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PREFACE. 
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Walker. Mr. Alvin Keyser has kept records of the wheat 
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IMPROVING THE QUALITY OF WHEAT. 

OBJECT OF THE INVESTIGATION. 

Efforts to improve the wheat plant have been numerous and have 
accomplished important results. The work of Fultz, Clawson, 
Rudy, Wellman, Powers, Hayne, Bolton, Cobb, Green, and Hays in 

improving by selection, and of Pringle, Blount, Schindel, Saunders, 
Farrar, Jones, Carleton, and Hays in improving by hybridization, 
has resulted in giving this country many prolific strains and varieties 
of wheat, while Garton Brothers, of England, Farrar, of New South 

Wales, Vilmorin, of France, Rimpau, of Germany, and others have 
accomplished the same for other portions of the world. Attempts 
at improvement have, however, been directed primarily toward effect- 
ing an increase in the yield rather than in the quality of the crop. 
While the latter property has not been entirely lost sight of, selection 
based on quality has never been applied to the individual plant, but 
only to the progeny of otherwise desirable plants. 
Why selection for quality of grain in the individual plant has not 

gone hand in hand with selection for other desirable properties is 
perhaps to be explained by the fact that no method for such selection 
has ever been devised. Mr. W. Farrar, of Queanbeyen, New South 

Wales, in an address made a short time ago, said: 

Before we can make any considerable progress in improving the quality of the grain of 

the wheat plant we shall have to devise a method for making a fairly correct quantitative 

estimate of the constituents * * * of the grain of a single plant and yet have seeds 

left to propagate from that plant. 

In devising a method for increasing the percentage of nitrogen in 
wheat it becomes desirable to know the causes that produce variation 
in this constituent of the kernel. Numerous experiments and obser- 
vations have been made on this subject, the results of which agree in 
the main in attributing such variation to the following conditions: 

(1) Stage of development of the kernel. 
(2) Variation in temperature of different regions. 

(3) Variation in temperature of different years in the same region. 
(4) Variation in the supply and form of soil nitrogen. 
(5) Variation in the supply of soil moisture. 

15 



14 IMPROVING THE QUALITY OF WHEAT. 

All of these factors have been studied, and are recognized as opera- 
tive. Nothing, however, appears to have been done to show their 
influence upon the actual amount of nitrogen taken up by the wheat 

plant and deposited in the kernel. This is really the point of greatest 
interest; for although it is desirable to secure a wheat of greater nutri- 
tive value, it should not be done at the sacrifice of yield of nitrogenous 
substance. 

Admitting that variation in the nitrogen content of wheat is 
induced by the conditions mentioned, it is essential to the plant 
breeder to know whether a high or low nitrogen content may be, 
under similar conditions, a characteristic of an individual plant; 

whether this quality is transmitted to the offspring; with what con- 
stant characteristics it is correlated, and whether a high percentage 
of nitrogen in a normal, perfectly matured wheat plant is an indica- 
tion of a large accumulation of nitrogen by that plant. 

The data contained in this paper cover the points mentioned, and 
it is hoped that some definite information has been gained that will 
lead to a practical solution of the problem of improving by breeding 
the quality of wheat for bread making. 



AS Ra = 

lebisil ORG. Ask: 



i Ss 

on i A. 

ae z 
oo 



SOME CONDITIONS AFFECTING THE COMPOSI- 
IGN AND YIELD OF WHEAT. 

Experiments to ascertain the effect of different conditions upon 
the composition and yield of wheat have been conducted mainly 
along the following lines: 

(1) Stage of growth at which the grain is harvested. 
(2) Influence of immature seed upon the resulting crop. 
(3) Effect of climate. 

(4) Effect of soil. 

(5) Effect of soil moisture. 

(6) Influence of size or weight of seed upon the resulting crop. 
(7) Influence of specific gravity of seed upon the resulting crop. 
A brief summary of a number of these experiments is herewith 

given. 

COMPOSITION AS AFFECTED BY TIME OF CUTTING. 

In 1879,* and again in 1892,’ Dr. R. C. Kedzie conducted very 
careful experiments to note the chemical changes that occur in the 
wheat kernel during its formation and ripening. These agree in 
the main in showing a gradual decrease in the percentage of total 
nitrogen, albuminoid nitrogen, and non-albuminoid nitrogen from 
the time the grain set to the time the kernel was ripe. The decrease 
in all of these constituents was much more rapid during the first 
than during the last stages of this development. The percentage 
of ash decreased at the same time. 

In 1897 Prof. G. L. Teller’ carried on some experiments in which 
he covered the ground already gone over by Doctor Kedzie and 
also contributed to the knowledge of the subject some very important 
data concerning the proportion of the various proteids contained 
in the wheat kernel during the process of development. Teller 
found that the proportion of total nitrogen in the dry matter steadily 
decreased from the time the kernel was formed up to about a week 
before ripening, but that, unlike Doctor Kedzie’s results, it gradually 
increased from that time on. He intimates that this increase before 

ripening may have been due to defective sampling and hoped to 

« Report of Michigan Board of Agriculture, 1881-82, pp. 233-239. 

> Michigan Agricultural Experiment Station Bulletin 101. 

¢ Arkansas Agricultural Experiment Station Bulletin 53. 

27889—No. 78—05——2 Ars 



18 IMPROVING THE QUALITY OF WHEAT. 

repeat the experiment to remedy this, but he has published nothing 
further. The amid nitrogen continued to decrease up to the time of 
ripening, as did also the ash, fats, fiber, dextrins, and pentosans. 

There was a gradual and marked increase in the proportion of gliadin 
up to the time of ripening, and a somewhat less and rather irregular 
decrease in the proportion of glutenin during:the same period. 

Failyer and Willard “ report analyses of wheat in the soft-dough 
stage and when ripe. The ash, crude fiber, fat, and the total and 

albuminoid nitrogen were higher in the soft-dough wheat, and the 
nitrogen-free extract and non-albuminoid nitrogen were higher in 
the ripe wheat. 

Dietrich and Koénig’ quote results from five experimenters—Reiset, 
Stockhardt, Heinrich, Nowacki, and Handtke. Only in one case 

(Heinrich) is there a constant decrease in total nitrogen as the grain 
approaches ripeness. There is much inconstancy in the results, there 
being in some cases a decrease in nitrogen between the milk stage 
and full ripeness and sometimes an increase. There is little informa- 
tion to be gained from the results quoted by Dietrich and Konig. 

Kornicke and Werner in their ‘“‘Handbuch des Getreidebaues’’’ 
refer to the work of Stockhardt, and also that of Heinrich, to show 
that during the process of ripening the percentage of nitrogen in 

the wheat kernel gradually diminishes, as does also the percentage 
of ash, and that, on the other hand, the percentage of carbohydrates 
increases during the same period. Heinrich also shows by a state- 
ment of the number of grams of these constituents in 2,600 kernels 
at different’ stages of development that the absolute amount of 
nitrogen and ash increases up to the time of ripening, and that 
consequently the decrease in the percentage of these constituents 
is due to the rapid increase in the carbohydrates. The results 
obtained by Heinrich appear as follows when tabulated: 

| Starch. Protein. Ash. 

| Percentage | Percentage Percentage 
Stage of growth. | in 100 Grams in in 100 Gramsin in 100 Grams in 

parts of 2,600 parts of 2,600 | parts of 2,600 
dry matter; kernels. | dry matter| kernels. | dry matter kernels. 

| of kernel. of kernel. | of kernel. 

14 days after bloom.........- 61.44 22.0 | 14.05 5.0 | 2.48 0. 84 
Beginning to ripen..........- 74.17 58.5 | 12.21 10.0 | 2.14 | 1.70 
IRIpPess Wess Se See eee 75. 66 67.0 | 11.82 10.5 | 1.97 io 
Overripe- 2-2 oases eee Besa 76.38 70.0 | 11.67 10.7 | 1.88 1.79 

Nedokutschajew” analyzed wheat kernels at different stages of 
? . . 

development and found an almost uniform decrease in the percentage 

« Kansas Agricultural Experiment Station Bulletin 32. 

b Zusammensetzung u. Verdaulichkeit der Futtermittel, 1, p. 419. 

¢ Handbuch des Getreidebaues, Berlin, 1884, 2, pp. 474-476. 

¢@ Landw. Vers. Stat., 56 (1902), pp. 303-310. 



COMPOSITION AS AFFECTED BY TIME OF CUTTING. 1 

of total nitrogen, a slight but irregular decrease in the percentage of 
proteid nitrogen in the dry matter, and a constant decrease in the 
percentage of amid nitrogen. He holds that the amid substances 
are converted into albumen as the kernels ripen. His figures are 
as follows: 

Percentage of— 
Weight Ps is as 

of canes 
Date. kernel Dry Total Proteid | 4 se a; | ‘Amid 

" c 7 r } to) 7 . (mg. ). matter. nitrogen. nitrogen. nitrogen. nitrogen. 

Repineiime teen ere ee oe, A Ue kU 9.17 30.14 | + 2.87 1.90) 0.29 0.68 
MuUby (Sano 322-22 a nier eH aor CB On ase 15. 80 | 37.23 | 2.55 1.94 | 20 41 
qT eee ee eS eerie Oh SOR ROSE EO Same 30.79 | 45.18 | 2.65 2.33 .19 513! 
UML pn Seen sentence le hovel atm at bs Som 37.99 | 38. 37 2.46 2.08 | 16 nee, 
JNURRV GH Bia Seen eG cco Coe DAS EeirOSEEperEpete 46.39 | 51.527} 2.32 | 1.98 | =l3 All 
JESUS Qe cepadeeaceoselb ddareonereepes ace | 45.46 49.83 | 2.37 2.13 | -ll ails} 

| at all 

Judging from these results there can be no doubt that the per- 
centage of nitrogen, both total and proteid, decreases as the kernel 

develops, owing to the more rapid deposition of starch that goes 
on during the later stages of growth. The larger part of the nitrogen 
used by the wheat plant appears to be absorbed during the early 
life of the plant. This is transferred in large amounts to the kernel 
in the early stages of its development, after which nitrogen accretion 
by the kernel is comparatively slight. The deposition of starch, 
on the other hand, continues actively during the entire development 
of the kernel. It would further appear that the amid nitrogen is 
converted into. proteid compounds as development proceeds. 

As showing the stages of growth of the wheat plant at which the 
greatest absorption of nitrogen occurs, some experiments may be 

quoted. 
Lawes and Gilbert “ say: 

In 1884 we took samples of a growing wheat crop at different stages of its progress, 

commencing on June 21, and determind the dry matter, ash, and nitrogen in them. Calcu- 

lation of the results showed that, while during little more than five weeks from June 21 

there was comparatively little increase in the amount of nitrogen accumulated over a given 

area, more than half the total carbon of the crop was accumulated during that period. 

Snyder’s analyses’ show that of the total amount of nitrogen 
taken up by the wheat plant, 85.97 per cent is removed from the soil 
within fifty days after coming up, 88.6 per cent by time of heading 
out, and 95.4 per cent by the time the kernels are in the milk. 

Adorjan° finds that assimilation of plant food from the soil is not 
proportional to the formation of dry matter in the plant, but that 
it proceeds more rapidly in the early stages of growth. During early 
growth nitrogen is the principal requirement. The nitrogen stored 

«On the Composition of the Ash of Wheat Grain and Wheat Straw, London, 1884. 

> Minnesota Experiment Station Bulletin 29, pp. 152-160. 
¢ Abstract, Experiment Station Record, 14, p. 436, from Jour. Landw., 50 (1902), 

pp. 193-230. 



20 IMPROVING THE QUALITY OF WHEAT. 

up at that time is, he says, used later for the development of the 
erain. 

It is too well known to require substantiation by experimental 
evidence that the yield of grain per acre and the weight of the indi- 
vidual kernel increase as the grain approaches ripeness. It is there- 

fore quite evident that immaturity, although resulting in a higher 
percentage of nitrogen in the wheat kernel, would curtail the pro- 
duction of nitrogen by the crop, and, furthermore, that the produc- 
tion of proteids would be still further lessened by reason of the 
greater proportion of amid substances present in the grain at that 
time. 

INFLUENCE OF IMMATURE SEED UPON YIELD. 

Georgeson “ selected kernels from wheat plants that were fully ripe, 
and from plants cut while the grain was in the milk. He seeded these 
at the same rate on 2 one-tenth acre plots of land. The immature 
seed yielded at the rate of 19.75 bushels per acre of grain and 0.8 ton 
of straw, while the mature seed produced 22 bushels of grain and 
1.04 tons of straw per acre. Georgeson says that in a similar experi- 
ment the previous year the difference in favor of the mature seed 
was still more pronounced. 

Although the evidence is limited, it may safely be considered that 
the use of immature seed will result in a smaller yield of wheat than 
if fully ripe seed be used. 

INFLUENCE OF CLIMATE UPON COMPOSITION AND YIELD. 

Lawes and Gilbert’ state that ‘high maturation in the wheat crop 
as indicated by the proportion of dressed corn in total corn, propor- 
tion of corn in total product (grain and straw), and heavy weight of 

grain per bushel, is, other things being equal, generally associated 
with a high percentage of dry substance and a low percentage of both 
mineral and nitrogenous constituents.”’ This is based upon the 
wheat crops at Rothamsted for the years 1845 to 1854, inclusive. 

More recent publications’ by these investigators reaffirm their 
belief that the composition of the wheat kernel depends more largely 
upon the conditions that affect its degree of development than upon 
any other factor. They found almost invariably that a season that 
favored a long and continuous growth of the plant after heading, 
resulting in a large yield of grain, a high weight per bushel, and a 
plump kernel, produced a kernel of low nitrogen content. 

« Abstract, Experiment Station Record, 4, p. 407, from Kansas Experiment Station 

Bulletin 33, p. 50. 

On Some Points in the Composition of Wheat Grain, London, 1857. 

¢ Our Climate and Our Wheat Crops, London, 1880, and On the Composition of the Ash 

of Wheat Grain and Wheat Straw, London, 1884. 
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Kornicke and Werner“ cite an experiment in which winter wheat 
grown in Poppelsdorf for several years was sent to and grown in the 

moist climate of Great Britain, in Germany, and in the continental 

climate of Russia (steppes). The results were as follows: 

| Weight (in grams) Percentage of— 
Vat of— 

Number = I ihe 
Locality. | of exper- erate | 

| PEBORUSE ae |from 100 Grain. | Straw. 
Igehansts |) roulsiray ish 

“Aecoaith TEagi ap As gee 2 eee ee Se | 37 600 | 227 37.8 62.3 
(CHET TaVA FEIN ae TOR OA i ns MID ER ee Re eR | 18 | 500 | 204 40.8 59.2 
EPR RE EOD ica or eae ee) Sea e eee | 19 | 365 160) 44.0 56.0 

These investigators conclude from the results that in a moist cli- 
mate relatively more straw and less grain are produced than in a dry, 
warm climate. The thickness of the straw and the weight of the 
kernels from 100 heads are greater, while the percentage by weight 
of kernels to straw is much less in a moist climate. They also quote 
Haberlandt as saying that a continental climate produces a small, 
hard wheat kernel, rich in gluten and of especially heavy weight. 

Dehérain and Dupont’ report some interesting observations as to 
the effect of climate on the composition of wheat. They state that the 
harvest of 1888 at Grignon was late and the process of ripening slow. 
There was a heavy yield of grain having a gluten content of 12.60 per 
cent and a starch content of 77.2 per cent. The following season was 
dry and hot, with a rapid ripening of the grain, resulting in a smaller 
crop. The gluten content of the grain was 15.3 per cent and the 
starch content 61.9 per cent. They removed the heads from a num- 
ber of plants. The next day the stems were harvested, as were also 
an equal number of entire plants. The stems without heads showed 
that carbohydrates equal to 5.94 per cent of the dry matter had been 
formed. The stems on which the heads remained one day longer 
contained 1.63 per cent carbohydrates. They argue from this that 
the upper portion of the stem, provided it is still green, performs the 
functions of the leaves in other plants and thus elaborates the starch 
that fills out the kernel in its later development. 
A report from the Ploti Experiment Station’ states that the con- 

ditions that favored an increase in yield caused a reduction in the 
relative proportion of nitrogen in the grain. Excessive humidity 
favored the process of assimilation of carbohydrates, while drought 
hastened maturation and produced a grain relatively rich in proteids. 

«@ Handbuch des Getreidebaues, Berlin, 1884, pp. 69, 70. 

b Ann. Agron., 1902, p. 522. 

¢ Abstract, Experiment Station Record, 14, p. 340, from Sept. Rap An. Sta. Expt. 
Agron. Ploty, 1901, pp. xiv—180. 
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Wiley” sent wheat of the same origin to California, Kentucky, 
Maryland, and Missouri. The original grain and the product from 
each State were analyzed. The results of one year’s test were 
reported. Regarding the effect of climate, he says: 

There appears to be a marked relation between the content of protein matter and starch 

and the length of the growing season. The shorter the period of growth and the cooler the 

climate the larger the content of protein and the smaller the content of starch, and vice 

versa. 

Shindler,’ in his book upon this subject, says (p. 75): 

With the length of the growing period, especially with the length of the interval between 

bloom and ripeness, varies not only the size of the kernel, but also the relative amount of 

carbohydrates and protein it contains. 

Again, on page 76, Shindler says: 

All this shows that the protein constituent of the kernel depends in the first place upon 

the length of the growing period and next upon the richness of the soil. 

Melikov ° made analyses of different varieties of wheat of the crops - 
of the years 1885-1899 grown in southern Russia. The protein 
varied in different years from 14 to 21.2 per cent. Melikov concludes 
that the nitrogen content is highest in dry years and lowest in years 
of larger rainfall, in which years the yield of wheat per acre is also 
greater. 

Gurney and Morris,” in one of their reports, say: 

This increased gluten [over previous years] is probably largely due to differences in the 

seasons, the weather being hot and dry while the grain was ripening, since it is character- o) 

istic not of these wheats alone but of most of the grain grown in the colony. 

The conclusion to be inevitably derived from these observations 
is that climate is a potent factor in determining the yield and compo- 
sition of the wheat crop, and, further, that its effect is produced by 
lengthening or shortening the growing season, particularly that por- 
tion of it during which the kernel is developing. A moderately cool 
season, with a liberal supply of moisture, has the effect of prolonging 
the period during which the kernel is developing, thus favoring its 
filling out with starch, the deposition of which is much greater at 
that time than is that of nitrogenous material. With this goes an 
increase in volume weight and an increased yield of grain per acre. 
On the other hand, a hot, dry season shortens the period of kernel 
development, curtails the deposition of starch, leaving the per- 

@ Yearbook U.S. Department of Agriculture, 1901, pp. 299-308. 

» Der Weizen in seinem Beziehungen zum Klima und das Gesetz der Korrelation, Berlin, 

1893. 

« Abstract, Experiment Station Record, 13. p. 451, from Zhur. Opuitn. Agron., 1 (1900), 

pp. 256-267. 

@ Agricultural Gazette of New South Wales, 12, pt. 2, pp. 1403-1424. 
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centage of nitrogen relatively higher, and gives a grain of lighter 
weight per bushel and smaller yield per acre. 

The fact that one variety of wheat is adapted to a hot, dry climate 
and another to a cool, moist one does not mean that the former under- 

goes as complete maturation as the latter, even though the grain is not 
shriveled. This is shown by the fact that a variety of wheat well 
adapted to a hot, dry climate will, when planted in a cool, moist one, 
immediately grow plumper and the kernel weight will increase, as 
was the case in the experiment of taking Minnesota wheats to Maine. 

INFLUENCE OF SOIL UPON COMPOSITION AND YIELD. 

In considering the effect of the soil upon the wheat crop there will 
naturally be included experiments designed to show the effect of 
fertilizers upon the crops. It is, in fact, upon experiments with fer- 
tilizers that we must depend for most of our information on this 
subject. 

Experiments to ascertain the effect of fertilizers upon the composi- 
tion of the wheat kernel were conducted by Lawes and Gilbert for a 
period of years extending from 1845 to 1854.“ Plots of land in 
which wheat was grown continually were treated annually as follows: 
Unmanured, manured with ammoniacal fertilizer alone, and manured 

with ammoniacal fertilizer and proportionate amounts of mineral 
salts. In composition calculated to dry matter, the wheat on the 
plots receiving ammoniacal fertilizer alone contained quite uniformly 
a slightly larger amount of nitrogen than either of the other two. 
The averages for the ten years were as follows: 

Percentage of— Weight 
ae. Percent- | x;; 

“a oe 4 : Say | of grain age of Yield per 
nd of fertilizer, if any. Nitrogen} Ash in per God acre 

in dry dry bushel eet (pounds). 
matter. | matter. |(pounds). ne 

mim amrinedea ee eens a ese ee ee eee 2.13 2.07 58. 51 90. 6 1,045 
PATIO NUR SALES Hee. = Lay cee ee oe eee 2. 26 1. 85 58.9 90. 3 | 1, 668 
iMineralssandcammoninmsalts:-s---22---2s.22--5 =. 2.22 1.96 60. 2 92.8 1,969 

There was practically no difference in the nitrogen content of the 
straw. From these experiments the authors quoted conclude that 
there is no evidence that the nitrogen content of the wheat kernel 
can be increased at pleasure by the use of nitrogenous manures. 

Ritthausen and Pott’ report an experiment in which plots of land 
were manured (1) with superphosphate alone, (2) with nitrate alone, 

(3) with a mixture of superphosphate and nitrate, and (4) were left 

@On Some Points in the Composition of Wheat Grain, London, 1857. 

> Landw. Vers. Stat., 16 (1873), pp. 384-399. 
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unmanured. 

tabulated statement of their results: 

OF WHEAT. 

There were three plots of each. The following is a 

Yield of Weight of | | Percentage 

Kind of fertilizer, if any. pee: | S plots oT ence 

| (grams). | (kilos) matter. 
| = 

Wintertiliz ede a ve smc ee sates erate ee ee rear aerate ere 1,906 | = ose nace 2. 60 
Superphosphate.y.* ce set. he eeenc = ene oe cee come eee seeeeRee 1,339 2.72 3.49 
INDTATC eee oe ere coe ae ee ans CO ne Seta noi er pees 1,413 | 2.30 3.43 
Superphosphateland miltrate me tos. . ao se ese cee ee aaa | 1,451 2.03 3. 62 

It will be noticed that the effect of the nitrate fertilizer was to 

decrease the yield of grain, but to increase the size of the kernel and 
its content of nitrogen. 

Wolff,” as early as 1856, in summing up the experiments of Hermb- 

stadt, Muller, and John with barley, and of Lawes and Gilbert with 

wheat, says: 

In the presence of a sufficient amount of phosphoric acid and alkali the effect of manuring 

with an easily soluble nitrogen compound is an improvement in the grain both in quantity 

and quality [meaning plumper kernels]. The kernels decrease in percentage of nitrogen, 

but become plumper, become absolutely and relatively richer in starch, and have a better 

appearance and a higher commercial value. But when the nitrogenous food in the soil 

exceeds a certain relation to the temperature and rainfall the quality of the grain becomes 

poorer [harder], it becomes lighter and smaller, takes on a darker color, and generally 

becomes richer in percentage of nitrogen in the air-dry substance. 

Von Gohren’” also reports results of experiments in fertilizing wheat. 
All experiments were apparently made in the same year. He grew 
the crop on six different plots of land, five of which were manured and 
each with a different fertilizer. [ithe crop he distinguished between 
large kernels and small kernels to show the quality of the product. 
Determinations of proteids and starch were made, and these were 
calculated to the yield of each constituent on each plot. 

The following table shows the yield of each of the characters deter- 
mined, and compares those raised on the unmanured plot with those 
on the manured ones by taking the former as one and reducing the 
others to the corresponding figure: 

| | | : 
| ry : | ; Oil cake af 

Yield and percentage. | u fea Ashes. | Oil cake. uae: and oe 
| ashes. 

| 

Micldioheraint sigs sc eyo meine aie nice Ss =r 1. 000 1.011 | 1.071 1. 215 1. 286 
Wieldsoilarce kemelsss-s2ceee ce. -see ee 1. 000 . 146 | 1.928 2. 226 2. 786 
Yield ot small kemels.. 2+ s5.0¢<--ssa-e-) 1.000 - 953 . 704 | . 781 . 642 
Naleldroisproheids sasecem secre sees Seer 1.000 . 999 «915 | 1.070 1.114 
Wieldkoisianchisot 28 a2 os6 S22 se ese se 1.000 1.009 | 1.081 | 1. 264 1.303 
Percentage of proteids......-..-..2------ 14. 42 14.25 | 12.70 12. 70 13. 22 
Percentaceor starch. .---s2e.--ee cco oe 62. 67 62.56 | 63.25 65. 24 63. 55 

The results show an 

production increasing 
increased yield from the use of fertilizers, the 
with the application of complete manures. 

« Die naturgesetzlichen Grundlagen des Ackerbauer, Leipzig, 1856, p. 774. 

> Landw. Vers. Stat., 6 (1864), pp. 15-19. 
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The yield of grain of good quality increases in the same way, and the 
yield of grain of poor quality decreases proportionately. It must be 
remembered that by good quality of grain in these early writings is 
meant plump kernels and not necessarily what would be considered 
wheat of good milling quality at the present day. The production of 
proteids per acre decreased with the use of the incomplete fertilizers, 
ashes and oil cake, and even with the bat guano. It increased, how- 
ever, with the use of oil cake and ashes combined and of Peruvian 
guano. The percentage of proteids was greatest in the unfertilized 
grain and the percentage of starch least, with the exception of one 
fertilized plot. 

The very evident effect of the fertilizers in this case was to produce 
a more completely matured kernel. It will be noticed that the plots 
producing grain of highest starch content were those having the 
greatest proportion of plump kernels. 

Again, in 1884, Lawes and Gilbert” report results obtained from 
manured and unmanured soils. These experiments cover a period of 
sixteen years and are divided into two periods of eight years each. In 
one of these periods the seasons were favorable for wheat, in the other 
unfavorable. 

—— — - 

Favorable seasons. Unfavorable seasons. 
SAP EEE aeeeeens : = 

Character. Barnyard Un- Sn ae Barnyard | Un- Aas 
manure. | manured. AGC. manure. | manured. ilGHG. 

Weight of grain per bushel | | 
(MOUTUS) N35 te ece sete. 62.6 60.5 60.4 57.4 | 54.3 53.7 

Percentage of grain to straw - 62.5 67.4 66. 2 Age 51.1 46.7 
Grain per acre (pounds) .---- 2, 342.0 1, 156.0 1,967.0 1,967.0 823.0 1, 147.0 
Straw per acre (pounds)...-.- 6,089. 0 2,872.0 4,774.0 5, 574. 0 25 0 3,601.0 
Percentage of nitrogen in dry * | 
MaGieR es toes oe sess Se. ss | 1.73 1. 84 2.09 1.96 1.98 2. 25 

Percentage of ash in dry mat- | | | 
UC eS aes oe eee 1.98 1.96 1.74 2.06 | 2.08 1.91 

Nitrogen per bushel (pounds) 1. 083 1.118 1. 262 1.125 | 1.075 1. 208 
| | 

It is evident from this statement that the largest crops and best 
developed kernels were obtained from the soils treated with barnyard 
manure, and that these kernels contained the lowest percentage of 
nitrogen. The crops on unmanured soil stood next in these respects, 
except in yield. Those on the soil receiving ammonium salts pro- 
duced the most poorly developed kernels and those of highest nitrogen 
content, but gave larger yields than the unmanured soil. 

In the unmanured soil there was a very evident lack of plant food, 
as indicated by the light crops. The effect upon the kernel was to 
curtail its development, leaving it of light weight and with a relatively 
high nitrogen content. 

@ On the Composition of the Ash of Wheat Grain and Wheat Straw, London, 1884. 
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Hermbstadt obtained some curious results, as quoted by D.G.F. 
MacDonald,¢ as follows: 

He sowed equal quantities of wheat upon the same ground and manured them with equal 
weights of the different manures set forth below. From 100 parts of each sample of grain 

produced he obtained starch and gluten in the following proportions: 

Kind of fertilizer, if any. | Gluten. | Starch. | Produce. 

| | | 

UWrtfer thlime dees aca cette eC cites ooete ieiseniate Mae emts tener nema aes 9.2 66.7 | Threefold. 
Potato wpecis S25 oes 52 Ces es SNe Ee ee ee 9.6 65.94 | Fivefold. 
Own BA eee OR otic is sth oe ana oe e eee ee oe ee 12.0 62.3 | Sevenfold. 
Pig eOMIdT Ese Se ae ene el ee. ee See asaya Saeed sere 12.2 63.2 | Ninefold. 
ET OUSE NGI Pe eto oes cetse oe ER Se ae Eee eee eee 13.7 61.64  Tenfold. 
GC Gai ue Sete INE Pd opis Ie SEY Se Meee [o> SPA 42.4 | Twelvefold. 
pheep Gunes 2 .csescisinsne ores cee eieenc ete ae ee abe eee Eee eee 32.9 42°38 | Do. 
Mirnedmmiphit: soul se eos cesar ss eae ae oe cee eee ee ee aes 33. 14 41.44 Fourteenfold. 
Dried/Ox*D1OOd nis sense ee ate ee SSE I ee eg 34. 24 41.43 | Do. 
IDheteoMaibhanhovwepie Seas aye See SSO Soap meg qocd ah scecaone Sones 3 31.1 39. 3 | Twelvefold. 

These results are not to be considered seriously, representing as 
they do an impossible condition. 

Prof. H. A. Huston? treated 0.01facre plots of land each with 

nitrate of soda, dried blood, sulphate of ammonia, rotted stable 

manure, and muck, respectively, either in the autumn or spring, or 

in both seasons. In 1891 all the plots treated with nitrogenous com- 
pounds showed marked increase in the percentage of nitrogen in the 
grain. In 1892 the results were by no means so uniform and would 
not justify the conclusion that nitrogenous fertilizers increased the 
nitrogen content of the wheat. 

Vignon and Conturier’ tested the effect of phosphate fertilizer 
alone upon the nitrogen content of the grain of two varieties of wheat. 
On Plot 1 they used 75 kilograms of phosphoric acid per hectare; on 
Plot 2, 150 kilograms, and on Plot 3, 225 kilograms. 

Percentage of nitrogen in 
| grain. 

Variety. 

| Plotie | Plote2ss i elotas 

189 (=) 2 See oe Pee ee eae Ceri) BPO me te Comes en aenine Sania Seas he 

There was a very evident decrease in the nitrogen content of the 
crop as the quantity of fertilizer was increased. 

It was concluded from experiments conducted at the Ploti Experi- 
ment Station” that, with favorable meteorological conditions, manure 
increased the total amount of nitrogen taken up by wheat, but, 

@ Practical Hints on Farming, London, 1868. 

> Indiana Experiment Station Bulletins 41 and 45. 

¢Compt. Rend., 132 (1901), p. 791. 
d Abstract, Experiment Station Record, 14, p. 340, from Sept. Rap. An. Sta. Expt. 

Agron. Ploty, 1901, pp. xiv—180. 
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although it thus increased the total production of nitrogen, it 
decreased the relative proportion of nitrogenous substance. 

Bogdau“ conducted investigations the results of which indicated 
that with an increase in the soluble salt content of 22 alkali soils the 
nitrogen and ash contents of the wheat kernels increased, but the 
absolute weight of the kernels diminished. These soluble salts are 
rich in nitrates. 

Experiments were conducted by Whitson, Wells, and Vivian? in 
which plants were grown in pots the soils of which were in some cases 
fertilized with nitrates and in others with leachings of single and 
of double strengths from fertile soils. Field experiments were con- 
ducted on manured and unmanured plots. All of the analyses, 
except in the case of oats, were of the whole plant. Of the ripe oat 
kernels those from the unfertilized soil contained 2.57 per cent of 
nitrogen, while the ayerage of those from the fertilized soil was 2.78 
per cent. 

Guthrie’ conducted experiments with fertilizers for wheat during 
two years, in which he kept a record of the yield and gluten content of 
the grain. The following is a statement of the results: 

Experiments in 1901— 
Experiments in 
1902, at Wagga. 

At Wagga. At Bathurst. 

Kind of fertilizer, if any. : a ™~ i = 
. 7 | Yield . Yield Yield 5 é 

per acre eects per acre nas 7 ae acre rer 
(bush= | 32 (bush- x yush- ee 
Sea gluten. els). | gluten. els). | gluten. 

ie ci en CNN, eve Pree irl 
INGE conte sdoce paces ao ae ce aeaeeeSoee (ett |) soutien) 13 11.80 | 17.6 | 9.8 
ATIMONITM.SUIpPHAtes.s -' 2 occs oss - 2 eee 8.7 10.43 16 11:21 17.6 8.7 
Sitpenphosphatesc- sce .o525- setae. 13.3 12.06 | 13.5 12.01 22.6 | 11.4 
Potassium sulphate... 22.20.2522. 5-5-- 13.0 12.02 13.0 11.29 19.2 | 10.0 
Ammonium sulphate, superphosphate, | 
potassium sulphate: -.22:.-:-.-2---.--< 10.0 | 11.70 13.7 12.05 20.3 12.0 

! 

In this experiment there was in each case a higher percentage of 
gluten in the wheat raised on the fertilized soil than in that from the 
soil fertilized with ammonium sulphate, and in the latter less than in 
the grain fertilized with other material. 

The most striking feature of these results is their apparent lack of 
uniformity. In some cases the use of nitrogenous fertilizers was 
accompanied by an increase in the nitrogen content of the grain and 
in other cases no increase appeared; in some cases phosphoric acid 
fertilizers apparently increased the nitrogen content and in others 
they did not have this effect. 

Climatic influences have doubtless operated largely in these results, 
but they are not considered by any of the experimenters except Wolff. 

« Abstract, Experiment Station Record, 13, p. 329, from Report of Department of Agri- 

culture, St. Petersburg, 1900. 

> Wisconsin Experiment Station Report, 19 (1902), pp. 192-209. 

¢ Agricultural Gazette of New South Wales, 13 (1902), No. 6, p. 664; and No. 7, p. 728. 
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It is evident that in all experiments with depleted soils the plants on 
the plots receiving complete fertilizers would take up larger amounts 
of plant food, including nitrogen, than would plants on unmanured 
soils. Any conditions that would prevent the normal ripening of the 
crop on both soils would therefore leave a higher percentage of nitro- 
gen in the plants upon the unmanured soil. On the other hand, 
under conditions which would permit of a complete maturation of the 
crop there might be no difference in the composition of the grain from 
the manured and unmanured soils. It is evident, however, that the 

production of both nitrogen and starch in pounds per acre would be 
ereater on the manured soils. 

Another condition that may affect the results is the arrested devel- 
opment of kernels on unmanured soils that are seriously depleted of 
plant food. Such depletion may interfere with complete maturation 
of the crop while the crop on the manured soil will mature fully. In 
consequence the grain on the unmanured soil will contain a higher 
percentage of nitrogen but a smaller yield per acre. The use of a 
nitrogenous manure alone on exhausted soils may likewise result in 
a grain of higher nitrogen content. 

Expressed in a more general way, this means that wheat of the 
same variety grown under the seme climatic conditions will have 
approximately the same percentage of nitrogen if allowed to mature 
fully, but any permanent interruption in the process of maturation 
will result in a higher percentage of nitrogen, and in the latter case the 
percentage of nitrogen will depend upon the stage at which develop- 
ment was interrupted, and also upon the amount of nitrogen accumu- 
lated by the plant, that being greater on soils manured with nitroge- 
nous fertilizers alone than on exhausted soils, and greater on soils 
receiving complete manures than on exhausted soils receiving only 
nitrogenous fertilizers, provided the stage at which development 
ceased be the same in both cases. It thus happens that wheat grow- 
ing on the soil allowing it to absorb the largest amount of nitrogen 
will, other things being equal, have a higher nitrogen content if the 
development of the kernel be permanently checked, although if it 
were allowed to mature fully it would not have a greater percentage 
of nitrogen than that grown on the soil affording less nitrogen. 

Reviewing the experiments, we find that in Lawes and Gilbert's 
first experiment the percentage of nitrogen in the unmanured soil was 
less than on the soil receiving only nitrogenous fertilizer, and that the 
weight of grain per bushel and the percentage of good kernels on the 
two plots were practically the same. It would not appear, therefore, 
that the wheat on the plot receiving the nitrogenous fertilizer was less 
well matured than that on the unmanured plot. In this case there 
appears to be a slight increase in the percentage of nitrogen, due 
entirely to the use of nitrogenous fertilizers. Comparing the giain on 
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the plot receiving only nitrogenous fertilizer with that receiving the 

complete fertilizer it will be seen that the former has a higher percent- 

age of nitrogen, but this is evidently due to the poorly developed ker- 

nels which weigh less per bushel than the grain on the completely 

fertilized plot. 
Von Gohren’s results show plainly that the kernels on the manured 

land developed better than on the unmanured, and with this better 

development there was an increase in the percentage of starch and a 

decrease in the nitrogen. 

In Lawes and Gilbert’s second experiment the percentage of nitro- 

gen in the wheat on the soil manured with ammonium salts was less 

than that in the wheat on the unmanured soil, but the weight of grain 

per bushel shows that the higher nitrogen content was due, in part at 

least, to incomplete maturation. The higher percentage of nitrogen 

in the wheat on the soil receiving only nitrogenous manures as com- 

pared with that receiving complete manures can be traced to the same 

condition of the grain. 

INFLUENCE OF SOIL MOISTURE UPON COMPOSITION AND YIELD. 

Experiments were conducted by D. Prianishinkov“ in which wheat 
was raised with different degrees of moisture, but in the same soil and 

under the same conditions of light and temperature. With a larger 
amount of moisture in the soil there was a lower nitrogen content in 
the grain. It was also stated that the duration of the period of vege- 
tation was somewhat shorter when the moisture supply was greater. 

Traphagen” reports marked changes in the composition of wheat 
grown with and without irrigation at the Montana Experiment 
Station. A wheat grown under irrigation on the station farm was 
planted the following year on land not irrigated. Presumably the 
land was of similar character. The two crops of grain were analyzed 
and the percentages stated below were found. 

| |SSe ] 

: S Nitrogen- : Mois- Crude | Ether | 5 Crude 
Crop. | suas a ae eeecree = Ash. ture. protein. | extract. | extract. fiber. 

| | | 

; | eed || JHA Gie |) TCR Cis IER Cr Nee (ate sexe BCBic 
Hiei peed. wihleditie eae. sees ee 7.87 8.81 1.93 | 76.99 2.60 | 1.80 
Wminnivatedswheate: --22 5.20 occ nee eee 7.65 14.41 | 293% )| 7533 2. 65 | 1.70 

| 

No records of yields or of weights of kernels are given, but it is fair 
to suppose that the unirrigated wheat possessed the light, shrunken 
kernel which is characteristic of wheat raised without sufficient 
moisture. 

« Abstract, Experiment Station Record, 13, p. 631, from Zhur. Gpuitn. Agron., 1 (1900), 

No. 1, pp. 13-20. 

’Montana Experiment Station Report (1902), pp. 59-60. 
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Irrigation experiments were conducted by Widtsoe “ in which wheat 
of the same variety was raised on plots of land each one of which 
received a different quantity of water. A record was kept of the 
yield and composition of the grain on each plot. 

Percentage of— ae A ia peunee) 

Water | Cl ——— 
Plot. aubrey | ten | 

(inches) Protein | Ashin /.,-; els). ‘in grain.| grain. Nitrogen. Ash. 

317 4.63 4.50 24.8 | 2.50 10.7 6.75 
319 5.14 3.83 23.2 B07 i865 le 705 
320 8.73 10. 33 19.9 2.54 | 19.7 15. 74 
318 8.89 11.33 19.4 2.93 21.1 19.72 
321 10. 30 14.66 | 18.4 2.34 25.9 20. 24 
325 PAO || alitsalye | 21.3 3.25 22.8 21.44 
322 LAS ey 66 23-1 2.88 25.8 20.30 
I calrare'8) 13.00 geal 2.52 PAIR} 21.50 
|) e274 17.50 15.33 17.2 2.57 25.3 23. 64 
| 328 21.11 17.33 15.9 2.34 26.4 24.33 
|} 329 30.00 26. 66 14.0 4.14 30.8 66. 20 
| 330 40.00 14.50 17 | 2.02 23.8 21.92 

The results show that with an increase in the water used for irriga- 
tion up to 30 inches there were in general an increase in the yield of 
grain and a decrease in the nitrogen content. No volume weights 
or other means of judging of the development of the kernels on the 
different plots are given, but there is no reason to suppose that the 
grain on the plots receiving small quantities of water was not poorly 
developed. The column added showing the yield of nitrogen in 
pounds per acre indicates a lack of nutriment in the grain on these 
plots.’ 

High nitrogen content arising from a small supply of soil moisture 
is sometimes due to a restricted development of the kernel. There 
is nothing in these results to indicate a greater absorption of nitrogen 

by the crop on soil having less moisture, but results of this nature 
are cited elsewhere in this bulletin. 

INFLUENCE OF SIZE OR WEIGHT OF THE SEED-WHEAT KERNEL UPON 

THE CROP YIELD. 

Sanborn‘ reports experiments to ascertain the effect of separating 
seed wheat into kernels of different grades to ascertain the effect upon 
the yield. He divided the kernels into large, medium, small, ordinary 
(grain as it came from the thrasher), and shriveled, and continued 

the experiments for four years. Apparently the large kernels were 
separated from the crop grown from large seed the previous year, and 

«Utah Experiment Station Bulletin 80. 

» Nitrogen has been calculated from proteids by dividing by 6.25. 

¢Utah Experiment Station Report, 1893, p. 168. 
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so with the other classes of kernels. He tabulates his results as 

follows: 

\ie5 
Yield of grain on plots (in | Average 

BS or 4 pounds). yeas 

Kind of seed. aS EOS = ee wr 

| Bushels 
89 891. 892. §93. 1890. 1891 189 1893 per acre. 

IPENR Do ee dea carne ce aae bocce seaper RoE EE On ace Esc Snr aaCe rar 88.5 72.5 | 111 63.0 18.72 
INGO S oe oe eee ee Ee ae een Sten Ss een Reed Bere 70.0 87 67.0 16. 60 
Smaies 22. ce aw a= Base. ee Heer oh See os ae Renae scion 94.0 | 105.0 | 64 74.0 | 18. 72 
On DOOR IE Sees Gade aes GeneO Ee Bee Se oe aS SOe see aeessere 84.0} 95.0 | 87 29.5 | 16. 42 
PATOL marae ae tert en Se Mee ners toasts Oe a McGea sean or eee Seca see | 43.0 78 31.0 11.25 

The relation between yields of the crops representing different 
sized kernels is so irregular from year to year that suspicion is 
aroused regarding the accuracy of the results, due to lack of uni- 
formity in soil. Sanborn’s conclusion is that very little, if any, 
advantage is to be gained by separating seed wheat and planting 
the large kernels. 

At the Indiana Experiment Station, Latta” conducted experi- 
ments in which wheat was separated by means of a fanning mill into 
heavy and light kernels, but impurities and chaffy seed were fanned 
out of each lot of wheat. The experiments were continued three 
years, but the separations were made each year from seed that had 
not been so separated the year before. The average gain from the 
large seed for three years was 2.5 bushels per acre. 

Georgeson,’ at the Kansas station, seeded plots of land with (1) 

light seed weighing 56 pounds per bushel, (2) common seed weighing 
62.5 pounds, (3) heavy seed weighing 63 pounds, and (4) selected 
seed, obtained by picking the largest and finest heads in the field just 
before the crop was cut, weighing 61.5 pounds per bushel. Seed was 
separated each year from wheat not grown from previously selected 
seed. The average results for three years were as follows: 

Yield of Yield of 
grain grain 

Grade of seed. per acre Grade of seed. per acre 
(bush- (bush- 
els). els). 

| 

153) 0 Pe oc Pane ees oe SHORE SEE e SSCOEe e Pi 1M) 4) USCC INA sacl aeasanaossocebonccosoodecaree 27.07 
Gomimon: 352 eer ees se aoe eee eek 26.57 || Select (average for 2 years) --.-.-.------ 25.82 

| 

Desprez’ reports experiments extending through three years in 
which large kernels were selected from a crop grown from large seed 

« Indiana Experiment Station Bulletin 36, pp. 110-128. 

> Kansas Experiment Station Bulletin 40, pp. 51-62. 

¢ Abstract, Experiment Station Record, 7, p. 679, from Jour. Agr. Prat., 59 (1895), 2, 

pp. 694-698. 
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for several years and small seed from a crop grown from small seed 
for several years. Five varieties of wheat were used. The average : 
results for three years were a difference of 1,067 to 1,828 kilograms 
of grain per hectare in favor of the large seed, but the difference was 
in general greater the first year than later. The use of large seed 
gave a crop with kernels larger than those grown from small seed. 

Middleton” reports the yields obtained from large wheat kernels 

to be almost double those obtained from small seed kernels. : 
Bolley,’ as the results of experiments continuing for four years in 

which plump kernels of large size and plump kernels of small size 
were selected for seed, concludes that ‘‘ perfect grains of large size 
and greatest weight produce better plants than perfect grains of ; 
small size and light weight, even when the grains come from the same 
head.”’ 

At the Ontario Agricultural College, Zavitz® selected large plump 
seed, small plump seed, and shrunken seed of both spring and winter 
wheat. Experiments were continued for eight years with spring 
wheat and five years with winter wheat, the selections each year 
being from a crop grown from previously unselected seed. His 
results are as follows: 

Yield per acre (in 
bushels). 

Kind of seed. —_ nee > 

Spring | Winter 
wheat. | wheat. 

IL iy kos OU hon| Oe ae eRe OMS eee Somer Taste ese oscAa a Ooee Ss Or Sosteoapob wat coaS PAY 42.4 
Smalls limp 09 Sek aa Se eae hg aS a ee ee eos 18.0 34.8 
SHMINKEM year. Soe eT See Rae SU RC a PR erin SOF oe, 2 atte ee oe ree ee ee 16.7 33.7 

Dehérain and Dupont” report that the yields from small and large 
kernels of a number of varieties of wheat were in all cases in favor of 
the large kernels, but a large difference in yield was obtained only 
when there was a marked difference in the weight of the kernels. 

Soule and Vanatter’ conducted experiments for three years in 
which large and small kernels were separated by means of sieves. 
In addition a plot of unselected seed was planted. The large seed 
was, each year after the first, selected from the crop grown from 
large seed the previous year. The same was true of the small seed. 
These investigators say: 

« Abstract, Experiment Station Record, 12, p. 441, from Uniy. Coll. of Wales Rept., 

1899, pp. 68-70. 

» North Dakota Experiment Station Report, 1901, p. 30. 

¢ Ontario Agricultural College and Experiment Farm Report, 1901, p. 84. 

@ Abstract, Experiment Station Record, 15, p. 672, from Compt. Rend., 135 (1902), 

p. 654. 
e Tennessee Experiment Station Bulletin, vol. 16, No. 4, p. 77. 

OO ae 
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The average difference in yield at the end of three years between iarge grains (607 per 

ounce ), commercial sample (689 per ounce ), and small grains (882 per ounce ), with Med- 

iterranean wheat, was 2.06 bushels in favor of large grains as compared with the commercial 

sample, and 5.18 bushels in favor of large grains over small grains. The difference in yield 

between the large grains and the commercial sample chiefly occurred the first year; but it 

is possible, though hardly probable, that the difference was partly due to variation in the 

soil. The experiment has been carried on in different parts of the field for the last two. 

years, and the difference in yield is now only 0.32 bushel per acre in favor of the large grains. 

Cobb“ reports tests of various grades of wheat kernels with respect 
to size, and concludes that large kernels give better yields of grain. 

The seed of one year was not the product of the corresponding grade 
of the previous one. 

Grenfell’ selected plump and shriveled kernels from the same bulk 
of grain. Of these 150 kernels were sown in each row, with rows of 
plump and shriveled kernels alternating. The germination in both 
rows appeared much alike, but the plants in the rows sown from 
plump grain soon began to gain on the others and kept ahead for the 
remainder of the season. The tillering was better in the plump- 
grain plants. Grenfell tabulates his results thus: 

. | J verage 
ercentage |», us A ee yield per 

Variety. | Kind. of planta | Number | Tilering |” acre 
that grew. : 3 I * | (bush- 

| els). 
| > ! 

96.0 17! 1.24 | 10.9 
89.3 | 174 1.29 | 9.9 
89.3 153 | 1.14 6.1 
90.0 200 1.49 10 
76.0 140 1.16 6.9 
92.0 | 161 1.23 8.4 
98.0 155 1.34 a 

92.7 180 1.32 9.8 
88.5 | 155 1.23 7.5 

As bearing upon this subject some experiments conducted by 
Rinker’ are of interest. He weighed each of the kernels of a large 
number of heads of wheat of the Spalding Prolific and Martin Amber 
varieties, and found that the heaviest kernels occur in the lower half 

of the spike. With spikes of different lengths and weights, the 
weight of the average kernel increases with the size of the spike. 

Weights of individual kernels from the same spikes show that 
there is a great range in this respect. One spike, of which Riinker 
gives the weights of all the kernels, and which is given as representa- 
tive of the average, shows kernels varying in weight from 36 to 71 
milligrams. 

« Agricultural Gazette of New South Wales, 14 (1903), No. 2, pp. 145-169. 

> Agricultural Gazette of New South Wales, 12 (1901), No. 9, pp. 1053-1062. 

¢ Jour. f. Landw., 38 (1890), p. 309. 

27889—No. 78—05——3 



34 IMPROVING THE QUALITY OF WHEAT. 

It is therefore quite evident that a sample of wheat taken from 
spikes of different sizes when separated into lots of light and heavy 
kernels would have both the larger spikes and smaller spikes repre- 
sented in each lot of kernels, but doubtless the proportion of kernels 
from large heads would be greater in the lot of heavy kernels. 

It would appear from these results that the evidence was over- 
whelmingly in favor of large or heavy wheat kernels for seed. Most 
of the experimenters selected seed of different kinds each year without 
reference to previous selection. If large seed or small seed represent 
plants of different characteristics and if these properties are hered- 
itary, the results of selection of large or small seeds for several 
years may be quite different from what they would be the first year. 
It is only those experiments in which selection of the same kind of 
seed has been continued for several generations that may be relied 
upon to indicate the value of continuous selection of large kernels 
for seed. 

Such experiments have been conducted by Sanborn, by Desprez, 
and by Soule and Vanatter. The work of Desprez indicates that the 
size of the kernel is a hereditary quality. That being the case, it is 
evident that the small seed of the first separation may be composed 
partly of seed that is small on account of immaturity and partly of 
seed that is small by inheritance, but which is perfectly normal. 
When such seed is planted the immature seed will be largely elimi- 
nated in the crop, but the naturally small seed will have reproduced 
itself and will compose most of the crop. When the seed is again 
separated a much smaller percentage of small seed will be immature, 
and in consequence a larger number,of kernels will produce plants. 
It would appear from Desprez’s experiments, however, that those 
plants producing small kernels are not so prolific as those producing 
large kernels. 

Sanborn’s results make a very good showing for the small kernels, 

but, as before stated, the extreme irregularity would lead to the 
belief that the soil on the plots lacked uniformity, or that some other 
errors had influenced the results. To offset this the tests cover a 
period of four years, which should help to rectify mistakes, and in 
consequence the good showing made by the small kernels is entitled 
to some consideration. 

Soule and Vanatter’s results fulfill exactly the conditions of the 
hypothesis that the small seed would the first year contain a much 
larger proportion of immature kernels than it would in subsequent 
years, and hence yield more poorly the first year. Their results with 
heavy kernels as compared with ordinary seed offer little encourage- 
ment to the continuous selection of large kernels. 
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The fact before referred to that both large and small kernels are 
found on the same head of wheat is perhaps an argument against the 
superior value of large seed. If the plant and not the seed is the unit 
of reproduction, small seed from a plant whose kernels averaged 
large size may be better than large seed from a plant whose kernels 

averaged small size. 
On the other hand, there can be no doubt that the majority of the 

kernels in the lot of heavy kernels would be from plants having large 
spikes, and vice versa. This would give the kernels in the heavy lot 
some advantage. Again, the advantage that the large kernel is sup- 
posed to possess for seed may not be in producing a large kernel in 
the resulting crop, but in giving the plant a better start in life, or 
producing a more vigorous plant. 

RELATION OF SIZE OF KERNEL TO NITROGEN CONTENT. 

Richardson“ has made a large number of analyses of wheats from 
different parts of the United States. The weight of 100 kernels was 
also determined in each sample. There can not be said to be any 
constant relation between the nitrogen content and the kernel weight, 
but in the main the large kernels have a lower percentage of nitrogen 
than the small kernels, and inversely. 

Pagnoul’ reports that in a test of eleven varieties of wheat there 
was in the main a decrease in the percentage of nitrogen in the crop 
as compared with the seed when there was an increase in the weight 
of 1,000 kernels in the crop as compared with the seed. 

The same investigator’ again states that in an examination of 
seventy varieties of wheat there was no constant relation between 
the size of the kernels and their nitrogen content, but that in general 
the varieties with small kernels were the varieties richest in nitrogen. 

Marek” separated wheat of the same variety into lots of large and 
of small kernels. He found on analysis that the large kernels con- 
tained 12.52 per cent protein and the small kernels 13.55 per cent 

protein. 
Woods and Merrill’ made analyses of a number of wheats grown 

in Minnesota and of the same varieties grown in Maine. The wheats 
uniformly developed a larger kernel when grown in Maine. Grouping 
five varieties raised in Minnesota and five raised in Maine, it will be 

seen that with this increase in the size of the kernel there was a 

«U.S. Department of Agriculture, Division of Chemistry, Bulletins 1 and 3. 

» Abstract in Centrlb. f. Agr. Chem., 1893, p. 616, from Ann. Agron., 1892, p. 486. 

¢ Abstract in Centrlb. f. Agr. Chem., 1888, p. 767, from Ann. Agron., 14, pp. 262-272. 

d Abstract in Centrlb. f. Agr. Chem., 1876, from Landw. Zeitung f. Westfalen u. Lippe, 

1875, p. 362. 

€ Maine Experiment Station Bulletin 97. 
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decrease in the nitrogen content. The analyses, reduced to a water- 

free basis, are as follows: 

| Weight of | = 
/ 

‘reentage 
Where grown, 100 kernels | ~CTcenta 

(grams). cf protein. 

MATS OTL sos ees eee ae ee ea ed Ban oh Ti Ny, Varta’ Se os Ree 9.239 ee 

I Se ee ee fe oe SOS 3.109 15. 43 

In a review of the experiments concerning the relation of weight 
to composition of cereals, Gwallig’ says that the results obtained 
by Marek, Wollny, Miircker, Hoffmeister, and Nothwang divide 
barley and rye into one group, and wheat and oats into another, as 
regards this relation. With barley and rye, the largest, heaviest 
kernels are the richest in protein. With wheat and oats, the smallest, 
lightest kernels have the highest protein content. 

Gwallig says further that with an increased protein content there 
is a decrease in nitrogen-free extract. The fat and ash do not stand 
in a definite relation to the kernel weight, but the small, light kernels 
have a higher percentage of crude fiber, which circumstance is 
accounted for by the larger surface possessed by the smaller kernels. 

Snyder’ has divided small kernels into two classes—those which 
are small because shrunken and those which are small although well 
filled. He finds that as between small kernels of the first class and 
large, well-filled kernels, the former contain a higher percentage of 

nitrogen, but as between the small, well-filled and the large, well-filled 
kernels, the latter contain the higher percentage of nitrogen. In 
testing this he used large and small kernels of the same variety in 
each case, and the wheats represented a large portion of the wheat- 
growing area of the United States. As regards the relation of large, 
perfect, and small, perfect kernels there were twenty-four out of 
twenty-seven cases in which the large kernels contained a greater 

percentage of nitrogen. 

Jobannsen and Weis,’ in experiments with five varieties of wheat, 
find that as a general rule the percentage of nitrogen is increased 

with increasing grain weight, but that there are many exceptions 
to the rule. 

Cobb” states that smail wheat kernels contain a larger proportion 
of gluten than do large ones, but he does not submit any analyses to 
substantiate his statement. 

« Abstract in Centrlb. f. Agr. Chem., 24 (1895), p. 388, from Landw. Jahrbiicher, 23 

(1894), p. 835. 

» Minnesota Experiment Station Bulletin 85. 

¢ Abstract, Experiment Station Record, 12, p. 327, from Tidsskr. Landbr. Planteavl., 5 : 

(1899), pp. 91-100. 

@ Acricultural Gazette of New South Wales, 5 (1894), No. 4, pp. 239-250. 

EEE 



INFLUENCE OF SPECIFIC GRAVITY OF SEED KERNEL. on 

Kérnicke and Werner” quote the experiments of Reiset to show 
that shriveled kernels havo a higher nitrogen content than plump 
ones. With different varieties of wheat he found the following: 

Percent- 
age cf 

Variety. Kind. nitrogen 
in dry 

| matter. 

Salhi. coe Soueleswansssoneececese secaeuore« Seeoceeesanososes ser Shirivieled= ae enaseeseee 2.48 
ID) 2 she Snot Seo sends OS eee QUA OSCE Oe eee Bee SSn eRe aaeeHE oneuese lump Aas eee ee 2.33 

WAST Lek a Se eee gaa eee en Men a eer Se a Shiniveled ers aa= sees ee 2.44 
IDX0) = 2 naecte deed sno sae aeae CnC eunos Geet ee HoacabeaonASeoSSep lease sae lelhbheay yeres aes neers 2.08 

PUI TONE een ne ere cope neste ine oie celine a Safaris Se eo ewieea wit an cc eieia Shmriveled: 2222 -----< 2.59 
IDO). Re Se ae SSR Ee Si Sean Ae he Moe eer ths eae Blume 22 teres Soa Pats) 

Carleton” records the weight of 100 kernels and the percentage of 
‘“albuminoids”’ in sixty-one samples of wheat from various parts of 
the world. Dividing these into classes according to the weight of 
100 kernels we have the following: 

| Average | 
Weight of | Percent- | Number 

| 100 ant ot wel oe age of albu-, of sam- | 
| (grams). (grams) minoids. ples. 

