson, Fl. Calif. $: 126. 1912. Only one species 
described. Notholcus is derived from the Greek nothos, false, and Holeus, the 
generic name formerly applied to this group. Nash* spelis the name Nothoholeus. 
For a discussion of the reasons for the change of name, see page 266. The ge- 
neric name Holcus is there applied to the sorghums, necessitating a new name 
for the velvet grass. 

The common species in the United States is Notholcus lanatus 

(L.) Nash (Holcus lanatus L.), known as velvet grass (fig. 62). 
This species is introduced in various places in the Eastern States 
and also on the Pacific coast, where it is abundant. It is an erect, 

grayish, velvety-pubescent grass 2 to 3 feet tall, with a contracted 
pale or purplish panicle 2 to 4 inches long. Velvet grass is some- 
times recommended as a meadow grass, but for this purpose it has 
little value except on moist sandy or sterile soil where other grasses 
will not thrive. It has been used with some success in sandy fields 
around the mouth of the Columbia River in Washington and Oregon. 
A second species, Votholcus mollis (I.) Hitche., with creeping 

rhizomes, has been introduced in California, where it is rare. 

52. DANTHONIA Lam. and DC. 

Spikelets several-flowered, the rachilla readily disarticulating 
above the glumes and between the florets; glumes about equal, broad 
and papery, acute, mostly exceeding the uppermost floret; lemmas 
rounded on the back, obscurely several-nerved, the base with a strong 

eallus, the apex bifid, the lobes acute, usually extending into slender 
awns, a stout awn arising from between the lobes; awn flat, tightly 
twisted below, geniculate, exserted, including three nerves of the 
lemma. 

Tufted, low or moderately tall perennials, with few-flowered, open, 
or spikelike panicles of rather large spikelets. Species about 100, in 
the temperate regions of both hemispheres; especially abundant in 
South Africa; 12 species in the United States, about equally divided 
between the iin ere and the Western States. 

Type species: Avena spicata L. 
Danthonia Lam, and DC., Fl. Frane. 3: 32. 1805. The work cited is a local 

flora in which the two French species are described, D. decumbens (which is 
the same as Sieglingia decumbens) and D. provincialis. The authors, however, 
mention in the paragraph preceding the one devoted to the generic description 
that “besides the species described below one ought to refer to this genus, Ist, 
Avena spicata L. or Avena glumosa Michx.; 2d, Avena calicina Lam. not Vill.” 
Of the four species mentioned, three are congeneriec with Avena spicata and 
correspond with the generic description better than does Danthonia decumbens, 
which is the first species described under Danthonia. Avena spicata is se- 
lected as the type of Danthonia. Piper® has selected Festuca decumbens UL. 
(Danthonia decumbens) as the type of Danthonia because it is the first species 
described under Danthonia, and takes up Merathrepta Raf. for the species 
generally referred to Danthonia. Nelson and Macbride* take up Pentameris 
Beauv. in place of Merathrepta. 

1 Britt. and Brown, Illustr. Fl., ed. 2, 1: 214. 1913. 

2 See Hitche., Bot. Gaz. 57: 328. 1914. 

8 Contr. U. S. Nat. Herb. 11: 122. 1906. 
4Bot. Gaz. 56: 469. 1913. 



GENERA OF GRASSES OF THE UNITED STATES. 119 

WW 
4 / Ve, 

NA 
PA A 

VA AY 
NOM y fb 
MWA 
MA 

SSN 

{ pee ix GY é 

ASN | Y 
Wie, ly f/ 

| oh 1, ing hp en Za a7 
i; thy 

Sa SS =e HESS 
ib iN y 

S 

‘ 

\\ 

BOUIN ea 
ALPE A IN res TS 

(Li A PPS. . Poe 

Fie. 62.—Velvet grass, Notholcus lonatus. Plant, * 4; spikelet, florets with glumes’ 
removed, and mature fertile floret, all % 5. 
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Pentameris Beauv., Ess. Agrost. 92, pl. 18, f. 8. 1812. P. thwarii is the type, 
as this is the single species mentioned and figured. This is a South African 

species and represents a group in 
which the lateral teeth of the lemmas 
are 2-awned. The group is considered 
to be generically distinct from Dan- 
thonia by Stapf. The name is taken 
_up by Nelson and Macbride in place of 
Merathrepta Raf. 

Merathrepta Raf., Bull. Bot. Seringe 
1: 221. 1830. The genus is described 
briefly and Avena spicata mentioned. 
This species is, therefore, the type. 

One species of Danthonia, D. 
spicata (L.) Beauv. (fig. 63), is 
common on sterile hills and in 
dry, open woods in the Eastern 
States, where it is sometimes 
called poverty grass. It can be 
recognized, even when not in 
flower, by its small tufts of curly 
leaves. In the Western States 
the species are found in grass- 
land and contribute somewhat 
toward the forage value of the 
range, but usually they are not 
abundant. All our species pro- 
duce cleistogenes (enlarged fer- 
tile cleistogamous spikelets) in 
the lower sheaths,? and the culms 
finally disarticulate at the nodes 
below these. 

Fie. 63.—Wild oat-grass, Danthonia spicata. Plant, < 4; spikelet, floret, and a cleisto- 

gene from the axil of a lower leaf, all x 5. 

1Thiselt. Dyer, Fl. Cap. 7: 512. 1898. 

2See following paragraph on Merathrepta. 

3 Chase, Amer. Journ. Bot. 5: 254. 1918. 



GENERA OF GRASSES OF THE UNITED STATES. 121 

5. AGROSTIDEAE, THE TIMOTHY TRIBE. 

53. CALAMAGROSTIS Adans. 

Spikelets 1-flowered, the rachilla disarticulating above the glumes, 
usually prolonged behind the palea as a short, commonly hairy bristle ; 
glumes about equal, acute or acuminate; lemma shorter and usually 
more delicate than the glumes, the callus bearing a tuft of hairs, 
which are often copious and as long as the lemma, awned from the 
back, usually below the middle, the awn being delicate and straight, 
or stouter and exserted, bent and sometimes twisted; palea shorter 
than the lemma. 

Perennial, usually moderately tall or robust grasses, with small 

spikelets in open or usually narrow, sometimes spikelike panicles. 
Species over 100, in the cool and temperate regions of both hemi- 
spheres; 26 species in the United States, mostly in the western moun- 
tains. 

Type species: Arundo calamagrostis L. 
Calamagrostis Adans., Fam. Pl. 2: 31, 530. 1763. Adanson describes no 

_ Species but in the index there is given under Kalamagrostis Diosk., three names 
or citiations, Negil. Arab., Gramen. Sheuz. t. 3. f. 5., and Arundo Lin. The 
reference to Scheuchzer is found in Linnzeus’s Species Plantarum under Arundo 
calamagrostis (1:82), which consequently is the type of Calamagrostis. 

Deyeuxia Clarion; Beauyv., Ess. Agrost. 48, pl. 9, f. 9, 10. 1812. Type, D. 
montana, the first of the two species figured. 

Amagris Raf., Princip. Fondament. Somiologie 27. 1814. A new name pro- 
posed for Calamagrostis, because that is formed of two other names. 
Athernotus Dulac, Fl. Hautes Pyr. 74. 1867. Based on “ Calamagrostis Ad.” 

Lunell’* uses this name for Calamovilfa, but Dulac bases the genus on Cala- 
magrostis Adans., and the three species he includes belong in Calamagrostis, 
not in Calamovilfa. 

By some authors the species with prolonged rachilla are segregated 
as a distinct genus, Deyeuxia, the name Calamagrostis being retained 
for those species in which the rachilla is not prolonged. The Ameri- 
can species all belong to the section Deyeuxia. 

Four Pacific coast species have loose, open panicles. In all the 
other species the panicle is rather compact, in some cases spikelike. 
The commonest species in the United States is Calamagrostis cana- 
densis (Michx.) Beauv. (fig. 64), growing in swamps and low ground 
from New England to Oregon, and southward in the mountains and 

northward to the arctic circle. It is an important source of wild hay 
from Wisconsin to North Dakota, but is of only medium value for 
grazing. Much of the marsh hay of Wisconsin and Minnesota be- 
longs to this species, which in that region is called bluejoint. This is 
the dominant grass in the interior of Alaska, The species is distin- 
guished by having flat blades, a somewhat Jax, usually nodding 

panicle, the hairs at the base of the floret copious and as long as the 
lemma, the awn straight, delicate, not exserted beyond the glumes, the 
Jatter 3 to 5 mm. long. 

1 Amer. Midl. Nat, 4: 218, 1915. 
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Fic. 64.—Bluejoint, Calamagrostis canadensis. Plant, X 3; spikelet and floret, X 5. 
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Calamagrostis scabra Presl, closely allied to the above, but with 
somewhat larger spikelets, is abundant along the coast from Oregon 
to Alaska. This has been incorrectly referred to C. langsdorjii 
(Trin.) Link, of Siberia. In general, the species of Calamagrostis 
are important forage grasses. Pine-grass (C. rubescens Buckl.) is 
common in the mountains of Oregon and Washington, where it forms 
an important part of the forage. 

For a revision of the species of Calamagrostis found in the United 
States, sée Kearney, U.S. Dept. Agr., Div. Agrost. Bull. 11. 1898. 

54. AmmMopuHiLa Host. 

Spikelets 1-flowered, compressed, the rachilla disarticulating above 
the glumes, produced beyond the palea as a short bristle, hairy above; 

glumes about equal, chartaceous; lemma similar to and a little shorter 
than the glumes, the callus bearing a tuft of short hairs; palea nearly 
as long as the lemma. 
A tough, rather coarse, erect perennial, with hard, scaly, creeping 

rhizomes, long, tough, involute blades, and a pale, dense, spikelike 
panicle. One species is found on the sandy seacoast of Europe and 
northern North America as far south as North Carolina and on the 
shores of the Great Lakes, a second species around the Baltic. 

Type species: Arundo arenaria LU. 
Ammophila Host, Gram. Austr. 4: 24, pl. 41. 1809. Only one species de- 

seribed, A. arundinacea Host, based on Arundo arenaria L. 
Psamma Beauv., Ess. Agrost. 143, pl. 6, f. 1. 1812. The one species, P. 

littoralis, is Ammophila arenaria. 

Ammophila arenaria (.) Link (fig. 65) is an important sand- 
binding grass in Europe, being used there to hold the barrier 
dunes along the coast. In this country it has been tried with success 
on Cape Cod and at Golden Gate Park, San Francisco. It is called 
beach-grass and less frequently marram grass and sea marram. 

55. CALAMOVILFA Hack. 

Spikelets 1-flowered, the rachilla disarticulating above the glumes, 
not prolonged behind the palea; glumes unequal, acute, chartaceous; 

lemma a little longer than the second glume, chartaceous, awnless, 
glabrous or pubescent, the callus bearded; palea about as long as the 
lemma. 

Perennial, rigid, usually tall grasses, with narrow or open panicles, 
some species with creeping rhizomes. Species four, confined to the 
United States and southern Canada. 
Type species: Calamagrostis brevipilis Gray. 
Calamovilfa Hack., True Grasses 113. 1890. The True Grasses is a transla- 

tion by Seribner and Southworth of the article on grasses in Engler and Prantl’s 
Natiirlichen Pflanzenfamilien. Scribner has added bracketed notes. In a para- 

1 For a full discussion, see Hitchcock, U. S. Dept. Agr., Bur. Pl. Ind. Bull. 57; Westgate, 

U. 8. Dept. Agr., Bur. Pl. Ind. Bull. 65. 1904, 
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Fig. 65.—Beach-grass, Ammophila arenaria. Plant, x 4; spikelet and floret, X 5. 
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graph quoted from Hackel (‘“ Hackel in MS.”) is a statement that two species, 
Calamagrostis brevipilis Gray and C. longifolia Hook., may best be considered a 
separate genus, Calamovilfa. Scribner adds a note formally describing the genus 
Calamovilfa and mentions the two species, Calamovilfa brevipilis and C. longi- 
folia. The first is selected as the type. 

The genus differs from Calamagrostis in the chartaceous lemma, 
from our species of Calamagrostis in the absence of a prolonged ra- 
chilla, and from Ammophila in the more open panicles and in the 
absence of the prolongation of the rachilla. 
The four species are Calamovilfa brevipilis (Torr.) Sceribn., in the 

pine barrens from New Jersey to North Carolina; C. curtissii 
(Vasey) Scribn., confined to Florida; C. longifolia (Hook.) Scribn. 
(fig. 66), of the Great Plains and the dune region of Lake 
Michigan; C. gigantea (Nutt.) Scribn. and Merr., also of the 
Great Plains. The first two species are without creeping rhizomes; 
the other two have numerous stout rhizomes and are excellent sand 
binders. Calamovilfa longifolia and C. gigantea are closely re- 
lated. They are differentiated by the less expanded panicle and 
glabrous florets of the first and the spreading panicle, larger spike- 
lets, and villous florets of the second. 

Calamovilfa longifolia, the commonest species, is of some value for 
forage, but is rather coarse and woody. 

56. Acrostis L., the bent-grasses. 

Spikelets 1-flowered, disarticulating above the glumes, the rachilla 
usually not prolonged; glumes equal or nearly so, acute, acuminate, 

or sometimes awn-pointed, carinate, usually scabrous on the keel and 
sometimes on the back; lemma obtuse, usually shorter and thinner in 
texture than the glumes, awnless or dorsally awned, often hairy on 
the callus; palea usually shorter than the lemma, 2-nerved in only 
a few species, usually small and nerveless or obsolete. 

Annual or usually perennial, delicate or moderately tall grasses, 
with glabrous culms, flat or sometimes involute, scabrous blades, and 
open or contracted panicles of small spikelets. Species about 100, 
in the temperate and cold regions of the world, especially in the 
Northern Hemisphere. About 25 species are found in the United 
States, some of these being found also in Europe. 

Type species: Agrostis stolonifera 1. 
Agrostis L., Sp. Pl. 61, 1753; Gen. Pl., ed. 5, 30. 1754. Linneus describes 

12 species, dividing them into two groups, Aristatae and Muticae, The descrip- 
tion of the genus refers to the lemma as being awned and to the presence of 
a palea (“Cor. bivalvis ... altera majore aristata’”). If the type species 
must agree with the description in the fifth edition of the Genera Plan- 
tarum,’ it must be chosen from the first group, Aristatae, and from those 

* See American Code of Botanical Nomenclature, Bull. Torrey Club 34:174. 1907. ‘The 

statement is made that “the genera of Linnmwus’s Species Plantarum (1753) are to be 

typified through the citations given in his Genera Plantarum (1754).” There is no 

citation given for Agrostis and the code does not definitely require that the genera must 

be interpreted by the descriptions here given; hence the type species may be chosen inde- 
pendent of this description. 
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Fig. 66.—Calamovilfa longifolia. Plant, x 4; spikelet and floret, x 5. 
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species possessing a palea. From this standpoint the type species would be 
Agrostis spica-venti, which is. referred by many botanists to Apera hut 
which is here included in Agrostis. However, the description of Agrostis in 
the fifth edition was not written by Linnzus for that edition. It was copied 
f-om the first edition, published in 1737, at which time Linnzeus’s concept of 
Agrostis was chiefly based on Stipa calamagrostis. By the time the Species 
Plantarum was prepared his concept of the genus Agrostis had changed, but he 
did not make the corresponding change in the description in the fifth edition 
of the Genera Plantarum which he prepared at the same time. It seems best, 
then, to ignore this description and select the type species from the economic 
species. Therefore A. stolonifera* has been selected as the type species of 
Agrostis. Several of the original species are now referred to other genera: 
A. miliacea and A. paradoxa to Oryzopsis; A. arundinacea to Calamagrostis ; 
A. minima to Mibora; A. virginica and A. indica to Sporobolus. 

Vilfa Adans., Fam. Pl. 2: 495. 1763. Adanson cites ‘‘Gramen canin. supin. 
C. B. Theat. 12” and in the index, ‘‘Gramen canin. supin. minus C. B.”’ Lin- 
nzus~* gives under Agrostis stolonifera the citation, ‘“Gramen caninum supinum 
minus Scheuch. gram. 128.” Scheuchzer® credits the citation to C. Bauhin. 
Therefore Agrostis stolonifera L. is the type of Vilfa Adans. 

Apera Adans., Fam. Pl. 2: 495. 1763. Adanson refers directly to “Agrostis 1. 

Lin. Sp. 61.” The first species of Agrostis described by Linnzus in his Species 
Plantarum (p. 61) is A. spica-venti, which becomes the type of Apera. 
Trichodium Michx., Fl. Bor. Amer. 1: 41, pl. 8. 1803. Two species are de- 

seribed, 7. laxvifiorum and T. decumbens. The first species, illustiated in plate 
8. is the type. This is the same as Afrostis hiemalis. Trichodium decumbens 
is the same as A. perennans. Michaux distinguished the genus from Agrostis 
by the absence of the palea. 

Agraulus Beauy., Ess. Agrost. 5, pl. 4, f. 7. 1812. Two species, based on 
Agrostis canina L. and A. alpina Willd., are included, the first being figured and 
therefore the type. 

Anemagrostis Trin., Fund. Agrost. 128. 1820. Two species, based on Agrostis 
spica-venti L. and A. interrupta L., are included, the first of which is taken as 
the type. 
Notonema Raf., Neogenyt. 4. 1825. A single species is included, Agrostis 

arvrachnoides Ell. (A. elliottiana Schult.) 
Podagrostis Scribn. and Merr., Contr. U. S. Nat. Herb. 18: 58. 1910. Based 

upon Agrostis, section Podagrostis Griseb. in Ledeb. Fl. Ross. 4:3 486. 1853. 
A single species, Agrostis aequivalvis Trin., referred here in each case. A. thur- 
beriana Hitche. also belongs to this group, which forms a section of Agrostis. 

In Agrostis spica-venti, A. aequivalvis, and A. thurberiana the 
rachilla is prolonged behind the palea as a minute bristle or stipe, 
and the lemma and palea are nearly equal and about as long as the 
giumes. The palea is obsolete in many species (which have been 
separated by some authors under the generic name of Trichodium), 
and is much shorter than the lemma in several other species. The 
awn, when present, may arise from the back of the lemma just above 

1See Hitchcock, Bot. Gaz. 38:141. 1904. On the basis of the specimen in the Lin- 

nean Herbarium and of the synonymy, the name A. stolonifera was there applied to the 

species called A. verticillata Vill. But on reconsideration it seems best to accept the 
name as applied by Swedish botanists. Linnzeus was most familiar with the Swedish 

grass, and cites as the first synonym under A. stolonifera the phrase name he had applied 

to it in his Flora Suecica. He confused with this the South Huropean species, A. ver- 
ticillata, a specimen of which in his herbarium he marked “ A. stolonifera,’ but we may 

assume that he intended to apply the name A. stolonifera to the grass from Sweden. In 

the latter work Linnweus states that the plant is known popularly as Kryp-hwen. Dr. 

Car] Lindman, who has kindly sent a series of specimens of the species in question, states 

in a letter that the grass in Sweden called Krypven (the modern gpelling) is the species 

described by Swedish botanists as A. stolonifera. This hag a long ligule, an open panicle, 

and an erect culm decumbent at base or producing stolons. 

28p. Pl. 62. 1758. * Agrost. 128. 1719. 
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the base (A. howellii Scribn.) or from about the middle (A. exarata 
microphylla (Steud.) Hitche.) or from just below the apex (A. spica- 

{ venti, A. ellottiana). 
if The hairs on the callus 
NW are usually minute, but 

are half as long as the 
lemma in A. hallii Vasey. 
Three of our species are 
annuals, A. spéca-venti 
L., introduced from 
Europe; A. exigua 
Thurb., of California; 
and A. elliottiana Schullt., 
of the Southern States. 

The genus furnishes 
several species that are 
important forage plants 
either under cultivation 

or in the mountain mead- 

ows of the Western States. 

The most important is 
Agrostis palustris Huds. 
(A. alba of authors’) 
(PUY oXGE Te a Seroaencicg ye 

known usually as redtop 
because of the reddish 

1The name Agrostis alba L. 

(Sp. Pl. 68. 1753) is of doubtful 

application. In the original 
publication the name is founded 

Solely on the citation ‘ Roy. 

lugdb. 59” (Royen, Flora Ley- 

densis). Royen’s citation of 

syncnym refers to Poa (appar- 

ently P. nemoralis). There are 

several sheets in  Linnzus’s 

herbarium, one of which bears 

the name, Agrostis alba, in 

Linneus’s script. These speci- 

mens are the Agrostis alba as 
generally understood, but, 

Fic. 67.—Redtop, Agrostis ue Plant, X 4; spikelet, open and closed, and floret, 

x 5. 
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color of the panicle. This species is an erect plant 2 to 4 feet 
high, producing rhizomes, and often decumbent at base, with flat 
blades, prominent, somewhat pointed ligule, and an open, usually red- 
dish panicle, 2 to 12 inches long, contracted in fruit, the branches in 
whorls. Redtop is cultivated as a meadow and pasture grass in the 
Northern States, especially upon soils lacking in lime and upon soils 
too wet for timothy. In Pennsylvania and some other localities this 
species is called herd’s-grass. 

Agrostis capillaris L. (A. tenuis Sibth., A. vulgaris With., A. 
alba vulgaris Thurb.), Rhode Island bent,’ differs from red- 
top in its smaller size, more delicate culms and foliage, short truncate 
ligule, smaller, more open, and fewer flowered panicle, not contract- 
ing after flowering. Stolons are usually absent but may be as much 
as 4 to 8 inches long. Rhode Island bent is often used as a lawn 
grass, especially in the Northeastern States, where the soil is lacking 
in lime and bluegrass does not thrive. In some botanical works the 
name Agrostis canina has been incorrectly applied to Rhode Island 
bent. Agrostis canina L., a European species occasionally introduced 
into the Eastern States, is a frequent constituent of the commercial 
seed of creeping bent. It is called velvet bent and gives promise 
of being a fine lawn grass. 

Carpet bent, also called creeping bent, is a form of A. stolonifera. 
This produces stolons from 1 to 4 feet long and is also used as a 
lawn grass in the same region as that described for Rhode Island bent. 
The seed has been imported from southern Germany. 

Fiorin is a name that was applied in England to a coast form with 
stoloniferous habit, long ligule, and narrow dense panicles. This 
form is found along the northern Atlantic coast of Europe and 
America and along the Pacific coast from British Columbia to north- 
ern California. It has been called A. maritima Lam. and A. alba 
maritima (Lam.) Meyer. It is apparently indigenous in America, 
while A. capillaris and A. palustris appear to be introductions. 

Several native species of Agrostis are found in the western part of 
the United States, especially in mountain meadows. One of the 
commonest of the western species is A. exarata Trin., with contracted, 
sometimes spikelike, panicles and awned or awnless spikelets, found 
at all altitudes throughout the western portion of the United States. 

according to Jackson (Index to the Linnwan Herbarium, Proc. Linn. Soc. London, 
124th Sess. Suppl. 1912), these specimens were added to the herbarium after 1753 and 
can not, therefore, have weight in determining the original application of the name.  Lin- 
neus did not refer, under Agrostis alba, to his flora of Sweden. It would appear that he 

did not intend to apply the name originally to a Swedish plant. The species usually 

known as Agrostis alba is common in Sweden, but apparently was included by Linnwus 
under A. stolonifera, to which it is closely allied. It was not until later that he applied 

the name to the species as now represented in his herbarium. Under these circumstances 
if seems best to drop the name Agrostis alba, as has been done by Piper (U. 8. Dept. Agr. 
Bull. 692, 1918) and by Stapf, as indicated in a letter to Piper. 

See Piper, The Agricultural Species of Bent Grasses. U.S. Dept. Agr. Bull. 692. 1918. 

97769° —19—Bull. 7729 



130 BULLETIN 772, U. S. DEPARTMENT OF AGRICULTURE. 

This is an important range grass. Common on the Pacific slope is: 
A. diegoensis Vasey, with creeping rhizomes, spreading panicles, and 
often awned spikelets. 

Two native species belonging 
to the group in which the palea 
is lacking are common in the 
eastern United States. Agrostis 
perennans (Walt.) Tuckerm. is 
a woodland species with open 
panicle. Agrostis hiemalis 
(Walt.) B.S. P. (fig. 68) is a 
delicate open-ground species 
with very diffuse capillary pani- 
cle, which at maturity breaks 
away from the plant as a tumble- 

-4 weed. This species, called hair- 
Fic. 68.—Tickle grass, Agrostis grass and tickle grass, is found 
ee rere «33 Spike throughout the United States 

Agrostis spica-venti L. (fig. 
69), a European species, sparingly introduced in the Eastern States, 
has been made the type of a distinct genus, Apera, being distinguished 
by the prolongation of the rachilla and the long delicate awn from 
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1G. 69.—Agrostis spica-venti. Plant, * Z; glumes and floret, 5, 
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just below the apex of the lemma. These characters are not deemed 
sufficient to separate it from our species. The rachilla is prolonged 
in A. aequivalvis and a similar awn is found in the annual A. ellzot- 
tiana Schult. 

For a revision of the species of Agrostis found in the United States, 

see Hitchcock, U. S. Dept. Agr., Bur. Pl. Ind. Bull. 68. 1905. 

57. Purppsia (Trin.) R. Br. 

Spikelets 1-flowered, disarticulating above the glumes, the rachilla 
not prolonged; glumes unequal, minute, the first sometimes wanting; 

lemma thin, somewhat 
keeled, 3-nerved, acute; 
palea a little shorter 
than the lemma, dentate. 
A dwarf, tufted per- 

ennial, with narrow, 
few - flowered panicles 
of small spikelets. Spe- 
cies one, in the arctic 
regions ef both hemi- 
spheres; also on the al- 
pine summits of Colo- 
rado. 

; Type species: Agrostis 
Fig. 70.—Phippsia algida. Plant, X 4; spikelet and algida Soland. 

branchlet of inflorescence with the glumes of lower Colpodium subgenus 
spikelets remaining, and floret, all x 5. Phippsia Trin., in Spreng. 

Neu. Entd. 2: 37. 1821. 
Phippsia R. Br., Suppl. App. Parry’s Voy. 184. 1824. A single species de- 

scribed, P. algida, based on Agrostis algida Soland. 

Phippsia algida (Soland.) R. Br. (fig. 70) is known in the United 
States only from a few localities in the alpine regions of Colorado. 
It was first described as Agrostis algida by Solander.* 

58. CoLEANTHUS Seidel. 

Spikelets 1-flowered; glumes wanting; lemma ovate, hyaline, 

terminating in a short awn; palea broad, 2-keeled. 
A dwarf annual, about an inch high, with short flat blades and 

small few-fiowered panicles. Species one, northern Eurasia, intro- 
duced in America. 
Type species: Schmidtia subtilis Tratt. 
Schmidtia Tratt., Fl. Oesterr. Kaiserth. 1: 12, pl. 10, 1816, not Schmidtia 

Moench, 1802. Only one species described. i 
Coleanthus Seidel; Roem. and Schult., Syst. Veg. 2: 276. 1817. Only one 

species described, C. Subtilis, based on Schmidtia subtilis. 

1In Phipps Voy. 200. 1810, 
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Coleanthus subtilis (Tratt.) Seidel (fig. 71), introduced from 
Europe, grows on mud flats along the Columbia River, where it was 
collected by Howell (on Sauvies Island, Oreg.) and by Suksdorf 
(western Klickitat County, Wash.). 

Mibora minima (L.) Desv. has been found at Plymouth, Mass. 
This, the only species of the genus, is a low annual, differing from 
Coleanthus and Phippsia in having glumes longer than the lemma, 

the very small spikelets in simple spikes. Introduced from Europe. 

59. Cinna L. 

Spikelets 1-flowered, disarticulting below the glumes, the rachilla 
forming a stipe below the floret and produced behind the palea as a 
minute bristle; glumes equal, 1-nerved; lemma similar to the glumes, 

Fic. 71.—Coleanthus subtilis. Plant, X 1; lemma and palea and two views of spikelet 

with ripe caryopsis, xX 20. 

nearly as leng, 3-nerved, bearing a minute, short, straight awn just 
below the apex; palea apparently 1-nerved, 1-keeled. 

Tall perennial grasses, with flat blades and paniculate inflorescence. 
Species three, North America and northern Eurasia, two in the 
United States and one in Mexico and southward. 

Type species: Cinna arundinacea L. 
Cinna L., Sp. Pl. 5, 1753; Gen. Pl., ed. 5, 6 1754. <A single species is 

described. 
Abola Adans., Fam. Pl. 2: 31, 511. 1768. Based on ‘ Cinna Lin.” 
Cinnastrum Fourn., Mex. Pl. 2:90. 1886. Two species are given, C. miliaceum 

and ©. poaeforme, both referable to Cinna poaeformis (HH. B. K.) Scribn. and 
Merr. 

The prolongation of the rachilla is less than 0.5 mm. in our 
species, but in Cinna poacformis of Mexico it is half as long as the 
palea. The palea is 1-nerved in C. arundinacea. In C. poaeformis 
the 2 nerves are close together but distinct. In (@. latifolia the palea 
is apparently 1-nerved, but the 2 nerves separated when the palea is 
split along the keel. 
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Cinna arundinacea (fig. 72), with somewhat contracted panicle and 
spikelets 5 mm. long, grows in moist, usually shaded places in the 

eastern United States; C. latifolia 
(Trev.) Griseb., with open panicle 
and spikelets 4 mm. long, grows in 
damp woods across the continent in 
the northern part of the United States, 
mostly at medium and high elevations. 

Both species furnish ex- 
cellent forage, but are usu- 
ally not abundant enough 
to be of much importance. 

60. LimnopEsa L. H. Dewey. 

Spikelets 1-flowered, 
disarticulating below the 
glumes, the rachilla pro- 
longed behind the palea as 
a short, slender bristle; 
glumes equal, firm; lemma 

Fie. 72.—Wood reed-grass, Cinna arundinacea. membranaceous, SHE DOK 
Plant, X 4; spikelet and floret, x 5. nerveless, 2-toothed at the 
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apex, bearing from between the teeth a slender bent awn, twisted at 
base; palea a little shorter than the lemma. 
A slender annual with flat blades and narrow panicles. Species 

3.—Limnodea arkansand. 

one, Florida to Texas. 

Type species: Greenia arkansana 
Nutt. 

Greenia Nutt., Trans. Amer. Phil. Soc. 
5: 142, 1837, not Greenea Wight and 
Arn., 1884. Type G. arkansana, the only 
species described. 

Sclerachne Torr.; Trin., Mém. Acad. 
St. Pétersb. VI. Sci. Nat. 4°: 273, 1841, 
not Sclerachne R. Br. and Benn., 1838. 
Two species are described, S. arkansana 
Torr. and S. pilosa Trin. The first, 
based on Greenia arkansana Nutt., is 
the type. 

Thurberia Benth., Journ. Linn. Soc. 
Bot. 19: 58, 1881, not Thurberia A. 
Gray, 1854. Type Greenia arkansana 
Nutt., the name Thurberia being substi- 
tuted for Greenia. 

Limnodea L. H. Dewey, Contr. U. S. 
Nat. Herb. 2: 518. 1894. Only one spe- 
cies described. 

Limnodeéa arkansana 
g (Nutt.) L. H. Dewey 

Vi, (fig. 73), has probably 
if . 

f no agricultural value. 
A form with pilose 

Plant, X 4; spikelet and floret, « 5. 
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glumes has been named 
L. arkansana pilosa (Trin.) 
Scribn. 

61. ALoprcuRUS L., the meadow 

foxtails. 

Spikelets 1-flowered, disar- 
ticulating below the glumes, 
strongly compressed laterally ; 
glumes equal, awnless, usually 
united at base, ciliate on the 
keel; lemma about as long 
as the glumes, 5-nerved, ob- 
tuse, the margins united at 
base, bearing from below 
the middle a slender dorsal 
awn, this included or ex- 
serted two or three times the 
length of the spikelet; palea 
wanting. 
Low or moderately tall per- 

ennial grasses with flat blades 
and soft, dense, spikelike pan- 
icles. Species about 25, in tem- 
perate regions of the North- 

Fic. 74.—Meadow foxtail, Alopecurus pratensis. Plant, X 34; spikelet and fioret, X 5. 

ern Hemisphere. Of the eight North American species, two 
are introductions from Europe and two are widely distributed in 
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Eurasia. Some of the European species with a distinct palea have 
been segregated as the genus Colobachne. 

Type species: Alopecurus pratensis L. 
Alopecurus L., Sp. Pl. 60, 1753; Gen. Pl., ed. 5, 30. 1754. Four species are 

described, A. pratensis, A. geniculatus, A. hordeiformis, and A. monspeliensis. 
The third and fourth species do not agree with Linnzeus’s generic description 
and are now referred, the third to Pennisetum and the fourth to Polypogon. 
The other two were well known to Linnzeus and were described in his flora of 
Sweden. The first, being an economic species, is chosen as the type species of 
the genus. 

Alopecurus pratensis L. (fig. 74), meadow foxtail, is sometimes 
used as a meadow grass in the eastern United States. It is recom- 
mended for mixtures on moist soil, being nutritious and producing 
early forage. Meadow foxtail is an erect grass, 2 to 3 feet tall, with 
short rhizomes, loose, often inflated, sheaths, and spikes or heads 2 
to 4 inches long and about one-fourth of an inch thick. Introduced 
from Europe, where it is favorably known as a meadow grass. 

Alopecurus geniculatus L. is a low, pale, soft grass, usually 6 to 18 
inches high, with decumbent rooting bases and slender panicles 1 to 
3 inches long and about one-eighth of an inch thick, the delicate awn 
bent and protruding about twice the length of the spikelet. Found 
in moist places across the continent. An allied and more common 
species, A. aristulatus Michx. (A. geniculatus aristulatus (Michx.) 
Torr.), is distinguished by the scarcely exserted awns. <Alopecurus 
alpinus J. KE. Smith (A. occidentalis Scribn.), a northern species 
extending into the Rocky Mountains of the United States, has a _ 
short, thick spike with spikelets woolly all over. Alopecurus cali- 
fornicus Vasey, of the northwestern Pacific coast region, has slender 
spikes, 1 to 3 inches long and one-fourth of an inch thick, the spike- 
lets 3 mm. long. The species of Alopecurus are all palatable and 
nutritious, but usually are not found in sufficient abundance to be of 
great importance. 

62. Potypogon Desf. 

Spikelets 1-flowered, the pedicel disarticulating a short distance 
below the glumes, leaving a short-pointed callus attached; glumes 
equal, entire or 2-lobed, awned from the tip or from between the 
lobes, the awn slender, straight; lemma much shorter than the glumes, 
hyaline, usually bearing a slender straight awn shorter than the 
awns of the glumes. 

Annual or perennial usually decumbent grasses, with flat blades 
and dense, bristly, spikelike panicles. Species about 10, in the tem- 
perate regions of the world, chiefly in the Eastern Hemisphere, three 
species being introductions into the United States. 
Type species: Alopecurus monspeliensis 1. 
Polypogon Desf., Fl. Atlant. 1: 66. 1798. Only one species described, this 

based on Alopecurus monspeliensis L, 
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Polypogon lutosus (Poir.) Hitche. (Agrostis lutosa Poir., P. lit- 
toralis J. KE. Smith, based on Agrostis littoralis With., 1796, not Lam., 
1791), a perennial is - “4 
with awns scarcely 
longer than the 
glumes, is frequent 
on the Pacific coast. 
Polypogon monspeli- 
ensis (.) Desf. (fig. 
75) is an annual with 
soft, bristly, green or 
yellowish spikes 1 to , 
6 inches long, the 
awns much longer 
than the glumes. 
This is a common 

weed on the Pacific 
coast and is occa- 
sional in the Atlantic 

) 
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Fig, 75.—Polypogon monspeliensis. Plant, X 33 spikelet and floret, X 5. 

States. Polypogon maritimus Willd. is a rare species found in 
Georgia and California, and differs from the preceding in having 
deeply lobed lemmas, the lobes ciliate. Our species are relished by 
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stock, and P. monspeliensis is sometimes sufficiently abundant on low 
meadows to be of importance. 

63. Lycurus H. B. K. 

Spikelets 1-flowered, the racnilla 
articulate above the glumes; glumes 
awned, the first usually 2-awned; 
lemma narrow, firm, longer than the 
glumes, terminating in a slender awn. 
Low perennial grasses, with dense 

spikelike panicles, the spikelets borne 
in pairs, the lower of the pair sterile, 
the short branchlets deciduous. Spe- 
cies two, in arid regions from the 
southwestern United States to north- 
ern South America. 

Type species: Lycurus phleoides H. B. K. 
Lycurus H. B. K., Nov. Gen. and Sp. 13: 

141, pl. 45. 1816. Two species are described, 
LL. phleoides and L. phalaroides. The first 
species, being figured, is chosen as the type. 

Pleopogon -Nutt., Journ. Acad. Nat. Sci. 
Phila. II. 1: 189. 1848. A single species, 
P. setosum, is included. This is Lycurus 
phleoides. 

Lycurus phleoides (fig. 76), the 
only species in the United States, is a 
low bunch-grass with slender erect 
culms about a foot high, with a dense, 
narrow, lead-color panicle 1 or 2 
inches long. The species, sometimes 
called Texas timothy and wolftail, is 
common on the Mexican Plateau and 

Vig. 76.—Wolftail, Lycurus phleoides. 

Plant, * 4; group of two spikelets, 

glumes of fertile spikelet, and two 

views of fertile floret, * 5. 

extends north to Texas, Colorado, and Arizona. Tt is often an im- 
portant constituent of grazing areas. 
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64, PHtrum L. 

Spikelets 1-flowered, laterally compressed, disarticulating above 
the glumes; glumes equal, 

i membranaceous, keeled, 
abruptly mucronate or 

ie awned; lemma_ shorter 
a than the glumes, hyaline, 

broadly truncate, 3 to 5 
nerved; palea narrow, 
nearly as long as the 
lemma. 

Annuals or perennials, 
with erect culms, flat 
blades, and dense, cylin- 
dric panicles. About 10 
species, in the temperate 
regions of both hemi- 
spheres. . 

Type species: Phlewm pra- 
tense L. 
Phieum L., Sp. Pl. 59, 1753 ; 

Gen. Pl, ed. 5, 29. 1754. 
Four species are described, 
P. pratense, P. alpinum, P. 
arenarium, and P. schoe- 
noides. The first species 
is chosen as the type because 
it is the only cultivated spe- 
cies in the genus. The first 
three species are still re- 
tained in Phleum; the fourth 
is referred to Heleochloa. 

Stelephuras Adans., Fam. 
Pl. 2: 31, 607. 1763. Based 
on Phleum L. 

Four species of Phleum 
are found in the United 
States. Our only native 
species is P. alpinum L.., 
mountain timothy, a per- 
ennial with short spikes, 
two or three times as 
long as wide, found in 
the northern regions of 
Eurasia and America and 
extending south in the 
mountains of New Eng- 
land, in the Reeky Moun- 

A 
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4 bi AY tains to Mexico, and in 
Wd&t2= the Sierra Nevada and 

Coast Ranges to the San 
spikelet and floret, x 5. " Jacinto Mountains. 

Fic. 77.—Timothy, Phlewm pratense. Plant, X 3; 
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Mountain timothy produces a fair amount of nutritious forage, 
which remains green till late in the season and is considered a valu- 
able late sheep feed. It is an important constituent of mountain 
meadows. This species is distinguished from common timothy by the 
shorter, broader heads and by the absence of the swollen base of the 
stem or so-called bulb. Two species, P. graecum Boiss. and Heldr. 
and P. bellardi Willd., are annuals introduced from Europe and 
found here only at a few coast points on dumping grounds for ballast. 
The fourth species is timothy, Phlewm pratense L. (Pl. XIV; fig. 

77), an erect, short-lived perennial, 2 to 4 feet tall, with elongate 
cylindric inflorescences or “ heads” several times longer than broad. 
The stems are swollen at the base, and the glumes, like those of moun- 
tain timothy, are ciliate on the keel. Timothy, a native of Europe 
and northern Asia, is now commonly cultivated in this country and 
in Europe as a meadow grass, and is found growing without culti- 
vation in waste places, roadsides, and old fields throughout most of 

the United States. It is the most important meadow grass grown in 
America, and timothy hay is the standard for all grass hay sold on 
the market. The region of the United States favorable for the grow- 
ing of timothy is the crop area known as the cool humid region, which 
includes the northeastern portion west to the Great Plains and south 
to Virginia and Missouri, or farther in the mountains. Another 
timothy area is found on the Pacific coast from northern California 
to Puget Sound. Much timothy is grown in favorable localities in 
the western mountains. In some localities timothy is known as herd’s- 
grass. 

See Evans, U. 8. Dept. Agr., Farmers’ Bull. 502, 1912; McClure, 
U. S. Dept. Agr., Farmers’ Bull. 508, 1912; Williams, U. S. Dept. 
Agr. Yearbook, 1896: 147, 1897; Scribner, U. S. Dept. Agr., Div: 
Agrost. Bull. 20: fig. 47. 1900. 

65. GASTRIDIUM Beauv. 

Spikelets 1-flowered, the rachilla disarticulating above the glumes, 
prolonged behind the palea as a minute bristle; glumes unequal, some- 
what enlarged or swollen at the base; lemma much shorter than the 
glumes, hyaline, broad, truncate, awned or awnless; palea about as 
long as the lemma. 

Annual grasses, with flat blades and pale, shining, spikelike pan- 
icles. Species two, in the Mediterranean region; one introduced into 
the United States. 

Type species: Milium lendigerum 1. 

Gastridium Beauv., Ess. Agrost. 21, pl. 6, f. 6. 1812. Jeauvois mentions 
only one species, Milinm lendigerum, but the deseription of the plate bears the 
name Gastridium australe. 
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Gastridium ventricosum (Gouan) Schinz and Thell.! (G. lendi- 
gerum (L.) Gaud.) (fig. 78), with an awned lemma, a common weed 

on the Pacific coast, appears 
to have no economic value. 

66. Lagurus L. 

Spikelets 1-flowered, the 
rachilla disarticulating above 
the glumes, pilose under the 
floret, produced beyond the 
palea as a bristle; glumes 
equal, thin, 1-nerved, villous, 
gradually tapering into a 
plumose aristiform point; 
lemma shorter than the 
glumes, thin, glabrous, bear- 
ing on the back above the 
middle a slender, exserted, 
somewhat geniculate, dorsal 
awn, the summit bifid, the 
divisions delicately awn- 
tipped; palea narrow, thin, 
the two keels ending in 
minute awns. 
An annual grass, with pale, 

dense, ovoid or oblong woolly 
heads. Species one, in the 
Mediterranean region and in- 
troduced sparingly in Cali- 
fornia. 

Type species: Lagurus ovatus L. 
Lagurus L., Sp. Pl. 81, 17538; 

Gen. Pl., ed. 5, 34. 1754. Only 
one species described. 

Lagurus ovatus (fig. 79) is 
sometimes cultivated as an 
ornamental, the woolly heads 
being used for dry bouquets. 

67. EXPicAMPES Presl. 

Spikelets 1-flowered, the 
rachilla disarticulating above 

1This name is based on Agrostis 
ventricosa Gouan, Hort. Monsp. 39, pl. 

1, f. 2, 1762, which was published 

earlier in the year than Milium lendi- 

gerum I, Sp. Pl., ed. 2, 91, 1762, as 
shown by lLinneus’s reference to 

Nie. 78.—Gastridium ventricosum. Plant, X 43 Gouan’s work in the preface to the sec- 

spikelet and floret, x 5, ond edition of his Species Plantarum. 
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the glumes; glumes about equal; lemma equaling or longer than the 
glumes, 3-nerved, often bearing a slender awn just below the tip. 

\y \ 
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Fie. 79.—Hare’s-tail grass, Lagurus ovatus. Plant, * 4; spikelet and floret, 5. 

Tall cespitose perennials, with open, narrow, or spikelike panicles. 
Species 15, northern South America to Mexico, 5 extending into the 

southwestern United States, 
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Type species: Hpicanpes strictus Presl. 
Epicampes Presl, Rel. Haenk. 1: 235, pl. 39. 

seribed. 
Crypsinna Fourn., Mex. Pl. 2: 90. 1886. Three species are mentioned, 

C. stricta, C. macroura, and C. setifolia. In the generic description the panicle 

1830. Only one species de- 

Fic. 80.—Deer-grass, Hpicampes rigens. 
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is said to be densely 
spiciform. This applies 
best to the second spe- 
cies, C. macroura, which 
is chosen as the type. 

