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INTRODUCTION. 

The investigations described in this bulletin were made for the 
purpose of ascertaining the value to the cotton producer of knowing 
the class of his cotton before sale and for the purpose of determining 
whether this information could be furnished to producers by dis- 
interested parties with practical results. It is realized that in the 
marketing of cotton by producers a knowledge of class before sale 
is only one of a number of related problems, some of which were 
studied and are discussed in this paper. 
A detailed investigation of local conditions affecting the marketing 

of cotton was made in North Carolina during two seasons. This in- 
vestigation was confined to the eastern part of the State during the 
season of 1914-15, and embraced all cotton-producing sections during 
the season of 1915-16. 

62489°—Bull. 476171 



2 BULLETIN 476, U. S. DEPARTMENT OF AGRICULTURE. 

METHOD OF PROCEDURE. 

Arrangements were made with practically every ginner in Edge- 
combe County to sample each bale of cotton ginned during the 1914-15 
season and mail the samples to the classing room at Tarboro. Samples 
from about 10,700 bales ginned in the county were received. These 
samples were graded and stapled, and this information was mailed 

to the producer on a card, numbered to correspond with the bale from 
which the sample was taken, with a letter explaining in detail the 
purpose of the investigation. The farmers were circularized fre- 

quently, to help them to understand the approximate differences in 
prices that should be made between grades. 

The investigation was conducted in a similar manner during the 
1915-16 season on an enlarged scale, classers being appointed for the 
following counties: Edgecombe (the cotton ginned in Nash County 
was classed by the Edgecombe classer also), Mecklenburg, Wilson, 
and Wayne.” Samples from about 30,000 bales ginned in these coun- 
ties were received and classed. 

Samplers were appointed during the 1914-15 season at Fayette- 
ville, Goldsboro, and Scotland Neck, all of which are located on the 

Coastal Plain section, to collect samples of bales of cotton, sold at 
these towns, the class of which was unknown to the producer before 
sale. Inclosed with each sample sent to the classing room at Tarboro 
was a record slip giving the price at which the bale sold and the date 
of sale. About 3,500 samples of bales of cotton sold at these towns 
were received. During the season of 1915-16 the collection of sam- 
ples in this manner was extended to include Ahoskie, Clinton, Gas- 
tonia, Jacksonville, Kings Mountain, Kinston, Laurinburg, Louis- 
burg, New Berne, Raleigh, Red Springs, Salisbury, Selma, States- 
ville, Wadesboro, and Washington. Samples drawn from about 
14,000 bales sold at these towns were received. An attempt is made 
in the map (see fig. 1) to illustrate the extent to which these towns 
represent the cotton-producing area of the State. 

CHARACTER OF THE COTTON PRODUCED IN NORTH CAROLINA. 

AVERAGE GRADE AND LENGTH OF STAPLE. 

During the season of 1914-15 the average grade of the bales 
sampled in North Carolina was slightly below Middling, although 
about 334 per cent was Strict Middling or above. During 1915-16 
the average grade was nearly Strict Middling, about 48 per cent 

1 The authors desire to express their appreciation of the cooperation and assistance of 

the ginners, which contributed greatly to the success of this investigation. Mr. Fred 

Taylor, Cotton Technologist of the United States Department of Agriculture, supervised 

the study. 

2The investigation in Edgecombe proving successful, the North Carolina Legislature 

passed a law (chap. 175, Public Laws, 1915) which authorizes county commissioners to 

employ county classers in cooperation wita the North Carolina Agricultural Dxperiment 

Station, the United States Department of Agriculture, or both, acting together. 
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being Strict Mid- 

dling or above. 
This difference is 
accounted for by 
the better weather 
which prevailed 
during the latter 
picking season. 

Only 2 per cent 
of the bales classed 
during the season 
of 1914-15 were 
less than ¢ of an 
inch in length of 
staple; 61 per cent 
was 7 of an inch, 
and 37 per cent 
longer than { of 
an) melee (Th: e 
average length 
of staple for the 
samples taken dur- 

ing the season was 
approximately 0.90 

inch. During the 

season 1915-16 (see 
Table I) approxi- 
mately 34 per cent 
of the bales classed 
were less than { of 
an inch in length 
of staple; 50 per 
cent were % of an 
inch, and 463 per 
cent more than % 

of an inch. The 
average length of 
staple was approx- 
imately 0.92 inch. 
This longer length 
of staple shown 
for the season of 
1915-16 is ex- 
plained by the fact 
that samples were 
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collected both in the Piedmont and Coastal Plains sections, while - 
sampling was confined to the Coastal Plains during the 1914-15 
season. 

TaBLe I.—Percentages of the different lengths of staple of cotton sampled in 
each town during the 1915-16 season. 

Length of staple in inches. 

Average 
Market. a aPC Section. staple 

SS z 5 : Ye an length. 
than { 8 ts + IY 1 longer. e 

Per ct.| Perct.| Per ct. | Per ct.| Perct.| Perct.| Perct. 
Mhosiia. oe. «26> 25 ip ee 2 WSO. SS 25s eee Coastal... 0.86 
Charlotte...........- 4 36 15 38 4 4 2 cg 95 
Glinton. oe seeeene == olen see ee 4 18 80 iTS) Je Meee BEG Se Coastal... 1.00 
Fayetteville. .-..--.-]........ 82 16 72 ||. 2 ee Ty a 5 eS ee, JdG-esen 875 
Gastanlge-s-eote--.<- 14 3 7 36 30 8 14 | Piedmont 1.06 
Goldsboro. ......---- 1 65 30 34 TON saan oe | loess 23 5 Coastal... 91 
Wacksonvaller ee s-5..} ooo... 26 45} 26 RW ee 2 ESpedbsane|(¢ 2807-7 94 
ey Men “Surtees ae 1 2 43 50 2 i | Piedmont 1.03 

HVE Sb acci5 35: SBE 2 21 35 37 3 US | Peeeocoss Coastal 95 
perce 355-5 Somee base see = 27 59 LATE Re eee ee east 2 Ss ee edge eens - 94 
Louisburg.....------ 14 39 58 eS osecicas fh |poseaaesins “Piedmont 94 
Nashville. ......-.-.. 5 86 74 3 Bios ceeee % | Coastal... . 875 
New Berne.........- 3 3 5 33 50 8 Pal eee ESS ae .97 
LAAT Si oe - so aodeinc! hos Sam 42 48 KY) imoseces| SeeberS 4 Reeaess 254 “Piedmont. -94 
Red Springs.....--..|.......- 71 284 Re IE Bcc sores Coastal... . 875 
WALISDUNY~ se eene. = 4 30 624 74 2 eee Seana 5 4 5 Piedmont. -94 
Reiley Neck-- a... - 22 70 (EWR Seep coin saGe| abe’ = 4 | Coastal... . 875 

ao ebnaodbs ssa ¢ 2 35 50 Li | aes PEERS A Seis (olh 595 - 94 
Statesville Reece rateia i tata | Memes 1 16 28 52 Sy Gere soc: Piedmont. 1.03 
SPATDOLO! Spee <'- 5 80 12 IF bana De |. seers Coastal... . 88 
Wadesboro: 22-22... -|2 5 825. 1 7 60 31 4 4 | Piedmont. 1.00 
Washington .......-- Le eee 31 33 32 3 Lk os ee est. Coastal... . 94 
WHISON 22002 oa c a: | Saosee as 27 9 62 14 |S ss coe (Sse AOleeemee -97 

Total number of bales stapled for all the above towns, 25,020. 

COMPARISON OF COTTON PRODUCED IN THE PIEDMONT AND CCASTAL PLAIN 

SECTIONS. 

It will be observed from a study of Table I that although the 
samples of cotton from the towns of the Piedmont section have not 
in every case staple superior to that of towns in the Coastal Plain, 
as a class they do have a longer staple. The difference in the general 
character of the cotton of the two sections is marked and commer- 
cially recognized. 

The cotton of the Coastal Plain is uniform in length of staple 
and is of good strength. Most of it is rather light in body, but there 
is a fair amount of heavy-bodied cotton of good quality. This indi- 
cates that, if proper attention were paid to selecting suitable varieties 
for planting, the value of the crop would be materially increased. 
Although some cotton of poor character is produced in the Piedmont 
section of the State, and more careful selection of the varieties to be 
planted would be amply rewarded, the cotton of the Piedmont section 

is superior to that of the Coastal Plains. One cause for this differ- 
ence is due to the fact that there are a number of small, primitive 
plantation gins located in the Coastal Plain section of the State, 
and only about half the cotton produced in that section is ginned at 
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large, modern custom gins, while the..majority of the gins in the 
Piedmont section are well equipped. 

There is less incentive in the Coastal Plain section to improve the 
character of the cotton produced since neither the length of staple of 
individual bales nor the average length of staple produced in a com- 
munity seems to have any weight in determining the price paid for 

certain bales or the relative standing of the town as a cotton market. 
This is not true of the Piedmont section, as it appears that the 
length of staple of each bale and the average length of staple pro- 

duced in a community are factors in determining both the prices 
of individual bales and the relatively higher prices paid at certain 
markets. 

PRODUCTION COMPARED WITH CONSUMPTION OF COTTON IN 
NORTH CAROLINA. 

A matter worthy of serious consideration by buyers and consumers 
as well as producers of cotton in North Carolina is that, notwith- 
standing the fact that the mills of the State consume more cotton 
_than is produced in it, production does not meet the peculiar needs 
of consumption from a standpoint of length of staple. (See Table 
II.) A survey of the mills of the State made by the Division of Mar- 
kets of the North Carolina Agricultural Experiment Station shows 
that more than three-fifths of the cotton consumed in North Carolina 
is produced outside of the State. 

TaBLE I1.—Comparison of lengths of staple of cotton produced and consumed in 
North Carolina during the 1914-15 season. 

Length of staple in inches. 

Less 2 15 i 1}; or 
than %. 8 re longer. 

Bales. Bales. Bales. Bales. Bales. 
Brod UcedeeE cree ees see ha: er Re 28,000} 400,000 | 160,000 | 152,000 56, 000 
ROUGHING EMRE eccs siciclcbuicicccccee es ae ece 27,000 | 300,000 | 180,000 | 234,000} 144,000 

ONGHOROCIT CHOC os bee anobesesee ae coesoreeeener TE OOO! ASO RASS ss ea) ee Saale 
Wnderproductione ses 4 aie ve Maths oo, Sear ES Se 0) 20,000 | 82, 000 88, 000 

Tt will be observed from a study of Table II that while there is 
more cotton of seven-eighths of an inch and less in length of staple 
raised than is consumed or manufactured in the State, the reverse 

is true of cotton having a length of staple of 1 inch or more. This 
condition can be remedied if producers will give reasonable con- 
sideration to the length of staple when selecting varieties for plant- 
ing.* Producers will be encouraged to grow cotton of a better staple 

1 Cook, O. F. The Relation of Cotton Buying to Cotton Growing. U.S. Department of 
Agriculture, Bulletin No. 60. 

= 
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if buyers will use proper discrimination in the prices paid for dif- 
ferent lengths of staple. Production to meet the requirements of 
State consumption might enable the mills to secure their supplies 
more economically through the reduction of freight and other 
charges, which condition might result in turn in higher prices being 
paid locally for cotton. 

RELATIVE MERITS OF CERTAIN PRIMARY MARKETS IN NORTH 
CAROLINA. 

COMPARISON OF PRIMARY MARKETS IN THE COASTAL PLAIN SECTION. 

An effort was made to ascertain the relative importance of certain 
primary markets in the Coastal Plain section. In order to make the 
comparison as accurate as possible a record was made of prices re- 
ceived for unclassed cotton of the same grades on the same dates in 
ony two of the markets. The resulting averages shown in Table III 
indicate accurately the differences in prices which existed in any 
two markets. The prices received in Fayetteville, for instance, aver- 

aged 11.64 cents for cotton of the same grades sold on the same dates 

which brought 11.67 cents in Ahoskie. Again, the prices received. 
for cotton of the same grades sold on the same dates in Fayetteville 
and Clinton averaged 11.98 cents and 11.92 cents, respectively. 
A study of this table shows that the average length of staple at a 

town has no apparent bearing upon its relative merit as a market. 
Asan example, Ahoskie with an average length of staple of less than 

% of an inch paid an average of 27 points, or $1:35 per bale, more 
than Clinton with an average length of staple of 1 inch. 

Special attention is called to the statement for the town of New 
Berne in Table IIT and also in Table I. The fact that a superior 
staple is produced in that section evidently is not known to the pro- 
ducers and probably not to the local buyers, as the market averages 
low in price and no distinction is made between different lengths 
of staple. A study of the record slips showed that cotton only { of 
an inch in length of staple in every instance brought as much as cot- 
ton 14 and 1; inches in length of staple, when as a matter of fact 

the difference in value is from $10 to $15 a bale. 

From the standpoint of price the relative merits of these markets 
seemingly were: ist, Fayetteville; 2d, Ahoskie; 3d, Kinston; 4th, 
Jacksonville; 5th, Selma, 6th, Clinton; 7th, New Berne; 8th, Laurin- 
burg; 9th, Washington; 10th, Scotland Neck; and 11th, Red Springs. 
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Taste III.—Comparison of average price per, pound received for unclassed cot- 
ton at primary markets in Coastal Plain section, season 1915-16, grade and 
date of sale coinciding. 

[Prices in boldface figures apply to towns in boldface type. Prices in lightface figures 
apply to towns in lightface type.] 

; z 5 pallies ‘ Pp 

es | # F e q 8 doo 

. > > * q 3 6) los] ° 
o o qd ,Q oO i= ae o us| 

BAW Scie | S|, SMR lit Weal lod | oF lo tee, 
7) ~p Oo 72) ow I os 

Sos spake Ped) bigs eea Bh ein gent Boel oad |S leee 
ZV NS) Wal eee RSIS) ol) cpa ata Nir eo dee ai eh 

GSS), \Ctssi) Cts:.|*Cts: | CtsaliGtss|\ Cts. |) Cts. \\ Cts. |) Cts. .|| Cts. || Cts. I. 
RAB RE 11.03) 11.64! 11.52) 11.37} 11.01 11. 42) 10. 93} 10.96) 11.67] 11.35) 11.29)...... 

PATOSKI1G: Say eset iia = =I 11.30) 11.67) 11.52) 11.27) 11.88] 11.39) 11.42] 11.30) 11.47] 11.42) 11.41) 0.860 

ETE SO | Aes 11.98] 12.00) 11.44) 10.37] 11.51) 10.69) 11.04) 11.04) 11.75) 11.31).-.-.. 
Clinton... 02.00. .| 11.03)....-- 11.92) 11.91); 11.35) 10.67) 11.40) 11.20) 11.19] 11.25) 11.76) 11.36) 1.000 

11.67) 11.92)...... 10. 96} 11.51} 10.91) 11.16) 10.80} 11.07) 10.76} 10.83) 11.15}...... 
Fayetteville ....... 11.64) 11.98)...... 11.18} 11.63] 11.10) 11.36) 10.96} 11.36) 10.79] 11.13] 11.31) .875 

11. 52) 11.91) 11.18)...... 11. 87} 11.08) 11.92) 10.88} 11.38] 10.41) 11.68) 11.31)...... 
Jacksonville ....... 11.52| 12.00) 10.96). ....- 11.71] 11.36) 12.60) 10.83) 11.55} 10.88) 11.81) 11.41) .940 

1 Ur SANSA La ES Hay st FY LSC 1 Be aU ee 10.81} 11.27) 11.16} 10.91) 11.32) 11.27) 11.27)..._.. 
Manstoms acetone 11.37) 11.44) 11.51) 11.87)].....- 10.89) 11.38) 11.58) 11.23] 11.25) 11.44) 11.39) .950 

11.38 10.67) 11.10) 11.36; 10. 89}...... 10. 72) 10. 88} 10.80} 11.07} 10.39) 10.92)...... 
Laurinburg....... 11.01) 10.37| 10.91) 11.08) 10.81}...... 10.87} 10.88] 10.72] 10.99) 11.16) 10.88) .940 

11.39] 11.40} 11.36 12.00! 11. 38) LORS Teer < 11.10) 11.12) 11.12) 11.22] 11.29)...... 
New Berne........| 11.42) 11.51) 11.16 11.92, 11.27) 10.72)...... 11.44! 11.34] 10.95) 11.25) 11.29) .970 

11. 42) 11.20) 10.96) 10.83) 11.58] 10.88) 11.44)...... 10. 94) 11.20) 11.05} 11.15)...... 
Red Springs........ 10.93] 10.69] 10.80) 10.88) 11.16} 10.88) 11.10]...... 10.78] 10.91! 11.06 10.91! .875 

11.30} 11.19) 11.36} 11.55) 11.23) 10.72) 11.34} 10. 78)...... UVS28 |) TS 23 S19 ee 
Scotland Neck. ....| 10.96) 11.04) 11.07] 11.38) 10.91) 10.80) 11.12) 10.94)...... 10.92) 10.96) 11.01) .878 

11.47) 11.25) 10.79} 10.38) 11.25) 10.99) 10.95) 10.91} 10.92)...... T1502). 10599) 2S. 
Selma tee Cie wa 11.67) 11.04) 10.36) 10.41) 11.32] 11.07) 11.12) 11.20) 11.28)...... 11.25 11.11, .940 

i i 11. 42) 11. 76) 11.13) 11.81) 11.44) 11.16) 11.25] 11.06) 10.96) 11.25).....- | THES oe 
Washington... ....| 11.85) 11.75) 10.83] 11.68) 11.27| 10.39) 11.22 11.05) 11.23] 11.02).-.-.- ee .940 

COMPARISON OF PRIMARY MARKETS IN THE PIEDMONT SECTION. 

A comparison of the average prices paid for the same grades of 
cotton on the same dates at certain towns in the Piedmont section is 
given in Table IV. 

Attention is called to the fact that with the exception of Salisbury 
as compared with Statesville the markets compared as to prices in 
direct ratio to their average length of staple. A possible explana- 
tion of this exception is that there are supply merchants who buy 
cotton at Salisbury, while such is not the case at Statesville. 
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From the standpoint of price the relative merits of these markets 
seemingly were: First, Gastonia; second, Kings Mountain; third, 
Wadesboro; fourth, Salisbury; fifth, Statesville; sixth, Raleigh; and 
seventh, Louisburg. 

TasLe 1V.—Comparison of average price per pound received for unclassed cotton 
at primary markets in Piedmont section during the 1915-16 season, grade and 
date of sale coinciding. 

[Prices in boldface figures apply to towns in boldface type. in] Prices in lightface figures 
apply to towns in lightface tyve.] 

7 

3 Aver- 
Kings : = age 

Gas- Louis- | Ra- Salis- | States-| Wades-| Aver- 
tonia, | Moun- burg. | leigh. | bury. | ville. | boro age. ait tain. of 

staple. 

Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | C Inches. 
sorepeeteee 12. 03 11.79 11.64 11.68 | 11.75 11. 81 STAGE | Reece x: 

Gastonia ..................|--.-----| 12.69 | 12:66 | 12.79) 12.65 | 19.78} 12:42) 22°65 1.06 

NQAGO RE See cee 1969) A727) ASST as 74a a tore ee 
Kings Mountain........... Teal see ae 12.16 | 11.95 | 12.02 | 11.738 | 12.15 12.00 1.03 

12. 66 12516) lence sees 11.52 11.94 11. 58 11. 81 TESOR Nees sn) 
1 TTT IS) 19 7g GAINS ogee oe eee Taree ab ees 11.50 | 11.68] 11.56] 11.85] 11.68 94 

Me Onl eld. 95) |) tit 50m eee ae 173 ),| ae olde a Sp ee ree 
PROTON ey sarc sya sarin aiseise) ots 11.64 | 11.72 | 19.52 |o-22-- 2: 11.55 | 11.50 | 11.68] 11.60 94 

PGE hot Ad erie opt be Til. GYp ie Bes 11. 575) USTs i guerre 
MSLBUMR pe Soni e ieee donk: 11.78 | 11.88 | 11.94} 11.78 |..-...--- | 11.78 | 11.71} 11.78 94 

2 P5783 11.73 11.56 11. 50 TB tases j 11.85 i 86n eee: os 
PS DETAUED ULM ae ate ae 11.75 | 11.74) 11.58) 11.45 | 11.57 |...--.-.- 11.82 | 11.65 1.03 

12. 42 12.15 11.85 11.68 11.71 AL 828) 283 eee 94s | eres 
WURMCSDOLON es sce 11.81 | 11.74] 11.81 | 11.72] 11.81 | 11.85 |.......- 11.96 1.00 

COMPARISON OF PIEDMONT SECTION WITH THE COASTAL PLAIN SECTION. 

A comparison of the last two columns of Tables III and IV shows 

that cotton produced in the Coastal Plain did not bring as high 
average prices as cotton of the same length of staple produced in the 
Piedmont section. This difference may be accounted for, in part, 
by the better body of the cotton produced in the Piedmont section, 

but the difference in value between the types of cotton produced in 
the two sections is not sufficient to account for all of this difference. 
A probable reason is that more careful recognition is given to the 
class of individual bales in the Piedmont section than in the Coastal 
Plain section. 

The fact that producers are able to secure premiums for bales of 
superior grades and staples in the Piedmont section seems to be a 
sufficient reason to account for the greater care that is exercised in 
the picking and handling of the cotton produced in that section, as 
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_ evidenced by the much higher average grade. Furthermore, it seems 
evident that the failure of buyers in the Coastal Plain section to give 
producers premiums for superior cottons has had a deleterious effect 
upon the cotton produced. In the Coastal Plains cotton is bought 
according to a system of averages, while in the Piedmont section 
reasonable consideration is given to the class of individual bales. 

COMPARISON OF CASH WITH CREDIT SALES. 

The average prices for cash sales and for sales which are credited 
to the owner’s account by a merchant, as tabulated by the depart- 
ment, showed a seeming advantage for credit sales of about 15 points, 
or 75 cents per bale. It is generally conceded that a merchant who 
does not depend upon the handling of cotton for a livelihood, but 
who uses it to collect accounts and induce trade, will handle cotton 
for the mere cost, sometimes even at a loss. 

Important facts in this study were developed from an examination 
of the individual sales. While the majority of credit sales were 
slightly higher than average cash sales for the same grades, the 
range between high and low prices was much greater for sales on 
account than for cash sales. A number of credit sales were materially 

_ higher than cash sales, but some credit sales were much lower than 
the average cash sales. This indicates that the financial condition 
of the seller enters into sales on account. The highest price seem- 
ingly is paid to those who have no security except their cotton. Such 
parties frequently are charged a higher price for supplies that they 
purchase. Therefore, the higher price paid for cotton, the proceeds 
from which are credited to their account, is in a large measure, if 
not entirely, offset by the higher prices charged for merchandise. 

PRICES RECEIVED FOR CLASSED COTTON COMPARED WITH 
PRICES RECEIVED FOR UNCLASSED COTTON. 

COASTAL PLAIN SECTION. 

A comparison of the average prices paid for cotton of the same 

grades sold on the same dates during the 1914-15 season in Tarboro, 
Edgecombe County, where it was classed, and three other towns 
in the Coastal Plain section where it was unclassed is shown in Table 
V. It will be noted that the cotton classed before sale brought an 
average of 18 points, or $0.90 per bale, more than did the unclassed 
cotton sold on the same dates at Fayetteville, Goldsboro, and Scot- 
land Neck. Upon this basis the farmers of Edgecombe County, as 
a direct result of the grading service rendered them, received about 
$12,000 more than they otherwise would have received for the 
season’s crop. 

62489°— Bull. 476—17——-2 
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TABLE V.—Comparison of average prices per pound received for classed and 
unclassed cotton of the same grades sold on the same dates during the 
1914-15 season. 

[Prices in boldface figures apply to town in boldface type. Prices in lightface figures 
apply to towns in lightface type.] 

Markets selling unclassed 
cotton. 

Market selling classed cotton. GE GES | EE 

Fayette- | Golds- | Scotland 
ville. boro. Neck. 

6. 98 7. 04 6.77 6. 93 
OOS eee eat ee ae nee iste ciciceee cob Sen eee 7.15 7.19 6.99 7.AL 

Miviorencown price. f2ac- seas ae ats = oe owe eee 17 15 18 

TABLE VI.—Comparison of average prices per pound. received for classed 
cotton and unclassed cotton of the same grades on the same days in the 
Coastal Plain section, 1915-16 season. 

[Prices in boldface figures apply to town in boldface type. Prices in lightface figures 
apply to towns in lightface figures. ] 

/ 

— 

Markets selling unclassed cotton. o 
= 

= CER 4 
3 7 : G |r r= 

Markets selling o + z g fe | ¢ = =. 
classed cotton. a my) So) We ae eS a} o Be | a4 Do 

ay, c= ox nam o fea) Q =O : wa, 
g =| tS ~ A mM Oo ay Ss a 

Brgy ae 4S". | eR Betts Sh Sid Bee 
A | eres he re mi Mouse | eal spa |co al Weebl tee eed 

Cents.| Cents., Cents.| Cents.| Cents.| Cents.| Cents., Cents. Cents.| Cents.| Cents.| Cents.| Inches 
11.32) 11.11) 11. 43) 11.75) 11.57) 9.75 11. 32) 10. 63} 10.91} 11.00) 11.56) 11,12 

Goldsboro......... ty 11.51 ae 12.15) 11.69) 11.60) 11.80) 11.48) 11.54| 12.00) 12.00) 11.64] 0.91 

11.41) 11.34) 11.28, 11.35) 11.48! 11.21) 11.46) 10.71) 10.90) 11.21} 10. 89) 11. 22! 
Waxores 325. .(2423-:. 11.29) 11.40) 11.27) 11.30| 11.44; 11.26) 11.37) 11.10) 11.12) 11.10) 11.26; 11.27, .88 

11.41) 11.36) 11.50) 11.78) 11.53] 10.97) 11.60) 10.61) 11.00) 11.66) 11. 22) 11.33 
Walson Meielee sd 11.63) 11.52) 11.81) 12.04/ 11.57) 11.60) 11.64) 11.55) 11.45) 11.54/ 11.95) 11.66) .97 

Average differ- 
ence in prices 
between each 
town and 
Goldsboro 
Tarboro, and 
Walsonie cc. —.06) —.20) —.13} —.21) —.08) —. 64) —.14) —.72) —.44) —.18) —.51) —.30] 4.92 

Average of length 
staple (inches). 28 1.00] .875) .94/° .95/ .94| .97| .875| .875| .94) .94) a.93/...... 

a General average. 

During the 1915-16 season the service rendered at Tarboro was 
extended to Goldsboro and Wilson, in the Coastal Plain section, with 
the result that at the towns where cotton was classed before sale a 
higher average price was received than in towns where the cotton was 
unclassed. Table VI gives a comparison of prices received for cotton 
that was classed before sale as compared with prices received for un- 
classed cotton in certain towns during this season. Prices received 
in the three towns where classing work was done averaged 30 points, 
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or $1.50 per bale, higher than prices received in the 11 towns at which 

cotton was not classed before sale. Furthermore, not a single town 

in which unclassed cotton was sold shows a higher average price than 
the average price for the same grades and dates in the three towns 
where classed cotton was sold. It will be observed that the average 
length of staple of cotton sold in towns where it was classed for pro- 
ducers is slightly less than the average length of staple where un- 
classed cotton was sold. 

Special attention is called to Goldsboro as compared with Tarboro 
for the season 1914-15, in Table V. In this table Tarboro with 
classed cotton averages 15 points higher, or 75 cents per bale more 
than Goldsboro with unclassed cotton. A comparison of all 
sales on coinciding grades and dates for classed cotton during the 
1915-16 season shows that the classed cotton sold at Goldsboro aver- 
aged 10 points higher than classed cotton sold at Tarboro. This indi- 
cates a net gain of 25 points, or $1.25 per bale, for classed cotton as 
compared with unclassed cotton sold in the same town. 

Using the figures given in this table as a basis of comparison, it ap- 
pears that had all the cotton produced in the Coastal Plain section 
been classed before sale the producers would have received approxi- 
mately $1.50 per bale, or about $800,000, more than actually was 
received. 

PIEDMONT SECTION. 

The prices received for cotton classed before sale at Charlotte com- 
pared with prices received for unclassed cotton of the same grades 
sold on the same dates at other towns in the Piedmont section during 
the 1915-16 season are shown in Table VII. Classed cotton sold at 
Charlotte brought an average of 6 points, or 80 cents per bale, more 
than unclassed cotton sold at the other seven towns, notwithstanding 
the fact that the average length of staple of the cotton classed before 
sale was only 0.95 inch and the average length of staple of the un- 
classed cotton was 0.99 inch. 

TaBLE VII.—Comparison of average price received for classed cotton and un- 
classed cotton of the same grades sold on the same days at towns in the Pied- 
mont section during 1915-16 season. 

[Prices in boldface figures apply to town in boldface type. ein Prices in lightface figures 
apply to town in lightface type.] : 

Markets selling unclassed cotton. 
Aver- 

Market selling classed Aver- |, 22 
cotton Kings : : age, | length e Gas- | Moun- Louis- Raleich.| S2lis- | States-| Wades-| “© of 

tonia. | “t5in burg. $2-) bury. | ville. | boro. staple. 

Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Inches. 
12.03 11.92 11.58 11.80 12.11 11. 83 11.68 | 11.85 1.00 

Chranlottevisag: fhe eee ws 11.80 | 11.92 | 11.87 12.02 | 12.03 | 11.85] 11.92 | 11.91 95 

s 

Length ofstapleineachtown.| 1.06 1.03 .94 | 94 94 1.03 TUCO Oey beset eegted | i so 
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Special attention is called to Gastonia as compared with Charlotte. 
The average price for unclassed cotton sold at Gastonia was 12.03 
cents, while it was only 11.80 cents for the classed cotton sold at Char- 
lotte. It will be observed, however, that the average length of staple 
at Gastonia was 1.06 inches, whereas the average length of staple at 
Charlotte was only 0.95, a difference of approximately one-eighth of 
an inch. While unclassed cotton sold at Gastonia brought 23 points, 
or $1.15 per bale, more than classed cotton sold at Charlotte, the real 
difference in value of the cotton was at least 60 points, or $3 per bale, 
more for the Gastonia cotton on account of the length of staple. This 
indicates that in this instance the cotton classed before sale brought 
$1.85 per bale more than the unclassed cotton, value being considered. 

The cotton sold at Salisbury was not of greater value than that sold 
at Charlotte, but the fact that such a large portion of the cotton sold 
at Salisbury is purchased by supply merchants is believed to account 
for the consistent showing it made in this and other tables as a high 
market. 

As there are about 300,000 bales produced in this section, Table 
VII indicates that at least $90,000 might have been saved the farmers 
of the Piedmont section had their cotton been classed before sale. 
Because of the inferior staple sold at Charlotte as compared with that 
sold at the other towns, it might be assumed that the producers of 
this section would have received $175,000 to $200,000 more for their 
cotton by having it classed before sale. 

DIFFERENCE IN PRICES BETWEEN GRADES. 

A comparison of the average difference in prices between grades on 
classed and unclassed cotton sold during the 1915-16 season is shown 
in Table VIII. These data were compiled in order to ascertain 
whether individual bales brought more nearly what they were worth 
if the owner were informed of the grade of the bale before sale. The 
information was obtained by finding the average price at which each 
grade sold at each town throughout the same period of time and 
determining the difference between these average prices. 

It will be noted that the differences on grades below Middling were 
more favorable to the seller of unclassed cotton than to the seller of 
classed cotton. On the other hand, differences on grades above Mid- 
dling were more favorable to the seller of cotton that had been classed 
before sale. Taking into consideration the fact that 48 per cent of 
the cotton was above Middling and only 274 per cent below Middling, 
it will be seen that the differences used on classed cotton were more 
favorable to the seller than the clifferences used on unclassed cotton. 
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TaBLE VIII.—The average differences in price between grades of unclassed 
cotton during 1915-16 season, 

Strict Strict : ‘ Strict Good good Low Tow. Mia- | Strict | Good good 
. : ordi- F mid- f a mid- | mid- : 

nar ordi- | qiing, | mid- | dling. | ging. | dling, | mid- 
Markets selling unclassed Y- | nary. * | dling. 2 * | dling. | Section. 

cotton. ! } 

Average differences quoted at Norfolk, Va. 

Points. | Points.| Points.| Points. Points. | Points.| Points. 
200 off | 150 off | 100 off | 374 off 0| 250n/ 500n| 750n 

Ahoski6..... eae Sans ceielleaiseci © 7 off 5 off 0 7on | llon| 29 off | Coastal. 
(Chivwille ie Ss 25 ERAS 8 a ee ee el ee Bee eseeeee Bric sanoc 0} 190n | 260n] 300n | Piedmont. 
Clintomeretener cence ence | -ceciec esl snicis <i 38 off | 53 off 0} 140n | 200n] 150n | Coastal, 
BavettavilOcneee.sss54--|-s-2=ce-]-0545-2- 64 off | 270n 0| llon} 200n)..-...-- 0. 
(GESIOMI 5 66 docdedGusead Beeneeee BESSSShG) SEBESEEE Meas cbc 0 lon | 350n |] 470n | Piedmont. 
Goldshonoe. essa et es  coeiilt Yon -- [Pcp 17 off | 10 off 0.) J4.0ny) 160m \2254-49- Coastal, 
Jacksouvilloreesceee cecal a sles - 45 off | 15 off 200 0 lon] ilon] i130n Do. 
Pees IC On ren 5 2 BS ees ee Be 5 off 0} 170ff| 160ff | 16 off | Piedmont. 
IKanistole eerie ese cciiness- 204 off | 70 off | 54 0ff | 16 off 0 50n} ilon 4 off | Coastal. 
Baunnburg...-... 2.5 - 69 off | 49 off | 34 off 4o0n 0) sone) 1804) =: 8- 0. 
MOUIS DUTP ee eer eeeelelen all scien = =| s<leinteie'e = 39 off 4on 0 6 off 6 off 7 off | Piedmont. 
Mew Orne were eaesonec ses- Filmi stese|oer 2s. >= 26 off 0} 3on 7 on 5 on. | Coastal. 

" TREIGIER Do. Ses geb COC UO RE] Renee HeaeEete 50 off | 56 off 0| 350ff | 360ff | 77 off | Piedmont. 
Red Springsss ss-c.e----- 45 off | 14 off 4 off 30n 0; 9 off AY Ofte eee eae Coastal. 
SEIN NDIR ca cen be eel cebe Beaceece GSeCRese Saeeeee 400 0| 14 off 60n | 23 off | Piedmont. 
Scotland Y Neck PR Ieee cao cicke are 79 off | 52o0ff | 35 off On| tA onal S3i0ng peer ee Coastal. 
Semmas eee. see seeeel. 2p S59. L 2 2eeek 6 10 off | 10 off 0} 250n | 250n] 340n 0. 
Statesvalllezseecememera seta eae cee ol lo Lioff |{ tee 0 5o0n | 31o0ff; 370n | Piedmont. 
Wiadesboro--: 22-42 5--24- 120 off | 270ff | 46o0ff| 100ff 0/ llon| 130n} 150n Do. 
DWVASHIN SOM ceases te -)5.2 ...| 168 off off |. 5eaee 0 6 on Gott |t ae ee Coastal. 

Average differences | 128 off | 84off | 52o0ff| 21 off 0 3 on 7on | 120n 
used on unclassed 
cotton. 

Average differences | 195 off | 123 off | 58 off | 23 off 0] 220n | 340n! 380n 
used on classed 
cotton at Char- 
lotte, Goldsboro, 
Tarboro, and Wil- 
son. 

Per cent of each 1 35 8 15 25 29 15 4 
grade in State. 

( | 

Failure to make proper differences between grades in the pur- 
chase of unclassed cotton is not confined to any section of the State. 
However, a study of Table VIII reveals the fact that, as a rule, in 
the Piedmont section insufficient premiums are paid for the grades 
above Middling, while in the Coastal Plain section the differences 
on grades above Middling are more nearly correcct. This fact seems 
to indicate, and personal investigation has confirmed this belief, 
that while approximately correct differences may be used by buyers 
in the purchase cf grades that are not sold in quantity at a town, 
differences favorable to the purchaser are used if the grade is pro- 
duced in quantity. 

An example of the abuses which the aicinc service might hope 
to correct was observed in Mecklenburg County. Among the samples 
received from a certain gin all the cotton belonging to one producer 
was 14 inches in length of staple. With the aid of his class cards 
this producer disposed of his cotton for 16 cents per pound. He 
stated that he had been producing 15 to 20 bales per year of the 
Same variety of cotton for five or six years and that while he thought 
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that his cotton had good staple, he never before had received more 
than the ordinary short-staple price. This producer received about 
20 a bale more than he would if his cotton had not been classed, 
amounting to about $400 for his entire crop. At this rate he has suf- 
fered a total loss of about $2,000 during the last five years by not 
knowing the class of his cotton. While this case is probably excep- 
tional, it indicates the possible loss to the farmer of not knowing 
the class of his cotton. 

It may be concluded, therefore, that the higher prices that many 
producers were able to secure for cotton that had been classed, as 
compared with unclassed cotton, were largely due to the application 
of differences that were approximately correct. Were there no eco- 
nomic gain to the producers as a whole in having cotton classed before 
sale the fact that many individuals would secure more nearly that 
to which they are justly entitled is ample reason for rendering class- 
ing service. 

COMPARISON OF SALES MADE AT PRIMARY MARKETS WITH SALES MADE AT 
NORFOLK, VA. 

Considerable cotton is shipped by producers in the eastern part of 
North Carolina to Norfolk, Va., to be sold there by brokers, and 
data were received and compiled for about 1,000 bales of classed 
cotton sold there. 

The data for the 1914-15 season tabulated by the department show 
that the average price received for cotton sold at Norfolk was 7.09 
cents, while the average price at which the same grades were sold 
on the same dates at Fayetteville, Scotland Neck, and Tarboro was 
6.56 cents, a difference of 53 points, which was partly offset by an 
average freight rate of 284 points, leaving a net discrepancy of 24 
points. 
A similar comparison is shown in Table IX for the 1915-16 sea- 

son for all of the towns from which data were secured, covering co- 
inciding grade and date sales. This table shows an average difference 
in favor of Norfolk of 43 points, which is subject to a deduction on 
account of freight rates of 32 points, leaving a net difference of 11 
points. 

TABLE [X.—Average prices received for the same grades of cotton on the same 

dates im North Carolina primary markets and Norfolk, Va., 1915-16 season. 

[Prices in boldface figures apply to town in boldface type. Prices in lightface figures 
apply to towns in lightface type.] 

« Fay- | Jack- F Scot- Ahos- | Clin- | y Kins- |Laurin-| Red Tar- | Aver- 
=] . t son- an kie. | ton. | aa Sie, | ton. | burg. |Springs. a boro. | age. 

Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. 
11.59 11. 63 12.00 11.55 12.50 | 11.07 10.35 11.33 10. 88 11.43 

Norfolk: =< 225.24; 11.84 | 12.00 | 11.50] 12.01 | 12.18 | 11.83] 11.91 11.95 | 11.54 11.86 
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Taste X.—Current freight rates on cotton;,uncompressed, in cents per 100 
pounds, July 19, 1916. 

To— 

From— | 
Nore, Wilming-| Greens- Char- | Charles- 

Va. ton, N.C. boro,N. C.|lotte,N.C.| ton, S.C. 

Cents. Cents. Cents. Cents. Cents. 
MGS LAE a Hee SPER ts eo hi ckidedecceiccsle sale ste 20 30 Bi 40 45 
CHAT Oe eae cette incincaieta< Sa clele < dane cececececce 44 34 Hos in ES hee ie 44 
Gite riers soe. - se Se eee ee 40 18 3 30 40 
(Oita Gi 95s oe od ga Be eee BBE OEE sae 39 31 34 39 40 
Meyeiomillae erp eerie. peers e d= s5-6c)- o> 2c oon 4-020. 40 24 26 30 32 
AST OH ere eee eta errie tape clear 2ie fata cla iasn\oia/~' = a\nie = je rie 48 354 27 13 51 
GOldSHOUO maces see sons Seance ates acess cece ceeseee 27 334 28 40 40 
Tecicoyen lle 35 oes ae en ee ere 35 a7 38 38 40 
LOTADS, WCET EME =~ oo Sep ee pS cee Sse Sse ese esse EemeEee 48 51 38 16 51 

Kinston 25 25 30 398 45 
| 40 25 oot 24 35 

39 40 29 ny Mel Bemeaonae> 
30 28 3 38 45 
17 17 35 40 45 
42 29 39.45 31.2 42 
39 32 - 28 33 46 
40 26 29 27 31 
44 44 19 18 44 
25 261 34 39 45 
39 26 26 36 40 
44 44 23 18 51 

WME OO Use st aa se eb oe Soe 20 20 33 38 45 
RIVETC CSHIOL OME ame wee eee se oe es ele 44 29 33 19 31 
ASHI OL OU ee anne Soka we ee see'se 17 19 37 40 45 

IVI SOvan perenne See so eeue 27 254 30 37 40 
| 

a Applies per bale of 500 pounds or less; bales weighing over 500 pounds will be charged for in proportion. 

The freight rates from all the primary markets studied in this 
investigation to Norfolk, Va., and all other concentration points 
affecting these markets are given in Table X. Considering the 
fact that those points having the highest freight rates are nearer 
to markets other than Norfolk and in practically all cases ship to 
them, there appears to be an advantage of about $1 per bale, after 
deducting brokerage and other charges in shipping to Norfolk. 
A comparison of all sales of cotton classed for producers, made 

in Norfolk during the seasons of 1914-15 and 1915-16, with the 
quotations of that market for the dates on which these sales were 
made, shows that actual sales made at that point were uniformly 
about 11 points higher than the quotations. However, the figures do 
not in every instance show that the basis price on sales was higher 
than the quotations, but that frequently the price was raised by the 
use of better differences than those quoted. 

Indiscriminate shipping to Norfolk is not recommended, as it 
probably would not be profitable unless the farmer knew the class 
of his cotton. Farmers who knew the class of their cotton and 

shipped to Norfolk were fortunate in the sale of their cotton. Since 
this city quotes what is supposed to be the daily prevailing price, 
the shippers were able to refuse offers which they knew were 

“not in accordance with current quotations. As an example, one 
farmer who had class cards shipped 45 bales to a broker, with 
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instructions that offers be submitted to him before the sale was made. 
The broker called him on the telephone late one afternoon, after all 
exchanges had closed, and advised that he was offered 7% cents a 
pound for the lot. The farmer told the broker that he knew the lot 
would rag few points on Middling and that as the market was 
quoting Middling at 8 cents he felt that he should at least receive that 
price. The next morning the farmer received a check covering the 
sale of the cotton at 8 cents. Thus a difference of about $1.88 per 
bale, or $85 for the lot, was obtained which undoubtedly would have 

been lost to this farmer if he had not been informed as to the class 
of his cotton. 

COMPARISON OF SMALL AND LARGE LOT SALES. 

A study of all comparable large and small lot sales shows that the 
producers who sold in large lots secured higher prices than the pro- 
ducers who sold only one or two bales at a time. For the season of 
1914-15 a comparison of prices received for lots containing 10 or 
more bales with the average price received for single bales of the 

same grades sold on the same date shows an average difference in 
favor of the larger lots of 29 points, or $1.45 per bale. Sixteen large 
lots, comprising 867 bales, were used in this comparison, the lots - 
ranging from 10 to 168 bales. 

For the 1915-16 season a comparison of lots ranging from 20 to 
159 bales showed a difference of 173 points, or $0.85, per bale for the 
larger lots. The data compiled showed that there was no appreciable 
difference in prices between the sale of 20-bale lots and those contain- 
ing 50 or more. 

There seem to be two principal reasons for the increased price 
which large lots usually bring, one being the natural tendency of the 

buyer to grade the large lot carefully and buy it at a smaller profit per 
bale than he would the single bales, and the other being the induce- 
ment to the large producer, if he did not receive an offer in keeping 
with his grades, to ship his cotton to a point where he could obtain 
competitive offers. Such an opportunity is not usually open to the 
man with one or two bales. 

It appears conclusive, therefore, that there is a material advantage 
in selling in reasonably large lots. This fact should be borne in mind 
by cotton producers, as an increased price generally can be secured 
without serious inconvenience to individuals. Cooperative selling 
organizations will best meet this need and are recommended. How- 

ever, farmers who are unable to perfect organizations of this char- 

acter in their neighborhood can undoubtedly secure higher prices 
merely by selling together. 
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OTHER ADVANTAGES DERIVED FROM A KNOWLEDGE OF CLASS. 

Among the other advantages derived from a definite knowledge of 
grade before sale it was observed that such knowledge was of consid- 
erable importance in settlements between landlords and tenants, in 
that it formed an equitable basis for adjustment when the rent notes 
called for a certain number of pounds of a designated grade. Mer- 
chants who had not handled sufficient cotton to become proficient 
classers were able to use the class cards to advantage in the purchase 
and sale of cotton. 

Data compiled indicated that at markets where classed cotton was 
sold the price of unclassed cotton was approximately 10 points, or 
50 cents, per bale higher than it was in markets where no classing 
was done. This fact has an important bearing upon the amount of 
money that has been saved to the cotton producers of North Carolina 
during the seasons of 1914-15 and 1915-16. 

CONCLUSIONS. 

The samples of cotton which were graded and stapled during the 
1914-15 and 1915-16 seasons showed an average grade for the two 
seasons of slightly above Middling. The use of more modern gins, 
especially in the Coastal Plain section, would raise the average 
grade produced in the State. The fact that only 34 per cent of the 
cotton in the bales sampled was less than { of an inch in length of 
staple should be of great importance, since according to the United 
States cotton futures act $ of an inch is the shortest length tender- 
able on future contracts. | 

The producers of North Carolina are not securing the advantage 
that proximity to the mills should give, through failure to produce 
the lengths of staple required by them. Care in selecting varieties 
for planting tends to improve this situation. 

Marketing conditions on the whole are. better in the Piedmont 
than in the Coastal Plain section. The grade and staple of indi- 
vidual bales are given reasonable consideration in the purchase of 
cotton in the Piedmont section, although inadequate premiums are 
paid for the higher grades. In the Coastal Plain section practically 
no distinction in price is made by the buyers between bales of differ- 
ent lengths of staple. 

Sales made for the purpose of settling accounts are at a higher 
rate than are cash sales on coinciding dates and grades. The range 
of prices for credit sales is greater than the range of prices for cash 
sales. As a rule, however, this is not the economic gain that it ap- 
pears, as the fact undoubtedly is taken into consideration in setting 

the price at which the goods, represented by the account, are sold. 
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It appears from the investigation that the average producer who 
knew the class of his cotton obtained about $1.15 per bale more than 
the farmer who was not furnished such information. Should this 
hold true for the whole crop, the producers of North Carolina would 
save over a million dollars by having their cotton classed before they 
sell it. Counties which produce five thousand or more bales would 
probably find it practicable and financially worth while to take ad- 
vantage of benefits of the State grading law referred to in the foot- 
note on page 2. 

The relative value of different grades and lengths of staple is 
more nearly approximated in the sale of cotton, the class of which 
is known to the producer, than in the sale of unclassed cotton. It 
is reasonable to suppose that when the farmer is assured that his 
cotton is accurately and impartially classed and bought as classed, 
he will appreciate the advantage of exercising greater care in choos- 
ing the variety to be planted and also more care in the picking and 
handling in order to improve the grade and staple so that he may 
receive the premium which the superior product will bring. 

Producers who sold in lots containing ten or more bales obtained 
from 88 cents to $1.45 per bale more than the producers who sold 
one or two bales. Classing is only the first step and pooling or 
selling organizations should be formed if the full benefits of classing 
are to be realized. 

Norfolk, Va., seems an advantageous market for certain towns in 
eastern North Carolina, provided the shipper knows the class of his 
cotton. If the farmer does not know the value of his product, he 
is not only incompetent to dispose of it locally in an intelligent 

manner but is also unable to tell whether he is receiving full value 
if he sells it at a distant market. 

Accurate knowledge of the grade of bales enables merchants who 
buy cotton in settlement of accounts to pay the individual farmer 
more nearly what his particular cotton is worth and to secure better 
prices for themselves when selling. 

The sale of classed cotton at a primary market increased the price 
paid for unclassed cotton sold at that market about 10 points, or 50 
cents per bale. 

Investigations conducted in Arkansas by the Office of Markets and 
Rural Organization during the 1913-14, 1914-15, and 1915-16 sea- 
sons corroborate the conclusions drawn in this bulletin as to the 
value of a knowledge of the class of cotton before sale and the ad- 
vantages derived from selling in large lots. 
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INTRODUCTION. 

During the season of 1915 the Office of Markets and Rural Organ- 
ization of the Department of Agriculture conducted an experimental 
market news service for strawberries, tomatoes, muskmelons, and 
peaches. This involved securmg telegraphic reports of shipments 
of these products from all originating common carriers, and reliable 
reports of arrivals and prices of these products on the principal 
markets. This information was distributed free to growers and 
shippers by mail or by wire ‘‘collect”’ as desired. 

In connection with this service, extensive surveys were made of 
the principal shipping areas of each of these crops and a representa- 
tive of the office was stationed in one or more of the centers of pro- 
duction of each durmg the commercial movement to distribtite 
direct to the producers all the market news at the command of the 
department. 

The text of this bulletin is based upon observations made by the 
authors at shipping points, and by members of the staff working in 
the markets. The charts showing distribution are based upon 
reports furnished by wire during the shipping season by the railroads 
and.boat lines handling important carload movements. 

The tabulation of shipments by stations is compiled from the 
records of the various carriers as transmitted to the department at 

Norte.—This bulletin is of interest to strawberry growers, shippers, transportation companies, and 

consumers, and to all engaged in the trade in berrigs and fruits. 

62735°—Bull. 477—17——1 
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the end of the season and is admittedly somewhat incomplete. It 
includes practically no shipments of less than full carloads and in 
many cases the exact records of the business of certain stations 
could not be obtamed. Only a few carriers of importance in the 
interstate shipment of strawberries have failed to make any report 
of their business. The figures on pages 27 to 32 are therefore fairly 
comparable with those for 1914, published in Department Bulletin 237.1 

An exception should perhaps be made in the cases of California 
and Washington, for later information leads to the belief that a number 
of the cars reported shipped from stations in these States i 1914 were 
probably less than carload shipments. Furthermore, the movement 
from one important section of California was largely by boat in 1915 
and no record has been obtained, whereas this area furnished a large 
part of the movement as reported by the railroads in 1914. The 
berries handled by electric les which do not move in standard car- 
loads also constitute an element of uncertainty. 

METHODS EMPLOYED IN DEALING WITH STRAWBERRY PICKERS. 

As the shipment of strawberries over long distances has developed 
to the proportions of an important specialized industry, the problems 
of marketing have grown in number and complexity. Satisfactory 
quality on arrival in the distant market is impossible without a well- 
organized picking force of sufficient size to gather daily the berries 
which are ready for shipment. Irregularity in picking is almost sure 
to result in the shipment of many overripe berries, which cause serious 
deterioration before they reach the consumer. 

The demand for pickers is so great in some sections that large 
numbers of pickers are brought in for the season. <A few rainy days 
after the height of the picking is reached at a specific point may cause 
a migration of pickers to points farther north, thus curtailing the 
total output of a large shipping area. Serious losses may be suffered 
on individual crops even when the general supply of pickers is 
adequate. 
A study of the whole picking problem is therefore an important 

part of the analysis of the marketing situation in any section, and 
any suggestions based upon successful experience in dealing with 
pickers should be of value. 

The market quality of the berries depends very largely upon the 
knowledge and integrity of the pickers, who are, in most cases, paid 
for the quantity of berries which they deliver to the packing shed. 

1See Sherman, W. A., Walker, H. F., and Schleussner, O. W. Strawberry Supply and Distribution in 

1914. U.S. Department of Agriculture Bulletin 237. 
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Under these conditions there is often a tendency on the part of the 

pickers to do unsatisfactory work. . 
Various methods of handling pickers were observed during the 1915 

season, the most satisfactory of which included a ‘‘field boss,’ who 
assigned each picker certain rows, and who continually supervised 
them to see that they harvested only berries of the proper degree of 
maturity, and that care was exercised in handling both the berries 
and the vines. The grower was also represented at the packing shed 
by a ‘‘ticket giver,”’ who passed upon the acceptability of the berries 
delivered, and who credited the picker for work done. The field 
inspection when efficient usually reduced the work at the receiving 
shed to a mere recording of the amounts delivered by each picker. 

Different growers have worked out various schemes for keeping 
their accounts with pickers. In some localities it is the practice to 
give them small printed tickets indicating the number of quart or 
pint boxes delivered. These are afterwards exchanged for tickets 
representing a case each, which are redeemed in cash once a week. 
In one district growers use small metallic checks furnished by store- 
keepers, who accept these checks in trade at any time, if so desired. 
These checks were also redeemable by the grower in cash each week. 

In one section the use of a punch ticket appears to combine the 
best qualities of the small tickets and checks, with the added advan- 
tage of establishing the ownership of the ticket in case it should be 
lost. This ticket is reproduced in figure 1. A promise to pay a 
bonus to the picker if he is always available for work during the 
entire season is printed on its face and tends to insure the grower a 
regular supply of help upon which he can depend. It is probable 
that a dependable supply of workers would be made more certain if 
the grower were to guarantee the picker a minimum number of work- 
ing days within the limits of the normal harvesting season. 

COOPERATIVE ASSOCIATIONS. 

With the increasing necessity for more elaborate methods of dis- 
posal of the crop than those practiced by the small individual growers 
many cooperative marketing associations have come into existence. 
Practically every important producing section has one or more of 
these associations. In some areas—the Louisiana district and the 
southwest Missouri district, for inmstance—a number of different 

organizations have developed because of a divergence of interests, or 
on racial lines. 
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These organizations have relieved the grower of most of the details 
of the disposal of his crop, and in many. cases have undertaken the 
difficult responsibility of securing a sufficient quantity of supplies of 
proper quality, such as berry plants, fertilizers, crates, and boxes. 
Some associations even maintain a labor bureau for securing help 
during the harvesting season. The success of such a cooperative or- 
ganization depends upon the united efforts of all members to maintain 
a high degree of efficiency and so to frame the requirements of the 
organization that those composing it will feel the responsibility of 
their membership. 

In some cases, by concerted action, a number of local organiza- 
tions have secured a high degree of uniformity in the grade and pack 
of the berries. 

All associations do not perform the same functions for their mem- 
bers, as some of them take the entire responsibility for the disposal of 
the crop, and others only load cars which are consigned to various 
firms in the markets as designated by the growers. Some associa- 
tions practically pay cash for berries delivered, and others do not. 
Various methods of handling the business of the association have been 
worked out to meet the requirements of the different types of busi- 
ness carried on.’ Different associations have developed different 
types of receipts to be given the growers for berries delivered. A few 
of these typical forms are shown on pages 6 and 7. 

Figure 2 is the type of receipt used by an association which sold 
cars on track at the loading pomt to representatives of northern 

wholesale houses. Under these conditions the prices for the different 
grades and varieties are usually established by noon each day, and as 
the berries are not delivered at the cars until afternoon or evening, 
the price can be indicated on the receipt when it is issued to the 
grower. 

Figure 3 is the form used in a locality where the association does not 
undertake the sale of the berries. In 1915 this association purchased 
supplies for its members, arranged with the railroad for an adequate 
supply of iced cars, and kept a record of the berries shipped and of the 
names of the firms receiving them. The actual disposal of the berries 
was arranged for by the grower, who dealt directly with the represen- 

- tatives of the wholesale houses in the single market to which all berries 
from this section go. The grower made out his receipt in duplicate, 
giving one copy to the bookkeeper, who made out the car manifests. 
These were used as delivery sheets by the agent in the market, who 
delivered the different lots of berries to the various consignees as 
requested by the growers. Such an arrangement as this is possible 
only where all berries are sold on consignment. 

1See Nahstoll, G. A., and Kerr, W. H. A Systemof Accounting for Cooperative Fruit Associations. 

U. 8. Dept. of Agriculture Bul. 225, 1915. 
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Fic, 2.—Receipt used by cooperative association for strawberries delivered by growers. 
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Fic. 4.—Receipt used by cooperative association for strawberries delivered by growers. 
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Figure 4 is typical of the forms used by associations which assume 
responsibility for assembling and disposing of the berries. This par- 
ticular form provides for the contingency of transfers of cases from 
one car to another in order to fill orders for certain varieties. This 
receipt also has the desirable feature of attaching responsibility for 
inspection to a particular inspector. Such features are found help- 
ful in securing better grading and packing. 

The expenses of the association which the grower necessarily must 
bear consist of a few well-defined items, namely: First, salaries for the 
manager, sales manager or other officers, the inspectors, and any 
other necessary help; second, rental of or taxes on loading sheds, 
and depreciation of property, such as loading sheds, offices, etc.; 
third, stationery, postage, telegrams, and other miscellaneous items. 
The necessary money is secured either by charging the grower a fixed 
sum per crate of berries or a certain percentage of the gross returns. 

SALES METHODS COMMONLY EMPLOYED. 

Under all present systems of doing business it appears necessary 
that the large operators station their representatives in the producing 
areas in order to deal with the association manager or the individual 
grower, as the case may be. Apparently both buyers and growers 
find it most satisfactory, under present conditions, to do business by 
this method. However, with established grades and standards for 
berries and an impartial inspection service conducted by some dis- 
interested party, it is possible that buyers’ and solicitors’ salaries 
and traveling expenses might be saved. In some instances the rep- 
resentatives of the wholesale houses act entirely as cash buyers, 
while in other instances they solicit consignments and endeavor to 
secure the quality and variety of berries desired by their firms. 

TRANSPORTATION. 

So vital is the service of the railroad and refrigerator-car com- 
panies to the soft-fruit business that any discussion of marketing 
strawberries would be incomplete without mention of railroad method 
and equipment. At various points during the 1915 season it was 
observed that each road dealt with the shippers according to the 
demands of the local situation rather than according to any fixed 
program. 

All service which a railroad may offer must of necessity be based 
on published tariffs, and whether the railroad assumes all or little 
responsibility, there must be a tariff provision which covers the items. 
The railroad agent deals with the shippers, either as individuals or 
associations, and they must negotiate through him for service in 
distributing the berry crop. In the localities where the volume of 
shipments is large, the railroads usually have provided adequate 
facilities for the handling of berries. 
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In one instance it was noted that where there was competition 
for the tonnage the roads provided splendid facilities for handling the 
berries, icing the cars, and insuring rapid movement to destinations. 
At another point served exclusively by one of the same roads no 
facilities were provided, except the right to load cars on the team 
tracks near the station. At the particular competitive station 
referred to the railroads even took over the loading and bracing of 
the cars, and assumed responsibility for the condition of the load 
on arrival. At several noncompetitive stations visited, however, the 
shipper did all the loading, stripping, and bracing in the cars and 
paid all costs connected with these operations. At most shipping 
stations where observations were made the railroads or the refriger- 
ator-car lines did the initial icing of the cars and made arrangements 
for all necessary icings in transit. 

A STUDY OF THE LOUISIANA DISTRICT. 

One of the authors was stationed in the Louisiana strawberry dis- 
trict during the active shipping season of 1915 to distribute tele- 
graphic market news and to study distribution problems there. The 
office did not have an opportunity to make studies in similar detail 
elsewhere during that season. 

HISTORY. 

The Louisiana district is one of the most important commercial 
strawberry-growing districts in the United States. Probably no 
area of equal size produces a larger quantity of berries. The entire 
district is confined to the parish of Tangipahoa, the production area 
being located on both sides of the line of the Illinois Central Railroad 
from Ponchatoula to Amite City, a distance of 20 miles. 

The industry is very important locally, many of the farmers being 
almost entirely dependent upon the strawberry crop for their cash 
income. Its importance is illustrated by the fact that in one town 
the school year is so arranged that the vacation comes at the time 
of the strawberry harvest, leaving the children free for berry picking. 

The time of shipment of the Louisiana crop also makes it of pecu- 
liar interest to the dealer and consumer, asit is the first region shipping 
strawberries largely in carloads, the season normally beginning 
about April 1/ 

The industry has been in existence for many years, but only 
since 1910 has it grown to considerable proportions. During the 
early years Chicago was the sole market, and this city still takes a 
heavy supply. However, in the 1915 season more than 60 markets, 
scattered from Boston to Seattle, were reached, thus giving the crop 
a wider distribution than that from any other section, and making it 
a matter of national interest. 

62735°—Bull. 477—17——2 
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MARKETING ARRANGEMENTS. 
The strawberry growers in Louisiana are well organized, practically 

all being members of local shipping associations. In fact, there are 
frequently two, three, or even four such associations at one station. 
There seems to be a rather unnecessary duplication of selling 
expense by reason of the operation of several associations at ship- 
ping points where the business is so limited that all of it could easily 
be handled by one association at a smaller cost. 

The northern houses usually send a large number of buyers to the 
district during the car-lot movement, and sales are made on a cash 
f. o. b. shipping-point basis, inspection being made and acceptance 
being taken before the cars move. In general, this method has 
proved satisfactory. At Ponchatoula practically all cars are sold at 
public auction. As this point has the reputation of producing 
superior berries, the auction has worked satisfactorily. It is unique 
in that it ‘is the only point in the United States, so far as is known, 
where full carloads of strawberries are sold at auction. 

The association charge for selling berries usually is 5 cents per 
crate, a refund generally being made to the growers after expenses 
are paid. A considerable portion of the crop is handled by a dis- 
tributing company for the account of local associations, a fixed 
charge being made for this service. 

A very essential feature of the work of the local associations is the 
financing of the growers by supplying them with fertilizers, feed, 
crate material, etc. The purchase of supplies through the fiocal 
associations is especially important mn Louisiana, and this form of 
association activity is growing. 

QUALITY AND PACK. 
In general, Louisiana berries enjoy a fairly good reputation for 

quality and pack. Varieties are fairly well standardized, and when 
weather conditions have been favorable, deterioration in marketing 
has not been excessive. In certain seasons, when the weather has 
been unfavorable, the losses from deterioration have been heavy. 

Berries usually are carried from the field to the packing shed in 
picking trays, and are there packed in boxes. While the packing 
probably is as good as in most shipping sections, there is urgent need 
for improvement. A number of cars noted by the market reporters of 
the office showed very slack pack. One car in Pittsburgh was exam- 
ined and the cups were found to be barely half full. Several dealers were 
arrested in that city for selling these short-measure cups of berries. 
Two types of crates are in use, the unventilated (Hallock) with 

solid sides, and the ventilated (Dahlstrom) with slatted sides. Care- 
ful examination on the Chicago market showed that the berries 
packed in the ventilated crates consistently arrived in better con- 
dition, although in a few exceptional cases the reverse was true. 
Labels were used in 1915 for the first time. Wholesalers interviewed 
expressed themselves as pleased with the labeling of the crates and 
believed it added to the selling value. 

a se ti ar ia i Rt 
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SHIPPING. 

Most of the Louisiana crop is shipped m express cars. These ship- 
ments generally have carried better than freight shipments, have 
given better satisfaction, and consequently have sold at consistently 
better prices. 

The distribution of freight and express cars from the Louisiana 
district in 1915 to all markets is shown in Table 1. 

Tas_Ee 1.—Destination points of berry cars shipped from the Louisiana district, season 

Freight | Express Freight | Express 
Destination. ane caret Destination. Cars. cars, 

JN oe Telia, (Sis IDEN Bs ee ose dl SeSBeseene 1 || *Minneapolis, Minn.-.....-..- 5 37 
Bloomington, Til. ...-.-.---- Dees e ieee *Montreal)' Canada.: 2.22222. |0 2.222228. 25 
TRAIN, NEEL. ee 46 || Marshfield, Wis.........-..- i Vk ae 
Bridgeport Conmes sss. ss. |oose 222s Te leMounds Te Tet 14 eae 

ialsohiellla), ING NE aA pace eee eesae 4 40 || Muskogee, Okla. ......-.-.-. Lilbsacheeaee 
Burlington, Towa......-.-.-- 3) Bapaeeney ING WROD NA Woe 2 ee ulema Se 10 
GalparyaAllbertalioics....0-.|-c..----2- 7 || Oklahoma City, Okla.......- i 7 
Cedar Rapids, Towa. ..-...--- 1 1a) FzOmahayNebrs.s see eeeeeees se aseeeeee 41 
Champaign, Iil..........-..- 1 1 | |(er@ thawaOnitarios yo. 2.5! enna 1 

FCHicago Meee ey 355 292 || Ottumwa, Towa............-|..-------: 1 
GimcinnarimObio ys edo |S. Th|(@ebeortatl Sethe a i eae 10 
Cleveland, Ohio.......-.-.-- i 5) ebiledelphia, Pa iilit. 292 |) aay 3 
Council Blufs, NON Ree opel SES aeE ore 1 || *Pittsburgh, TERME Luke cas 16 26 
Davenport, Iowa........-.-- 6 Zi tae ltOWAG CTICOneE Urls sas Sheek | eae reas 7 

=D emVvOECOlOmeer eon eee ss oat sees 18 || Pueblo, Walon oF ysiges sy es a (ee ema 1 
*Des Moines, Iowa.-...-...-..-- 12 18 || Regina, Saskatchewan..-...-.|..--..-.-- 2 
CAD AKO WAC sou ocesteSsoeees 8 PAL Is 18H orel ato) Xl UN eee eee Pd PES Eo 

1 23 
1 22 

2 
12 
7 
1 

Freeport, Tl S| eS eeoeeecos ||| SOs Cl Olitnsoeseene cues al) sibs ea Rate 
Grand Island, Nebr. Acro ieee Genet 3H || PeRoledos1© biol #7.) ase see a eae ae 5 
Grand Rapids, Mich....--.-. 6 ©) || PLopekay Kans... 2 2532522. aes recesetee 5 
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* Cities used over 15 cars during the season. 

EXTENT, LENGTH, AND VOLUME OF MOVEMENT FROM ALL DISTRICTS. 

The extent, length, and volume of the commercial strawberry 
movement of the various important districts of the United States, 
as reported by telegraph to the Office of Markets and Rural Organi- 
zation, are illustrated mn figure 5. This chart is incomplete, since 
omissions were noted frequently in the reports received from the 
railroads daily by telegraph. Of total shipments throughout the 
United States, amounting to 13,409 cars, the railroads reported by 
telegram the movement and destination of 11,0594 cars, or 82.5 per 
cent of the total as furnished from their records at the end of the 
season. The reason for the incompleteness of these reports may be 
traced to the fact that no attempt was made to report on |. c. 11 
movement by telegram. When the sources of information are scat- 
tered and reports are voluntary and without compensation, a certain 

1]. ¢. 1, is the usual abbreviation for less than carload lots. 
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number of errors and omissions must be expected. Physical condi- 
tions made it impossible to secure records of some cars, railroad 
records in some cases being in such shape that it was impossible to 
get the required information. However, on the whole, railroad offi- 
cials cooperated so heartily and effectively that it can be said that 
the reports present the best picture of the proportionate movement 
from different sections, the extent and length of that movement, and 
the volume on any one day, that has yet been presented. 

The reports begin with the opening of the carload season in Lou- 
isiana. Although Florida had been shippimg berries in ‘‘pony”’ re- 
frigerators’ for some time prior to this, and shipped some carloads a 
short time after the Louisiana movement was started, at the time 
the work was inaugurated early in April it was impossible to secure 
complete reports of Florida shipments. 

The largest shipment made in any one day from any one section 
was 182 cars from the Norfolk section, May 18. The same section 
shipped 163 cars May 22, 159 cars on May 24, and 142 cars May 19. 
The Carolinas made the next largest shipment, 140 cars on May 11, 
while Norfolk had 139 cars May 27, 137 cars May 25, and Tennessee 
136 cars May 12 and 134 cars on May 13. These three sections, 
which are among the heaviest shipping sections in the United States, 
were at their height at practically the same time. 

The Delaware-Maryland district, which is also a heavy shipper, 
was very fortunate in 1915 in that it escaped practically all of this 
very severe competition, heavy shipments from this district not be- 
ginning until May 25 and continuing until June 19. Early local 
berries, regarding which no figures are available, are probably heavy 
competitors of Delaware and Maryland stock in the northern mar- 
kets, as are also Jerseys. The chart of shipments would seem to 
show that, of the northerly districts, the Delaware-Maryland section 
was peculiarly favored with desirable market conditions. These con- 
ditions were reflected in the satisfactory prices paid on the markets 
for Delaware and Maryland stock during the season. 

The period of heaviest shipments for the whole country was from 
May 10, when 311 cars were shipped, to May 26, when 296 cars moved. 
During this period there were only four days when less than 275 
cars were moved, while this number was never reached at any other 
time during the whole season. On May 23, the heaviest shipping 
day of the season, 401 cars were moved, and on May 25, 400 were 
shipped. The third largest day was May 11, with 384 cars. While 
every shipping season will not coincide exactly with that of 1915 
(that season being a trifle late in the southern districts), a heavy 

berry movement between approximately the same dates can be ex- 
pected each year. 

1‘‘Pony”’ refrigerators are small refrigerators usually holding 64 or 80 quarts, and usually shipped by 
express. A 
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COMPARISONS OF PRICES RECEIVED FOR STRAWBERRIES ON IMPOR- 

TANT MARKETS. 

Figures 6 to 11 show comparisons of the jobbing prices for berries 

from various sections, on the New York, Pittsburgh, Buffalo, Chicago, 

Si lous, end St. Paul 

markets from day to day. 

These were prepared from 

the telegraphic reports re- 

ceived from the markets 

during the season. ‘The 

low and high prices are 

represented for each day, 

the range between the two 

being blacked in. Where 
only one price was quoted, 
the price variation from 
day to day is shown by a 
single line. On days when 
there were no berries from 
a certain section on the 
market and no quotations, 
this fact is shown by a 
dotted line. The prices 
-quoted in New York are 
per quart, and those quoted 
in other markets are per 24- 
quart crate, as this type of 
crate is the one most com- 
monly used in these markets. 
Quotations covering berries 
from sections using styles 
of crates other than 24- 
quart (such as the 32-quart 
from Delaware and Mary- 
land) have been reduced to 

a basis of 24-quart crates 
for purposes. of compari- 

son. The black horizontal 
Ine running from left to 

_ right indicates a price of 10 
cents per quart, or $2.40 per 

24-quart crate, this being selected as a median line. 
DIFFERENCES IN PRICES CAUSED BY RANGE IN QUALITY. 
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Fia. 6.—Jobbing prices of strawberries on the New York market in 1915. 

The width of the black space on any one day represents the range 
in quality between the best and poorest berries appearing on the 
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market on that day from the section indicated. The need for stand- 
ardization of growing and packing methods is illustrated only too well 
by the wide ranges in price throughout the season. 

PITTSBURGH 
einen . MAY MAY Wa Y MAY ne MAY JUNE 

ust? 22 28 #22 28 @ 8 15 

eee EEE 
SSE eae ee ie 

REECE EE 

Eval TUCKY DELAWARE ANQ MARYLAND LOUISIANA TENNESSEE CAROLINAS 

Fic. 7.—Jobbing prices of strawberries on the Pittsburgh market in 1915. 

Of the various sections represented, Florida appears to have the 
widest range in quality, on May 23 showing a range of 20 cents per 

BUFFALO 
APRIL MAY MAY ie Bi ae MA ga JUNE 
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Fic. 8.—Jobbing prices of strawberries on the Buffalo market in 1915. 
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quart (from 15 to 35 cents) in New York. This may be partially due 
to the fact that when prices are high the price ranges are naturally 
more marked. On the other hand, Louisiana berries sold at high 
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prices for most of the season in all markets, yet the price range was 
comparatively much narrower, the gréatest variation between good 

CHICAGO 
APRIL MAY MAY MAY JUNE MAY JUNE 

TA Ae Te eds TA CW ES aes Zh Meh MEN ta Is2a eS S Fle WAIL) 

eee alanine ei | 
RPO Lt 
Zi, Se 

LOUISIANA TENNESSEE KENTUCKY MI/ISSQUA/ 

Fic. 9.—Jobbing prices of strawberries on the Chicago market in 1915. 

and poor being 10 cents per quart (from 18 to 28 cents) in New York 
on May 29. 
on Louisiana berries 
was seldom over 5 
cents per quart, and 
usually was much 
less than this. The 
wide range in prices 
is generally more 
marked on eastern 
markets than on 
western. This may 
be traced in part to 
the well-known fact 
that western produce 
which supplies 
western markets 
generally is more 
carefully graded 
and packed than 
eastern, because 
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In other markets durmg most of the season the range 
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Fig. 10.—Jobbing prices of strawberries on the St. Louis market in 

1915. 

TEXAS 

associations are stronger in the West and also because high freight 
rates make the marketing of inferior grades unprofitable. 
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In general it can be said that the range in prices indicates a range 
in quality and leads to the conclusion that methods of grading and 
packing could be much improved in all sections. Especially is this 
true of sections that regularly show wide differences between their 
good and poor qualities. They can profit by adopting the methods 
of sections producing berries of excellent reputation, such as Ken- 
tucky, which never showed a price range greater than 25 cents per 
24-quart crate on the Pittsburgh market throughout the entire season. 
Often there are individual growers who uniformly secure top prices 
for their goods, while others always receive the lowest prices. The 
difference between top prices and bottom prices is often a difference 

30. PAE 
APRIL MAY MAY MAY MAY JUNE 
39.27 3 8 4% 20 8 I4 20 26 4 20 26 20. 265A 2. 

BRR 3.50 

300 ieeere es | ae Ka a 
proto AAT Vee 
rr a 
weet CLEC E Len Cneaien 

LOUISIANA TENNESSEE ARKANSAS MISSQURI 

Fig. 11.—Jobbing prices of strawberries on the St. Paul market in 1915. 

between profit and loss, or success and faiture. This emphasizes 
the fact that berries of high quality usually pay for the extra cost 
of their production. 

It should not be inferred, however, that the price range Fehr 
entirely on quality. Other clement enter in, especially the element 
of salesmanship. One salesman may habitually secure less than 
another. Nevertheless the greatest single factor in price range in 
one day is quality. 

DIFFERENCES IN PRICES CAUSED BY TIME OF SHIPPING. 

The curves showing the prices of berries from the different sections 
show that first shipments from any section usually top the market. 
As shipments increase, the market usually declines. Later there 
may be a reaction and an advance. A notable exception to this rule 
in 1915 was Louisiana, which showed an advancing and strengthen- 
ing market in practically every city for 10 days after the season 



MARKETING AND DISTRIBUTION OF STRAWBERRIES. 17 

opened. This may be attributed to two reasons—lght shipments 
and demand stimulated by satisfactory quality’. The same causes 
operated to cause a consistent advance in Pittsburgh and some 
other markets for two weeks after first receipts from Delaware and 
Maryland. These conditions, however, are unusual. In general, as 
the season in each district advances, the price is influenced by 
deteriorating quality’ due to continued picking and by increased 
supplies. 

AVERAGE QUALITY OF STRAWBERRIES SHIPPED. 

In 1915 certain sections suffered from unfavorable weather such 
as drought during the growing season and rain at harvest time. 
Certain of these sections suffered the results of unsatisfactery quality 
by receiving uniformly unsatisfactory prices. Tennessee was un- 
fortunate in this respect. In addition, the great bulk of her crop 
came on the market at the time of heaviest shipments from May 10 
to 25. Norfolk and the Carolinas suffered in the same way. How- 
ever, a comparison of these two sections with others on the market 
at the same time shows their quality must have been unsatisfactory, 
as they sold on almost every day at lower prices than the others. 

In New York, average berries from the Norfolk section never sold 
above 10 cents from May 9 to May 24. From May 9 until May 18, 
the date of last receipts in New York, Carolina berries sold above 10 
cents on only two days. Beginning on May 9, and up to June 15, 
Delaware and Maryland berries brought less than 10 cents for best 
stock on only two days. On any given day they brought a consider- 
ably better price than Norfolks and Carolinas, and continued at a 
fairly satisfactory level the entire season. 

In Pittsburgh, the Carolinas and Tennessees sold at low prices 
compared to Kentucky and Delaware-Maryland stock. The Ken- 
tucky stock did especially well, the poorest never selling as low as 10 
cents per quart. Kentucky berries generally have an enviable 
reputation based on good pack. 

The comparative inferiority of Tennessee berries was also shown 
in Buffalo where prices were lower than for Kentucky and Delaware- 
Maryland berries selling at the same time. In Chicago the Tennessee 
berries sold as high as $2.40 a crate (10 cents a quart) on only one 
day, and even then most of them were sold at a lower price. How- 
ever, there are no quotations available for a satisfactory comparison 
with other berries in the Chicago market at the same time, the chief 
competition being from Louisiana berries, which were quite poor, as 
they were the last shipments at the end of along season. A few Ten- 
nessee berries were also quoted on the St. Paul market and sold at 
practically the same prices as the Arkansas stock offered. 

1The term ‘‘quality” is used in the commercial sense indicating satisfactory grade upon arrival at 

market and delivery to the consumer. 
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In general, the market quality of Louisiana, Kentucky, Missouri, 
Arkansas, and Delaware-Maryland berries seems to have been fairly — 
satisfactory in 1915, while the Tennessee, Norfolk, and Carolina — 
stock was not quite so well received. From this it must not be in-— 
ferred that identical conditions will prevail in the future, as they 
may be quite reversed. The foregoing refers to the 1915 season only. 

DISTRIBUTION OF STRAWBERRIES IN 1915. 

Shipments of straight carloads of strawberries to 299 different 
towns and cities in the United States during the season of 1915, 
according to telegraphic reports furnished to the Office of Markets 
and Rural Organization by the railroads during that season have 
been tabulated by districts and destinations in Table 2. This tabu- 
lation includes reports of all diversions, so far as it was possible to 
secure them. Fairly comprehensive arrangements were made with 
railroads at the beginning of the season, so that it is believed reports 
of diversions are practically complete, but this table is given as an 
approximate rather than an absolutely correct report. 

According to these reports the center of heaviest strawberry con- 
sumption in 1915 was what may be called the metropolitan district, 
including New York, Melrose (upper New York City), Jersey City, 
Newark, and Paterson. This district may be considered practically 
a unit, as the supplies received in Jersey City are sold largely in New 
York, though to some extent in New Jersey, while Newark and near-by 
cities often purchase heavily on the New York market. The metro- 
politan district absorbed, in all, 1,964 cars. The next heaviest con- 

sumer was Chicago, with 884 cars; third, Boston, with 781 cars; 
fourth, Cincinnati, with 396 cars; fifth, Pittsburgh, with 359 cars; 
and sixth, Philadelphia, with 300 cars. Other cities receiving 100 
cars or more were Buffalo, N. Y., Cleveland, and Columbus, Ohio, 
Detroit, Mich., Kansas City, Mo., Minneapolis, Minn., Omaha, Nebr., 
Rochester, N. Y., St. Louis, Mo., and St. Paul, Minn. The relatively 
small number of cars of strawberries shipped to Philadelphia may he 
accounted for in part by the heavy receipts of |. c. 1. shipments from 
near-by districts. The figures for Boston and New York include boat 
shipments from the Norfolk district reduced to equivalent carloads. 
Many small towns and cities with populations of but a few thousand 

received supplies of from 1 to 10 cars during the season. While 
these small markets are not heavy consuming factors individually, 
in the aggregate they take heavy supplies and are of great importance 
to shippers. It is altogether probable that many similar small 
markets which do not now receive full carloads could be developed 
to the advantage of both the strawberry grower and the consumer. 

Figures 124 to 12¢ (facing p. 24) are maps representing graphically 
the distribution of strawberries as reported by wire in 1915 for all dis- 
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tricts shipping more than 175 cars. It will be seen that in most cases 
each producing section shipped very heavily to a certain limited con- 
suming area, and in some cases entirely confined its shipments to that 
are? 

The widest distribution was reached in Louisiana (see fig. 124), 
as from this district both Atlantic and Pacific coast markets were 

‘reached. This unusually wide distribution was due largely to lack 
of competition, as other districts do not produce so early, and also to 
geographical position, Louisiana being practically midway between 
the two. However, even this district depends largely upon a single 
market, as Chicago took 647 cars out of a total of 1,335. 
Alabama shipped principally to Ohio and Michigan points, Cincin- 

nati and Detroit taking 163 and 58 cars, respectively, out of a total 
of 314 cars. (See fig. 12B.) . 

The Carolinas, Virginia, and New Jersey districts depended almost 
entirely upon the Atlantic seaboard markets, especially Philadel- 
phia, the metropolitan district, and Boston. (See fig. 128.) These 
districts shipped very lightly to points no farther west than Pitts- 
burgh and Buffalo, and depended very generally upon the large 
markets. New Jersey, for instance, shipped 800 cars to Jersey City 
and 100 to New York, out of a total of 1,291 cars. 

In contrast, the Delaware-Maryland district (fig. 12B) distributed 
heavily to smaller towns, and also to towns in the interior of the 
States of Pennsylvania, New York, Ohio, and Michigan, and even as 
far west as Chicago. A much smaller percentage of the total move- 
ment went to the large seaboard markets, while towns such as 
Elmira, N. Y., Erie, Pa., Bridgeport, Conn., Altoona, Pa., Worcester, 
Mass., and Wilkes-Barre, Pa., were supplied. Many others received 
fairly liberal shipments. It is a question whether this efficient dis- 
tribution was not a considerable factor in the successful marketing 
of the berries from this district in 1915. 

West Tennessee (fig. 128), with 506 cars, probably secured as wide 
distribution as any area with a similar quantity of shipments, reaching 
as far as Jacksonville, Fla., and Macon, Ga., to the southeast, Bangor 
and Portland, Me., to the northeast, and Winnipeg, Manitoba, Sioux 
Falls, S. Dak., and Lincoln, Nebr., to the northwest. Ohio points 
received the heaviest shipments going to any one State. 

The distribution from East Tennessee (fig. 128), with a total of 693 
cars, was comparatively more restricted, a much larger percentage of 
the crop going to Ohio points. Cincinnati alone took 203 cars, while 
Dayton, Columbus, Cleveland, and Toledo each received 30 cars or 
more. From 1 to 20 cars were sent to numerous other Ohio points. 
Illinois and some western points received small shipments, while one 
car went to Regina, Saskatchewan. 
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Of the western strawberry sections, the Ozark district (fig. 12c¢) 
secured fairly widespread distribution, sending cars as far east as 
New York and Ottawa, Ontario, and as far west as El Paso, and a 
considerable quantity (43 cars) to Denver. The chart shows, h -w- 
ever, that Missouri River and near-by points (such as Omaha, Sioux 
City, St. Joseph, Topeka, Kansas City) and northwestern points 
(such as Minneapolis and St. Paul) form the principal outlets for this 
district. : 

The Judsonia, Ark., district (fig. 12c) shipped more heavily to 
Mississippi River points and cities nearby, and only lightly to Mis- 
souri River markets. St. Louis absorbed 151 cars of a total of 
297. This district also made scattermg shipments to eastern and 
Canadian points. Springfield, Il, with 8 cars, received the heaviest 
shipments of any city east of the Mississippi River. 

Washington and Oregon sections (fig. 12c) shipped principally 
to Canadian and northwestern prairie States. A few scattered cars 
were shipped as far east as Chciago and Detroit, but these eastern 
shipments amounted to but a small proportion of the total movement. 

ee SO 
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TOTAL STRAWBERRY SHIPMENTS IN 1915. 
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Reports from the railroads at the end of the strawberry season 
were received by the Office of Markets and Rural Organization and 
have been tabulated in Table 3. 
shipping stations and the actual number of cars shipped from each 
during the 1915 season. 

This table shows the strawberry- 

They are grouped by States and by ship- 
ping districts and represent the final figures obtainable for shipments 
during the year. 

TABLE 3,—Strawberry shipments, 1915. 

ALABAMA. 

Castleberry section (Apr. 15 to June 1): 

(CESUIBUGHIN ne onads sabe See CeCe oenEe 

FAUHMONG n= see cee eee ce-ssece sees 

NSTI OSLO Meee eee eal liieinin\- isis eo 

Mc Cpnnel Pease eter er asec cicwsce << 

ARKANSAS. 

Southwest section (Apr. 25 to June 1): 

ISKOEMAM ARS See yesooe pO ae eee nia 

(Caythonneescepeateer ces sees eccecs sce 

Ozark section (May 1 to June 5): 

Wilh, ISSIR) OS Bee S coe SSaoeeeSSeeeee 

PEMPCDMOR Ms aac cececcccceeee 

BONNSOM SE ee ee ce eee Noe dae aa 

Carloads, 

eee 47 

ARKANSAS—Continued. 

Ozark section (May1toJune5)—Con.  Carloads. 

NTT sere ee ee oes aos oaa aoe 36 

Harmine tone ere pletees. csce st gaos sees 35 

Mavettevillessecsescacsc aes ceeccceenee 31 

(Decatwra hi Se OF. . . SSE ses 15 

PEL ohn fil ere Sore 2 ar. Some cee 14 

ID V.Cr ees cise eto nic a ziercintrie a eeeeeene 12 

MERA May prepa et oh dato owls Uinnte oe ete tie res oe ts 11 

Mountainburgee see. sees ee one eeee 10 

Mil bernysenc cee aes soe ecee eee ecee seat 9 

CaverS prin ess see mci cietw wise sce eeniewe 8 

ROMEO WME se Peers ceciic oe siceemenie 8 

EASY OC AEE Sepa ta tiaie 4 micina icine wie eisinis SST 6 

SiloamaS Prin eS ease eee erica se seer eee 6 

IMLMeES prin gseettas ooc pistes ce esis 4 

Garfie] diter scree ac cicnisnc ouccwicisecectetrs 4 

Fealinegs prin gStereeeee see cacee ees ceee 3 

ETC here ey eer oat ts 2 3 Aaa lie 2 

Gentryeee cece cen cor einai smee eer 1 

bya ar ER oh ee na aa 339 

Statemotaleen sre sect. aac os sa ceeaee es 715 

CALIFORNIA. ; 

Los Angeles section (Mar. 1 to Dec. 1): 

Gardenateeeeee ete nemeceee ceriocaciens a 27 

BRO GALES ee ei oe ae ies clase eters eo erele 27 

Sacramento section (Mar. 25 to Aug, 15): 

Sacramento remorse soce tee ese sae 50 

OPIN eee ee eee ee eee nee ee 48 

Oval eens snore coc coins sewers ce oeee ee 98 

Placer County section (Apr. 1 to June 1): 

New, Castlesste iar ccecnas-scossee aes 3 

Dot alee. oc cicseaseeecae eaecioeees 3 

Fresno section (Apr. 1 to Aug. 15): 

RESO esses Aaa eas eee eee eeeass 56 

ANDI: sGaasSceanUe eC nee nae ES oeeosnes 56 

Santa Clara-Santa Cruz section (Apr. 1 to 

Dee. 1): 
WAIVISOS SE en Re eee eee mcs ects eeceocee cs *175 
Wiatsonvillesfe<2: - studeee sseeescee s 174 

ATOMASIANG™VOLAS acess see ce =< nie ceeece 80 
Gila yee eee etka eee co senee uses 6 

Ota e ee eeeaeise cence sesee niece = 435 

a Probably a large additional amount shipped locally on trucks and electric lines, 
* Tncludes less than carload shipments. 
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TasLe 3.—Strawberry shipments, 1915—Continued. 

CALIFORNIA—Continued. 

Siskiyou section (May 20 to July 15): Carloads. 

Sisson sneer cee a ceas an chiaonice 16 

Ota eee eee ee eae see eos soo sini 16 

DUALS LOLA csemaceanseu se cencch nce <= 418 

COLORADO. 

MLOUTTOSO es a een cic s cecewececes 7 

Steam Dost Sprinege a seke ceo canteens cwsnanc 2 

State tovalicecoa wie o~ -ceeice cece tess 9 

BrANiONd seme each esse mee nice sie os tine epee 33 

IN O WR ELS VOT ee oe ie wialaiaie a 5 

Btateworal: ccc aeeccs secce es cheese let 38 

DELAWARE. (May 15 to June 20.) 

Holby villessas2 =. 'eer eset eens ees. Hess 654 

Bridgeyilless=-- <= oe ne aeeseeces conseceese ces 348 

Seslordscpastes.cisressbocweeckekseaiacewe! 89 

MrankfOrd=-2 ee cce eae ac scenss se eee sere eee 69 

Mill SHOLOne ne sere ee ek meee cee sce beecs cartes 53 

Goorretowm sss ccrasckamecshs ces soes senses. 51 

Ware leeees ae eee nen awsome st eessosee eee 41 

Wiyomingetn i seer teen cee s cs ceanece ecb 41 

Haincolm: Citas eee: Seekerses = cece ews sete 34 

Greenwood! sreeeaae cs ce cess cee et tes 2 29 

DAagsDOroseo: sas cchc css ees cb esscess seesaw 26 

Melman se eee re sess esse oc eee cokes tes eee 19 

lartlyssfeetena ses cecessenetsessscssccieess 1 

Wannont= te? Poe mache eee Eek re 2c seek 4 

[NOS WOld eee me meen ae me tees ose ce euee 4 

DLALOOLAL eae ete aie wie nictaeinieeitiaieie 1, 469 

FLORIDA. 

Plant City section (Dec. 1 to Apr. 1): 

Planti@itye creme mee te ecisc oe weearee a 201 

Wak elan diesen epee ene ak nace sok icccs PAL 

Oval sewearomee ae meee cceiinic ccc nes cis = 222 

Starke section (Feb. 10 to May 15): 

a WLOV seen neat nbc sce isc cc cn. 160 

Starkesepeee sess cae cece cass ociesscss0%s 115 

Hamptoninossnssnseeseennscbs se ssscccees 9 

PVA OLG senor ree a ie tice meee. ccjo chic 2 

DOtals serene een eee tees see c cs ees 286 

Staterotalonzenceomeateeeeeoteses oes 508 

GEORGIA. (May 1 to June 1.) 

Menlo: a aceon nieae cee cesceccc-c cece 3 

Statetotalews mcrae ceeeeserescenc cose 3 

Intrnors. (May 15 to June 20.) 

ANNA oh se cee enetce eee eee Sane Coke ames 100 

Willa Ridgerc-< ort Meaoe eet cans eee ciasee = 50 

Marines subs cee nes tas Serer eens sects 41 

West) Pranktory. << .-cos-setesc seth a aees 39 

JODDS: ce seee bere oct oe ete Semin ociae «i 21 

*Tncludes less than carload shipments. 

InLiNois—Continued. 
Carloads 

La Cledes : Lit. 2. 2225. Sage aeons = at 

Ulin 2. wo 8555242 Coc ee eee ee 

State total... 204. Somers ce 26: 

INDIANA. (May 25 to June 25.) 

Now, Albany... 2. .<.-cscereseeeeee anckeeen= = *1L 

Borden. 2.2 so oak acl oe eee eae. #5 

PeKIN .. 2... = nccc nck coms She eee RPE Eee se * 

Statetotal.. . i... cso oonssteeeenete ee a 17] 

Iowa. (June i to June 20.) 
Montrose... 2. 02 5 43 ee eee es 2 
Keokuk. 522% 235/62. scucnt oo cece eee. 2 

Ottumwa... co... 8 eae epe eee eee Eee Eee : 

State itotal. ...... So-itesesseaeee eres ‘ 

KANSAS. (May 20 to June 20.) 
Troy. -..2 s=25-2- 2-5 se eee ee Eee lf 

Wathena «iis: . .<...0 5 ctuee seca Seeeeene aes ¢ 

Stateitotal.... cs: 56s. se eeeeseees 1 

KENTUCKY (May 10 to June 10). 

Bowling Green...........--- ieee Seen es 15 

Louisville: : 32 so:2cciccieeeeecteneeneeeeee #33 

Paducahiz .... 3.25.5 c.9. cesses een ee é 

State total...) seeceec smears a19; 

LOUISIANA (Mar. 15 to May 20). 

independence: . -.-.. = =-5ssne=--- eee eee *40f 

SETS MTIONIG 2p ees oe eee eee eet +36: 

AMNITOS oo cb as scncen oe See eee Ee eee Eee eee #1 LE 

Ponchatoula: 2.05326 Se eee eee #1 Of 

MICKIOW <6 -cc0.cdsonve doe Stenee Sepa ee eEe #10 

MASON i 2 sos oss w nent fee ee BoE eE eee EEE Eee *1f 

PICKUPS’... o=032 . 200 tee EE eee eee oeeeeneee #20 

State ‘total... 6: -<ce. Paneer eee ee reo. 1, 40 

MARYLAND (May 15 to June 30). 

Marion: » 2.205.402) Sete ee eee eee 486 

IPIftsville: = 220+ hs cece bebee eee eee eee 3lf 

Kruitland).--; 2 = cssise Oss Se eee eee eee 13 

Princess Anne. ..22... ssc .-e eee eee 10) 

Berlin. .5. ks sete se ee eee Eee EEE 9 

Showell. ..2 532 Ses eee Oo 

Hopewell: = 252%... 0.8ss2eees eee ee eee eee 7 

Willards:. so<5.2sccsccseteahen cose eee ees 7 

Ridgely 2si22:ce +522 5h5:e theese eeemeeeeetot 6¢ 

W @StOVer. sas cc can cs cinnnace ee Reeee eee eee 5 
‘Whaleysville: ....:.. 22: eee neee eee 5 
Federalsburg: - <..-..-3..4s¢ec ese eee eens 5A 
Crisfidld's22.ccc... 52 Scere eee eee eects 2 
Of: eee eo josetoas ae 2 
Baltimore .:-.\.< 5-5. 06 cheek eee eee if 
Costen:- 2°22. -0.css< cence eee ee eeanoee V 
Pocomoke:; 6.25506 <03 tock Dee eee 1 
Walstons: <2 .2c.5-s..0sbs cee Eee ee eee oe i 

Salisburny-21-: --. seco esee ec eee eeeeeeee eee y 
Kings' Creek 22.222: «iene chp eee eeEe Eee ee ¢ 
Bast New Market... c23steerueseseree ee fi 
Hendersoniz 2235250.. stoe eee eee eee aes f 
Kingston 25... 526552 Ses eee eee eee eee 4 

« 97 cars from Indiana and 12 from Kentucky were express, and contained small quantities of commod: 

ities other than strawberries. 
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TasLe 3.—Strawberry shipments, 1915—Continued. 

Maryianp—Continued. *  Missourr—Continued. 
; Carloads. Carloads. 

OLE TLOMP PEM n ee ect c cn ccisececcecet ese 2!) | MMOVODAwtesece cette ecladtovzetteeeclscusesdee 4 

PIRI DOIN ES elo siecle iais cles ciesl-iaislo.ejeeicie nie 1 | MMMLOUTtAVermONsee: were ck aici cee cee ena eee 2 

Boat pickups.........---..----------+-----> 198 Statontotaleeicc seo wae. co Noa Sr aR 
ENS Oe hia ae 1,942 : Sass 

State total is New Hampsuee (July). 
MASSACHUSETTS (June 20 to July 15). IManchesterseennnescieciccaiscles ose de teoiet at 1 

GUL age Jace deat ose Seon aeeae eee 97 BM SCHvereOtal eases t koe Montes Wan 
ROU AIMIO UE eel ecle cue ccc ccs sec teenie — 
“HRD aadencosoeaeeee ae 1 New JeRsry (May 25 to June 25). 

OLUENOLDTISHed See hianictctcss ones cee Sot 90 

State total..............------2--2- +++ 100 Nl Bianidisyillowst eee to... osn le oe eee 75 
MIcHIGAN (June 1 to July 18). Rosenhayn wr teres tence eee e ener eee eee 66 

Benton Harbor, St. Joseph...........-...-- 118 Coen aeUIas aBa Gas CS ee EL 18 Be ze 
asia SEipagai,. ule 66 OCI CK CO Wier e12 Site sict= elaine <leysieieinreise = eine gorats 31 

ren 54 EMM ONG OMe sees pe sees eee. sanee 26 

Seen MeCN Es 33 Marariceto willie S = terisse cic Sembee sje cys 22 

Grand Haven........ +S SURE SESE See 27 Pairton......---- 2-0. 2-22020eee eee ee ee eee 20 
re ee Gy | | MOIS EIEIO Soc acas tocccdseadecddecedscoBE 19 
ARAL ee en 2 Richlandeae rep eecleeeteeace oceeinwecsitoce 15 

pis SAT ue Oe 2 New DOLteueieccr soe cite te tienes cscs ee 14 
eS INCORIN Pen e eyerrgey iC aul OL ee 14 

ycotan Mien ch peers ercrssiaycie (ae are ars siclsisicvie n!=in nis 1 TeeuGne 

Bealiisie, Maries. ..2....0..0-.-2c0-e---s 1 Cane pranmuas estan Tor Fees teeeees oes ns 
BLO TEDICKUMSte Ronee en ence cnicnnciciesicas OAT | lguewe Seeepsmeiernse is apie ee oe Gee) 

Pp Pp iWiesteMoorestowmssntee cee: net cee 9 

SRO TOL p o6ed sade eneeen eee eae BLT || Mamelamdipes satis en ease cloak eee 8 

Misstssrrrr. CedareBroo keene tte cea ode sins see ceseee 7 
T 

Southern Osyka section (Apr. 10 to May 15): Ww aterford OER a ae 7 
One sequscpoeseesae Pe ae stvevers ices cie 19 Belleplain.....-..--.---++++-----+-------+-- 5 

HHL WOO dE Meer eter ie merase eee hal 3 
BIO hall ee erers ee eisie ahs estas ais are 0's ninsetsisisie is LOM RennistGrovesssasaeene steers een 3 

Sanford section (Apr. 10 to May 15): Newfield PSirieh ime eras RL: sneer ey eile 1 

STRORel, ara a eeSCe POOR EMS ee eee 33 Woodbine.............-.-.-----------222-+- 1 

TAL, eo Sa aaa 33 Stateytotalteeese ees cck kee heen ee 516 

Lauderdale section (Apr. 15 to June 1): : NEw York (June 1 to July 1). 
TRUSS is ee aes Oe OSCE e eee eee Deas 30 | Seriba....-..-..-.--.------------------- ++. 38 

MALCOM Reet epee. ooo aay sree ee 32 
PRO tale Ress eeee seth a cee Le teidates 30 LAN EOLA Re Ci ere Be eo ewes eh cei SP 31 

Central Durant section (Apr. 20 to May 20): New Haven.............-.--2--2--2-------- 26 
Madison...... LDN ie aI Deh eee Ma 31 | OSWego.........--.------0--- 2 eee eee eee eee 26 
TO UEAT Cee ogi Marl borou phe ee ese eee eens) feast 25 

TRGIRSGIN 5 Soegseeseee see ee ee oneness 16 Roseton SSP RD ESBS Ob OC ESE ROE nOBGOC oor Econo 9 
rel andes Mee... 12 | Mexico...-..------+---- 22+ 20s eee eee ee ee eee 8 

TRIN OY CEs eS ae eters a Tea 1 
ANGI a 5 aia, ee ae a 87 cae 

Statoniovale aac cacccescscocc cece eee 196 
SUID UOUIE ke SSG Sabie SE nee eee 169 

mr Ag ae NortH Carona (Apr. 15 to June 1). 

ee oj, | Gono 20 
ee 118 Mount gh aboreisc. csc cise = ceisiecicee see cls 160 

> aay 2 DUP ee eee ee gs | Teacheys..---.------------+---------------- 100 

cance Glligp gg ceed ela g4 | Rose Hill.......--.-.-------2--2e2e eee eeee oe 
ee 47 | Mount Olivosee mer: 2 decenme acces secees 95 

| uNpinhal dlls te ee a “49 Wihitevallessen een. Sees cee cece See sigsee 39 

ona... pee eee 41 (CHENG GN codes qeeceneeeeodae SSeonEsoncas 36 

-  SUIGIO. - se08e8e6cs cee ae eee pil) || EEE 97 ON ce ccese cee a obese Seeoe neo we 
ee ee 19 | Wallace....----.--------2--2-2-2-2e ees eeee 23 
Sit. guile se rn 18 IBladenhorotscessesieee mee aneee em eaaace ee 16 

os GITRRID ED ciel ek eee ae aa TE ROR ces oe asc aco ESOS ER Ener nea Hooemo 13 
-. PNIGRENATED, Soy Se a yi | Willard. .....-.---2-- +++ +++ 22s sees estes eee 8 

g || Abbottsburg ec ooo eos een oe weno oncine 6 

oe 23 32 DOSS OSOS TUS EB SAS ROS SOBRE SMB SOSA A Statejbotaliccceccceucseeee ee cee 837 
ERR UAD INE ete etal are) Sci sia craic oie aveimslats acicine ems 

@ Maryland boat pickups include Virginia pickups from the eastern shore of Chesapeake Bay. 

b Pickups from eastern shore of Lake Michigan. 
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TABLE 3.—Strawberry shipments, 1915—Continued. 

Ouro (June 1 to June 25). 
Carloads. 

Lestonia.csvtcen ice 2 SE ee oS ROR tS Eee 17 

Lk 55+ eS Ol ee Pe aE Sis Se 9 

MATIGL EAs ee Oe occ Weasels awe ia bee cee ebe 6 

CMGINNA see eon eo oee oe cee tne mateccee 1 

OG eee. Sos oe eS i kaeecnten st senate 1 

Btate' total: -ceates i sseeo te Sele 34 

OREGON (May 25 to July 15). 

ROOGUR VOD 3.212 oo ce cane a samiore seems es 193 

State tora ee eee ee ee Sec n a 193 

PENNSYLVANIA (June 1 to July 1). 

Ort DEM aSt eae = 4, Ne os coc toes ao eames 74 

NLONEDOTOR seh ice ec cee een ce bar ce eeecicese 6 

CLANTON saan. cee heer eee aoe ear oe eee sa 1 

Statetotalecte eee ere cses eee 81 

SoutH CAROLINA (Apr. 12 to May 25). 

SOLIS Se See see 2 Aaa a eats ne ee eee 82 

Wonway.- sass 5 sere ees se sacs se ee 2 

Stateitotal-- cee. sss eeeree eee 84 

SoutH Dakota (June 15 to July 15). 

SLIT. ed OC ees i a ee Ss ees 1 

Btatewtotaltesstese ee tas sees sae eee 1 

TENNESSEE. 

Chattanooga section (May 1 to June 5): 

Day tonessss nae ee Ce eras se sone EY 155 
BF VONS VINO. es aa aseosecose. peice anes 142 

Sprogiityerceseerey eee ences 140 

Salo\Creokiis secs tees: foecee ce eecoeses 37 

Bakowelleasihsstessuse sees seesss keccces 34 

Knoxville ss hss Saat See Soe ae 32 

Shefiield&s= == sss ssnseeecesees See ee eee 24 

Ghattanoogas: 325222522 -2252eree82e0e2 2 = 19 

BIN / Co ebb posSandosecsbes seco seoest 16 

ASAT CITIO 5 OSPR Aa NTN Ste Serene at 10 

Graysville ss es sseree eee rere crease 4 

Hath Dur sescnsAssonce san ene eens 4 

ROCK WOOGSSSs es oe eeRAs Se eT EeMe eRe a S| 3 

ota lessen Maney ee Pee eA eres. oes 620 

Dyer-Sharon-Humboldt section (May 1 to 
June 5): 

EME DOLD veSseen ies seen seme cee ect e acs’. 252 

Meding screamo nico biawe see cial 71 

IDA e eA see one ene ass de) socie son odopee eae 63 

SALOU ee oe esses saree tate etalon io mi 56 

GELoSssereee te ta tse te ree Muamceis chs cickis 47 

ONAN tee oe eee oes cleans UE Soie. wie 46 

VACESOM cs Hoe peiine sels se ek Ae ces Sciences 45 

CUIVE co oes eco ie hoe ewe ea cacleeac ed 39 

Ripley secs esc ron mec eek weno icne sce cece 36 
Gidsdem et ss oscar cece tie necme meee. 33 

IBGUS eee seen nein ciene ce emma as hee ee 29 

FISH GMOs oe sees. Cais See eae e Oe 17 

Trezvevant. ieee cs0 ae eee eae 16 

Grand Junctions. 6. 2.22 SN Rok ee 15 

Milan 22 4a Ss Hae eke 12 

‘TENNESSEE—Continued. ‘ 

Dyer-Sharon-Humboldt section—Contd. ; 

Carloads, j 
Dresden.....: 15 oe co eee ee 12 
Greenfield: -..< 3.) cae eee eR 12, 

Portland. 3:3: 3: scaSteenee eee eee ee 8 

Trenton... 22. cs - skece poser eee eee eS 8 

Bradford; 3... Goeneee eee ee 6 

Gibson: 225: See eee ae 6 
Obion::. .. 0. See eee eee : 

Nashville: 22.225. cee se eee ees 4 
— 

wav ois aslo chete cieees eee ema e 459 

TEXAS, j 

Alvin Section (Mar. 1 to May 15): ; 

Deepwater... ..-2h2- see eae eee es 81 
7 Wh cts eee eS age a ee 47 

Mickinson........°c5-cese-cee ee eee eee 20, 
IH ouston. ..-) aes cee sce eee 1g 

Total: ....../-4aaas ee 159 
Artesian Belt section (Mar. 1 to May 15): F 

Carrizo Springs. ....-s-cb ae 14 

Total’. (22.03) 14 

Tyler section (Apr. 1 to May 10): 

Winns boro\..8 .: ).c2¢eceeee eae 41 

DYIOLS: os <5.505 scene eee eee eee 33 

Windale.......,-..../ssdaqese een ee eeene = 15 

North Jefferson. .\..52-- pees aeecee eee 6 

JOMOTSON. <<. '= <n aoe eee eee 6 

BWal: «1... 2-2). 222.22 beeen 6 

Hawkins % . 5. -s3ssesseee nese 2 

Marshall... ..... sc assseeeeee eee eee 2 

Totals. 2:65035.555%sseas see sees lil 

Brownsville section (Mar. 15 to May 1): 
San Benito... ....<2 2.55 see eee eeee 1 

Totaloo.o5. 26555. deece ses eee eee 1 

State:total.. 22.20 7 feeeeseeeeepee ee 285 

UAH (June 5 to July 1). 

PIOVO0).): =< 252322: so 5. ase epee meee eene 4 

State total: ....;.-.:-2.22-scemeeeeeenees 4 

VIRGINIA 

Norfolk section (May 1 to June 1)........... 444 

Totals 22245: <2 24s eee se ee 444 

Eastern shore section (May 5 to June 5): | 

Onley £3555. 2L3 SSS seeeee eee ee 61 
Mears oo 2.2 i222. eee eeeeeeeac 29 

Parksloy 20.322 ee 22, 

Tasléy. 222. Si Mil eeece eee ee eemec ae 20 

Keller... 2 22 cons eceee moar eeaeiees em 19 

Melia.g . oo .2i io cogeauemeeeieenes sic cec 17 

(RAINED: ~ o-3%.-:- sce eee eaters 

Makemie Park: --*: 7 seeeeseereeete vee. 10 
Decato: ioc 5. oS eeeeeeeeeeers sine 6 

Total... 0. vseco eee ee eee ee eee a 196 

State total. 322 cae cceeeeeeteeer ens 

a This does not include Norfolk section. 
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TaBLe 3.—Strawberry shipments, 1915—Continued. 

WASHINGTON (May 20 to July 15) 

Carloads. 

BRATS RO ALLO etecieitesisicieteis cieiej= ciele eiblnie/eiainiele's 

BS eat OM ere eee eet isisieie nic) c/na\elnjclainie'ewicisineceee 

BESOTINO WAC Kasiotila ic sivinios vicis cicinn wc'sinnlncinclccin ae 

nm oO po co Se = [o-) . 1 . . . . . ‘ . : . . . ° » . 

oe 

eennwnnwaSSSE 

31 

* “* WASHINGTON—Continued, 
Carloads, 

Richmond Beachinac cw cece acces oeeee nics 1 

Statetotalsscs2 sissies ccaeecc ace seeee 142 

WISCONSIN (June 5 to July 15). 

Racine Sansa se saben ceaescet ate eet eeeeeee 21 

Bay fieldassewmsosaueseo sere seeded 10 
Sturgeon Bayiiveesecet cues ueseeeweoteseee 10 

Stateitopale: se iseccccccccscececraccescs 41 

Granditotale ac cdsseececcceeccco ses 13, 409 

Owing to the fact that certain well-known commercial strawberry 
areas do not lie entirely within State borders, the following tabula- 
tion gives certain shipments on a district rather than on a State 
basis. The data given below are included in the grand total and are 
simply a rearrangement of some of the material included under State 
headings. 

TasLE 4.—Supplementary tabulation of strawberry shipments in 1915 by districts. 

PENINSULAR SECTION (May 10 to June 15). 

. Carloads. 
Slings IDG Cenk shoe conoseneeeoreneeener 654 

LIBMOMS IMG os abe eos os ooo eS Se ESeBeeeeEoES 486 

eid covalle sD Clete ses ctis: cesses cce scence 348 
Beat S\yAll OM Cieeretsepeysientieiciate no cieiss = <)-/ej eeiie = 315 

Raila Mideast gs 2 occas cme sacs 139 
BenINGess Anne yMd\s lo 2- <2. - (8. ----------- 101 
_ Brum, WIGls | JoaoseesScdceonescusuadoousEded 98 

SRONO QING WIG Ep a5 2 ose seHeceeeoeee neces pascube 90 
Be ULORC ep) OLE epee ta cree alfa) 2 ae /a)<injnjninininine 89 

Bere WO lM Cle eeee sretsle laters ein ieisiavsia\n/oi=/=1= =icleiele ei 77 

OTITIS NIG le aes SCS ger ae ae eens 73 

MrRGONG pO Ole eae ee ayancis aise cece se 69 

eaTLO liv ae Gl wetter erat inclajsescineisi-isisizie vic 66 
BER VPA ett ee a eit ene mis eis aa ceidie sisicrnicle 61 

MMCSTOVEL MO nese teen cek cle ue dee 55 

hatrnley Swale MGs nwa nerlei-scieie ene ee «loi 54 

eISHOrO wD elem sere neces soe fe cecie soe 53 
BereOLeeLOW DS (Deli a= sae sack: coc ain scelee ae 51 

‘Pugoaplbipim, WIG. A. 5.55 soeee SeeSSEeBeeeese 50 
PSHE LPL) Oleic ee eistes cecil een Sends 41 

MiB OMinl oAND) Clea ees. a a <loten caren es 41 

Lincoln City; Del....-..- BO Sa ese Ree sets 34 

RRCEMWOOG MD Cleese 22k. s lesecs cece 29 

MSCS (Cees eee ne NOD bic wincinie cle 29 

ETE SPOLO GI) Olesen eee + cine ene 26 
NEG, RGIS SS Rese eoceeo ates a aEeanaee peace 25 
2 in, NIG ages eee see ese eens 22 

BRAESIO NANG epee oe Nes oe canis cinecle nic cle sie 22 

| IGT) Welgodade she het Seen ee as see eas 20 
Beets TaD) leery ses tse ,2,- nieie ee ea'jeeisie cies 19 
allan, We Meeee sone ee se aSeen eee eee 19 
MPSHOTIMEN emer teria s 206 ee an es cycles 17 
HE, Weis Soe a a ie 17 | 
— COTERCTRG ES MIGIS Fase eee 16 
tar, We tee eee ee 12 

 PISTOING, NGL ASR See aetna il 
MtGesT CUP ATC Vian)... 2-1-2252 ccnczeces 10 
lay, TCE Ss ee 7 

PENINSULAR SECTION—Continued. 

Carloads. 
SalisbunyaMdes ecerecs see ese cree aaeee 7 

MastiNews Market, Md sececeecnieseseec ce 6 

eines! Creek Md eye gers Msiaterayc see ernie 6 

WOCAtOs Vides = seer oeemeiceeecisiseminccme nsec 6 

ifendersonssMidhe meen ace career eee ne ae 5 

eCanntloneyD Oley se unas siden Oi tin poe enes 4 
CheswoldhiD els eetsscasa etn scee eee eae 4 

KinestomMidtac) 22/0240 5 oss toe eee 4 

Wore ttowmMl dis vote aan seen e rs Nae yee mente 2 

Mandelia Springs Midecns se jeanne see snes 1 

Boat pickups, Maryland and Virginia... ... 198 

RO GaN ee ere tea Sp mise cian aes Seco 3, 589 

OZARK SECTION (May 1 to June 15). 

INGOSHOMMO a oteectan cet gee a scenes ne ce Te md 27, 

PALCOKIC IMO ciara suieees os see esac mee 118 

Monet tM. a. asain cen ccestecicceme cess 95 

IEEE) Gitay, MW IOsee posssessnousacccquesc Scans 64 

Ard ersomyMOne-castceccre eee aaseeee 47 

VantBurenArksose) ct cok sseise sees cone 45 

ButberticldeMior ieee ees casccceercaser nue 42 

OPA MON ea sae sense ccs omen ce een nes 41 

SpringdaletwArk secs. sssseceoneeeseeeeeee 40 

Johnsons PAT kites. sacecesateeeceeee eee 3 

AUT rr ay Air oie eee ia a cine sees cta a ins see 36 

arming tom,parkerasec ss seesers=eseeeene see 35 

Mayer breville nAtrika term csiceense sams ete eee 31 

Republic Motmsenersaseeae tar caneee aaa 21 

Starks @ityavMo ss cmescesicc sac cue semencectt 19 

PUT Oye UMLO Meyers apeyelatars wteiate (sie siatate's oie iseisiecie= 18 

iD ecatiiseAtr Kare semer near cansseiaeem seis ase 15 
Goodman yMosssenececeeriscecceiacce eens 14 
As bfeasrill weedy Sie Ol oneal red SemnrinORe ore 14 

Dyers PAT Kee sec\y est samisc cece eeietincaoeec 12 

iMarionwilley Moser 5-eosccee seer acer il 

VU Gy SA Korma ian east cieciswist nis sectaeins see mee il 
Mountainbure; -Arka 225 sess oe ee cieaee cece 10 
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TaBLE 4.—Supplementary tabulation of strawberry shipments in 1915 by districts— 

OzaRK SEcTION—Continued. | OzaRK SEcTION—Continued. 
Carloads. | Ca 

Mulberry; Ark:ss<22555562s0ss0sicecece cee 9«| ¢Elm Springs, Ark....-2 2222 2neso-eeeee ee aes 
CAENAPA MO Ssoc= oseceb< ss sco essere sereee 84|4Garfield, Ark. .5.....5s-sq=cscseeneeeeeereeee 

CAyeISprings PAR essa csing--soe~cesecoceace 84] WVierona,, Mo: -:>. 5.2 5cencene See ee 

Reneca MOLE pence er nee tee ee eeermen cc. 8 || (Healing Springs, Ark: <2o2 07> ees eedee ee oer 

Montitows wArkee nc sccnss ne eee eee eee 8 | Litteral, Ark.....-.... Baers “see 
re ero SE eee ee Cea ee F ¢ | Mount Vernon, Mo....-..-.....-- 88... 

Siloam Springs, Atk............----ssses0++ @ | AemiY, Ake oon ae nee eee 
WWiDBALOD) MOsgo remem see see epic haere clesicem tS 6 Total. coco. coee see eee eet 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 
10 center aee COPY 



BULLETIN No. 478 , 
Joint Contribution from the Bureau of Plant Industry 

WM. A. TAYLOR, Chief, and the Office of Markets and 

Rural Organization, CHARLES J: BRAND, Chief 

Washington, D. C. Vv December 30, 1916 

THE ORIGIN, CHARACTERISTICS, AND QUALITY OF 
HUMPBACK WHEAT.’ 

By Levi M. Tuomas, Assistant in Charge of the United States Grain-Standardization 

Laboratory at Fargo, N. Dak. 

INTRODUCTION. 

The term Humpback is applied to a strain of wheat which is being 
srown to an increasing extent in Minnesota and to a limited extent 
in the Dakotas. This wheat has found favor with the producers 
because of the large yields claimed for it, but it is generally discrim- 
inated against by the grain trade because of its alleged inferior mill- 
ing qualities. 

This strain of wheat is said to be the result of a field selection by 
J. P. Berglund, a farmer living near Kensington, Minn., who about 
18 years ago found, growing in a field of Bluestem wheat, a plant 
distinguished from the rest of the field by bearded heads and a more 
vigorous growth. The seed from this plant was saved and planted 
separately, producing a strain of wheat known as Humpback, which 
Wheat was first distributed among the Kensington farmers 11 or 12 
years ago. It was originally called Bearded Bluestem, a name given 
to it by Mr. Berglund because it has the characteristic velvety chafi 
of Bluestem, but it soon earned the more popular name of Hump- 
back, owing to the peculiar shape of the kernels, the dorsal side being 
characterized by a prominence immediately to the rear of the germ 
and a curved slope toward the brush, making the term Humpback 
quite descriptive. The term Marvel, and perhaps other names, has 
been applied to this variety by distributors of the seed. 

. 1The investigations reported herein were made by the Office of Grain Standardization of the Bureau 
of Plant Industry. Since August 18, 1916, the grain-standardization work of the Department of Agri- 

culture has been administered jointly by the Office of Markets and Rural Organization and the Bureau 

oi Plant Industry in connection with the administration of the United States Grain Standards Act. 
The data contained in this bulletin represent the results of investigations made by Mr. Levi M. 

Thomas, in charge of the Grain-Standardization Laboratory at Fargo, where special investigations are 

being carried on in cooperation with the North Dakota Agricultural Experiment Station relative to the 

milling and baking value of different classes and grades of wheat. 

2 Certain eastern soft-wheat varieties have this same characteristic to fully as marked a deegree as the 

Humpback. The variety known as Rural New Yorker No. 57 is especially similar to the Humpback in 
all general characters. 

Norr.—This builetin will be of interest to millers and grain dealers in the States of North Dakota, 
South Dakota, Minnesota, and Montana, and to the grain exchanges and inspection departments in the 
various markets. 

63086°—Bull. 478—16 
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Care should be taken not to confuse Humpback wheat with the 
more widely grown varieties of the Northwest, commonly, though 
incorrectly, known as Velvet Chaff. The Velvet Chaff wheats, some- 
times classified as the Preston group, are beatded but are of the Red 
Fife type, and the kernels are much smaller than those of the Hump- 
back, approaching closer to the Fife and Bluestem wheats in size and © 
quality. Another point of difference is apparent in the heads of the 
wheat. Humpback wheat has, as already stated, a velvety chaff, 
while curiously enough the bearded spring wheats, commonly known 
as Velvet Chaff, are characterized not by a velvety but by a smooth 
chaff. The comparative shape and size of Humpback, Velvet Chaff, 

Fic. 1.—Bread made from samples of Humpback and Bluestem wheats grown near Glen- 

wood, Minn., in 1913: a, Loaf from Humpback wheat, yielding 73 per cent of straight 

flour and having a loaf volume of 1,970 cubic centimeters and a texture score of 87.5; 

b, loaf from Bluestem wheat, yielding 74 per cent of straight flour and having a loaf 

volume of 2,445 cubic centimeters and a texture score of 93.5. 

Glyndon Fife (Minnesota No. 163), and Bluestem wheats are shown. 

natural size, in Plate I. 

Humpback wheat has a large berry as compared with most strains 
of the hard spring wheats, in point of size being midway between the 
common varieties of spring wheat and the durums. The kernels are 

of a dark amber color and are perhaps a little softer than most 
wheats of this class. The weight per bushel will be found to range 
somewhat higher than the Fife and Bluestem wheats, the average oi 
nine samples from the 1910 crop being over 60 pounds per bushel. 

MILLING AND BAKING QUALITIES.* 

Table I gives the comparative results of the milling and baking 
qualities of a limited number of samples of Humpback and othe) 

1The Minnesota State grain-inspection department under the grade rules for norther: 
spring wheat specifies that ‘“‘ the variety known as ‘ Humpback,’ owing to its inferio 

milling quality, shall not be graded higher than No. 3.’ 
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TYPE SAMPLES OF SOME OF THE SPRING WHEATS: A, HUMPBACK; B, VELVET CHAFF; 
C, GLYNDON FIFE (MINNESOTA No. 163); D, BLuestem. (NATURAL SIZE.) 
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hard spring wheats. Attention is called to the fact that the results 
on the Humpback wheat, as shown in the table, include tests of sam- 
ples representing the crops of the three years, 1908, 1909, and 1910. 
The crops of 1908 and 1909 are represented by one sample each, and 
the crop of 1910 by nine samples. Five of the samples of the 1910 
crop were secured near Hoffman, Minn., and the remaining four from 
near Kensington, Minn. At each of these points a sample of Blue- 
stem wheat was also obtained, the results of milling and baking tests 
wpon the same being likewise shown in Table I. The figures at the 
bottom of the table give the average of tests of Bluestem and Velvet 
Chaff wheats from North Dakota and Minnesota of the 1910 crop and 
afford an interesting comparison with the Humpback wheat, to the 
disadvantage of the latter. With the exception of samples 255 and 
502. the results as given in the table are based on the yield of “straight 

ur,” the tests on these two samples being on the patent flour. 

See gE I.—Comparison of results of milling and baking tests of Humpback 
wheats with other hard red spring wheats. 

r aM Crude protein Volume of loaf Absorp- (N X 5.7). 
| tion 

Yield (water Color 

Description and source of sample. No. of Per Per used of straight | per 100 
340 100 es erumb. 

flour. grams | grams | grams In In 
Rama ata henkot flour. | wheat. 

flour. | flour. flour). 

Humpback wheat from— Perce Gace GXcs C.c. | Score. | Per ct. | Per-ct. 
Kensington, Minn., crop of 1908. .-.) 1255 |1 70.82 | 2,138 629 51.8 96 12.31 IPL Sil 
Kensington, Minn., crop of 1909. .--| 1502 | 1 69.7 2,260 681 splits 91 11.91 12.71 
Hoffman, Minn. »erop OlgLOTO Maser 637 | 65.6 2,230 656 61.8) 91 OST 14.19 

IDOYseaG Hes SUS SU RCSA eee ares 700 | 68.7 2,400 706 50. 6 97 14. 65 14. 88 
IDO edu hs Boe alee eee 701 72.6 2, 100 618 50.0 96 13.97 14. 82 
IDO) Gace cue CU Ss CUE ce ae men 702 72.5 2,010 591 50. 0 95 14.99 15.79 
IDO) ses oN ObE Oe Soee eee EeEe 703 | 69.7 2,150 632 50.0 95 14. 54 15. 16 

SUSIE tO, Minn., crop of 1910. 704 | 72.8 2,150 632 50.0 96 12. 60 IPS Cel 
aaoodouods cay socudUGdsbnoDeee 705 72.4 2,120 624 49.7 96 13. 34 14. 02 

Do eee eta cietciciveaic isi 706 | 72.8 2,090 615 48.2 95 13.05 13. 22 
1D) OR aiepreaseme ne Rok 708 | 73.4 2,050 603 48. 2 95 13.91 14. 36 

Bluestem wheat from— 
Hoffman, Minn., crop of 1910.-.-...-- 699 | 69.5 2,590 762 52.4 98 14. 36 14. 82 
Kensington, Minn., crop of 1910. .-.| 707 73.2 2,260 665 50.3 97 14. 02 13.91 

a AVERAGES, 

‘Humpback wheats from— 
- Hoffman, Minn., crop of 1910.....--|-.-.-- 69.8 2,176 640 50. 5 94.8 | 14.19 14.95 

Kensington, Minn., crop of 1910....).--... 72.9 2,105 619 49.0 95.5 | 13.23 13. 59 
Both Hoffman and Kensington, 

Gi0}0) CHO ee io SOSH OSes eae eael Seabee 71.2 2,145 631 49.8 95.1] 13.76 14.35 
Hight samples of Bluestem wheat from 
North Dakota and Minnesota, crop 
DUE TATED SSE Le LE Se SS ee RT 69.2 2,430 715 52.1 97.1 12. 59 13.4 

| Seventeen samples of Velvet Chaff 
| wheat, grown in North Dakota, 1910..|....-- 66.9 2,428 713 52.4 99 IBS SY/ 14. 52 

] | 

1 With samples 255 and 502 the tests were made on the patent flour, but in all other cases on the straight 
our. 

From the standpoint of flour yield, as obtained upon the experi- 
‘mental mill of the North Dakota Agricultural Experiment Station, 
it will be noticed that the Humpback wheat, like other large-berried 
varieties, gives a high yield of flour, in this respect probably excel- 
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ling the smaller berried varieties. However, in the study of the next. 
three columns in the table we do not find that the figures speak so | 
well for the Humpback wheat. The volume of the loaf, which is 
the approximate expression of the “ baking strength” of the flour, 
in all cases falls well below the average for the spring wheats. A 

comparison of the results of the absorption, or the amount of water 
used in making the dough, does not show such striking differences, 
but most of the samples fall below the average in this respect. In 
color of crumb, which is a factor of considerable importance to the 
baking trade, it will be noticed that the bread made from the Hump- 
back wheat flour is not up to the standard. Figure 1 shows the actuan 
differences in loaves produced from samples of Humpback and Blue 
stem wheat grown near Glenwood, Minn., in 1913. 

The figures in the last two columns of the table, showing crude 
protein in the wheat and the flour, are interesting. It will be noted 
that here we have a point of resemblance between the Humpback 
and the durum wheat, as the Humpback wheat averages high in 
crude protein and yet is low in “ baking strength.” 

CONCLUSIONS. 

In conclusion, the principal points may be briefly stated as follows: 

Humpback wheat is a bearded spring wheat characterized by a velvety chaff. 

This wheat should not be confused with the so-called Velvet Chaff wheats of 

the Northwest, which are bearded spring wheats of the Red Fife type and have 

a smooth chaff. 

Humpback wheat has a large berry, somewhat soft in texture, giving a high 

yield of flour. The weight per bushel of this wheat is higher than that of 

Bluestem wheat. 

The flour from the samples of Humpback wheat was.lower in baking strength 

and general quality than the flour from the other spring wheats which were 

tested. 
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INTRODUCTION. 

Each year about 10,000,000 forest-tree seedlings or transplants are 

equired for the reforestation operations on the National Forests. 
“he stock supplied for these operations must be of the proper size 
nd spécies, of high grade, and available for use on very short notice. 
“urthermore, production of the stock under seasonal conditions cor- 
esponding as closely as possible to those at the planting site is 
lesirable. In order that these requirements may be met and that at 
he same time the stock may be produced’at a low cost it is neces- 
ary not only that the nurseries be properly located and of the right 
ize, but also that efficient and economical methods of nursery prac- 
ice be employed. 

FACTORS INFLUENCING SELECTION OF A NURSERY SITE. 

Choosing a site for a large nursery is difficult, especially in a 
mountainous country, where all of the conditions favorable to nurs- 
Ty operations are seldom encountered on one area. The principal 

1 This bulletin represents the results of the study and experience of many different mem- 

ers of the Forest Service. The author’s part has been to compile, weigh, and harmonize 

hese results. The collection of forest-tree seed and field seedling and planting are covered 

n Bulletin No. 475 of the U. S. Department of Agriculture, ‘‘ Reforestation on the Na- 

ional Forests." 

Nore.—This bulletin should prove of interest and value to all who are engaged in 

lursery work with forest trees. 

63186°—Bull. 479—17——_1 
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factors to be considered are: (1) The water supply; (2) the soil;_ 
(3) the amount of land available; (4) the exposure and slope of the 
site; (5) its accessibility; (6) the species of stock to be raised; (7) _ 
the nature of the surroundings; (8) the cover of the site; and (9)_ 

| the climate. 

WATER SUPPLY. b 
\ 

Plants grown in nurseries are subjected to unfavorable conditions 
of crowding and often of climate not encountered under natural 
conditions. Yet an effort must be made to keep the mortality rate 
as low as possible and to produce good stock for field planting. 
For these reasons it is essential in selecting a site for a nursery to 
choose one where there is an abundant supply of water. ‘ 

The amount of water necessary depends upon the size of the nurs- 
ery and its possible future extension, the method followed in water-_ 

ing, the amount and distribution of rainfall, and the character of 

the soil. A very porous, well-drained soil will require a greater” 
supply of water than a heavier, more retentive one. If open-ditch 
irrigation of the beds is practiced a greater supply will be necessary, 
because of seepage, than if the water is conveyed: in pipes and dis- 
tributed by sprinklers. If the rainfall were evenly distributed and 
sufficient for all needs of the plants it would, of course, eliminate 
the necessity of a water supply. This condition seldom exists. 
While abundant precipitation may occur during a portion of the 
growing season, there is almost certain to be a dry period when arti- 
ficial watering will be necessary and when a supply as abundant for 
the time being as if the whole year were dry will be needed. 

In every case the amount of water available during the period of 
low water and, if possible, the minimum flow during extremely dry 

years should be ascertained. Where water is in urgent demand for 
irrigation purposes, it is vitally important to know whether there is, 
during dry seasons, sufficient unappropriated water in a stream under 
consideration, and what the State laws are regarding its use. 

At the Savenac Nursery, where ditch irrigation is practiced, at the 
Bessey Nursery, where flooding of the beds is practiced, and at the 
Wind River Nursery, where garden sprinklers are used entirely, 
about 4,800, 225, and 75 gallons of water per minute are available, 
respectively. The yearly capacity of the nurseries is 4,000,000, 
2,000,000, and 2,000,000 plants, and the areas actually occupied by — 
nursery stock are about 15, 3, and 4 acres, respectively. Except pos- 

sibly in the case of the Savenac Nursery, the amount of water avail-_ 
able is not more than is desirable for successful nursery operations. 
Where it is intended to use garden sprinklers, it is well to know 

that, under good water pressure, either the rotary or stationary type- 
of these sprinklers throws from 4 to 6 gallons of water per minute. — 

j 
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When the spray falls in a 10-foot radius, this equals from 1.3 to 1.9 
inches of rainfall per hour. It may occasionally be necessary to use 
10 or 12 sprinklers at one time, which means that there must be avail- 
able at least from 40 to 75 gallons of water per minute. 

SOIL. 

In choosing the location for a nursery, soil possessing the best 
chemical and physical properties should be selected. Forest Service 
experience has not indicated that it should resemble the soil of the 
planting site, especially where that is poor. Plants grown in poor 
soil, particularly dry soil, are forced to extend their roots in search 
of moisture; and when such plants are removed from the nursey the 
fine feeding roots are almost certain to be cut off and the stock ren- 
dered less fit for field planting. Thrifty plants with a normal root 
development grown on good soil generally offer the best chance for 
success. 

The soil should be sufficiently fertile; but desirable physical quali- 
ties, such as moderate freshness, friability, and depth, are of more 
importance than chemical ones, since the latter may be more easily 
changed through the use of fertilizers than the former. 
A soil with a sandy foundation, particularly a sandy loam, is 

better suited for nursery operations than one with a clay or lime 
foundation (see Pl. I). The latter dries out and warms up slowly 
in the spring, delaying nursery operations and retarding the growth 
of the plants; it freezes and heaves much more decidedly than the 
former; it is more difficult to work in plowing, cultivating, and 
transplanting operations; the roots skin more when the trees are 

dug; it forms a hard surface and cracks upon drying; seedlings 
sometimes have difficulty in pushing through it; the development of 
the fine, lateral roots is not so good as in lighter soils; and weeds 
obtain a much firmer foothold. On the other hand, a soil extremely 
light, sandy, or loose should be avoided because of the rapidity with 
which it dries out, the too extensive and undesirable root development 
which it fosters, and the danger of general unthriftiness of the 

plants. 
If the surface soil is a good, fairly moist, retentive, sandy loam, 

the deeper it is the better. Where it is deep there will be an abundant 
supply of fertility upon which to draw, the infertile subsoil will not 
be disturbed by plowing and mixed with the other soil, and the soil 

conditions will be ideal for the development of excellent stock. A 

very desirable combination is good, porous surface soil from 3 to + 

feet in depth, underlaid by a more retentive subsoil. Such a sur- 

face soil is of sufficient depth to allow the necessary drainage: and 

as moisture is needed it can be drawn from the retentive subsoil 
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by eapillarity. A subsoil of hardpan is to be avoided because it does 
not allow good drainage and the moisture retained may cause sour- 

ing of the soil and excessive freezing and heaving. 

AMOUNT OF LAND AVAILABLE. 

The future development of a nursery can seldom be forecasted. 
After the nursery is established the location, soil, or some other fea- 
ture may be found to make it especially suitable for the growing of 
certain species of trees; the stock may have to be retained in the 
nursery longer than was anticipated; wider spacing may prove 
advisable; longer rotations of crops may become necessary; or a por- 
tion of the area may have to le fallow longer than was expected. 
Any of these conditions will make extension of the nursery area 
desirable. A location should be chosen, therefore, where there is an 
additional contiguous area of good soil lying in such a position 
that the watering system can be readily extended to it. 

SLOPE AND EXPOSURE OF SITE. 

The nursery site should be as level as possible, because of the 
danger that the soil on a slope will wash during severe rains or arti- 
ficial watering. Of course, grades can be lessened by terracing. This 
is expensive, however, and on terraced areas plowing and harrowing 
are carried on with difficulty, and protection ditches are almost in- 
dispensable. Under no circumstances should the slope exceed 5 per 
cent, and even such a slope is excessive where irrigation is to be 
practiced. 
On slight slopes the exposure is of little import. There is but little 

difference in the temperature, frost danger, or length of growing 
season of the different aspects. On steeper slopes, north, northeast, 
and northwest aspects are more suitable for nursery purposes than 
south and west, because of the smaller range of temperature. Frost 
danger is greater on the south and west slopes than on the others, 
because the plants normally start growth sooner and continue it later. 
Alternate freezing and thawing, which causes heaving, is more de- 
cided on south and west slopes than on the other three. So-called 
frost holes, or depressions in which the air drainage is poor, and 
narrow valleys or canyons, should be avoided entirely because of 

frost danger. In general, a higher location should be given prefer- 
ence over a lower one. 

ACCESSIBILITY. 

The relative importance of accessibility to base of supplies and 
labor or to planting sites depends upon whether the nursery is large 
or small. If it is small and the amount of labor and supplies neces- 

a. a, 
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COMPARISON OF SEEDLING STOCK GROWN UNDER DIFFERENT SOIL CONDITIONS. 

Note the difference in root development. A. Pinus ponderosa 2-0 Black Hills seed grown in 
light sandy soil. B. Pinus ponderosa 2-0 Black Hills seed grown in heavy clay soil. 
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WATER-PiPE LINE 4 INCHES IN DIAMETER, FOR FLOODING TRANSPLANT BEDS, AND 
SLATTING FENCES USED FOR WINDBREAKS, BESSEY NURSERY. 
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sary is not great, it should be located as near the planting site as cir- 
cumstances will permit. At a large permanent nursery, the initia] 
as well as the regular yearly work necessitates the employment of a 

considerable number of laborers, the purchasing and hauling to the 
nursery of a large amount of material and supplies, and the hauling 
of the nursery stock to town for shipment. Accessibility to plant- 
ing sites is not, accordingly, so important—though it is important— 
as location near a central shipping point where labor and supplies 
are readily available. 

SPECIES OF STOCK TO BE RAISED. 