2 to 3 2.66 | 14.58 6 7 
| 3 to 4 3.67 Wee 25 | 

over 4 4.57 11.62 30 | 
| | 

Reviewing these experiments there would seem to be no doubt 
that shrunken kernels contain a higher percentage of nitrogen than 
do well-filled ones, but as between large and small kernels, both of 

which are well filled, there is not a great deal of information. Snyder’s 

experiments are the only ones that cover this ground, but they are 
extensive and very uniform, and may be considered as deciding the 
question in favor of a higher mitregen content for the large kernels, 
so far as small, plump kerne!s and large, plump kerne!s are concerned. 
But, as small and light kernels are usually not plump, taking the 
crop as a whole and dividing it equally into large and small or 
heavy and light kernels, the evidence would be in favor of the small 
or light kernels for high nitrogen content. As between wheats trom 
different regions and of different varieties, those having small kernels 
are generally of higher nitrogen content. 

INFLUENCE OF THE SPECIFIC GRAVITY OF THE SEED KERNEL UPON 

YIELD. 

Sanborn’ separated seed wheat with a sieve into large, medium, 

small, and shriveled kernels. The large seed was separated by means 

“Handbuch des Getreidebaues, 1, pp. 520-521, Berlin, 1884. 

DU. S. Department of Agriculture, Division of Vegetable Physiology and Pathology, 

Bulletin 24. 

¢ Abstract, Experiment Station Record, 5, p. 58, from Utah Experiment Station Report, 

1892, pp. 133-135. 
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of a brine solution into two nearly equal parts. The seed thus sepa- 
rated was planted on separate plots. The experiment was con- 
tinued three years. The heavy seed yielded 10.8 bushels and the 
light 16.3 bushels per acre. Unselected seed yielded 16.4 bushels 
per acre. 

Seed wheat of four varieties was separated by Church” by means 
of solutions of calcium chlorid having specific gravities of 1.247, 
1.293, and 1.31. The seed was first treated with a solution of mer- 

curic chlorid to remove adherent air. Each lot of seed was planted 
separately. From the results the following conclusions are drawn: 

(1) The seed wheat of the greatest density produced the densest 
seed. 

(2) The seed wheat of the greatest density yielded the largest 
amount of dressed grain. 

(3) The seed of medium density generally gave the largest number 
of ears, but the ears were poorer than those from the densest seed. 

(4) Seed of medium density generally produced the largest number 
of fruiting plants. 

(5) The seed wheat that sank in water, but floated in a solution 

having the density 1.247, was of very low value, yielding on an 
average only 34.4 pounds of dressed grain for every 100 yielded by 
the densest seed. , 

Haberlandt,’” as the result of experiments with several cereals, has 

shown that the comparative weight of kernels is transmitted to the 
erain resulting from this seed. This was the case with wheat, rye, 

barley, and oats. The results with wheat were as follows: 

Weight of kernels. 

Number of pounds. 
Light. | Medium.| Heavy. 

Grams. Grams. | Grams. 
TU O00'seedskermels 39 Ut aac cence rene Tene Sine aie Ee Ee ee 29.5 Se) 33.0 
15000 crop kermels. 2-2) ea-< wc bkee feb See eitee cle cesasels baes SEE pee ee eee 34.3 30.0 | 36.3 

| | 

Wollny’ objects to the results of the experiments by F. Haberlandt, 
Church, Trommer, Hellriegel, and Ph. Dietrich with various cereals, 
in which almost without exception the kernels of high specific gravity 
produced the best yields, because no distinction was made between 
absolute weight and specific gravity in the kernels. He claims that 
the value of the seed lies in the kernels of absolutely heavy weight 
rather than in the kernels of high specific gravity. He concludes 
that the specific gravity of the seed exerts no influence on the yield 
of the crop. 

aScience with Practice. 

> Jahresb. Agr. Chem., 1866-67, p. 298. 

c Abstract in Centrlb. f. Agr. Chem., 1887, p. 169, from Forschungen a.d. Gebiete Agri- 

kulturphysik, 9 (1886), pp. 207-216. 
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In the light of the experiments that have been conducted with 
seed wheat of high and low specific gravities, it would appear that, 
in general, seed of very low specific gravity does not yield well, and 
it is evident that such seed must be deficient in mineral matter and 
is probably not normal in other respects. There would not appear, 
however, to be any marked difference in the productive capacity of 
kernels of medium specific gravity and kernels of great specific 

eravity. 

RELATION OF SPECIFIC GRAVITY OF KERNEL TO NITROGEN CONTENT. 

Marek” found that with an increase in the specific gravity of the 
kernel there was a decrease in nitrogen content. 

Pagnoul,’? in testing seventy varieties of wheat, found that the 
nitrogen content rose with the specific gravity, but not regularly, 
and that a definite relation could not be traced. 

Wollny’ took kernels of horny structure and kernels of mealy 
structure. He says it is generally recognized that the hard, horny 
kernels have a higher specific gravity, and that it is commonly 
attributed to their higher content of proteids. He contends that as 
starch has a higher specific gravity than protein the mealy kernels 
must really have a higher specific gravity than the horny ones. 

Kornicke and Werner” state the specific gravities of the various 
chemical constituents of the wheat kernel as follows: Starch, 1.53; 
sugar, 1.60; cellulose, 1.53; fats, 0.91 to 0.96; gluten, 1.297; ash, 

2.50; water, 1.00; air, 0.001293. They state also (p. 121) that the 
specific gravity of the kernel does not stand in any relation to the 
volume weight, for the factor which results from weighing a certain 
volume mass is influenced by the air spaces between the kernels, and 
these depend upon the form and size as well as the surface and acci- 
dental structure of the kernel. They also contend that there is no 
relation between the volume weight and the content of proteid 
material. 

Schindler’ shows that by tabulating a large number of varieties 
of wheat from different parts of the world, and representing different 
varieties, there is no relation between the weight of 1,000 kernels 
and the volume weight of 100c.c. By separating these into varieties, 
even when grown in different localities, kernels of the same variety 
did show a definite and constant relation. The volume weight 
increased with an increase in the weight of 1,000 kernels. 

4 Abstract in Centrlb. f. Agr. Chem., 1876, p. 46, from Landw. Zeitung f. Westfalen u. 

Lippe, 1875, p. 362. 

» Abstract in Centrlb. f. Agr. Chem., 1888, p. 767, from Ann. Agron., 14, pp. 262-272. 

¢ Abstract in Centrlb. f. Agr. Chem., 1887, p. 169, from Forschungen a. d. Gebiete Agri- 

kulturphysik, 9 (1886), pp. 207-216. 

@ Handbuch des Getreidebaues, 2, p. 120, Berlin, 1884. 

¢ Jour. Landw., 45 (1897), p. 61. 
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There has long been a desire manifested by workers in this field to 
establish some definite relation between the specific gravity of the 
wheat kernel and its composition, or at least its nitrogen content. 
Very contradictory results have been obtained by several experi- 
menters, and little progress has been made. 

It is true that the various chemical constituents that go to com- 
pose the wheat kernel have different specific gravities, and as those 
of the carbohydrates are ail less than those of the proteids it 
might be argued that a wheat having a large proportion of proteid 
material would have a low specific gravity. However, the specific 

eravity of the ash is so much greater than that of any other constit- 
uent and the ash in wheats from different soils and climates varies so 
much that these factors completely prevent the establishment of a 
definite relation. The size and number of the vacuoles also influence 
the specific gravity. 

In general, it may be said that as between kernels of the same 

variety grown in the same season and upon the same soil, the specific 
gravity is inversely proportional to the nitrogen content. 

CONDITIONS AFFECTING THE PRODUCTION OF NITROGEN IN THE GRAIN. 

So far as the writer has been able to ascertain there is‘no literature 
bearing directly upon the conditions affecting the production of 
nitrogen in the grain of wheat. 

Regarding high nitrogen in the wheat crop as arising merely from 
failure on the part of the kernel to develop fully, it would seem that 
a high percentage of nitrogen would inevitably be accompanied by 
a small production of nitrogen per acre. This, however, does not 
always appear to be the case. 

Taking, for instance, the yields of wheat obtained by Lawes and 
Gilbert” for a period of twenty years, which they divide into two 
periods of good and of poor crops, each covering ten years, we have 
the following figures: 

Average 
seit P Swereunell vel 

Seasons. grain per | per bushel an te 
acre | (pounds). | Gouna 

(pounds). | | Pp 5 

Goodteropsseasons asec aos. ce saeccr ea eee sala eens ne eee 1,833 60.2 | 28.0 
POOR CLOpiSCaSOnS = Aotecocceen eaeiase Sate tee ane ee is naam eatats 1,740 57.1 | 29.8 

It will be noticed that the largest production of nitrogen per acre 
was in those years in which the weight per bushel and the yield per 
acre were least. 

Of course this is not always the case, but that it should occur at 
all is an indication that the conditions that make for high nitrogen 

« On the Composition of the Ash of Wheat Grain and Wheat Straw, London, 1884. 
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content in the grain also conduce to a large accumulation of nitrogen 
by the crop, or perhaps it would be more accurate to say that the 
conditions which favor a large accumulation of nitrogen by the crop 
often result in giving it a high nitrogen content. 

Reference has already been made to the observations of Dehérain 
and Dupont“ on the wheat crops of 1888 and 1889 at Grignon. The 
figures for the yields of grain, the percentages of starch and gluten, 
and the production per acre of these constituents for the two years 
are as follows: 

EGP leis Porcoutaee an Ol 
Stee ee S | Gluten per Starch per 

Year. ire ata | hectare hectare 
(kilos). Gluten. Starch. | (kilos). (kilos). 

_- = =||= == | > SSS. 

UES Shia eA ites ee es a 3,445 12.6 Hier | 434 2,659 
ILE be See eRe Se SR a oe ee a ens 2,922 15.3 61.9 | 447 1,808 

From this it will be seen that for the year in which the yield of 
grain was less per acre the production of gluten per acre was greater. 
Apparently the conditions were favorable for a large accumulation 
of nitrogen by the plant in 1889, but were unfavorable to the pro- 
duction of starch. If the latter had not been the case, the crop of 
1889 would have been larger than the crop of 1888. 

A number of instances of this kind have occurred among the wheat 
crops at the Nebraska Experiment Station. In fact, it may be said 
that, in general, large yields of grain have there been accompanied 
by a low percentage of nitrogen per acre as compared with the same 
properties in small yields of grain. The following table will show 
this: 

Production of nitrogen per acre in wheat raised at the Nebraska Experiment Station. 

| Yield of | Percent- |. Proteid | eRe an 
EAPO ra grain age of | nitrogen eee 

Variety. UES | per acre | proteid | per acre | TPen- 
(pounds). | nitrogen.) (pounds). | ste 

| 

“DUNES, Ta) Se Rte Se eee ye ae a ee 1900 1,980 3.02 52.73 | June 27 
IDXO 24 Sie ech So Bee Re tee eS en 1901 2.370 2.00 43.04 | June 24 
WiOisocage eonrcat Sage: pene noe BOC t EEE Ee emer n 1902 1,800 2. 86 51.48 | June 23 
DO) 2 2 Be Sa maes oe See cee ee ee a es ee acters 1903 1,864 2.40 44.74 July 9 

WPM ROWS NUTT Ye 2 alec eee es aS eee oR Ce Re cn 1900 | 1,320 3.01 34.58 | July 2 
DOG SS SG te aan Seas COE CREE RCN Ore tae Been BES ae 1901 1,794 2.18 36.08 | July 1 
IDXO eee end Mea ate ae a aes Seed Sea Aes Sar oe 1903 a 962 2. 54 24.43 | July 14 

\WiGis Gall oiigiee See. gas Gee eS eae Sas 1902 1,605 3.16 46.32 | June 24 
ORS ot eo ela Ee ene Bae ea slala toe cae 1903 1,891 2.10 39.71 | July 10 

TETEyS (rey eed SY OV bey ary een, ope ere op a be ted 1902 1,475 2.92 43.10 | June 24 
ORF erate een a ae eae ee eee oe eee Ow 1903 1,830 2.16 39.53 | July 10 

PAV CTH 2 Creat ha Peace WOO S eae RA ee ASP iy 7, nim SRS TIE ae | eee BSAA peer nsece 41.43 | 
| | 

«a Yield decreased by lodging of grain. 

A word in regard to the character of the seasons that produced 
these crops may help. to an understanding of their differences. 

@ Ann. Agron., 28 (1902), >. 522. 
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The season of 1900 was rather dry and hot from the time growth 
started in the spring until harvest. There was no time when there 
was an abundant supply of moisture, but occasional rains wet the 
soil for a few days at a time. The temperatures during the day 
were high and the air was dry. In 1901 the spring was quite moist 
and cool until June, when it became extremely hot and dry. A few 
days before harvest the temperatures ranged above 100° F. daily, 
with no rainfall. The season of 1902 was the direct opposite of that 
of 1901, except that the change came earlier. It was extremely dry 
and hot until the middle of May, when abundant rains came, and 
the temperatures were considerably below normal until harvest. 
The season of 1903 was wet and cool throughout. 

In general, it may be said that in those seasons, like 1900 and 
1902, in which the temperatures were high and moisture scarce dur- 
ing all or the early part of the growing season, the grain had a high 
percentage of nitrogen, and there was a large production of nitrogen 
per acre. In years of low temperatures and abundant moisture, 
as In 1903, or even when such conditions obtained late in the sea- 

son, as in 1901, there were a low percentage of nitrogen in the grain 
and a small production of nitrogen per acre. 

High temperatures and scant moisture during early growth would, 
therefore, seem to favor the accumulation of nitrogen by the wheat 
plant. 

It may also be noted that these are the conditions favorable to 
the process of nitrification and to the accumulation of nitrates near 
the surface of the soil. 

Comparing the wheat crops grown at Rothamsted for a period of 
twenty years, the yields and nitrogen production of which have just 
been stated, with the averages for the Nebraska-grown wheats con- 
tained in the last table, it will be seen that the yields of grain were 
larger at Rothamsted, but that the production of nitrogen per acre 
was considerably greater in Nebraska.“ 

| Yield (in pounds) 

Station. 
per acre of— 

| Grain. Nitrogen. 

Rothamstedhs batons: hs oe noe kee te eee eae e ee te ce eee Se ele rete aici ee eee | 1,786 28.9 
INEbraskalstation: = ole one ieee se coe Oe Be eae ae ee cee ee ees eral 41.4 

The maximum production of nitrogen per acre at Rothamsted 
during the twenty years was 38.1 pounds, while at Nebraska it was 

52.7 pounds. 
There can be little doubt as to whether this difference was due 

in greater measure to soil fertility or to climate. BORE: is better 

a The aan ae nitrogen at Pivaihan eat is calculated from total organic nitrogen, while 

at the Nebraska Station it is from proteid nitrogen. 
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tillage given or are crops more scientifically provided with food 
than at Rothamsted. It is true that of the ten plots of land on 
which these wheats were raised one received no manure and three 
were not sufficiently manured. In order to make the comparison 
more favorable to the English environment, the five plots completely 
manured and producing the largest yields may be taken. The yield 
of nitrogen per acre was 36.4 pounds for the years 1852-1861 and 
34.6 pounds for 1862-1871. Even with the best manuring the yields 
of nitrogen fall very much short of those in Nebraska. 

In Nebraska no commercial fertilizers had ever been used on the 
land on which the wheats were grown, but farm manure had been 

applied. The soil was a heavy one, well adapted to wheat growing, 
and had been well tilled. It had been well manured for corn in a 
rotation of corn, oats, and wheat. The varieties, with the exception 
of Turkish Red, had just been introduced from Europe and had not 
fully adapted themselves to the new environment. The average 
nitrogen production for the only acclimated variety, Turkish Red, 
was 48 pounds per acre. It would seem, therefore, that a climate 
affording high temperatures, dry air, and a moderately dry soil is 

favorable to the accumulation of a large amount of nitrogen by the 
wheat plant, provided there is a large supply of nitrogen in the soil. 

The heat and scant soil moisture are doubtless instrumental in 
making available the nitrogen of the humus, and the bright sunshine 
and dry, hot air stimulate growth and increase transpiration. 

It has just been said that hot, dry weather in the early growing: 
season contributes to a large nitrogen accumulation by the wheat 
plant. The same conditions cut short the growing period of the 
plant and prevent the large accumulation of starch that takes place 
in the kernel of wheat raised in a cool or moist region. It thus 
happens that such wheats are high in nitrogen and low in starch. 

The properties of the wheat kernel characteristic of a continental 
climate and rich soil are probably due to rapid nitrification and 
highly stimulated growth causing a large accumulation of nitrogen 
by the crop, and to incomplete maturation, caused either by heat, 
or frost, or lack of moisture, resulting in high nitrogen. 

It would be interesting to know what relation the production of 
nitrogen per acre bears to the production of mineral matter, but 
the necessary figures are not at hand. 

The wheat kernel produced in a continental climate is not usually 
plump as compared with the kernel produced in an insular or coastal 
one. The yield of grain per acre is also usually less. That this is 
due to incomplete maturation is shown by the fact that winter 
varieties of wheat that make their growth early in the season always 
yield better than spring varieties. The latter, on the other hand, 
have a higher percentage of nitrogen, but usually not so large a 
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nitrogen production. Their disadvantage les in the fact that their 
roots are not sufficiently developed to absorb a large quantity of 
nitrogenous matter at the time most favorable for its accumulation. 
As a maximum nitrogen accumulation is the chief desideratum, 
spring wheats are not desirable where winter ones can be grown. 

This does not mean that a variety of wheat which has been grown, 
for instance, in England will show all the qualities of an inland 
wheat when first grown in Kansas or Nebraska. Such a wheat will 
undergo modifications that will give it some of these qualities, such, 

for instance, as less well-filled kernels, and less weight per bushel. 

On the other hand, the Turkish Red wheat, when raised in a cool, 
moist climate, becomes later maturing, and the kernel becomes 

plumper, more starchy, and softer. It is between varieties adapted 
each to its peculiar climate, and raised there for years, that these 

distinctions are most marked, but the fact that a modification of 

any variety begins at once when transferred from one climate to 
another shows that such qualities as those mentioned are influenced 
by the climate. 

It must be quite apparent, although it has not often been remarked, 

that the ordinary selection of seed wheat to increase the yield has 
resulted in producing a grain of lower nitrogen content. 

This has been noticed by Girard and Lindet“ and by Biffen,? and 
incidentally by Balland,’ who, in commenting on the decrease in 
the nitrogen content of wheat in northern France and the increased 
yields, attributes the former to a deficiency of nitrogen in the fer- 
tilizers used, and states that the gluten in the wheat of that region 
in 1848 ranged from 10.23 to 13.02 per cent, while fifty years later 
it ranged from 8.96 to 10.62 per cent. In the same time the aver- 
age yield increased from 14 to 17.5 hectoliters per hectare. In the 
light of the results of experiments to ascertain the effect of nitroge- 
nous fertilizers upon the composition of wheat, it can not be supposed 
that this decrease in nitrogen content can be due primarily to lack 
of nitrogen. It would seem more likely that the increased yield 
was largely due to the deposition of starch in the grain, and that 
consequently the percentage of gluten was smaller. 

Has the improvement in the yield of wheat been accompanied by-~ 
a greater yield of nitrogen per acre? It is evident that the increase 
in the grain and that in the nitrogen are not proportional, but it is 

a Le Froment et sa Monture, Paris, 1903. 

b Nature (London), 69 (1903), No. 1778, pp. 92, 93. 

¢ Abstract in Centrlb. f. Agr. Chem., 1897, p. 785, from Compt. Rend., 124 (1897), 

p. 158. 
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desirable to know whether there has been any increase in nitrogen 
per acre. Returning to the figures given by Balland it will be seen 
that the wheat of 1848 produced on an average 163 kilos per hec- 
tare, while that of fifty years later produced 171 kilos, an increase 
of about 5 per cent in gluten per hectare, with an increase of 25 per 
cent in yield. These figures can not, of course, be taken as strictly 
accurate, as they are based merely on what M. Balland refers to as 
the range of nitrogen content. 

Some data on this subject are available in the published records 
of wheat improvement at the Minnesota Experiment Station.“ 
Yields and gluten content of improved varieties and of the original 
variety from which the improved strains have been developed by 
selection are given. The figures cover the same seasons for all 
varieties, and the averages of six trials are reported for each, as 
follows: 

Yield fer | Percent-| inten Nitrogen 
Variety. acre | Pee per acre | per acre 

| (bushels). as (pounds). (pounds). 

— Seer 

Minnesota No. 149, produced from Power's Fife..........- 25.6 13.5 207.4 36.4 
powers Hite; unmodified by selection.<~:.2 2252-2. .£-22..2 23.6 14.0 198.2 34.8 
Minnesota No. 1¢9, produced from Hayne’s Blue Stem... . 28.5 12.5 21327 37.5 
Hayne’s Blue Stem, unmodified by selection ..-.-.......-.- 24.6 13.4 | 198.8 34.7 

_ In each case the new variety yielded more grain per acre, possessed 
a lower gluten content, and produced more nitrogen per acre in the 
erain. It should be explained that determinations of gluten and 
baking tests were made of strains of wheat produced by the selection 
of individual plants, and that the quantity and quality of the gluten 
in these strains were considered in deciding which strain was to be 
perpetuated. For that reason the gluten content of the improved 
wheat is doubtless greater than it would have been if no attention 
had been paid to those qualities. Incidentally it may be stated 
that the quality of the gluten in these new vaiieties of wheat origi- 
nated by Professor Hays is much better than that in the original 
varieties. The difference between selection for gluten carried on in 
this way and selection for gluten applied to the individual plant is 
that the latter must increase many times the opportunity for devel- 
oping a strain of desirable gluten content. 

Returning to the nitrogen production per acre, it is apparent that 
it is slightly greater in the improved wheats, or at least is not less 
than in the original varieties. This is encouraging, as it indicates 
the possibility of increasing the production of gluten per acre. 

@ Minnesota Experiment Station Bulletin 63. 
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Gluten is the valuable constituent of wheat. The wheat growing 
of the future may be looked upon as a gluten-producing industry. 
The problem is to secure the highest possible quantity and quality 
of gluten per acre. If this can be done by sacrificing starch produc- 
tion, it will be economical. Starch can be more cheaply produced 
in other crops and, if necessary, added to the flour of wheat. 

It may be argued that this is not to the interest of the farmer. 
But it is clearly to the interest of mankind and any step toward 
its accomplishment must in the end redound to the advantage of 

the farmer. 
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SOME PROPERTIES OF THE WHEAT KERNEL. 

If a number of wheat kernels of the same variety and raised under 
similar conditions are separated into approximately equal parts with 
regard to their specific gravity, the kernels of low specific gravity 
will be found to contain a higher percentage of both total and proteid 
nitrogen than the kernels having a high specific gravity. 
A number of samples of wheat grown in different years and repre- 

senting different varieties were separated into approximately equal 
parts by throwing the kernels into a solution of calcium chlorid hay- 
ing such a density that about half the kernels would float and the 
other half sink. The specific gravity of the solution in which each 
sample was separated is given in Table 1 and the signs < and > are 
used to represent ‘‘less than’ and ‘“‘greater than,’ respectively. 
Thus ‘‘<1.29”’ means that the kernels have a specific gravity of less 
than 1.29, while ‘““>1.29” indicates that the kernels have a specific 
gravity greater than 1.29. 

TaBLe 1.—Analyses of kernels of high and of low specific gravity. 

| Percentage of— | 

ie Specific paene| | a, | Name of variety and year of 
Serial number. gravity. | Total Proteid pe growth. 

| nitrogen. | nitrogen. nitrogen 

Si) ~ Saaao} ar] ogo | 188 Piekman, grown in 1895. 5 eae - 

i WS renee aes Siar "57 {Turkish Red, grown in 1807. 
ZS GSS ee ae eee <1. 250 2.80 2.26 .54.||Spring wheat, Marvel, grown 
BOBS are ce astecwis cee >1. 250 2.78 7a Ns) .63 |f in 1897. 
Ase hone es Se eee <1. 265 2.95 els .82 |\Spring wheat, Velvet Chaff 
Pp ee re 1-265 2.66 2.01 -65 |f grown in 1897. 

“1.9 3: 9 | 
Gree Sra) aoe | a Fy J Turkish Red, grown in 1898, 

| 

a Proteid nitrogenin this paper = nitrogen by Stutzer’s method. Proteids = proteid nitrogen x 5.7. 

With the exception of serial Nos. 30 and 31 the kernels of low 
specific gravity have in each case a higher percentage of both total 
and proteid nitrogen than have the kernels of high specific gravity. 
It will also be noticed that the percentage of nonproteid nitrogen is 
greater in the kernels of low specific gravity. 

Samples of wheat were also divided into light and heavy portions 
by means of a machine which operates by directing upward a current 
of air, the velocity of which can be regulated. Into this current the 
grain is directed. The result is that the heavy kernels and the large 

27889—No. 78—05——4 49 
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kernels fall, and the hght kernels and small kernels are driven out. 
The separation thus accomplished is somewhat different from that 
effected by a solution, the difference being that the latter separates 
the kernels entirely according to their specific gravities while with 
the air blast a large kernel of a certain specific gravity might descend 
with the heavy kernels, when if it were smaller, although of the same 
specific gravity, it would be blown out. 

The number of light kernels that descend on account of their large 
size is relatively small, owing to the fact that large kernels are, as a 
rule, of higher specific gravity than small ones. The following test 
was made to determine the relation between the size of wheat ker- 
nels and their specific gravity. An average lot of wheat was nearly 
equally divided by means of two sieves into three portions represent- 
ing medium, small, and large kernels. Each of these portions was 
then thrown upon solutions of the same specific gravity, and the pro- 
portion by weight that floated, or light seed, and the proportion that 
sank, or heavy seed, were determined. 

TaBLE 2.—Proportion of light and of heavy seed. 

‘Hea vy seed Light seed | 
Ratio. 

Kind of seed. | (grams). | (grams). Teen. | Light 
| y. * 

Sin alee Seasons <6 ee eae ROR Oe CEC eeeae 8.72 11.28 1 
Meena enna ee cee ba ci eae : 9.62 10.78 1 ez 
10E) ee eS EASES 11.96 8.04 1 . 67 

The weight of light kernels among the small was nearly twice that 
of light kernels among the large seeds. 

Analyses of samples of wheat separated by this machine into hght 
and heavy kernels gave about the same results as the samples sepa- 
rated by solutions of certain specific gravities. 

TABLE 3. Analyses of large, heavy kernels and of small, light kernels. 

Percentage of— | 

Relative | Name of variety and year of 
Serial number: weight. | Total | Proteid onre: growth. 

nitrogen. nitrogen. nitrogen. 

QI Sees oe oStie sbaes wees iota eee 2.99 2.21 0.78 |\Spring wheat, Marvel, grown 
LO eS. te SR SI ES Heaviyeasnncre| 2.76 2.04 -72 \f in 1896. 
iE soe orca Se ee aa Ne ee IAN Fs ye ae ee STi 2.11 -66 |) ae 
at a een OME RR Heavy........ 2.70 2.04 166; \{ (Obie Brows ia ee 
pe 7S Oa aa ae Hae SE pe a Be re \spring wheat, grown in 1898. 

SOMME eect hi ae Tote aeeeeeee 2.45 2.00 545) Vane iP 
iembeton mene da Heavy........ 2.19 1.96 5 Nye ele en Lae 
SRS IRON ae eet a, | ibid eon oe 3.12 3.10 502 "Net ones pe oe 
384 Se ee EEE ile out > | Heavy y eee eS 3.02 2.93 .09 s Turkish Red, gr own In 1900. 4 

Be BP Sees Som oS Siac i's oie Hee Si sie Riess) ee re 4 \Big Frame, grown in 1900. 

ie Os ek hd eh ey oo aan | eae Pcisienies et ee oe \Big Frame, grown in 1901. 

HDR, Sat Banca Se seen ase alii ed noe Boe | 2.35 2.13 £22 : te 
G12 acon eee sean Ades Heavy... / eal 1.94 117 j Turkish ep SAVE 

a See | 
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It thus becomes very apparent that the percentage of nitrogen is 

relatively greater in the light wheat selected in the manner described. 
It is well known that immature wheat is of lighter weight than 

mature wheat and that it contains a greater percentage of nonproteid 
nitrogen. In a field of wheat there are always certain plants that 

mature early, others that mature late, and some that never reach a 
normal state of maturity. The last condition is very likely to occur 
in a region of limited rainfall and intense summer heat. The con- 
ditions most favorable for the filling out of the grain are shown to be 
an abundance of soil moisture and a fair degree of warmth. The 
more nearly the conditions are the reverse of this the more shriveled 
the kernel and the lighter the weight. In the same variety and in 
the same field there are kernels that are small and shriveled because 
of immaturity, disease, or lack of nutriment. All of these classes 
would appear among the ‘“‘light”’ kernels separated in this way. 

In order to approach the question from another standpoint, a num- 
ber of spikes of wheat of the Turkish Red variety were selected in the 
field, care being taken that all were fully ripe, and that they were 
composed of healthy, well-formed kernels. These spikes were sam- 
pled by removing one row of spikelets from each spike and the kernels 
so removed were tested for moisture, proteid nitrogen, specific 
gravity, and weight of kernel, and from the last two the relative 
volume was calculated. It will be shown later that a sample taken 
in this way permits of an accurate estimation of the average com- 
position of the kernels on the spike. 

The number of grams of proteid nitrogen in the row of spikelets 
on each spike was calculated from the data mentioned, and the 

average weight of the kernels on the row of spikelets was determined 
from their total weight and number, thus permitting of the estima- 
tion of the number of grams of proteid nitrogen in the average kernel 
on each spike. 

In Table 4 the spikes having a proteid nitrogen content of from 2 to 
2.5 per cent are arranged in one group, and on the same line with each 
spike are placed the number of kernels on one row of spikelets, weight 
of these kernels, weight of average kernel, relative volume of average 
kernel, specific gravity of kernel, grams of proteid nitrogen in one 
row of spikelets, and grams of proteid nitrogen in average kernel. 
Spikes having a proteid nitrogen content of from 2.5 to 3 per cent are 
similarly arranged, and so with all spikes up to 4 per cent. The aver- 
age for each group is shown in the table. 

There are, in all, 257 spikes, of which 18 have from 2 to 2.5 per cent 
proteid nitrogen, 82 from 2.5 to 3 per cent, 107 from 3 to 3.5 per cent, 
and 49 from 3.5 to 4 per cent. 
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TaBLeE 4.—Analyses of spikes of wheat, arranged according to nitrogen content of kernels. 
Crop of 1902. 

2 TO 2.5 PER CENT PROTEID NITROGEN. 

Nuit | Weight (in grams) Percent- Proteid nitrogen 

reg of— Volume | Specific | age of (gram) in— 
Record es a of aver | eravity proteid 
number. 5 | age ker- | of ker- | nitrogen 

row of > Average $ neg es Average ispikelets Kernels. | “kernel. nel. | nels. Snes Kernels. eornak. 
| | : 

| | 

tSSee sess | Zoo) eS 772 ONO280 ial weemaeee ae |: Sagas | 2.06 | 0.00983 | 0.000577 
SS ee Pee | 16 -4425 | SUPL(e oeeeoaees ee eee cis 2.37 - 01049 I ks 000654 
[9355 14 3724 | O26 4) 2eeease se ese ieee ce ae 2.41 - 00897 - 000642 
7.) AS oe | 15 - 4824 - 0321 0.0241 1.3323 2.41 -01548 000774 
DOI eee 18 Suereil . 0290 - 0209 1.3850 2.23 -01616 |  .000647 
21) eee ene 21 - 5336 . 0254 - 0189 1.3424 2.24 - 01195 - 000569 
BISieo ese = | 22 6708 | .0304 -0220 | 1.3853 2.02 - 01354 - 000614 
OL (epee eee 15 - 4549 | - 0303 0216 | 1.4031 2.44 - 01110 - 000739 
So Meter ee | 15 4063 | - 0270 .0192 | 1.4074 2.36 - 00959 - 000637 
Stile) seeegbae 21 - 6689 | - 0318 - 0235 1.3544 2.33 - 01559 - 000742 
BBO EE rece es 14 4336 | — .0309 . 0225 1.3735 2.35 - 01019 - 000726 
39660 ae ' 19 -4787 | . 0251 0183 | 1.3680 2.28 ; -O1091 | .000572 
AQ2E eS sone | 17 -4594 | .0258 -0188 | 1.3718 2.33 | .01070 | .000601 
A062 eee 2 . 5878 02795) 130200) E3915 2.44 .01434 |. 000681 
zt Es eee eee 13 22771 =| SOZAS SN etek sey 5 | See eee 2.44 -00676 | = .000520 
Mega anea| 17 4566 {0268 ti | ames 2 ee ee 2.36 .01078 |  .000632 
Adds ee cue 16 4110 | 0256) s)| Ree 2 aeeae Nie aera 2.38 -00978 |  . 000609 
Ag ae See 16 -4318 |: 0269) Renee ae eer ceytt ae 2.37 | .01023 : .000638 

Average... iyi -4759 | . 0266 - 0209 1.374 2.020 | O14 | . 000643 
if 

2. TO 3 PER CENT PROTEID NITROGEN. 

ICH epee 19 0. 4482 OS0235 58 Eeae sae S25 Seeeeeee 2.66 0.01192 0.000625 
1 ye a eee 17 . 4299 SO252s2/6. er Melba eee Sees Pests DILYS - 000696 
1b eae anaes | 19 - 5041 0260) +)|: -22e == Seu] beacee cee Zl hee OlS66 - 000718 
sitcoms a ae 15 - 3945 O2Z636 2: ste ele see 2.99 | .01180 - 000786 
1S9EN <2? 13) | e487 SOZLO' ABs pee aale se ees 2. 64 | - 01286 - 000713 
Ob soe iV - 4995 M0298 ia seen lh eee 2.71 | eas 01354 - 000794 
197-2355: 20 | .5683 NOR84 = eee. Ge ee fee, See 2.85 | .01620 - 000809 
1992s ee 17 | .4589 SO269™eeeee sees ieee ae 2.99 - 01372 - 000804 
ZT rs 15 | .4584 -0305 | 0.0230 | 1.3248 QS 01709 - 000833 
210)3..3 35228 14 | - 3955 30282) | 0288) |) 1.32363 2.95 - 01167 - 000832 
7A See ees LA ott - 0306 . 0228 1.3416 2.90 - 01511 - 000887 
21D ee 15 | .4298 . 0286 Spall bese y 2.97 - 01277 - 000849 
DS Oh os 18 - 6299 . 0349 -0259 | 1.3461 2.86 | .01802 - 000998 
PAK ees eee 18 - 5130 - 0285 -0214 | 1.3303 2.58 . 01324 - 000735 
ZNO tek ce ee | 19 . 8862 . 0203 . 0157 1.2950 2.71 - 01047 - 000550 
Dea eee S| 19 | .4611 . 0242 . 0182 1. 3331 2.93 01351 . 000709 
Dae seer | 19 . 5581 - 0293 -0214 | 1.3704 2.71 - 01624 «000794 
DOO Se oe 17 4849 0285 . 0206 | 1. 3856 2.96 - 01387 - 000844 
D230 ese | 15 . 4867 0324 .0234 | 1.3815: 2.54 - 01236 . 000823 
Datars ete ene L6G - 0303 .0220 | 1.3794 2.70 01395 . 00U818 
230 aR ees Te Woah) . 0230 .01649 | 1.3941 2.60 - 01017 - 000598 
2A eases 18 | - 4230 . 0235 | 0178 | 1.3196 2.76 - 01168 - 000049 
DAD) Snes 18 | .4562 20253, |) 0184 |) 3753 2.96 - 01350 - 000749 
PRA eee a | 19 | - 4898 - 02578 - 0186 1.3875 2.50 - 01249 - 000055 
Tee oe 149) 53792 -0270 | .0203 1.3286 2.86 - 01085 - 00U772 
2886220 5c 17 - 4956 0291 0217 1.3428 2.82 01398 - 000821 
DRO eee es oe 19 | - 5042 - 0265 - 0187 1.4155 2.53 - 01276 - 000670 
DOS mien ee 17 | .4858 - 0285 - 0206 | 1.3835 2.64 . 01283 - 000752 
204 Eee eee 19 | .4173 - 0219 -0159 | 1.3813 2.56 - 01068 - 000561 
S02S seer ace 22 . 5569 - 0253 .0190 1.3312 2.68 . 01437 - 000678 
B0Gee eee 19 - 4922 - 0258 - 0185 1.3996 2.51 - 01235 - 000650 
SNe omer | 15 | +4951 - 0330 . 0237 1.392 2.85 -O1411 - 000941 
OLDE woe 16 | .4994 - 0312 - 0224 1.3916 2.75 - 01373 - 000858 
SILOS See oe 17 | .4644 - 0273 - 0203 1.3447 2.86 . 01328 - 000781 
BLOM Aces 18 . 5668 -0314 0229 1.3710 2.98 -01689 | .000938 
Cees 16 -5107 0219 0236 Iles By 2.55 - 01302 - 000813 
BYES Se oe 12 - 3903 - 0325 - 0234 1.3911 2.88 01241 - 000936 
Bol). seen 17 3431 0201 -0161 1. 2498 2.62 - 00899 - 000527 
BS ye eee 16 4847 - 0302 .0218 | 1.3879 2.58 -01251 | .000779 
Go Op Soeeae 18 - 5399 . 0299 -0215 | 1.38922 2.62 ~ 01415 - 000783 
Sao acess 18 . 6474 0359 - 0258 1.3928 2.82 -01826 |- .001012 
Salieetee se 15 - 4497 . 0299 - 0215 1. 3877 2.89 - 01345 . 000864 
3402 2 Seas ee] 20 4155 . 0207 0153 1. 3550 2.74 - 01138 - 000567 
BE eee | 15 - 5058 - 0337 - 0243 1. 3890 2.97 - 01502 - 001001 
SAD eases 14 - 4486 . 0320 . 0228 1. 4037 2.60 - 01166 - 000832 
Dae cio ke | 13 -4112 - 0316 . 0224 1.4107 2.50 - 01028 - 000791 
SARC ieeee a | 16 - 4004 - 0250 . 0184 1.3611 2.93 -01173 - 000733 

| 34D ee 18 . 5422 -0301 . 0216 1.3919 2.56 - 01388 - 000771 
|prB4abien coos 19 - 6393 - 0336 - 0242 1.3913 PAG -01630 |  .000857 
| 38482 cieceee 18 . 6328 -0351 . 0262 1.3415 2.88 . 01822 | . 001010 
| i i 
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TaBLe 4+.—Analyses of spikes of wheat, arranged according to nitrogen content of kernels. 
Crop of 1902—Continued. 

25 TO 3 PER CENT PROTEID NITROGEN—Continued. 

| 

| Weight (in grams) | Percent-| Proteid nitrogen 
eer | of— Volume | Specific | age of | (gram) in— 

Record tes ee | aa _ of aver: Sraviby proteid 
number. : | Ager age ker- | of ker- | nitrogen | 

row of > | Average | Piet r Average 
spikelets. Kernels. | Tovaaval nel. | nels. Hy EOF Kernels. ines 

BAO ae ee Ly, 0.4573 | 0.0269 0.0195 1.3822 2.66 0.01216 0.000716 
BOO Se sie 16 - 4437 .0277 - 0199 1.3891 2.64 | 01171 - 000731 
oi ee 21 . 6386 . 0304 .0217 1.4002 2273 --\ - 01743 . 000830 
sot Sena 16 -5008 | - 0313 . 0223 1.4022 2.84 . 01422 - 000889 
poses -. == 19 .5304 | -0279 | . 0200 1.390 2.91 . 01543 . 000812 
a) ae ees 15 . 8882 .0259 | - 0186 1.3915 2.97 . 01153 - 000769 
SOO Se, <<,225.2 24 . 6375 0265 | -O191 1.3840 2.89 . 01842 . 000766 
oer oe 14 .3297 0235 -0170 1.3819 2.94 . 00969 . 000691 
Bde cc. = 2 18 .4724 . 0262 -0191 1.3729 2.92 . 01379 - 000765 
Ube far aye eave 18 - 9695 . 0316 . 0227 1.3906 2.99 - 01703 - 000945 
Cee 18 | . 5861 - 0325 . 0235 1.3838 2.87 - 01682 - 000933 
SY Maltese eee AOE 267 0223 -0162 1.3747 2. 60 . 00696 - 000580 
SY iio Seas 14 | - 4099 . 0292 .0212 1.3761 2.75 . 01127 . 000803 
BOO Mee a2 Sai 12 | . 3416 - 0284 - 0206 1.3771 2.96 -O1011 . 000841 
Shbee sae 16 | .4921 . 0307 . 0223 1.3741 2s52) . 01240 . 000774 
BN a Sees 19 -O177 «0272 - 0198 1.3758 Daihe - 01413 . 000743 
Cte epee 21 -5830 | .0277 0204 1.3569 2.96 - 01726 - 000820 
age ee 16 -3047 | - 0221 O171 1. 2947 2.94 - 01043 . 000650 
Re ae Sues 15 -3494 -0232 | 0165 1.4070 2.70 | .00943 - 000626 
SOE 28 16 - 3897 0243 - 0180 1.3508 ORTH . 01079 . 000673 
aU) eae 17 - 4805 0282 | .0206 | 1.3693 2.98 . 01432 . 000840 
ZO a 14 - 3448 (1327: 40h | SR, Se aS oo 2.86 . 00986 - 000704 
AA io ve 15 - 3097 EO2Z00 pa pane see Se eee 8 Zine . 00784 . 000521 
CY See oe 18 -4991 POD erd| Mae reek I ee ee 2.62 . 01308 - 000726 
ZS ee 17 . 4635 SOD 72 re | ene Deel eee 2.60 - 01205 - 000707 
221 yee Sd 18 -5714 AUB (MBA So Beng Pity eee | 2.82 .O1611 . 000894 
ST Oe ee 16 - 4624 BOQSO) MiSs esse Ceee oss 2.86 - 01322 . 000827 
AR GR secu 22 - 6138 | SOE Sass ee ote re eee | 2.88 . 01768 . 000834 
SBC eked 23 - 6997 ROSCA A een er) ee 2. 67 . 01868 - 000812 
ASO ios 2.) a 18 | .5600 OSL e ales oace ee Bea |e Sy eae | Stes . 01669 . 000927 
A ee ol 19) ees a27, SATO) Eas Sees oe een ae 2.93 -01561 . 000820 
eee ae oe 13 -4131 SOBA Gena eee ea De | 2.51 - 01037 . 000796 

Average... 17.07 -4791 | .0279 | - 0207 1.3680 | 2.76 - 01332 . 000776 
} 

3 TO 3.5 PER CENT PROTEID NITROGEN. 

iSerscs 22; 20 0.5913 0.0295 | eee nite eens | 3.08 0.01821 0. 000909 
WDE ee eroe 21 5773 . 027. | Pe ees Ses ae ee | 3.46 - 01997 - 000948 
1 Go ee ee 20 | .5804 AVA eee eeseeseee 3.10 -01799 - 000899 
LOD Seeea2ce 18 . 4673 SUPE) s | (ee a Se [eee ee Beat es) -01519 . 000842 
Ml pe aes (ae 427! AO2Z0 Paes acies acne Neon Ste a 3.25 | - 01091 . 000816 
NOD = Jo 2522 iy am - 4126 50242 cae See, iets EY 351 Be 01287 . 000755 
1S), apes ee 13 .3218 A/a Re es eee = Sa eee 01104 . 000847 
NODS eee, e 19 -4924 BOZO OMe epee eas | See eee pete 3.33 - 01640 - 000862 
ieee 18 4683 BO 260 Wel eerste Selly a 3.18 . 01489 - 000827 
2101) eee ae 18 5764 AUIS 20 ed epee tel epee | 3.24 . 01868 . 001040 
AZ e Saas. 14 . 3824 -0273 0.0200 1.3615 | 3.13 . 01197 . 000854 
CARS Bees a 16 Sue -0328 0241 1.3614 3.07 . 01612 . 001007 
DUG Recess 17 - 3392 .0199 . 0157 1.2709 | 3.44 - 01166 . 000685 
DG reek 19 4939 - 0259 0192 1.3494 Bel - 01585 - 000831 
BRT Ae eae 15 -4116 . 0274 0204 1.3415 3.31 . 01362 . 000907 
AUS ge ies et 16 - 4371 . 0273 0208 1. 3082 3.09 .01351 | . 000844 
Ae ae 15 . 3122 - 0208 0165 1. 2588 Abe -01040 | - 000693 
07.) eee 17 - 5040 - 0296 . 0222 1.3350 3.20 - 01613 . 000947 
UPR Sa ee 17 4795 . 0282 . 0204 1.3970 3.31 - 01587 - 000933 
021 Nene 21 - 5380 - 0256 -0170 1.4951 3.11 . 01673 - 000796 
Le ee 14 - 4143 . 0295 .0211 1.3945 3.40 . 01409 - 001003 
05) ee eee 18 . 5888 - 0327 - 0242 1.3514 Sell! - 01831 . 001017 
ave ees ee 13 - 3825 . 0294 0221 1.3280 Shalit . 01190 . 000914 
Bose eae itr . 5331 . 0313 0231 1.3558 Shoe |) = O1663 . 001039 
GAY A ee 16 .5201 - 0325 0243 1.3363 3.23 | .01680 - 001050 
PE ibe eee 25 7451 . 0298 0220 1.3504 3.19 . 02377 . 000951 
DASMer 2a. he 24 - 6349 . 0264 0196 1. 3487 3.47 | .02203 - 000916 
bb ae 19 . 5839 0307 . 0214 1. 43805 SES0) oe 01927; . 001013 
DAG Rte 16 .4415 .0275 .0199 1.3850 a2) | 01417 . 000883 
Poni. 15 4514 . 0300 .0213 1.4100 3.12 .01408 . 000936 
PAR ee en 22 6190 . 0281 0203 1.3823 3.46 . 02142 . 000972 
NE Sea & 18 .5948 - 0330 0233 1.4146 3.03 . 01802 . 001000 
POGOe ees il APNE _.0251 - 0184 1. 3629 3.31 -01747 - 000832 
DOS fas Shee 17 4703 027 .0211 1.3065 3.38 . 01590 - 000933 
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TasBLe 4.—Analyses of spikes of wheat, arranged according to nitrogen content of kernels. 
Crop of 1902—Continued. 

3 TO 3.5 PER CENT PROTEID NITROGEN—Continued. 

Ree | Weight (in grams) ; Percent- Proteid nitrogen 

Ghee o1— Volume | Specific | age of (gram) in— 
Record GS an || of aver: prity probe 
number. S age ker- | of ker- | nitrogen | 

row of | yz Average si rs inne | Average spikelets. Kernels. eecat nel. nels. er | Kernels. | eae 

- | = 

202 eee 22 ee 18 0. 4604 0.0255 0.0193 1.3216 3.20 0.01473 0. 000816 
D203 aoe os 5ae 18 - 5040 - 0280 -0197 | 1.4206 3.24 - 01633 - 000907 
0 eee 18 - 4138 - 0229 -0169 | 1.3544 387 | 01895 | ~s000m2 
Ope vee 18 - 4429 - 0246 -0189 | 1.3005 3.30 -01462 | 000812 
DOG mee nai-foe 19 - 5010 0263 -O187 1.4090 3.11 - 01558 - 000818 
200 Rss 52 ts Oh eeeitool: - 0266 - 0209 1.2748 3.21 | .01454 - 000854 
PE ets ae 20 - 5183 - 0259 -OL91 1.3541 3.37 -01747 | .000873 
Zils Bee 2 14 3275 . 0233 0177 1.3143 3.39 - 01110 - 000790 
PY fas pe eae 15 - 3858 - 0257 - 0190 1.3564 3.14 - 01212 - 000807 
Domes snee 18 4559 - 0253 0178 1.4228 3.39 - 01546 - 000858 
hoe eensee 18 4862 - 0270 -0197 1.3711 3.33 | .01619 - 000899 
2G res ore sto 15 3973 . 0264 0191 1.3815 Sb -01251 - 000832 
ksi eae aa By gates) - 0314 - 0226 1.3903 3.12 - 01471 - 000980 
Pale aes Ae 21 | .6938 0330 0241 1.3693 3.26 | .02262 |  .001076 
ASE eaee ee 18 | -.4973 0276 - 0200 1.3795 3.02 | - .01502 - 000834 
DOD etre ae ee 19 - 5205 - 0273 - 0201 1.3608 3.06 .01593 | 000835 
S00. 2 s5b5 19 - 4994 - 0262 - 0188 1.3945 3.07 - 01533 - 000894 
BAO lean ree ae 16 - 5492 - 0343 - 0249 1.3787 3.09 | .01697 - 001060 
S0Gna ees sae 13 . 3452 - 0265 - 0197 1.3432 3.07 | .01060 - 000814 
SU ema ia 20 - 4122 - 0206 - 0140 1.4727 3.19 | .01315 - 000657 
oy eeces 18 | .4867 - 0270 - 0198 1.3681 3.16 |  .01538 - 000853 
iP: os eee 15 4324 - 0288 - 0210 1.3718 3.49 | .01509 - 001005 
IAS oi Sys ae2 15 - 4122 - 0274 - 0201 1.3657 3.16 - 01303 - 000866 
OulGS Saeenee 17 -4157 - 0244 - 0178 1.3733 3.36 | .01397 - 000820 
aiile( os eae 17 4412 - 0259 0193 1.3424 3.43 | .01513 - 000888 
Sy ae ee 18 - 5484 - 0304 - 0207 1. 4660 3.43 | .01881 - 001043 
SPR Ga eoae 17 perc 4075 . 0239 0177 1.3487 3.43 - 01398 - 000820 
BP aa 17 - 4230 0248 0180 1.3740 3.19 01349 - 000791 
S20 EEE ees 17 -5110 - 0300 - 0220 1.3658 3.46 | .01768 - 001038 
Boh aiots anaes 16 - 4039 - 0252 -O191 1.3225 3.45 . 01393 - 000869 
ohbipeepaeas 16 - 4610 - 0288 - 0206 1.3956 3.26 | - 01503 - 000939 
Bibs oneeteee 13 - 3637 . 0279 - 0198 1.4192 3:36} 01222 - 000937 
So ee eee 16 . 3803 - 0237 -O171 1.3828 3.33 | .01266 . 000789 
o}7) eee 15 - 3843 -'0256 - 0186 1.3812 3.02 | .01276 - 000851 
Bie CS meaHe 15 - 4497 . 0299 0217 1.38°9 3.05 . 01372 - 000914 
Bie Wes cee 16 4726 0295 0211 1.3988 ai itil - 01470 - 000917 
SO2 ay Pan 19 - 5258 . 0276 - 0201 1.3701 3.03 - 01593 - 000836 
BOO Ree eee 17 4214 0247 - 0185 1.3350 3.17 | .01336 . 000783 
6 iy ee ane 20 - 5351 . 0267 0197 1.3555 3.37 - 01803 - 000900 
DOSS Eee 19 - 3877 - 0204 -O151 1.3497 3.06 -O1186 - 000624 
S00 ee Se 19 - 5560 . 0292 -0214 1.3621 3.34 | .01857 - 000975 
ave baeecae 17 - 4200 0247 - 0180 1.3735 3.09 -01298 - 000763 
Slee nee 17 -4811 . 0283 - 0206 1.3714 3.31 - 01593 . 000937 
Sil evvacseae 17 - 5249 0308 0218 1.4142 3.15 01653 - 000970 
Bu Dice shee ee 18 - 5147 - 0285 - 0203 1.4018 374d) |) * 201755 - 000975 
Slee oboe 14 3173 . 0226 - 0174 1.3013 3.47 - 01101 - 000784 
BOE eer 18 5271 0292 0213 1.3703 3.09 - 01629 - 000902 
Sle eoe hate 13 . 3506 0269 - 0199 1.3544 3.45 -01210 - 000928 
Sle ese oS 19 - 5057 - 0266 - 0194 1.3728 3.23 - 01633 - 000859 
Olea eee 19 5799 0305 0221 1.3773 3.05 - 01769 . 000930 
S00 Ese so ene 19 4764 . 0250 0181 1.3806 3.22 - 01534 - 000805 
SOM eee Se 18 4474 . 0248 - 0182 1. 3628 3. 26 - 01459 - 000808 
309 Raa S 12 - 3058 0254 -0188 1.3510 3.10 - 00948 - 000787 
AOD Ne = GF 20 - 5720 - 0286 - 0206 1.3837 3.35 - 01916 - 000958 
C0) aoe 16 - 3996 - 0249 - 0183 1.3575 3.37 - 01347 - 000839 
A038 ree 17 - 5000 - 0294 -0211 1.3927 3.04 - 01520 - 000894 
2) as 18 4286 0238 - 0180 1.3221 3.30 01414 - 000785 
ALORS caer 20 - 5368 ROZOS:) | amet s acter | emerson S220 - 01755 . 000780 
AN eee 14 3479 SOZTS is ee ere see lpm 3.15 - 01096 - 000781 
CMD aa ee 19 - 5044 BOs Stan easel Secs acsae 3.14 01584 - 000832 
AN Getta a 2 15 - 4269 SO 284 EERE eet ie | eee ee 3.24 - 01383 - 000920 
AN eee ee 21 - 4995 - 0237 3.05 - 01523 - 000723 
ADS asia 18 - 4845 - 0269 3.14 - 01521 . 000845 
AD ae oe 16 - 4801 SOSOO} + aS See oS Oe ees ee 3.30 - 01584 - 000990 
OA ee ee 18 - 5166 SOQS Tie eee ae eae 3.09 - 01596 - 000887 
UY ae Bes 19 5433 SOZS5 ee ee aactee | Pere oe 3.06 01662 - 000872 
cbt eee aoe 20 4704 LOS ayaa aes ead Se fin-c oie eh = 3.04 01430 - 000714 
Si siessere 2 18 -4119 O22) 6 ie neers ee | apne eee 3.20 -01318 - 000732 
AB Pee 21 . 6306 40300. 2oe ee alee well 3.00 01892 - 000900 
CR ence: 20 5206 50260 |e pee eee 3.12 01624 - 000811 
BST scracwoe 16 - 4336 50271 || Peete G a tes) Ee ee ee 3.13 - 01357 - 000848 
BAD oe sci 17 - 3889 OZ28¥y, || Ce cere | Re ae eae 3.23 - 01256 - 000736 

Average - . 17.4 | .4724 0270 0199 1. 3666 3.23 - 01520 - 00087: 

a 
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TaBLeE 4.—Analyses of spikes of wheat, arranged according to nitrogen content of kernels. 
Crop of 1902—Continued. 

3.5 TO 4 PER CENT PROTEID NITROGEN. 

| 
| Weight (in grams) Percent-| Proteid nitrogen 
Numba Oi Volume | Specific | age of (gram) in— 

Record aol He = aaa —| of Bet eravily proteid | | a 
number. : age ker- | of ker- | nitrogen eal 

row of || . | Average | ‘ aa ae | Average | spikelets. | Kernels. | \-arnel, nel. | nels. eee Kernels, | ticks 

1 fe Ee ey ae 18 | 0.4025 QROZ23 Mins moe eacltecees ce 3.76 0.015138 0. 000838 
Vi Ge oe 19 4073 OTe es ae Se IS es rn 3.90 || -01454 | . 000764 
MIS Ses eeae 19 | .4972 sOZO Mae Nese Bette oe ells. sorahece ears 3.85 -O1914 | = .001005 
TSO ese onc 17 - 5262 RO30G 0 eee eee aol reece 3.58 - O1884 . 001110 
Sets Seu s| 20 | . 5512 O2vom pees Bere | ete rere 3.78 . 02084 - 001040 
TRG ae sk 21 | -O414 ROZS Tse 8 esc seen ese 3.97 | .02149 | .001020 
Ree oe Tamale Ols - 0267 0.0198 1.3460 3.90 - 01566 . 001043 
DO iar: Aa 17 - 3588 -O211 - 0164 1. 2828 3.82 01371 . OOO806 
2G | 12 .3318 - 0276 - 0205 1.3493 Suge) - 01258 - 001046 
27 eed | 17 | .4891 - 0287 . 0220 1. 3039 3.65 - 01785 - 001048 
Bae ole ect 19 | .4976 - 0261 - 0193 1.3507 3.55 - 01766 - 000927 
72 eee 137 |) 4000 - 0253 -0192 ! 1.3164 3.65 | .01663 - 000923 
AE rejects 16 | .3984 - 0249 0177 | 1.4025 3.53 | .01406 - 000879 
DO ses 15 3971 . 0264 -0200 | 1.3230 3.64 - 01445 - 000961 
PAGS ec 18 - 4562 - 0253 - 0194 1.3058 Bh (5) -O1711 - 000949 
DAS ek eee 18 - 4937 . 0274 - 0202 1.3561 3.50 - 01728 - 000959 
AS eps te A 17 -4617 0271 - 0193 1.4095 3.65 - 01685 - 000991 
BOS iss se a 21 -5960 | .0283 - 0203 1.3917 3.63 - 02163 - 001327 
75 Se ares 19 - 4932 . 0259 - 0193 1.3400 3.84 | .01894 - 000995 
OWS Re Sacis 2 17 - 5195 . 03805 - 0229 1.3333 3.50 -O1818 - 001068 
Oh eee 15 - 3347 . 0223 - 0168 1.3300 3.57 - 01195 - 000796 
I ee ae 16 - 4304 |  .0269 - 0200 1.3441 3.79 - 01631 - 001020 
280 Ce sae... So A oe S0s . 0269 - 0198 1.3600 Se - 01593 - 000995 
BD eee tesa 17 - 4974 .0292 - 0210 1.3911 3.86 - 01920 - 001127 
ots ee 14S 8t23 - 0265 - 0189 1.4050 3.72 - 01385 - 000986 
DSO mnie nace 18 | .5769 . 0320 - 0233 1.3715 3. 87 - 02233 - 001238 
280% moon 17 - 4140 . 0243 -O178 1. 3660 3.56 - 01474 - 000865 
AN Sener 16 - 4740 . 0296 - 0223 1.3270 3.87 - 01835 - 001146 
DOO pees 16 - 3955 . 0247 -O177 1.3921 4.00 - 01582 - 000988 
DOGAE Sete 17 - 5037 - 0296 - 0214 1.3832 3.94 - 01985 - 001166 
mae tld Gees 17 - 4553 . 0267 - 0195 1.3715 _ 3.68 . 01676 - 000983 
Ulery See 18 4753 - 0239 - 0239 1. 1051 3.75 - 01782 - 000990 
BE aes ily - 4798 . 0282 - 0202 1.3971 3.02 - 01689 - 000993 
DIOS a 52 53 20 - 9795 - 0289 0215 | 1.3466 3.61 - 02092 - 001043 
BGde ence. 17 -3795 - 0223 -O1€5 1.3499 3.50 - 01328 - 000781 
SDE aes eeee 16 - 3469 . 0216 - 0169 1. 2787 3.50 - 01214 - 000756 
Sate ek Ao 14 - 4012 . 0286 -0212 | 1.3499 3.56 - 01428 - 001020 
Cia) ee 15 - 4162 -0277 | .0203 | 1.3670 ouih - 01578 - 001050 
BOD See ok 18 - 4940 .0274 | .0203 1. 3508 3.76 - 01857 - 001030 
AAT Rees 5.S 5 20 - 4707 - 0235 -O171 1.3700 3.19 - 01784 - OOO89L 
AU Sea hese 19 - 4462 er Wie see Som alles he ie ore 3.64 - 01624 . 000852 
AO es Sosa: 17 - 4329 i) OF Aety Rees Ae  ell  ee 3.59 - 01554 - 000912 
ANDi t.20 5 16 - 3390 OD rad| essen er eae ace Ae 3.63 - 01231 - 000766 
AN ioe eee 17 - 4393 S0258e heme 2 eee: Seen uses 3.77 - 01656 . 000973 
Lily (eee eee 19 - 4530 HO238 essen arse [beter rs: eystnyare = 3.80 - 01721 - 000904 
ADO Serra se ar 17 - 4155 OA |e ere tea hee wes 3.73 - 01550 - 000910 
ADD) Me tens tia pa,s 23 - 9395 SOA aa Bes Se ee Ses ses eee 3.53 - 01904 - 000826 
BB OEE oF prec 20 - 4310 EAU PAIN oe orci ck ieee Soe eters 3.08 - 01521 - 000759 
AAD eas e 17 - 4425 BO ZGO MS | ee eet a we ee Baris) - 01659 - 000975 

Average . . Tesi seal | 30257 -O1987 | 1.3494 3:10 | 01672 - 000982 

Table 5 shows at a glance the averages for each of the classes of 
spikes just tabulated, and permits of a comparison of the average 
figures for each class.“ 

«The determinations of specific gravity were made by the following method, devised by 
Prof. S. Avery: A light basket of wire gauze was suspended by a hair from the hook that 
supported one of the pan hangers of the balance. The basket was allowed to hang in a 

beaker of benzol supported by a shelf above the pan. By using a counterpoise the balance 
was now brought to the zero point. The balance was kept at zero by the occasional adjust- 
ment of a rider on the left arm of the beam. The wheat was weighed on the pan of the 
balance, then transferred to the basket and weighed in benzol, and the temperature of the 
latter carefully noted. The specific gravity was calculated from the well-known formula: 

Wt. in air X sp. gr. in benzol at T?__ Sp. er 
Wt. in air — wt. in benzol atid 
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TasBLe 5.—Summary of analyses of spikes of wheat, arranged according to nitrogen content 
of kernels. Crop of 1902. 