One species, L'pi- 
campes rigens Benth. 
(fig. 80), with long, 
slender, cylindric, 
pale, spikelike pan- 
icles, the glumes 
shorter than the 
lemma, is found from 
western Texas to 
southern California. 
This species, called 
deer-grass, and _ the 
four other species, F. 
ligulata Scribn., L. 
berlandiert Fourn., #. 
subpatens Hitche.,* 
and HL. emersleyz 

1Epicampes subpatens, n. sp. 

Culms erect, glabrous, 50 

to 100 cm. tall; sheaths 

glabrous, slightly scabrous, 

compressed-keeled, especially 

those of the innovations 3 

ligule softly membranace- 

ous, 1 to 2 cm. long; blades 

flat or folded, scabrous, 1 

to 3 mm. wide, the lower 

as much as 50 cm. long; 

panicles narrow but rather 

loose, mostly 20 to 40 cm. 

long, the branches ascend- 

ing, more or less fascicled 

or whorled, naked below; 

_ spikelets about 3 mm. long, 

Plant, X 3; spikelet and floret, x 5. 
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(Vasey) Hitche. (Muhlenbergia emersleyi Vasey, M. vaseyana 
Scribn.), are forage grasses. A Mexican species, 2. macrowra Benth., 
is of considerable economic importance, the roots being used in the 
manufacture of scrubbing brushes. | 

68. MUHLENBERGIA Schreb. 

Spikelets 1-flowered, the rachilla disarticulating above the glumes; 
glumes usually shorter than the lemma, obtuse to acuminate or 
awned, the first sometimes small or rarely obsolete; lemma firm- 
membranaceous, 3 to 5 nerved, with a very short, usually minutely 
pilose callus, the apex acute, sometimes bidentate, extending into a 
straight or flexuous awn, or sometimes only mucronate. 

Perennial or rarely annual low or moderately tall grasses, tufted 
or rhizomatous, the culms simple or much branched, the in- 
florescence a narrow or open panicle. Species about 80, mostly in 
Mexico and the southwestern United States, a few in the eastern part 
of the Old World; 40 species in the United States. 

Type species: Muhlenbergia schreberi Gmel. 
Muhlenbergia Gmel., Syst. Nat. 2: 171. 1791. Only one species mentioned. 
Dilepyrum Michx., Fl. Bor. Amer. 1: 40. 1803. Two species are described, 

D. aristosum, which is Brachyelytrum erectum, and D. minutifioruwm, which is 
Muhlenbergia schreberi Gmel. They are equally eligible as the type. ‘The 
second is chosen, in order to conserve the generic name Brachyelytrum. 
Podosemum Desy., Nouy. Bull. Soc. Philom. Paris 2: 188. 1810. The type is 

Stipa capillaris Lam. (P. capillaris Desv.), the only species mentioned. 
Clomena Beauy., Ess. Agrost. 28, pl. 7, f. 10. 1812. The type is C. peruviana, 

the only species mentioned. This is Muhlenbergia peruviana (Beauv.) Steud. 
Trichochloa Beauy., Ess. Agrost. 29, pl. 8, f. 2. 1812. The type and only 

species is T. purpurea. This has not been identified. RKoemer and Schultes 
say it is Trichochloa expansa DC. (Muhlenbergia expansa (DC.) Trin.). 

Tosagris Beauy., Ess. Agrost. 29, pl. 8, f. 3. 1812. The type is 7. agrostidea, 
the only species mentioned. This has not been identified, but it appears to be 
a species of Muhlenbergia. 

Sericrostis Raf., Neogenyt. 4. 1825. “Type Stipa sericea Mx. or diffuse 
Walter.” This is Muhlenbergia capillaris (Lam.) Trin. 

Calycodon Nutt., Journ. Acad. Phila. II. 1: 186. 1848. The type is C. mon- 
tanum (Muhlenbergia montana Hitche.), the only species described. 

Vaseya Thurb., in Gray, Proc. Acad. Phila. 1868: 79. 1863. The type is 
V. comata Thurb., the only species described. This is Muhlenbergia andina 
(Nutt.) Hitche. (Calamagrostis andina Nutt.). 

often tinged with purple; glumes about as long as the lemma, papery, acutish, 

scabrous; lemma narrowed and scabrous above, villous below, awnless, or occasionally 

those of a few of the spikelets with a flexuous awn about 1 cm. long. 

Type, U. S. National Herbarium no. 905799, collected in a rocky ravine, Guadeloupe 

Mountains, near Queen, N. Mex., altitude 7,000 feet, Sept. 5, 1915, by A. S. Hitchcock, 

no. 13541. 
This species is closely allied to Lpicampes emersleyi, from which it differs in the awn- 

less spikelets and larger, looser, and more spreading panicles. 'The writer examined the 

two forms in the Guadeloupe Mountains, southern New Mexico, and concluded from these 
field observations that the awned and awnless forms represented two distinct but closely 

allied species. The delicate awns are not noticeable at a distance but the more open 
panicle was always found to be associated with the awnless spikelets. , 

Other specimens in the U. 8. National Herbarium.—Tmxas: Limpia Canyon, Nealley 

133. Chisas Mountains, Bailey 392. Guadeloupe Mountains, Bailey 739. Western Texas, 
Wright 729. New Mexico: Socorro, Plank 53. Silver City, Greene 439. ARIZONA: 
Patagonia, Hitchcock 3719. Chiracahua Mountains, Toumey 15a. Santa Catalina Moun- 
tains, Griffithe 7149. 

1 Syst. Veg. 2: 384. 1817. 

97769°—19—Bull, 772——10 
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Chaboissaea Fourn., Mex. Pl. 2: 112. 1886. A single species, C. ligulata, is 
included. This is Wuhlenbergia liguiata (Fourn.) Scribn. and Merr. 

Muhlenbergia is a somewhat artificial genus, including species of 
very diverse habit. It differs from Sporobolus in the 3-nerved awned 
or mucronate lemma, and from Agrostis in the firmer lemma, usually 
longer than the glumes. One group, including I/. squarrosa (Trin.) 
Rydb. (fig. 81), I. repens (Presl) Hitche., and their allies, has been 
usually referred to Sporobolus. The species of this group are in- 
cluded in Muhlenbergia because of the 3-nerved mucronate or awned 
lemmas, but they form a distinct section or possibly a distinet genus. 

Fig. 81.—WV uhlenbergia squarrosa. Plant, X 4; spikelet and floret, X 5. 

In &/. repens the lateral nerves of the lemma are commonly obsolete, 
and the apex is sometimes scarcely mucronate. : 

Of the species found in the United States two are annuals, d/. de- 
pauperata Scribn., with acuminate or awned glumes, and I. miecro- 
sperma (DC.) Kunth, with obtuse glumes, both growing in the ex- 
treme Southwest. The latter species produces cleistogenes in the axils 
of the lower sheaths. Muhlenbergia mexicana (L.) Trin. and its 
allies have branching stems and numerous panicles. The glumes are 
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reduced in I/. schreberi (fig. 82), the type species, the first being 
obsolete and the second not over 0.5 mm. long. In WW. montana 

(Nutt.) Hitche. (Calycodon montanum Nutt.; Muhlenbergia trifida 

Fic. 82.—Nimble Will, Muhlenbergia schrebert. 

Hack.; If. gracilis 
of authors, not 
Hi. B. K.) the see- 
ond glume is 3- 
toothed. JZuhlen- 
bergia capillaris 
(Lam.) Trin. (fig. 
83), of the South- 
ern States, 1s a 
handsome peren- 
nial with diffuse 
purple panicles. 

There are nine 
species in the 
Eastern States; 
the others are 
western or mainly 
southwestern. 
Many of the west- 
ern species are 
important range 
grasses and often 
form a consider- 
able proportion of 
the grass flora of 
the arid and semi- 
arid regions. The 
commonest of 
these are I/. mon- 
jong and MM. 
wrightii Vasey. 
The second has a 
spikelike leaden- 
hued panicle. 

Plant, XK 4; branchlet showing both first 
aml second glumes of two spikelets, spikelet with obsolete first glume, and floret, all 

x 5 
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Fic. 83.—Muhlenbergia capillaris. Plant, X 43 spikelet, X 5. 
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69. SPoROBOLUS R. Br, 

Spikelets 1-flowered, the rachilla disarticulating above the glumes; 
glumes awnless, usually unequal, the second often as long as the spike- 

let; lemma membranaceous, 1-nerved, 

awnless; palea usually prominent and 

as long as the lemma or longer; seed 
free from the pericarp. 
Annual or perennial grasses, with 

small spikelets in open or contracted 
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Pic. 84,—Smut-grass, Sporobolus bertcroanus. Plant, ~*~ 4; spikelet and floret, * 5. 
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panicles. Species about 99, in the warm regions of both hemispheres, 
most abundant in America; 36 species in the United States. 
Type species: Agrostis indica L. 
Sporobolus R. Br., Prodr. Fl, Nov. Holl. 169. 1810. Three species are de- 

scribed, S. indicus, 8. elongatus, and S. pulchellus. Brown states that Sporobo- 
lus includes Agrostis species of Linneus. Of the three species described by 
Brown only the first was known to Linneus and included by him under Agrostis. 
Hence the first species is chosen as the type. 

Agrosticula Raddi, Agrost. Bras. 33, pl. 1, f. 2. 1823. Type A. muralis, the 
only species described. 

Bennetia Raf., Bull. Bot. Seringe 1: 220. 1830. Agrostis juncea Michx. is 
the only species included. This is Sporobolus gracilis. (Trin.) Merr. 

Crystostachys Steud., Syn. Pl. Glum. 1:.181. 1854. The type is C. vaginata, 
the only species described. From the description this appears to be Sporobolus 
vaginaeflorus. 

Bauchea Fourn., Mex. Pl. 2: 87. 1886. Type B. karwinskyi, the only species 
described. This is Sporobolus wrightii. 

The fruit is free from the lemma and palea, and falls readily from 
the spikelet at maturity. Because of this character the species have 
been called drop-seed grasses. The genus differs from Muhlenbergia 
in having 1-nerved awnless lemmas and from Agrostis in having 
lemmas as long as the glumes or longer and as firm. 

Four species of the United States are annual. One of them, 
Sporobolus vaginaeflorus (Torr.) Wood, is called poverty grass, 
because it grows in sterile soil. This has narrow panicles, partly or 
wholly inclosed in the sheaths. Several of the perennial species have 
creeping rhizomes. One of these, S. virginicus (L.) Kunth, is a 
common seashore grass in the Southern States. It has erect stems 
6 to 10 inches tall, with spikelike panicles of pale spikelets. The 
other species of the genus are erect bunch-grasses. Sporobolus ber- 
teroanus (Trin.) Hitche. and Chase (fig. 84), with long, slender, 
spikelike panicles, is common in the Southern States (S. indicus 
of the manuals, not S. indicus (L.) R. Br.). This: species is 
called smut-grass, because the inflorescence is frequently affected 
with a black fungus. The glumes are about equal and much 
shorter than the lemma. Sporobolus cryptandrus (Torr.) Gray 
(fig. 85) is common on sandy soil, especially in the interior of 
the country. This has very small spikelets in panicles sometimes 
partly inclosed in the upper sheath, only the upper portion 
spreading, or even entirely inclosed in the swollen sheaths. There 
is a conspicuous tuft of hairs at the summit of the sheaths. In 
winter the leaves and stems become fibrous and much frayed out by 
the wind. 
Two species of the Southwest are important forage grasses in the 

arid and semiarid regions. Sporobolus airoides Torr. (fig. 86), 

growing in dense, tough clumps, the stems 1 or 2 feet high, and with 

large spreading panicles, is found on somewhat alkaline soil and is 

called bunch-grass or alkali saccaton. It ranges from Nebraska to 
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Montana and Texas. Sporobolus wrightii Munro, saccaton, is much 
taller, with a large but narrow panicle. This is found from Arizona 
to western Texas. ) 

Most of the per- 
ennial species of 
Sporobolus are pal- 
atable forage 
grasses, but few of 
them are abundant 
enough to be of im- 
portance. On the 
Arizona Plateau, S. 
interruptus Vasey 
isanimportant 
range grass. It is 
called black sporo- 
bolus, because of 
the dark, narrow, 
loosely flowered 
panicle. 

70, BLEPHARONEURON 
Nash. 

Spikelets 1-flow- 
ered, the rachilla 
disarticu lating’ 
above the glumes; 
glumes subequal, 
rather broad; 
lemma _ 3-nerved, 
the nerves densely 
pilose; palea 
densely pilose be- 
tween the two 
nerves. 
A perennial grass 

with an open, nar- 
row panicle. Spe- \ 
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Type species: Vilfa Beis) Ms ey 
tricholepis Torr. COCA NS t 
Blepharoneuron \ \\ waa 

Nash, Bull. Torrey *. Ne Gif 
Club 25: 88 1898. oe s\ Ss 
Only one species men- ~\E = 
tioned, B. tricholepis ic. 85.—Sand dropseed, Sporobolus eryptandrus. Plant, 
(Torr.) Nash. X 4; spikelet and floret, the palea splitting, 5. 
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Fie. 86.—Alkali saceaton, Sporobolus airoides. Plant, X 45 spikelet and floret, x 5. 
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The single species (fig. 87) is a tufted grass about a foot high, 

found on open or rocky soil at middle altitudes from Colorado to 
central Mexico. It is a palatable grass, sufficiently abundant in places 

to be of importance. Until recent 
years the species was included in 
Sporobolus. 

71. Crypsis Ait. 

Spikelets 1-flowered, the rachilla 
disarticulating below the glumes; 
glumes about equal, narrow, acute; 
lemma broad, thin, awnless; palea 
similar to the lemma, about as long, 
2-nerved, readily splitting between 
the nerves; fruit a utricle, the seed 
free from the thin pericarp. 
A spreading annual, with capitate 

inflorescences in the axils of broad 
bracts, these being enlarged sheaths 
with short rigid blades. Species 
one, in the Mediterranean region; 
sparingly introduced into the United 
States. 

Type species: Schoenus aculeatus L. 
Crypsis Ait., Hort. Kew. 1: 48. 1789. 

A single species is mentioned, with two 
varieties or forms, a (the equivalent of 
the species), based on Schoenus aculeatus 
L., and 8, based on Phlewm schoenoides 
L. The first is the type. 

Bentham and Hooker? state 
that the spikelet has four 
glumes and no palea. Hackel? 
states that the palea is 1-nerved. 
Our specimens show an eyi- 
dently 2-nerved palea. 

;, 87.—Blepharoneuron tricholepis. Plant, * 1; spike- 

let and floret, * 5. 

y2 
1Gen. Pl. 3: 1139. 1888. 2Wngl. and Prantl, Panzenfam, 27: 48. 1887. 
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Crypsis aculeata (.) Ait. (fig. 88) has been introduced in a few 
places in California. 

72. HELEOcHLOA Host. 

Spikelets 1-flowered, the rachilla disarticulating above the glumes; 
glumes about equal, narrow, acute; lemma broader, thin, a little 

longer than the glumes; palea nearly as long as the lemma, 2-nerved, 
readily splitting between the nerves; caryopsis free from the lemma 
and palea. 

Low perennial spreading grasses, with oblong, dense, spikelike 
panicles, terminal and on short lateral branches, the subtending leaves 

Fic. 88.—Crypsis aculeata. Plant, x i; spikelet and floret, the palea splitting, x 5. 

with inflated sheaths and reduced blades. Species about seven, in 
the Mediterranean region, one introduced into the United States. 

Type species: Heleochloa alopecuroides Host. 
Heleochloa Host, Gram. Austr. 1: 23. 1801. Two species are described, 

HI, alopecuroides and H. schoenoides, both of which are figured. The first is 

chosen as the type. 

Heleochloa schoenoides (.) Host (fig. 89). has been introduced 
into the eastern United States at several points from Massachusetts 
and Delaware to Illinois. 

73. BRACHYELYTRUM Beauv. 

Spikelets 1-flowered, the rachilla disarticulating above the glumes, 
prolonged behind the palea as a slender naked bristle; glumes very 
short, unequal, the first sometimes obsolete, the second sometimes 

awned; Jemma firm, narrow, 5-nerved, the base extending into a pro- 
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nounced oblique callus, the apex terminating in a long straight 
scabrous awn, 

Perennial erect, slender grasses, with short knotty rhizomes, flat 

blades and narrow, rather few-flowered panicles. Species one, North 
American. 

Vic. 89.—Heleochloa schoenoides, Plant, K 4; spikelet and floret, the palea splitting, * 5. 

Type species: Muhlenbergia crecta Schreb. 
srachyelytrum Beauy., Ess. Agrost. 39, pl. 9, f. 2. 1812. The type is the 

figured species, B. crectum, based on Muhlenbergia erecta. 
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Brachyelytrum erectum (Schreb.) Beauv. (fig. 90), found in 
rich rocky woods in the northeastern quarter of the United States, is 
of no economic importance. It has been known also as B. aristatum 
Beauv. 

74. Mitium 1. 

Spikelets 1-flowered, disarticulating above the glumes; glumes 
equal, obtuse, membranaceous, rounded on the back; lemma a little 
shorter than the glumes, obtuse, awnless, obscurely nerved, rounded 
on the back, dorsally compressed, in fruit becoming indurate, smooth, 
and shining, the margins inclosing the lemma, as in Panicum. 

Moderately tall grasses with flat blades and open panicles. Spe- 
cies about six, in the cooler parts of Eurasia, one of which is found 

also in northeastern North America. 

Type species: Miliwm effusum. les 
Milium L., Sp. Pl. 61, 17538; Gen. Pl., ed. 5, 80. 1754. Two species are de- 

scribed, MV. effusum and M. confertum. The first species is chosen as the type 
as it was the one best known to Linneeus, being described in his flora of Sweden. 
The second species is now reduced to a variety of M. effuswm. Milium is an 
ancient Latin name for the common millet of Europe (Panicum miliaceum U.). 
Linneus applied this name to the genus above described.* 

Milium effusum L. (fig. 91), millet grass, the only representative of 
the genus in America, is a slender erect perennial 3 to 4 feet tall, 
found in cool woods from Nova Scotia to Illinois. It is of no 

economic importance. 

75. OrRyzopsis Michx. 

Spikelets 1-flowered, disarticulating above the glumes; glumes 
about equal, obtuse or acuminate; lemma. indurate, usually about as 
long as the glumes, broad, oval or oblong, nearly terete, usually 
pubescent, with a short, blunt, oblique callus, and a short, deciduous, 
sometimes bent and twisted awn; palea inclosed by the edges of the 
Jemma. 

Perennial, mostly low grasses, with flat or often involute blades 
and terminal narrow or open panicles. Species about 20, in the north 
temperate regions of both hemispheres; 13 species in the United 

States. 
Type species: Oryzopsis asperifolia Michx. (fig. 92). 
Oryzopsis Michx., Fl. Bor. Amer. 1: 51. 1803. A single species described. 
Dilepyrum Raf., Med. Repos. 5: 351. 1808. Rafinesque here announces a new 

work and gives the names of several proposed new genera and species. One of 
these is “ Dilepyrum, the Orizopsis of do [Michaux].” The type, then, is Ory- 
zopsis asperifolia Michx. 

Piptatherum Beauy., Ess. Agrost. 17. pl. 5, £. 10. 1812. Beauvois mentions 
five species and figures two, P. coerulescens and P. punctatum. Miliwm coerules- 
cens, the basis of the first species, is chosen as the type. 

Eriocoma Nutt., Gen. Pl. 1: 40. 1818. The type is H. cuspidata Nutt., the 
only species described. This is the same as Oryzopsis hymenoides. 

1¥or a discussion of Milium and Panicum, see Hitchcock and Chase, Contr. U. S. Nat. 
Herb, 15: 11. 1910. 
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Vic. 90.—Brachyelytrum crectum. VPiant, K 43 branchlet, with glumes of two spikelets, 

and floret, X 5. 
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Urachne Trin., Fund. Agrost. 109. 1820. Trinius cites Beauvois’s two figures 
mentioned above, which represent Piptatherum coerulescens and P. punctatum, 

and at the end of his generic deseription lists three species, U. coerulescens 
6 (Milium ecoerulescens Desf.), U. virescens 
W 
f (Milium paradozum Scop.), and U. parviflora 

ny (Agrostis miliacea L.). The first of these is 
=| chosen as the type. 

Wh Fendlera Steud., Syn. Pl. Glum. 13419. 1854. 
a Type, F. rhynchelytroides Steud., the only 

Ww species described. This is the same as Ory- 
copsis. hymenoides. ; 

The commonest species is Oryzopsis 
hymenoides (Roem. and Schult.) 
Ricker, found throughout the region 
west of the Rocky Mountains on dry 
soil. This has an open divaricate pani- 
cle and densely long-silky lemmas. 
The species of Oryzopsis are grazed by 

stock, but usually are not in suffi- 
cient abundance to be of impor- 
tance, except Indian mountain 
rice (O. hymenoides). 

The allied Mexican and South 
American genera, Nasella Desv. 
and Piptochaetium Presl, differ in 
having an obliquely obovate fer- 
tile lemma, the apex gibbous, and 
the awn eccentrically attached. 

76. Strpa L., the spear-grasses. 

Spikelets 1-flowered, disarticu- 
lating above the glumes, the artic- 
ulation oblique, leaving a bearded, 
sharp-pointed callus attached to 
the base of the floret ; glumes mem- 
branaceous, often papery, acute, 

Fic. 91.—Millet grass, Wilium effusum. - Plant, X 33 spikelet and floret, X 5. 

acuminate or even aristate, usually long and narrow; lemma narrow, 
terete, firm or indurate, strongly convolute, terminating in a usually 
bent’ and twisted, prominent, persistent awn; palea inclosed in the 
convolute lemma. 
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Perennial grasses, with usually convolute blades and narrow pan- 
icles. Species about 100, in the temperate regions of the world, 
especially on plains and steppes; 30 species in the United States, 
mostly in the western part. 
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Type species: Stipa pennatu L. 
Stipa L., Sp. Pl. 78, 1753; Gen. PL, ed. 5, 84. 1754. Linnszeus deseribes three 

species, S. pennata, S. juncea, and S. avenacea. ‘The first two are from central 
and southern Europe, the third from Virginia. The first species is selected as 
the type. 
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Podopogon Raf., Neogenyt. 4. 1825. Two names are given, “ Stipa avenacea ” 
L, and ‘“ barbata” Michx., both belonging to the same species. 

glumes and floret, X 2. Fic. 93.—Porcupine grass, Stipa spartea. Plant, X 3; 
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Some of the western species have plumose or feathery awns, those 
of Stipa neo-mexicana (Thurb.) Scribn. being 4 to 8 inches long, 
plumose to the second bend, those of the handsome S. speciosa Trin. 
and Rupr. plumose below the single bend. A striking species of the 
upper Mississippi Valley is Stipa spartea Trin. (fig. 93), called 
porcupine grass and devil’s darning needles. The rigid indurate 
fruiting lemma is about three-fourths of an inch long, tapering be- 
low into a very sharp hairy point, which acts like a barb, and termi- 
nating above in a stout awn as much as 6 inches long. At maturity 
the awn bends twice near the middle and becomes tightly twisted be- 
low the first bend. Variations in moisture cause the awn to twist 
and untwist, by which movement and by the aid of the sharp callus 
it can penetrate the soil. Several other species have elongate awns, 
such as S. avenacea L. of the eastern half of the United States and S. 
comata Trin. and Rupr. of the western half, the latter species being 
called needle-and-thread grass, because of the long flexuous upper 
portion of the awns. Stipa viridula Trin. and its allies have a nar- 

_ row compact panicle and comparatively inconspicuous awns 1 or 2 
inches long. One of these species, S. vaseyi Scribn., is called sleepy 
grass, because of the narcotic effects sometimes produced upon horses 
when they have fed upon it. Sleepy grass, found in New México 
and Colorado, is a stout grass 3 to 5 feet high, with a narrow panicle 
as much as a foot long, the sheaths hairy at the throat. In S. ¢enwis- 
sima Trin. (fig. 94) of New Mexico the fruit is very small, less than 
3 mm. long. 

The species of Stipa are for the most part valuable forage plants. 
The most important species on the ranges are S. viridula, S. minor 
(Vasey) Seribn., and S. lettermani Vasey. They are known as porcu- 
pine grasses. All have narrow panicles. One of the Old World 
species, S. tenacissima ., furnishes a part of the esparto or alfa 
grass of Spain and Algeria that is used in the manufacture of paper 
and cordage. 

77. ARISTIDA L., the needle grasses. 

Spikelets 1-flowered, the rachilla disarticulating obliquely above 
the glumes; glumes equal or unequal, narrow, acute, acuminate, or 

awn-tipped; lemma indurate, narrow, terete, convolute, with a hard, 
sharp-pointed, usually minutely bearded callus at base, terminating 
above in a usually trifid awn. 

Annual or perennial, mostly low grasses, with narrow, frequently 

convolute blades and narrow or sometimes open panicles. Species 
about 150, in the warmer regions of the world; 36 species in the 
United States; especially abundant in the Southwestern States. 

97769°—19—Bull, 772——11 
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Fic. 94.—Stipa tenuissima. Plant, <X 33 spikelet, x 2; glumes and floret, X 5. 
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Type species: Aristida adscensionis L. 
Aristida L., Sp. Pl. 82, 1753; Gen. Pl.,-ed. 5, 35. 1754. <A single species is 

described. : : 
Streptachne R. Br., Prodr. Fl. Nov. Holl. 174. 1810. A single species, S. 

stipoides, is included. In this the lateral awns are obsolete. . 
Chaetaria Beauy., Ess. Agrost. 30, pl. 8, f. 5, 6. 1812. Twenty-five species 

are listed, two, C. stricta (based on Aristida stricta Michx.) and C. capillaris, 
are illustrated. Aristida stricta (fig. 5) is taken as the type. 

Curtopogon Beauy., Ess. Agrost. 32, 159, pl. 8, f. 7. 1812. The only species 
included is based on Aristida dichotoma L. 

Trixostis Raf., Bull. Bot. Seringe 1: 221. 1830. A single species, “ Aristida 
gracilis” [Ell], is included. 

Moulinsia Raf., Bull. Bot. Seringe 1: 221. 1830. A single species, “Aristida 
lanosa’”’ Muhl., is included. 

Ortachne Nees, in Seeman, Bot. Voy. Herald 225. 1857. A single species, 
based on Streptachne pilosa H. B. K., is included. 

In one group of the genus the lateral awns are reduced to mere 
points or are entirely absent. Two species of this group (section 
Streptachne) are found in Arizona, Aristida scabra (H. B. K.) Kunth, 
with a curved but not twisted awn, and A. schiedeana Trin. and Rupr., 
with a twisted awn. The former is found also in southern Florida. 
In three species the awn is articulate at base, A. desmantha Trin. 
~and Rupr., with short neck, A. tuberculosa Nutt., an annual with a 
slender, twisted neck, and A. californica Thurb., a perennial with a 
slender, twisted neck. Aristida dichotoma Michx., a small annual 
with a coiled central awn, is common in the Eastern States. Two 
other annuals are common in the eastern part of our country, A. gra- 
cilis E\l., with the central spreading or reflexed awn less than half 
an inch long, and A. oligantha Michx. (fig. 95), with awns 2 or 3 
inches long. The type species, A. adscensionis L. (A. bromoides 
H. B. K.), has a wide distribution in warm countries and extends 
into the southwestern United States. This is a low annual, usually 
much branched at base, with contracted panicle, the first glume about 
half as long as the second, and awns about one-third of an inch long. 
A common perennial species in the semiarid regions of the West is 
A. longiseta Steud., called dog-town grass, because it is especially 
abundant on the new soil of prairie-dog communities. Aristida fend- 
leriana Steud. is an allied species of the same region. The first has 
a long second glume, about four-fifths of an inch long, and awns as 
much as 3 or 4 inches long. The second has a shorter second glume, 
about three-fifths of an inch long, and awns less than 2 inches long, 
and grows in dense tufts with curly leaves crowded at the base of 
the plant. Aristida purpurea Nutt. differs in having slender curved 
pedicels. These species are troublesome when the: fruit is ripe, be- 
cause this with its spreading awns becomes detached at maturity and 
is blown about by the wind. These fruits are sometimes scattered 
in vast quantities, the wind hurling them across the plains with the 
sharp-pointed callus in advance. They work their way into the 
wool of sheep and into the nostrils and eyes of all classes of stock, 
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nd floret, < 2. glumes a : eedle grass, Aristida oligantha. Plant, X 2; 
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The species of Aristida are of distinctly minor importance for for- 
age except in the Southwest, where several species, such as A. longi- 
seta, are eaten by stock before the flowers are produced. The annual 
species of the Eastern States are often found on open sterile soil. 
and hence are called poverty grass, a name applied also to annuals of 
other genera. 

6. NAZIEAE, THE CURLY-MESQUITE TRIBE. 

78. Nazia Adans. 

(Tragus Hall.) 

Spikelets 1-flowered, in small spikes of 2 to 5, the spikes sub- 
sessile, falling entire, the spikelets sessile on a very short zigzag rachis, 
the first glumes small, thin, or wanting, appressed to the rachis, the 
second glumes of the two lower spikelets strongly convex with 3 
thick nerves bearing a row of squarrose, stout hooked prickles along 
each side, the two second glumes forming the halves of a little bur, 
the upper 1 to 3 spikelets reduced and sterile; lemmas and palea thin, 
the lemma flat, the palea strongly convex. 
Low annual grasses, with flat blades and terminal inflorescence, the 

burs or spikes rather closely arranged along an elongate, slender axis. 
Species three, in the tropical regions of both hemispheres; two species 
being introduced in the southern United States. 
Type species: Cenchrus racemosus U. 
Nazia Adans., Fam. Pl. 2: 581. 1763. The genus is based on Cenchrus 

racemosus L. 
Tragus Hall., Stirp. Helv. 2: 203. 1768. Haller cites pre-Linnzean authors 

who connect Tragus with Cenchrus racemosus L. 
Lappago Schreb., Gen. Pl. 55. 1789. A new name is proposed for Tragus 

Hall. 
Echisachys Neck., Elem. 3: 228. 1790. No species are given. The author 

cites “ Cenchrus Lin.,” but his description shows that it is Linneeus’s first species, 
Cenchrus racemosus, that he is renaming. 

Nazia racemosa (L.) Kuntze, with 3 to 5 spikelets in each cluster, 
the lower about 4 mm. long, is found in open ground from Texas to 
Arizona, and JW. aliena (Spreng.) Scribn. (fig. 96), with two spike- 
lets in each-cluster, the lower 2 to 3 mm. long, here and there through 
the Southern States to Arizona. They are somewhat weedy grasses 
of no economic importance. 

79. OsTERDAMIA Neck. 

(Zoysia Willd.) 

Spikelets 1-flowered, laterally compressed, appressed flatwise 
against the slender rachis, glabrous, disarticulating below the glumes; 
first glume wanting; second glume coriaceous, mucronate, or short-. 

awned, completely infolding the thin lemma and palea, the palea 
sometimes obsolete. 
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Perennial low grasses with creeping rhizomes, short, pungently 
pointed blades, and terminal spikelike racemes, the spikelets on short 
appressed pedicels. Species about five, southeastern Asia to New 
Zealand. 

Type species: Agrostis matrella L. 
Osterdamia Neck., Elem. Bot. 3: 218. 1790. In a note appended to the para- 

graph on Agrostis, Necker states, “Agrostis matrella Lin. species distincta, 
agrostidis proxima, quam osterdamiam appellamus, char- 
actere sequenti.” Although Osterdamia, Agrostis, Milium, and 
many other groups are called by Necker species of his genus 
Achyrophyton, these so-called species are the equivalent of 
the genera of his contemporaries and are usually so recog- 
nized by botanical writers. 

Zoysia Willd., Ges. Naturf. Freund. Berlin, Neue Schrift. 3: 
440. 1801. Type and only species, Z. pungens Willd. 

Matrella Pers., Syn. Pl. 1: 73. 1805. Type species, Agrostis 
juncea Lam., the only species described. 

Several years ago a species 
of this genus was introduced 
into the United States as a 
lawn grass under the names 
Korean lawn grass and Jap- 
anese lawn grass. It was 
recommended for the South- 

“ern States and was said to be 

hardy as far north as Connecti- 
cut.1 The species then intro- 

Fig. 96.—Nazia aliena. Plant, X 3; group of spikelets (spike) and single spikelet, x 5. 

duced appears to be Osterdamia japonica (Steud.) Hitche. (Zoysia 
japonica Steud.). WRecently a fine-leaved species, Osterdamia tenui-_ 
folia (Willd.) Kuntze, has been introduced into Florida and has 
given favorable results. The original species, O. matrella (L.) 
Kuntze (fig. 97), manila grass, is common in the Philippine Islands. 

1 Scribner, U. S. Dept. Agr., Div. Agrost, Bull. 8: 95. 1896. 
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80. Himarra H. B. K. 

Spikelets sessile, in groups of 3, the groups falling from the 
axis entire, the central spikelet (next the axis) fertile, 1-flowered, the 
2 lateral spikelets staminate, 2-flowered ; glumes coriaceous, those of 
the 3 spikelets forming a false involucre, in some species connate 
at the base, more or less asymmetric, usually bearing an awn on 

Fic. 97.—Manila grass, Osterdamia matrella. Plant, * 4; spikelet, x 10; floret with 

caryopsis, the palea obsolete, « 10. 

one side from about the middle; lemma and palea hyaline, about 
equal in length. 

Perennial low grasses, the groups of spikelets appressed to the 
axis, in terminal spikes. Species five, in arid regions, southwestern 

United States to Central America, all but one found within the limits 
of the United States. 

Type species: Hilaria cenchroides A. B. K. 
Hilaria H. B. K., Nov. Gen, and Sp. 1: 116. 1816. Only one species described, 
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Pleuraphis Torr., Ann. Lyc. N. Y. 1: 148, pl. 10. 1824. Type species P. 
jamesw Torr., the only one described. 
Hexarrhena Presl, Rel. Haenk. 1: 326, pl. 45. 1830. Type species H. cen- 

chroides Presl, the only one described. This is the same as Hilaria cen- 
chroides. 

Fic. 98—Curly mesquite, Hilaria belangeri. Plant, X 4; single spike, X 1; group of 

spikelets seen from front or outside, showing staminate spikelets in front and top of 

fertile spikelet behind, X 5; same group from behind or next the axis, showing the 

fertile spikelet in front and the two staminate spikelets behind, x 5; fertile spikelet 

as seen from the inside, x 5; fertile floret, X 5; staminate spikelet, X 5. 

Schleropelta Buckl., Prel. Rep. Geol. and Agr. Surv. Tex. App. 1. 1866. A 
single species is included, S. stolonifera Buckl., which is the same as Hilaria 
belangeri Steud. 

Hilaria belangert Steud. (fig. 98) is a common grass on the Great 
Plains of Texas and northern Mexico. In Texas it is called curly 
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mesquite. It is a low grass, forming wiry stolons that in favorable 
soil produce a close, firm sod. The flowering culms are a few inches 
high and terminate in a short spike. Curly mesquite is an important 
grazing grass of the uplands of Texas. Our species has commonly 
been referred to the related, H. cenchroides, of Mexico. 

Hilaria jamesii (Torr.) Benth. (fig. 99), an erect grass about ai 
foot high, with glumes narrowed above, is found from Wyoming to 
Texas and southern California. This is called galleta grass in New 
Mexico. Alaria mutica (Buckl.) Benth., found from Texas to Ari- 
zona, differs from the preceding in having some of the glumes broad- 
ened above. This species is sometimes called tobosa grass. Hilaria 
rigida (Thurb.) Benth., with felty pubescent branched culms, is 
found from Utah to southern California. This also is called galleta 
grass. All the species of Hilaria are important range grasses. The 
last three species, with scaly rhizomes instead of stolons and with 
glumes bearing an awn on one side, compose Pleuraphis, held by 
some as a genus distinct from Hilaria. 

81. AmnGopocoN Humb. and Bonpl. 

Spikelets short-pedicellate, in groups of 3, the group short- 
pedunculate, spreading, the peduncle disarticulating from the axis 
and forming a pointed stipe below the group, this falling entire; 
central spikelet shorter pedicellate, fertile, the 2 lateral ones longer 
pedicellate and staminate or neuter; glumes membranaceous, notched 
at the apex, the midnerve extending into a point or awn; lemma and 
palea thinner than the glumes, extending beyond them, the lemma 
3-nerved, the central nerve and sometimes also the lateral ones extend- 
ing into awns, the palea 2-awned. 

Annual low, lax grasses, with short, narrow, flat blades and loose 
racemes of delicate flower clusters. Species three, Arizona to Bolivia, 

one within the United States. 

Type species: Aegopogon cenchroides Humb. and Bonpl. 
Aegopogon Humb. and Bonpl.; Willd. Sp. Pl. 4: 899. 1806. Only one species 

is described. 
Hymenothecium Lag., Elench. Pl. 7. 1816. In the Hlenchus, a list of seeds, 

occurs Hymenothecium tenellum Lag. based on Cynosurus tenellus Cav. The 
genus was published as new by Lagasca in Genera et Species Plantarum, a 
work appearing in the same year as the preceding but supposed to be some- 
what later. In this work (p. 4) four species are given, H. wnisetum, H. 
tenellum, H. trisetum (Cynosurus gracilis Cay.), and H. quinquesetum. Cy- 
nosurus tenellus Cay. is accepted as the type. 

Schellingia Steud., Flora 33: 231, pl. 1. 1850. Type, S. tenera Steud., the 
only species described. This is Aegopogon cenchroides. 

The only species in the United States is Aegopogon tenellus (Cav.) 
Trin. (fig. 100), a Mexican species extending into southern Arizona. 
It is a pretty little grass, but is of no economic importance. 
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Fig, 99.—Galleta grass, Hilaria jamesii. Plant, X 3; single spike, X 1; two views of 

group of spikelets, the lower a dorsal view, the upper a ventral view, X 5; staminate 

spikelet (below), X 5; fertile spikelet seen from the inside and fertile floret ~ 

(above), X 5. 
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7. CHLORIDEAE, THE GRAMA TRIBE. 

82. LEPTOCHLOA Beauv. 

Spikelets 2 to several flowered, sessile or short-pediceled, approxi- 
mate or somewhat distant along one side of a slender rachis, the 
rachilla disarticulating above the glumes and between the florets; 
glumes unequal or nearly equal, awnless or mucronate, 1-nerved, 

NS fed!) 
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Fic. 100.—Aegopogon tenellus. Plant, * 41; group of spikelets, < 53; lateral spikelet, 

x 10; central (long-awned) spikelet, « 10. 

usually shorter than the first lemma; lemmas obtuse or acute, some- 
times 2-toothed and mucronate or short-awned from between the 
teeth, 3-nerved, the nerves sometimes pubescent. 

Annual or perennial grasses, with flat blades and numerous spikes 
or racemes scattered along a common axis forming a long or some- 



172 BULLETIN 772, U. S: DEPARTMENT OF AGRICULTURE. 

times short panicle. Species probably 20, in the warmer regions; 
10 species in the United States, mostly in the Southern and South- 
western States. ; 

Type species: Cynosurus virgatus L. 
Leptochloa Beauy., Hss. Agrost. 71, 166, pl. 15, f. 1. 1812. Beauvois includes 

three species, Cynosurus capillaceus, Hleusine filiformis, and H. virgata, all of 
which appear in the index under Leptochloa. The third species is figured and 
hence is selected as the type. 

Diplachne Beauv., Hss. Agrost. 80, pl. 16, f. 9. 1812. The type is Festuca 
fascicularis Lam., the only species mentioned. This is figured by Beauvois. 

Rabdochloa Beauv., Hss. Agrost. 84, pl. 17, f. 3. 1812. Beauvois includes 
Cynosurus monostachyos, C. virgatus, C. domingensis, C. cruciatus, and C. 
mucronatus, the last two with question. The species figured, C. domingensis, 
in the explanation to the plates called Rabdochloa domingensis, is selected as 
the type. 

Oxydenia Nutt., Gen. Pl. 1: 76. 1818. Only one species included, O. at- 
tenuata, which is Leptochloa filiformis. 

Some authors* recognize Diplachne as a distinct genus, including Leptochloa 
fascicularis, L. floribunda, and L. dubia. In this group the spikelets are some- 
what pediceled and are less distinctly arranged in one-sided spikes. Those 
who recognize the genus place it in the tribe Festuceae. 

Leptochioa filiformis (Lam.) Beauv. (fig. 101) is an annual with 
papillate-pilose sheaths, small spikelets, the awnless florets shorter 
than the glumes, and numerous very slender spikes 3 to 6 inches long 
arranged in a panicle as much as a foot long. This is a weed in 
cultivated soil from Virginia to Florida and California; common 
also in the Tropics; sometimes called red sprangle-top. 

Leptochloa fascicularis (Lam.) Gray is a smooth, erect or pros- 
trate annual with several-flowered spikelets, the awned florets longer 
than the glumes; found in ditches and brackish meadows from 
Massachusetts to Florida and New Mexico. 

The other species are more local. Two perennials, Z. domingensis 
(Jacq.) Trin. and Z. virgata (L.) Beauv., are tropical species which 
reach the United States in southern Florida and southern Texas, 
respectively. Leptochloa dubia (H. B. K.) Nees, a perennial with 
comparatively few spikes and broad lemmas notched at the apex, the 
nerves glabrous (the margin pubescent), is found in Florida and 
from Texas to New Mexico. In the Southwest it is called sprangle 
or sprangle-top and Texas crowfoot, and it is important as a forage 
erass. 

For a revision of the species of Leptochloa found in the United 
States, see Hitchcock, U. S. Dept. Agr., Bur. Pl. Ind. Bull. 33. 1908. 

83. Trrpogon Roth. 

Spikelets several-flowered, nearly sessile, and appressed in two rows 
along one side of a slender rachis, the rachilla disarticulating above 
the glumes and between the florets; glumes somewhat unequal, 
acute or acuminate, narrow, 1-nerved; lemmas narrow, 8-nerved, 

1 Nash in Small, Fl. Southeast. U. S. 145, 1903; in Britt. and Brown, Illustr. Fl., ed. 2, 

1:2386. 1918. 
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Plant, X 4; spikelet and floret, x 10, ngle-top, Leplochloa filiformis. 1G, 101,—Red spra p 
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bearing at the base a tuft of long hairs, bifid at the apex, the mid- 
nerve extending as a short awn. 

Our species is a low, tufted perennial, with capillary blades and 
slender solitary spikes, the spikelets somewhat distant. Species about 
nine, Kast Indian and African except one American. 

Type species: Tripogon bromoides Roth. 
Tripogon Roth; Roem. and Schult., Syst. Veg. 2: 

600. 1817. Only one species described. 

The American species, Tripogon spica- 
tus (Nees) Ekman (Leptochloa spicata 
Seribn.) (fig. 102), is found on sterile hills 

# in Texas and northern Mexico, Cuba, 
and South America. It is of no im- 

} portance agriculturally. 

v 84. Exeusrne Gaertn. 

1, Spikelets few to several flowered, 
compressed, sessile and closely im- 

/ bricate, in two rows along one side 

of a rather broad rachis, the latter 
not prolonged beyond the spikelets; 
rachilla disarticulating above the 

Fie. 102.—Tripogon spicatus. Plant, <x 4; spikelet and floret, x 5. 

glumes and between the florets, glumes unequal, rather broad, acute, 
1-nerved, shorter than the first lemma; lemmas acute, with 3 strong 
green nerves close together forming a keel, the uppermost somewhat 
reduced; seed dark brown, roughened by fine ridges, loosely inclosed 

in the thin pericarp. 
Annual grasses, with two to several rather stout spikes, digitate 

at the summit of the culms, sometimes with one or two a short dis- 



GENERA OF GRASSES OF THE UNITED STATES. 175 

tance below, or rarely with a single termina] spike. Species about 
six, in the warm regions of the Eastern Hemisphere, one a common 
introduced weed in America. 

Type species: Hlewsine coracana Gaertn. 
Bleusine Gaertn., Fruct. and Sem. 1: 7, pl. 1, f. 11. 1788. Two species are 

deseribed, #. coracana and EL. indice. The first, being figured, is selected as the 
type. 

Eleusine indica (l.) Gaertn. (fig. 103) is a common garden and 
roadside weed throughout the warmer parts of America, extending 

northward to Illinois and Massachusetts. It is usually spreading or 
prostrate, with two to several spikes, or rarely one. This species is 

sometimes called goose-grass and yard-grass. 
The type species of the genus, Zleusine coracana Gaertn., is culti- 

vated in the Tropics of the Old World for the seed, which is used for 
human food by the poor or primitive people. It differs from 
£. indica in its larger size, stouter, often incurved spikes, and globose 
seed. 