In fully equipped nurseries, moisture and temperature conditions 

can be so controlled that danger from drought, intense heat and cold, 
low humidity, and early or late frosts is partly eliminated; yet if 
possible, the climatic requirements of the principal species to be 
produced should be given consideration in choosing the site. If 
western yellow pine is to be the principal species, preference should 
be given to sites well within the low altitudes. If, on the other 
hand, Engelmann spruce or lodgepole pine will make up the greatest 
proportion of the nursery stock, preference should be given to the 
sites at higher altitudes. The natural common occurrence of a spe- 
cies in a certain region is an unfailing indication that both soil and 
chmate are well adapted to its growth.. Production will usually be 
attended by fewer difficulties and losses at nurseries located within 
such_a region than elsewhere, although there have been some in- 

stances where this has not seemed entirely true. Furthermore, less 
watering and shading may be necessary and protection against frosts 
and winter killing uncalled for, so that it will be possible to pro- 
duce a high grade of stock at less cost. 

NATURE OF THE SURROUNDINGS. 

The surroundings have a minor effect upon nursery operations 
through their influence upon the weed problem, protection, shading, 
and watering. On old clearings, old burned-over areas, or aban- 
doned fields, the conditions are particularly suited to the growth of 
weeds. At nurseries situated in such places it will usually be neces- 
sary to fight weeds continually. Such locations should be avoided 
if others fully as good in the more important considerations can be 

selected. There is the objection to having trees in the immediate 

Vicinity of a nursery that they cause snowdrifts and retard melting 

of the snow in spring. It is possible also that they impede the cir- 

culation of air and thus subject the nutsery stock to greater frost 

danger. Furthermore, excessive side shade from timber sometimes 
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keeps a nursery too cold and damp for the best development of the 
stock. 

In Europe it is considered advisable to take advantage of locations 
where shade and protection against wind are afforded by old stands 
on the south and west sides. For species especially susceptible to heat 

or frost, such as spruce and fir, this side protection is considered 
especially desirable. Where the planting stock is of light-loving 
species, such as pine and larch, there should not be enough shade to 
be harmful. The size of a large nursery will eliminate the pos- 
sibility of side shade for all the beds; but this will not necessarily 
be a disadvantage, because, usually, shade will not be desirable for all 
the species grown. All the beds, however, may be protected from hot 
and cold winds, making less watering and possibly less artificial 
protection necessary. 

COVER OF THE SITE. 

The growing cover of a site serves as a criterion of the quality 
of the soil, such as its fertility, acidity, or alkalinity, and normal 
moisture content. It also has an important bearing on the cost of 
putting the ground into condition for nursery purposes, the subse- 
quent work which may be necessary, and the effect of the preliminary 
work upon the soil itself. 

Dead and down logs and old stumps or a large amount of rock 
will necessitate expensive clearing operations. Where the stumps are 
large and numerous, as in Pacific coast Douglas fir cuttings, and the 
amount of down timber considerable, the cost of clearing and putting 
the ground into shape for nursery operations may amount to $200 or 

$300 per acre. This expense is not the only bad feature. Even after 
careful clearing and working up of the ground additional rocks, 
pieces of roots, bark, and twigs will be encountered for years to come. 
In removing rocks and stumps, moreover, the subsoil is thrown out 

on the surface, and being of inferior quality in most cases, gives rise 
to infertile patches throughout the nursery on which the growth 
of plants is poor. Besides when the stumps and logs are being burned 
the humus is also burned and the soil made poorer in quality. The 
inadvisability of choosing a rocky area or one covered with stumps is 
apparent unless other factors offset these disadvantages. 

Too much emphasis, however, should not be laid upon the difference 
in the initial cost of soil preparation. Often the fact that timber has 
grown upon a site is a strong indication that after clearing the ground 
will be well suited for nursery purposes. While the cost of putting 
a treeless area into shape may be less, the site may not be so well 
suited for growing trees. 
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CLIMATE. 

If possible nurseries should be located where the climatic conditions 
are very similar to those of the planting sites. Nursery stoclx will then 
be in a dormant stage in the spring or fall when planting should be 
done. Where climatic conditions are not similar, it often happens 
that in the spring the nursery stock must either be shipped while the 

planting site is still covered with snow or else held at the nursery, 
where it is likely to start growth; or it may be that the planting 
site will be free of snow and in the best condition for planting before 
the plants can be removed from the frozen or snow-covered beds of 
the nursery. In the fall the plants may be still in an unhardened 
condition at the time when planting operations should be conducted. 

Regions of excessive winter winds where a snow cover does not 
remain should be avoided because of the danger of winter killing 
unless artificial mulching is practiced. Mulching is expensive, and 
the mulch affords a refuge under which rodeats may work and 
damage the stock. 
Regions of excessive rainfall, particularly if the soil is a cold one, 

are not well suited for nursery purposes. In such regions weeds are 
more numerous than where the climate is drier, moss and alge col- 

lect on the nursery beds, the stock is less sturdy, nursery operations 
are impeded, and the number of species which can be successfully 
grown is smaller. 

SIZE AND ARRANGEMENT OF NURSERY. 

There are two general types of Forest Service nurseries: (1) The 
small nursery of a capacity ranging up to 200,000 plants annually, 
usually located at a ranger’s headquarters and designed for the pro- 
duction of stock for planting only on the forest on which it is situ- 
ated; and (2) the large nursery established to produce stock for 
planting a group of neighboring forests which have similar vegetal 
conditions. 

The relative merits of small and large nurseries have not been 
finally determined; each possesses certain advantages over the other. 
Desirable sites of a suitable size for small nurseries are more plenti- 
ful than those for larger nurseries; the available water supply need 
not be so great; and permanent improvements in the nature of fences, 
water system, and buildings need not be so extensive. There is a 

decided advantage in growing plants near the areas where they are 
to be used; the stock is on hand when wanted; a part of the expense 

of packing and shipping is avoided, and retention by the roots of a 

part of the nursery soil, which would be shaken off in transporta- 
tion, is permitted. Insect or fungous attacks in a small nursery can 
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not, in the aggregate, produce such disastrous results as in a large 
one. Furthermore, the time suitable for field planting can be util- — 
ized more readily with locally grown stock. Trees raised in nurseries £ 

at a lower elevation, for example, may begin vegetation before con- ¥ 
ditions on the planting site permit setting them out, and the best time ; 

for planting a warm, early site may pass before Sipole can be fur- — 
nished from a nursery in a colder situation. On the other hand, — 

because of the closer and more efficient supervision in the large : 

” 

nurseries, as well as better facilities for tending the stock, a greater 

proportion of the plants normally survive to the age of field plant- 
ing, and the better care given the stock results in its being more : 
fully developed and, other conditions being equal, more able to suc-— 
ceed under field conditions. The concentration of the work at laroal B 
nurseries makes for efficient management, good stock, and low cost 

of production. 
A central nursery should have a capacity of at least a million — 

plants. This is desirable as a matter of economy, for the larger — 

the nursery the more opportunity there will be for intensified work, — 
the systematizing of each operation, and regular supervision. By 

these means the cost per thousand plants may be reduced; three — 
or four million seedlings can be grown at a lower cost per thousand — 
than one or two million. A large capacity is desirable for two other 
reasons besides the economy that may be effected: It is an insurance 
against a shortage of plants due to unforeseen losses, and heavy 
grading is possible in well-stocked nurseries, so that in each case very 
nearly the class of stock required may be furnished. 

The actual area of a nursery is determined by the output that is 
desired, the species, the area occupied by paths and roads, the spac- 
ings, the class of stock produced, and the practice followed in the 
rotation of crops. Possible rotation of crops being disregarded, | 
the following table indicates the area, exclusive of paths and roads, | 

necessary for the growing of 1,000,000 seedlings and transplants ) 

yearly. 

TABLE 1.—NSeed-bed area* in’square fect, necessary to produce 1,000,000 seed- 

lings yearly. 

Lat, 

Number of seedlings per square foot. 

OE we ae BEEN Gp | 73 | 100 | 125 | 150 | 175 | 200 | 295 | 250 | 275 | 300 

» Area in square feet..? 

Sopareehretee tc: 20,000 |13,333 {10,000 | 8,000 | 6,667 | 5,714 | 5,000 | 4,444 | 4,000 | 3,626 | 3,333 
2years....-------.------|40,000 ]26;667 |20;000 |16,000 |13,334 |11; 428 |10,000 | 8/888 | 8,000 | 7,272 | 6,666 
ie PCI a 6 60,000 |40;.000 |30;000 |24; 000 |20; 000 |17, 142 |15; 000 |13, 332 |12, 000 |10, 908 |10, 000 

1 Add 25 per cent in seed beds and from 10 to 20 per cent in transplant beds to allow 
for losses. oS 

21 acre=43,560 square feet. hy 

we 
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Taste 2.—Area* of transplant beds, in square fect, necessary to produce 
1,000,000 transplants yearly. 

Spacings, in inches, in transplant beds. 

Length of time in transplant beds. 1 by e 1 by 6. | 1 by 8. 3 by 4. 

; Area in square feet.” 

| MERI. oso stoop ose danddSdeeseecge see see Boe EooBeeoeEe weRoeNetasien Dares 41, 666 | 55,555 | 83, 333 
| SEMEL dtoS co seo Sh Desa seat ae a eae a 69,444 83,332 | 111,110 166, 667 

1 Add 25 per cent in seed beds and from 10 to 20 per cent in tian pone es aie Manne ses. 
2 1 acre= 43,560 square feet. 

Because of differences in topography, in the characteristics of the 
soil, and possibly in the requirements of the species, the form of a 
nursery will vary as the location varies. Generally speaking, an 

area either square or rectangular, with the two adjoining sides not 
differing much in length, is the best form. The topography of 
the area often makes it impossible to lay out a nursery according to 
a preconceived plan. The necessity of following the base of a hill 
or avoiding rocky patches of ground may make regularity of outline 
inadvisable. The nursery should not be made up of a number of 
small individual areas. They may not admit of plowing and culti- 
vating and may necessitate preparation by hand, a slow and expen- 
sive operation. Two or three larger areas widely separated do not 
make a good nursery because of the time lost in passing from one 
section to the other. 

Tf uniform soil conditions exist throughout the nursery, there 
need be little choice as to the location of seed and transplant beds, 
except as a matter of convenience. Where uniformity does not exist, 

it is advisable to locate the seed beds in the portion having the better 
soil. Seedlings come up in close stands in the seed beds, so that 

they make greater demands upon the soil and are more subject to ill 

effects from poor soil than transplants, which have better conditions 

of growth. Where differences in soil, protection, or other conditions 

exist in the nursery area, it is also desirable to arrange the beds so 

that the hardiest species will occupy the most trying situations. 

Thus western yellow pine can be grown to better advantage in stony 

portions or those most likely to dry out rapidly than can spruce, 

and spruce and fir should be grown where they would have the 

advantage of any natural shade. This phase of nursery practice is 

not of great importance, however, since the conditions can be so 

need artificially that any of the species can be made to thrive in 

any part of the nursery. Where it is necessary to shade either the 

seedlings or transplants, the beds should have their long axes east 

and west. 
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The water system, after it is established, will determine to some 
extent the arrangement of the beds. A row of hydrants will fix the 
location of a path, and to facilitate watering at least the transplant 

beds should be laid out with their long axes at right angles to this 
path or row. 

OUTFIT. 

WATER SYSTEMS. 

The initial cost of a water system is high, and once a system is 
installed it can be changed only with considerable difficulty and ex- 
pense. <A satisfactory system will save many hitches and delays and 
in the end will effect great economy. It is desirable, therefore, to 
plan carefully before its installation and to have in mind its really 
essential and most desirable features. These will be enumerated 
under the discussion of the different kinds of systems. There are 
two principal types of systems in use in nursery operations: (1) The 
irrigation system, and (2) the sprinkling system. 

IRRIGATION SYSTEM. 

In the irrigation system the water is brought to the nursery area 
either in a ditch or flume which taps a supply at an elevation some- 
what above that of the nursery, or it may be pumped from a lower 
level to that of the nursery. It is then distributed to the plants either 
by means of numerous small ditches from 2 to 3 feet apart having 
so shght a gradient that the water flows very slowly, or by flooding 

entire beds. When water is diverted from a stream desirable fea- 
tures of an irrigation system are a good, substantial dam at the point 
of diversion of the water, a head gate which permits perfect control 
of the water entering the ditch, and a clay-lined ditch or a flume to 
convey the water to the nursery. A flume or water pipe is somewhat 

preferable to an open ditch. The gradient of the main ditch or flume 
will depend upon the velocity desired and the cross-sectional area of 
the channel. At the Savenac Nursery the main ditch, which is 
slightly over a mile in length, has a fall of 6 feet. The gradient of 
the small ditches which convey the water to the plants throughout the 
nursery should not, in heavy soils, exceed 14 inches, or, in light, 
porous soils, 3 inches per 100 feet. 
When water is pumped from a lower level directly to the nursery 

for irrigation purposes, the prime essential in addition to that of 
gradient is that there be pumps of sufficient capacity to furnish all 
the water necessary while the operation is in progress. At the 
Bessey Nursery three 5-horsepower gasoline engines and centrifugal 
pumps are used to pump water from the river into a 4-inch main 
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pipe line which runs along one edge of the nursery. (See PI. IT.) 

From this pipe it is distributed to the beds through 6-inch canvas 
hose, flooding being practiced for transplant beds and for the seed 
beds after germination is completed. 

SPRINKLING SYSTEM. 

In the sprinkling system the water is conveyed to and through 

the nursery by a system of pipes and applied to the plants ordi- 
narily by the use of garden sprinklers. Where it is practicable, a 
gravity pipe-line sprinkling system in which water is diverted from 

a spring or stream at a higher elevation and thence conveyed directly 
to the nursery is the best type because it is the simplest. A system 
with a tank or reservoir above the level of the nursery to which 
water is pumped and then piped to the nursery may in some cases 
be the most practicable one. A tank or reservoir may sometimes be 
necessary, even with a gravity system, to provide for storage of 
water to meet the needs of the nursery when heavy watering is 
practiced. 
‘In planning a sprinkling system the length of hose to be used 

should first be decided. The most convenient length is 50 feet. 
Greater lengths are cumbersome; shorter lengths necessitate a too 

frequent change of faucets. As a hose should reach half way be- 
tween parallel lines of pipes, it follows that adjacent pipe lines 
should not be farther apart than 100 feet. Given two faucets 100 
feet apart, it is clear that a 50-foot hose will convey water in a line 
with them over a distance of at least 190 feet. This allows only 45 

feet for the length of the hose, the assumption being that a portion 
of its length will be taken up by curves at the faucet and nozzle. 
Keeping on a path, a man, hose in hand, can conveniently water a 
strip only about 15 feet wide on either side of it. This indicates that 
the paths from which the watering is to be done should be 30 feet 
apart and that there should be a faucet at each path. ‘Thus the sec- 
tions of beds should be 30 feet wide throughout and of any desired 
length up to 100 feet. For a sprinkling system of watering, this is 

believed to be a very economical arrangement of pipe lines and 
faucets. If a shorter hose were used it would be necessary to have 
the main pipe lines closer, necessitating more pipe and more labor 
for installation. The use of a longer hose would mean less pipe, 

but much additional time and labor in handling the hose. The in- 

ereased weight of longer hose is not of particular significance, but 
the care necessary to prevent its dragging across the beds and bend- 

ing and breaking the plants is much greater in long than in short 

lengths. 
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From each faucet of a system so installed an area of 3,000 square 4 

feet can be watered by means of a nozzle. If lawn sprinklers are — 
used the spacing of the faucets on each pipe line should be regu- | 
lated by the distance to which the spray can be thrown when several — 
sprinklers are in use. Twice this distance will determine the spacing. 
Thus if the spray can be thrown in a radius of 10 feet the faucets 
should be 20 feet apart. 

The pipe should be sunk deep enough to allow the use of plow 

and harrow in preparing the ground; and where there is need for 
water all winter, the system should be buried deep enough to avoid 
the danger of freezing. 

The longer the pipes the smaller their diameter, and the less the 
head of water the greater is the decrease in flow through friction. 
It follows that to obtain the same flow per unit of time the head of 
water must be greater when small than when large pipes are used, 

and that with a given head and quantity the greater volume of 
water will be available for use if it is conducted to and through a 
nursery in large pipes. It is often difficult to control the length of 
the pipes and the head of water. The size of the pipe used, however, 
is entirely within control. In order to secure sufficient pressure to 
run 10 or 12 sprinklers at the same time there should be a head of 
water not less than 50 feet; the main pipe should be 3 or 4 inches 
in diameter (the latter is preferable) ; and the laterals and stand- 
pipes should be 14 or 2 inches in diameter. One system which 
embodies these features has over 4,000 feet of main-line pipe, but at 
its lower end it carries 75 gallons of water per minute. 

To facilitate its cleaning out, a water reservoir should have an 
outlet besides that of the distributing pipe line. To prevent sand 
or gravel from getting into the system and clogging nozzles or 
sprinklers, the pipe at the intake should be covered with both a 

coarse and a fine screen. 

There should be one gate valve next to the reservoir, one on the 
main pipe just before it reaches the nursery area, and one at the 
junction of each lateral with the main pipe. The pipe line should 
have union connections at intervals of approximately 100 feet and 
at the junction of branches. These will make it unnecessary to dig 

up the entire line when there is a part to be mended. There should 
be a plug or preferably a gate valve at the lower end of the main 
and of each branch of the pipe line. These will permit the washing 
out of the pipes in case they become clogged or obstructed, and 
also their draining for the winter. All of the unions and any of 
the other important parts of the underground pipes should be clearly 
marked on the ground itself in some manner, such as by boxed 
openings or slightly projecting stakes. Finally a very careful dia- 
gram of the system, on which all of its parts are clearly indicated, 
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should be drawn to scale. A system embodying these desirable 
features is shown in figure 1. 

Cost of pipe-—While the costs of pipe vary, some of the prices 

paid at Forest Service nurseries are cited, simply to show the relative 
value of different types: 

Cents 

6-inch Douglas fir wooden pipe Map ce eye 55 OEE ee po? "W74 

PMN MOUS ASM WOOGEN, pipe.) ee ke ee ee ee 134 

Phe DlACkwBiGONapIpe 222. 5a Rl _ 434 

PINCUESAVAnIZed- Irom pipe —._._.L____-______ __ 25 

92-inch PAN VUIZCO ROM LOe 2 eee eee oe 3h [2 

SPREE ale Zed-irOM Pipe. 12 

Bee yanmized-irom pipe... 8 

Reservoir 

a Pe 32 al seal TAS 
@ 
I 

Drain pipe with plug { ! 

° ° | 

| | | 
| ° | 

4 4 a 
| | | 

| | 
° ° | 

| ° | 

Boundary o. | ° | 
"| Nursery Area | 

—-— Main Pipe Line 4 § 

— — Lateral Pipe Lines “Ds AE ap 

® Gate Valves § if z 

= Unions | | | 

° Faucets ° ° ° 

Sasi | L 
te) @<——\/00 FEET ———> 

Fig. 1.—Diagram of a water system. 

COMPARATIVE MERITS OF IRRIGATION AND SPRINKLING SYSTEMS. 

In general, irrigation is not so satisfactory as a piping system. 

It has some commendable points and others which are objectionable. 
It does not require so large an initial outlay as a sprinkling system; 

there need be very little head to the flow of water; in subirrigation 
by ditches heavy soils do not tend to bake so much as when sprin kled; 

possibly a greater area can be covered per day than by sprinkling, 
and the water which comes in open ditches usually is warmer 
than that coming through pipes, which is a desirable feature. On 

the other hand, to irrigate effectively there must be very little 

slope to the land and the area must be very evenly graded; ditch 

irrigation necessitates frequent paths, and consequently a much larger 

area for the production of stock, with all that it entails in prepara- 

1 Douglas fir wooden pipe has given excellent satisfaction where used. Galvanized-iron 

Pipe wears better than black iron pipe. 
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tion, fertilization, weeding, and cultivation; the main ditch may silt — 
up and have to be dug out each spring and the laterals have to be — 
entirely reconstructed each time the area is replowed; it takes a 
more experienced man to water by irrigation than by sprinkling; a — 

considerable number of plants are covered in digging out and filling 
up a ditch to divert the water from one ditch to another; transplants 
can not very readily be watered immediately after being set out; 
all plants are not watered evenly; baking is worse when flooding | 

is practiced on clay soils than under any other system; and it requires” 

more water for each operation than does sprinkling. 

INCLOSURE FOR NURSERY AREA. 

At every permanent nursery a good fence is needed, and all 
nurseries subject to damage through grazing by domestic stock or 
by deer must be adequately fenced against such animals. Where 
rabbits abound it will often be desirable to protect the nursery against 
them by meshed wire screen at the base of the fence or by a woven 
wire fence whose lower mesh is small enough to exclude them. 

If a nursery is subjected to the action of heavy winds which bend, 
whip, or break the plants or shift a light soil so as to cover a portion 
of them, or dry out the soil, a windbreak is desirable. A slat fence 
5 or 6 feet high will afford some protection. A very effective wind- 
break is made by nailing parallel rows of slatting on both sides of a 
row of posts and stuffing the space between with hay. Living wind- 
breaks of trees or shrubs also afford protection and where needed 
should be grown. The trees or shrubs chosen for the purpose should 
be those of a compact, bushy habit which are known to be hardy in 
the locality. They should be planted from 25 to 50 feet from the 
nursery area. If immediately adjacent, they do considerable damage 
to the nursery stock growing within their root zone. 

NURSERY BUILDINGS. 

At large nurseries there will generally be needed several nursery 
buildings, a house and woodshed for the man in charge, a barn, a 

packing shed, and a storehouse. The storehouse will serve as a stor- 

age place for seed supplies, tools, stakes, hose, lath shade frames, 
seed-bed frames of the knock-down type, and any other equipment. 
It should be located as near the nursery as possible. The packing 
shed should be partly open to the south and should be supplied with 
packing-box material, moss, burlap, nails, cord, labels, and paint. 

At nurseries so far removed from town that it will be necessary 
at times to feed and house a working crew, a cook house and bunk 
house will be necessary. The bunk house should be furnished with 
a heating stove and the cook house with a large cooking range, a 

complete set of cooking utensils and dishes, good working benches, 

% 
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a sink and drain, running water if possible, a hot-water barrel, 

shelves, and a long dining table with benches. A small storeroom 
for supplies and a bedroom for the cook and cookee should be par- 

titioned off. 
: NURSERY EQUIPMENT. 

Considerable equipment is necessary in a nursery. The loss of 
time and increase in labor and trouble caused by insufficient equip- 
ment will ordinarily amount in a short time to more than the cost of 

an adequate supply. The equipment is not the same in all nurseries; 

but that generally needed and its current cost in 1913 is indicated 
below: 

Equipment. ; Cost. 

Sea PERRET ET AoE sola oo aim minions ee ee eb ote we cucime cease be secedecicesarceshaces $350-$400 
Do. WARE. .ocopedod6e0 9000 ag Seb SOs ESE IE DEeE ss Se ARee Ones oc SOSs SS Scsee eS See OE serene. a hee 75- 100 
oon TRENGGIN. . 2b. 06 3993 38045 US SOS Sees Ee De EEE OES S56 SC Sn SC OUCH FBS Serene see aeae 16. 50 
EE PT rs ote cain coe Doce cee cde c he Sack c aul see ececacceeccucedcesecses 18.00 
Axes with handles: 

ST Gils [DMG cossoceabdaoces esd dCs eee Be eO REE E CHEE BE ORD OEH Ceo ss AonboSecbeolSecuEbeeBee aa ser 1.75 
[OHO TON S55 6 ACROSS Ae a a ee le ASE aa Sen ee hae eee eee 2.00 

IO HEIS. o cac Coed RUSE SoD R RET BSC Sea eet Eanes alte ue et get eg ae ee | 1.25 
PSUS ols tceaede sess cobS oe see Hate ee Eee en ee hae ete a ae eee 1. 25 
aE SE Eee a a is rie oh stoieibinia'e a's's ove on cielo aioe see eeececechescectessceees | 75 
[hi dies Willi EMC ES So 60 4686 coe se SOD BEDE a pEneSS Gees SeCee re se oe See ces SS eee ere ere a sees | 1.25 
SS RNGLURaTGesmeee eee eck ote TO I ee he seen de dedaclesecccecces 1.25 
fi tute ING, O82. soc scepcOeS Lee e sO See aE a en ee Se eee | 1.10 
SOG CHER s cope Goa ce es SOS FARCE eo A en SEE el a ei ne eae eee 1.75 
. URDIE, TOT TOWEL G8 53566 SSSA Seat a ea eS ee ae renee ae SS re ua Oy pe eS 08 
ere PEPER reer rena) koe eth Or LL Eee ne al lowe nee 10.00 
2 SL) OE DOU ee eet eI ee ne eg te a a .13 
HAS TGyP HOVAES TOETPLES S CoS EIS SS og A a 12.00 
Lo O28. 2 tec soncnoeogebaSed cep ese esee dau UBER eH Eee ye aeSSurBee Ee See cra: Goakaroeesers Senne eec ie 75 
Pipe tools: f , : f 

mhreader and dies for l-inch and 2-inch pipe..:..--..:...------------2--- eee eee eee eee 7.50 
PERG FISO oe ook Se Se beads SORA GEA a ae nie ie eet eae 2.25 
Stillson wrenches, 14 -inch 65 
EPISODE OUChes aL S-InChens. ret 28) ool sb cet eee see Sect Sout be wee ceeccsecees .90 

[i DG. .o ou adeo ae BESS See eee : 75 
Gampentensisaw 2. sc20t8s 2 tolls. lle. acae 2.00 
Steel square... . 1.50 
Chisels. ......-- 50-1. 50 
BiCi) i ae 1.25 
Set of bits for brace. 4.50 
Bench screw for vise. 75 
Hose, per linear foot. .12 
Mole trap... .- neoegnguee kee Se. aE ee ce eee Se ee ae SOS aA EES | 1.25 
Ree torinspeeene ene i20i i ALL UI Ee et es 1.25 
OUND RED Se oS 6 45-4 ec eee eee eee eee ee Se eo ees. i ase | 05 

Bois oar [eee 2 Sue a Aegean k eae e - 03 
BimenesI(DMICO|VATIOS) 0 ee eee ee ee eee nen tee eee [eee nea 
Peeranoomach(oniconjanios)- cs hhs cf tithe Ti lb Stee en ieee 0-2. 50 
Heavy flax twine, per DOURG Co Ae Gu e ERS Sea M ene Seo se oe Bees Go eme Be cRounE es tee _-39 
YO oe TaeTaRORRe (RLS Ts 2 Se 2 a ae ee ee er cee eee A eee eee 0 
Su iGo Waieihiing S000! 15550 Fo see ees ee ae eee Ree SSS coe Soe eee eee 1 

In addition, it is always well to have on hand a little Jumber— 
dimension stuff, planks, and boards. 

| NURSERY OPERATIONS. 

NURSERY SUPERVISION. 

The measure of success in nursery practice is the character o1 

the stock produced and its cost. The various operations should 

‘therefore be under the supervision of an efficient executive or fore- 
| 

‘Man, one who is thoroughly practical, a close observer, constantty 

| 
1 
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alert to improve methods in the ordinary routine, and fully alive to 
the desirability of reducing costs of operation and overhead charges. — 
It is desirable that he have a knowledge of plant physiology and 

pathology, for this will enable him to note quickly imperfections or 
disease'in his stock and to seek methods for improving its quality or — 
health. 

INITIAL PREPARATION OF NURSERY SITE. 

On a site which has already been cleared or is free of all stumps, 
logs, and woody growth, the first step in preparing the ground is 
to remove the litter, rocks, and pieces of roots. The surface soil 
should be thoroughly hand raked and rubbish carted away; the area 
should then be plowed and harrowed very thoroughly. Where there 
is a grass cover it should be scraped off close and burnt to ashes after 
the sod is thoroughly dried; or better, it may be plowed under and 
the area devoted to field crops for a year or two until the sod is 
thoroughly decomposed. Piles of brush should not be burned on 
the nursery area because deterioration of the soil results. 

Experience has proved that plowing and replowing and harrowing 
and reharrowing, amply pay for themselves in the resulting condi- 
tion of the area. Rocks, roots, and trash which would interfere with 
the nursery operations are not only brought to the surface and re- 
moved, but hollows are filled in and elevations cut down until the 
whole surface is brought to an even grade. The initial plowing and 
harrowing must be more intensive than those of after years because 
of the greater amount of rubbish present and the roughness of the 
land.- Heavy soils, fall plowed and left rough, are much mellowed 
and improved by the action of the frost and are in a better state to 
absorb and retain the winter moisture. Unless replowed in the 
spring, however, they are packed and hard to work. Spring plow- 
ing and harrowing puts a soil in excellent condition for working; 
but after transplanting operations are finished the soil may settle 

and leave the plants sticking too high out of the ground. The com- 
bination of fall plowing with cross plowing and harrowing in the 
spring is undoubtedly best, provided the soil can be watered and 
settled somewhat before transplanting begins. 

The seed-bed area should be further prepared with a shovel or 
garden fork, the lumps of earth mashed, and then finely pulverized 
by raking. In either plowing or spading the soil should, if possible, 
be stirred to a depth of a foot. Very shallow cultivation may result 
in shallow root development, heaving, and poor piant growth through 
drying out of the soil. Deep cultivation involves the risk of bring- 
ing to the surface the poorer, less fertile subsoil, in which plants do 
not develop properly. — 
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A itn PREPARATION OF SEED BEDS. 

| Where damage from rodents or birds need not be guarded against 
| the seed beds may be of any desired size. They should be staked 
) off uniformly and with mathematical precision. This will make 
| calculations easy and will make possible the employment of uniform 
| methods in subsequent work. A 4-foot width facilitates sowing, 
/ covering, and weeding operations. Forty inches has been found to 

‘| be a desirable width where burlap is used as a cover, Where dam- 
age from rodents or birds is possible small beds 4 by 12 feet are 

| desirable, because they are easily protected by the use of the screened 
frames, to be discussed later. . 

/ To promote capillary action and avoid uneven settling of the 
‘soil, particularly where the soil is ight and sandy, the beds should 
‘jeither be rolled with a heavy hand roller or thoroughly watered 
‘| before the final leveling. The leveling and smoothing of the sur- 
‘|face is done with a rake and should be thorough. It will help in 
)securing an even covering of the seed and uniform germination, 
)for an irregular surface is often responsible for seedlings appear- 
_ ing thickly in one spot and thinly in another. 

At one of the California nurseries a special method of leveling has 
"\been used. A frame 4 by 12 feet, inside dimensions, is constructed 
of 1 by 4 inch material, the boards resting on edge. This is sunk 
about 1 inch into the beds that have been spaded and raked. 
A section 3 inches wide by 6 inches long is cut out of the lower edge 
a | 

of each end of a board 1 inch by 4 inches by 5 feet, which results 
in the shape shown in figure 2. The portion of the board which is 
/4 feet long and 3 inches deep is intended to fit within the 4-foot 
frame, the 6-inch ends resting upon the sides of the frame and 

‘serving as handles. The appearance of the frame and board in 

operation is shown in figure 2. The board, which is called the 
“planing board,” is drawn the length of the bed with the projecting 
‘inner 4-foot portion sweeping over the loose soil. As the board is 

’ drawn along it may be necessary to fill in with soil any low places 
in the bed in front of it. The surface of a bed thus prepared will 

_ be smooth and ready for sowing. 

A slight modification of the apparatus appears to be more prac- 

jtieal. The frame need not be sunk into the bed, but may be rested 
on the surface of the soil. The projecting portion of the planing 
_ board will then have to be as deep as the frame itself. Three-inch 
" Material, stiff enough to retain its shape, is wide enough for the 
“ ‘construction of the frames. At the Wind River Nursery, where this 
“system is follcwed, the lower sill of the shade frame is used instead 

of a special frame. 

63186°-—Bull. 479—17 BD} 
yt 
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On first-class nursery situations the drainage of the seed beds will 
not need consideration. If the drainage is not good on account of : 
the situation or the soil, it should be improved by raising the beds | 

slightly above the surrounding level and the center of each bed — 
slightly above its edges. Ordinarily the beds can be raised suffi- 
ciently by shoveling out the paths from 2 to 4 inches deep. An 
ample edge should be allowed for the frames and for washing by 
‘ain. If the soil is very loose, it may be necessary to protect the 
edges of the beds by a board frame sunk in the ground. 

Planing- Board 

SS <S 

Section of Seeding frame 

S 

with Planing Board in place 

Fig. 2.—Seed-bed equipment. 

The cost of preparing seed beds, including plowing, harrowing, 
spading, and raking, has been $0.0027 per square foot at the Boulder 
Nursery and $0.00416 at the Wind River Nursery. 

SOWING OF SEED. 

Seed sowing is considered by some as the most important single 
nursery operation. Sowing to secure the desired number of trees 
per square foot requires considerable knowledge, skill, and care. 
Hence, this is work that capable nurserymen handle themselves or 
supervise very closely. 

The following points are of especial importance. All seed used 
in a nursery should be fresh and clean. Fresh seed germinates 
more vigorously and is less liable to rot than old seed, and it is 
not so likely to produce distorted, weak seedlings. Seed from 
local collecting is best because the seedlings produced are best 
adapted to the soil and moisture conditions and to the length 
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of the growing season at the nursery. When feasible the seed 
should be graded so as to eliminate the weak seed in the beginning 

‘and prevent the production of stock which is undesirable and will 
have to be discarded later on. Other things considered, the larger 

larger plants in the same length of time than the smaller seeded 
_ varieties. 

| Species. 

' Pseudotsuga taxifolia: 
Rocky Mountain form 
TIdah 

| In no case should seed be used whose germination per cent is less 
than the average for the best fresh seed of the species. Germination 
jtests should be made, and the seed which is found unsuitable rejected. 
‘The use of seed whose quality is not known may result in very thin 
stands of seedlings and thus upset nursery and planting plans for a 
year or two. When regular germination tests have not been con- 
‘ducted, some knowledge of the quality of the seed may be obtained by 
cutting open 200 or more and noting the condition of the kernel or 
‘meat. If the kernel is plump and full and of a good cream or white 
color the seed is probably good. This test is not wholly a reliable 
ow satisfactory one, however, since it usually gives higher percent- 
ages of good seed than are obtained when regular germination-test 
nethods are employed. 
Seed which will germinate at the rate indicated in the following 

sable will generally prove satisfactory for nursery purposes. The 
figures were obtained through actual tests of 200 seeds of each species, 
sown in small flats filled with sand or soil and exposed to a greenhouse 

“winter and spring temperature of from 60° to 80° F. The figure 
given under 100 days is not necessarily the final germination per 
cent of the species; but the percentage shown for each species listed 
‘isa very good one for a test covering that period of time. 

Seas 

Results of germination tests. 

Germination per cent. 

jeffreyi 
inus lambertiana 

Pinus monticola 
_ Pinus ponderosa: 

Black Hills 
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METHODS OF SOWING. 

Whether sowing shall be broadcast, in drills, or in flats will be 
governed largely by local conditions. Each method has advantages 
under certain conditions. 

In drill-sown beds cultivation and weeding between the rows by 
means of small hand tools is possible, and root pruning can be prac- 
ticed. Where cultivation is practiced there is less need of watering, 
and the soil is better aerated and is kept warmer and in better tilth, 
Even stands are more easily secured by an inexperienced man in 
drill sown than in broadcasted beds; seedlings can be more easily 
dug and with less damage to the roots, particularly in heavy soils, 

and in some cases winter damage from snow (as with Douglas fir at 
the Cottonwood Nursery) and heaving are less serious. Damping- 
off can be more readily controlled by cultivation when the beds 
are drill sown than when they are broadcasted, provided the con- 
ditions are such that cultivation is effective against the disease. 
Such cultivation, however, is seldom effective. On the other hand, 
the drill-sown seed in germinating may break the soil and leave 
an open ditch in line with the drills, thus exposing the seed which 
have not yet germinated. Where damping-off is prevalent this 
partly open ditch forms an ideal moist chamber for the development 
and spread of the fungus along the whole row. At the Priest River 
Experiment Station damping-off has been more serious in drill-sown 
western yellow-pine beds than in broadcasted. Drill sowing is not 
well adapted to the sowing of seed with a low germination per cent, 
because the drills must be made deep and the seed sown very thick 
in the row, with the result that a portion of them do not come in cond 
tact with the soil, and the bottom seed are covered so deeply that 
upon spr outing they are unable to push their way through the covers 
ing above them. i 

In broadcasted beds cultivation is not possible and weeding must bal 
done by hand, but if the beds are fully stocked the plants will shad 
the ground completely, decreasing evaporation and killing out the 
weeds, so that there is less need of these operations. A greater num 
ber of good seedlings can be grown per square foot in ae 
beds; if necessary an area can be resown without disturbing the 
original stand; and the plants are less crowded and in general reach — 
better development than in drill-sown beds. Broadcasting permits 

the necessary heavy sowing and uniform covering of seed having a 
low germination per cent. 

In general it seems that in heavy soils or at nurseries where the 
water supply is deficient, either of which makes cultivation desirable, 
or where root pruning is to be practiced drill sowing is preferable. 
Where cultivation appears unnecessary and the water supply is suffi 
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cient, or where it is desirable to effect an economy in space, as under 
high shade frames, broadcasting is preferable. In Forest Service 
‘nurseries broadcasting is coming more and more into favor. 

Sowing in drills—tIn the drill method the seed are distributed 
‘im drills from 3 to 6 inches apart and from one-fourth to one-half 
jinch deep by means of a hand seed drill, or a seeding board, or 
by hand. If a seed drill is used, it has to be regulated by trial to 

sow the proper number of seed per linear foot. After the drill is 
| ae the hopper is filled with seed and the drill is pushed ahead 
in a straight line. At the Cottonwood and Pilgrim Creek Nurseries 
drills have proved twice as rapid as broadcasting. However, there 
are some drawbacks—resinous seed stick and do not feed well; the 
seed must be very clean; it is difficult to regulate the drills so that 
they will distribute the seed evenly, especially small seed; and the 

\Irills are not so well suited for sowing across the beds as lengthwise. 
| For drill sowing across the beds a marker, hinged seeding board, 
pnd a seed trough (see fig. 8) have proved highly efficient. The 

| Inarker consists of a plank 4 feet long, 15 inches wide, and 14 inches 
‘jhick, with two handles projecting beyond each end, and with tri- 
ngular strips of wood from one-half inch to 1 inch thick on a side 
ind 4 feet long, nailed longitudinally and parallel, from 3 to 6 

inches apart, on its under side. By pressing these triangular strips 
pr cleats into the soft earth of the prepared seed bed perfect V-shaped 

ng upon the depth desired and the condition of the soil. 
| The seeding board consists of two strips of board 44 feet long, 3 
~ nches wide, and three-fourths inch in thickness (narrow bevel siding 
js sometimes used), joined edge to edge by a small hinge at each 
nd. The adjoining edges of the boards for a distance of 4 feet 
the width of the seed beds) are beveled on the top side between 
he hinges, one edge much more than the other, so that a shoulder 

\s formed on which seed uniformly distributed will remain when 
he board is dipped into the trough partly filled with seed, then 
 ipped each way so that all superfluous ones will fall back into the 
rough. By varying the depth of the groove and the width of the 
Jhoulder on the adjoining side the board can be made to sow any 

 {uantity desired. One of the outer edges of the board is beveled far 

_ ack on the under side so as to offer no obstruction when the seed 

's dipped. Two men operate it, one at each side of the bed. The 

oard is dipped with a swinging motion into the trough and then 

 owered and held close over the drill to be seeded; the hinges are 

_ ent upward, and the seeds fall into the drill. 
The seeding trough is 8 inches deep, rounded slightly on the bot- 

‘om and up one side, from 10 to 14 inches wide, and 5 feet long. It 
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is mounted on legs, raising it from 16 to 24 inches above the ground, 
The trough is set to straddle a seed bed in which drills have been 

Handles 

~I" Cleats 

Cross-section of Marker 

Cross-section of Seeding Board 

Seed Trough 

Fig. 3.—Seeding apparatus. 

marked. By this method two men can easily sow per day from 
to 40, 4 by 12 foot beds, of 48 drills each, and as many as 60 have be 
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sown. The seed is covered by another man. Working too rapidly 
should not be allowed, since speed induces carelessness with the aver- 
age workman. The nurseryman himself should, if possible, be one 
of the crew to manipulate the board, or he should select very reliable 
men for the operation. 

Drills are also made with a concrete roller fitted with parallel, 
evenly spaced cleats extending its entire length (PI. III, fig. 2) and 
with a large, heavy wooden rake whose teeth are spaced at the right 
interval; and seed sowing is conducted by hand, with shotgun shell, 
or with a tin can with a hole punched in the bottom. None of these 

| methods, however, are so rapid nor any more efficient than the first 

described. 
Broadcast sowing.—In broadcasting, seed is scattered by hand over 

_ the prepared beds. The total amount is not entirely distributed the 
first time; a portion is reserved, so that the sower may again cover 
the area and scatter it where there is a sparse distribution. Pro- 

ficiency in broadcast sowing is obtained only after considerable ex- 
perience, and even stands of seedlings are not so readily secured by 
an inexperienced man as in drill sowing. When the sower is experi- 
enced this method is rapid, one man when not covering the seed being 
able to sow an area of from 4,000 to 9,000 square feet in a day. Ne 

| sowing the seed should be pressed into the soil by means of a wide, 
flat board or by a light roller. The board or roller should be dry, 
or the seed will stick to it. 
Sowing in flats and pots——F¥or southern California, where the cli- 

_ matic conditions are especially trying on young planted trees, some 

transplant stock is produced in individual paper pots. The seed are 
sown in flats, and the seedlings iran planted into the pots, which are 

later set out in the field. 
_ Several small holes are bored through the bottom of the flats, one- 
half inch of small gravel is put in to allow for drainage, and then 
4 or 5 inches of good loamy soil. This is packed in, the surface is 
| smoothed, and the seed is sown and covered. 
| Sowing in flats has three advantages—very good drainage can be 
| provided for the seedlings, the depth of the covering of the seed 
| can be well regulated, and transplating is easier. On the other hand, 
/it is more expensive than raising stock in seed beds, because of the 
| added cost of flats, mixing of the soil, and more intensive care. It 
| has also been found with conifers that the stock produced has a very 
inferior unbranched root system. 
|. The sowing of conifers directly in the pots has also been tried. 
This scheme appears to have little to commend it. It is expensive, 

the seedlings i in a large number of pots are likely to die, necessitating 

their resowing, and a thrifty class of stock is not produced in most 

instances. 
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SEASON FOR SOWING. 

The season for sowing is largely determined by the species raised, 
by local climatic conditions, and by experience in nursery practice. 
If the seed is of a species which germinates slowly, such as western 
white pine, sugar pine, the Pacific coast form of Douglas fir, or in- 
cense cedar, heavier and better developed stands of seedlings are 
usually secured by sowing in the fall than in the spring. Some seed, 
such as deodar cedar and the true firs rapidly lose their vitality. 
‘For these fall sowing immediately after their collection is also 
preferable. In most cases species whose seed germinate rapidly 
can very well be sown in the spring, so as not to be exposed over 
winter to damage from rodents or subject to the danger of extremely 
early germination and subsequent killing by late frosts. However, 
spring sowing, even of such species, is not always thought desirable. 
Damping-off is less severe, for instance, in fall-sown than in spring- 
sown beds of jack pine at the Bessey Nursery. 

At the Pocatello Nursery it is thought best to sow in the late 
spring, because the weather is so cool during the spring that no 

advantage would be gained by fall or early spring sowing. In 
Arizona and New Mexico, where the spring of the year is very dry, 
some of the sowing is deferred until the near approach of the rainy 
season, which occurs in July and August. Seed sown in these 
States in the spring requires frequent watering after germination; 
those sown in the summer do not need artificial watermg. Damping- 
off, however, is less severe there in spring-sown than in summer- 

sown beds. 
Fall-sown seed have a long period in which to absorb moisture, 

and germinate rapidly upon the advent of warm spring weather. 
Watering of the seed beds to induce germination is usually unneces- 
sary. Moreover, the stock from fall-sown seed is more likely to be 
fully hardened and able to withstand early fall frosts than that 
from spring sowing. Stock larger by from one-half inch to 2 inches 
can be produced in one year by fall than by spring sowing. The 
increased. growth may mean the shortening by a year of the length 
of time necessary for growing stock to a size suitable for field plant- 
ing, thus effecting an economy of space in the nursery and reducing — 
the cost of the plants (Pls. IV, V, XV). 

AMOUNT OF SEED TO SOW. 

The optimum number of seedlings per square foot in seed beds 
varies according to the species, the region (because of the longer 
growing season and greater development of the stock in some re- 

gions than in others), the manner of sowing (broadcasting or in 



Bul. 479, U. S. Dept. of Agriculture. PLATE III. 

F-85923 

Fic. 1.—CLEARING LAND FOR A NURSERY. 

F—22239A 

Fic. 2.—CONCRETE ROLLER FITTED WITH WOODEN CLEATS FOR MAKING DRILLS IN 

SEED BEDS. 



Bul. 479, U. S. Dept. of Agriculture. PLATE IV. 

F—3796A 

1-1 DOUGLAS FIR FROM SPRING-SOWN SEED, WIND RIVER NURSERY, COLUMBIA 
NATIONAL FOREST. 

Compare with that from fall-sown seed. Note greater development of latter (Plate V). 



Bul. 479, U.S. Dept. of Agriculture. PLATE V. 

F-3794A 

1-1 DouGLas FIR FROM FALL-SOWN SEED, WIND RIveR Nursery, COLUMBIA NATIONAL 

FOREST. 

Compare with that from spring-sown seed (Plate IV). 
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drills), and length of time that the stock is to be left in the seed beds. 
The optimum density must be determined through experience. Too 
heavy stands make the stock spindly, and necessitate more seed, 
more work, and more grading than stands of the proper density 
(Pl. VI). Very light stands produce seedlings of good quality; 
but, as the area is not fully utilized, the cost of the stock is greater 
than it need be. In Table 3 the densities striven for by the nurseries 
in the region indicated, as well as the season of sowing, are shown. 
The density of stocking can be regulated by the amount of seed 

sown. The density desired and the germination percentage of the 
seed being known, the number of seed to sow per square or per 

linear foot may be determined by use of the following formula: 

Number of seedlings desired per square foot or per linear foot + from 10 to 20 per cent. 
Germination percentage of seed. 

If germination is less complete or there is more loss in the seed 

beds when seed is sown at one season than at another, this will have 
to be given due consideration. The additional 10 to 20 per cent is 
to allow for poorer germination in seed beds than that secured in 
ithe tests and for losses after germination. To determine the weight 
of seed to be be sown per seed bed the foregoing formula would have 
50 be multiplied by the number of square or of linear feet per bed and 
livided by the number of seed per pound of sample. 
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COVERING THE SEED. 

In some cases the seed are covered by the drill itself. In’ others 
the covering must be a separate operation. It is ordinarily accom- 
plished by sifting sand or soil over the beds through a screen of 
about one-fourth-inch mesh. One man can easily cover from forty to 
fifty 4 by 12 foot beds per day of 8 hours. Skill is required to cover 
the seed to a uniform depth so as to insure equable conditions and 
relatively even germination. There is a tendency to distribute the 
soil too deep over the center of the beds and too shallow along the 
edges. One method of covering requires a frame and planing board 
similar to those shown in figure 2. If broadcast sowing is prac- 
ticed, the frame need not be removed from the time the bed is first 
leveled until covering has been completed. The soil used in covering 
is sifted over the seed bed, and a planing board, narrower by the 
depth to which it is desired to cover the seed than the one used in 
sowing, is then drawn along the frame. By this means the seed is 
covered at a very even depth. Some other methods of covering are 
followed. Soil is shaken off the blade of a shovel over the seed or 
scattered by hand. In drill beds sown by hand the seed is sometimes 
covered with the back of a rake or, as in one of the most successful 
Forest Service nurseries, by drawing the finger through the soil 
between the rows, thus closing the open drills. 

The depth of covering most suitable for any one species varies 
according to differences in soil and nursery practice. Even under 
very constant conditions some latitude may be exercised without 
danger of seriously affecting the germination of the seed or their 
subsequent pushing through the covering. If heavy clay soil is 
used as a cover, the maximum depth permissible can not be so great 
as if a lighter sandy soil is used because the seedlings experience 
greater difficulty in breaking through. By reason of their greater 
size and strength seedlings from large seed can more readily push 
through a heavy covering than seedlings from small seed. There- 
fore, the former can safely be covered more deeply than the latter. 

Less work is necessary to put on a light cover than a heavy one, 
and the seedlings appear sooner and more evenly in the beds. It is 
true that with a shallow covering there is greater probability of the 
soil becoming dry to the depth of the seeds, resulting in damage 
to them; but this possibility can not be avoided by any depth of 
covering consistent with good nursery practice. Danger of this 
nature must be guarded against by frequent watering or by pro- 
tecting the seed beds. When moisture conditions in the seed beds 
can be controlled, Forest Service experience indicates strongly that 
shallow coverings are preferable, from one-eighth inch with smaller 
classes of seed, such as spruce, the Thujas, larch, lodgepole pine, and | 
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red pine, to three-eighth inch with larger seed, such as white pine, 
Douglas fir, western yellow pine, and Jeflrey pine. Germination is 

better and more uniform, and at the Bessey and Savenac nurseries 
damping-off is less severe in shallow than in deeply covered beds. 
A loose, friable soil, such as sand or a mixture of sand and loam, 

makes the best cover. A cover of sand gives quicker and more uni- 
form germination than any other; it can be put through a screen 
more easily; it retards evaporation excellently, more effectually pre- 
vents caking of the surface and the lifting of cakes bodily by the 
germinating seed; it decreases the danger of damping-off, and it 
gradually improves the texture of a heavier underlying soil. Fur- 
thermore, moss is less likely to form on a sandy than on a loamy 
surface. 

COVERING OF THE SEED BEDS. 

After sowing and covering the seed there is, at some nurseries, an 
| advantage in covering the seed beds. Protection of the seed against 
| rodents, particularly mice and chipmunks, and of the seedlings 

(when they first appear above the surface of the soil with the seed 
coat attached) against birds is very often necessary. A common and 
effective means of protection is a screened frame cover of the same 

size as the seed beds, ordinarily 4 by 12 feet, the bottom sill sunk 
into the soil around the seed bed, and the top high enough above the 
bed so as not to interfere with the development of the seedlings. 
The top is removable to permit weeding. Such a frame, called a 
“Pettis frame,” is described in Forest Service Bulletin 76, and the 
drawings are reproduced here (fig. 4). 
A modified type of this frame is used at the Wind River Nursery. 

The corner-and side posts project an inch above the top plate in 
order to hold the cover in place on the frame. Further, the sides 
and ends are constructed separately and the frames afterwards set 
up. This method of construction results in two posts at each corner, 
one of which fits in front of the other. The frame is set up by 
bolting the two corner posts together or simply by inserting a large 
20d. nail in the hole bored for the bolt. The principal merit of 
this is that the frames can be quickly taken apart and when stored 
require much less space. 

Before construction the framework material should be aia to 
preserve the frames and improve their appearance. Experiments at 
the Wind River Nursery indicate that a light grade of creosote ap- 
plied to the lower sill of the seed-bed frame will not harm Douglas 

fir seedlings if not more than two coats are given. Carbolineum of 
the grade used proved unsatisfactory. Both of these preservatives 
vary sc much in grades that in general it is unsafe to use them 
unless they have been proved satisfactory by experiment. 
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Wire mesh for covering the frames can be purchased in rolls 150~ 
feet in length and in widths of 4 feet for the top screen and 1 foot 
for the sides and ends of the frames. The 1-foot strip is cut in 
6-inch widths.. Experience at Forest Service nurseries has demon- 

strated that screen as fine as three meshes to the inch is necessary to 
keep mice out of the seed beds. 

The cost of these frames complete, including a shade frame of 
lath, is from $3 to $7 each, depending upon the lumber used and the 
skill and wages of the men who construct them. Money can be saved 
by purchasing material which is surfaced on four sides, since it can 
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Fic. 4.—Pettis seed-bed frame. 

be painted much more rapidly and requires less paint. Such frames 
ordinarily last only from 3 to 5 years or will need repairing by the 
end of that time. The bottom sill in particular is very liable to rot. 

At the old Garden City Nursery protective frames were used whose 
sides and ends were of 1 by 8 inch boards, the top only being cov- 
ered with wire screen. These were more satisfactory at this nursery 
because they afforded a better protection against wind, and were con- 

siderably cheaper than the wire frames, 
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Covering of the seed beds during the germination period is resorted 
to for other reasons than protection against, rodents or birds. Chief 
among these is keeping the beds as uniformly moist as possible, 
which undoubtedly promotes the highest germination of the seed. 
Covering also eliminates the need of such frequent waterings as are 
necessary in uncovered beds. For the purpose of keeping the beds 

uniformly moist, the sides and ends of the wire frame just discussed 
are covered with building, tar, or wrapping paper, or burlap, and a 
lath shade frame is set on top of it. Burlap is better than paper 
because it is easier to handle, does not tear, and can be used for two 

successive years. The lath frame is constructed as shown in figure 

5. A complete shade or covering is obtained by laying a loose lath 
in each interspace between those which are nailed to the frame. 

Full or partial shade, without the side covering of burlap, is often 
given the beds by means of this lath frame, some other form of a 
low-shade frame, or high-shade frames with a slatting cover. 

WUD 

Recent experience has developed the fact that such shade coverings 
ire neither necessary nor desirable in all nurseries where they have 
deen used. This is especially true in the cooler and moister regions 
ind with seed which germinates slowly. Heat as well as moisture is 
sssential for Pomme of seed; and in moist seed beds tightly 
sereened from the sun’s rays, the temperature of the soil may be kept 
‘0 low as to delay germination considerably. This happened with 

Jouglas fir at the Wind River Nursery. Seed in seed beds without 
vide or overhead cover, or with a cover of one thickness of burlap 
only, germinated twice as fast in the first month as those under the 

regular Pettis frames. At the Cottonwood, Pilgrim Creek, and 
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Fic. 5.—Pettis seed-bed frame. 
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Monument Nurseries no shade is given until after germination is in- 
progress. 2 

Other covers are often given seed beds to conserve moisture. Bur- 

lap is quite commonly stretched flat across the beds, and straw, moss, 
or leaf mold to a depth of about an inch is sometimes sprinkled over 
them. Any of these latter coverings must be removed soon after 
germination commences. For several reasons burlap is the best 
cover; it can be put on and removed easily; it does not bring weed 
seed to the bed; it effectually prevents the wind from shifting the 
surface soil of the beds; it does not mat down and heat; it allows the 
sun’s rays to filter through to warm the soil better than the other 
covers; and to some extent it protects the beds from birds. Straw, 
moss, or leaf-mold coverings can not be put on so rapidly nor dis- 
tributed evenly; they keep the ground cold, thus delaying germina- 
tion; they often bring weed seed to the beds; they are likely to be 
blown off by wind; and after germination commences their removal 
can be accomplished only slowly, not cleanly, and scarcely without 

damage to numerous seedlings, which when first appearing in the 
beds are quite brittle and easily broken off, Moreover, where this 
type of cover has been used, damping-off has, at some nurseries, been 
more serious. 

In the very dry and hot Southwestern States the efficiency of a bur- 
lap cover for retarding evaporation is increased by covering it with 
about one-half inch of fine, dry soil. This procedure would be satis- 
factory only with seed which germinate rapidly and will not, accord- 
ingly, require additional watering after the cover is put on. 

Tn localities where the temperature during the germinating period 
is very high, where it is very windy, or where the seed germinates 
very rapidly, the Pettis frame with burlap around the sides and 
full shade on top is a desirable cover; in cooler localities, especially 
with slowly germinating seed, no cover at all or simply one of bur- 
lap is preferable, provided in each case the sowing operations are 
conducted in the spring. In seed beds sown late enough in the fall 
so that there is no possibility of fall germination, no cover at all 
for the purpose of preventing evaporation is necessary. Protee- 
tion against rodents, birds, and the removal of the soil by wind 
is still necessary, and for this the same methods should be followed | 
as in spring sowing. 

WATERING OF SEED BEDS. 

Immediately after sowing and covering the seed, the beds should 
be given a thorough watering. This will usually expose seed which 
have not been covered deeply enough, settle the soil a little more 
thoroughly, establish capillarity, and furnish the moisture neces- 
sary to initiate germination. Between sowing and actual sprout-— 
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ing, the seed is in its most delicate condition and most subject to loss 

of vitality from drying out. When germination activities are once 
started they should not be checked by lack of water. Moreover, in- 
sufficient water may cause seed to lie over until the following year 
before germinating. An uneven-aged stand of seedlings will result. 
This condition is a nuisance in nursery practice because it necessi- 
tates close grading of the stock when it is dug. The moisture con- 
dition most conducive to germination is that where the soil is 
simply fresh or only slightly moist but not wet. An extremely 
moist or wet soil is not conducive to rapid germination, and may 

cause the seed to rot. It is not possible to preserve absolutely uni- 
form moisture conditions in the seed beds continuously, but the nearer 
such conditions can be approached the better will be the germination. 
Beds should be watered only often enough to prevent their drying 

out. The periods of watering will vary so extremely with the char- 
acter of the season, the soil, and the nature of the covering given 

the beds that no definite rules can be framed. Inspection of the beds 
is the only safe guide. It is better to water often and moderately 

| than a few times and heavily. This may mean from once a week or 
j}even 10 days under rather favorable conditions or where mulching 

is practiced to twice a day during very hot, dry weather. When 
necessary to water daily, it is better to water in the evening than in 
the morning. When watered in the evening a bed remains moist 
until the next morning at least, and perhaps until noon. Thus it is 
sufficiently moist for 18 or 20 hours. When watered in the morning 
on a clear, warm day, a bed is likely to become dry by sundown, be- 
cause the greatest evaporation occurs during the middle of the day. 
Watering later than 3 p. m., however, is considered poor practice 
at the Pilgrim Creek Nursery, because the seed beds then remain cold 
over night. The time of watering must thus be related to the daily 
range in temperature where wide extremes occur. 
| When fall sowing is practiced or when a rainy season follows sow- 
ing, the necessity of watering during the germination period will 
ordinarily be obviated. In Arizona and New Mexico beds thoroughly 
soaked before early spring sowing of seed which sprout quickly, and 
then covered with burlap and about one-half inch of soil, do not 
need watering during the spring. 

A number of methods may be employed: By hand with the hose, 
by means of garden sprinklers, or by irrigation. The first is slower 
than the others, but is unquestionably the best from the standpoint 
of efficiency under all conditions. The water can be distributed 
evenly in the form of a fine spray to all parts of the beds. Lawn 
sprinklers are more rapid, because as many of them as the water 
pressure will permit can be kept going at one time. They do not 

63186°—Bull. 479—17——3 
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distribute the water so evenly, however, and unless closely attended — 
and frequently shifted, they fail to distribute sufficient water to some 
portions of the beds, especially the corners. This is particularly 
true in seed beds with low frames, because these intercept the spray. | 
Nevertheless, when well conducted, this method is quite efficient. 

The common lawn sprinkler with three or four whirling arms 
raised on an 8 to 16 inch standard has proved quite satisfactory. 
At the Wind River Nursery a wire edge formed on the wearing sur- 
face after a while and retarded the motion. Minute débris in the 
water clogs and stops the sprinklers, and they sometimes leak and 
wash the soil badly where they are placed. Their cost is from $1 
to $1.25 each. Another style of sprinkler which has proved satis- 
factory is made in a single casting and resembles an inverted bowl 
or a cone with one or two } or 2 inch holes at the apex. The sprink- 
lers throw out an inverted cone-shaped spray to a radius of 10 feet 
or more. They never clog and their cost is from 15 to 25 cents each. 
For convenience in dragging it around, each sprinkler can be mounted 

on a piece of plank about 10 inches square, with two sharp-edge 
runners on the lower side to prevent its working sideways when 
‘drawn over uneven ground in the paths between the beds. 

The possibilities of irrigating in seed beds before germination 
have not been determined for all conditions. At the Pocatello Nurs- 
ery subirrigation from ditches 3 feet apart was tried. It was found 
to be satisfactory with western yellow pine but not with Douglas fir, 
The beds could not be kept moist enough to induce good germina- 
tion of the latter species. At present sprinkling is followed at all 
Forest Service nurseries when watering is necessary during the pre- 
germination period, and it is thought that this is preferable to irri- 
gation, whose general practicability is very doubtful. 

At a number of nurseries cotton or canvas hose is considered 
superior to rubber. Second-grade cotton hose lasts two or three 
years, or about the same as rubber hose; it is much lighter and 
easier to handle than the latter; it does not damage the stock so 
badly if dragged across the beds and is cheaper. The 32-inch size 
outlasts the 1-inch, because it is more pliable and kinks less easily. 
At the Pocatello Nursery a crack-proof rubber hose is used and gives 
very good satisfaction. 

LENGTH OF TIME REQUIRED FOR FULL GERMINATION. 

The length of time required for full germination can scarcely be 
given accurately, because it varies markedly with different soils, 
different methods of nursery practice, differences in the quality or 
source of the seed, and variations in the climatic factors. The ap-_ 
proximate length of time after spring sowing necessary for practi- 

a 
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eally complete germination is indicated in the following table for 

several of the Forest Service nurseries: - » 

Germi- Germi- 
Nursery and species. nation — || Nursery and species. nation 

complete. |) complete: 

Savenac: Days. Fort Bayard: Days. 
Pinus ponderosa..:-.-- 2... 25 Pinus ponderosa (summer sowing). . : 
rani OCCldentalisy . 3. .o2 bo Ls. 40 PINTS CUTC Ye. eee eee ca aee ener 15 

er Creek: Pinus ponderosa. ....... 24 || Cottonwood: 
Beiter: Pints PONGErOSas.. =. ee) see see 30 to 35 

Pinus MOOUCCTOSA Zena. eee = -~ 30 to 35 IPiNIS\CONTONIA se enteee on ee cee eee 30 to 35 
REINS TAUISUMACH cue ee sect ode to ee 30 to 35 Pseudotsuga taxifolia.............-..| 30to0 35 
PIENISISVLVCSULIS. Soe ccia- eee ese cle 2 eis 30 to 35 PiCeAen Pel MaAnMin ssseer ere eee re eere 20 

; Pseudotsuga taxifolia .......-....... 40 to 50 |) Pocatello: 
| Monument: Pinus ponderosa..........-.-------- 20 to 30 
é PITITISHPONGELOSA 2 seem <n '=eisieye cee 2 10 to 18 Pseudotsuga taxifolia.........-..-..- 45 to 60 

IBIS AUStMACaL . (555.-ek elke 10 to 15 || Pilgrim Creek: 
Pseudotsuga taxifolia.. 10 to 15 Pinus ponderosa.........-.--------- 34 

: (Picesengelmannis!. 202... 222.....- 10 PINUS CHLOVIe ee eee ee eee eee 80 
| Bessey: INieSCONCOlOL aes ene sae eee ree 66 
j Pinus ponderosa.............-....-- 9 to 20 Libocedrus decurrens........-..---.- 64 

RMUISICIVATICATAY! Soe o.oo ak 9 to 20 Pseudotsuga taxifolia........---.... 58 
MNS MOSINOSA- 2s VN yee es say Pel 14 to 25 || Wind River: Pseudotsuga taxifolia...._. 35 to 50 
MUISIS WV ESULIS! 5 22s s(s/-1eise sis -.cide 12 to 20 

|) Minnesota: Pinus resinosa............... 20 

METHODS USED TO HASTEN GERMINATION. 

; Miectern white pine seed is par ee slow, bee as yet no ee eal 
! method of hastening germination has been devised. The seed will 
jnot finish germinating in the seed beds for 2 or 3 years, which 
_jcomplicates the nursery operations considerably. A common method 

tried for various species is to soak the seed in water for a number of 

days until they swell and begin to sprout. Other methods. are to 
jmix the seed with well-rotted compost and soil until sprouting 

- 

hem to stand in the water for a couple of days. 
The efficiency of the first two methods is doubtful. As soon as 

he seed begins to sprout it is necessary to sow the whole lot, and 
_ here is no certainty that the seed have sprouted because of the treat- 
ment or that the unsprouted ones have benefited. Even with slow- 

zerminating seed like the western white pine, a small proportion of 
my lot when simply sown in the beds without previous treatment 

jvill germinate in a short time, and it is almost unquestionably these 

same seed which are the first to sprout under special treatment. 
Stratifying in sand over winter in a cool place will undoubtedly 

1asten the germination of nearly all coniferous seed. The period is 
ong enough so that that the seed have ample time to absorb the 
noisture necessary for their germination, and the temperature is low 
ynough to prevent germination until the following spring. This 
nethod has been followed successfully even with Juniperus pachy- 



7 
phlwa seed, which, like other junipers, ordinarily lies over for a year_ 
if sown in the spring without being previously treated. d 

At the Fort Bayard Nursey fair germination is secured with the 

seed of Juniperus monosperma by removing the hull and then im- 
mersing the seed in boiling water for 5 seconds. At the old Garden 
City Nursery good germination was secured with Juniperus virgin- 
tana by removing the hulls, soaking the seed in warm water for from 
2 to 4 hours, and sowing in the fall. 
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CARE OF SEEDLINGS THE FIRST YEAR. 

The care of the stock from the time of germination until the 
plants are ready for field planting has much to do with the mor-_ 
tality, the development of tops and roots, and the final success of 

the field planting. Operations should be directed toward develop- 
ing the type of plant most suitable for field planting and toward 
growing the greatest possible number of these in the allotted space. 
Wide experience in the United States and Europe has fully demon- 
strated that plants with stocky tops, thick stems and compact-growing 
shoots, and compact root systems composed of many lateral but 
not extremely long, fibrous roots, are more likely to succeed in field 
planting, particularly under inhospitable conditions, than plants 
with greatly developed tops and long root systems with few laterals. 

Shading and watering are two of the most important means of pro- 
ducing such plants and of keeping down the percentage of loss in 
the nursery. 

SHADING. 

The effect of shading is to lower the temperature and increase the 
relative humidity of the air below the shade frames, diminish evap- 

oration from the soil and plants, inerease the height growth of the 
seedlings, and lessen the amount of watering necessary. It also 
prolongs the growing period of the plants into the autumn longer 

than is always desirable, subjecting them to danger from early 

frosts and sometimes causing the seedlings to reach a size greater 
than that considered best for transplanting. 

The necessity of shading is greatest during the first season of 
the plants’ growth. They are then small and tender and may be 
damaged by continuous intense sunlight. -Their density results im 
considerable competition for moisture, and the roots are not well 

enough developed at the beginning of the season to secure moisture 
at a considerable depth. 4 

The necessity and amount of shading varies with the species, soil, 
and region. Some species, such as Norway and Engelmann spruce, 

appear to need considerable shade at all nurseries; others, such as 

Douglas fir, will thrive without shade in some regions but demand 
z 
_ 
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Fic. 1.—ONE TYPE OF Low SEED BED PROTECTIVE FRAME IN PLACE, WITH AND 
WITHOUT COVERS. 

F—10905A 

Fic. 2.—TYPE OF LOW SHADE FRAME IN USE AT THE BESSEY NURSERY. 

Some of seed beds covered with burlap. 
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Fia. 1.—HIGH SHADE FRAMES. 
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Fic. 2.—ONE METHOD OF TIGHTENING UP SLATTING COVER ON TOP OF HIGH SHADE 

FRAMES. 
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it in others. Without shade, seedlings may thrive on the richer, 
more retentive soil of a nursery but make poor growth on less 
fertile soil. Because the period of their initial growth falls in the 
early spring, when the weather is not extremely hot, seedlings from 
fall-sown seed are not so likely to need shade as those from spring- 

_ sown seed. 

At the Savenac Nursery, in western Montana, western yellow pine 
| is grown without shade, but the eastern and western white pines, 
_ Engelmann spruce, western red cedar, and western larch need par- 

| tial shade during hot weather. 
At the Boulder Nursery, in southwestern Montana, western yellow 

pine is grown without shade, but Douglas fir and Engelmann spruce 

require it during the first year. 
At the Bessey Nursery, in the Nebraska sandhill region, all conif- 

erous species are shaded during the first year. 
At the Monument Nursery, in central Colorado, one and two year 

old Engelmann spruce and Douglas fir are given shade. 
At the Fort Bayard Nursery, in southern New Mexico, shade 

is unnecessary with western yellow and Jeffrey pines, and Juniperus 
monosperma. Shade is given Juniperus scopulorum and Cupressus 

| arizonica, but it is not known to be needed. 
At the Cottonwood Nursery, in north-central Utah, western yel-— 

low, Scotch, and Austrian pines need no shade; Douglas fir can some- 
times be grown without it, but usually Douglas fir, the larches, and 
Engelmann spruce require it for their best development. 

At the Pocatello Nursery, in southeastern Idaho, western yellow 

pine does not need shade, but Douglas fir does. 
At the Wind River Nursery, in southern Washington, all one-year 

seedlings from spring-sown seed are shaded, but Douglas fir and 
western yellow pine from fall-sown seed thrive satisfactorily with- 
out it. 

At the Pilgrim Creek Nursery, in northern California, western 
yellow pine is grown without shade. All other species, including 
Jeffrey and sugar pines, incense cedar, and white fir are shaded, but 
it is not known that all need it. 

At the Converse Flats Nursery, in southern California, all species 
| grown, including western yellow and Jeffrey pines and incense and 
deodar cedars, are shaded during their first year. 
Shade frames.—There are two general types of shade frames used 

in nursery operations, the high and the low. The most common form 

of the latter is the lath frame previously described. When in place 
this frame rests about a foot above the level of the beds and can easily 
_be handled by one man. 
__ A form of low frame used at the Bessey Nursery is about 22 inches 
La (Pl. VII). Stakes made of 2 by 4’s are driven in the paths 



38 BULLETIN 479, U. S. DEPARTMENT OF AGRICULTURE. é 

at 8-foot intervals on both sides of the beds and 2 by 4’s are laid on — 
and nailed to these uprights. ‘This makes a line of stringers along 

each side of the bed extending its entire length. Strips of slat or 
lath fencing are rolled out over these stringers to furnish shade. The — 
slatting can be handled by one man and can be quickly rolled up if- 
cloudy weather makes this desirable; the stakes and stringers can 
easily be moved when it is necessary to plow or grade; and the slat- 
ting is high enough above the ground so that weeding can be con- 
ducted without removing it. One man can construct about 400 linear 
feet of this type of frame per day. 

The posts and framework of the high frames occupy the ground 
constantly (Pl. VIII). Durable first-class posts about 10 feet long 
are set in the ground in check rows from 10 to 12 feet apart, so 
that their tops are about 7 feet above the ground. Two sets of girders 
of rather heavy material (2 by 6’s are preferable to 2 by 4’s, as 
the latter are hkely to buckle) at right angles to each other connect 
the tops of the posts. Over this framework rolls of slatting can be 
drawn. The framework must be substantially constructed because 
it is subject to considerable strain when the slatting is drawn across 
it and because the necessity often arises of a man working on top 
of it. The rolls of slatting are usually long enough to stretch entirely 

across the frame and down to the ground on each side so as to afford 

side shade and also to act as a windbreak. They remain in place 
from spring until autumn, thus subjecting the plants to half shade 
during the whole of the season. At the Pilgrim Creek Nursery 
4 by 6 feet frameworks of slatting are used instead of the roll 
slatting. These are easier to handle, but are more easily broken. 

The high frames have some advantages over the low ones. They 
do not interfere with weeding, cultivation, or watering, so that an 
inspection of these operations can more easily be made. The working 

conditions beneath them are more pleasant during extremely hot 

weather than in the open. The light is more diffused than under 
low frames, which is desirable in especially hot regions or when the 
species grown are susceptible to injury from the sun’s rays. Under 
them the paths are kept moist as well as the beds; there is less 
danger of the stock being harmed by unseasonable frosts; the soil — 
seems less liable to bake and crust than under low frames; and 

since the slatting remains on during the entire growing season, less — 
watering is needed than with low frames, which are often removed. — 
Their cost of construction of 24 to 34 cents per square foot is much 
less than that of the low wire protection and shade frames, and their 

life is considerably longer. 
Objections to the high frames are numerous. They do not give 

adequate protection against birds and rodents. Two or more men — 
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are required to put the slatting on or take it off, and it takes from 7 
to 10 days per acre (two men from 3} to 5 days) to complete the 

operation. The slatting is inconvenient to remove so that small areas 
under it can not be shaded or uncovered according to the require- 
ments of the different species. The posts do not readily permit of 

plowing and harrowing in preparing the ground, so that these oper- 
ations are more expensive; and they also interfere in the laying out, 
sowing, and covering of the beds. Rain collecting on and dripping 
from low points on these frames washes out either seed or seediings. 
The frames do not hold a mulch in place well. At Forest Service 
nurseries high frames are being used less and less. 

In case of emergencies, brush frames can be used. The principle 
| of these is to use brush to furnish the shade. In high frames addi- 
tional light stringers may be necessary to support the brush because 

| of its irregular size. For this purpose wire serves very well. Brush 
frames have some advantages; there is no material quite equal to 
brush as a light filter; it is cheapest when the nursery is located in 

a remote region with poor communication by wagon road to a source 
| of lumber supply; it is more easily removed after a heavy snow than 

} sections of lath roofing; and it can quickly be put up if a special 
| need for shade should suddenly develop at a nursery. On the other 

hand, it has disadvantages; the leaves and small twigs are continu- 
ally falling on the plants and must be removed to prevent smother- 
ing; the brush is very inflammable, and it is not easy to spread, es- 

pecially on high frames. Brush when used should be of*as heavy 
| foliaged species as are available. 

REMOVAL OF SHADE FRAMES, 

The most critical time in growing plants is the 6 weeks follow- 

ing germination, for during this period they are most subject to 
damping-off. Shading and watering have an important bearing upon 
the control of this disease. If germination occurs during cool 
weather or during hot weather when the surface soil is extremely 
wet, the shade frames should be removed. As soon as the soil sur- 
face becomes dry in hot weather, full sunlight is dangerous. It may 
give rise to “ white-spot ” injury, regularly confused with damping- 

off, but caused by overheating the surface soil. The object of the 
removal of shade frames is to dry the surface soil and lower the air 
humidity over the beds. This ccndition is least favorable to the 
development and spread of the damping-off fungi. 

When practicable, the shades should be removed during periods 
of rainy weather. The water reaches the soil better and the plants 
become somewhat accustomed to a greater degree of light. It is 
generally held that during late summer and early fall the shades 
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should be removed gradually; that is, for an increasing period each 
day, beginning with exposure for a time during the cooler portion 
of the morning and afternoon and increasing this until, after 10 
days or 2 weeks, the shade frames are left off entirely. In Forest 
Service practice this has not been found wholly necessary. The 
shades are often left on until the plants become fully hardened. It 

is certain, however, that the gradual removal of the shade does 
hasten this ripening process and puts the plants in better condition 

to withstand frosts. Until the terminal buds are fully formed, the 
shade frames should be replaced whenever the nights threaten to be 
frosty. 

WATERING, 

In conjunction with removing the shade frames to prevent 
damping-off, the watering must also be regulated to induce dryness 
of the beds. During this danger period no more artificial watering 

should be practiced than is absolutely necessary to keep the plants 
in good condition. When it is necessary to water daily, the applica- 
tion should be as light as conditions will allow and should be ear- 
ried out during the morning hours. When watered in the morning, 
the beds dry out considerably during the day and do not pass the 
night in a moist condition very suitable to the development of this 
disease. 
When there is no further serious danger from this source, the 

practice followed in watering should change. Soil moisture has 
more influence upon root development and perhaps upon the mor- 

tality per cent of seedlings after the damping-off period has passed 
than any other one factor. In seed beds the plants are crowded, and, 
unless the moisture in the soil is ample, some of the seedlings are 
killed out in the competition for water. If there is not enough water 
near the surface, the roots of those which live go deep in their search 
for it, and the little-branched, undesirable type of root systems is 
developed. 

As water is one of the easiest factors to control, any advantage to 
be gained from its judicious use should be followed up. The aim 
in watering should be to attain a much-branched root system, with 
an abundance of fine feeding laterals within the first 10 inches of 

depth. To secure such roots the soil should be kept fresh near the 
surface. The kind of soil has an important bearing on the amount 
of water necessary. In light, sandy, well-drained soils an abundance 
of water may be used and will increase the root development, but 
in heavy clay soil ‘excessive moisture seems to decrease the number of 
fine feeding roots. At the Boulder Nursery, by abundant watering 
and by maintaining the stands at about 100 per square foot in sandy 
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F—7058A 

3-0 WESTERN YELLOW PINE, BEAVER CREEK NURSERY, WASATCH NATIONAL 

FOREST. STOCK NOT ROOT PRUNED. 

Note better development of roots on root-pruned stock (Plate X). 
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F-7059A 

3-0 WESTERN YELLOW PINE, BEAVER CREEK NURSERY, ROOT PRUNED IN THE SPRING 

OF ITS THIRD YEAR. 

Note better root systems than on unpruned stock (Plate IX). 
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F-—5915A 

2-1 DouGLas Fir, BOULDER NURSERY. 

Compare root development with that of same age (3-0) seedling stock (Plate XII). 
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F—5916A 

3-0 DouGLas FirR, BOULDER NURSERY. 

Compare root development with that of same aged (2-1) transplant stock (Plate XI). 
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F-53909A 

3-0 ENGELMANN SPRUCE. 

Compare root development with that of same aged (2-1) stock (Plate XIV). 
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F—5910A 

2-1 ENGELMANN SPRUCE. 

Compare root development with same aged (3-0) seedling stock (Plate XIII). 



F—19088A 

Fic. 1.—WESTERN YELLOW PINE: 1, 1-O FROM SPRING-SOWN SEED; 2, 1-0 FROM FALL- 
SOWN'SEED; 3, 2-0; 4, 1-1; 5, 2-1; 6, 1-2; 7, 2-2. 

F—I9090A 

Fic. 2.—ENGELMAN SPRUCE: 1, 1-O FROM SPRING-SOWN SEED; 
2, 1-0 FROM FALL-SOWN SEED: 3, 2-0; 4, 2-1; 5, 2-2. 

F—19089A 

| FiG. 3.—DouGLas Fir: 1, 1-0 FROM SPRING-SOWN SEED; 2,1-0 FROM 
a) FALL-SowN SEED; 3, 2-0; 4, 2-1; 5, 2-2; 6, 2-3. 
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F—17620A 

Fic. 1.—SIx BEDS AT LEFT SOWN AND COVERED FOR THE WINTER, BESSEY NURSERY. 

Bed at right an experiment in the control of damping-off. 

Fia. 2.—WESTERN YELLOW PINE, BESSEY NURSERY. 

Heavy loss due to late spring transplanting. 
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soil, 2-01 western yellow pine has been produced which, it is claimed, 
is superior to the 1-1 stock. 
Watering may be necessary daily, two or : three times a week, once 

in two weeks, or even less frequently, depending on the weather 

and the nature of the soil. A brownish, dying condition of the 
seedlings at the Bessey Nursery, called blight for some time and 

supposedly due to disease, was later found to be due simply to in- 
sufficient water. On the other hand, excessive moisture may produce 
a yellowish, sickly appearance of the seedlings, and plants in this 

condition do not recover so readily as when somewhat damaged from 
insufficient moisture. 

_ The same methods of watering are followed after germination as 
in the pregermination period. Irrigation by flooding is very suc- 
cessfully practiced in the sandy soil at the Bessey Nursery. The 
practice of watering by hand with a hose can be discarded. While 
efficient, it is slow and expensive. The use of lawn sprinklers is the 
most common method. Half a dozen of these judiciously distributed 
will water an acre of seed beds per day, and will require but a small 
portion of one man’s time for their attendance. 
_ If applied in the late afternoon or evening, the water has an op- 
portunity to soak into the ground with less loss from evaporation 
than if applied in the morning. It is not always possible to defer 
watering until late afternoon or early evening, however, and damage 
from sunscald seldom results from watering at any time of day. 

‘The danger of seedlings being scalded by water and sun together if 
the water is applied in the morning or during the middle of a hot 
day has, in Forest Service nurseries, been found to exist only with 
stock of bigtree (Sequoia washingtoniana) at the Pilgrim Creek 
Nursery and black locust (Robinia pseudacacia) at the Garden City 
Nursery. 
_ The periods between watering should be progressively lengthened 
after the growing season is from one-half to two-thirds over, so as to 
induce the formation of terminal buds and the hardening of the 
wood. ‘This is essential. If heavy watering is continued until fall 
and is accompanied by warm weather, seedlings may continue growth 
‘until the season of heavy frosts. The plants are liable to serious 
damage by frost if they are in a succulent growing condition, and it 
is obvious that they should be hardened if possible. Withholding 

= water and exposing the plants to sunlight is considered one of the best 
methods of accomplishing this result. 

If the soil is exceptionally dry just before winter sets in, the beds 
should be given a thorough watering to lessen the probability of win- 

ter killing or drying out. 

12-0 stock is that which is grown two years in the seed bed and not transplanted. 
1-1 stock is that which is grown one year in the seed bed and one year in the trans- 

plant bed. 
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WEEDING AND CULTIVATING. rf 

Weeding in seed beds is usually a hand operation because the 
seedlings or rows of seedlings are too close together to permit the 
use of hand cultivators. Weeds are most easily removed when the 

beds are moist. They should not be allowed to become so large that 
their removal will disturb the seedlings, but there is no necessity of 
removing them when they are very small. Such work is slow and 
tedious. The removal of weeds improves the growing conditions for 
the stock by eliminating competition for light and soil moisture. 

Cultivation is not practiced extensively in seed beds at Forest 
Service nurseries, except to check damping-off. Broadcasted beds do 
not permit it; and where a good water system is installed it is not 
essential for the purpose of conserving moisture. Watering is effi- 
cient and cheaper. In heavy soils which bake and crust after water- 
ing, however, cultivation is desirable. It breaks up the crust and 
insures a better aerated and warmer soil, a condition which tends to 
the development of larger and better stock. Where the stock is in 
rows 6 inches or more apart, hand cultivators can be used. Im- 
provised rakes with tines of 8d and 10d finishing nails are some- 
times used, but are not very satisfactory. Garden rakes and potato 
hooks with some of the tines removed, or very small hoes, are quite 

effective. ! 

WINTER MULCHING. 

Some soils are subject to heaving caused by alternate freezing and 
thawing during the winter and spring. When this occurs plants are 
hhable to be lifted with the soil and a portion of their roots broken 
off. Thin stands of seedlings and seedlings with shallow root sys- 
tems are most subject to this damage. When the soil resumes its 
normal position the plants remain sticking up above the beds or 
else topple over. It is not a practicable operation to reset them in 
the ground, and they are usually a total loss. Winterkilling due to 

excessive drying of the tops of stock when the ground is frozen and. 
the roots unable to secure water is another source of danger. Where 
necessary, then, precautions should be taken to guard against these 

two sources of loss. 
' For protection against heaving and winterkilling good, clean straw, 
marsh hay, or leaves and twigs free from seed can be used as a mulch. 

At the Monument Nursery oak brush, cut in August to retain the 
leaves, gives splendid results for winter mulch on yelfow pine. A 
cover used with success on the Minnesota National Forest is burlap 
of one thickness. After the first fall of snow of 14 inches, which 
sifts in and around the seedlings, nearly covering them, the burlap 
cover is put over the beds and secured in place by the edges of the 
seed-bed frames, which are left on the beds over winter. ‘This cover 
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has the advantage of being easy to put on and remove, and it does 

| not bring weed or grass seed to the beds. The last consideration is a 

very important one, since weed or grass seed brought in with a 
mulch is likely to impede nursery operations very seriously and add 

/to their cost. A mulch should not be put on thickly enough to heat 

‘and should lie as loosely as possible. If winterkilling is probable, 
the tops should be covered; if only heaving threatens, just the soil 

‘around the roots need be covered. The mulch should be distributed 
after the ground is well frozen in the fall and removed in the spring 

‘before growth starts and as soon as there is little danger of serious 

freezing at night. It can be prevented from blowing away by cover- 
ing the seed beds with the protective frames. 

-. When snow comes early in the fall and lies until well into the 
LB ine it serves as a cover and usually makes artificial mulching 
‘Junnecessary. In fact, where there is such a snow cover an artificial 
-)mulech in addition is very likely to cause heating and molding of the 
\plants. Where the winters are cold and windy and the snowfall light 
mulching is generally considered advisable, but its absolute necessity 

jean be determined only by trial. As the operation is expensive it 
should not be practiced unless essential. In Forest Service work it 

jis practiced with all species only at the Monument, Converse Flats, 
and Gallinas Nurseries. To prevent winterkilling it is necessary 

to mulch 1-0 Arizona cypress at the Fort Bayard Nursery and 
white and Douglas firs and incense cedar at the Pilgrim Creek 
Nursery. At the Pocatello and Trapper Creek Nurseries mulch- 
mg is not’ practiced; but at the former some loss in Douglas 

ar is experienced from winterkilling, and at the latter a similar 
loss in western yellow pine has occurred where the snow blew 
off the beds in midwinter. At the Cottonwood Nursery mulch- 
ng is attended by a loss from heating and by molding due to the 
deavy snowfall, but some loss from spring heaving occurs there in 

hinly broadcasted beds of 1-0 Douglas fir, Engelmann spruce, and 
Norway spruce, and in drill-sown beds of the last two species. At 

she Wind River and Boulder Nurseries mulching has been found 
‘0 be unnecessary, and at the former even harmful. At the Monu- 
nent Nursery a straw covering damages Austrian pine; and at the 
old Garden City Nursery it was found that heating and molding was 
nuch more likely to occur under straw than under a mulch of leaves. 

a 

~ 

s 

CARE OF SEEDLINGS IN SUCCEEDING YEARS. 

WATERING, WEEDING, AND SHADING, 

When plants are left in the seed beds longer than one year, the 
ultural operations are very similar to those of the first year. Water- 
ng and weeding are carried on as often as appear necessary. Shad- 
ng is unnecessary with most species, but not with all. Engelmann 
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spruce thrives much better if shaded during the second year at the — 
Boulder, Savenac, and Monument Nurseries. The same is true with 

bigtree at the Savenac, Douglas fir at the Pocatello, and western red | 

cedar (Lhuja plicata) and Norway spruce at the Wind River — 
Nursery. At the Converse Flats Nursery 2-0 Jeffrey pine and 2-0 — 
incense cedar are shaded, but it is not known to be necessary. At the — 
Page Creek Nursery the shading of sugar pine in its second year in ~ 
the seed beds has proved undesirable, because the seedlings when 
shaded reach a size larger than is convenient for transplanting. 

ROOT PRUNING. 

Root pruning is the cutting off of the lower part of the roots of 
seedlings without removing them from the beds. Its object is to 
promote the growth of lateral finely branched roots and a stocky 

top (Pls. IX and X). It is especially worthy of trial for species 
with very pronounced taproots or with any species when field plant- 

ing is to be attempted with seedling stock. It is a practicable opera- 

tion only when the seedlings are grown in drills or in narrow broad- 
casted strips. It has not been tried extensively at Forest Service 
nurseries, and the results of the practice are not yet conclusive. 

One type of pruner that has been used is a large butcher knife, 
which is thrust into the ground between the rows at an angle of 
about 45° and then drawn along so that its edge severs the roots 
about 6 inches below the surface of the soil. Another is a heavier 
blade about 12 inches long which is bent below the middle and has 
its lower cutting end slanted somewhat downward. It has two han- 
dles at right angles to each other and about 8 inches apart. Before 
starting to prune with this tool the soil between two rows of trees 18 
cut with a spade, then the bent end of the pruning blade is dipped — 
into the soil at the end of a row and drawn along as in shaving at 
any desired depth under the surface. The tool most commonly used } 
is a Sharp spade, which is driven into the soil at an angle along one 
or both sides of a row of seedlings and thus cuts off a portion of the 
roots. The advantage of using a spade is that it can be operated 
more rapidly than the other tools and can be used even in stony soils. | 
The other tools are not very efficient under any condition, and are 
especially impractical in stony ground because they are quickly 

dulled. In Australia root pruning with spades is practiced even 
where broadcast sowing is done in long strips 12 to 13 inches wide. 
Two men with sharp spades work together. Facing each other on 
opposite sides of a strip, each thrusts a spade into the soil on his side 
of the row, guiding it at an angle of about 45° downward and toward 

the center of the strip. The spades meet, practically insuring the 
severance of the lower portions of the roots of all seedlings in the 
strip. a | 
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| Root pruning is sometimes practiced during the first season that 

the plants are in seed beds, but ordinarily it should be done about 
the time growth is to start, or shortly after, during the second or 
chird season. This gives the plants ample time to recuperate before 
the end of the season. There is little doubt that by root pruning 
plants can be produced which will prove more suitable for field 
ylanting under adverse conditions than unpruned seedling stock. 

On the other hand, it is not certain that it will produce stock as 
suitable for planting on the poorest sites as transplants, and it re- 

sults in an increase in the mortality of the seedlings. To decrease 
she possibility of losses the beds should be watered heavily before 
ind again immediately after the operation. 

TRANSPLANTING. 

| In transplanting, seedlings are transferred from seed beds to other 
beds, where they are given a uniform spacing and much more grow- 

ng space. 

OBJECT AND ADVISABILITY. 

| Transplanting, like root pruning, has for its object the production 
)f stock which is most likely to succeed in field planting, particularly 
n inhospitable sites. Its effect is to check height growth of the 
plants somewhat and to stimulate development of the finer, lateral 

‘eeding roots (Pls. XI to XV). In the vast majority of cases such 
‘tock is more suitable for planting under unfavorable conditions than 
eedlings. The conditions on much of the area to be planted on the 
Yational Forests are more or less inhospitable; the area is so large 
hat rapid planting is desirable both to cover the ground and to 
educe costs; and to conduct the planting operations it is often im- 
iossible to secure other than unskilled, careless, and indifferent labor, 

rhich means that much of the stock will be poorly planted. These 
actors make imperative the production of stock best suited to with- 

tand them. Since transplanting achieves this result, its general 
dvisability becomes apparent. 
As the greatest single expense of nursery operation, however, comes 

a transplating, this operation may be inadvisable in regions such 
s northern Idaho, where experience indicates that success may be 
chieved with seedling stock. Comparative tests of the two classes 
f stock for each species and region are necessary to determine the 
nal practice in this regard. 

SEASON. 

In transplanting, the roots of seedlings lose their contact with the 
oil of the seed beds and do not function again until they become 
stablished in the soil of the transplant beds. During the growing 
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period the crowns of the seedlings make constant demands upon the 

roots for moisture. Since the roots are unable to furnish this imme- 
diately after transplanting, it is quite essential, in order to prevent 
losses, to conduct the transplanting operation during the dormant 
period of the seedlings. which is normally from fail to spring. 
Snow and the frozen condition of the soil make transplanting im- 
possible during the winter. It must be done, therefore, either in the 
spring or fall. 

Fall transplanting has only a few advantages. There is not the 
danger, as in spring, of the plants starting growth before the oper- 
ation is completed; and the transplants are ready to start growth 

early the following spring and reach a larger size by fall than they 
would otherwise. On the other hand, fall transplanting is lable to 
be stopped at any time by early snow or freezing weather; it neces- 
sitates double the regular transplant area in case the stock trans- 
planted the previous fall is not yet shipped; fertilizer crops (where 
green manuring is practiced) can not be turned under in time to decay 
before transplanting; and the transplanted stock is likely during the_ 
winter to be heaved out of the ground or winterkilled because the 
roots have not taken a firm hold on the soil. Severe losses of fall 
transplanted western yellow pine at the Savenac, Pocatello, Uinta, 
and Pilgrim Creek Nurseries have been caused by heaving. 

Spring transplanting is, in general, preferable to fall transplant- 
ing. The chief objection to it is that growth in the seed beds may 
start before the transplanting can be completed, causing loss in the 
transplant beds. The danger can be obviated by working a large 
transplanting crew and rapidly finishing the operation. Spring 
transplanting should be started as early as the condition of the soil 
will permit and then rushed. At the Bessey Nursery the loss in 

transplanting jack pine and western yellow pine in April was 12 and 
17 per cent, respectively, and increased to 30 and 40 per cent in 
May (Pl. XVI). 

If the beginning of growth threatens or starts before transplanting 

is finished, there is a possibility that it may be checked, but none of 
the known methods is highly efficient. One method is to heel the 
plants in the ground in a cool, shady situation, such as the bank of 
a small stream where there is good, fine soil. A trench deep enough 
to accommodate the roots and with one sloping side is dug; the 
plants are spread out along the sloping side in a layer two or three 
deep with their tops above the surface of the soil and their roots 
extended to the bottom of the trench; and the loose soil is then 

thrown over the roots and packed well. If the soil is dry it is 
watered immediately and at intervals later on. If no shade is avail- 
able the tops are loosely covered with some such material as burlap 
or straw and are examined frequently to observe any heating. Fall 

‘ 
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heeling in of Douglas fir seedlings for spring transplanting at the 
Boulder Nursery and of western white pine at the Savenac Nursery 
proved very unsatisfactory. At the Boulder Nursery the stock ap- 
peared fresh and green in the spring, although of a darker color than 
in the fall. Only a few of the trees had died; but the needles pulled 
off very easily, indicating a loss of vitality. After transplanting 
about 35 per cent of the stock died. That which lived started growth 
very slowly and at the end of the season had developed in size only 
about one-half as much as seedlings left in the beds over winter 
(Pl. XVII). An examination of the roots at the end of the growing 
season revealed the fact that all old laterals had rotted away and 
that all of those present were newly formed. 

Another method is to cover the seedlings while they are in the seed 
beds with some such material as straw, hay, or shade frames. If straw 
or hay is used, the seedlings should be examined frequently to 
detect any heating. At the Fort Valley Experiment Station shade 
frames are put over the beds after they become snow covered. In 
the spring these retard for a short time the melting of the snow 
and the development of the seedlings. 

Tt is possible that an effective method would be cold storage at 
a temperature just above the freezing point. In Norway, cold- 
storage houses have been used very successfully for holding plants 
over in the spring. In the nursery at Softland, on the west coast 
of Norway, it is stated that Norway spruce can safely be kept in cold 
storage for 2 months and Scotch pine for 1 month. The plants 
must not be put into the ice house when wet, however, on account 

of the danger of molding. No covering whatever is placed over the 
roots of plants stored in this way. The best plants are secured by 
having the cellar below the level of the ground. J. Hein’s Sons, 
of Halstenbek, Germany, have their cold-storage house so far below 
the surface that it is unnecessary to use any ice whatever. 

It is much better if none of these methods are necessary. 
Handling of the plants and exposure of the roots should be avoided 
as much as possible, for extra handling will manifest itself in 
greater losses in the transplant beds and will increase costs. In 

fact, at the Wind River Nursery it is considered better not to 
remove the seedlings from the beds even if they can not be trans- 
planted until 10 days or two weeks after growth has started. The 
best results are obtained when the seedlings are transplanted directly 
from the seed beds. 

PREPARATION OF TRANSPLANT BEDS. 

Transplant beds should be given practically the same thorough 
preparation as seed beds, except that hand spading is unnecessary. 
The area should be plowed as deeply as possible, because this 
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facilitates transplanting operations. After harrowing and grading, — 
all large roots, rubbish, and stones should be picked up and carted — 
away and the smaller trash raked off. The beds are then laid out, — 
preferably in, some rectangular system and with a great deal of — 
regularity, but necessarily in accordance with what the water system 
demands. Ordinarily the corners of the beds are marked with 3 
stakes, and the beds are separated by paths from 14 to 2 feet wide © 
at the sides and from 2 to 4 feet wide at the ends. The paths at — 
the ends of the beds generally follow a branch of the water system. — 
A convenient size of transplant bed where sprinkling is practiced 
is 6 feet wide and of any length up to 100 feet. Solid blocks may 
be planted, particularly when the rows run lengthwise of the beds. 
Where subirrigation is practiced the beds can not very well be more 
than 2 feet wide in order to allow for frequent ditches. After 
being prepared the beds, if not moist, should be sprinkled thor- 
oughly. ‘This settles the soil, facilitates the opening up of the 
trenches which are to receive the seedlings, and insures a greater 
success in the transplanting operation. 

AGE, SIZE, AND SPACING OF TRANSPLANT STOCK, 

The principal feature which determines at what age stock should 
be transplanted is its size. It is slower to transplant very small or 
very large stock than intermediate sizes. Small stock can be 
handled only slowly and usually has to be left in the transplant 
beds 2 years before it becomes large enough for field planting, neces- 
sitating a transplant area extensive enough to accommodate 2 years’ 

output of seedlings. Large stock necessitates the digging of deep 
trenches and wider spacing in the beds and should not be used for 
transplanting unless the resulting transplant stock is particularly 
well adapted for field planting. ; 

Coniferous seedlings averaging from 2 to 3 inches in height are 
the most desirable size for transplanting. If possible, such stock 
should be produced in 1 year. At the end of 1 year in the trans- 
plant bed it is usually well enough developed for field planting. 
Thus transplants suitable for field planting will be produced in 2 
years, and this seems to be the end toward which nursery practice 
should work. Older stock, however, will undoubtedly continue to be 
superior under some conditions. 

At Forest Service nurseries it has not yet been possible to produce 
in 1 year stock of all species large enough for transplanting. Some 

species are inherently of such slow initial growth that they will not — 
reach a suitable size; and some nurseries are located where the 

growing season is so short that sufficient development is not reached 
in 1 year. The following table shows the age at which seedlings 

o> ie 
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F—4-—CRT 

EFFECT OF “HEELING IN” OVER WINTER. 

Retarded development of both the root system and crown as compared with the tree which 
was transplanted direct from the seed bed. dA. Transplanted in the spring direct from 
seed bed. B. Transplanted in the spring after ‘‘heeling in’’ over winter. 
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Fic. 1.—DIG@ING PLOW WITH WOODEN MOLDBOARD IN PLACE FOR DIGGING SEEDLING 
STOCK, MONUMENT NURSERY. 

F—26334A 

Fig. 2.—TREE DIGGER IN USE AT SAVENAC NURSERY. 
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of different species are generally transplanted at the Forest Service 
nurseries, as well as the length of time that they are kept in the 
transplant beds: 

Class of trans- Class of trans- 
Nursery, location, and species. plants pro- Nursery, location, and species. plants pro- 

: duced.! duced.! 

| hat: 

Boulder, Mont.: - Cottonwood, Utah—Continued. 
Pinus ponderosa.....-..------ 1-2 Pinus ponderosa Seer saps = 1-2,2-1 
Pseudotsuga taxifolia.-.....-- 2-2 Pinus |SylVeStYis- ~~ 22 ---.0s-6e 2-1, 1-2 

Savenac, Mont.: Pseudotsuga taxifolia......... 2-2, 2-1 
Larix occidentalis..........--- 2-2 || Beaver Creek, Utah: 
Picea engelmanni. ..........-- 2-2 Pinus contorta..-..--......-.- We 
Pinus ponderosa.....-.--.---- 1-2 Pinus ponderosa.....-.-.-.... 1g 
Pinus monticola..-..-...--...- 1-2 and 2-2 || Converse Flats, Cal.: 
Mhujaplcatans. (ass. 2h ys! 2-2 Cedrus deodara...2...----.... 1-1 

Pocatelio, Idaho: Pseudotsuga Libocedrus decurrens..-...... 1-1, 1-2 
Parole eee sn) eet 2-1, 2-2 Pinus jefireyi.-.-.---.---...-. 2-1, 1-2, 1-1 

Bessey, Nebr.: Pinus ponderosa. .--..--.-.... 1-1 
Pinus austriaca...........---- 2-1and 1-1 || Pilgrim Creek, Cal.: 
Pinus divaricata......-...-.-- 2-1 and 1-1 Abies concolor. ...--.---.-.... 2-1 
Pinus ponderosa. ..... (22 Ace 2-1 and 1-1 Libocedrus decurrens..-...... 2-1, 1-2 
Pinus resinosa.....-----.----. 2-1 Pinus lamhertiana.-.-.-..-.... 2-1, 1-2 
Pinus sylvestris.........-....- 1-1 and 2-1 Pinus ponderosa. ---.-.-.-.... 2-1, 1-2, 1-1 

Monument, Colo.: Sequoia washingtoniana--..._. 1-1 
Picea engelmanni............. 2-1 and 2-2, 3-1 || Page Creek, Oreg.: 
Pinus ponderosa. -........-.-.. 2-1 and 1-1 Pinus lambertiana..---....... 1-1, 1-2 
Pseudotsuga taxifolia Beare a 2-1 and 2-2 Pinus ponderosa..-..-.-.-.... iit 

Fort Bayard, N. Mex Wind River, Wash.: 
Cupressus arizonica.........-- 1-1 Mies mobilise se) vk eae 1-1, 2-1 
Juniperus monosperma. ..--.- 1-1 Larix leptolepis-......--...... 1-1, 1-2 
Juniperus pachyphlea..-...... it Picea excelsa:.-...5--2- 22-22-27 - PAA 
Pinus jefireyi. .....----.- Bese 1-1 Pinus maritima.-....-.-...... 1-1 
Pinus ponderosa. ......------- 14-1, 2-1 Pinus monticola........-.-.-.- 1-1, 1-2 

Gallinas, N. Mex.: Pinus lambertiana.--..-...... 1-1, 1-2 
Pinus ponderosa... ....-------- 2-1,13-1 Pinus ponderosa. .-.-..--.-...-- 1-1, 2-1 
Pseudotsuga taxifolia...-....- 2-1, 2-2 Pinus resinosa........-...---.- 1-2 

Cottonwood, Utah: Pseudotsuga taxifolia......._. 1-1 
Picea engelmanni.--.....-.--- 2-2, 2-3 Thuja; plicata st. 225. 24252) =! 2-1 
Picesexcelsa: 2 5.52.4. - 2 2-1 Pinus|Strobus. s-s5225---2- <2 1-2 

._ 17he first figure of each pair indicates the number of years that stock is left in seed beds; the second 
figure, the number of years that. it remains in transplant beds. 

More than one class of stock of the same species is often proaucea 
at a nursery, partly because the best class of stock has not been fully 

determined, and partly because of the different conditions met in 
planting operations. One nursery may supply stock for planting on 
several varieties of sites on each of which a certain class of stock 
may be most suitable. 

In transplanting at Forest Service nurseries spacings not oreater 

than 14 inches in the rows and 6 inches between the rows are the rule. 

This allows ample room for root development and for cultivation by 
hand cultivators. Though closer spacings than this are practiced 
successfully at some of these nurseries, they are generally considered 
inadvisable because the roots become intertwined and may be rather 
badly damaged when the plants are dug up. The common error is 
to space plants more widely than is necessary. No harm is done the 
plants by this practice, but it involves the preparation of a larger 
transplant area, digging and filling of more trenches, setting of more 
lines, watering and weeding of a larger area,a more extensive water- 
ing system, and, in short, a great deal more work and expense than is 

63186°—Bull, 479—17——4 
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necessary. When stock reaches a large size before or after trans- 
planting, or where there is a deficiency in the water supply during 
the growing season, wider spacing is justified. It is thought that 
14-inch spacing in the rows is too close for the large 1-0 fall-sown 
Douglas fir at the Wind River Nursery, and for 2-0 western yellow 
pine at Fort Bayard. 

REMOVING SEEDLINGS FROM SEED BEDS OR “ LIFTING.” 

The first step in transplanting is digging the seedlings from the 
seed beds. The tool best adapted to this purpose under all conditions 

is a flat, straight-handled spade. In seed beds of 200 seedlings or 
more per square foot one man can dig and deliver to the planters 
from 50,000 to 70,000 plants per day of 8 hours, depending largely 
on the character of the soil and the care taken. The operation con- 

sists simply of shoving the spade at a shght angle into the ground 
at a distance of about 6 inches from and parallel to the outer row, 

and then, by backward pressure on the handle, loosening and lifting 
the seedlings from the soil which surrounds them. In drill-sown 
beds the practice is often to drive the spade in behind the row of 
seedlings and pry them away from the remaining stand. When the 
seedlings are thoroughly loosened and the soil around them is shaken 
apart, they can be removed without serious breakage of the roots. 
Two men work to best advantage. While one works the spade the 
other grasps the tops of a bunch of seedlings, and, by a weaving 
motion accompanied by a slight pull, removes a bunch of plants 

at one time. This is work which should be intrusted to one or more 
carefully selected crews. At a number of the nurseries one man does 
it alone. Before starting the operation, the soil should be fairly 
fresh. If necessary, it should be watered to secure this condition. 

Garden forks are sometimes used instead of spades. They can be 
handled more rapidly, but are very likely to skin the roots. 

At several nurseries horse-drawn tree diggers (Pls. XVIII and 
XIX) are used for both seedlings and transplants. The principal 
inerit of these is that the trees can be dug very rapidly. The sharp- 
edged horizontal wedge of the digger shown in figure 2, Plate X VITT, 
is drawn under the trees at any necessary depth down to 12 inches 
and loosens a strip of plants about a foot in width. It is somewhat 
difficult to guide accurately, occasionally coming near the surface 
and cutting off the roots too closely. Some plants also have their 
roots badly skinned and the tops of others are trampled by the 

horses. ' 

The digger shown in Plate XVIII, figure 1, is a modification of 

a 14-inch stubble plow. The moldboard is cut in half horizontally 
and the plow is equipped only with the lower part when digging 
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large stock. For small stock a vertical wooden moldboard is used 
in place of the steel. This merely serves to push the trees away 
after they are loosened, but does not cover them. 
With the digger shown in Plate XIX the principle of operation 

is very simple. A wedge-shaped knife 7 feet long, 12 inches wide, 

and 6 inches thick in the rear is drawn under the beds at regulated 
depths. As the trees are loosened they are crowded out over the 
wedge by the forward movement of the implement and are picked 
from the soil in the rear. The digger is drawn by a horse-operated 
capstan and steel cable and travels at the rate of 6 feet per minute. 
The trees are removed in perfect condition. It works better with 

transplants than with seedlings, because the latter are sometimes 
covered with soil before they can be removed. 

All of these diggers loosen the soil to such an extent that the 
trees must be taken up very quickly; and since their economic rate 
of operation is considerably faster than transplanting, some extra 
labor is required to heel in the seedlings temporarily. 

Precautions must be taken to prevent the drying out of the roots. 

It is well known to nurserymen that conifers are quite sensitive in 
this respect, but laborers do not generally realize its significance. 
In semiarid regions the danger is especially great. Buckets, basins, 

or tubs partially filled with water are sometimes kept at hand, and 
as fast as the seedlings are dug their roots are immersed in these. 
All the soil, and it is thought some of the fine rootlets, are washed 
off by this practice. This has led to a different method at some of 
the nurseries. Boxes about 3 feet long by 2 feet wide are padded 
inside with moist burlap or with burlap over moist sphagnum moss. 
They also contain, fastened at one end of the box, several moistened 
burlap pads which are used to separate successive layers of trees. 
As the seedlings are dug they are placed in the boxes in layers with 
a moist pad between each layer and carried to the transplanting 
area. In this manner the roots are kept constantly moist, but are 
not washed. 

The importance of not subjecting the roots of conifers to ex- 
posure at any time can not be emphasized too strongly. Coniferous 
tops remain green for a long time after the roots are dead, and 
their appearance can not be taken as a criterion of the condition 
of the stock. An exposure of even 2 or 3 minutes, particularly 
on a windy or very hot day, may prove fatal; and mortality in 
transplant beds or in field planting may be due to lack of care 
in this respect rather than to improper methods of transplanting 
or field planting. At the Boulder Nursery experiments in exposing 
seedlings of Douglas fir to the sun for periods varying from 3 
minutes to 4 hours resulted in a loss in the transplant beds of 5 
per cent when the exposure was for 3 and 6 minutes, of 8 per cent 
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and it is not so suitable for the purpose as the spade. It requires 
a more skilled operator, the depth of the trench is limited by the 
depth of the blade, and it is more difficult to run the lines straight. 

Plow: Where the transplants are in long rows a plow has been 
tried for making the trenches and has worked admirably. The 
plow is of the small one-horse type and is equipped with an 8-inch 
(depth of trench) landslide, a short moldboard, and a shield to divert 
all the soil toward the moldboard side. 

“MAST” TRANSPLANT BOARD 

Perspective View 

Ly] Z 
WAZA 

Plan View 

“MICHIGAN” TRANSPLANT BOARD 

Perspective View 

Lb A 
I'1g. 6.—Transplant board. 

TRANSPLANT BOARDS. 

Transplant boards are all essentially the same in principle. There 
are two distinct types, the basis for the distinction being that in one, 

exemplified by the “ Mast board,” so called from its designer, Mr. 
William H. Mast, seedlings are threaded into the board from a bench 
and afterwards lowered into the trench; while in the other, exempli- 
fied by the “ Michigan board,” seedlings are threaded into the board 
as it lies on the ground projecting over the trench (fig. 6). With the 

first board a crew of from 5 to 7 men (2 planters, 1 or more trench- 

% 
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ers, and 2 threaders) is usually employed; with the second board a 
crew of 2 men perform the operation. 

The “ Mast board ” is described in Volume X, No. 1, of the Forestry 
Quarterly, as follows: 

The planting board consists of a 5-inch board 6 feet 3 inches long with a 

handle attached in the middle and extending in the same plane as the surface 

of the board. On the lower edge a piece 14 inches wide is nailed flush with 

the back of the first board and its front edge beveled to about one-half inch 

in thickness. Into this edge 50 notches are sawed 14 inches apart (when the 

trees are to be spaced 14 inches apart in the transplant beds), one notch 

falling three-fourth of an inch from either end of the board. These notches 

are slightly wider at the bottom than double the saw-kerf, or about one-eighth 

of an inch, and should be made smooth with emery cloth or a sharp knife and 

rounded at the outer edge to admit of threading the trees into them easily. 

Before sawing the notches the parts between them should be strengthened by 

driving one or two 14-inch brads through them. The inner parts of the notches 

are flush with the face of the vertical board, so that when the trees are 

threaded into the notches they lie flat against the face of this 5-inch board. 

A slat placed over them and fastened by two buttons holds the seedlings in 

place while the board is being carried from the threading table to the trench. 

A loop or binding of tin over one end of the board forms a pocket into which 

the end of the slat is placed before being buttoned down; this helps to hold it 

and prevents it from slipping past the end of the board when placed on the 

trees. The slat fits loosely enough so that it does not crush the stems of the 

seedlings when it is buttoned down. The buttons are made with a slight bevel, 

so that when turned only partially over the slat they do not hold it so closely 

as when turned at right angles to it; this allows for handling both BARES and 

small stemmed seedlings with the same degree of efficiency. 

At the Bessey Nursery the slat which holds the seedlings in place 
is now fastened to the transplant board by means of leather hinges. 
With this scheme the binding of tin over one end is unnecessary. 

The “ Michigan” planting board consists of a 6-inch board, 7 feet 
long and 1 inch or more in thickness, in which a row of one-fourth- 
inch holes are bored one-half inch from the edge at the interval of 

spacing desired in the transplant beds. A narrow, wedge-shaped slot 
is then cut from the edge into the hole and all rough edges and 
corners smoothed off. The point of the wedge is upward, so that any 
dirt that gets in the holes or slots may fall through without clogging 
and pulling out the seedlings when the board is removed. Before the 
slots are cut the edges of the board between them are reenforced with 
lath nails. 

Both of these boards are efficient, but each has some advantage over 
the other. The “ Michigan board” has been used most extensively 
at the Wind River Nursery and has been constructed there at a 
cost of 37 cents. The “Mast board” is more complex, but it also is 
quite easy of construction and has been made for 56 cents at the 
Bessey Nursery. The “ Mast board” can be used with any sort of 
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a trench; the “ Michigan board” only with trenches which are con- 

structed by excavating the soil. A single “ Mast board” is better 
adapted for use with all sizes of seedlings, if they are of uniform 
development, than a single “ Michigan board.” With the “ Mast 
board” the most efficient man for trenching, threading, and trans- 
planting can be detailed to those duties, while with the “ Michigan 
board” each man performs all of the operations. When the “ Mast 

board” is used with seedlings which are not of even development, 

the smaller ones get displaced easily or lost out or, in the process of 
tamping the dirt around the roots, are pulled down too deeply into 
the trench. With both boards there is some danger of pulling the 
tops off the seedlings as they are released, but this is more pro-_ 
nounced with the “ Michigan” than with the “ Mast board.” Under 

the greatest variety of conditions it seems that the “ Mast board” is 
preferable to the ‘ Michigan.” Where the danger of drying out the 
roots of the seedlings is very great, the “ Michigan board” should 
prove the better of the two. Using either board an efficient crew can 
average from 4,000 to 5,000 plants per day per man, and a record 

as high as 8,500 plants has been made at the Uinta Nursery with a 
board of the Mast type. 

The “ Yale board” is a modification of the Mast board, differing 
from it principally in that the slat which holds the seedlings in place 
is attached to the two hinged handles. The slat swings over to rest 
against the seedlings in much the same manner as when leather 
hinges are used with the “ Mast board.” The Yale type of board 
used at the Savenac Nursery is provided with spring clamps which 

press the slat against the seedlings and make knobs or buttons un- 

necessary. These clamps are conducive to greater speed in the trans- 

planting operation. The two-men crews using these boards average 
12,000 trees per man per day at this nursery. 

Another board which is cheap, efficient, and used extensively is 
made simply by tacking a thin hardwood strip 2 or 3 inches wide 
on the flat undersurface of a 5 or 6 inch board, so that its edge will 
project about an inch beyond the edge of the wider board. In this 
projecting edge notches are cut to receive the seedlings. When 
threaded, the seedlings are held in place by means of strong elastic. 
twine stretched in front of them from one end of the board to the 
other. 

Planting boards are usually 6 feet long, to conform to the most 
common width of transplant beds. At the Converse Flats Nursery 

boards 8 feet long and at the Savenac Nursery boards 8} feet long 
are used. At fie latter nursery the rows run Heme yn Ss and the 
greater length of board is quite advantageous. 
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Fic. 1.—TREE DiaGer IN USE AT BESSEY NURSERY. 

Weight approximately 400 pounds. 

F-7—CRT 
Fic. 2.—TREE DIGGER IN ACTUAL OPERATION. 

Four men are required to pick the loose trees from the soil as it breaks over the reur of the knife. 
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Fic. 1.—OPENING TRENCH WITH HAND TRENCHER, LOWERING TRANSPLANT BOARD 
OF SEEDLINGS INTO TRENCH. THREADING TABLE AT THE LEFT. 

2 Maieruidy 

fae eat Cle ie a age Se need 

F—14232A 

Fia. 2.—TAMPING SoIL AROUND ROOTS OF SEEDLINGS. 

TRANSPLANTING OPERATIONS. 
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METHODS. 

Transplanting methods in Forest Service nurseries are uniform to 
the extent that a transplanting board is used at all of them. Such 
boards have proved very efficient, rapid, and successful, even though 
very trying weather conditions prevail at the time of transplanting. 
The old method of using a dibble and transplanting each seedling 

-as a distinct operation has been almost entirely discarded. It is 
accordingly only briefly described here. 

Dibble method.—The operator inserts the dibble in the soil of the 
transplant bed and pries it back and forth or gives it a quarter 
turn to form an opening large enough to receive a seedling. The 

roots are then inserted in the hole and the dibble again thrust into 
the ground near the plant and pushed toward it to close the opening: 

and pack the dirt around the roots. If the spacing in the transplant 
beds is close enough, this second thrust of the dibble can be made at 
the point where the next plant will beset and the operation of closing 
up the preceding cleft will at the same time open one for the receipt 
of the next plant. By the use of this system one man can trans- 
plant from 1,100 to 1,500 seedlings per day. It has proved a very 
inefficient method in that the size of the opening does not permit 
the roots to assume a normal position when the plant is inserted. 

Crooked, distorted roots and heavy losses in the transplant beds 
result. 

Transplant board method.—Depth of trench: The trench should 
be deep enough so that the roots will not be curled up or bent over at 
their ends. Such a position isnot conducive to the formation of good 
root systems. Roots bent unnaturally in this manner, moreover, are 

likely to break when the plants are dug or when planted in the field. 
Setting seedlings in the soil: When the “Michigan board” is 

used the process of setting seedlings in the soil is quite simple. Lay- 
ing the transplant board across the bed, a trench whose side next 
the board is vertical is excavated along its edge, each man of the 
2-man crew covering half the distance. The seedlings are threaded 
into the holes, half by each man; the loose soil is then drawn in, a 
portion at a time, and packed against the roots until the trench is 
filled up level. To draw in and pack the soil against the roots a 
piece of inch board 6 inches wide by about 8 inches long is efficient. 
The transplant board is disengaged from the seedlings by a tilting 
forward and backward sliding movement. 

The board is next placed with one of its edges flush neh the row 

of seedlings just transplanted, another trench is dug along its other 

edge, and the operation repeated. A mark across one end of the 
board is kept in line with a heavy twine stretched along the edge of 
the bed, which is thus kept practically straight. 
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When a type of planting board like the “ Mast board” is used, 
the process of transplanting is more complex in that the operation 
is performed by a larger crew, usually of five or more men, and each 
distinct part of the operation is performed by a portion of the crew 
assigned to it. In operations at the Bessey Nursery two men are 
employed in threading seedlings into each of the transplant boards, 
one man is employed in trenching with the hand trencher, and two 

men can do the planting. The threading is usually conducted on 
benches which are provided with canvas or burlap tops for shade 
and are placed as close as possible to the transplant beds. <A shelter 
of some sort during threading operations is essential. The roots 
are kept moist by covering them with damp moss until placed in the 
boards and the threaders only strive to keep even with the planters. 
To have several threaded boards ahead of the planters means ex- 
posure and possible damage of the roots. It is quite generally main- 
tained that the speed of transplanting depends upon the speed of 
the threaders; accordingly, men who are nimble with their fingers 
should be selected for this operation. 

To expedite trenching, from 3 to 5 beds are carried forward at the 

same time. A trench is made in the first bed, then in the second, 
then in the third, and so on, the man making the trenches in each 
case being out of the way of the planters who follow closely behind 
him. The planters in their turn are out of his way when he returns 
to the first bed to make the next trench in it. A cord is stretched 
across the ends of the beds to be planted, so that the first row of 
each is in line with the first row in the others. The successive rows 

are kept equidistant by guide boards lying between each two beds 
on which lines are marked at intervals of 6 inches. Each trench is 

started in line with a mark on the board at one side of the bed and 
is finished at a corresponding mark on the board at the other side. 
Two men can work together to advantage with planting boards 

6 feet wide or wider. Upon receiving a board threaded with seed- 
lings the planters face the trench and lower the roots into it with a 
slight swinging lateral movement to insure their assuming a natural 
hanging position. The soil in front of the board is then thoroughly 
tamped against the seedlings, the slat holding the seedlings in place 
is removed, the board rotated on its edge toward the planters, and 
the soil behind the seedlings also thoroughly tamped toward them 
(Pl. XX). By lifting the board now the seedlings are released and 

the operation is completed. Immediately after each day’s trans- 
planting operations are completed the beds should be thoroughly 
watered. Neglect of this operation has caused severe losses. 

The size and disposition of the crew may be varied considerably 
to meet different conditions. Two men may be needed for trench- 
ing, particularly if the soil is not loose in character or if spades are 
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used for the operation; and one man may be sufficient for planting. 
At the Savenac Nursery, where the trenches are prepared with a plow, 

two men, one a threader and the other a planter, comprise the crew. 

This is a matter to be determined during the course of the work. 
Pot method.—Where field planting is of doubtful success because 

of extremely trying weather conditions, as in southern California, 
or where summer planting appears desirable, as in Arizona and New 

Mexico, the method of growing plants first in seedling flats and then 
transplanting them to paper pots has been tried. Both plants and 
pots are later set out in the field. The method of transplanting is 
simple. Paper pots 2 inches square by 8 or 10 inches deep are the 
preferable size if the plants are to be left in them for 1 year only. 
If they are to be left for 2 years a pot 3 inches square by 8 or 10 
inches should be used. ‘The transplanting is carried on under shade. 
Seedlings are removed one at a time from the flats and planted in the 
pots in the same manner that gardeners employ with vegetable or 
house plants. A hole is made with a dibble, the roots inserted, and 
the soil firmed around them. Watering follows the operation of 
transplanting. 

This method of transplanting can be justified only where it is cer- 
tain that only through it can stock be made to succeed under adverse 
field conditions, and further, that it is necessary to plant where such 

field conditions exist. Such transplanting is slow, one man being 
able to prepare’soil and transplant only from 600 to 750 plants per 
day. The pots cost about $3 per thousand. Crates to hold the pots 
have been built for about 40 cents each. Until experience absolutely 
proves the superiority of such plants, this method of transplanting 
should not be practiced extensively. It has been given a trial 
both in California and Arizona nurseries. At the latter it has been 
abandoned because better results in planting have not been secured 
with the stock. At the former, indications are that such stock may 
prove the most successful. 

FACTORS AFFECTING COST. 

A number of factors influence the cost of transplanting. Size 
of stock is one of these. The use of very small stock may materially 
increase the cost of the operation. Thus, at the Boulder Nursery in 
1911 the cost of transplanting medium-sized stock, the preferable 
size, was $1.10 per thousand; small stock, $1.35; and large stock, 
$1.65. Large stock often necessitates wider spacing, which means 

the digging and filling of more trenches to accommodate the same 
number of seedlings, and small stock can not be handled rapidly. 
At the Fort Bayard Nursery the cost of transplanting western 

yellow pine with a spacing of 3 inches in the rows was in one case 
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nearly 1.9 times and in another 1.5 times as much as where a 2-inch | 
spacing was followed. At the Wind River Nursery the crews aver- 
aged 5,000, 3,800, and 3,300 trees per man per day when 14, 24, and 

3 inch spacings in the row were used respectively. 
On poorly prepared or heavy soils costs will be greater than on 

well prepared or loose soils. Thus, at the old Garden City Nursery, 
ina heavy soil, the crews averaged 3,000 plants per man per day, while 

in the near-by Kansas Nursery, whose soil is a pure sand, the aver- 
age was 4,000 per man per day. The method followed in transplant- 
ing, whether by the dibble or by one of the various forms of trans- 
plant boards, will influence the cost. The character of the crew 

or crews will also be a factor. Good crews sometimes average from 
one-fourth to one-half more plants per day than poor ones. 

CARE OF TRANSPLANTS. 

In the transplant beds the trees are given their final preparation 
for field planting, and the care given them has much to do with 

their success under field conditions. The root development can’ be 
controlled somewhat through watering, and this is the most im- 

portant feature of transplant growth. Shading, cultivation, weed- 
ing, and care in winter need some attention. ) 

Watering —Immediately following transplanting, and for a period 
of 3 weeks thereafter, transplants should be watered liberally. 
During this period the plants should become pretty well established 
and start growth. Watering can then be decreased, but for the 
greater part of the growing season the soil should be kept fresh 

within a short distance of the surface. At the Monument Nursery 
western yellow pine at first requires more water than either Engel- 
mann spruce or Douglas fir, but later the opposite is true. Because 

the roots are confined to a small amount of soil, potted transplants 
must be watered more frequently than those in beds. 

It has been pretty well proved that in a soil which is kept fresh 
near the surface there will be a good lateral development of the 
roots in this zone, and that such stock is in the majority of cases more 
suitable for field planting than if the greatest development of the 
root system occurs at the lower end. In digging transplants for 

transferring to the field the lower portion of the roots is almost 
certain to be cut or broken off. The result is that when a plant 
whose main root development has been at the lower end is placed in 
its new habitat, it must develop new feeders before it can fully 
avail itself of the water and plant food available. It is desirable, 
therefore, that the main development be kept within the first 8 to 
10 inches of depth, and watering should be conducted with that end 
in view. By keeping the soil of the transplant beds fresh near the 
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surface, western yellow-pine stock is now being produced in Arizona, 
which succeeds when planted even under the arid conditions obtain- 

ing in that country during the spring of the year. This success is 

a good criterion of the stock’s merit, particularly as very poor results 
had previously been obtained from field planting with the ordinary 
run of stock without pronounced lateral roots developed near the 
surface. Little or no watering for the purpose of hardening the 
trees to the conditions which obtain in the field has not yet, in Forest 

Service operations, produced more successful stock for field planting 
than well-watered stock. At the Bessey Nursery, in fact, much 

better results have been secured in field planting with stock which 
was watered in accordance with the regular nursery operations than 

with that which was not watered at all. 
Any of the methods of watering applicable for seed beds may be 

used, but sprinkling by hand with a hose is expensive and scarcely 
practicable. Irrigation or the use of garden sprinklers is almost 
essential. Because of the large size of the transplants, irrigation is 
much more feasible than in seed beds, and because of its rapidity it 
is a method which should always be given consideration. At the 
Bessey Nursery, where flooding is practiced, the transplant area is 
watered in sections. Areas of one or more beds are banked up with 
soil around the edge, and water is then conveyed to them from the 
4-inch main pipe line through large canvas irrigating hose. When 
one section becomes flooded the hose is moved to the next one. One 
acre can be covered in six hours. At the Savenac Nursery, where 
ditch irrigation is used, the water is controlled, as in agricultural 
projects, by a system of headgates and by temporary mud dams for 
diverting it from one ditch to another (Pl. X XI). On steep grades 
some wooden troughs, with small holes bored through at intervals to 
allow the water to escape to the ditches, are employed. It is claimed 
that one man can water 3 acres per day. Ditch irrigation is prac- 
ticed also at the Fort Bavard Nursery. There a system of galvanized- 
iron troughs to carry the main body of water is being tried. Oppo- 
site each ditch in the transplant area these troughs have openings 
the size of which can be regulated by means of a sliding cap. The 
amount of water turned into each ditch can be controlled easily and 
absolutely. 
A single watering by any method should be thorough enough to 

soak the soil to a depth of about a foot. Experience indicates that it 
may ordinarily be conducted at any time of the day without injury 
to the plants, except at the Pilgrim Creek Nursery, where sprinkling 
is practiced, and where it seems to be necessary to water bigtree 
(Sequoia washingtoniana) in the evening rather than in the morning. 
Shading.—Shading is almost wholy unnecessary in transplant beds, 

except in a few cases; and because of the expense involved, if for no 
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other reason, it is decidedly undesirable. If plans will permit it, 
species should not be grown at a nursery where it is necessary to give 
them shade during the transplant stage. Some trees, however, such 

as spruce, true firs, redwood, and western red cedar, have, wherever 
grown so far, appeared to need shade when first transplanted. Doug- 
las fir transplanted when only 1 year old has shown a need for shade 
at the Beaver Creek Nursery in Utah, at the Pocatello Nursery in 
Idaho, and at the Gallinas Nursery in New Mexico. Engelmann 
spruce transplants do better if shaded, both at the Monument and 

Wind River Nurseries; and the same is true of western red cedar 
at Wind River. 

Shading of transplants is expensive. It stimulates height growth, 
which is normally undesirable in stock for field planting, and 
the stock produced is not so well fitted for enduring the more 
trying conditions to be met in the field as that grown in full sun- 

light. A possible exception to this is to be found in the case of Doug- 
las fir for planting under aspen in Utah and southern Idaho. Here 
it is thought, but not proved, that stock shaded in the transplant beds 
may be preferable for field planting. 

Cultivation and weeding.—Cultivation serves the same purpose in 
transplant beds as in seed beds; that is, it breaks up a crusted sur- 
face soil, conserves soil moisture, and cuts down the amount of weed- 
ing and watering necessary. At the old Garden City Nursery only 
one-third as much watering was necessary with cultivation as with- 
out it. Cultivation is best carried on as soon after watering as a 
crust begins to form on the soil, and it is a particularly desirable 
operation in heavy soils.. On loose, sandy scils it is not so essential, 
but is beneficial even there. It can be carried on rapidly with a 
wheel cultivator, by the use of ar ordinary potato hook whose center 

tine is cut out, or by some other similar tool which straddles the 
rows (P]. XXIT). 
Weeding should be done as often as is necessary, which is usually 

from three to four times a season. Pulling by hand is the most 
effective method, but some implements are good, such as narrow 
hoes or tools with sharp V-shaped edges. At the Wind River 
Nursery the chief weeds are brake fern and blackberry vines, which 
can not be pulled very well without damaging the trees. They are 
accordingly cut off below the ground. For this purpose a weed 
cutter was originated from one of the straps of steel which reinforced 
the shank of the handle of a worn-out shovel. This short, half- ; 

tubular, curved piece of steel with a sharp V-shaped notch filed in 
the end of it was riveted to the end of a broom handle. Experience 
has shown that this tool is very well adapted to the work. 

Mulching during winter—Transplants in general need no atten- 

tion during the winter. Occasionally mulching is practiced when 

4 
. 
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there is the possibility of heaving or of winterkilling, but after a 
season’s growth in the transplant beds the stock is usually so well 
rooted that there is little danger from the former source. This is 
particularly true in nurseries of sandy soils and in those where the 
snowfall comes early and is abundant and stays until fairly late in 
the spring. If artificial mulches are necessary, the same ones may 
be used as in the seed beds. At the Gallinas, Monument, and Con- 
verse Flats Nurseries mulching of transplant beds over winter is 

necessary. 
At the Monument Nursery a light covering of straw held in place 

by oak brush is sufficient for western yellow pine. For Douglas fir 
the space between the trees is filled with leaf mulch, after which a 

layer of lath slatting is rolled over the beds to bend down the long 
shoots. This is covered with a thin coat of leaf mulch, which is 
held in place by oak brush. Engelmann spruce is covered with leaf 

mulch, which is held in place by brush. Heavy winter winds make 

mulching necessary at this nursery. At the Converse Flats Nursery 
mulching is necessary to prevent heaving, because fall transplanting 
is practiced. Pine needles are distributed between the rows to a 
depth of about 3 inches. 

Heights, in inches, of different classes of nursery stock. 

Class of stock. 

Region and species. | 

1-01 11 | 
| 
| | 
| | 

€ bo % i) Y u bo 

Rocky Mountain: Inches. | Inches. | Inches. Inches. | Inches. Inches. 
Pseudotsuga taxifolia..... 4 
Larix occidentalis... -.-- 
Pinus divaricata......-. 
Pinus effreyi-...------- 
Pinus monticola......-.-- BS 
IPMUS PONUCLOSAe oe ese ee ee eee = 
Picea engelmanni...........---------- 

Pacific Coast: 
Pseudotsuga taxifolia...............-- 
PANDICSMODUIS eee oe eee asc sence. 
PAIDIESICONCOlOL® “Aas sees oy- miele, Soyer Sale 
Larix occidentalis........ acta te tea 
FINN SHLOMO Va ies oe eto cinieineis ale 
PMUSMMONVCOlAL = sees Se eee se 
PINUS PONGELOSAs 4 6 8s siaccise esses = 
Libocedrus decurrens.....-.-..------- 

1 The first figure of each pair indicates number of years stock remains in seedhbed; second figure, the num- 
ber of years in transplant beds. _ 

LOSS IN TRANSPLANT BEDS. 

Losses in transplant beds should not exceed from 5 to 10 per cent. 
They are often greater, but they can be reduced to a minimum by 

careful transplanting, the choice of stock of the right age and size 
for transplanting, grading, care in taking up the plants so as not to 
injure the roots, keeping the roots constantly moist, reducing the 

time between lifting and transplanting, little or no root trimming, 
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soaking the beds thoroughly immediately after transplanting, and 
by conducting the operation as early in the spring as the weather 
will permit. Losses wil! unquestionably be greater with some species 

than with others. Thus sugar pine and Arizona cypress have been 
found to be difficult trees to transplant without rather severe losses. 

REMOVAL OF PLANTING STOCK FROM NURSERY. 

DIGGING. 

As far as possible, stock for shipping should be taken wp as pack- 

ing progresses. The transplants are dug with a spade or horse- 
drawn tree diggers in the same manner as seedlings. The number 
which can be dug in a day depends upon the method, the size of the 
stock, the character of its root system, the nature of the soil, the 
weather, and the spacing. At the Wind River Nursery, where the 

soil is fairly loose and the spacing 1 to 14 by 6 inches, 2 men have 
dug 1-1 Douglas fir at the rate of 40,000 per day. This number is 
large, and as speed is conducive to carelessness the maintenance of 

such, a rate should not be attempted. An average of 15,000 per 
day for 2 men digging only should be easily possible, making the 
cost of the operation about 25 cents per thousand. Where grading 
and counting are practiced in conjunction with digging, the rate is 
decreased. With horse-drawn tree diggers the rate can be increased 
one-half or more. As the trees are removed they can be heeled in 
right back of the diggers and afterwards counted, graded, and 

bunched under cover of a building, or these operations may be per- 
formed by an additional man as fast as the trees are lifted. The 
bunches of each class of stock should be uniform in shape and size 
and not too large, and should contain equal numbers of plants, ordi- 
narily from 25 of the larger to 150 of the smaller trees. These 
bunches are tied loosely, and then heeled in if packing is not being 
carried on at the same time. If the weather is very dry while count- 
ing is in progress, the roots should be sheltered and immediately 

covered with damp soil, burlap, or moss as soon as they are bundled. 

GRADING. 

Grading stock requires about twice as much time as when extra 
plants are included to make up for the average number of culls per 

bunch. The time saved by this latter method may be worth decidedly 
more than the value of the extra trees which might be included in a 
shipment through error in overestimating the number of culls. One 

man can count, bundle, and tie on an average about 12,000 trees per 

day, making the cost approximately 21 cents per thousand. Where 
close grading is considered essential, as in Arizona and New Mexico, 
it can be conducted more effectively at a nursery than by a planting 
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crew, and the culls should accordingly be discarded before shipping. 
Where close grading is not considered necessary, as in the Pacific 

2 ict counting of the stock as it is dug may not be essen- Northwest, strict counting of the stock t is dug may not | 
tial. At the Wind River Nursery the practice is followed of esti- 
mating closely the stock in each transplant bed and supplying definite 
amounts for shipment from these estimates. This practice has been 
largely responsible for reducing the cost of distribution from $1.31 

to $0.855 per thousand. 
PACKING. 

The general practice in Forest Service nurseries is to tie the trees 
in small bunches. In this shape they are easier to handle both at 
the nursery and at the planting site, and it has been thought that 
they withstand better the rough treatment incident to shipping and 
to packing on horses. That this bunching is unnecessary is shown 
by experience at the Monument Nursery. Here packing is conducted 
in the-usual manner, except that the trees are spread out in thin suc- 

cessive layers. Moss can better come in contact with all roots than 
where the trees are bunched, and trees packed thus have withstood 
shipment for long distances and arrived in good condition. 

The main points to be given consideration in packing for shipment 
are to minimize the possibility of the roots drying out and the tops 
heating while en route. To avoid this, the plants are shipped in open 

_erate-like boxes which provide ample ventilation for the tops; and 
damp moss, preferably sphagnum because it holds moisture best, is 
packed around the roots. At the Savenac Nursery, the sawdust from 
a shingle mill has been found very satisfactory for packing. Trees 
are usually placed in the crates in tiers, the tops of one tier toward 
one end of the box and the tops of the next tier toward the opposite 
end, the roots of the successive layers overlapping. <A strip of moist 

burlap as wide as the space covered by the roots of the plants should 
be spread in the bottom and extend up along the center of both sides 

of the crate. On this a layer of damp, well-drained moss is placed 
and then the first tier of transplants. Another layer of moss is now 
placed over these roots and chinked in between them, but none is 
placed upon the foliage of the trees. Then another tier of trees is 
placed on the moss, and the process continued until the crate is filled. 
Care must be taken not to pack the crowns too tightly or to get them 
wet, as either may induce heating. If the roots are packed as firmly 

as they should be, the tops may be too tightly together. To overcome 
this difficulty it is sometimes desirable to place moist strips of bur- 
_lap among the roots next to the moss. This will enlarge the space 
that they would naturally occupy and serve to keep the crowns 

63186°—Bull. 479—17——5 
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farther apart. When the crate is filled, moss should be placed upon 
and damp burlap stretched over the roots of the top tier, and the top 
of the crate nailed on. When ready for shipment, the trees should 

be packed solidly enough so that they will not jar or shake around. 
If they are to undergo especially trying conditions while en route, © 
each separate bundle may be bound in damp moss and this wrapped 
with a layer of damp burlap. Trees packed in ways very similar to 
this have been shipped from California to Hawaii, and have been on 
the road for a month, yet arrived at their destination in perfect con- 
dition. Packing should be intrusted only to careful and conscientious 
men who can be supervised or who have had previous experience. 