Per- Numberor Weight G in grams) | Proteid nitrogen 

: centage) Oi C (gram) in— 

nereentn A et Ch BtO- ret Maen Specific 
proteid | ni a Analy- | ee -| Average | “8° ker, || gravity. Average 

nitrogen. | gen in| ses. of spike-| Kernels. | penal saves! Kernels. leerniels 

kernels. | lets. 

2 GOI 2 Ohe eae | 2.32 18 | 17 0.4759 0.0266 | 0.0209 | 1.374 | 0.01141 0. 000643 
2: DUOiOscees- = 2.76 82 | l7(el 4791 - 0279 . 0207 | 1. 368 - 01332 - 00077 
BiLO soe sane 3.23 107 | 17.4 4724 - 0270 - 0199 | 1. 367 - 01520 - OOOS874 
3.0 tO'4e—5=<- 3.70 49 | 17.3 4715 - 0257 | - 0199 1.349 . 01672 - 000982 

| | | 

From this table it will be seen that with an increase in the percent- 
age of proteid nitrogen the number of kernels on a row of spikelets 
remains about constant; that in general there were a decrease in the 

weight of the kernels on a row of spikelets and a slight decrease in the 
weight of the average kernel; and that the volume of the average 
kernel decreased, as did the specific gravity. 

It may safely be stated that a high percentage of proteid nitrogen 
was in these spikes associated with a kernel of low specific gravity, 
light weight, and small relative volume, and, as the spikes were 
selected for their ripeness and healthy appearance, this relation can 
not be attributed to immaturity or disease. 

The table last referred to shows a decrease in the weight of the 
kernels on the spike as the percentage of proteid nitrogen increases; 
but it also shows that in spite of the decrease in the weight of the 
kernels there is an increase in the actual amount of proteid nitrogen 
they contain, and that the same is true of the average kernel. 

Table 6 gives a summary of the same analyses, arranged according 
to the specific gravities of the kernels. All spikes whose kernels had 
a specific gravity below 1.30 are grouped in one class, those having a 
specific gravity of 1.30 to 1.33 in another class, and so on until finally 
all spikes having a specific gravity of more than 1.42 form the last 

class. 

TaBLe 6.—Summar y of analyses of spikes of wheat, arranged according to specific gravities 

of kernels. Crop of 1902. 

x -ent- Proteid ni , 
specific | Number of— ue far Weight ieee ) rae 

Range of specifie | gravity | | aa Sent proteid of doce =o 
gravity. of ker- | Near (gr: nitrogen | 4, Teall y: y-|\t gram). a kernel - Average 

nels ses. Kernels. ee (gram). | Kernels. roraels 

| 

| 

IBelowslS0kermccs- 1. 255 8 16.7 | 0.3887 3.29 0.02331 0.01280 | 0. 0007662 
LOO OM aes aes e- eee 1.315 17 | 16.5 -4315 3.00 . 02617, . 01446 | - 0008762 
TSH ul (oul lao oe eee ee 1.347 50 | 17.3 - 4008 2.91 . 02366 - 01508 | . OOOS8756 
LOOP OU oe ee cass ee 1S 71 | L722 - 4794 3.06 . 02786 - 01462 | - 0008559 
TSO bola he ese 1.399 40 | 16.7 . 4848 3.03 . 02899 - 01459 | . 0008729 
1.42 and over.....--- 1.463 8 19.1 . 5287 3.07 . 02773 01605 | - 0008371 

* | 



SOME PROPERTIES OF THE WHEAT KERNEL. Dit 

This table shows no constant relation between the specific gravity 
and the number of kernels on the spike. With an increase in the 
specific gravity there is an increase in the weight of the kernels on the 
spike, and with some exceptions an increase in the weight of the 
average kernel. As the specific gravity increases, the percentage of 
proteid nitrogen decreases, which agrees with the previous table. 
The grams of proteid nitrogen in the kernels on the spikes and in the 
average kernel increase with the specific gravity. 

Table 7 shows the summary of the same analyses, arranged accord- 
ing to the weight of the average kernel. Spikes whose kernels have 
an average weight of less than 0.024 gram form the first class, and 
each succeeding class increases by 0.002 gram. 

TaBLeE 7.—Summary of analyses of spikes of wheat, arranged according to weight of average 
kernel. Crop of 1902. 

| hs Fan =e 
a | 2 Proteid nitrogen 

Tei | Number of— Percent- | trog 
ae Weight | Weight Specific | age of | (gram) in— 

Range of weight of | of aver- | ———| of ker- | gravity | proteia |tt—— eas 

uit ess eo Hee a | Aneel nels ‘ot ker- | nitrogen | 4 
gram). ne Analy-| 1, = x - 1 2 | Average ees 

(gram). as, Kernels. | (gram). nels. ae imesaall. Kernels. 

Below 0.024........- 0. 02214 27 16.9| 0.3812} 1.341 3.197 | 0.0007184 | 0.01215 
0.024 to 0.026........ . 02528 38 | 17.5 .4425 | 1.361 3.28 - 0008294 . 01438 
OLO2b ato 028s anne a. . 02705 48 17.0 -4609 | 1.360 | 3.22 0008711 01475 
0.028 to 0.030.....--- . 02896 40 | 17.0 BLOT aGBYP Ps hall . 0009090 . 01546 
O030 to0!032"2 . 03089 26 | 17.0 5274 | 1.388 2.86 | .0008787 |}  .01506 
0.032 and over......- ’ - 03324 19 16.8 - 0588 | 1.373 2.88 | .G009594 | - 01617 

There seems to be no relation between the weight of the average 
kernel and the number of kernels on the spike. The weight of all 
the kernels on the spike naturally increases with the weight of the 
average kernel. The specific gravity of the kernels increases with 
the weight of the average kernel. The percentage of proteid nitrogen 
decreases with an increase in the weight of the average kernel, in 
which respect it agrees with the two previous tables. The grams of 
proteid nitrogen in the average kernel and the total proteid nitrogen 
in the spike increase with the weight of the average kernel. 

Samples from each of the spikes of wheat from which these data 
were derived were planted, together with samples from other spikes, 
all of which have been analyzed, aggregating 800 in all. Each kernel 
was planted separately at a distance of 6 inches each way from every 

other kernel. The kernels from each spike were marked by a stake 
bearing the record number of the spike. 

During the winter a considerable number of plants were killed, so 
that the stand was irregular in the spring. In some cases all of the 
plants resulting from a spike of the previous year were-killed, and in 
other cases only a portion of such plants. The result was a some- 
what uneven stand, which doubtless gave certain plants an advantage 
over others in growth and yield. 
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When the crop was ripe in 1903 each plant was harvested sepa- 
rately, and all of those resulting from spikes which the previous year 
had shown a proteid nitrogen content of more than 4 per cent or less 
than 2 per cent were analyzed, as were also a certain number resulting 
from spikes of intermediate values. ; 

The good kernels on each plant were counted and weighed, thus 
giving a record of the yield of each plant. From these data the 
average weight of the kernels per plant was calculated. The specific 
gravity was not determined and consequently the average volume of 
the kernels on each plant was not calculated, as was done the previous 
year. 

In Table 8 the plants harvested in 1903 are arranged in classes of 
1 to 2 per cent proteid nitrogen, 2 to 2.5 per cent, 2.5 to 3 per cent, 

3 to 3.5 per cent, 3.5 to 4 per cent, 4 to 4.5 per cent, and over 4.5 per 

cent. The number and weight of the kernels on each plant are stated, 
as is also the average weight of each kernel. The number of grams 
of proteid nitrogen in all the kernels of the plant is shown, and also 
the number of grams of proteid nitrogen in the average kernel on each 
plant. Table 9 shows the average for each class. 

These results, so far as they cover the same ground as those of the 
previous year, have the same significance. They show a quite uniform 
although slight decrease in the weight of the average kernel accom- 
panying an increase in the percentage of proteid nitrogen, and a very 
marked increase in the number of grams of proteid nitrogen in the 
average kernel. Especially marked is the increase in the amount of 
proteid nitrogen in the average kernel, amounting to 28 per cent of 
the weight of the kernel for every 1 per cent increase in the content 
of proteid nitrogen. 

One column of this table, not contained in that compiled from 
results of the previous year, shows the number of grams of proteid 
nitrogen contained in all of the kernels on the plant; or, in other 
words, the proteid nitrogen production of the plant. This appears, 
on the whole, to increase with the percentage of proteid nitrogen, 
although the results are not sufficiently consistent to permit of an 
unqualified statement to that effect. The uneven stand of the plants, 
before referred to, doubtless accounts for these inconsistent results. 

Two other columns contain data not obtained in 1902. The first: 
of these shows the number of kernels per plant, which apparently 
decreases slightly as the percentage of proteid nitrogen increases, but 
this can not be stated unqualifiedly. The next column shows the 
weight of kernels per plant, or the yield per plant, which likewise 
seems to decrease slightly with an increase in the percentage of pro- 
teid nitrogen. 



SOME PROPERTIES OF THE WHEAT KERNEL. a1) 

TABLE 8.—Analyses of plants, arranged according to percentage of proteid nitrogen. Crop of 
1903. 

1 TO 2 PER CENT PROTEID NITROGEN. 

Pereent= | yimber Weight (ingrams) of— Total pro- _Proteid. 
Recordin eee of i ears a ——— teid nitro- nitrogen in 
COLONY proteid | Sse ae gen in all average ker- 

ber. | - | nels per Kernels | Average ss 
| nitrogen | leant per plant arial kernels nel 
inkernels., P 3 : y (gram). (gram). 

B72, Nie 1.81 507 10.4036 | 0.02052 | 0.18831 0. 0003714 
200d ee tee eee | 1.20 225° | 5.2268 | - 02323 06272 | . 0002788 
Bd40 7 soos == 1.62 305 | 7.0889 | . 02271 . 11223 . 0003679 
OO408s 2550-56 1.39 77 1.1132 | - 01446 - 01547 . 0002009 
BOO pena ase | 1.61 508) fy) E476" | . 02194 17948 - 0003533 
ADDO soos 1.46 25.0" '| .3161 | -01264 | - 00462 - 0001846 
AS HOG EE eee. 1.91 220 «| 4.0358 -01834 | -O7708 | - 0003504 
45 BND aS as2 cc 1.84 124. | 1.5298 | 01234 | 02815 . 0002700 
ASAN (ees 1.50 718 | 11.2890 | - 01572 - 16933 - 0002358 
DLOOHE es Ss 1.34 862 15. 5935 - 01804 - 20881 . 0002422 
sos0 ieee ee 1.89 342 | 5. 6864 . 01663 - 10747 - 0003142 
GY Beker s ae 1.69 oT || 9.8378 | 01705 | - 16626 - 0002881 
DROS ome ae 1.98 41 - 8328 - 02031 -01649 | . 0004022 
DUOO Tera ae ee 1.73 736 | 16. 4433 - 02234 | 24847 | - 0003865 
5880652. S255 1.88 95 | 1.9469 -02049 | - 03660 - 0003853 
60605225225 1.87 35 | 5952 - 01701 | - 01113 . 0003180 
(BuO seein 1.90 208 4.0230 01934 07644 . 0003674 
G9806R sare. 1.66 558 12.0136 02153 | - 19943 . 0003574 
26062 S255. 1.89 543 9.3629 01724 | - 18538 - 0003414 
(4a305e2 2 se. 1.98 216 4.4222 .02047 | - 08756 - 0004054 
URE e Sesame 1.81 729 15. 7835 .02165 | - 28569 - 0003919 
SLTOS Ee hac cea 1.98 | 465 9.7922 -02106 | . 19388 - 0004170 
7) ee ale 1.92 396 9.1411 - 02308 - 17550 - 0004432 
GAOT ce AA 1.66 53 - 8983 | 01695 | - 01491 - 0002814 
94205. bs cc - ilaGsy | 64 Use? - 01893 - 01999 - 0003124 
94605... ==: 1.95 eal - 7319 -01307 | - 01427 - 0002549 
94908.......- 1.96 125 | 2.3678 - 01894 -04641 | - 0003713 
O5p OSes ae 1.81 159 | 2.8356 -01783 | -05132 | - 0003228 

Average ..| 1. 749 | 320.3 6. 23823 -01871 | -10655 | - 00032914 

2 TO 25 PER CENT PROTEID NITROGEN. 

| 

WA0 DE See 2.13 738 15. 6996 0.02127 0. 33441 0. 0004531 
W408 ee see ee 2.18 497 9. 2038 . 01852 - 20065 - 0004037 
S805 335 res 2.02 137 2.1462 . 01567 - 04335 - 0003164 
°10)} Doe 2.16 84 1.7216 - 02050 - 03718 - 0004427 
PAL Vij sacse 2.45 58 1.5420 . 02659 . 0377. - 0006514 
PAL Vie oe cee 2.19 582 12. 3685 . 02125 . 27086 . 0004654 
DATORE te ae 2.39 390 9. 2850 - 02381 . 21634 - 0005547 
ZMTO9Se = = sere 2.47 361 7.7296 . 02141 - 19092 - 0005289 
NGI eae aoe 2.31 510 9. 7236 - 01907 . 22461 . 0004404 
PHP Vee te oe 2.41 891 16. 4061 01841 - 39539 - 0004437 
PH EVO aoe 2.36 7717 19. 1854 - 02469 - 45276 . 0005827 
UO see oe 2.47 684 13.3011 - 01945 - 82853 . 0004803 
PHS Ces oe 2.12 539 12.0399 - 02183 . 24942 - 0004627 
BOLOGe see 4 2.35 318 6. 1026 - 01919 - 14341 - 0004510 
68). ee 2.03 421 8. 1268 - 01930 - 16498 . 0003919 
BaO0DF et acca 2.39 301 7.0596 . 02345 . 16872 - 0005605 
BoOUGl sess. - = 2.21 382 8.1890 02144 - 18098 - 0004738 
UD eee See 2.13 156 2. 9886 01916 - 06366 - 0004081 
Vik) ee eee 2.34 56 1. 2069 02155 . 02824 - 0005053 
BS OUGE ae esa 2.44 19 . 2063 - 01086 - 00503 - 0002649 
SO20ne eee 2-01 1,031 21. 5399 - 02089 45435 . 0004407 
Sed epee a 2.30 346 4. 6383 - 01341 - 10967 - 0003177 
AAGOT oe) cos 2.44 101 1. 8246 - 01806 04452 - 0004408 
ASIOG Seen near 2.38 608 11.6655 01919 . 27765 . 0004567 
ASA0G Tee cae 2.02 314 6. 4302 - 02048 . 12989 . 0004137 
DgB05e eee eee 2.48 167 2.5160 01507 . 06240 . 0003736 
GES 0S stoee 2.18 214 4.1323 01931 - 09008 . 0004210 
95608-22522 - 2.31 837 22. 5848 . 02699 . 52194 . 0006236 
OpQOSe eee see 2.42 562 12.2210 - 02175 . 29575 - 0005262 
55909 Pega 2.30 302 9. 2120 - 03050 - 21187 . 0007016 
DO20G a: ce se 2.42 509 9. 3093 . 01829 . 22529 . 0004426 
HOZLOT e528 - 2.34 462 10. 9073 . 02361 - 20022, . 0005524 
LON eee meee 2.43 261 4.7117 - 01801 11445 - 0004387 
DMDUSbe eee S 2.21 380 12.0728 03177 . 26680 . 0007021 
BS005 ee Ss 2.43 170 2.3031 - 01355 - 05596 . 0002292 
59605°-—- _ 2.12 382 7. 1828 . 01880 . 15228 . 0003986 
59606... ..... 2.16 567 9. 7084 01712 . 20970 . 0003698 
GSLOVE = se oe 2.43 417 9.3120 - 02233 | . 22628 . 0005426 



60 IMPROVING THE QUALITY OF WHEAT. 

TaBLE 8.—Analyses of plants, arranged according to percentage of proteid nitrogen. Orop 
of 1903—Continued. 

2 TO 2.5 PER CENT PROTEID NITROGEN—Continued. 

ae 
| | Percent- | Weight (ingrams) of— Total pro-| Proteid 
Bderibaie || ee Oe | Naapee a ae ee a teid nitro-| nitrogen in 

ber. proteid nels per | Kernels Average gen in all | average ker- ee nitrogen |“ jant eel anne kernels | nel 
| in kernels., P OS gigtens Ie) 3 ri (gram). | (gram). 

63500eeeeee | 2.44 | 153 2.3986 | -01568 | 0.05853 0. 0003825 
Gb306rea ens | 2.41 | 544 9. 8298 - 01807 - 23690 - 0004355 
Ga307ER sa. | 2.28 | 373 7.0051 - 01878 - 15971 - 0004282 
653082 55-025: 2.09 | 583 11. 7066 - 02008 - 24468 - 0004197 
69505.....-.. 2.29 | 225 4.7116 - 01847 - 10790 - 0004231 
ec 5 Soa 247 1} 260 28. 2136 - 02239 - 69688 - 0005531 
| eda OD sacs 2.13 | 3t2 | 9. 1522 - 02191 - 19936 - 0004668 
Wni2TOR’ ae See st Roan 398 | 9. 0386 - 02270 - 20518 - 0005154 
(PE UD seeoer 2.48 167 2. 6462 - 01585 - 06563 - 0003930 

HeaiesOOe rer kas 2.45 414 | 8. 5373 - 02062 - 20918 - 0005052 
(CBWE EBosoe | 2.39 | 20. | - 5002 . 02229 - 01332 - 0005327 
74606... .. 3 2.30 464 9. 6451 - 02079 - 22184 - 0004781 
NO 205 ster ee ee 2.35 498 | 8. 4407 - 01695 - 19836 | - 0003983 
SWOteee ees. 2.34 786 | 18.3614 - 02336 - 42965 | - 0005466 
SUTD8F eee tone 2.41 287 | 7.3993 - 02578 - 17833 - 0006213 © 
Si709 besa se 2 2.28 757 16. 4692 02175 387548 - 0004960 
84405 2.48 428 8. 7448 - 02043 21687 | - 0005067 
8419052282225 2.32 37 . 7130 - 01927 - 01654 - 0004471 
8860822225. 55 2.47 74 1.5355 02075 - 03793 - 0005125 
88609...-.-.- 2.42 470 9.8719 02100 - 23890 - 0005082 
92409... 2} 2.30 315 5.7131 - 01814 - 13140) | - 0004171 
94209. ..-.... 2.49 | 190 | 3. 6006 _ 01895 -08965 | - 0004719 
or Soe eee 2.47 | 549 | 10.5556 01923 . 26073 | . 0004749 
94407...-.:.. 2.07 | 419 | 6. 7664 - 01615 - 14007 - 0003343 
94905 2.35 286 4.4423 | - 01553 - 10439 | - 0003650 
Q5509 sea. caro 2.48 138 2.9475 | 02136 - 07310 - 0005297 
REY (Wien see se 2.47 52 «told - 01457 - 01872 - 0003599 

Average. ... 2.319 396.8 8.2502 - 020113 - 190316 - 0004660 

2.5 TO 3 PER CENT PROTEID NITROGEN. 

NEW ere tae 2.75 802 14. 8957 0.01857 0. 40964 0. 0005108 
WATQNS2 3-22 = 2.88 744 16. 9987 02285 - 48957 - 0006580 
20/0622).22 225 2.78 163 3.3138 | - 02033 09212 - 0005652 
QOT0e. =.= =* Det: 444 | 9.9070 . 02282 . 27443 - 0006181 
POTO8ss es 4.- 2.58 122 2.4690 | - 02024 - 06399 - 0005221 
POTHOSse es 8 2.83 867 |) 1705 | - 01974 - 48428 - 0005586 
PAD) faeces 2.96 118 2.3066 - 01955 - 06804 - 0005766 
2ISOD =oeeen 2. 67 312 6. 2514 - 02004 - 16691 - 0005350 
QNSOGHS= == 2% 2.90 226 4.1516 | - 01837 - 12039 | - 0005327 
PALO See eases 2.59 59 . 8478 - 01437 .02196 | - 0003722 
PA LTA smear Patil 873 17. 1820 - 01968 - 46563 - 0005334 
QUSOD ee ae tee 2.69 1, 232 20. 9290 - 01699 - 56299 - 0004569 
2180625. == = 2.71 599 14. 2450 02378 . 38604 - 0006444 
DSO ee ree 2.73 377 9. 4172 02498 . 25709 . 0006664 
ZLSOBE Eck = ous 2.57 1, 156 19. 7446 - 01708 - 00744 - 0004389 
2USOO RES sae PAF) 418 8. 0214 - 01919 21898 - 0005238 
ZASIOE= =: .. 2 | 2.69 52 1.0304 - 01982 - 02772 - 0005330 
2190 Dae Stee 2. 64 791 14.3111 - 01809 -37781 - 0004777 
22M ow see eae 2.81 283 2.6965 - 00953 - 07577 - 0002677 
2220 fea2- 2-5 2.77 169 3. 2787 - 01940 - 09082 - 0005374 
2oW ee ~2 eae 2.71 522 10. 7836 - 02066 - 28560 - 0005599 
2920625. 2... 2.76 205 4. 6754 . 02281 - 12904 - 0006295 
2OLOGE So ene. - 2.63 90 2.0737 - 02304 - 05454 - 0006060 
2680 Rs .<- <8 2.81 220 4.9456 02248 - 13897 - 0006317 
268062 2.25-5..5 2. 60 152 2.7255 01793 - 07086 - 0004662 
GRO e ee 2.80 721 17. 2324 - 02390 - 48250 - 0006692 
269052 Fas 2.76 326 6. 4102 -01966 | - 17692 - 0005427 
ZOMGH Sea re. 220 228 4. 2376 - 01859 - 11484 . 0005037 
26907. 2s 2 ke 2.61 102 1. 8276 -01792 | - 04995 - 0004677 
269088225. 5. 2.96 192 3. 9797 - 02073 - 11780 - 0006135 
26909 a = Loe 2.80 180 2. 9999 - 01667 - 08400 - 0004667 
2100S eee 5-27 2.63 866 16. 4120 - 01895 43164 - 0004984 
PUPA fees me ae 2.92 166 3.3266 - 02004 09712 - 0005850 
QTB0Gs. ake ce 2.58 267 5. 5666 - 02085 - 14362 | - 0005379 
Dae ae ok 2,53 167 3. 0850 - 01847 - 07805 - 0004674 
21 DGC Sere ae = = 2. 70 444 10. 0005 - 02252 27003: | - 0006082 
DOS Mase t= 2. 64 251 5. 5324 - 02287 - 14608 - 0006037 
21OIE cae 2 2.90 243 5. 3615 - 02206 - 15549, - 0006399 
2880552 een 2.91 87 2.1851 02512 06359 | - 0007309 
S200 eae 2.88 94 2.0162 02145 -05807 - 0006177 



SOME PROPERTIES OF THE WHEAT KERNEL. 61 

TaBie 8.—Analyses of plants, arranged according to percentage of proteid nitrogen. Crop 
of 1903—Continued. 

25 TO 3 PER CENT PROTEID NITROGEN—Continued. 

Percent- | xmpber | Weight (in grams) of—! Total pro- Proteid 

R d age of ea aa —_———— teid nitro-| nitrogen in 
econ auras proteid é - 2 ? gen in all | average ker- 

ber. arb nels per Kernels Average ae 
nitrogen janie eerolent payee kernels | nel 

in kernels. P ci eee ee : 3 (gram). (gram). 

asl0bseee ase 2.91 132 2. 5601 0.01939 0. 07450 0. 0005644 

SolOGR~-2-—5- 2.94 18 - 3089 - 01716 -00908 - 0005045 

Se ee aens 2.87 283 4.6045 - 01627 -13215 -| . 0004670 

BE ae 2.81 119 2.2862 - 01921 - 06424 - 0005399 

3:2 Fe eerie 2010 464 9. 1498 - 01972 .24979 | - 0005383 

Be PANY Serer 2.84 611 13.5556 - 02219 - 38505 - 0006273 

BIS0O=-- 2). == 2.96 309 6. 1394 - 01987 - 18173 - 0005881 

SY aeeebee 2.64 461 | 8.0905 - 01972 . 23998 | - 0005327 

SiC Seer 2.94 193° | 3. 3004 -01710 09670 - 0005010 

TOUS Ea siais =e 2.53 on )| - 9452 - 02555 -02391 | - 0006463 

S800). = Sas 2. 84 139 | 2.5134 - 01808 -07138 | - 0005135 

SOdU0L Ss son- 2.89° | 85 1.6799 - 01975 - 0005712 

OUD == Scio 2.63 | 401 8. 4605 - 02110 - 0005549 
tol i{ Ufo nena 2.82 158 3.0228 -01913 . 0005394 
SOHOOE eet 2.74 293 6.7665 - 02309 - 0006475 

Stey (0, oGeyae ee 2.59 | 365 7.2545 - 01988 - 0005148 

SL bese 2.88 447 9.3541 - 02093 - 0006027 

Sat HU Nee eee 2.93 67 1.9218 - 02869 - 0008404 

AQS0G Ma ae 2.82 | 170 4.1546 - 02444 - 0006892 

ABAD eel 2ia 2.92 124 2. 8000 - 02258 - 08176 - 0006594 

AAS Se eos | 2.94 340 5.9990 - 01764 - 17637 - 0005187 
BAGO Se a. = treo 2. 86 55 1.1271 - 02049 - 03223 . 0005861 
4406222 2.90 14 | 2.5235 - 02035 - 07318 - 0005902 
BOGUD ees 22/20 2.82 61 - 7081 -O1161 - 01997 - 0003273 
AG10G2s-05-—— 2. 54 82 1.6103 - 01964 - 04090 - 0004988 
ARTO Teme oe 2. 54 478 8. 3935 - 01756 - 21319 - 0004460 

BASS0D: feces as 2.87 473 12.0278 - 02543 - 34524 - 0007299 

ASAOR ee kee 3 2.81 27 - 3485 -01291 - 00979 - 0003627 
ARH Tae tee 2.64 7 1. 6036 - 02296 - 04233 - 0006062 
485082 5.2 0222 2.10 | 603 11. 2008 - 01858 - 30986 - 0005127 
ABROGR: 2 =k 2.70 | 547 9. 8346 - 01798 - 26553 - 0004877 
DOROG Dae oes 2.80 35 -4701 - 01343 01316 . 0003761 
DOOUS teases ae 2.60 944 | 17.4226 - 01846 45299 - 0004799 
S206 tc 5 =e 2.56 | 578 | 11.3592 - 01965 - 29079 - 0005031 
is Ie eer 2.04 |. 397 | 9.5078 - 02395 - 24150 - 0006225 
BODOG a sere cls 2.80 866 | 17.8506 - 02062 - 49995 - 000577. 
Gia Wyiesoeeoae 2.63 504 | 9. 8228 - 01949 . 25834 - 0005126 
SHOWN Sacer | 2. 64 500 | 10.9180 - 02184 - 28823 - 0005765 
Onb06-6 seers 2.58 503 | 11.0930 - 02205 - 28580 - 0005690 
DOOUT ae. ect 2.69 138 2.3931 - 01734 - 06437 - 0004665 
GU Sa seee 2.67 33l | 5.7948 -01751 15470 - 0004674 
DO90G Secs sc5 2.81 499 7.9968 - 01603 . 22471 - 0004503 
S590 Tse se =o 2.59 749 19. 3966 - 02590 - 50238 - 0006707 
SOLOS Sess. a5= 22d 336 5.7431 - 01709 . 15679 - 0004667 
OLOG sare anise 2.57 644 | 12.0161 - 01866 - 30881 - 0004795 
DOLOT Sens 2.96 872 14. 4556 - 01658 - 42790 - 0004907 
O20 Ds Ra saas 2.51 333 6. 5232 - 01959 . 16373 0004917 
DO2Z0S 20525222 2.61 563 13.5720 - 02356 - 34616 - 0006149 
HO209 een 2 2.59 _ | 950 15. 8086 - 01664 - 40945 - 0004310 
HOURS oes - 20701 88 1.5364 -01746 - 04164 - 0004731 
SO0G = eee 2.76 701 10. 1836 - 01453 - 28107 - 0004010 
DOO eee 2.65 | 168 3.3176 -01975 - 08792 - 0005233 
OM05 e225. 2.76 407 3.7263 - 00916 - 10285 - 0002527 
YG \! deere 2.86 434 7.9772 - 01838 - 22815 - 0005257 
DANG Bee fee a 215 135 2.4923 - 01846 . 06854 - 0005077 
Uy fe ieee 2.62 762 14. 9992 . 01968 - 39297 - 0005157 
AOS Saws 2.61 596 12. 2004 - 02047 - 31842 - 0005343 
BYU ees 2.80 180 2.7616 . 01534 - 07733 - 0004296, 
LOOM Se es neice 2.85 359 6. 9861 - 01946 - 19905 - 0005545 
BY i eae ree 2.54 611 | 10.6261 - 01739 - 26990 - 0004417 
GY (GU ts sane 2.74 132 3.0790 - 02333 - 08436 - 0006391 
DOS seca 2.64 438 8.6189 - 01968 . 22756 - 0005195 
DISUSE ae eee 2.87 270 4. 8988 01814 . 14060 - 0005207 
S200 Re. 24s 2.67 148 1.3961 - 00943 - 03728 - 0002519 
58500 5)-<2 =.= 2.95 273 7.4516 . 02730 - 21982 - 0008052 | 
OSS0D Eos soe | 2.74 1, 158 2351471 | - 01999 - 63422 0005464 | 
G310625-.. <2. Quill 165 3.3006 | - 02001 - 09208 - 0005581 
660052223222 2.63 370 7.6690 - 02073 - 20170 0005451 
6950622, 25262 2.50 663 13. 5696 - 02047 - 83923 - 0005117 
6970525552... | 2.50 | 244 3.7810 - 01550 - 09453 - 0003874 
(24062525-=5 = 2595 | 430 8. 2929 - 01929 - 24464 . 0005689 
TSS08% 75-22% 2.92 624 14. 2986 02291 -41752 - 0006539 
(EO ee te 2.73 | 23 - 4096 -O1781 -O1118 . 0004862 
HADOBE esse 2.60 | 57 8172 - 01434 - 02125 . 0003728 
(4605 225528 =2 | 2.60 | 399 7.1181 - 01784 - 18507 . 0004638 

| 



62 IMPROVING THE QUALITY OF WHEAT. 

TaBLe 8.—-Analyses of plants, arranged according to percentage of proteid nitrogen. Crop of 
1903—Continued. 

2.5 TO 3 PER CENT PROTEID NITROGEN—Continued. 

Percent: Naas W ean (in ae) oS Bor pro- _ Proteid. 
Recancnnerll ge 0 arcane | tei nitro- nitrogen in 

ber. proteid | nels per | Kernels Average | gen in all | average ker- 
| nitrogen | lant. | perplant Srennel kernels nel 
in kernels.. P cea BEG 2 ; (gram). (gram). 

(ABO Te S88 <8 2.56 491 §. 3406 0.01699 0). 21352 0.0004349 
S1405 5252 == 2.62 | 240 4.5737 - 01862 . 11710 . 0004879 
SlO0D See. = 2.94 | 146 2.8327 01940 - 08328 . 0005704 
SLLOG= eee a - 2.71 722 15. 3928 - 02132 -41715 - 0005778 
eu Mo esaoe 2.60 214 3.4766 - 01625 - 09039 . 0004224 
S520R ser <2 2.66 | 376 4.9315 - 01312 - 13118 - 0003332 
R6105S25--5-6 2.56 203 3.0282 - 01495 . 07964 - 0003923 
SOLOG2E Aa-e 24 2.63 | 436 7.6241 . 01749 - 20052 - 0004599 
SS6OS sean: 2.80 | 69 1.6362 . 02731 04581 - 0007640 
S8606-222 <2. 2.53 481 9.9456 . 02068 . 25162 - 0005231 
88607 e- 02225: 2.61 234 5. 1584 - 02205 - 13463 - 0005754 
S89055222-2-2 2.83 293 5. 3069 -O1811 - 15019 - 0005126 
S8906i cose 2.65 546 9.9034 | . 01814 - 26245 - 0004807 
SI90G22S- 2525 2.81 200 3.5486 - 01774 - 09972 - 0004986 
O2205h =e 2.74 345 5.2616 ~O1525) 4) 14447, - 0004179 
922065525565 2.67 46 1.1074 | . 02407 - 02957 - 0006428 
Q2207e Eee ee PA) 209 3.6926 . 01767 - 09416 - 0004505 
922082 ess PR 353 6. 6206 - 01876 . 18008 . 0005102 
O7805e aoe 2.93 160 2.3859 01491 | =. 06991 - 0004369 
O7A0SEra ee ees 2.97 207 3.7820 | .01827 ~ 11233 . 0005426 
O25 OTe ece 2.58 505 9.6779 | - 01916 - 24969 . 0004944 
LD eee 2.78 | 402 7.5006 | - 01866 . 20851 - 0005187 
QAO Te sch = 2.86 718 13. 7057 . 01909 . 89199 - 0005460 
Ml Oia eee 2.94 626 12.1918 | - 01948 - 35844 . 0005726 
OOM. = sate asl || 37 .3146 | .00850 - 00884 - 0002389 
O550G8 Eee feet Baas || 597 11.0548 - 01852 - 30291 - 0005074 
95507... - - 2.59 | 571 | 12.1592 . 02030 - 31492 . 0005515 
Q5oNB oes Tess 2.56 | 740 | 14.4617 | .01954 . 37023 acy 0005003 
95700252 -- 555 2.54 636 | 10.3426 . 01626 .26270 | .0004131 
9570Gse=22 = 2.73 267 | 5.1629 | - 01934 -14095 | .0005279 

Average .... 2731) 41) 370236 7.1755 . 019354 - 194423 - 00052706 

3 TO 3.5 PER CENT PROTEID NITROGEN. 

WBS oe ereee 3.03 183 3. 6302 0.01984 0. 10999 0. 0006010 
1 Wieder 3.09 243, 3.9968 - 01645 - 12350 - 0005082 
WSO ies sac 3.46 138 3. 1454 - 02280 - 10883 . 0007886 
17308 eases Bye) 61 1.2275 - 02012 - 03994 - 0006540 
WANG Ee | 3.29 | 124 2.0907 - 01685 . 06878 - 0005547 
18906= = 52---8 3.48 65 . 9229 - 01420 03212 - 0004941 ’ 
PU se oe ee | 3.09 109 1.8517 - 01698 -05722 | . 0005249 
2O TOO Resse > © | 3.05 258 5.3229 - 02063 - 16235 . 0006292 
DOS052e2 2. --s | Brow 697 14. 6942 02157 - 48784 . 0006999 
PAV Vea eee 3.16 123 2.3642 01922 07471 . 0006074 
ZUZ08S= see 3. 24 287 5. 1594 . 01798 - 16712 - 0005824 
D2 as 3.15 10 . 2806 - 02806 - OO884 . 0008839 
2180 feeeese =e | 3.04 143 2.5691 - 01796 - 07810 - 0005461 
PARE pe earere 3.45 354 5. 8080 - 01641 . 20038 . 0005660 
ZIQDG RSF eee 3.18 408 10. 4800 - 02563 - 33403 - 0008168 
LOU eae ess aren) 158 2.9248 - 01851 - 09798 - 0006201 
219132 cece 3.01 492 10. 1925 . 02072 - 80680 - 0006235 
Doe ee care 3. 22 146 2-57.12 - 01720 - 08086 - 0005538 
222088.) eek 3.18 118 1.9090 - 01619 - 06071 - 0005144 
2221 Oe Ee eee Balin 298 6.0173 - 02019 19075 . 0006401 
PU ees 3.17 561 11.5675 - 02062 . 36671 - 0006537 
POLO Soccaiea- 3.02 131 1.8242 - 01393 . 05508 - 0003662 
26808 saree see 3.09 222 3.8811 - 01748 . 11992 - 0005402 
DOO as ecroe 3.08 75 1.3746 - 01833 - 04234 - 0005646 
DPD tee 3.07 219 4.3698 - 01996 - 13415 - 0006126 
28806 eee cee. 3.02 685 14. 4630 - 02111 - 43679 - 0006376 
BPEL oe oe 3.48 69 Zaye - 01822 - 04375 - 0006341 
Cok es seccse 3.41 150 3. 1346 - 02090 - 10689 - 0007126 
Ba Ges oeeee 3. 22 136 2. 8903 02125 - 09307 . 0006843 
BAG0G.- = ee ee 3.12 280 6. 1962 - 02213 - 19332 | . 0006904 
BUDO IRS te 3.02 111 1. 8862 . 01699 -05696 - 0005132 
403058 fae Bel 179 3. 6003 - 02011 -11197 | - 0006255 
4040522 = 5.0 Sly 46 - 6316 - 01373 - 02002 . 0004352 
APA0D.. Soe ece 3.07 66 1.4892 - 02251 - 04572 - 0006927 
ADO DS ceeccts Sallt 67 1. 2499 . 01866 - 03650 - 0005447 
AGIOS Sa = c...<'=s 3.00 260 4.6146 .01775 - 138843 - 0005324 
R306 See e ae 3. 29 157 2.6571 - 01692 - 08742 . 0005568 
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TaBLE 8.—Analyses of plants, arranged according to percentage of proteid nitrogen. Crop of 
1903—Continued. 

3 TO 3.5 PER CENT PROTEID NITROGEN—Continued. 

| Tot . | 
Percent- | wumber Weight (in grams) of— Totalpro-| Proteid 

IRecardraime eee of Sitine || = | teid nitro- | nitrogen in 

ber. | proteid | nels per | Kernels | Average | S030 all | average ker- 
nitrogen | “plant. | perplant. | kernel. kernels nel 
in kernels. (gram). (gram). 

| 22 

AS405 oe aa-=:- 3.31 76 | 0.9701 0.01276 0.03211 0. 0004225 
ASS0G oat ele ec 3.20 556 9.4585 - 01701 - 30267 . 0005444 
4871052 2222 =~ 3.13 264 4.3615 . 01652 - 13652 - 0005171 
ASIOO! 2c =< | 3.00 379 6. 1986 - 01635 - 18596 - 0004906 
49505. -..:--- 3.24 67 1.2716 - 01898 - 04120 . 0006149 
509052 = ec 3.30 221 2.3982 - 01085 - 07914 . 0003581 
HOQ0G se 2os—. = 3.05 393 7.9684 . 02028 - 24304 - 0006185 
DO00GE 5. 55-5: 3.16 451 7.1852 . 01593 . 22705 - 0005034 
HO205 5 eee. =< 3.10 40 - 6893 - 01723 - 021387 - 0005342 
BopUS Scene a Soul 216 3. 7407 - 01732 - 11636 - 0005386 
S000! ses se 3.19 501 8.5777 . 01666 - 29188 - 0005326 
DUO nem aeeets 3.18 221 2.4731 .O1118 . 07859 - 0003556 
OS 20 eaters 3.09 307 4.2207 - 01375 - 18042 - 0004248 
ist oseaase= 3.01 235 2.5436 . 01082 - 07656 - 0003256 
62805 so cecec 3.20 111 1.3451 - 01212 - 04272 . 0003938 
638105see ee 3.24 90 1.5452 -01717 - 05007 - 0005563 
M2400 nee = 3.36 213 8.4415 - 03963 - 28363 - 0013316 
(Pi fe arene 3.49 225 4.5806 - 02036 - 15986 - 0007105 
M2806. - o2en 3.01 110 2.0970 - 01906 - 06312 - 0005738 
RADU Tenn ce 3.02 493 9. 2130 . 01869 . 27823 - 0005644 
SIZ0G 222 => 3.31 72 1.2391 01721 04101 - 0005697 
84906 =..255-42 3.43 382 7.54388 | .01975 - 25873 . 0006773 
O130bS 2. 5ee-s 3.21 138 3.0940 | .02242 - 09932 - 0007197 
ee Uae 3.36 198 3.4436 . 01739 - 11570 - 0005844 
Q240 DR 5 else = 3.10 214 3.43856 | .01605 - 10650 - 0004977 
S240G Baoan ool 380 8.2366 | .02168 . 25616 - 0006741 
Q2A0DE =)fento oe 3.00 156 2.6615 |  .01706 - 07985 - 0005118 
94208 .52 .52-.- 3.10 322 3. 7828 - 01175 oLV727 . 0003642 
94906........ 3.41 685 12. 3862 . 01808 - 42236 - 0006166 

Average’... 3. 184 235.5 4.38558 - 018366 . 189656 - 00058156 

3.5 TO 4 PER CENT PROTEID NITROGEN. 

| 

Ue Seceooe 3.52 93 2. 2881 0. 02460 0. 08044 0. 0008660 
GU Bren accse 3.80 43 . 7220 - 01795 - 02933 - 0006822 
18005-55555. 2 3.81 103 1. 4864 - 01443 - 05663 . 0005498 
PO eae aera 3.61 89 1.4484 - 01627 - 05228 - 0005875 
POSH es Sek 3.75 567 11.9114 - 02101 - 44666 - 0007877 
Z19DR Eee eae 3.82 173 3.5574 - 02056 - 13589 - 0007855 
2220955 3. 84 31 - 4336 . 01399 - 01665 - 0005371 
PU eooee 3.92 144 2.0390 - 01416 - 07993 - 0005551 
O200 8s enieseme 3.78 55 1.0183 - 01851 . 03849 . 0006998 
820 Vee ee Sh 08} 81 1.5940 - 01968 - 05946 - 0007340 
BODE eee 3.88 267 5.0200 . 01880 . 19478 - 0007295 
SOOO easiest 3.61 563 12. 1088 . 02252 - 43713 . 0007764 
AD20D ee ease 3.63 94 1.8494 - 01967 - 06713 - 0007142 
ADM0D wae s2e 3.58 235 3. 2340 - 01376 - 11575 . 0004927 
ASH0D So an... 3.66 137 ae Oot - 01398 - 07010 - 0005117 
AGO S . 5. eo 3. 62 23 . 6760 - 02939 - 02436 - 0010640 
HOTS =< eae 3.54 30 - 5958 - 01986 - 02109 - 0007032 
HOQOG Skee 3.57 114 1.7280 - 01516 . 06169 - 0005411 
660062555. 3.54 366 6. 0090 - 01642 «21272 . 0005812 
GH0082 3s a5-- 3.59 174 3.1555 - 01814 . 11328 - 0006510 
(OMe Saeeone 3.86 591 14. 6802 . 02484 - 56666 - 0009588 
94909) 8 eos. 3.60 218 3.6977 - 01696 . 13312 . 0006106 

Average .... 3.69 190.5 3.68947 . 018666 . 13698 . 00068723 
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TaBLe 8.—Analyses of plants, arranged according to percentage of Dpige nitrogen. Crop 
of 1905—Continued. 

4 TO 45 PER CENT PROTEID NITROGEN. 

Percent- | Napanee Meee (in grams) of) Total pro-| Proteid 
Recardertaey| Ou erica == ; ha teid nitro- nitrogen in 

ber. proteid | neisper | Kernels | Average | 8¢0 in all | average ker- 
| nitrogen plant per plant ieee kernels nel 
jin kernels. . - = -\| (gram). i (eram): 

PAY ee ee ee 4.26 | 983 14.8139 0. 01507 0.63107 | 0.0006420 
PASI ome 4.04 | 216 | 4.0258 - 01877 -16377 0007582 
21909 Sonos 4.43 | 525 12.1819 - 02317 . 53889 | .0010265 
27308. 2. = 4.- - 4.15 | 254 4.5123 -O1777 - 18726 | .0007373 
34405. 5.-5:- 4.33 | 207 4.1281 - 01994 - 17875 - 0008635 
ASNOD Sts oar. | 4.13 93 1.4464 - 01555 - 05974 - 0006423 
45700202 32--- | 4.18 44 . 19382 - 01712 - 03148 - 0007155 
nOOU eae. | 4.21 | 118 2.1571 -01828 | - 09082 - 0007696 
69808 4-25 - 4.42 | 103 2.0430 -01984 | - 09030 - 0008767 
(O2Z00 See | 4.45 | 447 5.4411 - 01217 - 24213 | .0005417 
O2506 S322 ve 4.39 229 3.8709 -O1690 | . 16993 . 0007421 

Average .... 4.27 | 292.6 5.03397 - 017689 . 21674 - 00075594 

MORE THAN 4.5 PER CENT PROTEID NITROGEN 

W505 teaee ee 4.70 29 0. 3885 0.01340 0.01826 | 0.0006296 
DADQ00 Roms + at 5. 23 149 2.8564 | -O1917 - 14939 - 0010026 
ALDTO see ese 5.03 237 3.9143 | -01578 | . 19689 - 0007934 
PIROOs eee = Ail | 807 19. 3318 -02390 | -91052 | - 0011283 
AO Mla rnes Seas 5.48 | 383 8.4593 | - 02209 -46356 - 0012103 
DOOU DE ate sie | 5.80) | 61 1.2124 | - 01988 | .07093 | - 0011627 
SOOO Teer i ot | 4.55 | 19 - 3037 | -01598 | 01382 | - 0007273 
40205. 222205. | 4.69 | 194 3.6302 | -O1871 | - 17026 . 0008776 
4840622. 52.22 4.87 -| 249 3. 2964 - 01324 - 16053 | . 0006447 
65305—=ere eee 4.92 | 78 1.8018 .02310 | - 08865 - 0011365 
69805 5--- 5225 5. 82 110 2.4420 . 02220 . 14213 || . 0012921 
126052 esa. 4.65 65 1.1166 | -01718 | -05192 | . 0007988 
(0) eens oe 5.59 | 188 3.4442 | - 01832 - 19253 | -OO1N241 | 
9230652 seca 4.93 | 347 6.0091 | - 01732 29625 | - 0008539 | 

Average ...- 5.07 208. 28 4.15727 | -01859 | .208974 -0009487 | 
| | 

TaBLe 9.—Summary of analyses of plants, arranged according to percentage of proteid 
nitrogen. Crop of 1903. 

| : . 
| 5 Wei Tr roteid nitr 
| Pereent- | Number of— | ght (in g ams) ‘in grams), HSS 

Range of per- | 28¢0' | aan 
centage of proteid Briefe | 

nitrogen. a ne Analy-| Ker- | Kennels Average All ker- Average 
i ses. nels. *| kernel. nels. kernel. 
nels. | 

| 

Ui f0 2s eters 1.749 28 | 320.3 6. 2382 0.01871 0. 10655 0. 0003291 
DEO Onan eee 2.32 65 | 396 | 8.2502 02011 - 19032 - 0004660 
2.9) LONE oom oes 2.73 145 | 370 Teneo: 01935 . 19442 - 0005271 
BO LOVe-De seen 3.18 66 235 4.3856 | - 01837 . 13966 - 0005816 
BET UOe es Sse ae 3.69 22) 190 3.6895 | . 01867 . 13698 . 0006872 
ASCOT O)s e etayees- 21] 4.27 11 292 5.0340 | . 01769 . 21674 - 0007559 
4.5 and over 5.07 14 | 208 4.1573 | - 01859 . 20897 . 0009487 

| 

Table 10 shows the analyses of the crop of 1903 arranged on the 
basis of weight of average kernel. Determinations of gliadin and 
glutenin were made in these analyses and the sums of these are 
inserted in this table.* All plants having an average kernel weight 

« Determinations of gliadin and glutenin were made by methods practically the same as 

those described by Prof. Harry Snyder in Bulletin No. 63 of the Minnesota Experiment 

Station, except that smaller quantities were used. 
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of less than 0.010 gram form the first class and each succeeding class 
increases by 0.002 gram. Table 11 is a summary of these analyses. 

TaBe 10.—Analyses of plants, arranged according. to weight of average kernel. Crop of 1903. 

WEIGHT OF AVERAGE KERNEL, 0.000 TO 0.010 GRAM. 

| | . e 

| | Per- Proteid nitrogen | Percent-| Gliadin-plus-glu- 
| Weight | Num- Weieht centage (gram) ee age of tenin nitrogen 

| of aver- ber of els of pro- gliadin- | (gram) In— 
Eeord age kernels 0! pernele teid ni-; plus-glu- | 
number. kernel on teenie) trogen Average | ieranelle tenin ni- Average | Kernels 

| (gram). | plant. | ae kernel. | on plant. eee kernel. | on plant.| 

22205..--- | 0.00953 | 283 2.6965 2.81 | 0.0002677 | 0.07577 1.97 | 0.0001877 | 0.05312 
STOOL. = | 00916 407 | 3.7263 2.76 1OO0Z52 Ti y RlO2Z85 | Poe Sake elms a ae ee Ieceeis teat 
58206... .- . 00943 | 148 1.3961 2.67 | .0002519 OS Zen seer Weer ce ates Le ateeme wee 
95505..-..|  . 00850 | 37 | 3146 2.81 | .0002389 | = .00884 |.......-.- PRES Seaeeealebocsosqee 

Average -| . 00915 | 219 2.0334 2.76 | .0002528 | .05618 1.97 | .0001877 05312 
| | ; | 

WEIGHT OF AVERAGE KERNEL, 0.010 TO 0.012 GRAM. 

| | 

37906. =.= | 0.01086 19 | 0.2063 DAA OR0002649)) " (0200503) |= 22scseee-slee eee <e |soaceaases 
45605... -- -O1161 61 - 7081 2.82 . 0003273 SOLO (AN A ES eI oe paar cess ae trees 
50905... - - - 01085 221 | 2.3982 SL BION Mo UOR tN lly WHO YSU Se Ra Ses RE Geen e Bae Beene sees 
57905. - -. - -01118 221 2.4731 3.18 . 0003556 . 07859 2.92 | 0.0003264 | 0.07221 
87052. 232 01082 235 2. 5436 3.01 | .0003258 . 07656 2.47 | .0002673:| .06283 
94208... .. -01175 322 | 3.'7828 3.10 | .0003642 ple Te Cees cee omaet= = Se al (eas eee 

Average ei entails} 179 | 2.0187 2.98 . 0003326 - 06276 | 2.69 - 0002968 . 06752 

WEIGHT OF AVERAGE KERNEL, 0.012 TO 0.014 GRAM. 

7a05 2. === 0.01340 29 0. 3885 ASi0) | OXCOOG2Z96> | ROSOUS2G0 ee seals oes eee Seal eS 
22209) 2 a6 01399 31 4336 3.84 | .0005371 GOING Gaerne ee se comet eie laesteaede 
DOLO5s =.= - 01393 131 1.8242 3.02 | .0003662 NODDUB Ble 2s = setae ces ee loassaaease 
39606... -- - 01341 346 4. 6383 2.37 | .0003177 LOQG Tull See ces ctoe al ees eile ere A aOEe © | 
40405. ..-- 01373 46 6316 3.17 | .0004352 RO ZOO 2G VEN eee. Sek a [ecm Ne Mi eee a 
42206... -- - 01264 25 3161 1.46 - 0001846 3004.62) 2S. e sesalae ene eee= Meee | 
45005... - - - - 01376 235 | 3.2340 3.58 | .0004927 11575 1.36 | 0.0001871 | 0.04398 | 
45805... .- 01234 124 1.5298 1.84 - 0002700 028U 5! || Facs. sc soles e oee cess aoe eee acts 
48405... -- -01276 76 | - 9701 3.31 | .0004225 NOS2 Me ae ot ck eee Beene 
48406... -- - 01324 249 3. 2964 4.87 | .0006447 . 16053 2.25°| .0002979 | .08168 
48408... .- - 01291 27 | 8485 2.81 | .0003627 AOOS TOM eae ae ae eee = ee ate heen eects 
48505... - - 01398 137 | 1.9154 3.66 | .0005117 - 07010 1.76 |} .0002460 | .03371 
D0Z0Gs2. 2 - - 01343 30 | -4701 2.80 | .6003761 MOTO Gp leesewe ee. anne Sage [Eee seen: 
DS20i72- a - -01375 307 | 4.2207 3.09 | .0004248 . 18042 2.49 | .0003424 | .10510 
58905... -- - 01355 170 2.3031 2.43 | .0003292 SEY) ease Loose seees| Soesaseese 
62805. .--- 01212 | eesti 3.25 | .0003938 04272) ie Gao eh one eee ate Seer 
76206... .. 01217 447 | 5.4411 4.45 | .0005417 . 24213 2.03 | .0002471 | .11046 
85206. 7 -2- 01312 376) 4.9315 2.66 | .0003332 LSU Hs ee ates ee eee cere ae lea ae 
94605... 01307 56 | . 7319 1.95 | .0002549 (O27 (| ea ee || Ee ae Nah 2 eS 

Average .| .01323 | 155.7 2.0510 3.12 | .0004120 . 06687 1.98 | .0002641 | .07499 

WEIGHT OF AVERAGE KERNEL, 0.014 TO 0.016 GRAM. 

18805... .- 0. 01567 137 2. 1462 2.02 | 0.0005164 ORO4 SS ait See, oeerellinette ral) ree al sistent ah | 
18905... -- -01443 103 1.4864 3.81 | .0005498 - 05663 1.54 F 0.0003218 | 0.03315 | 
18906. =.=) -01420 65 - 9229 3.48 | .0004941 SOSQUDH | aes en NER ae yc ee|leaeesen ae 
21210222 - 2 - 01577 237 3.9143 5.03 | .0007934 - 19689 1.34 | .0002113 | .05245 
QMAOE Sos - 01437 59 . 8478 2.59 | .0003722 BO 21 OG Hee See Alesis be oercrer see 
21812. ===. ; 01507 983 | 14.8139 4.26 | .0006420 - 63107 2.02 | .0003044 | .29934 
PHO TEA === -01416 144 2.0390 3.92 | .0005551 07993 1.35 | .0001912 | .02753 
33408... . - 01446 a 1.1132 1.39 | .0002009 TGR ON cee eee eee eee Deters er 
38607... - - 01598 19 - 3037 4.55 . 0007273 SOUS82" |S ee es oe eee ces on ae er ete 
43505... <<. -01555 93 1.4464 4.13 | .0005423 05974 
48407. .... ee 01572 718 | 11.2890 1.50 | .0002358 - 16933 
50906... .- | .01516 114 1.7280 3.57 | .0005411 - 06169 | 
55006... - 01593 451 7. 1852 3.16 | .0005034 - 22705 1.75 | .0002788 | .12574 | 
55305. - ...- | 01507 167 2.5160 2.48 | .0003736 06240 1.97 | .0002969 | .04957 
BTOOB! .-.- | 01453 701 | 10.1886 207 . 0004010 SOX NO Nmmen eee Wears stots ore arene ces 

27889—No. 78—05——5 
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Taste.10.—Analyses of plants, arranged according to weight of average kernel. Crop of 
1903—Continued. 

WEIGHT OF AVERAGE KERNEL, 0.014 TO 0.016 GRAM—Continued. 

leparcene Gliadin-plus-glu- 
| | | 
| | Per- -oteid ni 

Weight | Num- | Weisht centage ease a | age of tenin nitrogen 

Record | ol aver- | ber of |o¢ Racer of pro- | a | gliadin- (gram) in— 
Re age kernels a 2310 U3 0 beeen plus-glu-, SSS aaa 

an ie kernel | on a. eee Average | Kernels | aay Average | Kernels 
(gram). | plant. | eee kernel. on plant. yes kernel. on plant. 