85. DAcTYLOCTENIUM Willd. 

Spikelets 3 to 5 flowered, compressed, sessile and closely imbricate, 
in two rows along one side of the rather narrow flat rachis, the end 
projecting in a point beyond the spikelets; rachilla disarticulating 
above the first glume and between the florets; glumes somewhat un- 
equal, broad, 1-nerved, the first persistent upon the rachis, the second 
mucronate or short-awned below the tip, deciduous; lemmas firm, 
broad, keeled, acuminate or short-awned, 3-nerved, the lateral nerves 
indistinct, the upper floret reduced; the palea about as long as the 
lemma ; seed subglobose, ridged or wrinkled, inclosed in a thin, early- 
disappearing pericarp. 
Annual or perennial grasses, with flat blades and two to several 

short thick spikes, digitate and widely spreading at the summit of 
the culms. Species three, in the warmer parts of the Eastern Hemi- 
sphere, one a common weed in tropical America. 

Type species: Cynosurus aegyptius L. 
Dactyloctenium Willd., Enum. Pl. 1029. 1809. Willdenow describes but one 

species, D. aegyptiacum, based on Cynosurus aegyptius L. 

Our only species is Dactylocteniwm aegyptiwm (L.) Richt. 
(D. aegyptiacum Willd.) (fig. 104), a tropical weed which extends 
northward to New York and Illinois. It is a prostrate annual with 
2 to 5 spikes, often forming mats rooting at the nodes. Sometimes 
called crowfoot grass. 

86. Capriota Adans. 

(Cynodon Rich.) 

Spikelets 1-flowered, awnless, sessile in two rows along one side of 
a slender continuous rachis, the rachilla disarticulating above the 
glumes and prolonged behind the palea as a slender naked bristle, 
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Plant, X 35 spikelet, floret, and seed (without Goose-grass, Hleusine indica. 

pericarp). X) 5: 

Fig. 108. 
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this sometimes bearing a rudimentary lemma; glumes narrow, acumi- 
nate, 1-nerved, about equal, shorter than the floret; lemma strongly 
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Plant, * 4; spikelet, floret, 

5. 

Fic. 104.—Crowfoot grass, Dactyloctenium aegyptium. 

and seed (without pericarp), 

compressed, pubescent on the keel, firm in texture, 3-nerved, the 
lateral nerves close to the margins. 

12 97769°—19—Bull. 772 
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Perennial, usually low grasses, with creeping stolons or rhizomes, 
short blades, and several slender spikes digitate at the summit of 
the upright flowering stems. Species six, of which three are Aus- 

tralian, one species widely dis- \ f 

Nee ae tributed in the warmer regions 
\ jf A .. »ot the globe: 

ND. \t i ae Type species: Panicum dacty- 
i \\\/) Ze lon L. 

Capriola Adans., Fam. Pl. 2: 31, 
, 2 532. 1763. The genera are indi- 

~ \ f cated and distinguished by Adanson 
YX i Ke ps in a much abbreviated and often un- 
ae ff } fo satisfactory manner. The tabular 
AN Vax waver | 4 arrangement of the genera of Phal- 
Ser” i arides, his first section of the grass 

family or Gramina, includes Cap- 

Iie, 105.--Bermuda grass, Capriola dactylon. Plant, K 4; Spikelet and two views of 

floret, X 5. 

viola, with the following diagnosis, interpreting the table: Summit of leaf sheath 
hairy ; flowers in digitate spikes; glumes laterally compressed ; lemma awnless. 
In the index there is given aS a synonym under Capriola, ‘“‘Gramen dactylon 
Offic.” he last phrase appears in the first edition of the Species Plantarum * 
in the synonymy under Panicum dactylon as “ Gramen dactylon, radice repente. 
s. officinarum. Scheuch. gram. 104,” thus connecting Capriola Adans. with 
Panicum dactylon. , 

Cynodon Rich.; Pers., Syn. Pl. 1: 85. 1805. Only one species described, CO. dac- 
tylon, based on Panicum dactylon L. 

The only species in North America is Capriola dactylon (1..) 
Kuntze (fig. 105), commonly known as Bermuda grass. This is a 

= 
1L., Sp. Pl. 58. 1753. 
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native of the Mediterranean region, but is common in the southern 

United States, extending north to Maryland, southern Kansas, and 
the interior valleys of California. 

Bermuda grass is the most important pasture grass of the South- 
ern States, and is also widely utilized there as a lawn grass. On 
alluvial ground it may grow sufficiently rank to be cut for hay. It 
propagates readily by its rhizomes and stolons and on this account 
may become a pestiferous weed in cultivated fields. This grass is 
Imown also as wire-grass (especially the weedy form in fields), Ba- 
hama grass in the West Indies, and manienie in the Hawaiian 
Tslands. 
A larger form, Capriola dactylon maritima (H. B. K.) Hitche. 

(Cynodon maritimus H. B. K.), is found along the seacoast of 
Florida. . 

87. WILLKOMMiIA Hack. 

Spikelets 1-flowered, dorsally compressed, sessile in two rows on 
one side of a slender rachis and appressed to it, the rachilla some- 
what lengthened below and above the second glume, disarticulating 
just above it, not prolonged above the floret; glumes thin, the first 
narrow, about two-thirds as long as the second, nerveless, obtuse, 
the second 1-nerved, subacute; lemma about as long as the second 
glume, awnless, 3-nerved, the lateral nerves near the margin, the 
back of the lemma sparingly pubescent between the nerves, the mar- 
gins densely covered with silky hairs; palea 2-nerved, the nerves 
densely silky hairy. . 

Annuals or perennials, with several short spikes scattered along a 
main axis; our species a low, tufted perennial. Species four; three 
in South Africa, one in Texas. 
Type species: Willkommia sarmentosa Hack. 
Willkommia Hack., Verh. Bot. Ver. Brandenburg 30: 145. 1888. Hackel de- 

scribes two species, W. sarmentosa, a perennial, and W. annua, an annual, both 
from German Southwest Africa. The first species is selected as the type. 

Willkommia texana Hitche. (fig. 106), confined to a few localities 
in Texas, in alkali spots in prairies and openings in woods, has no 
agricultural importance. 

88. SCHEDONNARDUS Steud. 

Spikelets 1-flowered, sessile and somewhat distant in two rows on 
one side of a slender, continuous 3-angled rachis, appressed to its 
slightly concave sides, the rachilla disarticulating above the glumes, 
not prolonged; glumes narrow, stiff, somewhat unequal, acuminate, 
1-nerved ; lemmas narrow, acuminate, a little longer than the glumes, 
8-nerved., 
A low, tufted perennial, with stiff, slender, divergent spikes ar- 

ranged rather remotely along a common axis. Species one, on the 
Great Plains of the United States and in Argentina. 
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Type species: Schedonnardus texanus Steud. 
Schedonnardus Steud., Syn. Pl. Glum. 1: 146. 1854. A single species de- 

seribed, S. texzanus, based on Drummond’s no. 360 from Texas. This is S. 
paniculatus (Nutt.) Trel. (Lep- 
turus paniculatus Nutt.). 

Spirochloé Lunell, Amer. 
Midl. Nat. 4: 220. 1915. Pro- 

Vi posed for “Schedonnardus 
Ny Steud... not thought per- 
VA missible, being built on 
V Nardus.” 

Vj Schedonnardus panicu- 
latus (fig. 107), the only 
species of the genus, is 
found on prairies and 
plains from Montana and 
Illinois to Texas. The axis 
of the inflorescence elon- 
gates after flowering, be- 
coming 1 to 2 feet long, 
curved in a loose spiral. 
The whole breaks away at 
maturity and rolls before 
the wind as a tumbleweed. 
The species is a forage 
grass, but the plants are 
low and in the main form 
only an inconsiderable pro- 
portion of the total forage. 

89. BECKMANNIA Host. 

Spikelets 1-flowered, 
rarely 2-flowered, laterally 
compressed, subcircular, 
nearly sessile and closely 
imbricate, in two rows 
along one side of a slender 
continuous rachis, disartic- 
ulating below: the glumes, 

Fic, 106.—Willkommia texana. Plant, <x 4; two views of spikelet and two views of 

floret, X 5. 
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falling entire; glumes equal, inflated, obovate, 3-nerved, rounded 
above but the apex apiculate; lemma narrow, 5-nerved, acuminate, 

about as long asthe 
“glumes; palea 2- 

3 nerved, nearly as 
‘ eel fh ’ long as the lemma. ' Jo, Hecke 

| An erect, rather 
stout annual, with 
flat blades and nu- 
merous short ap- 

._ pressed spikes in a 
narrow more or less 

interrupted panicle. 
Species one, in the 
cooler parts of 
America and Eur- 
asia. 

Type species: Phalaris erucae- 
formis L, 
Beckmannia Host, Gram. 

Austr. 3: 5, pl. 6. 1805. Only 
one species described. 

Beckmannia erucaeformis 
(L.) Host (fig. 108) is a 
marsh plant, found from 
Towa to California and 

Alaska where it is often 

called slough-grass. It is 
Fic. 107.—Schedonnardus paniculatus. ¢ s > iT some- 

Plane as apikelet ana foret, x 5, PolAtable,to,.stock, isso 
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times sufficiently abundant locally to be an important forage 
grass, and is not infrequently used for hay. The European 
form has 2-flowered 

spikelets. 

90. Spartina Schreb. 

Spikelets 1-flow-- 
ered, much flattened 
laterally, sessile and 
usually closely im- 
bricate, on one side 
of a continuous ra- 
chis, disarticulating 
below the glumes, 
the rachilla not pro- 
duced beyond the 
floret; glumes 
keeled, 1-nerved, 1) 
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Fig. 108.—Slough-grass, Beckmannia erucaeformis. 
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acute or short-awned, the first shorter, the second often ex- 

ceeding the lemma; lemma firm, keeled, the lateral nerves obscure, 
narrowed to a rather obtuse point; palea 2-nerved, keeled and flat- 
tened, the keel between or at one side of the nerves. 

Stout, erect, often tall perennials, with usually extensively creep- 
‘ing, firm, scaly rhizomes, long tough blades, and two to many ap- 

pressed or sometimes spreading spikes racemose on the main axis. 

Species about 14, all North American except two or three along the 
coast of Europe, Africa, and South America. 

Type species: Spartina schreberi Gmel. : 
Spartina Schreb.; Gmel., Syst. Nat. ed. 18. 2: 123. 1791. The genus was first 

described by Schreber in his Genera Plantarum,’ but no species was mentioned. 
Gmelin merely assigns a specific name to the description given by Schreber. 
Spartina schreberi is not recognized by Huropean botanists, but it doubt- 
less is the common European species, S. maritima (Curt.) Fernald (S. stricta 
Roth). 

Trachynotia Michx., Fl. Bor. Amer. 1: 638. 1803. Type species 7. cyno- 
suroides. Michaux describes three species, 7. cynosuroides, T. polystachya, and 
T. juncea. The first species described is what is now called Spartina michaucxi- 
ana Hitche., but the synonym, Dactylis cynosuroides L., from which the specific 
name is taken, Shows that Michaux had misapplied the name. The second spe- 
cies, 7. polystachya, is Dactylis cynosuroides L., now ealled Spartina cynosu- 
roides (L.) Roth. Michaux remarks that this may be only a variety of the first 
species. It appears then that to Michaux the first species typifies the genus, 
and hence is selected here as the type species, 

Limnetis Pers., Syn. Pl. 1: 72. 1805. Four species are described, L. pungens, 
L. juncea, L. cynosuroides, and L. polystachya. The first species, which is the 
same as Spartina maritima, is selected as the type, as that is a native of Hurope 
and is indigenous from the standpoint of the author. The other three species 
are American. 

There are eight species in the United States. All but two are found 
on or near the coast. Spartina cynosuroides (.) Roth, a stout grass 
as much as 9 feet tall, is found along the Atlantic coast. The com- 
monest coastal species is S. patens (Ait.) Muhl. (including S. juncea 
Michx.), which covers vast areas of salt marsh from Newfoundland to 
Texas. This isa slender wiry species usually less than 3 feet tall, with 
only a few somewhat spreading spikes. Spartina alternifiora Loisel. 
and its two varieties, glabra (Muhl.) Fern. and pilosa (Merr.) Fern., 
also of the Atlantic coast, have stout stems and closely appressed 
spikes, forming a cylindric inflorescence. A somewhat local species, 
S. spartinae (Trin.) Merr., is found on the Texas coast. Another 
local species, S. foliosa Trin., is found on the coast of California. The 
only species without well-marked rhizomes is S. bakeri Merr., of the 
fresh-water marshes and low savannas of Florida and coastal Georgia. 
Two species are found in the interior of the United States. One, S. 
michauxiana Hitche. (fig. 109), is common in marshes and sloughs 
from New England to the Great Plains. A: second, 8. gracilis Trin., is 
found in alkaline grassland in the Western States. The first of these 
is used for thatching sheds and covering hay stacks. The leaves of 

1$chreb, Gen. Pl. 1: 43. 1789, 
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Wie. 109.—Marsh-grass, Spartina michausiana. Plant, X% 33 spikelet and floret, x 5. 
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S. bakeri and 8. patens juncea (Michx.) Hitche. are used for making 
brooms. The marsh hay of the Atlantic coast, much used for bedding 
and packing, often consists largely of S. patens. The species of 
Spartina are too coarse for forage. 

For a revision of the species found in the United States, see Mer- 
rill, U. S. Dept. Agr., Bur. Pl. Ind. Bull. 9. 1912. 

‘ 91. CAMPULOSUS Desv. 

(Cteniuwm Panzer.) 

Spikelets several-flowered but with only one perfect floret, sessile 
and closely imbricate, on one side of a continuous rachis, the rachilla 
disarticulating above the glumes; glumes unequal, the first small, 
hyaline, 1-nerved, the second as long as the lemmas, firm, 3 to 4 
nerved, bearing on the back a strong divergent awn; lemmas rather 
papery, 3-nerved, villous on the lateral nerves and on the callus, 
bearing a short straight awn on the back just below the apex, the first 
and second lemmas empty, the third inclosing a perfect flower, the 
upper 1 to 3 empty and successively smaller. 

Erect, slender, rather tall perennials, with usually solitary, often 
curved spikes. Species about 12, in the warm regions, three being 
in the Eastern Hemisphere and the rest in America; two species are 
found in the southeastern United States. 

Type species: Chloris monostachya Michx. 
Campulosus Desy., Nouv. Bull. Soc. Philom. Paris 2: 189. 1810. Two species 

are mentioned, C. gracilior Desv. (based on Chloris monostachya Michx., which 
is Campulosus aromaticus), and C. hirsutus Desv. (based on Chloris falcata 
Swartz). The first is selected as the type. The second is now referred to 
Harpechloa. 

Ctenium Panzer, Denkschr. Baier. Akad. Wiss. Miinchen 4: 288, pl. 13. 1813. 
(Ideen Gatt. Griser, 38.) Only one species is described, Chloris monostachya 
Michx., to which Panzer gives the name Cteniwm carolinianum. 

Monocera Ell., Bot. S. C. and Ga. 1: 176. 1816. A single species, based on 
Aegilops aromaticum Walt., is included. 

Monathera Raf., Amer. Month. Mag. 4: 190. 1819. “Monocera Elliott... 
must be changed, because there is already a genus of shell of the same name.” 

Our two species are confined to the Southeastern States, one of 
them, Campulosus floridanus Hitche., to Florida, the other, C. aro- 
maticus (Walt.) Trin. (fig. 110), called toothache grass, extending 
from North Carolina along the Coastal Plain to Louisiana. Both. 
species are rather infrequent and neither is of importance agri- 
culturally. 

92. GYMNOPOGON Beauv. 

Spikelets 1 or rarely 2, or 3 flowered, nearly sessile, appressed and 
usually remote in two rows along one side of a slender continuous 
rachis, the rachilla disarticulating above the glumes and prolonged 
behind the one or more fertile florets as a slender stipe, bearing a 
rudiment of a floret, this sometimes with one or two slender awns; 
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glumes narrow, acuminate, l-nerved, usually longer than the floret; 
lemmas narrow, 3-nerved, the lateral nerves near the margin, the 
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-¥Fiq. 110.—Toothache grass, Campulosus aromaticus. Plant, < 4; spikelet and fertile 

floret (palea side up), x 5. 

apex minutely bifid, bearing between the teeth a slender awn, or 

rarely awnless. 
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Perennial or rarely annual grasses, with short, flat, stiff blades, 
numerous stiff, slender, divergent spikes loosely scattered along the 
upper part of the culm, or sometimes aggregate toward the summit, 
the spikes often deflexed at maturity. Species 10, nearly all Amer- 
ican; 3 species in the southeastern United States. 
Type species: Andropogon ambiguus Michx. 
Gymnopogon Beauv., Ess. Agrost. 41, pl. 9, f. 3. 1812. Beauvois mentions one 

species, Andropogon ambiguus Michx., which is figured. In the description of 
the plate the name given is Gymnopogon racemosus. 

Alloiatheros Ell., Bot. S. C. and Ga. 1: 146. 1816. This name is casually 
mentioned by Hlliott in the deseription of Andropogon ambiguus: “1 once in- 
tended to insert it as a distinct genus under the name of Alloiatheros, from the 
dissimilarity of its awns, not only in position but in figure.” 
Anthopogon Nuit., Gen. Pl. 1: 81. 1818. Based on Andropogon ambiguus 

Michx., which name Nuttall changes to Anthopogon lepturoides. 

The spikelets are usually 1-flowered and awned, but in Gymnopogon 
chapmanianus Hitche., of Florida, they are 2 to 4 flowered and awn- 
less. This species shows in its spikelet characters a transition to 
Leptochloa, but in habit it closely resembles the other two species of 

the United States. In G@. foliosus (Willd.) Nees, of Porto Rico and 
South America, the rudiment bears two long awns. Our species are 
perennials, with an inflorescence of scattered spikes. 

Our commonest species is Gymnopogon ambiguus (Michx.) B.S. P. 
(fig. 111), found in sandy soil from New Jersey to Missouri and south 
to Florida and Texas. Another species, G. brevifolius Trin., grows 
from New Jersey to Florida. This species differs from the preced- 
ing in having the rachis spikelet bearing only along the upper half. 
The species have no agricultural importance. 

93. CHLoRIS Swartz. 

Spikelets with 1 perfect floret, sessile, in two rows along one 
side of a continuous rachis, the rachilla disarticulating above the 
glumes, produced beyond the perfect floret and bearing 1 to several 
reduced florets consisting of empty lemmas, these often truncate, and, 
if more than one, the smaller ones inclosed in the lower, forming a 
usually club-shaped rudiment; glumes somewhat unequal, the first 
shorter, narrow, acute; lemma keeled, usually broad, 1 to 5 nerved, 
often villous on the callus and villous or long-ciliate on the keel or 
marginal nerves, awned from between the short teeth of a bifid apex, 
the awn slender or sometimes reduced to a mucro, the sterile lemmas 
awned or awnless. 

Perennial or sometimes annual, tufted grasses, with flat blades and 
two to several often showy and feathery spikes aggregate at the 
summit of the culms. Species about 60, in the warmer regions; 15 in 
the southern United States. 

Type species: Agrostis cruciata T. 
Chloris Swartz, Prod. Veg. Ind. Oce, 25. 1788. Swartz describes five species, 

C. cruciata, C. ciliata, C. petraea, C. polydactyla, and C. radiata, all from the 



188 BULLETIN 772, U. S. DEPARTMENT OF AGRICULTURE. 

( \ 

\ 

1 

wt Vr | 

ie 
\ \, \ 

AN 
= a RN _ : N\ UL ! 

A 
KY 

Fie. 111.—Gymnopogon ambiguus. Plant, * 3; spikelet and floret, < 5. 
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-West Indies. The second and third are described as new; the others are based 
on Linnzan species, the first on Agrostis cruciata, the fourth on Andropogon 
polydactylon, and the fifth on Agrostis radiata. The first species is selected as 
the type. 

Eustachys Desv., Nouv. Bull. Soc. Philom. Paris 2: 188. 1810. One species 
is described, E. petraeus, based on Chloris petraew Swartz. Hustachys, recog- 
nized by some American botanists as distinct, forms a section of the genus 
Chloris and includes four species, C. petraea, C. glauca (Chapm.) Vasey, C. 
floridana (Chapm.) Vasey, and C. neglecta Nash. The group differs from 
Buchloris in having the lemmas short-awned or mucronate, brown, and rather 
firm in texture. 

Chilorostis Raf., Princip. Fondament. Somiologie 26, 29. 1814. Proposed 
change of name for Chloris Swartz, because of Chlora L. (an animal). 

Several species are found on the plains of Texas, where they form 
an unimportant part of the forage for grazing animals. Chloris 
verticillata Nutt. and its allies are known as windmill grasses. The 
mature inflorescence, consisting of several slender, divergent spikes, 
breaks away from the plant and rolls before the wind as a tumble- 
weed. In the Southwestern States is found C. virgata Swartz (C. 
elegans H. B. K.) (fig. 112), a tufted annual, 1 to 2 feet high, with 
seyeral pale or purplish, erect, feathery spikes 1 to 2 inches long. This 
species invades cultivated fields and sometimes becomes a rather 
common weed, especially in alfalfa fields. 

One species, C. gayana Kunth, a native of South Africa, is culti- 
vated to a limited extent as a forage grass. This species, called 
Rhodes grass, has been shown to have value as a meadow grass in 
the Southwestern States. In the Hawaiian Islands it is used on some 
of the ranches in the drier regions. Rhodes grass is a perennial, 2 
to 3 feet high, producing long, stout, creeping, propagating stems or 
stolons and bearing at the summit of the flowering stems a close fan- 
shaped cluster of numerous spikes 2 to 4 inches long. 

For a revision of the species of Eustachys and Chloris found in the 
United States, see Nash, Bull. Torrey Club 25: 432-450, 1898. 

94, TricHLoRIS Fourn. 

Spikelets 1 to few flowered, nearly sessile, in two rows along one 
side of a continuous slender rachis, the rachilla disarticulating above 
the glumes and prolonged behind the uppermost perfect floret, bear- 
ing a reduced, usually awned floret; glumes unequal, acuminate, or 
short-awned, the body shorter than the lower lemma; lemmas nar- 
row, 3-nerved, the marginal nerves sometimes pubescent, these and 

the midnerve extending into awns, the central long and slender, the 
lateral often much shorter. 

Erect, slender, tufted perennials, with flat blades and numerous 

erect or ascending spikes, aggregate but scarcely digitate at the 
summit of the culms. Species two or three, in the dry regions of 
Texas and Mexico and also in Argentina. 
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Type species: Trichloris pluriflora Fourn. 
Trichloris Fourn., Mex. Pl. 2: 142. 1886. Fournier includes two species, 

Lf. fasciculata and T. pluriflora, both described as new. In the generic descrip- 

Fig. 112.—Ohloris virgata. Plant X 24; glumes and fioret with rudiment, x 5. 

tion occurs the statement “ flore summo tabescente mutico.” Under the second 
species one finds “flore summo mutico.” . From this it would appear that 
T. plurijflora represented Fournier’s idea of the genus; hence this species is 
selected as the type. 
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Chloropsis Hack.; Kuntze, Rev. Gen. Pl. 2: 771. 1891. The name was men- 
tioned by Hackel* as a synonym under Trichloris. Hackel also mentions 
Chloridopsis, both names having been used by gardeners for Trichloris blan- 
chardiana Hack. of Argentina. Kuntze changes the name Trichloris to Chlor-. 
opsis, because of the earlier Trichlora Baker. Both Trichlora and Trichloris 
may be considered valid, since they have different derivations and slightly 
different spellings. Since Kuntze adopts Hackel’s name and since Hackel 
mentions Chloropsis blanchardiana, this species is selected as the type of 
Chloropsis. - 

The two species of the United States, 7richloris mendocina (Phil.) 
Kurtz (7. fasciculata Fourn.) (fig. 118) and 7. plurifiora Fourn., 
are found in the arid regions of northern Mexico and extend into 
western Texas, southern New Mexico, and southern Arizona. The 

first has spikelets with one perfect floret and a rudiment, each with 
three long awns; the second has spikelets with 3 to 5 florets, the 

upper one or two reduced, the lateral awns reduced or sometimes 
wanting. Neither is of importance agriculturally. 

95. BouTELoua Lag., the grama grasses. 

Spikelets 1-flowered, with the rudiments of one or more florets 
above, sessile, in two rows along one side of the rachis; glumes un- 
equal, 1-nerved, acuminate or awn-tipped, the first shorter and nar- 
rower; lemma as long as the second glume or a little longer, 3-nerved, 
the nerves extending into short or often rather long awns, the in- 
ternerves usually extending into teeth; palea 2-nerved, sometimes 
2-awned; rudiment various, usually 3-awned, a second rudimentary 
floret sometimes present. 

Perennial or sometimes annual, low or rather tall grasses, with two 
to several or many spikes racemose on a common axis, or sometimes 
solitary, the spikelets few to many in each spike, rarely solitary, 
pectinate or more loosely arranged and appressed, the rachis of the 
spike usually produced beyond the insertion of the spikelets. Spe- 
cies 38, all American and chiefly North American; 18 species found 
in the United States, mostly in open grassland of the southwestern 
States. 

Type species: Bouteloua racemosa Lag. 
s0uteloua Lag., Varied. Cienc. Lit. and Art. 2*: 1384. 1805. Lagasca gives 

five species, B. racemosa, B. hirsuta, B. barbata, B. simplex, and B. prostrata. 
All are briefiy described, except the last, which is mentioned by name only. The 
first species (which is the same as B. curtipendula) is selected as the type. In 
this work Lagasca spells the name of the genus “ Botelua” and states that he 
names the genus in honor of the two brothers Boutelou. In a later work? 
Lagasca describes the genus under the name Bouteloua, and includes 10 species, 
the first of which is B. hirsuta. The spelling Bouteloua is retained because it 
was corrected to this form by the author to correspond to the spelling of the 
personal name of the brothers Boutelou, and because this second spelling has 
been universally accepted by botanists. 

Atheropogon Muhl.; Willd., Sp. Pl. 4: 937. 1806. A single species is described, 
A. apludioides Muhl., which is Boutelouw curtipendula. 

Triathera Desy., Nouy. Bull. Soc. Philom. Paris 2: 188. 1810. Based on 
Aristida americana 1., which is Bouteloua americana (.) Seribn., a West 
Indian species. 

1In Engl. and Prantl, Pflanzenfam. 27: 59, 1887. 2Gen, and Sp. Nov. 5. 1816, 
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Fie. 113.—Tvrichloris mendocina. Plant, X 4; glumes and floret with rudiment, X 5. 
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Heterosteca Desv., Nouv. Bull. Soe. Philom. Paris 2: 188. 1810. Based on 
A. juncifolia, which is Bouteloua lectenostegd (Trin.) Griffiths, of the West 

Bee ccars Desy., Nouv. Bull. Soe. Philom. Paris 2: 188. 1810. Based on 
Chloris procumbens Durand (Bouteloua procumbens). 

Polyodon H. B. K., Nov. Gen. and Sp. 1: 174, pl. 55. 1816. Based on a single 
species, P. distichum H. B. K. 

Triaena H. B. K., Nov. Gen. and Sp. 1: 178. 1816. <A single species described, 
T. racemosa, which is Bouteloua triaena (Trin.) Seribn. 

Hutriana Trin., Fund. Agrost. 161. 1820. Trinius includes two species, H. 
curtipendula and #. bromoides. The first is selected as the type. 

The species fall into two rather well marked divisions, those in 
which the spikelets are crowded and pectinate and the spikes persist- 
ent on the main axis, the florets falling, and those in which the 
spikelets are less crowded, ascending rather than pectinate on the 
rachis, and the spikes falling entire. Boutelowa gracilis and its 
allies are examples of the first group and B. filiformis (Fourn.) 
Griffiths and its allies, B. curtipendula and B. aristidoides of the sec- 
ond. The genus is impertant, since many of the species are the 
chief ingredient of the grazing lands of the Southwestern States. 

Bouteloua gracilis Lag. (B. oligostachya Torr.) (fig. 114) is 
found on the Great Plains from Manitoba to Mexico and even south- 
ward to South America. It is the blue grama of the ranchmen and, 
along with buffalo grass (Bulbilis dactyloides) and curly mesquite 
(Hilaria belangert), constitutes most of what is known in the Middle 
West as “short-grass.” Blue grama is a tufted perennial, with 
numerous short leaves and a flower stalk about a foot high with 2 
or 3 spikes about an inch long. These spikes, one at the end of the 
stem and the other one or two a short distance below, turn with the 
wind like weather vanes. An allied species, B. hirsuta Lag., 
called black grama, is found over about the same region, but is con- 
fined chiefly to rocky hills. This species differs in having shorter, 
more fuzzy spikes and in the prolonged end of the rachis, which 
forms a distinct point beyond the spikelets. 

Another widely distributed species is Bouteloua curtipendula 
(Michx.) Torr. (B. racemosa Lag.) (fig. 115), called side-oats 
grama. It extends farther east than the other species, being found 
even as far as Connecticut. Side-oats grama is the tallest of the 
species, sometimes as much as 3 feet, and is further distinguished 
by the numerous (35 to 50) short, reflexed spikes. 

In Arizona and New Mexico other species become prominent. 
Boutelous eriopoda Torr., called here black grama and woolly-foot, 
is a low creeping species with woolly stem. Boutelowa rothrockii 
Vasey is the most important range grass in many parts of Arizona. 
It grows about a foot high and has five or six spikes to each culm. 
In B. texana §. Wats., of the Texas plains, the short triangular 
spikes fall from the axis entire. 

97769°—19—Bull. 772 13 
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Three species are annuals, B. aristidoides 'Thurb., B. procumbens 
(Durand) Griffiths (B. prostrata Lag.), and B. barbata Lag. (B. 

polystachya Torr.). These are found from Texas to Arizona, where 
they are called six-weeks grama. They furnish forage when young, 
but are of secondary importance. 

For a revision of the spe- 
cies of Bouteloua and _ its 
allies, see Griffiths, Contr. 
U. S. Nat. Herb. 14: 343- 
494, 1912. Economic notes 
and synonymy are included. 

96. CATHESTECUM Presl. 

Spikes consisting of 3 
spikelets, the upper or cen- 
tral perfect, the 2 lateral 
staminate or rudimentary, 

% the spike falling entire; 
central spikelet with one 
perfect floret below and one 
or more reduced florets 
above; glumes unequal, the 
first a short, thin, nerveless 

| | scale in the central spikelet, 
narrow and acuminate in 
the lateral spikelets, the 

| second about as long as the 
/ lemma, acuminate, all usu- 

Fig. 114.—Blue grama, Bouteloua gracilis. Plant, x 3; 
glumes, floret with rudiment, and floret alone, x 5. 

ally villous; lemma 3-nerved, or rarely 5 to 7 nerved, the nerves 
extending into awns, and the internerves into teeth; palea 2-nerved, 

the nerves extending into short awns; second and third floret with 



GENERA OF GRASSES OF THE UNITED STATES. 195 

a fairly well developed lemma and palea, the fourth floret, if 
present, usually reduced. 

Low cespitose or stoloniferous 
annuals or perennials, with short 
blades, and several or many short 

& deciduous spikes scattered along 
\ the main axis. Species four, on the 

Mexican Plateau, one extending 
NS into western Texas. 

Fic. 115.—Side-oats grama, Boutcloua curtipendula. Plant, * 4; spikelet and floret — 

with rudiment, * 5. 

Type species: Cathestecwm prostratum Pres. 
Cathestecum Presl, Rel. Haenk, 1: 294, pl. 42. 1880, Only, one species de- 

scribed. 
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The only species found in the United States is Cathestecum. erec- 
tum Vasey and Hack. (fig. 116), a stoloniferous perennial with the 
aspect of Bouteloua texana but more delicate. This species is known 
in western Texas from a very few collections, but is more common 

Fie. 116—Cathestecum erectum. Plant, * 4; group of spikelets (reduced spike), central 

spikelet, and fertile floret, Xx 5. 

in northern Mexico. Cathestecum is placed by Bentham? doubt- 
fully in the tribe Zoysieae, and by Hackel? in the tribe Festuceae. 
Griffiths? shows its affinity to Bouteloua and places it in the tribe 

* Chlorideae. . 

1 Benth. and Hook. Gen. Pl. 3: 1122. 1883. 

2Engl. and Prantl, Pflanzenfam. 2?: 65. 1887. 

® Contr. U. S. Nat. Herb. 14: 358. 1912. 
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97. Munroa Torr. 

Spikelets in pairs or threes on a short rachis, the lower one or two 
larger, 3 or 4 flowered, the upper 2 or 3 flowered, the group (reduced 

spikes) inclosed in the broad sheaths of short leaves, usually about 
3 in a fascicle, forming a cluster or head at the ends of the 
branches; rachilla disarticulating above the glumes and between the 
florets; glumes of the lower 1 or 2 spikelets equal, 1-nerved, narrow, 
acute, a little shorter than the lemmas, those of the upper spikelet 
unequal, the first much shorter or obsolete; lemmas 3-nerved, those 
of the lower spikelet coriaceous, acuminate, the points spreading, the 
midnerve extended into a mucro, those of the upper spikelet mem- 
branaceous; palea narrow, 2-nerved, inclosing the oval, dorsally com- 
pressed caryopsis. 
Low spreading, much-branched annuals, the short, flat, pungent 

leaves in fascicles. Species three, plains of America; two in Argen- 
tina, one in the western United States. 

Type species: Crypsis squarrosa Nutt. 
Munroa Torr., U. S. Rep. Expl. Miss. Pac. 4: 158. 1856.. One species de- 

seribed, UM. squarrosa (Nutt.) Torr. Torrey spells the genus Monroa, naming it 
in honor of Munro, whom he refers to erroneously as Major ‘‘ Monro.” . 

The prophylla are prominent in the fascicles of leaves, the two 
nerves extending into long, green tips. The lower spikelet is bulged 
out on the lower side, throwing the glumes forward; thus they 
appear somewhat asymmetric. This genus has hitherto been placed 
in Festuceae, but the structure of the spikelet and spike show closer 
affinity to genera of Chlorideae. 
Munroa squarrosa (fig. 117) is common on the Great Plains from 

Montana to northern Mexico, usually in new soil and open ground. 
It has little or no importance as a forage grass. It is sometimes 
abundant on recently broken sod. Munroa mendocina Phil., of 
Argentina, has been referred to W/. squarrosa, but it is a distinct 
species. 

98. BuLBinis Raf. 

(Buchloé Engelm.) 

Plants unisexual. Staminate spikelets 2-flowered, sessile and 
closely imbricate, in two rows on one side of a slender rachis forming 
a short spike; glumes somewhat unequal, rather broad, 1-nerved, 
acutish; lemmas longer than the glumes, 3-nerved, rather obtuse, 

whitish; palea as long as its lemma, 2-nerved. Pistillate spikelets 
mostly 3 to 5 in a short spike or head, this falling entire, usually 
2 heads to the inflorescence, the common peduncle short and 
included in the somewhat inflated sheaths of the upper leaves, the 
thickened somewhat woody rachis and the 2 or 8 outer (second) 
glumes appearing like an involucre; glumes very unequal, the first 
inside relative to the cluster, thin, 1-nerved, keeled, the nerve extend- 
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ing into a point or awn, as long as the lemma or reduced in some of 
the spikelets or wanting, the second glume firm, thick and woody, 
almost surrounding the remainder of the spikelet, rounded on the 

_ back, white or yellowish, obscurely nerved, the margins inflexed, thin, 
ciliate, the upper part greenish, acuminate, spreading, with one or 
two teeth at the sides; lemma firm-membranaceous, 3-nerved, dor- 
sally compressed, broad below, narrowed into a 3-lobed green summit, 
the middle lobe much the larger; palea 2-nerved, broad, obtuse, about 
as long as the body of the lemma, enveloping the caryopsis. 

Fig. 117.—Wunroa squarrosa. Plant, X 4; group of spikelets (reduced spike), spikelet, 

and floret, x 5. j 

A low stoloniferous perennial, with short curly blades, the 
staminate flowers in two or three short spikes on slender, erect culms, 
the pistillate in sessile clusters partly hidden among the leaves. 
Species one, on the Great Plains from Montana to Mexico. 

Type species: Sesleria dactyloides Nutt. 
Bulbilis Raf., Amer. Month. Mag. 4: 190. 1819. Rafinesque gives a review 

of Nuttall’s Genera of North American Plants. The part relating to Bulbilis is, 
““Sesleria dactyloides must form a peculiar genus by Mr. N’s own account, it 
may be called Bulbilis.” 

Calanthera Kunth, in Hook. Kew Journ. 8: 18. 1856. A single species in- 
cluded, ‘‘ C. dactyloides Kth.—Nutt. Sesleria ... Buffalo grass.” 
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Buchloé Engelm., Trans. Acad. St. Louis 1; 482. 1859. Based on Sesleria 
dactyloides. Engelmann gave the first description of the genus. Nuttall’s de- 
seription of Sesleria dactyloides was based on the staminate plant. 

The species is usually described as dicecious* because the staminate and pis- 
tillate flowers are found on different individuals. Experiments in growing the 
plants from seed show that they are monececious, the two kinds of flowers aris- 
ing from distinct branches which propagate vegetatively, each branch produc- 
ing its own kind.” Plank * observed that seedlings were moneecious. 

Bulbilis dactyloides (Nutt.) Raf. (Buchloé dactyloides Engelm. ) 
(fig. 118), commonly known as buffalo grass, is one of the chief 
constituents of the sod on the Great Plains. It forms, when unmixed 
with other grasses, a close, soft, grayish green turf. Buffalo grass 
is dominant over large areas on the uplands, colloquially known as 
the “ short-grass country,” and is one of the most important grazing 
grasses of this region. The sod houses of the early settlers were 
made mostly from the sod of this grass. 

8. PHALARIDEAE, THE CANARY-GRASS TRIBE. 

99. TorrEsIA Ruiz and Pav. 

(Hierochloé R. Br., Savastana Schrank.) 

Spikelets with one terminal perfect floret and two staminate flo- 

rets, disarticulating above the glumes, the staminate florets falling 

attached to the fertile one; glumes equal, broad, thin and papery, 

smooth, acute; sterile lemmas about as long as the glumes, mostly 

somewhat appressed-hispid, sometimes awned from between two 

lobes; fertile lemma somewhat indurate, about as long as the others, 

smooth or nearly so, awnless; palea 3-nerved, rounded on the back. 

Perennial, low, erect, sweet-smelling grasses, with small panicles of 

bronze-colored spikelets. Species about 17, confined to cool and 

alpine regions; 3 species in the United States. 

Type species: Torresia utriculata Ruiz and Pav. 
Savastana Schrank, Baier. Fl. 1: 100, 337, 1789, not Savastania Scop., 1777. 

Type, S. hirta Schrank, the only species described. 
Torresia Ruiz and Pay., Syst. Veg. Peruv. Chil. 251. 1798. <A single species 

described. 
Hierochloé R. Br., Prodr. Fl. Nov. Holl. 208. 1810. Type, Disarrenum 

antarcticum Labill. upon which is based the only species described (H. antarc- 
tica). Later authors have often spelled this Hierochloa. 

Dimesia Raf., Amer. Month. Mag. 2: 175. 1818. Based on “ Holcus fragrans 
of Pursh’s Flora.” This is the same as Torresia odorata, 

The common species, 7'orresia odorata (l.) Hitche. (Hierochloé 

odorata Wahl., 7. borealis Roem. and Schult.) (fig. 119), called holy 
grass, vanilla grass, or Seneca grass, grows in Canada and the north- 
ern part of the United States. Like all the species of the genus and 
the allied genus Anthoxanthum, it is sweet scented, owing to the 

1 Pilger discusses this and other species in a paper on monecious and diccious grass 

genera. Bot. Jahrb. Engler 34: 377. 1904. 

2 Hitchcock, Bot, Gaz. 20: 464, 1895. 8 Bull, Torrey Club 19: 808. 1892, 
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Vic. 118.—Buffalo grass, Bulbilis dactyloides. Pistillate plant (above), < 4; group of 

pistillate spikelets (reduced spike), and floret, x 5; staminate plant (below), * 43 

staminate spikelet, « 5. 
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presence of coumarin. The Indians use the grass to make fragrant 
baskets. 

Torresia alpina (Swartz) Hitche., with small, condensed panicles 
and awned staminate florets, is arctic and extends to the alpine peaks 

of New York and New England; 7. 
macrophylla (Thurb.) Hitche., with 
broad blades, is Californian. 

100. ANTHOXANTHUM L. 

Spikelets with 1 terminal perfect 
floret and 2 sterile lemmas, the rachilla 
disarticulating above the glumes, the 
sterile lemmas falling attached to the 
fertile floret; glumes unequal, acute 
or mucronate; sterile lemmas shorter 

than the glumes, empty, awned from 
the back; fertile lemma shorter than 
the sterile ones, awnless; palea 1- 
nerved, rounded on the back, inclosed 
in the lemma. 

Sweet-smelling annual or perennial 
grasses, with flat blades and spikelike 

panicles. Species about four, 
Europe and Asia; two intro- 
duced into the United States. 
Type species: Anthoranthum 

odoratum L. 
Anthoxanthum L., Sp. Pl. 28, 

1758; Gen. Pl. ed. 5, 17. 1754. 
Linnzeus describes three species, 
A. odoratum, A. indicum, and A. 
paniculatum. The first is chosen 
as the type. The second species is 
now referred to Perotis and the 
third to Festuca. 

Fic. 119.—Vanilla grass, Torresia odorata. Plant, X 4; spikelet, florets with the glumes 

removed, and fertile floret, « 5. 

Anthoxanthum odoratun, sweet vernal grass (Pl. XV; fig. 120), is 
sometimes included in meadow mixtures to give fragrance to the hay. 
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The grass has no forage value. It is now common along roadsides 
and in grassland throughout the Eastern States. Like the species of 

Torresia it has an aromatic odor due to the 
WW presence of coumarin. Sweet vernal grass 
Wis an erect perennial, about a foot high. An- 
NW : 5 : + 
WA other species, A. aristatum Boiss. (A. puellii 
Wie Wt Pai 
Ws Lec. and Lam.), a low annual, is introduced Wa Wy ae 

Wig at a few localities. 
i 
i 101. PHaxaris L. 

Spikelets laterally compressed, with 1 
terminal perfect floret and 2 sterile lemmas 
below, disarticulating above the glumes, ar- — 
ranged in usually dense spikelike panicles; 
glumes equal, boat shaped, often winged on 
the keel; sterile lemmas reduced to 2 small 
scales (rarely only 1) ; fertile lemma coriace- 

ous, shorter than the glumes, 
inclosing the faintly 2-nerved 
palea. 

Annual or perennial erect 
grasses, with flat blades. 
Species about 20, in temper- 
ate regions of Europe and 
America. Nine species are 
found in the United States, 
four being introduced from 
Europe. 

Type species: Phalaris canari- 
ensis L. 

Phalaris L., Sp. Pl. 54, 1753; 
Gen. Pl., ed. 5, 29. 1754. Five 
species are described, P. eanari- 

Fic. 120.—Sweet vernal grass, Anthoranthum odoratum. Plant, < 4%; spikelet, two 

sterile lemmas, and fertile floret, X 5. 



Bul. 772, U. S. Dept. of Agriculture. PLATE XV. 

s 

SWEET VERNAL GRASS (ANTHOXANTHUM ODORATUM). 
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ensis, P. phleoides, P. arundinacea, P. erucaeformis, and P. oryzoides. The 
second species is now referred to Phleum, the fourth to Beckmannia, and 
the fifth to Homalocenchrus. The first species is chosen as the type, be- 
cause this is the one that best corresponds to the description of the genus. 

in the Genera Plantarum 
(e. g., gluma obtusa) and 
is moreover the only one 
of the five species men- 
tioned above that was 
known by the name of 
Phalaris to the older au- 
thors, such as Bauhin. 
Typhoides Moench, 

Meth. 201. 1794. A single 
species, J. arundinacea, 
based on Phalaris arundi- 
nacea L., is included. 

Digraphis Trin., Fund. 
Agrost. 127. 1820. A 
single species, D. arundi- 
nacea, based on Phalaris . 
arundinacea W., is in- 
cluded. 