Cured moss is very likely to heat when packed closely and thus burn 
the roots of the planting stock and kill or seriously injure it. 

PACKING CRATES. 

The general type of packing box in use at Forest Service nurseries 
has a solid bottom and ends of seven-eighths-inch material and sides 
and top of three-eighth-inch slatting. At the Fort Bayard Nursery 
both ends and sides are made of lath slatting. At the Monument and 
Bessey Nurseries the lath slatting formerly used on high shade 
frames is used in one continuous strip for bottom, sides, and top of 
the crates. In assembling crates, it has been found at the Pilgrim. 
Creek Nursery that cement-covered box nails hold better than ethers. 
The essential point about packing crates is that they be cheap, light, 
strong, easily assembled, well ventilated, and of a size suitable for 
packing on a horse, which means that when filled they should not 
weigh over 75 or 100 pounds. 

For local shipments the Monument Nursery has adopted woven 
wire, cylindrical crates of two sizes, one 2 feet 6 inches in diameter 

by 1 foot 6 inches deep and another 2 feet in diameter by 2 feet deep 
(Pl. IL). One end of the cylinder is removable to permit packing. 
The stock is packed with the tops to the outside and the roots to the 
center around a strong iron rod which runs longitudinally up through 
the center of the crate. When filled, the top is put on and clamped 
in place by means of a washer and nut on the end of the rod as it 
projects through the top. This crate has some advantages over 
wooden ones. It is exceedingly strong, the trees can be packed more 
rapidly, in better shape, with less moss, and much more cheaply than 
with the other style of crate, and ventilation of the tops is about per- 

fect. On the other hand, those in use cost $7 each and are very 
heavy, which makes the cost of shipping and their return high; and 
they require considerable space for storage. 
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Packing boxes of spruce 24 inches long by 14 inches wide by 15 
inches deep cost the Wind River Nursery 29 cents each knocked 
down, and about 5 cents each to assemble at the nursery. Boxes of 
this size fit nicely into an ordinary wagon box, weigh approximately 
75 pounds when filled, and are a convenient size for packing on a 
horse. 

At the Cottonwood Nursery boxes or crates 12 inches by 14 inches 
by 24 or 3 feet are used. The 3-foot size will hold 20,000 2-0 Douglas 
fir, 7,500 2-1 Douglas fir, 10,000 1-0 yellow pine, or 6,250 1-1 yellow 
pine; the 2-foot size will hold 20 per cent less. A 16 by 16 by 24 inch 
crate at the Pilgrim Creek Nursery holds 800 1-2 western yellow 
pine, 1,000 1-1 bigtree, 1,250 1-1 western yellow pine, or 1,500 1-2 
sugar pine or 1-1 incense cedar. 

At the Savenac Nursery the trees are rolled in a strip of burlap 
for shipping. The device for making the rolls is somewhat on the 
order of a shingle-weaving machine. Two 6-foot lengths of lath 
yarn fastened by means of poultry netting staples to two wooden 
cleats (the cleats 18 inches apart and the two lengths of lath yarn 12 

inches apart) 2 feet long are first placed in the bottom of the packer. 
A strip of burlap 6 feet long and 21 inches wide is placed over the 
lath yarn and cleats, and over the burlap is laid a 6-foot sheet of 18- 
inch “ butcher’s” wrapping paper. The bunches of trees, after being 
moderately root pruned, are then laid in the packer in two tiers, roots 
to the center, each layer being well packed in wet shingle tow. When 

the container is full, the ends of paper and burlap are drawn to- 
gether at the top and the ends of the burlap are wrapped around a 
good hard strip of wood (tamarack 1 inch by 2 inches by 2 feet). 
The ends of this stick extends about 2 inches beyond the edges of the 
burlap. On these uncovered ends a grip is secured by means of a 
long tool—16 inches—similar to a wagon hammer. With this pur- 
chase the burlap can be twisted as tight as its tearing resistance will 
permit. When the burlap has been drawn tight this wrenching tool 

is held in position by means of a catch on the packer and the hands 
are free to tie the bundle with the lath yarn. This completes the 
operation. The front side of the packer is let down and the bundle 
taken out (Pls. XXI and XXII). The burlap strips are saved in 
the field and at the close of the season shipped back to the nursery. 
_ Aside from a considerable lowering of the cost, a number of other 
advantages are claimed for this method; the number of trees per 
bundle can be varied; one man can pack approximately one-half 
million trees per day; the bundles are easy to handle; they will not 
break when thrown around; and they make a better pack for pack 
_ horses. 

it 
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In these bundles the trees stand transportation well and they do 
not heat or dry out readily. Packed in this manner, they have been 
left in a warm place for 6 days and were cool and moist when the 
bundle was opened. | 

SHIPPING. 

Because of the danger which accompanies delays en route of 
growth starting, of drying out, of heating, or of holding up planting 
operations, shipments of nursery stock should preferably be by 
express; or, if the packages are small, by mail. Shipments by freight 
are much cheaper, and for distances up to 300 miles have proved very 
satisfactory in California. Special arrangements can sometimes be 
made with freight agents to put a shipment through promptly, but 
the risk is greater than with express shipments. Shipments are 
liable to be delayed under the best of conditions, because express or 
railroad officers do not always realize the necessity of prompt de- 
livery. To avoid this, it is believed best for the shipper to indicate 
plainly on the outside of each crate that the contents are “ perish- 
able,” that they contain “live plants” the “prompt delivery” of 
which is “necessary,” or some similar phrase. Night shipments are 
preferable to day shipments. 

DISEASES AND INJURIES IN NURSERY. - 

DAMPING-OFF. 

Damping-off is a source of great danger to young seedlings. This 
disease is most commonly caused by one of three fungi, Pythiwm 
bebaryanum Hesse, Rhizoctonia sp., and Fusarium sp., and its pres- 
ence in a bed is indicated in a very characteristic manner. The stems 
of seedlings attacked exhibit a rather dirty, watery, or rotten appear- 

ance at the surface of the ground and for a quarter of an inch or 
more upward. The stems become flaccid and limp in this section, 
and the seedlings topple over unless they are held up by surrounding 
plants. There is no recovery. Seedlings are most susceptible to 
danger from this source during a period of from 2 to 6 weeks fol- 
lowing germination, and some species are more susceptible than 
others. The seedling may even be attacked before it appears above 
the ground. 
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F—26332A 

Fic. 1.—TREES IN PLACE READY FOR BINDING. 

F—26333A 

Fic. 2.—BUNDLE TIGHTENED AND READY FOR TYING. 
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Fic. 1.—TYPE OF PACKING CRATE IN USE AT WIND RIVER NURSERY. 

Fifty thousand western white pine packed for shipment, Savenac Nursery. 

F-9-CRT 

Fi@. 2.—TYPES OF SHIPPING CRATES USED AT MONUMENT NURSERY—WOODEN FOR 
SHIPPING LONG DISTANCES, WIRE FOR SHORT DISTANCES. 
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Susceptibility of species to damping-off in Forest Service nurseries. 

Species. 

Nursery. Trea 
Most susceptible. Least susceptible. 

! Pinus ponderosa !.....-.---- Pseudotsuga taxifolia. 
SENSE cians GE ObEeaS eco SB SUR UOEEe Cote nurses Binusistropus Yee ee ease Larix occidentalis. 

Pinus monticola!.......---- Picea engelmanni. 
RinusiSyAVeStriss.- 2522-2 c6- ; 

BONG Olesen eee eee lor ences acne = « Pseudotsuga taxifolia ....--- Pinus austriaca. 
Pinus ponderosa ....-------- : 

Myapper Creeke 25 ---2-s--oo- ere s--e oe == - Pinus monticola.....------- Pinus ponderosa.3 _ 
t Pinus austriaca......-.----- Pseudotsuga taxifolia. 

An STEOS SESH at Ser aaa Giada ea aan Pinus ponderosa...-.------- Pitas esa 
i A inus austriaca. 

IBSSEy eee mee meee arene. cue G ore. { eis pee ner Pate baa {pints sylvestris. 
MUS Civaricata.---.--.--.- Pinus ponderosa. 

Pinus ponderosa. 
Pinus jeffreyi. 

Pinus attenuata......-..---- Juniperus monosperma.‘ 
Fort Bayard. .--.--.------------2-+2-+2--00+-- Pinus sylvestris......--.---- Juniperus pachyphlcea.4 

Cupressus arizonica.4 
Pinus edulis.4 

: A Pinus monticola.4 
Picea engelmanni.........-.- A WophonwOOdseerer eee ec penis Scere ars: { area | Pinus ponderosa.4 Pseudotsuga taxifolia!_..... Pinus Contartat : 

inus pu derosa. 
Beaver Creek. -----.------------- +--+ ++ 2- 20-2 |eee eee ence ects ee cer etter eee {pine contorta. 

Pinus sylv ~~*°.1 
THON s54 Seo bo ood Gogesdoee eeaoueseceeeeas Pseudotsuga taxifolia....... Pinus austi 

Pinus pondervsa.! 
Epeudotsues taxifolia!_..... F 

sys : equoia washingtoniana!_..||Pinus ponderosa. 
EINER CGS oo a ea Pinus jeffreyi! ...........-.. Libocedrus decurrens.4 

EunUs SYAVESULISH Se oo ee Pena 
inus ponderosa!........... ibocedrus decurrens.! 

Ponverse Plats. - 2 see eo aon n nse ce nee oe {Pinus jetreyiuees eke Cedrus deodara.t : ‘ x 
i : Pseudotsuga taxifolia!...__. inus monticola. 

Wind River....----.------------+-------+----- aniocciden tale one: {Pinus ponderosa.! 
* Abies nobilis. 

bl lhe : Pseudotsuga taxifolia.t 
IBareiCreek sansa a) ses cs s/sn Seek Sete eS: Pinus lambertiana........-. Pinus ponderosa.! 

Chamecyparis lawsonia.1 

1 Damping-off not serious. 
2 Attack not serious except with fall-sown western yellow pine and Douglas fir. 
3 Worse in fall-sown than in spring-sown beds. 
4 Not affected by damping-off. 

At nearly all Forest Service nurseries damping-off has not been 
particularly virulent, whether because of properties of the soil or 
not is unknown. When-it has appeared, the most general method 
practiced for its control has been simply to expose the beds to full 
sunlight and, where practicable, to stir the surface soil. The spread 
of the fungi is promoted by damp, warm soil and weather, although 
Rhizoctonia and Pythium attack seedlings even in rather cool, damp 
weather. The effect both of exposing the soil to the ‘sun’s rays 
and of stirring or cultivating it is to dry it out and thus produce a 
condition unfavorable to the further development and spread of the 
fungi. 
An effective method of control has been worked out by Hartley + 

and Pierce at a number of nurseries. At the Bessey Nursery, 
where damping-off has at times been very serious, commercial sul- 
phuric acid is applied to the beds immediately after the seeds are 

1Aartley, Carl, and Pierce, Ray G. ‘‘ Control of Damping-off of Coniferous Seed- 

lings.” U.S. D. A. Bul. No. 453. 
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sown and covered at the rate of three-sixteenths of a fluid ounce in 
solution .with 1 quart of water to the square foot of seed-bed sur- 
face. This acid applied at the rate designated has been found very 
efficient. When acid is used seed beds must be kept well moistened 
during the germination period. Neglect of this results in concen- 
tration of the acid in the surface soil through capillary rise of the 
solution, and the growing apex of the radicles of the germinating 
seed are killed, which may result in the death of the plants. For 
some other nurseries different amounts of acid were found success- 
ful; at a good many places it was found unnecessary to take 
any special precautions in the way of extra watering in the acid- 
treated beds. The results obtained from this treatment are in 
accord with what has been found true elsewhere, that damping-off 
is much less prevalent in soils of an acid than in those of a weakly — 
alkaline reaction. Experiments at the Vermont Agricultural Ex- 
periment Station’ indicate that damping-off is likely to be less © 
serious in beds to which there has been applied a well-rotted compost . 
of horse manure and muck. Such an application will undoubtedly 
tend to make the soil more acidic in its nature and thus antagonistic 
to the development of the fungus. 

In addition to checking damping-off effectively, acid treatment at 
the Bessey Nursery has resulted in the production of stock that aver- 
ages fully an inch higher than nonacid-treated stock. At this nursery 
another feature of the acid treatment is that it seems to kill the weed 
seed and very greatly reduces the cost of weeding thereby. During — 
1912 the cost of weeding acid beds was $0.0044, while the cost of nen- — 

treated beds was $0.0125 per square foot.2 The extra cost of acid — 

treatment was $0.005 per square foot. The total cost of acid and 
weeding was therefore $0.0094 per square foot, as compared to — 
$0.0125 for weeding only of nontreated beds. Thus the saving in © 

the cost of weeding at least fully offsets the increase in cost due to — 
acid treatment. 
A 1 per cent formaldehyde solution applied at the rate of three- 

fourths of a gallon per square foot about a week before the seed — 
is sown has been shown ' to be very effective in preventing damping- — 
off, but it is known that formaldehyde may kill seed which is still — 
dormant. On the whole, the experience with formaldehyde at most — 
Forest Service nurseries has not been as satisfactory as with acid. — 
The formaldehyde, especially with sandy soils, must be applied two | 
or three weeks before seed are sown in order to avoid killing them. — 

eee Se 

1Gifford, C. M. “The Damping-off of Coniferous Seedlings.” Vt. Agr. Exp. Sta. 

Bul. 157. 

2Cost of acid treatment will be temporarily higher during the European war on-ac- 

count of increased price of acid. 

PS 
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However, it has the advantage of never making necessary special 
watering after the seed are sown. 

At the Monument Nursery hot dry soil sprinkled over and worked 
into the soil of an affected area has proved quite effective in checking 
damping-off. 

Sowing at certain seasons as a preventive of damping-off is indi- 
cated by the experience of some nurseries. Western yellow pine and 
Douglas fir at the Boulder, western yellow pine at the Savenac, 
and Douglas fir at the Wind River suffer the most severe losses, 
and jack pine at the Bessey Nursery suffers least, when the sowing 

is done in the fall. 

WINTER MOLDING. 

A type of injury which has proved serious only at the Cottonwood 
Nursery is due to molding. Molding is caused by heavy accumula- 

tions of snowfall remaining on the nursery area longer in the spring 
than normal. When the snow goes off the plants are found pressed 
down flat upon the ground, with foliage brown or black and moldy. 
In some cases the stems remain green and the plants recover, but 

usually the plants succumb entirely.. Norway, Engelmann, and blue 
spruce have never suffered very heavily, particularly after the stock 
has passed its first year. Douglas fir is the worst affected species and 

suffers most in 1-0 and 2-0 stock. Western yellow pine has never 
been much affected as seedling stock, but losses have occurred in the 
1-2 transplant beds. No effective preventive is known for this at 

present. Douglas fir suffers less severely in drill-sown than in 
broadcast-sown seed beds. 

WIND INJURY. 

Wind may whip, break, and dry up plants, or in loose soils drift 
the soil over them. Windbreaks of some bushy shrub or tree or of 

artificial construction are the most efficient remedy. 

SUMMER DROUGHT INJURY. 

Summer drought injury * isa physiological trouble rather than one 
 duetofungi. Itiscaused by an insufficient amount of water or shade; 

is evidenced by the dying of the roots, a yellowing or browning of 
the tops, and the final death of the plants and is most usual during 

_ the hot, dry months of summer. It has often been called simply blight 
_- and, until recent investigations by Mr. Hartley, was thought to be due 

_ to fungi. Summer drought injury has caused considerable damage 
_ at the Bessey Nursery and is more likely to be a source of danger at 

a nursery where the soil is loose and subject to very rapid drying 
€ ; 
* 1 For full discussion, see Bulletin of the United States Department of Agriculture No. 44, 

“The Blight of Coniferous Nursery Stock,’ by Carl Hartley, of the Bureau of Plant 

_ 
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out than at one with a heavier, more retentive soil. It is also likely 
to be more serious with shade and moisture loving species, such as 

spruce and western red cedar, than with such drought-resistant — 
species as western yellow pine. As the absorbing portions of the 
roots die at the same time or even just preceding the time of yellow- 
ing of the leaves, it is important that the trees never be allowed to 
reach this stage. Recovery is then doubtful. The remedy is obvious. 
Excessive crowding in seed or transplant beds should be avoided; 
the soil should be kept fresh at all times after the damping-off 
period has passed; exceptionally heavy watering should be prac- 
ticed during periods of particularly drying or hot weather; and 
shade should be supplied if necessary. 
A type of injury similar to summer drought injury but rather 

uncommon may be caused by an excess of water. This makes itself 
evident by the yellowing and final death of the plants. Recovery 
from this is claimed to be slower and even more doubtful than from 
sun scorch. 

WINTERKILLING.1 

Winterkilling produces a condition in plants very similar to that 
of sun scorch and physiologically is.due to the same cause; that is, 
the inability of the roots to furnish moisture to the tops as fast as 
it is lost by transpiration during periods of severe, trying weather. 
Winterkilling differs from sun scorch, however, in that it occurs 
during the winter, and it is not necessarily due to insufficient water 
‘in the soil but rather to the fact that the water is frozen and thus 
not available to the plant. Periods of strong winds or of bright, 
warm days during the winter when the ground is frozen are most 
likely to cause winterkilling. Sometimes only a portion of the top 
of the plants is injured. This is especially likely to oceur with any 
portion which protrudes above a snow covering. Mulching is the 
preventive for this type of injury. 

FROSTS. 

Losses from killing frosts are infrequent but usually extensive 
when they do take place. This is due to the relatively few species 
growing in any one nursery and the large number of plants which 
happen to be in the same class and in a like susceptible condition. If 
seed is obtained in localities which have a climate similar to that of 
the nurseries, if it is sown so as to give the trees the benefit of the full 
growing season, and if growth is not stimulated too late in summer 
through watering and cultivating, no further measures are required — 
to prevent frost-killing under normal conditions. But additional 

1 For full discussion, see Bulletin of the United States Department of Agriculture No. 44, 

“The Blight of Coniferous Nursery Stock,’ by Carl Hartley, of the Bureau of Plant 
Industry. . 
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safeguards are necessary to prevent losses resulting from unusual 
conditions. 

In cases where the slope of the ground permits and where a supply 
of water is available, heavy flooding of the beds will prevent frost 
damage. The temperature of the water is usually above that of the 
air and it does not cool so rapidly. A considerable quantity of wild 
meadow hay spread over the beds will prevent frost injury as well 
as rapid thawing in case freezing has already taken place. The 
method followed in orchards of building a smudge may be used. 
Hither wood or hay will serve the purpose, and small piles will have 

_ to be distributed in the paths throughout the nursery. Emphasis 
must be laid upon the need of anticipating the danger, of preparing 
for it, and taking action when the danger is most imminent. Heavy 
frosts can generally be foreseen the evening before and the local 
Weather Bureau can doubtless notify the man in charge when there 
is any real danger. Thermostat alarms may also be provided. If 
proper precautions are taken, wholesale losses can be prevented even 
though the plants are tender and the frost heavy. Losses from frost 
have not in general been heavy at Forest Service nurseries. At the 
Savenac Nursery 1-0 western yellow pine, Douglas fir, and Engel- 
mann spruce; at the Monument, Douglas fir and Engelmann spruce; 
at the Pocatello, 1-0 western yellow pine not under shade frames; 

at the Wasatch, 2-0 Douglas fir; and at the Boulder, 1-0 Douglas fir 
have been injured to some extent; while at the Wind River spring-, 
sown seedlings of noble fir were badly injured by a late frost. At the 
Beaver Creek Nursery mulching with ripe timothy hay effectually 
prevented frost damage, but resulted in the production of a heavy 

crop of hay, which vastly increased the amount of weeding neces- 
sary in the nursery. 

__ INSECTS. 

The principal insect damage which has been noted in the nurseries 
of the National Forests thus far has been due to cutworms, white 
grubs, grasshoppers, aphids, and pine-tip moths. The following 
information regarding life histories and habits of these insects and 
the general methods of combating them has been furnished by the 
Bureau of Entomology, which investigates insects affecting forest 
and shade trees and hardy shrubs, including forest nurseries. 

CUTWORMS.* 

Cutworms are the larvee or caterpillars of night-flying moths and 
sometimes are destructive to young seedlings, cutting them off at or 

: 1¥or further information on cutworms and their control. see U. §. Dept. Agr. Farmers’ 
z Bulletin 739. 

| 4 
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near the surface of the soil. They feed at night, concealing them-~ 
selves in the soil or under rubbish during the day. Scratching the 
soil about an injured plant to a depth of one or possibly two inches 
usually reveals the worms, and this method of hand destruction of 
the larvee may be practiced in small areas where the infestation is 
scattering. 

Cutworms may be destroyed also bith means of a poisoned bait 
prepared and applied as follows: Mix 50 pounds of bran with 4 
pounds of lead arsenate and 2 gallons of low-grade molasses until — 
the mass is made into a stiff dough. The chopped oranges or lemons — 
mentioned in the bulletin referred to (see footnote) are not always 
essential, but the molasses is absolutely so. In semiarid regions it 
is advisable to add water to prevent rapid desiccation and to dis- 4 
tribute the bait toward evening. About a tablespoonful of the bait — 
should be placed every foot or two along the nursery row. In case’ — 
of migration from an adjoining field, the nursery may be protected — 
by running a narrow band of the poisoned bait entirely around the — 
edge or along the side nearest the source of infestation. A ditch 
constructed around the Savenac Nursery proved somewhat effective — 
in trapping some of these larvee which were Beasie as from an ad-— 
jacent clover field. 

WHITE GRUBS.’ 

White grubs, the larve or young of beetles commonly known as 
May beetles or “ June bugs,” are often a serious menace to nursery 
stock, especially conifers, injuring or Inlling the seedlings and~ 
transplants by cutting off the smaller and girdling the larger roots. 
Most of the May beetles have a three-year life cycle, and except the | 
one or two months (usually May and June) during which the beetles 

appear above ground to mate and feed, this entire period is spent 
underground, and two years of the three are spent in the grub stage. 
In the extreme northern limits of the United States, that is, in 
northern Wisconsin and Minnesota, where the grubs are important 
enemies of conifer seedlings and transplants, this insect has a four- 
year cycle, due to the shorter seasons. The grubs occur at various 
depths in the soil, and their proximity to the surface is largely 
dependent on the temperature and moisture conditions. They are 
found deeper during the winter months and more often quite near 
the surface in early fall. Plowing or cultivating the soil at this 
time, therefore, is of value, especially if done the year following the 
most severe summer injury, which would be the season the insects 
are transforming from grubs to beetles, at which time disturbances 

1For further information on these insects, see U. S. Dept. Agr. Farmers’ Bulletin. 
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. are usually fatal to them. The value of plowing or cultivating a 
field is greatly enhanced if poultry have the run of the field and 
are encouraged to forage during these periods. Each locality 
usually has one brood predominating, and the history of the brood 
should be learned, thus permitting the practices of persistent hand 
collecting of the grubs and beetles, spraying trees whose foliage 
is favorite food of the beetles with an arsenical during the flight 
of the beetles, and careful tilling of the land to prevent grass and 
weeds from making a growth during such flight, all of which are 
helpful expedients. 

GRASSHOPPERS.» 

Grasshoppers are often a serious menace in nurseries, and have 
been so at the old Garden City and the Page Creek Nurseries. The 

best poison remedies recommended against these insects are the 
poisoned-bran bait, described above, and the modified Criddle mix- 
ture. The latter is prepared as follows: Fresh horse droppings, 

_ one-half barrel; lead arsenate, 2 pounds; finely chopped oranges or 
lemons, 6 to 8 fruits, all thoroughly mixed. For protection against 
these insects the bait is best distributed broadcast over the nursery, 
and especially around the outer borders or open side, as circum- 
stances may dictate. Fine screens around the seed beds and a brood 
of chickens at ‘Trapper Creek have proved more effective than any- 
thing else tried. , 

APHIDS. 

' Under certain climatic conditions aphids are apt to appear in 
greater or lesser numbers and do a corresponding amount of dam- 
age. These insects feed by sucking the sap of the plants, thus 
checking their growth and lowering their vitality. A woolly aphid 

_has seriously damaged Jeffrey, western yellow, and Austrian pines 
at the Converse Flats Nursery, and was worse on the first-named 

species. Kerosene emulsion is one of the standard remedies and 
is especially effective if applied early in the spring, before the 

insects have multiplied excessively and the woolly species have cov- 
ered themselves. 

- Kerosene emulsion is prepared as follows: Take 2 gallons of 
kerosene, one-half pound of laundry or fish-oil soap, and 1 gallon 
of water; dissolve the soap in hot water, remove the solution from 

_the fire, promptly add the kerosene, and agitate the mixture vig- 
orously for about 5 minutes until it becomes creamy—an emulsion. 

_A most effective way of agitating the mixture is to pump it back 

* 1¥or further information on the habits of these insects and methods of control, see 

4 S. Dept. Agr. Farmers’ Bulletin 747. 
“f 
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into the original container for several minutes. To avoid boiling, 
a naphtha soap may be used, but the quantity of soap must be 
doubled and the water must be soft (rain water). This is the 
stock solution and it must be diluted with water before using, thus: 
To each 2 gallons of water add 1 gallon of the emulsion in the fall, 
and one-third of a gallon of emulsion in the spring. The size of 
the spraying apparatus will have to be determined by the size of 
the nursery. In most of them a knapsack sprayer will probably . 
be most satisfactory. Using potash soaps and warm solutions, well 
strained, will prevent clogging of nozzles. 

The iiher standard aphid remedy is 40 per cént nicotine sulphate, 
1 part in 1,000 to 2,000 parts of water, with fish-oil or laundry soap 
added at thie rate of 1 pound for each 50 gallons of the spray 
mixture. 

PINE-TIP MOTH. 

A pine-tip moth has been injuring the western yellow pine at the 
Bessey Nursery, Nebraska, since 1909. ‘The small larvee effectually 
kill the succulent growing tips of these trees by boring into them. 
On account of the extensive distribution of the insect in the planta- 
tions adjoining the nursery, no effective practical remedy has as yet — 
been worked out. 

BIRDS. 
: ‘ 

Mourning doves, juncos, the Canada jay, the blue jay, the red- — 

polled linnet, and the black-headed grosbeak do some damage at the — 
Forest Service nurseries by scratching up the seed or nipping off — 
the tops of newly sprouted seedlings to which the seed coat is still 

attached. They are held in check either by poisoning with grain — 
prepared in the same way as for mice or by shooting. 

RODENTS. 

Rodents damage plants in a number of ways: By destroying seed © 
in the seed beds, by digging in the nursery, by covering up plants, 

by girdling the stems, and by eating the tops, particularly during 
the winter. The white-footed mice, chipmunks, ground squirrels, — 
gophers, and moles are the chief offenders. Against the first three — 
and to some extent against birds several cats have been found to 
afford very good protection. Poisoning is also practiced. To be 
effective against mice and chipmunks the poison should be thor- 
oughly distributed over the area immediately surrounding the | 

nursery, under old logs, brush piles, outbuildings, rock piles, or any 
other likely retreat for these animals. Poisoning is most effective 
during spring or early summer before the natural food of these ani- — 

2 

} 
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mals (seed and berries) ripens. Where mice work under a mulch 
and girdle nursery stock during the winter, the scattering of water- 
proof poisoned wheat throughout and under the mulch has been’ 
found effective in destroying them at the Monument Nursery. This 
bait is prepared as follows, in accordance with Circular 78 of the 
Biological Survey : 

VIBE SRE ee ORRIN SI tree 1 bushel. 

ESE ICON sca ER a ee ee oe Ue 1 quart. 

SEQCIEN dV ae MOST gh La a cae ____. 2 teaspoonfuls. 

Siienelnaviey! (Gon eat{s0)) 2a ee ee 2 ounces. 

The wheat should be slightly warmed, the saccharine and strych- 
nia added, and the whole stirred thoroughly, and then the melted 

tallow Tata 
Mice and chipmunks are alee destroyed by sinking large cans to 

the level of the ground, partly filling them with water, and distribut- 
ing seed on its surface. In attempting to secure the seed the 
rodents fall into the water and are drowned. About 700 were deé- 
stroyed in this manner at the Pocatello Nursery in one season. 
Small baited spring traps placed near or upon the seed beds are quite 
effective in destroying mice. 

At the old Garden City Nursery poisoned corn proved effective 
against kangaroo rats. At the Fort Bayard and the Pilgrim Creek 
Nurseries gophers are successfully combated by the use of gopher 
traps. At the Pilgrim Creek Nursery moles are effectively con- 
trolled by trapping. Carbide fumes were tried for driving out moles 

at the Page Creek Nursery, but were not effective. At the Converse 
Flats Nursery potato parings at the rate of one-half bushel to 1 ounce 
of strychnia (alkaloid) and 1 teaspoonful of saccharine are used to 
destroy digger squirrels. The parings are distributed in the burrows 
of these animals. At this nursery poisoned cracklings are found 
effective against chipmunks. This is prepared in accordance with 

the formula in Circular 82 of the Biological Survey, as follows: 
Wanrsexcrackling meal oS cee ee $ quart. 

SEEyehmimen (ailikal oid) 2220s s 0) sos ae 30 grams (qs ounce). 

Chop lard cracklings (fried down suet) to coarse meal (containing chunks 

one-fourth to one-half inch square). Slowly sprinkle with the powdered 

strychnine and mix constantly to distribute it evenly. Add one-fourth quart 

of fine crackling meal and mix well to cover the strychnine and disguise its 

bitter taste. 

_ For some of the latest methods developed for combating rodents 
the Forest Service is indebted to Mr. S. E. Piper, of the Biological 
Survey. These are as follows: 
f Mix 1 heaping tablespoonful of gloss starch in one-half teacup of cold water 

od stir with 1 pint of boiling water to make a thin, clear mucilage. Remove 

& 
1 Saccharine is not essential. 
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from the stove. Mix together 1 ounce of powdered strychnine (alkaloid)* and 

1 ounce of powdered bicarbonate of soda and stir with the starch to a smooth, 

creamy mass. Stir in 1 tablespoonful of glycerine and finally one-eighth ounce 

of saccharine. Apply to 20 quarts of good, clean oats or wheat and mix thor- 

oughly to coat each kernel. 

This poison is effective in destroying chipmunks, kangaroo rats, pocket mice, 

the smaller species of ground squirrels, and at-times kills white-footed mice. 

Oats are generally the most successful bait. On account of the skill of chip- 

munks in “hulling,” wheat is more effective for these animals. Barley, in 

the proportion of 16 quarts to each ounce of strychnine, has given best results 

in destroying the larger “ digger” ground squirrels and is most effective during 

the dry summer season. 

There is another process of applying the poison which is an improvement 

over that just described, in that it delays the taste of strychnine, the intense 

bitterness of which is the greatest factor detracting from success in poisoning 

certain rodents. This poison has been used with great effect against rodents 

which have hitherto exhibited marked aversion to strychnine baits. The fact 

that the poison coating readily separates from the bait is also of importance 

to the success of this preparation, especially for such rodents as habitually 

“hull” grain, In the process of hulling sufficient strychnine to kill flakes off 

in the animals’ mouths. Grain poisoned in this way must be handled care- 

fully to avoid loosening or grinding off the poison coating. It should be 

freshly prepared in small quantities, for use each day, as follows: 

Mix together one-fourth ounce of powdered strychnine alkaloid, one-fourth 

ounce of powdered bicarbonate of soda, a scant one-half treasoonful of saccha- 

rine, two heaping tablespoonfuls of dry powdered starch; stir with enough cold 

water to make a thin paste of the consistency of cream. Apply gradually to the 

material to be used as bait, mixing vigorously to distribute the poison as evenly 

as may be and to prevent the formation of lumps. 

Oats, wheat, cracked corn, and dry coarse meals of all kinds may be so 

poisoned. For ground squirrels, chipmunks, and medium-sized rodents gen- 

erally, one-fourth ounce of strychnine is sufficient for 4 quarts of bait; but 

for white-footed mice the amount of bait may be doubled. Among baits espe- 

cially attractive to the latter animals may be mentioned pine seeds (both 

whole and crushed seeds worth trial), roasted peanuts crushed to a coarse 

meal, crushed wheat, and mixtures of crushed or chopped grains. 

Poisoned baits of sweet potato almost invariably kill pocket gophers if 

placed in the underground runs without too much disturbance of the latter, 

Baits of carrot or parsnip may be substituted, or corn, poisoned as in the first 

formula described, but none of these are so completely successful as sweet 

potatoes. 

The baits of vegetables should be cut about 1 inch long and one-half inch 

square and washed and drained. From a pepperbox slowly sift one-eighth ounce 

of powdered strychnine (alkaloid) and one-tenth of this quantity of saccharine 

(ground together in a mortar) over about 4 quarts of the dampened baits, 

stirring to distribute the poison evenly. 

The runways, which are usually 4 to 8 inches beneath the surface, can be 

located by means of a probe made of any strong handle an inch in diameter 

and 36 inches long. One end should be bluntly pointed. Into the other should 

be fitted a piece of three-eighths inch iron rod, protruding about 12 inches and 

11f strychnine sulphate is used, dissolve in the boiling water before adding the starch; 

also dissolve the bicarbonate of soda before adding to the poisoned starch. Care is neces- 
sary that the resulting mixture does not greatly exceed a pint. 
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bluntly pointed. A foot rest aids in probing hard soils. By forcing down this 

iron rod near gopher workings or a foot or two back of fresh mounds the open 

tunnel can be felt as the point breaks into it. The blunt end of the instrument 

is now carefully used to enlarge the hole, a bait or two is dropped into the 

run, and the probe hole closed. 

Baits need to be placed at only two points in each separate system or group 

of 10 to 30 mounds, which is usually the home of a single gopher. In our 

experience baits placed in open underground runs have invariably killed the 

gophers. The method has found great favor wherever it has been introduced. 

At the Converse Nursery, in California, wood rats, or “pack” rats 

(Neotoma), have been found responsible for a considerable part of the damage 

to transplants usually ascribed to rabbits. 

Wood rats eat little or nothing of the trees they cut, but carry the green 

tips into their nests to store away. These animals are rarely killed by any 

of the baits which have been described, though they pack away such baits 

readily enough. Effective results have been obtained by dusting baits liberally 

with finely powdered strychnine, as the rats are killed in packing them. Dry 

oatmeal biscuits one-half inch square and one-fourth inch thick, cut from a 

stiff dough of oatmeal and water, after rolling it in sheets, have proved to be 

especially successful baits. Raisins and whole corn may also be used. 

Though both cottontails and jack rabbits fall victims to poisoned oats during 

periods when their natural food is scarce, this poison can not always be relied 

upon to destroy them when it is most important to check their depredations. 

Green or ripening grain heads of barley or wheat are among the most attractive 

baits in summer. Soaked for 48 hours or more in a solution of 1 ounce of 

strychnine sulphate and one-eighth ounce of saccharine in 2 gallons of water, 

such baits have occasionally proved very successful. They should be used 

_only in locations where live stock is not endangered. 

FERTILIZERS.* 

The character of soil preferable for a nursery has been described, 
but such soils are not-always to be found. Continuous raising of 
crops of trees, moreover, will eventually deplete even the best soils 
of the chemical constituents most essential for plant growth. It 
will also impair their physical qualities. Improvement of the soil 
by fertilization will accordingly be necessary. According to in- 
vestigations by von Schroeder,’ the average quantity of nitrogen, 

potassium, and phosphoric acid (the three most essential plant foods) 
needed in one year by 1 to 3 year old spruce is about equal to the 
amount absorbed from the soil by a crop of corn, potatoes, or meadow 
hay. The physical and chemical qualities of a soil may be improved 
through the addition of manure, leaf mold, compost, or marl, and 

chemical fertilizers. Some of the chemical fertilizers, however, 
‘rapidly pass into solution and have no appreciable effect upon the- 
‘physical quality of the soil. 
: 

1The information cited in regard to fertilizers is taken, but not wholly verbatim, from 
‘ 

“Die Pflanzenzucht Im Walde,” by Dr. Herman von Furst, and represents the views of 
i German nurserymen. 

i 2“ Tharandter Forstlickes Jarbuch,’’ 1893-94. 
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Two classes of fertilizers may be distinguished: “ Complete” fer- 
tilizers, which contain all the important elements necessary for plant 
growth, and “incomplete” fertilizers, which furnish only one or 
more of these elements. 

COMPLETE FERTILIZERS. 

Stall manure, consisting of the animal excrement and the litter on 
which it is found, is a very effective fertilizer, not only because it 
contains the most essential plant foods—nitrogen, potassium, and 
phosphoric acid—but because it improves the physical qualities of 
the soil and by numerous microorganisms increases its activity and 
fermentation. Sheep and horse manure are richest and decompose 
rapidly. Cattle manure decomposes less rapidly. The former is best 
for application to compact, the latter to loose soil. As manure is not 

usually to be had in sufficient quantities at a nursery and is often 
difficult and expensive to obtain, it is frequently used in compost. 

Where humus can be obtained it has been found to be excellent, 
both as a fertilizer and for its effect in improving the physical 
quality of the soil. 

The value of compost as a fertilizer is decided by the material 
entering into it and the treatment given compost heaps. Organic 
substances of every kind may be used for this—weeds, raw humus, 
turf, and even street sweepings. To this material is added quick- 
lime for more rapid decomposition and horse manure in layers. 
Ashes may also be used to strengthen it. Weeds hoed from the 
nursery may be used alone for compost. In such cases it is neces- 
sary to mix them in thin layers with quicklime, allow the heaps to 
remain untouched for some time, and then stir repeatedly. When 
thoroughly decomposed it is ready for use. r | 

One of the German head foresters gives the follomane formula — 
for making good compost: The first layer, about $ inch thick of — 
organic substances, grass, heather, weeds, sawdust, ete., is sprinkled ‘ 
with a thin layer of unslaked lime, then another layer of grass and 
weeds is added, then a layer of lime, ete. In this manner it is heaped 

up like charcoal but shaped broader and lower so as to catch the — 
rain, and then covered on all sides with carefully crushed earth. | 

The slaking of the lime begins after a few days and in from 2 to 4 | 

days later is completed. During this time the heaps should be a] 
examined twice a day and all crevices in the earth covering closed in 
order to keep the heat, steam, and ammonia from escaping. After | 
from 4 to 6 weeks the material is ready for use. 
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INCOMPLETE FERTILIZERS. 

WOOD ASHES. 

With the exception of nitrogen, which is lost during the process 
of burning, wood ashes contain all the nourishing substances, pot- 
ash, lime, phosphoric acid, magnesia, and sulphuric acid, in a form 
capable of absorption. Wood ashes may accordingly be added to the 
list of fertilizers for general use. The quantity of these elements, 
particularly phosphoric acid and potash, contained in the ashes 
varies with the species, the ash of hardwoods being much richer in 
such material than that of conifers. In sandy soil care must be 
taken in using wood ashes, because such soil is not capable of much 
absorption. The use of such a strong fertilizer has an unfavorable 
effect, because it furnishes the roots with too much carbonate of 
potash, which acts as an alkali; on the other hand, its use on clayey 
humic soil is very favorable. Pure wood ashes, however, are seldom 
used but are generally mixed with compost; their use deserves all 
the more consideration, as they can usually be obtained at little 
expense by burning the brush around the nursery or by utilizing 
the wood ashes from the stoves of the nursery buildings. 

NITROGEN FERTILIZERS. 

Nitrate of soda NaNO, (Chili saltpeter) contains 15 or 16 per 
cent of nitrogen, is easily dissolved by water, and quickly distributed. 
It has a quick and decisive effect, but the portion not absorbed at 
once by the plants quickly sinks to the subsoil and may be lost. Its 
best use is for intermediate fertilizing—that is, the fertilization of 
beds in which after the growing season has started the plants appear 
unhealthy and the cause is apparently due to lack of nitrogen. 
A somewhat better commercial nitrogen fertilizer for forest tree 

nurseries is ammonium sulphate (NH,).SO,, obtained from the 

refuse in gas manufactories where the ammonia produced is fixed by 
sulphuric acid; the white salts contain about 21 per cent of nitrogen, 
which is only effective after being changed into nitrates. A simul- 
taneous fertilization with lime or carbonate of lime should be 
avoided, as in such a case by decomposition of the salts the ammonia 
becomes ineffective and evaporates. | 

Blood powder or blood guano, made from the blood of slaughtered 
animals mixed with powdered lime, contains from 10 to 12 per cent 
of nitrogen and from 1 to 2 per cent of phosphoric acid. Horn pow- 

der made from the refuse of horns, hoofs, and hair, ground and 

63186°—Bull. 479—17——6 
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dampened, contains from 10 to 12 per cent of nitrogen and from 5 to 
6 per cent of phosphoric acid. Both of these substances act rapidly. 

? 
POTASH FERTILIZERS. 

For the introduction of potash two salts, kainite and carnal- 
lite are good. These salts contain sulphuric acid and magnesia in 
addition to potash. Their use, especially that of the kainite, must be 
watched carefully, as the chloride easily corrodes the plants, so that 
too great a quantity should be avoided, especially directly before 
sowing or transplanting. Disregard of such precautions may lead 
to the total destruction of the plants. The most practical method is 
to mix the kainite in the compost heaps with the addition of lime, 
thus neutralizing the effects of any chlorine that may be liberated. 

PHOSPHORIC ACID FERTILIZERS. 

Bone meal and Thomas meal, also known as Thomas slag or basic 
slag, may be used to supply the soil with phosphoric acid. Crude 
dry bone meal contains from 20 to 22 per cent phosphoric acid and 
from 4 to 5 per cent nitrogen. Thomas meal, a by-product in the 
manufacture of steel, which is more generally used in European nur- 
series, contains from 11 to 23 per cent of phosphoric acid and from 
38 to 39 per cent of lime, besides iron, manganese, silicic acid, and 
magnesia. Possible damage may arise from the use of Thomas meal 
if it is applied just previous to planting the beds. 

LIME FERTILIZERS. 

Lime is not only an important plant substance found in all plant 
ashes, but it has an important influence on the soil; it hastens the 
disintegration as well as the decomposition of the organic sub- 
stances, neutralizes the free acids which may be injurious to the 
plants, such as humic and phosphoric, and makes the soil loose and 
friable. Some of the other fertilizers mentioned, bone dust and 
Thomas meal, contain lime, but with soil very deficient in lime a 
heavier addition may be necessary. For this purpose burnt lime, 
carbonate of lime, or marl may be used. 

The burnt or unslaked lime is the most effective form. It contains 
from 90 to 95 per cent of lime and is generally used as part of a 
compost. It may also be placed directly on the ground in small 
heaps and then slaked by pouring over it one-third its weight in 
water and covering with a layer of earth 3 or 4 inches thick. In 
24 hours it will change to a fine powder and should then be spread 
around and worked into the soil. 

The carbonate of lime is a natural product and is simply applied 
in a pulverized state. When mixed with sand and clay it forms marl, 
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a substance which is often found naturally in large beds and which 
can be applied directly as a fertilizer. It is an especially good mate- 
rial to add to light, sandy soil, on account of the clay contained. 

GREEN FERTILIZERS. 

The use of green fertilizer is the easiest and perhaps the cheapest 
method of supplying soils with nitrogen, and as it adds humus it 
improves their physical quality as well. The method consists in the 
raising of rapid-growing herbaceous plants and plowing them under 
before the stems become woody. The leguminous plants are pre- 
ferred for this ‘purpose. They have the ability, with the aid of the 
microorganisms in the soil to assimilate the free nitrogen of the air 
and store it in the root tubercles. A number of plants may be used, 

among which are the lupines, yellow lupine in particular, different 
kinds of vetch, field peas, cowpeas, beans, soy beans, dwarf beans, 

frijoles, and serradilla. Engler found that on all soil rich in lime 
field peas and cowpeas furnish the richest fertilization; on rather 

moist soil with little lime the yellow lupine is the most suitable; 
vetch is suitable only for heavy and compact soil and furnishes a 
cheap but not so rich a fertilizer; in high localities with rigorous 
climate and later sowing the field pea is recommended. Cowpeas 
are the most expensive, but they produce the greatest volume and, 
on account of their strong root development, are especially to be 
recommended for rough, hard soil or for soil which has long lain 
fallow. 

Vigorous growth of leguminous plants and the assimilation by 
them of free nitrogen is dependent upon the presence in the soil of 
certain fungi which live in a symbiotic relation with the plants. 
When such fungi are not present—their absence is indicated by the 
poor growth of the plants—they must be introduced. This is ac- 
complished by the so-called inoculation of the soil. Surface soil 
from other fields where legumes have grown in a flourishing manner 
is collected and sown over the new area at the rate of about 100 
pounds per acre. The same result can also be secured by the use of 
inoculating fluids, with which the seed are moistened. 

CHOICE OF FERTILIZERS. 

If only the chemical qualities of the soil need improvement chem- 
ical fertilizers may be introduced, but if the physical qualities need 
improvement the addition of humus will be necessary. The chemical 
fertilizers necessary can best be determined by experiment. Analyses 
of soil are inconvenient and expensive and give only temporary 
results, because the contents of the soil change with each year’s 
production of plants. It is preferable not to use fertilizers which 
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contain only one of the desirable elements. However, if this is neces- 
sary, it should be remembered that the growing of cover crops is the 
most inexpensive way of introducing nitrogen; that phosphorie acid. 
can be introduced by the use of Thomas meal and bone meal, both 
of which also add lime to the soil; and that potash is most cheaply 
introduced by the use of kainites. 

Commercial fertilizers (with the exception of those containing 
lime) do not improve the texture of the soil to any extent, and lime 
does not improve loose soils; commercial fertilizer is rather rapid in 
its action, making it preferable where quick effects are wanted, but 
is likely to be quickly lost through leaching out; it is expensive and 
sometimes difficult to obtain; and some of it contains only one or 
two of the elements essential to plant growth. Manure is also often 
difficult and expensive to obtain in sufficient quantities; if mixed 
with much litter not well decomposed it is likely to cause drying out 
of the beds; and it does not give such immediate results. On the 
other hand, it does not leach out rapidly, it improves the texture of 
both heavy and light soils, and it furnishes several of the elements 
which are essential to plant growth. 

In choosing fertilizers the absorption capacity of the soil must 

also be considered.. This is much greater in fine and clayey than in 
sandy soil; in the latter there is always danger of any soluble sub- 
stance, such as saltpeter, being washed out. In such cases the nitro- 
gen is best furnished by green fertilizing and stall manure, and 
lime by carbonate of lime instead of unslaked lime. 

TIME AND METHOD OF INTRODUCING FERTILIZERS. 

Inferior soil, even before the first crop is grown, should be fer- 
tilized. Fertilizer should be applied at a time when it will prove 
most beneficial to the plants. Stable manure which has not been 
well rotted should be applied the fall or winter previous to the 
spring planting. Such manure can be used just before sowing or 
planting if it is turned far enough under the soil so that it will not 
come in contact with the roots. Compost, bone meal, and slaked 
lime or carbonate of lime may be applied just previous to the sowing 
or planting of the beds. Thomas meal, kainite, and carnallite should 
be applied the previous autumn, or the last two in the spring just 
before sowing or transplanting, if used only in small quantities. 
Chili saltpeter should be scattered on the ground and worked in 
between the rows after the seed has sprouted, because it dissolves 

easily and is carried quickly into the soil by rain. The other 
fertilizers mentioned should be well mixed with the soil which makes 
up the root zone. It is better not to fertilize too deeply in order 
to encourage lateral development of the roots rather than develop- 
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ment in depth. The application of too great a quantity of fertilizer 
is not to be recommended. Aside from the expense it is likely to 
be injurious. Observations indicate that highly fertilized plants 
are more susceptible to heat; they do not lignify so readily in the 
fall, and that they are subject to frost danger. 

PRACTICE AT FOREST SERVICE NURSERIES. 

At the majority of Forest Service nurseries fertilizing has not 
been accorded much attention because they have been quite recently 
established, and there’has not been opportunity to study this ques- 
tion. At the Bessey Nursery horse manure is invariably mixed with 
‘sand and is not used until it has composted thus for a year, during 
which time it is turned two or three times and watered as often as 
necessary to prevent heating. It is applied at the rate of from 50 
to 120 tons per acre and a crop of cowpeas or soy beans is pro- 
duced on the area before it is again devoted to nursery purposes. 
Tt has been found here that soy beans produce more and larger 
root nodules than cowpeas. The application of fresh horse manure 
to the seedbeds just before sowing has proved unsatisfactory, be- 
cause the undecomposed material made the soil so loose that it dried 
out very rapidly, resulting in loss of seedlings from drought. 

At the Fort Bayard Nursery horse manure is applied at the rate 
of from 25 to 30 tons per acre, and then frijoles (Mexican beans) 
are grown for one season on the same area. These have not been 
plowed under. Crops of frijoles and nursery stock are rotated 
yearly. 

At the Monument Nursery, after the trees are removed in the 
spring, the area is given a liberal application of well-rotted barn- 
yard manure, which is plowed under to a depth of about 10 inches, 
and it is then sowed to field peas at the rate of about 75 pounds per 
acre. When the peas begin to blossom they are plowed under and 
a second crop sown to be plowed under just before the vines freeze. 
On the seed-bed area this operation is repeated the following year, 
but transplant areas are ready for use after one year’s treatment. 

At the Pilgrim Creek Nursery sheep manure is applied just before 
spading the beds at the rate of 44 cubic feet to 144 square feet of 
seed-bed surface and 45 cubic feet to 700 square feet of transplant-bed 
surface. The amount for transplant beds is to be increased, as it 
is not considered sufficient. 

At the Garden City Nursery manure and cowpeas were used in 
rotation with the nursery crops. Sand was also added to the heavy 
soil and improved it considerably. 

Because of the great increase in damping- off which has recut 
in some cases fee the use of organic fertilizers, especially dried 



86 BULLETIN 479, U. S. DEPARTMENT OF AGRICULTURE. 

blood, it is well to warn against the use of any rich organic fer- 
tilizers shortly before seed sowing. Ammonium hydroxide when — 
applied at the old Garden City Nursery was followed 3 or 4 weeks 
later by the almost complete destruction of the seedlings, apparently 
by damping-off fungi, although it is not absolutely certain that fungi 
were responsible. 

COSTS OF OPERATIONS. 

The cost of nursery operations, which are reflected in the costs of 
stock, are governed by so many conditions that they vary consider- 
ably at different nurseries and from year ‘to year. The different 
elements which effect the cost have been pointed out in the foregoing 
pages. With the bringing of all nurseries up to a good economic 
capacity, with a gradual decrease of overhead charges, which in 
some instances are at present rather high, and with still more im- 
proved methods of nursery practice and familiarity with the differ- 
ent species, it is expected that average costs can be considerably 
reduced in the future. The following represent some of the actual 
costs of past nursery operations: 

Cost per thou- Operation. sand. 

rowine 1-0 Stock see coc. ck joie ee Sak a hy eR ok Ee ey $0.33 to $1. oe 
Care of 2-0 stock........ Le - 06 to 
Transplanting stock 3 3 
Care of transplants first year 3 ; : 
Diggingspacking, and shipping of stock. 22 222422222822 2. seed sees --- 2 eee eee -74 to 2.43 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 
25 CENTS PER COPY 

Vv 



a a n 

% BULLETIN No. 480 ¥ 
f Contribution from the Bureau of Entomology ~ 

L. O. HOWARD, Chief 

Washington, D. C. A June 30, 1917 

SOLID-STREAM SPRAYING AGAINST THE GIPSY 
MOTH AND THE BROWN-TAIL MOTH IN NEW 
ENGLAND. 

By L. H. WorrHtery, Agent in Charge of Scouting and Extermination Work, 

Gipsy and Brown-Tail Moth Investigations. 

CONTENTS. 

Page. Page 

PA ROCIC HOM ete feeine set jonsisice esis sielain= -1-1-]=1= ~/-\~ 1 | Amount of solution to be used..-.-.....-.--- 8 
GS COmy eee ee ee nee eee ne eben swas sane T's | “Bressuressya. Seki 2 IES. Pe eS sie oar ae 9 

Description of apparatus.-.....-.---.-.------ 3 | Experiment to determine the distribution of 

AAD COGS. BOA See Ae! Rene eae 4 Dolsontonifoliagel ss .5 sence oe eee 10 

{DAG NOSIS S SEMA ee se Ba So aaa A) PShade-treerspra ying 2 ep hb nie eee eee 11 

NIC@ZARS 2 SShe8e.55h50 sae boca nee ee ee BEAU BORE 5) | sWioodlandispraivin o eect eee mete eee 12 

Motortruck/sprayeros:.-.---2--------------= 6 | Winter care of spraying machines and equip- 

eOISOnE ee ae A eae conch ee oan SCL 2c 7 p16ke) 0 Roc koe eee Be me a ars 2 ee ol Baebes 13 

Miiscin oh OISOMs ses seins sin- ecb es oes <t Sey Sima rye eee elas wepare ctvaroe eters ae ae 14 

PASC L ert OM Meer ace se acts cisiaielals eines ¢ sign elo 8 

INTRODUCTION. 

In nearly all parts of the United States damage is produced each 
year by leaf-eating insects, and the application of arsenicals, in the 
form of poison sprays, has been demonstrated to be the most efficient 

method of suppression or control. In the work of suppressing and 
preventing the spread of the gipsy moth and the brown-tail moth, 
spraying with arsenate of lead on an extensive scale has proved a 
very important factor. The magnitude of the insect problem which 

the ravages of the gipsy moth has developed in the New England 
States made it necessary to devise extensive improvements in insecti- 
cides and spraying machinery. 

HISTORY. 

When the work against the gipsy moth was first undertaken by 
the Commonwealth of Massachusetts, the problem was one of ex- 
termination rather than repression, and spraying with arsenical 
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poisons at that time was not regarded as an important factor. The 
State Board of Agriculture of Massachusetts later conducted ex- 
periments with insecticides which resulted in 1894 in the develop- 
ment of arsenate of lead as the most economical and effective poison 
for control work against leaf-eating insects. After these demonstra- 
tions, spraying became more general, owing to resulting effectiveness 
as well as to a considerable reduction in expense, and this naturally 
led to the modification and improvement of machinery and appa- 
ratus for applying mist sprays. 

In 1895 the late J. A. Pettigrew, while superintendent of Prospect 
Park, Brooklyn, N. Y., began solid-stream spraying, and in the 
Yearbook of the United States Department of Agriculture for 1896 
there appears an article by Dr. L. O. Howard on the subject. The 
sprayer assembled by Mr. Pettigrew had steam as its motive power, 
the pump and engine being connected to a watering cart. (PI. IT.) 
Owing to the discontinuance of appropriations by the Legislature 

of Massachusetts, the gipsy-moth work was stopped in 1900, and no 
State work was carried on in combating this pest until May, 1905, 
when a further appropriation was made. 

In 1905 the late Gen. S. C. Lawrence, of Medford, who was in- 

tensely interested in the work of combating the gipsy moth on his 
large estate and others surrounding it. saw the necessity of larger 
machines for spraying and purchased a high-power machine which 

was operated by an air-cooled gasoline engine and had a triplex 

cast-iron pump. This machine did very good work, but its use indi- 
cated that further improvements were desirable. 

Through the efforts of the writer, while in the employ of the 
State of Massachusetts, some important mechanical devices in solid- 
stream spraying were constructed, and during the last few years, 
while carrying on the scouting and extermination worl: for the 
Bureau of Entomology, United States Department of Agriculture, 
further improvements have been made. Many of these improvements 
are now being extensively used in New England, but in order that 

others contemplating the use of such apparatus may know the most 

economical and practical methods the following suggestions, illus- 

trations, and tables are submitted. 
After a careful inspection of the territory surrounding the known 

infested area in Massachusetts, it was found that it had increased 
from 359 square miles in 1900 to 2,500 square miles in 1905. It was 

apparent that a considerable amount of spraying must be done, but 

the apparatus available for so large an operation was insufficient 

and indequate, there being hardly any spraying machinery on the 

market except that principally used for orchard spraying. After 

the first season’s work efforts were made to improve spraying ma- 

chinery, so that the work could be brought to a higher degree of 
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efficiency. Our efforts led to the construction of a high-power solid- 
stream machine, which was an improvement over those used in the 
previous season. These machines were assembled from stock parts 
purchased in the open market and consisted of stationary engine, 
with battery ignition and single cylinder or duplex pump. 

While the results accomplished were an improvement, they were 
not satisfactory as the pump did not furnish a steady pressure and 
the engine caused too much vibration. In 1907 a two-cylinder 
marine engine and triplex cast-iron pump were used. This machine 
was an improvement over the first, but the pump would not stand 
high pressure and its use resulted in a large amount of valve trouble. 
Later a four-cylinder marine engine was used with high-tension 
magneto and a triplex pump made of phosphor-bronze having metal 

valves. This proved satisfactory, and practically the same outfit is - 
in. use to-day. 

DESCRIPTION OF APPARATUS. 

The high-power solid-stream sprayers being used by the Bureau of 
Entomology are assembled as follows (PI. III): 

Caravan running-gear, U-shaped tank, phosphor-bronze pump, 14- 
horsepower marine engine. Running gear built of best oak stock 
with high-grade iron. Wide tires on wheels, cut-under front wheels, 
with springs all around, fitted for a two-horse hitch. Tank made 
from select pine stock, capacity of at least 400 gallons, with a solid 
roof capable of carrying supplies on the top. An arch made of heavy 
steel straps is bolted on the inside to protect the agitator. This ar- 
rangement provides space in the tank for storing the hose while the 
sprayer is being moved from place to place and eliminates the need 
of a supply wagon, reducing the cost of operation about $5 a day. 
The roof extends over the engine, and side curtains are used to protect 
it from weather. Pump, triplex type, with cylinders, valves, valve 
chambers, and plungers made of a high-grade phosphor-bronze with 

a tensile strength of 35,000 pounds per square inch. This makes a 
much lighter and more compact pump’than would be safe if cast iron 
was used, as the latter rarely has a tensile strength of more than 
15,000 pounds per square inch. ‘The cylinders and displacement 
chambers are cylindrical in design, so as to offer no flat surfaces to 
pressures; thus greater strength can be secured with the same amount 
of metal. The valves and waterways are extra large to permit high 
speed while filling. The valve chambers are so designed that any 
one valve may be removed without disturbing another. The uprights 
are made of high grade iron with babbitted bearings. The crank is 
a drop-forging which usually has an elastic limit of over 74,000 
pounds per square inch and is not subject to crystallization. Cast- 
iron cranks should be avoided, as they usually have an elastic limit 
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not exceeding 40,000 pounds. The pump is attached to the engine by 
a durable clutch, with gear and pinion. Connected with the pump 
are two automatic safety release valves, one set at 300 pounds and 
the other at 350 pounds. By having two release valves a variation 
of pressure can be obtained from 275 pounds to 375 pounds without 
making any change in the release valve and not running the engine 
at an excessive rate of speed. These valves are properly set and 
should not be adjusted in the field. 

THE ENGINE. 

The engine is a 4-cycle, water-cooled type, having four cylinders, 
with a maximum of 14 horsepower, and is equipped with a high-ten- 
sion magneto, and so oiled as to require little attention from the en- 
gineer. The cooling system consists of a coil of pipe submerged in 
the spray tank and fed by a supply tank located near the engine. 
The gasoline tank has a capacity of 10 gallons. The agitator consists 
of three long paddle blades extending the entire length of the tank 
and has proven more satisfactory than single propeller blades. 

The safety or release valve is so arranged on the delivery line that 
the solution is automatically released into the spray tank whenever 
the nozzles are shut off. The piping, wherever subjected to high pres- 
sures, is extra heavy, with double-strength fittings, and isso arranged 
on the pressure side that the solution may be delivered into the hose 
for spraying or diverted into the tank when filling. The suction 
line is arranged so that the solution may be drawn directly from the 
tank or water from the suction hose when the tank is being filled. 

While this arrangement is not essential in spraying work, it enables 
this apparatus to be used for other purposes, such as fighting 
fires, etc. 

THE HOSE. 

Hose used in high-power solid-stream spraying should be con- 
structed to stand a working pressure of 600 pounds, with couplings 

especially adapted for high-power work. Hose used in this work 
not only has to stand high pressures, but is also subject to severe 
strain in pulling and hauling that is necessary especially in wood- 
land spraying. Unless a very high grade 10-ply hose is used, with 
heavy inner tube and outer walls, it is advisable to have 7 or 8 ply 

hose covered with a cotton jacket treated to prevent mildew and in- 
crease wearing quality. It is also advisable to use high-grade hose, | 
whether covered or not, as the life of it will be so extended as to re- 

duce the yearly cost to a considerable extent. Couplings should be 
constructed so as to make it impossible for them to blow off under | 
pressure and to offer as little resistance as possible when the hose 

is being pulled. In woodland spraying parts protruding from cou- | 
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A NEw FEATURE IN HOSE COUPLINGS. 

High-power hose equipped with quick-hitch couplings. A, Uncoupled; B, coupled but 
not fastened; C, coupled and fastened. (Original.) 
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COMPARISON OF OLD AND NEW Type NOZZLES. 

Nozzles for solid-stream sprayer. A, Old type nozzle; B, latest type, known as the 
Worthley nozzle, with spreader; C, smaller size, same typeas B. (Original.) 
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COMPARISON OF DETAILS OF THE OLD AND THE IMPROVED TYPES OF NOZZLES. 

Fic. 1.—Old type nozzle. a, Shut-off open; 6, Hopkins; c, square top of Hopkins; d, taper 
at base of tip. Fie. 1A.—Square waterway inshut-off; a, opening of pipe above and below 
shut-off; b, rectangular opening in shut-off; c, protruding sheulder in shut-off when open. 
F fee —Cross section of tube and Hopkins, showing Hopkins loose in the chamber of the 
nozzle. 

Fic. 2.—Base of Worthley nozzle. a, Swivel handle; b, shut-off handle; c, shut-off closed; 
d, base of tube of nozzle. Fic. 2A.—Clear waterway in shut-off when open. Fic. 2B.— 
Details of the shut-off; a, shut-off open; b, nut; c, shut-off handle; d, washer. 

Fic. 3.—Tip of Worthley nozzle. a, Method of holding Hopkins in position in top of tube; 
b, top of Hopkins leveled to sharp edge; c, condensing head in end of tube; d, beveled 
base of Hopkins; e, protecting shoulder. Fic. 3A.—Cross section of tube and Hopkins. 
a, Hopkins firmly held in place at top of{tube. (Original.) 
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plings are a great hindrance to the work, as they become entangled 
in twigs, rocks, and other obstructions. Recently there has been 

placed on the market a quick-hitch coupling that is easily connected 
without the use of wrenches and is being used by this Bureau in 
its spraying work. It promises a great saving in time when long 
lines of hose are being used. (PI. IV.) 

NOZZLES. 

From observations made by the writer on solid-stream spraying 
operations in 1907, 1908, and 1909 it was evident that the nozzles 
being used were not giving satisfaction and that some improvement 
should be made. The nozzle then in use had a long, tapering tube 
with the shut-off near the tip or at the base and was constructed so 
as to offer considerable resistance to pressure. ( Pl. V,a.) The “ hop- 
kins ” (a finlike arrangement used in open-bored nozzles to stop the 
circular movement) was placed near the hose end and the tips were 
tapered nearly to the end, which caused the stream to spread, by 
reflex action, immediately after leaving the tip. Water passing 
through lines of hose takes a spiral motion, owing to the spiral 

winding in the manufacture of the hose. 
Experiments were conducted in 1909 and 1910 for the improve- 

ment of solid-stream nozzles, and resulted in the production of a 
nozzle that gave much more satisfaction, gaining at least 25 feet in 
the height of the stream, working at the same pressure, with the same 
size tip, and using the same amount of solution. Later it was ob- 
served that some means should be devised for breaking the force of 
the stream, so that small trees and the lower foliage of large trees 
could be properly sprayed. For this purpose a strip of brass, slightly 
curved, about 10 inches long and 14 inches wide, known as a spreader, 
was attached to a brass ferrule about a foot in length, so that it could 
be moved up and down the tube of the nozzle. When this brass strip 
is slid beyond the tip the force of the solution coming in contact with 
it is broken up into a fan-shaped stream, thus giving a good mist 
spa CEL, Wb, c. ) 

Solid-stream nozzles now being used have a full-way shut-off at 
the hose end which is packed on both sides to prevent leakage, and a 
reduction is made in the condensing head for a tapered way of ap- 
proximately 1 inch in length. The “hopkins” is placed directly in 
the end of the tube, straightening the stream practically at the tip 
entrance. The tips are all bored from solid metal, making an abso- 

lutely smooth waterway. A swiveled handle is provided on the large 
nozzles to permit them to turn freely when the hose twists, without 
annoyance to the nozzleman. The introduction of this nozzle prac- 
tically eliminated the climbing of forest trees in spraying. For full 
details of construction, see Plate VI. 
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MOTOR-TRUCK SPRAYER.’ 

The first motor-truck sprayer used in New England was built in 
the winter of 1910 along lines suggested by the writer. This sprayer 
was used by the State of Massachusetts and gave such satisfactory 
results that several others have been built and are being used in that 
State. (PI. I.) 

In the fall of 1915 a machine of this type was built for the Bureau 
of Entomology and has been used to great advantage during the past 
summer. 

Profiting by the experience secured when the other machines were’ 

constructed, the one built for the Bureau was improved and per- 
fected in many respects, so as to render its operation more perfect 

and economical. A machine of this type is particularly useful where 
work has to be done in locations demanding the use of long lines of 
hose and where water must be hauled long distances. It can ac- 
complish more work in a single season than four horse-drawn high- 
power sprayers and can be operated more economically on account 
of saving time on the road and reduction in the number of men 
needed. 

One and one-eighth inch hose is used on this machine, as it does 
not offer as much resistance as the hose of smaller diameter, and 
makes it possible to maintain proper pressures at the nozzle when 
2,500 feet of hose is required. Two automatic safety release valves 
are connected to the pump, one set at 300 pounds and one at 500 

pounds. The maximum pressure needed on 2,500 feet of 14-inch 
hose to obtain 225 pounds at the nozzle is 475 pounds, against ap- 
proximately 600 pounds in the case of 1-inch hose. 
When 1-inch hose is used the pressure must be increased 50 pounds 

for every 100 feet that the nozzle is operated above the level of the 
sprayer. With 11-inch hose a slightly greater pressure is required. 
This matter must be given careful attention when lines of hose are 
run to hilltop areas which are at much greater elevations than the 
sprayer. 
When the sprayer truck combination is not in use the pump and 

tank attachment can be easily removed and a commercial body 
attached which can be used in transporting supplies to and from the 
field. (Pl. VII.) 

The construction of the motor-truck sprayer is of special design, 
owing to the double work which it is called upon to perform. As 
the truck must propel itself and at the same time maintain high 

1 Since this manuscript was prepared a more powerful truck sprayer has been designed. 

For this purpose a 5-ton truck with a worm drive and a pump of greater capacity has 

been used. This outfit is to be used in difficult spraying work in the border territory of 

the gipsy moth infested region. 
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pressure for spraying, it is necessary to have an engine transmission 
of extra strength, and many other parts are oversize from what 
would be necessary for an ordinary 3-ton truck. The chassis is of 
1-inch beam construction, with platform springs and chain drive. 
The engine is 45-60 horsepower and has an internal governor. It 
has three speeds forward and one reverse, with special transfer 
arrangement to the pump which makes it possible to spray while 
traveling or standing. The controls for operating either the truck 
or spraying attachment are easily reached from the driver’s seat. 
The pump is practically the same as those on horse-drawn outfits, 
with the exception that it is reinforced in many places to stand extra 
high pressures. The tank is of the U-shaped type, with a 400-gallon 
capacity. 

In doing street-tree or readside spraying, the motor truck is espe- 
cially adapted, as very little time is wasted in securing water. 

POISON. 

The amount of poison to be used varies with different insects, as 
some species will withstand more than others. In the case of the 
apple-tree tent caterpillar (I/alacosoma americana Fab.) about one- 

half the amount of poison is required that is necessary to kill the 
gipsy-moth caterpillars. It is obviously wasteful to use an unneces- 
sary amount of poison. In the case of the gipsy moth, 10 pounds 

of arsenate of lead and 100 gallons of water is sufficient until the 
caterpillars have passed the third stage; then the poison should be 
increased to 124 pounds to 100 gallons of water. This increase is 
necessary, as the caterpillars are more resistant to poison as they 
grow older... 

Spraying against any leaf-eating larva at the time when it is 
about te change to the pupal stage is not as a rule satsifactory, as 

very little feeding is done for a few days previous to transforming. 
In purchasing arsenate of lead paste, the following specifications 

have been found satisfactory: 
Fifty per cent actual dry arsenate of lead, not less than 15 per cent 

arsenic oxid (As,O,), not more than three-fourths of 1 per cent of 

soluble arsenates, no free acids, no adulterant or inert substances. 
Arsenate of lead should be in a good mechanical and physical condi- 
tion and should be subjected to analysis. 

These specifications carry 3 per cent more arsenic oxide (As,O,) 
than is required by Federal law, but much better work is done than 
by the weaker percentage and with more economy. 

Poison carried over from one season to another in wooden con- 
tainers should be tested before it is used to ascertain if it contains 
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the proper amount of moisture, otherwise a larger amount of actual 
arsenate of lead may be used than is necessary. | 

Dry arsenate of lead has been tried on a small scale and has given 
good results. It has not been used extensively, as it is more expen- 
sive than the paste form. 

MIXING POISON. 

Arsenate of lead in paste form can be obtained in different- 
size steel drums or wooden packages, and should contain 50 per cent 
water. The lead, being heavier than the water, readily settles at the 
bottom of the container and should be stirred to an even consistency 
before being mixed with water for spraying. If this is not properly 
done an uneven strength of the solution is the result and consequently 
spraying operations are often unsatisfactory. This is one of the 
parts of a spraying operation that is easiest to neglect, and in order 
to secure an even solution a mixer has been devised, as shown in 
Plate VIII. It can be attached to a 100-pound drum of arsenate of 

lead and the contents brought to an even consistency in from 3 to 5 
minutes. The lead should be poured into another drum to make sure 
it is thoroughly mixed, thus increasing its efficiency and lessening 
the cost of labor. 

AGITATION. 

Agitation is one of the most important factors in the operation of 
any spraying machine, owing to the fact that if constant and 
thorough agitation is not maintained uneven results may be expected. 
In some power machines the agitator is in motion only when the 
pump is working, but this is not a satisfactory arrangement. If the 
machine is aye al from one location to another and the pump is 
stopped a large part of the poison will settle to the bottom of the 
tank. It is very difficult to get arsenate of lead again into suspen- 
sion, under such conditions, as it has to be sucked gradually from 
the bottom of the tank by the agitator, which will not function as 
well as if the poison is not allowed to settle. 

On all machines the agitator should be directly connected with the 
engine and when the pump is not in use the engine should be run 
slowly, so as to keep the solution well mixed until the tank is empty. 

AMOUNT OF SOLUTION TO BE USED. 

The amount of solution used in solid-stream spraying should be 
carefully guarded, as it is very easy for considerable waste to occur. 
With high-power outfits using 1-inch hose and one-fourth-inch tip 
on the nozzle, from 25 to 35 gallons of solution is being delivered 
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AN IMPROVED TYPE OF POISON MIXER. 

Poison mixer attached to 100-pound drum, showing paddles. 
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every minute, and as the average shade tree contains about 3,000 
square feet of foliage and 94 gallons of’solution will actually cover 
this amount of foliage, it is practically impossible to prevent a small 

amount of waste, although a much smaller percentage than would be 
supposed results if care is taken by the nozzleman. One-half minute 
of solid-stream spraying at the proper pressure will ordinarily spray 
the average shade tree. 

There are several conditions which would cause this estimate to 
vary, such as high winds, location of tree, etc. In directing solid- 
stream spray, the force of the stream should never be allowed 
to strike the foliage, as the solution will not adhere, but is driven off. 

It should be applied in as near a mist form as possible. In the spray- 
ing of shade trees care should be taken to direct the stream so that 
the mist will blow or drift through the foliage. It is not always 
possible to spray all sides of a tree, but it can usually be completely 
sprayed by drifting it through or by allowing the stream to go over 
the tree. In spraying trees on country roadsides, where the water 
supply is not always easy of access, considerable time can be saved 
‘by filling the tank when there is an opportunity, even if it is not 
empty. If this is done an accurate method should be worked out to 
determine the amount of water to be added so that the proper weight 
of poison can be placed in the tank. Considerable time is required 
to secure water, even if hydrants are available. 

PRESSURES. 

A knowledge of the correct pressures to use in solid-stream spray- 
ing is most essential. As has been previously stated, the solution 
should reach the leaves as a mist if best results are to be obtained. 
If this is not done much poison is wasted, and if the force of the 
stream is allowed to come in direct contact with the foliage it often 
tears and damages the leaves. 

After several years experience and many experiments, it has been 
concluded that to cbtain the best results the pressure at the nozzle 
when 1-inch hose is used with any sized tip should be 225 pounds in 
order to break the stream into a mist at the proper place. 

It has been determined by tests shown in Table I that it is 
not practical to use over 1,500 feet of 1-inch hose with the high- 
power machine when a one-fourth-inch tip is used, and not over 600 
feet of 1-inch hose when a five-sixteenths-inch tip is used. 
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TaBLeE I.—Correct nozzle pressures for different lengths of hose and sizes 
of tips. 

Pressure at the machine. 

Nozzle 
Length of hose. | ,possure.| One- Three- One- Five- 

eighth |sixteenths| fourth | sixteentus 
inch. inch. inch. inch. 

Fert. Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
100M 22S: 225 225 225 240 250 
DLL). See, eas 225 225 225+- 250 275 
Si ae eee 225 225 230 260+ 300 
CN Deeeomsaee 225 225 240— 275+ 325 
Th eet sree 225 225 250— 290— 350 
BOQR Ee sete 295 225 250/ 305— 400— 
(At Se tee 225 230 255 teed mes se-isq5 
8002 2523. 225 230+ 260 3207 fleas 
Ls eebeps hee 225 235 265 B00 * Cees 
IN Nae eee 225 235-++ 268 340) jit ceeeees 
TAIOO eee 225 240— 27 350) | canoe 
EDO Rk Ane 225 240 272 360), | Seqegoteeee 
TS00 Meee uee 225 240+ 275 BAU) 5 al =e mA, 
D600. Sree ee 225 240+ 278 390 = Pleia- ecco 
TODO bere iee.s = 225 245— 280 S10" ye Seca 

The tables submitted are actual readings taken in the field, and 
the nearest to a 5-pound point was taken. Some of the variations 
can only be explained by the expansion of the rubber hose, which 
also explains the difference from the friction loss in 1-inch iron pipe.t 

EXPERIMENT TO DETERMINE THE DISTRIBUTION OF POISON 
ON FOLIAGE. 

In order to determine how thoroughly trees were being sprayed 
by using the solid-stream method a number of experiments were 

conducted during the summer of 1916. 
For this purpose a series of ferrotype plates, 14 by 10 inches, 

were secured and treated with black coach paint so that any spray 
coming in contact with them could be seen. The plates were num- 
bered and attached to bamboo poles about 12 feet in length. This 
was done by splitting the small end of the pole, and after inserting 
the plate it was sewed in place securely with copper wire. 

The plates were then placed in different positions and at different 
heights in trees that were to be sprayed and a record secured of the 
effectiveness of the work. (Pl. IX.) This is a method that can 
be used by anyone to test the thoroughness of spraying for leaf- 
eating insects. 

One test was conducted to determine the time required properly to 

spray a shade tree when the solid-stream method is used. The 
tree selected was 65 feet in height, and excellent results were se- 

cured by applying the spray for half a minute. A glance at Plates 
X and XI shows the thoroughness of the treatment in this test and 
illustrates the value of this method of spraying when properly used. 

1 See Engineering Work in Towns and Small Cities, by Ernest McCullough, 1906, p. 359, 

Pumping Machinery, by William M. Barr, 1908, p. 108. 
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SHADE-TREE SPRAYING. 

The spraying of shade trees with arsenate of lead should be ac- 
complished at as early a date as possible after the foliage has suf- 
ficiently developed. (PI. XII.) Early spraying not only applies to 
the gipsy moth, but will poison many brown-tail caterpillars, as they 
are much earlier feeders than the gipsy moth. In the case of the elm 
leaf-beetle (Galerucella luteola Mill.) much is accomplished in pois- 

oning the adult beetles, which do a small amount of feeding after 
coming out of hibernation before mating and laying eggs, as they are 
very easily poisoned at that time. It is often argued that solid- 
stream spraying on street trees is too expensive and that the work can 
be done much cheaper with smaller apparatus. The principal reason 
for this is because of the low first cost of the smaller outfits. (PI. 
XIII.) This may be true for a single year, but for two or more years 
the solid-stream method is the cheaper. The total cost of the most 

expensive high-power apparatus on the market at the present time is 

approximately $1,500 for a complete equipment. It is safe to figure 

depreciation at the rate of 20 per cent each year, although there are 
machines in the field at the present time that have been used 8 
years and have only required an annual overhauling and the replace- 

ment of small worn parts. In 20 days’ spraying one large machine 
should treat 10,000 shade trees. This would average only 3 cents 
for each tree in depreciation which is not prohibitive to any munici- 

pality. Taking everything into consideration, the entire cost of 
spraying shade trees with the solid stream does not exceed 12 cents 
per tree if the work is managed properly. The following figures are 
submitted to show how the cost per day is computed for 20 working 

days: 

1 pair of horses and driver_____--_~ pi eas oan Bees SG900, 

3. HASH, {SLOVO GSS EKO Nas eS eg a dn 8 Soe OS 7. 50 

560 pounds of poison, at 5 cents per pound RES 28. 00 

10 gallons of gasoline_____ Sel Mest a 1. 80 

dvzallonvor oil -s_ 2) ae a SE, Sema ee TE SEE . 30 

Depreciation per day at 20 per cent per year___________ 15. 00 

$58. 60 

The average number of shade trees sprayed with each 400 gallons 
of poison is 35, and 14 tanks (5,600 gallons) in 8 hours is a good 
average, totaling 490 street trees per day, making the average cost 
per tree about 112 cents. In treating shade trees, where any consid- 
erable amount of spraying is to be done, the use of small outfits in 
mist spraying is much more expensive than the solid-stream method. 
In an experiment conducted during the summer of 1916 the cost of 
treatment with a small hand outfit was more than twice the amount 
per tree that. it was when the solid stream was used. While one can 
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find considerable variation in the cost of applying the mist spray, 

either with gasoline or hand outfits, it is more than double the cost 
of solid-stream spraying, which, in the long run of the season’s 
work, will equal an amount that will more than two-thirds pay for a 
high-grade solid-stream machine and equipment. By following the 
mist method for two seasons a high-grade outfit has practically been 
thrown away and with no asset shown for money expended. 

WOODLAND SPRAYING. 

In woodland or park spraying the solid-stream method is in a class 
by itself, as the climbing of trees over large areas makes the mist 
method not only too slow but Jaborious and expensive. With a high- 
grade solid-stream machine properly equipped an average of from 12 

to 15 acres can be sprayed in a day. This applies to large areas 
where machines can be operated without the necessity of moving any 
great distance in the day’s work. Twenty-one acres of woodland, 
consisting mostly of trees 60 to 70 feet high, is the maximum treated 
in asingle day. (Pl. XIV.) In this instance the water supply was 
convenient and easily accessible. The solid-stream machine for wood- 
land spraying should be equipped with from 1,000 to 1,500 feet of 
1-inch hose; 100 feet of 24-inch suction hose, suction strainer, two noz- 

zles (one long and one short), and with each nozzle one of the fol- 

lowing tips: +5, 4, #5, 4 inch bores. The nozzles should be equipped 

with a brass spreader for spraying undergrowth and low foliage. 
(Pl. XV.) Hose should be provided with couplings that will not 
blow out—if expensive delays are to be avoided. Spraying in wood- 
land should be arranged so that whenever possible the location of 
the hose may be changed while the sprayer is being filled. Much 
time will be lost if this is not done, and 10 men are usually necessary 
where long lines of hose are being used, 
Men should be so located on hose lines that the nozzlemen will not 

be hindered by the weight of hose. The number of men needed in 
woodland spraying is determined entirely by the lengths of hose 
used. One hundred feet of 1-inch 8-ply cotton-covered hose weighs 
84 pounds, and carries 4.8 gallons of water weighing 32.64 pounds, 
making the total weight when spraying 116.64 pounds. This makes | 
it necessary to assign a man to every 100 feet, besides the nozzleman. 
The cost of woodland spraying where large areas are involved aver- 
ages about $5.50 per acre. Where only small areas are sprayed the 
cost is much greater. Six hundred gallons of solution, when prop- 
erly applied, will usually spray an acre and no climbing should be 
necessary. In experiments recently conducted, a pine tree 994 feet 
high was successfully sprayed from the ground. Good results can 
usually be obtained in woodland spraying by directing the stream 
through the open places in the foliage in order to minimize damage 
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TESTING THE DISTRIBUTION OF POISON SPRAY. 
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THE SOLID-STREAM SPRAYER IN OPERATION. 

Spraying shade trees along the streets With solid stream. (Original.) 



Bul. 480, U. S. Dept. of Agriculture. PLATE XIII. 

THE UNSATISFACTORY, OLD-TIME SPRAYING OPERATION WITH A HAND OUTFIT. 

Spraying shade trees with hand outfit. hese eeines to be climbed in order to treat the tops. 
(Original. 
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TESTS FOR DISTRIBUTION OF POISONED SPRAY AT EXTREME HEIGHTS. 

Spraying oak 85 feet high in woodland. Note the distribution of the poison spray on the plate 
located at top of tree. (Original.) 
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ADAPTATION OF THE SPREADER IN SPRAYING OPERATIONS. 

Spraying low growth, using spreader. (Original.) 
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to the leaves, and at the same time thoroughly treat the surrounding 
foliage. By using a spreader on the nozzles the lower foliage and 
undergrowth can be properly sprayed with much less damage or loss 
of solution than if the solid stream is apphed. The essential thing 
in woodland spraying is to keep the nozzleman moving. Poison is 
sure to be wasted when stops are made for any length of time. Care- 
ful arrangements for water supply should be made in advance. 
Damming of brooks or digging holes in low ground to provide an 
accumulation of water will reduce the cost of spraying to a great 
extent. It sometimes becomes advisable in the spraying of large 
wooded areas to build temporary roads. This is often necessary 
from an economic standpoint, as the average wood road suitable for 

spraying machines can be built for 5 cents per square yard, and re- 
sults in a great saving in the aggregate spraying cost. Especial care 
should be taken in the spraying of conifers, as the leaf area is very 
small and the stream must be broken into a fine mist in order to have 
the solution adhere. 

WINTER CARE OF SPRAYING MACHINES AND EQUIPMENT. 

Failure to take proper care of a spraying outfit is responsible for 

most of the difficulties and delays that result during the spraying 
season. This is particularly true in regard to the precautions that 
should be taken when the spraying season is over and the machine is 
laid up for the winter. If careful attention is not given to the appa- 
ratus at this time, many difficulties and delays are likely to result 

during the following season. 
Each machine should be taken to a convenient water supply and 

clear water forced through the pump and hose until both are per- 
fectly clean. The running gear should be thoroughly washed. After 
this has been done the hose should be laid away for the winter. Stor- 
ing hose in coils should be avoided. The machine should be properly 
drained of water and all metal parts coated with heavy grease. Care 
should be taken that all valves and petcocks are open, and the plugs 
and packing in the pump should be removed for the winter to allow 
the latter to drain. After the water has been properly drained from 

the engine and the circulating pipes have been disconnected the engine 
should be started and run for a few minutes so as to force the water out 
of the pump and check valves into the water jacket of the engine, where 
the heat will cause it to evaporate. Care should be taken not to allow 
the engine to become overheated while being run under the above 
conditions. After this has been done the spark plugs should be 
removed and wrapped in oiled cloth to prevent rusting. After the 
spark plugs have been removed, pour a cupful of cylinder oil into each 

cylinder and turn the engine over a few times, so that the oil may be 
worked in around the piston rings. Cork stoppers should be placed 
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in the spark-plug holes to prevent moisture from entering the eylin- 
ders. The panels should be taken from both sides of the engine and 
all oil removed from crank case, after which the crank shaft and 

connecting rods should be coated with heavy grease. A few drops 
of light oil should be worked into all metal parts of the magneto 
bearing to prevent rusting. 

SUMMARY. 

The subject of spraying, either solid-stream or mist spray, should 
be given very careful consideration, as the importance of securing 
good results is imperative. If they are accomplished, much more 
interest and cooperation may be expected in the problem of con- 
trolling leaf-eating insects. It often happens that those responsible 
for the results do not give sufficient attention to important details 

until it is too late in the season to secure the best results. One should 
familiarize himself with every phase of spraying, so that he may 
be able to cope with all conditions. While there are still those at the 
present time who do not feel that solid-stream spraying with arsenate 
of lead can be as effective as that done with smaller machines and mist 
nozzles, all will concede that much good work has been accomplished 
in the gipsy-moth area in New England with solid-stream spraying. 
While the solid-stream method is confined almost entirely to shade- 
tree and forest spraying it has been used successfully in orchards 
(Pl. XVI). Solid-stream work is not necessarily confined to the 
highest-power machines, as good results may be obtained on a small 
scale with medium-power machines capable of delivering a solid 
stream of smaller size, and which at the same time may be easily 
converted to mist-spray work. This also applies to the larger 
machines. 

The problem of fighting the gipsy moth and the brown-tail moth is 
of such magnitude and general economic importance that it would 
be impossible to do the necessary spraying in the infested area with 
mist spray and small machines. During part of many seasons the 
weather is not suitable for spraying, and when conditions are right 
a large amount of spraying must be accomplished in a short time. 

The work of several boring insects which have riddled our shade 
trees in the past few years has also made climbing of them much 
more hazardous, but this must be done if the mist spray is used. If 
climbing is resorted to, the expense is prohibitive, especially in wooded 
areas. 
Many times the question is asked, “Why pursue other methods 

of fighting the gipsy moth and the brown-tail moth; why not confine 
it entirely to spraying?” There are several reasons; the nature 
and severity of the infestation must be taken into consideration, 
and the proximity and danger of spread to noninfested regions. 
If extermination is to be expected it would not be wise to confine all 
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efforts to spraying. If the infestation is severe and egg clusters are 
very numerous they should be treated with creosote prior to spraying. 
What is termed “rough creosoting” consists of treating the egg 
clusters, which can be easily reached in areas to be sprayed. In 
rare cases infested shade trees are located near buildings where 
it is impossible to spray without defacing the buildings to some 
extent. This can be avoided, however, if buildings are first wet with 
clear water. If the infestations are located in pasture lands, proper 
precaution should be exercised so that live stock will not be poisoned. 
Poison notices should be placed in conspicuous places in all locations 
where spraying is done. 

From 800 to 1,000 tons of arsenate of lead and about 500 high- 
power solid-stream machines are being used each year in the New 
England States in fighting the gipsy moth. Thousands of acres 
of park and orchard trees and woodland in addition to approxi- 
mately 20,000 miles of street trees are being sprayed. When spray- 
ing is properly done to control the gipsy moth, very little trouble 
is experienced with other leaf-eating insects. 
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WOODLOTS OF THE EASTERN STATES. 

In the farming sections of the eastern States 1 the farm woodlot is 
a conspicuous feature. Small woodlots are almost always in sight, 
and sometimes fill so much of the view that they seem more extensive 
than the greater areas of cultivated land which are shut off by the 
screen of trees. In the longer settled regions and near the prairies 
the woodlots are relatively small and scattered; but as the topog- 
raphy grows rougher or a region is approached in which the farmer 
is really a pioneer settler, the woodlots increase in size until they 
become indistinguishable from the forest. The average size varies 
from about 5 acres in the older farming sections to 150 or 180 acres 
in the newer ones, such as northern Minnesota and one coast county 
of South Carolina. For the eastern States, as a whole, the Thir- 
teenth Census (1910) showed the average size to be a little less than 
30 acres.” 

1 Except where the contrary is specified, this bulletin deals only with the States as far 
West as, and including, Minnesota, Iowa, Missouri, Arkansas, and Louisiana. The 

Southern part of Florida (21 counties) is excluded. 

*Since the statistics do not show the number of farms with woodlots and the number 

Without, it is necessary to assume that every farm has one. As a matter of fact, there 

are many farms with little or no timber growth, especially in the longer-settled and the 

Prairie regions, so that the average woodlot is really a little larger. 

63299°—Bull. 481—17. 1 i 
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Considering the small size and the separate ownership of the wood- 
lots, which has prevented their exploitation by any systematic plan 
such as is used in large-scale lumbering, the aggregate income which 

the farmers receive every year from the sale of their woodlot prod- 
ucts is surprisingly large. In 1909,1 for example, it amounted in 
the eastern States alone to nearly $170,000,000—more than the value 

of the entire potato crop in the East, nearly double that of the 
tobacco crop, and over twice that of the combined barley and rye 
crops. This income, however, can not be regarded as a perpetual 
income; it is secured very largely through the destruction of the 
woodlot in clearing land for cultivation. While the aggregate in- 
come from the sale of farm wood was increasing over 90 per cent 
between 1880 and 1910, the aggregate area of the woodlots was de- 
creasing nearly 15 per cent, or at a rate of one-half of 1 per cent per 
year. <A still further reduction in woodlot area must be regarded 
as inevitable. Although such a reduction, if carried to an extreme, 
would mean the loss of a convenient and cheap local timber supply 
for the farms, yet when the land cleared is at once devoted to raising 
more paying crops the removal of farm timber is entirely justifiable 
and desirable. 

- However the woodlots may be reduced in area, they will not dis- 
appear; for timber can be made an actively growing crop, often 
capable of yielding better returns than any other that can be grown 
on the poorer soils and situations of the farm. By proper manage- 
ment the quantity of wood products raised within a given time can 
be increased and the quality improved, and the woodlot can either be 
put on a self-sustaining basis and made to yield a few trees every 
year or every few years, or it can be clean-cut and reproduced at 
intervals of from 30 to 50 years so as to yield large returns on a rela- 
tively small investment. The farmer has a certain advantage over 
the lumberman who might wish to grow timber in that the funds 
invested in his timber are smaller in the aggregate, while the benefits 
to be secured are varied, and the labor that is necessary can be sup- 
plied by farm hands and teams when otherwise they would be idle. 
As a region becomes settled it becomes easier for the farmer to 
market his woodlot products profitably, because markets are more 
numerous and more accessible by good roads or railroads. Further- 
more, the woodlot is the source of a great many indirect benefits to 
the farm, which are often themselves sufficient to warrant its being 
maintained permanently. 

The purpose of this bulletin is to show as nearly as it can be done 
from available census statistics what the relation of the woodlot has 
been to the agricultural development of different parts of the East. 

| 

1 Thirteenth Census. 
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what the tendencies appear to be, and, in general, what value the 
woodlot actually has to the Nation, the rural community, and the 
individual farm. Asa means of reasonably complete and convenient 
assembling of the facts the farm land of the eastern United States 
will be considered in six divisions, each consisting of the counties 
having similar ratios of woodland to total farm land according to the 
Thirteenth Census (1910). These divisions, shown graphically on 
the map on pages 4 and 5, are as follows: Division I, less than 10 
per cent of the total farm land wooded; Division II, from 10 to 20 
per cent wooded; Division III, from 20 to 40 per cent wooded; 
Division IV, from 40 to 60 per cent wooded; Division V, from 60 to 
80 per cent wooded; and Division VI, more than 80 per cent wooded. 
These divisions should not be mistaken as indicating the proportion 
of the total land surface which is in farms nor the general timbered 
condition of the region, although incidental relations between these 
and the proportion of farm land wooded do exist, as will be shown 
further on. All areas of county size or over are shown.! The tables 

in the bulletin are based on these divisions, so that the chief facts 
relating to the status of woodlots in any part of the Eastern States 
can easily be ascertained by first finding on the map in what woodlot 

_ division the area in question is located and then obtaining from the 
tables the data for that division and State. 

HOW THE GROWTH OF FARMING HAS AFFECTED THE WOOD- 
LOT. 

The history of the woodlot is a part of the history of agriculture 
in general; the status of farming in most regions and the extent and 
character of the farm woodland have been so related that if one 
were known the other could be determined with a fair degree of 
accuracy. ‘Thus in most parts of the East the early stages of farm- 
ing involved a bitter struggle with the timber, and only a small area 
was actually cleared; then, in proportion as settlement progressed, 
more and more of the wooded area was claimed for cultivation, until, 
in the long-settled farming lands of the north central States, the 
woodlot is now either a mere fragment of the original forest or a 
new growth which has been allowed to spring up in place of the old. 
Meanwhile there has always been a frontier of development (as there 
is now in the northern parts of the Lake States) where the newly 
acquired farm land is still mainly woods, and as this frontier has 
advanced it has left behind it regions representing progressive 
stages in the clearing process having smaller and smaller propor- 

1The tables do not include statistics for the District of Columbia, and tables 1, 2, 3, 
and 5 also exclude those for counties. whose location and average farm-land values 
Showed that the land probably had a speculative value far in excess of its actual pro- 
ductive value for farm crops. In the aggregate this is a very small area. 
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tions of farm land wooded. Accompanying the decrease in propor- 

tion of wooded farm land there has generally been an increase in 
the number of farms, the proportion of the total land surface in 
farms, the proportion of farm land improved, and the cash value of 
the land. 

Of the different elements by which the progress of agricultural 
development may be measured, such as population, value of farm 
property, proportion of this value which is mortgaged, aggregate 
crop values, etc., two have been chosen for illustration as having an 
important bearing on the decrease or increase of farm-woodland 
area in any region. These are the value of farm land and the pro- 
portion of farm land which is improved. A comparison in regard 
to each of these factors between “ woodlot divisions” heavily and 
lightly wooded brings out clearly the real causes of woodlot clear- 
ing. This comparison is made in Tables 1 and 2. Table 1 gives 
the average land value in 1910 for the counties in each woodlot 
division, and Table 2 the proportion of improved land in 1880 and 

1910.* 

1 Exceptions which prove the rule are found in regions in which argiculture has not 

progressed, but has retrograded. In such cases farm woodlands have practically always 

increased both in actual amount and in proportion to total farm land. A notable example 

is New England. 

2 Pxtract from General Report on Agriculture, Thirteenth Census of the United States 

(1910), Vol. V, p. 25: 

Definitions of the classes of farm land.—Section 8 of the Thirteenth Census act pro- 

vided that the schedules relating to agriculture should call for the acreage of woodland 

on farms. In order that this provision might be carried into effect, definitions of farm 

land and of the various classes thereof were given in substantially the following form in 

the instructions to enumerators: 

Farm land is divided into (1) improved land, (2) woodland, and (3) all other unim- 

proved land. Improved land includes all land regularly tilled or mowed, land pastured 

and cropped in rotation, land lying fallow, land in gardens, orchards, vineyards, and 

nurseries, and land occupied by farm buildings. Woodland includes all land covered with 

natural or planted forest trees, which produce, or later may produce, firewood or other 

forest products. All other unimproved land includes brush land, rough or stony land, 

swamp land, and any other land which is not improved or in forests. 

The census classification of farm land as “improved land,” ‘‘ woodland,” and ‘all 

other unimproved land ”’ is one not always easy for the farmers or enumerators to make. 

Statistics for these three classes of land may be considered fairly close approximations, 

but enumerators and farmers in different parts of the United States may have interpreted 

these definitions somewhat differently, and at the different censuses they may, even in 

the same locality, have put slightly different interpretations upon them, 
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TasLe 1.—Averuage value of farm land, 1910. 

Average value per acre of farm land. 

State or State group. i Ay Se ey 
Division | Division | Division | Division | Division | Division Total 

I. Il. III. IV. V. VI. ee 

Eastern United States.......... $78.25 $51.17 $24. 29 $14.20 $10. 22 $36. 39 
New England.... --| 114.43 50.70 22.78 Ny ep ee aa) a rary 19.18 
Middle Atlantic. ....- aes 61.08 34.42 23. 24 16.67 13.57 30.77 
North Central..............- 93. 45 61.36 33.55 16.77 8.20 67.93 
lakeiStatese eee st 44.58 42.91 28.95 21.65 12.93 37.62 
South Atlantic.............- 60. 35 39.94 23.07 15.71 11.55 17.78 
South Central..............- 44.03 30.72 19.67 11.23 8.15 16.10 

New England: 
URI O See ery eye pete ene on (ith NR EDN Ein So 11.55 1 A idl ae east aaa 13.73 

INewsEampshirese ya sac eo eee ea as el LSSAOA eee tees a) See sieeeeiste 13.70 
VOL ONG Oey eee a Seale ect le 32. 28 12.56 ICU EGY Ulloa eres ee artes ay 12.52 
Massachusetts. .........-... 114,43 16.73 36.57 2 OSs eis By ee] hE aaa 35.33 
Mboderlslandy yes er eee ei 83.91 97.21 DLeHi bash everyone meee [lene ay 33. 86 
CONTEC hI CUT aan ve Sua gi 0 ak 35. 86 fort sl ese se as era aie 33.03 

Middle Atlantic: 
ING anneOrkesee oe sn 64.20 28. 49 21.31 Aly fest e || ees eae Paya aa 27.20 
ING Wa CLSCleeis eis le ania sell zig ei ciie ate 48.12 47.91 SE OS yaa Cee a ee 47.34 
Pennsylvania............... 58. 91 39.72 22.38 12.97 VS SOT rectors csele 32.67 

North Central: 
(Op aw (ay, oe a es A AU ea ara 68.11 52.86 53.34 
Indiana le Ren): 74.85 71.00 62.36 
ATI CIS ae cra 118. 41 63.63 95. 02 
TOE Soe aC OSH GOED Eee 86. 22 74.85 82.58 
IMISSOUT eee un ai 66.07 54.54 41.68 

Lake States: 
MUCH pa eee era rercie t= icie = 34.74 35.73 32. 48 
WVASCONSIN Ee ee ae 69.08 64.88 43.30 
Minnesota...........-.-...-- 41.87 38. 71 36. 82 

South Atlantic: 
Delaware yee ies see aes T NE Tee ue 52. 62 : 33. 63 
Maryland.. 37.64 3 ne 32.15 
VAT SATA ee eer eee A UD 36. 11 ; ’ ; 20.13 
West Virginia............... 60.35 41.33 : ; ; : 20. 65 
INonthi Carolinas ees a athe tile oe 24.38 16.77 11.08 4.56 15.29 
SouthsCaroling wee sees Sen el SN ne 23.98 21.01 11.75 5.67 19.89 
Georgie a patna AE lt ae 16.90 12.93 11.45 5.13 13.74 
Florida (26 northern coun- 

EELES) Peer ee a ete es ey UT oa ls 9.26 10.03 9.05 18.25 10.12 
South Central: 
INNA nooo oes Guo SB OSeoses 45.74 36.57 16. 62 8.64 Ore) Ol Ramsar 21.83 
Mennessee Nees soe ade esses 42.01 24.75 11.64 QO a essen 18.53 
PATRI SA SUam Pehla Ces sa | ee Sela es 38.70 24.84 13.54 6295i | soaetbee 14.13 
ING OB TIT Ce SES ANE As ese ea 14, 92 11.02 10. 47 7.83 4.81 10. 46 
IMISSISSIPP IN Meer syn so ec ke cicine sm eiiele 27.19 19.34 9.13 8.56 9.19 13.69 
Wouisianases eee sees 29.99 33.05 23.37 13.58 BE32 i) | Meese ene 17.99 

1 Nantucket Island, Mass., only. 
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STATUS AND VALUE OF FARM WOODLOTS. 11 

The general rate at which agricultural development took place be- 
tween 1880 and 1910 is indicated in Table 3, which shows what pro- 
portion of the total land surface was in farms in each of these years. 
In New England a marked decrease took place, partly on account of 

the abandonment of rough, unprofitable farms. There was also a 
decrease in the Middle Atlantic States, and it is apparent that the 
States along the coast from Maine to New Jersey, having developed 
their farming land much earlier than the rest of the country, have 
tended since 1880 more toward industrial than agricultural develop- 
ment. Only in New England, however, has the decrease in the pro- 
portion of the total land surface in farms been accompanied by an 
increase in the proportion of farm land that is wooded. 

THIRTY YEARS’ CHANGE IN WOODLOT AREA. 

The decrease in woodlot area from 1880 to 1890 (nearly 15 per cent) 
was most rapid in the three divisions which now have the smallest 
proportion of farm land in woods. This is shown in Table 4, which 
gives the acreage of woodland? in 1910 and the percentage of increase 
or decrease since 1880 for each State and division. For the eastern 
States as a whole, the decrease amounted to 37 per cent in Division 
I, 39 per cent in Division II, and 18.5 per cent in Division III; while 
in Division IV it was only 5.7 per cent, in Division V 0.8 per cent, and 
in Division VI no decrease at all, but an increase of nearly 19 per 
cent. In New England there were increases in Divisions IIT and IV, 
due chiefly to reforestation of abandoned fields. In the Lake States 
the great increases which took place in Divisions ITI, IV, V, and VI 
were due to the acquisition by settlers of portions of the timberlands 
in these regions, which, in their new status as farm woodland, are 
likely to repeat the history of the woodlots in the longer-developed 
regions. 

1From the table it is easy to determine for any State or States which division has the 

“most farm land. Thus, for the eastern States aS a whole, and for New England, the 

South Atlantic, the South Central States, and Missouri, it is Division IV, with from 40 

to 60 per cent of the farm area in woods. In Iowa it is Division I; in the Lake States, 

Division III; and in Ohio, Indiana, and Illinois, Division II. 
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STATUS AND VALUE OF FARM WOODLOTS. iM 

In every State, except Minnesota and Massachusetts (Nantucket 

Island), there was a decrease in Division I; four States showed in- 
creases in Division II and two showed a marked falling off in Di- 
vision VI. In most of the States the decrease was more rapid in 
the small woodlot than in the large woodlot regions. In Iowa, 
where over half the farm woodland is in Division I, the reverse was 

the case; the decrease in Division I was only 4.4 per cent, while in 
the other two divisions represented it was 27 and 21.2 per cent, re- 
spectively. This would indicate that in Iowa the farmers appreciate 
the value of small woodlots more than in many other States. It is 
partly accounted for by the planting of prairie windbreaks and tree 
plantations. 
Though the decrease in woodland has been caused chiefly by the 

need of land for cultivation or grazing, a great deal of farm land 
has been left unimproved when cleared. The area of unimproved 
unwooded farm land in the Eastern States, according to the census 
of 1910, is 40,429,951 acres,? or about 8 per cent of all farm land. 
Between 1880 and 1910 this land increased over 34 per cent in 

amount, while the increase in total farm holdings was less than 
12 per cent. It is true that some of this increase, especially in 
regions like the northern part of the Lake States, can be accounted 
for by the acquisition by farmers of stump lands not yet in shape 
for cultivation. Some of it may be used for grazing, but not a large 
amount, for in taking the census statistics pasture land was usually 
classed as “improved.” In the East, as a whole, it is probable that 
the greater part of this class of land has remained idle, partly be- 
cause the farmer did not have the means to improve it and partly 
because it was too poorly drained, too steep, or too stony for suc- 
cessful cultivation. 

The acreage of unimproved and unwooded land in 1910, its pro- 
portion to the total area of farm land, and the proportionate increase 
or decrease since 1880 are shown for each State and division in 

Table 5. 

1 As is indicated by the blank spaces in the table, in some States there are no areas 

of county size in several of the divisions. 
2 This is the net amount after making the deduction referred to in the footnote on 

p. 3. The aggregate area of unimproved and unwooded farm land in these States, 
as given in the census of 1910, is 40,779,673 acres. 

63299° —Bull. 481—17——3 
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TABLE 5.—Farim land unimproved and unwooded in 1910, and proportion of 
increase or decrease since 1880. 

{Minus signs in front of per cent figures indicate a decrease. ]} 

State or State groups. 

Division I. 

Unimproved and un- 
wooded land, 1910. 

Acres. 

Eastern United States...........-.--- 
New iinplandie22). 2225i 220.2. 223 
Middle Atlantic. - wis 
North Central........-....- 

SouthvAtlantichasces = sis te «see ce 
Sou Centralssescs -eckeece ccs secs 

New England: 2 
\WAioeiti) iia 32 55 Sk Se Se Rs oe 
IMASSHCNUSCLLS seme einer oie ic nnio eee - 
Rhode island o-scee- cess Aes 

Middle Atlantic: 
ING W) MOL Koen eetes cece caaceee w= 
ING Wa OISOVien secre sein eee eee 
WENUSVIVANIAR Y= sso6-k es cee te 

North Central: 

MAITINESORAS  eepeec soci e ain cie 
South Atlantic: 2 

MelawarOseceeteates fesse 
IMaryisn Gite ss ctie cies: sonnei oe Si 
VWitebt Soe bees oe er icaaeeadasee es 
IWeSEVixPiniasces bor ee ssc sts 

South Central: 
ISOTTUCK EEE eee on Scie wich. 
envessees e222 se eel 2582S. 3) 
PAT AVISAS Ere ee ciceste isinie ese eee 
Alabama......... 
Mississippi. - - 
SISOUISIAN Soe ae eh ie eee a ocr 

5, 757, 569 
11,593 
164, 819 

242 
399, 030 

344,117 
443, 236 

1, 666, 263 

155, 493 

Increase 

Division II. 

Unimproved and un- 
wooded land, 1910. 

ia 

or 
decrease |--——— 

1880 q ‘ er 
cent). Acres. 

— 3.9] 9,161,884 
aos: 20, 337 

83.4 | 1,868, 968 
1.6 | 3,172, 487 

— 16.2| 3,648,043 
70.8 130, 740 
48.2 321, 309 

Ee ate meet 4, 866 
== aE 9,974 

VEEL ae 5, 497 

4.7 18.5 | 1,244, 867 
aa Ril 96, 836 

4.5 201.4 527, 265 

5.0 137.6 1,202, 252 
3.9 44.4 599, 256 
3.6 60.7 557, 635 
6.0| — 14.8 392, 288 
252 — 51.7 421, 056 

8.9 113.1 | 2,003, 239 
7.4 359. 4 796,925 
1.5| — 37.6 847, 879 

20,729 
37, 226 
7,500 

65, 285 

126, 833 
1,063 
3,345 

110, 406 
37, 484 
42,177 

1 Nantucket Island. 
2 The States in this group in which woodlot Divisions I and II are not represented are omitted. 
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TABLE 5.—Farm land wnimproved and wnwooded in 1910, and proportion of 
increase or decrease sinee 1880—Continued. 

[Minus signs in front of per cent figures indicate a decrease. | 

Division ITI. Division IV. 

Unimproved and un- Unimproved and un- 
wooded land, 1910. | increase | wooded land, 1910. | Increase 

State or State group. or or 
decrease |——-—> 1 | decrease 

Per cent | , nce Per cent | , Since 
Acres. | of total | 1980 (rer Acres. | oftotal | 1980 0 De 

farmland. ; farmland.| °°? 

HKastern United States.........------- 14, 474, 688 10.8 50.4 | 9,701,982 7.9 7.8 
INewAHnelamd ear 6 ila 0 suh 2, 457, 056 26.6 486.1 | 2,127,359 20.5 271.4 
Middle Atlantic. ........-...------ 2, 269, 509 12.2 181.6 224, 047 9.4 116.3 
North Central............-..------ 850, 417 5.1 111.1 365, 004 4.1 221.0 
TEES os cle es ey Se te er a | 3,898, 289 9.9 112.2 942,313 21.2 604.8 
SOUPMMAG AITIC Hasse s st flys | 2,216,915 7.0 — 33.9°| 3,100,898 6.6 — 39.4 
South Central.......:.......-.-.-- | 2,782,502 7.4} — .8]| 2,942,361 Geri —- .7 

New England: | | 
IWIN) 33 CoB ese a Oe ola eee Rae | 294, 037 24.1 472.6 866, 544 17.0 159.4 
New Hampshire......-...-..----- [teres OEE Meee Re ad 817, 884 25.2 601.9 
WERT OOF mee Ge or Meira eee ama 1,316, 547 33.0 | 1,730.3 141, 501 22.9 660.8 
Massachusetts... .222.2-2.22-2.- 477, 612 22.1 225.6 156, 939 22.6 175.2 
Rhode Island.....-...-..--------- | 1,529 16.0 54.3 72,029 18.6 139.3 
Conmecticuts 2222s se | 367, 331 19.9 147.8 72, 462 21.1 340.6 

Middle Atlantic: 
TRIG DAOIESE Ba 2s Se oe emer | 1,211, 569 12.9 196.8 152, 646 12.1 98.9 
ING WAUCESCY:- sets ee cee cece! 120,151 11.8 101.4 14, 878 11.8 167.0 
Pennsylvania l 2.2... 8.225..5-2.- | 937,789 11.6 177.5 56, 523 5.6 165.6 

North Central: 
ONG ee a un ie 3270 9.5 193.7 20, 644 7.4 29.6 
Taye bebo SAB ie ee ea Se aa aba 278, 141 6.2 145.8 12,719 5.9 509. 4 
NOS Jesoaseses Bae eRe aa ee seeare | 64, 496 3.7 181. 4 6, 093 4.3 87.9 
VIO ENS Ga Ge es EOS Ge Ss a 145, 965 9.5 MAT. Ssh eate eCae Geb apa eae Meg et cee 

a IME SSO UTIs eee he erenye le on eis 224, 545 3.0 39.5 325, 548 4.0 252.2 
ake: 

Michigans canine wu ei ee 729, 325 25.7 | 1,055.5 100, 660 20.1 1, 462.6 
SWAISCOMSITU Se See Se Ok G2 | 1,939,382 18.5 111.6 595, 337 21.9 707.4 
MIMMeSOtae eet ss ke | 1,229, 582 19.7 43.3 246, 316 20.3 360. 2 

South Atlantic: | 
MelAWANeeoaeee ess ceee. use Ce 52, 567 6.5 Pee So Nas ae eS ral Oa ea 
Marylanders soe ocen ec 3 ine 122, 642 4.9 33.8 74,805 5.9 167.0 
WAT UMTS apal ciniels\o/=)<%15 = | 314,745 4.4 — 12.7 858, 331 7.8 — 48.7 
West iVarginian sso so. 62 jae Sse 168, 927 4.4 172.6 283, 239 6.6 130.7 
North Carolina..........:.--.------ 92,948 6.9 | — 14.9 819, 405 5.9 — 46.0 
South Carolinas 28225 2 2. Se | 495, 835 11.2] — 51.0] . 468,840 7.6 — 47.2 
Georri maa eT | 961, 916 Boe a2ake) 499, 057 GOW emeaves 
Florida (26 northern counties)... .- | 7,335 4.4] — 34.9 97, 221 4.5 5.4 

South Central: 
emit ckaysjenarse side ests fee te 289,914 3.7 17.2 179,709 Biya} — 2.7 
MONNOSSEC Mee Waeao Maas este sles ce el 634, 138 5.9 27.3 451, 252 5.8 9.0 
PANIES OS Hemera ey hata ay eC UA RL oi 123, 996 4.9 50.9 582, 721 5a 36.5 
WANA ATI Aree enc Se RS ae 640, 146 10.3 — 37.1 690, 488 6.3 — 15.0 
IMISSISSID Die es sas ees ce noche eielars 716, 177 10.2 17.1 818, 326 9.0 6.0 
GOUISIAN Ae eee ele tele eee ice sale 378, 131 11.5 8.0 219, 865 4.5 — 37.6 



18 BULLETIN 481, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 5.—farm land unimproved and unwooded in 1910, and proportion of 
increase or decrease since 1880—Continued. 

[Minus signs in front of per cent figures indicate a decrease.] | 

Division V. Division VI. Total. 

Unimproved Paproved Unimproved and 
and unwooded oodedinnd unwooded land, 

land, 1910. eu eaA cma? | 1910. In- 
: ; Increase 1910. Increase crease 
State or State group. or 4 pr or or de- 

decrease decrease crease 
Per | _ since Per | since | P since 
gent 1880 (per cent | 1880 (per ave 1880 

re (0) cent). oe of cent). (per Acres. | +040] Acres. |'4 01 Acres. | total es 
farm farm ane 
land. lland. leh 

Eastern United States. 1,226,790 | 3.9 7.6 (107,038 | 3.2 50.3 40,429,951 8.2) 84.4 
New England..... 4°606,345 | 23.4| 351.8 
Middle Atlantic. .. bs | 4,536, 858 10.5 192.6 
North Central... -. 35 hd 50. | 7,132, 501 4.8 49.6 
akeit s Ae ao ek j 8: 99.0 | 6,575 | 6.8 3,759.0 | 11,065, 761 16.3 | 67.5 
South Atlantic... . 3.¢ 28.6 & 3. 8.0 | 6,127,169 6.0  — 34.9 
South Central... .. : 33. abs e ; _ 6,96 961, 317 6.4 3.6 

New England: | ; 
ENTE) Sa ye eee 2 1 ata amnea  O 1 1, 160, 581 18.4 201.2 
New Hampshire | | Seen 817, 884 25: 2 601.9 
Mermont cece sane ECS Baie: | Se GST SN | ema a je ere 1, 462, 914 31.4 | 1,478.8 
Massachisettses aay 2h. al Ie. tes aes A) ancien Stl Je Sa He ee 646, 118 22.6 185.0 
Rhode sland: =. 7b ce. 55. = 2 beets] ee CR Re see SPS eens eas arya 79,055 17.9 134.9 
MCONNECHICU Le pe cce eee ck) sot cc oS SRN he he eee eee | Spare 439, 793 20.1 167.1 

Middle Atlantic: | | 
ENG WMOC Kees enon so Sct RE eRe ae [os GPRM RIED (| Nk hee 2, 677, 594 12.3 208.8 
ING WHICISOY. -26 soemte Abr sala ache tal nee chezion. Gil 2 Se Sl besnontase 231, 865 9.0 84.9 
Pennsylvania..... aay 3) 55,75) 1 13959) | Seas eee ea aoe Lae 1, 627, 399 8.7 191.6 

North Central: | | seal | 
Ohio ese oe See epee | Dora HOSE Syiaccepeeurcgens si 31 ea saws nen se 1,592, 363 6.6 242.0 — 
ETL ee cine Ae aise, 2 =| eR Ch: Satie, ka Me Oe ee eee tae 997, 780 4.7 80.8 
MIULINOISER ore cee tae ee nce sagas [ee dae | oe (oeceese een a oped 1, 326, 735 4.1 113.0 
TO CE atch OBE GOB SOREC Be Bos (ae Sees ey me cS ll ere al eee mente opt 2,125, 374 6.3) — .3 

; penesoue Area ooee 13,324 | 1.7 | 150 Sai eee {A al a ee ies 1, 090, 249 3.1 9.4 
ake: 

Michigan.......... ay 8 Gel ht OA Tal ea a IO dg) 2 iat Rafe 3, 180, 982 16.8 200.6 
WASCOUSID eet ey ae a SEY: Fae eS Vi (Stipes Sie LUA 3,774,880} 18.0] 165.4 
Minnesota......... 113,284 | 18.8 | 39,234.7| 6,575 | 6.8 | 16,759.9 | 4,109,809] 14.8] — .4 

South Atlantic: | 
Dplbyare scatter tite Slee these | re Bo es esas ate [Paine a 73,296 7.0 14.2 
MEN mab vate oan! oepe seems suet me Sanne ROSIER: . Neo degd besnssas os 234, 673 4.7 64.0 
MITPInist eR. Jee PUPA ES EOE iiilina ted be Mi ieee BS Ns RS Ie i a 1, 209, 678 6.2 | — 45.0 
West Virginia..... 8, 702 1.6 — 15.4} 2,454 1.9 87.3 535, 849 5.3 142.4 
North Carolina.... 253,257 | 3.6] — 34.2| 8,724] 3.2 194.9 | 1,174,334 5.2 | — 41.7 
South Carolina.... 92,624 | 3.5 | — 41.4 | 17,588] 7.8 51.5 | 1,074, 887 8.0 | — 48.1 
Georgia............ 146,569 | 2.6 50.8 | 45,113 | 2.4 114.9 | 1,652,655 6.2 | — 35.7 
Florida (26 north- : 

ern counties).... 60,045] 5.5 212.4 | 7,196 | 3.8 14.9 171,797 4.8 33.2 
South Central: 

Kentiicky ses. .bee 43,037 | 1.9 V2 Ol eel (Seer ae 883, 030 4.0 34.3 
Tenmessee......... | 56,987 | 3.9 P25 SD soot acces | cetiet canine 1, 143, 440 5.7 22.0 
Arkansas.......... | 118,248] 3.6 3150 [ore | See lee 828, 311 4.7 37.0 
Alabamas oo... | 145,907 | 6.5 94.9 | 7,020} 2.0 28.8 | 1,593,967 7.6 | — 22.2 
Mississippi... .-.-- | 1,310] 6.1 107.7 | 12,368] 5.1| — 45.3] 1,665, 665 9.0 11.5 
Louisiana........: | 51,238 | 4.5 24. 3 | BAe ees Beesaesoc 846, 904 8.2 | — 13.2 
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Under proper farm management land not suitable for cultivation 
or pasturage ought to be kept in timber and made to contribute to 
the farm income. While it is unavoidable that financial stringency 
or exceptionally high prices will sometimes occasion the sale of 
woodlots which might otherwise be directly or indirectly a source 
of permanent income to the farm, it is too often the case that the 
owners are easily tempted by such offers and do not stop to weigh 
them against the greater advantage that can perhaps be secured in 
the long run by leaving the woodlot standing. 

Statistics showing the actual number of farms which have wood- 
lots are not available. In the thickly settled regions there are many 
small farms, and some of fair size, which have no woodlots, but this 

becomes less and less the case with remoteness from the more densely 
populated centers. At the same time, the average size of the wood- 
lots, obtained by dividing the total woodlot area by the total number 
of farms, increases from the least to the most wooded farm regions. 
This is shown in Table 6, which gives the average woodlot acreage 
per farm in different States and divisions for 1880 and 1910. The 
average proportion of farm land wooded is shown for the same years 
in Table 7. 
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INCREASE IN VALUE OF WOODLOT PRODUCTS. 

The value of woodlot products cut each year in the Eastern States 

has increased rapidly. Between 1880 and 1910 the increase was over 

90 per cent. It was due partly to the rapid rate of clearing and 

partly to the increase in the intrinsic value of the products. The rate 

of increase varies with the region. In thinly settled regions it is 

rapid; in thickly settled regions, slow. This is shown for the Eastern 

States as a whole and in geographic groups in Table 8, which also 

gives the total amount of income from woodlot products in 1909 

according to the Thirteenth Census, the percentage of farms which 

reported woodlot incomes, and the proportion of income represented 

by wood sold and wood used on the farm. As a rule, less than half 

the total number of farms reported woodlot products. This does 
not mean that less than half had woodlots, since there were un- 

doubtedly many farms with woodlots which cut no timber in that 

year. 

Taste 8.—T'otal value of woodlot products, 1909, with increase in value since 
1899 and 1879. 

(Compiled from Thirteenth Census, Vol. V, Table 154.} 

Propor- Value of wocdlot products. Togense. peal value 
tion of 

farms re- 
State groups. porting oes f | 

woodlot Total Hon oe q|,Propor- | 1899 1879 
products. : on farms. tion sold. |(10 years).|(30 years). 

Per cent. Per cent. | Per cent. | Per cent. | Per cent. 
Eastern United States................- 43.2 | $169, 948, 468 52.7 47.3 70.5 90.9 
ING waking land eee ey eee ose 61.5 17, 664, 763 35.4 64.6 68.7 78.8 
Middley\ilanticumesme es Sere 43.2 19, 110, 765 48.0 52.0 30.7 | 2157, 
INORGHIComtr alee be ak 31.8 26, 746, 377 61.8 38.2 26.6 11.9 
WAKE SUAS Ayn eer a ata hoe LN 50.8 22, 652, 837 57.6 42.4 39.4 | 95.8 
SOWMUMPATTAMbIC Hee ere ci ee 50.3 44,010, 178 51.0 49.0 137.3 213.1 
SouphiGentrale ewer. iia us! one 42.0 39, 763, 548 55.5 44.5 113.4 185.6 

The last two columns of Table 8 show that the greater part of the 
increase in the 30 years from 1879 to 1909 came in the last 10 years. 
This is especially striking in the case of the Middle Atlantic and - 
North Central States, where the value of woodlot products was 
actually greater in 1879 than in 1899. This is perhaps attributable 
chiefly to the greater aggregate quantity of timber cut in these 
States in the former year, when clearing was active. The great 
rise in the last 10 years was due primarily to the general rise in 
value of wood products, though partly also to the large quantities 
of wood available from clearing. 

AMOUNT AND QUALITY OF WOODLOT TIMBER. 

Though the area in woodlots is quite closely known, the total 
stand of woodlot timber can only be estimated. Such an estimate 
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was made in 1909.1 In the States considered in this bulletin, about 
40 per cent of the total woodlot area, or 58,000,000 acres, were esti- 

mated to contain merchantable timber suitable for lumber, veneer, 
ete.; about 45 per cent, or 65,200,000 acres, had cordwood; and about 
15 per cent, or 21,800,000 acres, were brush land of only potential 
value. Assuming that the average stand of merchantable timber 
is 3,000 board feet per acre, with 10 standard cords of wood in 
addition, and that the average stand in the woodlots fit for cord- 
wood only is 8 cords per acre, the total stand would be 174,000- 
000,000 board feet of log timber and about 1,100,000,000 cords of 

other wood. According to this estimate, the stand of log timber 
alone equals 15.6 per cent, or nearly one-sixth of all standing timber 
in the Eastern States. * 
A large proportion of the woodlots have been culled of their best 

timber, and many have been so badly depleted by overcutting, graz- 
ing, and fire that there is very little material left in them of more 
than firewood value. Ignoring the fact that many of the large com- 
mercial forests have suffered in the same way, it is often argued that 
woodlot timber is essentially inferior to that of the timber forests 
and that it is suited for only a few kinds of rough products—rough 
lumber for farm buildings, cordwood for fuel, posts for the farm 
fences, a few ties and poles for sale to railroad, telegraph, and tele- 
phone companies, etc. This argument may be justified, so far as 
lumber is concerned, by the fact that farm lumber when cut and 
sold by the owner or a local sawyer is apt to be poorly manufactured, 
poorly graded, and poorly seasoned; but it is not true that the pro- 
ducing value of woodlots is restricted to the rough products above 
mentioned. A very large part of the high-grade hickory, ash, and 
white oak, now becoming scarce because of their extensive use in the 
vehicle, handle, cooperage, and other industries, comes from wood- 
lots. Many woodlots contain timber every bit as good as that in 
the larger tracts and fully as capable of yielding high-grade lumber 
if properly sawed and seasoned. Throughout the Eastern States 
woodlots contain large quantities of pulpwood suitable for paper 
making, low-grade lumber for boxes, bolts for slack and tight barrel 
cooperage, and excellent log and bolt material of many species for 
veneer. There is hardly a use to which wood is put that can not be 
contributed to, liberally, from the woodlot supply. That fuel is a 
proportionately large part of the woodlot output does not imply that 
woodlots run more largely to low-grade material than the larger 

1“ Standing Timber in Woodlots,’ by Wesley Bradfield, in Report of the National 

Conservation Commission, 1909, Vol. II, pp. 181—187. 

2 The total stand in the States covered by this bulletin is estimated as 1,117,700,000,000 

hoard feet by H. S. Betts and W. B. Greeley (‘ Structural Timber in the United States,” 

Sept., 1915). This estimate is based largely on reports of the Bureau of Corporations 

and of the National Conservation Commission. 
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forests. On the contrary, it may signify a closer utilization of 
branches and small or inferior trees. 

WHAT THE WOODLOT PROMISES FOR THE FUTURE. 

Since anything which benefits the farms contributes to the general 
prosperity, the woodlots must be considered a national asset from 
both the direct and the indirect standpoints. It is of manifest 
advantage to have maintained throughout the country small bodies 
of timber not only to supply the local demands for wood, which will 
increase as the existing large bodies of timber decrease in amount, 

but also as a possible factor in preserving good climatic conditions, 
in checking the sweep of winds, preventing the undue washing of 
sou, and in contributing an object of variety and beauty to a land 
surface a large part of which would otherwise be bare and monot- 
onous. Asa supply of wood products for local consumption wood- 

lots have lessened the drain on the general markets fed by the large- 
scale lumbering operations and have contributed much of the raw 
material used for veneer, vehicle, cooperage, and handle making, 
paper, pulp, and excelsior manufacture, wood for fuel, and other 

important uses. 
The future of the woodlot can be predicted with some degree of 

assurance. It hinges principally upon the attitude which the farm- 
ers will take. Except in New England and a few smaller regions in 
which raising timber in woodlots is already an important source of 
farm income, most farmers are still prone to regard their woods as a 
transitory asset to be realized once only when the land is finally 
cleared. As agricultural development proceeds, the decrease in the 
aggregate area of farm woodland is bound to continue; but a reduc- 
tion in the rate of decrease can be expected as the farmers come to 
realize more fully the advantages of owning thrifty woodlands. The 
inaccurate and misleading conception of the woodlot as only a 
temporary asset will yield to an increasing appreciation of it as a 
growing crop, like any other farm crop. Eventually, a relatively 
stable condition of woodlot area will probably be reached, which may 
vary locally according to local demand and supply, but for the 
country as a whole will tend to remain fairly constant. Farms in 
hilly or mountainous regions, having larger proportions of untill- 

able lands, will also have larger woodlots than those in level country : 
but even the latter may be expected, considering their nearness to 
manufacturing centers, to have moderate amounts of woodland of 
high producing value. 

With proper treatment, it is not unlikely that the woodlots now 

existing could be made to yield perpetually an average of half a 
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standard cord’ of wood per acre per year. At this rate an agegre- 
gate annual yield of 71,500,000 cords could be expected in perpetuity 
from the present total woodlot area of 143,000,000 acres. To equal 

the total income from farm wood as reported by the census of 1910, 
the value per cord would have to be only $2.38. 

If it is assumed that the permanent woodlot area of the future will 
amount to an average of 10 acres per farm? or a total for the Eastern 
States of 49,030,850 acres (based on the number of farms in 1910), 
the sustained annual yield supported by a growth of one-half cord 
per acre per year would aggregate 24,515,425 cords. In order to 
equal the income from woodlots in 1910 the value per cord would 
have to be $6.93, nearly three times as great as that previously as- 
sumed; but it is not improbable that future stumpage values will 
rise to this or even to higher levels. 

As the population increases farming tends to become more inten- 
sive and the application of scientific principles to farming more 
essential. These principles involve, above all, the careful study of 

the productivity of the various kinds of soil on the farm and the 
choice for each kind of soil of the kind of crop best adapted to it. 
This means that wood, considered as a farm crop, will be raised only 
on soils which can not be made to yield a greater revenue from some 
other crop. In the pioneering stage of agriculture wood has had, 
and in many sections still has, a very low value compared with other 
crops which might be raised on much of the same land. In the more 
thickly settled regions, however, its relative value has increased in 

the past, and as the population becomes dense and the present large 
timber supplies fail this value may be expected to increase still more 
in relation to other crops. In other words, the quality of soil on 
which it will be profitable to keep woodlots for productive purposes 

alone may, in the light of future intensification of agriculture, be 
higher than one would be likely, at first glance, to suppose. This 
presupposes, of course, as high scientific thought and attention to 
the woodlot in the selection of species, stimulation of growth, and 
other silvicultural treatment as would be given any of the other farm 
crops by a farmer bent on getting the most out of every square rod of 
his land. | 

As an immediate measure too much emphasis can not be placed on 
the importance to farm and community alike of retarding to a rea- 

14 standard cord is a pile of wood in 4-foot lengths, measuring 8 by 4 by 4 feet, and 

containing 128 cubic feet. The cord unit is used here to represent growth not only in 

fuel wood, but also in logs, poles, and other high-grade forms customarily measured in 

board feet or other units. This should be borne in mind with reference to the prices per 

cord which follow; these would of course be excessive for ordinary cordwood. In 

medium-sized or small timber 1,000 board feet, Scribner, are usually considered equivalent 

to from 2 to 5 cords of cordwood. 

“The present average is 29.2 acres. (See Table 6.) ~ 



"* 

STATUS AND VALUE OF FARM WOODLOTS. 27 

sonable extent the process of shrinkage in farm woodlands. Over- 
mature and decaying woods, it is true, must often be cut at once to 
secure any return from them, and financial stringency may force the 
sacrifice of young, thrifty stands without suitable provision for secur- 
ing a new growth at least equally good. Clearing under these condi- 
tions is inevitable. But there is a pronounced tendency, especially 
upon transfers of title to farm property, to clear land recklessly for 
whatever small value is offered. This is shown by the great increase 

in unimproved lands without woods, which, according to Table 5, 
amounted to 34 per cent in the 30 years between 1880 and 1910. By 

cooperation in control of farm property this situation might in large 
measure be rectified. 

WOODLOTS AND COMMUNITY FORESTS. 

The highest direct value of woodlots is to the local communities. 
Census statistics for 1909 show that the farms themselves consumed 
over half the value of the woodlot products. Of the material sold 
much undoubtedly went to near-by farms, or to local dealers in 
lumber and fuel, to be retailed for consumption in the neighborhood. 
A great many small veneer, vehicle, cooperage, and other factories 

derive their entire supply from local woodlots. 
There is thus every incentive for communities to encourage the 

development of local woodlots and thereby protect themselves from 
future timber scarcity and high prices. Several States have already 

taken steps in this direction by passing laws providing for a final 
yield tax on timber when cut instead of the annual taxation still 
customary in many States. Such legislation, together with the 
gradually increasing value of timber, appeals to the individual 
farmers and will doubtless encourage many of them to practice wood- 
lot forestry. But in order to insure a perpetual annual yield of 
timber in desirable forms and in substantially equal quantities other 
steps are necessary. Timber is a “long-time” crop. To secure an- 
nual yields of any size a comparatively large aggregate area, man- 
aged under a single working plan, is essential, though the timber 
may be divided among many small, isolated tracts. The individual 
farmer can not, therefore, practice forestry as a business except in 
a small way. It is possible that individuals may occasionally be 
induced to pool their woodlot properties under a single system of 
operation. This-may work out in connection with the development 
of the present cooperative movement among farmers. It is probable, 
however, that in the future a separate class of forest holdings, com- 
munity or town forests, intermediate in character between the farm 
woodlot and the larger, more remote bodies of timber, will afford 
permanent annual supplies of wood products to local communities. 
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Europe affords many illustrations of successful communal forests.? 
In France, for example, over 11,000 communities have forests, with 

an. aggregate area of 5,000,000 acres—nearly a quarter of the total 
forest area of the country. In Austria over 3,000,000 acres, in Ger- 
many 5,600,000 acres, and in Switzerland nearly 1,350,000 acres be- 
long to communities. Italian communal forests form over 43 per 
cent of the total forest area. The amount of woodland owned by a 

single community varies from 24 to over 15,600 acres. In Prussia 

the size averages about 2,000 acres, but this is probably the highest 
for all Germany. 

The income from European communal forests is very large con- 

sidering the poor quality of soil on which the timber thrives. The 
better managed of them vield annually a net income of from $7 to 
over $10 per acre. The average gross revenue from 2,000 acres 

would be about $6,500, and it is not surprising to find communities * 

that derive from these forests a revenue sufficient not only to pay 
all the taxes corresponding to our county, town, and school taxes, 
but to yield, in addition, an annual dividend to every householder. 
From the 2,500 acres of timber owned by the Swiss city of Zurich, 
for example, the net income has averaged as much as $20,000 per 
year for a period of 10 years; and Freiberg, in Germany, derives 

from $20,000 to $30,000 annually from its 3,000-acre woodlot. It is 
estimated that the 5,600,000 acres of communal forest in Germany 
yield annually a net income of $9,250,000, which, capitalized at even 
3 per cent, represents a property worth $308,000,000. 

Though the returns mentioned above are undoubtedly far in 
excess of any which could be obtained in this country for years to 
come, they at least indicate a great possibility for the future develop- 
ment of the American woodlot. There are always soils available 
which are too poor, swampy, or steep for cultivation, orchard, or 

even pasture, and it is on these that tree growth can be practiced 
with success. Already there are more than 60 American cities and 
towns, situated in 10 or 15 States, which have acquired municipal 
forests ranging in area from 50 to 25,000 acres.?, While the primary 
object of these holdings is ordinarily to protect water supplies from 
contamination, many of them are already being carefully managed, 
and it is only a question of time when many will yield a direct income ~ 
over and above their value for protection. 

WOODLOTS AND PUBLIC FORESTS. 

The largest share of the timber for consumption in the future must 
unquestionably be grown on areas set aside as National and State 

1 The figures which follow are taken from ‘ Communal Forests,” by Raphael Zon, in 

sailey’s “‘ Cyclopedia of American Agriculture,” Vol. IV, pp. 144-148; 1909. 

2See “County, City, Town, and School Forests,” by Prof. J. W. Toumey, in Ameri- — 

can Forestry, July, 1916, pp. 428-429. q 
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forests, or areas managed by stable and long-lived corporations. 
Such forests can be located only in nonagricultural regions, or at 
least in regions in which soil for practicable cultivation is confined 
to small and widely separated areas. Usually these forests will 
combine the functions of timber raising with those of watershed 
protection, recreation, and other purposes. Incidentally, they may 
serve, like the woodlots, as means of ameliorating the climate of 
regions lying to the leeward. 

In farming regions adjacent to public forest areas, the large sup- 
ply of available timber will make farm woodlots of relatively minor 
importance compared with those farther from the large forests and 
closer to manufacturing centers. In such situations, the woodlot 
will more than ever be relegated to the poor farm lands which can 
not be used to advantage for other purposes; but as compared with 
existing woodlots in mountainous regions, the value under future 
conditions of demand and supply will probably be a sufficient incen- 
tive to the care and practical management of even the mountain 
woodlot as a valuable farm crop. 
The solution of the problem of timber production in the East will 

undoubtedly be a combination of all the classes of ownership above 
outlined. Each one has its distinct place, and the private or com- 
munal woodlots as a source of many kinds of timber for many uses 
will serve to fill varied local demands and thereby reduce the drain 
on the larger bodies of forest. 

THE WOODLOT AS A FARM RESOURCE. 

The value of woodlots to farms includes not only the direct in- 
come value from the wood products which are or might be produced, 
but also a variety of indirect benefits, such as the protection of stock, 
crops, and buildings from sun and wind, prevention of soil erosion, 
renewal of worn-out soils, improvement to the appearance of: the 
farm, etc. Thus a woodlot may at the same time increase the gen- 
eral prosperity of the farm, add to its comfort as a home, and en- 
hance its value as an investment. In some parts of the country the 
indirect uses, though not measurable in dollars and cents, are even 
more valuable than the direct wood-producing function of the wood- 
lot; but, since they are more or less intangible, farmers are likely to 
neglect them in deciding whether to preserve or clear away their 
woodlots. 