Dlp0Gseaee 0. 01534 180 2.7616 | 2.80 | 0.0004296 | 0.07733 2.34  0.9003590 0.0462 
63506... .- 01568 153 2.3986 2544s) 03825) )ay 058000) ee ee <a ele eee ee ee 
69705....- | .01550 244 3.7810 2°50" 0008874. 09453) |. 255-2 2b ees meses eee 
72905..-..- .01585 167 2.6462 2.48 0003930))|2 ...06563)))|'5..., 2-2} ae ee a eee 
OS saree . 01484 57 | . 8172 2.60 . 0003728 BOAT 25 4) oo coe cl ern oe 

- 01495 203 | 3.0282 2.56 = 0003923) pOU9G4: | Ros..5 ee RE Se cee | eee 
| 01525 345 5. 2616 2.74 | .0004179 SAAT | ete Ss fo Soe oie oe oe S| ee 

.01491 160 2.3859 PES SoU OOS USI ESS Soe See een acsealoacat eos 
01534 176 | 2.7000 350° <0005369")| 109450) 2228.22 -|-sa0 ee =| See 
. 01592 181 | 2.8816 2.99 O0047E0s|"" VOS861 Gs aaa. s-|- cee ae el eee ere 
01553 286 | 4.4423 2.35 | .0003650 PLO4BO i sec od axial fo ne ee ee 
.01457 | 52 STBTT | D547 =) 0008599 | 5018725 | oes 22 5 

Average . - 01516 232 | 3.5480 | 3.00 - 0004555 . 10619 1.76 | - 0002805 09320 

WEIGHT OF AVERAGE KERNEL, 0.016 TO 0.018 GRAM. 

| | : | 
Wi306=== = | 0.01645 243 3.9968 8209)).10° 0005082),)) 10212350) 123. e25- ...|/ 222 peer 
7406 ee - 01686 | 124 2.0907 3.29 - 0005547 Q6878" | sc oss 02s kee o = oe eee 

iG Wee ae - 01795 43 - 7720 3.80 | .0006822 02934 fos S52 Eee eae eerie 

ANOS) Se - 01698 109 1.8517 3.09  .0005249 05722" 12.2852 22 |b eae eee 

D20825=--|) ) -OL798 287 5. 1594 3.24 - 0005824 . 16712 | 2.15 | 0.00038/6 0.11093 

21209....- | .01627 89 1.4484 3.61 | .0005875 05228 "|. 3238.22: |> eens = ee eee 

DISQIE See | .01796 | 143 2.5691 3.04 | .0005461 07810. ioe ghee | Ao eee 

PAB Boer | .01641 | 354 5. 8080 3.45 | .0005660 220038" | 202202 S| ceo bce tee eee 

PNBOS See - 01699 1, 232 20.9290 2.69 | .0004569 56209). ooo el See yee ee 

21808. ...-- |} .01708 | 1,156 | 19.7446 2.57 - 0004389 . 50744 | 1.95 - 0003348 38700 

DI200Henes 1  .01720 146 | 2.5712 3.22 | .0005538 . 08086 2.11 | .0003629 05425 

99908.....| 01619 118 1.9090 3.18 | .0005144 06071 2.14 | .0003465 04084 

26806... . - |  .01793 152 2.7255 2.60  .0004662 207086). ae S| cee eee eee 

26808... . . | 01748 222 3.8811 3.09 .0005402 . 11992 | 2.28 - 0003935 08849 

Me Wieeses | .01792 102 | 1.8276 2.61 .0004677 {04995 | oe) oss | Coe. ae ees 

26909... .- - 01667 180 | 2.9999 2.80 .0004667 - 08400 1.88 0003134 05640 

213082. === | - O1727 254 | 4.5123 4.15 .0007373 78 726i) 528) <a eee aera 

S83 1060 08> 01716 1g}  .3089 2.94 | .0005045 [00908. |22 20-525. See nee 
33406... .. | .01627 283 4. 6045 2.87 | .0004670 13215.) 2 2 PE ee ee ee 

BY (Wrens ae eee OnmO 193 3.3004 2.93. .0905010 09670 2.10 0003591 0.931 

Bh Weer e - 01699 111 1. 8862 3.02 | .0005132 05696'"|2— o2c2 oeslzceee eee eee 

44505.....|  .01764 340 5.9990 2.94 .0005187 17637 hic eee |e See ee 

AS TOE = = 5e - 01712 44 - 1532 4.18 - 0007155 03148.) 2222.22 | ee eee eee 

461052. =-= -O1775 | 260 | 4.6146 3.00 - 0005324 13843'4||. 3225235. |S eee 

AGIOT.- 82: - 01756 478 | 8.3935 2.54 . 0004460 21319 2.08 0003652 17458 

48306....- - 91692 157 |. 2.6571 3.29 - 0005568 08742 2.13 000304 05660 

48506... .- - 01701 556 9. 4585 3.20 | .0005444 30267 2.17 0003691 | .20825 | 

ASTOSE «=.= 01652 264 4.3615 3.13 | .0005171 13652 1.56 | .0002577 OS804 

48706... .. 01635 379 6. 1986 3.00  .0004906 R596 Scat act S| ou ae cetoe ee Soe 

48806... -- | .01798 | 547 9.8346 2.70 .0004877 965530)\) 5. -eaccteleoe pacieco= «| tose ee 

SPUD. s=- lee sOlr25 5 40 - 6893 3.10 | .0005342 (PAIL8 4 (a Deepest se Sia eee |i ce Se 

SHRWia se = | 01663 342 5. 6864 1.89 | .0003142 10747 1.56 | .0002594 | .08871 

55508. . . ..- Vea OlT32 216 3. 7407 Sp ilil - 0005386 11636 1.96 . 0003395 . 07332 

RO sho6 - 01734 138 2.3931 2.69 | .0004665 O643i0 | Sas: ee ealee Res as. 

509005. -=- -O1751 331 5. 7948 2.67 - 0004674 15470 1.75 0003064 10141 

559062 -pe | .01603 499 7.9968 2.81 | .0004503 22471 1.47 0002356 11755 

56105--..- | 01709 336 5. 7431 2.73 | .0004667 15679 2.12 0003622 12175 

BOLO ieee | 01658 | 872 14. 4556 2.96 . 0004907 42790 2.23 0003697 32236 

56209... - | 01664 | 950 | 15.8086 2.59 | .0004310 40945 2.21 | .0003677 34937 

S052. 5 | .01746 88 1.5364 | - 2.71 | .0004731 04164 2.09 0003649 03211 

SY (1 Gee - 01666 501 8.5777 3.19 - 0005826 SIOI8S' [222-2 LA Ee Saceee eee |e eee 

Dta0Secec- - 01705 577 9. 8378 1.69 - 0002881 216626 | es sen. 2 Sees ee eee 

D1509s— 2" - 01739 611 10. 6261 2.54 - 0004417 269904 33 See See Sere al lee see 

59606... - - - 01712 567 9. 7084 2.16 . 0003698 #209 70> |S eo axe SA Pee ee | eo 

60605... - -O1701 | 35 - 5952 1.87 - 0003180 QU Bi |2 See eee ell ee eee ee eee 

63105...-- - 01717 | 90 1.5452 3.24 | .0005563 O500 76s Sees Sal eee aes ee clas see eee 

66006...) 01642 | 366 6. 0090 3.54 | .0005812 21272 1.38 | .0002266 | 08292 
} 1 ' 



SOME PROPERTIES OF THE WHEAT KERNEL. 67 

TaBLE 10—Analyses of plan‘s, arranged according to weight of average kernel. Crop of 
1903—Continued. 

WEIGHT OF AVERAGE KERNEL, 0.016 TO 0.018 GRAM—Continued. 

heBerliesp. 5 tardinitcoee Percent-|  Gliadin-plus-glu- | 
Weight | Num- | woipnz centage 5 ante re: age of tenin nitrogen | 

aver- | ber of | Weight | of pro- rliadin- (gram) In— | Recora | Of @ver-| ber of | of cernels| Of PTO & 
z | age kernels) 6, plant teid ni- plus-glu- 

number. | kernel on (ae trogen Average Kernels tenin ni- Average | Kernels 

| (eran) plant: ToS kernel. | on plant. eee kernel. | on plant. 

tpet2b0p= 2) | 0.01718 65.| 1.1166 AS Go| § Os 0007988)" OSQ5092 aaa eo. 3) she. 22] 5... SU 
ec: ©... | .01724 543 9.3629 | 1.89 - 0003414 MN son | Soames Sete Sees kes sco eee 

74506... . - | .01781 23 |} - 4096 2.73 - 0004862 S(O ee Seal aos Sac Sierra 
74605... .. -O1784 399 | 7.1181 2.60 | .0004638 pL SO OV Mae ate. = aa aes as =| Ge estos es | 
TAGO072= == - OLE99 491 8.3406 2.56 | .0004349 POVSO2 Mee ee - 2 aA ee eee |. hea 
26205. - 01695 | 498 8.4407 | 2.35 | .0003983 Hilt DSU See oo assec| EC enecaoeel eaeereec | 
81406... -- -01721 2) e289 aes - 0005697 AOA OTR erst ees ones oe Pore ee see 
SOA0De as - 01625 214 3.4766 2 60 - 0004224 sO9039i)|-= seer  2e | pape pereatnas | ns Sct 2 
86106... .- -01749 436 7.6241 2.63 | .0004599 eNOS 2H ae eee 2 ee [epee ee aee Paeeeoecee 
91905... -- - 01739 198 | 3.4436 3.36 | .0005844 Shi) eseeeecere [eee ae ape eae 
91906. ---- 1 .O1774 200; 3.5486 2.81) .0004986 AA | eae ae | aeeaee sree ees eee 
92207-.z,..-- - 01767 209 3.6926 2.55 - 0004505 JOD4NG! |e oe eel Sai eo eta (er eer ees 
92306. _-: - - 01732 347 6. 0091 4.93 - 0008539 - 29625 | 4.06  0.0007032 0. 24397 
92405... - - - 01605 214 3.4356 3.10 - 0004977 SLOG DO 2 St Socal sneak oe |se ase 
92407... .. - 01695 53 . 8983 1.66 - 0002814 OMG oe se | Sere ae [ose es | 
995052 =—) - | .01706 156 2.6615 3.00 - 0005118 OMGSoy ba Sade es alee ee aa so [28s sa5ee- 2 
92506... . - - 01690 229 3.8709 4.39 - 0007421 St 1 eee anes teas So seeel paces eee 
92908... .. 01732 | 187 3. 2388 2.32 | .0004018 SURGE 2 Se Oe eS Ree ee Roe oe ee 
94407....- -O1615 | 419 6. 7664 2.07 | .0003343 AQT Reger seas lien ST ee we Da 
94909... .- - 01696 | 218 3.6977 | - 3.€0 - 0006106 PS ee a eee | Ce op ee a [epee eee 
95510... - - = | 01783 | 159 2.8356 | 1.81 - 0003228 ANP Bes) = A Ee ee eel ee oe ee 
95705: ..... = - 01626 | 636 10. 3426 2.54 SOOTHE DRO RO Peers ees ye roe, # ll Soe oe 

Average .|  .01709 | 305.9 5. 2055 2.93 - 0005020 - 14618 - 2.07 - 0003519 - 13548 
erie a a The x 

WEIGHT OF AVERAGE KERNEL, 0.018 TO 0.020 GRAM. 

Iss see | 0.01984 183 | 3.6302 3.03 | 0.0006010 | 0.10999 |. ees OS ee Ee ieee aes | soe aoe 
17408... .. | .01852 497 9. 2038 25 Siler OO0L03 7a ge DOORS nee see Seek et aeeecoe 
17409... _. | .01857 802 | 14.8957 2.75 | .0005108 SOUR 8 Lee el HEN ae eee ee 
20710... .- - 01974 867 17.1115 2.83 - 0005586 - 48428 | 2.00 | 0.0003948 | 0.34222 
ZAP ee - 01922 123 | 2.3642 3.16 | .0006074 SOA G sete toes eee ane oss ce esos 
74040) eee - 01917 149 | 2.8564 5.23 - 0010026 GC OSI See cere) eas eee ae BEM ne Seer 
2120722 == - - 01955 118 | 2.3066 2.96 | .0005766 | .06804 |.--.....-.- [hereon coe al[ oo eae 
21306... - - 91837 226 | 4.1516 2.90 00053275 | 22039) | 2.52: ==. = So ae ae eee ee ss 
PANG in eee - 01968 873 | 17.1820 2.41 OODSSS4.) Tt eA000e! |= eee er | gemene ce [ote e testy ee = 
AZLSO9e == - - 91919 418 | 8.0214 2.13 - 0005238 | .21898 | 2.18 OO004183 |. 17487 
Pike KU eee - 01982 52 1.0304 2.69 - 0005330 MOD Teale cote bate Sal eee ee lxcineryeenne = 
ASI 2 == - 01877 216 | 4.0258 4.04 | .0007582 - 16377 | 2.14 - 0004017 - 08615 
21905. . .. - - 01809 791 14.3111 2.64 | .0004777 -37781 | 2.18 - 0003944 - 31198 
PAQ0T. 22 2. - 01851 158 2.9248 3.35 -0006201 | .09798 | 2.15 - 0003980 - 06288 
21912 2S - 01907 510 9.7236 2.31 SO004S045 We =a 224O l= cee ee Re eer eee loa ea aaa 

Big220T = 222 -01940 169 | 3.2787 2.77 | .0005374 | .09082 | 1.82 | .0003531 05967 
26905... .- | 01966 326 6.4102 2.76 | .0005427 | . 17692 | 2.09 | .0004109 13398 
26906... - - - 01859 228 | 4.2376 2.71 | .0005037 | . 11484 1.82 | .0003383 | .07712 
27005... . | 01895 866 16.4120 2.63 - 0004984 - 43164 1.90 0003600 31182 
27205... .- | - 01841 891 | 16.4061 2.41 | .0004437 39539 1.70 0003130 27890 
27306... . - - 01945 684 13.3011 2.47 ROQOSS0 3s! taceuon| mate ool meee eee | neta ae 
27307... .- | 01847 167 3.0850 2.53 | ..0004674 BOVE Bean saeeel ec comaseene peeeee ee 
27507... .- © .01833 75 1.3746 3.08 | .0005646 OAD SAM Ee eect elles wo eS Ieee 2 

_ 28206... - - - 01996 219 4.3698 3.07 - 0006126 - 13415 2.42 - 0004830 | . 10575 
32207... . . -01822 69 1.2573 3.48 | .0006341 O43 75) le eer tia ieee ee 2 BES cee Se 
32608... - - -O1851 55 1.0183 3.78 | .0006998 AOS849) eee ents Beene. ks | eoeeeetas 
33105... -- - 01939 132 2.5601 2.91 | .0005644 07450 3.50 | .0006787 | .07450 
33107. .-. - 01919 318 6.1026 2.35 - 0004510 - 14341 1.92 0004163 | .12643 
33405... . - - 01930 421 8. 1268 2.03 | .0003919 SUG: Bid Bae See tel banter are) en ee Re 

| 33906... -.- - 01921 119 2. 2862 2.81 | .0005399 SU 7 7eN [Aaa eit [A Soe Wee Peo 
| 34205_.... -01972 464 9. 1498 2.73 | .0005383 SOON Nets camer = ree emer Ss 

34206... -- -01968 81 1.5940 3.73 | .0007340 805946) | 5 so clseacee oe mata Ge see ee 
34208.....| .01916 156 2.9886 2.13 | .0004081 Bi Gates eee Re So oe (ce 
34405... .- | .01994 207 4.1281 4.33 | .0008635 17875 2.44 | .0004865 | . 10073 
36905... - |  .01880 267 5.0200 3.88 | .0007295 AOA Ot le rake eens sre jeashs Maeiccts 
37305... - -01987 309 6. 1394 2.96 | .0005881 18173 2.29 | .0004550 | . 14060 
SthOds 55. 01972 461 8.0905 2.64 | .0005327 - 23998 1.26 | .0002485 10194 
38005... . -01808 139 2.5134 2.84 | .0005135 -07138 1.23 | .0002224 | 03091 
38506... - - 01975 85 1.6799 2.89 | .0005712 ROSS ong ners | emer rns. [hee CRD ARES 
38605... - - 01987 61 1.2124 5.85 | .0011627 mOTOOSI hee eet te Nee Sa oo ECT nee 
38608... .. 01913 158 3.0228 2.82 | .0005394 - 08522 1.73 | .0003309 05229 - 
38706... .- . 01988 SGU a emir 2545 nie SOOM COON L48n mine S7SOr eceeree (se St A | eee 
40205... .- - 01871 194 | 3.6302 4.69 | .0008776 . 17026 3.07 | .0005744 11145 



68 IMPROVING THE QUALITY OF WHEAT. 

TaBLe 10.—Analyses of plants, arranged according to weight of average kernel. Crop of 
1903—Continued. 

WEIGHT OF AVERAGE KERNEL, 0.018 TO 0.020 GRAM—Continued. 

Per- sonal ayaa Percent- | Gliadin-plus-ghi- 
Weight | Num- | wojoq 4 centage fe fe age of | tenin nitrogen 

Reconia of aver- | ber of lof earl of pro- gliadin- (gram) in— 
aenenal oie | age kernels axa vallsait | teid ni- plus-glu- a as = 

- | kernel on pant | trogen Kone Kernels | tenin ni-| ay | een 
(gram). | plant. (grams). | 7 ier s er age Rerne = trogen in | BS er age | ere a 

| Pale ernel. | on plant.| jornels. | <erne on plan 

42205....-| 0.01967 94 1.8494 3.63 | 0.0007142 | 0.06713 2.73 | 0.0005370 0.05049 
42905... ..| . 01866 67 1.2499 | 3.17 . 0005447 NOS650N 22. coe 
44607..... |. 01806 10] 1.8246 2.44 . 0004408 O84 bo 2 oe olen: ULE 
rane peer ;  .01834 220 | 4.0358 1.91 - 0003504 SOUAOSn |e ate seecae lL eno Sec Se eee 
Hees . 01964 82 | 1.6103 2.54 . 0004988 JQ4090" | o- oR s  S 

48106..... - 01919 608 11.6655 2.38 . 0004567 - 27765 1.80 - 0008454 . 20997 
48508... _ - . 01858 603 11. 2008 2.76 - 0005127 TSU986) |e te oe lee eee [isa erede were 
49505... -- . 01898 67 1.2716 3.24 . 0006149 304120) 22 s-52 |e ote ee eee 
OUTOSze 52 . 01986 30 . 5958 3.54 . 0007032 SOZN09) | eee os alte. ee eee 
L005. 22— | . 01804 862 15.5835 1.34 - 0002422 avA0}stoilt Age cia Io's bis kielaje 2 oso eee i 
Hp007 2.5 . 01828 118 Pe Ey Ak 4.21 - 0007696 : 60082 2.21 | - 0004040 | - 04767 
55008... .. . 01846 944 17.4226 2.60 - 0004799 - 45299 1.58 | .0002917 | .27528 
O5206E5 222 . 01965 578 11.3592 2.56 - 0005031 . 29079 1.87 | - 0003675 | .21241 
rity 3 1c pea . 01931 214 4.1323 2.18 - 0004210 09008) |. 3-222 ee... |: ee ee eee 
SDV oe. oe . 01949 504 9. 8228 2.63 - 0005126 . 25834 2.07 | 0004034 20333 
DOLOGEE=ee . 01866 644 12.0161 2.57 - 0004795 . 80881 2.09 0003900 25114 
5620528 2-2 . 01959 333 6. 5232 2-01 - 0004917 | . 16373 1.85 | .0003624 12068 
562065. —25 - 01829 509 9. 3093 2.42 - 0004426 . 22529 1.95 .0003566 18153 
HLOOFeaes = - 01975 168 | 3.3176 2.65 - 0005233 NOS 792)i|Btemeris os Li 206 sic See 
DOUG E oe - 01888 434 | 7.9772 2.86 - 0005257 E2281) Fs See eal eee eee |e eee 
OTs -OL801 PAE we Sr alilyy 2.43 - 0004387 PWNS 25262. oases See See 
(4062-25 . 01846 135 | 2.4923 PATS) - 0005077 . 06854 Des | . 0003932 - 05309 
AO nee | - 01968 762 | 14.9992 2.62 - 0005157 . 39297 | 1.85 | .0003660 . 27898 
BY Vie ee - 01946 359 6.9861 2.85 - 0005545 . 19905 | 1.55 ; .0003016 . 10828 
S008. = 2 _- - 01968 438 8.6189 2.64 - 0005195 S2OU00. We =.oel-e-d colleen c= cael | See 
5780522 22 = | .O1814 270 | 4.8988 2.87 - 0005207 - 14060 | 2.68 . 0004861 - 18126 
Gls oes . 01999 1,158 23.1471 2.74 - 0005464 . 63422 Deli - 0004218 - 48839 
o9b05e=5= . 01880 382 7.1828 Dei? - 0003986 BOOS: ssh. Seales ae 
Ga505-2 == - 01934 208 |} 4.0230 1.90 - 0003674 OUG4S4: oerRet aa | be see aoe See 
65506 se . 01807 544 | 9.8298 2.41 - 0004282 - 23690 | 1.68 0003036. | 16514 
Hos0veeeee - 01878 373 | 7.0051 2.28 - 0004355 . 15971 | 1.8 0003399 12680 
66008. .._- - 01814 74>) ~ "S555 3.59 - 0006510 Riedl ee se ee [ete nat Sloe ae a rn 
69305... == - 01984 103 2.0430 4.42 - 0008767 - 09030 | | 
69505 ee. 25 - 01847 255 4.7116 2.29 - 0004231 . 10790 
72406... .- . 01929 430 8. 2929 2.95 - 0005689 . 24464 | 
W260 Teens . 01832 188 3.4442 5.59 - 0010241 . 19253 
W250bsenee - 01906 110 2.0970 3.01 . 0005738 - 06312 
ASOT ee - 01869 493, 9, 2130 3.02 - 0005644 SO OLO we eee aero ba a Sidi a | ee 
81405... .- - 01862 240 4.5737 2.62 - 0004879 Pal Obi i eee Pee ee Ne se 
BLOOD eaee - 01940 146 2. 8327 2.94 - 0005704 - 08328 | 2.65 | .0005141 - 07507 
84905... - . 01927 37 |} - 7130 aD) . 0004471 01654" |os2 os 23) eee on oe |S 
84906... .. -O1975 382 | 7.5438 3.43 . 000677: . 25873 jSoseemee se \a's 20's 2 Ecos Sis eee 
88905... .- -O1811 293 5.3069 2.83 - 0005126 315019") 208225 261025 Stee eee 
88906... .- -O1814 | 546 | 9.9034 2.65 - 0004807 726245. | csc os bees ee eee | bee eee 
922082 5--- . 01876 353, 6. 6206 PP - 0005102 218008:) | 6-52 2852! eee eee ee aoe pee 
92408... - - 01827 207 | ~ 3.7820 2.97 - 0005426 . 11233 | Sas theee uae Wis, 2)aeUe = che, Coeyal| | -ceclanere eretege 
92409... _. . 01814 315) 5.7131 2.30 - 0004171 SAO) | ee Se ae Ser deere eerie ore eral | Sie eee ee 
92507. 2-32 - 01916 505 9.6779 2.58 . 0004944 24969) (|= 3252 2 32e2|- bare aeass | oe ee eee 
92909... .. - 01916 529 10. 1863 PH - 0005173 SQ BOU toes once eel Seek ote ee 
94205... .- - 01893 64 | BPA hl, 1.65 - 0003124 . 01999 Pegore ees) Ratconciabelsacatescs: 
94206... .- . 01866 402 | 7.5006 Dt - 0005187 HZOSDL NS S25 5 Cee eee Sos, < 2. ee 
SA20 Tze - 01909 718 | 13.7057 2.86 10005460:.|| ~ 39199) 22 oe oleate eee |e 
94909 =. 22 . 01895 190 | 3.6006 2.49 - 0004719 | J08965.\'2 522... -2- =| 252 ee | 
94406... .. - 01923 549 10. 5556 2.47 . 0004749 B43 16 ial er ees eet | eR osc 
94906... .- - 01808 685 12. 3862 3.41 . 0006166 742236))|-4. S52 55. )S220 22 es eee 
94907....- - 01948 626 12.1918 2.94 - 0005726 ODS4E io se Set eee er 
94908... .- . 01894 125 2.3678 1.96 . 0003713 . 04641 |Seeeee secs Es oekansos|saocSsessc 
955065245. . 01852 597 11.0548 2.74 . 0005074 O029T) |ie22 2-2 cele Oho ees See aes 
95008... -- - 01954 740 14.4617 2.56 . 0005003 O1028) ||: .02ec seks Sac oe eee eee eee 
O5706:-2-2 - 01934 267 5.1629 2108 . 0005279 S14095) ncn ce es oe eo eee eee eee 

Average. - 01901 349.6 6.6327 2.88 . 0005476 . 18039 2.08 - 0003979 - 15541 

WEIGHT OF AVERAGE KERNEL, 0.020 TO 0.022 GRAM. 

ibe sis ee = 0.02012 61 1< 2275 Shay OE are 0. see oS wea cate call aeiajsmie ee Shale 
L7405e 22 - 02127 738 15. 6996 als . 00045. edad ih 8 Soe ie clbae ches eaie ae Deets 
2070Ge. = | . 02033 | 163 3.3188 2.78 - 0005652 le 2.05 | 0.0004168 | 0.06793 
20708-2522 | . 02024 122 2.4690 2.58 . 0005221 BU es) 0 es | erareiiecesci dace mel erese eens ester 
20709. 2. Je | . 02063 258 5.3229 3.05 - 0005292 . 16235 2.31 | .0004766 . 12296 
20895... . .| . 02157 C97 14. 6942 3.32 - 0005999 - 48784 | 2.26 . 0004875 . 338208 

I 



SOME PROPERTIES OF THE WHEAT KERNEL. 69 

TasLE 10.—Analyses of plants, arranged according to weight of average kernel. Crop of 
1903—Continued. 

WEIGHT OF AVERAGE KERNEL, 0.020 TO 0.022 GRAM—Continued. 

| Per- | Proteid nitrogen | Percent-| Gliadin-plus-glu- 
Weight Num-| woiont centage (gram) in— age of tenin witrogen 

Record of aver- | ber of of Pears of pro- eliadin- (gram) in— 

numer par ie | kernels on plant bo ni- POSEN, 
~~" | kernel | on tenis rogen zi Fann nj, | tenin ni- 3 A ee 

: : (grams). IE Average | Kernels | ,~ F Average | Kernels 
| (gram). | plant. ee | kernel. | on plant. eee kernel. | on plant. 

PAAR ae 0.02049 84 1.7216 ZmG a ONO00F4 27a SOLOS MUS) beeen oon al Seaton os = Re, ee 
DIS052~ 2 - - 02004 312 6.2514 2.67 | .0005350 . 16691 1.97 | 0.0003948 | 0.12315 
ALLO %eaae - 02125 582 12.3685 2.19 - 0004654 AL OSG) | eee eee em aoacerea Seb eco- see 
DV09 Le na: 02141 361 7.7296 2.47 | .0005289 SOOO 25 aaa Soa enncas fees ts 
ASI = - 02101 567 11.9114 3.79 . 0007877 - 44666 2.16 -0004538 | -: 
ANIO8S 22 — = - 02056 173 3.5574 3.82 . 0007855 - 18589 1.88 0008955 | 
PRES ee - 02072 492 10. 1925 3.01 - 0006235 BO OUSU KE aeerre sss |Eetne omer are Iapeeseereats on 
D221) ee - 02019 298 6.0173 3.17 - 0006401 - 19075 1.55 - 0003129 - 09327 
PPP eee - 02062 561 11.5675 3.17 - 0006537 . 86671 1.69 . 0003485 19548 
29205. 2. == - 02066 522 10. 7836 25 {fk - 0005599 TODO Eas neces = Whee daoee Be erick ee 
26908... - 02073 192 3.9797 2.96 - 0006135 . 11780 2.16 | .0004478 | - 08596 
21207... - - 02004 166 3.3266 2.92 - 0005850 - 09712 1.95 | .0003908 06487 
27305... -- - 02085 267 5. 5666 2.58 - 0005379 . 14362 1.73 | .0003607 | .09630 
27505... - - - 02183 539 12.0399 2.12 - 0004627 . 24942 1.65 | .0003602 - 19866 
28806. - - - - - 02111 685 14. 4630 3.02 | .0006376 - 43679 1.86 | .0003926 - 26901 
S22068252— } .02052 507 10. 4036 1.81 | .0003714 sil fete alba Cea as een Veo Sere IS I eee ere 
326062 --. - - 02145 94 2.0162 2.88 - 0006177 HODSO 7" |aaseeceee RE ee ee nan a Ba 
33305... - - 02090 150 3.1346 3.41 | .0007126 . LOGS9 2.41 | - 0005037 . 07554 
33606... .- - 02144 382 8. 1890 2.21 | .0004738 S098 | eS ee oS em |s See eee 
33607... -- 02125 136 2. 8903 3.22 | .0006843 2.45 | .0005206 O7O81 
33905_-.-- - 02194 508 11. 1476 1.61 0003533) || 9.17948: }.-.2- 2.5 - | NEA se oa.0 leew esse ae 
37706. ---. 02155 56 1. 2069 2.34 | .0005053 | .02824 |.........- (Eaae Seeeneel beecore see 
38606... .- - 02110 401 | 8.4605 2.63 - 0005549 1.39 | .0002933 . 11760 
39205... -- = - 02089 1,031 21.5399 2.11 - 0004407 1.84 | .0003844 | .39635 

} . 02093 447 9.3541 2.88 - 0006027 1.44 0003014 | .13470 
| - 02011 179 3.6003 3.11 - 0006255 SS fal Ses ot ae (oeses Se ocean em ep an ose 
| - 02049 55 i271 2.86 - 0005861 NOS 223" |e eee ese teat Nee hae mer 
| , -02035 124 | 2.5235 2.90 - 0005902 - 07318 1.29 | .0002625 | .03255 

. 02048 314 6.4302 2.02 - 0004137 . 12989 1.50 | .0003072 09645 

. 02028 393 7.9684 3.05 - 0006185 . 24803 1.99 | .0004036 15857 
55506... - - 02062 866 | 17.8506 2.80 . 0005773 4995 2.20 | .0004536 - 39272 
99605... .- - 02184 500.) 10.9180 2.64 - 0005765 . 28823 1.96 -0004281 | . 21400 
55908... . - - 02175 562 | 12.2210 2.42, - 0005262 - 29575 1.96 - 0004263 | .23953 
57405... .. 02031 41 . 8328 1.98 | .0004022 SON Ee oe Beale ost Soe paeee ete see 
DU e08eeo. = - 02047 596 | 12.2004 2.61 | .0005343 - 31842 1.64 - 0003357 - 20008 
58806... - - 02049 95 | 1.9469 1.88 | .0008853 MOSG6Q! | zero a Ue oo ee | 
Gsl0G22==- - 02001 165 3.3006 2.79 | .0005581 - 09208 2.20 - 0004402 07261 
65308... . . - 02008 583 11.7066 2.09 | .0004197 . 24468 | 1.95 |  .0003916 - 22828 | 
66005_...- - 02073 370 | 7.6690 2.63 - 0005451 - 20170 2.18 - 0004519 16714 | 
69506... . - - 02047 663 13. 5696 2.50 - 0005117 BBS PR yl eee eee eae eS man meen | 
698062-=2— - 02153 558 | 12.0136 1.66 | .0003574 eA SF yo eared Ma eee Ra ae Aer Al 
CPU I 2021911 3/2 | 9.1522 2.13 - 0004668 OO BG) een eek a) Rare oe eset eet | 
q2(Olas2 - 02036 225 | 4.5806 3.49 | .0007105 BLDISOS eee eee Sa gee ee | 
73306... . - - 02062 414 8.5373 2.45 - 0005052 SONS | eye se ee ee 
WASO5 eR = = - 02047 216 4.4222 1.98 - 0004054 SOS7OO7| name eae StS See a. wi seen 
74606... - - 02079 464 9. 6451 2.30 - 0004781 . 22184 2.05 - 0004262 . 19772 
80305... - - 02165 729 15.7835 1.81 - 0003919 28569 | Ue ti7/ - 0003832 221930 
SLi05s55—- | ~.02106 465 9.7922 1.98 - 0004170 - 19388 | 1.96 - 0004128 - 19193 
SOG Sse ee 02132 722 15.3928 2.71 - 0005778 41715 | 2.03 | .0004328 - 31248 
S109 sae - 02175 757 16. 4692 2.28 - 0004960, ROM SAS 1 eee yoo ee oy ere 
84405... . - 02043 428 8. 7448 2.48 - 0005067 PAGS |e ee allasian nactae Selle sae eee 
88606... .- - 02068 481 9.9456 2. 53 - 0005231 ZO LO 2st shear eo ey Bes ae epee 
88608 - .. .- - 02075 74 1.5355 2.47 | .0005125 HOSTOS eo SAS SNe he als eae ee 
88609... - - 02100 470 9.8719 2.42 - 0005082 OOOO! || Riese ears MEE cre orcye =| ogee 2 
92406-_...- - 02168 380 8. 2366 3.11 - 0000741 AND L Oui eset eee ee eee oe 
O20 ieee - 02040 219 4.4673 2.56 - 0005220 oO ee eae Coen cents NOSE Tee Sroka teee 
5507-22 = - 02029 571 12. 1592 2.59 - 0005515 SOLAQDA EM eae nile we Neate eso] oe sere eer 
95509-- -.< - 02136 138 2.9475 2.48 | .0005297 ROMO Rewer ye ee any pee ve Srey 

Average . - 02085 386.6 8. 1267 2.60 | .0005422 . 20510 1.92 - 0003999 . 17351 
ae ata et eS | 

WEIGHT OF AVERAGE KERNEL, 0.022 TO 0.024 GRAM. 

| 

NiB0 7-2 S32 0.02279 138 SIA BAN 346ml ON CLO 78860 OI OSse haere alam see lee pees 
WT ATO Dae - 02285 744 16.9987 | 2.88 - 0006580 SOOO ie eee (eesti, | yeep 
20707-2225 02282 444 9.9070 2.77 - 0006181 - 27443 1.85 | 0.0004222 | 0.18328 
21706... .- - 02390 807 19.3318 4.71 - 0011283 SOLOS 2M Seema geo s| Secse ms oss tae scr 
AOS. 22s - 02381 390 9. 2850 2.33 - 0005547 cL OBA |S Metale wa have eS eee ars ae 
21806... .- - 02378 599 | 14.2450 Pl | - 0006444 cist OO) a a ae ee ee ae pees eesres ee 
LOO eae - 02317 525 | 12.1819 4.43 | .0010265 - 53889 1.98 | .0005677 | .29846 
Pa ee - 02209 | 383 8.4593 5.48 | - 0012103 PAGSOOM Le eraccics alias vete antec beet econ 

| | 
| | | | | \ 
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Taste 10.—Analyses of plants, arranged according to weight of average kernel. Crop of 
1903—Continued. 

WEIGHT OF AVERAGE KERNEL, ).022 TO 0.024 GRAM—Continued. 

Percent- Gliadin-plus-glu- Per- roteid nitrogen : c 
* | Weight Weight centage En ( ee sole age of tenin nitrogen | 

| of aver- Veight | of pro- | gliadin- | (gram) in— 
| Record aod of kernels Feel Taie esate x os 

| number. | kernel on plant trogen aaa 
(gram) (grams). 7 oan | Average | Kernels io gen in Average | Kerneis 

Paine kernel. | on plant. ines | kernel. on ee 

| | | | 

25206. 2.2- 0.02281 205 | 4.6754 | 2:76 0. 0006295 ON2908 este sein. 2c Rlse See eee | eee 
ZoLOGEoay=- | .02304 90 2.0737 | 2.63 | .0006060 #05404"). see 22s Jeno ee ce ee eee | 
26805. . - - - | .02248 220 4.9456 2.81 - 0006317 EN SSOT |p oes Sek ae eee oe eee 
26807. - . - - . 02390 721 | 17.2324 2.80 - 0006692 PAS2D0 | eee Leer Se Se eee 
DIDUOSs s- = - 02252 S44 10. 0005 2.70 - 0006082 - 27003 1.98 0.0004459 0.19800 
21508... - - 02287 251 5. 5324 2.64 - 0006037 - 14608 © 2.32 - 0005306 | . 12835 
AiO se Le = - 02206 243 | 5.3615 2.90 - 0006399 . 15549 | 1.09 - 0002405 05844 
S20U0sse0 . 02323 225 | 5.2268 | 1.20) .0002788 OBZM2) | Se emcee Sento one oe (. aa eee Zz 
SRY aS ot . 02271 305 7.0889 | 1.62 | .0003679 = 1223 | es ae Om Eee en | Ses tae Sect H 
SRinthy oar 02345 301 7 | 2.39)  .0005605 . 16872 | 1.92 0004502 13554 | 
34207... ..- 02219 611] 13. | 2.84} .0006273 $38505, |ose so... eee en 
34606... .- 02213 280 6. [parse | «QO06904! | 19S320)0 Seto e 22. |e ee eee | an eee | 
38505... - + . 02252 sags) || ees | 3.61 | .0007764 |. -438713 1.77 .0003986 21432 | 
38609... - - - 02309 293 | 6.7665 | 2.74 | - 0006475 . 18540 1.34 - 0003094 09067 | 
42405... -- . 02251 66) 1.4892 | 3.07 | .0006927 WQ4572 |e 2258s SAN | See | 
43405... - - 02258 124 | 2.8000 2.92 | .0006594 |  .08176 1.18 0002664 03304 | 
48507... .- - 02296 70 | 1.6036 | BiG4s) 0006062)" 204233" Io ase ~ See |e ee ae eee 
55308: ~. . - - 02395 397 9.5078 | 2.54 - 0006225 HOAIDOY| seo ois 52 | Seer et eee |. ee eee 
556006. = =~ < - 02205 503, 11.0930 | 2.58 0005690 |. 28580 1.49 - 0002609 . 16529 
56207... - 02361 462 | 10.9073 | 2.34 - 0005524 - 25522 1.83 | .0004321 19960 
56208... - - - 02356 563 13.5720 | 2.61; .0006149 - 34616 1.95 ie 0004594 26465 | 
57606... - - - 02333 132 | 3.0790 | 2.74 | .0006391 SOB4BG. |S lee oe USE woes es Seen 
bY is sees . 02234 736 | 16.4433 | 1.73 | .0003865 SPARS | ists Scots ins eto eee eee eee 
GSO = - 02233 417-| 9.3120 | 2.43 | - 0005426 EDPRQS) |e NS ee eee ee ee 
65305-----) -02310 78 | 1.8018 4.92 .0011365 HOSED MnGad. sa. Nee aa [oes el 
69805. . .-- 02220 110 | 2.4420 eeSese - 0012921 - 14913 | 1.94 0004307 04738 
71905. 02239 | 1,260 | 28.2136 | 2.47} .0005531 69888) 25-5205 2c eS Se 
28a se - 02270 398 | 9.0386 2.27 | .0005154 2ORIB 2 Soe ee eR: ee \ ge aba 
sO esta - 02229 25. | 5572 | 2.39 | .0005827 O13 2) oot es ot NaS ee (ee 
73308... . - - 02291 624 14.2986 | 2.92 - 0006539 M5 Dia ecens, ba Aeon eee |. Se eee Se 
SlLOT os -% - 02336 786 | 18.3614 2.34 | .0005466 | AOORD eae fs se eal Rae eee bh. oan 
SLAs... - 92308 396 | 9.1411 | 1.92 - 0004482 | 7550! See lee |. 2 aes ea 
88607... - - 02205 234 | 5.1584 2.61 | .0005754 S463 lk See ee es Se asthe sarc 
O1305-52—- 02242 138 | 3.0940 3.21 | .0007197 99325) 225%. 2a: ae a ee Beers = 2s 

Average . 02285 388.1 | 8.8879 2.90 - 0006624 . 25166 | 1.74 .0004011 15515 
| | 

WEIGHT OF AVERAGE KERNEL, 0.024 TO 0.026 GRAM. 

(HU Moe aee 0.02460 93 2. 2881 3.52 | 0.0008660 0. 08044 2.23  0.0005486 | 0.05102 
21SO (ess 02498 |. 377 9.4172 | 2.73 . 0006664 . 25709 2. ti -0005271 | . 19870 
ZLIOG=. es - 02563 408 | 10.4800 3.18 .0008168 | .33403 | 2.10 | .0005382 22008 
PY PAV Nae oe . 02469 777 | 19.1854 2.36 . 0005827 - 45276 1.46 | - 0003605 28010 
28805... . - 02512 87 | 2.1851 | ° 2.91 | .0007309 | .06359 1.55 | .0003894 03387 
37905: . . -- 02555 aye | 9452 2:53%|') 20006463: |= Ses02301! | eas al hea ee eer ee 1) sae See 

. 02444 170 4.1546 2.82 - 0006892 - 11716 2.19 - 0005352 | .09099 
- 02543 473 12.0278 2.87 . 0007299 . 34524 Mirae - 0004501 | .21289 

999072 = - 02590 749 19. 3966 2.59 - 0006707 - 50°38 1.61 -0004170  . 31229 
PTD ES ae . 02484 591 14. 6802 3.86 -0009588 |. DONGO Wes So. Fe eae S Re ee [2 see eae 
SLOSe22 22 . 02578 287 | 7.3993 | 2.41 - 0006213 | .17833 1.64 0004228 | .12135 
922065 = ==. |  .02407 46 T1074 |) S267 - 0006428 | SUEY esse see S| acociaesens. | evaer eta 
941052525. | .02543 22 . 5595 2.67 300086790')|!s' "O1494 "| S5eee 22 522). ees eee epee eee 

Average . - 02511 316.7 7.9866 2.86 - 0007154 - 22816 | 1.85 - 0004654 | . 16908 

WEIGHT OF AVERAGE KERNEL, 0.026 GRAM AND OVER. 

l = 
212 ae | 0.02806 10 0. 2806 351571 OxO00RE39' |" \OX0088441..< ge =o | eran eee |e eeeee eee 
PAL Viera - 02659 58 | 1.5420 2.45 | - 0006514 BUSY itch eee ees ooeenine sel Beerigoa ct 
39506... -- - 02869 | 67 1.9218 2.93 - 0008404 - 05631 2.06 | 0.0005915 | 0.03959 | 
49905. .... |  .02939 23 . 6760 3.62  .0010640 024367 |e. ee eee. ele eet 
55608... .- | 02699 837 22.5848 2a 20006236: |: 4A52194s | Sao ese | Raa eee |e eemces 
55909... . | 03050 302 | 9.2120 | 2.30 | - .00U7016 . 21187 1.66 | .0005063 | .15292 | 
/508e 25125 | 03177 380 12.0728 2.21 ' .0007021 | .26680 2.05 - 0006513 - 24750 
58505... - - | 02730 273 7.4516 2/95" sQOO8052 |. S321982) |. /Seres 2h acee ost eeee 
T2805 32 03963 213 8.4415 3:30) | 2. 00TS31O01) s283Ga—| 2 aos oleae ee ee 

Average . 02988 240.3 7. 2425 2.81 - 0008449 . 18126 1/92 0005829 14667 



SOME PROPERTIES OF THE WHEAT KERNEL. (bal 

Taste 11—Summary of analyses of plants, arranged according to weight of average kernel. 

Crop of 1903. 

| | epi e Gliadin-plus- 

| | | | Bap oer er glutenin ie 
beau’ see lageof| gen(gram)in— 

Toi 1 CS BS) SSS 
Range of | Num- Me were | Num- | Weight | age of | din- 

weights of _| ber of one Hosni ASG of ker- pro- | plus- | 

average kernel |analy-|""4)  icernels nels | teid ni- . glu- | 
(gram). - | ses (gram) “| (grams). trogen | Average  Ker- | tenin| Average| Ker- 

te ; in ker-| kernel. nels, |nitro-| kernel. | nels. 
| nels. | gen in | | 
| ker- 

| | nels. | 
| 

0.000 to 0.010... -| 4 0.00915 219 2. 0334 2.76 0.0002528 0.05618 1.97 |0.0001877 | 0.05312 
0.010 to 0.012... -) 6 -01118 | 179 2. 0187 2.98 | .0003326 .06276 2.69 | .0002968 | .06752 
0.012 to 0.014... - 19 ~01323")) 15.7 2.0510 3:12 | .0004120  . 06687 1.98 | .0002641 - 07499 
0.014 to 0.016... - 27 01516 232 3.5480 3.00 | .0004555 | . 10619 1.76 | .0002805 . 09520 
0.016 to 0.018... - 69 | .01709 | 305.9 5. 2055 2.93 | .0005020 | .14618 | 2.07 | .0003519 - 13548 
0.018 to 0.020. 103 | .01901 | 349.6 | 6.6327 2.88 | .0005476  .18039 | 2.08 | .0003979 . 15541 
0.020 to 0.022 64 02085 | 386.6 | 8.1257 2.60 | .0005422 | .20510 | 1.92 | .0003999 . 17351 
0.022 to 0.024 42 £02285 3588. 1 8. 8879 2.90 | .0006624 .25166 | 1.74 | .0004011 - 15515 
0.024 to 0.026 -. 13 . 02511 316.7 7.9866 | 2.86 | .0007154 | . 22816 1.85 | .0004654 . 16903 
0.026 and over. -| 9 . 02988 240.3 | 7.2425 2.81 | .0008449 .18126 | 1.92 | .0005829 . 14667 

| | 

With an increase in the weight of the kernel, as shown by this 
table, there is an irregular increase in the number of kernels on the 
plant up to a point somewhat beyond the kernel of average weight, 
after which there is a decrease. The weight of the kernels on the 
plant seems to follow the same rule. The percentage of proteid 
nitrogen in the kernels decreases, in general, with the weight of the 
average kernel, while the number of grams of proteid nitrogen in 
he average kernel increases steadily. The grams of proteid nitro- 

gen in all the kernels on the plant increase up to the same point as 
do the number of kernels on the plant, and then decrease. 

Table 12 shows the summary of the analyses of the crop of 1903, 
arranged according to the grams of proteid nitrogen in the average 
kernel. All plants baving less than 0.0003 gram of proteid nitro- 
gen form the first class, and the following classes increase with each 
0.0001 gram of proteid nitrogen. 

It is difficult to trace any relation between the grams of proteid 
nitrogen in the average kerne] and the number of kernels on the plant, 
or the weight of the kernels on the plant. The weight of the average 
kernel increases directly with the grams of proteid nitrogen in the 
kernel. The percentage of proteid nitrogen increases regularly 
with an increase in the grams of proteid nitrogen in the average 
kernel. The grams of proteid nitrogen in all the kernels on the plant 
show no definite relation to the grams of proteid nitrogen in the 

average kernel. 
It becomes evident from these results that selection of large, 

heavy kernels for seed would result in discarding the immature 
and unsound kernels, but that there would also be discarded many 
sound kernels, which, although small and of low specific gravity, 
would contain a high percentage of proteids. 
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Another effect of such selection, as indicated by the foregoing 
results, would be to increase the yield of grain from each plant 
when grown under the conditions that obtained in these experi- 
ments. What the effect would be upon the yield under ordinary 
field conditions these experiments do not indicate. 

On the other hand, selection based upon percentage of proteid 
nitrogen alone would not result in securing plants of greatest yield 
when raised under these conditions. It would, moreover, not result 

in obtaining plants producing the greatest amount of proteid nitro- 
gen, nor even of kernels containing the largest quantity of proteid 
ee 

TABLE 12. 
in , average es Nerd of 1903. 

w ight (in grams) | | Percent. | Proteid 
wor ren Num- Number | " © ne ng 4 age of | nitrogen 

Range of proteid nitrogen in li aaa ber of | of ker- a = a | proteid | in ker- 
average kernel (gram). | eae age analy- | nels on ~ rite | ‘nitrogen | nels on 

nel Rae plant. | Kernels | Average eas | plant 
(gram). | on plea) kernel. nels. | (gram). 

Below: 0.00080 4oe ase eae 0. 0002509 14 257.9 | 3.9190 | 0.01364 1.96 0. 06531 
0.00030 to 0.00040.......-...--.- | — . 0003602 | 42 266.7 4.6742 - 01628 2.31 . 09644 
0500040) to 00005022 --- == --2---2 |  .0004537 | 80 409.2 | 7.5309 -O181i 2.54 . 18644 
0.00050 to 0.00060......-...---.- | . 0005406 116 341.5 6.7159 - 01908 2.86 | . 18440 
0!00060 ‘to 0.00070... ---.-.---:--- - 0006409 | 59 310.3 | 6.7257 - 02137 3.07 - 19805 
O;O0070COlOLO0080R= ss ea tase - 0007430 | 24 204.9 | 2 5158 02110 3. 66 - 15318 
0.00080 to 0.00090......---.-.-.- - 0008538 | 9 189.1 | 4. 2480 - 02334 3.79 . 15944 
0/00090) to O!00L00-. == 25..22-= - 0009588 | 1 591.0 14.6802 | .02484 3. 86 - 56666 
O00LOOFamdiOvien=s-= =.= oe - 0011578 ii 244.9 | 6.6082 | .02875 4.62 | . 27980 

i 

It will be shown later that the determination of gliadin-plus-glutenin 
nitrogen is a safer guide to the bread-making value of wheat than is 
a determination of proteid nitrogen, but whether selection should be 
based upon the percentage of nitrogen or the total production of 
nitrogen by the plant, or upon the amount contained in the average 
kernel, is a question that can not be solved except by trial under field 
conditions. 

Some results of experiments with light and with heavy seed con- 
ducted on large field plots for several years may throw some light 
on this subject, and are given herewith. 

YIELD OF NITROGEN PER ACRE. 

It is important to know whether the absolute amount of nitro- 
gen per acre of grain raised is greater in light or in heavy wheat. 

If the absolute amount of nitrogen per acre is less in light than 
in heavy wheat the supposition would be justifiable that the kernels 
were immature or had been prematurely checked in their develop- 
ment. On the other hand, if the amount of nitrogen per acre is 
ereater in the light wheat it would be reasonable to suppose that, as 
both had been raised under the same conditions, the light wheat had, 
in part at least, come from plants that possessed greater ability to 
acquire and elaborate nitrogenous material. 
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To afford information on this point analyses were made of crops 
grown from light and from heavy seed. Records of the yields of the 
plots were kept in each case so that the actual amount of proteid 
nitrogen contained in an acre of each kind of wheat can be calculated. 
The number of grams of proteid nitrogen in 1,000 kernels of each seed 
and crop sample is also stated. The first samples separated, Nos. 78 
and 79 of the Turkish Red variety and 80 and 81 of the Big Frame 
variety, were taken from seed that had never before been treated 
in this way. When planted they produced the crops indicated in 
Table 13 by 78b, 79b, 8O0b, and 81b, respectively. Each of these 
crops was then separated into two portions, of which the light portion 
of the light wheat was retained for analyzing and planting, and the 
heavy portion of the heavy wheat likewise retained. Thus No. 383 
is the light portion of No. 78b, and No. 384 is the heavy portion of 
INOS 7 9b: 

The accuracy of the records of relative yields of light and heavy 
seed harvested in 1902 being open to suspicion, samples of the same 
seed were sown again in the autumn of 1902 and harvested in 1903. 
The results from this test are stated at the bottom of the table under 
the heading ‘‘Check experiment.” 

These experiments are to be understood as duplicating those of 
1902, which, as regards the relative yield of light and heavy wheat, 
should be accurate, although tried in 1903. The difference between 
this check experiment and the regular one of 1903 is that in the 
check experiment the seed of the crop of 1901 was used, while in the 
regular experiment in 1903 the seed of the crop of 1902 was used. 

TaBLE 13.—Crops grown from light and from heavy seed for four years. 

SEED. 

| Percentage of — i 
Farm |- a ae Weight of Bireh aes . 
num- Variety. otal. | Protea | Non- | aaa in 1,000 | Relative 
ber. | ite a ie oud proteid Bs sre kernels weight. | ni teh nitrogen. nitrogen. | (grams). _ (gram). 

HSMP unlaishuRed sas owe. = see) a tac eons tesa eee IS A een le | 1524s) cee Se 222 |cLight: 
TV eee OKO) ee Bas Coe a nee lb ieee ane Sone Salsa Seer | COEGSCIENE Se seem om | Heavy. 
SO] Pie en namene: oe ace ess 2.00 | 0.45 15.57 | 0.3120 | Light. 
(oy Mal ee CGR hee ee cee es ] 1.96 . 24 | 28. 56 - 5606 | Heavy. 

383 UIPKSHORCG soe see se 3. 10 02 27.11 .8401 | Light. 
eases see EO De ee ean 2.93 .09 | 28. 47 .8350 | Heavy. 
SSPE iesEiramerss eee anne 2.82 | Fol 97-11 | 7642 Light. 
SOO eae G)- oncno sesceeckoossece 9 2.65 | 30 | 28.09 . 7446 | Heavy. 

Parish 184370 Rk So nee ees Wsiseers else Sbentte se cries Hatapere = mess Neteie oct eee el| ers See Light. 
see @he ant shoacoes Adasesnn Sache Sands Saop ost nidd lodaesaeGon ona an acs an Cm eemea| | ese Nave 
Big ues UTE Pepe eee ere Ale sera fas Saeco ere wel seats aan eed Cees gate ce Light. 
een Onsseecee se eee al ae cee = aa ge see ere ee wie aes sea ae cee oes Aaa cio el FELea Wye 

Dove burkishoRedmes == -s5- 252 3.33 2.87 | eA RS Seem Eee n teem eee Light. 
O5GM oo. GORE Beare ee ees 3.06 2.86 | BU ee aa ey A i ie ee Heavy. 
S527 PBiPwRTAIMO |... 2en-neoeee eae 2.88 2.63 | ADO ee ae cpa ee cee es cistecr Light. 
tS Fa Fa pee GOR sae ee oe eee wee oe meee eines Paso Ses Gee as obo ee Seen | Heavy. 

CHECK EXPERIMENT. | | | 

Petrriiahaedeca es 52 hE ae [otto Ee eas Hetee 6 ovate | Light. 
Jana OOS Serb Seer hele Aos meer ee ia ree Ica A nea Hs ot Fa 
Big werent ea wane. ones aya: on IR = ae aa ES | Saeoe Geos keke 2 ee (ee cee a Light. 

Sesng Oe ee eke ps Ra in | ee er ell ae see ta Sete see Salat esi See s| JELCRVAe 
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TaBie 13.—Crops grown from light and from heavy seed for four years—Continued. 

CROP. 

“= 2 o Percentage of— See Nae a a 
: O) een ial eS wo | Se | we ” 
5 Se iy sa | $ o rift Piast Cre pati ot e 
2 a Qn | Oo H a == = pomy) Pikes | Hee: 

Es BS ee) eo) eo Be | Be |e Bose alee 
3 oO Variety. es | Ss) sa a os soo le SH 5 S9 
ae : Bee) (ge) Se | Gees) sauee elas 
S gy |) a | 88 | ae | os | me |) See | eee 
= ra oS od S og oe oo ° 8 oe S = = a ~ ° H ba HO re ima o i] 

2 S | = A Zz ha | eo | by | By 

78 | Turkish Red. PE Eeesce 3.20 3.09 OW G4aS bal ce ee al eee 1900 78b 
74M ee doen ee 28) ie pee 3.08 | 2.94 -14 | 52.04 | 25.10 | 0.7379 | 1900} —79b 
80) | "Big; Brame’:-. 222222 20851 eee 32138 |e AVA tava (C8) eae ee fae ees 1900 80b 
Sit laens Omen eee ae ee aneel eeen Pats) = PAB) 22 | 39.01 | 24.84 | .6423 | 1900 81b 

383 | Turkish Red.......- 96.7 | 60:5 | 2.35 |= 2.13 .22 | 34.12 | 26.19 | .5581 | 1901 612 
Gate | see Lert ee gaan a See 5913)! 6105 | hil |) a t9d .17 | 34.11 | 27.04 | .5238 | 1901 613 
385 | Big Frame .....-... 21.2 | 58.0 | 3.30] 3.06 "24 | 38.92 | 23.89 | 17409 1901 602 
B06 eee donuaceteee anaes 19727 60:5 | “2)46.| 224 22 | 37.22 | 28.82 | .6451 | 1901 603 

Fraraeen ri ciieg iPr") habs) fl Ph Ol eo5890) ee |e 1902 621 
es Ge See eee ee (SOL OR AU) noone melee Eile) 21)),20) Bae eames al! siete: 614 
Bissiiname se sssse OSTA eee ) aeGelal seep 3227 eae 19.56 | .6494 | 1902 604 
eae GO. cen cce el OSG, ey elt ok aaa ear 25 Wyle alRO6! aii ll 5897s le1909 611 

O57) | Rurkishe Red see ee aes Onl aaa feces Sables ee 53.91 | 22.12 7764 | 1903 1240 

fy Rae Gok te ere oe pases rams ee eee 27.86 | 23.13} .5042 1903] 1289 

O59MUBigvbrame 9-5 sso leap Stl annem geen ean D218 ek as 33.13 | 19.82 |-.4241 | 1903 | 1248 

G53 aes dota eet IRONS ales [hea TOh a oeat oes | 24.71 | 23.26 | .4605 1903 | 1249 

CHECK EXPERIMENT. | 

Turkish Red_......| 30.9 |.-.... eet Se {G5 eee con) al avy ee eee 1903 | 1245 

eure ocd eeeaeeme S195 | eet ee es TAC Wi late tees BL. 29)| 0222] aee ns 11903 | 1248 

Big Frame .....:...| 23.9 |.....- Is ens se ee Oe Dev Gyn eeatalnacors me 1903 | 1252 
fate GOL ee ROAD. eases 162) 022 eee [23852 papas aes 1903 | 1254 

Comparing the analyses of the light and heavy seed in this table 
with those in the preceding tables, it will be noticed that the total 
and proteid nitrogen are both uniformly higher in the light seed. 
The nonproteid nitrogen is not so uniform as in the previous analyses, 
but the general tendency is the same. 

In the crop the high total and proteid nitrogen of the light seed is 
uniformly transmitted. There is no uniformity in the nonproteid 
nitrogen. As was to be expected, the heavy seed produced in the 
first two years the largest yields per acre. The quality of light or 
heavy weight as indicated in the resulting crop by weight of grain 
per bushel gave some indication of being transmitted. In 1900 
there was an absence of data on the subject, but in 1901 the heavy 
seed in each case produced grain having a greater weight per bushel 
than did the light seed. 

Turning to the column showing the absolute amount of proteid 
nitrogen eredaeed per acre, it is very apparent that the heavy seed 
produced in 1900 considerably larger amounts of proteid nitrogen 
per acre than did the light seed, but in 1901 the difference was very 
slightly in favor of the light wheat, which advantage continued 
with the light wheat during the remaining years. 



YIELD OF NITROGEN PER ACRE. (a5) 

It would seem from these results that the quality of lightness, 
with its correlated qualities of high total and proteid nitrogen, is 
hereditary. The question then arises, Why should the light wheat 
accumulate more nitrogen per acre than the heavy wheat after the 
first generation ? : 

A possible explanation for this is that the light seed from the first 
generation contained kernels whose lightness was due mm some cases 
to immaturity, and in other cases to the individual peculiarity of the 
plant on which they grew. The latter class transmitted this pecul- 
iarity in the crop, while the former became less conspicuous with 
each generation, on account of the lesser vitality and productiveness 
of the immature seed. 