HEndallax Raf., Bull. Bot. Seringe 
1; 220. 1830. Phalaris arundinacea 
is the only species given. 

The most important species of 
the genus in the United States is 
Phalaris arundinacea L., reed 
canary grass, a native perennial 
found in wet ground in the 
cooler parts of the Northern 
Hemisphere. The inflorescénce 
is a rather loose spikelike panicle 
2 to 6 inches long. It is an im- 

™ portant constituent of lowland 

Fic, 121.—Canary grass, Phalaris hay in the Tas an from Mon- 
canariensis. Plant, ~ 4; spikelet tana to Wisconsin. A vari- 
and fertile floret with the two ety (picta L.) with blades 
sterile lemmas, ¥ 5. ‘ A ; / 

striped with white is grown for 
ornament in gardens under the name of ribbon grass or gardener’s 
garters. 
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Phalaris canariensis L. (fig. 121), canary grass, is an annual with 
ovoid heads, the large spikelets white with green nerves. This species 
-is introduced from Europe, where it is grown for seed, which fur- 

nishes the canary seed of commerce.t Phalaris caroliniana Walt., a 
perennial of the southern United States, with oblong compact heads, 
is sometimes cultivated for winter forage. 

9. ORYZEAE, THE RICE TRIBE. 

102. Oryza L. 

Spikelets 1-flowered, laterally compressed, disarticulating be- 
low the glumes; glumes 2, much shorter than the lemma, narrow; 
lemma rigid, keeled, 3-nerved, sometimes awned; palea similar to the 
lemma, narrower, keeled, but with no midnerve on the back, 2-nerved 
close to the margins. 5 

Annual or sometimes perennial swamp grasses, often tall, with flat 
blades and spikelets in open panicles. Species about seven, one in 
tropical America, the others in tropical Africa and Asia. 
Type species: Oryza sativa L. 
Oryza L., Sp. Pl. 388, 1753; Gen. Pl. ed. 5, 155. 1754. A single species, O. 

sativa, is described. 

The only important species is Oryza sativa L. (fig. 122), or rice. 
This is cultivated in all tropical and warm countries and is one of the 
important food plants of the world. There are a large number of 
varieties, some with awned, some with awnless spikelets. In the 
United States rice is grown under irrigation on the lowland along 
the Atlantic coast of the Southern States, especially in South Caro- 
lina and Georgia, and more extensively along the Mississippi River 
in Louisiana and on the prairies of southwestern Louisiana and 
southeastern Texas. 

103. HomaLoceENcHRUS Mieg. 

(Leersia Swartz.) 

Spikelets 1-flowered, strongly compressed laterally, disarticulating 
from the pedicel; glumes wanting; lemma chartaceous, broad, ob- 
long, boat shaped, usually 5-nerved, the lateral pair of nerves close 
to the margins, these and the keel often hispid-ciliate, the interme- 
diate nerves sometimes faint; palea as long as the lemma, much nar- | 
rower, usually 3-nerved, the keel usually hispid-ciliate, the lateral 
nerves close to the margins, the margins firmly held by the margins 
of the lemma; stamens six or fewer. 

Perennial grasses, usually with creeping rhizomes, with flat, sca- 

brous blades and open panicles, the spikelets nearly sessile along one 

iThe commercial seed may also contain seed of Panicum miliacewm. The seed of 

Phalaris canariensis is pale yellow, equally convex on both sides, compressed, and some- 

what pubescent. The seed of Panicum miliaceum is brownish or reddish, much more 

plump, dorsally flattened on one side, smooth, and faintly nerved. 
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side of the branchlets. Species ten, tropical and temperate regions; 
five species in the United States, mostly swamp grasses. 

Type species; Phalaris oryzoides L. 
Homalocenchrus Mieg, Act. Helv. 

Phys. Math. 4: 307. 1760. One spe- 
cies is referred to the genus with cer- 
tainty, another being doubtfully re- 
ferred to it. No specific names are 
used, but under the first there are two 
citations which appear in the Species 
Plantarum under Phalaris oryzoides. 

Leersia Swartz, Prod. Veg. Ind. Occ. 
21. 1788. Three species are de- 
scribed, L. monandra, L. hexandra, 
and L. oryzoides. Phalaris oryzoides 

Fic. 122.,—Rice, Oryza sativa. Plant, K 1; spikelet, x 5. 

L., the basis of the third species, is selected as the type, as this is the oldest 
historically. 
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Endodia Raf., Neogenyt. 4. 1825. Based on Leersia lenticularis, the only 
species mentioned. 

Aplexia Raf., Bull. Bot. Seringe 1: 220. 1830. A single species, Leersia 
virgata (probably a misprint for L. virginica) is included. 

All the species of the United States except Zomalocenchrus monan- 
_ drus (Swartz) Kuntze, a plant of rich woods in southern Florida and 
southern Texas, have creeping rhizomes. Most of them are marsh 
grasses. Homalocenchrus monandrus differs from the other species 
also in having small glabrous spikelets in which the palea is rounded 
on the back and lacks the midnerve, as in rice. In the other species 
the palea is strongly compressed-keeled and appears to represent a 
bract rather than a prophyllum. 

Homatocenchrus virginicus (Willd.) Britton and H. oryzoides 
(L.) Poll. (fig. 123) are common throughout the eastern United 
States in moist soil, the latter often forming distinct zones of vege- 
tation in marshes. The first has spikelets about 3 mm. long and the 
main panicle branches solitary; the second has spikelets about 5 mm. 
long and the lower main panicle branches more than one at the node. 
These species, because of the very scabrous, adhesive blades, are 
called rice cut-grass. The species have no economic importance. 

10. ZIZANIEAR, THE INDIAN-RICE TRIBE. 

104. ZIzZANIOPSIsS Doell and Aschers. 

Spikelets unisexual, 1-flowered, disarticulating from the pedicel, 
mixed on the same branches of the panicle, the staminate below; 
first glume wanting; second glume 7-nerved, short-awned in the 
pistillate spikelets; lemma 3-nerved; palea wanting; stamens six; 
styles rather long, united; caryopsis obovate, free, coriaceous, 
smooth and shining, beaked with the persistent style. 

Robust perennial marsh grasses, with stout creeping rhizomes, 
broad flat blades, and large open panicles. Species three; two in 
South America, one in the United States. 

Type species: Zizania microstachya Nees. 
Zizaniopsis Doell and Aschers.; Doell in Mart. Fl. Bras. 27: 12, pl. 3. 1871. 

A single species described. 

The only species in the United States is Zizaniopsis miliacea 
(Michx.) Doell and Aschers. (fig. 124), growing in swamps from Vir- 
ginia to Florida and Texas. Like Zizania palustris, which it some- 
what resembles, this species may be gregarious over wide areas. It 
has no economic importance except as it may furnish shelter and food 
to water birds. 

105. ZizAnta L. 

Spikelets unisexual, 1-flowered, disarticulating from the pedicel; 
staminate spikelet soft, the first glume wanting, the second 5-nerved, 
membranaceous, linear, acuminate or awn-pointed; lemma about as 
long as the glume, 3-nerved; palea wanting; stamens 6; pistillate 
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4; Spikelet, x 5, Rice cut-grass, Jlomalocenchrus oryzoides, VPlant, % 123. Vie, 
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Fic, 124.—Zizaniopsis miliacea. Plant, X 3; staminate spikelet, pistillate spikelet, and 

ripe caryopsis, xX 5. 
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spikelet terete, angled at maturity: glumes wanting; lemma charta- 
ceous, 3-nerved, tapering into a long slender awn; palea 2-nerved, 

closely clasped by the lemma; grain cylindric, as meh as 2 cm. long. 
Tall annual or perennial aquatic grasses, with flat blades and large 

terminal panicles, the lower branches spreading, bearing the pendu- 
lous staminate spikelets, the upper branches ascending, at maturity 
erect, bearing appressed pistillate spikelets, the staminate spikelets 
early deciduous, the pistillate spikelets tardily deciduous. Species 
three, one in eastern Asia, two in North America. 

Type species: Zizania aquatica L. 
Zizania L., Sp. Pl. 991, 1758; Gen. Pl., ed. 5, 427. 1754. Linneeus describes 

two species, Z. aquatica and Z. terrestris. The citation in the Genera Plantarum 
is to Gronovius. ‘ Zizania Gron. virg. 189” is given as a Synonym by Linnzeus 
under Z. aquatica; hence the latter is the type species. The second species, from 
Malabar, does not belong to Zizania. The director of the Kew Royal Botanic 
Gardens states that the plate upon which it is based (Rheede, Hort. Malab. 12: 
pl. 60) represents Scleria elata Thwaites. 

Fartis Adans., Fam. Pl. 2: 37, 557. 1768. Based on Zizania L., which was 
not Zizania of the ancients. 
Hydropyrum Link, Hort. Berol. 1: 252. 1827. A single species, H. esculen- 

tum, based on Zizania palustris L., is included. 
Melinum Link, Handbuch Hrkenn. Gewiichse 1: 96. 1829. A single species, 

M. palustre, based on Zizania palustris L., is included. 
Ceratochaete Lunell, Amer. Midl. Nat. 4: 214. 1915. A new name proposed 

for Zizania L., “not Zizanion of the New Testament,” which is the tares of 

Scripture. 

Zizania palustris L. (Pl. XVI; fig..125), Indian or wild rice, is an 
annual marsh grass growing in the Eastern and Northern States, 
often over extensive areas. The seeds were used by the aborigines for 
food and are still used to some extent by some of the northern 
tribes of Indians. Wild rice is important as a food and shelter for 
water birds. It is sometimes planted for this purpose in marshes on 
game preserves. Zizania aquatica L. differs in having narrower 
blades, shorter culms, and less spreading panicles. This form, found 

from Maine to Minnesota, may be a variety rather than a distinct 
species... At first Linneeus did not distmguish between the narrow- 
leaved and broad-leaved forms, but based the name aquatica on a 
specimen ” of the narrow-leaved form. Later (1771) he described the 
broad-leaved form as Zizania palustris. The Asiatic Z. latifolia 
Turcz. is a perennial with rhizomes and stolons. 

106. Luzio“ta Juss. 

Spikelets unisexual, 1-flowered, disarticulating from the pedicel, 
the staminate and pistillate flowers in separate panicles on the same 
plant; first glume and palea wanting; second glume and lemma about 
equal, thin, several to many nerved, lanceolate or oblong ; stamens 
several (“6 to 18”); BIg lowe, plumose; grain free, globose, 
smooth. 

1 See Smiths. Misc. Coll. 6817: 35. 1918. 

2See Hitchcock, Contr. U. 8. Nat. Herb, 12: 124. 1908. 

97769°—19—Bull. 772 14 
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; pistillate spikelet, x 2; a second 

yiew, X 5; staminate spikelet, xX 5. 
Fig. 125.—Wild rice, Zizania palustris. Plant, X 3 
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Perennial, creeping, low or delicate grasses, with narrow, flat blades 
and terminal and axillary panicles. Species about six, in tropical 
America; two species in the southern United States. 

Type species: Lusiola peruviana Gmel. 
Luziola Juss.; Gmel. Syst. Nat. 2: 637. 1791. The genus is first described 

by Jussieu in his Genera Plantarum (1789), but no specific name is mentioned. 
Gmelin assigns a specific name to the species described by Jussieu. 

There are two species in the United States, Luztola peruviana 
(fig. 126), with fruit 2 mm. long, and ZL. alabamensis Chapm., with 

fruit + mm. long, the former from Florida to Louisiana and the latter 
from Alabama. They have no economic importance. 

107. HyprocHLoa Beauv. 

Spikelets unisexual, 1-flowered, awnless, disarticulating from the 

pedicel, the plants moncecious; staminate spikelets with a thin 
7-nerved lemma, a 2-nerved palea, and 6 stamens, the glumes want- 
ing; pistillate spikelets with a thin 3-nerved second glume and 5- 
nerved lemma, the first glume and the palea wanting, the stigmas 
long and slender. 
A slender, branching, aquatic grass, probably perennial, the leaves 

floating; staminate flowers in a small few-flowered terminal spike; 
pistillate flowers in few-flowered spikes in the axils of the leaves. 
Species one, in the southeastern United States. 

Type species: Hydrochloa carolinensis Beauv. 
Hydrochloa Beauv., Ess. Agrost. 135, pl. 24, f. 4. 1812. Beauvois figures one 

species, which he names H. carolinensis. The species was first described as 
Zizamia fluitans Michx., but this name can not be transferred to Hydrochloa 
because of H. fluitans Host. 

The spikelets of each sex possess but two bracts. From the ap- 
pearance and nervation it is assumed that the palea is present in the 
staminate spikelets and wanting in the pistillate. 
Hydrochloa carolinensis Beauv. (fig. 127) is found in streams and 

ponds from South Carolina to Florida and Louisiana, sometimes in 
sufficient abundance to become troublesome. It has no economic im- 
portance. 

Pharus L., Syst. Nat., ed. 10, 2:1269. 1759. A tropical American 
genus, one species of which, P. /atifolius L., was included by Chap- 
man in his Flora of the Southern States. The locality given is 
“Orange Lake, Florida (Herb. Thurber).” This West Indian spe- 
cies has not been observed by others in Florida and it should be 
credited to the United States with doubt. 

Rather tall monecious perennials, with broad elliptic or oblanceo- 
late, petiolate blades and terminal panicles, the large terete pistillate 
spikelets appressed along she rather few stiffly spreading branches, 
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these disarticulating at the base and easily detached, the uncinate 
fruits acting like burs. 
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Fig. 126.—Luziola peruviana. Plant, X 4; pistillate and staminate spikelets, xX 5. 

11. MELINIDEAE, THE MOLASSES-GRASS TRIBE. 

Melinis Beauv., Ess. Agrost. 54, pl. 1d f. 4. 1812. A Brazilian 
genus. Melinis minutiflora Beauv. (molasses grass) is cultivated in 



GENERA OF GRASSES OF THE UNITED STATES. 913 

the Tropics for forage. It has been tried in the warmer parts of the 
South. Molasses grass is a rather stout perennial, with viscid-pubes- 
cent foliage, and narrow many-flowered panicles of very small 
awned spikelets. 
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Fie. 127.—Hydrochloa carolinensis. Plant, K 4; two views of pistillate spikelet, x 5; 

staminate spikelet, « 5. 

12. PANICEAE, THE MILLET TRIBE. 

108. ANTHAENANTIA Beauv.t 

Spikelets obovoid; first glume wanting; second glume and sterile 
lemma about equal in length, broad, 5-nerved, villous, the sterile 
lemma with a small palea and sometimes with a staminate flower; 
fertile lemma cartilaginous, boat shaped, 3-nerved, subacute, chest- 

1 For a discussion of this and the following genera of this tribe, see Chase, Proce. Biot. 

Soc. Washington, 19: 182-192, 1906; 21: 1-10, 1908; 21:175-188, 1908; 24: 103-160, 
1911. 
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nut brown, as long as the glume, the pale margins very narrow, in- 
folding the palea its entire length. 

Perennial erect grasses with short 
creeping rhizomes, narrow, firm, flat 
blades, the uppermost much reduced, and 
narrow panicles, the slender branches 
ascending or appressed. Species two, on 
the Coastal Plain of the southeastern 
United States. 
Type species: Phalaris villosa Michx. 
Anthaenantia Beauv., Ess. Agrost. 48, pl. 10, 

f. 7. 1812. Phalaris villosa is the only species 
mentioned. 
Aulaxanthus Ell., Bot. S. C. and Ga. 1: 102. 

1816. Two species are described, A. ciliatus and 
A. rufus. The first, which 
is the same as Anthaenantia 
villosa, iS accepted as the 
type. : 

Aulaxia Nutt., Gen. Pl. 1: 
47. 1818. Nuttall changes 
Elliott’s name Aulaxanthus 
to Aulaxia. 

Anthaenantia villosa 
(Michx.) Beauv. (fig. 
128), with comparatively 
short, spreading blades 
and usually pale panicle, 
and <4. 7 2nfeaen ie Il) 
Schult., with long erect 
blades and usually pur- 
ple panicle, are of no 
economic importance. 

Fic. 128.—Anthaenantia villosa. Plant, X 3; spikelet and fertile floret, xX 10. 

109. VALora Adans. 

Spikelets lanceolate, in pairs, short-pediceled, in two rows along 
one side of a narrow rachis; first glume minute, glabrous; 
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second glume and sterile lemma about as long as the fruit, 3 to 
5 nerved, copiously silky; fertile lemma cartilaginous, lanceolate, 
acuminate, usually brown, the flat white hyaline margins broad. 

Perennial grasses, the slender racemes erect or nearly so, aggregate 
along the upper part of the main axis, forming a white or brownish 
woolly panicle. Species about 12, in the warmer parts of America 

and in Australia; 3 species in the southern United States. 

Type species: Andropogon insularis UL. 
Valota Adans., Fam. Pl. 2: 495. 1763. The citation given by Adancon is to 

“Sloan. t. 14. f. 2” which is also given by Linnzeus under his Andropogon in- 
sularis, which fixes this species as the type. 

Trichachne Nees, Agrost. Bras. 85. 1829. Nees describes five species, the first 
of which, 7. insularis, based on Andropogon insularis, is taken as the type. 

Valota is closely allied to Syntherisma, differing chiefly in the 
acuminate fruit and the silky spikelets. 

Vadlota insularis (L.) Chase (Panicum lanatum Rottb., P. leuco- 
phaeum H. B. K.) (fig. 129), common in the American facies, with 
brown or tawny inflorescence, is found in southern Florida. Valota 
hitchcockit Chase, with short blades and short-pubescent spikelets is 
a rare species from Texas and Mexico. Valota saccharata (Buckl.) 
Chase (Panicum lachnanthum Torr.), with copiously long, silky 
white spikelets, is common in the Southwestern States on rocky soil. 
The first-mentioned species is not relished by cattle and in the West 
Indies is called sour-grass. The third species is a constituent of the 
ranges of the Southwest, but furnishes only fair forage. 

110. SYNTHERISMA Walt., the crab-grasses. 

(Digitaria Hall., not Heist.) 

Spikelets solitary or in twos or threes, subsessile or short-pedi- 

celed, alternate in two rows on one side of a three-angled winged or 

wingless rachis; spikelets lanceolate or elliptic, plano-convex; first 

glume minute or wanting; second glume equaling the sterile lemma 

or shorter ; fertile lemma cartilaginous, the hyaline margins pale. 

Annual or sometimes perennial, erect or prostrate grasses, the slen- 

der racemes digitate or somewhat scattered, but aggregate along the 

upper part of the culms. Species about 60, in the warmer parts of the 

world; 12 species in the United States, mostly in the southeastern 

part. . 

Type species: Syntherisma praecor Walt. 
Digitaria Hall., Stirp. Helv. 2: 244, 1768, not Adans., 1763, nor Heist., 1759. 

Haller describes two species. No specific names are used, but the first species is 
associable by citation with Panicum sanguinale L. (Syntherisma sanguinalis) 
and the second with Panicewn dactylon L. (Capriola dactylon). The first is 
chosen as the type. 

Syntherisma Walt., Fl. Carol. 76. 1788. Walter describes three species, 8S. 
praecoxz, S. serotina, and SN. villosa. The first of these is selected as the type. 
This is the same as S. sangwinalis. 

1 Syst. Nat., ed. 10, 2: 1804. 1759. 
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Sour-grass, Valota insularis. Plant, X 4; spikelet and fertile floret, x 10. Fig. 129. 
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Syntherisma is included in Panicum by some botanists and in Pas- 
palum by others. It differs from both in the cartilaginous rather 

than indurate fruit and in 
the flat, white, hyaline 
margins of the lemma. 

Our commonest species 
is Syntherisma sanguinalis 
(L.) Dulac (Digitaria 
sanguinalis Scop.) (fig. 
130), usually called crab- 
grass. This is a decumbent 
or prostrate annual, usually 
more or less purple, with 
hispid sheaths, flat blades, 
few to several slender digi- 
tate or subdigitate spikes 
or racemes, and a narrowly 

' winged rachis, the first 
glume minute. Crab-grass 
is a native of the Old 
World, but is now widely 
distributed in tropical 
America, and is common in 

_ cultivated soil throughout 
the eastern and southern 
part of the United States. 
It is often a bad weed in 
lawns. In the Southern - 
States, where crab-grass 
produces an abundant 
growth in the late summer 
on the fields from which 

; crops have been gathered, 
Bie, 130.—Crab-grass, Syntherisma sanguinalis. jt, ig ytilized for forage and 

Plant, ~ 4; two views of spikelet and fertile , i 
floret, % 10, is sometimes cut for hay. 
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Syntherisma ischaemum (Schrad.) Nash (Digitaria humifusa 
Pers., Panicum glabrum Gaud.), also introduced, is darker green and 
glabrous, and has dark pubescent spikelets, the first glume wanting. 
This is a common weed in lawns. Syntherisma filiformis (.) Nash 
is an erect native annual with erect racemes, the rachis not winged. 
Several other species are found in Florida. Nearly all the species of 
Syntherisma are weedy grasses or tend to become weeds. 

For a revision of the species of Syntherisma found in the United 
States, see Nash, Bull. Torrey Club 25: 289-303. 1898. 

111. Leptotoma Chase. 

Spikelets on slender pedicels; first glume minute or obsolete; sec- 
ond glume 3-nerved, nearly as long as the 5 to 7 nerved sterile lemma, 
a more or less prominent stripe of appressed silky hairs down the 
internerves and margins of each, the sterile lemma empty or inclos- 
ing a minute nerveless rudimentary palea; fertile lemma cartilagi- 
nous, elliptic, acute, brown, the delicate hyaline margins inclosing 
the palea. 

Perennial branching grasses, with brittle culms, felty pubescent 
at base, flat blades, and open or diffuse panicles, these breaking away 
at maturity, becoming tumbleweeds. Species four; one in the United 
States, the others in Australia. 

Type species: Panicum cognatum Schult. 
Leptoloma Chase, Proc. Biol. Soc. Washington 19: 191. 1906. The type is 

designated. 

The only species found in our country is Leptoloma cognatwm 
(Schult.) Chase (Panicum autumnale Bosc, P. divergens Muhl.) 
(fig. 131) growing in sandy soil from New England to Florida and 
from Minnesota to Texas. This genus differs from Syntherisma 
chiefly in the form of the inflorescence, being an open panicle rather 
than an aggregation of slender spikes. It is of no economic impor- 
tance. 

112. STENOTAPHRUM Trin. 

Spikelets embedded in one side of an enlarged and flattened corky © 
rachis disarticulating at maturity, the spikelets remaining attached; 
first glume small; second glume and sterile lemma about equal, the 
latter with a palea or staminate flower; fertile lemma chartaceous. 

Creeping stoloniferous perennials, with short flowering stems, 
rather broad and short obtuse blades, and terminal and axillary 
spikes. Species about five; islands of the Pacific; one in the southern 
United States. 

Type species: Panicum dimidiatum UL. 
Stenotaphrum Trin., Fund. Agrost. 175. 1820. A single species is mentioned, 

S. glabrum Trin., based on Rottboellia dimidiata 1., which in turn is based on 
Panicum dimidiatum L, 
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Our species is Stenotaphrum secundatum (Walt.) Kuntze (S. 
americanum Schrank) (fig. 132), found near the coast from North 
Carolina to Florida and Texas, and southward, growing especially 

in alluvial or mucky soil. It is culti- 
vated as a lawn grass in the coastal 
cities under the name of St. Augus- 
tine grass. The lawns of this grass 

, have a coarse texture but are other- 

“ wise satisfactory. The grass is prop- 
agated by setting out cuttings or 
pieces of the stolons bearing shoots. 

1138. ErtocHioa H. B. K. 

Spikelets dorsally compressed, 
more or less pubescent, solitary or 
sometimes in pairs, short-pediceled 
or subsessile, in two rows on one side 
of a narrow, usually hairy rachis, 
the pedicels often clothed with long, 
stiff hairs, the back of the fertile 
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y lemma turned from the rachis; lower 
AM, rachilla joint thickened, forming a 

1 A i more or less ringlike, usually dark- 
fg! G colored callus below the second 
LAN glume, the first glume reduced to a 

iy Hy \ site minute sheath about this and adnate 
} . | \ to it; second glume and sterile lemma 

about equal, acute or acuminate, 
Fic. 131.—Leptoloma cognatum. : : at : a ; ; 
kak SC§: tie ewe Be aotee: the lemma usually inclosing a hya- 
let and fertile floret, % 10. line palea or sometimes a_ stami- 
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nate flower; fertile lemma indurate, minutely papillose-rugose, 
mucronate or awned, the awn often readily deciduous, the mar- 

gins slightly inrolled. 
Annual or perennial, often 

branching grasses, with termi- 
nal panicles consisting of sev- - 
eral or many spreading or 
appressed racemes, usually 
rather closely arranged along 
the main axis. Species about 
15, in the warmer parts of the 

~ world, mostly in America; 6 
species in the United States, in 
the Southern and Southwest- 
ern States. 

Type species: Hriochloa distachya 
Teh, 383 1k 

Eriochloa H. B. Kk., Nov. Gen. and 
Sp. 1: 94, pls. 30 and 31. 1816. Two 
species are described, H. distachya 
and EH. polystachya, and both are 
figured. The first is chosen as the 
type. ~> 

Helopus Trin., Fund. Agrost. 108, 
pl. 4. 1820. The only species men- 
tioned is H. pilosus, which is the 
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Fic. 132.—St. Augustine grass, Stenotaphrum secundatum. Plant, X 2; two views of 

spikelet and fertile floret, < 10. 

same as Hriochloa punctata. Trinius incorrectly cites Milium ramosum Retz. 

as a synonym of Helopus pilosus. 

Oedipachne Link, Hort. Berol. 1: 51. 1827. The only species mentioned is 

Milium punctatum WL. (Eriochloa punctata (L.) Hamilt.), upon which Oedi- 

pachne punctata is based. 
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Our commonest species is H'7ochloa acuminata (Presl) Kunth, an 
annual, 1 to 2 feet tall, with spikelets about 5 mm. long, the fertile 
lemma apiculate. This is found from Kansas to Texas and Arizona, 
in open ground, often a weed in cultivated soil. In some books this 
is called Z. polystachya H. B. K., a species described from Ecuador. 
A West Indian species, /. punctata (1. ) Hamilt. (fig. 133), extends 
into Louisiana and Texas. 
Our species appear to be of no agricultural importance. One 
species of the West Indies (2. subglabra), called in Porto Rico 
malojilla, is used for forage. This has been tried along the Gulf 
coast from Florida to southern Texas, and has given excellent results 
in southern Florida and at Biloxi, Miss. Carib grass, as it is pro- 
posed to call this species, is similar in habit to Para grass, producing 
runners, but less extensively, and is suited to grazing and will 
furnish a good quality of hay. It will not withstand either cold or 
drought. 

114, BracHtaARia (Trin.) Griseb. 

Spikelets dorsally compressed, solitary, rarely in pairs, subsessile, 
in two rows on one side of a 3-angled, sometimes narrowly winged 
rachis, the first glume turned toward the axis; first glume short or 
nearly as long as the spikelet; second glume and sterile lemma about 
equal, 5 to 7 nerved, the lemma inclosing a hyaline palea and some- 
times a staminate flower; fertile lemma indurate, usually papillose- 
rugose, the margins inrolled, the apex rarely mucronate or bearing a 
short awn. 

Annual or perennial, branching and spreading grasses, with linear 
blades and terminal inflorescence consisting of several spreading or 
appressed racemes along a common axis. Species about 15, in the 
warmer regions of both hemispheres; 8 species in the United 
States, 2 native along our southern border, 1 introduced. 

Type species: Panicum erucaeforme J. KH. Smith. 
Brachiaria Griseb., in Ledeb. Fl. Ross. 4; 469. 1853. Only one species is 

mentioned, B. erucaeformis. ; 

From those species of Panicum with spikelets in one-sided spike- 
like racemes, this genus differs in having the spikelets in the reverse 
position relative to the rachis, that is, with the first glume toward the 
rachis. 

The three species, none of which has economic importance, are 

Brachiaria erucaeformis (J. E. Smith) Griseb., an annual, with 
pubescent spikelets, occasionally introduced from Europe, B. platy- 
phyla (Griseb.) Nash (fig. 184), an annual, with glabrous spikelets, 
growing in Louisiana and Texas, and B. ciliatissima (Buckl.) Chase 
(Panicum ciliatissimum Buckl.), a perennial, with silky spikelets, 
growing in Arkansas and Texas. 
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Fie. 133.—Hriochloa punctata. Plant, X 3; two views of spikelet and fertile floret, x 10. 
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115. Axonopus Beauv. 

(Anastrophus Schlecht.) 

Spikelets depressed biconvex, not turgid, oblong, usually obtuse, 
solitary, sessile, and alternate, in two rows on one side of a 3-angled 

rachis, the back of the fertile lemma turned. 
from the axis; first glume wanting; second 
glume and sterile lemma equal, the lemma 
without a palea; fertile lemma and, palea 
indurate, the lemma oblong-elliptic, usually 
obtuse, the margins slightly inrolled. 

Stoloniferous or tufted perennials, rarely 
annuals, with usually flat or folded, ab- 
ruptly rounded or somewhat pointed blades, 
and few or numerous, slender, spikelike 
racemes, digitate or racemose along the 
main axis. Species about 30, tropical 
America, 1 or 2 introduced into the 
Tropics of the Old World; 2 species in 

the United States, in moist 
f soil in the Southeastern 

fp ge States. 

Type species: Milium compres- 
sum Swartz. 
Axonopus Beauv., Hss. Agrost. 

12, 154. 1812. Beauvois mentions 
several diverse species that be- 
long to his new genus, the first 
being Milium compressum, which 

Fic. 134.—Brachiaria platyphylla. Plant, * 4; two views of spikelet and fertile floret, 

me TEU: 
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is chosen as the type, since it is the only species that agrees with his de- 
scription of the genus in having -solitary spikelets. The other species 

that he mentions are now referred to other genera, 
Milium digitatum to Syntherisma, VM. cimicinuwm to 
Coridochloa, MW. paniceum to Syntherisma. In a 

f subsequent paragraph the author briefly describes 
» a new species, A. aureus, which he thinks ought 

to belong to this genus. Nash®* selects A. aureus 
by as the type of Axonopus. 

Cabrera Lag., Gen. and Sp. Nov. 5. 1816. The 
y type is C. chrysoblepharis Lag., the only species 
fi mentioned. To this group belongs Aronopus aureus 

mentioned above. : 
y Anastrophus Schlecht., Bot. Zeit. 8: 681. 1850. 

The type is Paspalum platyculmum Du Petit-Thou., 
the first of several species referred to the genus. 
‘This is probably the same as Axonopus compressus, 
or at least closely allied to that species. 

Lappagopsis Steud., Syn. Pl. Glum. 13112. 1854. 
The type is ZL. bijuga Steud., the only species de- 
seribed. 
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The most important species of the genus 
in the United States is Avonopus compres- 

sus (Swartz) Beauv. (fig. 135), 
usually called carpet grass in the 
South. Thisisastoloniferous per- 

- ennial, with compressed stems, 
comparatively short, flat, broadly 
linear, abruptly pointed blades, 
and slender spikes somewhat digi- 
tate at the summit of the culms. 
Carpet grass is common in the 
Tropics and extends in the United 
States from Virginia to Florida 
and Texas in the lowland along 
the coast. It thrives particularly 
in alluvial or mucky open ground, 
where it becomes the dominant 

Fic. 1385.—Carpet grass, Aronopus compressus. Plant, X 43; two views of spikelet and 

fertile floret, x 10. 

grass. Carpet grass is the predominant pasture grass in the region 
mentioned, but is of little importance on sandy soil and does not thrive 
on the uplands. In the region where it thrives as a pasture grass 

IN. Amer. Fl. 17: 165. 1912. 
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it may be utilized as a lawn grass. For this purpose it is propa- 
gated by setting out pieces of the stolons. It soon spreads and 
occupies the space between. 
A second species of the genus, A. furcatus (Fligge) Hitche., is 

found over about the same range as the preceding, but confined to 
the United States. This is infrequent and is usually of no economic 
importance, but is a valuable pasture grass in the Kissimmee region, 
Fla. It is distinguished by its larger spikelets, 4 to 6 mm. long. 

116. RetmARocHLoa Hitche. 

(Reimaria of authors.) 

Spikelets strongly dorsally compressed, lanceolate, acuminate, 
rather distant, subsessile, and alternate in two rows along one side 
of a narrow, flattened rachis, the back of the fertile lemma turned 
toward it; both glumes wanting, or the second sometimes present in 
the terminal spikelet; sterile lemma about equaling the fruit, the 
sterile palea obsolete; fertile lemma scarcely indurate, faintly nerved, 
acuminate, the margins inrolled at the base only, the palea free nearly 
half its length. 

Spreading or stoloniferous perennials, with flat blades and slender 
spikes, these subdigitate or racemose along the upper part of the culm, 
stiffly spreading or refiexed at maturity. Species about four; in the 
American Tropics, one extending into Florida. 

Type species: Reimaria acuta Fltigge. 
Reimarochloa Hitche., Contr. U. S. Nat. Herb. 12; 198. 1909. ‘The type is 

designated. The genus includes most of the species that have been assigned to 
Reimaria Fliigge, the type of which is R. candida, a species of Paspalum. 

Only one species is found in the United States, Reimarochloa 
oligostachya (Munro) Hitche. (fig. 136), confined to Florida and 
Cuba. It has no economic importance. 

117. Paspatum L. 

Spikelets plano-convex, usually obtuse, subsessile, solitary or in 
pairs, in two rows on one side of a narrow or dilated rachis, the back 
of the fertile lemma toward it; first glume usually wanting; second 
glume and sterile lemma commonly about equal, the former rarely 
wanting; fertile lemma usually obtuse, chartaceous-indurate, the 
margins inrolled. ; 

Mostly perennials, with one to many spikelike racemes, these single 
or paired at the summit of the culms or racemosely arranged along 
the main axis. Species numerous, probably as many as 200, widely 
distributed in the warmer parts of both hemispheres; about 50 spe- 
cies in the United States, mostly in the Southeastern States. 

Type species: Paspalum dimidiatum UL. 
Paspalum L., Syst. Nat. ed. 10, 2: 855, 1759. Wour species are described, P. di- 

midiatum (of which “ Panicum dissectum sp, pl. 57 n. 6” is cited as a syno- 

97769°—19—Bull. 772——15 
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nym), P. virgatum, P. paniculatum, and P. distichum. The first is selected as 
the type. All are still retained in the genus. 

Fic. 186.—Reimarochloa oligostachya. Plant xX 4; two views of spikelet and fertile 

floret, x 10. 

Ceresia Pers., Syn. Pl. 1:85. 1805. A single species, C. elegans Pers., is 
included. This is one of the species having a broad-winged rachis. 

Reimaria Fliigge, Gram. Monogr. 213. 1810. Three species are included, 
R. candida Humb. and Bonpl., R. elegans, and R. acuta. The first two are 
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species of Paspalum in which both glumes are wanting, the third, to which the 
generic description less aptly applies, is a species of Reimarochloa. Reimaria 
candida is taken as the type. 

Cymatochloa Schlecht., Bot. Zeit. 12: 817, 821. 1854. Two names, “C. flui- 
tans (Ceresia flwitans Ell.)” and “C. repens (Paspalum repens Berg.)” are 
given. Both names apply to the same species, Paspalum repens Berg. 

Dimorphostachys Fourn., Compt. Rend. Acad. Sci. (Paris) 80: 441. 1875. 
The type is Panicum monostachyum H. B. K., the first of four species men- 
tioned. 

Paspalum is closely allied to Panicum, differing chiefly in the 
strictly racemose inflorescence and the plano-convex spikelets in 
which the first glume is wanting. In a few species (section Dimor- 
phostachys, in: Paspalum distichum and in P. bifidum (Bertol.) 
Nash) the first glume is present on at least a part of the spikelets. 
In P. pulchellum Kunth of tropical America and a few other species 
both glumes are wanting. 

In spite of the large number of species in this genus, very few 
are of economic importance. Most of the species make a sparse 
growth in moist pine barrens and old fields and are not grazed to 
any extent. A few species inhabiting meadows and savannas fur- 
nish a limited amount of forage. Among these may be mentioned 
P. laeve Michx. (fig. 187) and P. ciliatifolium Michx., and the allies 
of these species. Paspalum laeve, with 2 or 3 racemes and.spikelets 
2.5 mm. long, is common from Maryland to Florida and Texas. 
Paspalum ciliatifolium and its allies, besides the one to few slender 
racemes on the main culm, have several naked branches from the 

upper sheaths, each branch usually bearing a single raceme. 
Paspalum distichum 1., with creeping stolons and racemes in 

pairs at the summit of the culms, is widely distributed along muddy 
coasts and ditch banks from Virginia to Florida and thence across 
the continent to California and Washington. Where abundant it 
furnishes some forage. 

Paspalum dilatatum Poir. has been tried as a forage grass in the 
Southern States, where it has been cultivated under the name of 
water grass. It has little to recommend it here, but in the Hawaiian 
Islands it gives much promise as a pasture grass. In tropical Amer- 
ica species of Paspalum form an important element in the grazing 

land of the savannas, P. notatum Fliigge being one of the most 
abundant. 

118. Panicum L. 

Spikelets more or less compressed dorsiventrally, arranged in open 
or compact panicles, rarely racemes; glumes 2, herbaceous, nerved, 
usually very unequal, the first often minute, the second typically 
equaling the sterile lemma, the latter of the same texture and simu- 
lating a third glume, bearing in its axil a membranaceous or hyaline 
palea and sometimes a staminate flower, the palea rarely wanting; 
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fertile lemma chartaceous-indurate , typically obtuse, the nerves 
obsolete, the margins inrolled over an inclosed palea of the same tex- 

‘ 

Fig. 1387.—Paspalum laeve. 4 Blewate, SX at 
29 two views of spikelet and fertile floret, x 10 

ture, a lunate line of thinner texture at the back just above the base 

the rootlet protruding through this at germination 
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Annual er perennial grasses, of various habit. Species probably 

about 500, mostly confined to the warmer regions of both hemi- 
spheres, about 150 species being found in the United States. 

Type species: Panicum miliaceum L. 
Panicum L., Sp. Pl. 55, 1753; Gen. Pl., ed. 5, 29. 1754. Twenty species are 

described. The first ten and the fifteenth are now referred to other genera. Of 
the species considered typical by Linnezeus, as indicated by the description in 
his Genera Plantarum, Panicuwin miliacewm is the only one cultivated and is 
therefore chosen as the type.* 

Eatonia Raf., Journ. de Phys. 89: 104. 1819. <A single species, EH. purpura- 
scens, which is the same as Panicum virgatum, is included. 

Steinchisma Raf., Bull. Bot. Seringe 1: 220. 1830. ‘“ Panicum divaricatum, P. 
hians” are cited, both names applying to the same species, P. hians Hl. 
Phanopyrum (Raf.) Nash, in Small, Fl. Southeast. U. S. 104. 1903. Based 

on “ Panicum, subgenus Phanopyrum Raf.,” with a single species, P. gymnocar- 
pon (Ell.) Nash. 

Chasea Nieuwl., Amer. Midl. Nat. 2: 64. 1911. A new name proposed for 
“Panicum of the authors not of Linneus or only in part,’ the name Panicum 

being applied to Chaetochloa. 

Among the species of the United States two subgenera are recog- 

nized, besides Panicum proper. 
Subgenus Paurochaetium Hitche. and Chase. Perennials with 

tufted culms, erect narrow blades, narrow, more or less spikelike 
inflorescence, the ultimate branchlets produced beyond the uppermost 
spikelets as a bristle 1 to6 mm. long, the apiculate fruits transversely 
rugose. There are four species within our limits, one from Florida, 
three from Texas. This subgenus shows a transition to Chaetochloa. 

Subgenus Dichanthelium Hitche. and Chase. Perennials forming 
a usually well-marked rosette of winter leaves, having a vernal phase 
of simple culms and terminal panicles of small, perfect, but usually 
sterile spikelets, and an autumnal phase produced by the branching 
of the culms after the maturity of the primary panicles, the sec- 
ondary leaves and panicles usually much reduced, the spikelets cleis- 
togamous and fruitful, sometimes hidden in the sheaths. There are 
105 species within our limits, the species being especially abundant 

on the Atlantic Coastal Plain. A representative of this subgenus is 
Panicum dichotomum lL. (fig. 138). A common species in the East- 
ern States is P. clandestinum L. (Pl. XVII), one of the most robust 
representatives of the group. This has bristly sheaths and cordate 
clasping blades as much as an inch wide. It grows in moist soil and 
furnishes a moderate amount of forage. 

The remaining species belong for the most part to true Pani- 
eum, called by some the subgenus Eupanicum. The more important 
of these are the following: Panicum barbinode Trin., Para grass, a 
perennial with stout stolons as much as 15 feet long, culms 3 to 6 feet 
tall from a creeping base, bearded nodes, and panicles 4 to 6 inches 
long, consisting of several spikelike racemes of glabrous spikelets 

* For a full discussion of the type species of Panicum, see Hitchcock and Chage, Contr. 
U. 8S. Nat. Herb. 15: 18. 1910. 
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3 mm. long. It is com- 
monly cultivated in tropi- 
cal America for forage 
and has been introduced 
for this purpose in Flor- 
ida and southern Texas 
and also into the Tropics 
of the Old World. In 
Porto Rico it is called 
malojilla. This species 
has been incorrectly re- 
ferred to P. molle Swartz. 
A field of Para grass 
soon becomes a tangle of 

x stolons and the decumbent 
bases of the stems, and for best results it 
must be renewed by plowing or disking. 
Panicum maximum. Jacq., guinea grass, 
is a perennial erect bunch-grass, 4 to 6 
feet tall, with open spreading panicles 
of elliptic spikelets about 3 mm. long, 
the fruit rugose. This is a native of 
Africa, introduced into tropical America, _ 
where it is cultivated for forage, fur- 
nishing pasture and green feed. It is 
said to have been introduced into Ja- 
maica from west tropical Africa in 1774. 
These two species, Para grass and guinea 
grass are the only grasses that are ex- 

Fic. 188.— Panicum dichoto. tensively cultivated for forage in tropi- 
mum. Plant, X 4; two cal America. Panicum -miliaceuwm L., 
views of spikelet and fertile : : Arete <0! proso millet, broom-corn millet, hog 

millet, an erect annual 2 to 3 feet tall, 
with a drooping panicle, is cultivated in Europe for the seed, which 
is used for food. It is sparingly cultivated in this country for forage. 



Bul. 772, U. S. Dept. of Agriculture. PLATE XVII. 

PANICUM CLANDESTINUM. 

Common in moist woods. Useful for forage and for ornament, 



PLATE XVIII. Bul. 772, U. S. Dept. of Agriculture. 

GROWN FOR ORNAMENT EULALIA (MISCANTHUS SINENSIS) 
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Panicum virgatum L. (fig. 189) switch-grass, an erect perennial 3 to 
5 feet tall, with open spreading panicle, is common in the eastern half 

Fic, 139.—Switch-grass, Panicum virgatum. Plant, * 4; two views of spikelet and 

fertile floret, K 10. 

of the United States. It is a constituent of prairie hay. Panicum 
bulbosum UH. B. K., of the Southwest develops well-marked corms 
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at the base of the culms. Panicum tewanum Buckl., Texas millet, 
Colorado grass, is an annual rather weedy grass of Texas that has 
been utilized for hay. It has been called Colorado grass because it 
grows in the valley of the Colorado River. Panicwm dichotomi- 
fiorum Michx. is a smooth, annual, much-branched, rather succulent 
weed, common in the eastern United States in the autumn. The 
first glume is very short and truncate. Panicum capillare L. (fig. 
140), old-witch grass, is an annual weed, with hirsute sheaths and a 
relatively large open capillary panicle with small spikelets. At 
maturity the panicle breaks away and is blown about by the wind 
as a tumble grass. Panicum geminatwm Forsk. (fig. 141), a common 
tropical species, extends into Florida and Texas. 