The farmer has a permanent interest in his property, and it is to 
his advantage to increase its value both as a present home and as an 
inheritance for his children. In both respects a farm with a well- 
tended and well-proportioned woodlot is worth more than one with- 
out, over and above the stumpage value of the trees themselves. It 
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has been estimated that in parts of Minnesota woodlots as small as 
5 acres will increase farm values by $500, and this is probably a 
conservative estimate for the country as a whole. 

As a producing crop the woodlot. is valuable mainly as a “ poor- 
land crop,” yielding a higher income than other crops from soil too 
steep, stony, swampy, or “worn out” for successful cultivation. 
In pioneering regions much good, tillable soil besides must often 
remain for years uncultivated, owing to lack of means to improve it. 
It is a mistake to clear such land in advance of the farmer’s ability 
to put it into crops, unless very good prices are offered for the timber. 
Even when profitable sales are made, part of the woodlot can be 
left and improved by the taking out of only a designated portion of 
the trees.’ When high prices for wood become general, little addi- 
tional incentive will be needed to preserve and improve the woodlots. 

In thinly settled regions and in some of the States as a whole 
woodlot products yield a very considerable part of the total farm 
income. In New Hampshire and Vermont, for example, woodlot 
products are the second most important farm crop; in Maine, South 
Carolina, Georgia, Alabama, Mississippi, and Arkansas, they are the 
third. Where farming is in a pioneering stage, the sale of wood is 
very often the determining factor which enables the farmer to tide 
over the first years during which he has not enough land in cultiva- 
tion to support him. How the woodlot income compared in 1909 
with the total farm income in different regions in each State is shown 
in Table 9. The relative importance of woodlot products as a source 
of income is well brought out in the case of Minnesota, for example, 
where it was progressively greater from Division I, with 1 per 
cent of the total farm income, to Division VI, where it formed nearly 
45 per cent. 

TABLE 9.—Woodlot income in per cent of total income, 1910. 

[Based on averages of census returns from 450 counties chosen at random from the woodlot divisions in 
each State.] 

Proportion of total farm income, 1910. 

State or State group. 
Division | Division | Division | Division | Division |} Division Total 

iM tte Ill. Iv. Vv. ° 

Per cent. | Per cent. | Per cent.| Per cent.| Percent.| Per cent. | Per cent. 
Eastern United States.......... 153 Bee 5.6 9.1 11.0 19.1 5.2 

Newabneland. sos 28e 2 reo ese cat 15 10.8 B44 [oe ot Eee eee 12.5 
Middle Atlantic............ 1.6 3.6 7.4 12.4 205) ea oe Pees 4.6 
North Central. ....-........ 1.0 2.8 5.0 6.5 es hl Pesan: 2.5 
GakeStates:--o5 0. 2st iy 3.7 6.6 17.2 35.0 44.8 5.2 
South Atlantic 5 wis ese ee. L 3.9 4.6 {533 9.3 18.4 6.4 
South Central.............- 1.8 2.3 3.9 6.7 7 | Seema ae 5.3 

New England: 
LING See SW Cos Scislne atteh 
New Hampshire 
Wermont oso eases 
IMMASSHCHTISOLES eee ah eee ee eee ea yah ls 8. 
Rhodelslsnd=: 2 ee as ee ee 1.5 AZ, 13.9 
Connechlentt esse eee al pacer eee. cee 8.9 13.5 

i 
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TABLE 9.—Woodlot income in per cent of total income, 1910—Continued. 

Proportion of total farm income, 1910. 

State or State group. j 
Division | Division | Division | Division | Division | Division Total 

iA TI. III. IV. Vi. VI. , 

Middle Atlantic: Per cent.| Per cent.| Per cent.| Per cent.| Per cent. | Per cent.| Per cent. 
INTC WyNYiO Dk nite etc ane 1.1 4.1 8.8 Saar A Tees ee YA a a ao 5.4 
ING UGS Ae CB Ges aod a aeeSies) Eee naa 2.0 1.8 Pa) Un payee a PERC EE earls 1.9 
Pennsylvania ...........-.. 1.8 3.4 7.3 13.5 2055) ora ee: 4.3 

North Central; 
OTOP EN ain Oa ikea 1.6 325 5.2 roa | eine ies easvia) eek eS 3.1 
Tie a ite aye) aes Se OE a eer 18,0) Bi) 5.5 COA a lS NE eee a Bball 
DUTT OAS Se Se lige a0 oe 7 1.8 DANO) [As ICU ora US ee Sa | Aa Ca 1.2 
TONG AS) SEG BS a IO 1.0 2.4 (EGS aia ately ea ara [Rea ou Rm EN) RUN geet Ag 2.0 

Ma MUISSOUTIN Ae ye eS eos 1.0 3.3 6.2 11.6 (hen okenie. i 3.7 
Lake States: 

Michigan .....- Pe aa ab 4.1 4.7 11.2 20.2 2824 esse eee 6.4 
WWASCOnSIn eee neu ail 3.6 (eo PPT WE os TEA Sec i he le 6.0 
Minnesotae 2 Soe. 0 2. 1.0 3.0 4.6 9.8 35.8 44.8 3.9 

South Atlantic: 
Delaware eet annem eden niin ay 1.8 CaS SFE aa eee eed Be eg an ee aan ae 3.8 
IMfearayil cir ace se an A Scrat 5.0 4.9 Be Fa} Ree A ee 6.5 
WARES) Bo SEES SS BELG a al Se aa (sed 6.8 11.4 QED aaa ei ae 8.6 
IWIGStAVAr Sina ee eed Pk 7.2 7.1 13.4 PY (a by Neel ars Bo 10.4 
North ano lima eee eee Ree Bee he 5.8 7.9 ICO a Pe cea es 8.4 
HowthiCanolima ewes seek ee ee 2.2 3.0 5.2 16.6 3.3 
GINO SAE Ss Ne Gs aC BA 3.9 5.8 14.0 21.2 6.2 
Florida Gronuhermp art) seco |e ws aS ee 6.8 8.4 20. 4 15.5 11.6 

South Central: 
tenbuckayje rn eee coed 1.9 251 8.2 11.0 PB Beemer ase 7.0 
ARERTNESSEO Mee aye elodpons cHleeetwli eas CIN a Lae 4.1 9.4 DANTE Ya ea ac a 6.2 
PACE MS AS Wabi mean n ine tue Lek 4.8 5.6 LONG Sees 6.2 
BN] ey OREN NG SS Ta NS Oa 253 3.1 5.5 (iCal ee hee 4.4 
IMEISSISSTP Peepers ee ulin OMS Lea Ne 2.1 6.5 SEG Eee eas 4.8 
OUST ai ea epene te Rl 1.5 |. AG) 2.4 4.5 1 Le es eee 3.4 

The value to the individual farm of the woodlot products reported 
to the 1910 census averaged $81. In order to ascertain the approxi- 

mate values per farm of the amounts which were either sold or con- 
sumed on the farm in the different woodlot divisions, 450 counties 
were chosen at random from the different divisions in each State. 
The total values for each county were divided by the number of 
farms reporting. On the average, less than half of all the farms 
reported, so that the average income, based on all the farms in the 
counties, would have been smaller. The average total value per 
farm reporting ranged, as a rule, from about $30 to over $400, 
smallest in the counties in woodlot Division I and largest in those 
in Division VI. The average values of the amounts used on the 
farms were exceedingly constant throughout the woodlot divisions. 
The values of the amounts sold, on the other hand, were naturally 

much the greatest in the thinly settled divisions. Table 10 gives the 
value per farm of the products used and sold in the selected counties, 
according to division and State. 



32 BULLETIN 481, U. S. DEPARTMENT OF AGRICULTURE, 

TABLE 10.—Average value per farm of woodlot products used on farm and those 
sold, in 1910. 

[Based on averages of census returns from 450 counties at random from each woodlot 

State or State group. 

Eastern United States. -..- 
New Eng 
Middle Atlantic......-- 

South Atlantic.......-- 
South Central........-- 

New England: Mai 

New Hampshire...-...-. 
WVermontss.- a oschennee 
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Mississippi 
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division in each State.] 

Division I. 

Value per farm reporting. 

Division Il. Division III. 

TANG sae ae) eens | ecisse reese 

Division IV. 

se Used Used Used 
Total.| on |Sold.)Total.| on |Sold.|Total.. on |Sold.|Total.} on | Sold. 

farm. farm. farm farm. 

$69 | $47| $92) $74) $47) $27) $80 | $42] $38] $938) $42 $51 
76 40 386 | 180 52 7 162 58 104 

69 39 30 84 48 386 | 110 46 64 | 106 40 66 
73 49 2. 69 43 26 70 39 31 vel 38 33 
61 46 15 val 50 21 73 46 27 | 1388 48 90 

eae 1s JS, (SER ae Bs 112 66 46 65 39 26 $i 39 42 
75 

118 60 

104 51 
48 30 
73 51 
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34 27 

109 54 
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57 32 
59 36 
62 4 
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Taste 10.—Average value per farm of woodlot products used on farm and those 
sold, in 1910—Continued. 

[Based on averages of census returns from 450 counties at random from each woodlot 
division in each State.] 

Value per farm reporting. 

Division V. Division VI. Total. 
Division or State. — 

Used Used Used 
Total. on Sold. | Total. on Sold. | Total. on Sold. 

farm } farm arm 

Eastern United States....--. $94 $39 $54 $232 $51 $181 $85 $43 $42 
Nay [EH EVMAG!. Co p4sdeoes|sbeaseda beaeseod boeseese |eosecducal poseccra|lseccccac 147 55 92 
Middle Atlantic.....---- 122 44 (hi Bscodaaa aoseeans asepccce 95 45 60 
North Central 37 30 (iil eacuses poSeeane beeeraa 69 42 a7 
NVA Onesie ee nate ec clsceie 3 187 51 136 325 61 264 83 47 36 
South Atlantic. 91 43 48 228 50 178 80 41 39 
South Central 95 36 GON ea eiseereta | ental ote tare Jeceeecae 70 38 82 

New England | 
ane SO dene beSU CEOS Ee SES aHes| Aapeimen peered De oe Ss ol gate oe Fan 136 54 2 

New Hampshire........:|.-.-.--- Jbadtoosalbgdacpusllasscossa|oseodeas \scecssae 218 68 150 
AVierTON Gee eee ee Os. EL) la geaaesel eaearesee ee Sel RA sete n| leees rte re 164 71 93 
Massachusetts.........-.|.------- Ia see Beil [SS SOF e sados| EaeEeeoe 149 47 102 
Tod oY OCG (ay d SHEEN XG LS es a (ests eM Fp eee eee te ive ciee[ie ker east 129 33 96 
Connecticut eens =e | ss =e = aaoausue pabee pan caaekessllsoadedaclancasens 118 46 72 

Middle Atlantic: 
ING WaViOR Kee essere sel scictes selec aaiajaniele = 4 se sleilemeeealaeleyels ance 2 [tao 97 54 43 
New Jersey seal aE Le eat fee eee Meare EES ak gee gs 70 34 36 
PENNS ylVanides jcc cee 122 44 | {slillsnacsoss kasouera ESae snus 95 35 60 

North Central: | 
Ohi 71 38 83 

73 36 37 
64 40 24 
71 54 17 
66 |. 46 20 

Michigan EY HS a 192 30 B32 Nore Sars Soy i eae |S ace 99 48 61 
WSCOnSIN me seeee eee e ecee ie eee SRE Ls Pe SR eee ae ae 87 52 35 
Minnesota soocoueodoasead 187 53 134 325 61 264 72 42 30 

64 33 31 
109 55 54 

29 54 
101 39 62 
69 35 34 
62 38 24 
75 52 23 

Florida (26 northern 
Counties) Ss o2s oss 5 - 266 149 193 92 101 

South Central: 
Keon tHckynescesciaceaecc 173 32 101 44 57 
Tennessee.....-.. 25 53 30 23 
Arkansas .... 68 31 64 36 28 
Alabama. . 72 40 57 36 21 
Mississippi 84 40 58 38 20 
MOUISIANaA sere aes eee < oe 133 56 104 | 50 54 

Compared with other crops, woodlots need very little attention. 
The growth is laid on year after year without cultivation, and the 
occasional thinnings which are necessary to increase the growth of 
the better trees can be made to pay for themselves in cash or in 
wood for farm consumption. If mature trees are to be removed 
for sale, the work can be done at any time when other farm 
work is not pressing. An important feature is that farm labor and 
teams can thus be utilized during periods when otherwise they might 
be idle. In effect this increases the income to be expected from the 
woodlot and thus raises the value of the standing timber. 
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The attitude of farmers toward their woodlots probably differs a 

great deal in different regions. Those functions of the woodlot 
which are of most value at a given time and place are emphasized, 
and other valuable functions perhaps not recognized at all. Where 
agriculture is entering heavily wooded regions in which cleared 
land is at a premium and wood is cheap, timber is likely to be con- 
sidered only an incumbrance, or at best as a means of eking out a 
livelihood until the cleared and cultivated land becomes sufficiently 
productive. In long-settled farming regions, where woodlots have 
been overcut, overgrazed, or repeatedly burned until only a few 
defective trees are left, the farmer may prefer to save the remnant 
simply for the shade it gives to stock or buildings, or for some senti- 
mental reason. In prairie country, protection to grain crops, or- 
chards, stock, or buildings, together with service as a convenient 
supply of wood for farm consumption may cause owners to place 
a high value on their woodlots. In mountainous regions near thickly 
populated manufacturing centers, as in New England, the woodlot 
may be valued for its wood-producing capacity alone. The tempta-— 
tion is to underestimate those functions of the woodlot which are 
not obviously beneficial under the conditions existing in the imme- 
diate locality. These less obvious functions are often the very ones 
which are likely to prove of the greatest value in the long run. For 
example, many of the Minnesota farmers who totally cleared their 
lands would be glad to have their woodlots back again if only for 
protective purposes, and farmers in the Central States already regret 
the abuse which has spoiled their woodlots as productive agents of 
increasing value on the poorer soils of the farm. _ 

It is therefore greatly to the interest of all woodlot owners to con- 
sider thoroughly not only the present but the possible future use- 
fulness of their timber from every point of view. Circumstances, 
such as the need of ready cash in “hard times,” may, of course, make 
it necessary or advisable to sacrifice the woodlot, even though the 
loss to the farm is greater than the immediate cash income from the 
wood products. Clearing of excess woodlands is necessary when the 
soil can be put to a more paying use, for cultivation, pasture, or 
orchard. The point is that before cutting off his wood the farmer 
should carefully weigh its value, in all its phases, against the income 
which he can hope to make from the contemplated use of the soil. He 
should not clear, if he can help it, unless the balance stands unmis- 
takably against the timber. 

HOME SUPPLY. 

Most farms use yearly a great deal of wood, which must be bought 
if it is not taken from the woodlot. Firewood, lumber, fencing, and 
poles are the forms in which the woodlot material is most used, but 
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there are many other products for special uses and emergencies which 
the woodlot supplies. Substitutes for wood are, of course, coming 

more and more into use. Rail fences have long been displaced in 
general use by wire fencing, and steel and cement fence posts are 
growing in favor in many regions. Coal is used for fuel, and con- 
crete for construction. In general, however, the woodlot products 

have the advantage of cheapness and ready availability. The wood- 
lot thus has a “convenience value” apart from its intrinsic value. 
Firewood—The largest “home use” ofthe woodlot is for fire- 

wood. In a study by the Office of Farm Management,' U. S. De- 
partment of Agriculture, of the ways in which the farm contributes 
to the farmer’s living, the average amounts and values of wood and 
coal used on farms for fuel were determined for various States. The 
averages were based on satisfactory records obtained from 483 
families visited, distributed fairly evenly through 10 areas in as 
many States, representative of the kind of agriculture practiced in 
the regions. For those of the 10 States covered which fall within 
the scope of the present bulletin the average amounts and values 
were as shown in Table 11. 

TABLE 11.—Average annual consumption of coal and wood on farms in eight 
States, with the proportion of wood bought and the proportion furnished by 
the farm. 

[The amount of wood is expressed in the standard cord; that is, the amount contained ina pile 8 feet long 
by 4 feet high and 4 feet wide. This is equivalent to3 cords of “stove-wood”’ (16-inch lengths).] 

Coal. Wood. 

Bought Furnished State and county. Per family. Per family. Per person. : | by farm. 

Tons. | Value. | Cords. | Value. | Cords. | Value. | Per cent. | Per cent. 

Vermont (Lamoille) .......---..- O.1 | $1.01 14:3 | 365. 40 3.9 | $13. 62 3.0 97.0 
New York (Otsego) ........-..--.| 2.5 | 16.00 12.3 | 54.80 3.1] 13.70 1.8 98. 2 
Pennsylvania (Bucks) .-.--..-.-- ; 4.9 | 26.90 6.2 | 19.00 1,2 3. 65 5.8 94,2 
Ohio (Champaign)..............- 5.7] 23.70| 12.0] 32.50 2.9| 7.93 6.2 93.8 
Wisconsin (Jefferson) .....---.--- | 3.0} 20.70 7.5 | 38.80 1.1 5.34 7.7 92.3 
Iowa (Montgomery).-...-.---.--- | 3.9 | 29.57 4.8 | 22.40 1.7 Cher) sbaodeabnc 100 
North Carolina (Gaston) ...-...-. | OALENal vAN TE 14.0] 43.58 3.1 9. 68 3.9 96.1 
Georeia CLroup) yas see see eee ee SE a 17.8 | 51.60 3.3 CET BScossces 100 

Any OPE Gaudet tek QOL Ce Uk 2.5 | 14.74 11.1] 41.01 2.4 9.04 3. 55 96. 45 

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

Though the number of farms which supplied the data was not 
large, the fact that they were taken at random lends value to the 
table as an indication of the usefulness of the woodlot for fuel not 
only in these States but in the other Eastern States also. A great 

many farmers use coal for fuel, but there are probably very few 

1Department of Agriculture, Farmers’ Bulletin 635, ‘‘ What the Farm Contributes 

Directly to the Farmer’s Living,” by W. C. Funk, 
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who depend entirely upon it. In only two States—Pennsylvania and 
Towa—did the amount spent for coal exceed that spent for wood. In 
Pennsylvania this was probably due to the ready availability and 
cheapness of coal; in Iowa, to the relative scarcity of wood. The 
proportion of wood furnished by the farms on which it was con- 
sumed is significant. This averaged over 96 per cent, and the remain- 
der—less than 4 per cent—was probably bought from adjacent farms. 
In the two Southern States that appear in the table, approximately 
three-fifths of all the wood was used in fireplaces. The other two- 
fifths was used in cookstoves. 

The heating value of coal is, of course, much greater than that of 
wood. Forest Service investigations! show that in general 1 pound 
of coal has a heating value equivalent to 2 pounds of seasoned wood. 
Allowing 80 cubic feet of solid wood to a standard cord (4-foot sticks 
in a pile 8 feet long and 4 feet high), the weight of a cord of the 
heavy, medium, and light woods would be about 4,000, 3,000, and 
2,000 pounds, respectively, for seasoned sticks containing 15 or 20 
per cent moisture. Table 12 shows the number of cords of several 
kinds of seasoned wood that are necessary to give approximately the 
same heating value as 1 ton of coal. 

TABLE 12.—Amount of wood of different species necessary to give the heating 
value of 1 ton of coal. 

2 cords of wood 
equivalent to1 

1 cord of wood equivalent to 1 1} cords of wood equiv- 
alent to1ton of coal. 

ton of coal. ton of coal. 

Hickory. Shortleaf pine. Cedar. 
Oak. Western hemlock. Redwood. 
Beech. Red gum. Poplar. 
Birch. Douglas fir. Catalpa. 
Hard maple. Sycamore. Norway pine. 
Ash. Soft maple. Cypress. 
Elm. Basswood. 
Locust. Spruce. — 
Longleaf pine. ite pine. 

There are other factors besides heat value which affect the useful- 
ness of the different kinds of wood for fuel. Pine, for example, has 
a relatively low heat value per unit volume, but it ignites readily and 
gives out a quick, hot flame which soon dies out. This makes it a 
favorite with rural housekeepers, because it is particularly adapted 
for hot days in the kitchen. Hickory has the highest heat value, 
burns evenly, and “ holds the heat.” Oaks come next in this respect, 
followed by beech, birch, and maple. In selecting wood for fuel, 
however, it is important to consider the much greater value which 
some of the species have for other uses. It is a mistake to burn 

1“Puel Value of Wood,” by H. 8. Betts and Earnest Bateman; mimeographed circular 

of the Forest Service, 1913. 
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young, sound hickory and oak except when removed to improve the 
stand or to make way for cultivation of the land. Usually, too, these 
and many other species can be sold at prices which make it unwise 
to use them for fuel. It is better to make the farm firewood out of 
the species that are less salable. 
Lumber.—lt is probable that much more of the lumber used in 

farm buildings is bought in the general market than is sawed from 
woodlots. A considerable amount of woodlot material still goes 
into buildings, however, especially in the newer agricultural regions. 
It is here that the economy of the woodlot appears to good advan- 
tage. At times when farm work is not pressing, as in the winter, the 
farmer can saw enough of his trees into logs to make the required 
amount of lumber, haul them to some nearby mill which does “ custom 
sawing,” and have them manufactured into lumber for $3 or $4 per 
thousand board feet. Since at certain seasons of the year the men 
and teams of the farm are apt to be free from other work, the cost 
of the labor involved is a negligible item. The saving may thus 
amount to as much as two-thirds or three-fourths of the cost of even 
the lower grades of lumber available on the general market. 

As a rule, however, the woodlot affords only a small amount, if 
any, of the kinds of lumber which ought to go into buildings. It is 
common to find farmers putting various hardwoods into barn lum- 
ber. The loss is a double one. Hardwood lumber is much less 
adapted to building than softwood, like pine or hemlock. The work 
is harder and the building less satisfactory. At the same time some 
of the hardwoods are especially fitted for uses for which softwoods 
ean not be employed, and when markets are available the farmer may 

be able to sell his best hardwood logs or lumber at a high price, more 
than sufficient, possibly, to pay for the amount of softwood lumber 
needed. Where the market for hardwood material is poor, however, 
and even in some cases when it is good, the possibility of utilizing 
idle teams may justify the farmer in putting his hardwood logs into 
building lumber. When the woodlot contains softwood timber the 
saving is unquestionable. 

PROTECTION. 

Tf trees on the farm gave no wood for home consumption and none 
for sale their value for protection and shelter alone would often be 
ereat enough to justify their preservation. In the Northern States, 
where cold winter winds are a source of discomfort or damage, the 
woodlot goes a long way toward increasing the comfort of farm life. 
Even when leafless, a small woodlot will break the force of a strong 
wind; and in summer, when the leaves are on the trees, the obstruc- 
tion to wind is much greater. Both live stock and crops benefit from 
protection against hot, drying winds. 
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For crop protection the woodlot must be properly located. In 

the absence of native timber, windbreaks, which are woodlots in nar- 
row strips, were extensively planted for crop protection by the 
early settlers in the great plains region. The results did not look 
satisfactory to the farmers, because it was noticed that near the 
windbreak the grain was stunted and poor, and a revulsion of feeling 
against timber belts took place. There is not so much planting as 
formerly, and in one State—Kansas—legislative action has been 
taken providing that all hedge fences along the public highway shall 
be cut and trimmed to not more than 5 feet high, except when pro- 
tecting orchards, vineyards, and feed lots.* ° 
To find out as accurately as possible the relation between benefit 

and injury to farm crops from windbreaks, a detailed study of this 
subject was made in 1908 by the Forest Service.? Careful measure- 
ments were made at different distances from windbreaks of various 
species to determine, on the one hand, the amount of harm done to 

adjacent crops by shading, the sapping of soil moisture, and other 
causes; and on the other hand, the amount of benefit due to protec- 
tion from evaporation, the breaking of the mechanical force of the 
wind, etc. At the same time, the solid contents of the trees were 
measured and their value as wood determined. The results of the 
study showed a good deal of variation among windbreaks of different 
species and different degrees of density, and between rows running 
in north-and-south as compared with east-and-west directions. In 
general they showed that while dense windbreaks do considerable 
damage to crops standing close to them—to a distance of once or 
twice the height of the tree—their protection from drying winds 
will ordinarily increase the grain yields farther away, to a distance 
of 10 or 12 times the tree height—more than enough to make good 
the loss. The protection is especially noticeable after heavy winds, 
which in the absence of efficient windbreaks often ruin entire fields 
of grain. The greatest direct benefit is obtained when the wind- 
breaks are not closer together than a distance equal to twenty times 
their height. Orchard trees close to windbreaks are injured by shad- 
ing and sapping, while those farther away are benefited by protection 
from breakage, drought, and freezing. 

The economic value of windbreaks is determined not only by the 
prevalence of damaging winds in a region, but also by climatic fac- 
tors affecting the growth of the trees themselves and the productive- 
ness of the windbreak as a source of timber supply.. Windbreaks 
very commonly occupy soils of agricultural value; and since an effec- 
tive windbreak must consist of more than a single row of trees, the 

1General Statutes of Kansas, 1901, secs. 3116-3118. The adoption of this statute is 

left to popular vote in each county. 
2‘* Windbreaks: Their Influence and Value,’ by C. G. Bates, Forest Service Bulletin h 

. 86, 1911; and “ The Windbreak as a "arm Asset,’ by C, G. Bates, Farmers’ Bulletin 788. 

/ 
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area occupied is considerable. This should be considered in starting 
windbreaks. Planting them on an extensive scale to protect large 
areas is justified when their combined protective and timber value 
can be expected to equal or exceed the value of field crops which 
might be grown on the same area. 

The relative value of the direct and indirect benefits of timber units 
is determined by the moisture conditions of the climate. Where, as 
in all the eastern States except parts of the Lake States and most of 
Towa, the annual precipitation is over 30 inches, the crop protection 
is small, and windbreaks may be positively injurious around poorly 
drained farm land, but for orchard and home protection their value 

may be great enough to justify their existence, even without consid- 
ering their wood-producing value. Where the annual precipitation 
is less than 30 inches the value of protection to crops is likely to be 
greater. 

AS A POOR-LAND CROP. 

On poor soils and on slopes too steep for successful cultivation, 
timber affords an excellent means of getting at least a moderate 
income. One objection often raised against woodlots is that trees 
take too long to mature, so that the owner can not hope to realize on 
his investment if it involves raising the stand from its youth. Even 
if the wood crop can be harvested only once in a lifetime, however, 
a net income may often be obtained which will represent as high an 
interest rate on the investment as other farm crops raised on better 
soils. 

There are two general ways of managing a timber crop, depending 
upon whether the woodlot is to be maintained for its indirect bene- 

fits to the farm, the wood yield being a secondary but important ob- 
ject, or whether it is to be managed primarily as a wood-raising 
investment. In the first case, the farmer would keep his woodlot 
intact, cutting a few trees here and there as they reached large, mer- 
chantable size, and supplying himself with fuel from their branches 
and from defective or crowded trees removed from time to time to 

keep the stand in a good, rapid-growing condition. If care is taken 
_to prevent overcutting, overgrazing, and fire, and if a good under- 
growth of desirable species is encouraged, the stand can thus be per- 
petuated indefinitely, and the farmer can afford to raise some trees 
of high value but slow growth, like hickory and white oak, as well as 
large trees of more rapid-growing species, like black walnut and yel- 
low poplar. If financial profit from the sale of wood products is the 
chief aim, a safe margin of income over all costs of raising and 
marketing must be reasonably certain. The cost of raising timber 
includes planting (if this is done), subsequent upkeep, and taxes. 
In addition, some charge must be made against the use of the land, 



40 BULLETIN 481, U. S. DEPARTMENT OF AGRICULTURE. 

which is small in situations not adapted to cultivation. Asa rule the 
cost of raising timber is very small compared with the cost of raising 
other farm crops. Where a young stand already exists and no plant- 
ing expense is involved, there are several species of trees which will 
yield a profit provided they are adapted to the soil and climate. 
Within a moderate hauling distance of a steady market for wood 
products, as in parts of New England, planting can be and is prac- 
ticed on lands of low agricultural value with fair assurance of a 
good profit. 

Under average conditions it has been shown that a few of the 
best species for woodlots, raised from seedlings to financial maturity 
on land worth $5 or $10 per acre, should yield incomes at the fol- 
lowing rates of compound interest : ? 

Per cent. 

Cottonwood: on favorable! soils222 322 ee Gn ORG 

Koblolly, pine: ions the most favorable) soillss2==. 3 ee Zieato) al 

oblollya pine: on less) favorable soils! a 22s ee 0.8 to 5 

White pine, on the most favorable soils___._-___________________.__ 4 to 10 

White pine; on wWess) favorable soils) =o 5s Eee PATS 8 Ova ( 

White! ash,,on) favorable soils:2 eek ee eee 5 to 10 

These rates vary chiefly with the distance from market and the 
prices which can be obtained for lumber of the qualities supplied. 
The closer the stand is to tlie market the higher the lumber prices to 
be expected; and the better the soil and moisture conditions for 
rapid growth the higher will be the interest rate on the investment. 
Even the lower interest rates indicated above compare favorably — 

with crop incomes in many farming regions.* 

1In choosing between species to be planted or favored in woodlots the two qualities 

to be sought are rapidity of growth under the existing conditions of soil and climate and © 

high market value when cut. Since the market value can not be estimated in advance 

with accuracy, rapidity of growth is the more important consideration; but of two rapid- 

growing species the one whose wood seems likely to fill the greatest variety of industrial 

needs should, of course, be chosen. The time when the timber must be cut in order to © 

yield the highest net profit is that at which the greatest difference exists between the 

sale value of the products and the accumulated cost, at compound interest, of planting, 

eare and protection, and taxes. Compared with the great age which many kinds of trees 

reach in nature, this period of “ financial maturity ’”’ comes early. It is commonly at- 

tained at from 40 to 60 years of age, though sometimes earlier with rapid-growing species 

on good soil and later with slower-growing species on poor soil. With especially rapid- 

growing species, like loblolly pine, the rotation of maximum income may be as short as 

20 years under the best conditions. Information relating to tree species for woodlot use 

is contained in detail in Department of Agriculture Farmers’ Bulletin 711, ‘‘ The Care 

and Improvement of the Woodlot,’’ which can be secured on application to the Secretary 

of Agriculture, Washington, D. C. ; 
2 This subject is treated at length, for various species, in’ the following bulletins of the 

Department of Agriculture: 

Bul. 11, ‘‘ Forest Management of Loblolly Pine in Delaware, Maryland, and 

Virginia.” 

Bul. 13, ‘‘ White Pine Under Forest Management.” 

Bul. 24, ‘‘ Cottonwood in the Mississippi Valley.”’ 

Bul. 299, “ The Ashes: Their Characteristics and Management.” 

2 See Department of Agriculture Bulletin 41, “‘A Farm-Management Survey of Three 

Representative Areas in Indiana, Illinois, and Iowa,” by E. H. Thomson and H. M. Dixon. — 
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The care of woodlots requires practically no work beyond the 
amount necessary to get out the year’s supply of firewood, posts, 
etc., which, as thinnings and “improvement cuttings,” may be made 
to improve the condition of the stand. The value of wood cut and 
sold therefore comes nearer to being a net value than that of grain 
crops, a large part of which each year is the cost of labor. While 
the gross returns per acre from most crops are usually larger than 
from wood the two are really much closer together when the labor 
cost is deducted. Furthermore, the woodlot is ready for cutting at 

“any season, so that farm labor can be utilized on it when unoccupied 
with other farm work, as in the winter. There is little risk of loss 
from wind storms, heavy rains, hail, frosts, or droughts; and, in 
addition, the farmer has the advantage of wood for farm use ready 
at hand, of protection to adjacent crops, to stock, and, possibly, to 
buildings, and of by-products which the woodlot affords, such as 

maple sugar, nuts, etc., all of which tend to increase the selling value 
of farm property. 

The value of land which can be used for woodlot purposes, judged 
from the standpoint of wood production alone, would be the capi- 
talized value of the net income to be expected each year. The com- 
putation is practically the same as for any field crops. It consists 
simply in dividing the estimated net annual income by the desired 
rate per cent. In the following table net incomes of from 25 cents 
to $3 per acre per year are capitalized at 3, 4, 5, and 6 per cent, and 
the result in each case represents the true valuation of the land which 
will produce the corresponding net annual income per acre: 

TABLE 13. —Values of land for wood raising, representing net annual incomes of 
various amounts capitalized at 3, 4, 5, and 6 per cent. 

Land values, capitalized at— 

Net income per acre per year from the woodlot. 
3 per 4 per 5 per 6 per 
cent. cent. cent. cent. 

SSD DRE ep enters n on Sere eke sa it eS veya sisie sieveie $8. 33 $6. 25 $5. 00 $4.17 
DEED SSE SGC A Sea ISS OL eR CCE et ee 16. 67 12. 50 10. 00 8.33 
CTE 5 wi tbo s Se Us hee Se ss a ae eae eee ore TS As 25. 00 18.75 15. 00 12.50 
SU OO Ree eee ete tl CERN ic hope eel l a) Met e: Aamey 33. 33 25.00 20. 00 16. 67 
SAD SH SSE SUS ei see Ek one ee DN aR Si 8 6 eee ree 50. 00 37. 50 30. 00 25. 00 
DIDS Sa fe se SS ANGE ESR RUSS cca ieoee ey ree data ateet Mes 66. 67 50. 00 40. 00 33. 33 
CPT ai a ie ee AE oe Sap ks ress ey GMMR SU Sith cy 83. 33 62. 50 50. 00 41. 67 
(Bs be SEGUE Be Hee HAH Meee NRA e nes heen RES aa pert EOL AS 100. 00 75. 00 60. 00 50. 00 

Since the net income is only the amount remaining after deducting 
all costs of labor, interest, taxes, etc., it is not an easy figure to de- 
termine. It depends also upon the amount of wood produced each 
year on each acre of woodlot, which is the amount that could be 
removed without cutting into the producing capital of the woodlot. 
For example, a farmer finds out that his wood is growing at the rate 
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of 2 cords of “stove wood” (16-inch lengths) per acre per year and 

proceeds to cut and sell this amount each year. Although he does 
the cutting and hauling at times when his men and teams would 
otherwise be idle, he decides to figure the cost as though he actually 
paid to have the work done and finds the cost to be $3.50 per cord, 
delivered. He sells his wood at the rate of $4.50 per cord, clearing 
$1 on each cord sold. Since the annual growth per acre is 2 cords 
the income amounts to $2 per acre. Arbitrarily deducting 50 cents 
to cover one year’s taxes and interest per acre, the remainder, $1.50, 

represents his net income. Capitalizing this at 5 per cent (see Table’ 
13) he finds that the producing value of his land for the wood crop 
is $30 per acre. A very little figuring of the costs and values of 
other crops which might be raised on the same soil will enable him 
to decide whether, from a standpoint of direct income only, he is 
justified in keeping the land under timber. The indirect values al- 
ready discussed should, of course, greatly influence his decision. 
The possibilities in regard to marketing the products of the wood- 

lot naturally differ a great deal in different regions.1 They are best, 
as a rule, in thickly settled regions, where there are good roads and 
railroads, a large variety of manufacturing plants using wood, and 
better chances for securing competitive bidding for the products in 
the woodlot. Industries manufacturing cooperage, handles, spokes, 
hubs, basket and box veneer, novelties, spindles, etc., often present 
a better market for logs and short bolts than could be obtained if 
the trees were sawed up for lumber; although good logs of oak, 
yellow poplar, basswood, etc., may bring high prices at established 
mills for the production of high-grade lumber for furniture, finish, 
patterns, and other uses. Plants manufacturing special articles 
often employ buyers skilled in judging timber for the use for which 
they wish it, who travel through the farming sections buying in- 

1Farmers are usually much better versed in selling other farm crops than in selling 

wood, and so when the wood crop is sold the problems which are involved in getting the 

best returns from it are likely to be perplexing. Furthermore, when the wood crops are 

many years apart the success of the undertaking depends a great deal more on getting 

a good price for the product than is the case with ordinary crops, with which a single 

bad bargain will affect only a single year. Before selling woodlot material, therefore, 

the farmer ought to obtain all the information possible on the following points: The local 

and distant markets and the shipping rates to them; the prices which different markets 

will pay for the same kind of timber, together with the specifications of each market as 

to size, shape, and quality; the cost of getting out the products (whether or not the 

farmer expects to do his own logging) ; and an estimate of the amount of different kinds 

of standing timber in his woodlot in the most profitable units (that is, as board feet of 

logs or lumber, cords of bolts or bark, and number of ties, poles, posts, etc.). Through 

ignorance of.these things many farmers have sold timber far below its real worth, while 

others have held stands for excessively high prices until their best trees became practi- 

cally worthless through decay. 

The procedure which should be followed in making sales from woodlots is not within 

the scope of this bulletin, but is discussed in detail in Department of Agriculture Farm- 

ers’ Bulletin 715, ‘‘ Measuring and Marketing Woodlot Products.” In most of the 

eastern States free information is also available on application to the State Foresters 

or to the State Agricultural Experiment Stations. In some States bulletins on marketing 

woodlot products within the State are available. 
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dividual trees or. even woodlots. Though it is rarely possible for 
the farmer to become equally proficient, it is at least to his advan- 
tage before selling to inform himself on the best paying uses for 
his timber, the points which influence its value for these uses, and 
the factors which should determine the price to be paid, such as 
the distance and kind of haul to the manufacturing plant, the pre- 
vailing market prices, etc. It is, of course, always advisable to ob- 
tain as many competitive bids as possible, and in doing this it often 
becomes possible to sell to several different buyers, each taking from 
the woodlot the species or form of product he especially desires and 
can pay the most for. 

In the pioneering regions the market for woodlot products is 
much more limited and the prices are lower; but in spite of this 
the woodlot sales, as shown in Table 10, have amounted to more in 
these regions, through the extensive clearing practiced, than in the 
more settled regions. Freight rates to the more settled regions are 

high, and the farmers must sell, as a rule, to saw or pulp mills not 
very far away, delivering their logs or bolts to points along the rail- 
road. Excelsior and box factories in these regions often buy large 
quantities of small or low-grade material from farmers, while lime 
and brick kilns take a great deal of cheap fuel wood at a small price. 
These small returns, however, may be indispensable to the settler for 
maintaining a living until crops can be grown on the land cleared. 
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INTRODUCTION. 

The purpose of this bulletin is to present a general description of 
the farm-management practices followed on farms in the bluegrass 
region of Kentucky and to determine from analyses of the operations 
on about two hundred such farms the relative efficiency of the dif- 
ferent types of farming in vogue and the factors which seem to have 
the greatest influence on farm profits in that locality. 

It was found that specialized farms, those of the tobacco, stock, or 
dairy type, moderately diversified, are the most efficient in this region 
and that the general mixed farms, more highly diversified, are the 
least efficient. Thus, while diversity has @ vital relation to profits 
here as elsewhere, it would appear that in the bluegrass region these 

specialized farms have found in moderate diversity the right degree 

for maximum profit. 
Of the factors which determine profit, size of business was found 

to have the greatest weight, with utilization of pasture and yield of 
64453°—Bull. 482171 
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field crops per acre important secondary factors. Size of farm has 

here no-direct bearing upon labor income. It does, however, deter- 

mine the character of the farm organization, the small farms natu- 
rally turning more to the cultivation of tobacco and the large farms 
lo grazing. 

METHOD OF STUDY. 

The farms selected to furnish the basis of study are located in three 
counties—Mason, Scott, and Madison. These counties are typical of 
the different parts of the region. They are widely separated. Mason 
hes on the Ohio River, Scott is near the center of the region, while 
Madison lies at the foot of the mountains and is representative of the 
more distinctly stock type of farming. Tobacco and live stock are 
important enterprises in al] the counties studied. These two enter- 
prises furnish the bases of all the types of farming found, with the 
exception of 10 distinctly dairy farms, which have not been included 
in the general analysis. 

KENTUCKY 

| 

A . vy, Se & 

; (SLE) 
Csr SI eee leaee 

fap of Kentucky with bluegrass area outlined and the three counties in which 

farm records were taken shaded. 

md Vic. 1. 

The farms visited were those named by various men in the com- 

munity as being operated on a business basis. It was thought ad- 
visable also to select such farmers as were both willing and competent 
to give a record of a year’s business, March 1, 1913, to March 1, 
1914. Many of the farms were visited twice and many three times. 
In a preliminary survey about 25 complete records of each enterprise 
in the county were taken in order to determine the average seasons 
in which various operations were carried on and the amount of labor 
and horse work required for each. At the same time, farmers’ esti- 
mates were secured as to the number of days available for field. work 

in each month of the year. In the general survey that followed, 

each farmer furnished a year’s record of his business and such other 

: 
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data as would be necessary in making a complete analysis of the 
business organization of the farm.* 

GENERAL DESCRIPTION OF REGION. 

The bluegrass region borders on the Ohio River and occupies a 
somewhat circular area about 100 miles in diameter. (See fig. 1.) 
It is bounded by a rim of low mountains and the Ohio River. Lex- 
ington, a city of about 40,000, is southeast of the center. Richmond, 
Winchester, Paris, Georgetown, Versailles, and Nicholasville are the 
county seats of adjoining counties. All of these, except Richmond 
and Winchester, are connected with Lexington by trolley. Frank- 
fort, the capital of the State, 22 miles west, is also connected with 
Lexington by trolley. All towns of importance throughout the 
region are connected by steam railways. 

Throughout the region connecting the main towns and villages 
are macadamized roads, many of them kept in excellent repair. 

Three main railway systems center at Lexington, connecting with 
the main large market centers of the interior and with all large 
seaboard cities on the Atlantic and the Gulf of Mexico. 

The Kentucky River rises in the mountains of the southeastern 
part of the State and takes a winding course through the central 
portion of the area. Small steamers and rafts ply this river through- 
out its course in this region. er 

MWY Ty _ Sz. n= 

Fic. 2.—Cross-section of Kentucky including the bluegrass region, indicating the topog- 

raphy and the elevations above sea level. 

The topography in most parts, except in the vicinity of streams. 
is gently rolling. (See fig. 2.) The area is largely cleared of forest 
trees and 85 to 90 per cent is tillable. Farms vary in size from 40 
to 1,000 acres or more. The country generally looks prosperous. 

Most farms are well kept up and many farmsteads have luxurious 
appointments and surroundings. (See fig. 3.) Formerly, the plan- 
tation type of farm prevailed and the work was almost entirely done 
by slaves. There is now a tendency toward subdivision into smaller 
farms. However, many are still large and are run on the plantation 
plan, with hired laborers or share tenants, mostly colored, who live 
on the farm in cottages and are provided with gardens and a few 
other perquisites. 

1 Acknowledgment is due Messrs. B. F. Creech, Will D. Click, William Ballinger, L. C. 

Caldwell, and A. B. Thomas for collecting data for this bulletin ; also to Prof. J. S. Pullen, 

of the Eastern Kentucky Normal School, who assisted in collecting data in Madison 

County and gave valuable help in other ways. The cordial interest of the farmers who 

gave the records is much appreciated, and thanks are due them for the time given to 

this work. 
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Many of the people who settled in this region brought with them 
from Virginia, and a few from the Carolinas, the fine traditions 
of the country house and the gentleman farmer. They had the same 
interests in the breeding of high quality of live stock which has long 
characterized the. English farmers. Many dwellings were built in 
a substantial manner, often of brick. (See fig. 4.) Most of these 
still stand and give the country an atmosphere of ease, comfort, and 
sometimes luxury. 
A great many of the farms are still owned and operated by those 

who inherited them from the original owners. There is reason to 
believe that the present owners are farming in the same spirit as 
their ancestors and with as good success. 

Fic. 3.—A typical bluegrass farmstead. 

A few tracts have been bought up and are operated on a showy 
and expensive scale, with probably very little, if any, profit to the 
owners. 

Tobacco culture enables the small-sized farm to carry a compara- 

tively large business, so that there are many prosperous farms 40 

to 100 acres in size. 
In traveling through the country for the first time one is impressed. 

by the large proportion of farm area in bluegrass pasture. Over 

the fields are scattered fine forest trees, providing shade for stock. 
These large areas in pasture and scattered trees suggest that the 
farmers devote their attention largely to live stock. The bluegrass — 
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farmer is prejudiced in favor of live-stock farming and will cling to 
it as a type as long as he can. Next to live stock in importance is the 
white Burley tobacco, a crop well adapted to the region, so that. these 
two enterprises characterize this section agriculturally and are at 
present the main sources of income. 

HISTORY OF BLUEGRASS FARM ENTERPRISES. 

It is a well-known fact that the acreage of crops varies from year 
to year because of the variation in prices. The amount of live stock 

kept on farms varies also for the same reason. Prices for a product 
in one section are, as a rule, made permanently lower than the cost 
of production if the same can be produced in another section at a 

Fie. 4.—Type of the large modern farm house. 

lower cost and in adequate quantities. Again, by experience or 
through discovery, a more profitable enterprise may be substituted 
for another. Any of these causes or a combination of them will 
result in relatively permanent changes in the agriculture of a region. 
Tables I and II give a history of the several enterprises developed 
in this region from 1840 to 1910 according to figures of the United 
States census. These figures show that the agricultural resources 
here were well developed as early as 1840 and that their total pro- 

duction was not far behind that of 1910. . Changes in the relative 
importance of the several enterprises, however, have occurred. 

Swine, for instance, were much more important prior to 1860 than at 
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any time since. Before this time large droves of hogs were taken 
across the mountains into those sections of Georgia and the Carolinas 
which were devoted to raising cotton. This fact no doubt largely ac- 
counts for the comparatively large number. of swine at that time. 
The development of railways and the opening up of the rich corn 
States farther west and north has also had an influence in changing 
the status of this enterprise. About the same amount of corn is 

raised as formerly, but most of it is fed to beef cattle and compara- 
tively little to hogs. 

TABLE I.—JLive-stock enterprises in the bluegrass region of Kentucky, 1840-1910 
(Madison, Mlason, and Scott Counties). 

= : “ 4 Total Milch Other | Workin, 
Year. | Horses. | Sheep. Swine. ata, ace cattle: Gearing 

RAD meee cine cscs ese ein aie 2 23, 704 59,926 | 116, 244 33,419 |. 2232 kects |e Gee een Reece eee 
ASH ieee eer Src wei 0 = 17, 292 58,327 | 115, 122 38, 836 11, 568 27, 268 3, 288 
iG), 2 Soke oa ee ae | 22°160] 37,916} 103,553} 40,385 | 12,585 | 27,800 4, 156 
TR TO See eee eee cen ae | 14)817 25,179 65, 095 35, 761 10, 504 25, 257 2, 624 
ARE eee ee ear cs Eien eo ino 16,528 | 3 45, 753 75, 980 40, 207 11, 495 28, 712 1, 598 
HOOD MMMM ee see NE ee! 20,074 | 67,439] 75,662]. 45,810| 12,266] 33,544 1,374 
1) Uys 5cecne sae SESE ooE Ee Seeaee 18, 721 87,778 62,476 59,989 | 412,215 CY ri (Se |e eee 
iD) 0). 2525s SSouene See aaeeasess 19, 193 88,177 63, 969 47,591 | 413,054 Bt, Dota bere recon 

8 Exclusive of lambs. 
4 Dairy cows. 

1 Included under ‘‘Other cat tle.’’ 
2 Includes mules. 

TaBLe IIl.—Field crop enterprises in the bluegrass region of Kentucky, 1840- 
1910 (Madison, Mason, and Scott Counties). 

Year. Corn. Wheat. Rye. Barley. Oats Hay Hemp Tobacco. 

Bushels. | Bushels. | Bushels. | Bushels. | Bushels. Tons. | Pounds. | Pounds. 
2,230,880 | 367,668 | 178,092 8,000 | 347,941 9, 670 2,356 | 1, 248, 032 
3,492,435 | 135,125 35, 759 71,827 | 383,004 9,121 3,471 2, 553, 333 
3,536,996 | 541,304 99, 094 77,291 | 388,390 9, 639 528 1, 804, 593 
2,453, 681 174, 469 130, 495 43, 364 209, 394 9, 794 1,549 1, 642, 656 
3, 123, 212 837,172 71, 454 81, 663 98, 014 7, 980 348 6, 452, 093 
3, 593, 338 708, 740 43, 648 15, 745 225, 102 28, 762 853 7,185,519 
2,754,770 702, 240 17, 100 728 66,730 | 133,315 283, 090 16, 794, 630 
3,475,775 | 332,181 | 21,941 2,710 | 63,058] 41,821 | 342,450 | 23, 688, 291 

1 Hay and forage. 

Rye has declined in importance sharply since about 1870. This 
crop is no longer profitable, except for early spring pasture and to 

turn under. 
Barley also has declined in importance since about 1880, many 

farmers having forgotten that it was ever raised here. 

Only about one-sixth as much oats is now raised as during the 
period before 1860. This crop also is unprofitable because it is pro- 
duced in the States north and west at a very much lower cost per 

bushel than here. Most of the oats is now either cut and fed to 
horses in the bundle or is made into hay. | 

Tobacco has steadily increased in importance since about 1870 and 
is to-day one of the major enterprises. This is a crop that utilizes 
family labor to great advantage, and, as has been pointed out, is 
peculiarly adapted to the climate and soil. 



FARMING IN THE BLUEGRASS REGION. 7 

Satisfactory historical figures on beef cattle and saddle horses can 

not be gleaned from census records, since cattle have been classified 
differently in the various census years. Beef cattle, though still 
numerous, are less important than formerly. About 1890 there was 
a dropping off not only in the number of beef cattle, but also in the 
number of all cattle. The saddle and driving horses of the bluegrass 
region have long been noted, but economic changes have occurred to 
make them less profitable. Mules, however, have largely filled up the 
ranks, so that to-day there are about the same number of animals of 
the horse kind as formerly. It is interesting to notice the gradual 
decline in the number of working oxen. Horses and mules have 
almost entirely taken the place of cattle as work stock. 

ROTATION OF CROPS. 

No well-defined system of crop rotation prevails in the bluegrass 
region. ‘The common custom, however, is to plant corn or tobacco 
on sod land. Much of the best tobacco land is obtained by breaking 
up old bluegrass sod or new land. Two crops of tobacco are very 
seldom grown in succession on the same land, while two successive 
crops of corn are grown on from one-fourth to one-half of the corn 
area, the rest of the corn and tobacco being followed by a small-grain 
crop, usually wheat. Generally clover and timothy and occasionally 
bluegrass are sown with cereal crops. Hay is then cut usually 1 or 
2 years. 

The great irregularities in’ rotation are caused by the length of 
time the land remains seeded down. Occasionally a field will be 
sown to clover and turned again at the end of the year. If timothy 
or other grass seeds be sown the land may remain in grass several 
years, and if a good bluegrass sod develops it may remain in pasture 
30 to 40 years. The more common practice, however, is to leave rota- 
tion crop land seeded down from 2 to 5 years. 

The type of farming practiced seems to influence the crop rotation 
to some extent. On the tobacco farms corn follows corn least fre- 
quently, and the land seldom remains in grass more than 3 years. 
As the farms increase in size through the various types to the large 
stock farms with no tobacco, two crops of corn in succession will be 
raised on about 50 per cent of the corn land, and the time the land 
remains seeded down lengthens to from 8 to 6 years and frequently 
longer. The rotation period for the stock farms, therefore, gener- 
ally ranges from 5 years to 9 or more years. 

SOIL. 

The soil of the bluegrass country is derived from limestone which 
is comparatively rich in lime phosphate. The typical bluegrass soil 
1s reddish-brown or chocolate color. According to the United States 
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Bureau of Soils, it belongs to the series known as Hagerstown clay 
loam. It is of the same general type found in the Nashville Basin, 
East Tennessee Valley, and the Valley of Virginia. Except in 
the hilly parts along the rivers, rock is only occasionally seen on 
the surface. Generally it lies 2 to 20 feet below the surface, offering 
little obstruction to plows and other machinery. The subsoil in 
most places is a sticky red clay, highly retentive of moisture. While 
to the ordinary observer the soil seems quite uniform in fertility, the 
analyses by soil chemists show a good deal of variation, even in the 
most fertile sections.* 

The farmers who have grown up in the region and have had expe- 
rience with soils recognize many degrees of fertility. They distin- 
guish the quality of tobacco soils especially by native trees that grow 
on the land. For instance, white oak, beech, walnut, maple, and 

hickory clearings have been favored for the production of the best 
quality of tobacco.? 

CLIMATE. 

The organization of crop enterprises is greatly influenced by cli- 
mate. Figure 5 is a diagram showing the main facts about the 
climate of this section. The rainy season is during the winter, the 

2 [== INCHES 
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RAINFALL FREQUENCY Ol IN.OR MORE 

Fic. 5.—Diagram showing average climatic conditions. 

highest average rainfall occurring in March. During the hot period 
of summer the average rainfall is sufficient on this type of soil to 
keep tilled crops growing vigorously, but if it were not for the fact 
of a deep, heavy clay loam, rich in phosphorus, the region undoubt- 
edly would not be famous for bluegrass, since a relatively low rain- 
fall during the summer and fall is in itself injurious to bluegrass 
pasture. The farmers here expect frequent dry spells, when there 
is a shortage of pasture and water, and have adapted their farm 
practice and systems of farming to these conditions. Tobacco is one_ 

of the best drought-resistant plants known. For stock water farmers 

1See Kentucky Station Bulletin 162. 2See Kentucky Station Bulletin 139. 
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depend mostly on ponds in which the surface water collects. These 
are usually natural depressions on the land surface, which are 
tramped nearly water-tight by the hoofs of animals. Wells are not 
reliable in this region as a source of water supply. 

RAINFALL RAINFALL 

hae JAN. FEB. MAY | JUNE JULY AUG ‘SEPT. OCT NOV. DEC. Dy) 
INCHES INCHES 

10 | OR eae 10 

NORMAL RAINFALL —— 
RAINFALL 1913 ----- 

Fic. 6.—Diagram showing comparison of the actual rainfall in 1913 with normal. 

SEASONAL DISTRIBUTION OF OPERATIONS. 

CROPS. 

The farm enterprises' found in any well-developed agricultural 
region are mainly those which the experience of farmers has shown 

to be profitable. In the process of selecting such enterprises the 
soil and climate are fundamental factors. Additional limiting fac- 
tors are a profitable market and the availability of the right kind 

of labor. Still another factor not so evident as either of these is the 
way the various enterprises fit in with each other so as to interfere 
as little as possible. Each crop not only has its peculiar method of 
cultivation, but also its own peculiar seasons for the various opera- 

tions required. Not only must a certain amount of labor be given, 
but this labor usually must be applied within definite seasons. Hence 

1 Definitions: Certain special terms used in this bulletin are defined below: 

Farm enterprise—Any crop or live-stock undertaking on the farm, such as corn, 

tobacco, beef cattle, or swine. 
Labor income.—The amount the farmer receives for his labor and management besides 

the house rent, food, and other perquisites the farm may furnish. It is found by sub- 

tracting current expenses and interest on the total investment in the farm business from 

receipts. 

Animal unit—The equivalent of a mature farm animal, as a horse, cow, or steer; 7 

sheep, 14 lambs, 5 hogs, 10 pigs, 100 poultry, 2 head of young cattle or colts are equiva- 

lent to an animal unit. 

Labor unit.—A man-day’s work of 10 hours. 

Power unit.—One day’s work of a mule, horse, or the equivalent of this work done by 

an engine. : 

Crop index.—A figure that measures the yield of all crops on a farm as compared with 

the average yield of the community. One hundred is taken as the standard measure of 

the farm yield of the community. 
Diversity inder.—A factor derived by reducing all the enterprises of the farm to their 

equivalent represented by a number of enterprises equal in value. It measures the degree 

of diversification of enterprises on the farm. 

64453°—Bull. 482—17 2 
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the organization of these enterprises must take into account economy 
in the distribution of labor. Even though an enterprise like tobacco, 
for instance, may yield a very large profit per acre, the amount 
that can be handled profitably on a given farm is limited not only 
by the amount of good tobacco soil, but by such a relation of the 
tobacco crop to other established enterprises as will bring about the 
most advantageous distribution of available labor as well as other 

advantages of diversity. Figures 7 and 8 show the seasonal distribu- 
tion of operations required by the crops grown here, and _ illus- 
trate how the operations are limited as to seasons and are distributed 

through the year. These diagrams are based on the practice of 
about 75 farmers for each crop. The black lines indicate the limits 

of the average of the estimates given and the dotted lines show the 
limits of the range of these estimates. : 

LIVE STOCK. 

In a manner somewhat similar to crops, live-stock enterprises re- 

quire special attention at limited seasons of the year, so that in any 
system of general farming the operations required by them have an 
important influence in the organization of the farm. In figures 

9 and 10 there are shown the principal operations and events occurring 

in the life of animals on the farm. 

TasBLe III.—Labor units and power wits required by various enterprises (based 
on average of about 75 records for each enterprise). 

. P Lahor | Power A Labor | Power 
Enterprise. units.! | units.2 Enterprise. units. | units.2 

Per Per Per Per 
acre. acre. acre. | acre. 

MB DACCOR EN ceee sk seecianeen sce oes 38. 8 7.7 || Meadow hay... .- "3s. an-cceeeeeee iba 0.7 
Corn: | Cowpeas and soy beans..........- 1.8 3.0 

Shocked and put intocrib..... 4.6 4.4 || 
Hopped down s-.. S2.).222822 2.4 | 3.5 || Per Per 

BVINGR ene sores c eee etl sa 12) | 1.6 animal | animal 
Rye: | | unit. | unit. 

PBUPASNDO Ger ee Woes feck co me 1334] 2.0 || Ordinary milch cows on farm..... 12.3 1.5 | 
Cut and fed ashay............ 9 1.3 || Dairy cows, including marketing 
PASTHLOd) wv seeee ce cet coke oe 574) .6 MU Ke. os. 55s Has cet a 18.3 6. a 

Oats: Beef cattle or general stock cattle. . 1.0 | 
Thrashed. ...-.. Bees eect ove 1), 1.4°| Sheep: < wos... 2. eee 2.3 08 
Hedin) pundles- 2-525... 1.2 | 2,0; Siwine.-. 2... Se eee 11 02 

1 Labor unit: A man-day’s work of 10 hours. ; 
2 Power unit: One day’s work by a mule, horse, or the equivalent of this work done by an engine. 

LABOR AND POWER UNITS REQUIRED. 

The average number of labor units and power units required for 
each crop and stock enterprise is shown in Table III. These are based 
on about 25 records obtained in each of the ‘counties studied as pre- 
viously explained. The farmers’ practice relative to the amount of 
work put upon the crops and live stock is quite uniform throughout t 

the region. The variations that occur are due mainly to weather con- — 
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ditions and conditions of the soil rather than to the individual prac- 
tice of each farmer. It is believed that the estimate of 50 to 75 
farmers will give a very close average for the practice here. 

[MONTHS [uAN.| Fee.[MaR. | APR.[MAY [JUNE [JULY | Auc. [serr [oct [Now | ore] 
pean] [io [e [m [eof Ja feo | oo fo [on [os | 

REPLANT 
mmeoe 

CULTIVATE 
ese 

HUSH] CRIB 

3 . Sn 
— 

ee 
jomeee 

. | HARROW] LAY OFF 

TOBACCO 

SUCKER 

Wig., 7.—Diagram showing the seasonal distribution of labor on intertilled and cereal 

crops. (Biack lines indicate average, dotted lines extreme range.) 

The average farm of this region (about 300 acres) furnishes about 
900 productive labor units and about 450 productive power units.t 

1 By the terms ‘“ productive labor’ and ‘“ productive power’ is meant the labor or 

power applied directly to an enterprise which produces an income, such as a crop or a 

group of animals, or work which increases the value of the farm, such as building new 

fences, making new drains, etc. Repair work or mowing down weeds, etc., although neces- 

Sary, is not regarded as ‘‘ productive.” 
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CROP YIELDS FOR 1913. 

The yields of important crops are given in Table IV. All except 
corn are above the figures given for the same locality in the census 

TasBLe LV.—Average crop yields in Mason, Madison, and Scott Counties for 1913, 
compared with census figures of 1910. 

178 178 

{ 
| 

Crops records, Census, || Crops records Census, S: 1913: 1910. || ee 1913.’ | 21910. 
2 tee See 

| 
Core sadoseenictocos bushels. - 34.5 Risse Mele hcsleae ey arges eek en one bushels 9.9 9 
‘TobaceO ees. 2-2 ounds. . 1,132 1; 063')|) Hays-5 > 2 J see eae tons 1.05 1.61 
Wiheabeceroeeneecs.: yushels. . 16 12.9 || 

of 1910. The corn crop was undoubtedly cut short by the abnor- 

mally low rainfall in June, July, and August, 1913 (see rainfall 
chart, fig. 6.) Tobacco ene a drought- resisting plant, was prob- 
ably not much affected. The ‘Wingcaes pastures, “however, were un- 

mons Jaw [Feo [ore [vn neuer] avs [aero [nw [oe 
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Iric. 8.—Diagram showing the seasonal distribution of labor on forage crops. (Black 

lines indicate average, dotted lines extreme range.) 

HAUL TO BARN 
- -- 

doubtedly shorter than usual during this year, and as a consequence 

some of the farms were unable to support the normal amount of live 

stock through the summer. 

This year was a good one for wheat, which is an early-maturing 
crop. The fall and winter rains, much above the normal in amount, 

helped to give it a good start, and a dry harvest period was very 2 
. 
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favorable. Since there was sufficient moisture to give tobacco a good 
start, the dry summer may have been of some advantage to that crop. 

Pe | eee ee 
Ld 
— 
= 
kK 

<= 
O 

Fic. 9.—Diagram showing the seasonal feeding practice relative to cattle, sheep, and 

swine. (Black lines indicate average, dotted lines extreme range.) 
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Fic. 10.—Diagram showing seasonal distribution of operations and events other than 

feeding relative to cattle, sheep, and swine. (Black lines indicate averages, dotted 

lines extreme range.) 

CAT REE 

LAMBING SEASON 

Taking into consideration all factors, this season undoubtedly is 
fairly representative of an average year. 
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LAND TENURE AND CROPPER LABOR. 

A large majority of the farms here are operated by owners, while 
most of the tobacco, and, to some extent, corn and other crops, are 
raised by croppers. These may, however, be regarded as practically 
laborers, since in most cases the owner or regular tenant of the farm 

on which the cropper operates has general supervision. In most 
cases the owner or regular tenant furnishes the work stock and tools 

and looks after the sales. Receipts from the crops are usually divided 
equally between the farm operator and the cropper. The cropper as 

a rule lives on the farm, has the use of a cottage and small garden, 
and is allowed to pasture a cow or two and a horse, if he owns one. 
This system gives a little added independence to the laborer and 
enables him to support a family, the members of which can utilize 

much of their time to advantage by working in the tobacco fields. 

TasBLe V.—felation of tenure to capital and to rents (averages of 177 bluegrass 
farms). 

| 
Invest- | Invest Land cna 

Meniira Nua ber Size of} Total | ment in | ment in | earnings | terest on pore 
2 xemanils farm. | capital. | reales- | working per Teal-es- As = 

: tate.~ | capital. acre. |tate value| Per acre. 
per acre. 

=| | | 

| Acres. | | 
Owner farms. .......--- 130 | 303 $37,741 | $32,645 $5, 096 $5.97 SRB a eee 

Owner—additional 27| 344 40,056 | 33,822} 6, 234 4.22 4.92 { +R 
Cash tenant.....-- pe ae 13 356 | 36,377 | 31,483 4, 894 5. 20 4.42 4.02 
Share tenant........... 7 192 27, 455 23,950 | 3, 609 7.62 6. 24 7.33 

Allfarms......... 4177 309 | 37,991 | 32,760) 5,231 | 5.34 5.25 | 5.06 

1 Land earnings are the difference between value per acre of total production and total operating expenses. 
Total production includes the value of all crops sold, fed to live stock, and used by the family; also value 
ofall live-stock products and net receipts from live stock sold. Operating expenses are all current expenses 
nena value of products consumed and operator labor and Saenegaar sat not interest on real-estate 
value. 

2 Cash. 
8 Share. 
4 One additional farm operated by a manager. 

Table V shows the farms grouped on the basis of tenure. One 
hundred and thirty out of 177, or about 74 per cent, of the farms in- 
cluded in this study are owner farms. It is interesting and instructive 
to compare in this table the land earnings with the rental value of 
the land, which is here assumed to be 5 per cent on the real-estate 

investment. The average of all farms in the group earns but 9 
cents per acre more than 5 per cent on the average estimated acre 

value of real estate. The average tenant pays $5.06 per acre rent, 

which is but 19 cents less than the interest at 5 per cent. Some 
farmers fail to clear as much as fair interest on the land investment; 

others clear much more, but the average is not far from 5 per cent 

» 
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on investment. If all the farmers were found to be making more 
than the current rate of interest on their valuation of the land the 

tendency would naturally be toward an increase in land values and a 
rise in rents. The farmers in this section have evidently valued their 

land approximately on the basis of its real earning capacity. 
The fact that the average farmer in the group studied had left, 

after counting out all operating expenses, just about enough to pay 
interest on his land investment does not indicate that the farmer is 

not making money. On the other hand, it may indicate quite the 

opposite. In arriving at the remainder left for interest the average 
farmer is allowed fair wages for his services as manager and his 
family is allowed common wages for the work they do. In addition, 
the family have a home and a large percentage of their food free of 
money cost and a fair rate of interest on the working capital in- 
vested. In the case of a large number of farmers in the region equal 

comfort in the home and its surroundings and equal opportunity for 

outdoor recreation could not be afforded in the city except by the 
more wealthy. These advantages have a real value, but they evi- 

dently have not been capitalized by the farmers who gave the records. 
A few farmers during the year made comparatively large profits, 

while a few suffered large losses, the main reasons for which will be 
pointed out in the following pages. The large majority, however, 
could live in comfort and lay aside something in the bank. 

Tt will be noticed that cash tenants pay less rent than do those who 
rent on shares. There would naturally be a certain difference in 

favor of the cash tenant, since usually the landlord would rather rent 
at a lower rate for cash than for a share of the crop; but the large 
difference shown in the table is due principally, no doubt, to the fact 
that most of the share-rented land is in relatively small areas and 
much of it is devoted to tobacco, one-half of which is turned over to 

the owner. On the other hand, cash-rented land is in large areas 

and devoted more largely to pasture. 

IMPORTANCE OF SIZE OF FARM. 

The farms vary greatly in size. The smallest farm had 35 acres, 
the largest 5,000. This factor more than any other seems to deter- 

mine their organization, as the following analysis will show: 

RELATION OF SIZE OF FARM TO DISTRIBUTION OF RECEIPTS. 

In Table VI it will be seen that the small-sized farms get most of 
their receipts from crops, while the large farms get most of their 
income from live stock. Small farms have the largest percentage of 

receipts from tobacco. This crop decreases in relative importance as 

the farms increase in size. 
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TABLE VI.—elation of size of farm to receipts from creps and live stock. 

Per cent | Per cent | Per cent 
Rance ores Average receipts | receipts Sal 

Heroes records size. from from | fromlive 
a allcrops.| tobacco. | stoek. 

Acres 
LOD /SCTESIONNOSS i acn omen ams cent cee ca. cosa es eee ees 19 73 63 44 34 
LOL oO ZOD MCTASS ase pane. toe acu fate occccs oe cee 48 156 58 37 41. 
ZOUSTORM UO ACURS eh cree nba mice caus sees ae ae 51 251 56 34 43 
SUI O DOOM CRES ees ood See ere Sh Soo rs See siceeae 33 382 50 30 49 
DOL LOM UO CLOG hee See a ee ee ee ccitee ie wie cle encee eee 15 571 48 25 50 
Over: (00 neness 2) be Ge bose en hs ici Sue eee 12 1,020 43 19 55 

AU Tar S hs3r: heehee ee sent je eck Ws eee 178 310 55 34 44 

RELATION OF SIZE OF FARM TO DISTRIBUTION OF CROPS. 

The percentage area in crops decreases and the percentage area in 
pasture increases as the size of the farm becomes larger, as shown in 
Table VII. This relative variation is consistent with the facts 
brought out in Table VI, since the increase in percentage area in 
pasture would mean more live stock and thus a higher percentage of 
receipts from this source. The percentage area in tobacco is largest 
on the small farms. The small farmer increases the size of his 
business by this means. More labor is thus employed per acre and a 
greater income realized. In the case of other crops the size of the 
farm apparently affects the distribution but little. 

TasBLteE VII.—Percentage distribution of farm area in various crops (farms 
grouped on the basis of size). 

| 

Per cent 
amber | Per cent | Per cent | Per cent | Per cent | Per cent Eo peut of farm 

Sive of farm is of offarm | offarm | offarm | offarm | of farm anti area in 
; © records, | 2re2im | areain | areain | areain | area in other hay and 

* | crops. | pasture. corn. | tobacco. | wheat. oéreals pase 
i orage. 

100 acres or less.....-- 19 56 39 41 15 13 13 14 
101 to 200 acres......- 48 58 41 32 | 11 26 10 19 
201 to 300 acres....... 51 42 54 36 10 23 13 17 
301 to 500 acres....... 33 44 53 35 9 23 16 15 
501 to 700 acres....... 15 46 53 39 | 8 23 16 13 
Over 700 acres.......- 12 | 35 59 40 7 2 14 14 

PAT armis = ieee 178 47.9 48.9 36 9 24 14 15 

RELATION OF SIZE OF FARM TO DISTRIBUTION OF LIVE STOCK. 

Cattle predominate among the live-stock enterprises, an average 
of 60 per cent being of this class, and about this percentage dis- 
tribution is maintained on farms of all sizes, excepting farms over 
700 acres in size, which show 75 per cent of animal units in cattle. 
These facts are shown in Table VIII. Steers predominate on the 
larger farms, while a larger percentage of cows and young stock are 

kept on the smaller farms. The distribution of other kinds of ani- 
mals is not influenced in any important way by the size of the 
farm. The fact, however, that all farms have about the same amount 

Se ROE mr 



FARMING IN THE BLUEGRASS REGION. i 

of poultry makes the percentage amount kept on small farms much 
larger than on large farms. 

TaBLeE VIII.—Percentage distribution of different classes of animal units. 

Per cent 5 .| Per cent | 
RGrelOnfarm paper cows and| Per cent E OA u horses | Per cent | Per cent | Per cent 

ate Boards young steers. cattle and | sheep. swine. fowls. 
eres StOC ke - | mules. 

100 acres or less... -.-- 19 24 39 65 7 | 3 19 6 
101 to 200 acres......- 48 26 26 52 6 10 26 6 
201 to 300 acres.....-- 51- 22 35 56 i 15 20 4 
301 to 500 acres......- 33 14 48 61 6 11 20 2 
501 to 700 acres... ..-- 15 12 50 62 6) 12 18 2 
Over 700 acres........ 12 11 64 74 Dl 6 17 1 

Tota averages - 178 16 44 60 5 | 11 20 4 

RELATION OF SIZE OF FARM TO CAPITAL AND INCOME. 

Table IX shows the amount of capital invested on farms of vari- 

ous sizes, and shows also the farm income and labor income. The 
farm income increases with the size. The labor income similarly in- 
creases with the size of the farm. There is an exception in the 
eroup of farms of from 301 to 500 acres. There falls into this 
group a large number of farms classified as “ general mixed farms ” 
(see p. 18), which stand between the types specializing in either to- 
bacco or live stock, and which are the least efficient of all types. (See 
also Table X.) 

TABLE IX.—Capital and incomes on farms of different sizes. 

Invest- | Invest- 
Sith atinnn Number peueraee aol ment in | ment in | Farm in-| Labor 

: z ofrecords. avai aauinal rea working | come. | income. 
- “| estate. | capital. 

Acres. 
Less than 100 acres.......------ 19 73 | $12,502 | $10,338 $2, 164 $1, 083 $473 
HOMO) 200 actress 22-242 a. sb 2 48 156 21, 241 18, 203 3,038 1, 437 518 
POIELOVSOOACLOS:-c-2-2----2---- = 51 251 30, 697 26, 548 4,149 2,015 595 
BUlELOMOOIACLES=26)/.---S4e <2. - = 533) 382 48,618 41, 856 6, 762 2,554 299 
perorWOracres! 22 22280. 2 5.2 15 571 75, 836 66, 612 9, 224 4,809 1, 542 
MINT OOACTOS 2. 5 deo se ask 12 1,020 97,009 82, 952 14, 057 6, 504 2,130 

JN era eR = Base Reese 178 310 37, 793 32, 585 5, 208 2,419 686 

TasLeE X.—Relation of size of farm to utilization of labor, power, and ma- 
chinery. 

Per cent of | Per cent of 
oats F Cost of Cost of 

Sircloniarn Number eeteple pyeilanle work stock | machinery 

of farms. | utilized by | utilized by Der powel.,| Det Dower 
man labor. work stock. s asthe 

Bmessipiiarn 100) Acres) qui2os sce. Susi ose kk 19 78 27 $2. 68 $0. 46 
MIE ON ACTOS Sue eee nise eos a eee ek 48 95 28 1.84 35 
LG BA) CYS SR a i a 51 87 33 1.54 SrAl 
BPEEBOPSUULACTCS sane ty oe Ce ease et eee 33 84 33 1.7 al 7, 
BEEN HOPACT OSC 5/0. he nisioe eu esas aaeen 15 80 37 1.36 13 
1 HF HUD) GYRE SE See ea ee ene oe 12 80 48 1.18 07 

| 
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TABLE XI.—Relation of size of business (measured by operating erpenses) to 
labor income. 

Average Value of 
- . Number} Farm : Labor 
Operating expenses. : operating | total pro- | ;"* 

ofrecords.| area. expenses. aontian? income. 

3 Acres. 
po OU) OTM LESS arteries tattle isis ren ni De ee 48 143 $2, 236 $2,955 $323 
$3;001 to’ $5,000... .. <-..-- ee Ne CO Bene ees ee 63 234 3, 785 4,932 548 
$5,001 to $7,000... --...-:.. ae steneh ices Woes Ser e513 30 320 5, 787 7,651 786 
OV GTS 1 OU sets eset er see tna oce sosaki oe sage 37 648 10, 022 13, 461 1,393 

PALIT A RITES Ge ae era ee Oe cit hiacicicn ie wma ee 178 310 5,001 6, 630 686 

RELATION OF SIZE OF BUSINESS TO LABOR INCOME. 

The size of the farm in this region is an unreliable measure of 
the size of the farm business, owing to the fact that many farms with 
a comparatively small arceage have a larger business than is con- 
ducted on farms much larger in area. The operating expenses, how- 

ever, give an approximately accurate measure of the size of business. 
In Table XI, showing the relation of the size of business to labor 
income, the farms are sorted into groups on the basis of operating 
expenses. It will be observed that the labor income increases with 
the size of business. 

TYPES OF FARMS. 

Table XII shows the farms grouped on the basis of type. Judg- 
ing from the mere outward appearance of all the farms studied, 
except the 10 dairy farms, there would seem to be one general 
type of farm. All raise about the same crops and handle about 
the same classes of live stock. The differences lie in the relative 
percentage of receipts from live stock, tobacco, and other crops, 
which affects the organization and thus distinguishes specific types. 
The stock farms require less labor in proportion to size of business 
and to size of farm than farms of the tobacco or the dairy type. 
Stock farming, to be profitable, requires relatively a large amount 
of capital invested in live stock and less per acre in land. Tobacco, 
on the other hand, is a highly specialized enterprise, requiring a _ 
large amount of labor per acre of crops and yielding much greater 
returns per acre than live stock. (See Table XII.) 

1 The tobacco type includes all farms that have 50 per cent. or more of their receipts 

from tobacco, with not over 30 per cent from any one other source. 

Tobacco-stock farms have 75 per cent or more of their receipts from tobacco and live 

stock combined, the income from neither being below 30 per cent. 

The general mixed type includes all farms that do not fall into any of the other types. 

Stock farms with tobacco have 50 per cent or more of their receipts from live stock, 

with not over 30 per cent from any one other source. 

Stock farms with no tobacco have 50 per cent or more of their receipts from live stock, 

but grow no tobacco. 

Dairy farms have 50 per cent or more of their receipts from dairy products. 
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TABLE XII.—Showing the grouping of farms on the basis of type, the size of 
farm, the distribution of capital, and the labor income of each. 

Number | Average Total Real Working‘! Labor 
Type of farm. : of size of capital estate capital income 

records. farm. | per farm.| per farm.| per farm. | per farm. 

Acres. 
INDREAQHOS 56 Sa Second Bs On AES EE eRe aaee 31 171 | $24,693 | $21,729 $2, 964 $503 
PAC COWSTOCKe amine emin seine fee iciccieSnee 61 300 | 34,841} 30,069 4,772 778 
emenalemiKedee tees cea ce 36 328 | 43,198 38, 540 4,658 471 
Brockawathitobaccou 222.00. osscc secs ee 31 | 367 | 45,613 38, 468 7, 145 1, 202 
Stock with no tobacco...................- 18 457 44,148 35, 603 8, 545 994 
ID DIN God egap SOO USS CSU OO OES E SRE Ee ae 10 163 22,494 17, 732 4,762 1,931 

ANU TE OT Son Ne et ce ee 187 310 37, 793 32, 585 5, 208 686 

Tobaceo, of course, occupies relatively but a small part of the 
area even of the tobacco farms, while pasture occupies from one- 
third to more than one-half of the farm area on the stock. farms, 
(See figs. 11 and 12.) 

RELATION OF TYPE OF FARM TO EFFICIENCY. 

In Table XIIT an important point to be observed is the relation 
between land earnings and 5 per cent interest on land values, which 
may be regarded as rent. The average of each type, except the gen- 
eral mixed type, is making something above operating expenses. The 
average of all farms shows almost a balance between land earnings 
and rent. The dairy type shows the highest profits and highest effi- 
ciency. This type is limited in its development, however, since it de- 
pends for marketing its product on the local towns and cities. The 
type not thus limited in its development which shows the highest 
efficiency is the stock-with-tobacco type. With the exception of the 
dairy farms, this type had the highest percentage of farms making 
over $500 labor income. The general mixed farms had the lowest 
efficiency and the lowest percentage of farms making this amount of 
labor income. 

TasLe XIII.—Relation of type of farm to efficiency. 

Waluerot 5 Per cent of 
Number total pro- | OPetating | Land earn-| 5 per cent | farms with 

Type of farm. of rec- aecuen expense ings per |interest on | over $500 
ords. fae per acre. acre. land value.| labor in- per acre. Gand 

BRA ACCOMM I nes Nita ed 31 $28. 40 $22.50 $5. 90 $6.35 50 
Ra ACCOStOCKs 2.2 .5- 22a ces. - le 61 24. 80 19.50 5.30 5.00 50 
Benoralmi xed n 2.2.25. fs cas. 36 22.14 17.11 5.03 5.90 36 
Stock with tobacco.............- 31 28. 20 19.70 8.50 5. 25 58 
Stock with no tobacco........... 18 16.97 12.60 4.37 3.90 55 
HTN on tO BORO OBES eae Coe 10 47.88 28. 82 19. 06 5. 45 7 

Average ofall............. 187 21. 40 16. 06 | 5.34 Bead 49 
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RELATION OF TYPE OF FARM TO UTILIZATION OF PASTURE. 

According to results shown in Table XIV, the dairy type of farm 
would seem to utilize pasture most efficiently. This, however, is not 
necessarily true. The apparent efficiency of that type may be ex- 

Fig. 11.—Typical tobacco field. Even on the tobacco farms tobacco occupies a rela- 

tively small part of the farm area. 

plained by the fact that dairy farms depend on silage and concen- 

trated feeds in addition to bluegrass pasture, while the other types 

of farms mostly “rough” the young cattle and steers through the 
winter and depend entirely on bluegrass to put on growth and fat 

during the summer. This system would necessarily require more 
acres of pasture per animal unit than the dairy system. It will be 

observed, however, that the stock-with-tobacco type utilizes pasture 

area more efficiently than any of the other common types. 

TABLE XIV.—Relation of type of farming to utilization of pasture area. 

+ Farm Pasture 
Number 

ae : Cro acres per | acres per 
Type of farm, eee sade eae nial 

xe unit. unit. 

TOPICCO.. sscot oo ot Wee eee LON ce weicianw me > Aste Reet ane oe 31 93 10 4.3 
PODACCO  SUOCK Son ioe Ie Shee tne ki eee ee 61 96 6 3.3 
Geaneralimixed'? © 5 245-tere ee roe wees ee eee 36 99 8 3.7 
Stock With: tODAaCCO..-& Sace cee eee eee asc nce eee ee 31 102 DB PB | 
STOCK vith nO LODSCCO scone ett oe potas oe enon OE ee eee 18 113 6 3.6 
1D fee th pane RIE, hid sce RN Fgh Mime BS ook a 10 99 3 | 1.8 

The renting value of land, as shown in Table XIII, would indicate ; 

that with the exception of the stock-with-no-tobacco type the land _ 

i 
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should be similar in quality. The stock-with-no-tobacco type of farm 
is the largest in area and usually much of the pasture land is hilly and 
of poor quality, hence would not be expected to utilize pasture area as 
efficiently as could be done on lands better in quality and higher in 

Fie. 12.—Typical bluegrass pasture. Bluegrass occupies from one-third to more than 

,one-half of the farm area on the stock farms. 

price. The tobacco farms and the “ general mixed” farms would 

seem to have higher quality of land, yet there is comparatively low 
efficiency in the utilization of pasture area. These types specialize on 
crops and apparently have neglected to utilize fully pasture land. 

RELATION OF TYPE OF FARM TO CROP YIELD. 

Table XV shows for the year 1913 the yield of various crops in the 
region. 

TABLE XV.—Average yield of crops on farms of various types. 

Number | x-; rs rs rs 3 7 
Yield of | Yield of | Yield of | Yield of | Yield of | Yield of 

Type of farm. an 08 aie corn. tobacco. | wheat. rye. oat hay. hay. 

Bushels. | Pounds. | Bushels. | Bushels. Tons. Tons. 
LCI CPEXGLE(O) SA Ce are ea 31 30.5 1,196 17.7 9.1 0. 67 1.09 
mohaeco stock... 2.2. Lk 61 3321 1,112 14.5 10.0 94 1. 06 
meneralimixeds ro. . 200i Ss ee. 36 30.6 1, 093 17.0 10.4 1.26 1.12 
Stock with tobacco. ..........-- 31 36.6 | 1,192 15.0 10.3 1.40 98 
Stock with no tobacco.......... 18 CE Syd ane eee Ae 14.5 7.14 - 88 85 
BET RV ee et oe yeh See 10 29.6 | 1, 054 LONG TGs Scere VEcuSeSes Se | 1.10 

| 

PATIMATIN Spy ye se 8 | 187 34.5 1,132 16.0 9.9 1.06 | 1.05 

As is pointed out in Table IV, page 12, the corn crop was cut 
short by drought. The corn crop is important in proportion to 



92 BULLETIN 482, U. S. DEPARTMENT OF AGRICULTURE. 

the amount of live stock kept. The stock-with-tobacco and the dis- 
tinectly stock types show higher yields than other common types. 
The fact that the dairy farms show a low yield of corn can not be 
explained unless by the fact that the records were few. The crop 
index wouid show that the productiveness of the farm increases with 
increasing importance of live stock and decreases with increasing 
importance of tobacco. 

IMPORTANCE OF RIGHT AMOUNT OF LIVE STOCK ON THE FARM. 

The fact that about half of the area of these farms is kept in blue- 
grass pastures makes the full utilization of such pasture a matter of 
great importance. The relation that this bears to efficiency isshown in 
Tables XVI and XVII. 

TABLE XVI.—Relation of utilization of pasture area to efficiency. 

Average IN verare 
Number number farm | Feed cost! +, 

Pasture per animal unit. Of |e oetre: | 2cbes Pel)| pen aliens noe 
records. i ani. | animal |mal unit.1) Come. 

malunit.| U2!t- 

BACTOSIOWICSS = oh sesets eeniss cays SOs isles = sees’ outerenseee 42 1.4 4 $31 $1,114 
PRGLO PS ACKES 3h cer oe eee eee ee cis be ee ee eee 49 2.5 5 37 960 
OMNUO Ala Chess ms eee Mois oe see oo nck oes om eee oe anes 38 3.6 9 38 711 
SUNCOM OCLES sees termes cee acer ore tee tee eee 17 4.4 8 45 311 
OVERS ACLS Seo s es ee nae oes sce oO a eee 25 7.0 10 58 —93 

1 The feed cost here calculated included the value of pasture, which ranged from $2.25 to $5 per acre 
and averaged about $3.50 per acre. 

TABLE XVII.—felation of farm acres per animal unit to crop index and labor 
income on 121 farms similar in type. 

Average 
Number . Value of = F acres per| Size of Crop Tabor 

Farm acres per animal unit. ag hs Setipl mane. dane Aries ineanine 

oa unit. P : 

Acres 
Lassithan4iseres: tenes eee sees Sees 17 3.1 219 $138 115 $1, 381 
ATO DP ACTES Bee a eens cis toate anes eee cate 36 4.8 294 lll 108 1, 006 
FBO OO CLES Sara meee ooh eee. o' a BE tele 28 6.1 303 106 100 393 
TALOlS OD ACTOSE we cee cee eee eee oo hens ose ocd 26 7.6 305 115 98 256 
OSETIOACTES ese eeee: pee mere sine se tee 29 12.0 354 109 100 —214 

In the first of these tables is shown the relation of acres of pasture 
per animal unit to labor income, in the other the relation of farm 
acres per animal unit to these factors. The group of farms most 
heavily stocked has also the highest priced land and shows the 
highest crop index. This fact may explain why this particular 
group was able to stock most heavily. The other groups, however, 
do not show any marked difference in respect to the quality of 
the land, as shown by the values given and the crop index, and it 
would naturally be expected that each would show about the same effi- 
ciency in the utilization of pasture area. The failure to maintain 
efficiency in this regard has evidently been an important factor in 

{ 
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lowering general efliciency and thus labor incomes. The farms that 
have labor incomes below $500 almost invariably show a poor 

utilization of pasture area. 
Jt will be observed in Table XVI that the group of farms which 

furnishes over 5 acres of pasture for each animal unit have nearly 
twice the feed cost per farm as the group that furnished but 2 acres or 
less. ‘This increased feed cost would necessarily follow where the 
acreage used by each animal unit increased with no decrease in the 
cost per acre of pasture. The group of farms showing lowest effi- 
ciency in the utilization of pasture area was only slightly lower in 
general quality than the preceding group and about the same quality 
as the third group, as indicated by the value of the land. 

CROP YIELD AN IMPORTANT FACTOR IN EFFICIENCY. 

A factor of prime importance to profitable farming on these farms 
is the crop yields. In Table XVIII is shown the relation of crop 
yield to labor income and farm efficiency. The yield of ail crops is 
reduced to a crop index, as explained on page 22, 100 representing 
the average yield for all the farms giving records. Labor in- 
come increases directly as the average index of yield of the different 
groups increases. It is, of course, possible to secure high yields of 
crops at too great expense, but there is no indication that any of the 
farms studied here made any error on this point. Practically no com- 
mercial fertilizer was used. The common method of utilizing manure 
from animals would generally be regarded as wasteful. 

TasBLE XVIII.—Relation of crop yield to labor income. 

d Number) gizeof | Labor 
‘Oxo antelons pes farm. income. 

: Acres 
SDF IGSO Ss Soh SEG SSSA TSE Sree es eee ner Pen rhe Sly ern cee Sie ern, 35 303 $217 
SUEOONI ()() eemn MeM UN amie ie) a i Gk 2 Sia i aka 2 ee oe See eo sn 37 297 519 
LDS TAO Se SS SSS SEER Se ee gC es erate 47 273 701 
OIRO RL ZO Rmaep tana Si eh od OW de et oe Siew sub elek se oee IOS ean 30 362 1, 080 
ONPG TAD S SLE Ue Sale Se RGN ISS rales oe eee ayaa Te Nee pan enema eee Ne aia 29 341 1,102 

About 65 records were taken on methods of keeping up fertility. 
These showed that the average farmer hauled to the fields about 14 

per cent of the manure produced on his farm. In this section, how- 

ever, feed for live stock is generally hauled to the pastures and scat- 
tered about on places needing manure. In this way a great deal of 
manure is returned to the soil. It is estimated that about 50 per 
cent of the manure produced on these farms is utilized in keeping up 
soil fertility. The rest is wasted. 
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RELATION OF DIVERSITY TO PROFITABLE FARMING. 

The principal advantages which diversity may secure are: (1) The 
adaptation of enterprises to the physical conditions of the farm as in 
cases where parts of the area are hilly or stony or where there are 
differences in soil; (2) the maintenance of soil fertility, as effected 
by having a legume in the rotation, or a blue-grass sod; (3) the 
profitable distribution of labor (other things equal, the system that 
utilizes available labor best has the advantage) ; (4) adaptation to 
market conditions. Market prices fluctuate often to the extent of 
causing serious loss where attention is centered on any one enterprise. 
Diversity steadies the income of the farm and makes it more de- 
pendable. 

TABLE XIX.—Relation of type of farm to diversity. 

Per cent | Per cent | Per cent 
Number 5 5 Fi . . 

receipts | receipts | receipts | Diversit 
Efe ONE sO from | from from index. % 

* | crops. |livestock.} tobacco. 

MODACO EEE Hae ae oe as eae wee at aoe are Sine 31 80 19 65 2.3 
PLO LEACCOISDOCKaG See ene es oe ain ae ee cee eee 61 55 44 43 3.4 
Generntlnmixed = 265 se. Pe Aan Cre or ie ee se 36 68 31 27 4.6 
LOCK WAU LODACCO css Sh eee cee. ae Se 31 37 59 21 4.1 
SboCKayAuh OOD ACCOR ne eee cee seth ts teen tee ee 18 18.3 oi eee 5 2.8 
Dairy eed Mea RE eee ME. eee AS 10 412 87 7 2.0 

Diversity is closely related to the size of farm. In the bluegrass 
region it would not be profitable even on the larger and cheaper 
farms to have all of the farm area in bluegrass, neither would it be 
profitable on smal, high-priced farms to cultivate the entire area in 

tobacco. Through long experience the farmers have arrived at a 

distribution which, on the whole, has proved profitable under the 
conditions prevailing. (See Table VII.) 

The degree of diversity varies on different types of farms, as shown 
in Table XIX. Here it will be observed that the tobacco type and 
the stock type have the lowest diversity, while the intermediate types 
have the highest diversity. The tobacco and the stock type each 
emphasizes a single enterprise. The typical tobacco farm is rela- 
tively small in size, and in order to have a business of adequate mag- 
nitude the percentage of crop area in tobacco must be relatively large 
and the pasture area relatively small. A small area of pasture tends 
to decrease the receipts from stock. On the other hand, the dis- 
tinctly stock farm is relatively large in size, has a poorer quality of 
soil, and is cheaper in price per acre than farms of other types. 
Usually the topography is quite rolling and sometimes it is stony, a 
condition which is a handicap in tillage. In such cases it is more 
advantageous to leave a large proportion of the area in pasture and 
to till only the more level and more productive land. Pare, 



"* 

FARMING IN THE BLUEGRASS REGION. 95 

Table XX shows the diversity that corresponds to highest effi- 
ciency on each type of farm. It is evident from this table that there 
could be no general increase in efficiency through increase in diversity, 
since the diversity which gives highest efficiency is about equal to the 
average for each type. There is as much lability to lose through 

-overdiversity as through underdiversity. The average farm of 
each type has no doubt about the diversity it should have. 

TABLE XX.—Showing the diversity index that corresponds to maximum effi- 
ciency on various types of farms. 

ae. Diversity 
umber!) a; index corre- 

1 fm 7 
Type. of pie of sponding to acne 

records. | : highest y 
| efficiency. 

Acres. 
INSIDE SO) Ad SSBB Goatees eae a NR race ee eae eer een 31 174 2.4 253 
CECRO SHOOK occ cosbes sage cucu doese slo see nee eEeEeeEeesec. 61 344 4.6 3.4 
cen enalgimmixed Meet erm mo sista daee cet a eee 36 256 3.8 4.6 
STABLE WAM OO) OYTO S Se icss See Ne ee eet nce ea ele | 31 | 316 3.6 4.1 
Lock enaclien OLOWACCOnse seen eka eee oe eae 18 | 683 2.0 2.8 

COST OF PRODUCTION. 

In Table XXI are shown the average unit value and cost of 

production for several important enterprises. In arriving at these 
figures every item of expense, including the cost of operator’s labor 
and management and of rent has been counted. Values have been de- 
termined by current market prices. 

TaBLeE XXI.—Unit cost and value for several important enterprises on the 
5 different types of farms for the year 1913. 

[ 
Productive 

Corn, per | Tobacco, per} Wheat, per| Rye, per | Meadowhay,| live stock, 
Num- | bushel. pound. bushel. bushel. per ton. | animal unit 

Type of farm. | ber of basis. 
records. se ES | 

Cost.| Value.| Cost. ‘Value. Cost.) Value.|Cost.| Value.| Cost. | Value.) Cost. | Value 

‘Tobacco oe BCH oe 31/$0. 76) $0. 76)$0. 113) $0.118)$0. 73] $0. 98/$1.33] $0. 84'$16. 67) $16. 06'$48. 51] $42. 40 
Tobacco stock. . 61) .71 od LZ, 119} .88 - 98} 1.04 - 84; 16.00} 16.06] 39.75) 47.66 
General mixed.. 36) 273 2G) 2130: 116) 75 - 98} 1.01 . 84) 15.27) 16.06) 47.92) 47. 7. 
Stock with to- 

ibaecoe = =. x 31} .65 - 76] .120) .117| .84 - 98) 1.01 .84| 18.94) 16.06) 44.86, 54.93 
Stock with no 
tobacco......- 18) .64 HG eae ee es -98 - 98) 1.22 . 84) 22.50) 16.66) 41.96} 53.49 

DEAS eae 10} .81 ohOliss 127| - 104) . 68 98 |i . 84) 18.16} 16.06] 66.24) 100. 88 

Av. ofall... 187| .68 .76| .127/ .118 . 80) - 98} 1.05 . 84 17.75) 16. 06) 44, 41| 52. 55 

The enterprises are usually so dependent on each other, and their 
place in the farm organization so related to the utilization of labor 
and to other factors, that the distribution of costs is a difficult mat- 
ter. In fact, no system has as yet been devised which can be said 

to make this distribution in any but an approximately correct man- 
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ner.’ The reader must keep in mind the fact that the figures given 
in the table apply only to the average farm of each type, and that 
while some farmers are selling the crop at below the cost of produc- 

tion, others get much more than the cost. Farming may be said to be 
profitable when the operating costs, rightly interpreted, about equal 
the returns, since the costs include pay for the farmer’s labor and 
services as manager, allowance for family labor, current rate of 
interest on working capital, and rent for his land, if he is an owner. 
Then, too, he is insured employment for himself and family, and a 
fair rate of interest on a secure investment. Also, if the farm is 
rightly organized and its fertility well maintained, it will tend 
to increase in value. A comparison of the cost and value per 
pound of tobacco on the average of 187 farms illustrates these 
facts. Included in the cost of one acre of this crop are $92.69 for 
labor and management, $11.36 for horse labor, $1.05 for fertilizer, 
$2.38 for miscellaneous costs, and $34.73 for rent. This value for rent 

is the average estimated cash amount which the landlord should get 
for the use of the land for tobacco. The average cost per pound, on 
this basis, is shown to be slightly above the average price received. 
The crop, nevertheless, may be regarded as a profitable one for the 
reason that it employs labor almost continuously throughout the year 
and it may be depended on for a reliable income. It gives the owner 
a high rent for his land rather than the relatively low rent which he 
would have to accept for its use for other crops. 

The values of all crop enterprises, except wheat and tobacco, are 
based on prices of imported products. Oats, corn, hay, and rye are 
consumed by stock, and during parts of the year these products are 

shipped in to supply deficiency. The cost of hay and of all other 
products includes the hauling to market. 

Live stock does not seem to be profitable on the tobacco or the 
mixed type of farms. These types emphasize crops, especially to- 
bacco, and evidently neglect live stock. 

In general it is the aim of farmers in this region to raise Just 
enough hay to supply the needs for live stock. It is not a profitable 

1 The costs as shown in Table XXI were distributed to each enterprise in the following 

manner: 

Labor costs were distributed in proportion to the number of labor units required by 

each enterprise (see Table IV). ‘‘ Cash to run farm” was distributed in the same way. 

Power costs were distributed in proportion to the power units required by each enter- 

prise (see Table IV). Machinery costs were distributed in the same way. 

Rent charges included interest on fixed capital, such as buildings, fences, etc. The 

renting value of land on the average farm was about $5 per acre. Land used for 

general crops, such as corn, wheat, rye, pasture, including bluegrass pasture, was 

shown to have a uniform renting value on each farm, ranging from $2.25 to $6 per acre. 

The average rent for pasture land was $3.50 per acre; for general crop land, about $3.60. 

Renting value given for tobacco land ranged between $25 and $75 per acre, the average 

being about $35. 

Live stock was charged for feed, including pasture, at farm prices. Six dollars and 

fifty cents was credited to each animal unit for manure and the same amount charged 

to field crops in proportion to acreage. Six per cent interest was charged on investment 

in live stock and an allowance made for depreciation. 
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crop to market. On the basis of present yields it would probably not 
pay to market corn. 
The growing popularity of the practice of “ hogging-down” wheat 

illustrates how the farmer aims at the organization of enterprises 
in such a way as to obtain maximum profit. If hogs can be turned 
into the wheat field there is saved the harvesting, thrashing, and 
hauling of wheat to market. The labor saved may be utilized in 
other ways. Then, if the gains on hogs are adequate, it is often pos- 

‘sible to get more out of the wheat crop than by harvesting and 
thrashing it, as is usually done. Winter cover crops, such as wheat 

and rye, may be judiciously pastured in fall, winter, or spring, and 
may thus add to the profits of the farm. Bluegrass pastures are 
often stripped for the seed, and in this way profits from pasture land 

Fic. 15.—Bluegrass seed in process of curing. 

are increased. (See fig. 13.) It was noticeable that the most suc- 
cessful group of farms had a relatively large percentage of such 
forage crops as sorghums, peas, and beans, which were substituted, 
for a part of the area devoted to hay, which is shown to be an un- 
profitable crop. 

On the whole, the average farmer of the region seems to be rais- 
ing the various crops in about the right proportion for a profitable 
business. 

THE PRIME FACTORS IN PROFITABLE FARMING. 

The factors that stand out as important in profitable farming in 
the localities surveyed are (1) size of business, (2) utilization of 
pasture area, (3) crop yields, (4) type of farm. 
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Underlying and closely related to size of business and type of farm 
are the factors of diversity, utilization of man and horse labor, dis- 
tribution of crops and live stock from the standpoint of the advan- 
tageous utilization of field crops and pasture area, and the distribu- 
tion of capital. 

The farmer may increase the size of business either by buying or 
renting more land or by increasing the acreage of tobacco, an in- 

tensive crop. There are many farms 300 to 500 acres in size which 
do not show as large a business as many other farms 100 to 200 acres 
in size which have a relatively large percentage of area in tobacco 
and a relatively small percentage of area in bluegrass. The tobacco 
crop furnishes work for a large number of laborers and the returns 
per acre are correspondingly large. 
The type of farm that does not seem to pay here is the general 

mixed type. Only 34 per cent of the farms of this type could be 
counted as distinctly successful, while the stock-with-tobacco type 
had about 58 per cent successful. The dairy type, of which there 
were only 10, showed 70 per cent successful, with a higher average 
labor income and higher efficiency than any other type. Of the — 
other three types, about 50 per cent of the farms were successful. 

The general mixed type is evidently organized on the wrong basis 
to be profitable. It has about the same proportion of its receipts 
from tobacco as the stock-with-tobacco type, but the percentage area 
in tobacco is very much smaller, only about 4.4 per cent, while the 
stock-with-tobacco type has an average of about 8 per cent of its area 
in tobacco. With the exception of tobacco, there seems to have been 

a failure to dispose of the crops raised, either by marketing them 
profitably or by utilizing them to advantage through live stock. 
Many with large farms and large capital seem to have been satisfied 
with bare interest on their investment, which was adequate for a 

comfortable living. These men made no effort to make the farm a 
business success. The tobacco area and much of the area of other 

crops on such farms was in most cases cultivated by cropper labor, 
which relieves the owner of much responsibility. 

Profitable farming here hinges primarily upon keeping a proper 

balance between field crops and bluegrass, which is especially adapted 

to the soil and is a great factor in keeping up its fertility and put- 
ting it into a favorable condition for other crops, especially tobacco. 

The soil of the bluegrass region is a heavy clay loam with a sticky 
clay subsoil. It should not be worked when in a wet condition, and 
during the naturally dry summers and fall it is difficult to plow. To 
emphasize field-crop farming it would be necessary to plant and 
work the soil more or less during the whole of the growing season. 
In the areas of the black loamy soils of the Middle West this usually — 

Tap tee & 
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can be done with little difficulty, but in this region the nature of the 
soil would be a serious handicap in such a practice and would put 
the district at an economic disadvantage if it were not that it is so 
well adapted to a crop like bluegrass (which loosens up a heavy clay 
soil) and to an intensive crop like tobacco, which yields a compara- 
tively large income per acre. 
The hilly, less productive, and cheaper lands can be organized 

more profitably as distinctly stock farms, with little or no tobacco. 
As a rule, however, the farmer must raise some tobacco to meet the 
requirements of labor. 

The farmer who can command but a small area of land should, in 
order to make his farm most profitable, specialize in tobacco or, 
where market conditions permit, in dairying. On farms of from 
260 to 360 acres in size the best results can be obtained by organizing 
on the basis of the stock-with-tobacco type, which emphasizes live 
stock but cultivates an area in tobacco large enough to utilize labor 

resources to advantage and to secure the advantage of diversity. 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1917 
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INTRODUCTION. 

The purpose of this bulletin is to present in a concise form sta- 
tistics of fruit and fruit products, including production and trade for 
the principal producing, exporting, and consuming countries. The 
figures used have been taken from official sources, usually from pub- 
lications of the countries treated. Data concerning commerce in 
fruits are as a rule fairly complete, but those relating to production 

| if not entirely lacking are in many instances either fragmentary or 
_ limited to census years. 

Nore.—This bulletin contains a brief survey of the fruit industry in principal countries. While in- 

tended for general distribution to the public it is of especial interest to fruit growers and dealers. 
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NORTH AMERICA. 

UNITED STATES. 

PRODUCTION OF FRUITS. 

The total value of all fruits produced in the United States in 1909, 
according to the Thirteenth Census, was $218,000,000, which was 
equivalent to about one-third the value of the wheat crop of that 
year. Deciduous tree fruits furnished 65 per cent of the total fruit 
value, small fruits 14 per cent, citrus fruits 10 per cent, grapes 10 per 
cent, and tropical and subtropical, other than citrus, 1 per cent. 

Fifty-nine per cent of the value of deciduous tree fruits was derived 
from apples, 60 per cent of the small fruits from strawberries, 77 per 
cent of the citrus fruits from oranges, and 97 per cent of the tropical 
and subtropical fruits, other than citrus fruits, from figs, pmeapples, 
and olives. 

The production of deciduous tree fruits, small fruits, and grapes was 
widely distributed. In the case of citrus fruits and other tropical 
and subtr opical fruits, however, the production was confined chiefly : 
to California and Florida. 

TABLE 1.—Fruit crops of the United States, 1909. 

(Thirteenth Census.) 

| Trees of 
Crop. | bearing age, Prod On Value, 1909. 

| 1910. : 

Deciduous tree fruits: | Number. Bushels. Dollars. 
PATIOS Hes atsiors nicialaainte slopes c Sizeyeinve ses = eof ois lee orem ee eieee Oe | 151,322, 840 146,122,318 | 88, 231,492 
Peachesiand mectarines=esscaas occas eee eee --| 94,506, 657 35,470,276 | 28,781,078 
IPCATS eens oeeaae: .-| 15,171,524 8, 840, 733 7,910, 600 
Plums and prunes --| 23,445,009 15,480,170 | 10,299,495 
Cherries--.-...- --| 11,822,044 4,126,099 7, 231, 160 
Apnicotsses2-4-- --| 3,669, 714 4,150, 263 2,884, 119 
Quinces...-.. a --| 1,154,399 428, 672 517, 243 
ANothers: 2.22: ce 25,090 65, 164 12, 160 

MotaAVGdecidwoOus) Les) {Witsoe esac sae eee ese eee eases 301, 117, 277 214, 683,695 | 140,867,347 

Tropical and subtropical fruits: a 
Citrus— Bozes. 

OTAN GASES cee sage sec ebce cme See See Bee 9, 737, 927 19,487,481 | 17,566,464 
IHOMIONS His ooo ia elena s aisioio. om wee Saeise soeee tee neeene ee 956, 920 2,770, 313 2) 993, 738 
Pomeloes (grape'truit): ono ea wee cee ose ee cess 710, 040 1,189, 250 2,060, 610 
DINOS Bp ieee eae eee ches « siaiee See oe oemetee ooenine 45, 387 11,318 12,478 
PRATIZON INOS! i. ons o as eee Nae Se oa doce See Ee eee ee 27,271 38, 752 68, 770 
NT ATIGATINISES eb a eee oe vicinjacprai co teue See ee nee ene cee 7, 227 3, 896 6,553 
KAM UALS toes cece ees neice cece re eee eee 1,988 1,112 2, 826 
GUTONS "essen cee. nie een cc cries oo nene Ven eE Renee eee ee nee 8 6 9 

TOTAL CIOUS SAR as soccbees see eee Oke eee ener 11,486,768 23,502,128 | 22,711,448 

Noncitrus fruits— Pounds. 
IPSS cote sec ot ema eaan sol cca a hoc onthe ceeceec eens 821,640 35, 060, 395 803, 810 
Pineapples. - .-| 1 36,191,389 2 778,651 734,090 
Olivess: = 25. .2 Se 846,175 16, 405, 493 404,574 
IB BTIATIAS. 2 ocd se bem ae oe scenes ae ee 23,114 310,060 5, 661 
Gua VAS As foes ce ee eee ona cen aes See ome 15,347 354, 062 11, 628 
‘Avocados (aguacates)s-2 ssc 2l SB eee 12,054 24,920 10, 100 
MAN OOS se feck tee oy SE A 2 SuSE Ue Ree 4,904 45,278 5, 739 
persimmons (Japanese) =. 2/15 ose Oar ee eae 16,491 5 6,723 9,087 
TO GUATS ses Sr Cm eon ee ino ie a a en oe 3, 791 44,541 5, 889 
Pomepranates: . oo 22 es see eee ee ae AS 8, 933 152, 825 4,203 
DATOS ie ars So et as mean he os Se ote Se bra See aC tee 4,551 9,947 533 

Total noncitrus,. 622. oles see ee ws Be eee be obec anos eee 1,995, 305 

Grapes. ses al st oon eee been aces fore See ee eee 6 223, 701,522 |72,571,065,205 | 22,027,961 
| 

1 Number of plants. 2 Crates. 3 Bunches. 4 Boxes. 

5 Bushels. 6 Vines of bearing age. 7 Pounds. 
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TasBLe 1.—Fruit crops of the United States, 1909—Continued., 

Dee Eee 

Trees of ti 
Crop. bearing age, BE ey Value, 1909. 

1910. 

fruits: Acreage. Quarts. : 

eictre a berries eee eee ae stereletatelale laisin/aininielo omateleveteverars 143,045 255, 702,035 | $17,913, 926 

Blackberries and dewhberries.......-------------+---+----+-- 49, 004 55,343, 570 3, 909, 831 

Raspberries and loganberries.......-.---------------------- 48, 668 60,918, 196 5, 182,277 

(Chall SOPMIA, . cos ocs oo ode be obbodanagbuBbeEHeenbosapEcdoeodes 18,431 38, 243, 060 1,755, 613 

(CRITTERS icin Geshe Cee DROBO CE See een eRe eea rie 7, 862 10, 448, 532 790, 431 
(GOCEASNEE. 44 os coon beuesseoceoeon DbeSCoSEdapbboaosecuooRds 4,765 5, 282, 843 417, 034 

(UI? OEHAES. Coc no coco dodupboencusEoREbbeeBesEdouEroCodGudE 685 627, 627 55,369 

Motalksrmmallerwmitsesseee eee eee eee acco sk cust eeaasee 272,460 | 426,565,863 | 29,974,481 

Tove all WAPIS.5cosesodnadaoonso cbnebooouanadadcoccadcusl lonoossbEosned |opapcecoacaqane 217, 576, 542 

The principal fruits of the various classes were the following, the 

figures for 1909 being taken from the Thirteenth Census of the 

United States: 
Decipuous TREE Fruits. 

Apples—From the viewpoint of quantity produced, value of 
product, and wide distribution of cultivation, the apple is the most 
important fruit grown in the United States. The number of farms 
reporting apple trees of bearing age in 1910 was 2,980,000, practi- 
cally one-half of all the farms in the United States at that time. 
The total production of apples in 1909 was 146,000,000 bushels, 
equivalent in round numbers to 49,000,000 barrels of 3 bushels each. 
The leading States were New York with 8,470,000 barrels, Michigan 
4,111,000 barrels, Pennsylvania 3,349,000 barrels, and Missouri 
3,323,000 barrels. In 1915 and 1916 the apple crop of the United 
States, according to reports of the Bureau of Crop Estimates, amounted 
to 77,000,000 and 68,000,000 barrels, respectively. It should be 
borne in mind that the foregoing figures refer to agricultural produc- 
tion and not to a so-called commercial crop. 
From recent investigations made by the Bureau of Crop Estimates 

it is estimated that about 18 per cent of the 1915 apple crop consisted 
of “‘summer’’ apples, 25 per cent ‘‘fall,’’ and 57 per cent ‘‘winter’’ 
apples. The three leading varieties were the Ben Davis, which com- 
prised 14.5 per cent of the total crop; the Baldwin, 10.9 per cent; 
and the Winesap, 7.3 per cent. It is estimated that in the disposal 
of the crop nearly 56 per cent was sold from farm or orchard (ex- 
cluding that used for cider), 10 per cent was used to make cider, 19 
per cent was consumed on farms for human purposes other than as 
cider, and the remaining 15 per cent was wasted or eaten by live 
stock. 

Peaches and nectarines—The production in 1909 was 35,500,000 
bushels. California ranked first in the production of these fruits 
with 9,250,000 bushels and Georgia second with 2,500,000 bushels. 
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No other State had a production so large as 2,000,000 bushels. For 
the years 1915 and 1916 the Bureau of Crop Estimates reports the 
total production of peaches as 63,000,000 bushels and 37,000,000 
bushels, respectively. 

Plums and prunes.—The production of plums and prunes in 1909 
was 15,500,000 bushels. California was the leading State with 
9,318,000 bushels, Oregon second with 1,748,000 bushels, and Wash- 
ington third with 1,032,000 bushels. 

Pears.—The production of pears in 1909 amounted to 8,841,000 
bushels. The chief producing States were California with 1,928,000 
bushels and New York with 1,343,000 bushels. Im 1915 the pear 
crop of the United States, according to reports of the Bureau of Crop 
Estimates, was 11,216,000 bushels, and in 1916, 10,377,000 bushels. 

Cherries.—The production of cherries in 1909 was 4,126,000 bush- 

els. California ranked first with 501,000 bushels and Pennsylvania 
second with 475,000 bushels. 

TROPICAL AND SUBTROPICAL FRUITS. 

Citrus.—The principal citrus fruits grown in the United States are 
oranges, lemons, and grapefruit. The cultivation of these fruits is 
virtually confined to California and Florida. In 1909 there were 
produced in the United States 19,487,000 boxes of oranges, 2,770,000 
boxes of lemons, and 1,189,000 boxes of grapefruit. Practically all 
of the lemons and 74 per cent of the oranges were grown in California, 
while virtually all of the grapefruit and 25 per cent of the oranges 
were grown in Florida. 
Demis the season 1913-14 there were shipped out of California, 

necordins to figures of the California State Board of Agriculture 45,306 
carloads ic oranges and 3,032 carloads of lemons, as against 39,744 
carloads of oranges and 7,068 carloads of lemons in 1914-15. A 
California carload is estimated to average about 396 boxes of oranges 
or 336 boxes of lemons. 

The production of oranges and grapefruit in Florida during the 
season 1913-14, as reported by the Commissioner of Agriculture of 
that State, amounted to 6,666,000 boxes and 2,211,000 boxes, 
respectively. 

Noncitrus.—The principal noncitrus fruits grown were figs, pine- 
apples, and olives. In 1909 there were produced in the United States 
35,060,000 pounds of figs, 779,000 crates of pineapples, and 16,405,000 

pounds of olives. Two-thirds of the figs and practically all of the 
olives were grown in California, while Florida reported virtually all 
of the pineapples. 

With regard to the disposal of the olive crop of 1915, the California 
Olive Association estimates the production of olive oil in California 
at 1,000,000 gallons and of packed olives at 300,000 cases of 6 
gallons to the case. 
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Grapes.—The production of grapes in 1909 was 2,571,000,000 
pounds, valued at $22,628,000. While California produced 77 per 
cent of the total crop, the value of the grapes of that State amounted 
to only 49.2 per cent of the total value. New York was second in 
production with 253,000,000 pounds and Michigan third with 
121,000,000 pounds. 

According to a report of the California State Board of Viticultural 
Commissioners, dated March 15, 1914, the area planted to grapes in 
California amounts to 330,000 acres. Of this area, it is estimated 
that about 170,000 acres are planted to wine grapes, 110,000 acres to 
raisin grapes, and 50,000 acres to table grapes. The total produc- 
tion of fresh grapes in 1914 from the 330,000 acres is reported as 
1,848,380,000 pounds, or 924,190 tons.1_ In the disposal of the 
California vintage of 1914 it is estimated that about 475,190 tons of 
iresh grapes, valued at $5,250,000, were delivered to wineries, 324,000 
tons were dried into raisins, and 125,000 tons were sold as table grapes. 

SMALL FRuvIts. 

Strawberries.—The total production of strawberries in the United 
States in 1909 was 256,000,000 quarts. Maryland ranked first with 
24,000,000 quarts and New Jersey second with 19,000,000 quarts. 
With regard to acreage, the leading States were Maryland, Tennessee, 
Missouri, New Jersey, and Michigan. In value of strawberries pro- 
duced, New York was the leading State, followed by California, Mis- 
souri, Maryland, and Michigan. 

Raspberries and loganberries.—The total production of these fruits 
m the United States in 1909 amounted to 60,918,000 quarts. New 
York ranked first with 14,752,000 quarts and Michigan second with 
8,382,000 quarts. 

Nearly four-fifths of the total value of all fruit grown in the United 
States in 1909 was contributed by five items, namely, apples 38.3 per 
cent, peaches and nectarines 13.2 per cent, grapes 10.1 per cent, 

strawberries 8.2 per cent, and oranges 8.1 per cent. 

Fruit Propucts. 

FARM OUTPUT. 

In 1909 there were produced on farms in the United States 
358,040,000 pounds of dried fruits (including raisins and dried grapes), 
32,584,000 gallons of cider, 7,247,000 gallons of vinegar, and 
18,636,000 gallons of wine and vrape juice. 

California produced 93.2 per cent of the dried fruits and 86 per 
cent of the wine and grape juice. 

Pennsylvania ranked first in the production of cider and vinegar, 
New York second, and Michigan third. 

1 Throughout this bulletin, 1 ton equals 2,000 pounds. 
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FACTORY OUTPUT. 

The factory output of fruit products in the United States in 1909 
amounted to 5,529,000 cases of canned fruits, valued at $13,015,000; 
401,336,000 pounds of dried fruits, valued at $19,894,000; vinegar 
and cider to the value of $8,448,000; and vinous liquors to the value 
of $13,121,000. 

Canned fruits —The principai fruits canned in 1909 in establish- 
ments engaged primarily in the canning industry were peaches, 
1,467,000 cases, valued at $3,754,000; apples, 1,206,000 cases, valued 
at $1,899,000; pears, 638,000 cases, valued at $1,833,000; apricots, 
630,000 cases, valued at $1,825,000; berries, 816,000 cases, valued 
at $1,755,000; and cherries, 390,000 cases, valued at $1,019,000. 

California furnished 80 per cent of the total value of canned peaches, 
72 per cent of the canned pears, practically all of the canned apricots, 
and 48 per cent of the canned cherries. New York led in the produc- 
tion of canned apples and berries and was second in the production 
of canned cherries. 

Dried fruits.—The principal dried fruits packed in 1909 in estab- 
lishments engaged primarily in the packing industry were prunes, 
138,498,000 pounds, valued at $5,130,000; raisins, 111,775,000 

pounds, valued at $4,838,000; apples, 44,568,000 pounds, valued at 

$3,098,000; peaches, 46,843,000 pounds, valued at $2,423,000; and 
apricots, 29,206,000 pounds, valued at $2,277,000. 

California reported all of the raisins and dried apricots, practically 
all of the dried peaches, and 86 per cent of the prunes. New York 
was the leading State in the production of dried apples, reporting 75 
per cent of the value of this product, and California ranked second 
with 15.5 per cent. 

Vinegar and cider.—Of the total value of vinegar and cider manu- 
factured in cider-making establishments, New York contributed 26.6 
per cent. Michigan ranked second in importance. 

Vinous liquors.—This industry includes the manufacture of various 
kinds of wine and champagne. It is confined to a few States. Cali- 
fornia furnished 68.1 per cent of the total value of these products 
manufactured in wineries in 1909, New York 13.8 per cent, Ohio 9.9 
per cent, Missouri 2.6 per cent, and New Jersey 1.3 per cent. 

FRUIT TRADE OF THE UNITED STATES. 

Statistics of the fruit trade of the United States for the fiscal years 
ending June 30, 1910 and 1915, are given in the following table. 
The fiscal year 1910 corresponds with the census production year 1909: 
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TaBLe 2.—Fruit trade of the United States, with foreign countries and insular possessions, 
1910 and 1915. 

(United States Department of Commerce.) 

Year ending June 30— 

Item. 1910 1915 

Quantity. Value. Quantity. | Value. 

Exports (of domestic fruits) to foreign countries: Dollars. Dollars. 
PADDLES ATOd ee eeien sada watcsceccceossce ounds..] 25,076,618 | 2,056,692 | 42,589,169 | 3,270,658 
Apples ereemiOn ripe... ..-++--+-+-e-e-+- ec: arrels 922,078 | 3,175,433 | 2,351,501 | 8,087,466 
PATO RICOLSOTIOM elites sie nvsiaers calm isincie snes < pounds 12,028, 834 | 1,218,423 | 23,764,342 | 2,241,061 
TBICIEBISS) Sob gees gic sae SES eee ec ee an Ue eiISsee CLI aren bern: 535, 479 
ILGUNGTIS. 33.5 6ocuN sen sscosboHopsan AS e es CROSEeEea reams Hopcosescsels CO Rey eee a 372, 781 
Oran ees Pesce weve cease cis ciewe mine esacin wis boxes... 932,118 | 2,213,905 | 1,759,405 | 3,851,013 
Reach eswanledi esac annie aaleec eisai eae 4 pounds..| 2,617,069 151,520 | 14, 464, 655 834, 813 
OBIS e STECMH OL TIP Opel clays cislse siclels ie oem = alas ae -\c' mall seimtore staiarelaCaia BUD EBs) 6cese be eaeoe 992, 497 
UPTUM CS He eee tesa ee ese eiedeciiasinwenee sie pounds..| 89,014,880 | 4,016,554 | 43,478,892 | 3,274,197 
Raisins and other dried grapes .........---- do....| 8,526,114 417,403 | 24,845,414 | 1,718,547 
PAlMothersereen Tipe ;OLOTIed ccc e eens eas > <2 a cle[eesesice neces Pe AO) Wee beeeaocoue 2,717, 449 
Fruits, pre ared or preserved: 

Canned. 20-2. eee eee eee ee ee eee eee ne fee een een eee 25656; 010) (tee eae es 6, 064, 765 
ANU OBOE cascade Sesresdaeacsauenoacossoraeeaacnn| booootseuedue WON AAs. ee eiree ener 269, 180 

FO tallepemerereie teristics en eS 2 Ue ees 1850455 0s | Sawen as ae oe 34, 229, 906 

Imports from foreign countries: é 
TRATES SAS 5 BS a eS eee bunches 38,156, 659 | 11,642,693 | 41,091,585 | 13,512,960 
@umrantshdiniedaase ese sees se ee pounds 33,326,030 | 1,190,020 | 30,350,527 | 1,209, 273 
IDEVIES sd ec ck Sn CCC RUSE GET Ee acee seme ans aa do.. 22, 693, 713 516, 704 | 24,949,374 420, 203 
TRIS SSeS S SSBC See ae Ce eee at eee aera do....| 17,362,197 775,319 | 20,779,730 | 1,024,495 
GHOSTS Saulas UE eae ae Nee ee cubic feet..} 1,365,310 | 1,682,994 | 1,323,928} 1,523,547 
om Gnser ree see Cres ne ee ee pounds. .| 160,214,785 | 3,136,933 |............ 3, 730, 075 * 
QUIN SA 3 GSO GEHS GORE TE Ie Narn eons lama gallons. . 4,555,075 | 1,659,801 | 3,622,275 | 1,607,903 
OLRINEOSE BASSE SBS eee Ar aaa es Booed pounds 4, 676, 118 CPG) Poe soo ea tana 50, 022 
RERIMICE POLES Mme reece eee nes cee slate cro inna. iuies Bory emenremnen ce cts Woe A O25 eee e 1,309, 750 
Raisins and other dried grapes........-.-- pounds..| 5,042,683 296,047 | 2, 808, 806 238, 958 
IETOSORV COMETS ecm sine sisonce dress secsc soe ss secitecieuisionecencis DOG F308 sles tee ce ee 1, 022, 968 
PANO GI CT ee ere acing mines oe Wace tie ence a sce ecu eso ate secu D203 627 |e eae 1, 431, 242 

INOTN Gs Sees eat es ta eI UP eee CS an tN Par ANQW lee ere ce oeete 27,081, 396 

Shipments from the United States to Hawaii: 
PAgo ples eTeCMODTIpOnees ces vce see cee oc. barrels. . 23,487 50, 459 19, 688 64, 865 
Oran cess Sa wemane iets hele wee needs ee ve- boxes. . 32,363 70, 286 52,428 104, 957 
PAMIFOtWeRwereen Tipe. Ol Grieds.-.s.c2 52-0. +2. cee|senee eee cer D1, O00 nae eee 105, 953 
Prepared or preserved— 

Canned renee ie aioe a tie sine Saicieeee am acc's Ola e nage emis 42,0130 Reese ane 88, 133 
PANS Cerca mmearcise tits Sac see UA Sod. SORT a ee ue spe SASS: Ieee a eee ire eee 

TOES SoS SGOGs Soe C CEC RSE eee REE ero Mater leer r are Sain 2285 SOD seas see ee 363, 908 

Shipments from the United States to Porto Rico: 
Raisins and other dried grapes.........--- pounds. . 348, 268 22,441 223, 103 15, 703 
PNiothenveneens ripen Onde sso. cst ceicn= cs see ceo eeer eee SO SOLS eee ee eecae 47,819 
IPRA SAMS! OP OREN Soa onasasErolseeseesoneuss besoccusscode UN es cacecooaes 46, 137 

PG Cale pee ena pasa ey eas cea ne wcicis cag cine vs bo ome leameseenies ae WE ANS) le Sooacouesac 109, 659 

Shipments to the United States from Hawaii: 
IBanAn ASHE enon ae Sa ciecs cascecrcnen eos bunches. . 8 230, 144 147, 021 
ineanplesmines here sen etm ee ceeesemiun clcm sone soenea| ee (e | Seep aeeasueS 52,928 
inineappleswcanmed ea sssueces succes ecu cesses Sales OAS O50 el eee aeae ee at 5, 986, 190 
PAUIUOUI CREE me naire etme ce Come cebec eso. Uc eee PRLS: lege cs aancace|| 2, 637 

otal peeeeee Teresa sss see ale. uckecus 27 ea peenen elec U(U3 320 ache semen. 6, 188, 776 

Shipments to the United States from Porto Rico: 
Fruits, green, ripe, or dried— | 

(Grapemultpeesce cs. caccccseac cee secs. DOXESSal ees ee seer () 276, 550 834, 356 
Oran Ses wise se, erectiscrem cic eee cetes ceeewee downs: 296,018 582, 616 | 200, 268 378, 092 
IRAINCAP PIES ATES He jase eile oe oe Sea eee eee cD niall Reet sacs 1, 723, 694 
PINeAappless Canned eemewassecmecncecee ee. se eel eeee meee eee LOGS GL Gee erence tne 84, 733 
PANO UENO Me eysterayoreysteieisiatcietse nici sal iaietaia are clsieiete.c cio cite epee nee (2G, L630 ee eens 9, 621 

TAOUE sc oS shee oe SR ores Sens ge nce ae Rm ce So 1,416,396 |............| 3,030,496 

1 Included in ‘‘all other green, ripe, or dried”’ in 1910. 2 Included in “all other” in 1910. 
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CANADA. | 
AREA AND PRODUCTION OF FRUITS. 

Orchards in Canada had an area in 1911 of 403,596 acres as com- 
pared with 356,106 acres in 1901, vineyards 9,836 acres in 1911 as 
against 5,600 acres in 1901, and small fruits 17,495 acres in 1911 as 

compared with 13,411 acres in 1891. Acreage of small fruits m 1901 
was included with vegetables. 

The principal orchard fruits grown in Canada are apples, peaches, 
plums, pears, and cherries, while grapes, strawberries, currants, and 
gooseberries are the leading small fruits. 

TABLE 3.—Fruit crops of Canada, 1900 and 1910. 

{Census of the Dominion of Canada.] 

Bearing trees. Production. 

Kind. 

1911 1901 1910 1900 

Orchard fruits: Number. | Number. | Bushels. | Bushels. 
AV) eae Set BEE BEE ESR Er oer REP RIN ee OR 1. 10, 617,372 | 11,025,789 | 10,618,666 | 18, 626, 186 
IRGAC ER ee ee emiee ocr scm eo stsiel nate siateniam orieleyelne Aoemeeie 839, 288 819, 985 646, 826 545, 415. 
PP Ber ete see ube ee ate. ciarelaicimis csclna bie ee eave cle Smeets 581, 704 617, 293 504,171 531, 837 
(RU esece scoe snscs scies oc aeGeacidasemensene vente 1,075,130 | 1,452, 269 508, 994 557, 875 
CHIT yee eh ce eee eee Seen e tee ee eee ee 741, 992 903, 140 238, 974 336, 751 
OPER eee cee tec oaie a cient aie eiescrscisereares 146, 659 141, 870 47,789 70, 396. 

DOTA eee ara cee mee came eae sacle ara fee ieee eee 14, 002, 145 | 14,960,346 | 12,565,420 | 20, 668, 460 

Small fruits: 
GY APCS oo se = esac sea weiss eaicesscewiscices [OEE Como senecaollscoumoeconos 32, 898, 438 | 24, 302, 634 
ULAR RULIOS see elemneitececcineneeatesicciee cer SOS allposeoodoowuclisonosopeeosc 18, 686, 662 |........-.- 
Currants and gooseberries.......--.-.------- CPLEN IS acllsocosas ta sdllooasdsScHdos 3,830, oe 21,707,791 
LMU ONTO? SesncsosossS5ce= sonedeeadosuaeao aes IXOGSa4|Soocossosacdl|ss5000500025 9,000,208 |........... 

Ontario was the leading Province in the production of fruits, 
reporting in 1910, 6,459,000 bushels of apples, 600,000 bushels of 
peaches, 424,000 bushels of pears, 347,000 bushels of plums, and 
146,000 bushels of cherries. 

IMPORTS. 

Bananas, oranges, grapefruit, raisims, and wine are the chief items 
imported. During the five fiscal years ended March 31, 1909-1913, 
there was imported for consumption an annual average of 1,850,000 
bunches of bananas, valued at $1,826,000; 21,363,000 pounds of 
raisins, valued at $1,133,600; oranges and grapefruit to the value of 

$2,656,000; and wine to the value of $1,229,000. Nearly all of the 
bananas, over one-half of the raisins, and nine-tenths of the oranges 
and grapefruit were obtained from the United States, while France, 
Spain, Portugal, and Japan supplied most of the wines. 

Other fruits and fruit products of importance imported during the 
five years named, together with their average annual value, were 
dried apples, $14,000; green apples, $499,000; apricots, nectarines, 
pears, and quinces, $245,000; berries, $328,000; canned fruits, $372,- 



STATISTICS OF FRUITS IN PRINCIPAL COUNTRIES. 9 

000; cherries, $58,000; cranberries, $93,000; dried currants, $551,000; 
- dates, $154,000; figs, $192,000; grapes, $277,000; lemons and limes, 

$650,000; peaches, $234,000; pineapples, $265,000; plums, $194,000; 
prunes, $495,000; and olive oil, $190,000. 

EXPORTS. 

The principal fruit exported from Canada is apples. During the 
five years 1909-1913 there were exported from Canada on an average 
1,242,000 barrels of apples annually, valued at $3,626,000. Great 
Britain took 93 per cent of these apples, Germany 2.5 per cent, and 
the United States 1.7 per cent. Of the total value of fruit exported 
from Canada during the five years named 82.3 per cent was contrib- 
uted by apples. 

In addition to fresh apples there were exported from Canada 
during the five years 1909-1913 dried apples to the value of $299,000 
annually, berries $123,000, canned or preserved fruits $226,000, cider 
$28,000, and wine $7,000. 

CENTRAL AMERICA. 

Costa Rica.—The growing of bananas for export is the principal 
fruit industry of Costa Rica. Nearly one-half of the total value of 
all exports from that country is derived from this one item. During 
the five years 1909-1913 exports of bananas averaged 9,918,000 
bunches annually, valued at $4,615,000. Four-fifths of these bananas 
went to the United States and practically all of the rest to the United 
Kingdom. 

Small quantities of oranges were also exported, principally to the 
United States. 

The principal fruits and fruit products imported into Costa Rica 
during the five years 1909-1913 and their average annual value were 
fresh fruits $6,758, dried fruits $10,027, preserved fruits $11,577, 
olive oil $12,580, and wines $114,000. 
Guatemala.—Bananas constitute one of the principal sources of 

wealth in Guatemala. In 1913 the value of bananas exported 
amounted to $826,000, as compared with $667,000 im the year 
preceding. 

Honduras.—During the fiscal year ended July 31, 1913, the value 
of bananas exported from Honduras amounted to $1,654,000, or one- 
half of the total value of all exports. These bananas are shipped 
principally from Puerto Cortez, Ceiba, and Trujillo. Those from 
Puerto Cortez average about $1,000,000 a year. 

Nicaragua.—Bananas are grown in large quantities in the Blue- 
fields section and shipped to New Orleans. Exports for the four 
years 1911-1914 averaged 1,458,000 bunches annually, valued at 

$424 000. 
63668°—Bull. 483—17 2 
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MEXICO, 

PRODUCTION. 

A wide variety of fruits is grown in Mexico, ranging from the 
apple, peach, cherry, plum, quince, and grape of the Temperate Zone 
to the orange, lime, lemon, banana, pineapple, fig, zapote, mango, 
mamey, avocado (aguacate), and guava of the Semitropical and 
Tropical Zones. Oranges and bananas are the most important fruits 
erown in Mexico. In 1907 the production of these fruits amounted 
to 83,814,000 pounds and 80,492,000 pounds, respectively. 

IMPORTS OF FRUITS AND FRUIT PRODUCTS. 

During the four fiscal years ending June 30, 1909-1912, there were 
imported annually into Mexico on an average 4,021,000 pounds of 
dried fruits, valued at $227,000; 156,000 pounds of preserved fruits, 
valued at $17,000; 1,494,000 pounds of pickled fruits, valued at 

$66,000; 1,230,000 pounds of olive oil, valued at $195,000; and 
2,297,000 pounds of wines, valued at $1,655,000. The United States 

and Spain supplied most of the dried and preserved fruits and Spain 
the larger part of the pickled fruits and olive oil. The wines were 
obtained chiefly from Spain and France. 

EXPORTS OF DOMESTIC FRUITS. 

Exports of domestic fruits from Mexico, comprising strawberries, 
avocados, bananas, lemons, oranges, etc., averaged 24,196,000 
pounds annually, valued at $247,000, during the five-year period 
1908-1912. Ninety-three per cent of these fruit exports was shipped 
to the United States and nearly all of the remainder to Canada. 

WEST INDIES. 

BRITISH WEST INDIES. 

Bahamas.—The principal fruit exported from the Bahama Islands 
is canned pineapples. During the four years 1909-1912 there were 
exported 36,737 cases, valued at $35,724, as compared with 31,000 
and 33,000 cases in 1913 and 1914, respectively. Small quantities 
of grapefruit and oranges are also exported. The United States is 
the chief customer for these fruits. 
Barbados.—During the four years 1909-1912 the average annual 

value of bananas exported was $8,777. Nearly all of the bananas 
were shipped to the United Kingdom. 
Jamaica.—The growing of bananas for export is the principal 

industry of Jamaica. In the season 1914-15 the area under bananas 
amounted to 85,854 acres, as compared with an average of 82,064 
acres for the four preceding years. Exports during the four years 
1909-1912 averaged 15,117,000 bunches annually, valued at 

$6,379,000, as compared with 11,598,000 bunches, valued at 
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$4,809,000, in 19138. Nearly all of the bananas are shipped to the 
United States. There were also exported grapefruit to the value 
of $92,170 annually, oranges $207,000, and lime juice $19,258. 

Leeward Islands.—The growing of limes is the principal fruit indus- 
try of the islands of this group, especially in Dominica, where the 
industry has attained its highest development. During the five 
years 1909-1913 the lime crop of Dominica averaged 354,000 barrels 
yearly. The flour barrel used for measuring limes will average about 
160 pounds of fruit. Calculated on this basis the average annual 
production was 56,640,000 pounds. The average annual value of 
exports of limes and lime products during the three years 1911-1913 
was $508,090. There were also exported from Dominica small 
quantities of oranges and orange oil. 

St. Lucia.—The cultivation of limes is making rapid strides and 
seems likely to assume an important place in the economics of the 
island. Exports of limes and lime products increased from $1,411 
in 1911 to $5,280 in 1912 and $15,220 in 1918. 

Trinidad and Tobago.—The area devoted to the cultivation of limes 
and oranges in the season 1913-14 was 1,123 acres. The value of 
fruit exported has increased from $3,908 in 1905 to $57,396 in 1914. 

CUBA. 

Among the fruits grown in Cuba are the banana, pineapple, orange, 
lime, avocado (aguacate), anon (custard apple), fig, guava, mamey, 
and sapote. 

Exports——During the five years 1909-1913 there was exported from 
Cuba an annual average of 69,063,000 pounds of pineapples, valued 
at $1,189,000; 82,223,000 pounds of bananas, valued at $771,000; 
6,195,000 pounds of oranges, valued at $116,000; and 84,233 pounds 
of limes, valued at $1,521. Practically all of these fruits were shipped 
to the United States. 

Imports.—The principal fruits and fruit products imported into 
Cuba during the five years 1909-1913 and their average annual value 
were dried apples, $5,740; fresh apples, $59,000; canned fruit, $73,000; 
grapes, $39,000; prunes, $15,300; raisins, $27,300; olive oil, $928,000; 
and wines, $1,574,000. 