A peculiar feature of these results is found in the fact that the 
yield of grain from the light seed approaches each succeeding year 
more nearly in quantity to that obtained from the heavy seed until, 
in 1903, it becomes greater. These two qualities of seed were 
raised on plots side by side, and every precaution was taken to obtain 
an accurate estimate of the yield of each. While it is probable that 
the results for 1903 are misleading, it is certainly significant that so 
little difference in yield exists after three years’ selection in this way. | 
Instead of the difference between the ight and heavy seed becoming 
greater each year it is without doubt becoming less. 

In considering the relative yields of the light and heavy wheat, it 
must be borne in mind that the seeding was done with a drill set to 
deliver 14 bushels per acre of ordinary seed wheat. The result 
would be to deposit a larger number of kernels of light seed per acre 
than of heavy seed. In a season like that of 1903, when the rainfall 
was large and the weather moderately cool until harvest, there 
might be an advantage resulting from the thicker seeding, which 
may account for the greater yield from the light seed in that year. 

It is possible that the same cause may have operated in other 
years to increase the yields from the light seed, but it is not likely 
that it produced a very marked effect, because the seeding was a large 
one for Nebraska, and, the wheat being sown in the early fall, there 
was abundant opportunity for it to stool, and thus equalize the stand. 
It has never been observed that there was any difference between 
the plots in this respect. 

Taking, together, the results of 1902, which show a decrease in 
the weight of the kernels on a single head as the content of proteid 
nitrogen increases, the results of 1903, which show a slight decrease 
in the weight of the kernels from the plant, accompanying an increase 
in the percentage of proteid nitrogen, and the yields of the light and 
heavy seed for the four years beginning with 1900, there would 
appear to be a slight decrease in yield of grain, accompanying an 
increase in the percentage of proteid nitrogen. This loss in yiéld is 
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not sufficient to counteract the increase in nitrogen, and the result. 
is to increase the production of proteids per acre. 

Viewed in the light of these various experiments, the selection of 
large, heavy wheat kernels for seed does not appear to be altogether 
unobjectionable, as in this case it resulted in a decreased production of 
proteids per acre, without a compensating increase in the yield of grain, 
when continued for a number of years. On the other hand, the selec- 
tion of the small, light seed is hardly to be recommended. In fact, 
selection based upon kernel size or weight is not a satisfactory method 
for permanently improving wheat, The individual plant should be 
taken as the basis for selection, and very large numbers should be 
handled. The figures in Table 8 show what great opportunity there 
is for securing not only kernels of high nitrogen content, but also 
plants giving at the same time an increased yield of grain and abun- 
dant production of proteids. If the average nitrogen content and 
yield of grain by plants be observed in this table, it will be seen 
that numerous plants may be selected that have not only a nitrogen 
content above the average, but also a greater yield of grain. While, 
therefore, it is probable that improvement in yield of grain can not 
be effected so rapidly where it is combined with improvement in 
nitrogen content as if the latter were neglected, yet present yields 
of wheat in Nebraska can be increased at the same time that the 
production of proteids is augmented. 

METHOD FOR SELECTION TO INCREASE THE QUANTITY OF 

PROTEIDS IN THE KERNEL. 

The following tables show the results of analyses of a total of 
forty-eight spikes of wheat. In the case of each spike one row of 
spikelets, for instance, row No. 1, was analyzed, and the other row 
of spikelets, which would then be row No. 2, was analyzed sepa- 
rately. In the case of the set of spikes forming Table 14 the total 
organic nitrogen was determined in both lots, and in the set com- 
prised by Table 15 the proteid nitrogen was determined. The last 
column shows the difference between the nitrogen content of the two 
rows of kernels. 
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TaBLe 14.—Analyses of twenty-five spikes of wheat, showing their total organic nitrogen. 

Percentage of total organic | Percentage of total organic 
nitrogen. | nitrogen. 

Number of spike. |———_,_— 9 =e || UNIDLN o ui NG a 

| Row 1. | Row 2. aaa | | Row 1. | Row 2. | =e 

3. 3.32 0.18 | 2.83 0.04 
ZS 3.15 -18 || 2: 2.78 - 02 
2.8 2.99 - 10 2.94 09 
2. 3.21 22 2.98 09 
2.8 2.82 07 | 3.00 08 
2.8: 2.81 OL | 2:84 pally | 
DME 2.76 26 | 3.03 .13 
3. le 3.11 02 2.65 14 
3. 3.18 07 2.62 22 
Zs 2.80 04 3.02 1 
2.8! 2.79 06 | 3.02 22 
3. 3.07 19 | 
2.94 | 3.07 13 IMVOTA OOS = sac ese Ne aoe se aes = ~12 
3. | 3. 67 | OD | 

TaBLE 15.—Analyses of twenty-three spikes of wheat, showing their percentage of proteid 

nitrogen. 

Percentage of proteid Percentage of proteid 
itrogen. 
Tae Number of spike. 

Number of spike. | 
ae Differ- P yz Differ- 

| Row 1. | Row 2. aa. _| | Row 1. | Row 2. cel 

ei ee Ne Bey ake 2.90 | 3212 2 ee eee eee ae Dae enet 2. 86 3.02 0.16 
a ee eeeaamne 2.97 2.86 balla le Spe een eee ees 2.33 2.52 .19 

20) Se ee 2.68 2.79 AAU] PG) ees 8 cele Raia 2.88 2.85 .03 
SS gee a SE ae 2.54 2.76 DAY ge el Pee ae oe 2.43 2.45 .02 
DBE AS Se. 2. 42 | 2.53 Sih || Sh ee ae Ree eA | 3.15 3.14 01 
DG Ieee Fs Oe | 2,49 2.50 OSml WSO wee Meee eas = ee 3.46 3.34 ab) 
Nl ne he he a aS 3.01 | 2.91 SLO MeO teen eee Se | 2.45 2.59 14 
DNS ee eee EEE Psi SROL rales tee oes. Sees | 2.73 2.68 05 
TESS ee Oe 2.72 | 2.75 A300 || bee SRE eee 3.42 3.61 .19 
pees = haa 9.49 | — 2.44 (iisn| ee SC ee | 2.47 2.57 07 
Sipe tee ST ee 2.92 | 3.09 S17 
Soe eee awe saleue 2.60 | 2.48 12 Average ..-..- 2.77 2.82 li 
SO oes Soe Omen | 3.41 | 3537 04 

It will readily be seen that the analyses of the rows agree very 
closely, the extreme difference being 0.22 per cent, and the average 
difference being 0.12 per cent, in the total nitrogen. If, therefore, 
one row of spikelets were to be used for seed and the other were 
analyzed, it is quite evident that a very accurate estimate of the 
nitrogen content of the kernels used for seed would be obtained. In 
the determination of proteid nitrogen there is an extreme difference 
of 0.36 per cent in one case, but in the main the differences are small. 
As will be shown later, the variation in the proteid nitrogen content 
of individual plants is so great that even this maximum difference 
would cause no confusion when selecting plants for reproduction. 

It is very desirable to have for analysis a larger sample than can 
be obtained from one spike. It has therefore been attempted to 
ascertain whether a sample consisting of one-half the whole number 
of spikes on a plant would afford a fair estimate of the composition 
of the other kernels on the remainder of the spikes. The plants 
whose spikes were analyzed were grown in hills 5 inches apart 
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each way, with one seed in each hill. Each plant was harvested 
separately and the spikes from each placed in a separate envelope. 
The following table gives the results, lot 1 in each case being com- 
posed of the kernels from one-half the number of spikes on a plant, 
and lot 2 of kernels from the remaining spikes. 

TaB_e 16.—Analyses of twenty-one plants, showing total nitrogen and proteid nitrogen. 

| | 3 3 nines 
| Percentage of total nitrogen. = onceubane olpr oteid 

| rogen. 
Number of plant. | = SS 

fe Differ- “ Differ- 
Lot 1. Lot 2. erica Lot 1. Lot 2. aD. 

2.65 PT We OLES 2.51 2.69 0.18 
3.01 SEO) | 01 ati 2.76 01 
3.01 2.83 . 24 2.69 2.57 si) 

| 2.82 3.10 . 28 2.63 2.83 | .20 
3406 an 2807 09 Ae 2592 Ok) | 222 
2.94 | 2.56 -38 | 2.51 2.42 | .09 
2.84 3.03 .19 2.66 tae | - 20 
3.21 | 3.05 . 16 2.83 2.84 | OL 
2.98 2.87 ailil 2.59 2.70 sll 
2850) eeNGo 07 2.34 ONS, 28 
OAS O62 .19 2.59 2252 .07 
3.47 3.62 515 3.04 288 .31 
2.61 2.54 .07 2.44 2.42 -02 
2. 54 2.46 .08 2.25 2.29 . 04 
ii 2.87 .16 2.25 PeTiil .46 
2.85 3.01 | .16 2.73 2.75 .02 
2.99 3a13 .14 2.85 2.91 . 06 
2.78 aii 01 2.61 2.383 .28 | 
2.78 2.80 .02 2.60 25 .03 
2.79 2.71 -08 251 2.48 -03 

aS eth ea lenient At: Sia Maes Be al es aes a8} 

The above table shows a maximum difference of 0.38 per cent in 
the content of total nitrogen of the two lots of spikes from one plant, 
and of 0.46 per cent in the content of proteid nitrogen. The aver- 
age difference is only 0.14 per cent and 0.13 per cent, respectively. 

These tables give unmistakable evidences that the average com- 
position of a spike of wheat may be judged from the analysis of a 
row of its spikelets, and that the average composition of all of the 
spikes of a wheat plant is shown by an analysis of one-half the num- 
ber. In practice it is better to take as the sample for analysis one 
row of spikelets from each spike, and the remaining row of spikelets 
from each spike for planting. 

In order to ascertain what variation occurs between the several 
spikes on a single wheat plant, analyses were made of each spike 
from a number of plants. On some plants there were more spikes 
than on others, but every spike on each plant was analyzed. In the 
following tabulation of these analyses the percentage of proteid 
nitrogen is stated. - 
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TaBLE 17.—Analyses of spikes of wheat, showing difference in proteid nitrogen. 

Percentage oi proteid nitrogen. 

Spike. = SSS SSS a eae 
| Plant 23. | Plant 24. | Plant 25?) Plant 26. | Plant 27. | Plant 29. 

case e Bis) Ae AS 
| 

Uae a pe Ne 2.33 2.46 2.31 2 3.22 2.38 
OR ae Ro eae 2.69 2.03 2.36 3 3. 24 2.60 
Sep ee ees Sees PEST he 2.39 2.47 2 3.02 3.03 
Be Se. Se 2586" | Zol 2.59 2 SPSi! 3.00 
Re aE ees cor ere Dei | 2.19 Pa p17 Gal Earn ee Be | 2.34 
ree eee Pe ee ee 22315 tal 2.21 2.39 PAS Ti Se ee eee | peg 
fee a ee 2.09 | 2.53 2.39 Di Abee alicths- amo ok | 2.20 
[tae haa ee a 7 AGT (Via OA Ree ae es 2.60 ties Lite [PRE hee all eee Siete 

Ve Ooi eran ape Re ee 23 ae a Se os Pay a OTL [ae a 2.60 
10 VES et ea ae ee PSY Wh Wri o= ee ee PASS Ie 4 PO aie cer oe 2.30 

Maximum.... 2.69 | Pa 2.83 3.02 Bao 3.03 

Average. ....- aT Ne aay 2.48 2.62 3.20 2.57 
Minimum....| 2.09 | 2.11 2.31 2.37 3.02 2.21 
Greatest dif- 

ference ....- | 60 .62 S02 .65 -29 . 82 
| 

These results show that there may be large differences between 
the proteid nitrogen content of spikes on the same plant. They do 
not, however, indicate that the determination of the average com- 
position of the kernels on a plant is not a safe guide for selecting 
breeding stock. If the plant is the unit in reproduction, whether the 
plant reproduces itself from one seed or another does not affect its 
hereditary qualities in very marked degree. 

It is evident, from a comparison of the variations that occur in the 
composition of the spikes from a single plant, and of the kernels on a 
single spike, that it is impossible to do more than obtain a reasonably 
close estimate of the composition of the kernels either on a part or on 
the whole of a plant. It therefore becomes desirable to obtain as 
closely as possible the average composition of the unit of reproduction. 
If the plant as a whole, and not any particular part, is this unit, the 
average composition of all of the kernels on the plant is a much safer 
guide as a basis for selection than is the average composition of the 
kernels of any part of it. One row of spikelets from each spike 
should therefore give the best sample for analysis. 

In Table 18 is given a statement of the percentage of proteid 
nitrogen in the dry matter of the kernels on a row of spikelets of 800 
spikes of wheat of the Turkish Red variety. These spikes were taken 
from a field of wheat, and were selected with reference to length of 

head, plumpness of kernel, uprightness of straw, freedom from rust, 
etc. They are therefore not spikes in which high nitrogen content is 
likely to be due to immaturity or arrested development.” Variations 
in the nitrogen content of different plants may in some degree be due 
to a larger or smaller supply of available nitrogen, although all were 
taken from the same field. Variations due to climate are, of course, 

precluded, as all grew during the same season. 

@In practice undeveloped kernels are discarded. 
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TaBLe 18.—Variations in content of proteids. 

Percentage of— | Percentage of— Percentage of — 

Proteid Proteid | Proteid 
paeensd nitrogen | Proteids secord nitrogen | Proteids | Heels nitrogen | Proteids 

* |in water-| (proteid | “|in water-| (proteid * |in water-| (proteid 
free INES oN) free INES ion) =| free |N. x 5:7). 

material. | material. material. 

| 

ee ae Soe 2.20 12 82TH i Gusee see 3.40 OLSEN ise 5. Sood oe 1.99 11.37 
ee a 3.04 DBO pean 3. 30 TOSS eG oe cere tect 3.03 17.20 
ee SA sens 2.45 13965)|; (80.2 2 set ee 3.79 HSCS Oo f(y (eee 2.07 11. 87 
t Dee ea 3.14 17908) RSLAS oes 3.63 20. 69 | 5S ae28 Sse 220. 15. 64 
Hien eo eles 2. 86 AG EBO Mh eS2ee ee eee 2.68 S28 al ploOee aos 2.82 16.07 
Gia eee 2.83 | aS lie tes ek ees Sos oo Robs sa oRs 160252 Actsee 3.06 17, 44 
(sega see2 3.67 20. 92 84. osc eheee 2.46 | 1402 DOL esse 2.54 14.48 
|e See 3.42 TOAGT | 8b esse eee 2.62 145,98: G22 eo, ee 3.33 18.98 
Ota een 2.36 Uschi} tO Sess los ae 2.87 | 1G S49 || Os eee eee ae Mie) 15.56 

OR ee Sate 2.28 13.00 SUS seme 2.89 | TEN S6y || a4 eee soe 2.47 14.08 
UST SPeeseeeys chee 2.98 16.99 | foto ei eRe 2.44 SPOS WP alleiese ec oseae 3n 22 18, 35 
PAG ea ae es 3. 51 ADAOI || Date seosee 3. 56 PAWS) |i) Adesso eseod 2.80 15.96 
Ge eee es 3.63 20.69 || 90....--.-- 3.76 PAR Se WAG ee oo ie \\o2 orcs ens eee 
nC So ee 2.48 14.14 | ere ll arersoee a Bors a0 NOSe eee ee 3.59 20.46 
Ihe asaoeease U) Ves W|I" Gee eee ee 3.41 TQ. 44's T69ee= 2 2-2 2.52 13.72 
LGR Bae 3.48 LOT Ba ROSE aya se 2.30 LS ORS 2 ses 2.72 15.50 
fe See Ooee 3.55 2023 \cl|, ORS samen RON se cue aarti Te Sa 3.28 18.70 
USE See cede 3.31 LRA S || PaO ee sete Brae ero eerie yoier choral | he metaitai pie Wiehe hos 22! 15.62 
itt Rees 2.30 Seales | ROO Ree ree 2.75 SOY) MAGS hen ee 3.07 17.54 
7a o aeae 2.52 14. 36 iy ee 4.07 23..20)))| 4s coe sane 3.75 21. 48 
7A rey ae 2.93 16.70 OS Sear ae 3. 28 18. 70 WO zeae ae 3.46 19. 74 
PN pe 3.20 18. 52 OO were 3. 24 SEA al aiGae aes oe 2 3.09 17. 67 
PAVE gS ess oclspAbs cone bodepeaaoS 100. aa Ss- 2.15 OTe liters eee 3.56 20. 34 
DA SS cece a 2. 84 LGSO Olea eee 3.12 IWant i he ere ere eee eae 5 
715) ee a eT 2. ile as5On| | alO2 er a ae 3.00 alo MC es ss a 3.85 21.95 
PAN a ete ee, 3.55 20523) |\MO3tee ese 2.87 AGES USOae = aoe 3.57 20. 38 
PY eee es WEB | T3528 MOF ecce ee 3.58 204TH Bie See 2.66 15.18 
7s aa 2.65 Able | MOD eee eee 2.61 488 || S222 eee 2.76 15.7 
2 Bete ey nese 2.82 T6207) || MOGs sea ese 2.01 ge hah] PSS Ss ee 2.05 11.73 
SO ee 2.70 15539) MOieceeeeee- 2.68 Als eeAsyalhy| ks! eee omar 3.77 21.53 
Sea See 1. 84 TQE4O! OSS see see 3.10 WAG |W AksHiosass5e5e 2.70 15. 43 
BOM sae 3.10 OGY |i) MOOS sascadas 2.58 ate Al lise See - 3.97 22.63 
Be Sto eeee 2.86 1G2 30), ell Oe seaeces 2.76 5eiol| Mleieee eee 2.98 17.03 
SAE Eee te 2.16 Wee ei |i) WN oes tocs | 4.30 Oya | ake sien cooreseic 2.36 13.48 
BINS odecee oe 2.58 DA illic Wal Dis er emia 2.89 NGA SO kee cee 2.63 15.03 
DOMES ee ee O22 Ikshehy, | ibis SS 55555 2.59 W467 ld G0 Sees 3.24 18. 52 
Satins nee 3.49 L95(89;))|| WW4.o=e52 | 2.68 V5 e284| slo leases eae 3. 24 18. 52 
Boer ee 2.76 aou||mlillonee see 7A O70) || LOZ eee seas 3.12 17. 80 
Bi aes fe, 2.96 LORS 7 itl GS soe 2.59 75g loss seeneeee 2.40 13. 72 
2) esis Se Se 2.86 U6 A804) ieee 3.3L 18587 jl) Oke sae 3.43 19.58 
AN ee es op 3.50 19.95 | 1D ee eae See esepoe sass] Meerossood 19525 fee ser 3.33 18.99 
7. ws a oY 3.05 W387 || Moe sees PAILEE T2537 ||| L9Gsee een = 2. 71 15. 46 
AB Ee 5S 2.88 165424) (e0>saeeecee 2.88 16542) il O%eceoeee es 2.85 16. 27 
Vi ye eee 2.10 TOG TEN eles se ese | soeeee sorte | aaa 198 boos 3.18 18.13 
ADS ee 5-5 2.61 145885)| | M22 ee eon oe io fDSul LOO nese se 2.98 17.03 
AGSA ME ASE 2.50 14 25a 23 Sees 2.54 14.48 || 200.....-..5- 3.23 18. 46 
2. Ne oe OSS 3.10 HAG Tal eee en 3.20 aoe et AU) eee a AR ellis oso 4 sos 
ARE eee 3.17 LSHO7e || 1202-2 -2=% = 2.04 1163) )}| 2022 ee ase 3.12 17. 83 
AO i 25 oa 2 2.86 SSO! WG aoe 2.34 13534)|| 203e 25> mee 3.07 17. 51 
DOS ses= se oe 2.80 U5 9G ein cee 2.89 16547 || 20422325 =354 3.90 22, 24 
je as Sa 3.65 PDOSRO MW clagence see 2.98 16/99 e205 22 eee ce 2.41 13. 7: 

eee ee ey 2.88 AG FA2 || 1 2Oe se bo ee 2.85 16H 24 206 Ee eece 3.44 19. 62 
eee eee sae 18530) |} W805 22 oe. 2.99 TIGA NP ROY) tee wee } Dake 15. 58 
5 es Se 2.96 EY || Ullesrsaoces 3.18 LBSVS 208s -—e- ssa) 3.20 18. 30 
Js ae eee 3. 84 dares lh eee OSES ees omen tesco crise WN209 cece 3.81 21.76 
DOME aaa 3.38 ICRC Y A Rye Seaeelloneeaneee eqoapesos | 2s seceoecs 2.94 16. 79 
Dae Geren 3.11 1 Biel ie: eee eee eee arenes Vee Oe ease 2.89 16. 52 
DSteteee meas 3. 21 SHSOS|| Asie see mal yo e eters eee aia sie QND Acacias 2.96 16. 91 
DO eer eee 3.06 Ae SN a lie Sars Sen es eetomore Goorea sees NH ke a ree 3.30 18. 86 
UES oae oe 3.02 eo" ||| later ee 2.13 24S |) DIAS ee aes 3.09 17. 62 
Gliese «se 1.78 LORS al PlaSeasesee ss 3.08 Uiebbn | e2lapeeaeesae 37 21.63 
G2 a cdense 2.67 15 2225)|) 139s aaa! UBS I/ Ta8ie || 216 sesssese 3.33 18.99 
Ga geet ece 3.39 VOSS? ill pl Sees ce eecsresnerc rece | elm ere ete ree PAWS sat eease 2.86 16. 30 
C4ase Fae? 2.49 OM TaN eee oe Soe PAs vs TEs) | WS eee seme 2.58 14. 72 
Gots a hee 2.58 PASTA ADe eae 2000 NG GY) Cae Se soe 2.71 15.45 
GGseree ase 2.12 IPOS eR aes Oe eee 3.03 27a F220 ee eee 3.19 18, 22 
oy oe te 2.64 15.105.) d44522 sens Gpaly/ TS3O73)|-221e eee ese 3.98 22.7 
GS2asncer eee 2.46 14502" Mab erases 2.09 VUSOI MN A2225. 25s 2.93 16.71 
69). we eeeee 2.35 13.39 | $46.2 Se ho 2s ko L567) Il 22deeeeee< 3.30 18. 86 
(US ory Reps 2.93 165702)! dATS > esse 2.42 1S ako | ie? ee eee 3.65 20. 82 
Till S areca SE 2.32 1S S322" ||) 148z esc 2.68 15528: || 22522 52<=5== 3.54 20. 23 
if PAS Red 2.20 | 12554 4|| 149e oso sase 2.25 TONS Dal | 226 Ree ae eee 3. 11 17.73 
CRESS Er bne 2.58 PAE MlaO beers eere 2.61 14.88 ||) 227-222 see 2.71 15. 46 
hi eR ee 2.58 | 14s e ST aeee ree 1.51 SUGD 14228. -h 2a 3.39 19. 36 
(Otsacke nese 3.22 1323501 elo2 se easeee 1.64 CRS bil | Le aeeanecee 2.96 16.88 
16S oR sane SU gee iene ake oa Sac 2.93 LGN ZO MN S230 E =e 2.54 14. 46 
ff Re eee a ye er ne AnH [54 Sees 2.85 GH 2A NH23 le tease 3.11 17.73 
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Taste 18.—Variations in content of proteids—Continued. 

; | Percentage of— Percentage of— | | Percentage of— 

| Proteid Proteid | Proteid | 
er atele nitrogen | Proteids Hecond nitrogen Proteids nitrogen | Proteids 
number: |in water-| (proteid \ number. |in water- (proteid |in water-, (proteid 

free INS eco el free | N. x 5.7). free ee vi) 
material. | material. | material. 

75 ae 3.11 17.73 | B09 es Seo oe| 3.74 PL SOM ooOses occ ee 2.1 15. 07 
G23 seers 3.31 TSEOZ A SLOSES Senne 3.15 | TSHOU Pasties ce -- 2. 15. 59 
Dh oe Saas 3. 23 185435) sees 2 | 2.99 OMA ose sescs = ose 3. 17.41 
2h ees 3.65 DOP 82 | Slee 2-22 ee 3.48 19.88 || 389......... 2 16. 87 
EU Sees 3.18 IES i U7 hs) le ee opee | 3. 52 PAUSE IS OR eens 3. | 18. 36 
ulema 62). 4.87 ZU MON POM eee 3.16 TSIOSs||;oolecs =. —< <= 3.26 | 18. 60 
PSS Eas oa /a1e 2 2.69 15eS87||oloseece soo. HG 1 SIGSaaO2em nese 2. 16. 74 
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ea oaeesdes 3.87 DOTA BOL ear) ioe 3.03 17.28 || 439 2.98 | 16.99 
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Tasie 18.—Variations in content of proteids—Continued. 

Percentage of— Percentage of— | Percentage of— 

Proteid Proteid | Proteid 
secord ltieeaeen Proteids | Record nitrogen | Proteids Record nitrogen | Proteids 

“~ \in water-| (proteid * |in water-| (proteid EDEL aia arcers| (proteid 
| free N. x 5.7). || free .X 5.7). | free N. X 5.7). 
| material. material. | material. 

2. 49 40/245) g040 es ane oe 3.17 USIP Gilyeeaseesae 3. 12 17. 83 
1.98 Tbe) (ay. We ee 3. 09 17.66 || 618 2.67 15. 27 
3.32 DSH The ae” oes ae 3.33 19. 01 || o 
2.98 TAO iy: See aseae 3. 50 19. 96 |} 2. 
2.89 1G 7485 || o44e eens 1.29 7.37% || 2. 
2.95 16TS2n|apap eae oes 2.10 11.98 || 3. 19 
2.74 TDR6 2A PO46 eee eee 2.54 14. 49 || 3. 
2. 80 IGM Wise Vie See oe 2.73 15. 59 2: 
2.24 12 7798|| 5 ABoee ees 3.01 17. 21 2. 
2.49 (EUAN ee Wee Bes ee 2. 50 14. 30 2. 
2.76 ISH shal) OSs So pecoe 2.84 16. 20 2. 
2.80 IPE, I, Selase Seesas 2.99 17.08 3. 
2.95 165S85ml hODeee eee ae 2.30 13.11 3. 
2.52 1439) Dodesietaceeee 3. 21 18. 35 2. 
2.95 IG ete HOY eee Sana. 2.91 16. 59 3. 
8.15 IEC Ge coceoas 3.16 18. 06 3. 
PEPHY (25908 |RooOs= see sees 3. 02 17. 26 ile 
2.72 iy Sell Geese sccacs 3.30 18. 86 | 2. 
3.04 igrsts) ||| Oe Soceacces 3. 25 18. 58 3. 
3.15 TZEON\GD59 Belen ayoee = 2.94 16. 78 | 3: 
2.60 147860 GoO0nen sere 3.32 18.93 | 2. 
3.45 TOT aY Neale ee ase 3.00 17.18 | 3. 
2.59 NAS STAR 5G2 See ence 1.12 6. 40 3. 
2.68 USES fale oe 2.36 13. 49 2. 
3.01 nelle} | Glos: eee 3. 83 21.84 3.6 
2.41 nara [Pine eee Meroe cea lyaoaca soe PASE 
3.45 TOMO 566 Gene nee 3. 49 19. 49 3.5 
2. 46 14027||567-22--- 5-5 3. 08 17.57 3. 
2. 87 LONAON OOS Sere ener 217 12. 39 2 
2.06 ile fts) |) Ge seoceaae 3.03 17. 29 3. 
3.18 18.16 || 570-.--.-._. 3. 20 18. 27 2) 
2.45 BEI} Biles esos. = 2.02 14. 37 | 2: 
2.36 IBE | LGWPeopecesan 3. 12 17. 82 | PAA 
2252 Ie Bers) || 0G sesooseee 2. 52 14. 41 2. 
2.84 GROAN Gye eae 3.20 18. 53 
2. 82 TES) |) GY ec Sascee 3.17 18. 10 
2.97 BCR Ge eosese. 2.52 14. 40 
3.06 Zee Ii) Wiveaeeenses 3.09 17.61 | 
2.64 P5109" ||578e 5558 cs: 2.73 15.60 
PIP) 155 5On od Os aera 3.35 19.10 
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3.06 foes) ||| Giolla oe 3.79 21.61 | 
2.71 1465) P52 eee eae 2. 59 1470 (G59 eee 2.92 16. 70 
2.49 WOE GeBioconnocee 3.13 An OOm| MOCO sss = eee 3. 26 18. 60 
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2.64 J5ROGG||MGU(es eases 3.01 20 N684e sceee= = | 3.59 20. 51 
2.97 163945 GOS2eec ence 3.05 TWOCHE Gee eS 4.04 23. 06 
2.75 15673 i | Kedgneme mee 2.75 15,72 || 686....2.... aaa 15.90 
3.22 18.375 GOs se eect 3.51 20.05 || 687.-...---- |. 2.88 16.13 
2.95 UGS S20)| Olle ee 3. 00 75 M6885 = a6 == | 2.65 15. 12 
3.08 TRO! MGs ee 3. 26 18. 62 | (ho) Sesame 2. 68 15. 28 
2.57 145667) GIs. saeco 3. 84 Ie 9276902. ae. | 3.38 19, 26 
2.88 WR MIZE Se See Pte TSM OM GOs eee a 3.04 17, 33 
2.64 15. 09 \| ORs = Sao | 2.12 GREP GRP Se aeons | 2.81 16. 04 
3.76 2US4AG WiGIGEEaeseee | 3. 12 ZANE PTI Bere 2.35 13. 76 
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Taste 18.—Variations in content of proteids—Continued. 

| | Percentage of— 

| | 7 
Percentage of— | | Percentage of— 

Proteid | P Proteid wt Proteid 
paeord nitrogen Proteids | Be nitrogen Proteids rece nitrogen Proteids 

* |in water-, (proteid * |in water- (proteid || : | in water- (proteid 
| free N. x 5.7). || free N. X 5.7). || |Paatneem hi Neo Doz). 
/material. material. \| material. 

2.15 PPS hall | (eh eee Apes 2.09 MS Oar OOsets re aoe 2. 87 16. 41 
2.92 GEG) ieee 3.18 PSS iAGieeeeme as 2.22 12.69 

a Aa a eee (BPS eee 2.41 SMa OSes see 2.45 13.98 
Pe Lal IPO Wis Bibaeees Hos 2.06 TNS ARABS oe DoT. 13.51 
3.03 era ee eee 2.76 Lean meh Omaeee nic =er 1. 37 7. 86 
2.64 I (O95 | MOB ae oesee 2.09 TUL XSI) Vile Soe eee 1. 62 | 9.27 
4.10 23. 42 | W808 < 222 eee 2.29 | PSE OOMaiizeetenre eae 2. 00 11. 42 
2. 51 1 GRY Ieecocsence 1.61 OR Well iiterere ner 1.73 | 9. 87 
2.27 1T2296n| (Pipes seco 2.01 ali Ve. el CC eS D5S2h 13. 26 
2.33 DS ior |e mene eae 2.85 LGU2 Gm eto see eers 1.88 | 10. 76 
2. 43 LOOT AOE eee 1.87 WOO MW TTA ees sae 2. 28 13.03 
2. 48 VAST Cols sence 1.75 ORO OM 7iieees eee 2.80 16. 02 
1. 87 10. 69 | Tae eee eee 3. 57 20 SOn||louee sae see 1.98 11.33 
3.07 USO TGS 2.63 TonO 2A ie Oeeee see 2.35 13. 40 
2.12 12.09 | WAAR SS secs 1.97 2 SO eee ae 2.85 16. 29 
1.87 LONG (a | G45 ssa 2.98 1GS99 Hi ASlees ee 3 se 2.79 15. 94 
2.10 IPA UM ec Gs Seats ESCA HOM OM | TS2a ss oe 2.64 15. 09 
2.08 Ua Tenees (|| SCC: YS etree 2.79 LORD |iSodsences a= 2.81 16. 02 
2.61 14.88 | TAS aa, 1.83 | LO: AE We i84). S255 2s 2 1292 10. 96 
2. 20 TSH S|) Caoee eee 2.29 13. 06 RIES et 2.25 12. 88 
2.16 IPP SP Aa hii UE ae eee 2.22: | 28660) fSOn- ee ee 3. 29 18.75 
3. 23 WSh44e i (iilie. se ceone 3. 48 LOR Sill | CAS hese a 2.95 16. 82 
eth TF Sl|| Mo2earese soe 3. 48 19. 87 || 788 2.13 12217, 
2.38 ISRO Heoote ae eae ioe 1.58 | 2.20 12/57 
3.14 ie Oi toa eee a 3.59 20. 29 2.86 16.52 
2.16 | 1esonl | opsae eee 2. 43 13. 90 3. 02 Ue 22 
1.80 LOE ZO Races oe oe 2.30 13.15 2.16 12. 36 
2.14 | V2 22 tolere == nate 2.14 12. 24 2.32 | 13. 24 
2. 1O0) LOOM Osean ee oe 1.67 9.54 2. 82 16.11 
2.18 | LINAS AHOOS = amare 2.14 12. 25 2.48 14.15 
2.04 | ULE GN) dO oe ee Bis Ue PANS PA 2.45 14. 00 
2.32 | ABE 26. | Olee re a= 2.47 14.12 2.20 | 12. 56 
2.19 Reber |G Se eyteeenr are 2.93 GN ie 2.95 | 16. &2 
1.79 | IO) PBA Gti eaten 2.02 11. 56 || 2.18 12. 48 
2. 49 422 GSE toe 2.18 12. 47 || 2.02 11. 57 
2.92 | 1646s) RiGee 2. 20 Oye 

It will be noticed that there is a very large range of variation in 
the proteid nitrogen content of these wheats, running from 1.12 to 
4.95 per cent. By referring to Table 8, it will be seen that an equally 
large variation occurred between the plants when the whole plant 
was sampled. In the 351 analyses the nitrogen ranges from 1.20 to 
5.85 per cent. This is due in the main to the ability of the plant 

‘to gather nitrogen from the soil. In no one of the experiments to 
ascertain the effect of nitrogenous manures on the composition of 
wheat has there been an increase of more than a few tenths of 1 per 
cent, even when the nitrogenous fertilizer was added to an exhausted 
soil. It is, therefore, not likely that such large variation in nitrogen 
content could be due to irregularities in the supply of soil nitrogen. 
If this ability of the plant to store up a large amount of nitrogen in 
the kernel is hereditary, as results given later indicate, there is ample 
opportunity to develop by selection a strain of wheat of high nitrogen 
content. 
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A BASIS FOR SELECTION TO INCREASE THE QUANTITY OF 

PROTEIDS IN THE ENDOSPERM OF THE KERNEL.: 

White bread flour, which constitutes the major portion of the 
wheat flour consumed in this country, is derived entirely from the 
endosperm of the wheat kernel. The portions of the kernel not 
entering into the flour are the germ and the seed coat, attached to 
ach of which discarded constituents are portions of the endosperm. 
The larger part of the aleurone layer either adheres to the hull and 
constitutes the ‘bran’? of commerce, or appears in the product 

known as ‘‘shorts,’’ and sometimes in low-grade flour. 
As it is the flour in which it is desired to increase the nitrogen, 

and as the flour consists entirely of the endosperm, it becomes desir- 
able to have some way to determine the nitrogen content of the 
endosperm alone and to select for reproduction plants possessing a 
large amount of nitrogen in this portion of the kernel. 

It is a question how this can best be done. A determination of 
gluten by the ordinary method of washing, to carry off the starch 
and fiber while the gluten is being worked in the hand, is not well 
adapted for use with the small quantities of wheat obtainable from 
a single plant. This also has the disadvantage that it gives no 
indication as to the quality of the gluten. 

Determinations of gliadin and glutenin promise to be of some help 
in affording a basis for selection from individual plants. It has 
been shown by Osborne and Voorhees“ that the gluten of wheat is 
composed of gliadin and glutenin. It does not necessarily follow, 
however, that the sum of these two substances is a measure of the 
gluten content of the sample analyzed. Osborne and Campbell? 
have stated that the embryo of the wheat kernel does not contain 
either gliadin or glutenin. This being the case, the sum of the 
gliadin and glutenin would represent these proteids in the endosperm, 
with, perhaps, a small amount in the hull. 

A recent investigation by Nasmith’ leads him to conclude that 
gliadin exists in all portions of the endosperm, including the aleu- 
rone layer, but that glutenin is contained only in the starch-bearing 
portion of the endosperm. A determination of glutenin may, there- 
fore, give an indication of the gluten content of the wheat. 

Table 19 shows the percentage of proteid nitrogen, the sum of 
the gliadin and glutenin nitrogen, the amounts in grams of proteid 
and of gliadin-plus-glutenin nitrogen in the average kernel, and the 
grams of proteid and of gliadin-plus-glutenin nitrogen in all of the 
kernels on each plant. The plants are grouped into those having 

@ American Chem. Jour., 1893, pp. 392-471. 

Connecticut Experiment Station Report, 1899, p. 305. 

«Trans. Canad. Inst., 7 (1903), Univ. Toronto Studies, Physiol. Ser. (1903), No. 4. 
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from 1 to 2 per cent proteid nitrogen, those having 2 to 2.5 per cent 

proteid nitrogen, etc. Table 20 gives the averages for each of the 
groups in Table 19. 

TaBLE 19.—Relation of gliadin-plus-glutenin nitrogen to proteid nitrogen. 

1 TO 2 PER CENT PROTEID NITROGEN. 

| | | 

eresp ines | Weight (in grams) of— | 

Glia- | Num- Aye. ae Ase As 
13 Gliadin-| p.,.3,; Gliadin- 

| Record number.) Pro- ae ber ok Proteid  plus- ae eh plus-glu- 
teid a 2 on Ker- Average nitro- glutenin aie ag tenin ni- 

nitro- | aeaei et nels. kernel. | gen in nitro- eatiek trogen in | 
| Sen. | ntro- | | kernels. gen in | : oral average 

| gen. kernels. kernel. 

MOS bass sock 1.89 1.56 342 5.6864 | 0.01663 . 0.10747 0.08871 0.0003142  0.0002594 
SUS0SE oe ee Seer 1.81 Lee, 729 | 15.7835 . 02165 . 28569 . 27937 | .0003919 . 0003832 
SI GOS eee 1.98 | 1.96 465 9. 7922 . 02106 . 19388 . 19193 | .0004170 | .0004128 

Average ..| 1.89| 1.76 512 | 10.4207 | .01978 |. 19568. 18667 | 0003744 | 0003518 
| | | | 

2 TO 2.5 PER CENT PROTEID NITROGEN. 

| ei | Fey 
QUAN OE ee de acts 2.16 | 0.19 | 84} 1.7216 | 0.02049 | 0.03718 | 0.00327 0.0004427 0. 0000389 
Be eee gare 2.41 | 1.70] 891 | 16.4061 | .01841 | .39539 | .27890 | .0004437 | .0003130 
21: pee 2.36 1.46 777 | 19.1854 | .02469  .45276 28010 | .0005827 ~~. 0003605 
PIOOO Sere anaes 2.12 1.65 | 539 | 12.0399 - 02183 | .24942 . 19866 | . 0004627 . 0003602 
Botts eee a 2.35 2.12} 318 | 6. 1026 -01919 | .14341 - 12643 | .0004510 . 0004163 
BOOUDW EE. wa sao 2.39 | 1.92 301 | 7.0596 | .02345 | .16872 | .13554 | .0005605 | .0004502 
DODD oR eee eee 2.11 | 1.84 | 1,031 | 21.5399 | .02089 | .45435 | .39635 | .0004407 | . 0003844 
ASOGEo Reet oe 2.38 | 1.80| 608 | 11.6655 .01919  .27765 .20997 | .0004567 | . 0003454 
ASA09 veo. 8-8 2.02 | 1.50 314 6. 4302 . 02048 . 12989 .09645 | . 0004137 . 0008072 
DDBOG eae 2. 48 1.97 167 | 2.5160 . 01507 . 06240 .04957 | .0003736 . 0002969 
SO908 ae se == 2.42 | 1.96 562 | 12.2210 | .02175 | .29575 | .23953 | .0005262 | . 0004263 
a 0 eaters oe 2.30 | 1.66 302 | 9.2120 | .03050) .21187 | .15292 | .0007016 | .0005063 
DO20G Fe os sel 2. 42 1.95 509 | 9.3093 . 01829 7 2 . 18153 | . 0004426 . 0003566 
O20 Tey oe oe 2.34] 1.83 462 | 10.9073 | .02361 | . : . 19960 | .0005524  — . 0004321 
DLOGe eet eae 2.21 |, 2.05 380 | 12.0728 | .03177  .26680  .24750 | .0007021 . 0006513 
GasGasiaa sas 2.41 | 1.68 544 | 9.8298 | .01807 .23690 —. 16514 | .0004355 ——. 0003036 
658077 oo le seee 2.28.) - 18h 373 7.0051 | .01878 | .15971 | .12680 | . 0004282 | . 0003399 
Gos08hee 225 = ee 2.09 | 1.95 583 | 11.7066 | .02008S .24468  .22828 | .0004197 | . 0003916 
(AGOB! Se cae = 2.30 | 2.05 464) 9.6451 | .02079 .22184 .19772 | .0004781 . 0004262 
SEOs e 2.34) .64 786 | 18.3614 | .02336 .42965 .11750 | .0005466 —  .0001495 

heels OSer2 8 = see 2.41 | 1.64 287 | 7.3993 | .02578 | .17833 | .12135 | .0006213 | .0004228 

Average..| 2.30} 1.68 | 489.6 | 10.5874} .02173 | .24272 | .17872 | .0004991 | .0003652 
| | | | 

2.5 TO 3 PER CENT PROTEID NITROGEN. 

5 | | | 
20106 asco ==: | 2.78 2.05| 163] 3.3138 | 0.02033 0.09212 | 0.06793 0.0005652 0. 0004168 
VU fee eee | 2.77 | 1.85 | 444 | 9.9070 .02282 | .27443 | .18328 | .0006181 . 0004222 
PVA Ss eeemeciae 2.83 | 2.00} 867] 17.1115 | .01974 , .48428 | .34222°', .0005586 | .0003948 
QV Ges Sas cls eee 2.96 | .17) 118) 2.3066 | .01955 | .06804 | .00392 .0005766 0000332 
BIBORs. eas o 2.67 | 1.97 | 318) 6.2514) .02004) .16691 | .12315 | .0005353 | .0003948 
PASOG = 2 == 2.90 .97 | 226] 4.1516} .01837 | .12039 | .04027 | .0005327 | .0001782 
2h eee 2. 69 .23 | 1,232 | 20.9290 | .01699  .56299 | .04704 | .0004569 | . 0000391 
PISO TES er ccee 2.73 | 2.11 377 | 9.4172.) .02498  .25709 | .19870 0006664 | . 0005271 
ZUSOSte. Svea 2.57 | 1.96 | 1,156 | 19.7446 | .01708 | .50744 | .38700 | .0004389 | .0003348 
PAS eee See 2.73 | 2.18 | 7418 | 8.0214 | 01919 .21898 | .17487 .0005238 | .0004183 
PLD 555 = Sse 2.64} 2.18} 791] 14.3111} .01809| .37781 | .31198 | .0004777 | .0003944 
DODGE tae ee 2.81! 1.97} 283] 2.6965) .00953 | .07577 |) .05312 | .0002677 | . 0001877 
7 eee 2.77 | 1.82} 169] 3.2787} .01940 | .09082 | .05967 | .0005574 | . 0003531 
26905 oo So Sos 2.76 | ~2.05 326 | 6.4102! .01966 | .17692 | .13398 .0005427 | .0004109 
26906. 5.5- 53 2.71 | -1.82 228 | 4.2376 | .01859 ) .11484 | .07712 : .0005037 | .0003383 
209082 oi 5 saci 2.96) 2.1 192 | 3.9797) .02073 | .11780 | .08596 | .0006135 | . 0004478 
HNO) eee 2.80 | 1.88 180 | 2.9999 | .01667 |) .08400 .05640 | .0004667 =. 0003184 
Pa() Uae eee 2.63 | 1.90 866 | 16.4120 | .01895 | .43164 .31182 .0004984  —. 0003600 
PH ge VS eee ee 2.92 | 1.95 166 | 3.3266 .02004 .09712 .06487 .0005850 =. 0005908 
2YBOO Rs ee See | 2.58 | 1.73 267 | 5.5666 | .02085 | .14362 .09630 | .0005379 | .0003607 
ALOOGeS = era | 2.53) .82 167 | 3.0850 | .01847 | .07805 | .02530 , .0004674 |. 0001515 
PAG Deere eee | 2. 2On) oe le98 444 | 10.0005 02252 . 27003 | .19800 | . 0006082 . 0004459 
ZIDOS 2 2222 525% 2.64 | 2.32 251 | 5.5224 | .02287 | .14608 | .12835 | .0006037 | .0005206 
POD te ascniccine | 2.90; 1.09 | 243) 5.3615 -02206 15549 | .05844 | .0006399 — . 0002405 

| | | | 
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TaBLE 19.—Relation of gliadin-plus-qlutenin nitrogen to proteid nitrogen—Continued. 

Record number. 

| 
| 
| 

| 

Peraens age 

38005 
38606 

38605 
38609 
39405 
39506 
40505 
BAO wees eae 
44505 26 eres 
44606 
46 1 07 

a 5 

35905 
55906 
55907 

57408 SEeeeacte 

5805 Ere ie 
63106 ste itareters)aie.2 

Average .. 

2.5 TO 3 PER CENT PROTEID NITROGEN—Continued. 

Weight (in grams) of— 

20T09°2 cone =e 

22911 
20808 ere aaa ae 
B20652 252.022 

28806......---- 

Tenee ‘Num-. ae ot | _ Petlinenar | Gliadin- Proteiq | Gliadin- 
WO |p Sima || lesie B | Proteid plus- nitrogen plus-glu- | 

| teid | I Tile male | Ker- |Average nitro- glutenin ee tenin ni- 
nitro- | eeees ores nels. | kernel. | genin | nitro- | joaj-er. trogenin 
gen. heros | kernels. gen in Deets average | 

: kernels. : kernel. 
gen. | 

2.91 | 1555 87 2.1851 0.02512 0.06359 0.03387 0.0007309 , 0. 0003894 
2.91 | 3.50 132, 2.5601 | .019389 | .07450 | .0S960 | .0005644 | . 0006787 
2.96 | 2.29 309 6.1894 | .01987 | .18173.) .14060 | .0005881 | . 0004550 
2.64 |} 1.26 461 | 8.0905 | .01972 | .23998 |) .10194 | .0005327 | .0002485 
PAR EI) 193 3.3004 | .01710 | .09670 | .06931 | .0005010 — . 0003591 
2.84 | 1.23) 139] 2.5134) .01808 07138 | .03091 | .0005135 | .0002224 
2.63 | 1.39] 401 |) 8.4605 | .02110 | f - 11760 | 10005549. 0002933 
2.82) 1.73} 158) 3.0228) .01913 22) .05229 | .0005394 | .0003309 
2.74 | 1.34] 293 | 6.7665 .02309 18540 | .09067 | .0006475 | .0003094 
2.88 | 1.44 447 | 9.3541 | .02093 21399 | .13470 | .0006027 | .0003014 
2.93 | 2.06 67 | 1.9218 | .02869 | .05631 | .03959 | .0008404 ; .0005910 
2. 219} 170) 4.1546) .02444 11716 | .09099 | .0006892 | . 0005352 
2.92} 1.18} 124| 2.8000) .02258 | 17 E . 0006594 | . 0002664 
2.94| .70| 340} 5.9990] .01764 | 7637 .0005187 | .0001235 
2.90} 1.29) 124) 2.5235 | .02035 . 0005902 . 0002625 
2.54] 2.08} 478 | 8.3935 | .01756 . 0004460 | . 0003652 
PRT || T/C 473 | 12.0278 | .02543 - 0007299 |. 0004501 
2.70 1) 547 | 9.8346 | .01798 | .0004877 | .0001348 
2.60) 1.58 944 17.4226  .01846 | .0004799 | . 0002917 
22563|) 1.87 578 | 11.3592 | .01965 . 0005031 . 0003675 
2.54 65 397 | 9.5078 | .02395 - 0006225 | .0001557 
2.80 | 2.20 866 17.8506 | .02062 .0005773 | . 0004536 
2.63 | 2.07 504 | 9.8228 | .01949 . 0005126 | .0004034 
2.64) 1.96 500 | 10.9180 | .02184 . 0005765 | . 0004281 
2.58 | 1.49 | 593 | 11.0930 | .02205 _ .0005690 | . 0002609 
2560 | aero | Neale Daco4snl Ola! _ .0004674 | .0003064 
2.81 | 1.47] 499 | 7.9968 | .01603 - .0004503 | . 0002356 
2559) | 161 749 19.3966 | .02590 | .0006°07 | .0004170 
2.78 |. 2.12) 336 | 5.7431 | 01709 | .0004667 | . 0003622 
2.57) 2.09 | 644) 12.0161 | .01866 | .30881 | .25174 | .0004795 | . 0003900 
2:96 | 2.23 872 | 14.4556 | .01658 | . 42790 32236  .0004907 | . 0003697 
2.51 | 1.85 333 | 6.5232 | .01959 | .16373 12068 .0004917 |. 0003624 
2761 | 1e95 563 | 13.5720 | .02356 | .34616 26465  .0006149 | .6004594 
2.59 | 2.21 | 950! 15.8086 | .01664! .40945 34937 | .0004310 | . 0003677 
2.65 | 2.09 | 88 | 1.5364 .01746 04164 03211 | .0004731 | . 0003649 
2.75 | 2.13) 1385 | 2.4923 |} .01846| .06854 05309  .0005077 |. 0003932 
2.62] 1.86 | 762 | 14.9992'} .01968 | .39297 27898  .0005157 | . 0003660 
2.61 | 1.64 596 ; 12.2004 | .02047 =. 31842 |. 20008 | .0005343 | =. 0003557 
2.80 | 2.34 180 | 2.7616 | .01534 | .07738 06462 | .0004296 | . 0003590 
2.85 | 1.55 359 | 6.9861 | .01946 | .19905 10828  .0005545 | .0003016 
2.87 | 2.68 270 | 4.8988  .01814 .14060 13126 | .0005207 | . 0004861 
2.74} 2.11 | 1,158 | 23.1471 | .01999 | .63422 . 48839 | .0005464 | . 0004218 
2.79 | 2.20 165 3.3006 = .02001 = .09208 | .07261 | .0005581 | . 0004402 
2.63 | ~2.18 370 | 7.6690 | .02073 | .02017 16714 | .0005451 | . 0004519 
2.94 | 2.65 146 2.8227 | .01940  .083828, .07507 | .0005704 | .0005141 
QT | 2208 wi 22 los3s9 285 ee 02love «Allie 31248 | .0005778 | . 0004328 

2.74 -79 | 419.3 | 8.2271 | .01991 | .22222 | .14658 | .0005468 | . 0003557 
! 

3 TO 3.5 PER CENT PROTEID NITROGEN. 

| | | 
3.05 | 2.31 258 | 5.3229 | 0.02063 | 0.16235 | 0.12296 |0.0006292 0. 0004766 
3.32 | 2.26 697 14.6942 | .02157 | .48784 | .33208 | .0006999 | .0004875 
3.16 22 123 | 2.3642 | .01922 .07471 | .00520 | .0006074 | .0000423 
3.24 | 2.15) 287 | 5.1594) .01798 | .16712 | .11093 | .0005824 | . 0003866 
3.04 . 46 143 | 2.5691 | .01796 |. 07810 | .01182 | .0005461 — . 0000826 
3.18 | 2.10 408 10.4800 | .02563 . 33402 | .22008 | .0008168 | . 0005382 
3.35 | 2.15 158 | 2.9248 | .01851 ; .09798 | .06288 | .0006201 | .0003980 
S222 | 2.11 146 | 2.5712 | .01720! .O8086 | .05425 | .0005538 | . 0003629 
3.18 | 2.14 118 1.9090 .01619 =.06071 | *.04084 | .0005144 | .0003465 
3.17 | 1.55 298 | 6.0173 | .02019! .19075 | .09327 | .0006401 | . 0003129 
sald, lt G9 561 | 11.5675 | .02062 | .36671 | .19548 | .0006537 | .0003485 
3.09 | 2.28 | 222 | 3.8811 | .01748 | .11992 | .08849 | .0005402 | . 0003985 | 
3.07 | 2.42) 219 | 4.3698 | .01996  .13415 | . 10575 - 0006126 0004830 
3.02 | 1.86 | 685 | 14.4630 | .02111 | .43679 | .26901 | .0006376  . 0003926 
3. 41 | 2. 41 150 | 3.1346 | .020200 = .10689 | .07554 | .0007126 =. 0005037 
3.22 | 2.45 | 136) 2.8903 | .02125 .09307 | .070S1 | .0006843 , . 0005206 
Bee) 218} 157. 2.6571 | .01692 08742 | .05660 | .0005568 | . 0003604 
3. 20 | 2.17 | 556 | 9.4585 | .01701 | 30267 | . 20525 | .0005444 =. 0003681 
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TaBLe 19.—Relation of gliadin-plus-glutenin nitrogen to proteid nitrogen—Continued. 

3 TO 3.5 PER CENT PROTEID NITROGEN—Continued. 

? Percentage | Wei : . 
| ie eight (in grams) of— 

Glia- | Num- | Re eel eek Porn 
ceed [to cee Gliadin- q Gliadin- 

’ Record number.) Pro- | gine | ace Proteid | plus- | aoe | plus-glu- 
| | teid ane els | Ker- jAverage) nitro- | glutenin a ataes tenin ni- | 

|nitro-| senin a nels. | kernel. | genin | nitro- | . Bath “| trogen in | 
een, | ore | kernels.| genin | 98 €T | average /nitro- | | tamale nel. ik 1 

| gen. | ps s. ernel. 

ART Ob een sees | 3.13 | 1.56 264 | 4.3615 | 0.01652 | 0.13652 0.06804 0.0005171 | 0.0002577 
| 4871062252 cootes 3. 00 71} 379} 6.1983 . 01635 - 18596 ) . 0004906 | 0001161 

DOQ0DE A Sree aas | 3.05 1.99 393 | 7.9684 . 02028 . 24303 . 0006185 - 0004036 
H00068 3s -e2-= == | 3.16 1.75 451 | 7.1852 . 01593 - 22705 | ..0005034 . 0002788 
HOOUSs eeriae ais 3-11 | 1.296 216 3.7407 - 01732 . 11636 - 0005386 | . 0003395 
DOOD Me ecco || 3.18 | 2:92 221 2. 4731 .01118 | .07859 | .07221 0003556 - 0003264 
S20 7aseeee ace. | 3.09 | 2.49 | 307 | 4.2207 . 01375 . 13042 | £10510 | .0004248 . 0003424 
Dato uee sae ee fo. 01 2.47 235 | 2.5436 . 01082 -07656 | .06283 | . 0003258 . 0002673 

Average..| 3.16] 1.95 | 299.5 | 5.5817 | .01817| .17602 | .10889 | .0005741 | . 0003516 
x RE siee| ae es zt : Es 

3.5 TO 4 PER CENT PROTEID NITROGEN. 

M5062 2232 3.52 | 2.23 93 | 2.2881 | 0.02460 | 0.08044 | 0.05102 0. 0008660 | 0. 0005486 
(SOD 5 eee eae 3.81 1,54 103 1. 4864 . 01443 05663 | .03315 | .0005498 . 0003218 
PACT EG Ss ectecoe 3.75 | 2.16 567 | 11.9114 | .02101 - 44666 | .25728 | .0007877 | . 0004538 
PAN Eee Saeoe 3.82 | 1.88 173 | 3.5574 .02056 | .13589 | . 06688 | 0007855 |. 0003955 
PAM OY Crea 3.92 | 1.35 144 | 2.0390 | .01416 . 07993 -02753  . 0005551 - 0001912 
380005.2...2=52. SOL Fe 1a 563 12. 1088 . 02252 - 43713 - 21432 | . 0007764 . 0003986 
AQQ Oe cree 3.63 | 2.73 94 1.8494 .01967 | .06713 | .05049 | .0007142 | . 0005370 
AO0N a ere = == 3.58 | 1.36 235 | 3.2340 | .01376 | .11575 | .04398 | .0004927 | -.0001871 
48500. = 22: 5a5='- 3.66 | 1.76 137, 1.9154 | .01398 | .07010 | .03371 | .0005117 | .0002460 
6600652... - S55: 3.54 | 1.38 366 6.0090 - 01642 . 21272 - 08292 | . 0005812 . 0002266 

Average ..| 3.68 | 1.82 | 247.5 | 4.6399 | .01811 17024 08613 | 0006620 | . 0003506 
l | see ae | : 4 > pe | 

4T0 45 PER CENT PROTEID NITROGEN. 