Besides the two subgenera there are a few species that can not be 
included in true Panicum. Two of these within our range are of 
some importance. Panicum obtusum H. B. K. (fig. 142), a forage 
grass of the Southwest, producing long wiry stolons with bearded. 
swollen nodes, and short, erect, fertile culms with narrow panicles of 
obtuse spikelets,is called grapevine mesquite, because of the long, 
tough stolons, and adobe grass, because it is found on slightly alka- 
line soil. This species differs from Eupanicum in the long first 
glume and the racemose branches of the inflorescence. Panicum 
hemitomon Schult., maiden cane, is found in moist soil, often in 
the water, from Texas to Florida and Delaware near the coast. It 
produces extensively creeping rhizomes and numerous sterile shoots. 
The panicle is narrow, with short appressed branches. On account 
of the rhizomes it becomes a troublesome weed in cultivated soil, 

especially in Florida. This species differs from Eupanicum in the 
less chartaceous fruit with the palea free at the tip. The seeds of 
Panicum sonorwm Beal are used for food by the Cocopa Indians. 
‘See Williams, U. S. Dept. Agr., Farmers’ Bull. 101, 1899; Serib- 

ner, U. S. Dept. Agr.,; Div. Agrost. Bull. 20, fig. 23, 1900; Hitch- 
cock and Chase, Contr. U. S. Nat. Herb. 15, 1910. The last work 
is a revision of the genus Panicum in North America and gives full 
descriptions and synonymy of all the species. 

119. LAstActs (Griseb.) Hitche. 

Spikelets subglobose, placed obliquely on their pedicels; first glume 
broad, somewhat inflated-ventricose, usually not over one-third the 
length of the spikelet, several-nerved; second glume and sterile 
lemma about equal, broad, abruptly apiculate, papery-chartaceous, 
shining, many-nerved, glabrous, or lanose at the apex only, the lemma 
inclosing a membranaceous palea and sometimes a staminate flower ; 
fertile lemma white, bony-indurate, obovoid, obtuse, this and the 
palea of the same texture, bearing at the apex in a slight crateriform 
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Fie, 140.—Old-witch grass, Panicum capillare. Plant, % 1; two views of spikelet and 
- fertile floret, * 10, 
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depression a tuft of woolly hairs, the palea concave below, gibbous 

above, the apex often free at maturity. 
0 

TT Se 

ee 

F:¢, 141.—Panicum geminatum. Plant, X 2; two views of spikelet and fertile floret 

x10: 

Large branching perennials, with woody culms often clambering 

several feet high into shrubs or trees, the blades firm, flat, usually 
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lanceolate and narrowed into a petiole, the spikelets in an open 
in the American Tropics, one extending y) Species about 20; panicle. 

into southern Florida. 

Plant, * 4; spikelet and fertile Grapevine mesquite, Paniewm obtuswum. Fie. 142, 

floret, 10, 
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Type species: Panicum divaricatum L. 
Panicum, section Lasiacis Griseb, Fl. Brit. W. Ind. 551. 1864. Five species 

included, the first of which is P. divaricatum. 
Lasiacis Hitche., Contr. U. S. Nat. Herb. 15:16. 1910. The type is desig- 

nated. This genus was previously 
included as a section in Panicum, 
from which it differs in habit, the 
woody culms resembling those of 
bamboos, and in the oblique spike- 
lets with the woolly apex of the 
fruit and the gibbous fertile palea. 

The only species in the 
United States is Lastacis di- 
varicata (l.) Hitche. (fig. 
143) of southern Florida. It 
has no economic value. 

120. SacctoLtepIs Nash. 

Spikelets oblong-conic: 
first glume small, much 
shorter than the spikelet ; sec- 
ond glume broad, inflated- 

Fic, 143.—Lasiacis divaricata. Fascicle of branches, 
xX 4; spikelet and fertile floret, x 10. 

saccate, strongly many-nerved; sterile lemma narrower, flat, fewer 
nerved, its palea nearly as long, often subtending a staminate flower ; 
fertile lemma stipitate, elliptic, chartaceous-indurate, the margins in- 

rolled, the palea not inclosed at the summit. 
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Annuals or perennials, of wet soil, usually branching, the inflores- 
cence a dense, usually elongate, spikelike panicle. Species about 

Fic. 144.—Sacciolepis striata. Plant, 

12; in the Tropics of both hemi- 
spheres, 1 extending into the south- 
eastern United States. 

Type species: Panicum gibbum Wil. 
Sacciolepis Nash, in Britton, Man. 80. 

1901. Only one species is deseribed. 

Sacciolepis striata (l.) Nash 
(Holcus striatus L., Panicum gib- 
bum Ell.) (fig. 144) is a stolonifer- 
ous marsh grass found from Vir- 
ginia to Oklahoma and southward. 
It has no economic value. 

121. OPLISMENUS Beauv. 

Spikelets terete or somewhat lat- 
erally compressed, subsessile, soli- 

tary or in pairs, in two rows 
crowded or approximate on 
one side of a narrow scabrous 
or hairy rachis; glumes 
about equal, emarginate or 
2-lobed, awned from between 
the lobes; sterile lemma ex- 
ceeding the glumes and fruit, 
notched or entire, mucronate 

x 4; two views of spikelet and fertile floret, 

PLO; 

or short-awned, inclosing a hyaline palea; fertile lemma elliptic, acute, 
convex or boat shaped, the firm margins clasping the palea, not inrolled, 
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Freely branching, creeping, shade-loving annuals or perennials, 
with erect flowering shoots, flat, thin lanceolate or ovate blades, and 
several one-sided, thickish, short spikes rather distant on a main axis. 
Species about 10, in the Tropics of both hemispheres, 1 extending 
into the Southern States. 

Type species: Oplismenus africanus Beauv. _ 
Oplismenus Beauv., Fl. Owar. 2: 14, pl. 58, f. 1. 1809. A single species is 

described. 
Orthopogon R. Br., Prodr. Nov. Holl. 194. 1810. Four species are described, 

O. compositus, O. aemulus, O. flaccidus, and O. imbecillis. Panicum compositum 
L. is chosen as the type, this being the basis of the first species of Orthopogon. 

The only species in the United States is Oplismenus setarius 
(Lam.) Roem. and Schult. (fig. 145), found in shady places from 
Florida to Texas. This is grazed by stock, but is not sufficiently 
abundant to be of importance. 

122. ECHINOCHLOA Beauv. 

Spikelets plano-convex, often stiffly hispid, subsessile, solitary or 
in irregular clusters on one side of the panicle branches; first glume 
about half the length of the spikelet, pointed; second glume and sterile 
lemma equal, pointed, mucronate, or the glume short-awned and the 
lemma long-awned, sometimes conspicuously so, inclosing a mem- . 
branaceous palea and sometimes a staminate flower; fertile lemma 
plano-convex, smooth and shining, acuminate-pointed, the margins 
inrolled below, fiat above, the apex of the palea not inclosed. 

Coarse, often succulent, annual, or sometimes perennial, grasses, 
with compressed sheaths, linear flat blades, and rather compact pani- 
cles composed of short, densely flowered racemes along a main axis. 
Species about 10, in the warm and temperate regions of both hemi- 
spheres; 4 species in the United States. 

Type species: Panicum crusgalli L. 
Echinochloa Beauv., Ess. Agrost. 58, pl. 11, f. 2. 1812. The species figured is 

selected as the type. 

With the exception of Echinochloa colonum (L.) Link, the species 
of Echinochloa have distinctly awned or awn-pointed spikelets. In 
that cosmopolitan species the spikelets are merely apiculate or mucro- 
nate, and the racemes are simple and rather remote. 

Echinochloa crusgalli (L.) Beauv. (fig. 146), barnyard grass, is 
a common weedy annual found throughout the country except at 
higher altitudes. The panicles vary much in the size and length of 
the awns, and in color vary from green to dark purple. In fields and 
waste places the plants are usually spreading, but in water or wet 
places may be stout and erect. An erect short-awned form, with 
short, ascending racemes, found in the Southwestern States, is the 
Mexican /. crusgalli zelayensis (H. B. K.) Hitche. (Oplismenus 
zelayensis H. B. K.). EF. crusgalli edulis (Panicum frumentaceum 
Roxb., 1820, not Salisb., 1796) is a form that has been cultivated in 
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tropical Asia for the seeds, which are used for food. It differs in 
having short, compact, appressed, somewhat incurved racemes and 
nearly awnless spikelets. This form has been advertised by seeds- 

Vie. 145.—Oplismenus setarius. Plant, ~ 4; two views of spikelet and fertile floret, 

ag 

men in this country as billion-dollar grass and recommended for 
forage. It has some forage value, but requires considerable moisture 
to produce abundantly, and is rather too succulent to make good hay. 
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In these forms the sheaths are smooth. Echinochloa walteri (Pursh) 
Heller is a closely allied native species with hirsute sheaths and long- 
awned spikelets. \ 

All the species of Echinochloa are 4 
grazed by horses and cattle, but 
usually grow in situations where they 
can not well be utilized. 

Fie, 146.—Barnyard grass, Hehinochloa crusgalli. Plant, * 34; two views of spikelet 

and fertile floret, x 10. 
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123. TRICHOLAENA Schrad. 

Spikelets on short capillary pedicels; first glume small, much 
shorter than the spikelet, villous; second glume and sterile lemma 
equal, raised on a stipe above the first glume, emarginate or slightly 
lobed, short-awned, covered, except toward the apex, with long silky 
hairs, the palea of the sterile lemma well developed; fertile lemma 
shorter than the spikelet, cartilaginous, smooth, boat shaped, obtuse, 
the margins thin, not inrolled, inclosing the margins of the palea. 

Perennial or annual grasses, with rather open panicles of silky 
spikelets. Species about 15, in the Eastern Hemisphere, mostly in 
Africa, one cultivated in the United States. 

Type species: Tricholaena micrantha Schrad. 
Tricholaena Schrad.; Schult., Mant. 2: 168. 1824. Three species are de- 

scribed, but the second and third are included in the genus with a question. 
The first species is taken as the type. 

Tricholaena rosea Nees (fig. 147), Natal grass, is becoming an 
important forage grass in the sandy lands of Florida, where it has 

been recently introduced. It is an upright, rather slender perennial, 
2 to 4 feet tall, with beautiful purple panicles, 4 to 10 inches long. 
The color varies from light purple or pink to wine color. Although 
a perennial, it is usually cultivated as an annual, as it will not survive 
temperatures below freezing. 

124. CHAETOCHLOA Scribn. 

(Setaria Beauv.) 

Spikelets subtended by one to several bristles (sterile branchlets), 
falling free from the bristles, awnless; first glume broad, usually 
less than half the length of the spikelet, 3 to 5 nerved; second glume 

and sterile lemma equal, or the former shorter, several-nerved; fer- 
tile lemma coriaceous indurate, smooth or rugose. 
Annual or perennial grasses, with narrow terminal panicles, these 

dense and spikelike or somewhat loose and open. Species about 65, 
in the tropical and warm temperate regions of both hemispheres; 18 
species in the United States. 

Type species: Panicum viride L. 
Setaria Beauv., Ess. Agrost. 51, pl. 18, f. 3, 1812, not Acharius, 1789, nor 

Michaux, 1803. Fourteen species are listed, S. viridis being illustrated. Pani- 
cum viride L., on which this species is based, is taken as the type. 
Chaetochloa Scribn., U. S. Dept. Agr., Div. Agrost. Bull. 4:38. 1897. Scribner 

proposes the name Chaetochloa for Setaria Beauy., stating that the name Setaria 
was first used by Beauvois (FJ. Owar. 1809)* for a species of Pennisetum. 
Scribner himself applies the name Chaetochloa to the species allied to Panicum 
viride. Uence it seems that he wished to substitute Chaetochloa for Setaria 
as used by Beauvois in his Essai (Hss. Agrost. 51, pl. 18, f. 3, 1812). The figured 
species, Setaria viridis (L.) Beauv., becomes the type. 

The name Ixophorus Schlecht. was applied to this genus by Nash,’ but that 
is based on a ne eee species not congeneric with ours. 

1 According to Dr. J. VI. Barnhart the part containing Setaria (Fl. Owar. 2: 80) was 

not published until 1818. 

2 Britton and Brown, Illustr. Fl. 1: 125. 1896. 

97769°—19—Bull. 772 16 
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Fig. 147.—Natal grass, Tricholaena rosea. Plant, X 4; spikelet and fertile floret, x 10. 
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Beal* applied the name Chamaeraphis R. Br. to American species of Chae- 
tochloa, but that is an Australian genus in which the articulation is below the 
spikelet-bearing branches, as in Pennisetum. 

One group of this genus, section Ptychophyllum, has broad, often 
plaited, blades and loose or open panicles, the bristles solitary and 
at the base of only the uppermost spikelets on the short branchlets. 
This section has usually been referred to Panicum, but shows a closer 
relationship to Chaetochloa. Two species of this group, both per- 
ennials, are cultivated in greenhouses or in the open in the Tropics 
for ornament, chiefly on account of the broad plaited blades that 
resemble those of young palms. Chaetochloa sulcata (Aubl.) Hitche. 
(Panicum suleatum Aubl.) has narrow, rather dense panicles, 1 to 2 
feet long, and blades about 2 inches wide. Chaetochloa palmifoliwm 
(Willd.) Hitche. and Chase has large open panicles and broader 
blades. This has been known in cultivation as Panicum plicatum, 
but is not P. plicatum Lam. It is sometimes called palm-grass. 

Of the species of Chaetochloa proper? (Setaria Beauv.) several 
are weeds in cultivated soil. Two annual species are common in the 
eastern United States, where they are known as foxtail or pigeon 
grass. Chaetochloa viridis (.) Scribn., green foxtail, has a green, 
somewhat pointed head, with untwisted blades. Chaetochloa lutes- 
cens (Weigel) Stuntz (Setaria glauca of most authors, not Panicum 
glaucum L.) (fig. 148), yellow foxtail, has cylindric yellow obtuse 
heads and blades twisted in a half spiral so that toward the end the 
‘upper surface is beneath. 

Another annual species common in waste places is Chaetochloa 
verticillata (L.) Seribn., in which the bristles are backwardly rough- 
ened, the heads thus sticking readily to clothing. Chaetochloa geni- 
culata (Lam.) Millsp. and Chase is a perennial species resembling 
yellow foxtail. This is common in the Southern States and through- 
out the Tropics. Chaetochloa magna (Griseb.) Scribn., a robust 
annual as much as 9 feet high, with a dense panicle or head as much 
as a foot long and 2 inches in diameter, is found in marshes from 
Maryland to the West Indies. 

- Chaetochloa macrostachya (YH. B. K.) Sceribn. and Merr. (here- 
tofore commonly confused with the South American C. composita 
(H. B. K.) Seribn.), is of some importance as a range grass from 
Texas to Arizona. It is a pale perennial, with somewhat pointed 
spikelike panicles. The two annuals, (. viridis and C’. lutescens, are 
often sufficiently abundant to furnish considerable forage. 

The most important species of the genus is Chaetochloa italica (L.) 
Seribn. (Setaria italica Beauv.). This is called millet, or, to dis- 
tinguish it from other kinds of millet, foxtail millet. Millet is an. 

1 Grasses N. Amer. 2: 150. 1896. 
The genus was revised by Scribner and Merrill, U. 8. REDE Agr., Div. Agrost. Bull. 

21. 1900. 
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erect annual, 2 to 4 feet tall, with a dense, bristly, yel- 
low or purple head. There are many varieties in culti- 
vation, differing in the size and lobing of the head, the 
length and color of the bristles, and the color of the 
seed. Small forms resemble C. viridis, but may be dis- 
tinguished by the articulation of the seed. In C. viridis 
the seed (fruit, that is, the fertile floret) falls from the 
pedicel inclosed within the glumes. In (C. ééalica the 

seed readily separates from the 
glumes by an articulation above 
the sterile lemma. A ripe head 
of C. italica rubbed between the 
palms yields free seed. A head 
of C. viridis will yield entire 
spikelets. 

Fig. 148.—Yellow foxtail, Chaetochloa lutescens. Plant, X 4%; two views of spikelet 

and fertile floret, x 10. 

The varieties of Chaetochloa italica cultivated in the United States 

have been classified as follows? (under Setaria italica) : 
Fruit dark colored (reddish or orange to blackish or brownish black). 

Hriity reddish or, oranges See xee ene eels eee —_rubrofructa. 

Fruit blackish, brownish black, or purplish black with pale yellowish 

straw lines intermingled, these sometimes predominating_nigrofructa. 

1 See Hubbard, Amer. Journ. Bot. 2: 187. 1915. 
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Fruit pale (yellowish to straw or light brown). 

Bristles green. 

Panicle more or less open-lobulate___________________ stramineofructa. 

Panicle dense or slightly lobulate at base__________________ germanica. 

Bristles brown or purple. 

PES TSE SUL Sa DTCC) WAT Dc asses rb 2 i a 2 og Se ee brunneoseta. 

Bristles purple. 

PaAnTelLeEsMOTETOL LESS VO pull ate cee ee hostit. 

Panicle dense or slightly lobulate at base_______________ metzgeri. 

Subsp. rubrofructa Hubb.: The only forms cultivated in the United States 

are var. purpureoseta Hubb., Turkish millet, with purple bristles and a large 

lobulate head; and subvar. violacea (Alef.) Hubb., Kursk millet or Siberian 

millet, with purple bristles and a smaller dense head. 

Subsp. nigrofructa Hubb.: The common form cultivated in the United States 

iS var. dira, or Hungarian grass. This has small dense heads 1 to 3 inches long 

with purple bristles. 

Subsp. sframineofructa Hubb., German millet: Plants robust with heads 4 

to 12 inches long and as much as 2 inches wide, the bristles noticeably longer 

than the spikelets. Forma breviseta (Doell) Hubb., Golden Wonder millet, 

differs in having bristles shorter than the spikelets or barely exceeding them. 

Subsp. germanica (Mill.) Hubb., common millet; Heads mostly 2 to 3 inches 

long, one-fourth to one-half an inch thick, the bristles noticeably longer than 

the spikelets; forma mitis (Alef.) Hubb. with bristles shorter than the spike- 

lets or barely exceeding them. There has been an unfortunate misapplication 

of the name German millet. The forms cultivated under this name are not 

the subspecies germanica as one would suppose (see the preceding subspecies). 

Var. brunneoseta Hubb., Aino millet: Head large, lobulate, brown. Subvar. 

densior Hubb. has a compact scarcely lobulate head. 

Var. hostii Hubb., German millet: Head large, lobulate, purple; differs from 

the other form of German millet (subsp. stramineofructa) in having purple 

bristles. 

Var. metzgeri (Kornicke) Hubb., common millet: SBristles noticeably longer 

than the spikelets; differs from the other form of common millet (subsp. ger- 

manica) in haying purple bristles; sometimes called Hungarian grass, a name 

which should be applied to subsp. nigrofructa. 

125. PENNISETUM Rich. 

Spikelets solitary or in groups of two or three, surrounded by an 
involucre of bristles, these not united except at the very base, often 
plumose, falling attached to the spikelets; first glume shorter than 
the spikelet, sometimes minute or wanting; second glume shorter 
than or equaling the sterile lemma; fertile lemma chartaceous, 
smooth, the margin thin, inclosing the palea. 

Annual or perennial, often branched grasses, with usually flat 
blades and dense spikelike panicles. Species about 50, in the tropical 
regions of both hemispheres; 1 species in southern Florida. 
Type species: Pennisetum typhoidewm Rich. 
Pennisetum Rich., in Pers. Syn. Pl. 1: 72. 1805. Wive species are described, 

P. typhoideum, P. setosum, P. cenchroides, P. orientale, and P. violacewm. 
Pennisetum typhoideum, being a well-known economic species, is chosen as the 
type. 
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Penicillaria Willd., Enum. Pl. 2: 1036. 1809. A single species, P. spicatus, 
based on Holcus spicatus L., is described. 

Gymnothrix Beauv., Ess. Agrost. 59, pl. 13. f. 6. 1812. The type species is 
G. thourii, the one figured. Beauvois distinguished Gymnothrix from Pen- 
nisetum by the glabrous (not plumose) bristles. ; 

i The most important species of the genus is Pennisetum 
4, glaucum (L.) R. Br. (P. typhoideum Rich., P. ameri- 

canum (.) Schum., Penicillaria spicata (L.) Willd.), 
called in this country pearl millet (fig. 149). This isa 
robust annual, 4 to 8 feet tall, with broad blades like 
those of corn or sorghum, and a dense, erect, cylindric 
spikelike panicle as much as a foot long, the stem woolly 
below the spike, the involucre containing usually two 
spikelets about as long as the bristles. Pearl millet dif- 
fers from the other Paniceae in having an enlarged cary- 
opsis bursting through its lemma and palea. The cary- 
opsis, or “seed,” is deciduous by an articulation above 
the fertile lemma, the bristles and the floral bracts re- 
maining on the spike. Pearl millet is widely cultivated 
in tropical Africa and Asia, the seed being used for hu- 
man food. The species has been cultivated since pre- 

ripe iy eogteasareurs 

Fig. 149.—Pearl millet, Pennisetum glaucum. Inflorescence, X 33; two views of spikelet 

and caryopsis, < 10. 

historic times, its wild prototype being unknown. In the United 
States pearl millet is used to a limited extent in the Southern States 
for forage, especially for soiling. 
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Panicum glaucum L. (Sp. Pl. 56. 1758), on which was based Pen- 
nisetum glaucum, was itself based on a citation from the Flora Zey- 
Janica (Panicum spica tereti, involucris bifloris fasciculato-pilosis L. 
Fl. Zeyl. 18. 1747), which refers to the species afterwards described 
as Pennisetum typhoideum. Winneus described two varieties of 
Panicum glaucum, these being now called Chaetochloa viridis and C. 
lutescens. Through an error the name Panicum glaucum has been 
applied by nearly all botanists to the latter species. When the 
species was transferred to Setaria and to Chaetochloa the error was 

perpetuated. Robert Brown transferred Panicum glaucum to Pen- 
nisetum but used the name in the erroneous sense, as is shown by his 
description. Nevertheless, Robert Brown must be credited with the 
name Pennisetum glaucum even though he described the wrong 
species. The only species of Pennisetum found native in the United 
States is P. setosum (Swartz) Rich. (fig. 150), of tropical America, 
which extends into southern Florida. Two species are cultivated 
for ornament. Pennisetum villosum R. Br. (P. longistylum of flor- 
ists, not Hochst.) is a slender perennial 1 or 2 feet tall with a pale 
feathery head 2 to 4 inches long, the bristles 1 to 2 inches long. 
Pennisetum ruppeli Steud., fountain grass, with beautiful pink or 
purple nodding spikes, longer and more graceful than those of the 
preceding, is used for borders. An African species, Napier grass 
(P. purpureum Schum.), has been tested recently in the Southern 
States as a forage plant. It is a coarse perennial 8 to 12 feet tall. 

126. CENCHRUS L. 

Spikelets solitary or few together, surrounded and inclosed by a 
spiny bur composed of numerous coalescing bristles (sterile branch- 
lets), the bur globular, the peduncle short and thick, articulate at 
base, falling with the spikelets and permanently inclosing them, the 
seed germinating within the old involucre, the spines usually 
retrorsely barbed. 
Annual or sometimes perennial, commonly low branching grasses, 

with flat blades and racemes of burs, the burs readily deciduous. 
Species about 25, in the warmer parts of both hemispheres, but chiefly 
in America; 7 species in the United States, chiefly in the south- 
ern portion. 

Type species: Cenchrus echinatus L. 
Cenchrus L., Sp. Pl. 1049, 1753; Gen. Pl., ed. 5, 471. 1754. Linnseus describes 

five species, C. racemosus, C. capitalus, C. echinatus, OC, tribuloides, and C. fru- 
tescens. The reference in the Genera Plantarum is to Panicastrella Mich. 31, that 
is, to plate 31 of Micheli’s Nova Plantarum Genera, published in 1729. The ac- 
count of the genus Panicastrella is on page 86. The two species here described 
are cited as synonyms by Linnéeus, under Cenchrus echinatus and C. tribuloides, 

both being based on descriptions in Sloane’s History of Jamaica. ‘The first 
species, CO. echinatus, is chosen as the type. Cenchrus racemosus is now referred 
to Nazia; C. capitatus to Echinaria. Cenchrus frutescens, of which there is no 
specimen in the Linnfean Herbarium, is uncertain. It is stated to come from 
America, but this is a misprint for Armenia, as is shown by the second édition of 
the Species Plantarum, 
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Fic, 150.—Pennisetum setosum. Plant, X 3; two views of spikelet and fertile floret, 

x 10 
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Rarum Adans., Fam. Pl. 2: 35, 597. 1768. Of the four pre-Linnexan citations 
two are given by Linnzus under Cenchrus echinatus, which is taken as the type. 

Cenchropsis Nash, in Small, Fl. Southeast. U.S. 109. 1903. Cenchrus myosu- 
roides H. B. K. is designated as the type. 

Nastus Lunell, Amer. Midl. Nat. 4: 214. 1915. The name is ascribed to 
Dioseorides and “ Cenchrus frutescens Linn.” given as the type. Lunell intends 
to apply the name to Cenchrus, but the designated type is unidentifiable and 
certainly is not a grass. 

Most of the species of the United States are annual. Cenchrus 
myosuroides H. B. K. differs from our other species in the involucre, 
or bur, with bristles united only at the base. Were it not for certain 
species of Australasia which are intermediate, this species might be 
segregated under a distinct genus, as was done by Nash.’ The original 
C. tribuloides L. (fig. 151) is a dune grass of the Atlantic coast, with 
large villous burs. The common sand bur of the interior found in 
sandy fields across the continent is C. paucitflorus Benth. This was 
formerly confused with C. tribuloides and more recently has been 
called C. carolinianus Walt., which proves to be a different species. 
Cenchrus echinatus, a common tropical species extending into the 
Southern States, has a less prickly bur, with a ring of slender bristles 
at the base of the stout prickles. The species of Cenchrus, especially 
the last two, are excellent forage grasses before the burs are formed. 
The genus has been revised by Nash.? 

127. AMPHICARPON Raf. 

Spikelets of two kinds on the same plant, one in a terminal panicle, 
perfect but not fruitful, the other cleistogamous on slender leafless 
subterranean branches from the base of the culm or sometimes also 
from the lower nodes; first glume of the aerial spikelets variable 
in size, sometimes obsolete; second glume and sterile lemma about 
equal; lemma and palea indurate, the margins of the Jemma thin 
and flat; fruiting spikelets much larger, the first glume wanting; 
second glume and sterile lemma strongly nerved, subrigid, exceeded 
at maturity by the turgid, elliptic, acuminate fruit with strongly 
indurate Jemma and palea, the margins of the Jemma thin and flat; 
stamens with small anthers on short filaments. 

Annual or perennial erect grasses, with flat blades and narrow 
terminal panicles. Species two, in the Atlantic Coastal Plain region 
of the United States. 

Type species: Milium amphicarpum Pursh. 
Amphicarpon Raf., Amer. Month. Mag. 2: 175. 1818. Ina review of Pursh’s 

Flora of North America, Rafinesque indicates that Milium amphicarpon should 
be a new genus, Amphicarpon Raf. Kunth* published the genus Amphicarpum, 
based on the same type, apparently ignorant of Rafinesque’s proposed name. 

1 Censhropsis myosuroides (i. B. K.) Nash, in Small, Fl, Southeast, U. S. 109. 19038. 
2Bull. Torrey Club 22: 298-301. 1895. 

*Rey. Gram. 1: 28. 1829, 
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The two species are Amphicarpon purshii Kunth (A. amphicarpon 
(Pursh) Nash), an annual (fig. 152), with hirsute blades, found 

Fie. 151.—Cenchrus tribuloides. Plant, X 34; two views of spikelet and fertile floret, 

x 10. 

from New Jersey to Florida, and A. floridanum Chapm., a stolonif- 
erous perennial, with glabrous blades, confined to Florida. The 
latter often provides abundant pasture. 
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Iie. 152.—-Amphicarpon purshii. Plant, * 4; two views of aerial spikelet and floret 

and the gubterranean spikelet and fertile floret, * 10. 

* 
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Olyra L., Syst. Nat., ed. 10, 2:1261. 1759. <A tropical American 
genus, one species of which, O. latifolia L. (fig. 153) is credited 
to Florida by Small in his Flora of the Southeastern United States. 
The record is doubtful. 

A glabrous perennial, bamboolike in aspect, as much as 15 feet 
tall, the branches straggling over shrubs; blades petiolate, asym- 
metrically lanceolate-oblong, as much as 8 inches long and 2 inches 
wide; panicles 4 to 6 inches long, the branches stiffly ascending or 
spreading, each bearing a single, large, long-acuminate, pistillate 
spikelet at the thickened summit and several small slender-pediceled 
staminate spikelets along the branch. 

13. ANDROPOGONEAE, THE SORGHUM TRIBE. 

128. ImprrRaTa Cyrillo. 

Spikelets all alike, awnless, in pairs, unequally pedicellate on a 
slender continuous rachis, surrounded by long silky hairs; glumes 
about equal, membranaceous; sterile lemma, fertile lemma, and palea 
thin and hyaline. 

Perennial, slender, erect grasses, with terminal narrow woolly pani- 
cles. Species seven, in the tropical regions of both hemispheres; two 
species in the United States, three others in tropical America. 

Type species: Lagurus cylindricus ib 
Imperata Cyrillo, Pl. Rar. Neap. 2: 26. 1792. <A single species is described, 

I. arundinacea Cyrillo, but the genus is based upon Lagurus cylindricus L. 

Our species are /mperata brasiliensis Trin., in southern Florida, 
and J. hookera Rupr. (fig. 154), from western Texas to southern 
California. They are not found in sufficient abundance to be of 
agricultural value. 

129. MiscantHus Anderss. 

Spikelets all alike, in pairs unequally pedicellate along a slender 
continuous rachis; glumes equal, membranaceous or somewhat coria- 
ceous; sterile lemma a little shorter than the glumes, hyaline; fertile 
Jemma hyaline, smaller than the sterile lemma, extending into a deli- 
cate bent and flexuous awn; palea small and hyaline. 

Robust perennials, with long flat blades and terminal panicles of 
ageregate spreading slender racemes, our species with a tuft of 
silky hairs at the base of the spikelet, surrounding it and of about 
the same length as the glumes, the palea of the short-pedicellate spike- 
let about one-fourth as long as the lemma, the palea of the long- 
pedicellate spikelet obsolete. Species about eight, in southeastern 
Asia and South Africa; one cultivated in the United States. 

1Cyrillo gives the generic heading thus: “Imperata. Lagurus cylindricus Linn., Sp. 

Pl. 120, n. 2.” 

aS 
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Pie. 153.—Olyra latifolia. Plant, ~ 1; pistillate spikelet, fertile floret, and staminate 

spikelet, * 5, 
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Type species: Miscanthus japonicus Anderss. : 
Miscanthus Anderss., Ofv. Svensk. Vet. Akad. Forh. 1855: 165. 1856. Anders- 

son describes five species, J7. capensis, M. japonicus, M. luzonensis, M. sinensis, 
and M. purpurascens. Andersson states that VW. capensis is a transition from 
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Fie. 154.—Imperata hookeri. Plant, * 34; spikelet, * 5. 

this group to the other genera of the tribe; hence this species may be excluded ~ 
from consideration in selecting the type of the genus. The second species, MV. 
japonicus, is therefore selected as the type. 
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Xiphagrostis Coville, Contr. U. S. Nat. Herb. 9: 899, pl. 69. 1905. Two 
species are included, X. floridula (Labill.) Coville and X. japonica (Thunb.) 
Coville. Saccharum fioridulum Labill., on which the first species is based, is 
designated as the type. Coville assumed J/. capensis to be the type of Miscan- 
thus, as it was the first species described (see Miscanthus, p. 254), and referred 
Miscanthus sinensis and its allies, which were not congenerie with MW. capensis, 

to Xiphagrostis. 

Miscanthus sinensis Anderss. (P]. X VIII; fig. 155) is cultivated in 
the United States as an ornamental. Commercially it is known as 
Eulalia japonica or merely eulalia. This is a reedy grass 4 to 8 feet 
high, growing in large bunches, with flat mostly basal blades, 2 te 3 
feet long and about half an inch wide, gradually narrowed to a 
slender point, the panicle somewhat fan shaped, consisting of nu- 
merous silky racemes 4 to 8 inches long, aggregate at the summit of 
the culm. Eulalia has escaped from cultivation and is found grow- 
ing wild in some localities. There are two varieties of Miscanthus 
sinensis with variegated leaves, var. variegatus Beal, with striped 
blades, and var. zebrinus Beal, with banded blades. Miscanthus 

sinensis gracillimus is a variety with very narrow blades. Another 
species, I/. nepalensis (Trin.) Hack., is occasionally cultivated under 
the name of Himalaya fairy grass. This has spikelets about one- 
fourth as long as the hairs at their base. 

130. SaccHarum L. 

Spikelets in pairs, one sessile, the other pedicellate, both perfect, 
awnless, arranged in panicled racemes, the axis disarticulating below 
the spikelets; glumes somewhat .indurate, sterile lemma similar but 
hyaline; fertile lemma hyaline, sometimes wanting. 

Perennial grasses of tropical regions, including about 10 species. 

Type species: Saccharum officinarum L. : 
Saccharum L., Sp. Pl. 54, 1753; Gen. Pl., ed. 5, 28. 1754. Two species are de- 

seribed. The first is chosen as the type, because it is a well-known economic 
species. The second species, S. spicatum, is now referred to the genus Imperata. 

Saccharum oficinarvm (fig. 156), the sugar cane, is cultivated in 
Louisiana and to a limited degree in some of the other Gulf States. 

It is a tall stout grass, 8 to 15 feet tall or even taller, with solid juicy 
stems, broad flat blades, and large plumelike panicles 1 to 2 feet 
long, with numerous small spikelets about 3 mm. long, each sur- 
rounded at the base by a tuft of silky hairs two or three times as 
long as the spikelet. The glumes and the delicate sterile lemma are 
about the same length, the fertile lemma and palea being absent. 
Sugar cane is cultivated chiefly for the production of sugar and 
molasses; but, especially in the Gulf States outside of Louisiana, it is 
also used for forage. 

131. EstantHus Michx. 

Spikelets all alike, in pairs along a slender axis, one sessile, the other 
pedicellate, the rachis disarticulating below the spikelets, the rachis 



BULLETIN 772, U. S. DEPARTMENT OF AGRICULTURE. 256 

Fic. 155.—Eulalia, Miscanthus sinensis. Sketch of several stems, much reduced ; branch 

of panicle, X 4; spikelet, x 5. 
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Fic. 156.—Sugar cane, Saccharum officinarum. Sketch of three stems, much reduced; 
a few branches of panicle, ¥ 3; spikelet with pedicel of second spikelet (the shorter) 

— 
and joint of rachis, x 5. 

97769°—19—Bull, 77217 
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joint and pedicel falling attached to the sessile spikelet; glumes 
coriaceous, equal, usually copiously clothed, at least at the base, with 
long silky spreading hairs; sterile lemma thin and hyaline; fertile 
lemma hyaline, the midnerve extending into a slender awn; palea 
small and hyaline. 

Perennial reedlike grasses, with flat blades and terminal oblong, 
usually dense silky panicles. Species about 20, in the warmer regions 
of both hemispheres; five in the United States, mostly in the Atlantic 
Coastal Plain. 

Type species: Hrianthus saccharoides Michx. 
Hrianthus Michx., Fl. Bor. Amer. 1:54. 1803. Michaux describes two species, 

#. saccharoides and EH. brevibarbis. He derives the name of the genus from 
two Greek words which mean hairy flower, because of the very densely villous 
involucre below the spikelets, and he remarks that the genus is closely allied 
to Saccharum. The first species, with long involucral hairs, he names 
saccharoides, and the second, with short hairs, brevibarbis. The first species, 
better representing Michaux’s idea of the genus, is chosen as the type. 

The commonest native species is Hrianthus saccharoides (fig. 157), 
with straight awns and woolly panicles. L’rianthus divaricatus (L.) 
Hitche., with pale panicles, and 2. contortus Baldw., with dark 
panicles, have flat, twisted awns. LZ rianthus strictus Baldw. has 
naked spikelets, and 2’. brevibarbis Michx. has short hairs at the base 
of the spikelets. The plants are too coarse to be of value for grazing, 
but some of our native species might well be cultivated for ornament. 

One species, /’. ravennae (L.) Beauv., a native of the Mediterranean 
region, is occasionally cultivated for ornament because of the silky 
plumes. It is called Ravenna grass and also by the less distinctive 
names, plume-grass and hardy pampas grass. The culms are several 
feet high, growing in large clumps, with blades about half an inch 
wide, tapering into a long slender point, the plume being as much as 
2 feet long. 

1382. ANDROPOGON L. 

Spikelets in pairs at each node of an articulate rachis, one sessile 
and perfect, the other pedicellate and either staminate, neuter, or re- 
duced to the pedicel, the rachis and the pedicels of the sterile spikelets 
often villous, sometimes conspicuously so; glumes of the fertile spike- 
let coriaceous, narrow, awnless, the first rounded, flat, or concave on 
the back, several-nerved, the median nerve weak or wanting; sterile 
lemma shorter than the glumes, empty, hyaline; fertile lemma 
hyaline, narrow, entire or bifid, usually bearing a bent and twisted 
awn from the apex or from between the lobes; palea hyaline, small 
or wanting; pedicellate spikelet awnless, sometimes staminate and 
about as large as the sessile spikelet, sometimes consisting of one or 
more reduced glumes, sometimes wanting, only the pedicel present. 

Rather coarse perennials (in the United States), with solid culms, 
the spikelets arranged in racemes, these numerous, aggregate on an 
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Fic, 157.—Plume-grass, Vrianthus saccharoides. Plant, % 4; spikelet with pedicel (at 
right) and joint of rachis, « 5, 
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exserted peduncle, or single, in pairs, or sometimes in threes or fours, 
the common peduncle usually inclosed by a spathelike sheath, these 
sheaths often numerous, forming a compound inflorescence, usually 
narrow, but sometimes in dense subcorymbose masses. Species about 
150, in all warmer parts of the world; about 30 species in the United 
States, mostly in the South. 

Type species Andropogo:. virginicus L. 
Andropogon L., Sp. Pl 1045, 1753; Gen. Pl., ed. 5, 468. 1754. Linnzeus de- 

scribes 12 species. The reference in the Genera Plantarum is to “ Roy. lugdb. 
52.” In this work, Flora Leydensis, published in 1740, Royen describes two 
species, the first of these is later (Species Plantarum) named Andropogon hirtum 
by Linneeus, and the second A. virginicum. The type should be chosen from these 
two. The two species appear to be equally familiar to Royen and to Linnzeus, 
though A. virginicus is more fully described and has priority of position in 
the Species Plantarum. Andropogon virginicus is chosen as the type, as this 
choice retains the generic name for its usual signification. Of the 12 species 
originally described, 4 are retained in Andropogon, A. distachyos, A. vir- 
ginicus, A. bicornis, and A. ischaemum. Andropogon contorius is now referred to 
Heteropogon, A. divaricatus to Erianthus, A. nutans to Sorghastrum, A. alope- 
curoides to Hrianthus, A. schoenanthus, A. hirtus, and A. nardus to Cymbopo- 
gon. Andropogon fasciculatus, the last species, is unidentifiable. 

Schizachyrium Nees, Agrost. Bras. 331. 1829. The type species is Andro- 
pogon condensatus H. B. K., upon which is based S. condensatum, first of the six 
species described. Nees states, in s paragraph at the end of the generic descrip- 
tion, that besides the species he enumerates Andropogon brevifolius belongs to 
Schizachyrium. Because of this statement Nash* chooses the latter species 
as the type. This group includes the species of Andropogon with racemes 
single at the ends of the branches. 

Dimeiostemon Raf., Bull. Bot. Seringe 1: 221. 1830. “Andropogon vaginatus 
Hll., A. sessiliflorus [nomen nudum], A. macrurus, A. vaginatus [repeated], A. 
tetrastachys” are listed. Andropogon vaginatus Ell., which is the same as 
A. virginicus L., is taken as the type. 

Amphilophis Nash, in Britton, Man. 71. 1901. Only one species described, An- 
dropogon torreyanus Steud. This group includes the species of Andropogon 
with numerous racemes in a naked panicle. Amphilophis was first used by 
Trinius” as a section of Andropogon. 

Our species are divided into three groups: One (constituting the 
genus Schizachyrium of some authors) with the racemes single on 
each peduncle; two, with the racemes in pairs, or sometimes in threes 
or fours, on each peduncle; three, with the racemes aggregate toward 
the naked summit of the culms and branches. The commonest repre- 
sentative in the United States of the first group is Andropogon scopa- 
vius Michx. (fig. 158). This is an erect bunch-grass 2 to 4 feet high, 
the racemes scattered along the upper part of the stem. It is common 
throughout the eastern half of the United States. It is a fairly good 
forage grass and forms a part of the wild prairie hay in the eastern 
portion of the Great Plains, where it is called little bluestem. The sec- 
ond group is represented by numerous species in the Southern States. 
One of these, A. virginicus L. (fig. 159) is found in old fields, open 
woods, and sterile ground from Massachusetts to Texas and Florida. 
This is called broom sedge, though the name is also applied to some 
of the other species of Andropogon. Andropogon virginicus is a 

IN. Amer. Fl. 17: 100. 1912. 

2Mém. Acad. St. Pétersb. VI. 2: 285. 18382. 
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bunch-grass with tall slender culms, the feathery racemes in pairs, 
the rachis flexuous, the short common peduncle and usually the lower 
part of the racemes inclosed in the inflated sheathing bract, 

these bracts scattered 
along the culm on short 
branches. An allied spe- 
cies, A. elliottv Chapm., 
found in the Southeast- 
ern States, is distin- — 
guished by the conspicu- 
ously inflated upper 
foliage sheaths, the blade 
being often reduced to an 
appendage. Another im- 
portant species, belong- 
ing to this group but dif- Fic. 158.—Little bluestem, Andropogon scopa- 

rius. Plant, * 4; pair of spikelets with ; ; 
joint of rachis (at left), x 5. fering in aspect from the 
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Fig. 159.—Broom sedge, Andropogon virginicus. Plant X 4; pair of spikelets with 
joint of rachis (at left), the second spikelet obsolete, the hairy pedicel only present, 

x 5. 
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last, is A. furcatus Muhl. (Pl. XIX; fig. 160). This grows through- 
out the eastern half of the United States and is an important forage 
grass in the western portion of its range. Here it is the chief con- 

stituent of prairie hay and is known as big bluestem. It is a 
tall, usually purplish bunch-grass, the racemes only slightly hairy, 
borne in twos to fours at the ends of the culms and the short 
branches, the rachis strict. In the Great Plains, grasses are popu- 
larly divided into tall grasses and short grasses. The former, of 
which A. furcatus is the most important, are found chiefly in the 
valleys and draws; the latter, including buffalo grass and grama 
grass, are found on the uplands. The third group of Andropogon 
is represented in this country by only three species, all extending 
northward from Mexico into the Southwestern States. The very 
hairy or feathery racemes are crowded in an oblong or somewhat 
flabellate white panicle terminating the main culm and its branches. 
One of these, A. saccharoides Swartz (fig. 161) (A> argenteus DC., 
A. barbinodis Lag.), is distinguished by the bearded nodes. Andro- 
pogon saccharoides laguroides (DC.) Hack. (A. torreyanus Steud.), 
with more slender culms and smooth nodes, is found as far north as 
Kansas. Another species of the group, A. perforatus Trin., of 
Mexico, rare in this country, differs in having a little pinhole or pit 
in the first glume. 
An allied group of grasses is of importance in tropical parts of 

the Old World because of the essential oils obtained from them. 
They are included in Andropogon by some authors, but are referred 
by others to Cymbopogon. A full account of these grasses is given 
by Stapf.t The most important are citronella grass (Andropogon 
nardus L.; Cymbopogon nardus Rendle) and lemon grass (Andro- 
pogon citratus DC., Cymbopogon. citratus Stapf). These are robust 
grasses with large compound inflorescences, the small racemes in 
pairs, each pair partly included in a sheathing spathe. 
An allied genus, Anatherum Beauv., is represented by a single 

species, A. zizanioides (L.) Hitche. and Chase (Andropogon muri- 
catus Retz.; Vetiveria zizanioides Nash). This Old World grass is 
frequently cultivated in tropical America for hedges and for the 
aromatic roots, which are used for making screens and mats to per- 
fume the air of houses. These roots readily impart perfume when 
wet. The grass is called vetiver, khus-khus, and khas-khas. It has 
escaped from cultivation in Louisiana. Vetiver is a robust grass 
with a large erect panicle, the slender whorled branches ascending, 
naked at the base, the awnless spikelets muricate. 

1 Bull. Mise. Inf. Kew 1906: 297. 1906. 
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Fig.’ 160.—Big bluestem, Andropogon furcatus. Plant, X 32; 3; pair of spikelets with 

joint of rachis, X 5. 5 
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= A! 