DOMINICAN REPUBLIC. 

The principal fruit exported from the Dominican Republic is the 
banana. Shipments of bananas from Puerto Plata during the three 
years 1912-1914 ranged between 592,000 bunches in 1918, valued at 
$296,000, and 130,000 bunches in 1914, valued at $65,000. Practi- 
cally all of this fruit was shipped to the United States. 
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FRENCH WEST INDIES. 

Small quantities of pineapples are exported from Guadeloupe, and 
of bananas, pineapples, and citrate of lime from Martinique. 

HAITI. 

Statistics of the commerce of Haiti are meager and fragmentary. 
In 1913 there were exported 601,000 pounds of orange peel, as com- 
pared with 622,000 pounds in 1912. 

PORTO RICO. 

The principal fruits cultivated in Porto Rico are pineapples, oranges, 
and grapefruit. The value of fruit exported during the fiscal year 
ended June 30, 1915, was the largest in the history of the island, 
amounting to $3,031,000.1. Of this value, pineapples contributed 
$1,724,000, grapefruit $834,000, and oranges $378,000. 

SOUTH AMERICA. 

ARGENTINA. 

PRODUCTION. 

Grape growing is the most important fruit industry in Argentina. 
During the five years 1909-1913 the area devoted to the cultivation 
of grapes averaged 265,000 acres yearly, the quantity of grapes sent 
to wineries 1,324,000,000 pounds, and the production of wine 

107,405,000 gallons. Mendoza is the leading Province in the pro- 
duction of grapes. Considerable quantities are also grown in the 
Provinces of San Juan and Entre Rios. 

Statistics of production of other fruits are lacking. However, the 
Argentine census of 1908 reports the number of fruit trees in Argentina 
as 14,343,000. Slightly more than one-half of these is credited to the 
Province of Buenos Aires. The total number of peach trees in 
Argentina numbered 7,908,000, orange trees 2,117,000, apple trees 
1,185,000, pear trees 459,000, apricot trees 312,000, olive trees 
98,000, and lemon trees 64,000, the remainder being made up of 

fruit trees not specified. Buenos Aires was the leading Province in 
the growing of peaches and apples, reporting an area of 32,017 acres 
carrying 4,839,000 peach trees,,and an area of 5,283 acres carrying 
1,035,000 apple trees. With reference to orange culture, Corrientes 
is the leading Province, reporting an area of 15,987 acres carrying 
1,514,000 trees. 

IMPORTS. 

The value of fresh, dried, and prepared or preserved fruits imported 
into Argentina during the five years 1909-1913 averaged $1,779,000. 
Fresh fruits contributed 49 per cent of this value, prepared or pre- 
served fruits 31.6 per cent, and dried fruits 19.4 per cent. In addi- 

1 Nearly all of this fruit was shipped to the United States. 
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tion, imports of olive oil averaged $3,780,000 annually during the 
five years 1909-1913, and wines $9,738,000 annually. 

The value of imports is the official valuation fixed by the valuation 
schedule of the tariff. 

The principal fruits imported into Argentina during the five years 
1909-1913 and their average annual value were olives $387,000, 
apples $201,000 (year 1913), oranges $201,000, figs $138,000, bananas 

$117,000, raisins $106,000, plums $82,000, lemons $55,000, dates 

$29,000, grapes $12,000, and preserved fruits $112,000. 

EXPORTS. 

The value of exports of fruit from Argentina during the five years 
1909-1913 averaged $51,000 annually. These exports went chiefly 
to Brazil and Uruguay. The value is based on the current market 
price. 

BRAZIL. 

IMPORTS. 

Imports of fruit for tne three years 1910-1912 averaged 24,685,000: 
pounds, valued at $2,432,000. Fresh fruits contributed 56.3 per 
cent of this value, dried fruits 25 per cent, and prepared or preserved 
fruits 18.7 per cent. In 1913 and 1914 the value of these imports 
was $2,804,000 and $1,721,000, respectively. The principal items 

imported and their average annual value were dried fruits $607,000, 
olives $398,000, grapes $393,000, and apples $206,000. 

Imports of olive oil during the four years 1909-1912 averaged 
8,340,000 pounds annually, valued at $1,679,000, and of wines 
148,380,000 pounds annually, valued at $10,988,000. Portugal, 
Italy, Spain, and France supplied most of the olive oil and wines. 

EXPORTS. 

Exports of fruits from Brazil for the three years 1910-1912 averaged 
$747,000 annually. Fresh fruits contributed 92.6 per cent of this 
value and prepared or preserved fruits 7.1 per cent. In 1913 and 
1914 the value of fruit exported was $824,000 and $875,000, respec- 

tively. The principal fruits exported during the three years 1910-1912 
and their average annual value, were bananas $641, 000, pineapples 
$37,000, oranges $11,788, and tangerines $3,805. 

CHILE. 

AREA AND PRODUCTION. 

The varieties of fruits cultivated in Chile are very numerous, includ- 
ing peaches, apples, plums, prunes, quinces, pears, grapes, oranges, 
lemons, figs, etc. 

Of these fruits, the most important is the grape. During the 
three years 1911-1913 the area devoted to the cultivation of the vine 
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averaged 140,578 acres annually, as cempared with 162,895 acres in 
1914. French vines occupied 21.1 per cent of the area during the 
five-year period mentioned and native vines the remainder. In 1914 
French vines numbered 75,453,000, as against 192,111,000 native 

vines. The vintage yield during the five years 1909-1913 averaged 
36,217,000 gallons of wine annually, 7,022,000 gallons of chichas 
(a drink made from must), 5,709,000 gallons of chacolies (a sour wine 
made from green grapes), 485,279 gallons of brandy, and 1,600,000 

pounds of raisins. The 1914 vintage produced 55,213,000 gallons 
of wine, 12,066,000 gallons of chichas, 10,474,000 gallons of chacolies, 
665,180 gallons of brandy, and 1,536,000 pounds of raisins. 

The area devoted to the cultivation of orchard fruits during the 
four years 1910-1913 averaged 29,283 acres, as compared with 
42,926 acres in 1914; and the average annual production of the 
principal fruits was as follows: Apples 21,484,000 pounds (year 1914), 
cider 737,000 gallons, figs 2,737,000 pounds, dried peaches 2,365,000 
pounds, sivas | 1,006,000 irom. prunes 423,000 pounds, and cass 
197,000 pounds. 

EXPORTS, 

The value of exports ot fruits from Chile during the five years 
1909-1913 averaged $184,000 yearly. Dried fruit, principally 
peaches and raisins, contributed 77.6 per cent of this value, prepared 
or preserved fruits 17.4 per cent, and fresh fruits 5 per cent. Wine 
exports averaged $39,000 annually. 

IMPORTS. 

Imports of fruits into Chile for the five years 1909-1913 averaged 
1,222,000 pounds annually, valued at $99,000. Nearly all of these 

imports consisted of fresh fruits shipped in from Peru. Imports of 
olive oil and other oils for table use during this period averaged 
17,255,000 pounds annually, valued at $1,201,000. The United 
States and Italy supplied most of these oils. 

PARAGUAY. 

The growing of oranges is the principal fruit industry of Paraguay. 
It is estimated that the number of orange trees of producing age in 
1913 was 1,500,000. In that year there were exported from Paraguay 
164,271,000 oranges, 3,768,000 mandarins, 5,265 pineapples, and 

38,142 bunches of bananas. 

URUGUAY. 

AREA AND PRODUCTION, 

Of the total area under fruit trees in 1908, approximately one-half 
was devoted to the cultivation of peaches and one-fourth to oranges. 
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Taste 4.—Orchard fruit crops of Uruguay, 1908. 

Area 
Kind of tree. eulti- | Number | production. 

vated. i 

Acres Pounds. 
Orang erence ceeds 16, 884 501,119 | 6,292, 759 
Memon se yesclelees=ls 1, 403 40, 332 815, 901 
Reaches eesicniecian 33,418 | 2,095, 597 | 14,229, 895 
Pear eae Len 6,716 | 229,198 | 1, 791,650 
Ip lowe eenene ena 4,935 | 118,391 350, 889 
Pam Se Te eee 1,436 68, 278 219,777 
Cherry, sweet ..-.---- 761 50, 519 23, 847 
Cherry, sour........-- 1,114 55, 301 273, 242 
Olivers: eke 1,458 125, 828 104,463 

Motalivsce sanece 68, 125 | 3,284, 563 | 23, 602,423 

VINEYARDS. 

During the five years 1909-1913 the average area under vines was 
14,386 acres, number of producing vines 21,528,000, production of 
grapes 29,255 tons, and production of wine 4,111,000 gallons. 

TaBLE 5.—Vineyards of Uruguay, 1908-9 to 1912-13. 

12 ction. 
Area. | Number of zoe uc tion 

Season. culti- | producing 
vated. vines. Grapes. Wine. 

Tons of 
Acres. 2,000 ibs.| Gallons. 

1908-9......] 13,574 | 19,636, 543 30, 240 | 4,270, 304 
1909--10...-- 14,080 | 20,689,479 81,285 | 4,490, 295 
1910-11..... 14,006 | 20,410, 430 27,089 | 3,884, 250 
1911-12....-. 15, 188 | 22, 772, 976 20, 806 | 2, 788, 803 
1912-13..... 15,082 | 24,132,869 | 36,854 | 5,132, 962 

IMPORTS, 

The value of imports of fruit into Uruguay during the three years 
1909-1911 averaged $282,000 annually. Dried fruits contributed 50.3 
per cent of this value, fresh fruits 39.3 per cent, and preserved or 
pickled fruits 10.4 per cent. The principal fruits imported during the 
three years 1909-1911 and their average annual value were raisins 
$60,212, figs $41,087, oranges $38,574, olives $25,754, plums $25,242, 
dried peaches $22,269, bananas $21,549, dates $17,330, and apples 
$4,622. 

Imports of olive oil averaged $526,500 annually and of wine 
$1,714,000. Spain and Italy supplied the bulk of the olive oil and 
wine. 

EXPORTS. 

The value of fruit exported from Uruguay during the three-year 
period 1909-1911 averaged $44,952 annually, as compared with 
$47,831 in 1912. The principal fruits specified among these exports 
were peaches, oranges, pears, olives, and cherries. 
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EUROPE. 

AUSTRIA-HUNGARY. 

AREA AND PRODUCTION. 

Austria.—During the five years 1909-1913 the average annual 
production of fruit in Austria was as follows: 

Apples, pears, etc., 1,315,000,000 pounds; cherries, plums, etc., 
1,075,000,000 pounds; citrus fruits (reported only in 1913), 75,000 
pounds; figs, 15,306,000 pounds; and grapes for table use, 10,210,000 
pounds. 

There was also produced during this period an annual average of 
10,083,000 pounds of olive oil and 110,734,000 gallons of wine. 
Statistics of the production of the various fruits of Austria and of 
wine for each of the five years 1909-1913 are given in the following 
table: 

TaBLE 6.—Production of fruit and wine in Austria. 

Kind. 1909 | 1910 . 1911 1912 1913 

Grapes for table use... pounds- . 10, 696, 499 8, 929, 512 | 10, 482, 212 12, 027,416 8, 914, 741 
Apples, pears, ete....... do....| 1,043, 832,906 | 1,415,680, 363 | 951,926,659 | 2,065, 581,231 | 1,099, 817,841 
Cherries, plums, etc..... doz. -| 1, 735,670; 337, 911, 423,968 | 570,496,026 | 1, 586, 722,049 569, 140, 418 
LOFT Sci pam do....| 16, 172, 284 18, 734,250 | 15,392,517 14, 612, 530 11,619, 565 
Citrus vee so - oe oh ees aor aSenoacooad boeasearecasuuS lok marge euic che | See eee ete 75,177 

Ting eee ee ee): gallons..| 165,174,168 67, 281,378 | 101,352,889 | 104,872,135 | 114,989, 186 

Hungary.—Statistices of fruit in Hungary for recent years are con- 
fined to the area under vines, production of wine, and grapes sold. 
During the three years 1909-1911 the average area of the vineyards 
of Hungary was 864,000 acres; quantity of wine produced, 106 million 
gallons; grapes sold, 24 million pounds; and the average annual value 
of all products of the vine $30,993,000. 

IMPORTS. 

Imports of fruits into Austria-Hungary during the five years 1909- 
1913 averaged 399,806,000 pounds annually, valued at $9,496,000. 
Fresh fruits contributed 60.9 per cent of this value, dried fruits 34.6 
per cent, and prepared or preserved fruits 4.5 per cent. In addition, 
imports of wines averaged 8,841,000 pounds annually, valued at 
$1,682,000, and of edible olive oil 7,211,000 pounds, valued at 
$708,000. 

The principal fruits imported into Austria-Hungary are oranges, 
figs, lemons and cedrates, and raisins. During the five years 1909- 
1913 the average annual imports of these fruits were as follows: 
Oranges 156,719,000 pounds, valued at $2,598,000; figs 67,331,000 
pounds, valued at $1,813,000; lemons and cedrates 73,686,000 
pounds, valued at $1,393,000; and raisins 20,416,000 pounds, valued 
at $1,159,000. 
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Oranges and lemons were obtained chiefly from Italy, figs from 
Greece, Italy, and Turkey, raisins from Greece and Spain, wines from 
France, and olive oil from Greece, Italy, and France. 

Other fruits and fruit products imported during the period named 
and their average annual value were apples, pears, and quinces $988,000, 
dates $169,000, cherries and pickled fruits $137,000 each, prunes 
$126,000, plum marmalade $123,000, grapes $93,000, plums $90,000, 
apricots and pineapples $78,000 each, preserved citrus fruits and peel 
$67,000, olives $66,000, dried currants $17,000, and olive oil for in- 
dustrial uses $178,000. 

EXPORTS. 

Exports of fruits from Austria-Hungary during the five years 1909- 
1913 averaged 273,879,000 pounds annually, valued at $5,755,000. 
Fresh fruits contributed 83.7 per cent of this value, dried fruits 12.7 
per cent, and prepared or preserved fruits 3.6 percent. In addition, 
exports of wines other than sparkling averaged $1,271,000 annually, 
and of edible olive oil $32,000. 

The principal fruits exported from Austria-Hungary were apples, 
pears, and quinces. During the five years 1909-1913 exports of 
these fruits averaged 165,898,000 pounds annually, valued at 
$3,076,000. Of the other fruits exported the more important and 
their average annual value were prunes $727,000, lemons and cedrates 

$435,000, plums $332,000, grapes $268,000, oranges $209,000, pickled 
fruits $151,000, apricots $107,000, cherries $88,000, and peaches 

$13,000. 

The bulk of the fruits exported went to Germany and the larger 
part of the olive oil to Italy. Fifty-two per cent of the wines was 
shipped to Switzerland and 41 per cent to Germany. 

BELGIUM AND NETHERLANDS. 

BELGIUM. 

Area.—The area under orchard fruits in Belgium in 1910 amounted 
to 157,000 acres. On 10,546 acres of this area other crops were 
planted between the trees. Official statistics of the production of the 
various kinds of fruits are not available. 

Imports.—The total value of imports of fruits, exclusive of pre- 
served fruits, into Belgium during the five years 1909-1913 averaged 
$3,838,000 annually. Fresh fruits contributed 55.2 per cent of this 
value and dried fruits 44.8 per cent. In addition, imports of wine 
averaged $7,057,000 annually and of olive o1l $603,000 annually. 

Citrus fruits and apples are the chief fruits imported. During tho 
five years 1909-1913 there was imported annually an average of 
53,325,000 pounds of citrus fruits, valued at $1,240,000, and 

30,447,000 pounds of fresh apples, valued at $568,000. Of the other 
63668°—Bull. 483—17——3 
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fruits imported during the period named, the principal ones and their 
average ‘annual value were raisins $508,000, prunes $331,000, figs 
$297,000, dried currants $213,000, bananas $83,000, fresh pineapples 
22,000, and grapes $10,000. 
Spain supplied the greater part of the citrus fruits and France most 

of the apples, wines, and olive oil. 
Exports.—The principal fruits exported from Belgium during the 

five years 1909-1913 and their average annual value were apples 
valued at $738,000 and grapes valued at $374,000. Germany was 
the principal customer for apples and the United Kingdom for grapes. 

NETHERLANDS. 

Area.—During the five years 1909-1913 the area of the commercial 
orchards of the Netherlands averaged 52,790 acres annually, as com- 
pared with 57,147 acres in 1914. 

Imports —The value of imports of fruits into ie Netherlands 
during the five years 1909-1913 averaged $2,020,000 annually. 
naan fruits contributed 70.2 per cent of this Falke, dried fruits 26.8 
per cent, and preserved fruits 3 per cent. In addition, imports of 
wines averaged $2,102,000 annually and imports of olive oil $35,000 
annually. 

The principal fruits imported during the period named and their 
average annual value were oranges and mandarins $723,000, dried 
fruits $541,000, lemons $111,000, apples $88,000, pears $62,000, 

canned fruits and grapes $48,000 each, and pineapples $17,000. The 
chief source of supply for oranges was Spain, for lemons Italy, for 
dried fruits United States, and for apples, grapes, and pears Belgium. 

Exports—During the five years 1909-1913 there was exported 
from the Netherlands an average of 91,003,000 pounds of fruits 
annually, valued at $1,705,000. Fresh fruits contributed 84.9 per 
cent of this value, prepared or preserved fruits 14 per cent, and dried 
fruits 1.1 per cent. There were also exported during these five years 
wines to the value of $449,000 annually and olive oil to the value of 
$47,000. 

The principal fruits exported during the five years named and their 
average annual value were apples $514,000, strawberries $263,000, 

pears $127,000, cherries $73,000, grapes $44,000, currants $42,000, 
and dried fruits $18,000. 

Germany took 83.4 per cent of the apples exported, practically all 
of the strawberries, and 76.2 per cent of the pears, while Belgium was 
the chief customer for wines. 
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DENMARK, NORWAY, AND SWEDEN. 

DENMARK, 

Imports.—General imports of fruits into Denmark for the five years 
1909-1913 averaged 56,896,000 pounds annually, valued at 

$1,875,000. Dried fruits contributed 49.6 per cent of this value, 

fresh fruits 45 per cent, and prepared or preserved fruits 5.4 per cent. 
In addition, imports of wines averaged $734,000 annually, and of 
olive oil $105,000. 

The principal fruits imported during the five years named and 
their average annual value were prunes $340,000, fresh apples 
$250,000, raisins $226,000, oranges $214,000, prepared or preserved 

fruits $101,000, bananas $92,000, dried apples $90,000, apricots 

$84,000, lemons $70,000, grapes $64,000, figs $55,000, pears and 
dried currants $37,000 each, and plums $28,000. 
Prunes and apples were obtained chiefly from the United States, 

raisins from Spain, oranges and olive oil from Italy, and wine from 
France. 

Exports.—Exports of fruit from Denmark during the five years 
1909-1913 averaged 412,000 pounds annually, valued at $17,000. 
Fresh fruits contributed 59 per cent of this value, and prepared or 
preserved fruits practically all of the remainder. 

NORWAY. 

Imports.—Imports of fruits into Norway during the five years 
1909-1913 averaged 31,839,000 pounds annually, valued at 
$1,319,000. Fresh fruits contributed 59.4 per cent of this value, 
dried fruits 38.5 per cent, and preserved fruits 2.1 per cent. In 
addition, imports of wine averaged $1,129,000 annually, and of olive 
oil $495,000. 

The principal fruits imported into Norway during the five years 
named and their average annual value were oranges and lemons 
$326,000, apples and pears $206,000, prunes and dates $201,000, and 
raisins $177,000. 

Apples and pears were obtained chiefly from the United States, 
prunes and dates from Germany, oranges, raisins, and wines from 
Spain, and olive oil from France. 

Exports.—Exports of fruit from Norway during the five years 
1909-1913 averaged 1,787,000 pounds annually, valued at $67,000. 
The greater part of these exports consisted of fresh berries which 
were shipped principally to the United Kingdom. 

SWEDEN. 

Imports——Imports of fruit into Sweden during the five years 1909- 
1913 averaged 38,566,000 pounds annually, valued at $2,179,000. 
Fresh fruits contributed 65.1 per cent of this value, dried fruits 33 
per cent, and prepared or preserved fruits 1.9 per cent. In addition, 
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imports of wines averaged $1,254,000 annually, and of olive oil 

$36,500. 

The principal fruits imported during the five years named and their 
average annual value were oranges $443,000, prunes $423,000, fresh 
apples $294,000, dried apples $187,000, raisins $216,000, grapes 

$88,000, pears $87,000, bananas $81,000, preserved fruit $69,000, 
lemons $61,000, and figs $56,000. 

Oranges were imported chiefly from Italy and Germany, prunes 
and dried apples from the United States, raisins from Spain, fresh 
apples from Great Britain, and wine from France. 

Exports—Exports of fruit from Sweden during the five years 
1909-1913 averaged 10,406,000 pounds annually, valued at $330,000. 
Red whortleberries, shipped chiefly to Germany, comprised practically 
all of these exports. 

FRANCE. 

AREA AND PRODUCTION, 

The cultivation of the vine is the most important fruit industry of 
France. During the 10 years 1904-1913, the area devoted to the | 
growing of wine grapes showed a gradual reduction from 4,262,000 
acres in 1904 to 3,830,000 acres in 1913, averaging 4,036,000 acres 

for the whole period. From the grapes grown on this area there was 
obtained a yearly average of 1,408,000,000 gallons of wine, valued 
at $224,534,000. In 1914 the area under wine grapes amounted to 
3,803,000 acres and the production of wine to 1,585,000,000 gallons, 
valued at $211,402,000. 

Statistics with reference to the production of table grapes are not 
available for years prior to 1911. During the three years 1911-1913, 
however, table grapes to the extent of 71,000 short tons a year, valued 
at $4,576,000, were grown on an area averaging 47,000 acres, as 

compared with 89,000 short tons, valued at $9,223,000, produced 
from 80,000 acres in 1914. 

Statistics of the principal orchard fruits are shown in the following 
table: 

TaBLe 7.—Production of orchard fruits in France for the 10-year period 1904-1913, 
together with comparative figures for 1914 and 1915. 

Quantity (in tons of 2,000 
pounds). 

Name of fruit. 

Average, 
1904-1913 | 1914 LD 

QUIV ES esi saan wane view scisere ren saat ae snail ce ool eERC om ere esine senia(se oe 87, 782 90, 983 42,719 
Reaches sie Seto eee ee aetna ae NA MS Cre ce ar 31, 967 22, 042 15,027 
SAIPIICOLG? Se se sek Soc Ae ek pete ee pe Se eea eee ee SECO een le Ie 7, 336 9, 402 7, 800 
Applesiand pears for tableuse sc. eso peepee nce ee eee eee 171, 650 204, 250 297, 601 
AD ples alias peAts ROL CIO Cl en pee anes eer an aan eee ee aE ere re eee aee 2,782,593 | 2,673,534 | 4,940,913 
CUOrries £5 6) ovis bis = wise bss ocean name nano PRE epee ee epee ean oe 33, 797 43,575 42,869 
AS vist eae eee Rep RMN EE eer ae gtk Sa Ed BIDS 2 Of aeons a SoBe 43, 609 27,659 28, 654 
Plumsifor prunes ese se cose sonore oe ee eee Don Soe eee te ae ene oe neieeinee 32, 853 14,138 17,921 



STATISTICS OF FRUITS IN PRINCIPAL COUNTRIES. 4b 

Expressed in terms of bushels of 48 pounds, there was produced 
during the 10 years 1904-1913 an annual average of 1,332,000 bushels 
of peaches, 7,152,000 bushels of apples and pears for table use, and 
115,941,000 bushels of apples and pears for cider. The production 
of cider and perry averaged 434,142,000 gallons annually, ranging 
between 72,000,000 gallons in 1907 and 960,000,000 gallons in 1904. 
In 1915 there were produced 626,000 bushels of peaches, 12,400,000 
bushels of apples and pears for table use, 206,000,000 bushels of apples 
and pears for cider, and 606,000,000 gallons of cider and perry. Sta- 
tistics of the production of apples for table use were stated separately 
in 1915 when the production was given as 455,000,000 pounds, equiva- 
lent to 9,478,000 bushels of 48 pounds. 

IMPORTS. 

Imports of fruit into France during the five years 1909-1913 
averaged 420,450,000 pounds annually, valued at $9,958,000. Fresh 
fruits contributed 63.8 per cent of this value, dried fruits 32.7 per 
cent, and prepared or preserved fruits 3.5 per cent. In addition, 
there was imported an annual average of 215,000,000 gallons of wine, 
valued at $51,000,000, and 38,480,000 pounds of olive oil, valued at 
$4,938,000. 

The principal fruits imported during the five years 1909-1913 were 
lemons, oranges, and raisins. Imports of lemons and oranges 
averaged 218,000,000 pounds annually, valued at $2,890,000, and of 
raisins 17,540,000 pounds, valued at $1,044,000. Of the other 
fruits imported, the more important and their average annual value 
were figs $852,000, bananas $829,000, prunes $717,000, grapes for 

table use $508,000, mandarins $431,000, dried apples and pears for 
cider and perry $150,000, and preserved pineapples $111,000. 

Lemons and oranges were imported chiefly from Spain, raisins 
from Turkey, olive oil from Tunis, and wine from Algeria. 

EXPORTS. 

Exports of fruits from France during the five years 1909-1913 
averaged 403,138,000 pounds annually, valued at $8,957,000. Fresh 
fruits contributed 69.7 per cent of this value, dried fruits 19.7 per 
cent, and preserved fruits 10.6 per cent. In addition, exports of 
Wines averaged 52,094,000 gallons annually, valued at $41,586,000, 
and of olive oil 11,898,000 pounds annually, valued at $1,461,000. 

The principal fruits exported during the five years named were 
apples, pears, and prunes. Exports of apples and pears for table use 
averaged 61,151,000 pounds annually, valued at $1,718,000; of apples 
and pears for cider and perry 177,920,000 pounds annually, valued at 
$890,000; and of prunes 21,512,000 pounds annually, valued at 
$1,514,000. 
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Other important fruits exported and their average annual value 
were sugared fruits $749,000, table grapes $689,000, and wine grapes 
$358,000. 

Apples and pears for table use were shipped principally to Belgium 
and the United Kingdom, and for cider and perry to Germany, 
prunes to the United Kingdom, wines to Belgium, the United King- 
dom, and Germany, and olive oil to the United States, Belgium, and 
the United Kingdom. 

GERMANY. 

ORCHARD FRUITS. 

The number of fruit trees in Germany in 1900 with comparative 
figures for the year 1913 is shown in the following table. Statistics 
of production are not given. 

TaBLEe 8.—Numober of fruit trees in Germany, 1900 and 1913. 

1913 

Kind of tree. 1900. 

Bearing. |Nonbearing.| Total. 

Number. Number. Number. Number. 
PAST Poe eee eS tees See ee Mea ae 52,332, 853 | 49,744,082 | 24,631,847 | 74,375, 929 
TESS 3 Loca Gee ee eee ee ERT EES SEs 25,116 266 | 22,200,657 | 8,588,229 | 30, 788, 886 
Plaine ees dae oes 5 ae aoe elie. Seascale ee 69, 436,083 | 52,673,330 | 11,878,887 | 64,547,217 
RG HOTTY ee reese osteo ee oe coe ees e eee Ac ae meee 21,548,024 | 16,218,848 5,171, 240 | 21,390, 088 
PAD LIC Oboes see ne ee eee sO as sce el eeeeieees (1) 511,679 258, 052 769, 731 
LETET OL a8 ci USE SSE REE CSET oe ae neaErtn, Alba es awieas Q) | 1, 285, 447 735,741 | 2,021,188 

1 No data. 

VINEYARDS. 

The area of vineyards harvested, and production and value of must, 
during the five years 1909-1913, are shown in the following table. 
Data concerning grapes intended for table use are not recorded, an 
earlier inquiry having shown that the quantities thus consumed are 
inconsiderable: 

TABLE 9.—Area and production of vineyards in Germany, 1909-1913. 

our Area har- Must Value of 
vested. | produced. must. 

Acres. Gallons. Dollars. 
283, 515 | 53,378,719 | 17, 436, 240 
278, 002 | 22,352, 454 | 13,887,060 
271,941 | 77,213,879 | 42, 471,060 
268,944 | 53,346, 478 | 22, 486, 080 
261, 620 | 26,547,685 | 11,528,880 

IMPORTS. 

The value of imports of fruits into Germany for home consumption 
during the five years 1909-1913 averaged $41,485,000 annually, 
mounting steadily from $35,000,000 in the first-named year to 
$53,000,000 in the last named. Fresh fruits contributed 66.7 per 

» ; : 
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cent of the total value, dried fruits 31.1 per cent, and preserved fruits 
2.2 per cent. In addition, there were imported annually 1,277,000 

bottles of sparkling wine, valued at $1,741,000, 282,000,000 pounds 
of wines other than sparkling, valued at $13,575,000, 6,320,000 
pounds of olive oil for table use, valued at $916,000, and 7,618,000 
pounds of olive oil for industrial uses, valued at $491,000. 

The principal fruits imported into Germany during the five years 
1909-1913 were fresh apples 560,275,000 pounds annually, valued at 
$7,502,000; dried apples 27,355,000 pounds, valued at $2,157,000; 
grapes 169,016,000 pounds, valued at $5,633,000; oranges and man- 

darins 288,117,000 pounds, valued at $4,899,000; prunes 73,290,000 
pounds, valued at $4,044,000; raisins 39,990,000 pounds, valued at 
$2,478,000; bananas 66,719,000 pounds, valued at $1,894,000; fresh 
pears and quinces 100,678,000 pounds, valued at $1,847,000; fresh 

lemons, dates, figs, etc., 80,732,000 pounds, valued at $1,827,000; 
fresh berries 50,704,000 pounds, valued at $1,697,000; dried currants 

36,342,000 pounds, valued at $1,664,000; and fresh plums 60,438,000 
pounds, valued at $1,095,000. Of the other fruits imported during 

the five years named the more important and their average annual 
value were dried figs $803,000, fresh cherries $798,000, dried peaches 
and apricots $748,000, fresh and preserved pineapples $662,000, 
fresh peaches $485,000 and preserved fruits $436,000. 

Dried apples, dried peaches and gpricots, and prunes were im- 
ported chiefly from the United States; fresh apples and wines from 
France; fresh pears, quinces, and plums from Austria-Hungary; 
cherries, grapes, lemons, peaches, and olive oil from Italy; bananas 
and oranges from Spain fresh berries from the Netheriands; dried 
currants from Greece; dried figs and raisins from Turkey; pineapples 
from Portugal; and preserved fruit from Serbia. 

EXPORTS, 

Exports of fruits from Germany during the five years 1909-1913 
averaged 41,353,000 pounds annually, valued at $1,216,000. Fresh 
fruits contributed 80.3 per cent of this value, dried fruits 16.5 per 
cent, and preserved fruits 3.2 per cent. There were also exported 
wines to the value of $5,627,000 annually. Fifteen per cent of the 
value of wine exports was derived from sparkling wines and 85 per 
cent from wines other than sparkling. 

The principal fruits exported from Germany during the five years 
1909-1913 and their average annual value were fresh plums $275,000, 
berries (not including strawberries) $242,000, pears and quinces 

$197,000, apples $121,000, and cherries $98,000. 

Fresh fruits are exported principally to the United Kingdom, dried 
fruits to Sweden, France, and Finland, sparkling wines to the United 
Kingdom, and other wines to the United States and the United 
Kingdom. 
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ITALY. 

PRODUCTION OF CITRUS FRUITS. 

The latest estimates of the area under citrus fruits give it as 
111,000 acres especially devoted to their cultivation and 154,000 
acres under mixed crop. Of the area especially devoted to the 
cultivation of citrus fruits 99.7 per cent is located in six departments, 
namely, Sicily 70.9 per cent, Calabria 18.7 per cent, Campania 6.9 
per cent, Apulia 1.4 per cent, Sardinia 1.2 per cent, and Liguria 0.6 
per cent. 

The annual production of all citrus fruits in Italy for the five years 
1909-1913 averaged 867,000 tons, as compared with 966,000 tons 
in 1913, 884,000 tons in 1914, and 893,000 tons in 1915. The six 
departments named above contributed 99.8 per cent of the total pro- 
duction for the five years 1909-1913, and 99.7 per cent for each of 
the three years 1913-1915. Sicily produced 70.6 per cent of all the 
citrus fruits grown in Italy during the five years named, Calabria 
13.5 per cent, and Campania 9.1 per cent. In 1914 and 1915 the 
proportion produced by Sicily was 72.2 per cent and 74.1 per cent, 
respectively. 

Statistics of production of the various kinds of citrus fruits are not 
given for all Italy. For the years 1913 and 1914, however, data con- 
cerning the production of lemons, oranges, and mandarins are given for 
the six leading departments already mentioned. The total combined 
production of the fruits specified in these six departments was 962,000 
tons in 1913 and 878,000 tons in 1914. 

Lemons.—The production of lemons was 474,000 tons in 1913 and 
471,000 tons in 1914. Expressed in terms of boxes containing 75 
pounds of fruit, the production of lemons in these two years was 
equivalent to 12,651,000 boxes and 12,549,000 boxes, respectively. 
Sicily produced 84 per cent of the lemons in 1913 and 86.6 per cent in 
1914, Campania 5.2 per cent and 6.3 per cent, respectively, and 
Calabria 6.4 per cent, and 3.3 per cent, respectively. 

Oranges.—The production of oranges was 453,000 tons in 1913 and 
378,000 tons in 1914. On the basis of 64 pounds of fruit to a box, the 
production of oranges in these two years was equivalent to 14,165,000 
boxes and 11,798,000 boxes, respectively. Sicily produced 61 per 

cent of the oranges in 1913 and 57.2 per cent in 1914, Calabria 19.3 
per cent and 18.9 per cent, respectively, and Campania 14.4 per cent 
and 17.9 per cent, respectively. 

Mandarins.—The production of mandarins was 35,000 tons in 1913 
and 30,000 tonsin 1914. Slightly more than one-half of the mandarin 
crop was grown in Sicily. 
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VINEYARDS. 

The area under vines in Italy during the five years 1910-1914 
averaged 10,907,000 acres annually. Of this area 2,195,000 acres 
were especially devoted to the growing of grapes and in the case of 
the remaining 8,712,000 acres, other crops were grown on the same 
ground. In 1915 the area under pure crop was 2,157,000 acres and 
under mixed crop 8,756,000 acres. 

The production of grapes for the five years 1909-1913 averaged 
7,823,000 tons as compared with 7,495,000 tons in 1914 and 3,320,000 
in 1915. 

The production of wine for the five years 1909-1913 averaged 
1,216,000,000 gallons annually, ranging between 1 ,632,000,000 gallons 
in 1909 and 774,000,000 gallons in the year following. In 1914 the 
vintage amounted to 1,137,000,000 gallons and in 1915 to 503,000,000 
gallons. 

OLIVES. 

The olive groves of Italy during the three years 1911-1913 covered 
an average area of 5,723,000 acres, of which 1,353,000 acres were 

under pure crop and 4,370,000 acres under mixed crop. In 1914 the 
area under olive trees was 5,678,000 acres. The production of olives 

averaged 1,187,000 tons annually, as compared with 1,188,000 tons in 
1914 and 1,026,000 tons in 1915. 
The production of olive oil averaged 47,913,000 gallons annually, 

ranging between 25,000,000 gallons in 1912 and 68,000,000 gallons 
in 1909. In 1914 there were produced 47,128,000 gallons of olive oil. 

OTHER FRUITS. 

Apples, pears, quinces, and pomegranates.—These fruits are bulked 
together in the statistics of production. During the five years 
1909-1913 their average annual production was 250,000 tons, as 
compared with 266,000 tons in 1914, and 356,000 tons in 1915. 

Dried figs and prunes.—The production of dried figs and prunes in 
Italy averaged 87,000 tons annually, as compared with 77,000 tons 
in 1914 and 107,000 tons in 1915. 

Pulpous fruits —The production of pulpous fruits, such as peaches, 
apricots, cherries, etc., during the five years 1909-1913 averaged 
117,000 tons annually, as compared with 126,000 tons in 1914 and 
130,000 tons in 1915. 

EXPORTS. 

Exports of fruits from Italy during the five years 1909-1913 
averaged 1,205,743,000 pounds annually, valued at $21,492,000. 
Fresh fruits contributed 90 per cent of this value, dried fruits 6.5 
per cent, and preserved fruits 3.5 per cent. 

Exports of citrus fruits during this period averaged 857 million 
pounds annually. 
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The principal fruits exported during the five years 1909-1913 were 
lemons 588,522,000 pounds annually, valued at $7,207,000; apples and 
pears 161,781,000 pounds, valued at $4,203,000; oranges 264,667,000 
pounds, valued at $3,785,000; table grapes 47,655,000 pounds, valued 
at $1,426,000; and dried figs 40,956,000 pounds, valued at $1,273,000. 

Of the other fruits exported, the more important and their average 
annual value were candied fruit $756,000, peaches $559,000, cherries 
$439,000, wine grapes $287,000, limes and cedrates $139,000, and 
apricots $117,000. The chief customer for lemons was the United 
States; for apples, pears, and grapes, Germany; and for oranges and 
dried figs, Austria-Hungary. 

In podicion to fruits, fruit products constitute an important item 
of export. The arise fruit products exported from Italy during 
the five years 1909-1913 were the following: Wines to the value of 
$10,468,000 annually; olive oil for table use 54,780,000 pounds 
annually, valued at $8,558,000; olive oil for industrial uses 20,350,000 

pounds, valued at $1,482,000; citrate of lime 12,447,000 pounds, 
valued at $1,733,000; and essential oil of lemon 1,009,000 pounds 
annually, valued at $1,414,000. Wines were shipped chiefly to 
Switzerland, Argentina, and Brazil; olive oil for table use to the 
United States, Argentina, and France; olive oil for industrial uses to 
the United States, Egypt, and Austria-Hungary; citrate of lime to 
the United States, the United Kingdom, and France; and essential 

oil of lemon to the United States and the United Kingdom. Other 
fruit products of importance exported and their average annual 
value were essential oil of bergamot $633,000, essential oil of orange 
$371,000, essential oil of mandarin $5,903, citrus fruit peel $137,000, 
concentrated citrus fruit juices $56,000, and raw citrus fruit juices 
$21,000. 

IMPORTS. 

Imports of fruits into Italy during the five years 1909-1913 averaged 
20,528,000 pounds annually, v lined at $927,000. These imports do 
not meta fruits listed with vegetables. Two-thirds of the total 
value of fruits imported consisted of dried fruits and the remainder of 
fresh fruits. In addition, imports of olive oil for table use averaged 
$991,000 annually and of wine $599,000. 

The principal fruits imported during the five years 1909-1913 and 
their average annual value were dates $305,000, bananas $185,000, 

raisins $153,000, prunes $139,000, and limes and cedrates $93,000. 
Olive oil was imported chiefly from Spain, wines from France, 

dates from Tunis, bananas from Spanish Africa, raisins from Turkey, 
and prunes from the United States. 
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RUSSIA. 

PRODUCTION. 

Fruit is cultivated extensively throughout the Russian Empire, 
but no official estimates of production are available, except for 
grapes. Statistics of the vintage of 1910 are shown in the following 
table: 

‘Tass 10.—Area of vineyards and production of grapes and must in Russia in 1910. 

Production Produc- District. Area. ; tion of 
of grapes. Tate 

Acres. Pounds. Gallons. 
BIIT.O PCATIBIVUSSIa eee seep tneis sicisiciate sicieis esi <iaisisi=j=j-— << cisieisise net isiatsint= os 303, 183 426, 105, 761 | 21, 348, 085 
INGOT UN ORM CAUCASI Netw cc ie aniccines clelcie cis sledars scice wddicee siemens bere een 53, 264 258, 878, 218 | 14, 597, 857 
praMSCAUICAS Laer ete riya Scioto sisyoe siaistes Vicisiee Uae = wl do cee site memrs irene 229, 168 488, 700,077 | 22, 880, 487 
PRITEKOS (ANE epee eet cis cion Seis secs Anwineoe wide eoee dius Meme ciatieridcsle 80, 468 84, 153, 658 175, 885 

Morales SUS A SES eS SEA eset Ee aR ahs el od 666, 083 | 1, 257,837,714 | 59, 002, 314 

The home market for fresh apples, pears, peaches, cherries, plums, 
and apricots is supplied practically entirely by Russian fruit growers, 
oranges and lemons being the only fruits imported in large quantities. 
These latter fruits, together with olives, are grown in the Caucasus, 
especially near the Black Sea, but not in sufficient quantity to 
supply domestic needs. 

IMPORTS. 

The value of fruits imported into Russia during the five years 
1909-1913 averaged $10,952,000 annually. Fresh fruits contributed 
49.7 per cent of this value, dried fruits 46.6 per cent, and prepared or 
preserved fruits 3.7 per cent. In addition, annual imports of wine 
averaged $6,146,000 and of olive oil $1,459,000. 

The principal fruits imported into Russia during the period named 
were the following: Raisins, 69,857,000 pounds annually, valued at 
$2,977,000; oranges, 117,826,000 pounds, valued at $2,345,000; and 

lemons, 92,913,000 pounds, valued at $1,609,000. Of the remaining 
fruits imported the more important and their average annual value 
were prunes, $477,000; fresh apples, pears, peaches, cherries, plums, 
and apricots, $439,000; dried figs, $379,000; olives, $336,000; dates, 

$291,000; grapes, $234,000; fresh berries, $28,000; canned berries 
and other fruits, $20,000; and dried currants, $15,000. 

Raisins and dates were obtained chiefly from Persia, oranges and 
lemons from Italy, deciduous tree fruits from Japan and Germany, 
olive oil from Germany, and wines from France and Germany. 

EXPORTS. 

The vaiue of exports of fruits from Russia during the five years 
1909-1913 averaged $1,260,000 annually. Fresh and preserved 
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fruits contributed two-thirds of this value, and dried fruits the 

remainder. In addition, exports of wine averaged $86,000 annually. 
The chief fruits exported during the period named were raisins, 

$547,000, fresh huckleberries, $56,000, and dried berries, $21,000. 
Germany was the principal customer for all of these fruits. 

SOUTHEASTERN EUROPE. 

BULGARIA. 

AREA AND PRODUCTION. 

Orchard fruits —The area under orchard fruits in Bulgaria during 
the three years 1909-1911 averaged 20,475 acres annually, 2,271 acres of 

which carried trees not of bearing age. The production of orchard 
fruits averaged 69,325,000 pounds annually, valued at $979,000. 
Plums are cultivated more extensively than any other orchard fruit, 
the area planted with plum trees averaging 12,132 acres annually, 
or approximately three-fifths of the total area under orchard fruits. 
The production of plums averaged 39,687,000 pounds annually, 
valued at $441,000. The only other orchard fruit for which statistics 
of area and production are given separately is the apple, to which 
only 319 acres were devoted in 1911. 

Vineyards.—Wine grapes in Bulgaria during the three years 1909- 
1911 were cultivated on an area averaging 192,000 acres annually, of 
which 16,173 acres were planted with vines not of bearing age. 
There was a marked reduction in acreage during the period named, 
from 211,000 acres in 1909 to 168,000 acres in 1911. The production 
of grapes averaged 363,924,000 pounds annually and of must 
23,251,000 gallons. 

Imports. 

The total value of imports of fruits during the three years 1909- 
1911 averaged $883,000 annually, declining from $1,506,000 in 1909 

to $471,000 in 1911. Fresh fruits contributed 50.8 per cent of the 
total value of fruit imports, and dried, prepared, or preserved fruits 
49.2 per cent. In addition, imports of olive oil averaged $451,000 
annually and of wines $28,000. 

The principal fruits imported and their average annual value were 
olives $211,000, citrus fruits $101,000, dates $69,000, grapes $63,000, 

figs $52,000, raisins $31,000, and prunes $27,000. Turkey supplied 
the bulk of the fruits and olive oil and France most of the wines. 

Exports. 

The value of exports of fruits from Bulgaria averaged $33,000 an- 
nually. Dried, prepared, or preserved fruits contributed 87.5 per 
cent of this value and fresh fruits 12.5 per cent. Nearly all of the — 
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dried fruits, chiefly prunes, were exported to Austria-Hungary, while 
Turkey took the larger part of the fresh fruits. 

GREECE, 

PRODUCTION, 

The principal fruits cultivated in Greece are currant grapes, olives, 
and figs, and of these the most important is the currant grape. The 
currant is the dried product of a small European grape, and prac- 
tically the entire world’s supply is grown in Greece. The word “cur- 
rant”’ is generally believed to be a corruption of the name “Corinth,” 
the Greek port whence early shipments of this fruit first reached 
western Europe. From reports of the American consul at Patras it 
is estimated that the dried currant crop of Greece during the five 
years 1909-1913 averaged about 155,000 tons annually, ranging 
between 185,000 tons in 1909 and 123,000 tons in the year following. 

The crop of 1914 is estimated at 158,000 tons and that of 1915 at 
130,000 tons. 

EXPORTS. 

Exports of domestic fruits from Greece during the five years 
1909-1913 averaged 301,819,000 pounds annually, valued at 

$9,759,000. Dried fruits contributed 90.8 per cent of this value, 
prepared or preserved fruits 7.8 per cent, and fresh fruits 1.4 per 
cent. In addition, exports of wines from Greece averaged 126,613,000 
pounds annually, valued at $2,656,000, and of edible olive oil 
17,624,000 pounds, valued at $1,677,000. 

The principal fruit exported from Greece is the dried currant. 
During the five years 1909-1913 exports of dried currants from 
Greece averaged 233,238,000 pounds annually, valued at $7,521,000, 
or 77.1 per cent of the total value of all fruits exported. The United 
Kingdom is the principal customer for these currants, exports to 
that country averaging 52 per cent of the total, as compared with 
12.7 per cent to America, 12.6 per cent to the Netherlands, 12.3 per 
cent to Germany, and 5 per cent to Austria-Hungary. Of the other 
fruit and fruit products exported during this period the more impor- 
tant and their average annual value were figs $1,007,000, olives 

$764,000, raisins $318,000, citrus fruits $87,000, grapes $9,949, olive 
oil for industrial uses $267,000, and must $37,000. 

Imports. 

Imports of fruits into Greece during the five years 1909-1913 aver- 
aged 1,971,000 pounds annually, valued at $82,000. Fresh fruits 
contributed 52.9 per cent of this value, dried fruits 41.6 per cent, and 
prepared or preserved fruits 5.5 per cent. In addition imports of 
wine during this period averaged $77,000 annually. The principal 
fruit imported into Greece is dates. 
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CRETE. 

Exports.—Exports of fruit from the Island of Crete during the four 
years 1909-1912 averaged 27,784,000 pounds annually, valued at 
$601,000. Dried or preserved fruits contributed 62.8 per cent of this 
value and fresh fruits 37.2 per cent. In addition, the average annual 
value of olive oil and wines exported was $1,176,000 and $203,000, 
respectively. 

Imports.—Imports of fruits into Crete during the four years 1909- 
1912 averaged 126,500 pounds annually, valued at $4,600. The 
largest single item was dried or preserved olives, imported principally 
from Greece. 

ROUMANIA. 

AREA AND PRODUCTION. 

Orchard fruits.—The principal orchard fruit grown in Roumania 
is the plum. During the five years 1909-1913 the area under plum 
trees averaged 180,000 acres annually, as compared with 193,000 and 
173,000 acres, respectively, in 1914 and 1915. The production of 
plums averaged 308,000,000 pounds annually, valued at $2,505,000, 
as compared with 365,000,000 pounds in 1914, valued at $3,305,000. 

Vineyards.—The area devoted to the cultivation of the vine in 
Roumania during the five years 1909-1913 averaged 216,000 acres 
annually. American vines resistant to attacks of the phylloxera are 
rapidly replacing the native vines. From an area of 45,000 acres in 
1909, or 21 per cent of the total area in vineyards, the area under 
American vines increased to 97,000 acres in 1913 and to 113,000 
acres, or 55 per cent of the total area, in 1914. The production of 
wine averaged 37,436,000 gallons annually, valued at $10,493,000, 
as compared with 17,453,000 gallons in 1914. Of the total produc- 
tion of wine in 1914, 74 per cent was derived from grapes grown on 
American vines. 

IMPORTS. 

Imports of fruits into Roumania during the four years 1909-1912 
averaged 48,052,000 pounds annually, valued at $1,183,000. Pre- 

pared or preserved fruits contributed 40.7 per cent of this value, 
fresh fruits 36.6 per cent, and dried fruits 22.7 per cent. In addi- 
tion, imports of olive oil averaged 7,333,000 pounds annually, valued 
at $614,000, and of wines 2,381,000 pounds annually, valued at 
$360,000. 

The principal fruits imported during the four years 1909-1912 and 
their average annual value were olives $446,000, oranges $157,000, 
raisins $137,000, lemons $115,000, figs $61,000, table grapes $50,000, 
mandarins $30,000, dried apricots $23,000, and dates $22,000. The 

citrus fruits were obtained chiefly from Italy and the figs from 
Greece. The bulk of the remaining fruits, as well as olive oil, was 
obtained from Turkey. France supplied the larger part of the wine. 

: 
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Exports. 

Exports of fruits from Roumania during the four years 1909-1912 
averaged 1,665,000 pounds annually, valued at $37,000. The prin- 
cipal fruits exported and their average annual value were prunes 
$36,000, plums $15,000, and pears $6,500. 

SERBIA. 

Area and production.—Plum growing 1s the principal fruit industry 
of Serbia. During the three years 1904-1906 the average area under 
plum trees was 367,000 acres and the average annual production of 
plums 987,000,000 pounds, valued at $4,358,000. 

The average area under vincs was 83,000 acres and the average 
annual production of wine 11,776,000 gallons, valued at $5,138,000. 

Of fruits other than plums and grapes, such as apples, pears, etc., 
the production averaged 229,000,000 pounds annually, valued at 

$2,940,000. 
Exports.—There was exported from Serbia in 1909 a total of 

63,000,000 pounds of fruit, valued at $899,000, as compared with 
106,000,000 pounds, valued at $2,920,000, in the year following. Of. 
the total value of the fruit exported during these two years 64 per 
cent was derived from prunes, 16.7 per cent from plum ma-malade, 
7.5 per cent from apples, 5.8 per cent from pears, and 5.3 per ceut from 

plums. Most of these fruits were shipped to Austria-Hungary. In 
addition, wine to the value of $25,000 was exported from Serbia in 
1910. 

Imports.—Imports of fruits into Serbia in 1909 amounted to 
19,017,000 pounds, valued at $258,000, as compared with 28,098,000 
pounds, valued at $518,000, in 1910. The principal fruits imported 
into Serbia in 1910 and their value were grapes $470,000, citrus fruits 

$23,000, and figs and dates $11,000. Im addition, imports of wine 
and olive oil in 1910 were valued at $82,000 and $48,000, respectively, 

TURKEY. 

Production.—The growing of fruit for export, especially in Asiatic 
Turkey, has long been an important industry of the Turkish Empire. 
Raisins, figs, oranges, dates, and olives are the chief fruits cultivated. 

Exports—Exports of fruits from Turkey during the fiscal year 
beginning March 4, 1910, amounted to 456,084,000 pounds, valued at 
$14,315,000, and in 1911 to 518,290,000 pounds, valued at $17,664,000. 

Of the total value of all fruits exported in these two years dried fruits 
contributed 79 per cent, fresh fruits 17.4 per cent, and prepared or 
preserved fruits 3.6 per cent. The principal fruits exported in 1911 
were raisins 89,728,000 pounds, valued at $8,423,000; figs 62,422,000 
pounds, valued at $2,676,000; citrus fruits 145,353,000 pounds, val- 
ued at $2,265,000; dates 153,291,000 pounds, valued at $2,256,000; 
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olives 24,972,000 pounds, valued at $1,074,000; and dried apricots 
1,049,000 pounds, valued at $86,000. There were also exported olive 
oil and wine to the value of $2,356,000 and $449,000, respectively. 

The United Kingdom was the ihe customer for Bil at fruits, figs, 
and raisins; Egypt: for dried apricots; India and the United Kingdom 
for dates; (baiienn for olives and olive oil; and Germany and 
France for wines. 

Imports.—Imports of fruits into Turkey during the fiscal year begin- 
ning March 14, 1910, amounted to 37,248,000 pounds, valued at 
$868,000, as compared with 33,079,000 pounds in 1911, valued at 
$910,000. Of the total value of all fruits imported in these two years 
51.8 per cent was contributed by dried fruits, 41.2 per cent by fresh 
fruits, and 7 per cent by prepared or pic ened fruits. The principal 
fruits imported in 1911 and their value were citrus fruits $273,000; 
olives, $74,000; raisins, $62,000; dates, $37,000; and figs, $16,000. 
There were also imported in this year wines to the value of $355,000 
and olive oil to the value of $186,000. 

SPAIN AND PORTUGAL. 

SPAIN. 

PRODUCTION. 

Statistics of the production of grapes and olives are published 
annually by the Spanish Government. With regard to other fruits, 
however, the latest official figures relate to the year 1910. 

TaBLEe 11.—Production of fruit in Spain in 1910. 

Tons of || Tons of 
Fruit. Acres. 2,000 || Fruit. Acres. 2,000 

pounds. pounds. 

ASPPIOS)= (sass s20 <= - Ss Ae 52, 066 169, 029 ! OXVENEeSh oso tees oe eee 117, 457 876, 047 
BSPEICOUSsepocme ase aaeine 8, 466 165790} txOACHOS mise re ies ines eee 13,017 21, 183 
HENMIES SOUL 2 teicic.cjehinc- =a 3,598 (GW |) IEG EWS SS oo Sean asus awiateunele 26, 272 70, 553 
Cherries, SWOOLL cc toccm eee] 5, 770 iv, 450i |\@PLUIMS 22. Se cles csi ee 12, 387 29, 867 
WPS Seer ee season c ase 141, 198 121, 919 || Pomegranates..........-...- 8, 201 23, 036 
CAD OS Sete oe anise wb ee Steere 2, 283, 357 | Quinces seo ees ccs See ee 3, 833 8, 657 
ONT OHS hepa ene ete enlaeis 6, 363 CONT 7onl | PAUL OUD CLS ce sas ee eee eer 8, 508 26, 530 
OUIVESae cee wee sce ne ees cces | 3, 499, 237 688, 517 | 

The principal fruits grown in Spain are the following: 
Grapes.—The area of the vineyards of Spain for the five years 

1909-1913 averaged 3,158,000 acres annually, the production of grapes 
2,920,000 tons, and the production of must 393,000,000 gallons. It 
is estimated that 90.8 per cent of the crops of these years was sent to 
wineries, 2.6 per cent dried for raisins, and 1.9 per cent exported for 
table use. 

The growing of table grapes for export is virtually confined to the 
Province of Almeria, where an area of 12,000 acres, producing an 
average of 57,000 tons annually, is devoted to this industry. The 4 
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Almeria grape is packed in ground cork and shipped in small barrels 
‘containing about 47 pounds of fruit. It is noted for its shipping 
qualities. 

Statistics of grapes for a series of years are shown in the following 
table: 

TaBLE 12.—Production of grapes and must in Spain. 

Grapes 
Production Production 

Year, Area. of grapes. pecs of must. 

Tonsof 2,000 | Tons of 2,000 
Acres. pounds. pounds. Gallons. 

AO O Qe peeeye ise sicisraicincaa 3, 204, 506 2, 963, 413 2, 666, 588 388, 758, 040 
MONO Ra Ysa eases 3, 194, 855 2, 283, 357 2,049, 481 298, 074, 450 
TO TTY ce cepa rar nee es 3, 187, 533 2,972, 172 2, 683, 254 389, 572, 846 
FQ TD Beare ease a 38, 112, 573 3, 125, 592 2, 878, 660 434, 957, 226 
TIGRE ea teary ey 3, 089, 145 3, 254, 274 2, 984, 680 451, 868, 148 
TUG ce a 3, 066, 820 3, 086, 451 2, 854, 105 427, 108, 471 
TOT Gas eee ies cates eer 3, 080, 163 1, 840, 905 1, 671, 775 232, 204, 902 

Olwes.—During the five years 1909-1913 the area of the olive groves 
of Spain averaged 3,526,000 acres annually, the production of olives 
1,341,000 tons, and the production of olive oil 242,000 tons. Of the 
total production of olives in the five years named, 95.7 per cent was 
pressed for oil. Light and heavy crops alternate asa rule. Although 
the cultivation of olives is general throughout Spain, more than one- 
half the crop is produced in the Provinces of Lerida, Jaen, Seville, 
and Cordoba. Seville is the center of the pickled-olive industry. 
Statistics of olives for the years 1909-1914 are shown in the following 
table: 

TaBLE 13.—Production of olives and olive oil in Spain. 

-s Olives used | Production 
Year. Area. ee cect for making of 

Z oil. olive oil. 

Tons of 2,000 | Tons of 2,000 | Tons of 2,000 
pounds, pounds. pounds. 
1,541,339 | 1,468,534 264, 301 

688, 517 667, 002 119, 609 
2,446,573 | 2,341,112 464, 931 

391, 681 383, 170 69, 446 
1,638,982 | 1,559, 523 292; 575 
1,302,291 | 1,259) 280 229, 019 

Oranges.—The orange groves of Spain covered an area of 117,457 
acres in 1910, when the production of oranges amounted to 876,000 
tons, equivalent to 27,376,000 boxes, averaging 64 pounds of fruit to 
the box. Six Provinces reported 92.8 per cent of the area, namely, 
Valencia, 42.1 per cent; Castellon, 32.2 per cent; Tarragona, 6.9 per 
cent; Murcia, 5 per cent; Seville, 3.5 per cent; and Alicante, 3.1 per 
cent. ‘Three-fourths of the area under orange trees is situated in the 
Valencia district, which comprises a narrow strip of land extending 
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for 150 miles along the Mediterranean coast line of the Provinces of 
Valencia’ and Castellon. The average yearly production of oranges 
in this district is estimated at from 400,000 to 450,000 tons. Nearly 
all of these oranges are exported by sea to northern Europe. The 
Valencia is the only variety grown extensively in this district, though 
small quantities of other varieties are also cultivated. 

Seville is noted for its bitter oranges. Both sweet and bitter 
oranges are grown in Seville, but the ‘bitter is the more important 
commercially. The 1914 crop of this district was estimated at 
25,000,000 sweet oranges and 66,000,000 bitter, as compared with 
30,000,000 sweet and 70,000,000 bitter in 1913. Most of the bitter 
oranges are shipped to the United Kingdom, where they are prized 
for their superior qualities in marmalade manufacture. 
Lemons.—The area devoted to the cultivation of lemons in 1910 

amounted to 6,363 acres, which gave a yield of 69,775 tons, or the 
equivalent of 1,861,000 boxes averaging 75 pounds of fruit. Four 
Provinces reported 85 per cent of the total area under lemon trees 
and 94 per cent of the lemon production. They were Murcia, Valencia, 
Tarragona, and Malaga. 
Apples.—The greater part of the apple crop of 1910 was produced 

in the northern Provinces of Spain. Taking as a basis 48 pounds of 
apples to the bushel, the crop of 1910 was equivalent to 7,043,000 
bushels. 

Figs.—Of a total production of 122,000 tons of figs, 38.5 per cent 
was produced in the Balearic Islands and 11.6 per cent in the Province 
of Murcia. 

EXpPorts. 

Exports of fruits from Spain during the five years 1909-1913 avyer- 
aged 1,401,816,000 pounds annually, valued at $21,353,000. Fresh 
fruits contributed 80.4 per cent of this value, dried fruits 13.5 per 
cent, and prepared or preserved fruits 6.1 per cent. Im 1914 there 
were exported 1,261 million pounds of fruits, valued at $18,879,000. 
In addition to fruits there was exported during the five years 1909- 
1913 an annual average of 82,056,000 gallons of wine, valued at 
$19,932,000, and 86,454,000 pounds of olive oil, valued at $7,569,000. 
Wines were shipped principally to France and olive oil to Italy and 
Argentina. 

The chief fruits exported from Spain during the five years named 
were oranges, table grapes, raisins, and olives. 

Oranges.—Spain ranks first in the exportation of oranges. More 
than one-half of the total value of all fruits exported from Spain is 
derived from this product alone. During the five years 1909-1913 
exports of oranges averaged 1,120 million pounds annually, valued 
at $11,762,000, the quantities exported ranging between 974 million 
pounds in 1911 and 1,255 million pounds in 1913. On the basis of 
64 pounds of fruit to a box the average yearly exportation of oranges 
was equivalent to 17,494,000 boxes. Shipments of oranges to the 
United Kingdom averaged 46.5 per cent of the total quantity ex- 
ported during the five years named, as compared with 21.2 per cent 
to France and 18.7 per cent to Germany. In 1914 there was ex- 
ported a total of 1,054 million pounds of oranges, valued at $11,068,000. 

Grapes for table wse.-—Exports of table grapes averaged 97,819,000 
pounds annually, valued at $2,997,000, the quantity exported fluc- 
tuating between 82 million pounds in 1912 and 122 million pounds 
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in 1913. The principal customers for these grapes were the United 
Kingdom with 47 million pounds annually, United States 32 million 
pounds, and Germany 12 million pounds. Most of the grapes are 
shipped from the port of Almeria. In 1914 there was exported a 
el of 81,776,000 pounds, valued at $2,506,000. 
Raisins.—Exports of raisins averaged 52,851,000 pounds annually, 

valued at $2,545,000, as compared with 34 million pounds in 1914, 
valued at $1,615,000. More than half of the raisins exported went 
to the United Kingdom. 

Oliwes.—Exports of green and pickled olives from Spain averaged 
29,879,000 pounds annually, valued at $1,962,000. More than three- 
fifths of these olives were shipped to the United States. The next 
largest customers were Argentina and Cuba. 

Other frutts.—Of the other fruits exported the more important and 
their average annual value were pressed grapes $492,000, preserved 
fruits $431,000, fruit pulp $291,000, dried figs $268,000, lemons 
$192,000, pomegranates $102,000, apples $32,000, and peaches 
$23,000. 

ImPorts. 

Imports of fruits into Spain, consisting wholly of dried fruits, aver- 
aged 6,237,000 pounds annually, valued at $420,000, during the five 
years 1909-1913, as compared with 9,054,000 pounds, valued at 
$603,000, in 1914.. Figs and dates were the principal fruits imported. 
In addition, imports of wines, chiefly from France, averaged 76,000 
gallons annually, valued at $242,000. 

PORTUGAL. 

EXports. 

The value of exports of fruits from Portugal during the five years 
1909-1913 averaged $1,003,000 annually. Fresh fruits contributed 
74.1 per cent of this value, Dae or preserved ffuits 21.4 per cent, 
and dried fruits 4.5 per cent. In addition, exports of wines averaged 
28,582,000 gallons annually, valued at $12,604,000, and of olive oil 
754,000 gallons annually, valued at $681,000. 

The principal fruits exported during the five years named and their 
average annual value were pineapples $383,000, grapes $238,000, 
figs $196,000, apples $99,000, olives $40,000, and oranges $4,000. 

The United Kingdom was the chief customer for apples, grapes, 
oranges, pineapples, and port wine; Belgium for figs; and Brazil for 
olives, olive oil, and common red wine. 

Imports. 

Imports of fruit into Portugal during the five years 1909-1913 
averaged 466,000 pounds annually, valued at $45,000. Spain sup- 
plied the greater part of these fruits. 

UNITED KINGDOM. 

AREA. 

The area under fruits in the United Kingdom (excluding the Isle 
of Man and the Channel Islands) during the five years 1909-1913 ay- 
eraged 321,000 acres annually, as compared with 314,000 acres in 
1914. This average area includes 29,000 acres of small fruit grown in 
orchards. Ninety-three per cent of the fruit acreage was in England, 

a 
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4.4 per cent in Ireland, and 2.6 per cent in Scotland. Apples, pears, 
cherries, and plums are the principal orchard fruits grown, and 
strawberries, raspberries, currants, and gooseberries the principal 
smallfruits. Statistics of production are not collected. The five-year 
(1909-1913) average acreage under individual fruits was as follows: 
Apples 175,084, pears 10,153, cherries 11,842, plums 17,441, straw- 
berries 26,804, raspberries 9,461, and currants and gooseberries 28,168. 

IMPORTS. 

The value of foreign and colonial fruits entering the ports of the 
United Kingdom during the five years 1909-1913 averaged 
$69,827,000 annually, ranging steadily upward from $64,000,000 in 
the first-named year to $74,000,000 in the last named. Fresh fruits 
contributed 65.1 per cent of this value, dried fruits 26.2 per cent, 
and preserved fruits 8.7 per cent. In addition, the annual value of 
the two leading fruit products imported, wine and olive oil, averaged 
$19,973,000 and $2,926,000, respectively. The value comprises cost 
of the fruit plus insurance and freight to the place of landing, or, 
when consigned for sale, the latest sale value. The weight of the 
fresh fruit imported (excluding bananas, the weight of which is not 
given) averaged 1,368 million pounds annually, as compared with 
313 million pounds of dried fruits and 113 million pounds of prepared 
or preserved fruits. The principal fruits imported during the five 
years named and their average annual quantity and value were 
oranges 5,662,000 hundredweight of 112 pounds each, valued at 
$11,678,000; fresh apples 3,369,000 hundredweight, valued at 
$10,869,000; bananas 6,713,000 bunches, valued at $9,174,000; 
dried currants 1,247,000 hundredweight, valued at $7,622,000; 
raisins 721,000 hundredweight, valued at $6,055,000; canned or 
bottled fruits, including canned pineapples, 715,000 hundredweight, 
valued at $4,787,000; grapes 613,000 hundredweight, valued at 
$3,353,000; pears 598,000 hundredweight, valued at $2,701,000; 
lemons, limes, and citrons 859,000 hundredweight, valued at 
$2,228,000; fresh plums 386,000 hundredweight, valued at $1,992,000; 
prunes and other dried plums 187,000 hundredweight, valued at 
$1,724,000; canned pineapple (1913 only) 270,000 hundredweight, 
valued at $1,578,000; dates: 429,000 hundredweight, valued at 
$1,466,000; preserved fruits other than canned or ‘bottled 296,000 
hundredweight, valued at $1,322,000; and figs and fig cake 179,000 
hundredweight, valued at $1,155,000. Other important fruits im- 
ported and their average annual value were cherries $793,000, cur- 
rants $668,000, apricots and peaches $211,000, strawberries $163,000, 
and gooseberries $74,000. ; 

Of the fruit products imported, the more important, next to wines 
and olive oil, and their average annual value, were lime and lemon 
juice, $386,000; grape juice or must, $53,000, and cider and perry, 
$37,000. 

Oranges and grapes were obtained chiefly from Spain; apples from 
Canada and the United States; bananas from Colombia, Costa Rica, 
and the Canary Islands; dried currants from Greece; dates, raisins, 
and figs from Asiatic Turkey; canned fruits and prunes from the United 
States; pears from Belgium and France; plums, cherries, apricots, 
eaches, currants, strawberries, and wines from France; lemons from 
taly; and edible olive oil from Italy, France, and Spain. 
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EXPORTS. 

Exports of domestic fruits from the United Kingdom are limited to 
prepared or preserved fruits. During the five years 1909-1913, 
exports of this class of products averaged $1,996,000 annually. 
Marmalades, jams, and fruit jellies comprised the bulk of the fruit 
exported. Canada ranked first as a customer for these products, 
United States second, and British India third. 

REEXPORTS. 

Reexports of fruits from the United Kingdom during the five years 
1909-1913 averaged $4,615,000 annually. Fresh fruits contributed 
66.7 per cent of this value, dried fruits 23.5 per cent, and prepared or 
preserved fruits 9.8 per cent. In addition, reexports of olive oil 
averaged $390,000 annually, and of wines $2,348,000. 

The principal fruits reexported and their average annual value were 
bananas, $1,005,000, apples $689,000, grapes $625,000, dates $568,000, 
oranges $495,000, raisins $187,000, and dried currants $132,000. 

ASIA. 

JAPAN. 
PRODUCTION. 

The principal fruit grown in Japan is the orange. During the five- 
year period, 1909-1913, the total number of orange trees in Japan 
averaged 20,310,000 annually, and the production of oranges 
501,000,000 pounds. 

TaBLe 14.—Number of fruit trees and production of fruit in Japan. 

Five-year average 
1909-1913. 1914 

Kind of fruit. 

Trees. Production. Trees. Production. 

Number. Pounds. Number. Pounds. 
AiyylQgicdodasccoe aossses eee eee 2,640,028} 78,915,023 | 3,257, 934 78, 847, 406 
Cherries i 1045370 1, 792, 000 157, 563 2; 560, 102 
Figs... 253, 140 6, 104, 187 325, 637 7,107, 431 
Grapes. 12,308,104 | 28,756, 922 | 1 2,800, 465 32, 696, 179 
Loquats. 1,065,122 | 20,009,002} 1,205,103 20, 967, 088 
ranges: 

RitiicaneO A notes 3 Sed accnencce se 13,007,348 | 320,386,159 | 15,806,932 | 330, 128, 889 
Navel MOTTE 2 BRE FR NES Oe 2 ae 1,026, 630 oh 522,538 | 1,495, 100 17, 160, 658 

AbSumMikcanwewcewes ct en ans anise aisinieinenic oe ee 3, 271,000 00,241,558 | 3,674,582 106, 073, 047 
hermosa ETN Ss 3,004,621 | 69, 213/960 | 3,361,692 | 68, 141, 831 

econ aad | aniseed] BARE] anes Ret semmnetelaletereteteteteteretaietsietaielateletatcieisiajelelsiatela(o)<i= <i<lsar ateiai= 5 ) ol, Fh yi , 10 t; 30 
Persimmons: 

Green eee ercmsismeceeticcwccseseeseces esos cices ay 6) 365, 071, 466 321, 690, 762 
TBYRYS(l cscs la aS Sac Ae ee ee \o, 750, 240 { 41,514,316 \10, 569, 724 { 30, 650, 701 

TPIT. saeco CSB SEE SOC BE SEE eee Eee ae 4,598,537 | 22,468,887 | 4,489,256 | 2 2, 231, 930 
rin cos ENE Chet aad 8 soy cit o 82, 724 1, 468, 286 92, 318 | 1, 551, 227 

| 

1 Vines. 2 Bushels. 

EXPORTS. 

The chief fruits exported during the five years 1909-1913 were 
mandarins and apples. Shipments of mandarins averaged 24,729,000 
pounds annually, valued at $460,000, and those of apples 8,485,000 
pounds, valued at $243,000 Four-fifths of the apples and a large 
part of the mandarins were exported to Asiatic Russia. 
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IMPORTS. 

Imports of fruits into Japan are not classified separately in trade 
statistics, but are included with nuts and vegetables. ine is the 
principal fruit product imported. During the five years 1909-1913 
there was imported an annual average of 454,000 gallons of wine, 
valued at $267,000. Spain and France supplied three-fourths of the 
wine. 

PERSIA. 

PRODUCTION. 

The growing of fruit for export, especially in its dried form, is an 
important industry. Among the fruits cultivated are quinces, 
peaches, apricots, plums, grapes, dates, and oranges. 

EXPORTS. 

During the five years 1909-1913 exports of fruits from Persia aver- 
aged 121,000,000 pounds annually, valued at $7,025,000. Fresh and 

. dried fruits contributed 99.9 per cent of this value. The most im- 
portant fruit exported is the raism. During the five years 1909-1913 
there was exported an annual average of 70,252,000 pounds of raisins, 
valued at $4,727,000, the quantity exported ranging between 56,000,- 
000 pounds in 1912 and 82,000,000 pounds in 1910. Russia took 
nearly all of these raisms. Of the other fruits exported during this 
period the more important items were fresh and dried fruits, not 
specified, $1,613,000; dates $616,000; citrus fruits $62,000; and 
preserved fruits $7,000. 

AFRICA. 

ALGERIA. 

PRODUCTION. 

Statistics of grapes and olives are more complete than of the other 
fruits in Algeria. The area under vines during the five years 1909- 
1913 averaged 391,000 acres annually, and the production of wine 
212,000,000 gallons. Red wine comprised 88.1 per cent of the total 
production, and white wine 11.9 per cent. e number of olive 
trees averaged 13,081,000 annually during this period, the produc- 
tion of olives 599,000,000 pounds, and the production of olive oil 
8,421,000 gallons. Data concerning other fruits cultivated are 
given in the following table: 

TaBLeE 15.—Number of fruit trees in Algeria. 

Ay iM 7 4-year average 
1909-1912.” 1912. 

Kind of fruit tree or plant. 

Total | Number Total Number 
| number. | bearing. number. bearing. 

IRANIAN DY Soe waka hea ace ea es pelt ee eet ee | 52, 286 34, 624 42, 880 31, 303 
CHALE eis. Pee ee ee ch See 5 a ee | 87, 328 | 73, 147 100, 787 82, 627 
Citrus: | 

Memonjand cedrate: .. 2285265 s-cb ctesc eee eas eee 175, 322 | 150, 648 164, 721 141, 695 
Mandarin = Scte ct ho sees sehen ecube ccc cine coer 516, 406 | 423, 674 539, 373 373, 264 
Oranges: 22 hee A ee ee | 852,166 | 720, 822 839, 832 783, 341 

UD 7:0 es Se ee eyes ee eR eer Bare ae hag | 3,863,550 | 2, 657, 756 4, 131, 753 3, 084, 869 
Ee a a RE ere. SR ae ee Ite oo a SO | 5,832,220 | 4,860,036 | 6,064,105] 5, 263, 398 
Median) sh Maho0: i eee ee Eee OS se ee 68, 278 54, 812 78, 089 58, 962 
POMbPranAle: e208 Se etc eee nie eas ee | 637,207 | 550,818 | 652,379 570, 367 

| | 4 

— 
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EXPORTS. 

The principal fruits exported from Algeria during the five years 
1909-1913 and their average annual value, were lemons and oranges 
$172,000, mandarins, etc., $449,000, grapes $578,000, dates $613,000, 
and figs $646,000. In addition, shipments of common wines in casks 
during this period averaged 185,422,000 gallons annually, valued at 
$33,278,000, and of olive oil 11,918,000 pounds, valued at $1,547,000. 
Practically all of the fruits and olive oil and 98.5 per cent of the wine 
were shipped to France. 

IMPORTS. 

Preserved fruits, apples, pears, and raisins were the chief fruits 
imported into Algeria, and wine and olive oil the chief fruit products. 

BRITISH SOUTH AFRICA. 

Exports.—The value of fresh fruits exported from the South African 
Union in 1914 was $453,000. The chief fruits exported and their 
value were pears $121,000, grapes $100,000, oranges $87,000, plums 
$49,000, peaches $44,000, pineapples $12,000, nectarmes $6,550, 
apples $6,229, bananas $3,815, and apricots $1,475. 

mports.—The principal fruits imported in 1914 were dried currants 
and raisins $105,000, bottled and canned fruits $57,000, dates $46,000, 
dried fruits not specified $37,000, and figs $13,000. 

TUNIS. 

A wide variety of fruits is cultivated in Tunis, including apples, 
peaches, apricots, nectarines, pears, pi, cherries, grapes, lemons, 
mandarins, oranges, dates, olives, and figs. The most important are 
the olive and the wine grape. In 1912 there were exported 32,793,000 
pounds of olive oil, valued at $3,966,000, and 5,684,000 gallons of 
wine, valued at $1,101,000. 

OCEANIA. 

AUSTRALIA. 

PRODUCTION. 

The total area of the vineyards of Australia increased from 59,450 
acres in 1908-09 to 62,388 in 1912-13. The vine is cultivated in all 
the States of the Commonwealth except Tasmania, where the cli- 
matic conditions are unfavorable. During the five seasons 1908-09 
to 1912-13 there was produced an annual average of 5,413,000 gal- 
lons of wine, 13,480 tons of table grapes, 13,506,000 pounds of 
raisins, and. 8,076,000 pounds of dried currants. South Australia led 
in the production of wine, New South Wales in the production of 
table grapes, and Victoria in the production of raisins. 

The total area of the orchards and fruit gardens of Australia in- 
creased from 171,558 acres in 1908-09 to 205,174 acres in 1912-13. 
There were increased areas in Tasmania and Western Australia, 
mainly due to extensive plantings of apple trees with a view to the 
possibilities of the London market for fresh fruit. The production 
of fruits in the season 1912-13 was as follows: Apples 4,693,000 
bushels, valued at $5,289,000; nectarmes and peaches 924,600 
bushels, valued at $1,296,000; apricots 429,000 bushels; valued at 
$748,000; pears 1,100,000 bushels, valued at $803,000; bananas 
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1,139,000 bunches, valued at $693,000; pineapples 684,000 dozen, 
valued at $333,000; oranges 1,402,000 bushels, valued at $1,953,000; 
and lemons 375,000 bushels, valued at $430,000. 

EXPORTS. 

During the five years 1909-1913 the value of the fruit exported 
from Australia averaged $2,157,000 annually. Fresh fruits con- 
tributed 83.4 per cent of this value, preserved fruits 11.1 per cent, 
and dried fruits 5.5 per cent. In addition, there were exported 
1,078,000 gallons of domestic wines annually, valued at $586,000. 
Apples comprised 68.8 per cent of the total value of the fruits 

exported during the five years named. Exports of apples averaged 
47,317,000 pounds annually, valued at $1,483,000. Of the other 
fruits exported, the more important and their average annual value 
were citrus fruits $129,000, preserved fruits $123,000, raisins 
$66.000, dried currants $19,000, and pineapples $16,000. Avpples, 
raisins, and wines were shipped principally to the United Kingdom, 
pugseryed fruits to the South African Union, and the other fruits to 
Vew Zealand. 

IMPORTS. 

The value of the fruits imported into Australia during the five years 
1909-1913 averaged $1,758,000 annually. Fresh fruits contributed 
55.8 per cent of this value, dried fruits 26.2 per cent, and prepared 
or preserved fruits 18 per cent. In addition, there was imported 
annually wine, chiefly of French origin, to the value of $749,000. 
The principal fruits imported and their average annual value were 
bananas $683,000, dates $201,000, apples $152,000, citrus fruits 
$141,000, jams and jellies $49,000, and raisins $36,000. The 
bananas were obtained chiefly from the Fiji Islands, dates from Ara- 
pis, apples from the United States and Canada, and citrus fruits from 
taly. 

NEW ZEALAND. 

The area planted in commercial orchards in 1915 was 45,000 acres, | 
as aaricntod with 29,000 acres in 1908. Most of the fruit produced is 
consumed at home. During each of the past two seasons, however, 
between 60,000 and 70,000 cases of apples have been shipped to 
South America. 

HAWAII. 

The most important fruit cultivated is the pineapple, especially 
since 1900, when the pineapple canning industry was begun in Hawai. 
From 1,200 cases in 1900 the output of canned pineapples increased to 
2,500,000 casesin 1915. The ve ine of the pineapples exported during 
the fiscal year ending June 30, 1915, was $6,319,000, as compared with 
$5,062,000 in 1914. Most of this product is shipped to the United 
States. The banana is also an important item of export. During the 
five years 1911-1915 shipments of bananas from Hawaii to the United 
States averaged 208,000 bunches a year, valued at $129,000. Ship- 
ments of fruits to Hawaii from the United States during the same 
period averaged $259,000 a year, the chief items being oranges, apples, 
and canned fruits. 

O 

— 



UNITED STATES DEPARTMENT OF AGRICULTURE 

BULLETIN No. 484 
Contribution from the Bureau of Entomology 

L. O. HOWARD, Chief, in cooperation with 

the Forest Service, HENRY S. GRAVES, Forester 

Washington, D. C. PROFESSIONAL PAPER. April 9, 1917 

CONTROL OF THE GIPSY MOTH BY FOREST 
MANAGEMENT. 

PART I: THE GIPSY MOTH IN WOODS. 

By G. E. CLEMENT, 

Assistant in Forest Management. 

CONTENTS. 

Page. Page 

rtPPOGUCEION en se ereece isch sa cenceoecveseces 1 | Precautions needed............------.------- 10 

Behavior of the gipsy moth in the woods. ..- 2 | Application of food-plant data to individual 

Composition and condition of woods in in- SPOCLlOSS ce Meee enon aN ee ent cs 11 
MESUOGILOLLILOL Yes ions soca oe se ale eee 4 | Other measures in need of attention......... 15 

Feeding habits of gipsy-moth caterpillars.-.- 8 Recommendations. -~..........--.----------- 16 

INTRODUCTION. 

The gipsy moth (Porthetria dispar L.) was first liberated in this 
country in 1868 or 1869, and 20 years later, about 1888, it became a 
very serious pest in the neighborhood in which it was liberated. 
Since then it has continued to spread, destroying both coniferous and 
deciduous foliage, until it is now found throughout a large part of 
eastern New England. (See map, p. 16.) It is particularly obnox- 
ious because it feeds heavily on the foliage of so great a variety of 
trees and other forms of vegetation. Although many years have 
been spent in efforts to control the insect, it is still very abundant 
and in need of constant repression. 

Trees may be classified as shade trees, fruit trees, and forest trees. 
Shade and fruit trees are more valuable, more accessible, and fewer 
in numbers than forest trees, and for these reasons have received 
much more attention than forest trees with respect to protection 
against gipsy-moth attack. Satisfactory means of protecting the 
first two classes of trees have been developed, but they are too expen- 
Sive to be practicable in the case of forest trees. The problem of 
combating the gipsy moth in forests is a large one, and its solution 
will occupy many years. 
Twenty years ago gipsy-moth caterpillars were reputed to be 

almost omnivorous. Studies made in more recent times by the 
64360°—Bull. 484171 
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Bureau.of Entomology have developed a number of important facts 
not formerly recognized. Among these are the following: (1) The 
foliage of some species of trees is more acceptable as food to gipsy- 
moth caterpillars than that of other species. (2) Caterpillars in the 
first stage of their development do not eat the foliage of conifers, 
except tamarack. These two facts apparently open up a considerable 
field for the use of forest management in the control of the insect. 

Toward the end of the year 1912 Mr. W. F. Fiske, of the Bureau 
of Entomology, called attention to the gipsy moth as a forest insect 
and suggested the possibility of control by forest management.’ 
In January, 1913, a cooperative agreement was entered into between 
the Bureau of Entomology and the Forest Service, providing for a 
full investigation of this matter. This investigation is now under 
way. It is based on the belief that infestation of woods can be re- 
duced and possibly controlled by eliminating the species of trees 
which are particularly favored as food by gipsy-moth caterpillars 
and replacing such species with others which are less favored. 

The object of the investigation is twofold. It is desired to ascer- 
tain in the first place in what proportions trees of different species 
can be associated to form stands which will not be subject to gipsy- 
moth ravages, and in the second place, the best method of converting 
existing stands into others better able to resist attack. 
The plan for the work of this investigation provides for the estab- 

lishment of sample plots in different kinds of typical forest stands in 
the infested region. Stands varying in composition, quality, age, cli- 
matic situation, and degree of gipsy-moth infestation are to be sub- 
jected to different forms of management with a view to determine 
what forms produce the safest stands and the best methods of es- 
tablishing the most favorable conditions. During the past three 
years 46 sample plots have been established, and much of the pre- 
scribed work has been done on them. Several years must elapse 
before conclusions can be drawn from these experiments. 

In the course of carrying out the work just referred to a number of 
facts have been observed, and it is believed that a presentation of 
these facts may be of interest. 

BEHAVIOR OF THE GIPSY MOTH IN THE WOODS. 

The gipsy moth may be introduced into forests by, the wind,’ by 
caterpillars crawling from adjacent infested areas, or by transporta-_ 
tion by man or animals.* The caterpillars begin feeding as soon as 

1 Fiske, W. Ff. The Gipsy Moth as a Forest Insect, U. S. Dept. Agr. Bur. Ent. Cire. 

164. 20 p. 1913. 
2 Collins, C. W. Dispersion of Gipsy Moth Larve by the Wind, U. S. Dept. Agr. Bul. 

273. 23 -p., 6 pl., 1 map. 1915. 
® Burgess, A. F. The Dispersion cf the Gipsy Moth, U. 8S. Dept. Agr. Bur, Ent., Bul, 1 

62 p., 6 fig., 16 pl., map. 1913. 
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the new foliage appears in the spring and stop before the middle of 
July. A gipsy-moth colony may exist for several years in a wood 
without doing sufficient damage to attract any attention. The mem- 
bers of such a colony multiply in numbers continuously and spread 
over more and more territory until ultimately a point is reached 
where the caterpillars suddenly become so abundant that they de- 
foliate large numbers of trees, frequently over wide areas. 

Following a gipsy-moth defoliation over a considerable area, the 
intensity of an infestation generally diminishes. This is due largely 
to the following causes: (1) Caterpillars die of starvation or migrate 
on account of the exhaustion of their food supply. (2) An epidemic 
of the wilt disease destroys large numbers of the insects. (3) Natural 
enemies, particularly parasites and rian beetles, reduce the 
infestation. 
Woods which have suffered a heavy gipsy- -moth attack are thus 

usually provided with some opportunity to recover. A few cater- 
pillars survive in such cases, and in the course of a few years (three 
to five) defoliation again occurs. There is usually very heavy feed- 
ing following a season of defoliation if it happens, as it may occa- 
sionally, that an infestation is of such an extent that the amount of 
foliage available is just sufficient to carry the caterpillars to the 
pupation stage. 

An infestation once established in a wood will probably remain 
as long as the food supply lasts, but the degree of infestation will 
vary from time to time. 
The development and extent of gipsy-moth infestations are influ- 

enced to a large degree by meteorological conditions, insect enemies, 
and the wilt disease. Owing to the uncertainty with which these 
factors act, it is impossible to make a definite prediction as to the 
exact outcome of any infestation. 
Feeding occurs in varying degrees over all the infested region, 

the extent in any locality depending on the stage of the infestation 
and the character of the food. After defoliation most trees imme- 
diately put forth new foliage, and in a few weeks there is usually 
but little external evidence of damage. In such cases the injury 
amounts only to a temporary retardation of development, and from 
this the trees attacked usually recover. Trees previously weakened 
through the action of decay, fire, or poor growing conditions may 
not survive one defoliation, but mortality through this cause is low. 

Gipsy-moth feeding does not cease until after most of the early 
summer rains have fallen; so that defoliated trees in their weakened 
condition encounter more or less unfavorable conditions for their 
recovery. An unusually dry summer may influence recovery very 
adversely. Defoliation by gipsy-moth caterpillars usually occurs 
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when the larvee are in the very last stages, but occasionally defolia- 
tion is effected by caterpillars in earlier stages, in which case the 

defoliated trees have a better chance to recover, because there re- 
mains a longer period than usual in which they may grow and 
recuperate. 

Repeated defoliation from year to year will ultimately kill any 
tree or render it susceptible to the attacks of bark borers, which 
produce the same result. In the gipsy-moth region repeated annual 
defoliation may result from the combined activities of the gipsy 
moth, brown-tail moth (Huproctis chrysorrhoea L.), forest tent cater- 
pillar (Malacosoma disstria Hiibn.), and several other common 
species. Thus, at times when gipsy moths are not abundant, trees 
previously stripped of foliage by them would doubtless often recover 
were it not for the activities of other defoliators. Brown-tail moth 
larvee cease feeding not later than the middle of June, so that de- 

foliated trees have the advantage of a part of the spring precipi- 
tation, and more time to recuperate before the end of the growing 
season. : : 

Oaks have suffered the highest mortality among defoliated forest 
trees, probably because of the action of the two-lined chestnut borer — 
(Agrilus bilineatus Weber), whose work is usually present beneath 
the bark of all dead specimens: Many defoliated oaks which have died 
would doubtless have recovered had it not been for the additional 
injury produced by this borer. Oaks, more than any other species, 
are found growing in unfavorable situations in the infested region, 
which, together with the fact that the infested region includes the 
northern limit of the range of the white oak, is responsible for many 
oaks of poor physical condition. ‘Trees in poor condition are par- 
ticularly liable to serious damage by defoliation, especially in con- 
nection with attack by the two-lined chestnut borer, which infests 
only weakened trees. The removal of dying oaks would not only 
help to reduce a gipsy-moth infestation, but would reduce the num- 
bers of Agrilus and create room for species of trees for which the 
situation is more favorable. 

COMPOSITION AND CONDITION OF WOODS IN INFESTED 
TERRITORY. 

At present the gipsy-moth infestation is largely confined to what 
Hawley and Hawes? have designated the White-pine Region. The 
northern part of the infested region in Maine and New Hampshire 
extends a little into the “ Northern Hardwoods Region,” and the 

1 Hawley, R. C., and Hawes, A. F., Forestry in New England; a Handbook of Hastern 

Forest Management, New York, 1912, 479 p. (P. 196.) 
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infested portions of Rhode Island and Connecticut lie in the “ Sprout 
Hardwoods Region.” 

The White-Pine Region is broadly characterized by stands of (1) 
pure white pine, (2) mixed white pine and hardwoods, and (3) mixed 
hardwoods. The predominating hardwoods in this region are the 
oaks. Other hardwoods are birches, beech, maples, hickories, ashes, 
poplars, and chestnut. Pitch pine occurs in pure stands over certain 
small portions. 

The Northern Hardwoods Region is characterized by stands of 
maples, beech, and birches. The sugar maple, beech, and yellow 

birch are particularly characteristic. Spruce, white pine, and hem- 
lock also occur in the region, together with red oak, white ash, 
black ash, black cherry, paper birch, and basswood. 

The Sprout Hardwoods Region is characterized by stands of 
chestnut, either pure or in mixture with several species of oak. 
Other hardwoods occurring in this region are maples, ashes, birches, 
poplars, tulip, and hickories. 

The stands in all three of the regions vary greatly in composition. 
and are frequently very complex. This is largely due to the usual 
methods of lumbering and to the repeated action of fire. Stands 
have been repeatedly culled or cut clear with no provision for re- 
production. This system and repeated fires have been responsible 
in many cases for the extensive introduction of species which would 
otherwise be absent or be represented by only a few individuals. 
A large amount of neglected pasture and cultivated land in New 

England is reverting to woods. The trees which generally spring 
up on such lands are white pine, gray birch, red cedar, poplar, pin 
cherry, and, in places, red maple. ‘The stands thus derived are usu- 
ally very open for a long period of time, and the quality, aside from 
the composition, is therefore poor. 

Large blocks of woodland under single ownership are rather 
scarce, and the woods for the most part occur on more or less isolated 
small lots belonging to many different owners. Owing to this fact 
and to the great diversity in the composition of woods, even on small 
areas, it is impossible to classify the stands of timber growing in 
the infested region except in a very general way. 

The complexity and variable composition of the woods in the 
region infested by the gipsy moth are indicated by the table (p. 6). 
This shows the composition of the stands on some of the areas used 
for experimental work, and the trees are only the living ones which 
are two and a half inches in diameter and over at breast height. 
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hale eo and variable composition of woods in the area infested by the 
gipsy moth. 

lacre in Dover, Mass. Mixed 
hardwoods. 

Species: Per cent. 
ROdOA Kee. ce seis 45 
White oak. ....-..-- 38 
Black oak....-.-.-..- ll 
White pine.....-... 3 
Red maple.....-.-- (1) 
Gray birch...-...--- Q) 
Pignut hickory...-- (@) 
White ash.......-- (@) 

100 

2k acresin Exeter,N.H. Mixed 
hardwoods. 

Species: Per cent 
Red oak. . .- 
White oak. - F 
Black oak..-.- 5 26 
Red maple.......-- 
White pine. -....-- 
Gray birch.....-..-. (4) 
Pignut hickory... -- (4) 
Black birch......-.- () 

) 
Pitch pine 
Yellow birch....... 

PAT lO tabisciececene Q) 

5.4 acres in Wareham, Mass. 
Mixed hardwoods. 

Species: Per cent. 
Scarlet oak........-. 54 
White oak.......-. 21 
White pine......... 15 
IBIRCEOAK essen Sees 8 
Pitch pine.....-... 1 
Redjvoakoicc oss 522 Q) 
Red maple....... ) 

5.4 acres in Wareham, Mass. 
Mixed hardwoods—Con. 

Species—Continued. | Percent. 
Gray bicch.....-.. 1 
Black gum........ Q) 

100 

1.3 acres in Medfield, Mass. 
Mixed hardwoods. 

Species: Per cent. 
Chestnut........-- 52 
Redioakaass-neeae 21 
White oak. ......- 10 
White pine. ....-- 9 
Black oak.....--.- 7 
Red maple.......- 1 

100 

4.2 acres in Amesbury, Mass. 
White pine and mixed hard- 
woods (old-field growth). 

Species: 
White pine........ 28 
Gray birch........ 21 
Black oak..-.....- 16 
Red maple. ..-.-.- 10 
Pitchypine sss ese 8 
White oak.......- 5 
Red cedar: .-.----: 5 

2 
1 Swamp white oak- 

Chestnut. ....-=.-.- 

Pignut hickory.... 
Butternut.......-.- 

Wild red cherry... 
American elm..... 
Hop hornbeam... 
Applet saeco sence 

” @ =) , ’ ‘ ' , ‘ ' . ‘ ‘ ’ 

SLL 

1 Less than 1 per cent. 

Per cent. 

3.4 acres in North Berwick, Me. 
Northern hardwoods. 

Species: Per cent. 
Beoehirs sceaseniee 45 
Hop sp a a 16. 
Sugar ma Bie ae 14 
Red maple.......- 8 
Black birch secre 4 
Hemlock! ie. sas 4 
Yellow birch. ....- 3 
Redoak oes 2 
Paper birch......-. 2 
White ash......... 1 
Big-tooth poplar. . Q) 
Basswood......... 1 
American elm..... (Q) 
Blacksashiseseeeeee Q) 

100 

11_acres in Westbrook, Me: 
White pine and mixed hard- 
woods. 

Species: Per cent. 
White pine.......-. 23 
Red paket eee 21 
Gray birch.....-.- 
Red maple........ 

Shagbark hickory - 
Balsam fir_......-- 

Big-tooth poplar. - 
Choke cherry...--- 
Hop hornbeam... - 
Pitch pine._....-.- ( 
Chestnut... .-:...- 

ae] is} s tex & Q R\=z 
: 

-_ 

eeeerrenrey creas 

Beec 

The physical condition of the. trees composing the woods in the 

infested region is extremely poor, due largely to the action of re- 
peated fires which destroy the litter and decomposed vegetable mat- 
ter so essential to successful tree growth. Fire is also responsible 
for physical injury to trees and the admission through fire wounds of 
injurious fungi and insect borers. 
deciduous trees in the infested region is of sprout origin. 

A very high percentage of the 
The stools 

from which these have sprung are often worn out and more or less 
decayed, and from such impaired stock it is unreasonable to expect 
successful tree growth. 

Owing to poor physical condition, small size, and limited propor- 
tion of desirable species, the woods of the infested region are of rela- 
tively low commercial value. Under present conditions a large 
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quantity of the white pine is suitable only for box boards, and a 

large portion, possibly 75 per cent, of the deciduous growth is suit- 

able only for fuel. 
The composition and physical condition of woods subject to gipsy- 

moth infestation have a very important bearing on the extent of the 
damage which may ensue therefrom. Coniferous trees grown in 
pure stands are immune from any considerable damage. The ashes 
are seldom attacked, and the red maple, sugar maple, hickories, and 
chestnut are not seriously affected. The proportions of such species 
occurring in stands have considerable influence upon the degree of 
damage done. Trees weakened by drought, fungi, fire, suppression, 
or other unfavorable growing conditions can offer only a weak 
resistance to the effects of defoliation and so are much more likely 
to succumb than vigorous trees. 

The presence of dying and weakened trees in a wood is very objec- 
tionable, inasmuch as such trees harbor injurious borers, and these 
multiply rapidly when favorable conditions for their entrance into 
other trees are provided by defoliation. 

The forests of the infested region are highly valued for their at- 
tractiveness and the protection they afford. There is probably no 
region in which the esthetic features of woods are more valued than 
in New England, and there are numerous instances where they are 
maintained largely out of consideration for their appearance. Woods 
thus maintained are generally of better quality than others, but there 
is usually a chance to increase the commercial value of many such 
stands. Such improvement would not impair esthetic values. 

It is quite impossible to appraise the damage inflicted upon owners 
of woods by gipsy moths. The woods vary so much in composition 
and quality, and individual trees suffer in such varying degree, that 
there is no available basis for such an estimate. The esthetic value 
which an owner or community places upon woods adds to the diffi- 
culty of such an appraisal. Individuals and communities have fre- 
quently gone to large expense to protect inferior stands of timber 
against the ravages of the gipsy moth, and in such cases the reduction 
of infestations is of greater importance than the conservation of the 
woods alone, since adjoining fruit and shade trees are thereby pro- 
tected. 

The scarcity and corresponding values of forest products of good 
quality in New England appear to justify an outlay in improvement 
measures. Trees capable of producing only material of low value 
should be removed and replaced by more valuable species. Defective 
and dying individuals should be made to give way to vigorous trees. 
Trees growing on sites on which other species will yield greater values 
should be replaced by such species. The complexity of many stands 
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should be greatly reduced, for it is a very difficult matter to grow 

together successfully a large variety of trees varying widely in their 
requirements. 

The expense necessary to bring about the desirable changes would 
be the following: (1) The sale of a lower grade, and hence a less 
profitable product than would be available under present methods. 
(2) Added expense of cutting, owing to the greater cost of cutting 
scattered trees instead of cutting clear. (3) Added expense of cut- 
ting, owing to the effort which should be made to protect young 
growth of desirable species already started on the ground. (4) The 
cost of planting desirable species where these can not be procured by 

natural seeding. 

FEEDING HABITS OF GIPSY-MOTH CATERPILLARS. 

The Bureau of Entomology has conducted extensive experiments to 
ascertain the feeding habits of the gipsy moth. The methods used 
and the results obtained have been described by Mosher.t The results 

of these experiments have considerable bearing on any forest manage- 
ment which may be prescribed in an effort to control infestations in 
woods. 

Mosher has classified the trees and shrubs of the region according 
to susceptibility to gipsy-moth attack. This classification includes 
several species of trees which are not indigenous and some which 
occur almost exclusively as ornamental trees. Following is a list of 
only the indigenous and naturalized forest trees of the region as 
classified by Mosher. The nomenclature used here is that which 
has been adopted as standard by the Forest Service. It varies 
slightly from that used in Bulletin No. 250. 

Class I: Species that are favored food of the gipsy-moth larve in all their stages. 

Ash, Mountain (Sorbus americana Marsh.). 

Aspen (Populus tremuloides Michx.). 

Aspen, Large-tooth (Populus grandidentata Michx.). 

Balm of Gilead (Populus balsamifera Linn.). 

Basswood (Tilia americana Linn.). 

Beech (Fagus atropunicea [Marsh.] Sudw.). 

Birch, Gray (Betula populifolia Marsh.). 

Birch, Paper (Betula papyrifera Marsh.). 

3irch, River (Betula nigra Linn.). 

Boxelder (Acer negundo Linn.). 

Oak, Black (Quercus velutina Lam.). 

Oak, Bur (Quercus macrocarpa Michx.). 

Oak, Chestnut (Quercus prinus Linn.). 

Oak, Pin (Quercus palustris Muench.). 

Oak, Post (Quercus minor [Marsh.] Sargent). 

1 Mosher, F. H. Food Plants of the Gipsy Moth in America, U. S. Dept. Agr. Bul. 

250. 39 p., 6 pl. 1915. 
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Oak, Red (Quercus rubra Linn.). 

Oak, Scarlet (Quercus coccinea Muench.). 

Oak, Scrub (Quercus pumila [Marsh.] Sudw.). 

Oak, Swamp white (Quercus platanoides [Lam.] Sudw.). 

Oak, White (Quercus alba Tinn.). 

Service Berry (Amelanchier canadensis [Linn.] Medic.). 

Sumac, Dwarf (Rhus copallina Linn.). 

Sumac, Staghorn (Rhus hirta [Linn.] Sudw.). 
Tamarack (Larix laricina [Du Roi] Koch.). 

Willow, Glaucous (Salix discolor Muehl.). 

Witch Hazel (Hamamelis virginiana Vinn.). 

Class II: Species that are favored food for gipsy-moth larve after the earlier larval stages. 

Chestnut (Castanea dentata [Marsh.] Borkh.). 

Hemlock (Tsuga canadensis [Linn.] Carr.). 

Pine, Pitch (Pinus rigida Mill.). 

Pine, Red (Pinus resinosa Ait.). 

Pine, White (Pinus strobus Linn.). 

Spruce, Black (Picea mariana [Mill.] B.S. P.). 

Spruce, Red (Picea rubens Sargent.). 

Spruce, White (Picea canadensis [Mill.] B. S. P.). 

Class III: Species that'are not particularly favored, but upon which a small proportion of the 

gipsy-moth larve may develop. 

Beech, Blue (Carpinus caroliniana Walt.). 

Birch, Black (Betula lenta Linn.). 

Birch, Yellow (Betula lutea Michx.f.). 

Cherry, Black (Prunus serotina EPhrh.). 

Cherry, Choke (Prunus virginiana Linn.). 

Cherry, Wild Red (Prunus pennsylvanica Linn.f.). 

Cottonwood (Populus deltoides Marsh.). 

Elm, American (Ulmus americana Linn.). 

Elm, Slippery (Ulmus pubescens Walt.). 

Gum, Black (Nyssa sylvatica Marsh.). 

Hickory, Bitternut (Hicoria minima [Marsh.] Britton). 

Hickory, Mocker-nut (Hicoria alba [Linn.] Britton). 

Hickory, Pignut (Hicoria glabra [Mill.] Britton.). 

Hickory, Shagbark (Hicoria ovata [Mill.] Britton). 

Hop Hornbeam (Ostrya virginiana [Mill.] Koch.). 

Maple, Red (Acer rubrum Linn.). 

Maple, Silver (Acer saccharinum Linn.). 

Maple, Sugar (Acer saccharum Marsh.). 

Poplar, Silver (Populus alba Linn.). 

Sassafras (Sassafras sassafras [Linn.] Karst.). 

Class IV: Species that are unfavored food for gipsy-moth larve. 

Arborvite (Thuja occidentalis Linn.). 

Ash, Black (Fraxinus nigra Marsh.). 

Ash, Red (Fraxinus pennsylvanica Marsh.). 

Ash, White (Fraxinus americana Linn.). 

Balsam Fir (Abies balsamea [Linn.] Mill.). 

Butternut (Juglans cinerea Linn.). 

Cedar, Red (Juniperus virginiana Vinn.). 

Cedar, White. (Chamaecyparis thyoides [Linn.] B.S. P.). 

Dogwood, Flowering (Cornus florida Linn.). 

64360°—Bull. 484—17 
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Hackberry (Celtis occidentalis Linn.). 

Holly, American (Ilex opaca Ait.). 

Laurel, Mountain (Kalmia latifolia Linn.). 

Locust, Black (Robinia pseudacacia Linn.) 
Locust, Honey (Gleditsia triacanthos Linn.). 

Maple, Mountain (Acer spicatum Lam.). 

Maple, Striped (Acer pennsylvanicum Linn.). 

Mulberry, Red (Morus rubra Linn.). 

Sheepberry (Viburnum lentago Linn.). 

Sycamore (Platanus occidentalis Linn.) 
Tulip (Liriodendron tulipifera Linn.). 

Walnut, Black (Juglans nigra Linn.). 

Shrubs occur frequently as undergrowth in the woods of the in- 
fested region and may have an important bearing on the infestation 
of the trees growing above or around them. A stand of such species 
of trees as are not fed upon until the larve reach their later stages 
might be immune from damage were it not that the larve are en- 
abled to reach these later stages by feeding on near-by shrubs. Most 
of the shrubs which grow in the region die out if sufficiently shaded, 
and the balance occur so rarely in shade or are eaten to such a slight 
degree by gipsy-moth larve that they are unimportant. If forests 
were under management the danger of woods thus being infested 
would be eliminated, because in a properly managed forest the trees 
should be so grown that they produce at all times an amount of 
shade sufficient to preclude the development of shrubs in any numbers. 

Larve feeding on shrubs which are favored food plants, occurring 
in open land adjacent to woods, might migrate to the woods, but 
would not penetrate very far if the trees of the stands were of any 
but those of Class I. 

The following statement appears on page 27 of Bulletin 250: 
“There is in some cases, at least, considerable variation in suscepti- 
bility of different trees of the same species.” This should be con- 
sidered carefully in connection with any form of management which ~ 
prescribes the removal of certain trees on the ground that they are 
lable to infestation. 

PRECAUTIONS NEEDED. 

Natural enemies of the gipsy moth, in particular those introduced 
from abroad, are constantly increasing in numbers, and their influ- 
ence is a large factor in the control of the moths in woods. It is safe 
to assume that this increase in numbers is going to continue and that 
in the future the character of gipsy-moth damage to woods will 
thereby be greatly modified. 

In view of the above, and of the fact that it is impossible definitely 
to predict the outcome of an infestation under any circumstances, 
it is unwise to attempt to eliminate any particular species out of 
consideration for susceptibility to gipsy-moth attack alone. There 
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is sufficient cause for removing many trees on the ground that they 
are mature, dying, defective, unfavorably situated, or interfering 
with the development of better trees. It is not good forest policy to 
remove any thrifty young tree until it has been given every oppor- 
tunity to yield a return on the investment which it represents. To 
remove such young trees would be similar to abandoning a crop of 

young potato plants because of the appearance of the potato beetle. 
Sawmill men have frequently induced owners to sell standing white 

pine by asserting that the trees were doomed to destruction by the 
presence of the gipsy moth. An owner believing this is likely to be 

induced to sell his stumpage at whatever price the sawmill man may 
choose to offer him. This practice has resulted in the cutting of im- 
mature trees which would have yielded a greater profit to the owner 
if permitted to mature. No owner who is unfamiliar with the action 
of the gipsy moth in woods should permit himself to be influenced 
by a timber buyer to part with thrifty trees of any sort on the ground 
that the trees are liable to attack by gipsy moths. The advice of 
State and Federal officers who are familiar with the problem is avail- 
able to any owner of woods in the region. 

The poor condition of woods, combined with the damaging effect 
of gipsy-moth attack, makes improvement and protective measures 
imperative. Introduced enemies of the gipsy moth are becoming well 
established and are doing effective work, and the wilt disease pre- 
vails throughout the region.t. Still the woods continue to be defol- 
iated by gipsy moths, and further protective measures are in demand. 
Any plan for the silvicultural improvement of stands of trees 

should provide for the removal of dead, dying, mature, and defective 
trees, trees standing in unfavorable situations, and trees of low com- 
mercial value. It should provide for the replacement of these re- 
moved trees with thrifty trees of high commercial value well adapted 
to their environment. It should also provide for a compact stand of 
trees without overcrowding. Such action alone would constitute a 

protective measure of great value, but if it could be extended to em- 
brace the removal of trees and conditions favorable to the develop- 
ment of the gipsy moth and the replacement of these by trees and 
conditions unfavorable to the gipsy moth,a still greater degree of 
protection would be provided. 

APPLICATION OF FOOD-PLANT DATA TO INDIVIDUAL SPECIES. 

The classification of trees on the basis of the extent to which they 
are fed upon by gipsy moths (p. 8-10) is one which may well be 
used in the production of stands of trees which shall be free from 

1 Glaser, R. W. Wilt of gipsy moth caterpillars. In U. S. Dept. Agr. Jour. Agr. Res., 

vy. 4. No. 2, p. 101-128, 17 fig., May 15, 1915. (P. 102.) 
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gipsy-moth damage. A detailed consideration of the classification in | 
this light is interesting and may prove of value in combining pro- | 
tective with improvement measures. 

Class I (p. 8) is composed of 26 species which are favored food 
of gipsy-moth larve. Ten of these species, mountain ash, gray birch, 
river birch, boxelder, scrub oak, service berry, dwarf sumac, staghorn 
sumac, glaucous willow, and witch hazel, yield products of low com- 
mercial value and should in any case be eliminated from mixed 
woods. 

Ten of the species in this class are oaks, including the scrub oak 
just referred to. All oaks require the best of forest soils to develop 
well and profitably. Oaks growing on thin soils, rocky ridges, and 
very sandy soil are usually not very vigorous and frequently suffer 
severely from gipsy-moth attack. If oaks were removed from the 
unfavorable sites on which they very often occur and were confined 
to sites best adapted to their requirements, a large amount of gipsy- 
moth food would be eliminated, a better quality of oak would be pro- 
duced, and there would be available a considerable acreage of forest 
land better suited to the growth of other valuable trees. 

The bur oak, chestnut oak, pin oak, post oak, and swamp white 
oak are generally more or less rare and of restricted local occurrence 
in the infested region. On account of their scattered distribution 
they are not of any great commercial importance here. In consider- 
ation of their susceptibility to moth attack and capacity for main- 
taining infestations, they could well be spared from most stands in 
which they occur. 

The white oak reaches the northern limit of its range in the in- 
fested region, but still is one of the most abundant of the oaks. This 
abundance is abnormal and is due to the sprouting capacity of the 
species, resistance to the effect of fire, and current methods of cutting. 

The trees grow very slowly and seem to be particularly favored by 
both gipsy and brown-tail moths. A very large proportion of the 
existing trees of this species could be removed to great advantage. 

The red oak, black oak, and scarlet oak do well in the infested | 
region, and it is hoped that the experiments now under way will | 

show that there may be conditions under which they may be safely 
grown. 

The following poplars occur in Class I: Aspen, large-tooth aspen, 
and balm of Gilead. These species all demand a large amount of. 
light and occur only where it can be procured. As a result they 
generally occur scattered in mixed woods, and pure where they can 
get the necessary start. They grow rapidly, and when they occur | 
in any abundance are in good demand for excelsior and pulp manu- 
facture. There is some question as to what extent they should be 
encouraged in view of their susceptibility to gipsy-moth attack. 



CONTROL OF GIPSY MOTH BY FOREST MANAGEMENT. 143) 

Basswood occurs very much scattered in the infested region. It 
grows to advantage only on the best sites and should be eliminated 
from all others. 

Beech occurs most abundantly in the northern portion of the 
region. It grows slowly and is liable to become defective before ma- 
turity. It is perhaps the least liable to damage of any Class I trees. 

Paper birch demands a great deal of light and is not abundant in 
mixed stands. Where it occurs in abundance it is in great demand 
for spool and novelty wood. Scattered specimens may be replaced 
with species which are less liable to gipsy-moth attack. 
Tamarack is nowhere abundant in the infested region. It is a 

tree which can well be cut out when found outside of pure stands. 
It is the only conifer which is eaten by the youngest gipsy-moth 

larvee. 
Class II (p. 9) is composed of eight species of trees on which 

gipsy-moth caterpillars in their earliest stages do not feed, but upon 
which they do feed in their later stages. Young caterpillars must 
have food, and if this is not available they can not attain the point 
in their development where they can feed on the trees of this class. 
Hence if stands of these trees have in their vicinity no plants upon 
which the young caterpillars can feed, the stands are practically im- 
mune from attack. Trees of this class can therefore be safely grown 
in pure stands, in mixture, where conditions permit, with one 
another, or in mixture with Class IV trees. 

Stands composed largely of one or more of the species of this class 
can be made immune from gipsy-moth attack by removing the plants 
which may provide young larve with food. Since most of the spe- 
cies which are susceptible to gipsy-moth attack are deciduous, pro- 
vision in this case will have to be made for the suppression of the 
sprouts which follow cutting. 

Trees of this class may be substituted frequently for removed trees 
of species susceptible to moth attack. The white pine is particularly 
important in this respect, owing to its commercial value, rapidity of 
growth, and adaptability to a variety of sites. The red pine, while 
somewhat slower growing and of slightly less value, is also a valu- 
able tree and deserves particular consideration owing to its immunity 
from the white-pine blister rust. 

Chestnut is the only deciduous tree of this class. It grows well 
and yields a valuable product, but unfortunately is subject to attacks 
of the chestnut blight. In the light of existing conditions the propa- 
gation of this species can not be advocated. 

Class III (p. 9) is composed of 20 species which are not par- 
ticularly favored, but upon which a small proportion of gipsy-moth 
larvee may develop. Stands composed of any trees of this class and 
containing none of the trees of Class I would maintain slight infesta- 
tions and would rarely, if ever, be defoliated. 
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Blue beech, choke cherry, wild red cherry, hop hornbeam, an@ 

sassafras have no particular commercial value, and the elimination 
of these species from stands would afford some degree of protection. 

Black cherry has considerable commercial value, but occurs very 
scatteringly. As it is not a favored food, it may well be left in view 
of its value. American elm and slippery elm also occur as scattered 
trees. Their value is less than black cherry, but they might well 
be left. Cottonwood, bitternut hickory, black gum, silver maple, 
and silver poplar if found might well be eliminated from most 
stands. Such an elimination would help to reduce the complexity 
of stands and would serve as a protective measure. 

The remaining species of this class, black and yellow birch, mocker- 
nut, pignut and shagbark hickories, and red and sugar maple, can 
be grown in comparative safety. In any process of gradual trans- 
formation these species should be retained in preference to the trees 
of Class I. 

Class IV (p. 9) is composed of trees on, which the gipsy moth 
does not feed, or if it does, the amount is so slight as to be entirely 
negligible. Stands composed of trees of this class alone, or combined 
with the trees of Class II, need cause no anxiety whatever as far 
as gipsy-moth attack is concerned. Some of the species of this 
class are of rare occurrence, some require peculiar conditions for 
their development, and some have little or no commercial value. 
Arborvite, black ash, and white cedar require very moist situations 
and usually occur in or near swamps. Butternut, red cedar, locust, 
honey locust, and sycamore all require a large amount of light. The 
red ash, hackberry, American holly, red mulberry, tulip, and black 
walnut are of rare and local occurrence, for which reason they can 
not be depended upon to supply any large commercial demand. 
Flowering dogwood, mountain laurel, mountain maple, striped 
maple, and sheepberry have little or no commercial value locally. 

The white ash has a high commercial value, but should be confined 
to the best forest soils. 

In general, it may be said that stands containing only trees of 
Classes IT, III, and IV will suffer but slight damage from gipsy- 
moth attack. The number of Class I trees would be tremendously 

reduced if the worthless species were replaced by suitable trees and 
the remainder were confined to the best sites, as is necessary if they 

are to be grown at all profitably. 
Any plan for the removal of trees must provide for their replace- 

ment with more desirable ones. All trees may be removed in one 

operation and replaced in another, or the transformation may be 

gradual. There are many conditions which influence the methods 
to be employed, and these vary greatly among different stands. It 
is hoped that the experiments now in operation will provide a basis 
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for definite recommendation as to the best methods to be employed 
under some of the most characteristic conditions. 

Forest management requires a relatively long time to produce re- 
sults and necessitates a considerable investment. For these reasons 
a definite object and plan of action are essential to success. In a 
large majority of cases the primary object is to produce a valuable 
crop of timber. The object must be decided by the owner, but 
methods to be employed require the knowledge of a forester, since 

the values and habits of different species of trees and the character 
of soils must be known and should have expert consideration. 

OTHER MEASURES IN NEED OF ATTENTION. © 

There is a need of a wide application of any steps adopted to 
control the gipsy moth in woods. The efforts of scattered individual 
owners may be offset by the indifference of neighboring owners on 
whose properties the moths are permitted to increase without in- 
terruption. On account of the greatly divided ownership of wood- 

~ Jand in the infested region, this amounts to a considerable obstacle. 
There is great need of impressing upop owners the necessity of con- 
certed action in the improvement and protection of their woods. 
How this can be accomplished is a problem to which immediate atten- 
tion should be given. 

The woods of New England have reached their present stage of 
degeneracy through a long period of abuse and neglect, and it will 
take years to restore them. Owing to the nature of the ownership of 
our woods and present economic conditions restorative measures must 
be simple and practicable for all owners. More good will be accom- 
plished by the universal adoption of simple but definite improvement 
measures than by the sporadic application of intensive measures. As 
soon as the value of such a beginning has been demonstrated owners 
will be ready enough to adopt further measures, and by that time 
these will be better justified by economic conditions. Improvements 
necessitate the investment of money, and the value of such improve- 
ments must be demonstrated before they will be generally adopted. 
One of the greatest needs among New England wood owners is that 
they may be impressed individually with the necessity and desirability 
of starting some definite, if simple, improvement measures at once. 
The difficulty of securing concerted action upon protective meas- 

ures against the gipsy moth has directed attention to the question of 
town forests, one which is now being agitated to some extent in 
New England. Town forests would provide areas of considerable size 
upon which systematic control measures could be put into operation 
with assurance of a fair trial. Such conditions would be most favor- 
able to the solution of such a problem as the one under consideration. 
Furthermore, town forests would supply other benefits, among which 
the following may be mentioned: (1) Large areas of waste land 
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could be made to yield an income. (2) Communities would be pro- 

vided with a permanent local supply of wood products, the use of 
which for manufacturing purposes would insure a certain amount 

of local industrial activity. (8) Private owners would be supplied 
with examples of the value of systematic management. (4) Com- 
munities would have convenient recreation grounds of the most 
desirable sort. (5) An opportunity would be given to begin now to 
establish forests of quality to meet future needs. Most individual 
owners lack the means or the desire to adopt such a policy, although 
everyone realizes the need of such measures. 

The low commercial value of most of the trees suggested for re- 
moval and the cost of restocking land with new trees combine to pro- 
hibit in many instances the adoption of obviously desirable improve- 
ment and protective measures. A vigorous effort should be made to 
stimulate the existing market for inferior hardwoods and to discover 
new uses for such woods. If an active demand for low-grade hard- 
woods could be created, the problem of controlling the gipsy moth 
in woods would be much easier than under present conditions. 

RECOMMENDATIONS. 

The following recommendations are made in the belief that their 
adoption would be of great value in the solution of the problem of 
the control of the gipsy moth in woods. It is therefore recommended: 

(1) That steps be taken to impress on every individual woodland 
owner the desirability of adopting and practicing simple but definite 
improvement and protective measures. (2) That the following sug- 
gestions be carefully considered by woodland owners who wish to im- 
prove and protect. their woods: 

(a) Cut all trees designated as of low commercial value in Class I when 

they are shading or in any way interfering with the growth and development 

of trees in Classes II, III, and IV. 

(b) Cut all species indicated as being of low commercial value in Classes 

III and IV when they are in any way interfering with the growth of valuable 

species in the same classes. 

(c) Cut as soon as possible all trees which have started to die. Dying trees 

often breed very injurious borers. 

(d) Cut no thrifty trees merely out of fear that they will be attacked by 

insects, excepting in cases where extreme suppressive measures make it neces- 

sary. Many insect-ridden trees have recovered fully. 

(e) Cut no thrifty tree that is not interfering with the growth of a more 

valuable one unless it can be replaced by something better. 

(f) Confine hardwood growth as far as possible to the best available soils. 

(g) Encourage the growth and development of conifers, particularly white 

pine, on all sites not well adapted to hardwood growth. 

(h) Keep woodland so completely stocked with trees that undergrowth pro- 

viding gipsy-moth food will be shaded out. 

(3) That the establishment of public forests be given every en- 

couragement. ; 
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The preceding pages have been devoted to the general subject of 
the gipsy moth in woods. In those which follow an attempt will be 
made to coordinate the results of the food-plant experiments with 
known principles of forest management and with economic condi- 
tions in the infested region, to see how far we may reasonably expect 
to rely upon forest management to control the moth. 

SUSCEPTIBILITY TO GIPSY-MOTH ATTACK AS A BASIS OF 
MANAGEMENT. ; 

TYPICAL STANDS COMPARED. 

The composition of some of the statnds used in the management 
experiments was shown in Part I (p. 6). By taking these same 
stands and grouping the species according to their susceptibility to 
attack by the gipsy moth, as determined by Mosher? we get the fol- 
lowing results: 

Composition of stands by percentage of susceptible trees present. 

Ware- North Ames- Med- 
Classes of trees based on acceptability as | Dover, | Exeter, nee B ara : : : 3 5 erwick bury field 

food for gipsy-moth caterpillars. Mass. NEES Nase Waiiaic|h iMtase: Mass. 

x s Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
T. Favored food in all larval stages. ...-- 94 88 83 50 45 3 

II. Favored food after earlier stages...... aS. 4 16 4 36 61 
TII. Not particularly favored food......-.- 2 8 1 45 12 1 
DVAWmiavored {ood seh. . sss 2 cece eee soe 1 Reka Seal a 1 Ufa (rena eee eae 

BNVIIDOLORS beari eyscere aise cree ae wf Rte 100 100 100 100 | 100 100 

Number per acre alive.....-..-.-..--- 3 510 291 306 407 321 426 
Average diameter breast high in inches... . 4.9 6.1 7.0 6.5 4.9 6.6 
INIMpernOolspecies!:- kee. Soe ed 8 15 9 14 19 6 

1 Food Plants of the Gipsy Moth in America, I’. H. Mosher, Bulletin 250, U .S. Dept. of 

Agriculture, 1915. 

64360°—Bull. 484—17 3 17 
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These stands were carefully selected after a thorough search of the 
infested region to find stands having varying proportions of different 
species, and they are typical of the region. 

It will be noticed that in the first four the Class I trees (favored 
food of the gipsy-moth caterpillar) from 50 to 94 per cent of the 
whole stand. It is obvious that in such cases any plan which pre- 
scribes the removal of all Class I trees involves a radical change in 
composition and can not be efficacious unless the sprouts which follow 
cutting are also removed. 

This classification of trees according to their susceptibility to attack 
by the gipsy-moth caterpillar, though based upon careful experiments 
in the laboratory and extended observations in the field, is not abso- 
lute. In some cases it may have a direct bearing upon forest man- 

agement in the region infested with the gipsy moth, but it is not 
yet conclusive as to moth control, for there is a wide range, for exam- 
ple, between the susceptibility of white oak and of beech, which 
are both Class I trees. It is, therefore, subject to revision, if later 
experiments or field observations should require it. 

OTHER FACTORS IN MANAGEMENT FOR MOTH CONTROL. 

A sound plan for moth control by forest management must be 
based not only upon the susceptibility of the trees to attack by the 
caterpillars and upon their silvicultural requirements as individuals 
and as component parts of the stands in which they occur, but also 
upon the degree of infestation. In the work of the Bureau the degree 
of infestation by the gipsy moth is determined by counting the num- 
ber of egg clusters, each containing from 300 to 500 eggs and laid by 
a single female. 

The number of egg clusters per acre at any given date, while by no 
means satisfactory, is the best standard as yet available by which to 
compare the degree of infestation in different stands, or in the same 
stand in different years. It is, of course, a better index of the de- 
foliation to be expected the next year than of that which occurred 
the year the eggs were laid, and as such becomes a factor in manage- 
ment for moth control. It should be remembered, however, that 
when very high figures are reached relief may reasonably be expected 
from outbreaks of the wilt disease,’ migration of the caterpillars, 
attacks by parasites and other insect enemies, starvation, or other 
natural causes. 

SOME CONTROLLING FACTORS IN MANAGEMENT. 

Since Mosher has concluded that “tray work and field observations 
show that the white oak is probably the most favored food plant of 

1Glaser, R. W., and Chapman, J. W. ‘The wilt disease of gipsy moth caterpillars. In 

Jour. Econ. Ent., v. 5, p. 479-488, 1913. See Bibliography, p. 487—488. 
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the gipsy moth,” the percentage of white oaks has been selected as a 
basis of comparison for the six stands now under consideration. 

The percentage of white oaks present gives a natural and definite 
basis of comparison which has a direct bearing upon both manage- 
ment and moth control. 
With the exception of tamarack, there are no conifers among Class 

I trees (favored food of the caterpillar). As there is no tamarack on 
any of the lots now under consideration, the retention of conifers is 
an important factor in moth control in these stands. In any stand 
the leading species—that occurring in the greatest number—requires 
careful consideration both as a food plant and as a forest tree if 
success is to be expected. The presence in large numbers of young 
growth of species desirable from both viewpoints is also important. 
This brief statement by no means includes all factors which must 
be considered, but the suggestions given below are based upon them 
and upon markets as controlling factors in management. Tor con- 
venience of reference four of the important factors are summarized 
in the form of a table which follows: 

Some controlling factors in management. 

Number 
; y of gipsy- 

Stand at— Wanita Conifers. Leading species. eee 

per acre 
in 1918. 

Per cent. | Per cent. Per cent 
ID YON ASE TM TKS IS ek eel 38 3 | Red oak... 5 15, 000 
EPKOL OI Nid Elmers cr een Cee 30 i as dione 31 949 
Wareham Maccua nie nn ccc ela Vober. 21 16 | Scarlet oak.- 54 12 
Mechel dk E Mass Sim gh Sy OU A oe ae 10 9 | Chestnut... 52 4,374 
FATES bib ype Masseuse sss x amma eG 5 41 | White pine.. 28 550 
NOTE Or wick Meuse ie ND a IDR RC Nears Was 4 | Beech.....-. 45 1 

TREES WHICH CONTROL. 

From the list of 150 food plants of the gipsy moth, published in 
Bulletin 250, there were selected and considered in Part I all native 

or naturalized trees which might be found in woods in the infested 
region. Seventy-five species are included, and the list is given on 
pages 8-10. 

When sufficiently numerous in a stand these would be leading spe- 
cies, as that term has been defined above, and by that fact alone they 
might become controlling factors in management, but many trees 
in the list occur so infrequently or are so small that their presence or 
absence in a stand would have no controlling effect upon the form 
of management to be practiced. 

Of the whole 75 species only 18 have silvical characteristics which, 
apart from any considerations of commercial value or of moth con- 

1See Appendix, p. 51, 
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trol, make it impossible to disregard them if success is to be expected 
in managing a stand in which they are present. 
The possession of these charactertistics puts these 18 trees in a 

separate class from the others, and the clear recognition of what the 
characteristics are will greatly simplify our problem and seems to 
justify the designation of these species as “ controlling trees.” Unless 
exactly understood, this term may lead to confusion. Perhaps “ po- 
tentially controlling trees” would more accurately describe what is 
meant. ; 

Their mere presence in a stand does not necessarily make them con- 
trolling. If one or more of these species is present in such numbers 
as to be the leading species, no confusion can arise, for their mere 
numbers make them a controlling factor, and their silvical character- 
istics reenforce and strengthen their power of control. When less 
numerous, the question whether or not a particular species is one of 
the controlling factors depends upon a careful consideration of how 

many trees there- are of each species and of the effect likely to be 
produced upon the stand by the other controlling factors in that 
stand. 

The chief silvical characteristics which under certain conditions 
may make these species controlling factors in management are: 

(1) Adaptability to certain sites; 
(2) Tolerance of shade; 
(3) Power of abundant reproduction by seed; 
(4) Power of abundant reproduction by sprouts or by root suckers ; 

(5) Rapid growth. 
Of the species possessing one or more of these silvical characteris- 

tics, there are listed as controlling trees only those which are actually 
found, in some stands in the white-pine region, in sufficient numbers 
to become a controlling factor in those stands. What constitutes 
sufficient numbers is, of course, a matter of opinion upon which in- 
dividual foresters may differ. That of the present writer will appear 
later in the suggestions for management of each of the stands now 

under consideration. 
The list given below includes 18 species falling within the limita- 

tions above described. They may fairly be called controlling trees of 
the white-pine region. In a table which follows the list these species 
are shown again, grouped under the silvical characteristics which de- 
termined their inclusion in the list. This is followed by a brief state- 
ment for each species of the conditions under which the potentially 
controlling trees may become actual controlling factors in manage- 
ment in individual stands in the white-pine region. 

In the suggestions for management which follow later all other 

species are disregarded or are given only the most general consid- 
eration. / 
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CONTROLLING TREES OF THE WHITE-PINE REGION AND THEIR CHIEF Bri an 
CHARACTERISTICS. 

CLASS I: SPECIES THAT ARE FAVORED FOOD OF THE GIPSY-MOTH LARV4E IN ALL THEIR 

STAGES. 

Aspen (Populus tremuloides Michx.). 

Aspen, Large-tooth (Populus grandidentata Michx.). 

Beech (Fagus atropunicea [Marsh.] Sudw.). 

Birch, Gray (Betula populifolia Marsh.). 

Oak, Scrub (Quercus pumila [Marsh.] Sudw.). 

Oak, Black (Quercus velutina Lam.). 

Oak, Red (Quercus rubra Linn.). 

Oak, Searlet (Quercus coccinea Muench.). 

Oak, White (Quercus alba Linn.). 

CLASS II: SPECIHS THAT ARE FAVORED FOOD OF THE GIPSY-MOTH LARYV4 AFTER THE 

EARLIER LARVAL STAGES. 

Chestnut (Castanea dentata [Marsh.] Borkh.). 

Hemlock (T'suga canadensis [Linn.] Carr.). 

Pine, Pitch (Pinus rigida Mill.). 

Pine, White (Pinus strobus Linn.). 

CLASS III: SPECIES THAT ARE NOT PARTICULARLY FAVORED, BUT UPON WHICH A 

SMALL PROPORTION OF THE GIPSY-MOTH LARVA MAY DEVELOP. 

Maple, Red (Acer rubrum Linn.). 

Maple, Sugar (Acer saccharwin Marsh.). 

CLASS IV: SPECIES THAT ARE UNFAVORED FOOD OF THE GIPSY-MOTH LARVZ. 

Ash, White (Fraxinus americana Linn.). 

Cedar, Red (Juniperus virginiana Linn.). 

Cedar, White (Chamaecyparis thyoides [Linn.] B. S. P.). 

Chief silvical characteristics of controlling trees of the white-pine region. 

Gipsy- Power of abundant reproduction— 
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tooth. 
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Birch, Gray Birch, Gray... -.-- Birch, Gray. 

_| Oak, Serub Oak, Scrub... ...- 
i Oak, Black ewes 
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Oak, Wiktites o.55 
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i eas Ash, White Ash, White. 
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Cedar, White 
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CONDITIONS UNDER WHICH POTENTIALLY CONTROLLING TREES OF THE WHITE- 
PINE REGION MAY BECOME ACTIVE CONTROLLING FACTORS IN MANAGEMENT. 

THE ASPENS.'* 

The aspen and large-tooth aspen, if few in number in a stand, 
may be disregarded. They will not control the form of man- 
agement; that is, they may be cut or left according to the owner’s 
preference. If very numerous or if in pure stands they can not be 
disregarded, and they become controlling factors because of their 
rapid growth and power of abundant reproduction by root suckers. 

Even if not numerous in the stand then under consideration, these 

species may be controlling factors in management in that stand if 
there are numerous seed trees near by, or if the stand contains rela- 
tively large areas of bare mineral soil or has recently been burned 
over. This is because of their power of abundant reproduction by 
seed and their ability to germinate on such sites. 

BEECH, 

The power to survive under dense shade and to reproduce vigor- 

ously from root suckers makes the beech a controlling factor in man- 
agement of stands where it is found in sufficient numbers. It sprouts 
from the stump, but these sprouts seldom amount to anything. In 

the southern part of the white-pine region beech reproduction is 
chiefly by root suckers. In the northern part it can be more easily 
eliminated from stands if this is desired, because there it reproduces 
chiefly from seed. 

GRAY BIRCH. 

Many stands of gray birch, covering in the aggregate large areas, 
are found throughout the white-pine region. They are characteristic 
of old pastures, and the rapid growth and the power of abundant 
reproduction of this species, both by seeds and by sprouts, make it 
an exceedingly difficult and expensive undertaking to eliminate it or 
even to alter materially the composition of stands in which it is 
numerous. Under such conditions it becomes a controlling factor in 
management and can not be disregarded, if success is expected. 

SCRUB OAK, 

This species (Quercus pumila [Marsh.] Sudw.) occupies large 
areas of so-called waste land, especially in southeastern Massa- 
chusetts. The sites on which it occurs are often too poor for agri- 
cultural crops but excellent for tree growth, which in most cases 
originally occupied them. The seeding and sprouting capacity of the 

1¥or further details see Forest Service Bulletin 93, The Aspens, Their Growth and 

Management, by W. S. Weigle and E. H. Frothingham. 
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species and its ability to grow in soil too poor for other oaks have 
enabled it to maintain itself and to increase the area occupied in spite 
of cutting and fires which have reduced the proportion of the pine 
originally present. These characteristics make the species, although 
seldom fit even for saleable firewood, a controlling factor in manage- 
ment when it is found in sufficient numbers. 

BLACK, RED, SCARLET, AND WHITE OAKS. 

These oaks should be confined to soils best adapted to their require- 
ments. Such soils are often suitable for agricultural crops. Sites 
too rough for agriculture are often excellent for hardwoods other 
than oak or for white pine. To one knowing nothing about it, it 
sounds very simple to cut the oaks and plant pine, but the power of 
abundant reproduction by sprouts, common to these species, makes 
such a conversion a difficult and expensive proceeding, and owing to 
this their presence in a stand in sufficient numbers makes them con- 
trolling factors in management. 

CHESTNUT. 

Chestnut has an intolerance of shade which prevents the seedlings 
from coming up in any dense shade, even that of sprouts of the same 
species. The supply of seed is usually scanty, owing to the general 
practice of gathering the nuts. These facts, and its power of abund- 
ant reproduction by sprouts and their very rapid growth, all unite to 
make sprout growth the usual form in which the tree is found in this 
region. 

Tt does not need a rich soil, but to make good growth requires depth 
and a soil whose physical structure insures good drainage. It will 
succeed on soils too dry for beech or maple. There are large areas of 

glacial drift throughout the white-pine region well adapted to chest- 
nut. It is never found in stands 100 per cent pure, but mixed hard- 
wood stands with 60 to 80 per cent of chestnut are not uncommon. 
When so numerous on suitable sites its sprouting capacity and rapid 
growth make this species a controlling factor in management.’ 

HEMLOCK. 

That portion of New England now infested with the gipsy moth is 
not especially adapted to hemlock, which reaches its largest size in 
the coves of the mountains of West Virginia, North Carolina, and 
Tennessee. In the white-pine region pure hemlock stands are rare, 
and the proportion of the area now bearing any hemlock is sngall. 

It is confined, as a rule, to moist ravines and cool slopes, where it 
should be permanently retained, for its adaptability to such sites 
makes it there a controlling factor. For the protection of water- 

1The susceptibility of chestnut to the chestnut bark disease is another factor that must 

be considered in this connection. See comment on page 40. 
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sheds which should never be denuded, hemlock is especially well 
suited. Where the retention of hemlock is desired, stands should 
never be clear cut but should be handled on the selection system, 
described later. (See p. 44.) 

Its tolerance of dense shade and its ability to grow vigorously after 
a long period of suppression may make hemlock a controlling factor 
when eonad as an understory in any stand with an overstory of other 

species. If fires are excluded, and the trees composing the overstory 
are not removed too PiddenGd hemlock will eventually occupy the 
site. If this too sudden removal is intentionally prevented by care- 
ful management, the understory of hemlock will materially increase 
the yield from the area occupied and will protect and enrich the soil, 
but its growth is so extremely slow that, where the object of man- 
agement is timber production, hemlock should never be grown as 
the principal crop on level land with soil suitable for agriculture, or 
on sites suitable for tree species of greater value and of more rapid 
growth. 

PITCH PINE. 