ES ea eee ia ae [aria | 
US es svsnmerrete 4.26 | 2.02 983 | 14.8137 | 0.01507 | 0.63107 0.29934 0. 0006420 | 0.0003044 | 
VAS Ree 4.04 | 2.14 216 | 4.0258 | .O1877 | .16377 | .08615 | .0007582 | .0004017 
DIOQO Eas seer 4.43 | 1.98 525 | 12.1819 | .02317 53889 | . 29846 | .0010265 | . 0005677 

leecAg0p econo soae 4.33 | 2.44 207 | 4.1281 | . 01994 17875 =. 10073 | . 0008635 | .0004865 
P10 UY ere Bee 4.21 | 2.21 118 | 2.1571 | .01828 | .09082 .04767 | 0007696 | .0004040 
HO206 222552 52 4.45 | 2.03 447 | 5.4411 | .01217 | .24213 | .11046 | .0005417 | .0002471 

Average ..| 4.29 | 2.14 416 | 7.1230} .01790 | 30757 .15714 | .0007669 | .0004019 | 
| 

MORE THAN 4.5 PER CENT PROTEID NITROGEN. 

| ' | PANG EUS erwerse 5.23 | 0.22 149 | 2.8564 | 0.01917 | 0.14939 | 0.00628 |0.0010026 | 0. 0000422 
TO ee are ctets oe 5.03 | 1.34 237 | 3.9143 | .01577 | .19689 | .05245 | .0007934 | . 0002113 
AZO DRE 2s. ere 4.69 3.07 194 | 3.6302] .01871 . 17026 | .11145 | .0008776 | .0005744 
4840602 5.552 bse 4.87 | 2.25 249 | 3.2964] .01324  .16053 | .08168 | .0006447 | . 0002979 
G9805u.2-2 226 es 5.82] 1.94] 110} 2.4420] .02220) .14213 | .04738 | .0012921 | . 0004307 
F200 © eae 5.59 | 2.51 188 | 3.4442 | .01832 | .19253 | . 08645 | .0010241 | . 0004598 

Vi 9230Gc2 === oe 4.93 4.06 347 | 6.0091 .01732 | .29625 | .24397 | .0008539 ee 0007032 

Average .-| 5.16 | 2.198 | 210.6 | 3.6561 | .01782| .18685 | .08995 | .0009269 | 0003885 
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TABLE 20.—Summary of analyses, showing relation of gliadin-plus-glutenin nitrogen to proteid 
nitrogen. 

percentage Weight (in grams) of— 
of— | g Eras 

: | ] 
Range of per- | Num- Glia- | Num- Per rena see uel 
centage of |berof) p,, | din- ber of| | Proteid Ghee Proteid cia 

proteid nitro- | analy- ford plus- | ker- | | steanes ante enia teak = nitrogen fea cee 
en. ses. |“ glu- | nels. |Kernels.| +V°t#8e DiLros: i i 1 

8 nitro- : kernel. in ker- nitrogen .. trogen in tenin F average spas 
Ben rtrae nels in Taira average 

a kernels. . kernel. gen. | 

Lto2Aa. soos 3 1.89 1.76 | 512.0 | 10.4207 0.01978 | 0.19568 | 0.18667 0.0003744  0.0003518 
DO: Onioe eae 21 | 2.30 1.68 | 489.6 | 10.5874 . 02173 . 24272 . 17872 | .0004991 . 0003652 
PaaS HO Ye ee ee | 70 | 274) V.%3 ) 41923 | 852270 -01991 | .22222 | .13948 | .0005468 | .0003442 
SLO OEo cere oe. } 26 3.16 1.95 | 299.5 5. 5817 - 01817 . 17602 - 10889 | . 0005741 - 0003516 
Soo OMae eee eee 10 3.68 1.82 | 247.5 4. 6399 -O1S811 - 17024 - 08613  .0006620 - 0003506 
4 toasts see mae 6 4.29 2.22 | 416.0 | 7.1230 - 01790 | 380757 | -15714 | .0007669 | .0004019 
4.5and over.... YON aya ila} 2.20 | 210.6 | 3.6561 | .01782 | - 18685 | .08995 | .0009269  . 0003886 

The figures in Table 20 show that while ghadin-plus-glutenin nitro- 
gen increases with proteid nitrogen it does not do so in the same ratio, 
the increase in proteid nitrogen being due in large measure to an 
increase in other proteids. . 

The same analyses are tabulated in Table 21 according to the 
increase in gliadin-plus-glutenin nitrogen, and the averages for each 
group are stated in Table 22. In the latter table the increase in 
proteid nitrogen does not keep pace with the increase in ghadin-plus- 
glutenin nitrogen, there being 1.74 per cent other proteid nitrogen in 
the first group and 1.25 per cent in the last. 

It thus becomes evident that a determination of proteid nitrogen in 
the kernel is not an accurate guide to the content of gladin plus 
glutenin, and that a direct determination of these substances is 
necessary. 

It is, furthermore, apparent that a determination of gliadin-plus- 
glutenin nitrogen will permit of the selection of kernels having a 
large percentage of these substances. 

TaBLe 21.—Relation of proteid nitrogen to gliadin-plus-glutenin nitrogen. 

GLIADIN-PLUS-GLUTENIN NITROGEN, 1 TO 1.5 PER CENT. 

| Percentage of— Weight (in grams) of— 

ee Num- | cena l Boe ] = 
2 Gliadin- Gliadin ee Gliadin- | Proteid 

eeecene ear | plus- |Proteid pee | Asséreres plus-glu- | er tees plus-glute- nitrogen 
ne | glute- | nitro- | 74] = Kernels. | 4, En ar | tenin ni- | a oes nin nitro- in aver- 

|nin ni-} gen. 5 * |trogen in | sale gen in aver- age ker- 
| trogen. kernels. "lage kernel.;| “nel. 
| ! 

PAPA ee eh See 1.34 5.03 237 3.9143 | 0.01575 | 0.05245 | 0.19689 | 0.0002113 | 0. 0007934 
Dies eos 1.35 3.92 144 2.0390 |  . 01416 02753 -07993 | .0001912 | .0005551 
ZI200s ae eee 1.46 2.36 777 19.1854 | .02469 - 28010 . 45276 -0003605 .0005827 
PAG Us Soe ags oie 1.09 2.90 243 5.3615 |  .02206 - 05844 - 15549 - 0002405 | . 0006399 
VACA a epee sr eer 1.26 2.64 461 8.0905 | .01972 - LOL94 - 23998 - 0002485 | .0005327 
38005 -2 ae a2 ees 1.23 2.84 139 2.5134 - 01808 - 03091 - 07138 - 0002224 . 0005135 
BSHOGEses oes Pe 1.39 2.63 401 8.4605 | .02110 - 11760 22251 - 0002933 | .0005549 
S8G00 Ese yercceeee 1.34 2.74 293 6.7665 | — .02309 - 09067 . 18540 . 0003094 . 0006479 
S040 = See ee 1.44 2.88 447 9.3541 | .02093 . 138470 . 21399 - 0003014 - 0006027 
ABA05 co. aosesicte 1.18 2.92 124 2.8000 | .02258 | .03304 - 08176 - 0002664 - 0006594 
S460 oo one | 1.29 2.90 124 2. 5235 - 02035 - 03255 07318 - 0002625  .0005902 
4500 ae oes | 1.36 3.58 235 3.2340 | .01376 - 04398 . 11575 - 0001871 | .0004927 
D5606cen- 2 soee- 1.49 2.58 505 11.0930 - 02205 . 16529 . 28580 - 0002609 | .0005690 
DONG eo a-. ecm 1.47 2.81 499 7.9968 - 01603 11755 | =. 22471 - 0002356 | .0004503 
G6Q0GSa-cee rence 1.38 3.54 366 6.0090 - 01642 - 08292 . 21272 - 0002266  . 0005812" 

Average...) 1.34 3.08 333 6. 6228 - 01939 - 09198 . 18748 - 0002545 | - 0005843 
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TABLE 21.—Relation of proteid nitrogen to gliadin-plus-qlutenin nitrogen—Continued. 

GLIADIN-PLUS-GLUTENIN NITROGEN, 1.5 TO 2 PER CENT. 

| Percentage of | Weight (in grams) of— 

Gliadin-| tee | Gliadin-| 4. 4.., | Gliadin- | Proteid 
CoS Maa plus- Proteid) foe i plus-glu- tre teid plus-glute- | nitrogen 

ee glute- | nels, | Kernels. tenin ni |, oe nin nitro- | in aver- 
nin ni- | | ; trogen in wail gen in aver-| age ker- 
trogen. | kernels. | =o age kernel.| nel. 

NSO0 55 er) 2 aaa UG 2 ness 103 | 1.4864 0.03315 0.05663 0.0003218 | 0.0005498 
207 (ae Se 1h sfahs Meee 444 9.9070 - 18328 . 27443 - 0004222 . 0006181 
PIBOS: 52-2 fs<s2 1.97 | 2. 312 6.2514 - 12315 . 16691 - 0003948 - 0005350 
PR Be erscne ia 1.96 2.6 1,156 | 19.7446 |  .38700 - 50744 - 0003348 - 0004389 
PAQORE Roem aoe MSS: 173 | 3.5574 |  .06688 - 18589 - 0003955 - 0007855 
PAS ee ee 1.98 | 4. | =525 | 1221819 | .29846 -53889 | = .0005677 - 0010265 
DID Bsa. Saas es 1.97 | 2.81 | 283 2.6965 05312 -07577 | .0001877 | .0002677 
DOO T arate ste =1=t2 Meter hi ee | 169 3.2787 - 05967 -09082 | = .0003531 - 0005376 
OPO akin Sch 1505 eo: 298 6.0173 09327 .19075 | 0003129 | .0006401 
227A eee ee 1.691) 3. | 561 11.5675 - 19548 . 36671 - 0003485 - 0006537 
POQUG See ra2 ace 1.82 2.71 | 228 4. 2376 -O7712 . 11484 - 0003383 | .0005037 
269098 8 oss 1.88 2.8 180 2.9999 :01667 | .05640 | . 08400 - 0003134 | .0004667 
7{(0 Us Se ee TROON 52:6: 866 16.4120 - 01895 | -31182 | .43164 - 0003€00 - 0004984 
UDR -iecteeecl VETO > 891 16.4061 | .01841 | . 27890 | .39539 - 0003130 - 0004437 
P(A fe ta AROS" 2292) | -a66 3.3266 : .06487 | .09712 - 0003908 - 0005850 
POU0 Ee cccaase 1573 | 2: 267 5.5666 | .02085 | .09680 | .14362 - 0003607 - 0005379 
DUDE 5 275 Ste mrers 1.65) 2.1: 539 12.0399 | - 19866 . 24942 - 0003602 - 0004627 
MOOG. oe 1.98 PAA 444 10. 0005 | -19800 |. 27003 . 0004459 - 0006082 
2OO0D ES Peers ose 1.55 2: 87 2.1851 - 03887 06359 . 0003894 | .0007309 
288062 seca-G225 1.86 3.05 685 14. 4630 : |  .26901 - 43679 - 0003926 . 0006376 
BOG0DE ace cee 1.92 2.36 301 7.0596 - 02345 - 13554 . 16872 - 0001502 - 0005605 
BOOST wi os eie)a2 = iiitemtoe 563 12. 1088 2 | .21432 - 43713 - 0003986 - 0007764 
BSG0Se cos Seee es Bie | = PRPs ets 3.0228 - 01913 | 05229 08522 - 0003309 | .0005394 
SIDS hae es ee 1.84] 2. 1,031 | 21.5399 -02089 | .39635 .45435 | .0003844 | .0004407 
AS10626. 5 22522222 tRSON 2: 608 11. 6655 -01919 | .20997 - 27765 - 0003454 - 0004567 
ASS0O Boccia 5 He ECE ees | 473 12.0278 - 21289 - 34524 - 0004501 - 0007299 
MSH0O Ee S228 TOY, 22s 314 6. 4302 - 09645 . 12989 -0003072 | .0004137 
48505832 ~ 20 oes 1.76) 3.66) 137 | ° 1.9154 .01398 | =. 03371 -07010 = .0002460 | .0005117 
ASI Oo tenses ilatt3, Bs | 264) 4.3615 -01652 | =. 06804 - 13652 - 0002577 - 0005171 
S.C eee eae ree 1.99} 3.05 | 393 7. 9684 -02028 | .15857 . 24303 | .0004036 .0006185 
WOOUG Esse ae sz }) Sigil Sal 7.1852 . 12574 .22705 | .0002788 - 0005034 
IOUS eae serie 1.58 2.60 | 944 | 17.4226 27528 45299 .0002917  .0004799 
DOL Ge fe cs cele 1.87 2.57 | 578} 11.3592 . 21241 -29079 | .0003675 0005031 
(TBI lee irs Come aes eee 1.97 2. 167 2.5160 - 04957 -06240 | =. 0002969 - 0003736 
HOs0T e550 Ssec222 1.56 alg 342 5. 6864 - 08871 .10747 | .0002599 —. 0003142 
DOOUB eee ace ae eee 1.96 3. 216 3. 7407 07332 . 11636 - 0003395 | .0005386 
aoOObEey: seer cae 1.96 2.64 500 | 10.9180 - 21400 . 28823 - 0004281 | .0005765 
90905 = 2. -22-625 1.75 2 | 331 5. 7948 .10141 | =. 15470 - 0003064 . 0004674 
OWS oeace see. 1.61 2.59 | 749 | 19.3966 .31229 | .50238 | .0004170 =. 0006707 
DORSE - Hodo ce ae 1.96 2.42 | 562°| 12.2210 .23953 | .29575 | .0004263 | .0005262 
DOOUO EME Somes 1.66 2. 302 9. 2120 - 15292 . 21187 -0005063 .0007016 
DO20G soe 5 sees 1.85 2. 333 | 6.5232 - 12068 . 16373 . 0003624  .0004917 
OO200. S58 e252 2c 1.95 2.4 509 | 9.3093 .18153 |  . 22529 -0003566  .0004426 
WOL0 Men ase eae 1.83 2. 462 | 10.9073 -19960 | .25522 -0004321 | .0005524 
OO LOS eee fone 1.95 2. | 563 13.5720 - 26465 - 34616 - 0004594 - 0006149 
PATS 32 scan 1.86 2.62 | 762 | 14.9992 . 27898 . 39297 -0003660  .0005157 
SMOSO = esac 1.64) 2. 596 | 12.2004 - 20008 - 31842 -0003357 .0005343 
SUVS Sean 1.55 2.85 | 359 6.9861 . 10828 . 19905 -0003016 | .0005545 
G53065 255-5055 - 1.68 2.41 | 544 9. 8298 - 16514 . 23690 - 0003036  .0004355 
Grae Aas es 1.81 74s | 9313 7.0051 - 12680 - 15971 . 0003399 - 0004282 
MSSU BE ss ee 1.95 2.09 | 583) 11.7066 . 22828 24468 -0003916  .0004197 
O9805. 8 a2 sas. TOF 5.82; || LO 2.4420 - 04738 . 14213 .0004307  .0002921 
BU8058 see soe ae oe 1.76 1.81 |. 729 |~ 15.7835 . 27937 . 28569 - 0003832 | .0003919 
IVS Ee Aee amass 1.96 1.98 | 465 9.7922 - 19193 - 19388 -0004128 | .0004170 
(olf Olea eee se 1.64 2.41 | 287 7.3993 12135 -17833 | .0004228 | .0006213 

Average... 1.80 ep 442.5 9.0243 } .163892 - 23801 - 0003653 - 0005538 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2 TO 2.5 PER CENT. 

WMOUBS2— os 252-5 2. 23 93 2.2881 | 0.02450 | 0.05102 | 0.08044  0.0005486 | 0. 0008660 
> eee 2.05 163 3.3138 . 06793 .09212 | =. 0004168 . 0005652 
TOD etre 5 oe 2.31 | 258 5, 3229 . 12296 . 16235 . 0004766 | . 0006262 
DOTAQE eros sei 2.00 | 867 | 17.1115 . 34222 . 48428 . 0003948 — . 0005586 
vi 02 (0G aie eee Gey 2. 26 697 14. 6942 . 33208 . 48784 . 0004875 | .0006989 
lie cee eae 2.15 287 5. 1594 . 11093 . 16712 . 0003866 . 0005824 
ZAMS (CES roel ee ae 2.11 | SNe 9. 4172 . 19870 . 25709 here 0005271 . 0006664 
PICU Re oa = 2.18 418 8. 0214 . 17487 .21898 | .0004183 . 0005238 
a Refs bee ene 2.16 567 | 11.9114 . 25728 - 44666 | 0004538 |. 0007877 
USE aera ae 2.02 983 14. 8139 . 29934 .63107 | —. 0003044 - 0006420 
AISILS eases ses 2.14 216 4.0258 . O8615 . 16377 | .0004017 | . 0007582 
ANS OG eee ee 2.18 791 | 14.3111 - 31198 .387781 | =. 0003944 |. 0004777 
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TABLE 21.—Relation of proteid nitrogen to gliadin-plus-glutenin nitrogen—Continued. 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2 TO 2.5 PER CENT—Continued. 

Percentage of— | Weight (in grams) of— 
— = 

reset | Num- | | | ae pac 5 
¥ Gliadin- Sen | Gliadin- Sey ae Gliadin- | Proteid 

Rerord mum plus- |Proteid beret | Awerenee plus-glu- Euotad plus-glute- | nitrogen 
aaa glute- | nitro- | Fake | Kernels. ee tenin ni- aie nin nitro- | in aver- 

nin ni-| gen. et * \trogen in ae gen in aver-| age ker- 
trogen. kernels. “= lage kernel.| nel. 

21906s=25 chee e ieee 3.18 | 408 10. 4800 0.02563 0.22008 | 0.33403 0. 0005382 | 0. 0008168 
DANS UY (ayers Ser 2: 3.35} 158 2. 9248 - 01851 06288 | .09798 . 0003980 . 0006201 
22206 -a tesa Ie hae 3.22 146} 2.5712 . 01720 .05425 | —. 08086 . 0003629 - 0005538 
22D BE a oe Bose Nene 3.10 118 | 1.9090 . 01619 04084 |. 06071 . 0003465 . 0005144 
26808 a ee: 2 3.09 | 222) 3.8811 | .01748 .08849 | .11992 | .0003985 | .0005402 
26900E eae ee 2: 2.76 326 | 6.4102 . 01966 . 13398 | .17692 | .0004109 | . 0005427 
2O90BE 2 bene 2. 2.96)  192)) 3.9797 . 02073 08596 | .11780| .0004478 | .0006135 
2hOUS! essere = \ area ere 2.64] 251 | 5.5324] .02287 . 12835 |. 14608 | . 0005306 | . 0006037 
DSZ0GR een ee cee ees 3. 07 219 | 4.3698 . 01996 .10575 | =. 138415 | =. 0004830 | . 0006126 
Bp lO Vere n: seme | 2: 2.35 318 6. 1026 .01919 | .12643 | .14341 . 0004163 | .0004510 
SB ote sane pit 3. 41 150 3. 1346 . 02090 .07554 | .10689 . 0005037 | . 0007126 
3B ieoue aac 2 3. 22 136 2. 8902 . 02125 .07081 | .09307 | =. 0005206 | . 0006843 
S440 Deedee We TDs 4.33 207 4.1281 . 01994 .10073 | .17875 | . 0004865 | . 0008635 
AVG Dae enesecr eas 2. 96 309 6. 1394 -01987 | .14060 | .18173 | =. 0004550 |. 0005881 
SOZele eee a 2: 2.93 193 3. 3004 .01710 | .06931 | .09670 | 0003591 | . 0005010 
395062 2. essence 2.0 2.93 67 1.9218 .02869 | .03959 | -05631 | . 0005910 . 0008404 
AND0S ssetieee es eres 2 82 170 4.1546 02444 | =. 09099 -11716 | .0005352 . 0006892 
AGL Tee ea oe | . 2.0 2.54 478 8. 3935 . 01756 . 17458 .21319 | 0003652 | .0004460 
ARS Gs eee 2, 3. 29 157 2.6571 . 01692 - 05660 .08742 0003604 | .0005568 
ASA 2 eee | roe 4.87 249 3. 2964 .01324 ; .08168{ .16053 . 0002979 |. 0006447 
ASh0Ge eee ee 2. 3. 20 556 9. 4585 -01701 | =. 20525 . 30267 | .0003691 | .0005444 

10) (eee ses | 2.2 4.21 118 2. 1571 .01828 | .04767 | .09082 | .0004040 | .0007696 
eee 2.2 2.80 866 17.8506! 02062! 39272! | 49995 . 0004536 | . 000577 

RUAN eee ae 2. 2.63 504 9.8228 | .01949 . 20333 . 25834 | .0004034 =. 0005126 
HOLOOeE cere 2: 2.73 336 5. 7431 -01709 | =. 03503 . 15679 . 0001042 | . 0004667 
SOLOGE =a se ee 2. 2.57 644, 12.0161 . 01866 . 05768 . 30881 - 0000896 0004795 
BOLOTE Yeectsece D3 2.96 872 | 14. 4556 . 01658 - 10553 . 42792 .0001210 | .0004907 
R620 bree eee 2. § 2. 59 950 | 15.8086 | .01664 | =. 34937 . 40945 | =. 0003677 | .0004310 
SAOOVE = eee eee 2 2.65 168 1. 5364 . 01746 . 03211 . 04164 . 0003649 . 0004731 
HTANGEHe See 2 Dio) 135 2.4923 | .01846 | .05309 . 06854 . 0003932 | .0005077 
S750GtL 3a e a 2.¢ 2. 80 180 | 2.7616 | .01534 =. 06462 . 07733 . 0003590 |. 0004296 
Sip0Steeae ses eee 2; 221 380 | 12.0728 | .03177 | .24750 . 26680 . 0006513 | .0007021 
EFDA Uae ee ae 2: 3.09 307 | 4.2207 . 01375 . 10510 . 138042 . 0003424 | .0004248 
BS 0 pbeeaen eons 2 UO 285) e2r5d36e 01082 . 06283 . 07656 . 0002673 | .0003258 
HSSODE ee. ase 2 2.74 | 1,158 | 23.1471 .01999 |. 48839 - 63422 . 0004218 | . 0005464 
Goal0GEenen eae 2. 2 2.79 165 3. 3006 .02001 |. 07261 . 09208 0004402. 0005581 
ChO0SERLE ee 2 2.63 370 = 7.6690 . 02073 . 16714 . 20170 0004519 |. 0005451 
GAGOG RE cS 2. 2. 30 464 99.6451 . 02079 . 19772 . 22184 . 0004262  . 0004781 
(O2Z0GE 22a =ceeia== 2. 4.45 447 5. 4411 .01217 | .11046 24213 | .0002471 | .0005417 
S17062-2-0. eee We 2.71 722 | 15.3928 . 02132 . 31248 41715 . 0004328 — . 000577: 

Average..-| 2.18] 3.08 380.1 7. 2520 -01935 |. 14641 21535 . 0004063 . 0005872 
| | | 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2.5 TO 3 PER CENT. 

| | | | z 2 
A205. fea see Daies 3.63 | 94 | 1.8494 | 0.01967 , 0.050049 0.06713 | 0.0005370 | 0. 0007142 
LY tei Wage eskaeees 2.68 2.87 | 270 4. 8988 .01814 | .13126 |  .14060 . 0004861 |. 0005207 
S90 ber eee secre 2.92 3,18) | 221 2. 4731 .01118 | .07221 . 07859 .000°264 — .000°556 
TEAS ae a eres 2.51 5.59 | 188 3. 4442 .01872 | .038645 19253 | .0004598 | .0010241 
S1505 22 2. = eee 2.65 2.94 146 2. 8327 .01940 |. 7507 08328 | . 0005141 | .0005704 

Average...| 2.698 3.64 183.8 3.0696 | .01734| .08310 . 11243 . 0004647. 0006370 
} | | | 

GLIADIN-PLUS-GLUTENIN NITROGEN, 3 PER CENT AND OVER. 

| | | | La = 
40205 2ekee wee 3.07 4.69 | 194 3.6302 0.01871 0.11145 0.17026 | 0.0005744 | 0. 0008776 
9220625. aes 4. 06 4.93 | 347 6. 0091 01732 . 24397 | .29625 . 0007032 | .0008539 

Average...) 3. 4.81 4.8196 | .01801 -17771 . 0006388 | . 0008657 | 270.5 . 23325 | 
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TaBLe 22.—Summary of analyses, showing relation cf proteid nitrogen to gliadin-pl:s- 
glutenin nitrogen. 

| enta N be pera c = 
Percentage | Number | Weight (in grams) of— 

of— of— 

Range of Glia-| | et ee | : F 5 a , 
percentage of G.- Gliadin- | Gliadin- “ 
gliadin-plus- oe: OS erie al a plus-glu- Proteid | plus-glute- wero ted. 
glutenin ni- lide teid Allee Ker- Kernels Average tenin ni- nitrogen | nin nitro- we ae 

trogen. Aa nitro- ae | nels. *| kernel trogen in ker- | genin ao ae 
nitro-| 8&2: F in ker- nels. average | ~ aes 
eon nels. kernel. ; 
5 

URLOMROs 5. oe 1.34 3.08 15 | 333 6.6228 | 0.01939 0.09198 0.18748 | 0.0002545 | 0.0005843 
Hep ibOP2. sah: 1.80 | 2.76 | 55 | 442.5 9.0243 | .02016 . 16392 . 0003653 . 0005528 
2 02.5... 2.18 |} 3.08 | 52) 380.1 | 7.2520} .01935 . 14641 . 0004063 . 0005872 
2.5 to 3..-.-..| 2.70 | 3.64 5 | 183.8] 3.0696 | .01734 . 08310 0004647 | 0006370 
3 and over 3.56) 4.81 Zab 27055, 4.8196 |  . 01801 -17771 . 0006388 | . 0008657 

IMPROVEMENT IN THE QUALITY OF THE GLUTEN. 

It is well known that large differences exist in the bread-making 
values of different varieties of wheats even when they have approxi- 
mately the same gluten content and are raised in the same locality. 
This fact is generally attributed to differences in the quality of the 
gluten. 

W. Farrar“ points out the difference in the bread-making qualities 
of two wheats due to the quality of the gluten. He compares Saxon 

Fife wheat, which had a gluten content of 9.92 per cent, and which 
produced 309 pounds of bread from 200 pounds of flour, with Purple 
Straw Tuscan wheat, which had a gluten content of 9.94 per cent, and 
which produced only 278 pounds of bread from the same quantity of 
flour. 

In this case it was not the amount but the quality of the gluten that 
determined the greater excellence of the Saxon Fife wheat. 

It has further been stated by Girard,’ Snyder,’ and Guthrie” that 
the ratio in which gliadin and glutenin exist in the gluten determines 
its value for bread making. 

It was considered desirable to ascertain whether the proportions 
of these two constituents remain about the same in wheats of high 
and of low content. If the quality of the gluten remains constant as 
the quantity increases, the value of the wheat for bread making will 
improve in about the same ratio. If, on the other hand, there is a 
tendency for the quality to deteriorate as the quantity increases, 
there would be greater difficulty in effecting improvement. 

In Table 23, analyses of the crop of 1903 are arranged in groups 
according to their content of gliadin plus glutenin. The first group 
comprises all plants having less than 1 per cent, and each succeeding 
group increases by 0.25 per cent. It is followed by Table 24, which 
isa summary of Table 23. 

“ Agricultural Gazette of New South Wales, 9 (1898), pp. 241-250. 

’Compt. Rend., 1897, p. 876. 

¢Minnesota Experiment Station Bulletins 54 and 63. 

@ Agricultural Gazette of New South Wales, 9 (1898), pp. 363-374. 
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TABLE 23.—Ratio of gliadin to glutenin as the content of their sum increases. 

GLIADIN-PLUS-GLUTENIN NITROGEN, BELOW 1 PER CENT. 

Percentage of— Proportion of— Percentage of— 

[Gliadin- | | ry | 
Recordimumber.)) plus- | Gliadin | Glutenin Gliadin. |Glutenin.| -roterd | one 

| glutenin | nitrogen. nitrogen.) 77@@!0. | * nitrogen. ges ee 
eae : | MOI n 

— = — | Ar 

0.216 0. 114 0. 102 0.528 0.472 3.16 2.944 
| 218 142 076 651 349 5.23 5.012 

170 099 071 582 | 418 | 2.96 | 25790 
192 109 - 083 567 | 433 2.16 | 1.968 
975 505 - 470 518 . 482 2.90 1.925 
461 255 . 206 447 -D08 3.04 2.579 
230 126 - LO4 548 - 452 2.69 2.460 
821 806 -015 982 018 2.53 1.709 
748 018 - 730 O24 976 2.70 1.952 
655 629 - 026 960 040 2.54 1.885 
636 237 - 399 372 - 628 2.34 1.704 

484 | 276 208 562 438 2.93 2.448 
~~ 1 

GLIADIN-PLUS-GLUTENIN NITROGEN, 1 TO 1.25 PER CENT. 

| . 
2000 ee 3 = See 15087 | 1.072 0.015 0.986 0.014 2.90 1.813 
SOO0S Eee ae 1.227 - 593 - 634 - 483 -517 2.84 1.613 
4340522 Se See 1.184 1.078 - LO6 - 910 - 090 2.92 1.736 

Average..| 1.166 | 914 252 | .793 .207 2.89 1.721 

GLIADIN-PLUS-GLUTENIN NITROGEN, 1.25 TO 1.50 PER CENT. 

2OLO 7 ec awe ne 1.352 0.108 | 1.244 | 0.080 0.920 3.92 2.568 
DUZOG San eso ae 1.465 -815 - 650 - 556 - 444 2.36 - 895 
OOO? Seer eee 1. 265 aril) - 550 . 565 -435 2. 64 1.375 
1110 ane eee 1.387 125 - 662 - 022 -478 2.63 1. 243 
Gieltly peeeseaetees 1.336 - 586 - 750 439 - 561 2.74 1.404 
3940D i Set aeace 1.439 .818 - 621 . 568 - 432 2.88 1.441 
446002 > 2325-05 = 2 1. 287 1.057 . 230 - 821 -179 2.90 1.613 
ADO0S ease ese 1.361 1.240 -121 911 - 089 3.58 2.219 
HOOOG see Aen 1.493 . 899 - 594 . 602 - 398 2.58 1.087 
SOQ0B Es aes Ss ot 1.470 -443 | 1.027 301 . 699 2.81 | 1.340 

Average .. 1.385 7A | .645 | 586 - 463 2.90 | 1.518 

GLIADIN-PLUS-GLUTENIN NITROGEN, 1.50 TO 1.75 PER CENT. 

1.537 0. 143 1.394 0.093 0.907 Sst eee 76} 
1.555 .801 | - 754 -515 -485 3.17 1.615 
1. 692 1.002 - 690 . 092 - 408 BL | W478, 
1.700 1.073 - 627 - 631 - 369 2.41 - 710 
1.735 1.075 660 - 619 381 2.58 | - 845 
1.651 1.032 -619 - 625 375 2.12) | - 469 
1.555 . 958 097 - 616 - 384 2.91 1.355 
1.731 - 962 . 769 - 556 - 444 2.82 1.089 
1.504 . 690 .814 -459 -541 2.02 | -516 
1.563 . 057 1.506 - 036 - 964 Share ie alse 
1.581 . 687 . 894 -435 - 565 2.60 1.019 
1.561 908 653 582 418 1.89 329 
1. 608 . 632 976 -393 - 607 2.59 982 - 
1.658 810 848 - 488 512 2.30 . 642 
1.639 1.177 - 462 aly . 283 2.61 971 
1.546 1.141 -405 - 138 - 262 2.85 | 1.304 
1. 683 - 965 - 718 -973 -427 2.41 | - 727 
1.641 1.221 420 744 256 2.41 | - 769 

Average 1.619 . 852 . 767 .523 477 2.65 -| 1.037 
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TaBLe 23.—Ratio of gliadin to glutenin as the content of their sum increases—Continued. 

GLIADIN-PLUS-GLUTENIN NITROGEN, 1.75 TO 2 PER CENT. 

| 

| Percentage of— Proportion of— cae of— 

? . | Gliadin- | a 
Ee ep eben) plage |) Gliadin | Glutenin | cra? \@iutenin.| PE wen nes 

| | glutenin | nitrogen. nitrogen.) 72#@™. \“tutenin.| nitrogen. Ferice 
nitrogen. | : | )nuurogen: 

| 

PUNE opiate eee | 1.855 1.046 0. 809 0.564 | 0.436 Die 0.915 
ZOCOR. eke aes 1.996 125: 871 OOLs |} 436 2.83 . 834 
Als Us ae one See Ga | 1.969 1.049 920 .533 467 2.67 .701 

Pike ()c) eee ee ee 1.963 1.046 917 533 467 PAEY) . 607 
BEM ro ees ke 1.876 1.015 861 541 459 3. 82 1.944 
PAN VUES aoe ee 1.976 1.367 609 697 | 303 4.43 2.454 
oy. (es Se ere oe 1.969 1.185 . 784 .602 | .398 2.81 . 841 
231 (103 eee 1.819 . 988 . 831 - 543 457 Parl . 891 
2130 ee ae ee 1.879 996 . 883 Spal 469 2.80 | -921 
CH Ble ete tee 1.904 1.066 . 838 - 559 441 | 2.63 . 726 
D1 een EES 1.946 1.278 . 668 . 652 348 2.92 .974 
Pj 0) es eee one a 1.977 1.147 . 830 . 580 420 PARA ile 
PASS) TSE ace eee 1. 864 902 - 962 -484 516 3.02 1. 156 

BRO a a ese eee 1.919 1.124 . 795 . 585 415 2.39 .471 
Bis eee Tees 1.766 862 . 904 .488 512 arr! 1.844 
BH PV Tserveesp ens 1. 845 leg ilyé . 728 . 605 395 i aE . 265 
4381 OG Seer ees 1.805 1.035 .770 vote 427 2.38 Sayfa 
AS30D eeeee ie eee 1.766 | 996 . 770 . 564 436 2.87 1. 104 
CO (ee See ere Lavoe 965 . 192 .549 451 | 3.66 1.903 
DOU Oo eeeeee eae 1.987 1.102 . 885 ata} 445 3.05 1. 063 
HOGS aeee a pieces 1.754 1.099 . 655 . 626 374 3.16 1. 406 
CSP Oe Ane eae es | 1. 866 S40 1.026 - 450 550 2.56 . 694 
HS aoe aes 1.974 1.042 . 932 . 528 472 2.48 - 506 
HHD0S sais ee see 1.959 1.037 . 922 . 529 471 Dee eaesyl 
HOO Oster eee ctece = | 1.959 1.044 -915 5588) 467 2.64 . 681 
PATA et omc 1.750 575 Lng brass .328 672 2.67 - 920 
Dassen ener aiee gb Ob7 1.075 . 882 .549 451 2.42 - 463 
DBA Sse teen ee 1.850 883 - 967 477 523 Beni . 660 
HE20G a eee eae as 1.949 1.089 . 860 . 559 441 2.42 -471 
ORO es oy afersore 1.827 987 . 840 . 540 460 2.34 .513 
15 0 is eee ee a 1.946 Raley e .819 .579 421 | 2.61 . 664 
ai ies ae oe es 1.858 935 . 923 - 503 497 2.62 . 162 
GaSOTeaeeeen eee 1.815 1.052 . 163 579 421 2.28 - 465 
Gos0Sea sees fee oe: 1.946 1.090 856 . 560 440 | 2.09 . 144 
(ithe ies Seas 1.937 1.142 795 . 589 411 5.82 3.883 
BUS05~ so es 1.770 1.159 (on By . 661 339 1.81 . 040 
Sl ae secs 1.956 1.048 908 . 585 465 1.98 . 024 

Average .. 1.889 1. 044 -845 | . 902 448 | 2.82 . 929 
| | | 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2 TO 2.25 PER CENT. 

UD0GL2 ah ere 2.226 1.458 0.768 } 0.655 0.345 3.52 1. 
D0 ObSeae ees 2.053 1.089 964 .530 470 2.78 f 
DIDIS Bos Sa wbe, She 2.146 1.154 992 537 463 3.24 alk 
OTROS erates kets 2.110 1.174 936 556 444 2.7 : 
PISOISY Sore ae 2.178 1. 183 995 543 AG Teale aie : 
Diath * 2.156 1.144 1.012 PSS peed69) bl ap Bes Th: 
PISTOL ME cs Shea 2.023 1.139 . 884 NTN Geese ec aels Das 
ISIS sepa me ea 2.141 1.045 5813 sth eemeelsel | oBily- 4.04 1.8 
DIG0h tea ee eee 2.181 1.344 -837 | .616 Ss all . 
DIGNG Re ees 2.096 1.208 .888 |. .576 ep Bi ils 
S10 Te se ee eee | 2.146 1. 187 959 553 AAT 3.35 1.2 
DIG eves ee 2.113 one 842 -601 | .399 3.22 ile 
22008 Pee 2.142 1.309 . 833 Gide | 2389 3.18 ile 
SEOOH teresa See 2.087 1.197 . 890 573 427 2.76 
D508. eee ae 2.158 1.250 908 579 421 2.96 
SB(07s ee eee 2.123 1.283 840 . 604 396 2.35 
RYN (Wie ap eben oct 2.097 1.044 1.053 498 502 2.93 
S506 Sse eee | 2.065 1.281 . 784 . 620 . 380 2.93 ; 
AQSOCs eo 2 tees | 9.189 1.143 1.046 522 E478: (|0 52382 j 
AGIOTse coe 2.076 1. 164 912 561 439 2.54 ; 
ARGH aie cee 2.135 1. 130 1.005 529 471 Seo0er |e aah. 
ASIOG a>. Sse ae 2.249 1.290 959 574 426 AS Siar le 256 
ARH nai Pee oatat 1.104 1.067 508 492 3.20 ft 
FRO Ty eee tei ieee eo 1.248 963 564 436 4.21 ile 
Gita (tems ae eee i Daye 1.136 1.061 517 483 PEs aoe 
SO Mees ne nen | 2.070 1.079 991 521 479 2.63 
BOLOH tee tees 2.118 tome 841 . 603 S307 eu 2nd 
SH IOGs eee ees 2.091 1.091 1.000 522 e473" | 9°57 
SOLU yea sense eee 2.234 1.033 1.201 462 .538 | 2.96 
SEDO En: aot ates oa | 2.208 1.161 1.047 | 526 474 2.59 
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TABLE 23.—Ratio of gliadin to glutenin as the content of their sum inereases—Continued. 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2 TO 2.25 PER CENT—Continued. 

Percentage of— Proportion of— Percentage of— 

| Gliadin- | | 
Record number. | Akad: - - Other plus- | Gliadin Glutenin eat : Proteid wa | 

glutenin nitrogen. nitrogen. Gliadin. |Glutenin. nitrogen. proteid 
| nitrogen. H nitrogen. 

YAU Wheaoaccescaos 2.093 1159) / 20293845 V0V553 0.447 2.65 0.557 
STA0G sea ee | 2.134 1.080 1.054 -506 | - 494 2.75 . 616 
515083 eee | 2.053 1.124 - 929 - 547 - 453 2.21 may) 
D8805 tea Ske eet 2. 112 1.060 1.052 - 501 - 499 2.74 . 628 
(ICR Sasohe see: 2.199 1.186 1.013 539 461 2.79 591 
G6005=25.2 eo: 2.181 1. 142 1.039 - 028 -472 2.63 449 
(AGOGEE case sen 2.046 1.016 1.030 - 496 - 504 2.30 . 254 
G20 OE 2 fe eee | 2.029 1.223 - 806 - 602 . 398 4.45 2.421 
33 17(0,) ose aes 2.034 1.701 333 - 816 . 184, 2.71 . 676 

Average ..; 2.130 1.187 - 943 oof - 443 3.05 -921 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2.25 TO 2.50 PER CENT. 

20709... .. PES bea 2.313 1.307 | 1.006 0.565 | 0.435 3205) 4 ONfan 
20805252 aa 2259, 1205, 1.044 538 -462 | 3.32 | 1.061 
ite cam ae dooce. 2.281 1.377 - 904 . 604 396 3.09 | . 809 
2508S renee ee 2.324 1. 247 1.077 537 463 2.64 316 
PATA Gp es see ee es 2.424 1.366 1.058 - 563 - 437 3.07 - 646 
Cop ioe eee aeoed 2.407 1.182 1.225 - 491 -509 | 3.41 1.003 
aa ine asee yee 2.446 1.391 1.055 - 569 431 | 3.22 . 774 
aad Dee ey ate 2.443 1. 230 IES -503 497 4.33 1.887 
SY CU He seh a 2.293 1. 208 1.085 Boe Ti 473 2.96 | . 667 
STD0G na seer saeee 2.344 1.203 1.141 saul - 489 2.80, | . 456 
SS20 Tao cee eee 2.492 1.3138 1.179 . 526 474 3.09 . 598 
58 700es5. oe eee 2.467 1.195 Le272 484 516 | 3.01 543 

Average -. 2.374 1. 268 1.105 aan. | -465 | 3.16 -791 

GLIADIN-PLUS-GLUTENIN NITROGEN, 2.50 PER CENT AND OVER. 

| | | 

4020525.2,5.2-12-==- 3.059 1. 850 1.219 0. 603 0.397 4.69 1.621 
A2Q200 «22 2 5c2= 5 2.728 1. 480 1.248 . 542 -458 | 3.63 - 902 
yt ears seca Goe 2.684 1.303 1.381 485 -515 2.87 . 186 
HUIS AS Seca s 2.918 1.573 1.345 539 - 461 3.18 262 
(200 Tee a voce a 2.515 1.459 1.056 -579 -421 5.59 3.075 
S1505 284 esas 2.652 1.066 1.586 - 401 - 599 2.94 288 
9230622 2c ss 4.063 2.388 1.675 587 -413 4.93 - 867 

Average ..| 2.947 1.588 1.358 534 - 466 3.98 1.029 

TaBLeE 24.—Summary of analyses, showing the ratio of gliadin to glutenin as the content of 
their sum increases. 

Percent- | Percentage of— | Proportion of— Percentage of— 
rs , f | —_—__— ‘ ——— 

Range of percentage sti _ | Number | 

ae ERD ae “ns es Gliadin Glutenin: Gliadin. | Glutenin.| Proteid ed 
8 Tosen. | sjutenin |224*YSeS: nitrogen. nitrogen.! * S|) te an autiiwoyeqeya. | ae an 

nitrogen. Bene 

Bellows ce Soc caese 0. 484 11 | 0.276 | 0. 208 . 562 0. 438 2.93 2. 448 
TG Og bm are eens oe 1. 166 3 | 914 . 252 . 207 2.89 1.721 
A715 Roy UES OR ee ee 1.385 10 741 . 645 | - 463 2.90 1.518 
L-SOuLoyl oe S28 1.619 18 | 852 . 767 | 477 2.65 1.027 
UENO) 048 ey toke os oes 1. 889 37 | 1.044 | 845 | . 448 2. 82 . 929 
DibOVQe2b Lae, ie aerate 2.130 39 | 1. 187 | . 943 - 443 3.05 . 921 
2s20 GO) 22 00 he ates <2 oe 2.374 12 | 1. 268 | 1.105 - 465 3.16 - 19 
2.50 and Over.......- 2. 947 a 1.588 | 1.358 - 466 3.98 1.029 

It will be seen from Table 24 that the ratio of ghadin to glutenin 
remains practically the same as the percentage of their sum increases. 

It would therefore be safe to assume that an 1 crease in the gluten 
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content of a given variety of wheat raised in the same region would 
carry with it a corresponding improvement in its value for bread 
making, although there might be fluctuations from year to year in 
quality of gluten, as there is in the quantity. 

If the quality of gluten is determined by the ratio of gliadin and 
glutenin of which it is composed, it is likely that there is some certain 
proportion that is most desirable. Unfortunately, the investigators 
who have taken up this subject do not by any means agree upon the 
proper ratio. Should this be ascertained there would be ample oppor- 
tunity for the selection of individual plants in which the proportion 
of gliadin and glutenin would approximate the ideal. There would 
thus be possible a much more rapid improvement in the quality of 
wheat than can be accomplished by confining selection to an increase 

in the gluten. 
An obstacle to the usefulness of these determinations in the whole 

wheat appears in the announcement by Nasmith, already cited, that 
while gliadin occurs in all portions of the endosperm, glutenin does 
not appear in the aleurone cells. That being the case, it is difficult to 
believe that any given ratio between these constituents in the whole 
wheat could be taken as the one most desirable. The ratio in the 
gluten alone may, however, have an important influence on its 

quality, and a certain definite proportion of each may produce an 
ideal gluten. 

In the light of the present leaoaledse on the subject, a mechanical 
determination of gluten would seem to be most useful, if it can be 
made with such small quantities of wheat as are obtained from 
single plants, while determinations of gliadin and glutenin in the 
gluten would afford a means of judging of its quality. 

SOME RESULTS OF BREEDING TO INCREASE THE CONTENT OF 

PROTEID NITROGEN. 

Selected plants have been grown on a large scale for two years. 
From these results it is very apparent that a high percentage of 
nitrogen and the qualities that go with it are transmissible from one 
generation to another. 

In Table 25 are analyses of the plants of the crop of 1902, grouped 
according to their proteid nitrogen content into classes of from 1 to 2 
per cent, 2 to 2.5 per cent, and increasing by 0.5 per cent up to 4.5 
per cent and above. Opposite the plant number of each plant of the 
crop of 1902 are stated its percentage of proteid nitrogen and weight 
of proteid nitrogen in kernels. On the same line are the plant 
numbers for the entire progeny in 1903, and following these are the 
percentage of proteid nitrogen, weight of proteid nitrogen per average 
kernel, and average weight of kernel for all of these progeny. 

The averages for each group are given in Table 26. 

s . 
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TaBLeE 25.—Analyses showing transmission of nitrogen from one generation to another.@ 

1 TO 2 PER CENT PROTEID NITROGEN. 

1902 1908 

Percent- | . Percent-_ = 
age of | eee Weight of age of Proteid Weight of 

Record num- | proteid lentes ee e| average Record num- proteid nitrogen average 
ber. nibragen ig ne kernel ber. nitrogen 1” ened ae kernel 

in ker- j ram). | in ker- 
nels. | (gram). . a (gram) so 

mt } ——— 
| | | 

207. Seana Iara al eeeewe Bee 7e be: pee 2.64 | 0.0010055 0.03874 
32001 aaa eee TOO Fed eRe ee at 32605-6 and 8. -- 2.62 . 0015963 . 07560 
63501 PP eR NS MOR Mesa cees ier | 63505-6322 —2 2-2 Pelt . 0007499 . 03502 
69501 Seen Se 1. 94 sy RS a 69505-6 LAT een 2.39 . 0009348 . 03894 
69(Olias ee sae. 1.97 = Mela ile G970bz2 eee 2.50). . 0003874 . 01550 
WOOO = oee eee oe TDi es 73306-8.....2.-= 2. 586 . 0016918 . 06582 
SISOS secrete S25 LSS a cir ess 2 Seen ee 91905-6.......-- 3.09 . 0010830 . 03513 
O24 0 Ree came ASO S see 2 Sete ai et See oeeciects 92405-9........- 2.628 . 0024129 . 09109 
Q290 i Ae cans LAGTS cece le. Mee aos 92905-9........- 2.814 . 0024540 . 08814 
OUT Os Ree ee Ee i Piste tae | ne eed a hay ese O41 05: ete eee’ 2.67 . 0006790 . 02543 
101 7 i eae a | Ti Goue eee tne see nel Seen eee 94205-9-. 2. 5 55- 2.576 | .0022132 . 08738 
Od401= eee | (pe dete aeee eer s sees 94406-7........- 220 . 0008092 - 03538 
OAS OI se Sarees i a eres Se hee Be | 94605-6:--.----- 1.87 . 0016125 . 08851 
O49 01 eae See LQG | se es ee ree ie ee ee 94905-9.......-- | 2.85 . 0025361 . 08899 
EF Oi Saves te 1.92. |....-2------|--=-------~- 95505-10.......- 2.498 . 0026506 . 10605 

ey | | 2 Ro a 

Average. - 1. 658 eee eee Average.) 2.587 | —. 0004960 . 019907 

aIn this table the average percentage of proteid nitrogen for all plants raised in 1903, resulting from 
plants of 1 to 2 percent, 2 to 2.5 percent, ete.,in 1902 is determined by adding together analyses of 
all plants in that group and dividing by the total number, irrespective of families. 

2 TO 2. PER CENT PROTEID NITROGEN. 

zantac Pees Diab C1 a eee Ale ee 1740[5-6] [8-10] .. 2.646 | 0.0025803 0. 09807 
Bo (yi Regs Bete ee Neal essa eel baie oo 34205-8....-.... | 2.857 | 0023077 "08075 
i730 ieeseat eee 2.33 | 0.000601 | 0.02585 || 57305-8.....--- | 2.54° | 10018351 "07010 

Average..| 2.353 . 000601 02585 || Average .| 2.68 | .00051716 | 019146 
| | | | 

2.5 TO 3 PER CENT PROTEID NITROGEN. 
: as ent SAEs : 

Dil DISD wien hake OO ee cones PITO5 Nese scee. | 2.78 | 0.0042343 0.15101 
aan anaes ee |e! OBST LE pacts hank eae ceeie | catia ae ee | 1.977] 0014277 "07274 

Average..| 2.615 |.........--- | tae (eae | Average. 2.487 |" .0005147 02032 

3 TO 3.5 PER CENT PROTEID NITROGEN. 

ig ihe wee Sa Bae bee ae Erol ante eee tes 1790585 uee | 3.207 | 0.0025519 0.07920 
ROL ae saeco Ritde (cee. « ee | ae eae ifs sey eos ne | 4,008 | 10021778 05595 
PROCES eee SW hr eee © a Robs nos 18005-Bs. cas ou: | 3.64 | :0010339 ‘02863 
MOMs ees 320) Rie. ae eee eh eee 20705-10.....-.. | 986 | 10084181 "12074 
AMI: aoe wee Ee i eee meet al (om eke eer QOLOS ze es sacs ak 3,32 | 10006999 "02157 
Digi. ese oad ih peal peat a wee Lge eS 21305-8.....-.-. 3.015 | 0021798 ‘07278 
Soles eck CE eae oe oe | ieee DISis1s oe | 3.13 | 10054513 117668 
HOO ws eee PAD ake Sdn SRA ABS ah aoa 2190[5-9] [11-13]| 3.527 | .0060008 "16783 
aaa aie Qa |etesciee de Bes eee tee || 26905-9......... 2.768 | | 0025943 109357 
DIDOT sf oe ee 3,24 [es eeeeltaee || 27005......-.--2 2.63 | .0004984 01895 
len oe ee Ee UY WEP Cemtea ih ber ys Oey ip he eee 2.56 | 10016114 06314 
27301; 2. sed Sct Se ot ele eee Ob aes ee 2.93 | 10022229 07654 
Deon asus eens Saronic iy. 24 eel eee gee || 28805-6.......-- 2.96 | .0013685 04623 
Say re gece BWGcaliec tke Mee et eee |PSET ee geet 2 | 2.73 | 10015199 05574 
BO Te eae Lao ak SN asckee elas ne meas! Saas ceed fee 3.41 0007126 02090 
S360 ease ere Po 8 90 a Re eee ee | See S3605a1 coe 2. 606 0017186 06614 
EET ieee ot go | 3.08 | 0.000909'|' 0.02956 | 34405......._.. 4.33 | 10008635 01994 
rity eae | 3.46 “000948 "02749 || 34606........-.- 3.12 | 10006904 02213 
SOUR oe 2 uae 3.18 "000827 "02602 | 36905..........- 3.88 | 10007295 01880 
S7301t see 3.13 000854 102731 || 37305......-.--- | 2196 | 10005881 01987 
BipOlas it eee 3, 4 "000685 "01995 || 37705-7..-..-<.- | -2'636 | 10015390 105837 
yk 3,21 000831 "02599 | 37905-6......... 2.48 | 10009112 103641 
SRB ie see 3,09 000844 "02732 || 38505-6.......-- 3.25 | 10013476 04227 
Bevo: coved. sae 3.33 “000693 "02081 || 38706........... | 2.59 | :0005148 01988 
Sounin. ane tes 3.31 000933 "02820 || 39405.........-- 2.88 | .0006027 02093 
Ti i eal we Sd 3.11 “001017 "03271 || 40205...-...-.-- 4.69 | 10008776 ‘01871 
AOS Re ere Sit “000914 02942 |} 40305........--- 3.11 | £0006255 +0201 
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TaBLE 25.—Analyses showing transmission of nitrogen from one generation to another— 
Continued. 

. 

3 TO 3.5 PER CENT PROTEID NITROGEN—Continued. 

1902 1905 

Percent- P Percent- . 
age of Ee eccdeetiey Weight of | age of Proto Weight of 

Record num- | proteid ra aaa e| average Record num- | proteid | 5, sy 2 e| average 
ber. nitrogen | oe kernel ber. nitrogen ee ae | kernel 

inter (gram). Keron) es (gram). | (gram). 

AVAQ UR noes ea 3.32 0.001039 O2031865)|) 4040522. =. s22-— | 3.17 | 0.0004352 0.01373 

ADDON ss ccosc- ts 3.23 - 001050 ZO3Z50i}|(P405052 5222 smc 2. 82 . 0006892 . 02444 

ADAG Ha Soe Soy 3.46 . 000972 . 02813 || 42205-6......-.- 2.54 . OOOS988 . 03231 

UD UI ae 3.37 - 000933 202"66"\|-42905s-<— sane Shull . 0005447 . 01866 
ASA ees. 25h | 3. 24 . 000907 . 02800 || 48405........-.- 2.92 . 0006594 . 02258 
ASO eee | 3.37 - 000772 022990 ||PAS5052S-5- sess | 4.13 . 0006423 - 01555 
ASG se Soci =r | 3.33 . OO0899 .02701 || 44605-7.......-- | 2.73 . 0016171 . 05890 

ASIDE Bae See ees } 3.16 . 000853 -02704 |) 48106.---.--...- 2.38 . 0004567 01919 

ASB Secs vise 3.49 . 001005 . 02882 || 48305-6........- 3.08 . 0012867 
BSS Oil tects ook 3. 16 . 000866 . 02748 || 48505-8....-..-- 3.065 | .0021750 
ATL NINS we. ERE Ea 3.36 . 000820 . 02445 || 48705-6.......-- 3.06 . OOLO077 
ARSON he oe eens ee 3.43 - 000888 SQ2595) ||| 48806" 22 =. 522 2.70 . 0004877 . 01798 
AGRO ee Sree ts 3.19 . 000791 . 02488 || 49505........--- 3. 24 . 0006149 . 01898 
510) eee 3.36 . 000937 .02797 || 50705-6......-..- SoLly/ . 0010793 . 03329 
PLOOUE jh s2 sie ay 2 3.33 . 000789 SOQ H7| | POLOOS ss eee = 1.34 . 0002422 . 01804 
NUON esse nai 3.09 . 000902 . 02928 || 55005-8.......-- 3.255 . 0023714 . 07295 
DZ) Leyes 3.45 . 000928 02697 || 55205-6......... 2. 83 . 0010373 . 03688 
SDSON ao -se ses) 3. 25 . 000859 .02661 || 55305-8.......-- 2.27 . 0017313 - 07496 
D090 So .ccoee se 3.05 . 000930 03052'|| 55905-9..--...-..- 2.558 . 0028162 . 11169 
HOLODS sda sees 322 . 000805 02507 || 56105-7........- 2.75 . 0014369 . 05233 
iy Vie a eerearee 3.26 . 000808 - 02485 || 56205-9 2.495 . 0025326 . 10169 
AOU ssyees mice 2 3.10 . OOO7T87 RORS48u| | otOUS— doce ee 2. 706 . 0013974 . 05174 
EV AKON eee 3.30 . 000958 SO286001| 57105225. 222 ne 2.76 . 0002527 . 00916 
B(40U Ss te c55= 3.31 | . 000894 .02941 |) 57405-8..-.....- 2. 49 . 0019599 . 07892 
YUE Seem 3.30 . 000785 . 02381 || 57506-9......--- 2. 60 . 0021279 - 08396 
S820) Ss oo2 Sees. 3.15) | . 000781 .02485 || 58206-7......-.- 2.88 . 0006767 02318 
B800NS oe cla Seve ars 3.14 . 000832 02665 || 58505....-..-.-- 2.95 . 0008052 . 02730 
GIAO) Se a ee 3.23 . 000920 02846 || 58705......-..-- 3.01 . 0003258 - 01082 
S800 ne Ae se sna 3. 05 000723 O23 79)|| 5890 bea= eee 2. 43 . 0003292 01355 
SOCOM Peper fore =| 3.30 |  *.000990 03000 || 59605-6...-...-- 2.14 . 0007684 . 03592 
62801 eee ee Sll4ey | Rosa ect Ga seclecee hs oseass G2R05 au weeeeeer 3. 25 . 0003938 - 01212 
65301 sone cas Cel aoa eee oo ae eres tae, Zee 65305-Seeee= see 2.925 | .0024199 - 08003 
G60 Ieee e eee: = Bye Gil lace ae eens IE ae PCA 66005-6, 8.-.---- 3.25 . 0017773 - 05529 
5) eee SrlQe a ook ale ws ee See eee HBOS 2 eee Se 4. 42 . 0008767 01984 
G90 eee sa. Syl | Saosoacseees eo eo eeer 69£05-6...------ 3.74 . 0016495 . 04373 
TA QOM aeons a B A |e eee is S| eae ee (ISOS ee eae ee 2.47 . 0005531 - 02239 
(Px UE Seopa HDD ol Sa esaeee te senate ae (2405-6 oceans 3.155 | .0019005 . 05892 
CAAT UG alae ves Or Litres oe erd sees ae ee tae 2005 re eee 4.04 . 0021643 . 05274 
(POSS een aoe | SE 0B o'loea ne See cine settee soe (Aliens Beers 2.937 . 0026515 . 08981 
20M reese a SO? taal escent ee ae ee ee rhOS0G eae eas 3.01 . 0005738 . 01906 
29010 ess csaa Rhy inkl Bees emetic eeooeeseneee (Pu Ge eee 2. 48 . 0003930 - 01585 
HAB0P ata oc cee | Sula. Pas ose eaasen ee eem cece. WA30S see ee 1.98 . 0004054 . 02047 
(hi eae es | S925 | Sat eee kee a eee Meme ee (45065052222 =< 65 2.78 . 0014234 . 05084 
(ei) ee Bo lliiy | Sas oc l eonteaeree WAG05= (een ea 2.486 | .0013768 05562 
MOZ0U Ee ae S06) sO Se: cases eee acme 6205-055 eee 3. 40 . 0009400 - 02912 
SOS0 Meme === = S880 |e a ee ae eee SOR05h esteem nae 1.81 . 0003919 02165 
SIAM oe ees x 8236) 453. ho: 2 eee eeee ae oeeee 81405-6..-...--- 2.965 | .0010576 - 03583 
SW Ve. aaa B24); NORE aac oe tals omeecteeeae 8150S aseeacss ee 2.94 . 0005704 . 01940 
S440 lee Seeee tae 88 10) cal eee de ss well PvE ee ee RAMOS ace wee 2. 48 . 0005067 - 02043 
BAO eae com: SullOY sey eee Pa seels aepceeseee 84905-6..-...--- 2.875 | .0011244 . 03902 
S520 Nese: Biase nd (ah Sees ee tee eer ce 85205-6.....---- 2.63 . 0007556 . 02937 
SOLOS: eee sesso SaC il Bee merree ge SS a 86105-60522 55. 2.595 | .0008522 03244 
SSO Tes jen a! Sheds. Laser eee 5 Seeman aeeee 88605-9....----- 2.566 | .0026832 =L79 
S800U 2 cas see Cyn Vy aeeteeme Hor Seuoneeceees 88005=6: s.22.2-5 2.74 . 0009933 - 03625 
OZ 20 Ne ayer meh a SP CN Set eee ae) SEK cee 92205-8-\saa- << 2.67 . 0020214 - 07575 
UPR OLS Seeeeae ess SEAOy Erase SE eee 92305-6....-.--- 3.93 . 0012908 . 03223 
QosOl eee kee 362M) | ncacossasced! Ssoconeesec YAU ay (eerie ora 2.58 . 0013009 05017 

Average . 3. 239 - OOO8T5 02700 | Average 2.932 | .00056037 . 019189 

3.5 TO 4 PER CENT PROTEID NITROGEN. 

1S! Oia ee oeee Soe SST A ea aoe ate san (Seacomocecss LARD ec eraeeeier | 2.02 0. 0003164 0. 01567 
PA Neen 30) tees eee NRE Sareea BIKE AV205-12 23 22 == 3. 567 . 0054768 . 15672 
2220) Fee scs= 22 OHOOL || sues aecidseie ae ee eee 22205-UP ese s2 sae 3. 165 . 0037042 elilerelel 
POU Ne PLE oe ee Cards Sed AE ok eae ere Anes ep ee 5 cS 25205-6...-.-.--- 2. 735 . 0011894 . 04347 
POLO ES yascane ss 3177/3 a eee eee Ie ie W2G105=7 cic. 3.19 . 0015273 05113 
POUL cavayate citys SRST) eae ier eae PRU BSL is aeroe 2. 688 . 0028791 10761 

27889—No. 78—05 
= 
( 
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Analyses showing transmission of nitrogen from one generation to another— 
Continued. 