Fic. 161.—Andropogon sacchoroides. Plant, % 4; pair of spikelets with joint of rachis 
(at left), the pedicellate spikelet showing a little at right, * 5. 
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Arthraxon Beauv., Ess. Agrost. 111. 1812. Type species, A. 
ciliaris Beauv. This Old World genus is represented in North 
America by A. quartinianus (A. Rich.) Nash, introduced into Ja- 
maica and Guadaloupe, and by A. ciliaris eryptatherus Hack., estab- 
lished in the vicinity of Washington, D. C. The latter is a creeping 
slender grass with thin cordate-lanceolate blades, the inflorescence 
of several slender racemes in a cluster. 

133. Hotcus L. 

(Sorghum Pers.) 

Spikelets in pairs, one sessile and fertile, the other pedicellate, 
sterile but well developed, usually staminate, the terminal sessile 
spikelet with two pedicellate spikelets. 

Annual or perennial, tall or moderately tall grasses, with flat 
blades and terminal panicles of 1 to 5 jointed tardily disarticulating 
racemes. Species about six, one Mexican, the others in the Old 
World; two cultivated or introduced into America. 

Type species: Holcus sorghum UL. 
Holeus L., Sp. Pl. 1047, 1753; Gen. Pl., ed. 5, 469. 1754. Linnzeus describes 

seven species, H. sorghum, H. saccharatus, H. halepensis, H. lanatus, H. odo- 
ratus, H. laxus, and H. striatus. The selection of the type species is of 
particular importance in this genus, because it affects the generic name of 
the group containing the cultivated sorghums. The first three of the original 
seven species were segregated from the others in 1763 by Adanson, who applied 
to them the old name sorghum, used by Bauhin and other pre-Linnzean authors 
for the cultivated sorghums. This name was accepted by most of those subse- 
quent authors who recognized the group as a genus distinct from Andropogon, 
and as a subgeneric name by those who held it to be a subgenus of Andropogon. 
Of the remaining four of the original seven species of Holcus all but H. lana- 
tus were early assigned to other genera, leaving H. lanatus in possession of the 
generic name and in effect making this residual species the type of the genus. 
Linnzeus, however, in all the editions of the Genera Plantarum and in the 
Hortus Cliffortianus and the Hortus Upsaliensis used the name Holcus for 
sorghum only. The description and the synonymy in all cases apply only to the 
first three of the seven species included in the Species Plantarum. Moreover, in 
all the editions of the Genera Plantarum Linneeus cites “ Sorgum Mich.” While 
Micheli* gives no description or figure of the genus, we know from Bauhin 
and others that Sorgum or Sorghum was in common use for the group in 
question. Linnzeus uses the old name Sorghum for the trivial or specific name 
of the first species, and cites Sorghum of Bauhin as a synonym. It is clear 
that the Holcus of Linnzeus is the old Sorghum, the other four diverse species 
(which do not agree with the generic descriptions in any of the works cited), 
evidently being appended for want of a place to put them. According to the 
American Code the genera of Linnus’s Species Plantarum are to be typified 
through citations given in his Genera Plantarum of 1754. The reference to 
Micheli, the use of sorghum as a specific name, and the descriptions all point 
to H. sorghum as the type of the genus Holeus. Holcus lanatus is now referred 
to Notholeus, H. odoratus to Torresia (Hierochloé, Savastana), H. laxzus to 
Uniola, and H. striatus to Sacciolepis. By many authors the genus Holeus as 
here understood is included under Andropogon. 

Blumenbachia Koel., Descr. Gram. 28. 1802. A single species, ‘“ B. halep- 
pensis,” based on ‘“‘ Holcus Haleppensis Linn.” is included. 

; Sorghum Pers., Syn. Pl. 1: 101. 1805. Four species are included. Holcus 
sorghum U., upon which S. vulgare Pers. is based, is taken as the type. 

1 Nov. Plant. Gen. 35. 1729. 
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Holcus sorghum L. (Andropogon sorghum Brot.; Sorghum vul- 
gare Pers.) has been cultivated from prehistoric times? for the seed, 
which has been used for food, for the sweet juice, and for forage. In 
the United States it is cultivated under the general name of sorghum 
or sorgo. There are many races and varieties, the chief of which are 
sorgo, kafir, milo, broom corn, shallu, kaoliang, and durra. Sorgo 
includes the varieties with sweet juice, these varieties often being 
known collectively as saccharine sorghums. 

In this country sorgo is cultivated, chiefly in the region from Kan- 
sas to North Carolina, for the juice which is made into sirup and 
for foliage which is used for fodder in the Southern States, especially 
in the region from Kansas to Texas, where it is often called “ cane.” 
The other races of sorghum are often classed together as non- 
saccharine sorghums. The large panicles of one race, broom corn, 
grown especially in Illinois, furnish the material for brooms. The 
other races are used for forage or for the seed, which is used for 
feed. Kafir, milo, and a recently introduced variety, feterita, are 
of especial value in the southern part of the Great Plains and other 
semiarid regions where dry-land farming is practiced. Kafir, or 
Kafir corn, is a rather low form with compact cylindric heads and 
awnless spikelets. Milo, or milo maize, is a usually taller form, with 
ovate heads, a straight or recurved peduncle, awned spikelets, and 
larger seeds. Durra differs from milo in having densely pubescent 
grayish or greenish glumes (instead of brown or black and slightly 
pubescent), and strongly flattened seeds. Some of these forms are 
called Egyptian corn, chicken corn, and Jerusalem corn. The name 
chicken corn should be restricted to a variety spontaneous in Louisi- 
ana and Mississippi (Holcus sorghum drummondi (Nees) Hitchc., 
Andropogon drummondi Nees, A. sorghum drummondii Hack.). 
A recently introduced variety, Holcus sorghum sudanensis (Piper) 
Hitche. (Andropogon sorghum sudanensis Piper), is now extensively 
cultivated for hay in the semiarid regions under the name of Sudan 
grass. This is a rather slender annual, 6 to 9 feet tall, the panicle 
open and spreading. The absence of rhizomes shows its affinity to 
sorgo. Tunis grass is an allied variety (Holcus sorghum exiquus 
(Forsk.) Hitche., Zolcus exiquus Forsk., Andropogon sorghum. ex- 
iguus Piper) that has been tried in our Southern States. 

The second species of Holcus found in the United States is H. 
halepensis Li. (fig. 162), known as Johnson grass. This is a perennial 
with stout creeping rhizomes. The panicle is open and spreading, 
the spikelets awned or awnless. Johnson grass is not so tall as the 
open-panicled forms of sorghum, being usually 8 to 5 feet tall, and 

1¥For a history and classification of sorghum, see Ball, U. 8S. Dept. Agr., Bur. Pl. Ind. 
Bull, 175. 1910, 
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Fig. 162.—Johnson grass, Holcus halepensis. Plant, x 4; two views of terminal raceme, 

one of the pedicellate spikelets fallen, X 5. 
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has narrower blades than plants of sorghum of the same height. 
The characteriscic difference is the presence of the creeping rhizomes 
in the former. Johnson grass is a native of the Mediterranean 
region, but is now widely distributed in the warmer parts of 
America. In the United States it is common throughout the 
South, where it is often a troublesome weed. It is an ex- 
cellent and much-used forage grass, but. the difficulty of eradicating 
it from ground that it has once occupied offsets its forage value. 
Johnson grass has become an especially pernicious weed on the 
Black Lands of Alabama and Texas.' 

The sorghums and Johnson grass sometimes produce hydrocyanic 
acid in sufficient abundance, especially in second growth, to poison 
grazing animals. : 

134. SoreHastrum Nash. 

Spikelets in pairs, one nearly terete, sessile, and fertile, the other 
wanting, only the hairy pedicel being present; glumes coriaceous, 
brown or yellowish, the first hirsute, the edges inflexed over the 
second; sterile and fertile lemmas thin and hyaline, the latter ex- 
tending into a usually well-developed bent and twisted awn. 

Perennial, erect, rather tall grasses, with narrow flat blades and 
narrow terminal panicles of one to few jointed racemes. Species 
about 10 in the warmer parts of the Western Hemisphere, and a 
few in Africa; 3 species in the United States east of the Rocky 
Mountains. 

Type species: Andropogon avenaceus Michx. 
Poranthera Raf., Bull. Bot. Seringe 1: 221, 1830, not Rudge, 1811. “Andro- 

pogon nutans [L.] et ciliatus [Ell.])” are cited. These names apply to the 
same species, Sorghastrum nutans (L.) Nash. 

Sorghastrum Nash, in Britton, Man, 71. 1901. Only one species described. 
S. avenaceum (Michx.) Nash. 

Chalcoelytrum Lunell, Amer. Mid], Nat. 4: 212. 1915. The name proposed to 
replace Sorghastrum Nash, which, being built on Sorghum, is considered unde- 

sirable. 

The units of the inflorescence are racemes reduced‘to one or two 
joints, or in Sorghastrwm nutans sometimes four or five. The slen- 
der, villous rachis disarticulates at the top of each joint, the spikelets 
falling with two villous stalks attached, one the rachis joint, the 
other the pedicel of the obsolete sterile spikelet. The articulation is 
more or less oblique, leaving a bearded blunt callus or, in some South 
American species, a long, sharp callus. In S. nutans the racemes not 
infrequently occur in pairs with a sessile spikelet in the fork, that 
is, the pedicel of the sterile spikelet of the lowest joint has been re- 
placed by a short raceme of one or two joints. 

1For methods of eradication, see Cates and Spillman, U. §. Dept. Agr., Farmers’ Bull, 

279. 1907. 
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The commonest species of the genus in the United States is Sor- _ 
ghastrum nutans (L.) Nash (fig. 163), sometimes called Indian reed 
or Indian grass. This is a tall, erect grass with handsome bronze- 
colored panicles as much as a foot long, the awns about half an inch 
long, the anthers brilliant yellow. The species is found in prairies 
and open woods throughout the eastern United States and south- 
westward to Arizona and Mexico. It is a common constituent of 
prairie hay in the eastern part of the Great Plains region. 
Two other species are found in the Southern States, both with 

awns about an inch long, Sorghastrum elliottit (C. Mohr) Nash, with 
pedicels villous only at the very tip, and S. secundum (Chapm.) Nash, 
with a one-sided panicle and pedicels villous along the upper portion. 

185. RHAapPHIS Lour. 

Spikelets in threes, one sessile and perfect, the other two pedicellate 
and sterile, or sometimes a pair below, one fertile and one sterile; 
fertile spikelet terete, the glumes coriaceous; sterile and fertile 
lemmas thin and hyaline, the latter long-awned. 

Perennial grasses, or our species annual, with open panicles, the 
three spikelets (reduced racemes) borne at the ends of long, slender, 
naked branches. Species about 20, all in the tropical regions of the 
Eastern Hemisphere except the 1 found in the southern United States. 
Type species: Rhaphis trivialis Lour. 
Rhaphis Lour., Fl. Cochinch. 558. 1790. Only one species described, which 

is the same as Andropogon aciculatus Retz. Some authors have thought the 
name Rhaphis was invalidated by the earlier Rhapis L. f. (1789), a genus of 
palms. The names have a different derivation and a different pronunciation, 
and the one does not invalidate the other. 

Pollinia Spreng., Pugill. 2: 10, 1815, not Pollinia Trin., 1832. Type species, 
P, gryllus Spreng. (Andropogon gryllus L.). Several species are described, 
but the generic characters are given under the first species. 

Centrophorum Trin., Fund. Agrost. 106, pl. 5. 1820. Type species, C. chinense 
Trin. (Andropogon aciculatus Retz.), the only one described. 

Chrysopogon Trin., Fund. Agrost. 187. 1820. Type species, Andropogon 
gryllus L. Two species are mentioned, C. gryllus and C. aciculatus, but an 
illustration of the first is cited. 

The only species occurring in the United States is Rhaphis pauci- 
flora (Chapm.) Nash (fig. 164), an annual found in Florida and 
Cuba. This has the aspect of a species of Stipa, the spikelets with 
their long awns and barbed callus resembling the fruit of Stipa 
spartea. ‘The long slender branches of the few-flowered panicle bear 
a terete, brown, sessile fertile spikelet and two slender sterile pedicels, 
each with a slender glume. The peduncle disarticulates by a long 
oblique line through the thickened villous end, the portion separating 
with the spikelet being densely brown-villous, this forming a long 
sharp callus. The glumes are coriaceous and at maturity separate 
somewhat, the spikelet gaping at the apex. The palea is present, but 
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Ric, 163,—Indian grass, Sorghastrum nutans. Plant, * 4; spikelet with pedicel at 
left and rachis joint at right, « 5, 
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Fie, 164.—Rhaphis pauciflora, Plant with old spikelet still attached to roots, X 43; 

fruiting fertile spikelet, xX 5, 
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much shorter than the very thin sterile and fertile lemmas. The 
awn is about 6 inches long, twisted and bent. The species before 
maturity furnishes forage on the grassy pinelands of southern 
Florida. 

136. HETEROPOGON Pers. 

Spikelets in pairs, one sessile, the other pedicellate, both of the 
lower few to several pairs staminate or neuter, the remainder of the 
sessile spikelets perfect, terete, long-awned, the pedicellate spikelets, 
like the lower, staminate, flat, conspicuous, awnless; glumes of the 
fertile spikelet equal, coriaceous, the first brown-hirsute, infolding 

the second; lemmas thin and hyaline, the fertile one narrow, extend- 

ing into a strong bent and twisted brown awn; palea wanting; glumes 
of the staminate spikelet membranaceous, the first green, faintly many 
nerved, asymmetric, one submarginal keel rather broadly winged, 
the other wingless, the margins inflexed, the second glume narrower, 

_ symmetric; lemmas hyaline; palea wanting. 
Annual or perennial, often robust grasses, with flat blades and soli- 

tary racemes terminal on the culms and branches; rachis slender, the 
lower part, bearing the pairs of staminate spikelets, continuous, the 
remainder disarticulating obliquely at the base of each joint, the joint 
forming a sharp barbed callus below the fertile spikelet, the pedicel- 

late spikelet readily falling, its pedicel remaining, obscured in the 

hairs of the callus. Species about seven, in the warmer regions of 
both hemispheres; two in the United States, from Florida to Arizona. 

Type species: Heteropogon glaber Pers. 
Heteropogon Pers., Syn. Pl. 2: 533. 1807. Persoon describes two species, H. 

glaber, of which he gives as synonyms Andropogon alliont DC. and A. con- 
tortus All., and H. hirtus, of which he gives aS a synonym Andropogon con- 
tortus L. ‘The first is selected as the type. 

Spirotheros Raf., Bull. Bot. Seringe 1: 221. 1830. A single species, “ Stipa 
melonocarpa Muhl., Andropogon melanocarpus Hll.,” is given. 

The two species in the United States are Heteropogon contortus 
(L.) Beauv. (fig. 165), a perennial, 1 to 3 feet tall, the first glume 
of the staminate spikelets papillose-pilose, sometimes sparsely so, 
and H. melanocarpus (Ell.) Benth., an annual, 4 to 7 feet tall and 

often much branched, the first glume of the staminate spikelets bear- 
ing a row of glands along the back. The first species is found in 
rocky places from Texas to Arizona. The second is found in Florida, 
Georgia, and Alabama; also in Arizona. The oil glands on the in- 
florescence of the latter give the plant an odor like that of citronella 
oil. 
Heteropogon contortus is an important forage grass but does not 

extend far into the United States. In the Hawaiian Islands, where 

it is called pili, it is an important range grass on the drier areas. It 
was used by the natives to thatch their grass huts. The mature fruits 
are injurious to sheep. 

97769° —19—Bull. 772——18 
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Fig, 165.—Heteropogon contortus. Plant, X 2+ fruiting fertile spikelet, x 5. 
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137. TRACHYPOGON Nees. 

Spikelets in pairs, along a slender continuous rachis, one nearly 
sessile, staminate, awnless, the other pedicellate, perfect, long-awned ; 
the pedicel of the perfect spikelet obliquely disarticulating near the 
base, forming a sharp barbed callus below the spikelet; first glume 

- firm-membranaceous, rounded on the back, several-nerved, obtuse; 

second glume firm, obscurely nerved; fertile lemma narrow, extend- 
ing into a stout twisted and bent or flexuous awn; palea obsolete; 
sessile spikelet persistent, as large as the fertile spikelet and similar 
but awnless. 

Perennial, moderately tall grasses, with terminal spikelike racemes, 
these single or clustered. Species about seven, Mexico to South 
America, one extending into the southwestern United States. 

Type species: Andropogon montufari H. B. K. 
Trachypogon Nees, Agrost. Bras. 341. 1829. The first of the 18 species de- 

scribed, T. montufari, based on Andropogon montufari, is selected as the type. 
The first five species are all that are now retained in Trachypogon. 

Our only species is Trachypogon montufari (H. B. K.) Nees (fig. 
166), found in southern Arizona and southwestern New Mexico, an 

erect slender perennial with solitary racemes, the feathery awns 
about 14 inches long. It is an important constituent of the grazing 
areas of Central and South America. 

138. Etyonurus Humb. and Bonpl. 

Spikelets in pairs along a somewhat tardily disarticulating rachis, 
the joints and pedicels thickened and parallel, the sessile spikelets 
appressed to the concave side, the pedicellate spikelet staminate, 
similar to the sessile one, both awnless, the pair falling with a joint 
of the rachis; first glume firm, somewhat coriaceous, depressed on 
the back, the margins inflexed around the second glume, a line of 
balsam glands on the marginal nerves, the apex entire and acute 
or acuminate, or bifid with aristate teeth; second glume similar to 
the first; sterile and fertile lemmas thin and hyaline; palea obsolete. 

Erect, moderately tall perennials, with solitary spikelike, often 
woolly racemes. Species about 15, in the warmer regions of both 
hemispheres; two species extending into our Southern States. 

Type species: Llyonurus tripsacoides Humb. and Bonpl. 
Elyonurus Humb. and Bonpl., Willd. Spec. Pl. 4:941. 1806. Only one species 

is described. 

Elyonurus tripsacoides (fig. 167), with inconspicuously hairy 
spikes, extends from Florida to Texas, and 2. barbiculmis Hack., 
with conspicuously woolly spikes, is found from western Texas to 
Arizona. The species of Elyonurus are important grazing grasses in. 
the savannas and plains of tropical America. 
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; fruiting fertile spikelet, < 5. 3B Plant, X Fig. 166.—Trachypogon montufari. 
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Fic. 167.—Hlyonurus tripsacoidcs. Plant, % 43 two views of a pair of spikelets with a 
joint of the rachis, * 5. 



278 BULLETIN 1772, U. S. DEPARTMENT OF AGRICULTURE. 

139. MANriIsurgiIs I.. 

(Rottboellia L. f.) 

Spikelets awnless, in pairs at the nodes of a thickened articulate 
rachis, one sessile and fertile, the other pedicellate and sterile, the 
pedicel thickened and appressed to the rachis, the sessile spikelet 
fitting closely against the rachis, forming a cylindric or subcylindric 
spike; glumes obtuse, awnless, the first coriaceous, fitting over the 
hollow containing the spikelet, the second less coriaceous than the 
first; sterile lemma, fertile lemma, and palea thin and hyaline, in- 
closed within the glumes; pedicellate spikelet reduced, often rudi- 
mentary. 

Perennial slender, moderately tall, or tall grasses, with usually 
numerous smooth cylindric or flattened spikes, single on the culms 
and branches. Species about 30, in the warm regions of both hemi- 
spheres; 5 in the southern United States. 

Type species: Manisuris myuros L. 
Manisuris L., Mant. Pl. 2: 164. 1771. Only one species described. 
Rottboellia L. f., Nov. Gram. Gen. 22, pl. 1, 1779 (Amoen, Acad. 10. 1790), 

not Scop., 1777. In a note appended to the description of the genus is the 
statement, ‘“‘ Hue pertinent Aegilops Incurvata & Exaltata S. N., p. 762, aeque 
ac Panicum Dimidiatum S§S. N., p. 90.” The second species, being the one illus- 
trated, is the type. 

Stegosia Lour., Fl. Cochinch. 1: 51. 1790. Type, S. cochinchinensis Lour., 
the only species described. 

Hemarthria R. Br., Prodr. Fl. Nov. Holl. 207. 1810. Two species described, 
H. compressa and H. uncinata. The first species, based upon Rottboellia com- 
pressa L. f., is chosen as the type. 

Lodicularia Beauv., Ess. Agrost. 108, pl. 21, f. 6. 1812. A single species is 
included, L. fasciculata, based on Rottboellia fasciculata Desf. (R. fasciculata 
Lam. evidently intended). 

Coelorhachis Brongn., in Duperr. Bot. Voy. Coquille 64. 1829. The type is 
Aegilops muricata Retz., on which is based Coelorhachis muricata, the only 
species described. 

The species of Manisuris found in the United States are nowhere 
abundant and are of little economic importance, though they may 
furnish some forage. Manisuris fasciculata (Llam.) Hitche. has 
flattened spikes. The other three species have cylindric spikes. 
In these the first glume is variously marked, being somewhat pitted 
in Mf. cylindrica (Michx.) Kuntze (fig. 168), tessellate in M/. tessel- 
lata (Steud.) Scribn., and transversely wrinkled in I/. rugosa (Nutt.) 
Kuntze. 

140. Ryvitrx Raf. 

(Hackelochloa Kuntze, Manisuris of authors.) 

Spikelets awnless, in pairs, the rachis joint and pedicel grown 
together, the two clasped between the edges of the globose alveolate 
first glume of the sessile spikelet; pedicellate spikelet conspicuous, 
staminate. 
A much-branched annual with flat blades, the numerous spikes 

single and more or less inclosed in the sheathing bract, these some- 
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Fic. 168.—Manisuris cylindrica. Plant, *X 4; sessile spikelet and joint of rachis, « 5; 

joint of rachig with sterile pedicel and rudimentary spikelet, the fertile spikelet at 

right, X 5b. 
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what clustered in the axils of the foliage leaves. Species one, in 
the tropical regions of the world. 

Type species: Manisuris granularis Swartz. 
Rytilix Raf., Bull. Bot. Seringe 1: 219. 1830. Rafinesque cites ‘“ Manisuris 

granularis et Myurus Auct.” and lists one species Rytilix glandulosa. The first 
species cited is chosen as the type. 

Hackelochloa Kuntze, Rev. Gen. Pl. 2: 776. 1891. Kuntze restores Manisuris 
to its Linnzean sense and, overlooking Rytilix Raf., proposes Hackelochloa for 

Manisuris Swartz, with H. granu- 
laris, based on Cenchrus granularis, 
as the type. 

Rytili« granularis (L.) 
Skeels (fig. 169) is a tropical 
weed which extends into the 
United States from Florida 
to Arizona. The little pitted 
globose spikelets are very char- 
acteristic. 

Fie. 169.—Rytiliz granularis. Plant, X 2; a single raceme, X 2; two views of a pair 

of spikelets with joint of rachis and pedicel grown together, x 5. 

14. TRIPSACEAE, THE CORN TRIBE. 

141. Tripsacum L. 

Spikelets unisexual; staminate spikelets 2-flowered, in pairs on one 
side of a continuous rachis, one sessile, the other sessile or pedicellate, 
similar to those of Zea, the glumes firmer; pistillate spikelets single 
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and on opposite sides at each joint of the thick, hard articulate lower 
part of the same rachis, sunken in hollows in the joints, consisting of 
one perfect floret and a sterile lemma; first glume coriaceous, nearly 
infolding the spikelet, fitting into and closing the hollow of the 
rachis; second glume similar to the first but smaller, infolding the 
remainder of the spikelet; sterile lemma, fertile lemma, and palea 
very thin and hyaline, these progressively smaller. 

Robust perennial grasses, with usually broad flat blades and 
moneecious terminal and axillary inflorescences of 1 to 3 spikes, the 
pistillate part below, breaking up into bony, seedlike joints, the 
staminate above on the same rachis, deciduous as a whole. Species 
about seven, all American, extending from the middle United States 

to northern South America; three species in the United States.. 

Type species: Coir dactyloides L. 
Tripsacum L., Syst. Nat., ed. 10, 2: 1261. 1759. Type the first of the two 

species described, 7. dactyloides, based on Coiz dactyloides L., and T. hermaph- 
voditum. The second species, based on “‘ Cenchrus 2, Brown. Jam. 367,” is 
now referred to Anthephora. 

Dactylodes Zanoni-Monti; Kuntze, Rev. Gen. Pl. 2: 772. 1891. Two species 
are included, D. angulatum, based on Coix#x angulatus Mill., and D. fasciculatum, 
based on Tripsacum fasciculatum Trin. Coix# angulatus, which is the same as 
Tripsacum dactyloides, is taken as the type. 

The common species in the United States is 7ripsacum dactyloides 
(Pl. XX; fig. 170), a robust perennial, 3 to 6 feet tall, with broad 
blades, the terminal spikes mostly in threes, the axillary spikes mostly 
solitary. This species, called gama grass, is found in moist places 
from Connecticut to Texas and Florida. It is a good forage grass, 
but is usually not abundant enough to be of much importance. A 
second species, 7. floridanum Porter, with narrow blades, is found in 
southern Florida, and a third species, 7. lemmonz Vasey, with pilose 
lower sheaths, is found in Arizona. 

142. EUCHLAENA Schrad. 

Staminate spikelets as in Zea; pistillate spikelets single, on oppo- 
site sides, sunken in cavities in the hardened joints of an obliquely 
articulate rachis, the indurate first glume covering the cavity; sec- 
ond glume membranaceous, the lemmas hyaline. Spikes infolded in 
foliaceous bracts or husks, 2 to several of these together inclosed in 
the leaf sheaths. 

The one species generally recognized is HLuchlaena mexicana 
Schrad., a tall annual with somewhat the aspect of corn (Zea mays), 
a native of Mexico. 

Type species: Huchlaena mexicana Schrad. 
Buchlaena Schrad., Ind. Sem. Hort. Goettingen. 1832. Only one species 

described. The specimen was collected by Dr. Miihlenfordt in Mexico. 

The genus is little known. Several species have been proposed, 
but they are doubtfully distinct from Huchlaena mexicana. An un- 
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Fic. 170.—Gama grass, Tripsacum dactyloides. Rhizome, leaves, and inflorescence, X 4 3 

pistillate spikelet and joint of rachis, X 5; pair of staminate spikelets with joint of 
rachis, x) 5: 
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described species from Mexico is a perennial with simple culms and 
creeping rhizomes. A form which is supposed to be the original 
E. mexicana is cultivated occasionally in our Southern States, where 
it is known as teosinte (fig. 171). This is a tall, stout grass, usually 
branching at the base and forming large clumps. The tassel is like 
that of corn, and the fascicles of spikes, inclosed in husks with the 
long styles or silk hanging from the apex, bear a superficial resem- 
blance to the ears of corn. Teosinte is cultivated chiefly for soiling. 
Tt has sometimes been called Reana luxurians Durieu. 

148. Zea L., maize, Indian corn, 

Spikelets unisexual; staminate spikelets 2-flowered, in pairs, on 
one side of a continuous rachis, one nearly sessile, the other pedicel- 
late; glumes membranaceous, acute; lemma and palea hyaline; 
pistillate spikelets sessile, in pairs, consisting of one fertile floret 
and one sterile floret, the latter sometimes developed as a second 
fertile floret; glumes broad, rounded or emarginate at apex; sterile 
lemma similar to the fertile, the palea present; style very long and 
slender, stigmatic along both sides well toward the base. 
A tall annual grass, with broad, conspicuously distichous blades, 

moncecious inflorescences, the staminate flowers in spikelike racemes, 
these numerous, forming large spreading panicles (tassels) terminat- 
ing the stems, the pistillate inflorescence in the axils of the leaves, 
the spikelets in 8 to 16 or even as many as 30 rows on a thickened, 
almost woody axis (cob), the whole inclosed in numerous large 
foliaceous bracts (husks), the long styles (silk) protruding from the 
top as a silky mass of threads. In the common varieties of corn the 
floral bracts are much shorter than the kernel and remain on the cob 
when the kernels are shelled.t_ Species one. 

Type species: Zea mays L. 
Zea L., Sp. Pl. 971, 1753; Gen. Pl, ed. 5, 419. 1754. Zea mays is the 

only species described. 
Mays Tourn., in Gaertn. Fruct. and Sem. 1: 6, pl. 1. 1788. The single species, 

M. zea Gaertn., is the same as Zea mays L. 
Mayzea Raf., Med. Fl. 2: 241. 1830. Two species included. Zea mays L., on 

which the first species, I/. cerealis, is based, is taken as the type. 

In the United States Zea mays L. (figs. 172, 173) is usually called 
corn; in Europe and sometimes in America, especially in literature, 
it is called maize. Corn is one of the important economic plants of 
the world, being cultivated for food for man and domestic animals 
and for forage. It originated? in America, probably on the Mexican 
Plateau, and was cultivated from prehistoric times by the early 

For note on the structure of the maize ear as indicated in Zea-Euchlaena hybrids, see 

Collins, Journ. Agr, Res. 17: 127-125. 1919. 

2¥For a note on the origin of maize, see Collins, Journ. Washington Acad. Sci, 2: 520, 
1912, 
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Fie. 171.—Teosinte, Huchlaena mexicana. Sketch of plant, much reduced; pistillate in- 
florescence inclosed in bract (a) and with portion of bract removed (b), X 1; lateral 

view of joint of rachis and the fertile spikelet (c), * 2; dorsal view of same, show- 
ing first glume (d), X 2. 
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Vic. 172.—Corn, Zew mays. Sketch of plant, much reduced. 
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Fic. 173.—Corn, Zea mays. Pistillate inflorescence (ear) and two branches.of staminate 
inflorescence (tassel), < 34; pair of pistillate spikelets attached to rachis (cob) with 
mature caryopses (grains), the second glume showing, X 2; single pistillate spikelet 
soon after flowering showing first (at left) and second glumes and young faba, SK) 2) 2 
staminate spikelet, x 2. 
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races of American aborigines, from Peru. to middle North America. 
Several races of corn are grown in the United States, the most im- 
portant being dent, the common commercial field sort, flint, sweet, and 
pop. Pod corn (Z. mays tunicata Larr.), occasionally cultivated as a 
curiosity, is a variety in which each kernel is enveloped in the 
elongate floral bracts. A variety with variegated leaves (Z. mays 
japonica Korn.) is cultivated for ornament. 

144. Corx L. 

Spikelets unisexual; staminate spikelets 2-flowered, in twos or 
threes on the continuous rachis, the normal group consisting of a pair 
of sessile spikelets with 
a single pedicellate 
spikelet between, the lat- 
ter sometimes reduced 
to a pedicel or wanting ; 
glumes membranaceous, 

obscurely nerved; 
lemma hyaline, nearly 
as long as the glumes, 
awnless, 5-nerved; palea 
hyaline, a little shorter 
than the lemma; sta- 
mens 3; pistillate spike- 
lets 3 together, 1 fertile 
and 2 sterile at the base 
of the inflorescence; fer- 
tile spikelet consisting 
of 2 glumes, 1 sterile 
lemma, a fertile lemma, 
and a palea; glumes sev- 
eral-nerved, hyaline be- 
low chartaceous in the 
upper narrow pointed Fic. 174.—Job’s-tears, Coix lachryma-jobit. Upper por- 

part, the first very ree 
broad, infolding the spikelet, the margins infolded beyond the 2 

lateral stronger pair of nerves, the second glume narrower than the 
first, keeled; sterile lemma about as long as the second glume, similar 
in shape but a little narrower, hyaline below, somewhat chartaceous 
above; fertile lemma hyaline, narrow, somewhat shorter than the 
sterile lemma; palea hyaline; narrow, shorter than the lemma; sterile 

spikelets consisting of a single narrow tubular glume as long as the 
fertile spikelet, somewhat chartaceous. 

'See Montgomery, The Corn Crops, 15, 1913: Sturtevant, U. 8S. Dept. Agr., Off. Wxp, 

Sta. Bull. 57. 1899. 
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Tall branched grasses with broad flat blades, the moncecious in- 
florescences numerous on long, stout peduncles, these clustered in the 
axils of the leaves, each inflorescence consisting of an ovate or oval, 

pearly white or drab, beadlike, very hard, tardily deciduous involucre 
(much modified sheathing bract) containing the pistillate lower 
portion of the inflorescence, the points of the pistillate spikelets and 
the slender axis of the staminate portion of the inflorescence pro- 
truding through the orifice at the apex, the staminate upper portion 

of the inflorescence 2 to 4 cm. long, soon deciduous, consisting of 

several clusters of staminate spikelets. Species about four, one 
widely distributed in tropical countries, the others in the East Indies. 

Type species: Coir lachryma-jobi L. 

Coix L., Sp. Pl. 972, 1753; Gen. Pl., ed. 5, 419. 1754. Linnzeus describes 
two species, C. lachryma-jobi and C. dactyloides. The reference in the Genera 
Plantarum (above cited) is to Tournefort’s plate 302, which represents the first 
species. 

Coix lachryma-jobi L. (fig. 174), known as Job’s-tears and some- 
times as Christ’s-tears, is cultivated in all tropical countries for orna- 
ment and has escaped into waste places, especially around dwellings. 
It is also cultivated in greenhouses and sometimes in the open in 
warm temperate regions. The name Job’s-tears comes from the fan- 
cied resemblance of the fruit to tears. The fruits, or so-called seeds, 
are used for a variety of purposes, such as beads, and for rosaries. 
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THE LOGAN BLACKBERRY (LOGANBERRY). 

The Logan blackberry, which is generally known as the Logan- 
berry, originated in 1881, on the grounds of Judge J. H. Logan, of 
Santa Clara, Cal., who grew it from the seed of the Aughinbaugh 
blackberry. The seedling was supposed to be the result of hybridiza- 
tion between the blackberry and a red raspberry, presumably the 
Red Atwerp, which grew beside the blackberry parent” **. Recent, 
investigations, however, throw doubt on this view and indicate that 
it is a variety of the trailing blackberry common to the Pacific coast.* 
The plant is an exceedingly robust grower, showing unique foliage 
and cane growth, as well as fruit. The fruit, shaped like the common 
blackberry, is sometimes as long as 14 inches and of a dark color, 
similar to that of adark red raspberry.” The berry has a characteris- 
tic flavor, resembling that of raspberries, both red and black, but more 
acid than either. <A closely-related berry, introduced by Burbank,? 
is the ‘‘ Phenomenal,” which is very similar to the Logan blackberry, 

Logan blackberry juices reported in this bulletin. 

2 Wickson, E.J. The California Fruits and How to Grow Them (1914), p. 417. 

#Shinn,C. H. Garden and Forest (1894), 7: 465-6, 
4Gardner, V.R. Biennial Crop Pest and Horticultural Report, 1911-12, pp. 59-65. Oreg. Agr. Exp, 

Sta. 
61s the Hybrid Origin of the Loganberry a Myth? Journal of Heredity (1916), 7: 504-7, 

98221°—19—Bull, 773 
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although considered less desirable in some respects. Another trailing 
berry, well known on the California markets, is the Mammoth black- 
berry, often called a “black Loganberry.”’ Its color is black, how- 
ever, whereas the color of the Logan blackberry is red, approaching 
purple when very ripe. Information on the culture of the Logan 
blackberry and related species is given in Farmers’ Bulletin 998 of 
this department. 

As the ripe Logan blackberry is very tender and does not ship well, 
it usually is picked when more or less immature, thus insuring a better 
condition for it when shipped for retail consumption. Somewhat 
riper fruit may be sent to the canning factories, which, as a rule, are 
nearer the sources of supply. 

USES OF THE LOGAN BLACKBERRY. 

Because of its pleasant flavor, Logan blackberry juice is very 
popular as a beverage, and the berry is also used in making jams, 
jellies, and soda-fountain sirups. Methods of extracting and treating 
the juice are constantly being perfected, and this industry, already 
large, is growing rapidly. 

Logan blackberry juice is naturally so sour that it is necessary both 
to dilute and to sweeten it to obtain a potable article. The addi- 
tion of sugar in sufficient quantities to mask the acidity makes a 
product too sirupy to drink, unless the juice is at the same time 
diluted. The flavor and color of Logan blackberry juice permit a 
dilution with from 2 to 3 parts of water, and the addition of 1 part 
of sugar. As a rule, the sirups prepared for soda-fountain use are 
made by adding sugar to undiluted juices, the composition running 
from about 1 part of juice and 1 part of sugar to, roughly, 3 parts of 
juice and 1 part of sugar. 

MANUFACTURE OF LOGAN BLACKBERRY JUICE. 

The manufacturing processes are practically the same in all the 
factories inspected. 

The berries are collected from the fields near the factories, and 
crushed as soon thereafter as possible, to prevent any molding. 
The crushers consist essentially of wooden rollers which run at 
different speeds, thus giving a tearing motion. From the crushers 
the pulp is delivered directly to the press cloths, in which it is folded 
and piled in the presses, which are of the hydraulic type. In many 
factories only one pressing is made, the refuse pulp being destroyed. 
Two systems of making a second pressing, however, are employed. 
In one sufficient cold water to make a workable mixture is added, 
and, after standing for 24 hours, this pulp-water mixture is pressed 
again. By the other method, the pomace is steamed in an open 
tank from 5 to 10 hours, which cooks it sufficiently to make a soft 
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mass. This material is then pressed like fresh pulp. The second- 
pressing juices thus obtained have a high color, and are used with 
first-pressing juice for further blending. Often the juice from the 
presses is passed through a continuous sterilizer and placed in cans 
for storage. 

Because of variations in the flavor and character of the juice at 
different periods of the season, all juices are blended before being 
bottled. This is done by racking off the cans, filtering the juice 
through a mechanical filter,-and then sending it to the blending and 
mixing tanks, whence it goes to the bottling machine. After bottling 
the juice is pasteurized by heating it to from 165° to 180° F., for 
periods varying with the size of the bottles. It is then labeled for 
the market. 

Some of the sweetened but undiluted juices have been described . 
as ‘‘concentrated”’ on the commercial labels. This description is 
entirely unwarranted, as there is no evidence that any of them have 
been concentrated or evaporated, and they should properly be 
described as Logan blackberry sirup. : 

PURPOSE OF THE INVESTIGATION. 

The object of the investigation herein reported was to establish 
methods for the detection of dilution common in commercial products 
made from the Logan blackberry, and to set analytical standards for 

- such products. Before the inauguration of this work the only analyses 
of Logan blackberry juice appear to be those by Lewis and Brown,’ 
giving merely specific gravity, acidity, and total sugar. Since then, 
two articles by Daughters,? giving analyses of the berries, the 
exhausted marc, and several samples of the juice, have appeared. 

PREPARATION OF THE ANALYTICAL SAMPLES. 

In the work conducted during the season of 1916 berries grown in 
Washington and Oregon were examined; during 1917 the California 
berries were analyzed. In 1916 the juice of fresh berries from various 
places, bought on the open market in Seattle, was expressed in the 
Seattle laboratory of the Bureau of Chemistry, filtered through cot- 
ton plugs, and immediately analyzed. These samples are repre- 
sented by the numbers 76 to 87, inclusive. 

The samples analyzed in the San Francisco laboratory in 1916 were 
of two classes—the pure expressed juices and the commercial prod- 
ucts. The samples represented by numbers 101, 102, 112, and 114 
were pressed in the presence of a Government inspector, and are, there- 
fore, known to be pure juices; Nos. 107, 108, 111, 116, 119, and 120, 
although not pressed in the presence of an inspector, are believed to be 

! Lewis, C. I., and Brown, I. R., Oregon Agr. Expt. Sta. Bul. 117. 

4 Daughters, M. R., J. Ind. Eng. Chem, (1917), 9:1043; (1918) 10:30, 
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pure juices. The samples analyzed in the San Francisco laboratory in 
1917 were prepared as follows: 

The Logan blackberries, bought in various California wholesale mar- 
kets, were pressed as soon as they were received at the laboratory, the 
expressed juice filtered through cotton plugs, and pasteurized in 
glass bottles by being heated to about 80° C. and held at that tem- 
perature for an hour. The juices kept very well and at the time of 
analysis showed no signs of fermentation. 

METHODS OF ANALYSIS. 

SOLIDS.. 

Ten cubic centimeters of juice or diluted sample was evaporated 
with about 10 grams of sand, on a water bath, to apparent dryness, 
and then dried in vacuum for from 10 to 14 hours at 70° C., at about 

70 millimeters pressure. This gave approximately 1 gram of dried 
material to be weighed. For comparison, the total solids by the 
indirect method, calculated from the specific gravity of the juices, 
using the wine extract tables,' are given. In the case of the samples 
analyzed in the Seattle laboratory, the solids were determined by 
the indirect method, from the specific gravity, using the tables for 
the extract in wine.t’ The solids also were determined by direct 
drying at the temperature of boiling water, but the figures thus 
obtained varied so much from the figures obtained by the other 
methods that they are not included in the tables. 

NONSUGAR SOLIDS. 

The nonsugar solids were calculated as the difference between the 
total solids in vacuum and the total sugars. The nonsugar solids 
of the samples analyzed in Seattle were obtained by subtracting the 
total sugars from the total solids determined by the indirect method. 

SUGARS. 

The sugars were determined on suitable dilutions of the sample 
before and after inversion, by copper reduction methods, using 
Munson and Walker’s tables.? 

ASH. 

Twenty-five cubic centimeters of juice, or 25 grams of sweetened 
product, was ashed directly in platinum. In 1916, the ash was 
separated into water-soluble and water-insoluble ash, and the re- 
spective amounts of each and their alkalinites determined. As this 
seemed to supply little information, no such separation was made 
in 1917. 

1U.S. Dept. Agr., Bur. Chem, Bul. 107, rev., 218, 2 Tdem, 234, 
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TOTAL P.O; IN ASH. 

This determination was made by the optional volumetric method! 

TOTAL ACIDITY. 

Ten cubic centimeters of juice was diluted with 50 cubic centi- 
meters of boiled distilled water, and titrated with N/10 alkali, using 
neutral litmus paper outside the flask as an indicator. The mixture 
of dry phenolphthalem and sodium sulphate? was not satisfactory 
as an outside indicator, because of the deep color of the samples. 

The total acidity of the samples analyzed in Seattle was determined 
by using azolitmin as an indicator, and the volatile acidity was taken 
as the difference between the total and fixed acidity. 

ADDED SUGAR. 

Because of the presence of large amounts of added sugar in the 
commercial beverages and sirups, weight dilutions of these materials 
were made, and the analyses carried out on the dilute solutions. 
For sirups, the most convenient dilutions were from 50 to 100 grams, 
made up to 500 cubic centimeters. 

ORGANIC ACIDS. 

The organic acids in a number of samples were determined by the 
following method: After a preliminary precipitation of the pectins, etc., 
by alcohol, in a 25-cubic-centimeter portion of the juice, the filtered 
solution was neutralized with a strong barium hydroxid solution, 
and an excess of barium acetate added. Coagulation of the barium 
salts was effected by heating the material on a water bath for from 1 
to 2 hours. The barium salts were filtered off, and washed with 95 
per cent alcohol. 

For the determination of citric acid, the barium salts were de- 
composed with a slight excess of 1:4 sulphuric acid, and the Kinz 
method* applied. The values for citric acid thus obtained are practi- 
cally the same as those for the total acidity by titration, calculated 
to citric acid. 

For malic and tartaric acids separate portions of the barium salts, 
prepared as described, were decomposed by heating the material 
with an excess of sodium sulphate. A test for malic acid was made 
by the polariscope method.* No evidence of the presence of this 
acid was found. 

For tartaric acid the barium salts, prepared as already described, 
were decomposed with sodium sulphate, the solution concentrated to 

1U.8. Dept. Agr., Bur. Chem, Bul. 107, rev., 4. 2 Jour. A. O. A.C. (1915) 1, 3: 485. 

Jour. A. O. A.C. (1916) 2, 2: 182. 
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50 cubic centimeters, and the method for total tartaric acid in wines * © 
applied. No tartaric acid was detected. 

Formic acid was tested for in several samples by Fincke’s method.? 
Three samples tested gave from 3 to 4 milligrams of formic acid per 
100 cubic centimeters. | 

Benzoic and salicylic acids, for which tests were made in the ether 
extract of the juices, were found to be absent. 

“RESULTS OF ANALYSES. 