Pitch pine is very intolerant of shade and soon dies if overtopped. 
It is fire resistant; even the seedlings will survive a fire which 
would kill any other New England species. It bears large crops of 
seed every year and begins to form cones at an early age. It with- 
stands drought well, and its seedlings require no shade. It does best 
on good soil, but can not there compete with less intolerant or with 
more rapidly growing species. Scattered specimens may be found on 
such sites, but there it is not a controlling tree. Pure stands are 
found only on sites either too poor or too exposed for other species 

or so frequently fire swept that other species have been eliminated. 
When found on such poor sites pitch pine is absolutely controlling, 
for no other native species will grow there. When mature, the stand 
may be clear cut and the site planted to pitch pine, or seed trees may 
be left about 10 per acre, or the area may be seeded artificially.” On 
the better sites pitch pine will be a controlling tree only if, and as 
long as, the fire hazard remains. When this is removed, more valu- 
able species may return very gradually if seed trees are within. reach, 
or they may be introduced by planting. It is believed that the pres- 
ence of scrub oak on fire-swept soils is a safe indication that the site 
occupied is not of the poorest class. 

Within the white-pine region pure stands of pitch pine are now 

foundschiefly in the following places: In Maine, south and west of the 

11912 Conn. State Foresters Report, p. 472, Plot No. 3, 1.38 acres of ‘ natural sand 

plain”? at Windsor. Seed sown on cultivated strips, 13 feet broad and 4 feet apart. 

Seed slightly covered by brushing the surface. Two pounds of seed per acre on one-half of 

the area; one pound per acre on the other half. Conclusion after 10 years: “ A stand 

of this species may be successfully established in this manner. Two pounds of seed per 

acre gives too dense a stand; 14 pounds would be sufficient.” 
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Androscoggin and along the Saco River;* in New Hampshire on the 
Saco watershed, especially around Silver Lake in Madison and near 
Ossipee Lake;? in Massachusetts on Cape Cod. It is also found in 
Connecticut, outside the white-pine region, on the sand plains of the 
lower Connecticut Valley.* 

WHITE PINE. 

White pine is adaptable to many sites, dry or moist, poor or good. 
Its seedlings do not often survive if they. germinate either in the 
open or under a heavy shade. They do best under a light shade, 
such as that of gray birch or aspen, and will persist there until the 

older hardwood trees die or are passed by the pine. These qualities 
and its very rapid growth make white pine a controlling tree when 
its seedlings occupy the ground beneath gray birch or aspen, or 
when older pines are mixed with other hardwoods of less or of 
equal height. Unlike the pitch pine, abundant seed crops of white 

pine are produced only at irregular intervals of four to seven years. 
This irregularity and the generally unsuccessful attempts to secure 
natural reproduction make white-pine seed trees on or near the 
lot of much less practical importance than would be supposed from 
reading existing literature on the subject, though if such seed trees 
are present, and the stand is cut in a white-pine seed year, a new 
stand of white pine may occasionally be secured by natural seeding.‘ 

RED MAPLE. 

Red maple is found throughout the white-pine region, often pure 
in swamps or scattered there, or even on dry uplands. Reproduc- 

tion is good, for this species produces abundant seed crops every ~ 
year which ripen in the spring, and when cut, the stumps sprout 
vigorously. In the wettest swamps it grows more rapidly than any 

other hardwood species and when found pure on such sites is a 
controlling tree. Such stands should be managed to produce cord- 
wood, by clear cutting, with sprout reproduction, on a rotation of 
50 to 35 years. 

SUGAR MAPLE. 

In eastern Canada and in the northern hardwoods region of New 
England sugar maple is an important species. In the white-pine 
region only scattered individuals are found except in southern 
Maine and southern New Hampshire. There the tree is more com- 
mon in the woods, and some “sugar orchards” are found. Its seed 

1 Maine Forest Commissioners 1906 Report, page 9. 

2N. H. Forestry Commission Report for 1903—4, pages 61, 68. ® 

8 Hawley & Hawes, Op. cit., p. 42. 

4The susceptibility of white pine to the white-pine blister rust is another factor that 

must be considered in this connection. See comment on page 40. 

64360°—Bull. 484174 
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ripens in October. Some is produced’ nearly every year, but full 
crops are. borne only at intervals of three to five years. Next to 
beech, sugar maple is probably the most tolerant of American hard- 
woods. In youth shade is an advantage, but at maturity full light 
is not detrimental. It grows slowly and is a strong, vigorous, 
aggressive species able to hold its own with any trees on soil suited 
to it, but it is not a “poor-land” tree. It does not grow in swamps. 
lt prefers a fresh, well-drained soil, and in New England finds ideal 
conditions at moderately high elevations on cool northerly slopes. 
Its adaptability to such sites and to soils containing lime, together 
with its tolerance of dense shade, make it a controlling tree when 
found there in sufficient numbers, either in the main stand or in 
the young growth beneath it. 

WHITE ASH. 

White ash resembles hemlock in the ability of its seedlings to start 
in dense shade and to respond well when released, but the length of 
time it can stand suppression is much less than that of hemlock. 
Like other species, white ash is more intolerant on poor than on 
good sites. After the pole stage it can endure only a moderate 
amount of shade. It is found, except on poor, dry sites, through- 
out New England, but is of greater importance in the northern 
hardwoods and sprout hardwoods regions which adjoin the white- 
pine region at the north and south. White ash occurs usually as 
scattered individuals in second-growth mixed hardwood stands on 
the richest soils now forested. It is not a swamp tree, but requires 

deep, fertile, and well-drained soils, with abundant moisture avail- 
able near the surface. Gentle north or east slopes are especially 
favorable sites. 

Tt sprouts vigorously when cut, seeds freely about every other 
year, with exceptionally heavy crops at intervals of three to five 
years. It starts well in openings in broken hardwood stands and 
also on pine needles under pure second-growth white-pine stands, 
if not too dense. It also seeds in well after a fire, if the site is suf_- 
ciently moist and seed-bearing trees are near. It grows more rap- 
idly than the other hardwoods with which it is usually found and 
occasionally forms 25 per cent or more of mixed second-growth 
hardwood stands along streams or lakes on rich, moist, well-drained 
soil. Under these circumstances its adaptability to the site, its rapid 
growth, and its power of abundant reproduction by seed and by 
sprous make it a controlling tree. Such stands may be clear cut if 
they offer an open seed bed, or they may be handled on the shelter- 
wood system if the stands are dense. 



CONTROL OF GIPSY MOTH BY FOREST MANAGEMENT. PH § 

RED CEDAR. 

Red cedar is widely distributed in the eastern United States, but 
only in the Southeast, on good soil, is it now found in the quality and 
sizes which give it its greatest value. In New England it ranges from 
Augusta, Me., and from southern New Hampshire through Massa- 
chusetts and Rhode Island into Connecticut. It is charactertistic of 
old fields and pastures, the stands varying from a few scattered trees 

to dense pure stands, and it is also found in mixture with gray birch 
and with other trees. 

Within the white-pine region thousands of acres in the aggregate 

are covered by this typical growth, which can not be cut profitably 
until the cedar is large enough for posts and the birch for cordwood. 
On such sites, when found in sufficient numbers, and on rock covered 
with not more than 6 inches of soil, where no other tree can grow, red 
cedar is a controlling tree. 
When cut from such rocky sites it should be replaced by seeding or 

by planting 4-year-old red-cedar stock, three times transplanted in 
the nursery. 

On old fields and pastures thinning is not recommended, even in 
dense stands, as the increased growth is so slow that thinning will 
not pay. 

The general object of management should be to replace the cedar 
with more rapidly growing species. When material is large enough 
to sell, stands should be clear cut and planted. In the meantime open 
stands of cedar not ready for clear cutting should be filled by planting 
white or red pine, and mixed stands handled as suggested for the 

stand at Amesbury, Mass., described later. That stand is character- 

istic old-field growth, with a small percentage of red cedar. 

WHITE CEDAR. 

This species, Chamaecyparis thyoidse (Linn. B.S.P.), must not be 
confused with the other of the same common name, 7 huja occidentalis 
Linn., also found in New England and often called arborvite. 
Arborvite is rarely seen south of Boston, and Chamecyparis per- 
haps as rarely north of that city. Although not unknown in southern 
Maine and southern New Hampshire, it is not found in commercial 
quantities in the white-pine region except in certain swamps within 
20 miles of the coast in Massachusetts, Rhode Island, and Connecticut. 

It is found pure and also mixed- with red maple. Many swamps in 
which it formerly grew have been cleared and converted into cran- 
berry bogs, and others not suitable for cranberries will probably 

eventually be drained and used for other agricultural crops. 
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Until this is done no attempt should be made to eliminate white 
cedar from such sites for, in spite of its very slow growth, it is there. 
on account of its adaptability to the site, a controlling tree. Its cones 

mature at the end of the first season and persist through the winter. 
White cedar readily starts from seed and should be managed by clear 
cutting in small groups or in strips not wide enough to offer much 

danger from windfall. 

TYPICAL STANDS. 

Having now considered the factors involved in any attempt to 

control the gipsy moth by forest management, let us see how they 
apply in typical stands. 

The stands previously mentioned will be discussed in the order 
given on page 19, and readers should remember that any general 
statement or suggestion referring to a class is intended to apply to 
that class as represented in the stand then under consideration and 

may not be applicable to the species composing the class when found | 
in other stands, especially if they occur there in different proportions. 

STAND AT DOVER, MASSACHUSETTS. 

THE MANAGEMENT OF A TYPICAL MIXED OAK STAND WITH ABOUT FOUR-TENTHS 

WHITE OAK. 

The woodlot contained eight species on 1 acre, but since red, 
white, and black oak together constituted 94 per cent of the whole, 
it may be considered from the standpoint of management as a mixed 
oak stand. It is on good soil, a hght, brown, sandy loam, not as deep 
as that of the Exeter plot, but moist and well drained. It is under- 
lain by gray granite ledges which outcrop in a few places but oceupy 
less than 1 per cent of the area. The surface is free from loose stones, 
but there is one large granite boulder. The trees averaged 4.9 inches 
in diameter breast high and, excepting the white pines, were about 30 

vears old. 

The infestation by the gipsy moth was first found near this lot in 
1905, and in 1913 the egg clusters present on this area were estimated 
at 15,000 per acre, and defoliation was heavy. 

If the stand were not infested it could be handled as a sprout 
forest? on a rotation of 70 to 80 years, with several thinnings. The 
thinnings should yield enough cordwood to pay for them, and the 
final product, cut 40 or 50 years from now, would be good oak timber. 

It has been the practice in eastern Massachusetts, in town, State, 

and Federal work, and by some owners of heavily infested stands of 
this character, to remove all dead trees and as much undergrowth as 

1Simple coppice system. 
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possible and make a heavy thinning. This has been done to simplify 
spraying, which is effected by a high-power sprayer, resembling in 
size and general appearance the watering carts used in city streets. 
Spraying costs from $8 to $15 an acre, which must be spent each year 
while the infestation continues heavy and is efficacious in stopping 
defoliation at the stage reached when the spraying is done. It gen- 
erally reduces the number of caterpillars but cannot prevent all dam- 
age by them, for its effect is dependent upon the leaves being eaten 
by the caterpillars. 
Management for moth control may be attempted by making one 

cutting or by successive cuttings. 
One cutting.—The expense of spraying may be entirely avoided in 

stands of this character by clear cutting, leaving conifers if desired, 

and planting red or white pine. If this is done it must be followed 
by several cleanings (removing the hardwood sprouts), or the cater- 
pillars in their early larval stages may feed on the hardwood foliage 
and in their later stages attack the pine. 

Tt should be remembered, however, that the gipsy moth increases in 
numbers less rapidly on young hardwood sprouts than on larger trees 
of the same species, whether these are of sprout or of seedling origin. 
When the object of management is moth control, this less rapid 
increase, of course, affects the number of cleanings which are needed 
in young sprout hardwood stands after cutting. 

After various experiments the conclusion has been reached that 

cleanings in the first, third, and fifth years following a clear cutting 
in hardwoods will be ample to insure protection to small planted 
pines and that in many cases the interval between cleanings may 

safely be increased to three years, and the first one postponed until 
the second year after the original cutting. 

* From purely silvicultural considerations the presence of hardwood 
sprouts on the ground during the first summer after clear cutting is 
likely to be beneficial to small planted pines by providing some shade, 
and a cleaning in the second and another in the fourth or fifth year 
following clear cutting would prevent the small pines from being 
killed out or so suppressed that their growth would be seriously 
checked. 

From considerations both of silviculture and of moth protection 
an owner planning to cut clear a mixed oak stand and to plant pine 
should be prepared.to make two and perhaps three cleanings, and 
should realize that even more may be necessary. 

The product of clear cutting on this lot would be about 20 cords 
of good cordwood per acre, which is practically unsalable in this 
locality because of the great amount of cutting now being done. If 
sold, the most that can reasonably be expected for it is $2.50 per 
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cord on the lot. The cost of cutting should not exceed $1.25 per cord. 
The planting, including stock, will cost from $12 to $15 per acre. 

The cost of a cleaning made the first year after cutting will be less 
than one made the second year, because of the great difference in 
the size of the sprouts. If made the first year it will require seven or 
eight hours’ labor of one man. If made the second or third year, it 
may well take 10 or 11 hours. Great care must be used to avoid 
damage to the small planted pines. 
Removing sprouts by mowing is especially dangerous to young 

growth, wild or planted, which it is desired to retain, and any form 
of cutting is less effective and must be repeated more often than 
breaking or pulling the sprouts from the stump. Pounding them off 
with the poll (back) of an ax is especially desirable, and the first 

year after trees are cut sprouts may be removed by trampling around 
the stump. This method is especially successful with oak sprouts 
and is not very hard on the feet if heavy shoes are worn. 

The time of year when trees are cut has an important bearing on 
the number and vigor of sprouts which follow, and the same is true 
of removing sprouts. The best time undoubtedly varies with the 
species and locality, even in an area as small as New England, but 
no precise information on this subject is available. Speaking gen- 
erally, it may be said that trees cut in the summer have less vigorous 
sprouts than those cut in May or June. The same conditions apply 
to sprouts. If these are removed in July or August those which 
follow are smaller and more tender than those which follow sprouts 
removed earlier in the season and are likely to be killed or damaged 
by frost. The result of clear cutting, planting, and cleaning in this 
stand, if fires are excluded, would be a pure stand of young pine on 
good soil, which should grow rapidly, yield a high return, and be 
secure against gipsy-moth attack. 
The owner of this stand, like many others in the infested region, 

was unwilling to make a clear cutting but very anxious to control the 

gipsy moth. In such cases the plan offering the best chance of | 
eventually controlling the gipsy moth is to begin the gradual con- 
version of the stand from hardwoods to pine by successive cuttings. 

Successive cuttings—The first cutting, to be made at once, should 

remove all dead, dying, defective, or suppressed trees. All Class I 
trees (most favored food of the caterpillar) should be cut as heavily 

as is possible without exposing the ground too much. Many trees of 
this class must be left, but they should be, as far as possible, thrifty 
trees of seedling origin, and a particular effort should be made to 
reduce the number of white oaks. 

The Class II trees (favored food after the earlier larval stages) 
will be favored in this cutting. On this lot they were white pines 
large enough for seed trees and so especially desirable. 
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The Class III trees (not particularly favored food) will also be 
favored in the first cutting. On this lot these were only a few red 
maple and pignut hickory. 

The Class IV trees (unfavored, food) will not be cut, even if de- 
fective or suppressed. On this lot they were white ash. 

In a stand as dense as this (500 trees per acre) about 60 per cent 
of the total number present should be removed. The result upon the 
actual stand now under consideration, of following either of the two 
plans of cutting proposed, appears clearly in the following table: 

Stand and cutting table, Dover, Mass. Mixed oak stand, four-tenths white oak. 

Number per acre left under 
Original stand. two plans proposed. 

|2. Gradual conver- 
Trees which control if in sufficient . _,| Sion—successive 

AEs Trees which Tapa Coes 
control on ao ened Murepee sion—one 
this lot. Pp oA ech acre eubting a) Second 

(now). First (in 5 to 10 

(now) years) 

Class I: 
TREX LORE Pe AN A I a Se Rediogkee yeaah sae eae 229 tag eee L3ON es eeeeltee 
IBA CKO a eee ey ei DB Leave kks.0 a keeee |e ee ea eae Oe as OG ee Re Re ie 
SVE CC KO a ee eee ee ey IWant eyo elke Pasa Me ena ROR Ye ene as P12 BS ent hias 
Gray birch:....... gpoaccugadanes||bosaudgnasaoes Gray birch.. IMieeqoscoboslbcosHace|aesouqeses 

Class IT: 
AWAIT TOM IM Ouse aed ue reoui ate Satire 2 cy White pine. . Nabe ie 17 17 17 

Class TIT: 
IRVEGHMA PLO Ms e ee nee eieos aoa eigen uae ciaeeals Red maple. . 57, ee ae 2 2 

Hickory..... SES SUES 2 2 
Class IV: 

WIIG CASTE amen nee Josie CaN co daa White ash... OT ea 3 3 

510 17 220 24 

The lot should be planted at once with some moth-resistant species. 
Red or white pine, or a mixture of both, may be used, 1,000 to the 
acre, with entire confidence. 

The site as a whole is too dry for white ash, but a few, 25 or 50, 
_ could be planted at the lowest part of the lot with benefit to its 
eventual moth-resistant character. 

Cleanings will be necessary for at least five years, as in the case 
of clear cutting. (See p. 29.) ° 

The second cutting should be made just as soon as the trees planted 
are established and have gained a decisive lead over the sprouts from 
stumps of trees cut. This would be not less than five years after the 
first cutting. If it were delayed until 10 years after, the planted 
trees would probably be secure against being overtopped by sprouts 
from the second cutting. If cut after five years, a cleaning in the 
second and another in the fourth year would probably be necessary. 
The second cutting should remove all remaining Class I trees of the 
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original stand, leaving the Class JII and Class IV trees. The white 
pines of the original stand will be large enough to cut profitably at 
this time, but might better be left as standards to supply some extra- 
large material in the final cutting of the planted stand. 

The product of the first cutting will be cordwood, about 8 or 9 
cords per acre, worth not more than $2.50 per cord on the lot. In 
addition there will be 3 or 4 cords of poor cordwood, probably worth 
about what it cost to cut or a little less. The pr adutt of the second 

cutting will depend upon when the cutting is made. There will be 

only cordwood unless the cutting is delayed for 40 to 50 years, or 
until the stand is 70 to 80 years old, in which case material of larger 

dimensions can be obtained. k 
After the second cutting some additional planting will probably be 

necessary to replace trees of the first planting which have died or 
have been destroyed in the second cutting. The number required 
should not exceed 300 per acre. 

The cost of the first cutting will be about $1.50 per cord and of 
the second about $2 per cord. 

The first planting, including stock, will cost about $15 per acre, 
and the second planting $4 or $5 per acre. The higher cost, as com- 
pared with planting after clear cutting, is due to the need of gomg 
over the ground twice and to the care necessary to avoid damage to 
young growth when the two plantings are made. 
A cleaning the first year after the first cutting will require four 

or five hours’ labor per acre of a careful man; and the cost will de- 
pend, of course, upon whether the owner does the work himself, has 

such a man available, or must employ one especially for the work. 

Later cleanings after the first cutting and the two biennial clean- 
ings after the second cutting are each likely to require somewhat more 
time, as greater care will be needed to avoid doing damage to planted 
stock, but six to eight hours per acre should suflice. 

The result will be, if fires are excluded, a moth-resistant stand of a 
composition dependent upon the species selected for planting. 

The cost of either plan would be heavy, and for most owners, 
especially if applied to large areas, it would be prohibitive. But 
where the infestation is severe either plan of management offers 
improved conditions at less expense than spraying for five years at 
$15 per acre. 

With a good cordwood market the first plan, clear cutting, should 
yield a slight margin of profit over all costs. The second plan in- 
volves a considerable investment without any net returns up to the 
time the conversion from a susceptible to a resistant stand is com- 
pleted. 
Where the moth is present in large numbers this should be compared — 

with the cost of spraying and creosoting, and the net cost of convert- 
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ing the stand regarded as the price the owner has paid for the satis- 
faction of not denuding his land, for relief from annual expenses, the 
results of which are only palliative, and for future insurance against 
damage by the gipsy moth. 

' The possibility of control by management, without planting, is the 
object of experiments now in progress.‘ Pending their conclusion, it 
is believed that sufficient information has been given in the foregoing 
to guide owners of stands of this character who Wish to do something 
at once. 

Of the two plans outlined, the first, clear cutting and immediate 
planting of the whole area, is preferable from considerations of forest 
management, of moth control, and of minimum expense. Economic 
conditions preclude the expectation of its general adoption in the 
near future, but it is strongly recommended to owners willing to meet, 
the expense. 

Others must face the fact that they can not at present expect to 
secure moth control by forest management. 

STAND AT EXETER, NEW HAMPSHIRE. 

THE MANAGEMENT OF A TYPICAL MIXED OAK STAND WitH THREE-TENTHS WHITE OAK. 

The woodlot of 2.5 acres contained 15 species, but since red, white, 

and black oak together constituted 87 per cent of the whole, it may be 
considered from the standpoint of management as a mixed oak stand. 
Tt is on good agricultural soil, a dark, brown, sandy loam, deep, moist, 
and well drained. The trees averaged 6.1 inches in diameter breast 
high and about 35 years old. 

The surrounding region had been infested with the gipsy moth 
since 1908, the infestation coming apparently from the northeast. 
In 1913 the count on this lot disclosed 949 egg clusters per acre. 
There was very severe defoliation, but it was not all due to gipsy- 
moth caterpillars. They were responsible for part of it, but a very 
large part was the work of brown-tail and forest tent caterpillars.. 

If the stand were not infested, it could be handled like that at 
Dover, as a sprout forest. 

If the owner wishes to attempt to control the gipsy moth by forest 
management, the two methods suggested for Dover will be applicable, 
with certain modifications. 

One cutting.—Ilf cut clear and planted, the products will be less, 
because, though the trees averaged a little larger, there were only 
three-fifths as many—300 per acre. The product will probably be 
about 20 cords of good cordwood per acre, worth, as this lot is 
situated, about $3 per cord on the lot. 

1See also, Results of Experiments in Controlling the Gipsy Moth by Removing Its 

Favorite Food Plants. By A. I. Burgess and D. M. Rogers, Journal of Economic Ento- 

mology, Vol. VI, pp. 75 to 79 (19138). 
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Successive cuttings—If the plan is adopted of making a gradual 
conversion of the stand from hardwoods to pine, the first cutting may 
be made on the same general plan as at Dover, but should remove 

not over 40 per cent of the total number of trees present, because 
this stand is much less dense. 

The result upon this stand appears in the following table: 

Stand and cutting table, Exeter, N. H. Mixed oak stand, three-tenths white oak. 

sof Number per acre left under 
Original stand. two plans proposed. 

2. Gradual conver- 
Trees which control, if in ‘ sion—successive 

suflicient numbers. ; 1. Radical cuttings. 
Trees which Number | ©°@ver- 
control on | Other species present. SONS) sion—one 
this lot. Pp ‘| cutting Seal 

(now). | First | ?°C02 
(now) (in 5 to 

“| 10 years). 

Class T: 
Redioaksser-< see 8s Redioaksclcas eles Meenas eee 89") CcoRe aces G4 eee ce. 
Blackoak=-2 2. 22 2sl205 Black Oakes |S -sece-eenise eee UU. | er 4 ee ee 
WihitelOakscson. see oee cs PANN ROR ies Soe ea seocoabecone see| 84.|. eee 1h ee ee 
GTaysDILCh ss eee ce sce e ete peices Gray birchse) eee en Vl os Soho SE cee eee | Meera Sartre 
Maree-fooih aspen ese lence ese Large-tooth aspen -.| 1 |. 2 SSR es eee es 
Gece Sib aaeescte MAMA aya Ob) Cara E Beochas tsa eo maee | 2) eae Yih RS eM 

Apple: ss 24. ee ese | Onn Ae ais Ne Tlf S Sein 
Class II: hn | 

aWihitenpInes seer A Se AE Ge White pine..,....... 11 ll ll 11 
PAtCHp INO k= sess =e ae [ena re Share c ee Pitchipine eee eeseee Q) Q) (2) ele eke 

Class III: 
REdimMaple: i een n soe See eee ste esicee Red maple.......-.- 20) 6 eee 13 13 

Yellow birch........ QQ) lta eee (@) Q) 
iBlackspircheereseere Tice soe 1 
EI CkOnya eee peer 2 ees 2 2 
Black cherry.......- (Oe Q (1) 

Wetec ecco, G02 See ce (@) 
Class TV | 

INONG ose ee cece ecb ececes wep ee chil sce teen ce bei hemes cae | Oe ote «os eel See eee See Bee eee 

291 11 | 166 28 

1 J.ess than one tree per acre. 

Planting should at once follow the first cutting. Red or white 
pine, 1,000 to the acre, may also be used here, but a larger part of 

the area is suitable for white ash. It is possible that on sites of this 
character a mixture of 5 per cent of tulip tree or white ash with the 
pine would be advantageous. White ash may also be planted pure 
on deep moist soils in areas not exceeding one-half acre in extent. 

The time of making the second cutting and the need of a second 
planting will be determined by the same considerations as at Dover. 

The product of the first cutting will be cordwood, 7 or 8 cords per 
acre, and, unless tops and limbs are burned, 3 or 4 cords of poor cord- 
wood worth less than it cost to cut. 

The costs of cutting and of planting should not differ much from 
those at Dover, and for the same reasons which apply there the first 
of the two plans proposed is preferable from considerations of forest 
management, of moth control, and of minimum expense. 
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STAND AT WAREHAM, MASSACHUSETTS. 

THE MANAGEMENT OF A TYPICAL MIXED OAK STAND WITH ABOUT TWO-TENTHS 

WHITE OAK, 

The woodlot contained nine species, but since scarlet, white, and 
black oak together constituted 83 per cent of the whole, it may be con- 
sidered from the standpoint of management as a mixed oak stand. 

It differed from the mixed oak stands at Dover and Exeter in that 
it was 60 years old, scarlet oak was present and formed over 50 per 
cent of the stand, white pine was more numerous, the gipsy-moth 
infestation was very light, and a dense growth of young white pine 
was already present on parts of the lot. 

The soil is a brown, medium-textured, sandy loam with a sprink- 
ling of fine gravel. The surface 2 or 3 inches is gray. The soil is 
deep and naturally well drained. 
On 5.4 acres, where all trees were measured, those trees over 2.5 

inches in diameter averaged only 7 inches in diameter breast high. 
The stand was even-aged and was cut clear about 60 yearsago. Many 
of the larger trees were stagheaded (dead in the tops). 

Although the gipsy moth had been present at least since 1911, the 
infestation in 1913 was very light, averaging only about 12 egg clus- 
ters per acre, and the damage done by the caterpillars was not notice- 
able. The defoliation due to forest tent and geometrid caterpillars 
was much more severe. : 

The owner is a manufacturing corporation which uses the lot as 

a source of supply for material for repairs to its plant. 
This cutting of the larger hardwood trees undoubtedly accounts 

for the low average diameter of the stand, and the practice of making: 
small openings probably explains the presence and location of the 
dense growth of small white pine found on the lot. 

This land is well suited to growing potatoes, berries, and other 
garden truck, but if it is to be kept as a woodlot the stand should be 
converted from hardwoods to pine, wholly apart from considerations 
due to possible damage by the gipsy moth. This can be accomplished 
by clear cutting in one operation or in two successive operations. 

One cutting.—If the stand is cut clear in one operation, all hard- 
woods should be removed and especial care used to prevent, as far as 
possible, damage to the young pine already present, which should be 
supplemented by planting red or white pine on areas not sufficiently 
stocked. 

Cleanings will be needed, about three in all, made every two years, 
to release the young pine from the hardwood sprouts which are use- 
ful at first in providing shade, but, if not removed, will in a short 
time kill out much of the pine. If cut clear, the hardwoods would 
yield about 20 cords per acre, but as this lot is maintained for a 
special purpose, the product should be as far as possible cut in such 
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sizes as the owner requires and the balance put into cordwood. Owing 

to the care required to avoid damage to young growth, the cost of 
cutting will be high, perhaps $40 per acre. The cost of necessary 
planting (400 trees per acre) will average $6 per acre. The three 
cleanings will require 8 to 10 hours’ labor of one man per acre. The 
result will be a pure stand of young pine on good soil, which, if fires 
are excluded, should grow more rapidly and yield a greater quantity 
of wood of higher value than the stand which it replaced, and which 
in addition will be secure against gipsy-moth attack. 

Successive cuttings —If the plan is adopted of gradually convert- 
ing the stand from hardwoods to pine, two cuttings should be made. 
The first cutting, to be made at once, should remove all dead, dying, 
defective, and suppressed trees. As the gipsy moth is not present in 
large numbers, the heavy cutting of Class I trees (most favored food 
of the caterpillar) isnot as important as in stands already considered, 
but since there are almost no other trees present except pines, the 
cutting above described amounts in this instance to practically the 
same thing as recommending the cutting of Class I trees of the species © 
found on this lot. The object should be to cut as heavily as is pos- 
sible without exposing the ground too much and to release all pines 
in danger of suppression. 

The hardwoods left should be as far as possible thrifty individuals 
of seedling origin. All pines likely to make good trees should also 
be left. About 50 or 60 per cent of the total number of trees present 
should be removed. 

The areas insufficiently stocked should be planted at once with 
some moth-resistant conifer. The soil is not suitable for any of the 
resistant hardwoods. Red or white pine or a mixture of both may 
be used, as on the lots previously considered, with entire confidence. 
Owing to the young growth of white pine already present, an average 
of 400 plants per acre for the whole lot will be sufficient. 

Cleanings, about three in all, will be necessary every two years, as 
in the case of one cutting. These will meet all silvicultural require- 
ments. 

The second cutting should be made just as soon as the trees planted 
are established and have gained a decisive lead over the sprouts from 
stumps of trees cut. This would be not less than five years after the 
first cutting. If it were delayed five years longer the planted trees 
would probably be secure against being overtopped by sprouts from 
the second cutting. If cut after the first five years a cleaning in 
the second and another in the fourth year would probably be neces- 
sary. 

The second cutting should remove all remaining hardwoods, leay- 
ing only conifers. If at that time a market or use exists for a small 
amount of low-grade white and pitch pine, those in the original 
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stand might be cut to advantage, leaving an even-aged stand of pine, 
but it would probably be better to leave them as standards to supply 
some extra-large material in the final cutting of the planted stand. 

The result of following either of the two plans of cutting in this 
stand appears in the following table: 

Stand und cutting table, Wareham, Mass. Mized oak stand, two-tenths white 
oak. 

Number per acre left under Original stand. two plans proposed. 

2. Gradual conver- 
Trees which control if in sufficient a sion—successive 

numbers. * se 1. Haden cuttings. 
Tees whic conyer- 
control on Mas peeeet Real sion—one| —— 
this lot. , ‘| cutting i Spend 

(now). First (in 5 to 10 

(now). | ° years). 

Class T 
NOC Oa Ke eis owe ce neecisne se Uke a eee So Red oak..... (6) Ai nes ieee Ma Slee | PepmeN ys 
Ack on uae sas Whenadi La it Black Oaks ee CA OX NET Ny Marie LOE sd SO ee 
Scanletoaksas ewe sae a kas A Searle oaks (220.055 Sniaey 164: esa shes aa (ii LEE ee eM 
VV tel Oakey ee ep soe an 2 IWihiteoaka |e seu (Pe 10) See 
Gorey DITCH eS | Ue a Gray birch (25 ieee RD AT | a eee a Ce 

Class II: 
AWA Te ING See ys eee ik Wihifepiness e522 eee ae 45 45 43 43 
PTE CHIN TOM ae ea apy ae ded Sl Pitch pines sie eens 5 5 3 3 - 

Class TIT: 
Red irrra plese eee skew ia | aio a DL Red maple.. GAY se (2) ee eee 
Blacker in aceon nce sears Lak EEL A Black gum... Oia Sea G)iva tS e eee 

Class IV: 
INQ OSS GS GE BS SSS ARES eeu [ae EATS} coo IN ena MUA ce Ul ee ne Dei te, 2 Pere Rey fare eA 

306 | 50 133 46 
| 

1 Less than 1 tree per acre. 

As to the products of cutting, the same limitations apply that 
were considered under the plan of clear cutting in one operation. 
They should be, as far as possible, what the owner requires and 
the balance put into cordwood. If the products of the first cutting 
were all cordwood, there would be about 12 or 18 cords per acre of 

good merchantable wood. 
It is believed that with the small white pine already present and 

the planting provided for above, no additional planting would be 
necessary to replace trees which may die or which may be destroyed 
in the second cutting. 

The cost of the first cutting will be about $20 per acre and of 
the second cutting about $25 per acre. The planting suggested, in- 
eluding stock, will cost about $6 per acre. The biennial cleanings 
after the first and second cuttings will each require five or six hours’ 
labor per acre of a careful man. The cost will, of course, depend 
upon local conditions. The result will be the same as would be ob- 
tained by clear cutting in one operation—a stand of young pine on 
good soil, which, if fires are excluded, should grow rapidly and yield 
a eee quantity of wood of hee value than the stand which it 



38 U. S. DEPARTMENT OF AGRICULTURE BULLETIN NO. 484, 

replaced, and which in addition will be secure against possible dam- 
age by the gipsy moth. Of the two plans suggested, the former, 
removal in one cutting, is preferable, because costs of cutting and of 
cleaning will be less, damage to planted stock will be eliminated, and 
less time will be required to accomplish the conversion of the stand. 

The possibility of control by successive cuttings is the object of 
experiments now in progress on this and other lots. Pending their 
conclusion, the removal in one cutting is recommended to owners 
of stands of this character who wish to do something at once. 

STAND AT MEDFIELD, MASSACHUSETTS. 

THE MANAGEMENT OF A TYPICAL MIXED HARDWOOD STAND WITH ONE-TENTH 

WHITE OAK. 

The woodlot contained only six species on 1.3 acres, but the three 
species of oak and the chestnut together constituted 90 per cent of the 
whole. Since chestnut, the leading species, formed 52 per cent of the 
stand and is a controlling tree of Class II (not favored food until 
after the earlier larval stages) and is present in sufficient numbers, 
it must be the determining factor in management. 

The lot slopes gently to the north and northeast and has good 
soil, a brown sandy loam, deep, moist, and well drained, and free 
from stones. 

The trees averaged 6.6 inches in diameter breast high, about 40 
years old, and 426 per acre. 

The gipsy-moth infestation was first found in 1909 in similar | 
growth on the adjoining lot to the east, where, in spite of creosoting 
by the local moth superintendent, 40 per cent of all trees and 80 per 
cent of the white oaks had died by 1913. On the lot now under 
consideration the gipsy-moth infestation in 1913 was very severe, 
but less than 10 per cent of the trees were dead. 

The usual form of management recommended by foresters for a 
stand of this character is the simple coppice system, using a rotation 
of about 60 years, with several thinnings. This means merely that 
the stand is to be cut clear at that age and allowed to reproduce by 
sprouting, after which thinnings are made if possible to do so with- 

out loss. To secure gipsy-moth control this should be modified by 
discriminating against the oaks and eliminating the white oak, 
which latter may often be done without harmful effects silviculturally 
in cases like this where white oak forms only 10 per cent of the stand. 

Successive cuttings. —As the stand has not been under management 
and the infestation is heavy, the first cutting, a thinning, should be 
made at once along the lines indicated above, favoring chestnut and 
releasing and favoring white pine. Fifty per cent of the total num- 
ber of trees may be removed without unduly exposing the ground 
and with real benefit from a general silvicultural standpoint. The 
result of the thinning described appears in the following table. | 
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Stand and cutting table, Medfield, Mass. Mired hardwood stand, one-tenth 

white oak. 

Number per acre 
Original stand. left under plan 

proposed 

Gradual conver- 
Trees which control ifin sufficient numbers. sion—succes- 

4 sive cuttings. 
Trees which 
aaa Other species | Number 

a present. per acre. 
on this lot. First Second 

: in 
(now). years). 

Class T: 
Red oak..... 91 P23) SEES Shoes 
Black oak... 29 U2G6: Sie cee okie 
White oak... ASS as Seale |i hie ae eee 

Class IT: 
WinLeMpINELcesctacsccicisissisicaascee cee cess Wihitepine:s|2 222222222 222 38 BQ) sce are 
Whos Fut eee cont isisicmisiscecneccines esis Chestnut.2 25 | hae ee 219 LOS! Eee ee 

Class IIT: 
edna Plo Mseseeeese se cm ciedee sees cemeaieaaboek sok wale Red maple.. 6 1 a ee 

Class IV: 
NMDA. ssc e SSB OO CHOCO A SCR Te ests aes eat Mae aries) ptt DYRU Lx Ahab gL Os Ya pe anne Dat eta | HAG LR Lt 

1Tn the cutting actually made on this lot, black oak was favored as an experiment, so the table does not 
in this respect conform to the practice suggested in the text. 

2See p. 39, last paragraph. 

Planting will not be necessary, but cleanings for at least five 

years (see p. 29), removing all sprouts of Class I trees, will be of 
great assistance in reducing the amount of food available for first- 
stage gipsy-moth larvee and in maintaining the altered composition 
of the stand. It should be stated frankly in this connection that the 
entomologists consider the removal of all oaks and other Class I 
trees as the safest method to follow in controlling the gipsy moth 
by limiting its food plants. The foresters, however, who are work- 
ing on the problem consider this most undesirable from the stand- 
point of management. Both agree that the help to be expected 
throughout the infested region from parasites and other enemies 
and periodical outbreaks of the wilt disease, combined with other 
measures of control, may eventually cause the gradual subsidence 
of the gipsy moth to a normal place among other injurious insects. 
Under the plan proposed, the second cutting will not take place 

for about 20 years (the end of the rotation), at which time the stand 
will be cut clear. 
By leaving the chestnut sprouts following the thinning and the 

final cutting and removing sprouts of oaks or other Class I trees in 
the cleanings, the representation of trees of this class in the succeed- 
ing stand should be much reduced. By continuing the same process 
through succeeding rotations all Class I trees may be removed, and 
the conversion to a moth-resistant stand would be complete in 80 
to 140 years. 
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The products of the first cutting will be chestnut posts, worth 10 
to 40 cents each, and cordwood, about 10 cords per acre, worth $4 

per cord on the lot. In addition there will be about 3 cords of 
poor cordwood which is unsalable in the region. Unless the owner 
can use it himself, it would be cheaper to burn the limbs and tops as 
the cutting proceeds than to pay for cutting and piling this low- 
grade cordwood and then let it rot in the woods. The products of 
the second cutting will be chestnut of sizes suitable for poles, piles, 
lumber, ties, and posts, a few oak ties and some good cordwood. 

The cost of the first cutting will be about $40 an acre, which should 
be slightly less than the amount realized from the sale of the prod- 
ucts. The cost of the second cutting will, of course, depend upon 
conditions at that time, about 20 years hence, but the value of the 
products to be expected should yield a small profit. It is not likely 
that the net profit of the first cutting will be sufficient to cover the 
cost of the cleanings recommended. If these are made the cost 
should be considered as a premium for insurance against damage by 
the gipsy moth. 
By concentrating our attention upon tae gipsy-moth problem we 

are in danger of forgetting the chestnut-bark disease and the white- 
pine blister rust, both also imported from abroad and perhaps even 
more difficult to control. The chestnut-bark disease is present on the 
lot now under consideration and generally wherever chestnut is 
found throughout the region infested by the gipsy moth. On the lot 
now in question and others like it, where a large percentage of 

chestnut is present and the control of the gipsy moth is the im- 
mediate problem, it is believed to be wiser to use the chestnut as 
long as it lasts rather than to attempt the expensive experiment of 
a radical conversion of the whole stand to white pine, with the risk 
of fire, blister rust, and white-pine weevil. Where chestnut does not 

occur, as in the stands previously considered, these risks may be 
necessary. Here they are not. 

STAND AT AMESBURY, MASSACHUSETTS. 

THE MANAGEMENT OF A TYPICAL STAND OF OLD-FIELD GROWTH OF PINE AND MIXED 

HARDWOODS WITH ONE-TWENTIETH WHITE OAK. 

This lot, used as a pasture until 15 years ago, contained 19 species 
of trees on 4.2 acres, but 95 per cent of the whole number consisted 
of the following eight species, in the proportions indicated: 

Per cent. Per cent. 

IBTACK Oni Sarah ks eke reel eit te NS & 16)|' Redemaplei2 422 5 ae eee 10 

Vie RO dice. > ee Ne Sete. La Ak) 5) RRedweedar: 8.20 in ee ae eee 5 

Graeeh iron: «U0 8 tetany ae DA a) WihitewaSin 22. 56 caesar arian es 2 

Whitening 262 ys oe ae aa a ee 28 a 

ICCA DING Soo at Slee, 8 Bight species! iseeaeeaeeess 95 
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The other 11 species, some of them important as timber trees and 
some from the standpoint of moth resistance, were represented on 
this lot by too few trees to be important in any plan of management. 

The soil is good, a brown sandy loam, deep, moist, and well 
drained, and the lot is level, except for a small area where water 
stands late into the spring. It is free from rock or loose stones. 
When the demand for agricultural land increases sufficiently this 
lot undoubtedly will again be cleared and cultivated. ‘The trees 
averaged 4.9 inches in diameter breast high, the same as the Dover 
stand, but this area was poorly stocked, the stand being very dense 

in some places and much too open in others, with an average of 321 
trees per acre. The infestation by the gipsy moth was very severe in 
1913. Several of the white pines were almost bare, with the needles 
eaten back almost to the sheath. Others were from one-half to three- 
fourths defolated. 
The present growth is very irregular in size, and if the stand were 

not infested it is not likely that any owner would consider forest 
management or would cut the lot before 20 years from now, at which 
time the hardwoods could be cut clear without loss, although the 
product would be only cordwood. But if management were begun 
now the object would be to get rid of the less valuable hardwoods, 
especially gray birch, and release the pine and more valuable hard- 
woods by thinning. 

Since the send: was infested and Class I trees (most favored food 
of the caterpillars) formed only 45 per cent of the stand, to cut clear 
now, aS was recommended in the stands previously discussed, would 
be an unnecessary waste of good species well started. Nor can suc- 

cessive cuttings be recommended in stands of this character. If the 
danger of soil exposure were serious enough to warrant the ex- 
pense, the Class I trees might be removed in two successive cuttings 
as previously described; but when, as in this case, 55 per cent of the 
stand consists of trees in Classes IT, III, and IV, the soil exposure, 
considering the small area involved, would probably not be a con- 
trolling factor. 

Gipsy-moth cutting—Immediate protection against further dam- 

age by the gipsy moth can be secured by what may be called a 
“ oipsy-moth cutting.” 

In its effect upon tree species which are favored food of gipsy- 

moth caterpillars this resembles a damage cutting in that silvicul- 
tural considerations are wholly disregarded as far as these species 
are concerned. All Class I trees of whatever species are removed, 
whether of merchantable size or not. At the same time any dead 
trees are cut, and a light thinning, combined with a liberation 
cutting, is made in the trees of Classes II, III, and IV. To be 
effective this must be followed by planting some moth-resistant 
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species suitable to the site and by cleanings until these are estab- 
lished, probably for at least five years. (See p. 29.) Owing to 
the great number. of very sma!l trees, between 1 inch and 2.5 inches 
in diameter breast high, the cost per cord will be high and the 
product poor cordwood, about 7 or 8 cords per acre. 

For planting on such sites, red or white pine or a mixture of both 
is recommended, with white ash in the moister situations. Tulip 
tree should also do well on sites suitable for white ash, but if used 
it should be considered as an experiment. Under the conditions 
obtaining on this lot, planting an average of 600 trees per acre should 
be sufficient, and the cost will be $8 to $10 per acre. 

The possibility of control without removing all Class I trees is 
the object of experiments now heing conducted on this and other lots. 
Pending their conclusion, the above suggestions are made to guide 

owners who wish to do something at once. Neither clear cutting nor 
successive cuttings can be recommended in stands of this age and 
character, and a gipsy-moth cutting can be recommended only for 
owners who put gipsy-moth control above all other considerations. 

The result of the three plans is compared in the table following. 

Stand and cutting table, Amesbury, Mass. Old-field growth, one-twentieth 

white oak. 

oars Number per acre left under three plans 
Original stand. described. 

Trees which control 2. Gradual conver- 
if in sufficient f 1. Radical paps 3. Gipsy- 
numbers. Trees which Other species Number |_©o"ver- gs moth 

control] on resent Jer acre, |Sion—one cutting, 
this lot. P I ‘| cutting Second | 52 P- 41 

(now). First (in 5 to (now). 
(now). 10 years). 

Class T: 
Hod OR iyo F Peb os 1c Ste ey Red oak..... pants Qo doc nso 02] SS ee eee ne 
Black oak... ... [SB ack oakers | ere eeree eee eee ree 5 ae 21) [Eck OEE ee a ccenee 
White oak...... [Witte ‘oak. 2| seein Sikh hie 1G ;| 4. eee Buleeesseee| he Te oe Fe 

Uo Neen ee Swamp white oak 1D eee eee fey es a i SS eM 
Gray birch...._- Gray pirchis)|. 74s et ee (ho eee e US| eee cane) erate ey 
ASDEI ee cot ee et oD Span Wee eh Pet ei (1) | .077 "2-3 ec ea a 

De eotk anu ee ADDIOS css seers bet eces Sole Cone See esa eee cee ae 
Class IT: ae 

White pine. .... White pine sees oes cee 90 90 90 90 90 
Pitch pine...... Pitchipmests aes eee ee ee 27 27 6 6 6 
nestrnrt se sos Se ee eS ok he Chestnut.........- (05) 22 aes = (2) (Gy el Oe oe (1) 

Class TIT: 
med maple-2----|4Red maple. {| 5522.ces.e-e -aeee BOA au. Saas 7A BSS i Fae 22 

eae Pet aseet é Higeory a Sead ae fr yd Ao) obs fi 
(5.315 2 ae ICKOFY. oes cha oe Saree vA peat Sree 
Be be aN ik Sa EE CERT: a) 7 EE eS € Peer aN bi 
eeesecessesccacs AMAR cece weeecesaeet 8 YL J #§£=/feccx2cesecsutl YJ Fas escceanveac 1 

Wie: od Aaa Tiop hornbeam... C2) pp tae 26. eee (2) Gn reaateg ese (1) 

Red cedar. ..... Redicodar. [1525 Stee one, des a 15 a 15 a 15 Bs 15 
Eee ae Butternut....._... 1 (1 ereetee wate 1 

White ash...... Wihiteash-32). 2. 223 So eb | 7 7 7 7 7 

“ 1 Less than 1 per acre. 
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STAND AT NORTH BERWICK, MAINE. 

MANAGEMENT OF A TYPICAL STAND OF NORTHERN HARDWOODS WITH NO WHITE OAK. 

This lot, 4 miles from a prosperous manufacturing town, while 
within the white-pine region, had a stand characteristic of the 

northern hardwoods region. It contained 14 species of trees on 3.4 

acres, but 98 per cent consisted of the following nine species in the 
proportions indicated : 

Per cent. Per cent. 

VRB L COFFE ci TA Sag 2S Lal @kelglo ir Chee alee Waa eee 4 

LEA OVENE LOI ECO OY se sa a 2) Ni Melo wag DL Cine selon Uae rena Le 733 

CCC Heer rucrneniaten 2 BE a lea ANS) Ide ayoy laveyeoloyeyspono 16 

PRET ehemmeanmmmuen esr WAR TY s ALS 4 f — 

VRxCeySL: Taras) CSS a De 8 Nine! Species) 2 eae 98 

Sareea en yy | eters wee e iy ER ih ca 14 |} 

The soil is a sandy loam, deep and well drained. The surface is 
very uneven, steep in places and thickly covered with large stones 

and small boulders. 
The trees averaged 6.5 inches in diameter, breast high, but varied 

greatly in size, the average for the different species ranging from 3 
to 15.2 inches, with a few individual trees ranging up to 31 inches in 
diameter. The gipsy-moth infestation in 1913 was exceedingly light, 

_ only one egg cluster per acre, and had not increased much by 1915, 

although in that year other woodlots in the neighborhood were 
severely defoliated. ; 

Under present economic conditions the general application of 
forest management to such lots as this is not to be expected, but the 

possibility of controlling the gipsy moth by this means is considered 
here, to complete the comparison between typical stands found 
within the white-pine region, and for its possible application in 
special cases. The Class I trees (favored food of the caterpillars) are 
red oak, paper birch, and beech. Of these beech is the least valuable 
commercially, unless there happens to be a local demand for the wood, 
but it is the most desirable from the standpoint of gipsy-moth control. 
As a result of his observations, Mosher draws this conclusion: “ It is 
evident that the beech must be associated in a mixture with one or 
more favored species in order that the gipsy moth may reproduce 
normally.” 

Anything which adversely affects the normal reproduction of the 
moth is of value as a control measure. Mosher’s conclusion as to 
beech would place it for purposes of control by forest management 

among Class III trees, especially if other Class I trees were removed 
from the stand. It should also be remembered, in this connection, 

that there is a wide range in susceptibility to gipsy-moth attack, not 
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only between the species in Mosher’s four classes, but also between 
the different species in each class. 

Uneven-aged stands—In uneven-aged stands a modified form of 
the selection system should be used, cutting to a diameter limit of 
approximately 12 to 14 inches, which limit, however, should not be 
strictly applied. 

Of course, the same treatment can not be applied to even-aged and 
to uneven-aged stands. The stand now under discussion is of the 
latter form, which will be first considered. 

The selection system may be briefly explained as follows: It is 
the reverse of the clear-cutting systems already described as appli- 

cable to stands like those at Dover, Exeter, Wareham, and Medfield. 
The whole area remains continually covered with trees which, when 

all ages and sizes are represented, mingled singly or in groups, are 
called a selection forest.’ In the selection system of cutting and 
securing reproduction the cuttings are made annually or at longer 
intervals, the mature trees being selected and those not mature left. 
To maintain a stand indefinitely under this system it is essential that 
no more trees be cut than will equal in volume the growth of wood 
put on by the whole stand in the year or other interval between cut- 
tings. 

In managing old, uneven-aged stands which have not previously 
been under management, one of the first steps is to decide upon the 
approximate rotation to use, for example, 100 years, and then to 
remove as far as is possible, without ‘making too large openings in 
the crown cover, all trees too large to be grown in that length of 
time. 

In stands like the one under discussion it would be well to do this 
and also, in the first cutting, to eliminate red oak and reduce as much 
as is possible, with due regard to silvicultural considerations, paper 
birch and other intolerant species of Class I trees, which form a very 
small percentage of the stand and can not maintain themselves in 
stands with a large percentage of tolerant trees. The cuttings should 
each be accompanied by a thinning, removing all dead, dying, defec- 
tive, or suppressed trees, regardless of their species, but leaving any 
the removal of which would expose the ground too much. The 
selection cuttings and thinning combined may remove as much as 
50 per cent of the original stand, leaving about 200 trees per acre. 
In this stand the result upon each size class present is shown in the 
table on page 46. The result upon the representation of each species 
appears in the following table. 

1 See table, p. 46. 
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Stand and cutting table, North Berwick, Me. Northern hardwoods stand with no 
white oak. 

Original stand. Number 

per acre 
Trees which control if in sufficient numbers.! i ae ee left after 

rees which . umber | cutting 
control on Cine eveciss per described 
this lot. Pp ; acre. on p. 44. 

Class I: 
1SYSV6l: GHATS SU cigs Bc AS ea MI aI Oa a RN apn Red oak.........-- TAs ateeselgoae 
IUGR EIS) 4 EIS OC ei ee ee ee Re Rraerigta | GUeeae ner moras Large-tooth aspen. 7 Ae EA Oye 
BYE YSK EN ahs cS ah leg Beech een cece maison cele 182 77 

UE a Paper birch.-...... 7 3 
ea all eee Basswood........- 5 2 

Class IT: 
FEV TIT OCR es see cie aie ciele tated eialcielicicle lore FLemlocks 2. /|sheeece ei tears alae 16 14 

Class III: 
Avec pmna pleas esata telelac unis enlaiatare ciaraivsiele Red maples yee eeon eee 33 19 
DUP arpa plOewwiesemtn isles diedaciccinciiceeciele Sugar-maple)| eer se nae veers 56 29 

Yellow birch....-- 11 uf 
Black birch. ..-... 16 9 
LOT bon ee a Rede LS 8 (2) (2) 

/ Mormbea mls pss dae eet ya 66 29 
Class IV: 

WWW be ashes eee eee eee aces cece White ashe (ioe eae ee ee 5 5 
SUMS IB re uni ape nD ion) tii it ints WALI is Si ct 2 TA SY Black ash......... CAI (EES De ec 

406 194 

1 A list of controlling trees for the northern hardwoods region would differ from this one, prepared for 
the white-pine region. See hornbeam above. 

2 Less than one tree per acre. 

For effective gipsy-moth control cleanings will be necessary for at 
least five years (see p. 29), but the expense may be greatly reduced by 
confining these to the sprouts of all Class I trees cut, excepting the 
beech, on which, as already stated, the gipsy moth is not likely to 
reproduce normally, unless beech is in mixture with other favored 
species. 

Another method of controlling sprouts is to turn cattle into a lot 
to pasture. The practice of pasturing cattle in woodlots is followed 
by some owners wholly apart from any silvicultural considerations. 
It had been done on the lot now under discussion, with the result 
that it was almost entirely free of undergrowth of all kinds. Forest- 
ers condemn the practice, for cattle do not always discriminate be- 
tween sprouts and seedlings or between valuable and worthless 
species, and the result is a loss of young growth desirable in any form 
of management and essential to the success of stands managed under 
the selection system. In stands containing a very large percentage of 
trees which are favored food of the gipsy-moth caterpillars, which it 
is desired to replace by planting, carefully regulated pasturing by 
cattle or by goats might control the hardwood sprouts, if done for 
several successive seasons after clear cutting and before planting, 
but there is danger of exposing the ground so much that it would dry 
out and entail a large loss among the trees when planted. It is not 
recommended. If done it should be on a small scale, experimentally. 



46 U. S. DEPARTMENT OF AGRICULTURE BULLETIN NO. 484, 

In spite of the large size of some of the trees, the product of the 
first cutting will probably be chiefly cordwood, as the large trees in 
such lots are often hollow at the center. If they prove to be sound, 
and a mill is accessible, they would, of course, be put into logs for 
sawing. On this lot the actual product of such a cutting as the one 
just described was 20 cords of cordwood and 2,800 board feet of logs 
per acre, the whole equivalent to about 25 cords of cordwood. 

If the stand remaining can fairly be described as a selection forest, 
that is, if all ages and sizes within the rotation and diameter limit 
adopted are sufficiently represented, management may be continued 
as it was begun on the selection system. 

This was the case in the lot now under consideration, as is shown in 
the following table. 

Stand at North Berwick, Me., typical of an unmanaged or natural-selection 
forest. 

Number of trees per acre alive. 

Before After 
Diameter breast high. cutting. | cutting. 

Inches. 

Land 2 inches. io cess eee seowee 177 67 

yer 2 inChes pe eee eee eee eee 406 194 

1 Less than one tree per acre of size indicated. 

Note.—First cutting made to a diameter limit of approximately 12 to 14 inches, which was not strictly 
enforced. Stand also thinned at the same time to remove dead, dying, defective, and suppressed trees. 
Red oak eliminated. 
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It should be remembered that equal numbers in all size classes 

would not be a sufficient representation to make a many-aged stand 
a selection forest, in the sense that that term is used here, and that 
where suppressed trees have been removed equal sizes may be roughly 
accepted as an indication of equal ages, although a wide variation 
actually exists in these respects. To insure the perpetuation of a 
selection forest managed on the selection system there must be a much 
greater representation of the smaller than of the larger trees. Theo- 
retically, if a rotation of 100 years is adopted and cuttings are 
planned to be made every 10 years, the trees should be divided into 10 
classes, each of which should occupy one-tenth of the available ground 
area and crown space. 

In stands other than that now under consideration, it might well 
happen that the stand remaining after the cuttings and thinning had 
been made could be described better as an even-aged than as a selec- 
tion forest. The representation of trees in the smaller size classes 
might be much more even aged than that of the trees in the larger 
size classes which were removed and which gave it originally the 
characteristics of a selection forest. This is likely to be the case in 
stands which have been heavily pastured for a long period of years. 
In such cases the form of management should be changed from the 
“selection” system described above to the “shelter-wood” system. 

Even-aged stands.—In even-aged stands, whether occurring nat- 
urally or produced by the management of uneven-aged stands as sug- 
gested above, the shelter-wood system may be used with a rotation of 
70 to 100 years. The shelter-wood system somewhat resembles the 
system of successive cuttings, already described for other plots, ex- 
cept that the interval between cuttings is longer, natural reproduction 
instead of planting is depended upon to secure a new stand, and care 
is taken to maintain as nearly as possible a crown cover of uniform 
density over the whole area. This system is not likely to be practi- 
cable for stands of this kind in the immediate future. The essential 
principles of its application are to open the stand gradually in order 
to prevent too sudden exposure of existing young growth and to 
secure additional reproduction under the shelter of the old stand 
before it is wholly removed. The possibility of using it depends 
chiefly upon market conditions and logging costs. When these are 
most favorable several cuttings are made, but under present Amer- 
ican conditions not more than two cuttings are possible. 

The first cutting is made about 20 years before the end of the rota- 
tion, removing about half of the original number of trees. After 
reproduction is secured and is well started, the remainder of the 
original stand is removed in a final cutting. 
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With the faster growing species, like white ash, basswood, and red 

oak, a rotation of 70 years may be used, but 100 years are needed for 
the slower growing hardwoods. Considering the species which 
must be favored if the object is gipsy-moth control. a rotation of 100 
years would be necessary. 

Planting.—In the northern hardwoods region, of which this stand 
is typical, the greater part of the woodland must be kept growing 
hardwoods for many years to come. Where intensive methods are 
possible, the more poorly stocked areas may be changed from hard- 
wood to coniferous stands. 

The desirability of this change from the standpoint of gipsy-moth 
control will depend in each case upon the composition of the actual 
stand under consideration. 

The change can be made best by planting, which it is elie ed has 
already been sufficiently considered in the discussion of other stands. 

In view of its freedom from attack by the white-pine blister rust 
it is desired to emphasize the increased importance of red, or Nor- 
way pine for planting in the region infested with the gipsy moth. 

CONCLUSIONS. 

No single rule or simple formula can be given by which to secure 
in woodlands the control of the gipsy moth by forest management. 
Each lot and each combination of species presents a problem in 

which the controlling factors are site, soil, location, market, species 
present, their value and relative proportion, the degree of infestation, 
and the cost of labor. 

In many cases these factors combine in such a way that manage- 
ment is economically impossible. 

It is believed that the suggestions contained herein have been 
made so definite that a careful reading will enable any owner or other 
person interested in the problem to discriminate between results 
which may and those which may not reasonably be expected under 
certain conditions, which have been selected because typical of those 
on large areas within the infested region. 

While we are waiting for definite results from the various experi- 
ments now in progress, some of which have been referred to in the 
preceding pages, it is well for foresters and entomologists squarely to 
face the fact that the possible field of forest management as a method 
of controlling the gipsy moth is strictly limited. 

Even in the mixed hardwoods type, where success may in some 
cases reasonably be expected, the cost will often be prohibitive. 

In other forest types, and in the other forest regions within the 
area now infested by the gipsy moth, general control by forest man- 
agement may or may not prove to be an economic possibility. 
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Throughout the infested region much may be expected from out- 

breaks of the wilt disease and the gradual subsidence of the gipsy 
moth to a normal place among other injurious insects. 

To control the moth in many of the stands of the mixed-hardwoods 
type of the white-pine region, spraying and creosoting must be used, 
while birds, parasites, and insect enemies must do their part. 

In severe infestations forest management may be less expensive 
than spraying and creosoting and has the advantage of being con- 
structive instead of merely palliative, but it can not be recommended 
as a method of relief for general indiscriminate application by States, 
cities, towns, and private owners of woodlands throughout the infested 
region. 
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APPENDIX. 

SPECIES WHICH ARE NOT CONTROLLING TREES IN THE WHITE-PINE REGION. 

Cuass I.—Favored food of gipsy-moth | Crass III.—WNot particularly favored 

larve in all stages. food—Continued. 

Ash, Mountain.” ? ' Cottonwood.” 

Balm of Gilead.’ Elm, American.’ 

Basswood.* Elm, Slippery.’ 

Birch, Paper.’ Gum, Black.® 

Birch, River.” ? Hickory, Bitternut.’ 

Boxelder.” ” Hickory, Mockernut.2 
Oak, Bur. Hickory, Pignut.’ 
Oak, Chestnut.* Hickory, Shagbark.® 

Oak, Pin.’ Hop Hornbeam.” * 
Oak, Post." : Maple, Silver.* 

Oak, Swamp white.’ Poplar, Silver. 
Service Berry.” * Sassafras.” ” 
Sumac, Dwarf.” * 

Sumae, Staghorn.” * Crass IV.—Unfavored food. 

Tamarack.’ 

Willow, Glaucous.” ? 
- Witch Hazel.” ? 

Arborvite.* 

Ash, Black.® 

Ash. Red.* 

Cuass Il.—Favored food after earlier ; Balsam Fir? 

stages. Butternut.’ 

Pine, Red? Dogwood, Flowering.” * 

Spruce, Black.’ Hackberry.’ 
Spruce, Red? Holly, American.’ 
Spruce, White? Laurel, Mountain.” ¢ 

Locust, Black." 
Crass III.—Not particularly favored | Locust, Honey.t 

food. Maple, Mountain.” 4 

Birch, Black." Maple, Striped.” * 

Birch, Yellow.’ Mulberry, Red.” 
Beech, Blue.” * Sheepberry.” # 

Cherry, Black.’ BO 

Cherry, Choke.” * Tulip.” 
Cherry, Wild Red.” * Walnut, Black. 

PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE ON THE 

GIPSY MOTH. 

1. FARMERS’ BULLETINS. 
No. 

275. The Gipsy Moth and How to Control It. L. O. Howard, 1907. 22 pages, 

illus. (Superseded by No. 564.) 

458. Danger of General Spread of the Gipsy and Brown-tail Moths through Im- 

ported Nursery Stock. C. L. Marlatt, 1911. 22 pages, illus. 

1 Occurs infrequently. 

2Of low value. 
3 A few stands in the region may be found where this species is sufficiently represented 

to require consideration in making plans of management. 

4 Always small in this region. 

51 
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No. 

564. The Gipsy Moth antl the Brown-tail Moth, with Suggestions for Their Con- 

trol. A. F. Burgess, 1914. 24 pages, illus. 

2. BUREAU OF ENTOMOLOGY CIRCULARS. 

58.7 Report on the Gipsy Moth and the Brown-tail Moth, July 1904. ©. L. Mar- 

latt. 12 pages, 2 maps. 

164. The Gipsy Moth as a Forest Insect, with Suggestions as to Its Control. 

W. F. Fiske, 1913. 20 pages. 

3. BUREAU OF ENTOMOLOGY BULLETINS. NEW SERIES. 

11. Gipsy Moth in America. Account of Introduction and Spread of Porthetria 

dispar in Massachusetts and of Efforts Made by the State to Repress 

and Exterminate It. L. O. Howard, 1897. 39 pages, illus., maps. 

7. Proceedings 19th Annual Meeting Association of Economic Entomologists, 

1907. Pages 22-26. Occurrence of the Gipsy Moth in Connecticut. W. E. 

Britton. 

87. Report on Field Work against Gipsy Moth. D. M. Rogers and A. F. Bur- 

gess, 1910. 81 pages, illus., map. ; 

91. Importation into the United States of Parasites of the Gipsy Moth and the 

Brown-tail Moth. L. O, Howard and W. F. Fiske, 1911. 344 pages, illus.. 

maps. 

101. Calosoma sycophanta: Its Life History, Behavior, and Successful Coloniza- 

tion in New England. A. F. Burgess, 1911. 94 pages, illus., map. 

119. The Dispersion of the Gipsy Moth. A. F. Burgess, 1913. 62 pages, illus., 

map. 
4. DEPARTMENT BULLETINS. 

204. Report on the Gipsy Moth Work in New England. A. F. Burgess, 1915. 32 

pages, illus., maps. 

250. Food Plants of the Gipsy Moth in America. F’. H. Mosher, 1915. 39 pages, 

illus. 

251. The Calosoma Beetle (Calosoma sycophanta) in New England. A. F. 

Burgess and C. W. Collins, 1915. 40 pages, illus., map. 

273. Dispersion of Gipsy Moth Larve by the Wind. C. W. Collins, 1915. 23 

pages, illus., maps. 

5. OTHER DEPARTMENTAL PUBLICATIONS. 

tipsy and Brown-tail Moths and their European Parasites. L. O. Howard. 

Yearbook of the Department of Agriculture for 1905. Pages 123 to 188, illus. 

Wilt of Gipsy Moth Caterpillars. R. W. Glaser. Jour. of Agr. Research, 1915, 

Vol. IV, No. 2, pages 101 to 128, illus. 

6. BUREAU OF ENTOMOLOGY BULLETINS, TECHNICAL SERIES. 

12. Part VI... A Record of Results from Rearings and Dissections of Tachinids. 

Charles H. T. Townsend, 1908. 24 pages, illus. 

19. Technical Results from the Gipsy Moth Parasite Laboratory. 

Part I. The Parasites Reared or Supposed to have been Reared from the 

Eggs of the Gipsy Moth. L. O. Howard, 1910. Pages 1 to 12, illus. 

Part II.2 Descriptions of Certain Chalcidoid Parasites. J. C. Crawford, 

1910. Pages 13 to 24, illus. 

1 Government supply exhausted. Other publications listed are sold by the Superin- 

tendent of Documents, Government Printing Office, Washington, D. C. 
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No. 

19. Technical Results from the Gipsy Moth Parasite Laboratory—Continued. 

Part III.* Investigations into the Habits of Certain Sarcophagide. T. L. 

Patterson. Introduction by W. F. Fiske, 1911. Pages 25 to 32. 

Part IV.1 The Chalcidoid genus Perilampus, and its Relations to the Prob- 

lem of Parasite Introduction. Harry 8S. Smith, 1912. Pages 33 to 70, 

illus. 

Fart V.. Experimental Parasitism. A Study of the Biology of Limnerium 

validum (Cresson). P. H. Timberlake, 1912. Pages 71 to 92, illus. 

PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE ON 
CONTROLLING TREES. 

FOREST SERVICE BULLETINS. 

31. Notes on the Red Cedar. Charles Mohr, 1901. 87 pages, illus. 

42. The Woodlot: Handbook for Owners of Woodlands in Southern New Eng- 

land. H.S. Graves and k. T. Fisher, 1903. 89 pages, illus. 

53. Chestnut in Southern Maryland. Raphael Zon, 1904. 381 pages, illus. 

63. Natural Replacement of White Pine on Old Fields in New England. S. N. 

Spring, 1905. 32 pages, illus., map. 

93. The Aspens: Their Growth and Management. W. G. Weigle and EH. H. 

Frothingham, 1911. 385 pages. 

95. Uses of Commercial Woods of the U.S. I. Cedars (White Cedar, pp. 12-16) 

(Red Cedar, pp. 19-29). Wm. L. Hall and H. Maxwell, 1911. 62 pages. 

96. Second Growth Hardwoods in Connecticut. E. H. Frothingham, 1912. 70 

pages, illus. 

99. Uses of Commercial Woods of the U. S. II. Pines (Pitch Pine, pp. 31-34) 

(White Pine, pp. 35-54).. Wm. L. Hall and H. Maxwell, 1911. 96 pages. 

DEPARTMENT BULLETINS. 

12. Uses of Commercial Woods of the U. S. Beech, Birches, and Maples. 

H. Maxwell, 1913. 56 pages. R 

152. The Hastern Hemlock (T7'suga canadensis). HE. H. Frothingham, 1915. 

43 pages, illus., map. 

299. The Ashes: Their Characteristics and Management. W. D. Sterrett, 1915. 

88 pages, illus., map. 

PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE ON 
TREE PLANTING. 

FOREST SERVICE BULLETINS. 

29.7 The Forest Nursery. Geo. B. Sudworth, 1900. 63 pages, illus. 

45. The Planting of White Pine in New England. Harold B. Kempton, 1903. 

40 pages, illus. : 

76. How to Grow and Plant Conifers in Northeastern States. CO. R. Pettis, 

1909. 386 pages, illus. 

DEPARTMENT BULLETINS. 

13. White Pine under Forest Management. E. H. Frothingham, 1914. 70 pages. 

153. Forest Planting in the Eastern United States. ©. R. Tillotson, 1915. 38 

pages, illus. 

1 Government supply exhausted. Other publications listed are sold by the Superin- 
tendent of Documents, Government Printing Office, Washington, D. C, 
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FOREST SERVICE CIRCULARS. 
No. 

58. Forest Planting Leaflet. Red Oak (Quercus rubra), 1911. 4 pages. 

60.* Forest Planting Leaflet. Red Pine (Pinus resinosa), 1907. 4 pages. 

61, Forest Planting Leaflet. How to transplant forest trees, 1911. 4 pages. 

67.* Forest Planting Leaflet. White Pine (Pinus strobus), 1907. 6 pages. 

69. Forest Planting Leaflet. Fence post trees, 1907, 4 pages. 

71." Forest Planting Leaflet. Chestnut (Castanea dentata), 1907. 4 pages. 

73. Forest Planting Leaflet. Red Cedar (Juniperus virginiana), 1907. 4 pages. 

84. Forest Planting Leaflet. White Ash (Frarinus americana), 1907. 4 pages. 

93. Forest Planting Leaflet. Yellow Poplar or Tulip tree (Liriodendron tu- 

lipifera), 1907. 4 pages. 

95. Forest Planting Leaflet. Sugar Maple (Acer saccharum), 1907. 4 pages. 

106. Forest Planting Leaflet. White Oak (Quercus alba), 1907. 4 pages. 

195. Forest Planting in the Northeastern and Lake States, 1912. 15 pages, 

illus. 

1 Government supply exhausted. Obtainable at libraries. Other publications listed are 
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STATISTICAL ESTIMATES OF VARIETIES. 

From a study made in 1910 of nursery catalogues issued for that 
year it appeared that the nurserymen of the United States were then 
offering to the trade trees of at least 500 different varieties of apples. 
It is to be assumed there was some demand for most of the varieties 
catalogued, otherwise there would have been no inducement to propa- 
gate them. The number of varieties offered for sale at the present 
time is ‘doubtless somewhat less than it was in 1910, as there is a 
tendency to decrease rather than to increase it, but the decrease is not 
very rapid. 

Notr.—This bulletin is of general interest to those concerned with the apple industry. 

The information which it contains in regard to the areas where apples are grown exten- 

Sively and the principal varieties produced in them is based largely on reports received 

from correspondents who were requested to supply such information and who were ad- 

dressed in this connection because of their familiarity with the fruit interests in the 

States in which they live. All diagrams and figures showing estimates, except as noted, 

have been contributed by the Bureau of Crop Estimates. 
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However, the number of varieties that are produced in large quan- 
tities is relatively small. This is shown in figure 1, where each bar 
represents the estimated average relative proportion of the variety 

indicated in the crops for 1909 to 1913, inclusive. The proportions 
are shown also in Table I in barrels and percentages. The total yield 
is based on the report of the Thirteenth Census (for 1909) and upon 
the reports of crop correspondents of the Bureau of Crop Estimates. 

TasLe I.—Hstimated average production of 35 of the most important varieties of 
apples, showing the percentage relation of each variety to the entire crop, for 
the years 1909 to 1913, inclusive. 

Prod toate 12 ieee roduc- ion to . roduc- | tion to 
tion. | total MEE tion. | total 

crop crop. 

: 2 Barrels. | Per ct, “hie Barrels. | Per ct. 
White Pearmain ( White Win- Mall Pippin... 22-5 3 cseseneee 988, 000 1.7 
aR HaT CUYD) Pemosesoae eee 269, 000 0.5 || Oldenburg (Duchess of Olden- 

Arkansas (Mammoth Black OUIG) Seana e nee ee eee eee 1,097,000 1.9 
ALON) See sie aa aceacnboaeoe 393, 000 =f, || ed Astrachan: 32252 esse seen 1, 120, 000 1.9 

Missouri ( Missouri Pippin)... 499, 000 28 ie ataidensBlusha! ol) ee 1, 203,000 2.0 
WiOlRIVer seo. eee tacos 503, 000 -9 || York Imperial (Johnson Fine 
Arkansas Black.--....-.-..--- 526, 000 9 Winter): sos. 5s. ene 1, 262,000 2.1 
McIntosh ( McIntosh Red)..... 530, 000 .9 |} Grimes (Grimes Golden).......} 1,294,000 2.2 
Horse ( Yellow Horse)... = 545, 000 SOV ly Wealthy. sok ae sr ee 1,322,000 2.2 
Northwestern. -....----- 553, 060 .9 || Early Harvest (Prince’s Har- 
Tolman ( Talman Sweet). 592, 000 1.0 DESC) ae we Some e eater ee 1, 641,000 2.8 
Gravenstein..--.-.- - 619, 000 Jet Rome) Beantyss ss seecere sees 1, 813,000 Bal 
Fameuse (S7mow)-..-........- 775, 000 INS 5 | onathan= oles eee eeeeseee 2,135,000 3.6 
Tompkins King (King of Rhode Island Greening 

Tompkins County)-.---.--.- 797, 000 1.4 (Greening) 2,767,000 4.7 
Golden Russet..--..--.-- oc 830, 000 14) WWanesaDpe <5 cscen sosceeneee Bell 
Yellow Bellflower.-..-...-....- 845, 600 1.4 || Northern Spy 6.1 
Yellow Transparent. ....-...- 893, 000 155: || @BeniD avis: ess cceseeeeeeee 13.3 
Stayman Winesap....-.-..... 907, 000 1755] |SBaldwin ss onseces Ree 13.4 
Red June( Carolina Red June) 914,000 1.6 || Other varieties 10.4 
Limbertwig (Red Limbertwig). 915, 000 1.6 
EGS Apebse desc acouscccelse 927, 000 1.6 Totalii2 32-5225 - eee 100 
Yellow Newtown (Albemarle; 

Newtown Pippin).......-.- 968, 000 1.6 

It is to be observed that there are but 35 varieties named in figure 
1 and Table I, or only about 7 per cent of the number which doubt- 
less were being planted more or less in different parts of the country 
during the period covered by these records. These 35 varieties in- 
clude all those which constituted, as estimated, one-half of 1 per 
cent (0.5 per cent) or more of the entire crop of the country. 

Tt will be noted also that these 35 varieties constituted nearly 90 
per cent of the entire crop, while “other varieties,” that is, those 
not mentioned by name and which doubtless numbered several hun- 
dred,‘ comprised but little more than 10 per cent of the whole crop. 

The relative number of these varieties which are now prominent 
is destined to change materially within the next few years. Cer- 
tain ones in the list, such as Missouri and Limbertwig, have been 

1This number can not well be determined even approximately, as it doubtless includes 

varieties growing in the older orchards which are not now propagated by nurserymen. 
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planted but very little in recent years, though they are in many of 
the older. orchards at the present time. The same thing is true 
in a measure of Ben Davis, which in 1915 comprised a larger propor- 
tion of the crop than any other single variety, as shown in the esti- 
mates in Table II. It has not been planted so much during the 
past 5 or 10 years (either relatively or actually) as in former years, 
and in some sections where planted heavily at an earlier period it 

STA BARRELS 
NEW pee Nb ae ee 
PENNSYLVANIA ~~ 9,403,000 aca Se 2 
MUSSOUR/--~=---3.75/,000{ 2 | 
VCH GAN m ~ = = ~ = P2,GEZOOO re A 2 
VURGIW/A--.----»3,090,000 {| 47 | 9\l2\ai 36 | 
OO. .=~-------2,973,000 WAS ae 

HEY 7O VARIETIES 
EALOWUIV 

EN DAVIS 
NORTHERN SPY 
WU4ANESAP 

RHODE ISLAND GREENING 
YONATHAN 

ROME BEAUTI 
WEALTH 

FORK IMPERIAL 

40 OLDENGURG 

“RED ASTRACHAN 
12 YELLOW NEWTOWN (ALBEMBRLE FIFFIN) 
43 GANO 
14 LIMBERTWIG 
15 YELLOW BELLFLOWER 

Le neee x 7 16 GOLDEW RUSSET 
17. TOMPHINS FING 

18 FAMEUSE (SNOW) 
49° RED JUNE 
20 STAWTAN UINESAP 

2/ WOLF RIVER 

HENTUCH I. ----235/,000 | 24 |7 xq 56d 
WEST VIRGINIA... 2.028,000 |7tet ve] 
4LINO/S..- - 

OW OVAHA&SNS 

IDAHO. .--=~- 22 GRAVENSTEIN 
OKLAHOMA- 22 TOLMAN 
GEORGIA. ..-----260,000 29° FALL AIPPIN 
S4INNESOTA.- -- --- 333,000 25 GRIMES 
gelesen See eye Nese/a) 26 HORSE 

27 MA/OEN BLUSH 
28 NORTHWESTERN 
29 YELLOW TRANSPARENT 
JO *4/SSOUR/ 
OG) ARKAVSAS BLACK 
32 LARLY HARVEST 
32 PI°/NTOSH F 
39 ARKANSAS (MAMMOTH BLACK THIG) . 
35 WHITE PEARMAIN (WAITE WINTER PEARL) 
36, OTHER VARIETIES. 
37 ALL VARIETIES 

Tic. 2.—Diagram showing the estimated average relative proportion of different apple 

varieties in the crops of each State for the years 1909 to 1913, inclusive. Several 

yarieties named in the “ Key to yarieties”’ are not separately referred to in the 

diagram. Because of the relatively small quantities in which the omitted varieties 

are produced in any one State they are included in ‘** Other varieties.”” These varieties 

are given in the key, however, in order that the list may include all that are shown 

in figure 1 and Tables I and III. 

has proved unprofitable. The trees therefore have been dug up or 
worked over to other varieties, or the orchards virtually abandoned. 

On the other hand, some varieties, notably Stayman Winesap and 
McIntosh, have been planted extensively in the younger orchards 
in some sections. Comparatively few of these trees have reached 
full bearing age as yet, many in fact not having borne at all. The 
result of these changes in variety preference will be to modify ma- 
terially in the future the relative importance -of several varieties 
named in figure 1 and Table I. 
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The estimated production of the 22 principal sorts that comprised 
the crop of 1915 and the relation of each to the entire crop for that 
year are shown in Table II. 

TABLE Il.—Hstimated production of the 22 most important varietics of apples, 
showing the percentage relation of cach to the entire crop, for the year L915. 

Production. : Production. 

Variety. - Variety. Spr rin 
elation Thousand Heletion /Thousand 

oie 5 barrels.2 ts barrels.2 p. crop. 

Per cent. ; Per cent. 
PLS CTU AVISSepelscseyee stale tleicie ala 14.5 LL, 100jc|\imaibertwigeecpteecc csc ese 2.0 1,511 
TENG Gali] SO 2 ae ie aa reel eee 10.9 8,312 || Yellow Newtown.........---. sigh 1,324 
\Wiild GSE Ohadeocendeseonese eee 7.3 5, 54D) || MMAMIOUSO SEM omnis eleteicisicieeicieic.e 1.3 996 
Monat hans seers seta steels 5.9 4,489 || Tompkins King.........-...- 1.3 975 
Rhode Island Greening. ...... 4.7 3,595 || Yellow Bellflower.........-.. 1.2 939 
Rome Beauty; 2. se a 4.6 3,524 ||}Goldenthvusset--2- sa) svete. 1.2 879 
\NYGalhilay Coa C a Sa a eeaeesenereee 4.3 3, 256 | lAWiagenerm sere ease eee none iil 822 
KTM OS Meenciseteis sae sec Sete 3.8 2;913)) || eMicinitoShBes saeene tet eaeeeccce 1.0 773 
INonthern (Spyies sscce- ceo occ 3.8 2,878) ll @@ravienstelieen see elssijoe teil ay) 669 
orks dimiperiales seer Soe: BH2) 2°A56\)|ROunersmeeen eee cee cen eee: Weel) 13,547 
Oldenburg essasse. so) ee 2.9 2, 185 
Gran OR area eee Sonica cine <)e ciet 2.4 1,852 TO be es ae ee eas sae erae 100 76, 350 
Stayman Winesap...........- 2.3 1,770 

1 Monthly Crop Reporter, Apr. 15, 1916, p. 35: The yield is based on the estimates reported in the Thir- 
teenth Census (for 1909) and upon annual reports of crop correspondents of the Bureau of Crop Estimates. 
About 18 per cent of the crop was classed as summer apples, 25 per cent fall, and 57 per cent winter apples. 

2 The totals do not include 320,000 barrels grown in Rhode Island, Scuth Carolina, and Nevada, where 
the data were insuflicient. 

While figure 1 shows the estimated relative importance of the lead- 
ing varieties on the basis of the quantity of each produced in the 
country as a whole, figure 2 gives similar information on a State basis 
and shows the estimated relative importance in quantity produced of 
the principal varieties in the different States. This figure is also use- 
ful as indicating in a general: way the geographical distribution of 
the more important sorts. 

' The percentages of the different varieties shown in figure 2 are 
given in Table IIT and in the supplementary text. 

In important apple-producing States not included in Table III 
the principal varieties and their respective percentages of all apples 

in a normal crop are: 

Kentucky. Ben Davis, 16.8; Winesap, 14; Rome Beauty, 9.6; Harly Harvest, 

6.4; Maiden Blush, 4.5; Red June, 4.3; Limbertwig, 4. 

Indiana.—Ben Davis, 22.8; Baldwin, 7.2; Grimes, 6.7; Winesap, 6.7; Maiden 

Blush, 5.8; Rome Beauty, 4.4; Northern Spy, 4.2. 

North Carolina.—Limbertwig, 14.8; Winesap, 12.2; Ben Davis, 7.5; Early 

Harvest, 7.2; Horse, 7.2; Red June, 5.9. 

Tennessee.—Winesap, 14.1; Ben Davis, 12.2; Limbertwig, 12.1; Early Harvest, 

8.4; Horse, 6.3; Red June, 5.4. 

1These figures are taken from the Agricultural Outlook, Farmers’ Bulletin 641, Nov. 

28, 1914, p. 17. 
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Taste III.—LHstimated relative production of 35 principal varieties of apples 
expressed as percentages of a normal crop of all apples. 

g cali q d 
8 a4 g i rs) 
m a ae . J = 

Variety. = aa he] Bs = 3 5 z F 
2 g q ~ S 3 5 6 
a 3 5 3 =) $ | 3 BS 4 o 3 E=| 

HS) Frat (ant Je Ss f= Nic Ble cea 

Arkansaseg - 22... = 2 | O87) SO: 2iteeee ce OFS WeSaks ON Ol 0:67) ay) Sasa ors 0.3 
Arkansas lacks <6) 09 |oss-Sc|cee sd 2 itl -8 ey Le pares -9 |) Dba BON e253 1.0 
Baldiwite a 2: soos 13.4 | 34.5 | 31.3] 17.8} 2.8) 5.8] 15.6 3 0)}) se2770| eo: AMTER 3:2 
Ben Davissecticestie {13:3 |. 9.85) 9920 | 6:05) 10.45) Tb57 1-13829 .5 | 37.8 | 34.2] 44.1] 7.4 3.9 
Early Harvest....... 2.8 9 Se (ers e Oe BY SS Eire ~ 8} 2.2)) 2.8020 8 aif 

RathipippHrike- ose eateny Sie eleiviiooaple|| we ont amie alas SLi HE als 4 Sts -8 -6 
WamMeise- rere sesso ee 1-3) 3.5) 2.4 -6 -l .0 .6 -O} 1.5 4 ail Aa} -0 
Ganoeesasseeee coset 1.6 533 2 -8 Gh! SEAN eles: Boer or S|) Osun eebae 8 52: 
Golden: Russet es 2 a a7 ||| 250, arb eS) lade6 9 Bre otf 3 sil <3 1 
Gravenstein......... TEA lo hele} SARS aR) dal 1 333 ail sal ty Seed bet! 8.9 

Grimes: i222 5-.-2525] 2.2 72 een) 2eOonoe 6) |e | O40) ~24 4.9 |) Sa6rl) ely a aii 
Lorseee sane ences ott) | [EsaagalscSoed ereese 1.0 .0 -0 -0 59? 25M) 1. Bi senel eee 
Jopsthan sees sen eee 3.6 -8 A) DAN Onde | 158 22 | 9.3 110,45) eo suliboes: led 
Limbertwig--...-.... 1.6 -0 ai) ae se 2.5 -8 3 -0 36) 15 be8ue eee 3 
Melntosho-.2 202 css S| Bere |p lets +7 ail ail sl 73 4 Aol eeene eo 3) 

Maiden Blush....... 2.0 -3 | 2.0] 3.0); 2.5) .9255')  455)) 276 |) 2-3)) 258 ee 3 4 
Missouris 2-15-22 555 -8 -0 .0 -0 57 oe ail 21S 152) “SS On eles: no 9 
Northern Spy. ----.. CSL Ted} S51 se 14 Se CAPA whet BUG alec bl ales | -0| 3.8 -6 
Northwestern......- .9 .3 9 4 -0 4 A) RY) 48) BO concn 1.0 2 
Oldenburg...----..:- Te) Pe PE) |e PEO aleal sil Ade) ARO eso aes 0 | eens iii as | 

Red Astrachan...... Oa eds 9 D1); 1325 Out De eat) eons kr ao -8 .8 SBA ae 3.3 
Red June: see esos TPG yi acee. = Ay, Shed Bulg 13 a¥ 5 ON Bilt LO aoe aes 1.4 
Rhode Island Green- 

fri ae nS 2 eae 4.7) 4.1) 14.8) 5.5 Soll makers | asian toa -8 oo 6} 2.2 2.7 
Rome Beauty....-.. 3-1 ail SO) eee Laoe| ed era One 524) (S81 eae Ti ee Bios 2.4 
Stayman Winesap...| 1.5 -6 SU |) USES bESIP ths} ail Pe fests te bre |p bye 3 

Tolnipnee see ee seer TAO) AA ese habe vail 4 At) = Bar ac Be ae soe 9 .6 
Tompkins King..:..| 1.4] 2.4] 4.1] 1.5 .0 si) Shi lan Bab aul gl = eae PM iba 
Wealthy2225.s2-22205 DH Osa ele Sullgcloo, A else Bee eA eae 1s) se eaS6 1 
White Pearmain....- ati eetsase ail -0 2 o2 Ail -0 2 .3 aii 6 7.8 
Winesap....-:1.--.-. Bl |e 25) || 1.8) | 20577] FSi) 08)))-.40]) 561] abi eehael arate eel 

MVolii Rivers: i. 22 oe EO) lea a8 53) 2, -6 Ran LAD 4 wiles seer -8 =i 
Yellow Bellflower....| 1.4] 1.7 hee 583 APA || iG BY = alae. HOU eG 1} 1.9] 18.6 
Yellow Newtown....} 1.6 -0 4 By era) ac) A se £2 ok Wooeete 2.9] 28.7 
Yellow Transparent.| 1.5} 1.1 So do AY al Hc iE 9 P5373 1h Pd bal P ee ee alae at TL 74) | 55 32 
York Imperial. .._... PsN ae soe -l| 7.5) 15.1) 5.0} 1.3 3 Bish Lod! gu! 2 al 
Other varieties. ..... 10.4) 7.0) 8.9 | 12.8] 10.2) 13.4] 10.1] 11.0) 7.4] 8.2] 82) 12.5 8.2 

Number of reports...|2,622| 55| 82] 68 | 57 | 62 | 100) 122) 78 | 191| 42] 58 63 

Iowa.—Ben Davis, 15.2; Wealthy, 12.4; Jonathan, 10.3; Oldenburg, 8.9; 
Grimes, 4.9; Northwestern, 4.3. 

Kansas.—Ben Davis, 19.4; Winesap, 15.8; Jonathan, 13.8; Missouri, 8.6; 

Gano, 6; Maiden Blush, 4.3. 

Oregon.— Baldwin, 12.6; Yellow Newtown, 11.3; Northern Spy, 7.4; Graven- 

stein, 7.3; Rome Beauty, 5.6; Tompkins King, 5.1; Ben Dayis, 4.9; Jonathan, 4.4. 

Colorado.—Ben Davis, 26.3; Jonathan, 18.3; Gano, 7.8; Rome Beauty, 4.8; 

Winesap, 4.1. 

Massachusetts.—Baldwin, 48.4; Rhode Island Greening, 9.3; Gravenstein, 

5.7; Mcintosh, 5.7; Northern Spy, 5.1. 

Nebraska—Ben Dayis, 21.3; Winesap, 13.6; Jonathan, 9.4; Wealthy, 6.2; 

Oldenburg, 5.8; Grimes, 4.8; Missouri, 4.2; Gano, 4. 

Wisconsin.—Oldenburg, 14.7; Wealthy, 13.7; Northwestern, 11.1; Fameuse, 8; 

Wolf River, 7.5; Ben Davis, 5.1; Golden Russet, 4.2. 

Maryland.—Ben Davis, 17; York Imperial, 16.2; Baldwin, 8.8; Winesap, 7.6; 

Stayman Winesap, 7; Arkansas, 4.4; Early Harvest, 4.2. 

a I 

2S cae, hada 

al aca ae ae 



PRINCIPAL APPLE VARIETIES. if 

New Jersey.—Baldwin, 25.2; Ben Davis, 14.5; Rome Beauty, 5; Early Har- 

vest, 4.7; Rhode Island Greening, 4.3; Northern Spy, 4.2. 

Vermont.—Baldwin, 15.1; Rhode Island Greening, 12.8; Northern Spy, 12; 

Fameuse, 8.1; McIntosh, 6.1; Ben Davis, 5.6; Yellow Bellflower, 4.2. 

Connecticut. Baldwin, 42.2; Rhode Island Greening, 16.9; Golden Russet, 5.2. 

New Hampshire.—Baldwin, 51.9; Rhode Island Greening, 5.9; Northern Spy, 

5.2- McIntosh, 4.4. 

Idaho.—Jonathan, 21.8; Rome Beauty, 16.6; Ben Davis, 13.1; Gano, 7.8; 

Winesap, 4.6. 

Taste IVY.—Hstimated average annual production of 27 leading varieties of 
apples, by principal States, 1909 to 19138, inclusive. 

Thou- 
Variety and State. sand 

bushels. 

Baldwin: 
ING a eOulica Sep eeease 9, 071 
Pennsylvania.....-- 2,351 
Michaearee eae ee. 1, 868 
INEST SS as 1,545 
@lavicn ees eee see 1,394 
Massachusetts....... 1,360 
Connecticut......-..- 805 
New Hampshire. ... 780 
New; Jersey. 220 52-2 504 
Other States........ 3, 905 

FANG He ts 23, 583 

Ben Davis: 
IMSS OUT Eeeseeee = 3, 849 
SIT LITNOIS See eee eee 2,154 
INTICANSAS eres oso 1, 508 
ING Monies Bae ee 1, 449 

i 1, 248 
1, 242 
1,185 
1, 040 

West Virginia....... 955 
Machi anaes eee. 934 
Pennsylvania....... 793 
ERCaMISAS EN EL 766 
LOW aes eee ee ee 761 
WoloradOless sscecss. 745 
AEMNMOSSEO=sce se nse 623 
MNiebraskavess <2: 2. 572 
Other States.......- 3, 675 

potable ey cee 23, 499 

Northern Spy: 
New York. .- 3, 797 

ichis 1, 966 
Pennsylvania....... 1, 506 
Ohio Ee yeh! Ae 4 688 
Other States......-. 2,754 

Motaleececee osc. 10, 711 

Winesap: 
Wein OTM AS eee ys cre cis 1, 888 
Kentucky..-.....-.- 988 
Missouniy a ee 2 eVee 765 
Tennessee........-.- 720 
North Carolina..... 639 
Weamsas Riese | ky 605 
Other States........ 3, 431 

ot) 2) a a 9, 036 

Rhode Island Green- 
ing: 

Wew York 2.25.2... 4, 289 
Pennsylvania....... 727 
Mickicanee) 210% 593 

Variety and State. 

Rhode Island Green- 
ing—Continued. 

Ohio! =... eae 

MUSSOUTI. ) =. aeeeeee 
Washington......... 
IKGanSS6 a es eee 

Rome Beauty: 
West Virginia......-. 
Qhio®:. 2. eae 

Washington. 
Other States 

New York: 722eesse 

York Imperial: 
WAreINIa.-: | Sees 
Pennsylvania. .....- 
Other States.......-. 

Oldenburg: 
New York...-.-...- 
Michigan ..-.spseeeee 
Other States... 2. <- 

New: Yorks. eeaeence 

2 Thou- 
Variety and State. sand 

bushels. 

Gano: 
IMISSOUTIAE eee ees 732 
Other States........ 2, 048 

otal eee 2,780 

Limbertwig: 
North Carolina...._- 749 
Tennessee..-.-....-- 618 
Other States......_- 7378 

Rotalaeeceessse 2,745 

Yellow Bellflower: 
California .-22222 5.22 853 
Other States........ 1, 683 

Totalesa- Wess pe 2, 536 

Golden Russet: 
INGWAMOrk. oe eae oe 580 
Other States........ 1, 909 

Motaleeeees- so 2, 489 

Tompkins King: 
New York..-.-....- 1,188 
Other States......-- 1, 202 

TRotalrmcaree sae 2,390 

Fameuse: 
New yiorks sens. 8 696 
Other States........ 1, 629 

otal eee ase 2,325 

Tolman: 
ING SCOe se See 609 
Other States......-- 1, 167 

otal es aes 1,776 

Varieties each of which 
produces less than 
500,000 bushels in 
‘any one State: 

Barly Harvest. .-..- 4 
Grimes seca se seen 3 
Maiden Blush....._- z 
Fall Pippin 2 
Red June 2 
Stayman Winesap.. 2,7: 
Yellow Transparent 2,679 
Gravenstem........- 1, 857 
ANT oth erstccecceese 29,776 

Total, ali varie- 
fips sss. PLE, 176, 473 

1The Agricultural Outlook, Farmers’ Bulletin 641, Nov. 23, 1914, p. 19. 
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Oklahoma.—Ben Davis, 25.8; Missouri, 12.1; Jonathan, 8.2; Winesap, 8.1; 

Arkansas Black, 5.6; Gano, 4. 

Georgia.—Horse, 14.3; Ben Davis, 12.2; Red June, 10; Limbertwig, 8.8; 

Winesap, 7.6; Early Harvest, 6.1; Arkansas Black, 4.6. 

For 27 of the principal varieties the estimated average number of 
bushels is shown in Table IV. The principal States of production 
are also shown where the crop in any one State amounts to at least 
500,000 bushels. 

The distribution by States of the Baldwin, Ben Davis, Northern 
Spy, Winesap, and Rhode Island Greening—the five varieties pro- 
duced in the largest quantities—is visualized in the accompanying 

Vic. 3—Outline map of the United States, showing the distribution by States of the 

Baldwin apple, each dot representing 100,000 bushels, the total being the estimated 

average crop for 1909 to 1913, inclusive. The arrangement of the dots within the 

State boundaries has no significance. 

outline maps (figs. 3 to 7). It is to be noted that each dot on the maps 
represents an estimated annual average crop of 100,000 bushels. In 

the States, therefore, in which less than that quantity of any one of 
these varieties is reported no dots are shown on the maps. 

IMPORTANT CENTERS OR AREAS OF APPLE PRODUCTION. 

The statistical consideration of apple varieties given on the pre- 
ceding pages presents the best available data regarding the estimated 
quantity of applies produced in the United States in an average year, 
and the relative importance of the more prominent varieties. The 
figures are based on census reports and have to do with the entire 
crop without distinction between the part grown for commercial pur- 
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poses and that produced in home or farm orchards. A more detailed 

survey of the distribution of the apple industry from the production 

ee —— Rie 
| Var 

[Pesca ——— 

hae ! aera 
Teeter ——.L es 
| 

Tic. 4.—Outiine map of the United States, showing the distribution by States of the 

Ben Davis apple, each dot representing 100,000 bushels, the total being the estimated 

average crop for 1909 to 1913, inclusive. The arrangement of the dots within the 

State boundaries has no significance, 

standpoint follows. In this discussion emphasis is placed on the 

Fic. 5.—Outline map of the United States, showing the distribution by States of the 

Northern Spy apple, each dot representing 100,000 bushels, the total being the esti- 

mated average crop for 1909 to 19138, inclusive. The arrangement of the dots withia 

the State boundaries has no significance. 

centers or areas of commercial apple growing, but the genera! dis- 
tribution of this fruit is also indicated. 

63664 °—Rull.485—17. 9 
“4 
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With the exception of relatively small areas located in the South 
Atlantic and Gulf coast regions where it is too warm, in the upper 

Fic. 6.—Outline map of the United States, showing the distribution by States of the 

Winesap apple. eack dot representing 100,000 bushels, the total being the estimated 

average crop for 1909 to 1913, inclusive. The arrangement of the dots within the 

State boundaries has no significance. 

Mississippi Valley where it is too cold, and in some sections of the 

bic. 7.—Outline map of the United States, showing the distribution by States of the 

Rhode Island Greening apple, each dot representing 100,000 bushels, the total being 

the estimated average crop for 1909 to 19138, inclusive. The arrangement of the dots 

within the State boundaries has no significance. 

semiarid regions and in the intermountain States where it is either 
too cold or too dry, or both, there is hardly a community where 
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apples are not grown to a greater or less extent. The distribution of 
production based on the reports of the Thirteenth Census is shown 
in the map designated as figure 8.1 On this map each dot represents 
20,000 bushels on the basis of the crop of 1909, which is the one re- 
ported in the last census. The arrangement of the dots on the map is 
definite and significant, being so placed as to show the geographical 
distribution of the crop in each State by counties. The heavily 
shaded areas denote sections of very large production. The clear 
spaces do not indicate necessarily areas of no apple production, but 
areas in which the production is so small that no county has a yield 
amounting to 20,000 bushels. 

APPLE EACH DOT REPRESENTS 
‘TREES OF BEARING AGE | GOO ACRES 

APPROXIMATE ACREAGE, 1910 CAOTUAL AREA COVERED BY THE 
- aR 3 . ~ 

DOT 19 6) TIMES AS GREAT AS 

Fic. 9.—Outline map of the United States, showing the approximate distribution of apple 
orchards of bearing age in 1910. Each dot represents 500 acres. 

Figure 9 shows the distribution of apple trees of bearing age, as 
reported by the Thirteenth Census. In the same way, the distribution 
of trees of nonbearing age is shown in figure 10. In these two figures 
each dot represents 500 acres of apple trees. The arrangement of the 
dots and their positions on the maps have the same significance as 
those in figure 8. 

It is impracticable to present a complete inventory of the apple 
industry from the standpoint of the distribution of the entire produc- 

tion, but it is believed that an outline of the more important centers 

and areas of the commercial interests will be of constructive value to 
all who are concerned with the industry, and at the same time it will 

1 This map, also those designated as figures 9 and 10, are from the Yearbook of the 

Department of Agriculture for 1915. 
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supply a type of information the demand for which seems to be 
increasing. 

In indicating where the more important apple-producing sections 

are located, it is not possible to give the information for the different 
States with a uniform degree of definiteness, because of the differ- 
ences in the distribution of the orchards and also because of a lack 
of sufficient data. In some parts of the country the apple-producing 
areas are rather indefinite in their extent, with no well-defined bound- 

aries; in others; as in some of the irrigated valleys of the West, 
the areas are very definitely delimited. 

The locations of the more important areas of production, as out- 
lined in the present connection, are indicated largely on the basis of 

APPLE 
TREES NOT OF BEARING AGE 

APPROXIMATE ACREACE, 1910 

EACH DOT REPRESENTS 
500 ACRES 

ACTUAL AREA COVERED BY THE 
DOT 1S 80 TIMES AS GREAT AS 
THE CROP AREA IT REPRESENTS 

APPLE TREES 
(Cea: tinved) 

APPLE TREES 
NOT OF BEARING AGE, APPROXIMATE ACREAGE 

Fic. 10.—Outline map of the United States, showing the approximate distribution of 

apple orchards of nonbearing age in 1910. Hach dot represents 500 acres. 

information from leading fruit growers, officers of horticultural so- 
cieties, experiment station officials, and others who by virtue cf their 
relation to the fruit interests in their respective States are especially 
familiar with the sources of production. This information was sup- 
plied in response to a circular letter sent from the Bureau of Plant 
Industry. In most cases the varieties sted for planting in the 
different centers or areas-of production were named by the same 
correspondents. The varieties in the various lists are named in 
alphabetical order. The relative importance of most of the principa 
varieties in each State is shown in figure 2 and Table JIT. I¢ shoulc 
be stated further that in many instances counties not included in th 
areas of commercial production are reported by the last census to 
have a larger number of trees than other counties designated as 

feced) een 

o 
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having commercial interests. The explanation is that a compara- 
tively few thousand trees, if planted in a few relatively large 
orchards in some locality, may make a community industry of con- 
siderable size, while an equal or even a much larger number of trees 
widely distributed in a county in small home orchards would be 
entirely without commercial significance. 

The order in which the different States are mentioned follows the 
grouping used in the reports of the Thirteenth Census. 

NEW ENGLAND STATES. 

MAINE, 

Distribution —Apples are grown somewhat generally throughout 
the southern half of Maine, with no special centers of production. 
They are of smali relative importance as a crop in the northern sec- 
tions. Most orchards are on farms where general agriculture is 
practiced, few specializing in apple growing. The section in which 
apples are of most importance includes all counties in the southern 
part of the State, extending as far north as and including practically 
all of Franklin County and the southern parts of Somerset, Piscat- 
aquis, Penobscot, and Hancock Counties. 

Varieties —Baldwin, Ben Davis, Gravenstein, McIntosh, Milden, 
Northern Spy, Oldenburg, Rhode Island Greening, Rolfe, Stark, and 
Tompkins King. In the northern sections of Maine, Dudley, 
Fameuse, and Wealthy are of value because of their hardiness. The 
Ben Davis, though it has been profitable with some growers, is not 
to be recommended generally for planting in the northern apple- 
growing sections. 

NEW HAMPSHIRE. 

Distribution—Apple growing is more or less general throughout 
most parts of New Hampshire. The commercial orchards are in the 
southern half of the State and are quite widely distributed in the 
southern portions of Grafton and Carroll Counties and southward, 
with important centers of production located near the central parts 
of Hillsboro and Merrimack Counties, in the eastern part of Hills- 
boro extending into the southwestern part of Rockingham County, 
with a fourth section in the eastern part of Rockingham County. 

Varieties—Baldwin, Hubbardston, McIntosh, Rhode Island 
Greening, Northern Spy, Tompkins King, and Wealthy. 

VERMONT. 

Distribution.—_While farm orchards occur more or less generally 
in Vermont, the principal commercial interests are in Grand Isle 
County, centering about Isle La Motte, Grand Isle, and South Hero, 
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the western parts of Chittenden and Addison Counties bordering on 
Lake Champlain, the southwestern part of Bennington County, and 
the southern and eastern sections of Windham County. 

Varieties—Arctic, Baldwin, Ben Davis,’ Fameuse, McIntosh, 
Northern Spy, Rhode Island Greening, Tolman, and Wealthy. 

MASSACHUSETTS. 

Distribution—Doubtless apple growing is more generally dis- 
tributed throughout Massachusetts than in any previously mentioned 
State. Relatively important areas are indicated as follows: 

(1) Western Frankiin County, centering about Heath, Colerain, Ashfield, 

and Buckland. 
(2) Northeastern Worcester County, centering about Leominster, Fitchburg, 

Bolton, and Harvard. 

‘(3) Western Middlesex County, centering about Hudson, Marlboro, Boxboro, 

and Littleton (this area being the eastern extension of area 2, and parts of 

Essex County. 

(4) Central Berkshire County. 

(5) Central parts of Hampshire and Hampden Counties. 

Varieties.—In area 1, Baldwin, Northern Spy, and Rhode Island 
Greening are the principal sorts. In area 2, same as area 1; also 
McIntosh, Red Astrachan, Wealthy, and Yellow Transparent. In 

areas 8, 4, and 5, same as in area 2; also Gravenstein, Oldenburg, and 
Roxbury. The Hubbardston and Williams are also grown in some 
parts of the State. 

RHODE ISLAND. 

Distribution—Apples are grown commercially to some extent 
throughout Rhode Island. The larger interests are in Providence 
Jounty (centering in Johnston, Smithfield, Foster, and Cumberland 
Townships), and in Richmond Township in Washington County. 

Varieties —Baldwin, McIntosh, Northern Spy, Rhode Island 
Greening, and Wagener. 

CONNECTICUT. 

Distribution.—Apple growing is not centralized in Connecticut, but 
relatively large orchards are located in nearly every county. Some 
of the more important townships from the standpoint of the apple 
industry are Danbury and Greenwich in Fairfield County; Cheshire, 
Milford, Oxford, and Wallingford in New Haven County; Durham 
and Middlefield in Middlesex County; Cornwall and Salisbury in 
Litchfield County; Farmington, Glastonbury, and Southington in 
Hartford County; Woodstock in Windham County. 

Varieties —Baidwin, Fall Pippin, McIntosh, Rhode Island Green- 
ing, Roxbury, Tompkins King, and Wealthy. 

1See under “‘ Maine” (p. 14) for comment regarding Ben Davis. 
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MIDDLE ATLANTIC STATES 

NEW YORK. 

Distribution —Reference to the diagram in figure 2 and the map 

(fig. 8) will emphasize the relative importance of New York as com- 
pared with other States in the quantity of apples produced. They 
are grown widely throughout most parts of the State, but the areas 
which are of great commercial importance are fairly definite, being 
located in the Hudson River valley and in the western part of the 
State. The former region consists essentially of the parts of Put- 
nam, Orange, Dutchess, Ulster, Columbia, and Green Counties that 
are within a comparatively short distance of the river. In the 
western part of the State the counties that border Lake Ontario— 
Niagara, Orleans, Monroe, Wayne, Cayuga, and the western portion 
of Oswego—comprise the famous western New York apple district, 
though in reality this district also includes parts of Genesee and 
Livingston Counties (which are in the second tier of counties from 
Lake Ontario) and a large number of important orchards located 
about the “ finger lakes” in central-western New York. I¢ is to be 
observed also by referring to the acreage maps (figs. 9 and 10) that 
there are interests of some importance in the Lake Champlain section 
and in the St. Lawrence Valley. The fruit from the last two sections, 
however, does not enter largely into the trade. 

V arieties—Baldwin, Fall Pippin, Gravenstein, Hubbardston, Mc- 
Intosh, Northern Spy, Oldenburg, Rhode Island Greening, Roxbury, 
Tompkins King, Twenty Ounce, Wagener, and Wealthy. 

The Rome Beauty and Boiken were included in a list suggested for 
Livingston County. The Yellow Newtown is grown successfully in 
restricted localities in the Hudson River valley. It is of interest to 
note that the Ben Davis, though comprising 5 per cent of the crop of 

the State (Table IIT), was not named by any of the correspondents 
reporting in this connection. 

NEW JERSEY. 

Distribution.—Conditions are well suited to the growing-of apples 
in most sections of New Jersey, especially in the central and north- 
ern parts. The chief commercial activities, exeept as they may be 
represented by individual orchards in other parts of the State, are 
located in Burlington, Monmouth, Camden, and Gloucester Coun- 
ties, in which Riverton, Moorestown, Marlton, Middletown, Red 

Bank, Merchantville, and Glassboro represent important points of 
production. 
Varieties —S larger number of varieties have an important com- 

mercial status in New Jersey than in many States, because of the 

i 

j 

’ 
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development of relatively large summer-apple interests. The prin- 
cipal sorts are as follows: Baldwin, Ben Davis, Fall Pippin, Graven-« 
stein, Grimes, Jonathan, Maiden Blush, Oldenburg, Red Astrachan, 
Rome Beauty, Smokehouse, Starr, Stayman Winesap, Wealthy, 
Williams, Winesap, Yellow Transparent, and York Imperial. 

Perhaps no variety is in a larger number of orchards in New Jer- 
sey than Smith Cider; but it occurs only in those planted at a com- 
paratively early period, having been dropped entirely in the more 
recently planted orchards. It is the conviction of some that the 
McIntosh and Arkansas (or Paragon)? will increase in importance 
as the younger orchards develop. Though not generally planted 
in New Jersey, the English Codlin has proved quite profitable in 
some of the early apple orchards in Monmouth County, while the 
Baldwin is of value chiefly in the northern sections of the State. 

PENNSYLVANTA, 

Distribution—In 1910, when the last census was taken, Pennsyl- 
vania, on a State basis, ranked sixth in the combined number of 
bearing and nonbearing apple trees, and the crop of 1909 fell only 
slightly below that of New York, which ranked first in production. 
The wide distribution throughout the State is indicated by the fact 
that only six counties were reported to have less than 40,000 trees 
each of bearing age. Yet the commercial interests, so far as inter- 
state shipments are concerned, are relatively small, and the centers 
of production correspondingly difficult to define. Probably the in- 
terests in York, Adams, Franklin, and Bedford Counties, in the 
south-central part, are more generally recognized in the commercial 
apple industry than are those in most other parts of the State. 
Luzerne County, in east-central Pennsylvania, also contains interests 
of considerable: extent. 

On account of the great number of large industrial towns in Penn- 
sylvania the opportunities for growers of fruit and vegetables to 
cater to local markets are exceptionally good, and no doubt this 
accounts in a measure for the fact that so few definite centers of 
commercial productien have been developed. 

Varieties—There are at least two fairly definite pomological re- 
gions in Pennsylvania. Three such regions are sometimes recognized. 
In general, the northern half of the State represents what is some- 
times termed the Baldwin—Rhode Island Greening—Northern Spy 
territory, and the southern half represents the Ben Davis—York Im- 
perial-Winesap area. 

1 Arkansas and Paragon are so nearly alike that it is practically impossible to distin- 

guish definitely the fruit of the one from the other. 

63664°—Bull. 485—17 fa) 
vo 



18 BULLETIN 485, U. S. DEPARTMENT OF AGRICULTURE. 

A list of varieties that has been suggested for Luzerne County, lo- 
cated in the northern region, in order to provide for a long sequence 
in ripening, is as follows: (9) * Baldwin, (4) Gravenstein, (7) McIn- 
tosh, (3) Oldenburg, (2) Red Astrachan, (6) Smokehouse, (10) 
Stark, (8) Wagener, (5) Wealthy, (1) Yellow Transparent. 

In the southern part of Pennsylvania the following varieties pre- 
dominate in the commercial orchards: Stayman Winesap, York bn- 
perial, Rome Beauty, and Grimes. 
Many other varieties occur in Pennsylvania, but the ones named are 

especially important. Mention in this connection should be made 
of the Rhode Island Greening and Northern Spy (which occur in the 
northern part of the State and amount to 5.5 per cent and 11.4 per 
cent, respectively, of the crop) and the Ben Davis (which occurs 
more or less generally and which amounts to 6 per cent of the crop) .? 
These varieties, however, are evidently in the older orchards, as they 
do not appear to be commonly recommended for planting anywhere 
in this State at the present time. 

EAST NORTH-CENTRAL STATES. 

OHIO. 

Distribution—Commercial apple growing in Ohio is largely in the 
southern and southeastern part of the State in the counties border- 
ing the Ohio River and in the counties in the northern part which 
are influenced by the proximity of Lake Erie. There are interests 
also of some recognized importance in the central sections of the 
State. The counties especially mentioned are as follows: 

In the Ohio River valley: Belmont, Monroe, Noble, Washington, Athens, 

Meigs, Gallia, Jackson, Lawrence, Clermont, and Hamilton. 

In the central sections: Ross, Fairfield, Franklin, and Delaware. 

In the northern part: Lake, Hrie, Sandusky, Ottawa, Lucas, and Seneca. 

Varieties —For the northern sections: Baldwin, Ben Davis, 
Grimes, Jonathan, Northern Spy, and Rhode Island Greening. For 
the central and southern sections, Rome Beauty (especially in addi- 
tion to Ben Davis and Grimes named above). Stayman Winesap 
may also be expected to give good results in these sections of the 
State. 

INDIANA, 

Distribution—Apple growing is generalized in Indiana. The 
interests are widely distributed in the northern and eastern tiers of 
counties, in the counties in the north-central part of the State 

1The number in parentheses preceding each name indicates its sequence of ripening ag 
related to the others in the list. 

2See Table III for the percentages of other varieties. 
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through which the Wabash River flows, in the Wabash, White, and 
White Water River valleys, and generally throughout the southern 
half of the State. There are two sections of Indiana in which apples 
are of little importance, namely, the central part south of the Wabash 
River and the northwestern part which lies between the counties 
through which the Wabash River flows and the northern tier of 
counties. 

Varieties —Ben Davis, Grimes, Indiana Favorite, Jonathan, Rome 
Beauty, Stark, Wealthy, Winesap, and Yellow Transparent. The 
varieties not here included which are named for northern Ohio are 

grown more or less also in northern Indiana. The relative impor- 
tance of several of them is shown under “ Indiana” in connection 

~ with Table IIT. 

ILLINOIS. 

Distribution.—There are three general areas in Illinois in which 
the larger commercial apple interests are centralized. The most 

important development in its extent includes Clay County in the 
south-central part of the State, which has the largest acreage devoted 
to apple growing of any county in the State; Wayne, Marion, Rich- 
land, Jasper, and Crawford Counties, in all of which there are large 
acreages; and Cumberland, Jefferson, and Washington Counties, in 
which smaller interests are located. The second region in impor- 
tance is in the west-central part of the State and includes Hancock, 
Adams, Pike, and Calhoun Counties, all of which border on the Mis- 
sissippi River, and Greene and Jersey Counties, which are adjacent to 
Calhoun on the east. A third area fairly well defined is in the ex- 
treme southern part of the State and consists of the following coun- 
ties: Jackson, Williamson, Saline, Gallatin, Union, Johnson, Pope, 
and Massac. In addition to these three somewhat well-defined 
areas, there are important individual orchards in a number of other 
counties, including Champaign, Dewitt, Macon, McLean, Bureau, 
and perhaps others. 

Varieties——The principal varieties for most parts of Illinois are 
Ben Davis, Grimes, Jonathan, and Rome Beauty. In the extreme 
southern counties, in addition to the first three named, Stayman 
Winesap, Winesap, and York Imperial are important sorts. 

In Marion County, summer apples are grown quite extensively. 
Yellow Transparent, Oldenburg, and Benoni are especially impor- 
tant varieties. 

Other varieties of more or less general importance in most sections 
of the State include Early Harvest, Red June, Maiden Blush, and 
Wealthy for early, and Gano, Minkler, Willowtwig, and a few 
others for long-keeping sorts. 
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MICHIGAN, 

Distribution.—The commercial apple interests in Michigan extend 
throughout the western portion of the State from Berrien County in 
the southwest to the Grand Traverse region in the northwest. This 
region covers approximately the first and second tiers of counties 
from Lake Michigan as far north as Manistee County, one tier north- 
ward from and including that county, and Benzie, Leelanau, and 
parts of Grand Traverse, Antrim, and Charlevoix Counties. Oak- 
land County, in the southeastern part of the State, also contains 
large apple interests, as well as several others in the two southern 
tiers. Besides the regions thus indicated, orchards of commercial 
standing occur in most sections of the lower peninsula. Apples are 
of comparatively little commercial importance in the northern penin- 
sula. 

Varieties —Baldwin, Fameuse, Grimes, Hubbardston, Jonathan, 
McIntosh, Maiden Blush, Northern Spy, Oldenburg, Red Canada, 
Rhode Island Greening, Tompkins King, Wagener, Wealthy, and 
Yellow Transparent. 

The relative commercial importance of the above varieties is sug- 

gested with fair accuracy by the percentages given in Table III. 

WISCONSIN. 

Distribution.—A large part of the apples produced in Wisconsin 
are grown in home orchards, a considerable proportion of which are 

in the counties in the southeastern part of the State bordering on 
Lake Michigan. Commercial interests of considerable extent are 
located in Door County, north of the channel, including Washing- 
ton Island, and north of the Wisconsin River in the southwestern 
part of the State, in Crawford, Richland, and Sauk Counties. Com- 
mercial orchards also occupy a relatively small area in the Bayfield 
Peninsula in the extreme northern part of the State, where the 
ameliorating influence of Lake Superior on the winter temperatures 
makes possible the production of fruits which it is quite impossible 
to grow in other northern parts of the State. 

Varieties —Dudley, Fameuse, McIntosh, McMahon, Northwestern, 
Oldenburg, and Wealthy. 

The secretary of the Wisconsin Horticultural Society reports that 
only such varieties as Hibernal, Malinda, Oldenburg, Longfield, and 
Charlamoff are hardy north of parallel 45° except in the Bayfield 
Peninsula region. 

WEST NORTH-CENTRAL STATES. 

MINNESOTA. 

Distribution—While some of the very hardy varieties of apples 
are quite widely grown throughout the southern sections of Minne- 
sota, the commercial interests, which are not extensive, are rather 
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definitely confined to the southeastern part of the State. Probably 
the most important section is the Minnetonka Lake region in Henne- 
pin and Carver Counties, but orchards of some commercial impor- 
ance occur in the counties that comprise a triangular area in the 
southeastern part of the State that is bordered by the Mississippi 
River, extending as far north as and including Wright County, and 
on the west in a general way by a line passing from that county 
through the eastern part of Jackson County, which is in the south- 

central part of the State. This area is indicated on the map (fig. 8). 
Varieties—The varieties chiefly grown are the hardy sorts—Hiber- 

nal, Northwestern, Oldenburg, Patten, Scott Winter, Wealthy, and 
Wolf River. 

Considerable attention has been given to the possibility of grow- 
ing some of the tenderer but higher quality varieties by top-working 
them on hardy varieties, such as Patten, Wealthy, and the Virginia 
crab. So handled, such varieties as Banana, Grimes, and Jonathan 
have been grown, with promise of considerable success. 

IOWA. 

Distribution.—Apple growing is distributed rather generally in 
Towa, being appreciably more extensive in the southern than in the 
northern part, with the chief commercial interests in the southwestern 
section in Fremont, Page, Taylor, Mills, Pottawattamie, and Harri- 
son Counties, 

Varieties—For northern Iowa, where resistance to severe winter 

conditions is an essential tree quality: Brilliant, Malinda, Northwest- 
ern, Oldenburg, Patten, Salome, Wealthy, and Windsor. For south- 

ern Iowa, where the principal commercial interests are located: Ben 
Davis, Grimes, Gano, Jonathan, Stayman Winesap, and Winesap. 

The following is a list of varieties (named in the approximate or- 
der in which they ripen) suitable for planting in most parts of the 
State where a continuous supply of fruit from early to late is desired 
for home use: Yellow Transparent, Livland, Oldenburg, Charlamoff, 
Whitney, Benoni, Dyer, Wealthy, Brilliant, Patten, Ramsdell 
(sweet), Fameuse, McIntosh, Northwestern, Black Annette, Tolman 

(sweet), and Windsor. 

MISSOURI. 

Distribution.—The Thirteenth Census reported for Missouri nearly 
8,000,000 more apple trees of bearing age than for any other one 
State, and it was exceeded by only two States in the number of trees 
not of bearing age. This naturally means a very general distribu- 
tion of apples throughout the State, as is indicated by the maps (figs. 
8, 9, and 10). However, there are certain sections in which the more 
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important commercial interests have been developed. Of these the 
Ozark region in the southwestern part of the State is doubtless the 
most widely known. The orchards in this region are located largely 
in McDonald, Newton, and Lawrence Counties, and in those through 
which the St. Louis and San Francisco Railroad passes, including 
Greene, Webster, Wright (southern part), Texas (southwestern 
part), Howell, and Oregon (southwestern part). In the northwest- 
ern part of the State, Holt, Andrew, Buchanan, Platte, and Clay 
Counties form a portion of an important district which is made up 
of this portion of northwestern Missouri and adjacent sections of 
northeastern Kansas, southeastern Nebraska, and southwestern Iowa. 

There are also important localities in other counties in Missouri 
(bordering on the Missouri River), of which Jackson, Lafayette, 
Carroll, Saline, and Howard may be especially mentioned. Pike 
County, which borders on the Mississippi River in the northeastern 
quarter of the State, alsc has large interests. 

Varieties—Many varieties are grown in the commercial orchards, 
but the leading ones are Arkansas (J/ammoth Black Twig), Ben 
Davis, Delicious, Gano, Grimes, Ingram, Jonathan, Missouri (J/%s- 
sourt Pippin), Winesap, and York Imperial. 

NORTH DAKOTA, 

Distribution—Apples are not grown commercially in North Da- 
kota, except as they may be marketed locally in small quantities from 

some of the small ranch orchards. 
Varieties —The hardy varieties suggested for northern Wisconsin 

and for Minnesota include those commonly planted in the limited 
extent to which apples are produced in this State. 

SOUTH DAKOTA. 

Distribution —Apple growing can hardly be termed a commercial 
industry in South Dakota, yet the conditions in a considerable por- 
tion of the State admit of maintaining small home orchards, which 

supply more or less fruit for local markets. 

The State Horticultural Society divides the State into four dis- 
tricts: Northern—that part north of a line running east and west 
through Watertown; central—that part between the northern district 
and a line running east and west through Sioux Falls; southern—the 
part south of the central district; Black Hills—the area in the 
southwestern part of the State commonly known by this name. 

Tt is claimed that in the seven or eight counties in the extreme 
southeastern corner of the State more-apples are grown than in all 
the rest of the State outside the Black Hills district. 
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Varieties—The State Horticultural Society names the following 
for the different districts: 

Northern district.—lirst degree of hardiness, Hibernal and Oldenburg ; second 

degree of hardiness, Anisim, Patten, and Wealthy. 

Central district—Same as for the northern district, with Malinda added to 

the second group. 

Southern district—Anisim, Iowa Blush, Malinda, Northwestern, Oldenburg, 

Patten, and Wealthy. 

Black Hills district—Summer : Tetofski, Yellow Transparent, Charlamoff, and 

Oldenburg. Fall: Wealthy, Okabena, Longfield, Wolf River, and Patten. Win- 

ter: McIntosh, Ben Davis, and Gano. 

The following varieties are also recommended for trial generally 
throughout the State: Dudley, lowa Beauty, Livland, Longfield, 
Milwaukee, and Yellow Transparent. The Hibernal is especially 
recommended as a hardy stock upon which to top-work other va- 
rieties. 

NEBRASKA. 

Distribution—Home orchards occur widely throughout a large 
portion of Nebraska, but especially in the eastern half. The commer- 
cial interests are quite definitely located in the southeastern section 
and are largely in the following counties: Richardson, Pawnee, 
Nemaha, Johnson, Gage, Otoe, Cass, and Lancaster (all south of the 
Platte River) ; and Sarpy, Douglas, Saunders, Washington, and Burt 
(north of the Platte and bordering on the Missouri River). 
Varieties—The principal commercial varieties are Arkansas, Ben 

Davis, Gano, Grimes, Jonathan, Missouri, Wealthy, Winesap, and 
Oldenburg. 

For general planting, the above-named varieties may be used in a 
large portion of the State. The winter varieties in the list are the 
ones commonly found in the home orchards. The State Horticultural 
Society suggests for most sections the following: For early ripen- 
ing—Benoni, Early Cooper, Early Harvest, Red Astrachan, and 
Yellow Transparent. For fall ripening—Dyer, Maiden Blush, 
Plumb Cider, and Utter. For sections where the conditions are 
especially severe, the varieties named for the southern section of 
South Dakota are suggested in the present connection. — 

EANSAS. 

Distribution —So far as the general distribtuion of apples in Kan- 
sas is concerned, the conditions are not materially different from 
those in Nebraska. There are two fairly well-defined regions of 
commercial interest. One of these is in the northeastern corner of 
the State, and this, with contiguous areas in the adjacent States, 
makes up a region in which great commercial interests are located. 
The part of this region in Kansas consists primarily of the following 
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counties: Doniphan, Brown, Nemaha, Atchison, Jackson, Wyandotte, 
Leavenworth, Jefferson, Shawnee, Johnson, Douglas, Miami, Frank- 
lin, and Linn. 

The second region is in the Arkansas River valley in Reno, Sedg- 
wick, Cowley, and Sumner Counties. In this region the principal 
orchards are located within a comparatively short distance of the 
river. 

It should also be added that there are large orchards in many other 
counties in the eastern part of the State, especially south of the Kan- 
sas River, but they do not represent the heavy concentration of 
orchard interests that prevails in the regions designated. Morris, 
Lyon, and Greenwood Counties are representative of this latter 
group. 

Varieties —Arkansas, Ben Davis, Early Cooper, Gano, Grimes, 
Jonathan, Maiden Blush, Missouri, Rome Beauty, Stayman Winesap, 
Winesap, and York Imperial. The Delicious is also giving promis- 
ing results in some of the younger orchards in both of the principal 
commercial regions. In the Arkansas River valley the King David 
is highly regarded by some growers. 

SOUTH ATLANTIC STATES. 

DELAW ARE. 

Distribution—Apple growing is rather general in Delaware, with 
the largest commercial interests located in the central part of the 
State in Kent County. Wyoming is probably the largest shipping 
point. Dover, Smyrna, and Felton are other points having inter- 
ests of considerable magnitude. Middletown in Newcastle County 
and Bridgeville in Sussex County are also centers of some impor- 
tance. 

Varictics—Summer-apple growing is a prominent phase of the 
industry. The following early sorts are largely grown: Yellow 
Transparent, Early Ripe, Red Astrachan, and Williams (Wdlams 
Early Red). The principal long-keeping varieties are Arkansas (or 
Paragon),’ Ben Davis, Jonathan, Nero, Rome Beauty, Stayman 
Winesap, Winesap, and York Imperial. Grimes is reported from 
the vicinity of Middletown and King David from the Wyoming 

section. 
MARYLAND. 

Distribution—The leading apple-producing counties in Maryland 
are Allegany, Washington, Frederick, Montgomery, and Kent. The 
commercial interests are somewhat widely distributed in these coun- 
ties, while individual orchards of considerable importance occur in 
many other parts of the State. 

1See footnote under “ New Jersey”’ (p. 17) for explanation relating to these varieties. 

= 
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Varieties—Ben Davis, Grimes, Jonathan, Oldenburg, Stayman 
Winesap, Williams, Winesap, Yellow Transparent, and York In- 
perial. In some of the Eastern Shore counties the Arkansas (or 
Paragon) occurs frequently, while in Garrett County, in the extreme 
western part of the State, where the elevations are high, the Bald- 
win is a relatively important variety. 

VIRGINIA. 

Distribution.—The commercial apple-orchard interests in Virginia 
are located mostly in the Piedmont, Blue Ridge, and Shenandoah 
Valley regions. In a general way, the statement is accurate that 
these three regions include the two tiers of counties which extend 
in a northeast-southwest direction throughout the State and which 
have a common boundary on the crest of the Blue Ridge Mountains. 
In some sections where the counties are small, this area is three 

counties in width. This territory as a commercial apple-producing 
area may be said to extend as far west as Pulaski and Carroll Coun- 
ties, but interests of considerable magnitude are being developed in 
other counties in the southwestern part of the State, including Gray- 
son, Wythe, Smythe, Russell, and possibly others. Several counties 
in the northern part of Virginia also have orchards of considerable 
importance individually, but they do not make up community inter- 
ests of large extent. 

Varieties—While many -varieties occur, especially in the older 
orchards, those which largely make up the commercial industry are 
Arkansas (Mammoth Black Twig), Ben Davis, Grimes, Rome 
Beauty, Stayman Winesap, Winesap, Yellow Newtown (Albemarle 
Pippin)—grown to some extent in the coves, on the spurs, and on 
the eastern slope of the Blue Ridge—and York Imperial. 

WEST VIRGINIA. 

Distribution—There are three regions in West Virginia of par- 
ticular prominence for commercial apple production. The seven 
counties that comprise the eastern “ panhandle,” so-called, form one 
of these regions, the four eastern counties constituting the more im- 
portant part. The four counties that constitute the northern pan- 
handle make another region of considerable prominence, Hancock 
County being the most widely known section of this region. A third 
region consists of the counties that border on the Ohio River, ex- 
tending from and including Wayne County on the south to Pleasant 
County on the north. In this region the orchards are located mostly 
within a few miles of the river. 
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The northern panhandle region is in some respects a northern ex- 
tension of this Ohio River valley region, but the existence of certain 
climatic differences warrants their recognition as separate regions. 

Commercial orchards of some prominence exist in other counties, 
as in Barbour, Randolph, Greenbrier, and perhaps others, but the 
interests in them are not heavily centralized. 

Varieties—Arkansas (Mammoth Black Twig), Baldwin, Ben 
Davis, Gano, Grimes, Jonathan, Rome Beauty, Stayman Winesap, 
Wealthy, Willowtwig, and York Imperial. 

The Ohio River valley region is characterized by the Rome 
Beauty ; the northern panhandle region by Baldwin and Willowtwig. 
The eastern region is the northern extension of the Shenandoah 
Valley region in Virginia. 

NORTH CAROLINA, 

Distribution—The commercial apple interests in North Carolina 
are located in the mountain districts in the western part of the State. 
The principal centers are in Surry County about Mount Airy; in the 
Brushy Mountain section, tributary to Northwilkesboro in Wilkes 
County; and Buncombe and Haywood Counties. As in West Vir- 
ginia, orchards of considerable size are located in other counties than 
those named, but as a rule they do nct constitute large community 
interests. 

Varieties —Arkansas, Grimes, Limbertwig, Rome Beauty, Royal 

Limbertwig, Stayman Winesap, Winesap, and York Imperial. In 
some of the older orchards, especially in Buncombe and Haywood 
Counties, the Yellow Newtown (Albemarle Pippin) occurs more or 
less, but it is rarely planted in this section at the present time. The 
Limbertwig occurs mostly in the orchards in Surry and Wilkes 
Counties. The Ben Davis comprises 7.5 per cent of the total crop of 
the State; Early Harvest, 7.2 per cent; Horse, 7.2 per cent; and Red 
June, 5.9 per cent (p. 5), but these varieties apparently are widely 
distributed and occur more largely in home orchards than in 
those of commercial size. Though the Ben Davis is in some of the 
larger orchards, it is apparently a relatively unimportant variety 
from a commercial standpoint. The Delicious is reported to do well 
in some sections of western North Carolina. 

SOUTH CAROLINA. 

Distribution—The commercial apple interests in South Carolina 
are relatively small. They are located principally in the extreme 
western part of the State in Spartanburg, Greenville, Anderson, 
Pickens, and Oconee Counties. 

Ae 
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Varieties —tThe relatively long-keeping varieties that are consid- 
ered of particular value in the above-named counties are Arkansas 
(Mammoth Black Twig), Delicious, Scott Cluster, and Yates. Other 
varieties more or less popular are Ben Davis, Gano, Shockley, and 
Winesap. At some of the higher elevations in Greenville, Pickens, 
and Oconee Counties the Kinnard is valuable. Early Harvest, Horse, 
and Red June are the principal summer varieties. The early varie- 
ties are grown somewhat widely in the central as well as in the west- 
ern sections of the State. 

GEORGIA. 

Distribution—Apple growing in Georgia on a commercial basis 
“is confined principally to Rabun and Habersham Counties in the 
northeastern part of the State. A few orchards have been devel- 
oped in White, Union, Lumpkin, and other counties in northern and 
northwestern Georgia, where the elevations in the southern exten- 
sion of the Blue Ridge Mountains are comparatively high. No apples 
of importance are grown south of Atlanta. 

Varieties Arkansas (Mammoth Black Twig), Arkansas Black, 
Ben Davis, Kinnard (at the higher elevations), Shockley, Stayman 
Winesap, Terry, Winesap, Yates, and Yellow Transparent. The 
Limbertwig (a long-keeping sort) and Harly Harvest, Horse, and 
Red June (summer varieties), taken together, constitute relatively 
a large percentage of the entire crop of the State, but they do not 
occur, as a rule, in the commercial orchards. This suggests the fact 
that, though relatively few apples are grown in Georgia, a large 
proportion of the total is produced in small home orchards, of which 
a considerable part consists of the three summer varieties named 
above. 

FLORIDA, 

Practically no apples are grown in Florida, on account of the 
mildness of the climate throughout the year. 

EAST SOUTH-CENTRAL STATES. 

KENTUCKY. — 

Distribution—The commercial orchards in Kentucky are located 
mostly at points along the Ohio River, quite largely in Campbell, 
Kenton, Jefferson, Hardin, Henderson, and McCracken Counties. 
Individual orchards and relatively small community interests occur 
in other sections, Warren, Madison, and Bath Counties being repre- 
sentative locations. Formerly there were very extensive orchards 
of the Ben Davis apple in Meade and Breckinridge Counties, which 
border on the Ohio River in the north-central part of the State, 



98 BULLETIN 485, U. S. DEPARTMENT OF AGRICULTURE. 

but to a very considerable extent these orchards have ceased to be 
of commercial importance. 

Varieties—Arkansas (Mammoth Black Twig) or Paragon, Ben 
Davis, Early Harvest, Gano (or Black Ben), Grimes, Jonathan, 
Maiden Blush, Rome Beauty, Stayman Winesap, Winesap, and Yel- 
low Transparent. In some of the older orchards the Limbertwig and 
Red June occur frequently. 

TENNESSEE, 

Distribution—Though apple growing is widely distributed in 
Tennessee, the activities of commercial importance are fairly well 
localized. In the lower Cumberland Valley, in Bradley, Hamilton, 
and Rhea Counties, the interests are considerable. In Knox and 
several other counties in this valley there are also some orchards. 
The largest region is in the central part of the State and includes 
Sumner, Davidson, Williamson, Maury, and Lincoln Counties. 
Summer apples are grown quite largely in this region; also in Hay- 
wood County, in the southwestern part. In Obion County, in the 
northwestern part, a number of orchards are being developed. 

Varieties—The leading commercial summer apples are Early 
Harvest, Early Ripe, Fanny, Oldenburg, Wealthy, and Yellow 
Transparent. The later keeping sorts most commonly planted are 
Ben Davis, Paragon (or Arkansas), Stayman Winesap, Winesap, 
and York Imperial. In many of the small orchards that have been 
planted a long time Limbertwig, Horse, and Red June occur. 

ALABAMA, 

Distribution—The commercial apple industry in Alabama is of 
rather small proportions, yet there are a few places where orchards 
of some importance have been developed. ‘These are located mostly 

on the mountain ridges or spurs in the northeastern corner of the 

State. De Kalb and Madison Counties, as well as some others, have 
such orchards. Farther south, in the east-central part of the State, 

one yariety—the Yates—is said to be grown in some quantity. In 
the southern half of the State very few apple trees occur. 

Varieties —At the higher elevations in northeastern Alabama the 

Early Harvest and Horse, for summer sorts, are said to do especially 
well. Longer-keeping varieties commonly planted are Arkansas, 
Gano (or Black Ben), Kinnard, Stayman Winesap, Winesap, and 
Yates. In certain orchards the Collins and Delicious are considered 
promising. For locations other than those having relatively high 
elevations, the San Jacinto, an early sort, apparently not much 
planted in Alabama, and for later varieties the Terry and Yates may 
be expected to do well. The Terry is planted quite widely in Georgia. 
In some sections of the far South the Kinnard also is relatively 
satisfactory. 
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MISSISSIPPI. 

Distribution—While a few apple trees occur in many parts of 
Mississippi, particularly in the northern part of the State, the in- 
terests are hardly to be rated as commercial, except as the orchards 
may supply a little fruit for local markets. Prentiss, Lee, and Pon- 
totoc Counties (all in the northeastern part of the State) have been 
mentioned as having apple orchards of some extent. 