3.5 TO 4 PER CENT PROTEID NITROGEN—Continued. 

1902 1908 
| 

Percent- s | | Percent- | : 
age of ee a Weight of | age of Joie | Weight of 

Record num- | proteid an pees e| average Record num- __ proteid |; nope | average 
ber. nitrogen Weras kernel ber. “nitrogen | An BYVETAES i “kernel 

in ker- kernel (gram) | in ker- kernel (gram) 
nels. (gram). Nene (gram). : 

eat 0) eres ceee sel BE OO) | ere ee ee ree |p prrepes 33905-6.....--.- Para 0. 0008932 | 0.04115 
SS0CIS soe Seee 3. 82 0. 000806 O202110)4| B8005e-e eee ee 2. 84 0005135 | . 01808 
S8601ee. cctaae 3.79 . 001046 - 02765 || 38605-9..-...... 3.718 . 0036318 | 09917 
3920 Re eee ne 3.98 . 001039 J026169)|539205ee scram aye PA . 0004407 . 02089 
BO50I eae seeeee 3.65 - 001048 - 02877 || 39506-7........- le esis . 0013536 . 04568 
SOC IEeene eee 3.55 . 000927 HOZG19 i 396062 = sae eae | Qo . 0003177 - 01341 
4240 tee see 3.63 - 001327 02838 4| 42405... 252-2222. | 3.07 . 0006927 . 02251 
AAD (tere ee seiner 3. 57 - 000796 .02531 || 44505........-.. 2.94 . 0005187 . 01764 
A501 ey once 3.79 . 001020 402690) ||) 450052 Seo ereins 3. 58 . 0004927 . 01376 
A5GOM ee eae ees 3. 87 . 001238 .03205 |; 45605-6......... 2.365 - 0006777 - 02995 
ASTON: oat 3.55 - 000865 02435 || 45705... ..-2222-- 4.18 0007155 - 01712 
4580s Se resees 3. 87 - 001146 .02963 || 45805........--- | 1.84 . 0002700 . 01234 
ARA TS sete 3.53 000993 . 02822 || 48405-9.__..._.. 2.90 . 0020794 .07511 
4900 eee 3.61 001043 . 02898 || 49905..........- 3. 62 - 0010640 - 02939 
Din Ui base cee tae 3.55 001020 . 02866 || 55506-8. ....--.. 2.846 | .0016285 . 05743 
Gl) eee ee ae 3. 79 001050 .02775 || 55605-8.......-- 2.550 . 0022356 . 08822 
BAGO Eee eee 3.76 001030 02750 || 57606-8........- 2.37 . 0015451 . 06535 
bays!) DE alae es ese 3.80 | 000891 02353) |/"578052----2=-2 22 2. 87 . 0005207 . 01814 
DY OLA Hee ae 3. 64 | 000852 02348 || 57905...--.---.- 3.18 . 0003556 .01118 
DOOM = ones 3. 80 000904 02384 | 58805-6........- 2.31 . 0009317 . 04048 
COGOLES Sees | 3.53 000759 02155 | 60605..........- 1.87 . 0003180 . 01701 
GSO eee sce oe SEO | ser oe an aa eee WO@slOS= fesse seer 2. 82 - 0016570 . 05951 
SU Ole oeces eee SAB) | coe teen sonal tere eee SI705=10 S422 see 2.27 . 0031019 . 18635 
OTZO Dee Cees ce SHOY is Pe ae aeena da lease yeuTa sc. GIS) eee oaoseaos 3. 21 . 0007 197 . 02242 
to 0) ee on ee BHOO' | ees cc See oete eae ober 92505=7 «ses oe 3. 32 . 0017483 . 05312 

Average - 3. 68 000990 02650 i Average -| 2. 906 . 0005508 . 019204 
| 

4 T0O 4.5 PER CENT PROTEID NITROGEN. 

2OSO 1 yes cence ce ASOT (iz Sees sees lane oer 26805-8....----- | 2. 825 lo. 0023073 — 0. 08179 
QS00 oes ec eces AUODE Sree ome nne eRe teeth eh bh 282002 see seen 3.07 | .0006126 . 01996 
AGION EY Saseesee 4.00 0. 000988 0.02472 || 46105-7.......-- 2.69 | .0014772 . 05495 

Average - 4.123 . 000988 | 02472 Average - 2. 806 E . 0005496 . 019588 
| 

MORE THAN 4.5 PER CENT PROTEID NITROGEN. 

| | 
SOQOWE Ra eS en 4.95 | 0. 001074 0.02171 || 50905-6....--:-- | 3.435 | 0.0008992 . 0. 02001 

ASTCHENEG) | bnbsbesaec |G reson See *. lle Neca Average | 3. 435 | . 0004496 | 010005 

TaBLE 26.—-Summary of analyses, showing transmission of nitrogen from one generation to 
another. 

1902 (1908 

Percent- : “ot Percent- F P 
Range of percentage of | age of | Num- cote? ey eigat age of | Num- oes wee 

proteid nitrogen. proteid | ber of | ; cen “ proteid | ber of |. 8 ene 
nitrogen | analy- Bre Bee Eek nitrogen | analy- a oe kerne ne a s 
Boe Bes (gram) (gram) TAGE RES (gram) (gram). 

Itoi2e. 2 sas see ast oe 1. 66 LOGS cen sal Geeeee cae 2.59 46 | 0.0004960 0.01991 
DUO 2 ota Ne tate tote asi eo 2.35 3 0.000601 0.02585 | 2.68 13 . 0005172 . 01915 
DHS OVS ners Se eee tera 2.61 DN RS SER ols Decora 2.49 11 . 0005147 . 02032 
Bt SSO Satteaceeee. 3. 24 84 . 000875 02700 2.93 199 . 0005604 . 01919 
SIO UOLA ae eee 3. 68 31 . 000990 02650 2.91 79 - 0005508 . 01920 
4AtO°4.5 a3 hatceeeeeeee 4.12 3 . 000988 02472 2.81 8 . 0005496 . 01959 
4:5 (anid (OMOleceee sees 4.95 1 . 001074 . 02171 3. 43 2 . 0004496 . 01000 

; 
eA ey bd -—. 



BREEDING TO INCREASE PROTEID NITROGEN. SS) 

In Table 26 the averages for each group are stated. This table is 
designed to show whether there has been a tendency for plants of a 
certain class to reproduce the qualities pertaining to that class, or 
whether these are lost in the offspring. 

It is unfortunate that there are not a greater number of analyses of 
plants of medium and of low nitrogen content. The plants selected 
for reproduction in 1903 were largely those of high nitrogen content, 
and, consequently, comparatively few analyses of the low nitrogen 
and medium nitrogen plants of 1903 are at hand. 

Table 25 shows that in the main there is a tendency for each class 
of plants to reproduce in the same relation to the other classes, but 
that there is less difference between the extreme classes in the off- 
spring than in the parent plants. In other words, while all plants 
tend to reproduce their own qualities, those plants varying widely 
from the average produce, in general, offspring varying from the 
average less widely than did the parents. Although this is a rule, its 
application to the individual is not universal. Certain plants may be 
found whose tendency to variation extends through both generations. 
There is also wide variation between certain plants of the same 
parent. For instance, the plants numbered from 21205 to 21212, all 
of which come from the same parent, vary from 2.16 to 5.23 per cent 
in proteid nitrogen content, while plants 69805 and 69806 vary from 
5.82 to 1.66 per cent in this constituent.” 

It would seem, therefore, entirely reasonable to believe that a very 
considerable increase in the proteid nitrogen content of wheat may be 
effected by careful and continuous reproduction from plants of high 
proteid nitrogen content. 

Table 27 contains the analyses of plants raised in 1902 and their 
progeny raised in 1903, arranged according to the number of grams of 
proteid nitrogen contained in the average kernel of the former. 

TABLE 27.—Analyses showing transmission of proterd nitrogen in average kernel. 

1902 | 1903 

Range of proteid nitrogen Tieeet | Num- reece Weight — ace Marae Peas Weight 
( aan) erage kernel | in aver- | ber of proteid of eae || in aver- | ber of | proteid | ¢ ae 
8 . age ker- | anal- | nitrogen ou || age ker- | anal- | nitrogen | Ja 

nel yses. | in ker- ( ram) \| nel yses. | in ker- | (gram) 
(gram). nels. & * || (gram). nels. | ‘& : 

0.000600 to 0.000700.....-... 0. 000659 3 3.03 | 0.02220 | 0.000496 8 2.59 | 0. 01895 
0.000700 to 0.000800 ......- . 000776 | 9 | 3.29 | .02405 | .000444 15 2.68 . 01673 
0.000800 to 0.000900 ....... . 000850 18 3.33 .02576 | .000544 38 2.91 . 01875 
0.000900 to 0.001000......-- . 000938 18 3.37 .02796 | .000514 35 2.89 . 01784 
0.001000 and over ......... . 001077 15 3.71 | .02880 } . 000593 28 3. 06 . 01905 

« Table 25 represents the properties of each plant grown in 1903 arranged according to 

immediate families. For instance, plants numbered 17305-17308 are all the offspring of 

the same plant grown in 1902. The parent bears the number 17301. This is the system 

of records devised by Prof. W. M. Hays, formerly of the University of Minnesota. 

L, OF ¢, 
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TaBLe 28.—Analyses showing transmission of kernel weight. 

1902 | 1903 

o | | Percent-| Proteid | y,-,; | | Percent-| Proteid 
Range of weight of aver- My eight Num-| age of | nitrogen | Me eign Num-| ageof | nitrogen 

age kernel (gram). ee 5 ae ber of | proteid | in aver- 5, S iar ber of | proteid | in aver- 
F ea anal- | nitrogen | age ker- | * ae anal- | nitrogen | age ker- 
gram). | YSes- in ker- nel (gram). | YSes- | i2 ker- nel 
ey ; nels. (gram). Bri ; nels. | (gram). 

Below 0:02422--5.2=2222- << 0. 02253 12 | 3.61 | 0.000811 | 0.01684 19 | 2.69 0. 000450 
OL024TOlOO2b se sees see oe . 02515 12 3. 28 . 000813 . 01740 28 2.88 . 000503 
QL026itoOlOL028 ee ee—- eee] see . 02709 18 3. 43 -000927 |} .01947 | 38 2.91 . 000562 
OLOZ8stOlO 0300S sa--—- . 02878 16 | 3. 41 . 000993 || .01875 | 3l | 2.98 . 000573 

) 0!080\and! over: 22-02-23=-: | 203152 6 | 3.31 | .001044 | 01869 | 12 2.96 . 000548 
| | | | 

Table 28 shows the analyses of plants raised in 1902 and their prog- 
eny raised in 1903, arranged according to weight of average kernel. 
There is more variation in this table than in the preceding one, but 
the tendency toward transmission of proteid nitrogen in the average 
kernel may be noted. The averages for 1902 are much higher than 
for 1903, owing partly to the higher percentage and partly to greater 
kernel weight. 

The weight of the average kernel shows some tendency toward 
transmission, although there are some variations. It will be noticed 

that the kernels average much heavier in 1902 than in 1903, and that 
in spite of this the percentage of proteid nitrogen is higher in 1902. 
The relation of light kernel and high percentage of nitrogen does not 
therefore appear to hold as between crops of different years. 

All of the qualities of which determinations have been made in 
both years appear to be transmitted. It may be safely assumed that 
certain plants will have greater power to transmit these qualities than 
will the average plant. Such plants will assert themselves in the 
course of three or four generations. From these plants individuals 
may be selected that have a combination of the desired qualities. 

YIELD OF GRAIN AS AFFECTED BY SUSCEPTIBILITY TO COLD. 

As has already been stated, a large number of plants on the breed- 
ing plots were killed during the winter of 1902-3. This afforded an 
opportunity to ascertain the effect of the severe weather upon the 
surviving plants. The question arose whether the surviving plants of 
a family of which a large percentage of members were killed yielded 
less per plant than the plants of a family of which but a small per- 
centage had succumbed. As each spike of the crop of 1902 was 
represented by a number of plants, and as records of each plant 
were available, there were very extensive data at hand from which 
to secure information on the subject. 

In Table 29 the surviving plants of each immediate family, or, in 
other words, the surviving plants descended from the same plant of 
the previous year, are classified according to the percentage of plants 
that survived the winter. Thus all plants of which only from 10 to 20 
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per cent survived are grouped together. In the next class are all 
plants of which from 20 to 30 per cent survived. The other classes 
increase by 10 per cent surviving plants until 70 per cent is reached. 
All plants of which more than 70 per cent survived form the last class. 

Table 30 gives a summary of Table 29, the averages for each class 
being shown. From this table it will be seen that with an increase 
in the proportion of surviving plants there is an increase in the 
weight of grain per plant and in the number of kernels per plant. 
It is therefore to be concluded that decrease in yield from winter- 
killing is due not only to the loss of plants that are destroyed, but 
also to a decreased yield from most of the surviving plants. 

Table 30 also shows that the weight of the average kernel is not 
affected by the freezing of a large proportion of the family, the 
decreased yield being due, it may be assumed, to the decreased 
number of kernels, owing to a decreased ability to tiller. 
~ With an increase in the proportion of surviving plants there is, 
perhaps, a slight decrease in the percentage of proteid nitrogen in 
the kernels and in the number of grams of proteid nitrogen in the 
average kernel, although this is so slight and so irregular that it 
would not be safe to draw any conclusions from it. The total pro- 
duction of proteid nitrogen per plant naturally increases. 

TaBLe 29.—Y ields of plants, arranged according to percentage killed in each family. 

10 TO 20 PER CENT. 

Percent- | laa 
age of | Weight Rois | Wwelent = ae Proteid | Proteid 

| 2 ants | of ker- um- | of aver-| —°. nitrogen nitrogen 
| Hee ie Ee fa 1903 | nelson | ber of age prot | in ker- | in average 

ox ae | surviv- | plant kernels.| kernel | a i re nels | kernel | 
|ing from (gram). (gram). ‘es ~ | (gram). (gram). 
leet gn Dee | geese 

11.1 2. 1462 137 0. 01567 2.02 0.04335 | 0.0003164 
10.0 14.6942 | 697 -02157 | 3.32 -48784 | . 0006999 
18.2 | 7.7295 363 - 02173 2.73 - 20732 | .0005947 

| 16.7 2.9905 156 - 01858 2.73 - 07566 - 0005066 
| 16.7 | 6.1394 309 -O1987 | 2.96 | .18173 , .0000881 
| 14.3) 2.5134 139 | 01808 2.84 | .07138 | .0005135 
| 16.7 21.5399 1,031 | .02089 | 2. 11 - 45433 - 0004407 
| 16.7 9. 3541 447 - 02093 2.88 - 21399 | .0006027 

14.3 3. 6302 194 - 01871 4.69 - 17026 | .0008776 
16.7 - 6316 46 - 01373 3.17 -02002 | .0004352 
16.7 1. 2499 67 - 01866 3.17 -03650 | .0005447 
16.7 2. 8000 124 - 02258 | 2.92 - 08176 - 0006594 
16.7 5.9990 340 - 01764 | 2.94 - 17637 . 0005187 
16.7 3. 2340 235 - 01376 3.58 - 11575 - 0004927 
14.3 - 7532 44 - 01712 4.18 - 03148 . 0007155 
16.7 1.5298 124 01234 | 1.84 - 02815 - 0002700 
14.3 1.2716 67 - 01898 3.24 - 04120 . 0006149 
14.3 - 6760 23 . 02939 3.62 - 02436 - 0010640 
16.7 | 15.5835 862 - 01804 1.34 . 20881 | .0002422 
16.7 3. 7263 407 - 00916 2.76 - 10285 - 0002527 
16.7 7.4516 273 - 02730 2.95 . 21982 . 0008052 
16.7 2.5436 235 - 01082 3.01 .07656 |  .0003258 
16.7 2.3031 170 - 01355 2.43 - 05596 . 0003292 
16.7 - 5952 35 -01701 1.87 01113 | .0003180 | 
16.7 1.3451 111 -01212 3.25 | -.04272 | .0003938 
16.7 2.0430 103 - 01984 4.42 .09030 | . 0008767 
16.7 4.4222 216 . 02047 1.98 . 08756 - 0004054 
16.7 8.7448 428 - 02043 2.48 . 21687 . 0005067 
14.3 3.0940 138 . 02242 3. 21 .09932 | .0007197 | 
14.3 5595 22 02543 2.67 .01494 | .0006790 

Average - . 15.78 4.7098 | 251.4 - 01856 2.91 | . 12294 | .00054366 



102 IMPROVING THE QUALITY OF WHEAT. 

TABLE 29.— Yields of plants, arranged according to percentage killed in each family—Cont’d. 

20 TO 30 PER CENT. 

Percent- 
age of Weight x Weight | P eon ~| Proteid | Proteid 

. | plants of ker- Num- | of aver- nitrogen | nitrogen 
Record suber in 1903 | nelson | ber of | age eet | inker- | in ee 

cas surviv- plant |kernels.| kernel | aie ve ~ | nels kernel 
ne on (gram). (gram). miele (gram). | (gram). 

LSOOU eB ee 20.0 | 1.2046 84 | 0.01431 3.64 | 0.04437 | 0.0005219 
7AM ON Ss be oes 20.0 | 16.4120 866 - 01895 2.63 - 43164 - 0004984 
S460 Seo ease 28.6 | 6.1962 280 - 02213 3.12 - 19332 - 0006904 
BOUU Ieee ee 20.0 | 5.0200 267 - 01880 3.88 - 19478 - 0007295 
Bis ee 28.6 | 4.6383 346 - 01341 2.37 - 10967 - 0003177 
S030 eee een aes | 25.0 | 3.6003 179 - 02011 3. 11 - 11197 . 0006255 
AQSOM ees ayer. 20.0 | 4.1546 170 - 02444 *2. 82 - 11716 - 0006892 
A220 eee ees eae 25.0 1. 0827 59 | .01615 2.54 - 03587 . 0004494 
2A ee See 20.0 1.4892 66 | .02251 3.07 | .04572 - 0006927 
SOO ee ae ae es 25.0 | 1.4464 93 - 01555 4.13 - 05974 - 0006423 
487 Olea: soe aoe 28.6 | 5.2800 321 - 01643 3.06 |  .16124 - 0005038 
ASSO Nae e xe Beton 25.0 | 9.8346 547. 01798 2.70 - 26553 - 0004877 
ST SOLE ences 20.0 | 4.8988 270 | .01814 2.87 - 14060 - 0005207 
aY 4! Ue eee 25.0 | 2.4731 221 -O1118 3.18 - 07859 - 0003556 
afete DI eee are 28.6 | 12.5470 626 - 02024 2.31 - 33541 - 0004658 
(QU ase see cee 20.0 | 28.2136 1, 260 - 02239 2.47 - 69688 - 0005531 
S030 ne eeacte seas 20.0 | 15.7835 729 . 02165 1.81 | .28569 - 0003919 
S150 eee 20.0 | 2.8327 146 . 01940 2.94 | .08328 - 0005704 
Q1IQOM Sac cecee 22.2 | 3.4961 199 - 01756 3.09 | .10771 - 0005415 
9460 Rese ss 28.6 | 6.2877 | 106 - 04425 1.87 - 11373 - 0008062 

Average . . 23.5 6.84457 | 341.75 | - 019779 2.88 - 18065 - 0005527 

30 TO 40 PER CENT. 

ZOOM emer 33-3 | 1.9790 122 | 0.01704 3.19 0.06318 | 0.0005091 
28 20M tee perc cece 33.3 | 4.3698 219 .01996 3.07 | .13415 . 0006126 
2880 le rre creas as 33.3 | 8.3240 386 - 02311 2.96 - 25019 . 0006842 
BOOMS Fees e 33.3 | 6.7169 313 - 02057 2.21 . 12186 - 0004466 
iio) O) ba eee sae 33.3 . 59757 28 - 01820 2.48 - 01447 - 0004556 
to] 0) Ree Se ae 37.5 | 5.03306 252 | .01814 3. 20 - 24284 - C006738 
BOrOl eee tasers 33.3 | 7.2545 365 - 01988 2.59 . 18789 - 0005148 
$8305 225 eee ok 33.3 7.3424 315 ~ 02117 3.08 - 21633 - 0006433 
HOSOIR as eee eaee 33.3 | 2.0631 167 - 01000 3.43 - 07041 - 0004496 
it (0) 0) ee eae ae 33.3 | 8.4456 474 - 01796 2.14 . 18099 - 0003842 
69701: See-caeso 33.3 | 3.7810 244 - 01550 2.50 - 09453 . 0003874 
SAGOME scene eee eae 33.5 7.6051 419 - 01812 2.74 - 20632 - 0004966 
92301... Sateen 33.3 | 4.1975 253 01614 3.93 - 18308 - 0006454 

b — 

Average... 33.6 | 5.2065 | 273.6] .01813 2.89} .15125 | .0005310 

40 TO 50 PER CENT. 

niet eee eedooe 42.9 | 1.1495 55 0.01865 4.01 | 0.04268 | 0.0007259 
ZUS0I nee eee 44.4 | 4.6950 259 - 01819 3.01 . 14144 - 0009449 
SOLU aoe omnes 42.9 | 2.9905 156 - 01858 2.73 - 07566 - 0005066 
4460115.) Se tee. 42.9 1. 8251 93 - 01963 2.73 - 04998 - 0005390 
OTOL Sanne: 40.0 - 5829 32. 01664 3.17 -01712 | .0005396 
(gab sas. jaeecee 40.0 | 8.3672 321 | .02946 3.15 - 26913 - 0009502 
(4: DieeEesee anes 40.0 | 2.0970 110 | .01906 3.01 - 06312 - 0005738 
AUS Sete see 40.0 | 2.6462 167 .01585 2.48 06563 - 0003930 
MO2ZON ee eee oa 40.0 | 6.9409 472 | .01456 3.40 . 22024 - 0004700 
S140 oe eee 40.0 | 2.9064 156 | .01791 2.96 - 07905 - 0005285 
SOLOUK bce rs arte 40.0 | 5.3261 314 | .01622 2.59} .14008 - 0004261 
O220 LS as saaee ee 44.4 | 4.1705 238 | .01894 2.67 - 11199 - 0005053 
925001. tacnmeae 42.9 | 5.4034 297 | .01771 3.32 - 16649 - 0005828 
OFA ae oom me 42.9 | 8.6610 484 | .01769 2.27 . 20040 | .0004046 

Average. ... 41.7 | 4.1223 225.3 | .01843 2.96 - 11736 | .0005493 
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Taste 29.—Y ields of plants, arranged according to percentage killed in each family—Cont’d. 

50 TO 60 PER CENT. 

Percent- 
age of | Weight | Weight vee ot | Proteid | Proteid 
ants of ker- Num- | of aver- 5* qa |nitrogen| nitrogen 

Hecore pember in 1903 | nels on | ber of age | fs | in ker- | in average 
oi surviv- plant |kernels.| kernel a eee | nels kernel 

De om (gram). (gram). | “hels (gram). | (gram). 
1902. : 

U7S01s peas eee 50.0 3.0000 156 | 0.01980 | 3.21 | 0.09556 | 0.0006380 
AWADIE SS Soa se =e 54.5 | 11.7777 581 01961 | 2.65 | .30061 | .0005161 
2070l 2532.25 32-2 50.0 6. 6626 327 - 02012 2.85 - 18906 | .0005€97 

PAs NEE ee ee 50.0 12.9727 611 - 02105 2.56 .31509 | .0005371 

BRAN easy = 50.0 5. 2333 271 - 01818 1.98 - 10621 0003569 

SRN 5 Schaerer 50.0 6.0463 273 + 02205 2.61 - 14759 . 0005729 

SHOOI SS 3 sce eee 57.1 6. 8220 328 02019 2.86 .18949 | .0005769 
Aula eraee cas 50.0 4.1993 237 01946 2.64 -12164 | .0005130 
BOHI ea see ase 50.0 1.9040 89 . 02284 2.97 -05663 | .0006768 
AGO eke 50.0 2.3719 140 - 01497 2.36 - 04852 - 0003388 

AGO ess Sonia 50. 0 4.8728 273 01832 2.69 - 18084 . 0004924 

33741) ee eae 50.0 6.0242 309 . 01844 2.83 - 15608 - 0005186 

hts ROHS ae 57.1 9. 3804 435 .02178 2.37 . 18680 . 0005150 

GS1OIS Sees ae 50.0 4.7193 224 - 01984 2.82 - 12281 . 0005523 

O9SQIE = eee ssc om 50.0 7.2278 334 - 02186 3.74 . 17078 . 0008247 

Sh20 Tes sets = 50.0 4. 2040 295 -01468 2.63 -11078 | .0003778 
SSOO Loses sone 57.1 5.6295 266 - 02236 2.57 -14178 | .0005366 

Average. .-- 51.5 6.0616 | 302.9 01974 2.73 15237 | .0005361 
| 

60 TO 70 PER CENT. 

DAOOIS Sacre sac she 66.7 2. 5064 | 137 | 0.01956 3.57 | 0.09431 0. 0006846 

So 2U Nee ee miaasiaee = 60.0 5. 83804 288 - 01937 2.64 .11603 | .0005027 

D200 eee e sees = 66.7 2.9653 166 |- .01890 2.62 -05309 | . 0006177 

ARQUE ave =/te-e'- 66.7 | 11.6655 608 -01919 2.38 27765 | .0004567 

ot eee 66.7 6.0446 341 | .01813 3.06 .18124 | .0005437 
DpQON TS aee= cc: 66.7 8. 6833 476 - 01824 3.25 . 25347 | .0005928 

Bea Olesee ace ae 66.7 5. 4606 280 | .01874 2.27 . 12536 | .0004328 

ODDO soos aes 66.7 10.4714 529 - 01914 2.85 .29155 | .0005428 

EY (0,0) eee 60.0 5.0125 319 | .01725 2.71 . 13688 | .0004658 
Hila Sa eeeee a= 66.7 7.7761 443 01752 2.54 -20018 | .0004588 
OAS aeee aches 66.7 7.6312 383 - 01973 2.49 .19910 | .0004900 

DOI Sree se eee 66.7 8.1116 382 - 02099 2.60 . 20327 | .0005320 

Gab01LES <2 os8- 222 60.0 4.1723 229 | .01791 2.17 -06748 | .0003749 
GGQ0ME ee yee nee os 66.7 5. 9586 309 - 01919 3.25 -17590 | .0005924 

7200 eeeeaee sae 60.0 4.6412 265 -01758 4.04 . 14328 | .0007214 
(Pee nce aoee 66.7 9.3629 396 - 02245 2.94 . 28276 | .0006629 

a0 Piss -nesesere 66.7 7.7977 354 | .02194 2.59 - 21334 | .0005639 
TATU ee SS eee 60.0 8.3679 451 - 01854 2.49 . 20681 | .0004589 

SEO ee ee 66.7 4. 1284 209 | .01951 2.87 .13763 | .0005622 
O290). ec ose= === 62.5 | - 4.6848 258 | .01763 2.81 - 12877 . 0004908 
EGY eee eeeae se 60.0 5.4211 318 |. 01672 2.58 .14079 | .0004336 

Average...-- 64.6 6.5092 | 340 - 01896 2.80 - 17280 | .0005324 

70 PER CENT AND OVER. 

| 

Plies pease 87.5 | 9.75524 | 447 | 0.02157 2.78 | 0.30200 | 0. 0006049 
PAS Os eee eee 80.0 | 11.5721 | 622 | .01963 3.13 | .35575 |. 0006057 

DIGOT Se aac os a 88.9 | 8.3406 398 | .02114 3.53 | .30995 | .0007501 
Pip. Mikes s See eae 87.5 | 4.0677 229 01674 3.16 . 12604 | .0005292 

2680156 Saaac- = 32 80.0 | 7.1981 329 02045 2.82 . 20306 | . 0005768 

26901 aos seme aes 71.4 | 3.8910 206 -01871 Zee - 10870 | .0005189 
DBO 2 < eee ae 80.0 | 6.6162 343 | . 01913 2.93 | .18438 | .0005447 
D50 ee eaten aaa 71.4 | 6.8618 310 02152 2.69 | 17267 | .0005758 

BS00L Beato 71.4 | 3.9532 186 - 01983 3.72 | .11558 | .0007264 

ASAI Sivas en = === 83.3 | 4.4668 277 - 01502 2.90 | .10033 | .0004159 

S5G0L eae seees oa 83.3 | 10.2785 435 | 02211 2.55) .29008 | .0005589 
SHOOTER eee eas a 83.3 | 10.9242 489 | .022384 2.56 -27788 | . 0005632 

Et i ese 75.0 | 10.7383 617 | .01744 2.75 . 29783 | .0004790 
p20 [ese see ee 83.3 | 11.2241 563 - 02034 2.49 .27997 | .0005065 

HS200es ott cesses 75.0 | 2.8084 227 01159 2.88 | - 08385 0003383 

Gad0NE neeeseese 83.3 | 7.5858 394 | .02001 2.92 | .18248 | .0006050 
PASOLee ce aanee 100.0 | 3.4799 191 - 01695 2.78 | .10355 | .0004745 

Si7OlE We” frac: 100.0 | 12.7593 569 . 02272 2.27} .29500 | .0005170 

ODADIEEES Poa: 71.4 | 4.4131 234 | .01822 2.63 . 12426 | .0004826 

0.) ee 83.3 5. 9603 339 | .01748 2.58 . 16548 - 0004426 

94901 Sse e355. 75.0 | 7.0172 388 -01780 2.85 . 21294 | .0005072 
G50 Lise oe cic c 100.0 | 7.2956 374 - 01767 2.50 . 18689 | .0004418 

Average.... 82.4 | 7.3275 (abe 01902 | 2.83 erg 20357 | .0005348 
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TaBLeE 30.—Summary of yields of plants, arranged according to percentage killed in each family. 

| Teter: = reent- Proteid nitrogen 

Percentage of plants | Num- rage at | Ween ae A Wey pea (gram) in 
grouped according | ber of | plants in % 1 cae bes el tee proteid 
to survivors of 1903 | analy- | 1903 sur- | SoS ee eS Be Cee tad init rOren | 
from 1902 ses. | viving |, Plant pete eae in ker- | Kernels. | “Verage 

Sas ieee ‘from 1902 (grams).| plant. | (gram) mG kernel. ' 002. : 

L000! 20 ee eee ee 52 | 30 | 15.8 4. 7098 251 0.01856 2.91 0. 12294 0. 0005437 
ZONGO: BO Secreta resus 20 23.5 6.8446 342 .01978 2.88 . 18065 | . 0005527 
SONOP4O Seta os een 13 | 33.6 5. 2065 274 01813 2.89 . 15125 - 0005310 

40:60: 50 2 es eee 14 4107. |) 451223) 225 - 01843 2.96 . 11736 | . 0005493 
SOLO DO FAS ea 17 SLD 6. 0616 303 - 01974 PASTE - 15237 | . 0005361 

GOLbO Ors mew cee samen 21 64.6 | 6.5092 340 . 01896 2.80 . 17280 | . 0005324 
WOkandvOvers oe aseeeee 22 | 82.4 | 7.3275 371 - 01902 2.83 - 20357 . 0005348 

YIELD AND NITROGEN CONTENT OF GRAIN AS AFFECTED BY 

LENGTH OF GROWING PERIOD. 

Early-maturing varieties of wheat are, in general, better yielding 
sorts in Nebraska than are later maturing ones. There are some 
exceptions to this rule, however, Turkish Red yielding better than 
any earlier maturing variety. The advantages from early maturity 
have usually been ascribed to the cooler weather and greater supply 
of moisture that obtain in the early summer. The hot, dry weather 
common in July is thought to prevent the filling out of the kernel and 
to cause light yield and light volume weight. 

Each wheat plant on the breeding plots was harvested separately 
in 1903, and a record was kept of the date of harvesting of each of 
these plants. These data have been tabulated for the purpose of 
showing the relation between the length of the growing season and 
the yield of grain from individual plants of the same variety. 

Table 31 contains these data, tabulated according to the date of 
ripening. Plants ripening between the 7th and 11th of July, 1903, 
form the first class, those ripening between July 11 and 15 the second 
class, and the succeeding classes increase by four days until July 27, all 
ripening after that date constituting the last class. The dates of 
ripening thus extend over a period of three weeks. 

The season of 1903 was a very wet and cool one. The effect of 
this upon the wheat crop is shown by the fact that the crop in the 
field was not ready to harvest until July 10, while usually it is har- 
vested between the 20th and 30th of June. Even at the close of the 
ripening period the weather did not become dry or hot as compared 
with the normal season. It will therefore be seen that the ordinary 
advantages from early maturity did not obtain, or at least not in the 
customary way. It may also be said that some of the later maturing 
wheats yielded as well in 1904 as did the Turkish Red. 

Table 32 is a summary of Table 31, with a statement of the average 
for each class. 

Table 33 is a summary of the same plants, tabulated according to 
the yield of grain per plant. 
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Table 34 is a summary of the same plants, tabulated according to 
the percentage of proteid nitrogen. 

It is very evident from these tables that the early-maturing plants 
are the most prolific. The weight of the average kernel remains very 
uniform, so that the later maturing plants do not appear to have pro- 
duced shrunken kernels. Evidently the plants ripening during the 
first four days produced the largest amounts of grain, and their ker- 
nels were as heavy as those produced later. The smaller productive- 
ness of the later maturing plants in the season of 1903 does not appear 
to have been due to a shrunken or light kernel. 

The percentage of proteid nitrogen appears to be somewhat less in 
the grain of the early-maturing plants. The number of grams of 
proteid nitrogen in the average kernel is likewise less in these early- 
maturing plants. 

The relation of length of growing season to both yield and compo- 

sition of grain is contrary to what might have been supposed. A 
long growing period without excessively hot or dry weather might 
naturally be thought to increase the yield and increase the percentage 
of carbohydrates in the grain. 

The season of 1904 was very similar to that of 1903 up to time of 
wheat harvest. The data for 1904, when tabulated, will serve as a 

check on the results obtained in 1903. 

TaBLe 31.— Yield and nitrogen content of grain, tabulated according to length of growing period. 

DATES RIPE: JULY 7 TO 11, 1903. 

Tei Proteid nitrogen | 

Date | crisias| eee ot” of aver (gram) in~ | 
Record number. | ripe. | (grams). proteid es ; gee 

nitrogen. (gram). | Kernels. earn 

10 20.9290 | 2.69 0.01699 0.56299  0.0004569 
14. 2450 Peifil . 02378 - 38604 . 0006444 
9.4172 2.73 - 02498 . 25709 . 0006664 

19. 7446 PM - 01708 - 50744 - 0004389 
8.0214 2. - 01919 - 21898 - 0005238 
1. 0304 2.69 - 019816 - 02772 - 0005330 

11.9114 | Biv: - 021007 - 44666 . 0007877 
14.8139 4.26 - 01507 -63107 — .0006420 
4.0258 4.04 -O1877 - 16377 - 0007582 

8 17. 8506 2.80 - 02062 -49995 | .0005773 
eI, 1928228 2.63 | .01949 - 25834 - 0005126 
--| 10.9180 2.64 - 02184 - 28823 | .0005765 
--| 11.0930 2.58 - 02205 . 28580 - 0005690 

Ba) - 253931. 2.69 . 01734 -06437  .0004665 
-.-| 22.5848 2.31 | .02699 -92194 | .0006236 
eee) © 5.1048) 2.67 -O1751 - 15470 | .0004674 
7| 7.9968 2.81 - 01603 - 22471 - 0004503 
8 | 19.3966 2.59 - 02590 - 50238 - 0006707 

aoe) G2el221 2.42 - 02175 -29575 - 0005262 
9| 9.2120 2.30 - 03050 - 21187 - 0007016 
8 | 12.0161 2.57 - 01866 - 30881 - 0004795 
7 | 14.4556 2.96 - 01658 - 42790 - 0004907 
8 9. 3093 2.42 | .01829 - 22529 - 0004426 

..-| 10.9073 2.34 - 02361 - 25522 - 0005524 
-.-| 13.5720 2.61 . 02356 - 34616 | .0006149 

do...| 15.8086 2.59 . 01664 - 40945 . 0004310 
July 10} 2.8327 2.94 | .01940 - 08328 - 0005704 

8 15.3928 rear fll - 02132 -41715 | .0005778 
| 18. 3614 2.34 . 02336 -42965 | .0005466 

7.3993 2.41 -02578 | - 17833 .0006213 
16.4692 2.28 - 02175 . 37548 | .0004960 
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TasBLe 31.—Yield and nitrogen content of grain, tabulated according to length of growing 
period—Continued. 

DATES RIPE: JULY 7 TO 11, 1903—Continued. 

Tej Proteid nitrogen 

Dat Yield Se ot ae (gram) es 
Record number. Aol me 2Seee age ker- ripe. (grams).| proteid “il eae 

nitrogen. £ Kernels. RAE Ss 
(gram) kernel. 

S710) oe acesoae July § 9.1411 1.92 | 0.02308 0.17550 | 0.0004432 
S8605) Siesta July 10 1. 6362 2.80 . 02731 - 04581 - 0007640 
S800 sno. cn caoce edo 9.9456 2.53 . 02068 . 25162 . 0005231 
SSG0%e ake en case Sedo 5. 1584 2.61 . 02205 . 13463 . 0005754 
SOGUS = ses een CO 1.5355 2.47 . 02075 - 03793 - 0005125 
13330" 0} eee eee Eade 9.8719 2.42 . 02100 . 23890 . 0005082 
GAGO Geet nieve clon OKO) 12.1918 2.94 . 01948 |, . d0844 . 0005726 
94908) Sees 22 = SRG: 2.3678 1.96 . 01894 - 04641 - 0003713 
Q4909% = eeccte cee July 9 3.6977 3.60 . 01696 - 13312 - 0006106 
QhODSE “kes 2e eee 5*-- d0ra. - 3146 2.81 . 00850 . 00884 . 0002389 
O5DNGE eee sree Weeds.) Ll 0a4s 2.74 . 01852 . 80291 . 0005074 
OnDOT aes ea ceeeee Se Og -| 12. 1592 2.59 . 02029 - 31492 - 0005515 
95508 scan: Baie eed Ona Leal, 2.56 . 01954 . 37023 - 0005003 
95500 aesseeee oedO) seal 229475 2. 48 . 02136 .07310 | .0005297 
ODL Open eicer ais EAs Ome 2.8356 1.81 ~, 01783 . 05132 . 0003228 
Gy iies = naeeoaerc July 10 10.3426 2.54 . 01626 . 26270 . 0004131 
OEY (0 Saeenes dear dors 787629 2.73 . 01934 . 14095 . 0005279 
O57Os ae seekers ee edOice -| STAY ILE 2. 47 . 01457 . 01872 . 0003599 

Average ...| July 8.9 9. 9067 2.69 | .02024 . 26475 - 0005356 

DATES RIPE: JULY 11 TO 15, 1903- 

| 
PALS || i See Se July 13! 14.3111 2.64 0.01809 0.37781 | 0.0004777 
PAKS ee ee ea eget do... 10.4800 3.18 | .02563 . 33403 . 0008168 
PANY Uae tase ae ae doze 2.9248 3.35 | .01851 . 09798 - 0006201 
21908 Ss joe eee cleeee do:=- 3.5574 3.82 | .02056 . 13589 . 0007855 
21909 ee ae a See to se do | 12.1819 | 4. 43 . 02317 . 53889 . 0010265 
ZIQWI Se Poca omer dos. 8. 4593 5.48 |  .02209 - 46356 . 0012103 
219122 eee eeoeee jeer Sdos. a) 957236 2.31 | . 01907 . 22461 - 0004404 
DIGISA ke cee race [2.2002 | LONI925 3.01 | . 02072 . 830680 - 0006235 
DIM Oise aCe eee ieeee do...| 2.6965 2.81 | .00953 -O7577 . 0002677 
DID Oe ye a etee eee doer 6.0173 3.17 | .02019 . 19075 . 0006401 
D2 AMS Ba ceee ste Alene do...| 11.5675 3.17 | .02062 . 36671 . 0006537 
ZOOS Ree Seater aes do...) 16.4120 2.63 | . 01895 . 43164 . 0004984 
Wipe ema soos jae Ora 6400) 2.41} .01841 . 39539 - 0004437 
AGL eee ae ee edOmee|)  LOVIso4 2.36 | .02469 . 45276 . 0005827 
DD ec cee ae aie Pepeikajs 55 3. 3266 2.92 | ..02004 . 09712 . 0005850 
ZhOOD sj =seores Seldon 5. 5666 2.58 . 02085 . 14362 . 0005379 
DOO tie ee eee -2oG0e-4| Wor sOLt 3.47 . 01945 + 32853 . 0004803 
Za == Sees eae PSssdore 2 4890850 2.53 . 01847 . 07805 . 0004674 
7/2 Uses do | 4.6123 4.15 | -.01777 . 18726 . 0007373 
DOOD seers ae stele do 12. 0399 2; 12°|)> 02183 . 24942 . 0004627 
PLOUGH cee ee do | 10. 0005 Dari) . 02252 . 27003 . 0006082 
DA bs Vos aes Sere do 5. 5224 2.64 . 02287 . 14608 . 0006037 
48406 458 soccer do 3. 2964 4.87 . 01324 - 16053 . 0006447 
ASAO (N. Soaa emer do 11. 2890 1.50 . 01572 . 16933 . 0002258 
AS40822 Sac cceee do ~ 3485 2. 81 . 01291 . 00979 . 0003627 
ASA09 ee Pe eee do 6. 4802 | 2. 02 . 02048 . 12989 . 0004137 
ASHOGR ar. sa cere do 9. 4585 | 3. 20 . 01701 . 30267 . 0005444 
AS50 Tsien = == do 1.6026 | 2.64 . 02296 - 04233 . 0006062 
AS50S8)- cc seceeees do 11. 2008 2.76 . 01858 . 80986 . 0005127 
48806E 6 see cece do 9. 8346 2.70 . 01798 . 26553 . 0004877 
OOO eee cle do 7. 9684 3.05 . 02028 - 24303 . 0006185 
H000G <2 soem cee do 7. 1852 3.16 . 01593 . 22705 . 0005034 
Bap Sepesas sae | do 2. 5160 2.48 ‘| .01507 - 06240 . 0003736 
Gis) | eee Rae | do 4. 1323 2.18 . 01931 - 09008 - 0004210 
1s ae iene do 5. 6864 1.89 . 01663 .10747 | .0003142 
DDsUS Ace Bae eee do 9. 5078 2. 54 . 02395 | . 24150 . 0006225 
DOLOD cco eee do 5.7431 2.73 . 01709 . 15679 . 0004667 
DOQUO! oe Someries do 6, 5232 2.51 . 01959 . 16373 . 0004917 
DUS eae come do 1. 5364 2.71 . 01746 . 04164 . 0004731 
S006 Foote do 10. 1836 2.76 . 01453 . 28107 . 0004010 
LOO eo ae eee do 3.3176 2.65 . 01975 . 08792 . 0005233 
LOD ese cer see do 3. 7263 2.76 . 00916 . 10285 . 0002527 
UOUOE aise ee do 8. 5777 3.19 . 01666 . 29188 . 0005826 
Hi Pll Dame aoe do 7.9772 2.86 . 01838 . 22815 . 0005257 
HYG pea amet eee do 4.7117 2. 43 - 01801 . 11445 . 0004387 
DRB0Smeeesee oes Bee Ores 9. 83878 1.69 . 01705 . 16626 . 0002881 
bF40S ee cisseeee se peredOres . 8328 1.98 . 02031 . 01649 . 0004022 
57406 Feces UE A aoe 2. 492: 200 . 01846 . 06854 . 0005077 
VAOV Sct clernete = Coed Osmo 49992 2. 62 . 01968 . 39297 . 0005157 
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-TaBLe 31.—Yield and nitrogen content of grain, tabulated according to length of growing 
period—Continued. 

DATES RIPE: JULY 11 TO 15, 1903—Continued. 

ets is ee 

Peteent| Wyeth! |? cram) ae 
Record number Date Yield age of age ker- = 4 : ripe. |(grams).| proteid ee 1 NGA 

nitrogen. ( BS Kernels. | Verase 
gram). kerpel.. 

| 

STORE See kioss July 13 | 12.2004 2.61 | 0.02047 | 0.31842 | 0.0005343 
DWE se. Jodeek -|esec do.. 2.7616 2. 80 . 01534 .07733 | .0004296 
DVO Tas = e152 sae Stdom- |) TG6L9861 2. 85 . 01946 .19905 | .0005545 
STOUR es sees sce \eeed Ole <|) 12k0728 2.21 03177 . 26680 | .0007021 
DOUG = c2 geste] ex 2) do. 10. 6261 2. 54 . 01739 . 26990 | .0004417 
OONOMee ae seer ee do 3.0790 2.74 . 02333 - 08436 | . 0006391 
MOO Mens ecee el osen do 16. 4433 1.73 . 02234 . 24847 . 0003865 
DOORS Seeeec nals ae do 8.6189 2.64 . 01968 . 22756 | .0005195 
DO20G rec mies e oie ioees do 1.3961 2. 67 . 00943 . 03728 | .0002519 
OS20 TE aoect el sas do 4. 2207 3.09 01375 . 13042 | .0004248 
6530052 -. 2225 inee do.. 1. 8018 4.92 . 02310 . 08865 | .0011365 
653062. = 252-5-<- do 9. 8298 2. 41 . 01807 . 23690 | .0004355 
Gn80% Sas ceseeee Peadoeeeh GUL. 2.28 - 01878 .15971 | .0004282 
658082 J 5e8.5 (ee oC Opens ls H006 2.09 . 02008 . 24468 | . 0004197 
OdO0 BE 22 se ae July 11 4. 4423 2.35 01553 . 10439 | .0003650 
94906 Te ose cs |...:do...| 12.3862 3.41 . 01808 . 42236 | .0006166 

Average..| July 13 7.6611 2. 81 . 01887 - 20820 | .0005290 

DATES RIPE: JULY 15 TO 19, 1903. 

1SGUGH: Se e5-<- July 15 0.9229 | 3.48 | 0.01420 | 0.03212 | 0.0004941 
BUiOGas- soe eeedons 19. 3318 4.71 - 02390 | -91052 | .0011283 
PAN (Ui Seogectane as eee edOe 12. 3685 2.19 02125 | - 27086 | .0004654 
2O105R. <2)eeceee Spe loos 1.8242 3.02 01393 | -05508 | . 0003662 
BS4005 = tenes July 18 4, 6045 2.87 - 01627 | . 13215 | .0004670 
D126 2 = aS ase es eee dOken|) |p ls9940) 3.73 .01968 | -05946 | .0007340 
B4208Es co ssaca a 2 dokee|) 229886 2.13 -01916 | .06366 | .0004081 
B(Q0G2 c cceee cee July 15 . 2062 2.44 - 01086 -00503 | . 0002649 

5 osead Oise 3. 2340 3.58 -01376 -11575 | .0004927 
. 7081 2. 82 01161 | .01997 | .0003273 
- 9701 3.31 01276 -03211 | .0004225 

1.9154 3. 66 -01398 | -07010 | .0005117 
15. 5835 1.34 - 01804 .20881 | .0002422 
1.5452 3. 24 -O1717 -05007 | .0005563 
3.3006 2.79 -02001 | -09208 | .0005581 
6. 0090 3.54 . 01642 - 21272 | .0005812 
1.1166 4.65 .01718 -05192 | . 0007988 
2.0970 3.01 01906 -06312 | .0005738 
7.1181 2. 60 - 01784 -18507 | .0004638 
9. 7922 1.98 - 02106 - 19388 | .0004170 
5. 3069 2.83 01811 - 15019 | .0005126 
9. 9034 2.65 - 01814 - 26245 | .0004807 
3. 4436 3. 36 01739 -11570 | .0005844 
3. 5486 2.81 01774 .09972 | .0004986 
5. 2616 2.74 01525 -14417 | .0004179 
1.107 2.67 . 02407 -02957 | .0006428 
3.6926 2.55 01767 -09416 | .0004505 
6. 6206 2.72 01876 -18008 | .0005102 
2.3859 2.93 .01491 - 06991 | .0004369 
6. 0091 4.93 01732 - 29625 | .0008539 
8. 2366 3.11 - 02168 -25616 | .0006741 

. 8983 1. 66 . 01695 01491 | .0002814 
3. 7820 2.97 01827 .11233 | .0005426° 
5.7131 2.30 01814 .13140 | .0004171 
3.8709 4.39 | .01690 - 16993 | .0007421 
9.6779 2.58 - 01916 . 24969 | .0004944 
2. 7000 3.50 - 01534 -09450 | .0005369 
2. 8816 2.99 - 01592 -08616 | .0004760 
4. 4673 2.56 . 02040 - 11436 | .0005220 
3. 2388 2.32 - 01732 -07514 | .0004018 

10. 1363 2.70 - 01916 . 27367 | .0005173 
5595 2.67 02543 -01494 | .0006790 

1.2117 1.65 - 01893 -01999 | .0003124 
7.5006 2.78 . 01866 - 20851 | .0005187 

13. 7057 2.86 - 01909 -39199 | .0005460 
3. 7828 3.10 -01175 -11727 | .0003642 

10. 5556 2.47 - 01923 . 26073 | .0004749 
6. 7664 2.07 - 01615 .14007 | ..0003343 

. 7319 1.95 - 01307 -01427 | .0002549 
11. 8435 1.80 07544 -21319 | .0013576 

Average. .| July 16.2; 5.1354 2.87 . 01869 . 14452 | .0005222 
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Taste 31.—Yield and nitrogen content of grain, tabulated according to length of growing 
period—Continued. 

DATES RIPE: JULY 19 TO 23, 1903. 

| 708 | Proteid nitrogen 
| | Percent- | e peut (gram) ae 

Record eh. Date Yield age of 
: number. - meee OF iq | age Ker- ripe. (grams).| proteid | Bees 
e | nitrogen.) ,_ Te Kernels. | Average 

Sea (gram). : kernel. 

| 

17A0ONS = 32% Pee July 21 |. 14.8957 2.75 | 0.01857 | 0.40964 | 0.0005108 
UDO es 2S July 20 . 8885 4.70 - 01340 . 01826 . 0006296 
S805 22. <i e55- July 21 2. 1462 2.02 - 01567 - 04335 . 0003164 
SU eee aeons Hee OOS al LAUDE) 2.77 . 02282 . 27443 | . 0006181 
PLU pen eae | July 20 2. 4690 2.58 . 02024 .06399 | .0005221 
Pa PA Eee eee ree July 21 . 2806 3.15 . 02806 . 00884 | . 0008839 
DOOM E ae bs Seren | July 20 4.1516 2.90 .01837 |* .12039 | .0005327 
ASO Bits A ccooe ee eee Ope 5. 8080 3.45 - 01641 - 20038 - 0005660 
PAL OS oe seo | July 21 . 8478 2.59 - 01437 - 02196 - 0003722 
DA ADA e > Saas ae Ee sdoeee|. 17820 Da (fil . 01968 - 46563 - 0005334 
22209 LS ISS SE Ss dose - 4336 3.84 01399 .01665 | .0005371 
21 }20 1) eee oe | July 20 2.7255 2.60 - 01793 . 07086 . 0004662 
2680 een eee | Bee dOsaaly ie2a24 2.80 - 02390 -48250 | .0006692 
ZOS0S Rss keane! I SEROOsse 3.8811 3.09 . 01748 - 11992 - 0005402 
26906 ria 22 ae ete July 22 4, 2376 Phil - 01859 .11484 | .0005037 
2690 Tea see saoee July 20 1.8276 2.61 . 01792 -04995 | .0004677 
te eee all Ieee doze 2.9999 2. 80 - 01667 -08400 | .0004667 
S2606 Ne aces eee July 22 2.0162 2.88 02145 -05807 | . 0006177 
Bol Obes 2 me cere July 21 2.5601 2.91 - 01939 - 07450 . 0005644 
BaQ0Des woot creel seme do 11.1476 1.61 . 02194 . 17948 - 0003533 
BoO0GE..o2 ce seen exes doze: 2. 2862 2.81 . 01921 - 06424 . 0005399 
BOOUG Se mere secl Dace done. 8. 4605 2.63 . 02110 . 22251 | .0005549 
OU Mis sc aeicet Gllverers GOser . 8037 4.55 . 01598 .01382 | .0007273 
BQOUSe nee a seen Sane do 3. 0228 2.82 - 01913 08522 | ..0005394 
SRG0Q EE 6. Se ee do 6. 7665 2.74 - 02319 -18540 | .0006475 
BSi0G%)2 2 2s5ene July 20 7.2545 2.59 . 01988 . 18789 | .0005148 
AN405 BSa25seee- July 21 - 6316 3.17 . 01373 - 02002 | .0004352 
47206 Fe eee eae sio ne donee . 3161 1.46 . 01264 00462 , .0001846 
AAG Te eo cnasee July 20 1.8246 2.44 - 01806 -04452 | .0004408 
4AS10G 22 <2eneee July 21] 11.6655 2.38 . 01919 . 27765 | .0004567 
4820 5a ss esee oe July 20) 12.0278 2.87 - 02543 . 34524 | .0007299 
ASB0GU so teeene ene doeoaly 256M 3.29 - 01692 . 08742 | .0005568 
ASOGe2-ccmee te see do...| 6.1989 3.00 . 01635 - 18596 | .0004906 5 
ite aaheecHesAl eee do... 2.1571 4,21 - 01828 .09082 | . 0007696 
BR008ES i.e July 21] 17.4226 2.60 . 01846 -45299 | . 0004799 
DD 200 Pcseeoe eee cee C= 4) ailaekey 2.56 - 01965 . 29079 | .0005031 
NEOUS Ee oases eck July 20 23.1471 2.74 - 01999 - 638422 . 0005464 
SIG0Ge es ede hones s do...| 9.7084 2.16 .01712 | - 20970 | .0003698 | 
BIA ae a eet a eee do 9. 3120 2.43 . 02233 . 22628 | .0005426 
GBS OSS ooneae July 21 4. 0230 1.90 . 01934 .07644 | .0003674 
GEO S= testes July 20 3.1555 3.59 . 01814 - 11328 | .0006510 
(F950 Pees Seneca ere do 2.0430 4.42 . 01984 .09030 | . 0008767 
(Ate ni ees See (eae do 28. 2136 2.47 . 02239 . 69688 - 0005531 
O20 Ae eee] Sees do 9. 3629 1.89 . 01724 . 18538 . 0003414 
(Pie pepeccouce boas do 3.4442 5.59 . 01832 . 19253 | .0010241 
(ETA a ie ele eee eee do 9. 1522 2.13 . 02191 - 19936 | .0004668 
ZAGER Soya eee do...| 14.6802 3.86 . 02484 . 56666 - 0009588 
OA Seats see July 21 4. 5806 3.49 - 02036 - 15986 | .0007105 
CPU eee July 20 9. 0386 Hi . 02270 .20518 | .0005154 
(6G UR Becca re July 21 9. 2130 3.02 . 01869 - 27823 . 0005644 
fO206S5,--afosen cee July 20 5.4411 4.45 - 01217 - 24213 . 0005417 
S4GOD Ss 222 Aan eee dos- . 7130 2532 . 01927 .01654 | .0004471 
$4906)3.,.- = 22 3e5- ikon doa 7.5438 3.43 .01975 | . 25873 | .0006773 
8520645 ee July 21 4.9315 2.66 . 01312 | -13118 | .0003332 
OP) ae eS eee! bem do... 3.4356 3.10 - 01605 . 10650 - 0004977 
CO eas ae aeral lacie do 3. 6006 2.49 . 01895 .08965 | .0004719 

Average. .| July 20.1 6.5399 2.93 - 01886 | . 18064 | .0005482 

DATES RIPE: JULY 23 TO 27, 1903. 

IV Bea Sree cose July 23 3. 6302 3.03 | 0.01984 0. 10999 © 0. 0006010 
RWIS eseo sacs eae Olea ngg0s 3.09 - 01645 - 12350. 0005082 
IB O oaeabosces poet Ole 1. 2275 3.25 - 02012 -03994 . 0006540 
WANG ES eee sa- ee ed Ores 2. 0907 3. 29 - 01686 -06878 | .0005547 
I4082 ae sn eee Sees. tbe dRte 2.18 - 01852 - 20065 | . 0004037 
ZA Ones satay ----d0=.-| 16.9987, 2.88 - 02285 -48957 | .0006580 
DUT: = Se yeaa 2220 Ose 1.8517 3.09 - 01698 -05722 | .0005249 
PO ROO eee tea oe Fs-sdO225|) 25.3138 2.78 - 02033 -09212  . 0005652 
20 GLO See reese es eGhos sae al ealihilss 2.83 - O1974 -48428 — . 0005586 
208004 = aS s5sene cone. 2} 14.6942 3.32 - 02157 - 48784 | - 0006999 
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TABLE 31.—Yield and nitrogen content of grain, tabulated according to length of growing 
period—Continued. 

DATES RIPE: JULY 23 TO 27, 1903—Continued. 