Table 1 gives the analyses of the pure Logan blackberry juices in 
terms of percentage by weight, and Table 2 gives them as grams per 
100 cubic centimeters. The juices are classified ito those of the 
season of 1916, which were obtained from Oregon and Washington, 
and. those of the season of 1917, obtained from California only. The 
Washington and California juices were expressed from the fresh fruit 
in the laboratory, while the Oregon juices were obtamed directly 
from the factories. Table 3 shows the results of the analyses, of 
commercial beverages and sirup as they appear on the market, and 
Table 4 shows the approximate composition of these products as 
determined from Table 3. For convenience of comparison the 
analyses of the commercial beverages and sirup, as well as of the 
expressed juices, are given in terms of, percentage. Because of the 
addition of sugar to the commercial products, a comparison on the 
basis of grams per 100 cubic centimeters would be difficult. The 
data on the pure juices most valuable for the interpretation of analyses 
have, therefore, been restated in terms of percentage by weight. 

1U.S. Dept. Agr., Bur. Chem. Bul. 107, rev., 86. 2 Jour. A. O.-A. C. (1916) 2, 1: 94. 
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TABLE 4.—A pproximate composition of commercial Loganberry products. 

Composition. 

Soe Description from label. 
Parts Parts Parts 
juice. sugar. water. 

104 | Loganberry juice with sugar............-. is ees Soieeek Seat Sys 3 1 0 
105)| -Wogaulberryss ue e eee eer eer rere reese eee pobasceasogesose 3 2 9 
106 | Loganberry juice, with sugar and water......................-- 2 1 5 
109 | Loganberry juice with sugar....-...-...-.----.1.--------.------ 1 1 0 
110 | Loganberry juice with cane sugar and water added............- 3 1 2 
115 | Logan juice, a beverage ready to drink........... E eee eects 5 1 4 
11 Ss pLocaniniceiconcentrated es sses a=. see e scene eee 6 cee eee eee 3 1 0 
215 | 40-60 Wogan bermys DeVere Can. sere seein ne == eee = 4 1 5 
122 | Pure Loganberry juice, sugar added..-.-.............-........- 3 1 0 
123 | Loganberry juice, sirup added....-.-...........---...---------- 5 1 4 
124 | Loganberry juice beverage.....-..------.---.---_.-------------- 5 1 + 
125i) eozanbernysuice, sugaradded iy. -- 26 2 = as 6- ee 2 ei eaee 2 1 0 

1376 | Loganberry juice. sosnensoss t2e sence seeeas sees ss secoseosensseese 3 1 2 
1377 | Concentrated Loganberry juice sirup--.-.-.-.----------------.- 1 1 0 

20335-L | Loganberry juice with sugar....-.-..-..-.---.------------------ 3 1 0 
20337-L | Loganberry Juice with sugar..-.....---------------------------- 3 1 0 
20339-L | Loganberry Juice, diluted and sugared ISO sa sasosacceconse 5 1 4 

DISCUSSION OF RESULTS OF ANALYSES. 

The juices from berries grown in Washington and Oregon differ 
markedly in composition from those from fruit produced in Cali- 
fornia. There is also a very large variation in the composition 
of juices from fruit grown in the various parts of these States. This 
probably is due to the fact that in the northern section the berries 
are grown under heavy rainfall, whereas the land in California usually 
is irrigated. Apparently California juices have a somewhat higher 
ash content and a lower acid content than the juices from the more 
northern States. Observations extending over several seasons would, 
of course, be necessary to confirm this apparent difference. 

It would seem impossible to determine exactly the amount of 
added water present in Logan blackberry juice. Its presence can be 
detected, however, and the amount roughly approximated. Table 5 
gives the tentative limits suggested for the most significant determi- 
nations of Logan blackberry products. The nonsugar solids are cal- 
culated from the solids in vacuum. 

TasBie 5.—Tentative limits for Logan blackberry juices. 

Nonsugar solids. Ash. Acids, as citric. 

Source. 
Max- Min- Max- Min- Max- Min- 
imum. | imum. | imum. | imum. | imum. | imum. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Pcr cent. 
Washington and Oregon.---_._........_-- 3.92 2. 80 0. 43 0. 25 2.33 1.42 
California eee Se So ee ees | 3.74 3.06 - 63 -43 1.96 1.06 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 

5 CENTS PER COPY 
A 
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The mealy plum aphis (Hyalopterus arundinis Fabricius) has been 
recognized for many years as an enemy of plums, prunes, and to a 
lesser extent apricots in California. Since 1913 it has been espe- 
cially severe in some regions, notably those in which artificial control 
for the pear thrips (Yaeniothrips pyri Daniel) was not practiced. 

ORIGIN. 

The insect is European in origin, having been first described in 
1794 by Fabricius. In North America it is widely distributed. <Ac- 
cording to Lowe (3)1 it is present in Australia and New Zealand, Van 

der Goot (2) reports it from Java, while the United States Bureau 
of Entomology has records of its occurence in Japan. Specimens 
in the writer’s collection taken on Arundo in Peru, by Mr. E. W. 
Rust, late of the Bureau of Entomology, appear to belong to this 
species but the lack of winged forms prevents certain determination. 

HOSTS AND MIGRATORY HABITS. 

In California plums and prunes of the domestica type are the 
favorite hosts, but apricots and Asiatic types of plums and rarely 

1 Bigures in parenthesis refer to “‘ Literature cited”’ on the final page of the bulletin. 

98008°—Bull. 774—19 



9 BULLETIN 774, U. S. DEPARTMENT OF AGRICULTURE. 

almonds are attacked also. In Europe grape, peach, and nectarine 
are also attacked (Lowe). 
From the deciduous-fruit hosts mentioned the mealy plum aphis 

migrates in early summer to plants of the genera Phragmites, 
Typha, and Arundo, and in the late fall there is a return migration 
to the fruit trees. This is the normal process of migration. Occa- 
sionally the writer has seen generations of aphids persist on plum 
until September, a habit that Lowe (3) records as not unusual in 
New York State. The migratory forms are winged aphids and 
there are strong indications that they traverse long distances in pass- 
ing from host to host, as summer colonies have been found in June 
many miles from the nearest winter hosts. Vast numbers of migrants 
are produced both in spring and fall, and the production of consid- 
erable numbers of summer migrants serves to distribute the species 
among the summer hosts. In California Phragmites and Typha are 
the known alternate hosts. 

INJURY. 

In the early summer months the aphids occur on the foliage, often 
crowding together in great quantities. (Pl. I.) The lower surface of 
the leaf is the preferred location, but the petioles and upper surface 
are frequently infested. The young fruit is less commonly attacked. 
The infested leaves are generally curled and discolored and glisten 
with honeydew deposits. (Pl. II.) The ground beneath the tree is 
often sprinkled with the whitish shed skins dropped by the aphids. 
The combined effect of myriads of aphids feeding simultaneously on 
the tree produces fruit of small size and an early drop. In the years 
1915 and 1916 an unusual midsummer apical cracking of greem 
prunes developed in California. Morris (4), after making observa- 
tions in the Santa Clara Valley in 1915, opined that this cracking 
was due to aphis action. In 1916 the writer made some observations 
in Contra Costa County. He found that whereas on the whole crack- 
ing was more general on trees that previously in the season had been 
heavily infested with the aphis, it occurred also in other cases on trees 
which had escaped infestation. He could not conclude otherwise 
than that the aphis was not more than a contributing, or at least not 
the sole cause of the apical cracking in the prunes. 

1 Blakey (1), conducting his observations at Redditch, England, found no certain mi- 
gration from the winter hosts, the aphids remaining the year around on fruit trees. In 

this connection it is of interest to note that he found the active cycle (from hatching of 

stem mother to oviposition) to extend in HEngland from the beginning of May to the 

middle of October, 5.5 months, whereas in California the writer found the cycle to cover 

a period of 9 months (Mar. 1 to Noy. 30). The longer growing period enjoyed by the 

trees in California is of course responsible for this condition, and it is possible that the 

much dryer climate of California is concerned in the summer migration of the species to 

plants of a semiaquatic nature. ‘The writer has observed that the aphids tend to remain 

on the fruit trees later into the summer in the more humid than in the more arid 

localities of California, while the occurrence on May 15 of large colonies on a summer 

host at Salton Sea (a very arid region) suggested that the aphids were living on this 

host the year around. 
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SYNONYMS. 

1794. Aphis arundinis Fabricius, Ent. Syst., v. 4, p. 212. 

1794. Aphis pruni Fabricius, Ent. Syst., v. 4, p. 218. 

1886. Aphis phragmiticola Oestlund, List Aphid. Minn., p. 44. 

1911. Hyadaphis wnbellulariae Davidson, Jour. Econ. Ent., v. 4, p. 559. 

BICLOGY. 

THE EGG. 

Size 0.55 by 0.27 mm. The newly laid egg is pale green, covered with con- 

sSpicuous silvery filaments excreted by the oviparous female. It darkens rapidly 

and after about 5 days is shining black; the threads, however, remain silvery. — 

j2 

LOCATION ON TREES. 

The eggs are laid almost invariably in the axils of lateral buds of 
year-old or 2-year-old wood. Rarely more than three eggs are to be 
found to a single bud group. Occasionally eggs are placed in small 
sears or wrinkles in the bark of twigs. 

HATCHING. 

In 1916 hatching commenced about March 4, and continued for 
about two weeks. At this time most prune varieties were just starting 
to leaf, but the Myrobalans were in full leaf; nevertheless hatching 
was no earlier on the latter trees than on other plums and on apricots. 

THE STEM MOTHER. 

DESCRIPTION. 

Newly hatched.—Pale green; eyes dark red; antenne and legs pale gray; 

dorsum of head with a median longitudinal narrow pale green stripe; beak gray. 

Form oval. 

Antennz one-fourth the length of the body, 5-jointed. Comparative lengths: 

I, 0.03 mm.; II, 0.035; III, 0.045; IV, 0.05; V, 0.11 (0.060 plus 0.050); beak 

reaching to third abdominal segment, 0.21 mm. in length; cornicles minute 

raised pores. Style rounded. Length of body 0.63 mm.; width of body 0.39 

mm. 

During the first and second instars the color darkens and the dark markings 

on the head gradually disappear. The characteristic longitudinal stripes of 

darker green appear during the third and fourth instars. There are 3 of these, 

1 mediodorsal and 2 dorsolateral. The tarsi, apices of tibiz, cornicles, tip of 

beak, and distal third of the antenn of the growing nymph become gray. 

After the second molt the nymph assumes an elongate shape, and there 

appears on the sides and at the abdominal sutures a pruinose “ meal.’ This 

“meal” is much more scanty and less conspicuous in the stem mother than in 

later forms. 

Adult.—Yellowish-green with three longitudinal green stripes on dorsum; 

eyes dark red; antenngz pale green, distal joint dark gray; cornicles pale, dusky 

at apex; tarsi dark gray; style pale yellowish green; apex of beak blackish, 

Form elongate oval, comparatively flat; newly molted individuals carinate. 
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Antenne on very short frontal tubercles, barely one-third the length of the 

body, 5-jointed. Comparative lengths: I, 0.075 mm.; II, 0.06; III, 0.30; IV, 

0.14; V, 0.22 (0.08 plus 0.14). Beak, length 0.26 mm., reaching to second coxe; 

cornicles, 0.045 mm.; style, 0.17 mm. Cornicles wartlike, style ensiform. Pro- 

thorax and all abdominal segments bearing small, pale, lateral tubercles. Body 

bearing a sparse, inconspicuous clothing of granular “ meal,” most abundant at 

the sutures. Length of body (style included), 2.39 mm.; width of body, 1.06 mm. 

HABITS AND LENGTH OF NYMPHAL LIFE. 

After hatching, the young aphids seek out buds, often massing on 
those most advanced, and contrive to penetrate to the inner portions. 
On unopened buds they feed on the tender apical portions and num- 
bers of them die in such situations. Newly-hatched aphids move 
awkwardly on rough spiny leaf surfaces and frequently fail to make 
headway. This was observed especially in connection with Myroba- 
lan plum leaves, and perhaps explains the fact that the stem mothers 
on this tree have a high percentage of mortality in their early stages. 

After the blossoms shoot out the aphids feed on the petioles or on 
the outside of the sepals. In the leaf bud they feed generally on the 
under (outer) surface of the unfolding foliage and less abundantly 
on the reverse side. A favored point is that at the junction of sepal 
and petiole on the flower stalks. 

The first stem mothers matured on the plums at time of ful! bloom 
(March 19, in 1916), their growth being the more rapid on forward 
trees. On March 25 it was estimated that on the most advanced trees 
85 per cent of the aphids were mature, while on the most backward 
only 20 per cent were full grown. At this time the mature stem 
mothers were on the underside of the leaves; none were remaining on 
the fruit stalks. On March 28 virtually all stem mothers on forward 
trees were mature; on most backward trees 50 per cent were still im- 
mature. By April 5 no more immature stem mothers were found. 

Five stem mothers raised on potted Myrobalan seedlings developed 
in from 13 to 17 days. This time is perhaps less than in the average 
orchard, since the quality of food available for the newly-hatched 
aphid is often poor, while the seedlings were well in leaf at the time 
the experimental eggs hatched. It should be stated that the tempera- 
ture in 1916 during the first part of the development of the stem 
mother was higher than usual for that time of year. 

REPRODUCTION. 

The stem mothers deposit on an average about 4 young a day 
during a period of from 3 to 5 weeks. The rate of fecundity rises 
rapidly at first, maintains an even zenith for some three weeks, and 
then rapidly declines. Stem mothers may live for as long as three 
weeks after they have deposited their complement of young. 
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THE MEALY PLUM APHIS (HYALOPTERUS ARUNDINIS) 

uf. Enlarged. 2 of le LC t surf aphids on lower Colony of 
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THE MEALY PLUM APHIS. 

Infested plum foliage. 
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THE SPRING FORMS. 

Six wingless generations, in the maximum-generation series, were 
bred from April to June during 1916. An unusually hot wave oc- 
curred June 6, and killed all of the individuals of the seventh and 
eighth generations in the cages. It has been determined, however, 

that wingless generations may persist on the winter hosts through 
the summer as late as September, but apparently they can not pro- 
duce true sexes. In the maximum series all second-generation indi- 
viduals were wingless, in the third generation 1 out of 29 was 
winged, none of the fourth or fifth generations were winged, while 
the majority of the sixth and seventh generations were wingless. All 
the individuals in this series were bred on Myrobalan plum. 

SPRING WINGLESS FORMS. 

DESCRIPTION. ‘ 

Newly hatched.—Pale yellowish-green; eyes dark red; rims of cornicles 

dusky. Appendages hyaline greenish-white. Form elongate oval. 

Antenne 5-jointed, half as long as body. Comparative measurements as fol- 

lows: I, 0.03 mm.; II, 0.025; III, 0.11; IV, 0.06; V, 0.175 (0.05 plus 0.125). 

Beak reaching third coxe, 0.22 mm. long; cornicles wartlike, 0.025 mm. long. 

Style rounded. Length of body, 0.50 mm.; width of body, 0.22 mm. 

In the first instar the general color darkens, but it is never as dark as 

that of the stem mother; the tarsi, last antennal joint, and tip of beak become 

dark grayish-black. After the first molt a conspicuous ‘‘ meal” is secreted. in 

four longitudinal rows of circular areas on the body dorsum. This “meal” is 

more abundant on the first and fifth abdominal segments than elsewhere. The 

three longitudinal green stripes described in the stem mother appear less dis- 

tinct in later generations. After the second molt the body is elongate oval. The 

aphids have a carinated appearance following each molt. 

Adult —Light green; eyes dark red to black; antenne pale hyaline green, 

apex gray; legs hyaline greenish-white, tarsi and tibial apices gray; cornicles 

somewhat dusky in apical half; cauda light greenish-white. Beak pale, tip 

blackish. “Meal” as in larva, increasing with age of insect. Form elongate 

oval. 

Antenne on frontal tubercles, 6-jointed, two-thirds as long as body; com- 

parative measurements as follows: I, 0.085 mm.; II, 0.075; III, 0.89; IV, 0.24; 

V, 0.225; VI, 0.445 (0.105 plus 0.340). In later generations filament of VI is 

longer in proportion than in earlier. Beak reaching second coxe, 0.30 mm. 

long. Cornicles imbricated rather inconspicuously, constricted near base, some- 

what enlarged in middle, mouth not flaring; length, 0.115 mm. Cauda ensiform, 

0.17 mm. long. Body length, 2.2 to 2.8 mm.; width, 1.2mm. Small, pale, blunt 

lateral tubercles occur on the prothorax and on each abdominal segment. Body 

armed with very few hairs. 

DURATION OF NYMPHAL STAGES. 

Records of the development of the wingless forms were made both 
on caged trees and in the orchard. Myrobalan and Agen (/’rench) 
prunes were used for hosts. The development was similar on both 

~ 
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hosts, the aphids being retarded on weaker trees. The instars occu- 
pied, on the average, equal periods of time, except that the fourth was 
slightly shorter than any one of the others. 

Forty-five individuals of the second generation were observed dur- 
ing the period March 27-May 4, the majority developing during 
the period March 80-April 22. ,The average growing period was 12.6 
days, the maximum 18, and the minimum 10. 

Between Apri! 11 and May 30, 34 third-generation wingless in- 

dividuals developed in an average of 11.8 days, the maximum and 
minimum periods being, respectively, 18 and 9 days. 

Individual records of generations 4 to 7 were made chiefly from 
the maximum-generation series and might be grouped best in tabular 
form as follows: 

TABLE I.—Development of spring wingless generations of the mealy plum aphis. 

Walnut Creek, Cal., 1916. 

Developmental period. 

Number 
Genera-) Dates included. | of indi- 

z viduals. hone Maxi- Mini- 
se. mum mum. 

Days. Days Days 
TV ....| Apr.23-May 16 10 9.9 | | 
(Mays) ce May 3-May 18 27 41.1 14 10 
VI_...| May 14-May 27 30 12.7 16 11 
VIL...| May 26-June 3 10 110 11 9 

1June 7, five fourth-instar wingless individuals died because of an excessive heat wave. 

Had these matured, the average developmental period would have been slightly length- 

ened. 

MAXIMUM AND MINIMUM GENERATIONS. 

A maximum-generation series of first-born aphids (wingless) is 
shown in the table following: 

Tasrm Il.—Development of maximum-generation series of the mealy plum aphis. 

Walnut Creek, Cal., 1916. 

Genera- Date of | Develop- tion of | Date of By divide bohicth! fourth | mental 
il molt. period. 

Days 
tale pain 5 Mar. 11 | Mar. 28 1 

Bees Mar. 30) Apr. i1 12 
IW aise Apr. 11 | Apr. 23 13 
TVS: Apr. 23 | May 3 10 
Wisasces May 3] May 14 il 
Wilewsce May 14 | May 26 12 
VII....| May 27| June 6 9 

Thus in the space of 114 weeks seven complete generations occurred. 
Had it been possible to have continued the series until winter, cer- 
tainly 10 more generations would have been produced. The adults 
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usually deposit young within a very few hours after shedding the 
final skin. 
A minimum-generation series of last-born aphids is indicated 

below: 

TABLE 111.—Development of minimum-generation series of the mealy plum aphis. 

Walnut Creek, Cal., 1916. 

Genera- s Date of | Develop- 
tion of | Date of | fourth | menta 
sada: birth. molt. | period. 

Taso tcc| boeken eee Mars Sisles ose. 5.5 
WELLE See are 21| May 3 12 
Tse ay 29| June 11 13 
TVS eee July 1) July 12 il 

These four generations were completed in about four months, or 
over a month longer than the seven generations of the first-born 
series. 

The period of reproduction as indicated in the foregoing table 
varied from 20 to 26 days. 

REPRODUCTION. 

Observations were made on the reproduction of individuals of 
wingless generations 2 to 5 inclusive. Adults of the second genera- 
tion, for a total reproductive period of from 4 to 5 weeks, averaged 
about 4 young daily, producing the first three weeks a daily average 
of 6 young. The later generations were less prolific, fourth and 
fifth generation individuals not averaging above 24 young per day. 
Ten young were deposited within 24 hours on several occasions, but 
on no occasion was this number exceeded. The rise and decline in 
fecundity was in the main similar to that found in the case of the 
stem mother. 

HABIts oF SPRING GENERATIONS. 

The aphids of the second generation, when newly born, dispose 
themselves in groups, close by the parent, on the underside of the 
leaf. After the first molt many remove to other leaves and this is 
the beginning of the migration from leaf to leaf and branch to 
branch. Second-generation larvee and adults prefer to suck the 
rib tissues of the leaf. Owing to the rapidity of reproduction and 
consequent crowding, the aphids of later generations have little choice 
of location and feed at any point on the lower surface of the leaves 
or on petioles. If the lower surface of a leaf is entirely occupied 
many larve will be found feeding on the upper surface, in some 
cases apparently in preference to seeking other less crowded leaves. 
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In 1916 infested prune leaves began to curl at the beginning of 
April, such leaves having one or more colonies of adult stem mothers 
and first-instar young. As April progressed the leaf-curl became 
more and more pronounced and the colenies increased rapidly. 

About the middle of the month the most heavily infested leaves 
began to have a yellowish appearance in the form of blotched areas 
at the points where the aphids were most abundantly settled. On 
April 21 a few leaves were found to have their under surfaces quite 
covered with feeding aphids, and at the end of the month such leaves 
were SUL while twigs and limbs were covered with a sticky 
“honeydew,” and here and there young fruits, were coated with this 
substance. During May and June this condition was greatly aggra- 
vated in the orchards examined. 

The spring winged form first appeared April 21, and throughout 
May and June increased in numbers, and after the middle of May 
there was a corresponding decrease in the numbers of wingless adults 
produced. By July 1 the mature wingless individuals had dimin- 
ished greatly in quantity and thereafter their numbers dwindled so 
that by the middle of August none were to be found. In no instance 
in 1916 was an infestation prolonged beyond this date, but in 1914 
in the same locality a small but vigorous infestation occurred through- 
out September, later becoming annihilated by natural enemies. 

In the rearing cages it was found that the transfer of newly born 
young was very frequently attended by the loss of the insect, and 
in most cases the adult was transferred when it was desired to make 
observations on a new plant. Several transfers of larve and adult 
wingless individuals from plum to apricot failed, while others re- 
sulted successfully. Infested apricot leaves did not curl as badly 
as those of prune and plum. 

THE SPRING MIGRANT. 

DESCRIPTION. 

In the first three instars the nymphs of the migrants do not differ from those 

of the wingless spring form, except that the third-instar individuals are some- 

what narrower. 

Pupa.—tLight green; eyes dark red; tarsi and apex of beak dark gray. On 

the body ground color is superimposed a narrow dorsomedian stripe of darker 

green. Thorax broadened to twice the width of the prothorax. Wing pads 

yellowish white. Body with pruinose covering as in wingless nymph. 

Adult.—Light green; eyes red; antennez light gray, basal portion of third 

joint hyaline yellow; head, thoracic lobes, and sternum dark grayish black; 

scutellum yellowish brown; prothorax, sides of thorax, and wing insertions 

greenish yellow; wings hyaline, stigma and veins gray; legs pale greenish yellow, 

apices of tibiz and the tarsi dusky gray; abdomen and style pale green or 

greenish yellow; cornicles pale at base, dusky at apex. Beak pale, extreme tip 

dusky. 

Form elongate, the abdomen with parallel sides. 

The dorsum and sides are covered with white pruinose “ meal,” on the ab- 

domen the “meal” occurring in transverse bars. 
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Antenne four-fifths as long as body, on frontal tubercles. Comparative 

measurements as follows: I, 0.08 mm.; II, 0.06; III, 0.405; IV, 0.26; V, 0.21; 

Vi, 0.48 (0.0 plus 0.88). Beak reaching a little beyond anterior border of 

mesosternum, 0.26 mm. long. Wings 2.5 mm. long. Cornicles faintly imbri- 

eated, shorter than in wingless female, barely twice as long as broad at base, 

slightly constricted near base, in length 0.08 mm. Style ensiform, 0.15 mm. 

long. Length of body, 1.61 to 2 mm.; width, 0.66 mm. 

Lateral tubercles as in wingless form; first antennal joint somewhat gibbous. 

Sensoria.—On III, 28 to 30; on IV, 4 to 10; on V, 1 to 2; on VI, usual apical 

group. Sensoria of unequal size, not at all arranged in longitudinal rows, but 

rather in spirals. 

DURATION OF NYMPHAL STAGES. 

Eight winged spring migrants developed in an average of 144 days, 
the developmental period ranging from 13 to 18 days. The winged 
form therefore develops more slowly than the wingless, due to the 
increased duration of the fourth instar. 

REPRODUCTION. 

The migrants commenced to reproduce on the cat-tail rush (Typha) 
a few days after they settled. In many cases migrants were found to 
settle, remain for several days, and finally die without reproducing 
and only a small percentage of those settling reproduced. Most of 
them remained a few days and then departed. Spring migrants in 
only one instance out of 76 deposited young on caged plums. In this 
instance the three young born refused to feed on the plum (Myroba- 
Jan). in this connection it might be said that all attempts to induce 
wingless forms of earlier generations to settle on Typha failed. Mi- 
grants placed in small dishes and provided with plum and cat-tail 
foliage in no instance deposited young and in extremely few instances 
did migrants placed on cat-tail deposit young. Unfortunately it was 
not possible to obtain Phragmites for similar tests. 

The migrants may remain on the winter host foliage for several 
days before taking flight, especially if the weather be cool and cloudy. 

Field observations indicated that the migrants produced young 
at the rate of about five every two days at first, and later at a slower 
rate. On Typha it appeared that the maximum number of young 
per migrant rarely exceeded 20 and, discounting all migrants which. 
failed to deposit, averaged not much over five. This must have been 
abnormal, as examination of individuals disclosed the presence of 
many more embryos than were extruded. It is possible that Typha 
does not prove an invigorating food for the migrant and this point 
is perhaps elucidated below in the paragraphs on migrations. 

MIGRATIONS. 

Phragmites and Arundo have long been known as alternate hosts 
of the mealy plum aphis; in fact the species has been described as 
new from both of these hosts. In California enormous infestations 
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have been observed on the former in swampy regions, sometimes 
removed many miles from any winter hosts. On the other hand, 
Typha grows in abundance close to prune orchards and yet, con- 
sidering the enormous production of spring migrants throughout 
May, June, and July, the later infestations on near-by Typha are in 
the aggregate exceedingly small. The writer has seen clumps of Typha 
latifolia, growing not 30 feet from prune trees on each of which 
thousands of winged forms were being developed, receive only a 
few dozen migrants and perhaps have not over 6 out of 100 blades 
colonized by their progeny. It is true that when once established 
a colony on Typha increases rapidly, but it is also evident that the 
migrant fails to do justice to her reproductive capabilities on this 
plant. 

That the migrants fly long distances to seek their alternate hosts, 
especially Phragmites, is the conviction of the writer. 

The spring migrants settle on Typha near the apex of a strongly- 
growing blade and station themselves parallel to its long axis. The 
wingless forms later take up this same position. After the migrants 
have extruded a few young the whitish meal is excreted in greater 
abundance. On Phragmites the colonies are similarly disposed. On 
three occasions the writer observed heavy summer infestations on 
the reed Phragmites communis L. On July 5, 1917, along the banks 
of the San Joaquin River about 15 miles west of Stockton, Cal., this 
plant was heavily attacked. Among the colonies occurred a few 
pupe and winged forms of a winged summer form. Zypha latifolia 
growing among the infested reeds was not attacked. On August 
13,1917, at Benicia, Cal., clumps of reeds growing in swampy ground 
near San Francisco Bay bore heavy infestations of the aphis and 
the summer winged form was abundant. Plants of Typha grow- 
ing among the clumps of Phragmites were sparingly infested. On 
May 15, 1918, heavy infestations were observed on Phragmites com- 
munis growing on the west shore of the Salton Sea, in southern 
California. ; 

These observations indicate that Phragmites is the preferred 
summer host plant. 

The summer winged aphids serve to distribute the species among 
the reeds. They do not differ in appearance or structure from the 
spring migrants produced on the winter hosts. 

Fall migrants appeared both in 1915 and 1916 on Typha about 
October 15, and continued until the end of November. Males ap- 
peared the last week of October and throughout November. The 
small yellowish pup of the latter are easily distinguishable on the 
cat-tails from the green pup of the fall migrant. Mature fall 
migrants remained on the summer host for a day or two —_ 
departing. 
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Although migrations from Typha were traced with apparent cer- 
tainty in the fall of 1915, in the following year so few fall migrants 
were produced on local Typha under observation that they were out 
of all proportion to the great numbers of winged forms which began 
to appear in the prune orchards near Walnut Creek toward the end 
of October, and it was certain that the great majority of migrants 
were coming from a considerable distance. 

THE SUMMER WINGLESS FORMS. . 

DESCRIPTION. 

Newiy hatched.—Similar to that of spring wingless form, but more yellowish. 

Form elongate. 

Adulf—in color similar to those of spring wingless, but smaller in size and 

narrower in shape. 

Antenns about two-thirds body length. Comparative measurements as fol- 

lows: J, 0.08 mm.; II, 0.045; III, 0.26; IV, 0.16; V, 0.155; VI, 0.40 (0.08 plus 

0.32). Beak eeohtag second cox, 0.26 mm. long. Cornicles more cylindrical 

than in spring wingless form, inconspicuously imbricated, 0.07 mm. long. Style 

0.135 mm. long, shaped as in spring wingless form. Length of body, 1.6 to 2 

mm.; width of body, 0.65 mm. 

Measurements from specimens of what appears to be H. arundinis collected 

in April on Arundo in Peru by Mr. E. W. Rust were noticeably greater, but simi- 

lar in proportions. 
The lateral tubercles are inconspicuous. 

DURATION OF STAGES. 

Eighteen first-generation (progeny of migrant) individuals in the 
period May 29-August 20 matured on Typha in an average of 14.6 
days, the period of growth ranging from 12 to 18 days. Between 
June 17 and July 30, 15 aphids of the second and third summer gen- 
erations developed in an average of 15.8 days, with a range of from 
9 to 18 days, while 17 fourth-generation individuals developing 
between July 26 and August 27 averaged 12.2 days, with a range of 
from 9 to 16 days. Aphids maturing in September developed in an 
average of 14 days. All the individuals recorded above were wingless. 
There is apparently a maximum of as many as 10 wingless summer 
generations and a mimimum of 3. Molts occurred about as in the 
spring wingless forms. 

HABITS OF SUMMER WINGLESS FORMS. 

Colonies are located on both sides of the blades, chiefly on the outer 
half, occasionally on the basal half of the leaf. In September, 1915, 
several colonies of over 200 wingless individuals were observed on 
single blades of Typha at Walnut Creek, and about the end of this 
month the aphids reached their maximum abundance. This latter 
condition was repeated in 1916, although the colonies were never as 
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large as the year previous. As has been noted, the aphids lie parallel 
to the length of the blade. They move off at slight disturbance and 
much difficulty was experienced in transferring individuals, owing to 
their failure to settle on a new plant. 

Toward the end of October the blades frequently turn yellow, 
causing the aphids resident thereon to assume a straw-colored ap- 
pearance. 

The aphids frequently deposit a little circle of “meal” around 
them on the surface of the blade, a habit similar to that practiced on 
the same host by a species of white fly. On leaves of Phragmites the 
aphids congregate in large masses on both surfaces, lying parallel to 
the long axis of the leaf. The central portion of the leaf is colonized 
first and as the colony increases in numbers the infested area ap- 
proaches the margins. 

THE FALL FORMS. 

There are three fall forms—the fall viviparous migrant, the male, 
and the sexual oviparous female. The first two fly to the winter 
hosts, after which the viviparous migrants deposit the sexual ovipar- 
ous females. 

FALL MIGRANT. 

DESCRIPTION. 

The immature stages do not differ materially from those of the spring mi- 

grant. 

The adult insect, aside from being slightly smaller and having the antenne, 

legs, and style more dusky, is similar to the spring migrant. Form elongate. 

Antenne on somewhat gibbous frontal turbercles, about two-thirds as long as 

the body. Comparative measurements as follows: I, 0.07 mm.; II, 0.06; ITI, 

0.39; IV, 0.235; V, 0.175; VI, 0.48 (0.10 plus 0.38). Beak reaching a little be- 

yond anterior border of mesosternum, 0.26 mm. in length. Wings 2.6 mm, in 

length. Cornicles shaped as in spring migrant, 0.075 mm. long. Style ensiform, 

0.16 mm. long. 

Sensoriation and tubercles as in spring migrants. 

REPRODUCTION AND HApBIitTs. 

The migrants normally locate on the underside of the leaves (of the 
winter host), but those that arrive latest in the season often find the 
leaves blown off by winds and perforce settle on the twigs. Fre- 
quently they feed for several days before producing young. In ex- 
perimental cages inclosing Agen (French) prunes and Myrobalan - 
plums 14 was the highest number of young laid by a single migrant, 
and the average was about 8 (excluding about 20 per cent of the indi- 
viduals which died without bearing progeny). The migrants were 
more prolific on Agen (French) prunes than on Myrobalan plums. 
In the field it appeared that from 12 to 35 young sexual females are 
produced normally, with an average of about 20, on French prunes. 
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The young were produced within about 12 days (in the cages mostly 
within 7 days) and at a rate of from 2 to 3 a day. The migrants, 
after they had extruded their complement of young, remained settled 
for as long as two weeks. 

MALE AND OVIPAROUS FEMALE. 

MALE. 

DESCRIPTION. 

Pupa.—wNoticeably smaller than that of the fall migrant, light yellow in color; 

eyes dark red; tarsi and distal antennal joint dusky gray. Form elongate. 

Adult.—Light clay yellow ; head, antenns, prothorax, thoracic lobes, scutel- 

lum, legs, cornicles, and Style brownish-black ; eyes dark red; stigma light green- 

ish-gray ; veins of wings brown; abdomen with a dorsomedian longitudinal row 

(segments 1 to 5 inclusive) of subcircular gray spots, similar lateral spots on 

segments 1 to 8 inclusive, and with cross bars of similar color on segments 6, 7, 

and §; genital plate and organs dark gray; beak pale yellow, tip brownish black. 

The male is almost devoid of “ meal.” 

Antennz on gibbous frontal tubercles, three-fourths the length of the body; 

comparative measurements as follows: I, 0.08 mm.; II, 0.07; III, 0.88; IV, 0.25; 

V, 0.23; VI, 0.46 (0.09 plus 0.87). Wings 2.3 mm. long. Cornicles vase-shaped, 

narrowed close to base, faintly imbricated, 0.085 mm. in length. Style conical, 

0.10 mm. long. Beak reaching a little beyond anterior mesosternal border, 0.30 

mm.long. Length of body, 2.05 mm., width, 0.68 mm. 

Circular sensoria are distributed along the antennal joints much as in the 

spring and fall migrants. They are much more numerous, there being from 38 

to 53 on III, 19 to 29 on IV, 9 to 18 on V, and the usual apical group on VI. 

¢ 

OvIPAROUS FEMALE. 

DESCRIPTION, 

Newly hatched.—Light green, appendages hyaline; eyes red. Ferm oval. 

The immature females are bright green with a very scant covering of ‘‘ meal.” 

Adult.—Greenish yellow; eyes dark red; distal half of antenne, cornicles, and 

tarsi gray; beak pale yellow, tip brown. The coating of “meal” is not so 

conspicuous as in the earlier forms, in this respect resembling the stem mother. 

Form elongate oval, rather flat. 

Antennz not quite half as long as body, comparative measurements as fol- 

lows: I, 0.06 mm.; II, 0.035; III, 0.145; IV, 0.06; V, 0.085; VI, 0.245 (0.05 plus 

0.195). Beak reaching second coxe, 0.25 mm. long. Cornicles cylindrical, twice 

as long as wide at base, faintly imbricated, 0.05 mm. long. 

Style conical, 0.08 mm. long. Length of body, 1.18 mm.; width, 0.52 mm. 

The thickened hind tibize bear a large number of small circular sensoria. 

NYMPHAL STAGES. 

For the male the nymphal stages were not observed closely, this 
form having been very rare on the cat-tails in 1916. From such 
observations as took place it appears safe to say that both males and 
fall migrants develop in about three weeks. The development of ovip- 
arous females was observed in 1916 on both Agen (/’rench) prunes and 
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Myrobalan seedlings.. Within the period October 20-November 23,40 
oviparous females matured in an average of 19.1 days, the period 
of development ranging from 16 to 22 days. On Myrobalan plum 
the development was slightly slower than on Agen (french) prunes. 

HABITS AND OVIPOSITION. 

The females feed normally on the under surface of the leaves, but 
occasionally also on tender stalks, especially of sucker growth. The 
males frequently arrive before the females are mature and settle 
down beside the immature aphids. Copulation takes place very 
soon after the female casts her fourth skin, and a male may copulate 

with more than one female. As the males are much less abundant 
than the females this practice is probably common and was often 
noticed in the cages. Toward the middle of November, 1916, large 
numbers of immature females were blown off the trees by winds and 
perished. In some orchards this only thinned out the infestation to 
a small degree, as plenty of mature females had been observed previ- 
ous to the coming of the high winds, but in others wherein the sexes 
were not so advanced it destroyed the majority of the aphids. The 
oviparous females bear only a scant coat of “meal” and may be 
easily confused in the orchard with those of Phorodon humuli 
Schrank and Aphis cardui Linneus, both of which are contempo- 
raneous with arwndinis. They are less likely to be confused with the 
plump reddish-brown oviparous form of Rhopalosiphum nympheae 
Linneeus, : 

As a rule the female commences oviposition within 24 hours of 
copulation, but this was delayed in some cases as long as 5, and in 
one instance 10 days. In cages never more than 2 eggs, and more 
often only 1, were laid in one day by a single aphid. 

Sixteen females laid an average of 4.1 eggs in the period Novem- 
ber 9—-December 18. In the early part of this period the average was 
6, while toward the end it was 3.5. Not over 7 eggs were deposited 
by one female. There was a marked tendency to deposit the eggs 
over a long period—as much as three weeks—and the females after 
depositing an egg or eggs on the stems generally returned to the leaf, 
remaining there until the time for the deposition of the next egg. 
The females usually died within a week of depositing their last egg, 
but in some cases lived longer, and one aphid lived beyond three 
weeks. It appeared, however, that those that persisted had not rid 
themselves of all their ova, as they did not have the shrunken ap- 
pearance of sterile aphids. 

NATURAL ENEMIES. 

The mealy plum aphis, both on winter and summer hosts, is preyed 
upon by a large series of natural enemies. As early as March 17, 
1916, a few eggs of Syrphidae and Chrysopidae were observed de- 
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posited near the growing stem mothers on plums, Throughout April 
lampyrid beetles (Podabrus comes Le Conte, P. binotatus Le Conte 
var., and Zelephorus divisus Le Conte) appeared locally. During 
May syrphus-fiy larvee (especially Catabomba pyrastri Linneeus) and 
ladybird adults and larve (especially Hippodamia convergens 
Guérin) abounded, as did also a few hemerobiid larve. Nevertheless 
these predators made little apparent headway in reducing infes- 
tations. 

Observations made in June, 1915, indicated that Hiypodamia con- 
vergens was by far the most beneficial of the ladybirds. 

The Typha colonies were preyed on by the larve of Syrphus; those 
on Phragmites by beetles of the Hippodamia group and by Leucopis 
larve: and late in the fall the sexual females were attacked by syr- 
phids and Triphleps. 

Internal parasitism in the writer’s opinion is of very rare occur- 
rence. Occasionally he has observed parasitized specimens in nature. 

CONTROL SUGGESTIONS. 

There are two especially vulnerable periods in the annual life cycle 
of the mealy plum aphis—one in early spring when the stem mothers 
are growing and the other in late fall when the sexual females are 
developing on the winter hosts. Unfortunately at these two periods 
the enemies of the aphis are very scarce, but the aphis itse!f is more 
easily destroyed than at other times by artificial substances. Both the 
stem mothers and the oviparous females have a scant protective cover- 
ing of “ meal” and both live for the most part on exposed surfaces of 
the plant, whereas the aphids of the spring and summer generations 
bear a comparatively thick coating of meal and live in great part in 
curled foliage. Contact insecticides, which have little effect on aphids 
ot the intermediate generations, easily destroy the stem mothers and 
the egg-laying females. 

SUMMARY. 

The mealy plum aphis in California is a decided pest of plums, 
prunes, and, to a lesser degree, apricots. Besides devitalizing the 
trees it causes small-sized fruits and early drops, and is probably con- 
cerned in a measure with apical cracking of prunes. 

In 1916 winter eggs hatched between March 4 and 18 and early 
stem mothers began reproduction about March 20. It appeared 
that normally from 3 to 5 generations were raised on the winter 
hosts, but rarely series of wingless generations persisted until the fall. 
The aphids of the earlier generations were mostly wingless like the 
stem mothers, and the individuals of the later generations mostly 
winged, and after the middle of June virtually all the insects pro- 
duced developed wings. 
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Migration to the summer hosts, Phragmites and Typha, began the 
last week in April and continued until August, the great body travel- 
ing in early June. On these hosts about 10 generations took place, 
continuing up to November. The vast majority of aphids to be found 
during the summer were wingless, but winged parthenoparous indi- 
viduals were also produced on the summer host plants and these 
served to distribute the species among these plants. About the middle 
of October and for six weeks succeeding, winged sexuparous migrants 
and winged males were produced and these flew to the fruit trees 
whereon the sexuparae proceeded to deposit sexual females. The 
sexes were most abundant during the forepart of November, and 
were to be found as late as the middle of December. 

Oviposition took place throughout November and December. the 
majority of ova having been placed before December 10. 

The foregoing data are based on observations made at Walnut 
Creek, Cal., between August, 1915, and December, 1916. 
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SOME ASPECTS OF THE COLD STORAGE BUSINESS. 

The preservation of eggs by means of cold renders one of the most 
important of the perishable foods available at all times. According 
to Holmes,’ about 50 per cent of the egg crop is produced during 
the months of March, April, May, and June, and 86 per cent of the 
eggs held in storage are stored in March, April, and May. During 
these cool months the eggs are the freshest and most desirable for 
storing. According to a statement issued by the Bureau of Markets, 
April 15, 1918, 478 warehouses, which report holdings of eggs in 
cold storage, are fairly well distributed over the United Sates 
The March 11, 1918, summary report, issued by the Bureau of 
Markets, shows that a total of 6,595,850 30-dozen cases, valued at 

$70,487,212, were stored in 396 houses during the season of 1917-18. 
These figures, although lower than the actual amounts, due, as men- 
tioned in the reports, to the failure of a few houses to forwat d state- 

1 The work covered in this alist was done in the Bureau of Cc she mistry. Tn the future, the market- 
ing phases of the Department’s work on poultry and eggs will be conducted by the Bureau of Markets, 

under 4 cooperative arrangement with the Bureau of Chemistry. 
2U.8. Dept. Agr., Statistics Bul. 93. 

99369°—19—B ull. 775——-1 
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ments of their holdings, give a fair approximation of the extent and 
value of the business. 

The deliveries in appreciable quantities of eggs from cold storage 
begin in August, continue in increasing amounts during the fall and 
early winter months, and gradually decrease from this period until 
the first of March, when there are but few, or practically no eggs 
left in storage in normal seasons. For example, during the season 
of 1916-17 57.7 per cent of the holdings were left in storage on 
November 1, 34.2 per cent on December 1, 13.8 per cent on January 1, 
2.1 per cent on February. 1, and 0.1 per cent on March 1.1 These 
statistics agree with those collected by Holmes? several years earlier. 
The increase in consumption of cold storage eggs during the winter 
corresponds to the marked decline in egg production during that time. 

PURPOSE OF THE INVESTIGATION. 

Although a number of publications discuss the losses in eggs which 
follow the routine course of marketing without the intervention of 
cold storage,*? comparatively few data, showing the changes and losses 
in different grades of eggs handled according to commercial usages 
during various holding periods in cold storage, are available. This 
investigation was made primarily to determine the efficiency of the 
preservation of commercial eggs by cold storage. The following 
phases of the problem were studied: 

(1) The relative keepmg quality of fresh, heated, sound, dirty, 
and cracked eggs. 

(2) The relation of the month of storage to preservation. 
(3) Efficiency of the commercial grading of eggs for cold storage. 
(4) Analysis of bad eggs developing in commercially packed eggs 

during storage. 
(5) Relation of care in initial grading to the development of bad 

eggs during storage. 
(6) Rate of evaporation of moisture from eggs. 
(7) Rate of absorption of moisture by case and fillers. 
(8) Physical and chemical changes in eggs during storage. 
(9) Absorption of foreign flavors during storage. 