Varieties—The varieties named under “Alabama” are suggested 
also for the corresponding sections of Mississippi. 

WEST SOUTH-CENTRAL STATES. 

ARKANSAS. 

Distribution—The St. Louis, Iron Mountain & Southern Railway, 
which from the north enters Arkansas near the northeastern corner 

of the State and passes in a southwesterly direction to Texarkana, 
which is near the southwestern corner, divides the State in a general 
way into two approximately equal sections. The portion of the 
State lying west of the railroad named produces practically all of the 
apples grown in Arkansas. While they are distributed to a limited 
extent in the southeastern section, the quantity produced there is 
negligible. In the northwestern section there are a good many 
orchards of commercial importance that are widely distributed. 
However, the apples which are a substantial factor in the trade are 
produced in five or six counties in the northwestern corner, these 
counties being Benton, Washington, Carroll, Madison, and Boone. 
Other counties in the same section of the State which are of sec- 
ondary importance in apple production are Crawford, Franklin, and 
Searcy. The commercial orchards which occur in other counties in 
the northwestern section of the State are more or less isolated and 
do not represent large unit interests. 

Varieties—A large number of varieties cccur in the commercial 
orchards in Arkansas, but a very large proportion of the product 
consists of the following: Arkansas (Mammoth Black Twig), Ben 
Davis, Gano, Grimes, Jonathan, Maiden Blush, and Winesap. In 
the younger orchards Stayman Winesap is an important variety, but 
it has not yet been marketed in large quantities from this State. 

LOUISIANA, 

Distribution—A few apples are grown for home use in the north- 
ern portion of Louisiana. From a commercial standpoint the quan- 

tity of fruit produced is negligible. 
Varieties —No special recommendations are made as to varieties 

aside from those under “Alabama” for locations other than those 

having relatively high elevations. 
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OKLAHOMA, 

Distribution—While there are a good many commercial apple 
orchards in Oklahoma they are rather widely distriouted, with no 
very large centralization of the industry at any one point. With the 
State divided in a general way into eastern, central, and western 
thirds, the most of the commercial orchards occur in the central third 
of the State. Some fairly representative localities in which apples 
are grown to some extent commercially are Ada in Pontotoc County, 
Konawa in Seminole County, Guthrie in Logan County, and Enid 
in Garfield County. The fruit from some of these orchards, as well 
as from those located in other parts of the State which are somewhat 
isolated, is sold very largely in local markets. 

Varieties —As in many other States, a large number of varieties 
have been planted in Oklahoma, but the really important sorts con- 
sist of a comparatively small number, as follows: Arkansas (M/am- 
moth Black Twig), Arkansas Black, Ben Davis, Gano, Grimes, 
Jonathan, Maiden Blush, Missouri, Red June, Stayman Winesap, 
Winesap, Yellow Transparent, and York Imperial. 

In the south-central part of the State where the summers are Jong 
and usually very hot it is believed that the varieties suggested for the 
lower elevations in Alabama could be planted with more satisfaction 
than many of those which now comprise the orchards in that part 
of the State. 

TEXAS. 

Distribution.—Apples are relatively unimportant in Texas, though 
they are more or less widely distributed in the northern third of the 
State. This includes in a general way that part of Texas which lies 
north of a line extending from the southeastern corner of New Mexico 
due east to about the central portion of the State, then somewhat 
northeasterly to Marion County in the northeastern part of the State. 
In the section thus indicated there are no large areas devoted to com- 
mercial apple production, though a good many orchards of commer- 
cial size occur. These are reported to be somewhat centralized in 
Erath and Eastland Counties, in northern Comanche County, in the 
southern portion of the first northern tier of counties, and in the 
northern portion of the second tier of counties in the northeastern 

part of the State. This territory extends in a general way from Red 
River County in the east as far westward, possibly, as Baylor County. 
In the panhandle region interests of some importance have been 
developed in Hale and Lubbock Counties. In the extreme western 

part of the State, a section which includes the northern part of 
Brewster County, the western portion of Pecos County, and eastern 
part of Jeff Davis County should be mentioned in this connection. 
Apples are also grown to a limited extent in the region of El Paso. 
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Varieties—Various lists of varieties have been suggested for dif- 
ferent parts of Texas, but there is considerable similarity in them. 
Some of the more comprehensive lists include a number of varieties 

not often grown in other States. For northern Texas the following 
varieties have been recommended: Arkansas (Mammoth Black 
Twig), Arkansas Black, Becker, Bledsoe, Early Harvest, Gano, 
Jonathan, Kinnard, Lincoln, Missouri, San Jacinto, Stayman 
Winesap, and Summer Queen. 

Other lists for this section of Texas include, in addition to the 
above, Ben Davis, Doyle, Maiden Blush, Red June, Yellow Trans- 
parent, and others. It may be stated also that the lists that have been 
recommended for other sections of the State consist very largely of 
‘different combinations of the varieties named above. 

MOUNTAIN STATES. 

In the Mountain States, commercial fruit growing is confined very 
largely to rather restricted areas in the valleys so located that they 

can be irrigated. Very few of the commercial orchards in the States 
in this division are maintained without irrigation. 

MONTANA. 

In Montana there are at the present time six fairly well defined 
valley areas where apples are grown, as follows: 

(1) The Bitter Root Valley in Ravalli County and Southern Missoula County, 

the fruit district extending from Darby to Missoula. 

(2) The Flathead Lake district in the southern part of Flathead County, 

the orchards being located largely on the shores of the lake and extending 

northward to Kalispell. 

(3) The Kootenai Valley in Lincoln County, this valley area extending from 

Hureka in the north nearly to the border line of the State on the west. 

(4) The Clark Fork valley in Sanders County between Plains and Thompson. 

(5) The valley of the Clark Fork of the Yellowstone River in Carbon County 

from Fromberg to the junction of the fork with the Yellowstone. 

(6) The Yellowstone River valley in Yellowstone County, centering about 

Billings. 

Varieties—A smaller number of varieties have been planted in the 
orchards in Montana than is the case in most commercial apple- 

growing regions. In the areas designated as Nos. 1, 2, 3, and 4, Mc- 
Intosh, Rome Beauty, and Wealthy are the principal varieties. Toa 
lesser extent, Delicious, and Wagener are planted. In area 2 Tomp- 

kins King is also grown. . In areas 5 and 6 Gano, McIntosh, and 
Wealthy are chiefly grown. 

IDAHO. 

Distribution—At the present time the most important apple- 
orchard interests of Idaho are located in the southwestern part of 
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the State. There are several important centers of production, as 

follows: 

District 1—Northern Idaho, which includes two sections, one centering about 

Bonners Ferry in the extreme northern part of the State and the other about 

Post Falls in the northern portion of Kootenai County. 

District 2—The Palouse region in Latah County, which extends also into 

Whitman County in eastern Washington. 

District 3—The Lewiston region, in Nez Perce County and also in the Snake 

River valley. 

District 4—The Council Valley, extending between Council and Weiser. 

District 5—The Payette Valley, centering about Payette and Emmett. 

District 6—The Boise Valley, with centers of production about Caldwell, 

Nampa, and Boise. 

District 7—The Snake River canyon region, which includes that portion of 

the Snake River valley which lies between the point where the river crosses 

the State line into Oregon and the Twin Fills region, where, at various points 

in the coves made by the river, orchards of some importance have been planted. 

District 8—The Snake River valley, in the Twin Falls region in the south- 

central part of the State. 

District 9—The Blackfoot and Idaho Falls region in the Snake River valley, 

in the southeastern part of the State. 

Varieties —The varieties in the following list, with numbers cor- 
responding to those used to designate the several districts, include 
the more important sorts:* 

District 1—Banana (Winter Banana), Jonathan, Rome Beauty, Tompkins 

King. and Wagener. 

District 2—Jonathan, Grimes, Rome Beauty, and Wagener. 

District 3.—Delicious, Esopus (Spitzenberg), Jonathan, Rome Beauty, Wine- 

sap, and Yellow Newtown. 

Districts 4, 5, and 6.—Arkansas Black, Ben Davis, Delicious, Gano, Jonathan, 

Rome Beauty, and Winesap. 

District 7.—Delicious, Gano, Jonathan, Rome Beauty, and Winesap. 

District 8—Delicious, Grimes, Jonathan, Rome Beauty, Stayman Winesap, 

Wagener, and Winesap. 

District 9.—Gravenstein, McIntosh, and Wealthy. 

A considerable number of other varieties are mentioned in Bulletin 

83 of the Idaho experiment station 1 as being of secondary importance 
in each of the districts. For the northern districts the principal 
secondary varieties are Baldwin, Gravenstein, Grimes, Northern Spy, 
Oldenburg, Wolf River, Yellow Bellflower, and Yellow Transparent. 
For the other districts, the following comprise the principal sec- 
ondary varieties where not named in the lists of first importance: 
Banana, Early Harvest, Gravenstein, McIntosh, Oldenburg, Rhode 
Island Greening, Stayman Winesap, White Pearmain, and Wealthy. 

1 The varieties here listed for the various districts are substantially those recommended 

by the Idaho Agricultural Experiment Station. (Vincent, C. C., and Downing, G. J., 

Recommended varieties of fruit for Idaho. Idaho Agr, Exp. Sta. Bul. 83, 14 p., map. 

1915.) 
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The following varieties comprise the principal ones grown in the 
State on the basis of the relative quantity of each in the average 
crop for all the districts: Ben Davis, Jonathan, Tompkins King, 
Rome Beauty, and Winesap. (See p. 7.) 

WYOMING. 

Distribution—As yet practicaliy no commercial fruit growing has 
been developed in Wyoming. In a few sections where apples are 
grown the fruit is sold in local markets, but elsewhere the fruit is 
produced only in small ranch orchards for home use. The most 
important apple-orchard interests are located in the valley of the 
Bighorn River and its tributaries in Bighorn, Washakie, and Hot 
Springs Counties; also in the valley of the Platte River in Natrona, 
Converse, Platte, and Goshen Counties. Orchards more or less 
widely separated also occur in Crook, Johnson, and Sheridan Coun- 
ties in the northeastern portion of the State. 

Varieties—Because of the rather adverse climatic conditions, only 
the more hardy varieties succeed. Those most planted are Long- 
field, Northwestern, Wealthy, and Wolf River. Doubtless other 

hardy varieties named under South Dakota and also for the northern 
sections of Minnesota and Wisconsin could be grown with some de- 
gree of success. 

COLORADO. 

Distribution.—There are several well-defined vaileys or areas in 
Colorado where apples are of large commercial importance, as fol- 
lows: 

(1) The northern district includes the eastern portion of Larimer and 

Boulder Counties, the northeastern portion of Jefferson County, the western 

portion of Arapahoe and Adams Counties, and the southwestern portion of 

Weld County. 

(2) The southeastern district is located in the Arkansas River valley and 

extends, with some breaks in the continuity of the orchards, from the Canon 

City section in Fremont County nearly to the eastern border of the State, 

although comparatively few orchards of importance have been planted east of 

Otero and Crowley Counties. 

(3) The southwestern district may be said to consist of two sections, one of 

which is in the northeastern portion of Mentezuma County and the other in 

the central and northern portion of La Plata County, extending somewhat into 

San Juan County. 

(4) The west-central district consists of the Grand Valley (extending from 

Palisades to Fruita), the Uncompahgre Valley (extending from Delta and 

adjacent sections to Montrose), and the valley of the North Fork of the Gun- 

nison, with important centers of production at Paonia and Hotchkiss. 

There are other points in the valley of the Grand River above 
Palisades where apples are grown to some extent, Grand Valley, 
Rifle, and Antlers being representative points where there are 
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orchards of commercial standing. Aside from these disticts, where 
the commercial apple interests are large, the fruit is grown for home 
use in other parts of the State, though where water for irrigation 
is not available the conditions do not admit of commercial activities 
except in special instances. 

Varieties—The varieties suggested for the several commercial dis- 
tricts mentioned are as follows: 

Northern district—Ben Davis, Gano, Jonathan, Ralls (Jeniton), and Sheriff. 

Southeastern district—Maiden Blush, Jeffery, Jonathan, White Pearmain, 

and Winesap. 

Southwestern district—Delicious, Jonathan, White Pearmain, and Winesap. 

West-central district—Arkansas (Mammoth Black Twig), Arkansas Black, 

Ben Davis, Delicious, Gano, Jonathan, Rome Beauty, Stayman Winesap, and 

Winesap. 

The leading varieties for the entire State, as indicated by the pro- 
portion of each in the average crop, are as follows: Ben Davis, Jona- 
than, Gano, Rome Beauty, and Winesap. (See under “ Colorado” 
in connection with Table III.) 

NEW MEXICO. 

Distribution—The commercial production of apples in New Mex- 
ico is limited to certain irrigated valleys. These districts have been 
clearly defined by Garcia, of the New Mexico Agricultural Experi- 
ment Station, in Bulletin 75.‘. In this bulletin, 10 valleys and sec- 
tions of valleys in which apples are grown commercially are recog- 
nized. Since the bulletin was published in 1910, some of these dis- 
tricts have been.extended more or less, and a new district has been 
developed in the vicinity of Portales, the county seat of Roosevelt 
County, in the east-central part of the State. The districts recog- 
nized are designated as follows: . 

(1) Mimbres Valley district, located in the eastern portion of Grant County 

and the central portion of Luna County in the southwestern corner of the State. 

(2) Rio Grande Valley district, the largest one recognized, extending from 

the southern border of the State, in Dona Ana County, to Santa Fe County, in 

the north-central part of the State. ; 

(3) The Otero County district, in the northern portion of Otero County, in 

the south-central part of the State. 

(4) The Lincoln County district, in the southeastern section of Lincoln 

County. 

(5) Pecos Valley district, extending from Roswell (in. Chaves County) to 

Carisbad (in Eddy County) in the southeastern corner of the State. 

(6) The Colfax County district, in the central portion of Colfax County, in 

the northeastern part of the State. 

(7) The San Miguel district, in the northwestern corner of San Miguel 

County. 

1Garcia, Fabian. Apple culture under irrigation. N. Mex. Agr. Exp. Sta. Bul. 75. 

44 p., 14 fig. 1910. : 
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(8) The Santa Fe and Rio Arriba district, in the northern portion of Santa 

Fe County and the southeastern portion of Rio Arriba County. 

(9) The Taos County district, in the central part of Taos County, in the 

north-central part of the State. 

(10) The San Juan County district, in the San Juan River yailey, in the 

northern part of San Juan County, in the northwestern corner of the State. 

(11) The Roosevelt County district in the east-central part of the State, 

which, as already indicated, centers about Portales. 

Varieties —In districts 1, 2,5, and 11: Arkansas (Wammoth Black 
Twig), Arkansas Black, Ben Davis, Gano (or Black Ben), Jonathan, 
Red June, Winesap, and Yellow Transparent.’ In districts 3, 4, 6 ) Pp, i 9 ty Vy 

° i} . & a 1 7, 8, 9, and 10: Delicious, Gano (or Black Ben), Jonathan, Maiden 

Blush; Rome Beauty, Stayman Winesap, ete Pearmain, Wine- 
sap, and Yellow Transparent. 

ARIZONA, 

Distribution—While apple orchards occur in various portions of 
Arizona, the principal districts in which they are of commercial 
importance are in the valley of the Gila River, in Graham County 
(in the southeastern portion of the State), and in the valley of the 
Verde River, in the eastern portion of Yavapai County (in the center 
of the State). 

Varieties.—In the Gila Valley: Arkansas Black, Ben Davis, Gano 
(or Black Ben), and Stayman Winesap. In the Verde Valley: The 
varieties named above; also Jonathan and White Pearmain. 

UTAH. 

Distribution—Commercial apple growing in Utah is confined prin- 
eipally to three irrigated valleys in northern portions of the State. 
In the northeastern part, in the Cache Valley, along the western slope 
of the Wasatch Mountains, many apples are grown; also in the valleys 
lying north of Great Salt Lake, in the eastern HEHE of Box Elder 
County. A third valley is in Davis County, between Great Salt Lake 
and the western slope of the Wasatch Mountains. This valley is 
practically a-continuation of the Cache Valley. In some of the small 
irrigated valleys in other sections ef Utah minor apple interests have 
been developed, but they are not of special importance commercially. 

Varieties.—The varieties grown principally are Ben Davis, Gano, 

Jonathan, Rome Beauty, and Winesap. In some sections the Ben 
Davis and Gano (er Black Ben) are now much less prominent than 
they were formerly. 

NEVADA. 

Distribution—A few apples are grown in some sections of Nevada 
for home use, but there is no commercial apple industry in this State ) PI : 
at the present time. 
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PACIFIC STATES. 

WASHINGTON, 

Distribution.—The principal commercial apple interests in Wash- 
ington are located in irrigated valleys east of the Cascade Mountains, 
the principal centers of which are the following: 

(1) The Yakima Valley, in Yakima County and the western part of Benton 

County. 

(2) The Wenatchee Valley, extending in Chelan County from Peshastin to 

Wenatchee and bordering on the Columbia River to Malaga. 

(3) The area about the junction of the Columbia and Snake Rivers, which 

form the boundaries between Walla Walla, Franklin, and Benton Counties. 

(4) The Walla Walla Valley, in the vicinity of Walla Walla. 

(5) The Snake River valley, along the borders of Garfield, Columbia, and 

Whitman Counties. 

(6) The Clarkston district, in the northern portion of Asotin County, which 

with the Lewiston district in Idaho comprises the Lewiston-Clarkston district, 

as it is commonly called. 

(7) The Palouse district, in the eastern part of Whitman County, which, to- 

gether with a corresponding section in Latah County, Idaho, comprise a more 

ov less important district. 

(8) The Spokane district, which comprises an area that includes the Post 

Falls district in Idaho, the northern portion of Spokane County, the southern 

part of Pend Oreille County, and the southwestern portion of Stevens County. 

(9) The Columbia River valley, in the northern portion of Stevens and Ferry 

Counties. 

(10) The Okanogan Valley, in Okanogan County. 

(11) The Lake Chelan district, which may also be made to include certain 

points in the Columbia River valley where it is the boundary between Douglas 

and Chelan Counties between Lake Chelan and Wenatchee. : 
(12) The White Salmon district, in the southwestern part of Klickitat County. 

(13) The Puget Sound region, where applies are grown in the aggregate in 

quite large quantities, but do not constitute an industry of the same commer- 

cial purport as do the interests in the larger valleys east of the mountains. 

Varieties —The principal varieties produced in most of the com- 
mercial areas are Arkansas, Arkansas Black, Ben Davis, Banana, 
Delicious, Esopus (Spitzenberg), Gano, Grimes, Jonathan, Rome 
Beauty, Stayman Winesap, White Pearmain, Winesap, and Yellow 
Newtown. Inthe Puget Sound district, Baldwin, Gravenstein, North- 

ern Spy, Rhode Island Greening, Tompkins King, and various other 
varieties commonly occur. The Esopus (Spitzenberg) and Yellow | 
Newtown are grown only to a limited extent, and are unimportant 
varieties in most of the districts in Washington. 

OREGON. 

Distribution —The fruit districts of Oregon are fairly definitely 
delimited. With slight exceptions they are confined to certain irri- 
gated valleys as follows: 

Bast of the Cascade Range.—(1) The Grande Ronde Valley, in the central 

part of Union County; (2) the Walla Waila Valley, in the Milton-freewater sec- 
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West of the Cascade Range.—(5) The Willamette Valley; (6) the Umpqua 

Valley, in the central part of Douglas County; (7) the Rogue River valley, in 

the eastern part of Josephine County and the central part of Jackson County. 

Varieties—There is more or less uniformity in the important va- 
rieties in the different valleys. However, the leading ones in some 
sections are unimportant in others. The following lists are based 

largely on recommendations of the Oregon Agricultural Experiment 
Station :+ 

District 1—Ben Davis, Gano, Rome Beauty, Tompkins King, Wagener, and 

York Imperial; some Banana and Delicious in the younger orchards. 

District 2—Jonathan, Rome Beauty, and Winesap; in older orchards, Ben 

Davis also, but the trees are being top-worked more or less to other varieties. 

District 38—Esopus (Spitzenberg) and Yellow Newtown are most important; 

Arkansas Black, Jonathan, Monmouth (Red Cheek), and others occur to some 

extent. 

District 4—The few apples grown in this section (The Dalles) consist largely 

of the Baldwin, Ben Davis, Esopus (Spitzenberg), Winesap, and Yellow New- 

town. 

District 5——On account of its size and the varied conditions in this valley 

(Willamette) a rather wide range: of varieties is grown, the pricipal ones 

being Baldwin, Esopus (Spitzenberg), Gano, Gravenstein, Grimes, Jonathan, 

Northern Spy, Ortley, Rhode Island Greening, Rome Beauty, Tompkins King 

(sometimes watercores badly), and Wagener. 

Districts 6 and 7.—Esopus and Yellow Newtown are the most important; 

Jonathan (in district 6) and Jonathan and Winesap (in district 7) also occur 

to some extent. 

The percentage of each of the different varieties in the normal 
commercial crop for the entire State is indicated in connection with 
Table III. 

CALIFORNIA, 

Distribution —Apple growing in California is widely distributed. 
From 100 to 500 acres or more of bearing trees occur in nearly every 
county in the State, but a very large proportion of the commercial 
crop is produced in two or three sections. The Pajaro Valley, which 
includes the southern part of Santa Cruz County and the northern 
part of Monterey County, perhaps more commonly called the Wat- 
sonville district, is the most important apple-growing section in. 

California, the two counties named producing nearly 65 per cent of 
the entire crop of the State. The Sebastopol section of Sonoma 
County is the second largest district, that county producing about 
16 per cent of the normal crop of the State. The other counties, 
each of which produces 2 per cent” or more of the normal crop of 

1Lewis, C. I. Orchard management. Oreg. Agr. Exp. Sta. Bul. 111, 96 p., 41 fig. 

1911. 
2stimates of the Office of the California State Commissioner of Horticulture. 
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the entire State, are San Bernardino (4 per cent), Nevada (3 per 
cent), and Los Angeles and Humboldt (each 2 per cent). The pro- 
duction in each of the counties not named in the present connection 
is less than 2 per cent of a normal crop of the State. Recent plant- 
ings in San Diego, San Bernardino, and Riverside Counties doubt- 
less will increase materially the apple production in these counties 
within the next few years. 
 Varieties—A large proportion of the commercial apple crop of 
California is made up of three varieties, Yellow Bellflower and Yel- 
low Newtown, grown in the Pajaro Valley, and the Gravenstein, 

F'rg. 12.— Outline map of the United States, showing the distribution by States of that 

portion of the estimated average apple crop for the years 1909 to i913, inclusive, 

which is harvested in June. Hach dot represents 30,000 bushels. The arrangement 

of the dots within the State boundaries has no significance. 

which characterizes the output from the Sebastopol section of So- 
noma County. 

Perhaps no more comprehensive index of the regional value of 
varieties can be given than the summary of the responses made by 

apple growers to a request issued by the Office of the California State 
Commissioner of Horticulture for information in regard to what 
were the leading sorts, which is substantially as follows: 

It is interesting to note in connection with first choice of varieties in answer 

to question No. 12 [Name your leading varieties in the order of their impor- 

1 Weldon, George P. Apple growing in California ...p. 124 [Sacramento], 1914. 

Issued by the California State Commission of Horticulture. 
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tance] that one man, reporting from Butte County, places Black Ben first. 

Four reporting from FE] Dorado (no two agreeing) gave Rome Beauty, Esopus, 

Baldwin, and Sutton. One man from Fresno reports Fameuse as his first choice. 

Humboldt County is represented by six growers, giving Wagener, Tompkins 

King, Esopus, and Yellow Bellflower; two favored Rhode Island Greening. Two 

reports from Madera County were received, both giving White Pearmain as the 

leading variety for that section. In Mendocino County the following varieties 

are said to be the best by four who answered the questions: Jonathan, Swaar, 

Tompkins King, and Baldwin. One report from Monterey County places the 

Yellow Newtown first. Eleven orchardists reported from Riverside County, 

giving a leading place to the following: King David, Esopus, Rhode Island 

Greening; three favored Rome Beauty and five Delicious. Eight orchardists 

were heard from in San Bernardino County, one giving the Jonathan first 

Fic. 13.—Outline map of the United States, showing the distribution by States of that 

portion of the estimated average apple crop for the years 1909 to 1913, inclusive, 

which is harvested in July. Each dot represents 30.000 bushels. The arrangement 

of the dots within the State boundaries has no significance. 

place, two Winesap, and five Rome Beauty. From San Diego County nine 

reports came, one giving Jonathan as the leading variety, one Julian Duchess, 

one Paragon, three Yellow Newtown, and three Yellow Bellflower. As would 

naturally be expected, only two varieties were given first place by nine of the 

leading orchardists reporting from Santa Cruz County; six favored the Yellow 

Newtown and three the Yellow Bellflower. 

The second county in importance from the standpoint of production, viz, 

Sonoma, is represented in these answers by eleven growers, eight of whom 

favor the Gravenstein, one the Alexander, one the Rome Beauty, and one the 

Yellow Newtown. One report from Tehama County gives the Yellow Newtown 

first place. 

The replies to the above-mentioned request for lists of the leading 
sorts in the different sections mentioned in all some 48 different 
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varieties, of which the following 20, listed alphabetically, are given 
prominence in the bulletin already cited, because of their relative im- 
portance in the apple industry of the State: 

ARKANSAS (Mammoth Black Twig).—Grown only to a limited extent, but 

has some very desirable characteristics. 

ARKANSAS Brack.—Rather popular in some parts of southern California. 

BaLpDWwINn.—Does quite well in a few favored localities in the mountains. 

Quite a large acreage has been planted in Sonoma County. 

Banana (Winter Banana).—Usually does best at rather high altitudes, 

though excellent specimens have been grown in Santa Cruz County. 

Brack Bren.—This variety, or Gano, is suggested for planting instead of Ben 

Davis, which at present constitutes nearly 4 per cent of the entire crop of the 

State. 
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Fic, 14.—Outline map of the United States, showing the distribution by States of that 

portion of the estimated average apple crop for the years 1909 to 19138, inclusive, which 

is harvested in August. Each dot represents 30,000 bushels. The arrangement of the 

dots within the State boundaries has no significance. 

DeEtictous.—Not yet fully tested, but considered promising in certain parts 

of the foothills and mountainous sections of southern California. 

Esorpus.—Not generally grown, but recommended by some for a few localities. 

GRAVENSTEIN.—Does well in many parts of the State, but is of special im- 

portance in the Sebastopol section. 

GRIMES.—Occurs only occasionally, but as a rule it gives good results wherever 

grown. 

JONATHAN.—Not generally grown, but reported to do well in places in River- 

side, San Bernardino, San Diego, El Dorado, Mendocino, and Humboldt Counties. 

Kine Davin.—Not fully tested, but considerably planted in some of the 

younger orchards in Riverside and San Bernardino Counties. 

Manmoth Black Twig—See ARKANSAS. 
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OrtLey—Especially mentioned for the foothill sections in Placer and Mari- 

posa Counties. 

Ruope ISLAND GREENING.—Hspecially mentioned for Humboldt and San Diego 

Counties—the extreme northern and southern parts of the State. 

RoME BeAury.—Planted more or less widely. Reported to do especially well 

in the Yucaipa section of San Bernardino County. 

Spitzenberg.—See Esopus. 

STAYMAN WINESAP.—Not yet extensively grown, but considered very promis- 

ing for the apple sections of San Bernardino, Riverside, and Tehama Counties. 

W AGENER.—Reported to do well in sections of Humboldt, Mendocino, Sonoma, 

and Napa Counties. : he 
WHITE PEARMAIN (Winter Pearmain).—Occurs quite generally in the older 

orchards in many parts of the State where it habitually does well. It is 

Fic. 15.—Outline map of the United States, showing the distribution by States of that 

portion of the estimated average apple crop for the years 1909 to 1913, inclusive, 

which is harvested in September. Each dot represents 30.000 bushels. The arrange- 

ment of the dots within the State boundaries has no significance, 

especially mentioned for the mountainous sections of Madera, San Bernardino, 

and San Diego Counties; also does well in the Pajaro and Santa Clara Valleys. 

WiIvNESAP.— Quite extensively planted in the foothills; it is widely distributed 

in the older orchards in many sections of the State. 

Winter Banana—See BANANA. 

YELLOW BrErLLFLOwnr.—Of special value in the Watsonville district where, 

with the Yellow Newtown, it very largely forms the basis of the apple industry 

of that section, but is planted more or less widely in many parts of the State. 

YEeLLow Newtown.—The comments under the preceding variety also apply to 

the Yellow Newtown. Aside from the Watsonville section, it is also especially 

mentioned for planting in Humboldt and Lassen Counties in the northern part 

and in San Diego, Riverside, and San Bernardino Counties in the southern 

part of the State. 
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ESTIMATED RELATIVE PROPORTION OF EARLY AND LATE 
APPLES IN DIFFERENT STATES. 

The proportionate quantity of early and late varieties in the dif- 
ferent States and the millions of barrels of each in 1915 are shown in 
figure 11. The designations early and late are based on varieties, 
those which have normally a short period of use being grouped as 
early and the varieties that are commonly stored or possess naturally 
long-keeping quality as late. The numerals shown on the map in 
figure 11 are listed in Table V. 
The accompanying maps, designated as figures 12, 13, 14, 15, and 

16, indicate the estimated quantity of apples in the average crops for 

Hic. 16.—Outline map of the United States, showing the distribution by States of that 

portion of the estimated average apple crop for the. years 1909 to 1913, inclusive, 

which is harvested in October and later. Hach dot represents 30,000 bushels. The 

arrangement of the dots within the State boundaries has no significance. 

1909 to 1913 inclusive, harvested, respectively, in June, July, August, 
September, and October, figure 16 showing also the fruit picked later 
than October. In a general way, these maps also indicate geographi- 
cally the sections of country from which the crop is ready for con- 
sumption or market in the several months covered by the harvest 
period. It should be stated in this connection that the data which 

form the basis of these maps are not entirely comprehensive, but it 
is believed that this regional distribution of the harvesting of apples 
in the different months shown by these maps is suggestive as well as 
instructive. 
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Taste V.—bstiinated production (in barrels) of early and of late varieties of 
apples in the United States, 1915. 

Divisicns and States. Early varieties.) Late varieties. Total. 

New England States: 
Maine.2 aosei6 os Ssisthss see esate ze tee bee bapa see 202,000 518, 000 720,000 
ING (le Enh oii SUR Rear ee ceREb San eeeeedbon eS 74,000 279, 000 353, 000 
WVermontoecne sauces ee Subse ee RS eee 97,000 227,000 324, 000 
Massachusetts e355 os sGicee cis St at cee ocean soe 204, 000 681, 000 885, 000 
Rhode TslanQe ono. ce wees oo eee ake aa ees eee nee 15, 000 44,000 59, 000 
Connechicutese see ae cae tooo eek nee eee 107, 000 404, 000 511, 000 

Middle Atiantic States: 
UN OWI OLEr saeco ee eo cree cise Dee ecctian cee a neioene 2, 132, 000 6, 396, 000 8, 528, 000 
ING We Jerseye ta. = seca alee etn eo sisi ee 326, 000 451, 000 777, 000 
Penns yIvANIne acon. Sete see eee aac scene tee eee 1, 525, 000 3, 560, 000 5,085, 000 

South Atlantic States: 
DOIAWALes soe 8 fe emia etme ccs ce cians oe ae 57, 000 65, 000 122,000 
Maryland....... A 264, 000 536, 000 800, 000 
Warginia soo esses Bes 1, 494, 000 2,899, 000 4,393, 000 
WieSt Vilginia ooo ieesaoccaiane ses cece cdsreeeee 854, 000 1, 659, 000 2,513, 000 
NonbhiCarolina - a= eee 6 eee ee Sa ee 1, 085, 000 887, 000 1, 972, 000 
Southi@arolina=<-s2seien ie ee We eee 155, 000 66, 000 221, 000 
Genre la re B ies, Scec sense eee Soe Da ae 313, 000 312, 000 625, 000 
Wloridar. =. $s.F2es see hei t eee coe a kote .2 DEA Eee et ee | eee 

East North-Central States: 
ODI9SER Soo eee eo eoae ae eee ee 1, 915, 000 4,069,000 5, 984, 000 
Jba(ob Eswahs tepeeeey nay te va 7 CaN era ay. Coa ass mi eae Ser 2 1,320, 000 2,563,000 3, 883, 000 
ALIN OIS He See sca aye ee eee nn eae 1, 651, 000 3, 065, 000 4,716, 000 
IM CHIP a eee Selec ee | ae Le See nn eae ei 1, 039, 000 2, 111, 000 3,150, 000 
\WaS COMSIm= see soa: Ses eo ae cies sme nee eee 884, 000 589, 000 1, 473, 000 

West North-Central States : 
Minnesota tet sae ok sera ie cee: Son cee eee 272,000 140, 000 412, 000 
LS a SUBSE Sd So CORE EUs Dee e es Sue ate alt 1, 707, 000 1, 513, 000 3, 220, 000 
Massour oe. SoS ee te ee yee ie ocean es cee eet 1, 760, 000 4,527,000 6, 287, 000 
North: Dakotas s. 202s jock 22 dos sabe sich asenhe 0c oe oc acleeic soto cles eeP ae eee eee EEE eee Eee eres 
South Dakota cassie cae cee oscwinee tees sevice npr 73, 000 27, 000 100, 000 
INGDrASK ase ee eee eh ero demnas oe ce cte ees 507, 000 760, 000 1, 267, 000 
AGANISAS © SSeS ease cing ae ae Aeon Eee Shien ee BeOS 637, 000 1, 488, 000 2,125, 000 

East South-Central States: 
OMG yea en sotes Semis eee ee Eee eS eres 1, 668, 000 2, 502, 000 4,170,000 
Tennesseos|. ho eee cee’ Soe eee eae co Se eee 1,012, 000 1, 013, 000 2,025, 000 
Alabama sees. ic ccese son ee ene = oe eee 319, 000 213, 000 532, 000 
NPISSISSTD PIse ts Magee sete ey aera sy ee erecta AN cee eee 99, 000 42,000 141, 000 

West South-Central States: 
PLOWISIANGS <2. os rece aie od se See aS eis ordre he cele se ME eel rats ore ets nce epadeiare le! ee enchote ere eee ETCES | S tes eee 

56, 000 131, 000 187, 000 
242, 000 538, 000 780, 000 
296, 000 887, 000 1,183, 000 

121, 000 226, 000 347, 000 

118, 000 575, 000 693, 000 
49, 000 224, 000 273, 000 
12, 000 28, 000 40, 000 
35, 000 107, 000 142, 000 
12,000 28, 000 40, 000 
86, 000 487, 000 573, 000 

608, 000 1, 825, 000 2, 433, 000 
303, 000 740, 000 1, 043, 000 
625, 000 938, 000 1, 563, 000 

(Umitedistates’. sos j.ce te loca Soe foc. cee 26, 330, 000 50, 340, 000 76, 670, 000 

ESTIMATED ANNUAL PRODUCTION, 1890 TO 1916. 

The estimated total annual production of apples for the entire 
country from 1890 to 1916, inclusive, based on the Eleventh (1889), 
Twelfth (1900), and the Thirteenth (1910) Census reports, and 
upon reports from correspondents of the Bureau of Crop Estimates, 
is given in Table VI. 
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TapLe VI.—LHstimated annual production (in barrels) of apples in the United 

States, 1890 to 1916, inclusive." 

{In thousands; i. e., 000 omitted.] 

Divisions and States.| 1°89. | 1s90 | 1801 | 1892 | 1893 | 1804 | 1805 | 1896 | 1897 | 1898 

North Atlantic 
States: 

WWinthay ssoocee ke 1, 024 675 | 1,230| 1,245 525 | 1,485 480 | 1,830 225 | 735 
New Hampshire 761 507 | 1,187 | 1,231 502} 1,410 434 | 1,904 467 | 1,425 
Vermont..------ 404 408 793 725 594 874 532 ; 1,003 484 656 

Massachusetts...| 563 342 | 1,190] 1,150 680 | 1,833 846 | 2,541 680 | 1, 200 
Rhode Island... 80 23 118 82 61 93 80 147 38 63 
Connecticut. - .-- 665 222 | 1,209 752 725 1, 089 1,312 | 1,500 753 1, 063 

New York...... 2,831 | 2,687] 9,803] 8,149] 5,713 | 8,172] 8,493 | 18,059] 6,557] 4,385 
New Jersey ....- 201 170 957 615 747 798 1, 322 792 762 440 
Pennsylvania...| 2,518 | 1,017} 6,930| 4,492) 4,730] 4,715 | 5,225) 8, 841 4, 680 4, 875 

Mop alesse 9,047 | 6,051 | 23,417 | 18,441 | 14,276 | 20,469 | 18, 724 | 36,616 | 14,645 | 14, 842 

South Atlantic 
States: 

Delaware........ 37 25 153 34 112 30 206 42 100 40 
Maryland....--- 471 245 983 306 816 198 923 224 791 402 
Warginiaess sss 2,797 1,419 4, 213 1, 812 4,213 850 4, 860 1,393 4, 667 1, 890 
West Virginia.--.| 1,480 374 | 2,415 | 1,027] 1,260 404 | 3,013 1,710 | 2,218 720 

North Carolina..| 2,531 | 1,280] 2,400] 1,890] 2,457 532 | 3,530} 1,353] 2,517] 2,728 
South Carolina- - 145 93 150 147 152 34 159 86 143 134 
Georgia......--- 704 303 506 530 383, 138 545 255 367 273 
MOnid asec eee AL es mye eee cee || ca ids, aja-01] Seton ctor | Seen tiers eis | Uscics eee rare ciel aoe 

UNO NES sooube 8, 165 3, 739 | 10, 820 5,746 | 9,393 2,186 | 13, 236 5, 063 | 10, 802 6, 186 

East North-Central 
tates: 
Oliiop ees 4,596 | 1,300] 5,219 262 963 | 3,597] 8,239] 6,593] 2,552] 1,420 
amndiamase sa ssere 2,928 1,111 3,198 889 393 1, 350 4, 263 2, 603 1, 947 500 
Mlinoisyees 228 3,200] 1,386] 2,882 880 483 | 2,128 | 3,897] 3,717 | 4,674 | 1,239 
Michigan........ 4,385 | 2,639 | 2,788] 2,733] 2,403) 4,347| 1,803 7,663] 1,260] 3,939 
Wiscconsin....-.- 53 354 403 356 274 375 146 508 155 474 

ANoy Ns eek ae 15,640 | 6,790 | 14,490 | 5,120| 4,516 | 11,797 | 18,347 | 21,085 | 10,583 | 7,572 
West North-Central in Soo Es ~ | omny 

States: 
Minnesota... ----|* 27 33 35 40 39 41 34 74 51 89 
OMe 1,680 | 1,265] 1,856] 1,017 640 | 1,452] 1,283] 2,239] 1,849 922 

Missouri.....---- 2,899 | 2,420] 3,220] 1,381 936 | 2,569] 4,816 | 3,780] 3,509 784 
North IDG S el B6Ses Gaal Aeseeaod SOSe eee) GEPPmIE ic. 6c C66 Seeacece Seeeeenc AGRA Meae lear secae ates 

South Dakota. -- Th Lp | (TS 5a ie eae Ue Coie Me ae (ee es be 
Nebraska.....-- 391 283 567 194 254 355 576 686 837 428 
keanSaSeeecreaene 1,238 | 1,200] 2,080 583 475 | 1,760} 1,757 1,530 | 1,615 667 

Total....-...-.| 6,235 | 5,201| 7,758| 3,215] 2,345] 6,177] 8,466 | 8,309] 7,862] 2,889 
South-Central States: eae 

Kentucky.....-. 3,560 | 1,125 | 3,634] 2,350] 1,440 588 | 5,400] 2,091] 2,444| 1,696 
Tennessee. ..---- 2,428} 1,606| 2,743} 2,283] 2,731 657 | 4,020] 1,375] 2,679] 1,402 
Alabama.......- 413 212 353 462 313 181 501 159 389 386 
Mississippi....-- 202 50 152 161 129 96 199 151 132 120 
Louisiana.....-.- SOR etter se ac adorn [eis oie 5 aig i] Se rene | Eneenetes [bieame seals Seca mallee elses 
MMOXAS Sys Ae s= 3 2 248 90 253 183 203 187 287 248 287 260 
ONcT al OM aes | Stoel Soares [bos eces = [bs 5 soe a es | Pee eee oae sacs 33 83 53 
Arkansas. ....... 631 528 910 767 901 539 1, 674 759 1, 507 970 

Total..........| 7,521 | 3,611] 8,045] 6,206] 5,716] 2,247 | 12,082 | 4,816] 7,522] 4,887 
Far Western States: | 

iIMontana=as-se5- Dales atone (Pere acts cS raricces 7 17 13 18 20 27 
SUV AYO TINT Comme | errata ee eats to [acne c ace o 5 | Sete eee tee sl neatotioee | Sasecls cals cecccls [emcees as 
Colorado.....-.-- 24 25 45 47 33 99 114 83 141 113 
New Mexico..... 12 13 27 27 30 33 50 33 83 58 

SAIZON ese os. De ee Se SS SAC Sc acta | SRS RES | eee oe eto ccie lone cone Baacemealbenceses 
Witaheee ss 5545=. 19 27 67 58 67 59 96 57 143 110 
Nevada........- 10 10 10 7 3 a 7 7 7 uf 
idaho weiss. 29 40 57 50 83 90 103 117 80 133 

Washington..... 98 174 231 204 274 273 382 324 567 686 
Oregon........-- 346 448 540 368 544 527 569 238 747 742 
California....... 552 585 797 690 970 902 1, 011 768 1,370 1,160 

Motalsessae sco: 1,093 | 1,322] 1,772| 1,450] 2,011| 2,007| 2,346| 1,644} 3,158| 2,977 

Grand total...| 47, 702 | 26, 714 | 66, 302 | 40,179 | 38,258 | 44,883 | 73,200 | 77,533 | 54,576 | 39,354 

1 Monthly Crop Report, vol. 2, no. 10 (October, 1916), p. 103. 
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TaBLE VI.—Hstimated annual production (in barrels) of apples, ete—Contd, — 

Divisions and States.| 159 | 1900 | 1901 | 1902 | 1903 | 1904 | 1905 | 1908 | 1907 | 1908 census. 

North Atlantic 
States: 

Mame. s2cosse 474 | 1,667 1,260 | 1,390] 1,867 933 | 1,267] 1,650 600 
New Hampshire 660 | 1,900 1, 433 533 | 1,567 500 667 7 500 
Vermont........ 392 | 1, 267 1, 000 517 | 1,300 567 733 700 733 

Massachusetts..} 1,008} 2,100 2,133 | 1,100] 1,833 900 | 1,133 967 800 
Rhode Island... 113 133 16 67 100 100 100 67 67 
Connecticut... .- 1,236 | 1,267 1, 567 667 967 800 833 733 333 

New York.....- 8,037 | 15, 667 13, 667 | 15,333 | 18,333 | 7,000 | 10,333} 9,333] 11,000 
New Jersey.....| 1,547 967 1,333 | 1,033] 1,033 867 700 733 433 
Pennsylvania...| 8,020] 6,000 6,333 | 6,167 | 8,333] 4,500| 5,833] 4,600] 4,933 

Topalew -s.2 21, 487 | 30, 967 28, 893 | 26, 807 | 35, 333 | 16,167 | 21,600 | 19,483 | 19,400 

South Atlantic ie 
States: 

Delaware.......- 23 200 200 100 167 167 133 67 100 
Maryland ....... 1, 050 900 667 900 700 933 667 667 733 
Virginia... ... 12.2 3,279 | 2,833 2,233 | 4,367] 2,000| 3,367] 1,833] 1,733| 2,967 
West Virginia...| 2,499 | 1,400 

North Carolina.-} 1,554} 2, 467 

1,433} 1,267| 2)167| 1,600] 1,967| 900] 1,767 

2,200| 2,067} 2,200] 1,667] 1,567] 867 2, 367 
South Carolina. . 84 127 143 147 163 120 160 53 
@eorpia,..-\o-25sm 224 300 333 367 400 233 433 167 500 
Wlondasss<-- 4-H 1 Seseten Gaosees-| Sebase = [scmseeen | Soodesod Quabeses Sroes ss ylssodse- =|! -- nese 

Totals eee 8,925 | 8,227 7,210 | 9,213 Gh 797 | 8,087] 6,760] 4,453 8, 687 

East North-Central "i 
States: 

QOniok acsseeee: 4,233 | 4,500] 4,667] 1,600] 5,333] 1,333 2, 000 
Indiana, 55.2222 2,100} 1,933] 1,967] 1,367] 3,000 667 733 
PINOISt eee sees 3,367] 1,700} 2,000} 1,500] 4,033 533 867 
Michigan 6,000] 5,183} 6,233] 2,100] 4,567] 3,167 2,333 
Wisconsin....... 600 467 800 433 733 567 533 

Moises see 16, 300 | 13, 733 | 15,667 | 7,000 |.17,667] 6,267] 6,467 

West North-Central 
States: 

Minnesota...-... 40 133 133 200 217 233 200 300 167 
Towarsscc.. 4.33 1,043 | 1,767 2,233 | 1,600] 2,333] 1,267} 2,633] 1,200 1, 000 
Missouri.....---- 2,165} 2,767 3,900 | 2,067) 3,233] 2,100] 6,667 433 2, 033 
North’ Dakota: ioe. 22sec. lec llecec os clot ec. 5 tee ee aac eens = oa 's'c laine co ae | lost aaa | Eee ee 

South Dakota... 6 13 20 33 47 40 57 50 
Nebraska....... 448 600 1, 033 467 933 533 | 1,300 300 
Kansas s 4532 1,071} 1,767 1,933 | 1,000] 1,533] 1,200} 2,567 60 

Topalic.. 5-555 4,774 | 7, 047 9,253 | 5,367 | 8,297] 5,373 | 13,423] 2,343 

South-Central States: 
Kentucky.....-- 2,018 | 2,133 1,567 | 2,367; 2,333 | 1,900] 3,033] 1,000 
Tennessee. ..-..- 1,796 | 2,167 1,533 | 2,133} 1,767} 1,183] 2,367 533 
Alabama. - ..---. 240 400 367 467 500 267 467 133 
Mississippi. .-..-- 83 167 137 167 143 107 127 47 

Louisiana....... DBijhn a soceln~ = aise a]'s- ogeme| bees deieel~ cs yous -c- coms | Eee eee See se eee 
Texas tee 5. ae 197 267 200 167 200 233 167 100 
Oklahoma......-. 111 157 217 193 183 250 367 317 
Arkansas........ 937 967 1, 333 800 } 1,333 | 1,067} 1,433] 1,200 

A Map fl Mere ee he 5,405 | 6,257 5,353 | 6,203 | 6,460} 4,957] 7,960] 3,330 

Far Western States: 
Montana........ 15 33 60 73 87 103 120 147 
Wyoming 2. ee eee eee a ela cele oc soe Sal ee ees Eee 
Colorado........ 86 200 400 333 667 533 733 133 
New Mexico. .... 47 87 117 67 103 140 157 40 

JATIZOMA se -- cia 4 3 7 3 7 17 13 13 
Wishes =o. cases 63 133 100 127 157 140 143 73 
Nevada. .... 2.63 4 7 13 20 20 27 37 
jRGt: 10) es Sees ee 75 167 170 157 217 167 203 233 

Washington..... 243 650 767 867 900 833 | 1,000] 1,267 
Orer one as oon. 291 767 733 800 867 600 900 700 
California....... 1,163 | 1,067 1,400 | 1,367 | 1,300 | 1,267 | 1,5383°}) 1/333 

Total ses. 1,991 | 3, 113 3,767 | 3,813} 4,323) 3,823| 4,830] 3,977 

Grand total... 58, 466 | 68, 643 45, 167 | 70,777 | 65,227 | 77,877 | 45,407 | 72, 240 | 30, 853 
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TasLe V1.—Hstimated annual production (in barrels) of apples, ete.—Contd. 

Divisions and States. 1909 | i910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 

North Atlantic States: 
Siriomee Pere ee Le 1,212 | 1,183] 2,267] 1,800] 1,000] 2,467 720 | 1,680 

New Hampshire..............-.- 369 600 533 733 267 667 353 532 
RVIOEIZIOM Geert cctatie sles cies steisiete’s's s = 487 900 750 867 233 1, 067 324 1, 104 

Massachusetts 850 967 | 1,000] 1,100 767 | 1,467 885 | 1,150 
Rhode Island........... 71 100 133 100 100 133 59 87 
Wonnechictiweecerciccc=c snlecms elses 514 600 800 567 700 833, 511 610 

Seay Woes ee 8,470 | 5,667 | 13,000 | 14,667 |. 6,500 | 16,533 | 8,528] 12,600 
INGMPUCESOV se cincitiececcisicccs ec 469 567 | 1,033 567 700} 1,133 777 750 
Pennsylvanian Ws estes Nal 3,683 | 3,867] 6,833 | 4,233} 3,400] 7,700] 5,085] 6,207 

Motaleey se eae acs Soa 16, 124 | 14, 450 | 26,350 | 24, 633 | 13,667 | 32,000 | 17,242 | 24,720 

South Atlantic States: . 
AD OIAWANG se seers atte Mee cle alee sle(si 61 117 100 140 60 167 122 83 
IMeiny land ere seiseieicsaicisis © ct <clsic 608 900 867 883, 433 1, 167 800 848 
WATERING os Vas Sauna eH aEEE EEE oee 2,036 | 4,033} 2,400] 5,000} 1,733] 5,100] 4,392] 4,43 
\WWGsti Wine, 6) Soba sno be geeEone 1,408 | 2,367] 2,600] 3,433 333] 4,133 | 2,513 | 3,344 

INOniMCanolinasessanecacnessccse- 1,592 | 2,400} 1,200] 2,533] 1,000] 3,000] 1,972] 2,358 
SOW Carolimaeecrrs amen ciielne a a2 121 247 157 200 87 267 221 196 
C@OTEE coocaspdeguce eee te arts 299 467 267 467 300 667 625 541 
WES OTIC Bee ee eee ialt ee are cle Seterers = 1) ae |e | Se eH ES laocrc acd aaeeeaie Sco ncroe) MEScbe ne 

US BOREAL LS als 3a a A a 6,125 | 10,530 7,590 | 12,657 | 3,947 | 14,500 | 10, 645 11, 803 

East North-Central States: 
ONG) 3 .azecasaEeEESeOUcenSeeeceee 1,555} 1,967! 6,233] 3,533] 1,600] 4,433] 5,984] 2,867 
enc cam eee ee Oe eer 920} 1,633] 2,967] 1,400] 2,200] 1,433 | 3,883] 1,307 
AUDIOS eee ie eae e cee cee te 1, 031 267 | 3,533 | 1,933 | 2,733] 1,233) 4,716 | 1,616 
iNet ear eee eas ~...| 4,111 | 1,400] 4,100} 5,733} 2,967] 5,733} 3,150} 4,160 
MaSCOnSINe eA iusee Gee ta | 744 133 | 1,000 667 | 1,333 733 | 1,473 878 

ROG a Ree aAeemeeiecises Oot 8,360 | 5,400 | 17, 833 | 18, 267 | 10,833 | 13,567 | 19, 205 10, 828 

West North-Central States: 
IMnTimeSO faassen stein cieesisisicecesye = 348 50 433, 233 600 233 412 422 
Towa seaee as SOUS e EEE 2, 249 67 | 3,167 500 | 2,367 533 | 3,220] 1,575 
UTES OIA 550 1 Ge me ee 3,323 | 2,533 | 3,867 | 6,400] 2,633 | 4,167] 6,287} 2,700 
WOT ID ETOH 446 SESS SS OTE ETe RON er lie RRO Lo 3A Te Sc ip eV I eee ar al inane aA 

Soucy akotavesmeccer = aces aes 64 10 80 67 107 67 100 116 
INebrasicas encase seek 1, 107 467 | 1,200 933 767 400 | 1,267 567 
erm Sasa tae) Wie os See 452 2, 200 800 | 2, 233 900 1, 033 2, 125 1,040 

ANG THAN Se 4 Sur ee ieee 7,544 | 5,327 | 9,547 | 10,367 | 7,373] 6,483 | 13,410] 6,420 

South-Central States: 
Pea LC Kaye ts ea oe 2,456 | 1,767 | 2,033 | 3,200] 2,300] 3,000] 4,170} 2,147 
MME TIIDESSC ORAS Meee seis e se cists cies ae 1,547 | 1,733 967 | 2,967} 1,300] 2,867 | 2,025 1, 772 
NETO ToAS ES a) a eee 296 333 233 400 300 533 532 380 
IMUSSISSID Dlmeeee else cieeeic aus 89 110 80 150 123 167 141 116 

ME OWISIAM AMP RIE e ye nea sa Dh P| So SSA ae Ae bare ee pee |Last omer ee 
UNIS. da neceC det ORE eae 56 133 67 167 100 167 187 156 
OM PINOT. 33.55 4aeeee eee See 247 400 350 567 367 506 780 275 
ANSE SNOT, 518 25 ne 765 900°} 1,000! 1,700} 1,333] 1,667] 1,183] 1,018 

ERO GaN UN see ka eo ask 5,467 | 5,377] 4,730] 9,150] 5,823} 8,900] 9,019 5, 864 
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Vi @HHIAE TONS eae cabareeSaee saber 891 | 1,933] 1,167] 2,567} 2,300} 2,767) 2,433] 3,225 
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TOU Cae a octane aaa 5,085 | 6,130] 5,290 | 8,333 | 6,827} 9,000| 7,148| 8,060 
Girandotalecreeecee asec macek ee 48, 707 | 47,213 | 71,340 | 78,407 | 48,470 | 84,400 | 76,670 | 67, 695 
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Nore.—The part of this bulletin which treats of the important 
centers or areas of apple production and the varieties principally 
grown in them, from the nature of the case, must be more or less 
incomplete. Reference to areas of considerable commercial impor- 
tance may have been omitted in some instances where conditions are | 
such as to merit mention in the present connection. Where this has 
occurred it has been due to a lack of definite information concerning 
the importance of the areas. It is also likely that differences of 
opinion and experience will appear in regard to some of the lists of 
varieties named for the different districts. 

In order that the information coming within the scope of this 
bulletin may be completed and made as valuable as is possible to the 
apple industry, the writers will appreciate any constructive sugges- 
tions that may be offered by fruit growers and others familiar with 
the conditions of apple production in different parts of the country. 
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INTRODUCTION. 

In the preparation of this bulletin the aim has been to present a 
description of the practices at present in vogue among the better 
class of farmers engaged in the production of sugar cane in the 
localities where sirup is the main product of the cane. It is in- 

tended primarily for those readers who are not already familiar with 
the farm operations employed in sugar-cane culture and sirup mak- 

ing. The present bulletin will be confined mainly to the consideration 

of field conditions and practices and to the farm-economics phase of 
the industry. The subjects of insect pests and diseases of the sugar 
cane will be discussed only briefly, as other publications of the United 
States Department of Agriculture deal with these more particularly. 
The scope of this bulletin is not intended to cover the making and 
the marketing of the sirup, though some reference to these factors 

needs to be made in dealing with the farm-economics phase of the 
subject, such as the cost of the production of the cane and the sirup 

and the profits accruing therefrom. 
Incidentally the sugar-cane industry will be considered in its re- 

lation to other farm operations, and some of the general problems 
arising will be noted and suggestions made as to their solution. 

63779°—Bull. 486—17 1 
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GEOGRAPHIC LIMITS OF THE SUGAR-CANE INDUSTRY IN THE — 
UNITED STATES. 

Climatically, the sections of the United States which are more or 
less well adapted to the culture of sugar cane are the extreme southern 
portion of South Carolina, all of Florida, the southern third of the 

States of Georgia, Alabama, and Mississippi, the southern half of 
Louisiana, and the low coastal plains of Texas. Apparently the 
lower lying valleys of southwestern Arizona and southern California 
are adapted under irrigation to cane culture, though it has not been 
tried extensively in these sections. 

In the portions of the country to which cane culture is restricted 
climatically it is further limited by its soil requirements. The crop 
can be grown profitably only where the soil is of the best. 

Table I gives the acreage in sugar cane in the several States as 
shown by the census report of 1909, together with the total yields of 
cane and of sugar, molasses, and sirup. By molasses is understood 

the product from the residual liquor after removing part of the 
sugar. Sirup is the product made without the removal of any of the 
sugar. 

TABLE I.—Sugar-cane, sugar, molasses, and sirup production in the United States 
in 1909. 

Farms reporting. Rovere 

Produc- —_______——— Average DEAS 
States. Aree mM | tion of pas of | Percent- | area per pee 

Ie cane. 1Y> Number. age ofall} farm. 
fannie per acre. 

Acres. Tons. Ucres. Tons. 
Wmnitedistates= 28 saa eee! 476, 849 |6, 240, 260 |$26, 415, 952 | 278, 233 4.4 17 13.1 

JALE afb 1 el eee lee eee Bee | 27,211 | 226,634 | 1,527,166 61, 226 23.3 .4 8.3 
IATIZONA eee eee eee one 16 55 719 | 8 ail 2 3.4 
SATKAYISAS sree celia ein ee | 3, 330 19, 868 152, 298 | 5, 286 20 .6 6 
TO Lo} (6 Lee eS er ed | 12,928 142, 517 1,089,698 | 19, 663 39.3 ot 11 
(GEOL SIN ees ame see | 37,046 317, 460 2, 268, 110 64, 458 22.1 sO) 8.6 
HAQUISIAN AR eee oe ee Veen: | 829,684 |4, 941,996 | 17,752,537 | 34,487 28.6 9.6 15 
Mississippi... ..-.- -----------| 24,861 | 222,600] 1,506,887 | 52, 860 19.3 5 9 
INGWrMexiCOtstes 2 2 eet 111 267 3, 467 73 2 1.5 2.4 
North Carolina /45 sce. cence 294 1, 494 10, 697 | 596 2 5 5.1 
Oklpnomaaivens 22 58.3 ee a ae 2 56 | I Pee eee asses scoc 6 secocosce , 
South Carolina 22.22.2222: 2 7,053 59, 865 434, 634 | 19, 857 11.3 4 8.5 
OXASL EO see ere ieee ois | 34,315 307, 502 1, 669, 683 | 19, 718 4.7 1.7 9 

| In plantation mills, covered by | In factories, covered by the manu- 
3 | the agricultural census. facturers’ census. 
States. | =a sees 

| Sugar. | Molasses. Sirup. Sugar. Molasses. Sirup. 

| Pounds. | Gallons. | Gallons. | Tons. | Gallons. | Gallons. 
Mimited Stateses-2e-k pce cere nae | 125,647 4,153 | 21,633,579 | 326,858 | 24,587,581 | 1, 449, 860 

TAURI ANMIAS co oes oteece ms alee oe Ss eee 3, 351 50 3; 078;538) || ooo eee 5 -| Be tets Hotes Scns 
ATIZ OVA Soe te eae ae ee | aa cd he cee Ses hoe ee oe 1 040) |.) sed ca Sa eeeneel etter eens 
Arkansas.......... Ey ak A ee ae gu (geen as 130 28056370] bern sees | cca eee Blackett oe 
Florida..... eis ea esate ate cee eee 47, 661 1, 339 2; DOds O90!) oneaeene os es | See Ane sic, 
Georeinete et oes ee eek 22, 392 BLOND} 000;D20) | maceneeee | sa Shoeepe terete | ica ces Eee 
ASOUISIATINe SS SOS ae SRN EE he 38, 143 1,325 | 4,125,083 | 352,497 | 24,342,555 |  @ 942, 997 
MUSSISSIDD Iter ska ee ee Le 1, 665 T4025 920-5108 |: eee eee le apepeeteeea| sees = oe eete 
New Mexico............ Pee dec hota a] Rae a By OSBi es ee eve 0 ee te em leat eae ele 
North Carolinat of esi oo J a ee ans 0 2 a VHA Virfil ladies tees Is tasa-ti' Goren An Sere ede 
Ok Omas st yo ee Ve Pad ee Wy 5bulkes sacs eee oi be Ss eae tees 
SontM Carolinger sess cts seen oe 5, 525 250 881558) Pe eee ee etic eel apnea 
Maxtse”. sAat seats tane we ee? 2 G. O10) |F eee 2, 246, 774 1,361 | 245,026 506, 863 

@ The statistics from 16 factories in Louisiana making sirup from sugar cane are not included. 
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Tt will be noted from Table I that at present the production of 

sugar from sugar cane in the continental United States is limited 
exclusively to, Louisiana and Texas except for small quantities made 
by plantation mills. In those localities where sugar is manufactured 
the cane industry is conducted on an extensive scale. 

The sirup, on the other hand, is almost wholly made by the small 
farm or plantation outfits. Only a small portion of it is made by 
big factories, and that wholly in Louisiana and Texas. In the sirup- 
making section it is rare that large plantations are devoted mainly 
to the production of cane. The cane crop for sirup comes mostly 
from small fields or patches. 

Half a century ago, while the price of sugar was high, certain sec- 
tions of Florida were extensively engaged in cane-sugar production. 

Fic. 1.—Ruins of a cane-sugar mill of antebellum days, near Manatee, Fla. 

During slave days large sugar plantations were operated along the 
Manatee River. However, the industry never revived from the shock 
it received during the Civil War, when nearly all the sugar houses 
were destroyed. (Fig. 1.) At present, while this is still an impor- 

tant sirup section, the cane is produced in only small areas and it is 
no longer the chief industry. 

THE NATURE OF THE SUGAR-CANE PLANT AND METHODS OF 
PROPAGATION. 

The sugar cane (Saccharum offictnarum) belongs to the family of 
grasses Graminacee. It is one of the largest of this family of plants, 
usually standing about 9 to 11 feet high before “arrowing,” or go- 
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ing to seed, at the time it is usually harvested. (Fig. 2.) Unlike 
most of the grasses the seed is very small and either infertile or ger- 

minates very poorly; in fact, some of the best-known varieties do 
not produce fertile seed. The time required for a plant starting 
from a cutting to mature seed is usually from 14 to 18 months. It 
is very rare, therefore, in any portions of the continental United 
States that the cane goes to seed. Occasionally, in southern Florida 
and near the Gulf coast of Louisiana, after exceptionally mild win- 
ters the cane if not harvested will “arrow” and produce a flower 
panicle. For the foregoing reasons, and for the additional reason 
that seedling canes are usually of a quality very inferior to the culti- 
vated varieties of cane, it is not practicable to propagate sugar cane 

commercially from seed. 

Fic. 2.—A good stand of sugar cane. 

The number of inquiries which come to the Department of Agri- 
culture concerning sugar-cane “seed” indicates that an erroneous 
impression is very common or that confusion exists in the minds of 
many persons not acquainted with the sugar cane. The confusion 
comes largely through a loose use of the term “cane” or even the 
term “sugar cane” to designate sweet sorghums used in making 
sirup. Some sorghum-seed and sorghum-sirup producers give their 
crops names suggesting sugar cane. Thus a sorghum variety is 

sometimes advertised as “seeded Ribbon cane,’ the Ribbon cane 
being one of the best-known varieties of sugar cane. Another sor- 
ghum variety is listed in some seed catalogues as “ Japanese Honey 
cane.” There is a Japanese cane (see under “ Varieties of sugar — 
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cane”) which, like ordinary sugar cane, does not produce seed in 
the climate of our Southern States but is used to some extent for 
sirup production, yielding a product practically the same as that 

from the ordinary cane. 
The method of propagating sugar cane commercially is from cut- 

tings, i. e., the stalk of the old plant, either the whole stalk, the stalk 
cut into pieces, the top part of the stalk, or the underground part, is 
planted. New stalks sprout, from the eyes that have developed at 

the nodes of the stalk, and roots push out in rings around the old 

stalk immediately below the eyes at the nodes. On the underground 
part of the stalk, the so-called “ root,’ properly called rootstock, 
these nodes and the eyes are especially close together and therefore 

relatively abundant. (See further under “ Planting.”) If these 
rootstocks of cane are not dug up, the small feeding roots con- 

nected with them die, but the rootstocks themselves remain alive 
and may send forth sprouts, called ratoons, from their eyes the fol- 
lowing season and develop a new root system, thus producing an- 
other crop of cane, a so-called stubble crop or ratoon crop. However, 

as many of these rootstocks, because of diseases or decay, mutila- 
tion at harvesting, freezing during the winter, or other causes, do 
not survive, or because the soil is not in a favorable condition, the 

ratoon crop is rarely as good as the first or “ plant-cane” crop. The 
second stubble or ratoon crop, if the stubble is left to grow another 
year, is usually still smaller. It is rare that more than three crops— 
the plant-cane crop and two ratoon or stubble crops—are taken from 
one planting, and usually it is not profitable to take more than two 

crops before replanting. ° 

VARIETIES OF SUGAR CANE. 

All the varieties of sugar cane commonly used for sugar or sirup 
production are of the species Saccharum officinarum. A variety of 
cane known as Japanese cane and used extensively as a forage crop, 
but also used to some extent for sirup production, differs so widely 

from the ordinary sugar cane that some botanists class it as a distinct 
Species under the name Saccharum sinense, probably identical with 
the Uba, which is favorably mentioned in Natal. 

Of the innumerable varieties of sugar cane that have found favor 

in the various cane-producing countries, relatively few have proved 
well adapted to our Southern States, primarily because they are not 
sufficiently quick maturing. While tropical sugar-cane countries 
have favorable growing conditions continuously for 12 months in the 
year, i. e., for an unlimited period, a season of only 9 to 10 months is 
available near the Gulf in our Southern States to mature the crop. 

Farther north, where warm growing weather does not come in the 
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spring before April and where the first frosts in the fall usually come 
in October or early November, sugar-cane culture can not succeed 
with any variety yet known. Disappointments are frequently occa- 
sioned upon introducing some high-yielding varieties from the Trop- 
ics to find ‘that they do not show like superior qualities in the United 
States. As this bulletin is intended primarily for readers interested 
in cane culture in the continental United States, the discussion of ° 
varieties will be limited to those that have found favor in this 
climate. 

OLD VARIETIES. 

The two varieties best Known and most widely used in the South- 
ern States are the Louisiana Purple and the Louisiana Striped. 
These seem to be better adapted to a wide range of soil conditions 
than any others of the old varieties introduced from time to time. 
The Louisiana Purple is also commonly called the Home Purple. In 
Georgia and Florida it is generally called “ Red cane.” It is either 
identical with or closely related to the Cheribon or Black Cheribon 
or Black Java cane of Java. The Louisiana Striped cane, also called 
Home Striped, outside of Louisiana is more generally called Ribbon 

or Red Ribbon cane. The stalks are striped with purple and green, 

the purple varying from a light purple or maroon to a very dark 
purple and. the green from a light yellowish green to a dirty pur- 

plish green. This variety is presumably identical with the Striped 
Cheribon of Java. The Ribbon cane is commonly reported as yield- 
ing a somewhat higher tonnage than the Louisiana Purple cane 
mentioned above, but with a lower percentage of sugar content. 

In a field of Ribbon cane, even if the seed cane was carefully 
selected, one can usually find numerous stalks of solid green or green- 
ish violet and occasionally of solid purple, resulting from bud varia- 
tion. The purple stalks thus originated are apparently identical 
with the Louisiana Purple variety just described. Conversely, cases 
are also reported of plain Louisiana Purple cane throwing off sports 
of striped cane identical with the Ribbon cane. 

The green stalks coming through bud variation from Ribbon cane 
are commonly known in Georgia as “bastard” cane. By selecting 
and propagating these green variants, a strain of cane with these 
characteristics may be secured. Such is supposed by some to have 
been the origin of a variety of green cane called Crystallina in Cuba 
and White Cheribon in Java. It seems to be this same variety that 
was introduced into Louisiana from Java by P. M. La Pice in 1872, 
which is now being extensively grown under the name La Pice cane 
on some Louisiana plantations. The Ribbon cane described above 
is presumably identical with the variety called Transparent in parts 

of the West Indies, the Louisiana Purple with the Purple Trans- 
parent, and the La Pice with the White Transparent. 

Sp tit 
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A variety of cane very widely grown in small garden patches, 

primarily as a chewing cane, generally spoken of in Georgia and 
northern Florida as Green cane, is apparently identical with the 
Otaheite of Cuba and the Bourbon of the British West Indies. 
Because of the soft texture of the pith, this cane is a favorite 
among the inhabitants for chewing. Many farmers also plant it 
for sirup production, as it yields a lighter colored product than the 
Louisiana Purple or the Red Ribbon cane. Because of its late ma- 
turity, its low yield, and its strong susceptibility to disease, however, 

it is not a good commercial sirup or sugar making cane. It is also 
a disagreeable cane to handle at harvest time because of the numerous 
fine prickles that cover parts of the leaves near the stem and the leaf 
sheaths near the midrib of the leaf. 
A variety called Green Ribbon cane in Georgia and Simpson cane 

in some parts of Florida is practically the same as the last men- 
tioned except in color, and it has the same advantages and disad- 

vantages. The two are frequently grown together and one is doubt- 

less a bud variation of the other. The color of the Green Ribbon 
cane is green and yellow in longitudinal stripes. 

SEEDLING VARIETIES. 

While bud variation from striped varieties occurs, giving self- 
colored varieties, and while the opposite phenomena, viz, striped 
varieties coming by bud variation from self-colored varieties, have 
also been observed, no great success has attended experimenters in 
attempts to produce an improved strain of sugar cane by selec- 
tion through bud variation or plant variation with respect to sugar 
content and purity of juice. Because of the vegetative way of 
propagating the cane, the plants of successive seasons are in reality 
but a continuation of the growth of the plants of preceding seasons. 
Consequently there is but little chance for variation in its eco- 
nomic properties. It is otherwise with plants produced from seed, 
whether the flowers are fertilized by chance in nature or are hand- 
pollinated under control. In a large number of the enterprising 
sugar experiment stations, work has been started in producing and 

testing seedling canes. In most cases the fertilizing of the flowers is 
left to chance, or, at most, resort is had only to planting in proximity 
the two varieties from which it is desired to obtain a cross, thereby 
increasing the chance of getting the desired cross. In a few instances 
the experimenters have undertaken to cross-fertilize the flowers 

under control, thereby producing strains with known pedigree. 
However, as the flowers are almost microscopic in size it is very 

tedious work, and as a large percentage of the progeny is unpromis- 
ing or worthless, progress toward better strains by this means is very 
slow. 
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Among the immense number of seedlings that have been produced, 
a goodly number have already proved of economic value and are 
now being grown extensively on sugar plantations. A number is 

“assigned by the originators to each of the seedlings tested, and to 
this number is prefixed an initial denoting the country or place 
in which the station is located. Thus we have the D 74 and the 
D 95 varieties of sugar cane, now extensively grown in Louisiana, 
which were originated by the Royal Agricultural Society of British 
Guiana, in Demerara, South America, and were introduced into 
Louisiana by Dr. W. C. Stubbs in 1873. 

Fic. 3.—Two varieties of sugar cane (crops equally large) on the same farm after 

a storm: Upper, Palfrey cane, one of the old home varieties, badly lodged ; 

lower, D 74 cane, standing erect. 

3oth these varieties of cane on the rich alluvial lands along the 

lower Mississippi and its tributary bayous generally yield both a bet- 
ter tonnage and a crop of higher sugar content and have the added 
advantage over the old home varieties of being more rigid and there- 
fore not lodging so easily in storms, thus lessening the labor of 
harvesting. This erect habit of growth is especially marked in the 
D 74 cane. (Figs. 3 and 4.) Among the Louisiana planters these 
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varieties have the reputation of being more sensitive to lack of 

fertilizer and to poor soil conditions than the Louisiana Purple 
and the Ribbon canes. Possibly this accounts for the fact that these 
varieties have not found much favor among the cane growers of 
Georgia and Florida, where the soil is of a lighter, more sandy 
character and the rainfall less abundant than in Louisiana. 

The D 74 cane is a green variety which produces a sirup notably 
lighter in color than the Louisiana Purple and the Ribbon canes. 
The erect habit of growth of the plant keeps the ground from 
being shaded as early as with other varieties, thus necessitating (or 
permitting) somewhat later cultivation. As the leaves are quite 
stiff and the leaf sheaths do not so readily drop away from the stalk 
as it matures, there is slightly more trouble in stripping it at har- 
vesting time than is experienced with other varieties. Unlike the 
green chewing cane previously mentioned, the D 74 cane has no 
prickles on the leaves and leaf sheaths. 

Fic. 4.—Sugar cane of the D 74 variety (at the left) and of the Louisiana Purple 

variety (at the right) after a storm (crops equally large). 

Because of the hardness and brittleness of this variety of cane, it 
is not so easily milled, especially with the small farm outfits that are 
not provided with crushers. The D 95 cane is of a dark-purple color 
and can therefore not be expected to yield as light colored a sirup as 

the D 74 cane. It is a somewhat softer cane, however, and is therefore 
more easily milled. Both these Demerara varieties deserve a more 
thorough trial in sections where they are not now being grown. 

In the fall of 1915 the writer observed in a field of D 95 can on 

a farm in Alabama, near Muscogee, Fla., some striped stalks. The 
same phenomenon has since been reported from some other fields of 

D 95 cane in Louisiana.. We thus have another example of a bud 
variation in a self-colored cane (i. e., with solid color on the stalk) 
yielding a striped variety. This striped D 95 looks very much like 

the common Ribbon cane. 
Since 1906 the Louisiana Sugar Experiment Station at Audubon 

Park, New Orleans, has been actively engaged in the production and 
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testing of seedlings, using seed matured in the Tropics and sprouting 

it in the greenhouse under carefully controlled conditions as to heat 
and moisture. Several varieties of much promise have already been 
produced and multiplied in sufficient abundance for trial under field 
conditions. Among those favorably reported are L 511, L 218, L 219, 
L 231, and L 226, samples from all of which have been supplied 
through the kindness of Mr. W. G. Taggart, in charge of the Sugar 
Experiment Station at New Orleans, and are now being propagated 
by the United States Department of Agriculture at Apalachicola, 
Fla., and at Cairo, Ga. The tests in Georgia are in comparison with 
a number of the older varieties and some new seedlings from foreign 
countries. 

Because of the great diversity of characteristics among sugar-cane 

seedlings, seedling production and testing is the most hopeful method 
of attacking many of the problems in sugar-cane production, such as 
the increase of sugar content, earliness of maturity, disease resistance, 

and adaptation to soil conditions. Since the soil and climatic charac- 
teristics in different cane-growing localities vary greatly, and since 
the success of cane varieties depends so much upon these character- 
istics, it is highly desirable to carry on the testing of seedling vari- 
eties in many different typical localities. 

SOIL REQUIREMENTS. 

Since all varieties of cane make heavy demands upen the soil for 
plant-food constituents and water, the soil must be suitable to pro- 
vide these under the conditions otherwise prevailing.’ If the rains 
are not well distributed and if periods of drought are to be expected 
without provision for irrigation, it is essential that the soil be a 
medium-heavy loam or aclay with an abundance of humus. If the soil 
is very sandy and lacks humus, it is practically impossible to supply 
the necessary plant-food constituents economically just when the 
plants need them, even if rains are abundant and well distributed. 

Such soils do not retain well the commercial fertilizers and therefore 

make necessary frequent applications and occasion much wastage. 

While such sandy flats as those that occur so extensively near the 
southern Atlantic and eastern Gulf coasts can be made to produce big 
crops of sugar cane, this can not be done continuously without involy- 

ing so much expense as to make it unprofitable. Frequently such land 

produces a fairly good crop while it is new ground and while the 
vegetable mold from the native forest growth supplies an abundance 
of humus. In succeeding years, after this is exhausted, it is only by 

the liberal application of mineral plant foods and of organic matter 
in the form of green-manuring crops and barnyard manure or their 
equivalent that good yields can be secured. It is otherwise with the 
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so-called hammock lands and with the rolling lands farther from 

the coast, or with the delta lands near the rivers, where a consider- 

able percentage of fine silt and clay is mixed with the sand, making a 
good loam or clay-loam soil. Too heavy a clay is likewise not well 
adapted for sugar-cane production, becatise it is practically impossi- 
ble to keep it in good tilth. Thus, along the lower Mississippi River 
and the various bayous in Louisiana, the lands immediately adjacent 

to the streams are usually well adapted to sugar-cane production. 

These lands were formed by the sediment first deposited on occa- 
sions when these streams, during past ages, overflowed their banks, 
and they contain therefore much of the coarser silts and some sand. 
The land of the swamps lying farther back from these streams is 

composed almost entirely of a heavy clay, which is difficult to get in 

good tilth and is thus poorly adapted to cane culture. The condi- 
tions are vastly better 1f this clay has much vegetable mold or humus 
in it. In that event, provided the land is properly drained, good 
crops of cane can be grown so long as this supply of humus lasts. 

The muck soils, provided they have a high mineral content, will 
produce big yields of cane if well drained. With muck land that is 
very low in mineral content or with peat land, it is doubtful whether 
it can be used successfully for sugar-cane production even if drained. 
A disadvantage with muck land is that it affords such poor anchorage 
for the cane roots that the cane very easily lodges, and this gives a 
tangled mat of stalks instead of relatively erect rows. In Georgia 
it is commonly reported that the rich dark soils along the edge of 

swamps, while producing high yields of cane, exert a deleterious 
effect upon the color, clearness, and flavor of sirup made therefrom. 
The farmers there, in consideration of the quality of sirup, prefer the 
lighter colored, loamy upland soils, suitably enriched with com- 
mercial manures, especially cottonseed meal. 

In the low flat areas, where natural drainage does not keep the 
ground-water level 3 feet or more below the surface, it is essential 
that artificial drainage be provided. A depth tc ground water 
greater than 3 feet should be attained if possible. 

MANURIAL REQUIREMENTS. 

The use of commercial fertilizers in sugar-cane growing is almost 
universal in the United States and in other cane-growing countries. 
As to the particular feritlizer elements required and the forms and 
proportions in which they are applied, the various localities differ 
widely. fe 

Some form of nitrogenous fertilizer can be applied with profit or 
is absolutely essential in practically all localities. The amount of 

mitrogen that is applied on the best-managed farms of the Southern 
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States usually ranges from 20 to 50 pounds per acre. In many of the 
tropical countries, where much larger yields are produced, this 
amount can be increased one or two fold with profit. 

To the application of phosphoric acid there is a good response 
from the soils of nearly all sugar-cane localities both in this country 
and in foreign countries, but the amount to be applied most advan- 

tageously varies considerably. Most of the soils of Java are a nota- 
ble exception to this rule, in that they do not respond to phosphate 
applications. The amount of soluble phosphoric acid applied in 
Louisiana is usually from 40 to 80 pounds per acre. To the lighter 
soils of Georgia and Florida it is not unusual to add considerably 
more, even up to 120 pounds per acre. | 

To applications of potash there is little or no response in most of 
the rich alluvial sugar-cane soils of the Mississippi Delta. In the 
States east of Louisiana, however, potash is applied, usually at the 
rate of 30 to 50 pounds per acre. 

In these States it is common practice to buy the fertilizers ready 
mixed. However, many farmers do their own mixing in the interests 
of economy. In trade the mixed fertilizers are commonly described 
oy three figures, referring in their order to the percentages of avail- 
able phosphoric acid, ammonia, and potash which they contain. The 
mixtures most popular in southern Georgia and northern Florida 
for spring and early summer applications usually do not vary far 
from the 8-2-3 formula, 1. e., 8 per cent of soluble phosphoric acid, 
1.65 per cent of nitrogen (equivalent to 2 per cent of ammonia), 
and 3 per cent of potash. This is supplied in one or two appli- 
cations in quantities totaling from 800 to 1,600 pounds per acre, 
often followed in late summer with a top-dressing of readily avail- 
able nitrogen, such as nitrate of soda. These quantities are here 
mentioned as an example of common practice in one locality and not 
as a guide or recommendation for any wide range of soils or locali- 
ties. It can not be too strongly urged that the farmer, in the absence 
of trustworthy and conclusive experience with his particular type 
of soil, should not blindly follow any special fertilizer formula that 
may have been found suitable for some other type of soil, but rather 
that he should experiment on his own farm on small plats with 

several of the combinations that he has reason to suppose will most 
probably fit his needs. 

The most common sources of nitrogen in the manurial mixtures are 
cottonseed meal, tankage, and ammonium sulphate for early applica- 
tions and sodium nitrate (Chile saltpeter) and ammonium sulphate 
for late applications. Of these, cottonseed meal is most extensively 
used in the Southern States, being near the source of its produc- 
tion the cheapest commercial fertilizer. It contains about 7 per cent 
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of nitrogen, 3 per cent of phosphoric acid, and 2 per cent of potash. 

Tankage is also extensively used, especially at times when the price 
of cottonseed meal is unusually high. Its composition varies accord- 
ing to the proportions of blood, meat, and bone entering into its 
manufacture, but it averages about 7.5 per cent nitrogen and 5.5 per 
cent phosphoric acid. Dried blood and fish scrap are also occa- 
sionally used, mainly for their nitrogen content. In the tropical 
countries ammonium sulphate containing about 22 per cent nitrogen 
is very extensively used. For quickly available nitrogen, nitrate of 
soda (Chile saltpeter), containing about 15 per cent nitrogen, is the 
favorite. Synthetic nitrogen manures have been introduced recently 
to some extent. 

The source of phosphoric acid in the fertilizer mixtures is nearly 

always acid phosphate, except to the extent that it is furnished by 
the nitrogenous manures, such as tankage or cottonseed meal. ‘The 
acid phosphate contains 14 to 16 per cent of phosphoric acid. For 
soils deficient in lime and with an acid tendency, it is better to supply 
the phosphoric acid in the form of basic phosphate (basic slag or 
Thomas slag). 

The potash was supplied in the past almost exclusively in the form 
of potash salts from the mines near Strassfurt, Germany, either the 
natural mineral, especially kainit with 12 to 14 per cent of potash, or 

the more nearly pure salts, the sulphate of potash and the chlorid 
(muriate) of potash, either one containing about 40 to 48 per cent 
of potash. 

Natural manures, such as green crops plowed under and barnyard 
manure, are highly beneficial in increasing the yield of cane, much 
more so than the plant-food elements contained can account for. 
Practically all soils in the sugar-cane localities, both the heavy soils 

like these in Louisiana and the lighter ones of the States farther east. 
are very responsive to increases in the humus content. The farmer 
should therefore be on the alert to plow under vegetable matter 
whenever it is possible without interfering too seriously with culti- 
vation. The tops and leaves from the cane at harvesting were in 
the past usually burned off to make the field cleaner for the cultiva- 
tion of the stubble crop of cane during the next season and in the 
hope of thereby destroying insect pests. Recently, however, since 
the entomologists of this department have collected evidence which 
tends to show that the damage from insect pests is not reduced by 
burning the trash, many planters have adopted the plan of incorpo- 
rating it with the soil without burning it. Whether or not this prac- 
tice, and whether returning to. the field the bagasse, suitably rotted 
or chopped fine, tends to increase the damage from diseases, re- 
mains yet to be determined, and experiments along this line are being 
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instituted. It is common experience among cane-sirup makers that 
applications of barnyard manure, especially of horse-stable’ manure, 
to the cane crop injure the quality of the resulting sirup, making it 
darker in color and imparting a strong salty flavor. . It is therefore 

advisable to make such applications to the cane crop sparingly 
where the cane is to be used for sirup production. In such eases it is 
good practice, if such manures are available, to make heavy appli- 
cations to the crop preceding the sugar cane in the rotation. 

In consideration of the quality of the sirup, cottonseed meal or even 
the cottonseed itself is a very popular manure for cane. Such prac- 

tice, however, seems to be rather illogical, in consideration of the 
high food value which these substances possess. The cottonseed 
contains about 17 per cent of fat, which has no fertilizer value, but 
which if pressed out and purified has a high food value. The press 

cake remaining, if ground up, becomes cottonseed meal. If this 
is properly prepared it is an excellent high-protein concentrated 

focdstuff. In spite of the high food value of the oil and the high 
feeding value of the meal, the prices of these articles usually pre- 
vailing in the cotton sections are so low and their value as a fertilizer 
so high that they are both extensively used as fertilizers. Doubtless, 
with the upward trend in prices for animal products and with a 
fuller appreciation on the part of the farmers of the value of barn- 
yard manure, these conditions will gradually change and more cot- 
tonseed meal will be fed and more barnyard manure will be pro- 
duced to be available for crops in rotation with sugar cane. 

TIME AND MANNER OF APPLICATION OF FERTILIZERS. 

Between what is theoretically best in the time and manner of ap- 
plication of fertilizers and what is least expensive, compromises must 
necessarily be made. To economize labor in distributing the fer- 
tilizers, the several constituents are usually mixed and distributed at 
one time. For cane planted in the spring it is customary to put a 

rather liberal application of mixed fertilizer, the nitrogen of which 
is in a form becoming gradually available, into the furrow in which 
the cane is to be dropped. Some implement is run through the 
furrow to mix this fertilizer with the soil. For cane planted in the 
fall or early winter the fertilizer is used very sparingly, if at all, 
at the time of planting, but the main amount is given in the spring 
when the crop starts to grow. In case of either spring or fall 
planting, another application is made near the middle of May, 
designated as a side application, in that it is distributed along the 
sides of the rows and cultivated into the soil. Many farmers favor 

giving a top-dressing of readily available nitrogen, e. g., nitrate of 
soda, at the time of laying the crop by, July 15 to August 1. Thus, 
a very common fertilizer program among the Georgia cane growers is 
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to apply in the furrow at the time of planting 600 to 1,000 pounds of 
mixed fertilizer of a formula similar to the 8-2-3 formula before 

mentioned, then about the middle of May to give a side application of 
about two-thirds that amount of a similar mixture, and finally at the 
“laying by ” of the crop to give a top-dressing of 100 to 200 pounds of 
Chile saltpeter. Many prefer to apply less of the mixed fertilizer 
at the time of planting and more later. It would doubtless be better 

for the cane if the same amount were divided into smaller quanti- 
ties and applied more frequently, but this is generally considered 
to involve more expense than the gains justify. 

CROP ROTATION. 

The fertilizer requirements depend very largely upon the crop pre- 

ceding the cane. A very good practice is to precede the cane with 
a crop of corn and cowpeas, plowing the latter under. It is still 
better if this is done for two successive years. The common rota- 
tion on the sugar plantations in Louisiana has been one year of corn 
and cowpeas, followed by two years of sugar cane from one plant- 
ing. With the growing interest in stock raising, some planters dur- 
ing the last few years have changed their system to a 4-year rotation, 
with two successive years of corn and cowpeas, plowing under the 
peas each time, then two years of cane. The results obtained were 
exceedingly encouraging, half of the plantation yielding almost 
or quite as much cane as previously two-thirds of the plantation did 
with a 3-year rotation. 

In the principal sirup-producing sections, unlike the sugar plan- 
tations, the farmer can usually select a location for his cane patch 
that had a specially favorable treatment. Thus, for small patches a 
favorite practice is to shift the cowpen area from year to year and 
plow up the old area to plant in sugar cane. Very good results are 
obtained by manuring very heavily a field to put into sweet potatoes; 
then in the succeeding year planting it in cane. To obtain the 
requisite amount of. manure, the cane bagasse (also called pomace 
or mash) is put in liberal quantities into the stables or corrals, to be 
worked up into manure, and then, after it has had about a year to 

rot, it is applied to the sweet-potato ground. 

PREPARATION OF THE LAND. 

Not much need be said in regard to preparing the land that might 
not be said with equal propriety for any other crop. It is desirable 
to plow considerably in advance of the planting time, especially for 
spring planting, and then to cultivate well before planting. Grown 

on a clay soil with compact subsoil, cane is especially responsive to 
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deep plowing, bringing into effective tilth a considerable depth of 
soil and opening the land for the storage of moisture. A reasonable 
depth to plow is 8 or 10 inches, with a subsoiler run through the 
furrow to a depth of another 8 or 10 inches. This deep cultivation 
is especially advantageous during seasons with periods of drought. 
In the experimental field at Cairo, Ga., in the season of 1915, the 

yield was fully twice that of adjacent fields, which could reasonably 
be attributed in large measure to deeper plowing and subsoiling, 
coupled with the fact that the season was characterized by very 
heavy rains in late winter and a drought of unusual severity in mid- 
summer. With very sandy subsoil, lacking humus, deep plowing 
may be disadvantageous. With a clay subsoil which previously has 
always been plowed shallow, it is not advisable to turn up more 
than an inch of the subsoil at one plowing. It is better to attain 
the desired greater depth of plowing gradually, through a series 
of years, giving opportunity meanwhile for the inert subsoil that 
is turned up to become converted into a productive loam through 
mixture with surface soil and vegetable mold. 

PLANTING. 

In Louisiana and parts of Florida it is deemed desirable to plant 
in the fall, as late as is safe to avoid frosts. However, for eco- 
nomic reasons the fall planting is done somewhat earlier, because 

after the harvesting for the mill commences the available labor and 
teams are fully occupied at that work. The fall planting therefore 
usually stops in the latter part of October, and what is not planted 
by that time is left to be planted in the spring as soon as the soil 

is in suitable condition to work and the weather is such as to oc- 
casion no fear of freezing the cane. In Louisiana this is usually 
in February or early March. Occasionally there is suitable planting 
weather in January. In Georgia and northern Florida the planting 
is almost universally done in the spring. The impression prevails 
that fall planting leads to an imperfect stand through the spoilage of 
cane during the winter. In the spring the cane may be selected so 
as to avoid using the spoiled stalks or portions of stalks. Availa- 
bility of labor is also in favor of spring planting. 

‘The advantages of fall planting are threefold: 

(1) There is economy of labor. The cane is taken directly from the field 

where it is growing to the place where it is planted, thus avoiding the labor 

of storing it in windrows or banks and later digging it up to plant. (Wig. 5.) 

(2) There is thought to be less spoilage of cane in the furrows than if 

planted in the windrows or banks. 

(8) Fall-planted cane gets an earlier start in the spring, resulting in more 

mature and therefore richer cane at the time of harvesting and a slightly 

larger yield. 
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The spacing between the rows varies from about 4 to 6 feet. In 
the rich soils of Louisiana the usual spacing is 54 to 6 feet. In 
southern Georgia 44 feet is the most common spacing. The more 
rapidly the cane grows and the longer the growing season, the wider 
may be the spacing. It is desired that by midsummer, at laying-by 
time, the crop shall shade the ground well. 
On the flat plantations in Louisiana, with the fields divided by 

permanent headlands and drainage ditches, it is customary to plow in 
beds, maintaining the same rows and consequently the same spacing 
from year to year. On the rolling uplands of southern Georgia and 
adjacent States there is need of special precautions against soil erosion. 
Besides terracing the land on the hill slopes, the rows are usually run 
on contour lines or so as to give them a fall of only 4 to 6 inches per 
hundred feet. If the field is terraced these terraces afford the neces- 

Fig. 5.—Stripping the sugar cane out of the bank ready for spring planting. 

sary guide lines. If it is not terraced it is most advantageous to 
run guide lines every 3 to 5 feet of vertical rise in advance of laying 
off the rows. This may be done rapidly and very satisfactorily by a 
crew of three persons, using a small telescopic level, a suitable leveling 
rod, and a 1-mule marker. The man with the level directs the rod- 
man up or down the hill slope until he has the proper altitude for 
the guide row that is to be run. (Fig. 6.) The rodman then steps 
off a distance of about 50 yards approximately on a level along the 
hillside. The man with the level again directs him up or down the 
slope until he has an elevation of 6 to 8 inches higher or lower than 
at the previous station. They thus locate a series of stations about 
50 yards apart, each varying 6 to 8 inches in elevation from the pre- 
ceding. The man with the marker meanwhile follows immediately 
behind the rodman, marking the gradually rising or falling contour 
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line along the hillside, guided by the stations marked by the rodman. 
A small telescopic farm level with tripod and leveling rod suitable 
for this purpose, constructed on the principle of the surveyor’s level, 
can be purchased for about $20. The slope or direction of drainage 
of the furrows is ordinarily made from the center of the field toward 
both sides or is otherwise suited to the existing watercourses. 

Most farmers prefer marking the rows, properly spaced, in ad- 
vance of opening the furrows. This is usually done by a 1-mule 
1-point marker (a “scooter”) provided with a guide stick, hinged 
to the beam, to extend on either side the right distance to trace the 

“next row. 

After providing in one manner or another for the correct spacing 
and the course of the rows, the furrows are opened by using a 2-mule 

Fig. 6.—Running a guide line for sugar-cane rows along the hillside. 

middle breaker (fig. 7, b) or by throwing out two furrows with a 1- 
mule turnplow, and then opening deeper with a 1-mule round shovel 

plow. ‘The furrows are opened shallower in the flat, poorly drained 
fields of Louisiana. In the irrigated sections of Texas and Arizona 
the planting is extra deep. The commercial fertilizers and sometimes 
also the barnyard manure are distributed in the furrows (fig. 7, a), 
and mixed with the soil by again driving through with a suitable 
implement. The cane is then distributed (fig. 8) and covered to a 

depth of 1 to 2 inches in the case of spring planting, or about 4 to 6 
inches in fall planting, by throwing light furrows on from both sides. 
Tn the latter case the covering is again raked off in the spring, leav- 
ing only 1 to 2 inches over the cane. Frequently the cane in the 
windrows or banks is more or less damaged by red-rot or some other 
disease. With reference to cutting away the diseased parts before 
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planting, practice varies. On the basis of ordinary field sanitation 
it is advisable to trim off the diseased parts and to plant only sound 
stalks. However, until it is determined whether the diseases in ques- 
tion are transmitted to any great extent through the plant material, 
there is some doubt as to the advantage in trimming. 

The rate of planting in the row varies with the time of planting, 
the width of row, and the size and soundness of the cane. Ordinarily, 
with rows 44 feet apart in Georgia and Florida, in spring planting 
the aim is to get as much as one continuous line of sound cane. If 
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Fic. 7.—Some types of implements in common use for cultivating sugar cane on small 

' farms: a, Fertilizer distributor; 6, middle breaker; c, weeder; d, common 1-mule 

stock, with sweep point attached; e, f, g, scooter points; W, round shovel point; 

i, j, sweep points for stock (d); k, spike-tooth cultivator, useful for early culti- 

vations. 

the cane is partly diseased it is lapped or doubled to make the line 
of sound cane complete. With good sound cane less than a complete 
line, as low as two-thirds or three-fourths of a complete line, will 
ordinarily give a satisfactory stand in 4$-foot rows. Cane has a 
strong power of adapting itself to the space given it, stooling out 
when planted thin, so as largely to compensate for thin planting. 
Therefore, if the plant material is scarce and the available area 
plentiful, e. g., in the multiplication of a valuable rare variety, it is 
advantageous to plant quite thin. In Louisiana, with 54 to 6 foot 
rows and with the cane usually damaged both by diseases and by 
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borers in the stalks, the practice in fall planting is to put into the 

furrow about two lines (fig. 9) or “two lines and a lap,” and in spring 
planting somewhat more, even up to three or four lines if the cane 
is in bad condition. In tropical countries, where the new growing 

season follows immediately upon the harvesting and planting time 
and the cane consequently need not lie dormant in the furrow or in 
storage through the winter months subjected to disease, it is common 
practice to plant only the tops of the stalks, which are less valuable 
for sugar manufacture and yet are quicker to start growing than the 
older, more mature parts of the stalks. It is still an open question 
whether or not some system of top planting could not also be used 

to advantage in our sugar-cane localities. Rootstock planting is 
sometimes resorted to, but with rootstocks alone the uncertainty in 
the germination is too great to assure a regular stand. 

Fic. 8.—Planting sugar cane in Georgia. 

About 3 to 4 tons of cane are usually stated as the requirement to 
plant an acre in Louisiana, where the whole stalks without rootstocks 

are used. In the States farther east, with a smaller acreage, it is cus- 
tomary to quote plant cane in actual numbers of stalks, with some 
definite length stated or implied as the average length, and upon the 
basis of such counts commercial transactions with seed cane are 

made. Prices are then quoted per 1,000 stalks. To plant an acre in 
44-foot rows, with a single complete line of stalks, 9,680 linear feet 
of plant material are required, or 2,420 stalks averaging 4 feet in 
length; and this may be taken as an average quantity of moderately 
good cane to plant. Such stalks, including the rootstocks, may be 
expected to weigh about 3 pounds apiece; hence, the weight of plant 
cane required is 7,260 pounds, or 3% tons. Stalks without root- 
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stocks of this quantity of cane if harvested for the mill would 
weigh about 3 tons. Thus, at best, the seed-cane requirement in the 
sugar-cane industry is a very heavy drain upon the net proceeds from 
the crop, and herein les an incentive to Government or State experi- 
mental institutions for making strong efforts to find or originate cane 
varieties that are more resistant to disease and that will consequently 
not require such frequent replanting, or canes that stool better, so 
that the planting may be thinner. With Japanese cane this drain 
is far less, first, because this variety ratoons well, giving good yields 
for three to six years from one planting, and, second, because the 
stalks are so slender that a ton will go a long way in planting 

Fic. 9.—Planting sugar cane in Louisiana. 

However, as heretofore stated, this variety is not very good for sirup 
or sugar making. 

CULTIVATING THE CANE. 

If in the spring, before the newly planted cane is up or while it is 

still small, the ground gets crusted over badly or weeds tend to get 
a start, it is advisable to stir the soil lightly with a light spike- 
tooth harrow, or, still better, with a spring-tooth weeder (fig. 
7, ¢), covering the field once or twice in a direction diagonal to the 
rows. If this does not remove the weeds, it is advisable after the 

cane is up to clean them out of the rows by hand hoeing. A second or 
third hand hoeing may be necessary later to keep weeds out of the 
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rows. After the cane is well up, the space between the rows is culti- 
vated to kill the weeds and to keep the soil in tilth, much as for 
any other crop. (Fig. 7, %.) The early cultivations, before the 
root systems have developed much, should be relatively deep, but 
later in the season shallow cultivation must be practiced, to avoid in- 

juring the fine feeding roots that spread out from the cane near the 
surface. The suckering of the cane can be controlled to some extent 
by the cultivation. Throwing the soil toward the plants tends to re- 
strain suckering. On the other hand, leaving the bases of the plants 
exposed favors suckering. Therefore, to get a good stand from the 
minimum of planting material, the soil is withheld from the rows 
as far as feasible during the early stages of growth. Later, how- 
ever, when the season is too far advanced for new suckers to mature, 

it is desirable to prevent suckering, and the soil is therefore more 
liberally plowed against the rows. Where the drainage is poor, as in 
most of the Louisiana cane belt, this ridging up of the rows is car- 
ried to an extreme, leaving deep drainage furrows between the rows 

to carry off the surplus rainfall quickly. In irrigated sections, on 
the other hand, the farmers strive to keep the cane row low as long as 
practieable, to enable them to run the irrigation streams through the 
rows, probably coming up to about flat cultivation by the end of the 
first year. 

The only difference in the cultivation of the fall-planted cane 
is to bar off as early in the spring as the weather and the condi- 

tion of the soil will permit and to rake off about the time growth 
will start. To bar off means to plow a furrow away from each side 
of the row, usually with a 1-mule turnplow, leaving a ridge about 
a foot wide at the row in which the cane hes planted in the fall 
under a covering of 4 to 6 inches. This ridge is then raked off by 
hand with hoes or by cultivating crosswise with a harrow, leaving 
only 1 to 2 inches of soil over the cane. 

If a stubble (ratoou) crop is to be taken, the stubbles receive some 

special attention. Shortly after harvesting, the trash is burned off 
(unless it is desired to incorporate it into the soil to increase the 

humus content), and the stubble row is “ wrapped” by throwing a 
furrow toward it from each side with a 1-mule turnplow. The 
remainder of the space between the rows is plowed with a turnplow 

at the same time. In this condition it is left through the winter. The 
treatment in the spring is to bar off and to rake the stubble with a 
harrow, about as already described for fall-planted cane. On the 
big plantations in Louisiana, where the rows are on high ridges and 
the rootstocks consequently are relatively long, instead of thus rak- 
ing the extra soil off the stubbles it is customary to “shave” them. 
For this a special implement is employed, having either a horizontal, 
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obliquely placed, straight, flat cutting bar or two horizontal disks, to 
cut through the ridge left at the time of barring off and to cut off the 
partly decayed upper ends of the old rootstocks. Suitable plates on 

the implement brush the loosened soil into the furrow at the sides 
and thus leave the tops of the shaved stubbles exposed. This removes 
from the rows all the weeds and most of the weed seeds and thus aids 
greatly in keeping the row clean during the early growth of the crop. 
Later, and before the crop has made much progress in growth, it is 

advisable to loosen the soil with a special implement, the stubble 
digger. (Fig. 10.) 

Neither stubble shavers nor stubble diggers have been adopted to 
any notable extent in the sirup sections east of Louisiana. As to the 
implements for further cultivation, practice in the sirup sections 

differs widely from that of the large plantations of Louisiana and 
from that. with other crops in the 
Northern and Western States. After 
the preparation of the land, nearly 

all the work is done with 1-mule 
implements, using a 1, 2, or 3 point 

single cultivator in the early cul- 
tivation (fig. 7, d and e to 7) and 
sweeps for the later shallow cultiva- 
tion. To one accustomed to the 2- 
horse or larger implements used in 
other sections of the country (fig. 
11), this farming with 1-mule im- 
plements seems like very inefficient ie. 10—A type of stubble digger used 

MElizanhonvom«£arm labor. It has ai tox) sugar cane UMage inv Doulsiana. 
partial justification, however, in the facts that the farms and fields 
are mostly small; that there are many short rows, especially where 

they are laid off along contour lines on the hill slopes; that no head- 
lands for turning around are provided; and, finally, that the wages 

of laborer and mule are nearly equal. 

When we consider, however, that not uncommonly the operations 
of marking the rows, opening the furrows, distributing fertilizer, and 
covering the cane require altogether eight trips of laborer and single 

mule along each row, there seems undoubtedly room for improvement 
in efficiency. Practically the same disproportion of trips per row to 
the work accomplished exists in the later cultivation in these sections. 

Cultivation generally ceases and the crop is “laid by” about the 
middle of July or first of August. By this time the crop shades the 

ground and the rows have spread out until it is impracticable to get 

through with the single-mule implements. 
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HARVESTING. 

With the coming of cool nights and moderately cool days, which is 
usually in October, the cane matures rapidly, i. e., stores up sugar in 
the stalk. With suitable cool weather, the cane may be in condition’ 
to commence grinding by the latter part of October. Farmers in the 
sirup sections with but small crops to dispose of prefer to wait till 
near the middle of November. In southern Florida, where winter 
frosts are rare, they can afford to wait till December before com- 
mencing to grind. The later in the fall or winter the cane is har- 
vested, provided it is not damaged by frost, the bigger the yield of 
cane and the higher the sugar content; therefore the better for the 
manufacture of either sugar or sirup. However, a slight degree of 
immaturity is not so objectionable for sirup making as for sugar 
manufacture. The immature cane, while containing less sucrose 
(common sugar), contains more of the reducing sugars, which lessen 
the tendency of sirup to granulate when boiled thick, a desirable 

property. It thus comes about that 
the sugar-cane industry for sirup 
making is carried to somewhat 
higher latitudes, 1. e., colder cli- 
mates, than for sugar manufacture. 
If, however, the cane is too im- 
mature, the sirup can not be made 
sufficiently clear and light colored 
and has an objectionably strong, 
bitter flavor. 

Fic, 11.—A type of 2-horse disk cultivator | The operation of harvesting (fig. 
used on large sugar-cane plantations. 19) consists of stripping the leaves 

off the stalk, topping the cane, cutting off at the bottom, drop- 
ping it in bundles, loading, and hauling to the mill. The stripping, 

topping, and cutting of the cane are usually accomplished by hand with 
-acane knife. This implement has a small hook at the tip of the back 
of the blade (fig. 13, 0) that helps in raking or beating off the leaves 
with the back of the knife. About two strokes down the sides of the 
stalk will remove the leaves if the stalk stands straight. If it has 
been lodged by a storm and has consequently grown crooked, as is 

frequently the case with the old home varieties, it is more troublesome 
to strip off the leaves. Thus in the stripping, and in the further 
handling also, there is a decided advantage in growing varieties of 
rigid, erect characteristics, such as the D 74, which do not readily 
lodge. Some planters prefer to strip the cane a few weeks in advance 
of the actual harvesting, thinking thereby to hasten maturity. This, 

however, is of doubtful value except to get that much of the work 

disposed of before the busy harvesting time comes. The practices 

ie ts 
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-in harvesting in the eastern Gulf States differ somewhat from those 
in Louisiana and of cane-growing countries. Three different, tools are 
used in stripping, topping, and cutting the cane, and the work is done 
in three stages. First, the cane is stripped by the use of a flat stick 
about 3 to 4 feet long or, better, with a tool consisting of two curved 
and forking narrow blades of spring steel on the end of a stick, so 

disposed that the operator can beat the leaves down from both sides 
of the stalk with a single stroke (fig. 138, a). The second operation, 

the topping, is done with an ordinary cane knife. Finally, the cane 
is cut off at the ground with a heavy, short-handled hoe (fig. 14). 

Persistent efforts have been made by a number of very capable 
inventors to design and build machines to harvest the cane, and 
encouraging progress has been made. Stripping and topping the 

Fig. 12.—Harvesting sugar cane in Louisiana. 

cane satisfactorily without making the machine unwieldy offer the 
great difficulty. Possibly we may hope for the solution of the 
machine-harvesting problem when means for utilizing the tops are 

worked out, e. g., silong and feeding, so as to pay for their trans- 
portation to the mill or to some central loading station. Then the 
inventors could attack the problem of stripping and topping by 
means of stationary machines without being so closely limited in 
the weight or size of the machines. 

The loading of the cane is done by hand except cn some of the 

large sugar plantations, where loading machines are in use, operated 
either by mules or, better, by gasoline power. (Fig. 15.) Suitable 
grabs and hoists pick up the cane from the small heaps into which 
the cutters have dropped it and swing it over, to be tripped off into 
the wagon box. The wagons or carts may be provided with slings 
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to unload the cane at the mill or at the field railway by the use of 
power hoists. 
A light frost on the cane may kill the leaves without seriously 

damaging the cane except to check its growth. A somewhat heavier 
frost that kills the growing tip and the eyes renders the cane 
worthless for planting, but occasions no serious loss for sugar or sirup 
manufacture if the cane is not left standing in the field very long. 
Fermentation proceeds but slowly from the injured tips and eyes, 

resulting in no serious deterioration if harvesting is delayed even 

for a week or two. If, however, a hard freeze, sufficient to freeze the 

interior of the stalks, catches the crop still in the field, then the 
rind of the stalks is burst open. If warm weather follows and the 

cane is exposed to it, fermentation beginning along the injured stalks 
will in a very few days cause a sour- 
ing of the cane to an extent that 
makes it worthless for either sugar or 
sirup manufacture. In case of a 
heavy frost or of a freeze much may 
be done toward saving the cane or 
extending the time in which it can 
be ground profitably by promptly 
windrowing it. If possible, before the 
weather turns warm, the cane should 
be cut and laid in windrows, with 

the tops overlapping the stalks, the 
same as in putting away seed cane, 
but omitting the soil covering. The 
foliage will then protect the stalks in 

Fic. 13.—Harvesting tools used in & Measure from the heat of the sun, 
Georgia and Florida: a, a, Strip- and fermentation proceeds much more 
ping tools; b, cane knife; c, hoe. 5 5 . 

slowly. Windrowing is the more 
effective if the cane is put down while it and the ground are cold. 
It is much better if the frost can be anticipated and the cane put in 
windrows just before the frost. Some deterioration will still take 

place, but it is relatively small. Of course the possibility of fur- 
ther growth is sacrificed. It thus occasionally happens that, with 
weather conditions threatening a freeze, or immediately following 

a freeze, the plantation manager shuts down the mill and puts all 

available hands at windrowing cane, working under pressure almost 
night and day until the cane is all down. It is later stripped out 
of the windrows and topped as fast as the mill can work it up. If 
the cane is not badly frozen and time permits, it is more economical 
and equally effective in protecting the cane to strip, top, and cut it, 

drop it in small heaps, and cover it with trash until it can be milled. 
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YIELD OF CANE, SUGAR, AND SIRUP. 

For rich Mississippi Delta land, with good care and a good season, 
25 to 35 tons per acre would be considered a fair crop from plant 
cane, i. e., the first crop from a planting. About two-thirds of this 
yield may be expected from the first ratoon crop (first-year stubble 
crop) and about one-half the plant-cane yield from the second ratoon 
crop (second-year stubble crop}. In most sections farther east, with 
a lighter soil, the yields are lower, viz, about 18 to 25 tons per acre 
from plant cane under favorable conditions, and about two-thirds 
and one-half of this from the first and second ratoon crops, respec- 
tively. 

The ratios here given between the yields of the plant-cane crop 
and the first and second year stubble crops are estimated to be the 

Fig. 14.—Harvesting sugar cane in Georgia. 

average ratios for all seasons and all farms; however, these relations 
are subject to great variations in different seasons and on different 
farms. Thus, in southern Georgia during the season of 1914 the 

stubble crops made an exceptionally good stand and growth, the first- 

year stubble on many farms exceeding in yield the plant-cane crop. 
The succeeding year, 1915, on the other hand, showed an equally ab- 
normal divergence in the other direction, in that the first-year stub- 
ble crop on most farms yielded less than half of what the plant-cane 
crop yielded, while the stand of the second-year stubble crop in 
most cases was so poor in the spring that the farmers plowed up this 

cane and planted the fields in other crops. 
The composition of the cane varies with the variety, the season, the 

time of harvesting, and other factors. It may be expected to con- 
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tain on an average about 88 to 90 per cent of its weight in juice. 
-The best modern sugar-factory mills with 9 or 12 rollers and with 
“saturation” (addition of water between successive pressings) can 
extract about 80 to 85 per cent of the weight of cane in juice. Power 
mills with a single set of three rollers may effect an extraction up to 
about “68 per cent. Those of small design, as used on the sirup- 
making farms, rarely exceed 65 per cent. The small mills driven by 
6 to 8 horsepower gasoline engines usually give an extraction of 55 

to 65 per cent, and the horsepower mills frequently even less. With 
average cane and good management of the mill, the extraction, even 

with these small mills, should not be below 58 to 63 per cent of the 

weight of the cane. 

The sucrose (common sugar) content of cane is especially subject 
to variation with degree of maturity, seasonal conditions, etc. About 
11 to 14 per cent may be taken as the usual sucrose content of the 

Fic. 15.—A gasoline-power sugar-cane loader. 

juice in the Southern States. Accompanying the sucrose we may 

expect to find 1.5 to 2 per cent of reducing sugars (dextrose and 
levulose, frequently spoken of as glucose). In the earliest part of 
the harvest season the sucrose content is lower and the reducing 
sugars higher than they are later. With good mature cane, such as 
is usually produced in tropical countries, the reducing sugars almost 
vanish. Besides these sugars, the juice contains from 1.3 to 2 per 
cent of solids other than sugar. With the usual losses in extraction 
and other unavoidable losses in the manufacture of sugar and sirup, 
the actual yield of sugar under favorable conditions in a large fac- 
tory is 140 to 180 pounds per ton of cane, or about 2 to 2.8 tons of 
sugar per acre of good plant cane on Mississippi River Delta land. 
The actual yield of sirup is about 18 to 24 gallons per ton of cane, or 
about 400 to 525 gallons, equal to 12 to 16 barrels of sirup, per acre 
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of plant cane on good Georgia or Florida farms. The average yields, 
as shown by the census reports, are much below these, showing that 
many farms and factories are not producing yields up to the normal 
for good, well-managed farms. 

STORING CANE FOR PLANTING. 

In localities subject to winter frosts, if the new plantings of cane 
are not made in the fall, planting the cane directly from the field 
as it is harvested, some means must be employed for storing the cane 
until time to plant it, which is usually in the spring. Two somewhat 
different modes of storing are in common use, viz, windrowing and 
banking. Practice also varies, some preferring to dig up the cane 
and store it with the rootstocks left on, while others, to save labor, 

Fic. 16.—Putting sugar cane in windrows in Louisiana. 

are content to cut the cane about even with the surface of the ground, 
thus sacrificing the short rootstock, which bears a large number of 
eyes. 
Windrowing is generally practiced on the large sugar plantations, 

like those in Louisiana, where large quantities of cane are to be 
stored in a relatively short time. (Fig. 16.) The ridge cultivation 

results in deep furrows being formed in the middles between rows 
during cultivation. The cane from two or three rows, cut off at the 
ground and without removing the foliage, is laid into one of the 
middles, overlapping in such a manner that the tops always cover 
the stalks previously laid down. The windrow thus formed is cov- 
ered with soil by the use of large plows, throwing about two furrows 
from each side over it. If the soil is cloddy or wet, a disk cultivator 
is sometimes driven over the windrows to smooth out the soil that 
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the plows have thrown up, and finally hand hoes are employed to 
cover such gaps as the plows and cultivator failed to cover. At plant- 
ing time the cane is pulled out of these windrows by the use of a mule 
pulling a specially constructed implement with prongs or hooks 
crosswise of the rows. The storage of cane by banking is similar to 
windrowing in principle, but the layer of cane is usually deeper and 
the space covered wider. The depth of the cane in the bank before 
covering is from 18 to 30 inches and the width from about 5 to 10 
feet. The length of these banks is governed by convenience. Only 
the edges can be covered with plows and the center strip of the bank 
must be covered by hand with shovels. (Fig. 17.) About 1 to 2 
inches of soil is put on the bank. Some prefer to leave a strip of 
about 8 inches in the middle of the bank uncovered until colder 
weather or all winter. At planting time the soil is shoveled off these 

Fic. 17.—A bank of sugar cane in Georgia ready to cover. 

banks and the cane pulled cut by hand and stripped of leaves and 
topped. It is thus seen that banking the cane, while possibly some- 
what more economical of planting material, requires proportionally 
much more hand labor, and it can therefore be practiced only where 
the cane areas are small and the labor available is relatively abun- 

dant. 
Whether the cane is to be banked or windrowed, it is necessary 

to take every precaution to see that it is well matured and kept 
as cool as possible in storage. The nonavailability of labor while 
harvesting for the mill and the danger from frosts lead the 
planters usually to store the seed cane before beginning to harvest 
for the mill, thus sacrificing some in maturity of the cane. Cool, 
wet days are chosen, if possible, for the work of storing. If it must 

_be banked when the ground is warm and dry, it is advisable to scrape 
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away the warm and dry surface soil immediately before putting 
down the cane. 

INSECT PESTS AND DISEASES OF CANE. 

The reader is referred to other publications for details in regard 
to insect pests and diseases that are hkely to infest sugar cane.t. In 
this more general treatment of the subject, however, attention will 

he called to a few of the more dangerous pests and diseases that the 
farmer should avoid if possible. 

The moth borer (Yiatraea saccharalis) is by far the most destruc- 
tive insect pest with which cane growers have to contend. It infests 
the fields throughout most of the Louisiana cane belt and parts of 
Texas. East of Louisiana it has been found in only a few rather 
restricted localities. The moth lays its eggs on the leaves of the cane 
and the larve from the eggs bore into the stalk, reducing the yield 
of cane and, much more, the yield of sugar or sirup from it and kill- 

ing many eyes of the cane stored for planting. 
The mealy bug (Pseudococcus calceolariae) comes next in impor- 

tance in regard to the damage done in the cane areas of the United 

States. It is widespread in the Louisiana cane districts and does 
much damage to the cane. These bugs collect around the stalks of 
the cane, mostly near the joints, and suck the juice out of the cane. 
They are covered with a downy white fuzz, making it appear as if 

the stalk were covered with a white mold. It is practically impos- 
sible by any means yet worked out to eradicate either the moth borer 
or the mealy bug when once they have become well established in a 
cane-growing locality. For localities not infested, an ounce of pre- 
vention is worth many pounds of cure. Great caution should be ex- 
ercised to prevent their introduction. Cane for planting or other 
purposes should not be imported to a free section from an infested 
section except under the direction of an expert. 

Termites, also called wood lice and white ants, at times do some 
damage to cane. They are most likely to occur where there is much 
coarse vegetable matter in the soil, therefore in new-ground fields. 
Fertilizing by dropping raw cottonseed in the furrow at planting 
time frequently leads to increased damage to the cane from the 
termites. They enter the growing stalks from the planted cane, 
causing hollows which become surrounded with hardened tissue. 
Usually, if termites get started in a planted stalk, they enter all the 
young stalks sprouting from it. For this reason it is recommended, 

1+ Holloway, T. E. Insects liable to dissemination in shipments of sugar cane. U. S. 

Dept. Agr., Bur. Ent. Cir. 165, 8 p. 1912. 

Field, Ethel C. Fungous diseases liable to be disseminated in shipments of sugar 

cane. In U. S. Dept. Agr., Bur. Plant Indus. Cir. 126, p. 1-13, 7 fig. 1918. 
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in fields where they give trouble, to cut the stalks for planting into 
short lengths, 12 to 18 inches, and to drop these pieces in the furrows 
somewhat diagonally or otherwise, so that the ends will not touch. 

Of sugar-cane diseases the one causing by far the greatest damage 
in the United States is the red-rot, caused by the fungus Colleto- 
trichum falcatum. 'This disease is distributed throughout most of 
the sections where cane is extensively grown. The most serious 
damage from it has been reported from Louisiana and from the 
sections of southern Georgia and northern Florida where large areas 
are devoted to sugar cane. It does not seriously damage the growing 

cane or affect its sugar content, but it has caused great losses in the 
banks or windrows while in storage for spring planting. In recent 
years on some farms it has frequently caused losses ranging from 
25 to 75 per cent of the cane put away. Until the nature of this 
disease, the manner of its propagation, and effective means for its 
control have been better worked out for our climate it is advisable 
to employ ordinary measures of field sanitation, such as (1) to avoid, 
as far as feasible, the devotion of the same area to cane without an 
interim of several years of planting to other crops; (2) putting 
away seed cane from new ground or from areas where there is reason 
to think the infection is not so great; and (3) trimming away the 
badly diseased portions of the stalks at planting time. It should be 
said, however, that it is not at present known to what degree these 
measures are efficient in lessening the damage from red-rot. 

Root-rot (M/arasmius sacchari) is responsible in some localities 
for considerable reductions in yields and especially for the dying out 
of stubbles, resulting in a poor stand. In the growing cane that is 
diseased it is noticeable in the earlier stages and in wet weather as 
a slimy growth between the leaf sheaths and the stalks near the ground, 
and later by a cementing of the lower leaf sheaths to the stalks with 

a whitish mold. In putting away seed cane such stalks, or at least 
the affected lower ends of them, should be rejected. 
A number of other dangerous diseases and insect pests of sugar 

cane have appeared in many foreign countries, so that it is unwise 
to bring cane from any foreign country except through approved 
quarantine stations. Recognizing these dangers, the Federal Horti- 

cultural Board has instituted a strict quarantine against cane from 
all foreign countries. Any proposed exceptions to this quarantine 

against individual countries or parts of countries will have to be 
considered by this board on their merits, exemptions being made 
only after it is ascertained that the localities in question are free 
from dangerous diseases and pests or after methods of treatment are 
worked out which can be depended upon to exclude them. For the 

introduction of small quantities of cane of hopeful new varieties 
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for propagating and testing, an avenue is open through the United 

States Department of Agriculture. They will be propagated under 
suitable quarantine isolation until it is ascertained that the samples 
harbor no dangerous pests or diseases. 

The risk incurred in introducing cane from other regions is illus- 

trated by an incident that occurred a few years ago. The United 
States Department of Agriculture introduced a small mail shipment of 
cane of a rare variety from Hawaii for propagation in Porto Rico, 

observing the precaution of planting it the first season in one of our 
quarantine greenhouses. In spite of the fact that the cane had been 
carefully selected and prepared for shipment by an official of the 
Hawaiian Sugar Planters’ Experiment Station and that when the 

package arrived at Washington, D. C., it seemed to be free from pests 
and diseases, it developed during that season an abundant crop of 
the Hawaiian Ieafhopper, one of the most destructive insect pests 
that have ever been known to attack sugar cane. This simple pre- 
caution, which led to the subsequent destruction of the cane, doubtless 
saved the Porto Rican planters from losses by this pest such as the 
Hawaiian planters suffered, amounting in Hawaii at one time to mil- 
lions of dollars annually and threatening the complete destruction of 

their great sugar industry. 

SOME BUSINESS CONSIDERATIONS IN CONNECTION WITH THE 
SUGAR-CANE AND SIRUP INDUSTRY. 

One of the first questions that a new settler in a sugar-cane and 
sirup-producing section will ask is “ What profit can be expected 
from this branch of the farm business?” Even the old settlers and 
old sirup producers as a rule can profit by making a closer study 
of the farm-economics side of their industry. The publication here 

of data on the business side of the industry, collected from some of 
the best-informed farmers in the sirup belt of southern Georgia and 
northern Florida, may therefore be of interest. The subject will be 

considered under the several headings: (1) Equipment and capital 
invested, (2) cost of producing the cane, (3) cost of manufacturing 
the sirup, and (4) value of products and profits. 

EQUIPMENT AND CAPITAL INVESTED. 

Sugar-cane growing requires the best of land that the sections in 
question afford. While vast areas of land in these States can be 
bought at $10 an acre and less, it is not to be expected that such cheap 
lands have much value for cane production. There are large areas 
of flat coastal plains that are too sandy for profitable cane culture. 
One must expect to pay from $20 to $60 for good cane land in Geor- 
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gia or Florida and about double this price in Louisiana. Good land 
well located for citrus fruits would command higher prices, and con- 

sequently would hardly be used for cane. Additional allowance 
must be made for the investment in improvements. To cover the 
interest on the land investment, together with expenses for upkeep, 
taxes, etc., the farmers in computing the cost of production of the 
cane in sections east of Louisiana must allow about $2 to $4 an acre 

as the annual rent for the land. 
The implements required in the present practices in these localities 

are about the same as for other field crops, e. g., corn or cotton, and 

usually include small and large turnplows, middle breakers, harrows, 
a weeder, various forms of 1-mule cultivators with one or more points, 
a fertilizer distributor, and wagons; also hand implements, including 
hoes, shovels, etc. About the only special implements required for 
the cane are the cane knives and the stripping tools. Under such cir- 
cumstances as have been suggested under the headings “ Preparation 
of the land” and “ Cultivating the cane” the farmer may add to his 
equipment a disk plow, a subsoiler, and 2-horse cultivators. There is 
thus to be charged to the sugar cane for implements such proportion 
of the total equipment of the farm as the area of sugar-cane land 
hears to the total area of cultivated land on the farm, or somewhat 
more, because the cane requires more work. The same may be said 

of the equipment in the line of work animals. In computing the cost 
of production of the cane in this bulletin the interest on the invest- 
ment for work animals and implements is presumed to be covered by 
the expense for mule hire and labor. 

It is proposed in another bulletin to give a detailed discussion of 
the sirup-making equipment. A summary only can here be given. 
An equipment very commonly used for small farms with the approxi- 

mate cost of the several items consists of the following: 

Mall with) -three rollers: each dfoot longe2es. eee ee $125 

Gasoline or kerosene engine of about 6 horsepower_________-__-_-_-_-_-_-_-_-__-_- 250 

Evaporator, galvanized iron, 15 feet long and about 42 inches wide, with 

baffle plates and skimming troughs___-_____________ Warp Slt ht 20 - 

Bricks (about 2,500) and lime (38 barrels) for building the hearth furnace 

for the evaporator, together with belt, juice receptacle, juice pipes and 

valves; ‘and’ sirup receptacle:U-— ae ee eee 100 

Material and labor for shelter and labor for building the furnace____.___. 105 

Mota ae a ee 8 a RS a a Se 600 

The capacity of such an outfit would be about 6 barrels per day of 
12 hours, disposing of one-third to one-half an acre of good cane a 
day. Assuming a 24-day grinding period, this outfit would suffice 
for a cane area of § to 12 acres. 

For a small acreage, up to 3 or 4 acres, a horse mill and a round- 
bottom iron kettle outfit are frequently used, especially in old instal- 
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lations, the total outfit, including shelter for the kettle, costing about 
$125. For a larger area than 12 acres the tendency now seems to be 
to put in additional evaporators of the kind first mentioned and to 
install a larger mill, using steam power. Others, in order to secure 
a higher capacity, prefer to put in a steam outfit, including a boiler, 

steam engine, and steam vats for boiling the sirup. Such outfits 
with capacities ranging from 10 to 18 barrels of sirup per day of 12 
hours (or more than double that capacity per day of 24 hours) may 

be estimated to cost from $2,000 to $6,000. 

COST OF PRODUCING THE CANE. 

Estimates of the cost of individual items in the production of sugar 
cane and sirup were obtained by the writer from many practical 
farmers in the sirup sections. These estimates varied somewhat as 
to itemization and operations, but the detailed statements of two of 
them, selected as representative, are here reported in full. 

DETAILED ESTIMATE BY A GEORGIA FARMER. 

The first of these detailed estimates was given in 1914 by a farmer 
in southern Georgia, basing the calculation on his extensive experi- 

ence in cane culture and sirup manufacture, operating on a scale that 
would there be characterized as extensive. All common labor is 
computed at 75 cents a day for men and 50 cents a day for women. 
Mule hire is computed at 75 cents a day. To prepare the land, it is 

calculated that 1 man and 3 mules with a disk plow will break 2 acres 
a day, making the cost per acre as follows: 

V BATES RBL RRNA i 5 pe a a ls DR $1. 50 

AFA ATeTSO Wypli oapmmaNy any aewh nue Ry as SE TESS ge B50 

Laying off, marking, and opening the furrows____--_-_____ 1. 00 

Total (to prepare the land for planting) ~-____-____ 3. 00 

In planting, a crew sufficient to plant about 6 acres a day is em- =) A 

ployed and the expense is computed as follows: 

Hauling cane (4 men and 8 mules), hauling fertilizer (1 man and 2 

mules), distributing fertilizer and helping to cover (1 man and 1 

mule), covering (1 man and 1 mule); total for 7 men and 12 mules 

itmiOmceniesmeach per Gay. _____._ _ _ _U See ee sie Sees nh ae Bs: 

Stripping the cane, cutting it into short lengths, and trimming off diseased 

portions (25 women), dropping the cane in the furrows (6 Women) ; 

totaluton sal women at 50) cents each per @day2-_= = 15. 50 

MVenSECES Guo}, at oi.20 eachiper day——__ eee ae 2 2. 50 

Nora (Costiol plantineg.G acres): -2eee eee ee 32. 25 

CostHomiplanting; Weacre: 2... _ - ee Se eee Ee D. 38 

The cultivation and cost of fertilizer are computed as follows: 
Hoeing twice by hand, $1; six cultivations, 1 man and 1 mule cover- 
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ing 3 acres a day at each cultivation, for 2 days, $3; hauling and dis- 

tributing. fertilizer for second application, 50 cents; total cost of 
fertilizer, 1,500 pounds (10-3-—5 formula), at $20 a ton (the normal 
wholesale price before the European war), $15. 

Harvesting costs about $5 per acre. Hauling to the mill, assuming 
that the average distance is three-fourths of a mile and that 1 man 
and 2 mules will haul about eight loads a day, will be about $5 per 
acre. 

Summarizing, the cost per acre, according to this farmer’s esti- 
mates, is as follows: 

Ren calvoL Aan Ge. 3 eee ee $2. 50 

Seedicane din jthe ‘banks: 20.00 + Pa ea eee 10. 00 

Breaking the land, harrowing, and marking and opening the 

TUTTO WS ee ee ee BE Ee ee ee ee Baie se 3. 00 

Preparing the cane, hauling, and planting__________________ 5. 38 

ioe a) Dy, aad ee ee eee 1. 00 

Cultivation: #3. JAs300 0) O50 Rie OY hi 3. 00 ; 
Second distribution ot fecwilizer. se.) ee eee . 50 

Motal\ fertilizers 1500) pound Sas hee ee 15. 00 

Harvesting 22 ') Lees Oe ae ee ee 5. 00 

Flauling to smiles 2 ae ee 5. 00 

Additionaietime of overseers! == see se eee eee 3. 00 

Total cost of 1 acre of cane delivered at the mill_____ 53. 38 

The allowance made for mule hire, 75 cents a day, is the usual rate. 
With good management, however, employing the mule profitably 200 
days a year, the expenses for mule hire may be somewhat reduced, as 
is shown by the following computation:made by the same farmer: 
Original cost of mule oul enough to work, $250; average length of 
service of a mule, 10 years, with $75 per year for his keeping, $750; 
total cost for 10 years’ service, $1,000. Assuming that the mule is 

employed profitably 200 days per year, the cost per day is 50 cents. 
However, as the time that the mule is actually employed profitably 

rarely averages 200 days per year, and to cover also the rental and 

deterioration of implements, the allowance of 75 cents a day is 

reasonable. 

ANOTHER DETAILED ESTIMATE, BY A GEORGIA FARM MANAGER. 

Another detailed estimate of the cost of cane production was ob- 
tained from the manager of a large estate in the same locality. He 
allowed the same wages for common laborers and for mules as was 

allowed in the preceding estimate, viz, 75 cents a day for men and 

mules and 50 cents a day for boys and women. He employed less 

labor, but for fertilizer he allowed more, making the total practically 

the same. 
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Breaking the land (1 man and 2 mules with a turnplow, about 3 acres 

mC ava ee COStADerEACreLs 218. a ee $0. 75 

Laying off the land (running occasional guide lines ails hill Blove s by 

the use of a farm level, leveling rod, and marker, 1 man at $2 a day, 

2 men and a mule at 75 cents each per day) ; total $4.25 a day (to lay 

Oli HOMEr OMCs) rs COSt DEr AcCre__ _ 2 ke Beer eae eee ee nal 

Opening the furrow (with a spacing rod attached to the beam ge the ; 

middle breaker, or judging the distance between rows by the eye, 1 man 

at $1 a day with 2 mules) ; total $2.50 a day (to open the furrows of 

DOUG ACLS ies COSt JOC (QCre._ __ __ —\eABaet Pee ead ee 

Planting (stalks not cut in short lengths nor diseased parts trimmed off, 

with 5 women to take the cane from the banks and strip it, 1 man and 

2 mules to haul it, 6 women to drop it in the furrows, 1 man and 1 mule 

to cover, 2 overseers at $1.50 and $2, respectively) ; total $12.75 a day 

(tomplantvabouwtoracres) 3.cost per acress22 222228 a Pas 94) 

Commercial fertilizer, 9-2-3 mixture (first application, S00 pounds per 

acre in the furrow at planting ; second application, 500 pounds during 

cultivation; third application, 500 pounds at laying-by time); total 

TAAOO): FOOUNGIS, GHENESZPA LO foresee Wenn il yk Se ee ee 20. 25 

Distributing the fertilizer by hand (with 2 men and 2 mules hauling and 

2 boys and 2 women distributing) ; total $5 a day (to cover 6 acres at 

each distribution) ; expense per acre (8X¢-of $5) 2.50 

Go oO 

Summarizing the above, together with the other items involved, 
the cost per acre is shown to be as follows: 

Rentaleorplamd=essels ts. 28. ees apteer BON Sie SOR) 

Breaking the land _____ pie seeps ee ee ee S05 

PEETIEANST: ©) VAIN OpesneMle op SEES SE OS a ae 5 AD) 

Laying off guide rows____ eaeas ey aie see ETON Lee een eile 

Opening the furrows__~-_--_~- Se eee ie Le Se 585) 

Preparing, hauling, and planting the cane______________.._._ 2. 55 

Cane, 5 feet long, 2,000 stalks, at $5 per 1,000__ Baas 10. 00 

Fertilizer, 1,800 pounds, at $22.50 per ton BIOL ete () DEY 

EOCINewEWICC.Dy; Nand ——— _ = 3__. eee 1. 00 

CUlGivatineGs times! = 12 es = ee ee S200 

Distributing fertilizer 3 times__________________ eae O 

harvesting == 226 =e s- e SE Ss ee es 5. 00: 

1s EES br 0 2a ae i ae SUE Sa hes Ce are ota iy Uf) 

NG Gitional atime ot OVeErSCeLrs-_ = is See Se eee 2. 00 

Total cost per acre of cane delivered at mill_________ 54. 30 

SUPPLEMENTARY CONSIDERATIONS. 

The estimates of a farmer in northern Florida who computed rent, 
labor, and seed cane much higher and fertilizer lower give a total 

of $69 an acre. 
On smaller farms where the farmer and his family do much of 

the work the cost per acre will be about the same if reasonable 
wages are allowed for their time. 

The total cost of production will be changed but little if seasonal 
conditions cause the yield to be extra small or extra large. Only the 
harvesting and hauling expenses would be decreased or increased. 
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The amount charged for seed cane, $10, assumes that there was only 

a moderate loss in storage. If the cane kept very well, this amount, 
would be less, and if it kept very poorly, as has often happened in 
recent years, 1t would be more. 

The cost of producing the first stubble crop is, of course, consid- 

erably less, owing to the fact that all expenses for preparing the land 
and planting are avoided, amounting in the first of the above caleu- 
lations to $18.38. In its place, however, would come the relatively 
small expense of “ wrapping the stubble,” plowing the middles, bar- 
ring off, and raking off the stubble, amounting to about $3.50 per acre. 
Since a poorer stand and a smaller crop are to be expected, the amount 
of fertilizer applied is also less. This reduction may be estimated at 
S4 an acre. The harvesting and hauling expense would be reduced 

about $1.50. Thus the cost of the stubble crop per acre would be 
about $53.38—($18.38+$4+$1.50) +$3.50=$33. 

For the second-year stubble crop, with a further reduction of $2 
in the fertilizer, harvesting, and hauling expenses, the cost would be 
about $31 per acre. 

If we assume that $54 per acre is the cost of producing the first or 

plant-cane crop and delivering it at the mill, and if we further as- 
sume a yield per acre of 22 tons of cane and from it 15 barrels (equal 

to 495 gallons) of sirup, the computed cost of producing the cane and 
delivering it at the mill will be— 

Per ton0f Gane. 28226) aie ee Ss $2. 45 

Per barrel of sirup S23" 4-2 Et ee ae. ae 3. 60 

RernjealloneG£, Simup es 25 2 Ses ie OE ee ee Salt 

Similarly, if we assume that $33 per acre is the cost of producing 
the first-year stubble-cane crop, and if we further assume a yield 
per acre of 15 tons of cane and from it 10 barrels (equal to 330 gal- 
lons) of sirup, the computed cost of producing this crop of cane and 
delivering it at the mill will be— 

Per tonof ‘Caneve ense oe ee ee $2. 20 

Per parrelof Sinpieet 2-2 s- eeee 3. 30 

Per. callon:of sirup) 22225). 2 ae ee ee . 10 

Again, assuming that the cost per acre of the second-year stubble 
crop is $31, as above, and assuming a yield of 11 tons of cane and 

from it 7.3 barrels (equal to 240 gallons) of sirup, the computed 
cost of the second stubble crop delivered at the mill will be— 

Per ton oficone: 6222 or ee es $2. 82 

Perbarrelof sirup... 30 252 2a eee te eee 4. 25 

Pericallon Of Sinupes: 32 Nie BC ees al Pe ee alee, 

The assumptions as to the cost of production and yields made in 

the above calculations are based on good land under good manage- 
ment. In actual practice, the yields average considerably lower with- 

out a proportional decrease in the expense per acre. It will be noted 

—S 
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that under the above assumptions the first-year stubble crop is pro- 

duced more economically and the second-year stubble crop less eco- 

nomically per unit of the product than the plant-cane crop. 