Protein nitrogen 

: | 

| | Weight 
Percent- : 3 ; on 4 f aver- | (gram) in— 

Date Yield age of g See : : 
| Record number. | ripe. ee protein Bee er RS 

| | | nitrogen.) (gram). Kernels. erat 

PISOU=Er ee owes July 24 2.5691 | at 0.01796 0.07810 0.0005461 

PALO See Seem oe July 23 | 1.5420 | 2.46 . 02659 03778 -0006514 | 

Dl OSerr Soe Sek eo | sae do 9. 2850 2i.8e . 02381 | . 21634 - 0005547 | 

PN VES Bote ae ae Vane do...-} 7.7296 2: - 02141 - 19092 - 0005289 | 
PN eae eee Glo 26|  PoaiAly Bus 01720 -08086 0005538 | 
PLUS eee eee ee Gowen 1.9090 3. . 01619 . 06071 - 0005144 
PHQ0D Ee eae one July 24 | 6.4102 2 - 01966 - 17692 - 0005427 
20908 R. Socecere) eee Gores 39197 ae . 02073 - 11780 . 0006135 
PL VV (Si eeee nae July 23 1.3746 5) - 01833 . 04234 - 0005646 

ZOO ER See eect donee 5.3615 | 2.§ 02206 | . 15549 - 0006399 
DSSS See eye ella do.. 2.1851 | Zan . 02512 - 04859 - 9007309 
Deis anne csad eee do...| 14.4630 | 3.0! .02111 - 43679 . 0006376 | 
DOL OG See eee eds Bee doze. - 8089 2! .01716 . 00908 0005045 | 
SSA O Meee ise oe ae beers 5 donee 6. 1026 23 - 01919 - 14841 -0004510 | 
SOAOS eee ae eee eee dose. 8.1268 2s . 01930 . 16498 -0003919 | = 
GLAD ace eters os lara donee 9.1498 Dede . 01972 . 24979 | .0005383 | 
CNY ake Seales SS, a eee te Goeeclie le 5506 2.8 . 02219 . 388505 . 0006273 
SOOO Ree eae July 24 1.6799 2.8 -01975 | . 04855 . 0005712 
Bi) s Sane July 23 1. 2124 5.85 | .01987 | . 07093 . 0011627 

jj 2AURON). Scone ctocleene do. . 3. 6302 4.69 | .01871 . 17026 - 0008776 
AUR) Siena aeee' seas do.. 3. 6003 See 020TH) . 11197 . 0006255 
SOS Sat See eae do... 1. 2499 3h - 01866 | .03650 | .0005447 
FASO DE ah yane seele = do.. 5.9990 2.94) .01764 | . 17637 - 0005187 
AAG OSA emake aac do... 2.5235 2.90 | .02035 | .07318 - 0005902 
A5G0GE sce ee oes ee EdOtee 4.0358 1.91 | .01834 | . 07708 - 0003504 
LG YAU DSS Sees or SOs e . 7532 4. ie OND - 03148 - 0007155 
faye Ue aerate See 06) 1.5298 | 1.84} .01234 - 02815 . 0002700 
AGNO Terenas Gee Kos 5 8.3935 | 2 | .01756 | - 21319 | .0004460 
HUVIM. wees eee soe UP a 30 (oye . 5958 3. | 01986 | . 02109 . 0007032 
DOR0GR == cho sce does .4701 | 2: - 01343 -01316 . 0003761 
45:0 910)5}5 wees eee SO. 2.3982 Siac - 01085 -07914 | .0003581 
by Oe peeebaes July 24 . 6893 ee . 01723 .02137 |- .0005342 
SISO epee Meee ay ses Kako) 4. 8988 2.87 | . 01814 - 14060 | .0005207 
OU Oe eseseeee endo 2.4731 3.18 | .01118 -07859 | .0003556 
qonQo eras nome eee July 23 7.4516 | 2.95 | .02730 - 21982 | . 0008052 
SS105 25 0.) -Be eee SW AEOS Se 2. 5436 3.01 . 01082 - 07656 - 0003258 
60505254 5. ae Se GO ks - 5952 1.87 - 01701 - 01113 - 0003180 
62805 Hee yee edo 1.3451 | 3.25 . 01212 . 04272 - 0003938 
(4606 32s ee ..do 9.6451 2.30) .02079 | . 22184 . 0004781 
VAGO TESS eee ..do 8.3406 2.56 | .01699 . 21352 | .0004349 
O1S0D ES ae 8 2 Sa. July 24 3.0940 Seal 302242 .09932 | .0007197 

| QOS OD eres. tte acters ..do 2.6615 | 38.00 |  .01706 07985 | .0005118 

Average. .| July 23.2 4.9015 | 2.93 - 01878 | . 13654 - 0005544 
I 1 

DATES RIPE: JULY 27, 1903, OR LATER. 

ASO ieee July 27| 3.1454 3.46 | 0.02279 0. 10883 | 0. 0007886 
INL UR esas eeaedo 15. 6996 2.13 | .02127 33441. 0004531 
SOG ene naee Sees cays PPLE 3.52 | .02460 05044. 0008660 
WSU Tees res ae ciee Bb ardouwe . 7720 3.80 | .01795 . 02934 | . 0006822 
1800 Re eer ase adams 1. 4864 3.81 | .01443 05663 | 0005498 
2A0L00 Ne Ss sae: PeRtdoss 5. 3229 3.05 | .02063 . 16235 |. 0006292 
BIDE 22, eke do.. 2. 3642 3.16 | .01922 07471 | 0006074 
212068. Saeenee do. . 2. 8564 5.23 | .01917 . 14939 . 0010026 
VAP (ea ae eae dome 2. 3066 2.96 | .01955 06804 |. 0005766 
2120S eee secre do.. 5. 1594 3.24} .01798 . 16712 | . 0005824 
Zi ANO Sie eee do.. 1. 4484 3.61 | . 01627 05228 | . 0005875 
2121 OS ao eee do... 3.9143 5.03 | .01577 -19689 | 0007934 
21012 eye aoe do... 1.7216 2.16 | .02049 03718 | . 0004427 
21305 ee soe see do. . 6. 2514 2.67 | .020037 16691 | .0005250 
22002. eee cae: do.. 3. 2787 2.77 | .01940 09082 . 0005374 
D5 205 Se he do...) 10.7836 2.71 | .02066 . 28560 | . 0005599 
25206 seeaaeeceee do.. 4.6754 2.76 | .02281 12904 |. 0006295 
ASNT A ee Bennaaas do.. 2.0737 2.63 | .02304 05454 |. 0006060 
PUSS eae eles do.. 2.0390 3.92 | .01416 07993. 0005551 
DES05e eG se eeee| a --2 do.. 4.9456 2.81 | .02248 13897 |. 0006317 
DEPAUL Sepee aa ae do.. 4. 3698 3.07 .01996 13415 . 0006126 
S200G Se seo eos: |....do...| 10.4036 1.81 | .02052 . 18831 .0003714 
SO en ae se sens Se eeedomeel Mile 2or8 3.48 | .01822 .04375  . 0006341 
3260552 Sees ses (Sid oS) 2/9 512268 1.20 | .02323 06272. 0002788 
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Taste 31.—Yield and nitrogen content of grain, tabulated according to length of growing 
period—Continued. 

DATES RIPE: JULY 27, 1903, OR LATER—Continued. 

, Weight | Proteid nitrogen 

| pate vie | Pazar ofaver- | (Gram) in— 
Record number. | ripe. (grams). proteid age poh a 

nitrogen. DE Kernels. NICU 
| | (gram) kernel. 

D200S ae ame eee July 27 1. 0183 3.78 | 0.01851 | 0.03849 | 0.0006998 
SpOUD EE eee eee O) 3. 1346 3. 41 . 02090 . 10689 . 0007126 
ay OV Ce See pegs || ee do 7. OS89 1.62 . 02271 . 11223 . 0003679 
Sa4OB eee a ee Nee oe do 1. 1132 1.39 |  -01446 «01547 . 0002009 
ial elt ns ee aed ple do 7. 0596 2.39 | .02345 . 16872 . 0005605 
BBOUBE A Weis scene 15-200 8. 1890 2. 21 - 02144 . 18098 | .0004738 
SEI) (eee RL |_...do 2. 8903 3.22 | .02125 + .09307 |} .0006843 
BAAN DY aiojteee aes eee ts) 4.1281 4. 33 - 01994 . 17875 . 0008635 
34606 pet pore ee Sarees C0) 6. 1962 3:12) 302213 . 19332 | . 0006904 
So! Ue ota eee do 5. 0200 3.88 |  .01880 19478 | .0007295 
SVGi Va pete Os tee Elie ee do 6. 13894 2.96 | - .01987 . 18173 | . 0005881 
BCH sae Ee lO) 8. 0905 2.64 . 01972 . 23998 . 0005327 
SiO ee eo meee eee CO eai: ale2069 2.34 - 02155 . 02824 . 0005053 
SUI eee lee domes | se 00d 2.93 | .01710 09670 | . 0005010 
SUD eee seen Aug. 4] . 9452 2.53 . 02555 . 02391 . 0006433 
SeMOE te eee July 27 2.5134 2.84 . 01808 07138 | .0005135 
tot) |e eee eee ao) 12. 1088 3.61 . 02252 | . 438713 . 0007764 
CUI Ae possess 2200 21. 5399 2.11 . 02089 . 45435 . 0004407 
BO SOD eee ois tee en etoto) 9.3541 2. 88 . 02093 . 21399 . 0006027 
BODOG = ee eee Aug; 4 | 1.9218 2.93 . 02869 . 05631 . 0008404 
these meer ema 3 July 27 | 1.8862 3.02 . 01699 - 05696 | .0005132 
SUbUG See Acero OO 4. 6383 2. 37 . 01341 .10967 |  .0003177 
ADDU De ake ares | do 4. 1546 2. 82 . 02444 -11716 | .0006892 
UL ee SE | do...| 1.8494 3. 63, . 01967 .06713 | .0007142 
APA D a eee do 1. 4892 3. 07 . 02251 . 04572 . 0006927 
4540 Dera acne do 2. 8000 2. 92 . 02258 .08176 | .0006594 
ASOD cies ae Ree Aug. 4 1. 4464 4.13 . 01555 05974 | . 0006423 
4400 De mone July 27 1.1271 2. 86 - 02049 . 03223 . 0005861 
AGIOS ees ees ee do 4.6146 3.00 . 01775 | . 13843 |. 0005324 
AGIin 2 Soh oe Bae eo do 1.6103 2.54 . 01964 . 04090  . 0004988 
ARTO eee ek ee do 4. 3615 3.13 . 01652 . 18652 |. 0005171 
ZU ae aa pope Sane do 1. 2716 3.24 . 01898 . 04120 | .0006149 
ASOD 5 Man ty ss pers 2 do . 6760 3. 62 - 02939 . 02436 | .0010640 
WIGOG so aaa nl ane do 1. 7280 3.57 . 01516 . 06169 . 0005411 
BOnURE So So oeee hl asne do 3. 7407 3.11 - 01732 . 11636 - 0005386 
QBeNGee see ose oolee do 1. 9469 1.88 . 02049 | . 03660 | . 0003853 
ESO Rey ere, Seep ee eee do | 2.3031 2. 43 - 01355 .05596 | . 0003292 
DOG bmer ey see aoe dow 23> 7.1828 2. 12 - 01880 - 15228 | . 0003986 
G800GE Resto saeeleaes do...| 2.3986 2.44 . 01568 .05853 |. 0003825 
Gh0Ose sk 2s Sali se do...| 7.6690 2. 63 . 02073 .20170 | ..0005451 
GOG0G 2 ecm aes do...| 13.5696 2.50 - 02047 - 33923 | . 0005117 
G9SU5 cae Pomel do 2. 4420 5. 82 . 02220 | . 14213 | .0012921 
GOk06e 22. See do 12. 0136 1.66 . 02153 | . 19943 . 0003574 
(2205) ca ee en Ieee do 8. 4415 3. 36 . 03963 . 28363 | .0013316 
UM DAUG 2 wma eho ae a do...| 8.2929 2.95 . 01929 - 24464. 0005689 
(ess Ue reeeae oe) Saar do...| 2.6462 2. 48 . 01585 . 06563 | .0003930 
(ie \ Goer aes eel ee do . 5072 2. 39 . 02229 . 01332 . 0005327 
(BBUSs Stee ee ee do 14. 2986 2.92 |} .02291 .41752 | . 0006539 
(ASU San sete do 4. 4222 1.98 | .02047 . 08756 | - 0004054 
0, peat eee do . 4096 2.73 . 01781 .01118 | ..0004862 
T4O0SR a = eae | Bee do . 8172 2. 60 . 01484 02125 | .0003728 
MO205 ane saan eee do 8. 4407 2.35 . 01695 . 19836 | . 0003982 
80805 4.2 2-2 =e Seems do 15. 7835 1.81 . 02165 . 28569 | .0008919 
S1405)22 2222 242 lr oe do 4. 5737 2.62 . 01862 .11710 | .0004879 
SI40Ghs 2 Sa ere] Saat do 1. 2391 3.31 | .01721 -04101 | . 0005697 
84405 5555-7 22 Sel Soe do 8. 7448 2.48 | .02043 - 21687 | .0005067 
S20 bene a eel eeae do 3. 4766 2. 60 . 01625 . 09039 | .0004224 
S6105 = sete ce do 3. 0282 2.56 - 01495 -07964 | .0003923 
SG10G6 Be oops ee tees do 7.6241 2.63 . 01749 - 20052 | . 0004599 

Average. .| July 27.2 4.6626 2.94 . 01992 . 12854 | - 0005800 
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TABLE 32.—Summary of yield and nitrogen content of grain, tabulated according to length of 
growing period. 

Num- _ | Percent- ss ace _ ss (ae 
Plants grouped according to| ber of | Average | Yield age of Pere 

date ripe. anal- | date ripe. | (grams).) proteid Reeenl K Keone 
yses. nitrogen. | (gram). Kernels. pea 

| 

UY, GOULD pine sateen heats 49 | July 8.9... 9. 9067 2.69 | 0.02024 0. 26475 0. 0005356 
July 11 to 15... Sete ae 65 | July 13...- 7.6611 2.81 .O1887 | . 20820 - 0005290 
July 15 to 19... = 50 | July 16.2..) 5.1354 | 2.87 | .01869 . 14452 . 0005222 
July 19 to 23..... Re 56 | July 20.1..| 6.5399 | 2.93 01886 . 18064 . 0005482 
Ulys 23) TOM fae esos es oe 52 | July 23.2... 4.9015 | 2.93 . 01878 . 13654 . 0005544 
VULVA OTM Mte Tas ose = me 83 | July 27.2... 4. 6636 2.94 - 01992 . 12854 - 0005800 

TaBLE 33.—Summary of nitrogen content, etc., tabulated according to yield per plant. 

Proteid nitrogen | 

= 

Weight | 
Num- Percent- peayne ram) in— 

Plants grouped according to ber of | Average Yield age of of his : es Se ) 
yield (in grams). anal- | date ripe. | (grams).| proteid | heel Average 

yses nitrogen. (gram). Kernels. | kernel. 

Belo willis Gases ss eee ene ose 31} dially2205-2: = 0. 6049 2.91 | 0.01683 | 0.01731 0. 0004916 
AGO ole oases eee see asicsee 67 | July 21.9.. 1.7673 3.09 - 01852 05456 . 0005730 
Ze UOM eae eae eee cect 88 | July 20....| 3.5683 3.03 01796 - 10794 0005445 
SECON One jes Se aoe nrsis,2 94 | July 18.3.. 7.6706 2.68 - 01997 . 20270 - 0005351 
LOM OMS ease ata teeeeee cote 52'| July 15.1..| 12.2573 2.71 - 02168 . 33433 | . 0005774 
A SMCOLAD Ee! ery actew sectors ss 20 | July 15.1..) 17.1908 2.54 - 02103 - 43921 | - 0005382 
Monestham: 208s ec scan cnc cise 4] July 14.5..| 23.7186 2.55 02159 . 60401 . 0005450 

| 

TaBLe 34.—Summary of yield, etc., tabulated according to nitrogen content. 

| Weight Proteid nitrogen 
Num- Percent- | in— 

Plants grouped according to| ber of | Average | Yield | ageof | % Poe : (erga) ae 
percentage of nitrogen. anal- | date ripe. (grams).| proteid | eal | Aweanee 

yses. | nitrogen. (gram). Kernels. | pees 

| |= | 

Below I-53: .4-Sessn05- os sos<08 4/ July 22.5..| 5.8099 1.35 | 0.01709 | 0.07290 | 0.0002266 
TRbON2 S57 Fees aoe et 25 | July 18.5. . 2. 7423 1.80 . 02124 - 11620 | - 0003867 
MUO Os Deere etait wee ees saree 18 | July 19.8..}- 8.9542 2.12 - 02030 . 19070 - 0004325 
B20 UO 2s0iqaeieesee se ciqee ene ses 47 | July 17.3. -| 7.3389 2.39 - 02000. . 18478 . 0004773 
PTA KONE DY tt lem ease HA 82 | July 16.3. -| 8.0817 2.63 - 01938 . 21280 . 0005102 
lO UOrds Jarte, sesee haews ees 67 | July 19.6. . 5.9093 2.85 - 01910 - 16609 | - 0005454 
BGOVS 220 Sale meee eer seee 47 | July 21.2.. 4.4497 3.11 - 01824 - 13847 | - 0005667 
SLO LOGO = Sear = sea enna ote 20 | July 20.7... 4.6756 3.37 . 01870 - 15189 - 0006213 
Biol mins, = om cee isiesesieeeeee 23 | July 21.5.. 3.6486 3.68 . 01852 . 13513 . 0006807 
Morevthan 4s Sees Ehsan 20 | July 19.5... 4.5431 4.72 -01819 | . 21239 - 0008639 

RELATION OF SIZE OF HEAD TO YIELD, HEIGHT, AND 

TILLERING OF PLANT. 

The size of the head has always been considered to be closely con- 
nected with the productiveness of wheat. The well-known work of 
Hallet in increasing the yielding qualities of wheat is perhaps the 
best example of wheat improvement by the selection of plants having 
large heads. Whether large heads or a large number of medium- 
sized heads on a plant are more desirable is still a question. 

Table 35 gives the yields, etc., of between 300 and 400 plants, tab- 
ulated according to the number of kernels on the head. Table 36 
is a summary of these, while Tables 37 and 38 consist of the same 
data tabulated according to the yield per plant and yield per head, 
respectively. 
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It will be seen from Table 36 that the heads of slightly more than 
medium size produced the largest yields of grain; that the weight of 
the average kernel did not increase with the size of the head, nor did > 
it decrease except on the very largest heads; that the plants with 
somewhat more than average-sized heads were the tallest, and that 
the plants with medium-sized heads or slightly less tillered most 
largely. 

Table 37 shows that with an increased yield per plant there is a 
constant increase in the height and tillering of the plant. 

Table 38 indicates that the yield per head and yield per plant do 
not increase together, but that the largest yielding plants are those of 
medium yield per head. The same would seem to be true of the 
height and tillering of the plant. The weight of the average kernel 
increases quite uniformly with the yield per head. 

In considering these results it must be borne in mind that these 
plants were grown 6 inches apart each way, and were therefore not 
under the conditions that would obtain in a thickly drilled or broad- 
casted field, where lack of ability to tiller would be compensated for 
by the larger number of plants. However, the variety of wheat 
yielding best in Nebraska is one having only a medium-sized or 
even small head, as compared with most wheats, but it is a strong- 

tillering variety. 

TaBLE 35.—Relation of size of head to yield, height, and tillering of plant. 

SIZE OF HEAD, BELOW 16 KERNELS. 

| = =e | Weight of | 
Record num- | Size of Yield 1Berr | Yield cr average | Height ‘Pilleri 

ber. head. ( een ( ees | kernel | (em. ). ESOS: 
| g i ete * | (grams). | 

1/3088 ee 15.2 | 1.2275 | 0.3069 | 0.02012 59 5 
17406022 2S 15.5 | 2.0907 2613 01686 65 11 
UR8O5. eee see | De | 2385 01567 | 65 18 
20708... ..... 13.6 | 2.4690 2743 02024 60 ret 
FO. . ce AMOM = . 28060]. - 22806 “02806 | 45 2 
29900 Ne es 15.5 | 4336 | 2168 01399 7 6 
SBSH Reese 15.7 | 4.9456 | . 3533 02248 68 26 
SPP (oe owe e ne 1359 1.2573 | .2515 | . 01822 47 5 
STOOsMaRE ee 12.3 9452 | 3151 02555 52 3 
BOn0G teen 11.2 1.9218 | 3203 02869 48 6 
LOR Vise aaa8 a5 .3161 | . 1580 01264 63 5 
44607.....--. = 496 2.5235 | 2281 “02035 52 12 
ADDR ooense |. TES 3485. | 1742 01291 45 3 
49905....-.-- fe TLS 6760 | .3380 02939 49 % 
GV S50 soon 15.0 | 5958 | .2979 |  —. 01986 40 3 
PSS07eeeeees 1285 | £5572 | 2786 .|  .02229 46 4 
lal et ooaee 12.5 | .4096 | . 2048 01781 68 2 
OAT 05 e eae 11.0 5595 | .2797 |  .02543 51 1 

Average . . 13esh le) MeSi69 2654 02059 55.2 | 6.9 

SIZE OF HEAD, 16 TO 20 KERNELS. 

ZALObe eee 19.1 | °16.9987 | ~— 0.4358 0. 02285 84 46 
HOV sincteeneve 17.6 2.3642 | .3378 01922 55 10 
D805 5.5 ae 16.4 6.2514 .3290 02004 65 21 
Dison sees es eati7n9) 2.5691 .3211 01796 53 10 
S1705ee eee | ome)8} 1.5420 5140 02659 73 3 
IWAN Se yaeeene i meloe7: 8478 . 2826 01437 59 5 



RELATION OF SIZE OF HEAD TO YIELD, ETC. Its 

TABLE 35.—Relation of size of head to yield, height, and tillering of plant—Continued. 

SIZE OF HEAD, 16 TO 20 KERNELS—Continued. 

7 low; Weight of 
Record num- | Size of ¥ ield per | Y ield per average Height ee ard | plant. | head i Tillering. 

ber. head. ( ; kernel (em.). 
grams). | (grams). (grams). : 

DIB0TA Re a 18.8 | 9.4172 0.4709 0.02498 77 25 
22207 25 ce ese= 18.8 | 3. 2787 - 3643 - 01940 65 16 
2220R 2 Se 16.8 | 1.9090 tee | - 01619 57 8 
PE906 sees. 19.0 | 4.2376 - 3531 - 01859 70 16 
26909; . =... ==! 18.0 | 2.9999 - 3000 . 01667 50 10 
2B20G Fe ae Seas 19.9 | 4. 3698 - 3972 - 01996 80 26 
SaLOG ses k= 18.0 | . 3089 - 3089 -01716 43 2 
SV (C(U tapes es 18.7 1.2069 | - 4023 - 02155 42 + 
DE IUO evecare 19.0 - 2063 | - 2063 . 01086 50 2 
SSO0DR sees | 19.8 2.5134 | - 3091 . 01808 53 fi 
SO0Gie fae ee 19.0 - 3037 - 3037 - 01598 56 2 
OOOO Sm aaa sae | 17.6 3.0228 3359 -01913 60 11 
SSO0G sees = ee 19.5 6. 7665 -4511 - 02309 65 6 
422052 res 18.8 1.8494 | -1699 | - 01967 68 6 
44605). 226555 | 18.3 ie 7Al -Olol - 02049 53 3 
449062 oe == | 1 Wf 2.5235 | - 3605 - 02035 52 8 
ASA05 | bees s 19.0 9701 , | . 2425 -01276 55 5 
BOA See eicereen| 17.5 | -4701 - 2350 - 01343 38 2 
Dooce n= 4 18.4 | 5.7948 | .3219 - 01751 75 34 | 
559065 hs Sac) 19.2 7.9968 | . 3076 -01603 | 85 | 40 
HOLQbe et se Weed 5. 7431 - 3023 .01709 | ce} 30 
GR Wee eens | 17.7 10. 9073 4195 02361 | 84 | 42 
PLO ere ee 16.3 | 4.7117 | - 2945 - 01801 67 17 
69705- 2-2-2. | ia) 3.7810 | . 2701 - 01550 88 | 28 
CADOBS Sra ta's 19.0 -8172 | . 2724 - 01434 50 4 | 
SL08s - 2225 <2 19.1 7.3993 | -4933 . 02578 86 | 20a} 
SEO USIS sees 18.5 153550 | - 3839 - 02075 69 | 4 
Q2207 So 5 - } 19.0 3.6926 - 3357 . 01767 73 | 15> | 
OO5 05m a tene 17.3 2.6615 | =2957> |) ) 201706 68 | 1) 
S551 Soe 19.9 2.8356 | 3544 | - 01783 70 8 

Average .. 18.4 3. 7758 - 3383 . 01862 64.1 13.7 

SIZE OF HEAD, 20 TO 24 KERNELS. 

Ws05s~ s55--- 22.9 3.6302 0.4538 0. 01984 61 12 
WeTAOS == ous esd 23.7 9.2038 | - 4383 - 01852 73 24 

WSO Fes ee 21.5 . 7720 - 3860 - 01795 78 4 
2005222 252 21.8 1.8517 . 3703 - 01698 | 55 6 
POTOR He neta 23.3 3.3138 - 4734 - 02033 61 7 
20710 iene sae PALA 9.9070 -4718 02282 | 75 22 
20709 eee 23.5 5.3229 - 4839 - 02063 | 67 13 
DAO ease 23.6 2.3066 | - 4613 - 01955 60 6 
PAPA ees =. Se a 21.0 1.7216 | - 4304 - 02049 | 50 5 
DOG eae croe ie 22.6 | 4.1516 | -4152 | - 01837 60 11 
PAW) pes 23.3 | 12.3685 | 4947 | -02125 | 90 24 
DATOS SE as oes 20.5 9. 2850 4887 | - 02381 85 26 
218092 Sa seo 20.9 §. 0214 4011 - 01919 84 25 
21S es a 21.0 11.9114 -4412 - 02101 87 29 
ZBI 2. Sole 22.9 14. 8139 3445 | - 01507 90 54 
AL IOWE Sern 22.6 2.9248 .4178 -O1851 82 8 
v7.4 eee 23.6 2. 6965 - 2247 - 00953 80 54 
2HLOG= S52 =: 22.5 2.0737 - 5184 02304 — 60 9 
DESIG. = ose Dat PT eAS . 3894 - 01793 56 1 
2680 7h. = = 35= 21.8 17. 2324 - 5222 - 02390 76 40 
DHA Tye ee ore a 20.7 3.3266 4158 .02004 | 75 9 
DIBOM sae cee 23.8 3. 0850 - 4407 01847 | 80 10 
PAE Ure ees 21.6 12.0399 | -4815 | 02183 84 38 
288052 = oa PANES 2.1851 .5463 - 02512 65 6 
Sol0D= 2 == a2se 22.0 2.5601 - 4267 -01939 65 12 
Se405 2 =e ee 23.4 8. 1268 -4515 -01930 | 68 20 
So40K 2 eec-2 2% 21.8 7.0889 - 5063 | - 02271 | 67 18 
SOGOU 2 ane ee 23.8 2. 2862 -4572 | . 01921 67 9 
38606. -.-.-.-. 22.3 8.4605 -4700 | -02110 | 71 24 
38706 - - = 21.5 7.2545 -4267 | - 01988 75 30 
AMO = -2ee 23.0 - 6316 -3158 | -01373 54 3 
4BD0G sos Sone 23.2 1.4464 . 3616 - 01555 45 3 
AGO5! oes 20.3 - 7081 . 2360 . 01161 | 55 6 
4510 eee 22.0 . 1532 - 3766 -01712 | 58 6 
ASI 2 soe! 21.0 -| 11.6655 - 4023 -O1919 | 7 39 
ARSO RS: a 23.6 12.0278 6014 |. .02543 | 81 28 
SADE 2 ets | 22.6 3. 2964 -2997 | -01324 | 68 13 
|; | ia 23.3 1.6036 5345 | .02296 | 63 7 

| 

27889—No. 78—05——8 



qa! IMPROVING THE QUALITY OF WHEAT. 

TaBLE 35.—Relation of size of head to yield, height, and tillering of plant—Continued. 

SIZE OF HEAD, 20 TO 24 KERNELS—Continued. 

fee ; _ | Weight of | 
Record num-| Size of Wield abe Wield pe average | Height Tilleri 

ber. head. ( } eae) | ¢ ae s) kernel (cm.). eUnE- 
er ; Br F (grams). 

48806...---.- 21.0 9.8346 | 0.3782 0.01798 #8) 45 12 
D020 -ae ances > 20.0 - 6893 - 3446 - 01723 56 6 
BoOG06% 5S seas 22.9 | 11.0930 - 5042 - 02205 92 24 
DO90T eo cece 21.4 19. 5966 - 042 - 02590 95 42 
QOUUSE a aee se 23.4 | 12.2210 - 5092 - 02175 95 40 
90909 = == 222. - 21.5 9. 2120 - 6580 - 03050 85 31 
06205... ==. 23.8 6, 5232 - 4659 - 01959 82 29 
662065 2-245 20.4 9.3093 | 3724 - 01829 86 42 
062082 5.2222 22.5 13.5720 | - 5429 - 02356 88 51 
OO209 ease ce Pale 15.8086 | -3913 - 01664 90 67 
by (40s ee eae 22.0 1. 5364 - 3841 . 01746 73 Ze 
CMOS 2 - 25 ee 23.9 3.7263 . 2192 - 00916 85 40 
DUG emmemese 22.8 8.5777 - 3899 | - OLE66 78 30 
WUGU acces 21.7 7.9772 - 3989 - 01838 80 23 
DTB0B 2/4 21.4 9.8378 - 3644 -O1705 80 40 
Ut ereseecor 22.5 2.7616 - 3452 - 01534 72 18 
STOUT se sae 23.9 6.9861 | - 4657 - 01946 78 26 
D1508 7-2 ,-1)- 2 22.3 12.0728 - 7102 - 03177 85 22 
GS105 eee ee 22.5 1.5452 | - 3883 -O1717 68 8 
6s106c5522252 23.6 3.3006 | -4715 - 02001 77 9 
GolOsES toe ane 21.9 9.3120 - 4901 - 02233 80 25 
f26002.-25eeee 21.7 1.1166 | -3122 -01718 52 3 
(OD eee ene 21.9 9.1522 | - 5384 _- 02191 68 20 
fAB0D FEM aa. 21.6 4.4222 - 4422 - 02047 60 il 
T4507 32 tance 20.5 9. 2130 - 3839 - 01869 7 27 
WAG0DeE see ee 21.0 7.1181 - 3746 - 01784 69 27 
TAG062 = a-ea- Doe 9. 6451 - 4822 - 02079 75 24 
HO209%—2 see: 21.7 |} 8.4407 . 3670 - 01695 70 26 
S140 5 es a 21S 4.5737 - 4158 - 01862 7 il 
HZ ee ee PAN Ib 9. 7922 - 4451 - 02106 82 27 
SIZ (0) Neen se ope 21.2 15. 3928 -4527 | . 02132 90 40 
SITU ies Sees 23.8 18. 3614 5564 | - 02336 96 | 53 
BU00 Bees 20.5 16. 4692 -4451 - 02175 90 | 45 
84405 2.2 hae 23.8 8.7448 -4858 | - 02043 75 | 19 
S807 ones 23.4 5.1584 | - 9158 - 02205 73 | 15 
OLS Se secs 22.0 3. 4436 - 3826 | - 01739 72 | 12 
9190622. ase 22.2 3.5486 - 3943 - 01774 74 | 11 
O22 0G ese a 23.0 1.1074 | - 5937 - 02407 66 3 
92305. ate ee 22.9 2.3859 - 3408 - 01491 65 11 
02306 scree 23.1 6. 0091 - 4006 - 01732 75 19 
925063. --2o= Se 22.9 3.8709 - 3871 - 01690 ifoa| 16 
92507 eaeciotis 22.0 9.677 - 4208 - 01916 82 29 

Average. 22.2 6. 8466 4355 - 01953 73.8 21.4 

SIZE OF HEAD, 24 TO 28 KERNELS. 

| 

W085 = 22s | 24.3 3. 99€8 0.3997 0. 01645 66 | 12 
111 eee ee 29.1 15.6996 | - 5414 - 02127 72 34 
CAO ee setae 24.3 14.8957 | - 4514 - 01857 85 39 
2OTLO eee 25.5 17.1115 | - 5032 - 01974 ian 39 
DI20G% case 24.8 2. 8564 -4761 - O1917 62 | 6 
2IS0B eco 25.3 5.8080 | - 4149 - O1E41 54+ 14 
P2106 a 5-28 26.9 19.3318 | .. 6444 - 02390 88 38 
7A {9 ae 25.8 7.7296 | - d021 - 02141 85 23 
PA AN EP ete ee 24.2 17.1820 | 477 - 01968 85 | 51 
ZUSOG hs Sak 24.9 14.2450 - 5935 - 02378 91 32 
PASOSE crane 25.7 19.7446 | - 4388 - 01708 96 | ov 
PISUOES thee, ae 26.0 1.03804 - 9152 - 01982 55 | 4 
DAG Sire ees sate 27.3 10. 1925 - 5662 . 02072 84 | 27 = 
DA Oe ga 2.1 6.0173 - 5470 - 02019 78 | 31 
2OSO8Ei sees 24.7 3. 8811 . 4312 - 01748 64 | 11 
2€905 - 25.1 6.4102 - 4931 - 01966 66 | 15 

F-26908 22". 24.0 3.9797 - 4974 . 02073 62 9 
27205 26.2 16.4061 | - 4825 - 01841 87 | 57 
ZOD = pees 24.3 5. 5666 - 5061 - 02085 80 | 22 
ZUG. ate 24.7 10. 0005 - 5506 - 02252 85 | 23 
PAY een Bes 25.0 1.3746 - 4582 - 01833 50 es 
Cat Ve nes eee 27.9 5. 5324 - 6137 - 02287 7 | 19 
32608 =. =:-\0 == 27.5 1.0183 | - 5091 - 01851 50 2 
SOLOS ee 24.5 6. 1026 - 4694 - 01919 73 29 
33305...---.- 25.0 3.1346 0224 | - 02090 53 | Us 
BotUGe se des 25.7 4.6045 | - 4186 - 01627 72) | 16 
DOG08 Ha cee 25.7 1.1132 — | 3711 - 01446 56 4 



RELATION OF SIZE OF HEAD TO YIELD, ETC. 115 

TABLE 35.—Relation of size of head to yield, height, and tillering of plant—Continued. 

SIZE OF HEAD, 24 TO 28 KERNELS—Continued. 

ee les ‘Weight of | 
Record num- | Size of | Yield per | Yield per | “average | Height |p... 

ber head. | Plant | head kernel | (cm.). | Tillering. 
a | (grams). (grams). (grams). eel} 

CL eae at 27.4 | 7.0596 0.6418 0.02345 | 65 14 
BBG0G naa 97.3 8.1890 | 5489 | 02144 | iB, | 17 
S860 ee eee 97.2 2.8903 | .5781 02125 | 58 6 
SIO0 Ser ates 26.7 11.1476- | . 5867 02194 77 23 
BATA a cee 26.6 13. 5556 .5804 02219 77 22 
SOD ek hoe 25.6 8.0905 .4495 | .01972 60 22 
39507... 27.8 1. 8862 4715 01699 59 | 4 
45606......>-| 24.4- 4.0358 | 4484 | 01834 | 59 13 
48306-0222. 5. 26.2 2.6571 | 4428 01692 | 58 7 
BSHOTS hae Oae 26.6 11.2890 .4181 01572 SD 53 
48409... ..-.-- 26.2 6.4302 .5358 02048 | 74 19 
ASSOD Ce eo 27.4 1.9154 | 3831 .01398 70 7 
ARES ee ee 27.4 11.2008 | 5091 -01858 | 80 | 36 
55506... -..-- 27.1 | + 17.8506 5578 02062 | 95 58 
BELO Tene 24.9 14.4556 | . 3023 01€58 | 90 49 
57509.....-.- 97.8 10.6261 | . 4830 .01739 34 | 37 
SVG0G 2 ee IS. 26.4 3.0790 | .6158 02333 | 78 8 
S1G07 aoe ce 27.3 16.4433 | . 6090 02234 g7 | 48 
STEOS eee ee 24.3 8.6189 | . 4788 01968 33 | 38 
BSBNGE Sree 24.7 1.3961 | 2327 -.00943 75 29 
GBn0b ee. ee 25.5 2. 3986 . 3998 01568 | 64 | 7 
Gns0pe: ee 26.0 1.8018 | 6005 .02310 65 10 
65306... -.--- 25.9 9. 8298 4681 01807 | 75 28 

| BiQUS = sates. 26.5 11.7066 | 5321 S02008941) 2 S77 35 
66008222 24.9 3.1555 4505 | 01814 76 | 8 
69505......-- 25.5 4.7116 | 4712 . 01847 66 13 
69805.......- 27.5 2.4420 .6105 | 02220 62 7 

| 69806. .....-- 27.9 12.0136 | .6007 | .02153 75 | 28 
| TROB See 27.1 9.3629 4681 01724 82 26 
| HOP Tia ee a: 26.9 3.4442 .4920 . 01832 74 8 
| REONSE eee 27.8 2.6462 | 4410 . 01585 59 | 5 

TAROT een cin 25.8 8.3406 | . 4390 .01699 76 31 
SOS05* se ose 25.1 15.7835 | 5442 02165 70 33 
81406... 25. 24.0 1.2391 4130 | = .01721 55 3 

| SiO tse 24.7 9. 1411 5713 . 02308 90 24 
$4906... --.-- 25.5 7.5438 | -5029 .01975 65 16 

| S505 penne 26.7 3.4766. | 4386 - 01625 65 1 
SAIOS Nee 25.4 3.0282 .3785 .01495 68 | 4 
S6106 eae 97.2 7.6241 .4765 | 01749 76 | 25 
SAT eee Sees 25.3 9.9456 5234 . 02068 85 23 
$8600.22 5: 24.7 9.8719 5196 . 02100 74 26 
SS00nm ee 26.6 5. 3069 4824 01811 82 17 
O75 ae ee oe 26.5 5.2616 4047 01525 72 18 

. COT yee eee s 26.7 3.4356 4294 . 01605 78 10 
PLO VPane gaitee 26.5 . 8983 4491 01695 68 2 
OIG 7a een 24.3 4.4673 4964 02040 84 10 
O06 ease 25.1 7.5006 . 4688 . 01866 76 19 
ase eee 24.8 3.7828 . 2909 01175 71 19 
(OV Wye ee AL = SRS 6.7664 4229 | ..01615 82 23 
94907... .._.. 27.2 12. 1918 .5301 01948 85 23 
WOU eon ee 25.0 2.3678 4736 | .01894 73 9 
9450058) Leap 24.2 3.6977 i963 || 201696 72 9 
95506.....-.- 25.9 11.0548 . 4806 . 01852 86 25 
95507.....--- 26.0 12. 1592 . 5527 . 02029 90 22 
95508......-- 25.5 14. 4617 .4987 | .01954 97 31 
957055 - 0. 5: 26.5 10.3426 . 4309 . 01626 80 31 
O5707eeen ces 26.0 7577 . 3788 - 01457 67 4: 

- Average.| 25.9 7.5207 | . 4848 . 01874 73.8 21.2 
| | 

. 
: SIZE OF HEAD, 28 TO 32 KERNELS. 
} 

| 
| 7505S eee =~ 29.0 0.3885 | 0.3885 0.01340 | 46 al 

T7506 ME Le 31.0 2. 2881 . 7627 . 02460 55 6 | 
20805. coe 31.7 14. 6942 . 6679 . 02157 85 30 
Die Vota heed 28.7 5. 1594 5159 .01798 63 11 
DONea eee 29.7 1.4484 . 4828 01627 51 6 
PND Soe ae 29.6 3.9143 .4893 .01577 59 Se 
Gis oleae 29.3 20.9290 4983 . 01699 91 48 
OAL es aoa 28.2 14.3111 5111 - 01809 92 62 
FSG cee ee eee ley 10. 4800 . 8062 . 02563 ss | 27 
Dien ayes 28.8 3.5574 .5929 . 02056 92 9 
GOO wees 30.9 12. 1819 .7166 02317 | 86 29 
pitiless Se. oe 29.5 8.4593 6597 .02209 90 23 



116 IMPROVING THE QUALITY OF WHEAT. 

TABLE 35.—Relation of size of head to yield, height, and tillering of plant—Continued. 

SIZE OF HEAD, 28 TO 32 KERNELS—Continued. 

eae “3 Weight of 
| Record num- | Size of | Yield per | Yield per | average | Height | min. 

ber. head. ( eek ( Heng kernel (em.). Tillering. 
8 ail 8 8): (grams). 

22206... -.--:- 29.2 2.5712 0. 5142 0.01720 70 9. 
Dee ore See 28.0 11.5675 -0784 | - 02062 88 59 
2610722 2235-2 28.8 2.0390 - 4078 - 01416 67 6 
PAA USE eae 28.9 16. 4120 - 5471 - 01895 77 40 
APA Te ering e= 28.8 19. 1854 - 7106 - 02469 90 49 
2IBOG Meese 28.5 13.3011 -5a42 | - 01945 88 | 48 
QIU Bias ac 31.7 4.5123 - 5640 -O1777 Semele 11 
2UD09 o-oo 30.4 5. 3615 - 6702 - 02206 73 9 
SLU Si. erase = 28.2 10. 4036 5775 - 02052 71 26 
SAOOD neve Senin 28.1 5. 2268 - 6533 - 02323 el) 9 
320062 3 eee 31.3 2.0162 6721 02145 69 Bh) 
34205 . 30.9 9. 1498 -6100 | - 01972 78 19) 
4208. pee 31.2 2.9886 5977 - 01916 66 5 
S1B0D == 22 8 30.9 6. 1394 6139 - 01987 58 12 
CSU Ome 29:6 | 12.1088 - 6373 - 02252 70 21 
38006 --:.- 2 24: 28.3 1.6799 . 5€00 - 01975 54 3 
SSO00 a aeeesee | 30.5 1.2124 - 6062 - 01987 55 2 
SOW0Be Safe roneatag 9.3541 6681 02093 74 18 
39006 See ee | 31.4 4.6383 4217 - 01341 64 18 
BOROS Wie sales | 29.8 3. 6003 6000 02011 62 6 
44500 2 ee 30.9 5. 9990 - 5453 - 01764 69 25 
45005... s= =e 29.4 3. 2340 - 4042 - 01376 66 9 
ADO «2 fase 31.0 1.5298 - 3824 - 01234 48 4 
AGLOJ Asoc 31.9 8.3935 - 5995 - 01756 7 27 
DO90S === seas 31.6 2.3982 - 3426 - 01085 68 10 
33 0,] 0 28.5 1.7280 - 4320 - 01516 58 5 
59005. . 2.2... 30.2 7. 9684 - 6129 - 02028 75 19 
3), USB eae 30.1 7. 1852 -4790 - 01593 80 19 
SOON Te ace 29.5 2.1571 9393 - 01828 65 7 
OO206) eat ce 30.4 11.3592 - 5978 - 01965 82 27 
90000. o-aaee = 30.6 4.1323 - 5903 - 01931 77 17 
DBO Taare 31.1 5. 6864 - 5169 - 01663 80 19 
DOOD Misia esse 31.5 9.8228 - 6139 «01949 95 28 
DOLOGe casas 28.0 12.0161 - 0224 - 01866 90 33 
OAO0G = seaaee 30.5 10. 1836 -4427 «01453 88 41 
TAO Tea soo | 31.8 14. 9992 - 6250 - 01968 92 41 
OS20 ieee sass 30.7 4.2207 - 4221 - 01375 75 18 
OS0OM se eeos 31.1 7.4516 - 6210 - 02730 80 18 
O880G— 2: =| 31.7 1.9469 - 6489 - 02049 65 7 
O9G0G)< << cjae8 29.8 9. 7084 - 5109 - 01712 80 37 
68005. =- 25-6 29.7 4.0230 - 5747 - 01934 66 8 
6538072522 2e- | 31.1 7.0051 - 5838 - 01878 74 17 
66005/25 2 2. | 30.8 7.6690 - 6391 - 02073 75 22, 
69506..2—---2= 30.1 13.5696 - 6168 - 02047 73 24 
(ACER Seseoe 29.3 28. 2136 - 6561 - 02239 80 46 
MZAVG 2 orr5. ot 30.7 8. 2929 - 9923 - 01929 7 15 
(PAU eee 25 29.5 14. 6802 . 7340 - 02484 80 27 
(P41 eee 28.1 4.5806 - 5726 - 02036 . 72 8 
16206-2222 29.8 5.4411 - 3627 - 01217 73 30 
8800625 45a 30.3 9.9034 - 5902 - 01814 80 21 
QZA08 Sees 29.6 3. 7820 - 5403 - 01827 81 
C200 Sree eee 31.2 3.2388 - 5898 - 01732 76 7 
4205 aos a= 31.3 1.2117 - 4039 - 01893 55 6 
ee ieee ee es 29:9 13. 7057 -O711 - 01909 83 31 
94209 2.22. =: 31.7 3. 6006 - 6001 - 01895 75 7 
OF40G coe ee 28.9 10. 5556 - 5556 - 01923 82 22 
94605 ..</22.-: 28.0 - 7319 - 3659 - 01307 68 uf 
O4G0G\5~ ce lserr 29.9 11. 8435 - 5383 - 07544 84 23 
94905 ==. ee 31.8 4. 4423 - 4936 - 01553 75 11 
94900 -. elose = 29.8 12. 3862 - 5385 - 01808 91 24 
CEU Sees eee 29.7 5. 1629 - 5736 - 01934 82 9 

Average. 30. 1 7.4992 - 5098 - 01958 74.5 19.4 



RELATION OF SIZE OF HEAD TO YIELD, ETC. nas 

TABLE 35.—Relation of size of head to yield, height, and tillering of plant—Continued. 

SIZE OF HEAD, 32 TO 36 KERNELS. 

| | Weight of P Yield per | Yield per : E 
Record num-_ Size of iene hea average Height Tillering. 

ber. head. ‘ aL | kernel (cm.). 
(grams). | (grams). | (grams). |+ 

W807). 222025 34.5 3. 1454 0.7863 | 0.02279 70 8 
[S905 oes = 34.3 | 1.4864 - 4955 | - 01443 50 4 
ZHODS 2a Sees: 32.7 | 1.8242 - 4560 - 01393 69 13 
POOGTE ere 34.0. | 1.8276 - 6092 - 01792 55 8 
288085222. 34.2 14. 4630 . 1232 - 02111 75 30 
B440b eo. Bs 2! 34.5 4.1281 - 6881 - 01994 62 8 
S46062 52552 35.0 6. 1962 «7745 02213 61 13 
oO90se=s-c2-" 33.4 5.0200 - 6275 . 01880 58 7 
SAU es ce, 32.2 21.5399 - 6731 - 02089 82 40 
AAG Se 33.0 1.4892 - 7446 - 02251 60 2 
A200 mies <= 33.5 / 1.2499 76249 01866 | 68 4 
48506.......- S257 | 9. 4585 - 5564 -O1701 $2 - 30 

|) 4950522 ee SBh5) | 1.2716 - 6358 - 01898 60 3 
| splOObee= 3252 34.5 15. 5835 - 6233 - 01804 75 32 

SONOS Ss 52/8 0 BRE iO ao atlieeb . 6222 01846 82 30 
HodUR esse eee 33.4 | eo 5032 01507 75 12 
55808 Sas oe = 33: 1 9.F - £923 - 02395 79 28 
OCOD ee ee 33.3° | 10.$ - 1279 - 02184 89 23 
HeGOieone 3 3455) Dee | - 5983 - 01734 77 7 
DO00S ee 33.5 | 22. | - 9034 - 02699 95 31 
OLOOR nesses. 33.6 Sot - 6635 - 01975 90 9 
DENG Eee eae 33.7 2: - 6231 - 01846 92 14 
SYANS eo Seaec 2 35.0 Lees Sth - 02047 90 26 
5RB05 eaeesssol 35. 1 23. - 7014 01999 78 51 
GOG05 = 5 Fase 35.0 mie - 0952 -O1701 57 4 
695058 8 eon 34.3 2. - 6810 - 01984 70 Zi 
2AOSs ee ae 35.5 8. 1.4069 - 03963 67 6 
(21082 see aece BL) 9. 0: . 1532 - 02270 78 12 
(630 ees 34.7 14. - 7944 . 02291 74 23 
So 20b ee eesees 34.2 4. - 4483 - 01312 69 13 
88605 34.5 mealinGe - 8181 - 02731 70 3 
Q1B05 eo s282-5 34.5 3. 7735 - 02242 76 6 
92208 Sse mac) 35.3 6.6 . 6621 - 01876 78 17 
92406 een a 34.5 8. 2366 . 7488 02168 81 17 
92409)! Pe 5.2 35.0 5.7131 - 6348 - 01814 81 13 
92005 Masco se 35.2 2.7000 - 5400 - 01534 75 6 
92900 2227 osc 33.1 10. 1363 - 6335 - 01916 86 21 
95509... ..--.. 34.5 2.9475 - 7369 - 02136 74 4 

Average. 34.1 7. 2530 - 6868 - 02023 73.9 15.4 

SIZE OF HEAD, 36 KERNELS AND OVER. 

189062 Les e 65.0 | 0.9229 0. 9229 0.01420 67 5 
PAN HIS Lee cere 43.2 | 4.0258 -8051 | - 01877 80 21 
SdDOG Mere eee 40.5 1.5940 - 7970 - 01968 74 i 
SAO eee 38.6 3. 3004 - 6601 - 01710 64 5 
AQQ205 = 2-2 38.8 3. 6302 - 7260 - 01871 65 11 
40505 seas. 42.5 4.1546 1.0386 - 02444 60 4 
USAODE Eran 41.3 2. 8000 - 9333 - 02258 64 3 
AGLOD =e so sec.2 37.1 4.6146 . 6592 -01775 73 8 
ASTOD store see 44.0 4.3615 . 7269 | - 01652 80 7. 
ASIOGS Eanes 47.4 6. 1986 -7748 | - 01635 78 12 
Ue eee 36.0 3. 7407 . 6222 - 01732 73 12 
DAD) ae eee 41.0 . 8328 . 8328 - 02031 73 1 
57805. --.--.- 38.6 4. S988 6998 - 01814 76 aly 
579052. 255. 36.8 2.4731 4122 - 01118 74 17 
S8T05 20s ae 58.7 2. 5436 6359 - 01082 68 11 
O8O0b se ee 42.5 2.3031 5758 - 01355 66 13 
99605... Saee..2 38.2 7.1828 7183 - 01880 77 30 
62805 S5- asa. 37.0 | 1.3451 4484 01212 70 14 
660062 525e=.~ 52.3 | 6.0090 8584 | - 01642 73 12 
12800) 252 2 Se 36.7 2.0970 6990 | - 01906 62 5 
(3306 5ee 58 cee 37.6 8.5373 - 7761 - 02062 78 20 
BI505 nace 48.7 2. 8327 - 9442 - 01940 7 if 
S19005 2 eae. 2 37.0 - 7130 7130 - 01927 47 4 
92906. ==----. 36.2. 2.8816 5763 | - 01592 75 7 
pope aoe Fe 37.0 3146 3146 - 00850 79 3 

| 

Average. 42.1 3.3723 7148 | - 01710 71.0 10.2 
| 
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Tas_e 35.—Summary of relation of size of head to yield, height, and tillering of plant. 

: : : | | Average r Weight of Classification according to ~©- | Yield per Yield per 4 i Bate Number number ; ; average Height Hori 
naeber of kernels on (45 plants. of kernels , plant head | ‘kernel (em.). Tillering. 

ad. on spike. grams). (gram). |. (gram) 

Below Gee. snes Bo ee 18 13.3 | 1.3169 0. 2654 0. 02059 55. 2 6.9 
1G Cov 20a Re eo ees = 36 18.4 3.7758 . 3383 - 01862 64.1 13.7 
20 FOES tone eae Saeeess 80 22.2 6. 8466 - 4355 - 01953 73.8 21.4 
PRON) Bocas ss geass se.c soe 84 25.9 | 7. 5207 - 4848 - 01874 73.8 Za 
BVO EPls5 te Ssooaa 55 SaaS = 73 30.1 | 7.4992 - 5998 - 01958 74.5 19.4 
2'TO Oa. BAe Soren noses 38 34. 1 7. 2530 - 6868 - 02023 73.9 15.4 
More thenisb2e--=-c peace 25 42.1 3.3723 . 7148 | - 01710 71.0 10.2 

TaBie 37.—Relation of yield of plant to height and tillering, and to the yield per head. 

Classification aecorgine: be yield per plant, in Pele ees ¥ cae ee | Tillering. x od hike 

eras on Dae a(erams): ae (gram). 

Wolo? cede oot laced gaa Orr eee 31 0.6050 56.5 | 3.7 0.3553 
PGOl 2b 228 ee veer ee Be I See aes ee 67 | 1. 7673 62.2 | 7.0 - 4740 
PRT KOS i EO ei Se ae Sea ee ee ees ae | 87 | 3.5526 69.1) 11.6 4917 
HUGO MOE es es hes SF cee eee Fe Se ree ecto iets 93 7. 6485 75.4 22.1 . 5320 
10 Cot TS Se ae ee ee eel ee 51 | 12. 2862 84.4 32.3 . 5092 
LoRbO 20 se eects ork ale ee a ae oye ee ea 20 | 17.1908 84.6 | 42.9 - 0310 
INMontey Hassel ANS Ae ee aoa teen dos aac ee saccesc 5 | 23. 2829 85.2 | 43.2 | - 6865 

TABLE 38.—-Kelation of yield per head to yield, height, and tillering of plant, and to weight of 

average kernel. 

Yield per | Yield per | Weight of 
Classification according to yield |, Number ; ? Height | | average 

per head, in grams. of plants. eae | ae |< cem.). | Tillering.| “kernel 
| oe EE . | (gram). 

a el ae = | le 
IBelowi0! 300! 323s acces ece sees 30 0. 2484 1.6939 | 60.8 | 11.4 0. 01586 
OF300) FolO/400 eee eae ee eae eee cee 62 3567 3. 7365 | 65.6 15.5 | - 01737 
Q!400't0, 0.500 5 ae5 Jo 22 asec ccee 98 . 4524 6. 7326 | 72.8 19.9 - 01847 
05500); tol0 G05 eee eee eee eens | 78 5477 9. 5646 | 76.6 21.8 . 02073 
OXG0OKbOL0 00S S57 2-2 ee see eee | 50 . 6372 7.6214 | 74.3 17.3 - 02056 
O2700GOlO; 800 Fe eaeoae eee ae eee | 25 - 7456 4, 4523 | 79. 2 18.6 . 02179 

5. 7687 | (By 7 10.3 | - 02151 Moreithan\0)800 22% <es.se0205- 2252 12 . 9229 

SUMMARY AND CONCLUSIONS. 

As between wheat kernels of the same variety raised under similar 
conditions, those kernels having a high percentage of proteid mate- 
rial have a lower specific gravity, weigh slightly less, and occupy a 
smaller volume than kernels having a smaller percentage of proteids. 

As between individual spikes and individual! plants, the same rela- 
tions obtain. 

As between individual plants in different years, these relations do 
not hold. . 

The quality of high proteid content and its correlated properties 
may be due to immaturity in the kernel, or they may belong to the. 
normal and fully ripened kernel. 

As between kernels, spikes, and plants, those kernels of oreater 

weight contain a fereer weight of proteids—this in spite of ‘hie fact 

that they contain a lower percentage. 
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Plants bearing the largest number of kernels have kernels of more 
than medium but not the greatest weight; as do also plants producing 
the greatest weight of kernels. The same is true.of plants producing 
the greatest weight of proteid matter and gluten. 

Heavy seed wheat drilled at the rate of 14 bushels per acre pro- 
duced a much larger crop of seed the first year of the separation than 
did light seed drilled at the same rate, but by continuing the separa- 
tion of the respective crops and selecting heavy seed from the crop 
erown from heavy seed, and light seed from the crop grown from 
light seed, the difference in yield in three or four years was small. 

After the first year of separation the light seed produced a greater 
amount of proteids per acre than did the heavy seed. 
A determination of the total or of the proteid nitrogen content in 

the kernels on one row of spikelets of wheat affords a nae close esti- 
mate of the same constituents in the kernels on the other row of 
spikelets. 

A determination of. the total or of the proteid nitrogen content in 
the kernels on one-half of the spikes on a wheat plant will give a very 
good estimate of the same constituents in the kernels on the other 
spikes, provided there are at least an average > number of spikes on the 
plant. 

There may be quite a large variation in the proteid nitrogen con- 
tent of different spikes on the same wheat plant. 

Determinations of the proteid nitrogen content of 800 spikes of 
wheat of the same variety representing different plants showed a 
variation of from 1.12 to 4.95 per cent of proteid nitrogen, and 351 
plants of the same variety the following year varied from 1.20 to 5.85 
per cent. 

The proportion of gluten to proteids in kernels of different wheat 
plants may vary considerably. A determination of proteid nitrogen 
is therefore not always a guide to the gluten content of the wheat. 
Selection for improvement Snel be based on the determination of 
gluten. 

Wheat plants having kernels high in gluten contain a smaller pro- 
portion of other proteids than do plants of medium or low gluten 
content. 

In wheat of the same variety, raised in the same field in the same 
year, the ratio of gliadin to glutenin was practically the same in 
plants of low, medium, and high proteid nitrogen content. 

It may therefore be assumed that an increase in the gluten con- 
tent of a given variety of wheat raised in the same region would carry 
with it a corresponding improvement in its value for bread making, 
although there might be fluctuations from year to year in the quality 
of the gluten. 
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The content of proteid nitrogen, the kernel weight, and the total 

proteid nitrogen production by the wheat plant are hereditary quali- 
ties. 

There is a tendency for plants possessing any of these qualities in 
an extreme degree to produce progeny in which the same qualities 
approach more closely to the average, but certain exceptional plants 
may transmit the same or more extreme qualities. 

The yield of grain per plant after a severe winter was decreased in 
proportion to the susceptibility of the plant to cold. The effect of 
the cold caused the plant to produce a less number of heads, or, in 
other words, to tiller less. 

The early-maturing plants yielded the most grain, and those ripen- 
ing later produced in each case less when grouped into ripening 
periods of four days, extending through more than three weeks’ time. 

The early-maturing plants produced grain of slightly lower nitro- 
gen content than the later maturing plants, and the number of grams 
of proteid nitrogen in the average kernel was likewise less in the 
early-maturing plants. 

Plants with heads of slightly more than medium size produced 
the largest yields of grain, and were taller than plants with either 
larger or smaller heads. Plants with heads of medium size, or slightly 
less, tillered most extensively. 

The weight of the average kernel did not increase with the size of 
the head, nor did it decrease, except on the very largest heads. 

The largest yielding plants were the tallest and tillered most. 
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