GENERAL PLAN OF INVESTIGATION. 

The eggs used in these observations were produced in the Corn 

Belt States of the Middle West, with the exception of a few lots 
which came from Kentucky. They were shipped East in refrig- 
erator cars, and were from three to seven days en route. As soon 

i Report of the Bureau of Markets issued Apr. 1, 1917. 

2U.S. Dept. Agr., Statistics Bul. 93. 
3U.8. Dept. Agr. Buls. 51, 224, 664; U. S. Dept. Agr., Bur. Chem. Cires. 83, 104; U. S. Dept. Agr., Year- 

beok (1910) Article 552, and Yearbook (1914) Article 647. 
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as received they were transferred to a commission house equipped 
with chill rooms, a candling and breaking room, all of which were 
refrigerated. Here the observations were made before the eggs were 
stored, as well as on removal from storage at various intervals during 
the storage period. The examination of the different classes of eggs 
to determine the relative deterioration consisted in determining the 
quality of the eggs in the shell by candling and out of the shell by 
appearance, odor, and chemical analysis. It was necessary to grade 
the eggs after they were opened because there are certain classes 
of bad eggs that can not be recognized and others which are fre- 
quently missed by grading in the shell. The method of separating the 
edible and inedible eggs by candling? and breaking * was the same 
as that followed commercially in up-to-date candling and breaking 
rooms. The inedible eggs detected by candling correspond to those 
found by the dealers in grading eggs for market, and the bad eggs 
detected by breaking represent those that would be found when 
the eggs were opened by the consumer. Samples for laboratory 
examination were taken from the liquid product obtained on mix- 
ing the eggs graded as edible. Observations were made on 9 lots 
which were received and stored in New York City, and on 12 
lots delivered to and stored in Philadelphia. The eggs were stored 
at a temperature of from 30° to 33° F. in rooms used commercially 
for the cold storage of eggs in the shell (Pl. I). During this inves. 
tigation 841 30-dozen cases of eggs of varying grades were exam- 

ined before and after stormg. The history of the different lots 
under observation is reported in detail in Table 1. 

= 

1U. 8. Dept. Agr. Bul. 702. 2U.S. Dept. Agr. Bul, 565. 8U. S. Dept. Agr. Bul. 391. 
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PRESERVATION OF EGGS BY COLD STORAGE. 5 

RESULTS OF THE INVESTIGATION. 

EFFECT OF CONDITION OF SHELL UPON PRESERVATION. 

The losses in commercial fresh eggs with clean, sound shells were 
found to be negligible during a storage period of 11 months. In the 
experiment reported in Table 2 and figure 1, the bad eggs detected by 
eandling and breaking did not amount to more than five eggs per case 
at any time during the storage period. The principal types of bad 
eges found were green whites, crusted yolks, moldy eggs, mixed 
rots, and white rots (Table 3). The first two types mentioned are 
characteristic of washed eggs after stormg. Unfortunately it is not 
possible to detect all washed eggs by inspection of the shell before 
storing. 

Tf the shell of a fresh egg is dirty its liability to spoilage during 
holding in cold storage is markedly increased. A typical lot stored 
in April showed on monthly withdrawals from storage from Septem- 
ber to March, inclusive, from 12 to 30 bad eggs per case by candling 
and from 10.5 to 29 additional by breaking (Table 2 and fig. 1). 
Among commercial dirty eggs are found eggs soiled with feces, mud, 
and blood, as well as stained eggs showing evidence of having been 
washed or having come in contact with the wet, muddy feet of hens 
or wet nests. Bacteria and molds can penetrate wet shells, even 
though unbroken, and cause the egg to rot. Moldy eggs, green 
whites, crusted yolks, mixed rots, white rots, and black rots are the 
principal varieties of bad eggs among dirty refrigerator eggs (Table 3). 

Tt is generally known that eggs with damaged shells will not keep 
in storage. This is strikingly shown in Table 2 and figure 1. The 
most common form of deterioration of the cracked egg is through 
molding, which, in stocks stored in spring, becomes pronounced in 
September and October, and increases throughout the storage period 
(Table 4). The bad eggs developing in cracked eggs stored in April 
and May varied, as found by candling and breaking, from 44 per 
case in September to 144 per case in March. If the shells were. 
dirty in addition to being cracked, the losses were greater, amounting 
in eggs stored in April and held until December to as high as 211 to 
the case as found by candling (Table 2 and fig. 1). These observa- 
tions were made on damaged eggs present in first-grade commercial 
packages through oversight or carelessness during the initial sorting 
of the eggs for storage. The losses found would have been higher 
had the observations been made on cases containing only cracked 
eggs, for the mold growing on one egg readily spreads to other broken 
eggs (PI. II). 

These studies emphasize the importance of selecting only eggs with 
clean, sound shells for storing. 
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BAD L668 PER OASE 

BULLETIN 775, U. S. DEPARTMENT OF AGRICULTURE. 

BAD 7x CGS BY CANDLING AWD: BREAN 
—-—— GAD £6GS BY CANOLING 

BR/MNES: 
LY FLUKE 

g d ; N : 5 

Be < Q Ss e 

Fig. 1.—Effect of condition of shell upon preservation of fresh eggs. 
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Bul. 775, U. S. Dept. of Agriculture. 

Upper layer. 

: J 

‘Ge 

1 | . 
| ei 

| 

a 

Lower layer. 

CONTAMINATION OF NEIGHBORING EGGS BY A MOLDING LEAKER. 



PRESERVATION OF EGGS BY COLD STORAGE. 9 

RELATION OF QUALITY TO PRESERVATION. 

The initial quality of the eggs influences to a large extent their 
preservation by cold storage. Stale, weak, and hatch-spot eggs, 
which are only too plentiful in eggs marketed in the summer, lose 
heavily after a few months holding in cold storage. In the experi- 
ment cited in Table 5 and figure 2, the stale and heated eggs stored in 
July developed comparatively few bad eggs up to September, but 
from then until the end of March the loss was from 13.5 to 24 eggs 
per case by candling, with 9.5 to 19 additional by breaking. The 
number of bad eggs developing may be higher or lower than that 
found in this experiment, depending upon the degree of deterioration 
before the eggs entered storage. The most frequent types of bad 
eggs present in heated stock after storing are those with slightly 
stuck or broken-down yolks in various stages of addling. These eggs 
in the early stages are a form of mixed rot and are classed as such in 
Table 3. 

TaBLE 5.—Relation of quality of clean eggs to preservation. 

Fresh eggs with clean, | Stale and heated eggs Stale and heated eggs 
sound shells. with clean shells. with damaged shells. 

| Bad eggs per Bad eggs per Bad eggs per 
Month of withdrawal. | case. case. case. 

Eggs Eggs Eggs 
ob- |_| ob-_ |—{ ——~——_| ob- 

served.| Gan. | Break-|S°VCd-| Gan. | Break-|S°VC4-| Can- | Break- 
dling. | ing. dling. | ing. dling. | ing. 

AST | ET. Bd... 1,026 0 (aya. FE ae Nae Ee Be GE Sa | al Se ar 
Oe ee ifn ae) a | re pore ~ ni | ee ce fle ni eremnne | are seu e rel eaeestoma ee cae ees Saesaheded Beane see 
Up ek RA ok ae ee OAS ER ES ee NS 1 EG ES See ee ee Ee eae e | eS Oe ih aS ie eo 
“OE nag Ses DLS SSE (Rec Me CAST HS 977 0 0 90 0 4 
rary a) Dae eee (ecg esa 9 Vou yy rnags 949 8 4 104| 58 3.5 
SEAHEC. 50 ee oN: 710 0 2.5 938 6 9 106 64 20.5 
Mrtaper Syyiite sabre o: 704 1 5, 949 2.5) 4.5 111 83 32 
eT) Ce a ee ee 695 0.5 2 901 S25) 9.5 109} 135.5 33 
Wepemiera iii ye bt. 799 0.5 1 954 14.5 10.5 94) 175 11.5 
SHUR he i ok al 694 0 2.5 960. 14 14 100 | 147.5 18 
Mebriasry: sist y's yh.) 715 1 2 926 24 12.5 P29) 25232: /5' 19 
OT he See aie 2.5 2.5 946 23 19 96) 251 15 

It does not follow, however, that because many of the eggs marketed 
in the summer months are shrunken and heated and do not keep well 
in storage, the eggs as laid by the hen in the summer are not initially 
as good in quality as those laid in the spring. Fresh hennery eggs 
laid in April and July, delivered to storage within approximately 48 
hours after being laid, showed a negligible loss in bad eggs, even after 
along period of storage (Table 6). The bad eggs present were those 
showing a slight breaking down of the yolk. No eggs with green 
whites or crusted yolks were found. Their absence was to be ex- 
pected, because the natural condition of the shell had not been 
disturbed through soiling, washing, or contact with damp surround- 
ings. The good results in this report show the improvement yet to 
be attained in the commercial marketing of summer eggs. 

99369°—19—Bull. 775——2 



10 BULLETIN 775, U. S. DEPARTMENT OF AGRICULTURE. 

TaBLE 6.—Relative keeping quality of freshly laid April and July hennery eggs. 

April hennery eggs. July hennery eggs. 

Monthsin | Number | Monthsin| Number 
storage. observed. Bad eggs. | storage. observed. Bad eggs. 

biz 351 2 6.5 275 
11 274 2 8.5 267 2 

SLELSe. EE) CTE Oa Pye. OY 10.8 241 0 

After holding from four to eight months stale and heated cracked 
eggs stored in July showed a total of 168.5 to 266 bad eggs per case 
(Table 5 and fig. 2). The higher loss in these eggs, in comparison 
with the clean, cracked fresh eggs stored in the spring, may no doubt 
be explained by the development of larger numbers of molds and 
bacteria during the warm weather before storing. 

In short, these studies show that, for successful preservation, eggs 
to be stored for several months should have clean, sound shells, and 
be fresh in quality. 

COMMERCIAL GRADING FOR STORAGE. 

Most of the grading of eggs for storage is done in the producing 
sections, although some ungraded current receipts reach the markets 
in the consuming centers, particularly from shippers located in the 
undeveloped poultry and egg sections of the country. It is generally 
recognized by the industry that only the best eggs should be used for 
storing, and that more care should be taken in the packing of eggs for 
storing than for direct marketing. New cases and new medium 
fillers (3 pounds 3 ounces per case) ordinarily are used. A very 
small proportion of the eggs are candled before storing, except in the 
summer when the production is light and the percentage stored small. 
The usual procedure is to sort the current receipts into various grades 
by clicking and inspecting the shells. From the case of current re- 
ceipts the sorters take in each hand three eggs, which, by an inward 
movement of the index finger, they click together (Plate ITI). 
A clear ring indicates whole shells; a deadened sound signifies the 
presence of cracked eggs. The latter are sorted into cases by them- 
selves, as are also the small and dirty eggs. These eggs are marketed 
for immediate consumption, or are broken and frozen in cans to be 
used by bakers as needed. Sometimes a grade called ‘‘trade eggs,” 
sold principally in southern markets, is made from the clean, small 
eges. The large eggs with clean, whole shells are used in the storage- 
packed eggs. Usually two grades, firsts and extra firsts, are prepared. 
The former must weigh at least 42 pounds to the case, and the lat- 
ter 44 pounds. The making of four grades from current receipts is 
shown in Plate IV. , 

The sorting is done by either men or women, who are frequently 
inexperienced. Usually the work is directed by a foreman more or 
less skilled in egg handling and grading. 
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‘12 BULLETIN 775, U. S. DEPARTMENT OF AGRICULTURE. . 

RELATION OF MONTH OF STORAGE TO NUMBER OF BAD EGGS IN COLD STORAGE 
FIRSTS AND SECONDS. 

‘Market firsts,’ commercially packed for storage in April, May, 
June, and July, were studied for three consecutive seasons. It may 
be seen trom Table 7 and figure 3 that the April and May commercially 
packed eggs showed a low number of bad eggs more uniformly during 
the course of the storage period than did the June and July commercial 
stocks. This may be accounted for by the fact that most of the 
spring eggs on the market are fresh, are not shrunken, and have not 
been exposed to high temperatures before storing. Some of the com- 
mercial summer firsts, for example, Experiments 41782, 41941, and 
41787, contained no more bad eggs after storing than did the com- 

_Inercial spring firsts. On the other hand, Experiments 41918, 41922, 
and 41945 showed heavy losses, even after a comparatively short 
period of storage. Indeed, it would not pay to carry such low-quality 
eggs in storage longer than the fall months. In commercial practice 
very few eggs are stored in summer, and practically all are withdrawn 

_ by November or December. In fact, in the summer when the general 
supply is poor in quality, dealers frequently draw from the spring 
stock in storage to fill orders requiring eggs of good quality. 

On withdrawal from storage between November and March, com- 
mercial spring and high-grade summer firsts showed usually from 12 
to 18 bad eggs per case by candling, with from 2 to 6 additional by 
breaking. On the other hand, summer seconds and low-grade com- 
mercial summer firsts, when withdrawn from storage between No- 
vember and March, ordinarily contained from 18 to 42 bad eggs per 
case, as determined by candling, and from 6 to 12 more as found by 
breaking (Tables 7 and 8 and fig. 3). 

Undergrade eggs, consisting of those which are dirty, small, 
shrunken, and heated, usually are marketed directly in the shell or 
used in the preparation of frozen and dried products. These grades 
of eggs are very seldom stored, exceptforshort intervals, as theindustry 
realizes that they do not keep well in storage for long periods. It is 
frequently convenient for the management of egg-breaking plants to 
buy large quantities of seconds in the spring when eggs are plentiful 
‘and cheap, to store for one or two months, and to open when the 
supply of these eggs on the market is short and when otherwise the 
breaking room would be practically idle. This practice is warranted 
only for very short intervals. There may be no appreciable increase 
in bad eggs during a storage period of four or five months, but the 
general quality is much lower because of increased staleness and 
higher bacterial content.1_ Because deterioration has already begun, 
summer seconds should not be stored, even for short periods; they 
should be sold for immediate consumption or promptly broken 
and frozen. In short, for successful preservation in storage in the 
shell, eggs, like other perishable products, must initially be in prime 
condition. 

1 Unpublished results. 
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16 BULLETIN 775, U. S. DEPARTMENT OF AGRICULTURE. 

CONDITION OF COMMERCIAL PACKAGES AS STORED. 

Most warehouses require an examination of the cases of eggs for 
mechanical damage before permitting them to be taken to the cold- 
storage rooms, the thoroughness of the examination depending upon 
the strictness of the management. ‘The officials of some warehouses 
demand that representative portions of carload lots be inspected, 
while others ask that each case be examined. In some cold-storage 
plants the examinations are made by the employees; in others, by the 
patrons. In the latter instance some firms exercise more care in 
inspection than the rulings of the warehouse require. In the ware- 
house where the eggs used in these investigations were stored, each 
patron examines his eggs and usually every caseis opened. ‘The top 
layers of each case are examined without being removed (PI. V, fig. 1), 

or they are lifted from the case and both the upper and lower sides 
examined (PI. V, fig. 2 and Pl. VI, fig. 1). When evidences of broken 
eges are found in the top fillers (Pl. VI, fig. 2) each layer is inspected, 
and all leaking eggs discovered are replaced by eggs with whole shells 
in dry fillers. If no breakage is found in the top layers the remaining 
layers are undisturbed. 

The cases of eggs under observation were inspected according 
to the system shown in Plate V, figure 2, and Plate VI, figure 2. 
These cases, then, represented the condition of commercial packages 
on entering storage. The eggs were next candled to determine 
quality and to ascertain the number of dirty, cracked, leaking, and 

bad eggs included with the good, clean eggs. Representative 
samples were also broken to further discover the quality and to 
find the number of bad eggs not recognized by candling, and 
samples of the liquid edible product were prepared for chemical 
analysis (Table 9, ‘‘Eggs as stored’, and Tables 12 and 13). 



Bul. 775, U. S. Dept. of Agriculture. PLATE III. 

GRADING EGGS FOR COLD STORAGE BY INSPECTING AND CLICKING THE 
SHELLS. 



PLATE IV. Bul. 775, U. S. Dept. of Agriculture. 
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PLATE V. Bul. 775, U. S. Dept. of Agriculture. 
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The number of bad eggs found by candlmg among commercial 
spring firsts before storing averaged from 0.5 to 2 eggs per case, as 
compared with 1.5 to 10 eggs per case in the summer packed firsts. 
As would be expected, the initial number of bad eggs in the summer 
seconds was higher, averaging from 8.5 to 21.5 per case in the different 
lots (Table 9). The bad eggs found by candling could not have been 
recognized by sorting, that is, by visual inspection and clicking of 
shells; therefore, their presence did not reflect upon the accuracy of the 
initial sortmg, but upon the madequacy of the system as compared 
with candling. The additional bad eggs found by breaking, consisting 
mostly of green whites, averaged from 0.5 to 4.5 eggs per case in the 
spring and summer supply. The condition of these eggs, not recog- 
nizable by candling, would not be discovered in the routine market- 
ing until opened by the consumer. 

The number of cracked eggs averaged from 14.5 to 29 per ease 
in the storage packed firsts, and from 20 to 34 per case in the summer 
seconds. The leakers averaged from none to 3 per case in the 
different lots studied, showing that the absence of damage in the top 
layers, as. determined by commercial imspection, does not always 
indicate that there is none in the lower layers. The findings here 
corroborate the more extensive investigatiéns made by Pennington, 
McAleer, and Greenlee.! 

Some lots of storage packed firsts contamed but few dirty eggs; 
others showed an average of 30 eggs per case. The presence of dirty 
egos in commercial packages may be attributed directly to oversight 
or carelessness in the initial sorting of the eggs for storage. 

ANALYSIS OF BAD EGGS IN COMMERCIAL FIRSTS AND SEGONDS AFTER STORING. 

Studies were made to determine the relative number of bad eggs 
developmg in storage from whole, cracked, and leaking eggs present 
in the commercial storage stocks... These observations were based 
on spring and summer eggs withdrawn at monthly mtervals from 
November until March, inclusive. Three cases of each lot were 
examined monthly, but, for simplicity, the results for the entire 
period are averaged. It was observed that most of the bad eggs 
developing in storage packed eggs were evident by November. 

As might be expected, a large portion of the cracked eggs originally 
present in the commercial packages spoiled during storage (Table 9, 
‘‘Bad eggs after stormg,” and figs. 4 and 5). Out of the average 
of from 15 to 19.5 cracked eggs per case present when the commercial 
spring firsts entered storage, from 4 to 9 bad eggs per case developed, 
as detected by candling, and from 0.5 to 1.5 additional per case as 
found by breaking. The losses were still higher in the summer packed 
firsts. For example, Experiment 41945 when stored contained an 

1U.S8. Dept. Agr. Bul. 664. 
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average of 20 cracked eggs per case, of which 8 were found to be 
medible after storing. Practically all of the leakmg eggs spoiled by 
molding. 
Damaged eggs, particularly leaking eggs, in becoming moldy may 

contaminate neighboring eggs and cause them to spoil. When the 
contents of a broken egg leak out and soak into a strawboard filler, 
the filler usually becomes moldy, and causes eggs coming in contact 
withittomold. This contamination may extend to eggs in adjoining 

BEFORE STONE ALTER. STOUME 

WASHED; STAINED ANO- NEGCCE WITH WHOLE SCELLS- DAMAGED AND 

WCUBREDEGGSET Cs WASHED, STAINED, ERTED,, CONTAIUNATED ECTS: 
WITH CRACKED 07? WHOLE SHELLS. LIC. 

A2RIL FIRSTS. (EXP 4/933) | QS: 

LOA FISTS (EXP GI236) Jas 

UNE pIRSTS (EX 2/9/38) Qa 

SUNE FIRSTS (EXP F941) 

SUL Y FIRSTS (EXE 4/922) 

SULY FIRSTS (EXPG/I 25) 

Fic. 4—Analysis of bad eggs in refrigeration firsts, 4 se cveioare packed (data given as bad eggs ‘per 

case from Table 9.) 

pockets or through flats to the eggs beneath. Plate II illustrates an 
aggravated case of the spoilage which may result from the presence 
of only one badly broken egg in the case. In the different lots of 
eggs studied, an average of from 1 to 4 eggs with sound shells per 
case Was cornet by leaking eggs. 

Dirty eggs constituted oH few of the bad eggs present in the com- 
mercially “packed firsts. As found by ont the bad eggs with 
dirty shells averaged from none to 2.5 eggs per case in the different 
lots examined. 

BEFORE STOPING ALTER. ST ORINGS 

WASHED, STHIMED ANO LGGCS WITH WHOLE GHELLS- DAVTACED ANA 
WCOUBITED LGGCS,ETE., WASHED, STHUNED, HEATED, COVTAIINMT ED ECCS, 

HIT} CRACKED OR WHALE SHELLS, c. 

MME SAL ELVATV LOC HEXPASA 2) GB 9.5 

SUNE DTV E668 (XPL943) GBB OS 

iy seconos (4/1923) (mms 

Fie. 5.—Analysis of bad eggs in refrigerator seconds, commercially packed ( data given as bad eggs per 

case from Table 9.) 

The clean eggs with sound shells constituted the majority of the 
eggs in the commercial cold storage firsts. In the spring stocks these 
eges furnished an average of from 2 to 7 bad eggs per case, as found 
by candling, and an average of 4 extra, by breaking. In the summer 
stocks they contributed an average of 4.5 to 17 bad eggs per case by 
candling, and 6.5 to 10.5 additional by breaking. The inedible eggs 
in the clean summer seconds with sound shells, as found by candling 
and opening, were practically the same in number as the poorer 
grade of summer firsts. A large proportion of the bad eggs in the 
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spring firsts with whole shells may be attributed to the presence. of 
eggs which at. some time previous to storage had had wet shells, 
because of washing the eggs or for some other reason. [If the dirt is 
left on the shells the eggs canbe graded accordingly, but if washed it 
is not always possible to differentiate between them, with the result 
that washed eggs are frequently graded as firsts. Washed eggs do 
not keep as well as dirty eggs. Attempts, therefore, to improve the 
appearance of dirty eggs by washing is a practice which can not be 
too strongly condemned. In eggs stored from summer production 
there is an additional loss due to. the physical breaking down of the 
ee contents asa result of exposure to warm ape before 
storing. 

These studies show that fl following factors are responsible for 
the development of a large percentage of bad eggs in commercial 
spring firsts during storage: (1) Inaccuracies in the system of sorting 
eggs for storage; (2) the inadequacy of that system in determining 
quality, and detecting bad eggs; and (3) to a lesser extent, shee 
during the railroad haul. The bad eggs developing choot storage 
in the summer stocks are due to these factors, combined with a bees 
initial any, 

CAREFULLY PREPARED PACKAGES. 

In order to determine the relation between care in initial grading 
and the number of-bad eggs developing during storage, packages 
containing as far as possible only good eggs with clean whole shells 
were prepared from each lot of commercially packed eggs studied 
during the last two seasons of the investigation. To determine quality 
and to eliminate bad eggs, the eges were selected by candling instead 
of by simpl uf inspecting and clicking the shells. 
Candling is a more accurate method for the detection of Meceed 

eges than is the clicking of shells, as ordinarily practiced. Enough 
carefully graded oe were tence so that one case could be 
withdrawn monthly from storage with each three cases of correspond- 
ing commercially packed eggs. Following such a. procedure, the 
carefully packed eggs, excluding Experiment 41897, contained an 
average of three cracked eggs per case after carting from the com- 
mission house to the cold storage warehouse and return. Of this 
number from one to two of the cracked eggs may be accounted for by 
handling error putting up the eggs for storage, and the balance by 
damage during cartage. The number of cracked eggs in Experiment 
41897 was unusually high, largely because of the use of a very poor 
grade of filler, so that more damage than usual was incurred during 
cartage. _ 

Table 9 and figures 6 and 7 show that the number of inedible eggs 
present after storing was reduced in the carefully packed, as com- 
pared with the commercial cases. In the April and May refrigerator 
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firsts there was an average of 13.5 inedible eggs per case found by can- 
dling in the commercially packed eggs, as compared with 4 in those 
earefully packed. These figures are the averages of the results of 
monthly observations made from November to March. Figuring the 
value of eggs when stored in the spring of 1917 as 35.61 cents per dozen, 
and charging 3 cents a dozen to cover insurance, interest, and carrying 
cost, there was an average money loss in bad eggs in the commercially 
packed eggs of 43.5 cents, as compared with 13 cents per case in those 

COMMERCHIEET. PACAEO CAREFULLY RACHED 

APPL FLESTS 

RRAAW2E LAP HEIE =F 

RQQ]0W205 444AH939 5 

ey Ke) 

VIA FIRSTS 

4B LARLBVAS Sr 

RSN45 FHP HIOBO 4S 
ay 2S BS 

SUNE FIRSTS 

iQ S57 LR AWH98B = 8SRS. 

ISN 2 eS 

SOLE Fi TESTS 

BIS EXP A/GEP /EN 
" a. sf eee 

22, B 

LON 440 4668 8 CANDLING 

WMH 240 £605 &Y CANOLING AND BREAATNG 

Fie. 6.—Relation of care in initial sorting to number of bad eggs in refrigerator firsts (data given as bad 

eggs per case from Table 9). 

carefully packed. An average of 11 cracked eggs, which were still 
good by candling, was found in the case of the commercially packed 
eggs. These, however, on account of their impaired shells, would bring 
one-third less on the markets than their companion eggs with good 
shells, making. a further additional loss of 12 cents per case. The total 
loss, then, in the commercial stocks averages 55.5 cents per case, as 
compared with 13 cents in the carefully packed eggs. It costs about 
5 cents more per case to grade by candling than by sorting. Even 

1U. 8. Dept. Agr., Bureau of Markets Report of Mar. 11, 1918. 
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with this added expense there was a saving of 37.5 cents per case in 
favor of the carefully packed eggs which amounts to $140 per carload 
of 400 cases in spring stocks stored until after November. 

In the summer commercial firsts and seconds careful packing did 
much to reduce the number of bad eggs developing during storage, 
but it did not offset the losses due to the lower initial quality of the 
entering material (Table 9 and fig. 7). 

It is believed with a little attention given to the checking of the 
accuracy of the sorting of eggs for storage, the number of cracked 
and dirty eggs missed could be greatly lessened without materially 
reducing the amount of work accomplished. In addition, since the 
detection of cracked eggs depends upon hearing distinctly the sound 
emitted on tapping the eggs together, noises in the work room should 
be eliminated as far as possible. Far greater efficiency, however, 

COVIMIERCIALLY PACKED CIPEFULLY PACKED 
SUNE SHIAL L AND HRTF ECCS (EXP 8/919) 

33 29 SSS 
og ZS Eee 

VUME ARTF EGCS (EXP ALIA) 

=r oes 

BADLECS BY CANOLING 

220 <os Sr CUALING ANO BREAKING 

Fig. 7.—Relation of care in initial sorting to number of bad eggs in refrigerator seconds (data given as bad 

eggs per case from Table 9). 

would be obtained by candling all eggs entering storage. Realizing 
the importance of having a uniformly graded product, some of the 
more progressive western houses make a practice of candling all eggs 
stored, at the same time enforcing a checking system ' to see that the 
work is accurately done. This is a big step forward, for by candling 
the cracked eggs can be more accurately eliminated, and low quality 
and bad eggs may be detected and discarded. Under such a system 
the graders become so skilled that their work is as accurate ag that of 
the carefully packed stocks of this investigation. 

Such eggs, being practically free from mold after several months 
in storage, are an advertisement to the firm selling them, and in 
practice it has been found that their more uniform quality has 
secured for them special outlets with higher prices. According to 
the present system of marketing, storage packed eggs may pass 
through several hands before they are finally consumed, with the 

1U.S. Dept. Agr. Bul. 702. 
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result that the original shipper seldom sees the condition of his goods 
when they are withdrawn from storage. For example, the packer 
in the producing section may sell to a commission man in the East, 
who: in turn may sell to another dealer. Upon withdrawal from 
storage the eggs may go into another buyer’s hands before they are 
finally graded for the retail market. In addition to buying accord- 
ing to shrinkage before the candle and weight, dealers in storage 
packed eggs should demand that the cases be practically free from 
cracked eggs. This factor has received too little attention in the 
past, taking into consideration the fact that the average of 19 cracked 
eges per case as the eggs leave the shipper’s hand frequently furnishes 
half of the bad eggs developing during storage. In the final analysis, 
the original packer must bear the burden of expense of the stale, ° 
dirty, cracked, leakmg, and bad eggs included in the storage grade, 
for, in order to play safe, buyers must pay a lower price for the whole 
package than they would if sure of receiving cases containing only 
large, clean, fresh eggs with whole shells. If there is no direct 
market for the cracked, dirty, shrunken, and leaking eggs in the shell, 
their initial quality can be conserved by breaking and freezing in 
cans. Ordinarily there is a good marke for frozen egg suai 
of high quality. 

SHRINKAGE OF EGGS AND ABSORPTION OF MOISTURE BY CASE AND FILLERS. 

The changes in weight of eggs, case, and fillers were studied in 
three different storage rooms. All the weighings were made in the 
room where the eggs were held, because it was found that the cases and 
fillers frequently gained in weight if removed to a higher temperature. 
A sensitive scale was used. First the gross weight was found; then 
the eggs were transferred to a second case, and the fillers and the 
case weighed. The net weight of the eggs was determined by differ- 
ence. After weighing, the eggs were returned to the original cases 
and fillers, so that the periodical weighings during the storage period 
were made on the same cases, fillers, and eggs. 

There was an almost regular decrease in the net weight of the eggs 
during the course of the storage period, amounting to an average of 4.48 
ounces per case per month for eggs stored in Room 1, and 3.46 ounces 
per month for eggs stored in Rooms 2 and 3. In Room 1 the decrease 
in the gross w eight of a case of eggs weighing initially 56.84 pounds 
gross and 45.80 pounds net was 25.29 ounces and 38.20 ounces, 
respectively, during a storage period of 9.2 months. In Room 2 a 
case of eggs weighing 57.33 pounds gross and 45.01 pounds net at 
the beginning of ae season lost 12.73 ounces gross and 26.14 ounces 
net after 9 months in storage. These bypical results show, then, 
that attempts to determine shrinkage of eggs by finding changes in 
weight of the total package alone, a procedure frequently followed 
commercially, give misleading figures (Table 10 and fig. 8). 
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Fie. 8.—Temperature, relative humidity, and amount of shrinkage of eggs in a case of 30-dozen capacity 

in Cold Storage Room 3 (data from Tables 10 and 11). 



PRESERVATION OF EGGS BY COLD STORAGE. Dal 

The amount of moisture absorbed by the fillers and case varied in 
different rooms and for different cases in the same room during the 
storage period. Probably most of the moisture absorbed is from the 
water evaporating from the eggs. Cases exposed to drafts from 
the outside, as through the opening of doors, would condense moisture 
from the incoming air, but under ordinary conditions the moisture 
coming from this source would be small in quantity compared with 
that derived from the eggs. Most of the moisture was taken up by 
the ease and fillers during the first four or five months, and from this 
time on the weights usually showed a slight gain or remained prac- 
tically stationary. In Room 1 fillers having an initial weight of 3.61 
and 3.68 pounds gained 3.99 and 4.13 ounces, respectively, after 9.2 
months in storage; and in Room 2 of two sets of fillers, each weighing 
3.7 pounds at the beginning, one gained 6.17 and the other 6.81 ounces 
in 9 months. In Room 1 cases weighing 7.74 and 8.16 pounds at the 
outset absorbed 4.73 and 3.10 ounces, respectively, of moisture in 9.2 

months; and in Room 2 of two cases each weighing 7.98 pounds, one 
gained 6.70 ounces and the other 7.80 ounces of moisture during 
practically the same period of time (Table 10 and fig. 8). 

The temperature of the three rooms in which these observations 
were made was quite uniform throughout the storage period. For 
example, in Room 3 the fluctuations in temperature were rarely more 
than 30° to 33° F., except during the severe winter, when the ther- 
mometer dropped to 28° F. and occasionally to 26° F. for a few hours. 
During most of the season the average temperature was 31° F. (Table 
11 and fig. 8). 

Tasie 11.—Average relative humidity and average temperature of Cold Storage Room 8. 

Average Average 
relative fA vorpee, Week relative pauienaeel 
humid- | “YPe ending. | humid- |* Re 

ity. 4 ity. ‘ 

Per cent °F 1917. Per cent GLa 
| 7 31 ov. 5 83 31 

78 31 Nov. 12 84 31 
76 31 Nov. 19 85 31 
76 31 Nov. 26 87 31 
76 31 Dec. 2 88 31 
75 81 Dec. 9 88 31 

tales’ 31 Dec. 17 88 30 
78 3l Dec. 24 88 30 
78 31 Dee. 31 89 30 
76 31 1918 
75 81 Jan. 7 89 30 
77 31 Jan. 14 89 28 
72 31 Jan. 21 87.5 29 
73 30 Jan. 28 80 29 
77 $1 Feb. 4 89 30 
80 81 Feb. 11 90 29 
82 31 Feb. 18 90 31 
83 31 Feb. 25 91 82 
83 B1 Mar. 4 9L 32 
8A 31 Mar. 11 91 81 
82 31 Mar. 18 91 81 
81 $1 Mar. 25 OL Oous eel By 
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Table 11 and figure 8 give the average percentage relative humidi- 
ties! by weeks in Room 3. The humidity from the beginning of the 
season up to September varied from 72 to 77 per cent, and from that 
time until the end of the season gradually increased to a maximum 
of 91 per cent. The cause of the rise in relative humidity in this 
room may be attributed to several factors: (1) Beginning with Sep- 
tember the doors were opened frequently on account of the removal 

_of eggs from cold storage, thus allowing an inrush of air frequently 
jaden with moisture; (2) during the early fall months the cases and 

fillers had become saturated with moisture for the temperatures at 
which they were held, so that they did not continue to assist ma- 
terially in the removal of moisture from the air; (3) by this time the 
brine pipes had become heavily frosted because of the condensation 
of moisture from the air, which rendered them less efficient both as 
absorbers of heat and as condensers of moisture; (4) after the warm 

weather of the summer had passed, less brine was circulated through 
the pipes, thereby reducing their efficiency as condensation agents; 
(5) with the advance of the season the number of cases decreased, so 
that there was more air in the room to carry moisture and less surface 
exposed for condensation and absorption. In this room, as well as 
in the other two rooms in which observations were made on the 
shrinkage of eggs, calcium chlorid was used as a drying agent. All 
three rooms were chilled by brine pipes on the walls. 

PHYSICAL AND CHEMICAL CHANGES IN EGGS DURING STORAGE. 

During the commercial holding of eggs in cold storage the air 
Space increases in size because of the evaporation of moisture; the 
white becomes thinner and eventually loses its opalescence. After 
six or seven months the white usually develops a yellow tinge, which 
deepens with the length of the storage period. The clouded appear- 
ance of the white is especially noticeable when eggs are separated 
in large quantities, as is done in a commercial egg-breaking room. 
The slightly yellow color does not destroy the beating quality of the 
white nor the porcelain white color of the resulting froth. The yolk 
membrane weakens slowly, but, if the eggs are fresh on storing, most 
of them can be separated, even after storage for 11 months. The 

. . Ud . *. 

separation, however, is usually not as easy as in the earlier part of 

1 The determinations of relative humidities were made according to a sulphuric acid vapor pressure 

method by N. Hendrickson and H. C. Woodward, which, in brief, was as follows: Two gram samples of 

sulphuric acid of concentrations varying from 15 to 35 per cent were allowed to come to equilibrium in the 

storage rooms in low, wide-mouth weighing bottles. The bottles were then covered, allowed to come to 

room temperature, and then weighed. The percentage of the sulphuric acid in equilibrium was calculated 

from the original concentration. The vapor pressure corresponding to the concentration of the sulphuric 

acid in equilibrium divided by the vapor pressure of saturated water vapor at 32° F. equals the percentage 

of the relative humidity of the air of the cold-storage room. The usual method of determining the relative 

humidity by a sling pschychrometer was not used, as it is not accurate at 32° F. and below, because of 

the freezing of the water on the wet bulb. 
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the storage period. If the physical condition of the egg is weakened 
through being stale, or heated, or both, separation is difficult after 
being held in storage for only a few months. 
Accompanying the evaporation of moisture from the egg, Greenlee 4 

found that there was a transfer of moisture from the white to the 
yolk by osmosis. For example, samples of whites and yolks, show- 
ing 87.42 per cent and 49.15 per cent moisture, respectively, after 
holding in storage for 41 days, contained 85.35 per cent and 50.60 
per cent, respectively, at the end of 266 days in storage. 

1U. 8S. Dept. Agr., Bur. Chem. Cir. 83. . 
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The amount of ammoniacal nitrogen! in samples of April and May 
storage eges graded as edible by candling and breaking was found to 
be initially from 0.0012 to 0.0021 per cent on the wet basis, and to 
increase gradually during storage to about 0.0030 per cent in Novem- 
ber or December, that is, the seventh or eighth month in storage, 
and to remain nearly stationary or even to rise slightly until the end 
of March, the close of the storage period (Tables 12 and 13). Sum- 
mer eggs entering storage with the same degree of freshness as the 
spring eggs showed practically the same increase during the same 
period of holding. In samples having a high initial percentage of 
ammonia, for example, Experiment 41923 in Table 13, the slowing 
down in the production of ammonia seemed to occur sooner than in 
the case of the better quality eggs. This may, perhaps, be explained 
by the chemical change which took place before the eggs were stored. 
The amount of ammoniacal nitrogen in the summer firsts and seconds 
was less consistent during the different months of storage than in the 
spring eggs. This may be explained by variations in quality between 
different cases in the same lot, a condition of frequent occurrence in 
summer shipments. There was very little difference in ammoniacal 
nitrogen in samples prepared from cracked eggs and those from eggs 
with whole shells sorted from the same lot. The evidence seems to 
show that even though the loss in unmarketable eggs varies with 
different classes, such as clean, dirty, and cracked eggs, if the eggs 
initially have the same interior quality, those that do keep show 
practically the same degree of preservation, judged by physical 
appearance and the amount of ammoniacal nitrogen present. 

Pennington, Hendrickson, and collaborators? found that during 

a storage period of six months there was no change in the dextrose 
in eggs, provided they were not infected with bacteria. In unpub- 
lished studies by these investigators, it was found that even up to 10 
months storage the dextrose content remained constant. 

ABSORPTION OF FOREIGN FLAVORS DURING STORAGE. 

It has been found that under commercial conditions a character- 
istic unpleasant flavor, commonly termed the ‘‘cold storage taste,” 
develops in eggs which have been held in cold storage for several 
months. It is especially noticeable when the eggs are soft boiled or 
poached. The flavor is not as marked in the white as in the yolk 
which contains a large percentage of fat. It is known that fats 
have an affinity for odors and flavors. The facts indicate that the 
‘‘cold storage taste’’ is due to the absorption of surrounding odors. 
When closed the storage room itself has some odor, as have also the 

1 The determinations of ammoniacal nitrogen in these samples were made by G. C. Swan, according to 

the methods described in the Journal of Industrial and Engineering Chemistry, Vol. 10, No, 8, p. 614, 

August, 1918, ‘Determination of Loosely Bound Nitrogen as Ammonia in Eggs,” by N. Hendrickson 

and G.C. Swan. A forthcoming publication will give the bacterial findings, also determinations of ammo- 

niacal nitrogen in large numbers of individual eggs during various holding periods in cold storage. 

2 Jour. Biol. Chem. (1915) Vol. 20, p. xxi, Proceedings of the American Society of Biological Chemists. 
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cases and excelsior, but the strawboard fillers and flats possess an 
odor more nearly resembling that found in storage eggs. The 
fillers and flats become slightly damp in storage, due to the absorption 
of moisture evaporating from the eggs and the air of the room, and 
acquire a stronger odor than when dry. Experiments which will be 
described in connection with another investigation show that when 
eggs are protected from air by immersion in a preserving liquid and 
held in cold storage, the typical ‘‘cold storage taste’ does not de- 
velop. This shows almost conclusively that the ‘‘storage taste’’ is 
a foreign flavor absorbed by the eggs. 

Dirty and cracked eggs absorb this flavor more quickly and to a 
greater extent than do eggs with clean shells. Although summer 
eges usually do not keep as well in storage as spring eggs, they are 
preferable in winter from the point of view of flavor, because they 
have not been held in storage as long as the spring eggs. A 
‘‘storage’’ flavor can usually be found in April stock in November, 
in May eggs in December, in June eggs in January, and in July eggs 
in February. 

SUMMARY. 

(1) Practically all the eggs used in these investigations were pro- 
duced in the Middle West and all were stored in warehouses located 
in the Hast. 

(2) Freshly laid eggs with clean whole shells that have not been wet 
show a negligible loss in bad eggs, even after 10 to 11 months in storage. 

(3) Imperfections in commercial handling, grading, and marketing 
previous to storage are mainly responsible for the bad eggs developing 
in commercial eggs during storage. 

(4) The preservation in the shell of undergrade eggs, such as dirty, 
cracked, leaking, heated, and stale eggs, should not be attempted- 
If not marketed for prompt consumption, the contents should be re- 
moved under proper conditions and frozen. The frozen product will 
keep for a year or more, whereas there would be a marked de- 
terioration in quality, if the eggs were stored in the shell. 

(5) Spring eggs on the market are usually fresher than summer 
eggs, and for that reason keep better in storage. Most of the eggs 
stored are produced in the spring. 

(6) The commercial selection by inspection and clicking of clean 
eges with sound shells from current receipts is inefficient. Commer- 
cial packages of spring firsts when ready to be taken to the storage 
rooms showed an average of 17.5 cracked eggs and 1 leaking egg to 
the case. Dirty and stained eggs were often included. Owing to 
the high quality of spring stock, there was usually less than 1 bad 
egg to the case initially present as found by candling. 

(7) Candling is a much more accurate method for the selection ot 

eggs for storage. By this method eggs can be graded according to 
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quality; cracked eges can be more accurately detected and eliminated; 
and bad eggs can be found and rejected. Cases of spring firsts 
eraded by candling did not average more than 38 cracked eggs per 
case when ready for storage. 

(8) Spring eggs prepared for storage by commercial sorting showed 
after 7 to 11 months’ storage an average total loss of 18.5 bad eggs 
per case, 13.5 of which were detected by candling and 5 by breaking. 
Corresponding cases of eggs graded for storage by candling showed 
aiter a similar period in storage 4 bad eggs per case as found by 
candling and 3 additional by breaking. The value of the good eggs 
saved by the careful candling of eggs for storage more Hee offsets 
the extra cost of preparation. 

(9) Of the average of 18.5 bad eggs per case present in the com- 
mercially graded spring packages after long storing, 9 were due to 
direct spoilage of damaged eggs or to their contamination of neigh- 
boring eggs by alse The deterioration of the balance of the 
eggs with whole shells was no doubt due to deleterious pre-storage 
conditions, such as dirty, wet, stained, or washed shells, or heated 
shell contents. Careful grading of eggs for storage very largely 
eliminates the loss due to damaged, dirty, or stained shells. 

(10) The rate of evaporation of moisture from eggs was remarkably 
uniform during the storage period, and averaged from 3 to 4 ounces 
per case per month in the different storage rooms under observation. 

(11) The moisture from the eggs is condensed on the brine pipes, 
and absorbed by the air, case, and fillers. Most of the absorption 
of moisture by the egg package occurs during the first few months 
in storage. In these studies the gain in weight of individual cases 
with the accompanying cushions, fillers, and flats varied from 11.5 to 
14 ounces during a storage period of 10.8 months. 

(12) In the cold-storage rooms under observation there was a 
gradual rise in the humidity with the advance of the season. 

(13) Eggs that are fresh when stored show after storing an in- 
creased air space and often a tinge of yellow in the white. The yolk 
membrane is slightly weakened, but commercial separation into white 
and yolk is usually easily accomplished, even after 11 months’ storage. 

(14) The percentage of ammoniacal nitrogen in eggs increases 
during storage, the rise being the fastest during the early part of 
the storage period. The amount of ammoniacal nitrogen in eggs is 
a good tee of chemical deterioration. 

(145) During commercial holding in cold storage the eggs develop 
a characteristic ‘‘cold-storage taste,’ which is usually present after 
the seventh month and becomes stronger the longer the eggs are 
stored. The evidence seems to indicate that the flavor is due to the 
absorption of the odors from the surrounding environment, particu- 
larly from the strawboard fillers in which the eggs are packed. 
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