COST OF MANUFACTURING THE SIRUP. 

Without going into details in this bulletin with respect to the 
manufacture of sirup, it must suffice here to give merely a summary 
of the manufacturing expenses, under two sets of conditions, viz: 

(1) With the small farm outfit, which includes a mill driven by a 
gasoline or kerosene engine and an evaporator of the Cook type; and 
(2) with the larger steam outfit, suitable for large farms. With the 
smaller of these two outfits, costing, as indicated under “ Equipment 
and capital invested” (p. 34), about $600, the annual allowance for 
interest on investment, repairs, and deterioration should be about 
22 per cent of the original cost. With the larger or steam outfit, 
assumed to cost $5,000, about 17 per cent should be allowed. 

With the smaller outfit a capacity of about 6 barrels of sirup per 
day of 12 hours may be assumed. Assuming a grinding period of 
24 days each year, the amount chargeable to each day of operat- 
ing for interest on investment, repairs, and deterioration will be 
$600 0.22--94, or $5.50. To operate such an outfit, putting the 
sirup into barrels, not cans, a crew of four men is required, with 
wages totaling about $4 a day. 

Summarizing these and other items, the estimated cost per day to 
operate this plant will be as follows: 

Interest on investment, repairs, and deterioration__________ $5. 50 

Wiaresmotecrew. of 4 mene! i... _ Saeed ote ee 4, 00 

Gasqhmes Oy sallonsvat, 20) Cents: se ae ae ee 1. 80 

Fuel (good-quality wood) for boiling, 2 cords at $1.50______ 3. 00 

SPeMinyaebaLlels (aba. lo - ae ee 7. 50 

Total manufacturing expense: 

Per day, producing 6 barrels of sirup________ 21. 80 

Cr ADU CL, ee iS me eee eee ee ee ee 3. 63 

Per gallon —_ a Lee ES aes SAL 

With the large steam outfit, agente to cost $5,000 and to have 

a capacity of 40 barrels a day, running 24 hours a day on a double 
shift, with a crew of 8 men on each shift operating 24 days in the 
year, the daily expenses would be about as follows 

Interest on investment, repairs, and deterioration ($5,000 

Oia Ay) eed Re) eee ee SES S42 

Wages of two crews of 8 men each_____ = ae wise? 22. 00 

Fuel (second-quality wood, but a long haul), 15 cords, at 

Sali) (() ears eee ie TE oa NE Pee aS = 2 eS Cot Te 22. 50 

MoO“GhyacMptyebarrels) at. $1.25". Saaeeeee 50. 00 

Total manufacturing expense: 

Per day, producing 40 barrels of sirup__________ 129. 92 

IRer Darrel ess ae AURA Oi ee 3. 20 

Tee UG Nee SS ea .10 



40 BULLETIN 486, U. S. DEPARTMENT OF AGRICULTURE. 

Comparing the figures for the two outfits the following will be 
noted: 

(1) The charges for interest, repairs, and deterioration are higher per barrel 

capacity in the large factory, because of the relatively larger amount invested. 

(2) The labor employed is of a more expensive character in the large fac- 

tory. The total outlay for labor, however, is less per unit capacity. 

(8) A lower grade of wood can be used in the steam plant. However, the 

larger quantity needed necessitates hauling it for longer distances, thus making 

the cost per cord about the same. The total expense for fuel in the steam 

plant is considerably less per unit capacity than that of wood and gasoline 

combined in the small outfit. 

(4) Upon the whole, the large steam plant, operating night and day, pro- 

duces sirup at a cost of about 88 cents per barrel (or 1 cent per gallon) less than 

the small outfit, operating only 12 hours a day. 

If the steam plant were operated only 12 hours a day the daily 
fuel consumption would be more than half and the daily sirup 
capacity would be less than half the estimates given, so that the 
large steam plant would be operated at an expense per barrel fully 
as high as that of the small outfit. An advantage, however, of the 
large outfit not shown in the operating costs is the fact that the mill 
would be more powerful, resulting in a higher extraction of juice 
from the cane, equal to about 4 or 5 per cent of the weight of the 
cane, thereby increasing the sirup yield from 5 to 7 per cent. In 
this increased yield appears to be the principal advantage of the big 
steam plant over the small outfit when both are run intermittently 
12 hours a day. 

VALUE OF PRODUCTS AND PROFITS. 

Under the preceding two headings calculations were made upon the 
cost of production of the cane crop and of the sirup therefrom, basing 
the calculations mainly upon the experience in actual practice of 
well-informed farmers of southern Georgia and applying to a well- 
managed farm in that locality having good soil. In Table II are 
brought together the figures thus obtained, together with the calcu- 
lated total cost of the finished sirup per acre, per barrel, and per 
gallon. The total cost is obtained by adding the cost of the cane, 
the expense of manufacture, and an allowance of 1 cent per gallon 
as the expense of marketing the sirup in bulk. For the expense of 
manufacture, the figures applying to the small outfit under the pre- 
ceding heading, viz, $3.63 per barrel (or 11 cents per gallon), are 
used. Assuming a yield of 22 gallons (two-thirds of a barrel) of 

sirup per ton of cane, the cost per ton for making the cane into sirup 

is calculated at two-thirds of $3.63, or $2.42. 
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Tasie I1.—Summary of assumed yields of cane and cost of sirup production. 

Computation based on z C tati asec siru oductic om ¢ tonnage yield of cane omputation based on sirup pr ction from an 
acre of cane. 

per acre. 

1 he 1 sty Cate pne ie 
Cane crop. Cost of Cost of ost of 

r : F Cane at rey Cane at 
Yield. Cane at enup Yield. mill, | Sirup, Yield. mill, | Sirup, 

mill, Sa ase per per per per 
per ton.| Gane barrel | barrel. gallon | gallon. 

P ofsirup. ofsirup. 

Tons. Barrels.| Gallons.) Cents. | Cents. 
Halen CANC- = =s- sass <== 22] $2.45) $5.09 15 $3.60 | $7.56 495 11 23 
First-year stubble. ....-..---- 15 2. 20 4. 84 10 | 3.30 7.26 330 10 22 
Second-year stubble. -....-..-- 11 2.80 5. 44 7.3 4.25 8. 21 240 12 24 

The varying degrees of remuneration or profit per acre which will 
accrue to the manager (who is ordinarily the owner) in return for 
his time, at different prices for sirup, are shown in Table ITI. 

TasLE II].—Remuneration or profit per acre to the manager or owner. 

Profit per acre when the price of sirup 
per gallon is— 

Crop. 
| | 

| 23 cents. | 25 cents. | 30 cents. | 40 cents. 

PIB CRI. osceccdses0 gs ee ge Re eae ae so eeesO) eal) eae S900) | $3465 $84.15 
IES t=Veates hulp loMeeeemenee tase en ee Ub ao $3. 30 | 9.90 26: 40 59. 40 
SECOHUsyCaMSuUD DOME a eet come e ote el eee 1—2.40 | 2.40 14.40 38. 40 

1 No remuneration; crop produced at a loss. 

Table III shows that under the favorable conditions assumed in 
these calculations and with normal seasonal conditions the price for 
sirup in bulk must be above 23 cents a gallon to afford any remunera- 
tion or profit to the owner or manager. In actual practice the condi- 
tions average less favorably, as is shown by the fact that the average 

yields of cane, as given in census reports, are far below the above- 
assumed normals. This may be due to a variety of causes, such as 
poor soil, unfavorable seasonal conditions, and poor management. 

Tt is not assumed that the conditions shown by the calculations 
here used fit the case of other farmers without some modifications, 
or even of the same farmers for other years. The figures, how- 
ever, have here been set forth in such detail that it should be easy for 
any farmer to make a similar calculation as to the cost of produc- 
tion on his farm. He may have more expensive land and will have 
to compute higher rental; he may be able to get along with less fer- 
tilizer; he may be able to use his labor more efficiently with better 
implements or otherwise; he may get smaller yields or perchance 
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larger ones, etc. He can substitute figures fitting his conditions and 
compute the cost to him of the production of the cane or the sirup. 
Thus the Florida farmer previously mentioned who estimated the 
cost of the plant-cane crop at $69 an acre will find that his sirup 

from this crop costs him $8.56 per barrel (or 26 cents per gallon) if 
the yield and the manufacturing expense are the same. In the case 

of the second illustration of the cost of cane production, if the farmer 
could by a different rotation, plowing under a leguminous crop or 
otherwise, reduce his fertilizer bill by half without reducing his 
yields, it would increase his profit per acre $10, reducing the cost of 
sirup by 67 cents per barrel, or 2 cents per gallon. The fuel item is 

bound to increase as timber gets scarcer unless means aré provided 
for using a cheaper grade of fuel (dead and down timber, slab wood, 
or coal if near the railway). If varieties or methods of treatment 
could be discovered that would enable the farmer to increase the 
vields of his stubble crops or allow him to take off more stubble 
crops with high yields before replanting, the profits per acre would 
be greatly increased. Table II shows that the higher the price 
of sirup the greater is the advantage in profit per acre of the plant- 
cane crop over the stubble crops, provided our assumption that the 
yield of the first-year stubble crop is only two-thirds and the second- 
year stubble crop only half that of the plant-cane crop corresponds 
to the facts. 

The price of sirup in the general market in recent years has ranged 
from 28 to 35 cents per gallon. In the fall of 1914 the price was ab- 
normally low, leading many farmers to go out of the business or to 
reduce their acreage. In the fall of 1915 it took a sharp upward 
trend, reaching 40 cents, or even more. This was when sugar also 
was abnormally high, but it was due mainly to the abnormally short 
crop. This shortage in turn was due to two causes: (1) Severe 

droughts in the principal sirup-producing sections and (2) a small 
acreage, which, in its turn, was due to low prices the previous year 
and to much spoilage of seed cane reserved for planting. In many 
sections the local demand for sirup exceeds the supply. In such 
cases the sirup producers usually get a much better price, viz, from 
35 to 50 cents a gallon—even higher if they have the reputation of 
making a product of extra good quality. 

By present practices the farmer’s income from the sugar-cane sirup 
industry is confined almost exclusively to the sales of the cane or the 
sirup therefrom. It is but natural that he thinks of higher prices for 
the product as the main hope, if not the only chance, of increasing 

his profits. As the price of the product, however, may be beyond his 
control, he is forced to turn to the cost of production and to the in- 
dividual factors contributing thereto for possible opportunities to 
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increase the profits. There is yet another phase of the industry that 

merits consideration while striving to increase profits, viz, the utiliza- 

tion of by-products. 

UTILIZATION OF BY-PRODUCTS. 

There are three by-products: (1) The leaves and tops, (2) the 
bagasse (pomace, or mash), and (3) the skimmings, all three of 
which are almost completely wasted under present practices. 

The leaves and tops, removed from the cane at harvesting, are 

usually allowed to remain in the field until they become dry and are 
then burned. The production of tops per acre, if weighed fresh, is 
3 to 4 tons. To a small extent they afford pasturage to stock, but 
as a rule they soon become weathered and worthless for feed. Some 
attempts have been made at curing the tops: to feed in the winter, 

Fie. 18.—A silo in Louisiana built especially for sugar-cane tops. 

but the weather conditions are usually unfavorable unless the farmer 
has shelter in which to cure them. A more hopeful method of pre- 
serving them is by making ensilage of them. (Fig. 18.) At the 

experiment field at Cairo, Ga., experiments were conducted during 

the last two years which indicate that siloing for feed is an excellent 
way to utilize the tops. The cattle took the silage readily and 

thrived on it. The chemical analysis showed it to be but little in- 
ferior to silage from whole corn in nutritive value. A characteristic 
sample upon analysis gave percentages as follows: Moisture, 75: 
ash, 1.71; crude protein, 1.93; crude fiber, 9.23; ether extract, 0.47; 
nitrogen-free extract, 11.66. The acidity, normal alkali per kilo, 
was 124c¢.c. The shortage of available roughage for winter feeding 
in the cane-sirup sections makes this silage more valuable than its 
chemical composition would indicate. To assure good silage from 
the cane tops the silo should be filled before the cane is frosted. In 
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filling it, as in filling with other forage, it is essential to tramp it in 
the silo very thoroughly, not only in the middle but near the walls 
as wells The importance of thus compacting it is not generally © 
appreciated by those not familiar with making ensilage. 
From these experiments it is evident that the main question with 

the farmer in this method of utilizing the tops is no longer whether 
it makes good feed, but rather whether he has the labor and teams 
available at the time to collect and haul the tops and to fill the silo. 
It was found in these experiments to require only an insignificant 
amount of extra time on the part of the toppers to throw the tops 
into heaps, 8 to 10 feet apart, while they top the cane. The work of 
collecting the tops and filling the silo is therefore the main consider- 
ation. Important additional value comes from the manure resulting 
from feeding these tops. In these same localities, where the systems 

Fic. 19.—A pile of bagasse, or pomace, after sirup-making time. 

of farming in vogue tend so strongly to deplete the soil of its humus 
content, the manure has unusually high value. 

The bagasse, or pomace, accumulates in vast heaps at the sirup 

mills and at present finds but little use. (Fig. 19.) Some farmers 
even go to the expense of hauling it off to waste woodland areas with- 
out getting any use from it. These small mills effect too incomplete 
an extraction of the juice to admit of using the bagasse as fuel, as is 
done in the big sugar factories. The most profitable disposition of 
it now being made is to use it in large quantities as litter to mix with 
the barnyard manure, and when rotted for about a year in this form, 
to apply it to sweet-potato land or to land for some other crop not 
injured by fresh applications of manure. .As a result of the low ex- 
traction of the juice by small horsepower or gasoline-power farm 
mills, which recover only 50 to 60 per cent of the 88 to 90 per cent of 
juice present, the bagasse has a feeding value while fresh that is not 
insignificant, especially where roughage is at a premium. While 
fresh, stock will eat it readily, but it soon sours when exposed. If it 
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were dried without loss, its chemical composition should indicate a 
feeding value about equal to that of oat straw. Drying it artificially 
is undoubtedly toe expensive for such a low-grade product. Making 
ensilage of it 1s suggested, but it yet remains to be determined 

whether the shght unavoidable fermentation in the silo would too 
nearly exhaust it of its remaining nutrients to make a palatable en- 
silage. In a single test made at the experiment field at Cairo, Ga., 
the results were encouraging, but the product was abnormally sour, 
probably owing to insufficient tramping and to the fact that the cane 
was badly frostbitten before grinding. Fermentation had proceeded 
so far that the bagasse was thoroughly infected with the acid-forming 
microorganisms before it was put into the silo. For making ensilage 
the bagasse has the advantage that it would involve practically no 
extra expense for collecting and hauling, assuming that the silo is not 
far from the mill. To pack well in the silo, some water must be sup- 
plied while filling. If no better use can be made of the bagasse, it 
should be heaped in a manner to facilitate rotting, and after one or 
two years, when sufficiently rotted, applied to land where humus is 
needed. 

The skimmings on most farms are wasted. Some sirup makers 
allow them to settle over night, or for a half day, then draw off the 

clear, shghtly sour juice between the sediment and the floating scum 
and boil it back into the sirup. There is danger of injuring the 
flavor of the sirup by this practice, especially if the containers for the 
skimmings are not kept thoroughly clean or sterilized. It was found 

in the experiments at Cairo, Ga., that sheet-iron vessels, e. g¢., ash 

cans, if used to collect skimmings, can readily be rinsed out each 
morning sufficiently clean so that fermentation would start but 
slowly after refilling with skimmings. It was thus possible to hold 
the skimmings, even in moderately warm weather, as long as 24 
hours without serious souring, thus affording ample time to effect 

good settling. By providing suitable tap holes about 14 inches from 

the bottom of each such container, the clear juice from the preceding 
day’s boiling could each morning be drawn off and boiled with fresh 
juice to make sirup. Wooden containers can not be cleaned so satis- 
factorily and in them fermentation starts more rapidly. Some 
farmers feed all the skimmings while fresh to hogs, which is a good 
way of utilizing them where feasible, but less profitable than to save 
the cleared portion for sirup making. One farmer near Cairo, Ga., 

utilizes them by boiling them down to a thick, molasseslike feed, 
which keeps indefinitely and is greatly relished by his stock at any 
time of year. Where a silo is being filled while boiling sirup, a good 
utilization of the skimmings might be to work them in with the 
silage while fresh. 
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INTRODUCTION. 

A study of types and breeds of horses is considered an essential 

part of the general course in animal husbandry in secondary schools. 
Considerable attention and interest are centered around the scoring 
and judging of horses in connection with the study. It is the aim of 
this bulletin to give such specific instructions as will aid in making 
this work more practical. 

The subject matter which follows is not original. Leading authori- 
ties have been consulted freely. 

TEACHING THE JUDGING OF HORSES. 

Value and place of the subject in the curriculum.—Practical work 
in stock judging has done much to arouse interest and enthusiasm 
in animal husbandry on the part of the student. It has also done a 
great deal toward allaying prejudice and developing sympathy 
among those who looked upon the teaching of agriculture as * book 
farming.” Judging horses in connection with a study of types and 
breeds is an essential foundation work for a study of breeding, 
feeding, training, and general management of horses which should 

follow in the course. 

1 Prepared under the direction of C. H. Lane, Chief Specialist in Agricultural Education. 

Nore.—This bulletin is intended for the use of teachers of secondary agriculture. 
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It is not likely that all members of any class will develop into 
experts in horse judging. Only a comparative few may have the 

inherited talents, which with years of training will rank them as 
masters in the prize ring. It is not the aim of the high-school course 
to develop specialists. It should strive, however, to give such in- 
struction as will create a greater interest in the subject and such 
training as may be applied with profit in buying and selling horses 
for the farm. 
Common method of training—Boys who have an inborn love for 

and interest in horses take notice of each horse they see, intuitively 
making comparisons and estimates of values. Such boys are fortu- 
nate indeed if they have the privilege of associating with men who 
know horses well, and the opportunity of attending fairs and visit- 
ing other places where good individuals may be seen. Careful obser- 
vation with large numbers has resulted in remarkable ability on the 
part of some of these enthusiasts, which has been of great value in 
making comparisons in the show ring and in estimating values at 
sales. School work in judging will not take the place of general ob- 
servation and constant practice, but should supplement it and inspire 
it in the case of those who may lack interest. 

Classroom instruction v. practice—Although stock judging is 

essentially an art to be learned by practice, under supervision, it is 

based upon scientific principles which should be given careful study. 
A discussion of the principles underlying the judging of draft horses 
should be taken up in the classroom before practical judging begins. 
The ideals of to-day are the types of to-morrow, hence the importance 
of establishing in the minds of future judges scund ideals based upon 
scientific principles. A discussion of principles and points arising in 
practice may be profitable in the presence of the animal judged, but 

as a matter of convenience such discussion is often deferred until the 
next classroom meeting. 

Use of illustrative material—The teacher should keep in mind 
that the student learns largely through what he sees. In establishing 
ideals of animal types nothing has value equal to living specimens 
which approach perfection. Inasmuch as horses which approach 
ideal types are not common nor convenient to keep before the 
students, the teacher should make use of an abundance of illustrative 
material. Pictures of prize winners appear from time to time in all 
good live-stock journals. (Fig. 1.) If files are not kept of these 
papers the good pictures should be clipped and mounted upon cards 
for classroom use. A projection lantern with an opaque attachment 
will be found invaluable in this work. 

1 Lantern slides illustrating types and breeds of horses, including the illustrations of 
this bulletin, may be obtained from the office of Agricultural Instruction of the States 
Relations Service. Charts and stencils for use on blackboards may be made by tracing 
the outline of a diagram thrown on paper by a lantern. 

wane 
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JUDGING HORSES IN SECONDARY SCHOOLS. 3 

CLASSROOM DISCUSSION. 

The horse as a machine—Al\ farm animals may be considered as 

machines which have definite work to do. We may look upon the 

horse as a mechanism which converts raw material in the form of 

forage and grain into work. In other words, the latent energy in 

the food is made to do work by means of the living mechanism we 
call a horse. A machine has value according to its efficiency in doing 
work. Before we can estimate the efficiency of this particular 

Fig. 1.—A good draft horse. 

machine we must know something about its structure in relation to 

the work it has to do. 
Anatomy as a basis for study—We may consider the horse as a 

mechanism in which latent energy in food is made active in muscles 
which work upon bones as levers, the operation being stimulated and 
controlled by the nervous system. It may be necessary to review at 
this time the fundamentals of physiology which have to do with the 
use of food. Charts showing the skeleton of a horse and the relation 
of muscles to bones will prove almost indispensable in giving a clear 
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understanding of the anatomy of the horse. (Fig. 2.) The different 

classes of levers should be demonstrated to the class, after which the 
students may point out the application of the physical principles in- 
volved in the movements of the horse. It is important to consider 

the relative lengths of bones and muscles in their relation to strength 
and the transmission of power. The manner of attachment of muscles 
to bones should be emphasized also in relation to its effect upon the 

Fic. 2.—Skeleton of horse with outline of contour of body. (From Sisson, The Anatomy 

of the Domestic Animals.) 1H, Atlas; 7H, seventh cervical vertebra; 1R, first 

thoracic vertebra; 17 R, seventeenth thoracie vertebra; 1.1L, first lumbar vertebra ; 

6L, sixth lumbar vertebra; K, sacrum; 158, first coccygeal vertebra; 168, sixteenth 

coccygeal vertebra ; 6 R, sixth rib; 6 K, costal cartilage: 1, scapula; 1’, cartilage of 

scapula ; 2, spine of scapula; 4, humerus; 5, lateral tuberosity of humerus; 6, deltoid 

tuberosity ; 7, shaft of ulna; 8, olecranon; 9, radius; 10, carpus; 11, accessory carpal 

bone; 12, metacarpus; 13, digit; 14, sternum; 14”, xiphoid cartilage; 15, ilium; 

16, 16, angles of ilium; 17, ischium; 18, femur (shaft) ; 19, trochanter major; 20, 

patella ; 21, tibia (shaft) ; 21’, lateral condyle of tibia ; 22, tarsus; 23, fibula; 24, tuber 

calsis ; 25, metatarsus ; 26, digit; 27, trochanter minor of femur; 28, trochanter tertius 

of femur. 

(After Ellenberger-Baum, Anat. fiir Kunstler.) 

power to do work. Throughout the discussion a comparison of the 
structure underlying speed should be made with that form associated 
with strength. The charts should aid the students in understanding 
the extent to which the form of a horse depends upon the skeleton and 
to what extent the muscles contribute to form. The structure of 
bones and muscles do not determine altogether the working of the 
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Fic. 3.—Draft horse (upper) contrasted with light-harness horse (lower). 
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machine. Much depends upon the nervous organization of the 
animal. The relation of this organization to temperament may be 

made clear at this time. 

Classification of horses—The breeds of horses may be grouped 

according to the work required of them. Such a classification gives 
us light-harness horses, heavy harness or coach horses, saddle horses, 
draft horses, and ponies.* 

Other classifications may be used in the show ring and market. 
While smaller horses may be used on the farm and for other work 

Fic. 4.—Regions of the horse: 1, Muzzle; 2, lips; 3, nostril; 4, face; 5, eye; 6, fore- 

head: 7, foretop; 8, ears; 9, poll; 10, jaw; 11, throatlatch; 12, neck; 13, crest; 

14, withers; 15, shoulder; 16, breast; 17, point of shoulder; 18, arm; 19, elbow; 

20, fore flank; 21, forearm; 22, knee; 23, cannon; 24, fetlock joint; 25, pastern ; 

26, coronet; 27, feet; 28, seat of side bone; 29, seat of splint; 30, chestnut; 31, 

abdomen ; $2, ribs; 33, back; 34, loin; 35, point of hip; 36, coupling; 37, hind flank ; 

38, sheath; 39, stifle joint; 40, seat of thoropin; 41, seat of bog spavin; 42, seat of 

bone spavin; 48, seat of ring bone; 44, seat of curb; 45, hock; 46, gaskin; 47, thigh; 

48, quarter; 49, group; 50, point of buttock; 51, tail. 

which requires heavy pulling, an animal is not considered a draft 
horse unless it weighs over 1,500 pounds. (Fig. 3.) 

1The draft horse is chosen as a type to illustrate methods of teaching because of its 

importance in connection with farming. As the light-harness horse is also important 

in all rural communities, a score card and descriptive matter pertaining to that type 

is given. Methods of teaching are much the same for all types of horses. In some 

districts the heavy harness and saddle horses may be important enough to give special 

consideration. Score cards and descriptive matter pertaining te these types will be 

found in the general references given. 
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The modern draft horse—The modern draft horse is the result of 
a demand for great power in hauling heavy loads. This power is as- 
sociated with weight and has been gained at a sacrifice of speed. 
While the breeding of draft horses is increasing in the United States, 
this country has received all of its draft breeds from Europe and is 
still importing a great many of its breeding animals. All of the draft 
breeds have Aicenetiy e breed characteristics which may be considered 
by the class after a general consideration of type. All draft breeds 
conform to the type to be considered. 

Terms used in judging.—Before proceeding with a study of the 
draft type, the student should learn the names of the parts of a horse 
Tt is not wise to assume that the high-school students knows all the 
terms used in judging. (Fig. 4.) An outline drawing may be used 
to designate the names of the parts. If drawn upon the blackboard 
the names of the parts may be erased and the students asked to fill 
them in. 

The score card—Some time may be used by the students in the 

classroom in becoming familiar with the score card which they are to 
use. They should understand that the score card is a detailed de- 
scription of a perfect animal designed to aid them in establishing an 
ideal. The card will also aid them in examining an animal in a sys- 
tematic manner and give them a sense of relative values in judging. 
Many different score cards for draft horses have been devised. Varia- 
tion in score cards is likely to continue, as there will always be a dif- 
ference of opinion upon the relative value of minor points and upon 
forms of grouping. The forms given here are used by the Iowa State 
College. Similar forms are used in a number of other schools.? 

Students’ score card. 

DRAFT HORSES. 

: aes Perfect |Students’| Corrected Scale of points for gelding. eae SaaET. ecoral 

ila JARC 330 S6cdeae AOR ARR COR ESS hae ee Sega eae eee Osco AGHboSconenoas| poneTe Ie aeretorrctaeysa | eeeitecioee 
General appearance—16 points: 

D., JEIGTE NN coe Gas Gees REE OES EOCS EES AT OTe CoR EE EEEERES Sc CoOS CA Soe SC Oson GOS Srce eel Cec tae ese Meee eae 
3. Weight, over 1,750 pounds. Score according to age...........--.- 45S yeas see (yee Nee ie 
4. Form, broad, massive, low set; proportioned .. -eeeee eee een QU SNe os eerie 
5. Quality, bone clean yet indicating sufficient substance; tendons | 

distinct, skin and hain finckotenes. <2... aeeaa ae aia Ae ARS ts | Boise 
6. Temperament, energetic; good disposition. ... eee eeecc-sc'= = . Ca Re Se SES nee 

Head and neck—6 points: 
(emeleadeleanrenl CdiUM: SIZ Olen aian cess o= 2 oc REE Ree eee ace ofS | ae 8 rs a es ee 
. Muzzle, fine, nostrils large: lipsithin; even. ..--Seaessesee scence ae) ocean Eee ae 
9. Eyes, full, bright, Clear jlarge? fc).\jcs=: -.s.- >): Re eee eerie ees ie Reach as Geeeaeonoe 

10. Forehead, broad sulle ees Sees ok ss see eee cee 1] eee rl Eee Ae 
11. Ears, medium sizesiwellicarried=a 222)... Lees ee Hk il as beet os as (tee eee 
12. Neck, muscled; crest high: throat latch fine; windpipe large. .....| 1S | eee cee eae bose 

1For a description of breeds see Breeds of Draft Horses, U. S. Dept. Agr., Farmers’ 

Bul. 619 (1914). 

2 Score cards may be obtained from most of the State agricultural colleges. 
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Students’ score card—Continued. 

Students’ | Corrected 
score. score. 

DRAFT HORSES—Continued. 

: Perfect Seale of points for gelding. Score 

ae = : hed! 2 rae | 

Forequarters—25 points: 
13. Shoulders, sloping, smooth, snug, extending into bach...........- 2 
14-ATrm* short; thrown forward. fo. 9-335) eee Ie tes 1 
15. Forearm, heavily MuUuscled:lony. wide-screen eee one eee 2 
16. Knees, w ride, clean cut, straight, deep, strongly supported......... 2 
17. Cannons, short, lean, w ride: sinews large, set back................. 2 
18. Fetlocks, wide, straight, strong sate Sedans Stee apache eh elee os 1 
19. Pasterns, sloping, lengthy, Strong 2! Sas5 aos Seeeee eee cose sees oeiee 3 
20. Feet, large, even size, straight; horn dense, dark color; sole concave; 

bars strong; frog large, elastic; heel wide , high, one-half length of 
[Ri ae Se San SS oos eR pone Aas gos chose Sedo ase gasses 8 

21. Legs, viewed in front a perpendicular line from the point of the 
shoulders should fall upon the center of the knee, cannon, pas- 
tern, and foot; from the side, a perpendicular line dropping. from 
the center of the elbow joint should fall upon the center of the 
knee and pastern joints and back of hoof....................-.-- 4 

Body—9 points: 
22 Chest deep, wide: lows laree cirthe es. os eee oe ae eee 2 
23. Ribs, jong, ClOS@ YSU ae CE Sh pees reyes aes 2 ae ee ae 2 
24. Back, straight, short, broad...............--: Bon Siok bs ocee Csiataeee 2 
205 Loin swide short, Unick suraighttoonas-- ee See ree eee eee eeeene 2 
267 Underline, Hankslowseessevas spose ene Eee eee ont ee OEE 1 

EUS E SS ‘points: 
DTASH IPS; SMOO UNS WAG Coen eee et eee Ce oe 2 
28. Croup, long, wide, muscular... .. 2 
29. Tail, attached high, well carried sf 1 
30. Quarters, deep, heavily TMUSCIEM 5 Reet eo ene gcse ee 3 | 
31. Gaskins or lower thighs, wide muscled.....................------- Bal 
32. Hocks, clean cut, wide, straight eee ptr ae ij eee et SS oe ete eee 8 
33. Cannons, short, wide; Sinews) large; set back seseecsss.6--eceneeene 2 
34. Fetlocks, wide, straight, StrOne She #2 ee eee ook hen eee ee 1 
35. Pasterns, sloping, strong, lengthiy:.co2 5 Seco eens Ge eee Bi 
36. Feet, large, even size, straight; horn dense, dark color; sole concave; 

bats strong; frog large, elastic; heel wide, high, one-half length 
Of LOC Sarnie sean ae tine eine lotic ointiet Pec epee oss atise re cdcceree 4 

37. Legs, viewed from behind, a perpendicular line fron the point of 
the buttock should fall ‘upon the center of the hock, cannon, 
pastern, and foot; from the side, a perpendicular line trom the 
hip joint should fall upon the center of the foot and divide the 
gaskin in the middle, and a perpendicular line from the point of 
the buttock should run parallel with the line of the cannon..... 6 

Action—10 points: | 
33. uWalk smooth: quick, lone} balanceds:---- sees ameter ee oerce eee 6) 
30) irot rapid sstraipntarezulanemene mane: eee eer on teen 4 | 

Motalie ssp eae Rp ae ia? ache enn os eee rane SURE UR 100 | 
| 

LIGHT HORSES. 

: : Perfect 
Seale of points for gelding. conras 

De AE OP gos wjnrn Meat aYel ms ena aye) Sie foe bile aia) OE Sec Le ee eae ee ne oS aie il eee eae 
pita eee points: 

MUGS 0 ae ae ee ee SAH a nGete SoeR EER cestic 0 50S 6 PaCRE REAM eaGs Set os 
3 Heights 522 Sass, eck be ote 2 32 i eee et aoe Sec = eA eee eee 
4°) Korm) symmetrical; smooth) stylish: .. <2 Seen ewan nec 4 
5. Quality, bone clean, fine, yet indicating sufficient substance; ten- 

dons defined, hairand skin fine...)..... ees eo se 4 
6. Temperament, active, good disposition................-.-------.-- 4 

ae and neck—6 points: 
“Wfead lean: straight. 00. onc oS a2. See See er eee eee Sac 1 

8, Muzzle, fine, nostrils aE lips thin, even......-: J GS poeae enc 1 
9. Eyes full, bright, Clear Maree) oo. se. 5 2 eee ee sersscrenis 1 

10. Forehead, broad full essoo es Sec secs sie is Se ere Soe new tio 1 
11. Ears, medium size, pointed, well carried, and not far apart........ 1 
12. Neck, muscled; crest high; throat latch fine; windpipe large....... 1 

Forequarters—23 points: 
13. Shoulders, long, smooth, with muscle; oblique, extending into back 

and muscled at withersc..)-s... => 2. cae sh uce se ee 2 
14. Arm short, throw nforward-22c.o cn. = eer ieee s == nee 1 
15. Forearm muscled, long) Wide! soe 20 cs ee eee cece 2 
16. Knees, clean, wide, straight, deep, strongly supported............. 2 

Students’| Corrected 
score. score. 
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Students’ score card—Continued. 

SECONDARY SCHLOOLS. ey) 

LIGHT HORSES—Continued. 

| | 
’ Bye Aae Perfect |Students’ Corrected 

Scale of points for gelding. aaa Fast, Segre 

Forequarters—23 points—Continued. 
17. Cannons, short, wide; sinews large, set back ..........-..--.------ | Doe esa chee | ease meee 
stonetlocks*widestraightee 2022. Safes 5 ses c 2 ccleaner ec eericn se! Lp AS ete ae 
19. Pasterns, strong, angle with ground 45°..............-....-- Weare | SSeS | See are 
20. Feet, medium, even size, straight; horn dense; frog large, elastic; | | 

bars strong; sole concave; heel wide, high...................---- GP beac | eee 
21. Legs, viewed in front a perpendicularline from the point of the 

shoulders should fallupon the center ofthe knee, cannon, pastern, | | | 
andfoot. From the side, a perpendicular line dropping from the 
center of the elbow joint should fall upon the center of the knee | 
and pastern joints and back of hoof.................-.-.---.---- CN Stim tar eal ernest ae 

Body—9 points: 
22Chestndeep wow, lange einthi Ysa. 5... 1... | eee eee eee close De asa a a eV Se aes 
Zam DS wLONEAS PLUMP. | CLOSCH cine ee name Sa 2-1 SRE eee ne ne Dac ter ohase LMS eet 
24: Back, straight,.short, broad, muscled................-....--,----- Dhl ers mere ey. a| Seer eee 
ZopUOm wid OASHORt wuhiCka. sous: 2... jee ee | lg aie P| [ie ee ae ae 

wa 204 Underlineslong; flank letidown:........-....-.c2., PS 1) eras Shage end Weavers 
Hindquarters—20 points: | 

Dime psysSmooth wide levelise ssn. ss. ccc. +o... eee eee es sa Tie oie eR eel teres ae oe 
ZS ACLOUp One = wide musCUlanse 2. 0-). 2... +. eee ee ene eee OR abs ck eee reve avers 
29> Tailattached high; well carried'...............2222 2222 1bsi| Siok Sees ee 
30. Thighs, long, muscular, spread, open angled..................--- Ds eeea evry Siete Star ee 
31. Quarters, heavily muscled, deep..................-.-.-.-1----.---- Dy Fis ONE acest eo) 
32. Gaskins or lower thighs, long, wide, muscular................-.... Dail eewaenties aa Ch aes 
33. Hocks, clearly defined; wide, straight.........................--.- TPN cee altel (eae etre 
34. Cannons, short, wide; sinews large, set back................------ SAS es these chet ae etic 
35. Fetlocks, wide, straight....................-- es (ae es er eer 
36. Pasterns, strong, sloping............... oe Dia Ene aes re Sete en 
37. Feet, medium, even size; straight; horn dense; frog large, elastic; 

bars strong; Sole concave; heel wide, high.......-............--- Al EP con Ree en ee 
38. Legs, viewed from behind a perpendicular line from the point of 

the buttock should fall upon the center of the hock, cannon, pas- 
tern, and foot. From the side, a perpendicularline from the hip 
joint should fall upon the center of the foot and divide the gaskin 
in the middle; and a perpendicular line from the point of the but- : 

: tock should run parallel with the line of the cannon...........-- 4 
Action—20 points: 

BoemWialkelasticnquick-sbalanceds ou. |. --cic 2 . eee eee eee Si eeseras Seats eae ee 
40. Trot, rapid, straight, regular, high BESS eu eern ono aceaeee 

gino Cea Reeeeneree recess AON eg ko 5 Pen SEP UM otc NOON ost e eer ters 

PRACTICE JUDGING. 

Preparing for a judging trip—Exercises in stock judging, like 
other field trips, are often failures because proper preparation is not 

made for them. The teacher should know beforehand where he is 
going and what he is going to do. If possible, the animal chosen 
for the first lesson should approach the perfect draft type, as it will 
aid in fixing the ideal in the minds of the students. Horses should be 
selected which may be easily handled, especially for the first trip. 
Arrangements should be made with the owner so that the horse will 

be ready, and in order that there will be no misunderstanding upon 
taking the class to his premises. It may be possible to have the horse 
brought to the school; if this may be arranged it will save a good deal 
of time for the class. It is difficult to judge a horse properly without 
plenty of room. Wet, muddy barnyards should be avoided. The 
instructor will find it to his advantage to go over the animal he in- 
tends to use in a thorough manner before the class judges it. When 

65700°—Bull. 487—17. 2 
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comparative judging is practiced it is especially important that the 
teacher know the animals and their relative merits well. 

If students have had no experience in judging horses it will be well 

to use the first judging period in learning how to approach the ani- 
mal, in checking up what they have learned about naming the parts, 
and in going over the card with the instructor. If the class has been 
studying light horses the first period may be spent in comparing a 
draft animal with a light-harness horse. 

Fic. 5.—Student feeling legs of a horse to determine quality. 

How to examine a horse—The horse should be led out to a well- 
lighted place where there is plenty of room for the students to walk 
all around it at some distance. In judging horses the eye is the chief 

factor in determining values, the hand being used merely to assist the 
eye. (Fig. 5.) Students will need to use their hands at first, espe- 
cially in determining quality as relating to the coat and in detecting 
unsoundness. After some experience the eye will reveal much that 

required the use of the hand at first. The value of accurate first im- 
pressions should be emphasized. If the student has an ideal draft 
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horse in mind he will be impressed at once as to whether the animal 
before him conforms to that type or not. His first impression will 
determine largely his judgment as to the score given under general 
appearance. Whether the student judges the action of the horse 
before making a detailed examination will depend upon the score 
card used. In some cards action is included under general appear- 

ance, 
Using the score card—After the students have become familiar 

with the card and the method of approaching the animal they may 
make individual scores. Each student should work independently. 

Conversation and comparison of scores should be avoided while the 

work is being done. The teacher should use his judgment in deter- 
mining whether his time may be spent better in aiding the students 
or in scoring the animal as a basis for checking upon their results. 
One of the chief purposes in using a score card is to train the student 

in observation, so no details should be overlooked. The card will give 
the score for perfection in the various parts. The student will enter 
a score which represents the amount which he judges the animal to be 
deficient. The sum of these deficient amounts subtracted from 100 
gives the score of the animal. As a-rule no defect should result in a 
cut to exceed half of the total number of points allowed for the part 
under consideration. A cut should not be made for less than one- 

fourth of a point. 

The following is a more detailed consideration of the scoring of 

the animal: 

DRAFT HORSES. 

GENERAL APPEARANCE. 

Height.—The height of a horse is measured in hands (a hand is 
four inches), the measurement being made from the top of the 
withers to the ground. (Fig. 6.) The ideal draft horse should be 

over 16 hands and under 17$ hands in height. It is desirable that 
the students acquire accuracy in estimating the height as well as the 
weight of a horse. At first a hand stick, or hippometer, a measuring 
staff marked off in hands, will be found useful. 

Weight.—Draft horses may be divided into three classes according 
to weight. Light draft, 1,500 to 1,600 pounds; medium draft. 1.600 

to 1,800 pounds; and heavy draft, 1,800 pounds and over. The 
importance of weight should be emphasized. Other qualities being 
equal, the heavier horse can draw the heavier load. Not only will» 
the extra weight be brought against the load, but it will also give 

the heavy horse a firmer footing by increasing the friction between 
the shoe and the hard pavement. Students should make individual 
estimates of the weight of the horse, and the teacher should have 
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these estimated weights corrected by comparison with the weight as 
shown upon accurate scales. 
Form.—<A broad, massive, low-set form will bring the center of 

eravity near the base of support and thus make the equilibrium of 
the horse more stable. The general form is due to the legs as well 

as the body, so the body and legs should be well proportioned. To 
take in the form well the students should note the horse carefully 
from the front, the rear, and both sides at some distance. (Fig. 7.) 

Fic. 6.—Student estimating the height of a horse. 

Quality —Quality is a rather comprehensive term, difficult to de- 
fine, although it is understood by all judges of live stock. It has ref- 
erence to evidence of refinement as opposed to coarseness. There is 

a correlation between the exterior of a horse and its internal anatomy. 
A phable skin, with soft silky hair is evidence of health and the 
normal functioning of internal organs. Such skin and hair is asso- 
ciated with well-defined tendons; smooth, well-developed, muscles; 

strong, smooth bone; clean, well-defined joints; and dense, sound 
hoofs. Quality is often associated with style, spirit. and speed. 
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While one can not expect the highest quality in draft horses, there 
should not be a tendency toward undue coarseness which would indi- 
cate weakness. As extra weight is likely to be associated with coarse- 
ness, and as the combination of weight and quality is especially 
desirable, special attention should be paid to the quality of extra 
large horses. The students should look to quality as shown in the 
legs. The cannon bone especially should be clean, with a well- 

defined tendon be- 
hind. In the case of 
the breeds which 
have long hair, or 
“feather,” upon the 
lower leg and coro- 
net the fineness of 
the hair is given con- 
siderable attention 
as an indication of 
the quality of bone 
and hoof. 
Temperament.— 

While the draft horse 
should be lively, en- 
ergetic, and vigor- 
ous, he should be of 

a docile disposition, 

manageable at all 
times, and give eyi- 

dence of intelligence. 
Excessive nervous- 
ness as wellasaslug- 
gish temperament 
should result in a 
cutinthe score. The 

student should be observant of bad habits and vices and make 
deductions for them under temperament. 

Fic. 8.—A good head. 

HEAD AND NECK. 

IIead.—The head should be. proportionate to the body in size. It 
should show character and have a pleasing appearance. (Fig. 8.) 
There should be freedom from excessive flesh, coarseness, and irreg- 
ularities. The appearance of the horse depends much upon the 

manner in which the head is carried. 
Muzzle—The muzzle should be large, the lips thin, and well con- 

trolled, covering teeth which meet evenly. Large flexible nostrils 

indicate good breathing power. There should be a healthy pink 
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color to the lining of the nostrils and an absence of ulcers or a bad 
odor which might indicate disease. 
EHyes.—The eyes should be full, bright, large, and mild and should 

be free from cloudiness, specks, and white spots. 
Forehead.—The forehead should be broad and full, neither dished 

nor too prominent. Good width between the eyes indicates intelli- 
gence. While there is a tendency toward the Roman nose in some 
breeds, the straight-face profile is preferred. 

EHars.—The ears are listed upon the card as medium in size, which 
means that they should be in proportion to the size of the horse, 
not too small, not too large. They should show good quality, should 
be soft and pliable, free from coarseness, being active and alert. 
Neck—While the neck should give evidence of strength, it should 

be free from thickness and coarseness. It should fit neatly into the 
head at one end and into the withers and the shoulders. The crest 
should be high, 1. e., the neck should be arched well, with no tendency 
toward a “ewe neck,” which term is applied to a neck too bulging 
and thick along the lower border. A large windpipe indicates 
ability to breathe well. Jawbones placed wide apart indicate ca- 
pacity in chewing food. 

FOREQUARTERS. 

Shoulders—A draft horse should have such a shoulder that the 
work collar will fit smoothly and with comfort? To accomplish this 
purpose, the shoulder should not be too steep. Occasionally one 
meets draft horses with shoulders too sloping. A moderate slope is 
desirable. The shoulder should be free from all coarseness and 
roughness and so muscled as to be smooth. 
Arm.—The part formed by the arm bone, or humerus, extending 

from the point of the shoulder to the elbow is known as the arm. 
The arm should be short, heavily muscled, and should slope back- 
ward from the point of the shoulder to the point of the elbow so as 
to bring the leg in such a position as to properly support the weight 
of the forequarter. 
Forearm.—The forearm extends from the elbow to the knee. It 

should be long, heavily muscled, flat, wide, and free from coarseness. 
The size of the forearm depends upon muscular development, since 
no fat is placed upon it. The development of the forearm is there- 
fore noted as an indication of muscular development in other parts 
of the body. 
Anees.—It is very important that the knees be not only large but 

also so strongly developed and so perfectly set as to carry well the 
weight of the body. As much work devolves upon this joint, there 
are apt to be blemishes which indicate weakness or a tendency to fall- 
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ing. Smoothness, which indicates quality and freedom from any 
tendency toward blemishes is as important as size. 

Cannons.—The part of the leg from knee to fetlock is known as 
the cannon. The cannons should be short and strong. Large sinews 
set back well from the bone will give them a flat appearance, which 
is desirable. When long hair or “ feather” is present it should be 
fine and silky as an indication of the quality and strength of bone 
and sinew. 

Fetlochs—The fetlocks, like the knees, are joints which must with- 
stand much strain, and which must be wide, straight, and strong to 

withstand it. It is very important that they be free from blemishes. 
Pasterns—The pasterns, like other parts of the leg, should give 

evidence of clean, strong bone. The length and slope of the pastern 

is important. Short, upright pasterns prevent a springy, elastic 
action in placing the feet, and are apt to send a jar through the body 
when weight is thrown upon the foot. While long pasterns with too 
great a slope are less frequently met with in the draft type, they are 
undesirable, as they tend toward weakness. Moderately long pas- 
terns with a slope of 45° are most desirable. 
Feet—Close attention should be given the feet. They should be 

large, smooth, and symmetrical in shape, giving every evidence of 
strength and quality. It is more important that the hoof be of good 
texture and of the proper shape than that it be of a dark color. (Fig. 
9.) The sole should be cupped, not flat or bulging. The frog should 
be large and elastic, the bars prominent. The horn of the hoof 
should be smooth and waxy, free from cracks, ridges, and scales. 
The hoof heads (coronets) should be open and wide at the heel. 
Legs.—After each part of each leg is considered the forelegs may 

considered in relation to the body. As suggested on the score card 

they should be straight, so that when viewed from the front a per- 

pendicular line from the point of the shoulder should fall upon the 
center of the knee, cannon, pastern, and foot. (Fig. 10.) From the 

side a perpendicular line dropping from the center of the elbow 
joint should fall upon the center of the knee and pastern joints 
and back of the hoof. 

BODY. 

Chest—A roomy chest is an indication of strong constitution. A 
narrow chest does not give room for the large heart and lungs which 
the vigorous, powerful horse should possess. The chest should be 
wide and deep when viewed from the front and from the side. 
Room for the vital organs should be secured by depth as well as 
breadth, because a chest too wide may not be consistent with good 
action. 
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Ribs—The digestive organs of the animals lie within the so- 
ealled barrel. The capacity of the barrel depends upon the ribs. 
If the digestive organs are to have room the ribs must be long and 
well sprung. Ribs close together and close up to the hips are asso- 
ciated with strength and good feeding qualities. Ribs with loose 
coupling not carried close up to the hips indicate weakness and 
poor digestive powers. 
Back.—Ribs well sprung will give breadth to the back. The back 

should not only be broad but also straight, short, and muscular. Its 

general appearance should be that of great strength and compactness. 
Loin.—The part of the back 

not supported by the ribs is 
known as the loin. If the ribs 

are carried close up to the 

hips the loin will be short. 
With the back is should be 

straight and wide and give 
evidence of strength. 

Underline. — The underline 

should run baék well, full and 
low. If it is cut up at the 
flank it will denote the lack of 
capacity associated with a 
horse hard to keep fat. 

HINDQUARTERS. 

Ire. 9: 

[Tips.—The hips should be of the regular form: a,a, wall; a—a, the toe; 
Ground surface of a right fore hoof 

: a—b, the side walls; b-d, the quarters; 

wide and smooth and free from c,¢c, the bars; d,d, the buttresses; e, lateral 

angularity and coarseness. As cleft of the frog; f, body of the sole: 

“themusclesof the upperregion —%,4%,2"" aly laser (white tine of the to 
of the hindquarters are im- of the frog; k,k, horny bulbs of the heels; 

portant in the movement of ag a 

heavy loads, there should be plenty of room about the hips and croup 

for thick muscle. 
Croup—wWhile draft horses are not carried out so well in the croup 

as horses of lighter type, there should be no excessive drooping. A 
steep, short croup does not give room for the necessary muscle, hence 
is an indication of weakness. 

Tail—tThe tail itself is not important except as a factor in the ap- 
pearance of the horse and its comfort during fly time. While 
it can not be expected that the tail of a draft horse will be carried 
with the style of a lighter harness horse, it should be attached fairly 

high and carried well. 
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Thighs and quarters—The thighs extend from the hips to the 

stifles. The plump muscles of the thigh seen from the rear are known 

Fic. 10. Good forequarters. 

as the quarters. Thighs and quarters should have strong muscles ex- 
tended down well to the stifles and gaskins. 
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Stifles—These joints correspond to the knee of a man. They 
should be strong, clean, and muscular, and so set as to allow freedom 
in action. It is better to have them turn outward slightly than to 
have them turn inward. 

Fig. 11.—Good hind quarters. 

Gaskins —The gaskins, or lower thighs, like the forearms, should 
be long, heavily muscled, flat, wide, and free from coarseness. The 
muscles should be prominent in front of the bone and carried well 

downward. 
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/Tochs.—The hocks are even more important than the knees, as the 
strain of starting a load and heavy hauling devolves upon these 
joints. They should be perfectly sound and show great strength. To 
show strength they should be large, well defined, clean, and straight. 

Cannons, fetlochs, pasterns, feet—Statements regarding the lower 

part of the front leg will apply equally well to the corresponding 

parts of the hind leg. 

Legs.—As the hind legs are more important in pulling a load, it is 
even more important that they are straight than it is that the front 
legs are not crooked. As suggested in the score card when viewed 

Fic. 12.—Judging action. Tlorse moving away from student at a walk. 

from behind, a perpendicular line from the point of the buttock 
should fall upon the center of the hock, cannon, pastern, and foot. 

(Fig. 11.) From the side, a perpendicular line from the hip joint 
should fall upon the center of the foot and divide the gaskin in 
the middle, and a perpendicular line from the point of the buttock 
should run parallel with the line of the cannon. 

ACTION. 

Walk.—Inasmuch as most of the work of a draft horse is done at a 
walk (figs. 12, 13, and 14) in the score this gait is given more weight 

than the trot. It is important that a working horse maintain a fast 
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walk throughout the day. The student should note the horse as he 
moves away at a walk. The walk should be straight, rapid, and well 

controlled. The joints should be fully flexed, and the hoofs turned 
up so that the shoe shows plainly. The hocks should be carried 
neither too wide nor too close together. The student should also 

note the horse carefully as he comes back at a walk. The feet should 
be lifted with a snap and move straight ahead. The flexing of the 
knee should not result in any outward spreading. The horse should 
also be taken past the students at a walk, when the length of the 
stride and the flexing of the joints may be noted to better advantage. 

Fic. 13.—Judging action. Horse moving toward student at a walk. 

Trot—The trotting of the horse should be noted likewise as the 
horse is moving away, as he is coming toward the student, and as he 
is passing by. The action should be even and well balanced and 
should show spirit. If the feet are brought down too close together 
there may be interfering; if they are spread too wide there will be 
a spraddling gait. When the legs are placed too wide on the body 
there will be an undesirable rolling gait. The joints should be flexed 
well, that there may be no danger from stumbling. The stride should 
be long and even, and the feet brought down so that the heel meets 
the ground first. This latter action is associated with pasterns of 
good slope and gives a spring not associated with short, upright pas- 
terns. 
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LIGHT HORSES. 

Relation of form to function—The demand made upon the draft 
horse is to pull a heavy load; this function is associated with weight 
and great strength. The demand made upon the light-harness. 
horse is to move a relatively light vehicle at a rapid rate; this func- 

tion is associated with a lighter, more angular form and great en- 
durance. 

GENERAL APPEARANCE. 

ITeight and weight.—The most desirable height for a light-harness 

horse, or roadster, is from 15 to 15} hands. They may range in 

Fic. 14.—Judging action. Horse moving past student at a walk. 

weight from 900 to 1,150 pounds, the weight most desired being 1,000 

to 1,100 pounds. . 
Form.—Angularity with length of body and limbs is an indication 

of speed. There should also be sufficient depth of chest to indicate 
capacity of vital organs so closely correlated with stamina. 

Quality—tn the light-harness horse there should be a complete 

absence of coarseness. There is a very close correlation between 

quality and endurance, as well as with style, spirit, and speed. It is 

especially important that the legs and feet show every indication of 
quality. 
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Temperament.—The temperament as reflected in action and general 

behavior should be very energetic, yet manageable. Horses true to 
this type are not often sluggish, although there may be a tendency 
toward excessive nervousness and even viciousness. 

HEAD AND NECK. 

That which is stated in regard to the head of the draft horse ap- 
plies also to horses of this type, except that we may expect the head 
of the light horse to be somewhat more lean and angular. 

While style and grace are desired in the neck of the light-harness 
horse, it will be long when compared with that of the draft horse, 

and may in some horses lack the pronounced style and symmetry of 
the coach horse. 

FOREQUARTERS. 

Clean and quick action will depend much upon the conformation 
of the shoulder. A long-reaching, clean action demands a shoulder 
long and oblique, extending well into the back. It is important that 
the covering of muscle should be smooth. 

The statements made concerning the forelegs of the draft horse 
will apply for the most part to the light-harness horse. The length 
of muscle and bone will be proportionally greater in the light horse. 
There should be an absence of all coarseness, and every indication of 
quality. 

BODY. 

A strong constitution is indicated by the light horse more by depth 
of chest than by breadth. The ribs should be well sprung, deep, and 
close. The back should be short and well muscled as an indication 
of strength. The loin should be short and broad and the croup long 
and level. Both loin and croup should be well rounded out with 

strong muscles. 
HINDQUARTERS. 

As with the forequarters, so with the hindquarters, the limbs with 

their body connections should be constructed for speed. The mus- 
cles of the thighs, quarters, and gaskins should be long and heavy. 
The hocks should be wide, straight, and clean. The cannons should 
be comparatively short and give evidence of clean bone. The pas- 
terns should have a good slope. The feet and legs should be given 
special attention. 

ACTION. 

It will be noted that the score cards give relatively more value to 
action with light horses than with the draft horses. The greater 
amount of value is given entirely to the trot. When we consider the 
functions of these classes of horses we see good reason for this. Spe- 



24 BULLETIN 487, U. S. DEPARTMENT OF AGRICULTURE, 

cial attention should be given the trot or pace according to the direc- 
tions given under the description of the draft horse. The light horse 
should not come down on his heels in a pronounced manner. 

ESTIMATING THE AGE OF A HORSE. 

Every student should learn to estimate the age of a horse. When 
a horse is scored each student should put his estimate of the horse’s 
age upon the card. Horses of different ages should be selected in 
order that the student may note their development and have prac- 
tice in estimating ages. (Fig. 15.) 

Until a horse is over 10 years old the teeth furnish an indication 
of age which is fairly accurate. In estimating the age of a horse 

we consider only the 

three pairs of front 
teeth or nippers on 

each jaw. Horses, 
hke human _ beings, 
have two sets of 

teeth; the first set, 
known as milk teeth, 

being replaced by 
permanent teeth. 

New teeth have deep 

cups, or indenta- 
tions, at their cen- 
ters. ‘As the teeth 

SN 
XS 

SAN . ~ ‘i 

LLL ‘ fe y WEG 25 wear down these 

S-(CEEY cups disappear. Git 
9 A colt does not 

Tig. 15.—Age of horses as indicated by teeth. usually get its first 

Longitudinal section of left central lower incisor and pair of nippers until 

cross sections of same tooth, showing table surfaces as 

they appear at the ages of 3, 5, 7, 9, 15, 20, and 25 years. it is a few days old, 

C, Cement ; I, infundibulum ; D, dentine; K, cup; §, star; and has all three 

E, enamel; P, pulp cavity. 

pairs by the time it 
is 6 to 10 months old. Until a colt is 3 years old, its general appear- 

ance is relied upon largely as an indication of its age. The follow- 

ing descriptions, with the accompanying illustrations, are intended 
to aid the student in getting an idea of the condition of a horse’s 
mouth by years: 

One year—The center pair of milk incisors, known as the pinch- 

ers, and the pair next to them, known as the intermediates, are well 
through the gums and in contact, but the corner pairs do not yet 
meet on a level. 
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Two years—The pinchers and the intermediates indicate that they 
are being crowded by the permanent teeth, as they are pushed free 
from their gums at the base. By the time the colt is two and a half 
years old the middle pinchers should be through. The permanent 
teeth are much larger than the temporary ones. 

Three years—The middle pinchers are large enough for use. 

Their deep cups show plainly. The milk intermediates are about 
to be shed. 

Four years.—The permanent intermediates appear at three and a 

half years and are ready for use at four. The corner teeth give 

evidence that the permanent corners are coming. The cups in the 
pinchers are about one-third gone. (The tusks, or canine teeth, of 
male colts may appear about this time.) 

Five years—The temporary corner teeth are shed at four and a 
half and the permanent ones are ready to use. The horse has now 
what is known as a full mouth, all permanent incisors being ready 
to use. The cups of the first pair are about two-thirds gone. 

Six years—The cups in the center pair have nearly disappeared. 
In the second pair they are about two-thirds gone. 

Seven years.—The cups from the second pair are now gone. There 
is a notch in the upper corner tooth where it overlaps the lower one. 

Hight years —The cups having all worn out of the lower nippers, 
we now look at the upper jaw. Although cups remain in the center 
pair, they are not deep. 

Nine years.—The cups in the center pair of nippers on the upper 
jaw have disappeared. They are still present in the other two pairs, 
being fairly deep in the corner ones. 

Ten years.—The cups are worn out of the second pair on the upper 
jaw, although they are still present in the corner pair. 

Older horses ——At 11 years all of the cups are usually worn out 
of the incisors. It becomes necessary now to use some other indica- 
tion of age. Estimation of age is now based upon the angle at 
which the teeth meet, their change in size and shape. As the horse 
gets older, the teeth meet more and more at an acute angle; that is, 
the jaws become more oblique. As the teeth wear down, the shape 
of the worn ends changes from oval to more nearly round and 
finally, in an aged horse, to a nearly triangular form. Students 
should note the difference in the shape of the teeth in younger horses. 
Sometimes cups are cut or burned in the teeth of old horses to make 
their mouths resemble those of younger animals. This practice,. 
known as “ Bishoping,” may be detected if the shape of the tooth 
and the absence of the ring of enamel which surrounds the natural 
cup are noted. After a horse is 12 years old its condition is more 
important than its age in determining values. 
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ESTIMATING MATTERS OF UNSOUNDNESS. 

Sound horses should be selected for practice judging until the 
students have become well acquainted with the score card and have 
developed fairly good ideals. A sound horse is one which has no 
imperfection of so serious a nature as to interfere with its usefulness. 
Anything, such as a wire cut, which mars the appearance of a horse 
without detracting from its usefulness is known as a blemish. 

The matter of detecting unsoundness is very important in judging 
horses, as many forms of unsoundness not only unfit a horse for hard 
work but also unfit it for breeding purposes, as the unsoundness may 

be transmitted to the offspring. It is a question, however, as to 
just how far the high-school student may enter into this study. A 
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Fic. 16.—Location of common unsoundness. 

knowledge of many of the troubles which detract from the value of 
horses is based upon principles of veterinary science not commonly 
taught in the high school. Only the more common and important 
defects and diseases are listed below under the part affected. (Fig. 
16.) The extent to which the class will consider matters of un- 
soundness and disease should depend upon the training of the teacher 
and the preparation of the students. An effort should also be made 

to meet local conditions and needs. 
Eyes.—The student should gain assurance that the horse is not 

blind. Blindness may frequently be discovered by placing the hand 

gently in front of the eye, and moving it gently directly away from 
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the eye so as not to create air waves which might cause a blind 

horse to close the eyelids. An inclination to shy readily may indicate 
defective vision. 

Hars.—lIf the ears are kept rigid it may indicate deafness. If the 
ears are used excessively it may indicate defective sight, as a horse 
which does not see well will use his ears to the fullest extent to assist 
his eyes. 
Nostrils—The nostrils should show a healthy pink color and be 

free from discharges which might indicate some disease. 
Mouth.—The lips should not be torn and should be free from any 

sores caused by the bit. See that the tongue shows no evidence of 
mutilation. Good teeth will meet well all around. A strong odor 
from the mouth may indicate decayed teeth. Look at the under jaw 
for abcesses and tumors. 
Neck.—The neck may be left stiffened by a case of poll evil, which 

is a fistula or enlargement of the poll containing pus. This trouble 
may reappear. 

Withers.—A similar fistula may occur upon the withers. These 
fistulas may be chronic and difficult to heal, or when healed leave bad 
sears and stiffness, which would constitute unsoundness if the service- 

ableness of the horse is interfered with. : 

Shoulders There may be a wasting away of the muscles, causing 
what is known as sweeney. 
Knees.—The knee may be bent forward, causing what is known as 

“sprung knee,” or it may be bent backward indicating “ calf knee,” 
which is caused by an inherited defect of conformation. Look also 
for puffs or swellings. 

Cannons.—Associated with the cannons are two small splint bones. 
There may be abnormal bony growths about these bones which are 
known as splints. Small splints may not cause lameness, and if 
found on young horses may be classed as blemishes, since they may 
disappear as the horse grows older. A splint is considered serious if 
located so as to interfere with the action of the tendon or so close to 
the knee joint as to interfere with action. 
Fetlocks —Wind galls and sores due to interfering may be present 

and are classed as blemishes unless they produce lameness. 
Pasterns.—Ringbones may be found upon the pasterns. These are 

bony growths which may encircle the bone partially or entirely. They 
may be up near the fetlock, but are more commonly dewn lower where 
the hoof joins the pastern. A well-developed ringbone has a bulging 
appearance and is readily seen. A small form may need the hand for 
detection. 

Hoof heads or coronets—Side bones are abnormal bony growths 
appearing as a swelling under the skin in the region of the coronet. 
They are common only upon the front feet. They have been de- 
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veloped by the cartilage changing to solid bone. They may cause 

lameness and pain, especially when the horse is driven on hard pave- 
ment. A fistulous abscess, known as quittor, may also occur upon the 
coronet. 

Feet—Founder is indicated by rings and ridges around the hoof 
wall, an abnormal projection of the toe, and a convex sole. (The 
rings and ridges are close together at the toe and diverge toward the 
heel.) Founder also causes lameness. Weak feet are subject to 
cracking. A crack in front of the foot is known as a sand erack, and 
those on the quarters are known as quarter cracks. Upon the soles 
of the feet there may be corns, or a diseased condition of the frog 
known as thrush. 

THochs.—\t is very essential that the student knows the structural 
outline of a perfect hock, otherwise it will be difficult to detect cer- 

tain unsoundness common to this region. Thoroughpin is one of the 
troubles often difficult to detect. It consists of a soft swelling having 
its origin between the tendon and the bone, appearing just above the 
hock. , 

There may be associated with thoroughpin a trouble known as bog 
spavin. This trouble is found in the depression that occurs on the 
inner forward part of the hock. It is caused by the oil from the 
joint accumulating and forming a soft swelling. Sometimes the term 
blood spavin is applied to these swellings and to an enlargement of . 

the vein that passes the hock from the front. None of these troubles 
are considered unsoundness in a technical sense unless they are pro- 
ductive of lameness. Just under the hock at the rear the ligaments 

may thicken, forming a bulging calloused enlargement known as a 
curb. 

The worst trouble of the hocks and the most common is bone 
spavin. Nature in her attempt to strengthen a weak hock often 
causes a deposit of bone about the joint. Needless to state that this 

interferes with action, causing lameness. The lameness usually 

lessens with exercise. 
Stifle—Be sure there are no swellings about the stifle. 
reneral unsoundness.—I\t is necessary to drive a horse hard for 

some distance to determine if his wind is sound. By stopping him 
quickly and listening in a position close to the neck it may be de- 
termined whether the breathing is natural. There may be a roaring 
or whistling sound indicating disorders of the air passages. Irregu- 
lar, spasmodic breathing indicates heaves, another unsoundness ot 

the horse. 
Vices—Such vices as kicking, balking, shying, and a tendency to 

run away are not met with in draft horses to the extent that they 
occur in lighter horses. Stable vices such as cribbing, weaving, tail 
rubbing, and halter pulling, as well as the vices mentioned above, 
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detract from the value of the horse, although they are not considered 

unsoundness. 

COMPARATIVE JUDGING. 

The score card has been used in order that the student might estab- 
lish in his mind an ideal of a draft horse. The judging so far has 

been a comparison of the horse judged with the ideal. The use of 
the card should have trained the student to examine the horse in a 
systematic manner, taking in all details. After these aims have been 
attained the student is ready for work in comparative judging; that 
is, In comparing a horse with other horses in place of comparison 
with the score-card ideal. 

In considering the superiority of one horse over another, it is 
necessary to merge details into more inclusive qualities or characters 
which affect values directly, such as size, conformation, quality, tem- 
perament, action, and soundness. It is well to have students begin 
by making comparisons in simple features, placing the horses as to 
weight, quality, or general conformation. As they become profi- 
cient in making comparisons, a number of horses may be placed 
according to their market or breeding values. Horses of marked 
differences may be chosen at first, and later horses more nearly equal 
may be used. Each student should write a report covering his rea- 
sons for placing the horses. These reasons may be graded by the 
teacher and discussed later in the class. 

DEMONSTRATIONS. 

Demonstrations are usually conducted by the teacher or some ex- 
pert induced to point out the good and bad points for the benefit of 
the class. After the students have developed proficiency in judging, 
a member of the class should be called upon to discuss the merits and 
defects of an individual or to give his reasons for placing in compara- 
tive judging in the presence of the animals. 

Judging at fairs—Competitive stock judging at fairs and stock 
shows has become very popular in some sections. If these compe- 
titions are conducted honorably and with the students’ development 
paramount, they have high educational value. Whether students 
enter a judging competition or not, much may be learned by the stu- 
dent at these shows. A progressive teacher will take advantage of 
live-stock exhibitions and will aim to organize the students and super- 
vise their visit so that maximum results may be obtained. The better 
fairs not only give the students an opportunity to see the best horses 
of the section represented, but they also give them an opportunity 
to observe the methods of judges of experience. The work of the 
judges should be observed closely by the visiting class, and explana- 
tions of reasons for their placing noted carefully. The fairs give an 
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opportunity for comparison of types and breeds which is seldom 
found in. the school district. 

At some of the schools local fairs are held in connection with the 
work in stock judging. Such exhibitions aid in arousing interest in 
better animals as well as give students practice in judging. A pro- 
gram may be given in connection with the show. While men well 
qualified should give the main addresses concerning horses, a place 
should be reserved for the members of the class. A debate on some 
question pertaining to types and breeds of horses should be interest- 
ing as well as instructive. 

- 
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INTRODUCTION. 

The farmer who makes a success on high-priced irrigated land must 
not only grow large crops, but he must market these crops in the 
most advantageous way. Most crops grown in localities far removed 
from the large consuming centers should be marketed in condensed 
form, so as to reduce the cost of transportation. For example, a 
hundred pounds of butter can be shipped to market much more 
cheaply than the hay and grain required to produce this butter. The 
farmer should take advantage of this fact in organizing his opera- 
tions. In addition to this saving, the manure resulting from the 
feeding of the crops makes it possible to produce larger crops in sub- 
sequent years. 3 

1The experiments reported in this bulletin have been conducted on the Scottsbluff 

Experiment Farm on the North Platte Irrigation Project in Nebraska. This experiment 

farm is conducted by the United States Department of Agriculture in cooperation with 

the State Experiment Station of Nebraska. The primary object of these experiments 

has been to determine the most efficient method of utilizing alfalfa, which is the most 

important crop on this project, as it is on nearly all of the irrigated projects of the 

West. The author desires to acknowledge the assistance given him by Mr. Henry Sullivan 

in carrying out the details of the experiments.—C. S. Scofield, Agriculturist in Charge, 

Office of Western Irrigation Agriculture. 

65731°—Bull. 48S—17 1 
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Many of the farmers on irrigated projects are financially unable 
at present to secure dairy cows or to get cattle or sheep to feed. 
There are very few, however, who can not get into the hog business 
in a very short time. Less capital and time are required in getting 
into the hog business than in any other live-stock industry. With 
$25 with which to buy small pigs and with very little grain and good 
alfalfa pasture, the farmer can get well started in the hog business in 
two years. Horses and cattle increase annually 60 to 80 per cent, 
sheep a little more than 100 per cent, while hogs should increase 600 
per cent or better. The buildings necessary for the housing of hogs 
are also relatively inexpensive. The hog is a very economical feeder. 
It takes less feed to produce a pound of pork than any other kind of 
meat produced on the farm. The hog has the ability quickly to trans- 
form the products of the farm into a readily marketable commodity. 

In the irrigated sections of the West, where alfalfa is the principal 
crop and where grain crops occupy a secondary position, the farmer 
needs information on the following points: (1) The practicability 
of using alfalfa as hog pasture; (2) the value of different quantities 
of grain when fed to hogs on alfalfa pasture; (3) the comparative 
values of corn and ground barley when fed to hogs on alfalfa pasture ; 
and (4) the practicability of hogging down corn. 

In order to secure information on these points, experiments were 
inaugurated at the Scottsbluff Experiment Farm on the North Platte 
Reclamation Project in 1912 and continued with some modifications 
in 1913, 1914, and 1915. The results of these experiments are re- 
ported in this bulletin. ; 

GENERAL DESCRIPTION OF THE METHODS FOLLOWED. 

Tt has been the aim in this bulletin to use average prices and to re- 
port sufficient fundamental data to enable anyone to apply different 
prices to the results. The prices used, except where otherwise stated, 
are as follows: Gains made by hogs, $7 per hundredweight; corn, 
$1.07 per hundredweight (or 60 cents a bushel); ground barley, $1 
per hundredweight; alfalfa hay, $8 a ton; tankage, $64 a ton. The 
data, which usually have been calculated to an acre basis, show the 
results that were obtained from quarter-acre plats of alfalfa pasture, — 
which, if cut for hay, would have yielded from 4 to 6 tons per acre; 
and in the case of corn hogged, from one-third or one-quarter acre 
plats that yield as high as 80 bushels of corn per acre. It must be 
remembered by farmers who attempt to follow these methods of 
crop utilization that the higher the yield of the crop the larger will 
be the returns. 

The term “ per cent,” when referring to rations, indicates the num- 
ber of pounds fed daily per 100 pounds of live weight. The cost.of 
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the condiments fed, sprays used, interest on investment, risk, and 

labor are not considered in this report. The term “net return,” as 
used in the following text and tables, refers to the difference between 
the total return and the estimated value of grain fed and is not to be 
taken as the net return of the land after production costs and interest 
charges have been deducted. 

The hogs in these experiments had access to salt, slacked coal, and 
rock phosphate most of the time. They were also sprayed with coal-tar 
creosote every two or three weeks to keep them free from lice. In fact, 
they received the treatment that every farmer should give his hogs. 
The hog usually receives the least care and consideration of any 
farm animal. It is commonly believed that anything is good enough 
for hogs, but, on the contrary, the hog will respond as much to good 
care and treatment as any kind of live stock. Regularity in feeding, 
both in time and quantity of feed, clean quarters, and freedom from 
lice are three very important factors that are essential to successful 
hog raising; and these were provided in the experiments under con- 
sideration. The data here reported are the results of tests covering 
ene to four years. In the alfalfa pasturing experiment, two lots of 
hogs were used each season, and in the corn hogging experiment, 
with supplemental feeds, duplicate lots were used. 

ALFALFA PASTURING EXPERIMENTS. 

ALFALFA PASTURE SUPPLEMENTED) WITH A 2 PER CENT RA'’ION OF CORN. 

The alfalfa pasturing experiments were begun in 1913 and con- 
tinued in 1914 and 1915. Each year a quarter-acre plat was used. 
The plat was divided into two equal parts and the hogs were changed 
from one to the other as the pasture became short. This allowed the 
alfalfa to recuperate and at the same time provided fresh, palatable 
feed. It was the plan to pasture the alfalfa to its full carrying 
capacity but not to overgraze. ‘This made it necessary to remove 
some of the hogs during the latter part of the experiment. for as 
the season advanced and the nights became cool the alfalfa made 
slower growth and at the same time the hogs were increasing in size, 
thus requiring more feed. A few times during periods of three or 
four days of cloudy weather and also during the last month, when 
alfalfa was making little growth, the plats were perhaps slightly 
overpastured. As far as could be determined, however, no plat was 
pastured more heavily than another. 

The corn was fed on the ear during the first period. and shelled 
corn was fed during the second period. Ear corn was fed on the 
ground and the shelled corn in a trough. The barley was ground and 
fed as a thick slop. Grain was fed once a day, in the evening. It is 
believed that when fed grain but once a day the hogs will make more 
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use of the pasture than when grain is fed both morning and evening, 
as is usually the case. When not fed until evening, the hogs become 
hungry and will graze during the cool hours of the evening, even 
after the grain is eaten. Again, if the hogs are not fed grain in the 
morning they will stay out on pasture until the heat of the sun drives 
them to shade. The method of feeding grain once a day also saves 
labor. 
During the pasturing season two sets of hogs were used. Fall- 

farrowed shotes were used during the first period and spring-far- 
rowed pigs during the second period. In 1914 this plan was not fol- 
lowed strictly, as it was necessary to use a few fall-farrowed pigs 

” . A ‘ 
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Fic. 1.—Five fall-farrowed shotes on alfalfa pasture supplemented with a 2.3 per 

cent ration of corn during the first period in 1913. These shotes in 61 days gained 

381 pounds from one-fourth of an acre of alfalfa pasture and 1,047 pounds of corn. 

throughout the season, owing to the loss of spring pigs from cholera. 
The reason for using two sets of hogs is that fall-farrowed pigs when 
fed a liberal grain ration are ready for market about July 15, and 
April-farrowed pigs are not large enough to utilize the pasture much 
before that date. 

EXPERIMENTS IN 1913. 

Five thrifty fall-farrowed shotes, weighing a total of 544 pounds, 
were turned on a quarter-acre plat of second-year alfalfa on May 2. 
The five shotes were all the plat would carry. They were removed 
from the plat on July 2, when they weighed a total of 925 pounds, 
having gained 381 pounds during the 61 days they were on the plat. 
While on pasture these hogs were fed 1,047 pounds of corn, at the 
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rate of approximately 2.3 pounds daily for each 100 pounds of live 
weight. Figure 1 shows the five shotes on alfalfa pasture. 
On July 6, eight spring pigs, weighing a total of 273 pounds, were 

put on the alfalfa plat from which the previous lot had been removed. 
It was soon apparent that these eight pigs would not keep the pasture 
fed down, and on July 20 four more, weighing a total of 139 pounds, 
were added. All 12 pigs were unable to keep the pasture fed down 

during the early part of the period, so that it was necessary to clip 
the alfalfa once on each half of the plat. The 12 pigs were kept on 

this plat until September 10, when 6 were removed, the other 6 
remaining until September 30. During September, however, the pas- 
ture made but little growth and the 6 pigs gained only 59 pounds 
during the 20-day period. While on the alfalfa pasture, the hogs 
gained a total of 697 pounds from the quarter-acre plat of alfalfa 
and 1,267 pounds of corn, the latter being fed at the rate of approxi- 
mately 2.3 pounds daily for each 100 pounds of live weight. 

The results secured in 1913 with these two lots of hogs on alfalfa 
pasture are summarized in Table I, in which the data have been 
calculated to an acre basis. 

TaBLE I.—Results obtained by feeding two lots of hogs on alfalfa pasture, sup- 
plemented with approximately a 2 per cent corn ration, at the Scottsbluff 
Experiment Farm in 1913. 

First Second Entire 
Items of comparison. period. | period. | season. 

IN EITM CTLO TE ORS ree te tajsielatise sinjsinisia/sicicetsin’~ «(e/a 0 « «:i0in Aiteiajuinielaie sielolels sisisiovaicisl= 20 ASS eeaieeesaa 
Ota lecamMypeLIaCheee see ee ae tsel- seein © clos = -i-e = - 2s See eee conn = ce 1, 524 2, 428 3, 952 
ASerac ed ailiyseaIMyNeR AChC lec <ccmiatieineis soe 2 -- - See aeeeeeene do.... 24.8 28.2 6.1 
Cormifed ieee ie ea Sse Ree 4,188 5, 068 9, 256 
Grain per pound of gain.......-- ode 2.75 2. 09 2. 34 
Gain per 100 pounds of grain 36.4 49.8 42.7 

Financial statement: lie | 

ING tmeLUTNS pel Ache Of PASbUTes = (jc --\sn 0-2 -- = oa eeneieeeeine sects ee | $61.88} $115.72 | $177.60 
Dailynetreturns per acre(ofpasture:.... -.---- -j2g-adss2se- esse ee 1.01 1.35 | 1.17 
Cost per 100 pounds of gain (pasture at $15 per acre) ..--..-...-------- 3. 25 2. 64 | 2.88 
Mowivalentapaidforhay; PeLritOn |... + -2----- -- = -eaeeeneeeeeeeeeeen ee 33. 63 32.07 | 32.85 

A very important fact shown in Table I is the large number of 
hogs carried per acre of alfalfa pasture. From May 1 to July 2 the 
carrying capacity of an acre was at the rate of 20 hogs with an aver- 
age initial weight of 108.9 pounds, and from July 20 to September 
10 the carrying capacity was at the rate of 48 hogs with an average 
initial weight of 39.8 pounds. The total final weight of the first lot 
was 3,700 pounds, whereas the total initial weight of the second lot 
was only 1,900 pounds. This shows that the smaller the hogs the 
less total live weight the pasture will carry; that is to say, twenty 
25-pound pigs will require more pasture than an equal weight of 
100-pound shotes. 
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From a farmer’s standpoint a very significant. fact shown in Table 
I is the high return per acre of alfalfa pasture after the value of 
the corn fed is deducted from the value of the gains. With the first 
lot this was $61.88 and with the second lot $115.72, or a total of 

$177.60 per acre for the season. If it is assumed that the value of 

the labor necessary to care for the pigs is equa! to the cost of harvest- 

ing the hay crop, the hogs paid an equivalent of $33.63 a ton for the 
first cutting and $32.07 a ton for the second and third cuttings. This 
estimate is based on the assumption that the pastured plat would 
have produced hay at the same rate as the average of 11 similar plats 

in the same field. On the Nerth Platte project $6 a ton in the stack 

is considered a good price for alfalfa hay. Considering these facts, 
the high value of hogs as a means of marketing alfalfa is clearly ap- 
parent. It required 2.75 pounds of corn for the first lot and 2.09 
pounds for the second lot for each pound of gain made. With al- 
falfa pasture valued at $15 per acre for the season ($5 for the first 

period and $10 for the second) and corn at $1.07 per hundredweight, 
each 100 pounds of gain in the first lot cost $3.25 and in the second 
lot $2.64, or an average of $2.88 for the two lots. This emphasizes 
the value of alfalfa pasture as a hog feed. 

AVERAGE OF THREE YEARS’ RESULTS. 

Substantially the same methods were followed in 1914 and 1915 

as in 1913, as outlined above. Each year, fall-farrowed pigs were 
used in the first period and spring-farrowed pigs in the second 
period, except in 1914, when, because of losses from cholera, it was 
necessary to use fall pigs during the entire season. In 1915 there 
were two lots receiving the 2 per cent corn ration, so that during the 
three years there have been eight lots in all, four in each pasturing 
period. The results of the three years’ tests with these eight lots 
are summarized in Table IJ, in which the data have been calculated 
to an acre basis. 

TasLte II.—Results obtained by feeding eight lots of pigs on alfalfa pasture, 
supplemented with approrimately a 2 per cent corn ration, at the Scottsbluff 
Hxrperiment Farm in 1918, 1914, and 1915. 

First Second Entire I ofe ison. * i 
tems eee ikie period. period. | season. 

Numberioflotsiaveraved 2 asa. sie oe oe cee Fem maces oe Meee ciate ais Sinioe eae 4 4 8 
Motal' gam peracre.s..- sececmsn-ceeiene Heese see ee eee eee: pounds. . 1, 271 1,910 3,181 
COTNOd: Associa ees deio = Bese whe wrd ci eiee Be cic cd ae ee Metaeee hie Seiarel CLOSE 3, 671 4,173 7,844 
Grainjper pound offpain: - oy ceee sco ce kel ee cence eee sections dort. 2.88 2. 18 2.47 
Gain perdoo ponnds ol grain oo 5 tase. s senses nec eee ee 25.2b 2566 dosiiz 5.9 40.5 ra rs ~I _ 

Financial statement: 
Net returns per acre of pasture................----.------ $49. 70 $89.05 $138. 75 
Cost per 100 pounds of gain (pestarenys, $15 per acre)... -...- Se 2.86 3.11 
Equivalent paid forihay; per'ton!!.. 2-2) one ns eee eee ene ene | 22:19 27.13 25. 13 
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- On an acre basis, the four lots made an average total gain of 1,271 
pounds during the first period and 1,910 pounds during the second 
period, or a total of 3,181 pounds for the season. During the first 
period the hogs were fed 3,671 pounds of corn and during the second 
period 4,173 pounds, or a total of 7,844 pounds during the season. 
It required 2.88 pounds of corn in the first period and 2.18 pounds 
in the second period, in addition to the alfalfa pasture, to produce 
1 pound of gain. For every 100 pounds of corn fed the hogs made 

a gain of 34.7 pounds during the first period and 45.9 pounds in the 
second period, or an average of 40.5 pounds during the season. 

With hogs at $7 per hundredweight and corn at $1.07 per hundred- 
weight the net return per acre of alfalfa pasture was $49.70 for the 
first period and $89.05 for the second period, or a total of $138.75 
for the season. This is equal to a daily net return of 90 cents an 
acre for the entire period of 154 days. Ifa charge of $5 for the first 
period and $10 for the second period is made for an acre of alfalfa 
pasture, the feed required to produce 100 pounds of gain cost $3.36 
during the first period, $2.86 during the second period, and $3.11 
for the season. 

Alfalfa plats similar to those pastured and in the same field have 
each year been harvested for hay. The three-year average yield of 
these plats was 5.52 tons per acre, or 2.24 tons for the first period 
and 3.28 tons for the second period of pasturing. On the basis of 
this yield, if it is assumed that the cost of caring for the hogs is 
equal to the cost of harvesting the hay, the hogs in the first period 
paid $22.19 and in the second period $27.13, or an average for the 
season of $25.13 a ton for alfalfa hay. 

ALFALFA PASTURE WITH VARIOUS GRAIN SUPPLEMENTS. 

EXPERIMENTS IN 1914. 

In 1914 experiments were inaugurated to secure information re- 
garding (1) the most economical quantity of corn to feed to hogs on 
alfalfa pasture, (2) the relative efficiency of 2 per cent corn and 2 
per cent ground-barley rations as supplements to alfalfa pasture, and 
(3) the carrying capacity of alfalfa pasture when no supplement is 
fed. 
The alfalfa pastured in these experiments was seeded on April 6, 

1912, hay having been harvested from the plats during the seasons 

of 1912 and 1913. The yields of the different plats during these 
years were very uniform. Figure 2 gives a view of the alfalfa 
pasture used in this experiment. The hogs used during the first 
period were a very inferior lot. They were a mixture of several 
breeds, ranging from high-grade Berkshires to scrubs and varying 
in size from 50 to 160 pounds. 
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These hogs were put on alfalfa pasture, with a small ration of 
grain, for about a week after they were received at the farm. They 

were then weighed, ear tagged, and divided into lots which were as 
uniform as possible. The mean of three consecutive days’ weighing 
was taken as the initial weight. Each hog was weighed separately 

and individual weights were kept of each throughout the experiment. 
Lot 1 received no grain; lot 2 received a 1 per cent ration of corn; 
lot 3 received 2 per cent corn: lot 4, 2 per cent barley; and lot 5, 3 

per cent corn. 

Shortly after the beginning of the first period an outbreak of 
cholera occurred. Treatment was applied as soon as possible, but 

P4a9q0oW I 

Fic. 2.—The alfalfa plats used in 1914 and 1915 in the hog-pasturing experiments at 

the Scottsbluff Experiment Farm, showing the portable houses and the method of 
dividing the pastures. 

the disease did enough damage to affect the results of the test. 
Nevertheless, fair returns were secured, the net returns per acre of 

alfalfa pasture from May 3 to July 2 ranging from $18.76, where 
no supplement was fed, to $54.19, where the pasture was supple- 
mented with a 3 per cent ration of corn. 

The plan was to use spring-farrowed pigs during the second period 
of the experiment, but, as a great many of the spring pigs had died 
from cholera, it was necessary to select the best of the smaller hogs 
that had been used during the first period. No hogs, however, were 
used from the two lots which had had no grain and 1 per cent corn, 
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respectively. The hogs used were good, thrifty stock, but were not 
uniform in size, varying from 15 to over 100 pounds in weight. The 
majority weighed about 45 pounds. They were divided into lots and 
turned on the alfalfa pasture on July 8.. The results obtained in the 
first period showed that the hogs which were fed grain consumed 
less alfalfa than those which received no grain. For this reason the 
number of hogs in the lots in the second period was increased in 
accordance with the grain fed. The average weights of the hogs in 
the different lots were fairly uniform, at about 58 pounds. During 
the first two weeks of the period it was necessary to replace six pigs 
which developed cholera symptoms. Owing to these changes, the 
average initial weight per pig in lots 1 and 5 was somewhat higher 
than the average weight per pig in the other lots. 

As the hogs were weighed only every 15 days, and as the grain 
ration was based on the initial weight at the beginning of each 15-day 
period, with a gradual increase to cover the estimated daily gain, it 
is apparent that the hogs might be fed slightly more or less than the 
quantity planned, but the difference was small. At the end of the 
experiment the total amount of grain actually fed was ascertained 
to have been as follows: Lot 2 was fed 1.1 per cent corn; lot 3 was fed 
2.06 per cent corn; lot 4 was fed 1.93 per cent ground barley; and 
lot 5 was fed 2.64 per cent corn. Lot 1 received no grain. 

There were seven pigs, weighing a total of 396 pounds, in lot 1 at 

the beginning of the experiment. One pig died at the end of the 
second month, and on August 22, when the plat was becoming over- 
pastured, a hog weighing 120 pounds was taken out. On September 9, 
when the growth of the alfalfa had become very slow, four more pigs 
were taken off the plat. The total gain made by the pigs in this lot 
from July 8 to October 6 was 102 pounds, or 408 pounds per acre. 
In lot 2 there were eight pigs, with a total initial weight of 516 
pounds. On August 22 one pig weighing 119 pounds, and on Septem- 
ber 9 five more pigs, weighing a total of 391 pounds, were removed 
because the pasture was becoming overgrazed. This lot made a total 
gain of 252 pounds from the quarter acre of alfalfa and 495 pounds 
of corn. In lot 3, which was fed 2 per cent corn, there were 10 pigs, 
with a total initial weight of 573 pounds. On August 22 one pig, 
weighing 126 pounds, was taken out, and September 9 six more, weigh- 
ing a total of 573 pounds, were removed, leaving three pigs with a com- 
bined weight of 305 pounds. This lot was fed 1,162 pounds of corn and 
made a total gain of 475 pounds. In lot 4, which was fed 2 per cent 
barley, there were 10 pigs, having a total initial weight of 561 pounds. 
To avoid overpasturing the plat, one pig, weighing 92 pounds, was 
removed on August 22, and six pigs, weighing a total of 439 pounds, 
were removed on September 9. This lot was fed 1,058 pounds of 

65731°—Bull, 488S—17 2 



10 BULLETIN 488, U. S. DEPARTMENT OF AGRICULTURE. 

barley during the period and made 435 pounds of gain. In lot 5, 
which was fed 3 per cent corn, there were 11 pigs, having a total 
initial weight of 771 pounds. Owing to shortage of pasture, one pig 
weighing 135 pounds was removed August 22. On September 9 six 
more pigs, with a total weight of 589 pounds, were removed. Lot 5 
was fed 2,202 pounds of corn during the period and made a total gain 
of 735 pounds. The experiment closed on October 6. 

Table III shows the combined results of the two periods of 1914, 
calculated to an acre basis. The results for the first period were not 
what could be expected under favorable conditions, since the hogs 
used were rather inferior and the outbreak of cholera did some dam- 
age. The hogs used during the second period were fairly good stock 
and the results should be fairly dependable. It is thought also that 
the combined results of the two periods give a reliable indication of 
the effects of feeding different quantities of grain, as well as showing 
what was possible under the conditions that prevailed. 

TABLE III.—Results obtained by feeding five lots of hogs on alfalfa pasture, 
supplemented with varying quantities of grain, at the Scottsbluff Experiment 
Farm during tivo periods in 1914. 

Lot 2,1 | Lot3,2 | Lot 4,2 | Lot 5,3 
Items of comparison. peo per cent | per cent | per cent | per cent 

gt corn. corn. | barley. | corn. 

Motaligainsper acre. sere sateen cies pounds. . 676 1,520 3, 036 2,780 4, 416 
Average daily gain per acre...........------.-- dose 4. 33 9.75 19. 46 17. 82 28. 30 
(Graintedieme aon ase eee Boicic i 3,595 8, 266 7, 744 13, 352 
Grain per pound of gain : 2. 36 2. 72 2. 78 3. 02 
Gain per 100 pounds of grain 42.3 36. 8 36.0 33. 1 

Financial statement: 
Net returns per acre of pasture............--..---- $47. 32 $67.93 | $124.07 | $117.16 $166. 25 
Daily net returns per acre of pasture....--..------ . 30 - 43 -81 -75 1. 06 
Net returns for 100 pounds of grain (pasture at 
S472 DOLACIC) = secs eee bea aa ees inert mene ieee wtelels 1. 64 2.00 1.91 1. 96 

Cost per 100 pounds of gain. .-..........-.....-.-- 2.22 3. 52 3. 41 3. 32 3. 61 
Equivalent paid for hay, per ton............---.-- 7. 22 13. 38 19. 21 17. 86 25. 30 

Table III shows the total and daily gains for each lot of hogs from 
May 3 to October 6, a period of 156 days. The gains varied with the 
amount of grain fed. Lot 1 made 676 pounds of gain; lot 2, 1,520 
pounds; lot 3, 3,036 pounds; lot 4, 2,789 pounds; and lot 5, 4,416 

pounds. The daily gains per acre as shown in Table III varied from 
4.33 pounds in lot 1, which received no grain, to 28.3 pounds in lot 5, 
which received approximately a 3 per cent ration of corn. Lot 5 
made 3,740 pounds more gain per acre than lot 1. Lot 5 was fed 
13,352 pounds of corn, while lot 1 received no grain. The 3,750 
pounds of gain, therefore, can be credited to the use of 13,352 

pounds of corn; that is to say, each 100 pounds of corn fed resulted 

in the production of 28 pounds of pork, whereas when hogs are fed 
corn alone 18 pounds per 100 pounds of corn is considered a satis- 
factory gain. The hogs in lot 5 paid $1.96 per hundredweight for 
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the corn fed. By this method of calculation it can be shown that lot 
2 paid $1.64, lot 3, $2, and lot 4, $1.91 per hundredweight for the 

Sram fed)’ 
The quantity of grain required with alfalfa pasture to produce 

a pound of pork varied from 2.36 pounds in lot 2 to 3.02 pounds in 
lot 5, the quantity increasing with the total quantity of grain fed. 
The cost per 100 pounds of gain varied from $2.22 in lot 1 to $3.61 in 
lot 5. The total and daily net return per acre of alfalfa pasture 

increased with the amount of grain fed. Lot 1, with no grain, paid 
$47.32 an acre for the alfalfa pasture. This was much more than the 
hay crop would have sold for in the stack had it been harvested. 

This partly explains why many farmers are content to carry hogs 
through the summer on alfalfa pasture with little or no grain. After 
paying for the grain fed, lot 2 paid $67.93; lot 3, $124.07; lot 4, 
$117.16; and lot 5, $166.25 per acre of alfalfa pasture for the season. 
The daily net returns per acre of alfalfa increased from 30 cents . 
where no grain was fed to $1.06 where about 3 per cent of corn 
was fed. 

Five plats of alfalfa in the same field where these experiments were 
conducted yielded at the rate of 6.56 tons of hay per acre in four cut- 

tings. On the basis of this yield, if the cost of harvesting the hay 
crop is equal to the cost of caring for the hogs, lot 1 paid $7.22 a ton 
for alfalfa hay; lot 2 paid $13.38; lot 3, $19.21; lot 4, $17.86; and lot 
5, $25.30. The manure left on the land is also of some value and 
should be considered in favor of the practice of pasturing hogs on 
alfalfa. 

EXPERIMENTS IN 1915. 

The 1914 pasturing experiments were repeated during the summer 
of 1915, with the addition of one more lot (3a) fed 2 per cent corn. 
These pasturing experiments were conducted on the same alfalfa 
plats that were used in 1914, with the exception of one, lot 3a, which 

was on third-year alfalfa. The same general plan was followed in 
1915 as in 1914, as described above. 

The 1915 season was very backward and suffered many disadvan- 
tages. The hogs were put on pasture on April 26. The first two 
weeks the hogs did well, but on May 18 a foot of snow fell and the 

temperature dropped to 29° F. This made it necessary to remove 
the hogs from the plats for seven days, during which time each lot 

was kept separately and fed the regular amount of grain. Again, 

on August 6, a severe hailstorm did a great deal of damage to the 
alfalfa. The damage done on the pasture plats was not as great as 
on the plats which were left for hay. There is little doubt that the 
hogs obtained more feed from the pastured plats than was harvested 
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from the others. In 1914 the average yield from the harvested plats 
was 6.53 tons and in 1915 only 4.47 tons per acre. The hogs used in 
the experiments during 1915 were of very much better quality than 
those used in 1914. This may explain why the returns in 1915, not- 

withstanding the damage done to the alfalfa, were equal to those of 
1914. 

The first period extended from April 26 to June 30, or a total of 

60 days. The shotes used were farrowed during the fall and late 
summer of the previous year and weighed an average of 108 pounds 
when the experiment began. The pigs used during the second 
period, which began June 30, were pure-bred Duroc-Jerseys. They 
were reared on the experiment farm, where they were farrowed dur- 
ing April and the early part of May. They weighed an average of 
33 pounds when the experiment began. Though small, they were in 
good, thrifty condition. When the cool weather of autumn came on, 
the alfalfa made less growth, which made it necessary to take out 

hogs at different times. The experiment closed September 27. 
Notwithstanding the fact that the summer of 1915 was very back- 

ward and cool, the returns from alfalfa pastures were practically 
the same as in 1914. The hogs used in 1915 were smaller and a very 
much better class of stock than those used in 1914, when returns 
from the first period were reduced by cholera. Better stock and 
freedom from sickness in 1915 apparently offset the low yield of 
alfalfa in that year. The second period in 1915 gave higher returns 
for both grain and pasture, and also cheaper gains than were se- 
cured in the first period. It is generally true that the smaller the 
hogs, other things being equal, the more economical the gains. 
A summary of the results of the two periods of 1915 is given in 

Table IV, in which the data have been calculated to an acre basis. 

Taste IV.—Results obtained by feeding six lots of hogs on alfalfa pasture, 
supplemented with varying quantities of grain, at the Scottsbluff Experiment 
Farm during two periods in 1915. 

Lot 2,1 | Lot 3, 2 | Lot 3a, 2] Lot 4,2 | Lot 5,3 
Items of comparison. Tote per cent | per cent | per cent | per cent | per cent 

eran corn. corn. corn. arley. | corn. 

Total/gain por acre: ese. s22c55-5 <0 pounds. . 612 1, 456 2,976 2,760 2,772 4,292 
Average daily gain per acre......... doses 4.0 9.5 19.3 17.9 18.0 27.9 
Grainied en his Fees. eas Gone None. 2,752 7,048 6,796 6,728 12, 168 
Grain per pound of gain............ (0 Ka ea es [eaten ies 1.89 2. 53 2.46 2.43 2.83 
Gain per 100 pounds of grain.....-... GOs-¢h||-28ea 8 53.0 39.5 40.7 41.1 35.3 

Financial statement: 
Net returns per acre of pasture......-- $42. 84 $72.48 | $132.91 | $120.49] $126.76 $170. 24 
Daily net returns per acre of pasture... 28 =47 86 - 78 - 82 1.10 
Net returns for 100 pounds of grain 

(pasture at $42.84 per acre) .......:..|.-.......- 2.14 2. 20 2. 21 2.23 2.11 
Cost per 100 pounds of gain (pasture at 

$15 periacte) so kon anf hr ee oe teee 2.45 3. 06 3. 04 3.17 2.97 3.38 
Equivalent paid for hay, per ton...... 9. 58 16. 21 29. 54 26. 95 28.13 38. 07 
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For the entire season of 1915, as shown in Table LV, the gains per 

acre were as follows: Lot 1, 612; lot 2, 1,456; lot 3, 2,976; lot 3a, 
2,(60; lot 4, 2,772; and lot 5, 4.292 situate The lot that was fed 3 

~ per cant corn made seven amie as much gain as the lot which re- 
ceived no grain. The grain consumed for each pound of gain in- 
creased with the grain ration. It required 1.5 times as much grain 

for each pound of gain where a 3 per cent corn ration was fed as it 
did where only a 1 per cent corn ration was fed. For every 100 
pounds of grain fed the 1 per cent corn lots gained 53 pounds; the 
average of the 2 per cent grain lots was 40.4 pounds; and the 3 per 

cent corn lots gained 35.8 pounds. 
When the gains made are figured at $7 per hundredweight and the 

lots charged $1.07 per hundredweight for corn and $1 for ground 
barley, the net returns per acre for alfalfa pasture were as follows: 
Lot 1, $42.84; lot 2, $72.48; lot 3, $132.91; lot 3a, $120.49; lot 4, 
$126.76; and lot 5, $170.24. From April 26 to September 27, a period 
of 154 days, the hogs gave an average daily net return ranging from 
28 cents, where no grain was fed, to $1.10, where 3 per cent corn was 

fed. At this rate a 10-acre alfalfa field pastured with hogs getting 
a 8 per cent ration of corn would pay $11 net per day, whereas if no 
erain was fed the same 10-acre field would return only $2.80 per day. 
The no-grain lot paid at the rate of $42.84 an acre for alfalfa pas- 
ture. When the grain-fed lots are charged the same amount for the 
pasture, they still paid very liberally for the grain fed, as is shown in 
Table IV. 

The equivalent paid for hay by the different lots greatly increased 
with the grain ration. The no-grain lot returned an equivalent of 
$9.58; the 1 per cent lot, $16.21; the average of the 2 per cent grain 
lots, $28.21; and the 3 per cent grain lot paid $38.07 per ton, or four 
times as much as the no-grain lot. This fact, together with the high 
price paid for the grain, emphasizes the advisability of feeding grain 
in connection with alfalfa pasture in order to realize the highest re- 
turn from both the grain and the alfalfa crops. 

SUMMARY OF THE TWO YEARS’ RESULTS. 

The results of the experiments in 1914 and 1915 with alfalfa pas- 
ture and various grain supplements are summarized in Table V. 
As two lots of hogs were used each year in each part of the test, the 
figures in Table V show the average of the results secured from four 
lots of hogs in each instance. The figures have been calculated to an 

acre basis. 
The results of two years’ work show that hogs on alfalfa pasture 

without grain produced an average of 644 pounds of gain per acre. 
The same area of pasture, with the addition of 3,174 pounds of corn, 
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produced 1,488 pounds of gain. Where 7,657 pounds of corn was fed 
the gain was 3,006 pounds; where 7,236 pounds of ground barley was 
fed the gain was 2,776 pounds, and where 12,760 pounds of corn sup- 

. plemented the alfalfa pasture, the gain was 4,354 pounds per acre 
of pasture. With this information the farmer can apply prices 
that suit his own particular condition and determine the most eco- 
nomical quantity of grain to feed. 

TABLE V.—Results obtained by feeding hogs on alfalfa pasture, supplemented 
with varying quantities of grain, at the Scottsbluff E.cperiment Farm in 1914 
and 1915. 

| 

Lot 1, | Lot 2,1 | Lot 3,2 | Lot 4,2 | Lot 5,3 
Items of comparison. no per cent | per cent | per cent | per cent 

grain. corn. corn. arley. corn. 

TMotaligaimyper/ACre- cen =! one ceases e ete pounds. . 644 1, 488 3, 006 2,776 4,354 
Average daily gain per acre .............------ dosee- 4.1 9.6 19.3 17.9 28:0 © 
Grain tede ee aes oa escae ee Seamer es eek eeeos dots .|Ree-.-.=5 + 3,174 7, 657 7, 236 12, 760 
Grain per pound of gain._..........-.-------- doles: Bees. = 2.11 2. 63 2.61 2.93 
Gain per 100 pounds of grain. ..............-.- dos. s|Beeee =o. - 47.4 38.0 38. 3 34.1 

Financial statement: 
Net returns per acre of pasture. ...............-- $45. 08: $70.20 | $128.49 | $121.96 3168. 25 
Daily net returns per acre of pasture......-....-- - 29 45 . 83 -79 1.08 
Net returns for 100 pounds of grain (pasture at 

945-08 per'acre)= eo ace: -dcies nec cetet oes ee sn ae MME eine 1.86 2.16 2.06 2.03 
Cost per 100 pounds of gain (pasture at $15 per 

ACTS) eee Cee ee cee eine te ae Sen ee eee ae 2.33 3.29 3. 22 3.14 3. 48 
Equivalent paid for hay, per ton.......-.....-.- 8.16 12. 71 23.25 22.10 30. 48 

Two years’ results show that more pasture is required when no 
grain is fed and that as the grain ration is increased the area of pas- 
ture required is decreased. The areas required when no grain, 1 per 
cent grain, 2 per cent grain, and 3 per cent grain were fed were ap- 
proximately as 5, 4, 3, and 2, respectively. 

For every 100 pounds of grain fed, lot 2 made 47.4 pounds of gain; 
lot 3, 88 pounds; lot 4, 38.3 pounds; and lot 5, 34.1 pounds. The 
higher the grain ration the Jower the gains per unit of grain fed. 
Also, the lower the grain ration the more pasture was required for 

100 pounds of gain. 
With the prices here used, the two-year average net return per 

acre of alfalfa pasture were as follows: No-grain lot, $45.08; 1 per 
cent corn lot, $70.20; 2 per cent corn lot, $128.49; 2 per cent ground 

barley lot, $121.96; and the 3 per cent corn lot, $168.25. The average 
daily net return per acre for 154 days ranged from 29 cents, where 
no grain was fed, to $1.08, when a 3 per cent ration of corn was fed. 

The two-year average net return per acre of alfalfa pasture from 

lots 8 and 4 show the sum of $6.43 in favor of corn over ground 

barley. It will also be seen from Table V that the corn lot was fed 
a little more grain than the barley lot. Higher returns would, there- 
fore, be expected from the corn-fed lot, as the results have shown that 
the net returns for pasture increase with the grain ration. The dif- 
ference in net returns, therefore, is not enough to warrant the state- 
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ment that corn at $1.07 per hundredweight is cheaper feed than 
ground barley at $1 per hundredweight. The average of the two 
years’ results, and especially the 1915 results, seems to indicate very 
strongly that, pound for pound, ground barley is approximately 
equal to corn as feed for hogs in supplementing alfalfa pasture. 
The two-year average net return for alfalfa pasture was $45.08 

where no grain was fed. If the grain-fed lots are charged this 
amount for pasture, the net returns for each 100 pounds of grain 

fed were as follows: 1 per cent corn lot, $1.86; 2 per cent corn lot, 
$2.16; 2 per cent barley lot, $2.06; and the 3 per cent corn lot, $2.03. 
It appears from this that 2 pounds of corn per day for each 100 
pounds of live weight is the most satisfactory ration of corn for hogs 

| 
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Wie. 3.—Representative hogs from the lots fed varying grain supplements on alfalfa 

pasture at the close of the second period in 1914. From left to right: No grain, 

1 per cent corn, 2 per cent corn, and 3 per cent corn. 

on alfalfa pasture in order to get the highest return from both the 
corn and alfalfa pasture. This is true when the feeder can get only 
a limited amount of corn, but when an abundant supply of corn is 
available at not more than $1.07 per hundredweight, it may be de- 
sirable to feed about 3 pounds of corn to each 100 pounds of live 
weight. Hogs fed a 3 per cent ration of corn will make a faster 
growth than those fed a 2 per cent ration and hence be ready for the 
market earlier. As a saving of time lessens risk and also saves in- 
terest on investment, this is a factor to be considered. Figure 3 
shows a representative hog from the lot getting no grain, and one 
each from lots getting 1 per cent, 2 per cent, and 3 per cent of corn 
in 1914. 
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When a charge of $15 per acre is made for the alfalfa pasture, the 
total cost per 100 pounds of gain was as follows: No-grain lot, $2.33 ; 
1 per cent corn lot, $3.29; 2 per cent corn lot, $3.22; 2 per cent barley 

lot, $3.14; and the 3 per cent corn lot, $3.48. The no-grain lot made 

gains for $1.15 per hundredweight less than the 3 per cent corn lot 
did. It might appear from this that to pasture hogs on alfalfa 
without grain is the best practice, but this is not generally true, 
because of the much smaller returns of pork per acre. 

Perhaps the most impressive thing shown in Table V is the amount 

paid for hay and its very rapid increase with the increase in the grain 
rations. The 2-year average yield of alfalfa hay from the check 
plats was 5.52 tons per acre. On this basis and assuming that the 
eare of the hogs is equal to the cost of harvesting the hay, the no- 
grain lot paid an equivalent of $8.16; the 1 per cent grain lot paid 
$12.71; the 2 per cent grain lots, an average of $22.67, and the 3 per 
cent grain lot, $30.48 a ton for alfalfa. 

Tt seems certain that it will pay the farmer to feed hogs on alfalfa 
pasture at least 2 pounds of corn daily per 100 pounds of live weight. 

By so doing he will not only get a higher return from his alfalfa, 
but he may expect also to make a profit on the corn fed. According 
to these results, it requires less capital for the same net return where 
grain is fed than where no grain is fed. When a 3 per cent corn 
ration is fed with alfalfa pasture, 1 acre will produce as much pork 
as 6.5 acres of alfalfa without grain, or a saving of 5.5 acres of land. 
Again, when fed a 3 per cent corn ration with alfalfa pasture, 52 
pigs will make as much pork as 156 pigs on alfalfa pasture alone. 

ALFALFA PASTURE FOR SOWS AND LITTERS. 

The following is a discussion of the results obtained by pasturing 
sows and their litters on alfalfa pasture. The first experiment began 
in the spring of 1914, as soon as the alfalfa was large enough to 
pasture, and continued 60 days. There were two sows and their 

pigs in each lot. During the first month and a half the quarter-acre 
plat furnished plenty of pasture, but after that time the pigs were 
so large that the pasture could not carry them all. When the pigs 
were large enough to wean, one or both of the sows were removed to 
prevent overpasturing. 

The sows and pigs were fed daily approximately 2 pounds of corn 
for each 100 pounds of the weight of both sows and pigs. Aé first 
the grain was fed to the sows only, but later, when the pigs began to 
eat, they were fed separately. A small opening was made in the 
dividing fence, so that the pigs could go from one half of the pasture 
to the other. Both sows and pigs were fed twice daily, morning and 
evening. There are two ways of looking at the results of these 
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experiments. One is to charge the pigs with only the feed and the 
other is to charge the pigs with both feed and the loss in weight of 
the sows. The second method is used here. 

In 1914 two sows and 14 pigs were put on the alfalfa pasture plat 
on May 4. On this date the two sows weighed a total of 702 pounds 
and the 14 pigs a total of 164 pounds. The experiment closed on July 
3. At this date one sow still remained on the plat, while the other one 
had been taken off on June 19. The final weight of the two sows was 
603 pounds, or 99 pounds less than the initial weight. The 14 pigs 
weighed a total of 636 pounds. They had increased in weight 472 
pounds in 60 days. The total initial weight of the sows and pigs 
was 866 and their total final weight 1,239 pounds, or a total increase 

of 373 pounds for the lot. The lot was fed 1,176 pounds of corn. 
The 373 pounds gain at $7 per hundredweight is worth $26.11. De- 
ducting from this the cost of 1,176 pounds of corn at $1.07 per hun- 
dredweight, or $12.58, leaves a return of $13.53 for one-fourth acre 
of alfalfa pasture for 60 days, or a daily return of 90 cents per acre. 
The sows and pigs ate 3.02 pounds of corn for each pound of net 
gain. With corn at $1.07 per hundredweight and alfalfa pasture 
at $7 an acre for 60 days, 100 pounds of gain cost $3.83. This lot 
paid the equivalent of $19.02 a ton for alfalfa hay. A tabulated 
statement of this lot is given in the first column of Tables VI 
and VII. 

In the 1915 tests, which began April 27 and ended June 26, there 
were three lots of two sows and litters each. One lot was fed ground 
barley and the other two lots were fed corn. They were fed grain 
at the rate of about 2 pounds daily for each 100 pounds of live 
weight. In two of the lots old sows were used and in the other gilts 
were used. The total initial weight of lot 6, which received ground 
barley, was 760 pounds. The sows weighed 702 and the 17 pigs 
58 pounds. One sow was taken off on June 9. The other remained 
until the close of the experiment. The total final weight was 1,178 
pounds, or a total gain of 418 pounds. The sows lost 28 pounds 
and the pigs gained 446 pounds. A total of 982 pounds of ground 
barley was fed to this lot. From each 100 pounds of grain fed 
this lot produced 42.5 pounds of gain. After paying $1 per hun- 
dredweight for the barley fed, the lot still paid at the rate of $1.30 
daily for an acre of alfalfa pasture. In lot 7, which was fed corn, 
the initial weight of the two sows was 873 pounds and of the 
15 pigs 83 pounds, or a total of 956 pounds. The old sows were 
taken off the plat on June 9. At this date they weighed 780 pounds, 
or 93 pounds less than they did when the experiment began. The 
final weight of the pigs was 574 pounds, their increase being 491 
pounds. The total increase in weight of the lot was 398 pounds. 



18 BULLETIN 488, U. 8. DEPARTMENT OF AGRICULTURE. 

This lot was fed 1,098 pounds of corn. For each 100 pounds of corn 
fed this lot gained 36.2 pounds. The daily net return per acre of 
pasture was $1.09. In lot 8, which also received corn, the sows were 

gilts and were much lghter than the old sows in the other two lots. 
At the beginning of the experiment the two sows weighed 468 pounds, 
and when taken off the plat on June 9 they weighed 480 pounds, a 
loss of 88 pounds. The initial weight of the 15 pigs was 118 pounds 
and the final weight 541 pounds. The total gain of the lot was 385 

pounds. While on pasture this lot was fed 884 pounds of corn, the 
lot producing 43.8 pounds of gain per 100 pounds of grain. On an 
acre basis, the daily net return Pon pasture was $1.17. 

The initial and final weights for both sows and pigs, with their 
loss or gain, and the amount of grain fed for the 1914 lot and the 
three 1915 lots are given in Table VI. 

TasLtE VI.—Weights of the sows and pigs and the amount of grain fed while 
on one-fourth of an acre of alfalfa pasture for 60 days, at the Scottsbluff 
Eaperiment Farm in 1914 and 1915. 

1914 1915 

Items of comparison. Lot 6, | Lot 7, Lot 8 

Corn. |2 per cent 2 per cent 2 per cent 
barley. | corn. corn. 

WNumber/OfSOwSs.-2-s soe stee ee pense sae eeneee DF aS 2 | 2 2 2 
Number of pigs 23 .-5o5: soon eet seeks a ta 14 17 15 15 
initialtwelentiolSOws eee bee ee eee as eee ee pounds... 702 702 873 468 
inrhialweileht ofpigs-.5. 2. = sot ece- shee cece once ceo qos. 164 | 58 83 118 
MinaliweightiOrsowssa: = Se cnsacees osc. cats eo ee dors 603 674 780 430 
inal weight Of pigs... 02 oes cos shee ccs e cc Oe eee =— eee dOs2—- 636 | 504 574 541 
NGOSS DY? SOWS!o sseenine oats ea SE nee Ceres tee ee do....| 99 28 93 38 
GainiDy Pigs eee oer ee eee ee ee eee ene doseer] 472 446 491 423 
INe@b: gains: 252 Se ser Pee Sie Ge nee oe eee Gor-..| 373 418 398 385 
Granted. 2252 so. So see 8 ses See ee Ae see eee dor=- 1,176 982 1, 098 884 

As shown in Table VI, the pigs used in 1914 were much larger than 
those used in 1915, the former being older than the latter. If the lot 
had not been charged with the loss in weight of the sows, the results 
would have been still more favorable, especially in the 1914 lot and 

in lot 7. In these two lots, for some reason, the sows lost much more 

than in the other two lots. More complete data obtained from 

pasturing sows and their litters on alfalfa in 1914 and 1915 are given 
in Table VII, in which the results have been computed to an acre 

basis. 
As shown in Table VII, the net returns were higher in 1915 than 

in 1914. The average of the four lots shows that it required 2.62 
pounds of grain with alfalfa pasture to produce 1 pound of gain, or 
for every 100 pounds of grain fed the sows and pigs gained 38.2 
pounds. The average net return per acre of alfalfa pasture for 60 
days was $66.84, or a daily net return of $1.11. The lowest net 

return for the pasture was $54.11 and the highest $77.76. This 

highest net return was obtained from the lot fed ground barley. 
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TABLE VII.—Results obtained by feeding sows and their litters on alfalfa pas- 
ture, supplemented with a 2 per cent ration of grain, at the Scottsbluff 

Heperiment Farm in 1914 and 1915. 

1915 
C 

NSIS Uh COMAE DS Suae 2percent! rot 6, | Lot7, | Lots, | average 
~ 12 per cent 2 per cent 2 per cent of 4 lots. 

barley. corn. [ corn. 

Number of sows and litters........................-- 8 8 8 8 8 
Average number of pigs perlitter...................- 7 8.5 7.5 bao 7. 62 
Average initial weight of pigs.........--...- pounds. . 11. 71 3.41 5. 53 7. 90 6.95 
Average final weight of pigs.-..---..-...------ do.... 45.4 29. 6 38. 2 36.1 37.0 
PROTA CAIN PCH AClemeccieccce ees set cess - 6 =: dote.-| 1,492 1,672 1,592 1,540 1, 574 
Average daily gain for lot....---......-------- doz =: 24.9 7.9 26.5 25.7 26. 2 
WRotalleraimiiedsopasaciiacc en: o2< cesses ecco ese doze. - 4,704 3, 928 4,392 3, 536 4,140 
Grain per pound of gain... -- 222 ..5.....+.2-- dozt-< 3.15 2. 35 2. 76 2. 28 2. 62 
Gain per 100 pounds of grain............-.-.--- dos: 31.7 | 42.5 36. 2 43.8 38. 2 

_ Financial statement: 
Net returns per acre of pasture..................- $54. 11 $77. 76 $65. 52 $69. 97 $66. 84 
Daily net returns per acre of pasture......-.....- - 90 1.30 1.09 aly ieabi 
Cost per 100 pounds of gain (pasture at $7 peracre). 3. 83 2.76 B22 2. 91 3. 21 
Equivalent paid for hay, perton.......-...-.-.. 19. 02 37. 74 31.80 33. 96 30. 63 

If the sows and pigs are charged $7 per acre for 60 days’ use of 
alfalfa pasture, $1.07 per hundredweight for corn, and $1 per hun- 
dredweight for barley, each 100 pounds of gain cost an average of 
$3.21. The gains on the 1914 lot cost $3.83 per hundredweight, while 
the gains on lot 6 (barley) in 1915 cost only $2.76. 

The average yield of similar plats of alfalfa during these pasturing 
periods was 2.85 tons in 1914 and 2.06 tons in 1915. If it is assumed 
that the pastured plats would have yielded the same, the four lots 
paid an average of $30.63 a ton for alfalfa hay and the hogs did the 
harvesting themselves. Moreover, by pasturing the alfalfa it may 
be assumed that the fertility of the soil was somewhat increased. 

HOGGING CORN. 

The experiments which have been conducted with different methods 
of hogging corn fall into two classes: (1) Those in which no supple- 
ment was fed with the corn and (2) those in which the hogs were pro- 
vided with some nitrogenous feed while they were in the cornfield. 
Experiments in which no supplements were used have been conducted 
for four years and the others for two years. 

CORN WITHOUT SUPPLEMENTARY FEED. 

Each year in the irrigated crop-rotation field, a quarter-acre plat 
of corn in a 6-year rotation is fenced and the hogs are turned into 
it to harvest the crop. This experiment began in 1912 and has been 

continued each year. The hogs are turned into the corn when it is 
well “dented,” usually about September 10. As no supplementary 
feed is supplied and as the weeds and volunteer alfalfa are kept down, 
the gains secured are made from corn alone. Each year since 1912 
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the corn has been grown on land which had produced alfalfa the 
previous year. This explains the difference in yields, as will be indi- 
cated later. 

In 1912 seven hogs were used in the test, one old sow weighing 384 

pounds and six shotes with an average weight of 72 pounds. The 
hogs were on the plat 16 days. When removed the lot weighed 974 
pounds, the total gain having been 157 pounds. The sow made a 
daily gain of 1.44 pounds, while each shote, weighing less than one- 
fifth as much as the sow, gained 1.24 pounds per day. In other words, 
the sow made 0.6 per cent daily gain and the pigs made 1.51 per cent 
daily gain. The average yield of five similar quarter-acre plats of 
corn in the same field was 795 pounds. If it is assumed that the 
hogged plat yielded the same as this average, the hogs paid $1.38 per 
hundredweight for the corn in the field. 

Six thrifty shotes, averaging 92 pounds each, were used in 1913. 
These shotes had been on alfalfa pasture with a 2.3 per cent ration 
of corn during the summer. The shotes were on the corn plat 28 
days. When they were taken off they weighed 800 pounds, having 
gained 253 pounds. The corn yield was estimated at 1,154 pounds. 
On this basis the hogs paid $1.53 per hundredweight for the corn. 
The six hogs used to harvest the corn plat in 1914 were thin and 

small. During the summer two had been on alfalfa pasture without 
grain and four on alfalfa pasture with a 1 per cent corn ration. Their 
total initial weight was 380 pounds and their total final weight was 
642 pounds. The hogs were on the corn plat 49 days and gained 262 
pounds. The yield of the corn plat was estimated at 1,142 pounds. 
On this basis the hogs paid $1.60 per hundredweight for the corn 
in the field. 

Three shotes, with a total initial weight of 224 pounds, were used 
in 1915. Their final weight, after they had been on the plat for 19 
days, was 277 pounds, the gain being 53 pounds. This poor return 
was due to the fact that the corn plat was almost completely hailed 

out. The yield of the plat was estimated at 370 pounds. In this test, 
if the estimated yield is correct, it required 694 pounds of corn to 
produce 100 pounds of gain and this gain cost $7.48. 

The results of the four years’ tests, computed to an acre basis, are 

given in Table VIII. These results are not strictly comparable, as 
there were two varying factors. The average initial weight of the 
hogs varied from 117 pounds in 1912 to 63 pounds in 1914, and the 
number of days that the hogs were on the corn varied from 16 in 
1912 to 49 in 1914. Small shotes will make more gain than larger 
hogs from a given quantity of feed. Hogs that have just been taken 
from alfalfa pasture will make very good gains for a short period 
on corn alone, but when fed corn alone for a long period the gains 
are not so good. In other words, 100 pounds of corn will make more 
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gain on hogs the first week after the hogs are taken off alfalfa pasture 
than the same amount of corn will when fed to hogs that have been 
on corn alone for several weeks. As will be seen from Table VIII, 
these two variable factors were in direct opposition to each other; 
that is, the larger the hogs the shorter the feeding period. As the 
corn crop in 1915 was seriously affected by hail, the results of that 
year are not included in the average shown in Table VIII, but they 
are shown in the last column of the table as a matter of record. 

TABLE VIJI.—Results of hogging corn without supplementary feed at the Scotts- 
bluff Experiment Farm in 1912, 1913, 1914, and 1915. 

4 C 3-year K 
Items of comparison. 1912 1913 1914 average. 1915 

Number of hogs per acre. .-.....-.-.-------.---- EN 28 24 24 23 12 
INA OY? OCENASsSc5 bobo oe SBE bee ES eo CEC Cseeaeeeee 16 28 49 31 19 
Average initial weight...............-----.- pounds. . 117 91 63 90 75 
Average final weight............-...---.------ do.... 139 133 107 126 92 
Motalicainipenacheeenmeccsceccecesccvssmes sole. do... 628 1,012 1,048 896 212 
Estimated yield of corn............-----.-- bushels. . 56.1 82.6 81.9 76. 87 26. 2 
Gain per 100 pounds of corn. ...-.....------ pounds. . 20.0 21.8 22.6 21.5 14.5 

Financial statement: 
Walueloteains penacner-cusccmecececorecccesices>-.- $42. 96 $70. 84 $73. 36 $65. 72 $14. 84 
Returns for 100 pounds of corn.......-.-...------ 1.38 1.53 1.60 1.50 1.00 
Cost per 100 pounds of gain (corn at $1.07 per 
hundredweisht) sess. 6.42 ke le. 5. 36 4.81 4.67 4.95 7.43 

A short hogging period is objectionable from an experimental 
standpoint because there are more chances of error. For example, if 

the hogs are gaunt at either the initial or final weighing, 20 hogs on 
acorn plat for 1 week will give a larger error than 2 hogs on the same 
plat for 10 weeks. The mean weight of three consecutive days’ weigh- 
ing will not entirely eliminate this error, especially if the hogs are 
left on the corn plat too long and are gaunt at the final weighing. 
Just how much each of these factors influenced the results shown in 
Table VIII is uncertain. There is little doubt that the low returns 
per bushel of corn in 1912 were due to the fact that the large sow 
was in the lot. The low total gains and net returns per acre in 1912, 
however, were due largely to the low yield of corn, it having been 
estimated at 56.1 bushels per acre, as compared with 82.6 and 81.9 
bushels, respectively, for the two succeeding years. In computing 
the cost of 100 pounds of gain, a charge of $1.07 per hundredweight 
was made for the corn. The results show that this method of utiliz- 
ing corn has much to recommend it. 

CORN WITH SUPPLEMENTARY FEED. 

To secure information regarding the value of tankage and of 
alfalfa pasture as supplements to corn when hogged off, an experi- 
ment was conducted in duplicate in 1914 and 1915. Six lots of hogs 
were used each year, as follows: Lots 1 and 2, hogged corn alone; 
lots 3 and 4, hogged corn and had access to an alfalfa field; and lots 
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5 and 6, hogged corn and had what tankage they would eat. The 
shotes used in this experiment had been in the alfalfa pasturing 
experiment and were very uniform in size, as will be seen from the 
weights given in Table TX. 

Both years the cornfield to be hogged was divided into six separate 
fields of one-third acre each by a fence of 26-inch hog wire between 
the corn rows. The cornfield used in 1914 was located on a break of 
high land, where in places the gravel came near the surface, causing 
some differences in the yield of the different plats. The plats used 
in 1915 were more uniform, but the corn, owing to hail and frost, was 
not as good as the corn that was hogged the year before. 

Each year the yield of each plat was estimated by counting all the 
stalks of corn and harvesting systematically the corn from 100 stalks; 
that is to say, if a plat had a total of 3,400 stalks, the corn was har- 
vested from every thirty-fourth stalk. The harvested corn was dried, 
weighed, and returned to the plat to be eaten by the hogs. The total 
weight was divided by 100, to get the average yield per stalk har- 
vested. This average weight was then multiplied by the total number 
of stalks on the plat in order to get the yield. 

As the low-yielding plats became cleaned up, weighed quantities 
of corn were added, so that all the hogs would be kept on feed the 
same length of time. Enough corn was added as became necessary 
so that the hogs had corn before them all the time. When the last 
lot had cleaned up its plat the experiment was closed. In 1914 the 

hogs were in the corn plats from September 9 to November 25, a 
period of 77 days. The 1915 test began October 6 and closed 
November 30, covering a period of 55 days. 

The hogs were watered twice a day. Lots 5 and 6 were fed tank- 
age when they were watered, the tankage being fed as a thin slop. 
The plats used by lots 3 and 4 opened into an alfalfa pasture. The 
hog house was placed in the alfalfa field, so that the hogs would 
have to pass through the alfalfa in going to and from the cornfield. 
All weeds and volunteer alfalfa were removed from the plats where 
the hogs got corn alone or corn and tankage. 

The results secured with the duplicate lots each year were rela- 
tively uniform. In no case were the gains cheaper or the quantity 
of corn required for 100 pounds of gain less in the corn lot than in 
the tankage lot, and in only one tankage lot were they cheaper than 
any pasture lot. One tankage lot in 1915, however, made slower 
gains than either of the pasture lots and slower than one of the corn. 
lots; and one corn lot made faster gains than one of the pasture lots. 
With this exception, the results of the duplicate lots were relatively 
the same. In 1915 the hogs required more corn per 100 pounds of 
gain than was required in 1914. This was probably due to the 
poorer quality of the corn in 1915. The corn that was added to the 
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plats in 1915 had also been badly damaged by hail. As the results 
from the 1914 experiment were almost identical with those of the 
1915 experiment, only the 2-year average will be discussed here. 

Corn alone.—The corn hogged by the four lots receiving no sup- 
plementary feed was estimated as the equivalent of 1,091 pounds of 
shelled corn, and the equivalent of 209 pounds of shelled corn was 
added, making a total of 1,300 pounds of corn consumed. These lots 
made an average gain of 248 pounds. For each 100 pounds of gain 
they consumed 524 pounds of corn, valued at $5.61. 

Corn plus alfalfa pasture——At the time of year when corn is 
hogged alfalfa makes slow growth. Before the experiment closed, 
the alfalfa was furnishing but little feed. The hogs receiving 
alfalfa as a supplementary ration had access to about the same area 
of alfalfa pasture as was occupied by the corn plat. They were 
charged at the rate of $1 an acre for the use of the alfalfa pasture 

after the last cutting. The lots made a total gain of 310 pounds. 

Tt was estimated that they hogged 1,163 pounds, and 220 pounds 

were added to the plat, making an equivalent of 1,383 pounds of 
shelled corn consumed. It required 446 pounds of corn, supple- 
mented by alfalfa pasture, to make 100 pounds of gain, which 
cost $4.88. 

Corn and tankage.—The lot on corn and tankage made 348 pounds 
of gain. It was estimated that the corn plat yielded 1,038 pounds, 
and 349 pounds of corn were added, making a total of 1,387 pounds 

consumed. In addition to the corn, the lot was fed 100 pounds of 
tankage. The tankage cost $3.20 per hundredweight, delivered at 

Mitchell, Nebr., in 500-pound lots. For each 100 pounds of gain 
made, the hogs ate 405 pounds of corn and 29 pounds of tankage. 
The gains cost $5.26 per 100 pounds. 

A summary of the two years’ results of these experiments, calcu- 
lated to an acre basis, is given in Table IX. 

TasLE IX.—Results of hogging corn, with supplementary feed, at the Scotts- 
bluff Experiment Farm in 1914 and 1915. 

Corn and 
Items of comparison. ae alfalfa Somland 

pasture. |” Se 

ENUITTN DELO LL © LS eee ee eae aimee eas a's Seo 5 Seno ae eS etnias cyayear 4 4 4 
Number of hogs per acre in each test ae 9 9 9 
INUIT ereONG aS Se see-eae cclscineisieeeiecin- n= 2 ~~ 66 66 66 
Average initial weight per hog... 3 81.7 81.7 81.0 
Average final weight per hog..-.. 164. 4 185.0 195.3 
Average daily gain per hog........-...------- ae LN 25, NEGY/ 1.7 
Motallicainimeriacre.s sce-sce- cose sees sn Mine 744 930 1,029 
Corn consumed (estimated yield plus corn added)...---.--.--.----- Close ae 3,900 4,149 4,161 

Financial statement: 
Walneroficains (at 7: cents;per pound). 9: .2<-. ..- <aejepiseieeiricie seis == | $52.08 $65. 10 $72. 03 
Cost.of tankage((300 pounds, at-$3.20)....-.----s.ss-eoss6 2-2 8 {aman de al crs cee ae 9. 60 
Gharcedstonaltaliaimasturenccec. otc. coc 2. - <= -eeeeemee ee erecta osecclos csecce as TROOM Fees ee eae 
Net returns per 100 pounds of corn.....-------------- S RBeSopeeeer sega 1.34 1,55 1.50 
Cost per 100 pounds of gain (corn $1.07) ..-.---------------.----------- 5. 61 4.88 5. 26 
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The data given in Table LX are the averages of four lots in each 
case and are calculated to an acre basis. The hogs were on the experi- 
ment 77 days in 1914 and 55 days in 1915, or an average for the two 

seasons of 66 days. The average initial weight of the shotes in the 
different lots was 81 pounds, and the average final weight was 164.4 
pounds for the corn-alone lot, 185 pounds for the pasture lot, and 
195.3 pounds for the tankage lot, or 1.25, 1.57, and 1.73 pounds of 
daily gains, respectively. The tankage lot made 38 per cent faster 
gains than the corn-alone lot and 10 per cent faster than the pasture 
lot. The total gain, on an acre basis, was 744 pounds where the hogs 
received only corn, 930 pounds where they had access to alfalfa pas- 
ture, and 1,029 pounds when fed 300 pounds of tankage in connection 
with the corn. The net return per 100 pounds of corn consumed was 
$1.34 where corn was fed alone, $1.55 where the hogs had access to 
alfalfa pasture, and $1.50 when they were fed tankage. A 100-pound 
gain cost $5.61 in the corn lot, $4.88 in the pasture lot, and $5.26 in 
the tankage lot. 
From the results of these tests it appears that it would be better 

to buy tankage at $3.20 per hundredweight and feed it to hogs in 

connection with hogged-off corn than not to supplement the corn, 
but when the hogs can have access to alfalfa pasture it is doubtful 
whether it would pay to feed tankage. 

The chief advantage of hogging corn is that the farmer is spared 
the expense of harvesting the crop, hauling the manure back to the 
land, and feeding the corn to the hogs. A disadvantage is the cost 
of fencing. It seems certain that hogs will make as many pounds of 
gain from a bushel of corn in the field as they will if the corn is har- 
vested and fed in a dry lot. The question for the farmer to decide, 
then, is whether it 1s cheaper to harvest the crop and feed the hogs 

in a dry lot or to fence the corn and let the hogs themselves harvest it. 

SUMMARY. 

Because of the relatively small capital and short time required to 
get a start in the swine industry and because of the high efficiency 
of hogs in utilizing certain field crops, swine production is a specially 
promising industry for irrigation farmers. In order to secure infor- 
mation regarding methods of utilizing hogs in the disposal of certain 
field crops produced on irrigated lands, experiments were conducted 
at the Scottsbluff Experiment Farm on the North Platte Reclamation 
Project in 1912, 1913, 1914, and 1915. 

In three years’ experiments, including eight lots of hogs, in which 

alfalfa pasture was supplemented with a 2 per cent ration of corn, 
an average gain of 3,181 pounds per season was made from an acre 
of alfalfa pasture and 7,844 pounds of corn. It required an average 
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of 2.47 pounds of corn in addition to alfalfa pasture to produce 
1 pound of pork. If the gains are valued at 7 cents a pound and corn 
at 60 cents a bushel, or $1.07 a hundredweight, the average annual 

return was $138.75 per acre of alfalfa pasture. If the corn fed is 
valued at 60 cents a bushel and the alfalfa pasture at $15 an acre 

the average cost of 100 pounds of gain was $3.11. If the average 
yield of the alfalfa plats in the same field is assumed to represent 
the yield of the pastured plats the hogs paid an equivalent of $25.13 
per ton of hay. 

In two years’ experiments with alfalfa pasture, with and without 

supplemental feed, an average annual return of $45.08 per acre was 
secured where no supplement was used, as compared with $70.20 
where a 1 per cent ration of corn was used—$128.49 from a 2 per cent 

ration of corn—$121.96 from a 2 per cent ration of barley, and 

$168.25 from a 38 per cent ration of corn. The rate of gain and the 
carrying capacity of the pasture increased with the quantity of 
grain fed. Ground barley appeared to be as good, pound for pound, 
as shelled corn as a feed for hogs on alfalfa pasture. 

Sows and pigs on alfalfa pasture, with a 2 per cent ration of grain, 
made an average gain of 1,574 pounds per acre of alfalfa pasture 
from May 1 to July 1, or a net return of $66.84 per acre. When 
corn was used the return varied from $54.11 to $69.97 per acre, and 

when barley was used the return was $77.76 per acre. 
In three years’ experiments, hogging corn without supplementary 

feed produced an average of 896 pounds of gain, worth $65.72 per 
acre, or $1.50 per hundredweight of the estimated yield of corn. 

In two years’ experiments, hogging corn without supplementary 
feed produced an average of 744 pounds of gain, worth $52.08 per 
acre, as compared with 930 pounds of gain, worth $65:10, where the 
hogs had access to alfalfa pasture, and 1,029 pounds of gain, worth 
#72.03, where the hogs were fed tankage in addition to the corn. 
Where no supplementary feed was used the hogs paid $1.34 per hun- 
dredweight for the estimated yield of corn, as compared with $1.55 
per hundredweight where the hogs had access to alfalfa pasture and 
$1.50 per hundredweight where tankage was used. The use of either 
alfalfa or tankage resulted in more rapid and cheaper gains than 
were secured where no supplementary feed was used. 
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INTRODUCTION. 

A survey of the State of North Carolina recently has been made 
in order to determine the present conditions, possibilities, and needs 
of the business of beekeeping, with special reference to the best 
means of supplying these needs. It seemed desirable to learn why 
North Carolina beekeepers are receiving relatively small returns, 
whereas there was a reason to believe that opportunities for profit- 
able beekeeping were on every hand. This survey began October 1 

and ended December 22, 1915. 
In this survey, counties of Surrey, Henderson, Clay, Haywood, 

Jackson, Buncombe, Madison, Mitchell, McDowell, Iredell, Ran- 
-dolph,. Forsyth, Guilford, Alamance, Pamlico, Beaufort, Pender, 
Washington, Martin, and Sampson were included. 

The census figures for the year 1909 show 36,248 farms reporting 
bees, with a total number of colonies of 189,178, thus giving the 
State fourth rank for number of colonies in the United States. The 
honey produced was valued at $211,607 and the wax at $18,979, a 
total valuation of $230,586, which gives the State eleventh rank in 

Notr.—This bulletin treats particularly of beekeeping conditions in North Carolina, but 

is of interest to beekeepers generally. 

The author wishes to express his appreciation to the beekeepers visited for many kind- 

nesses, also to the county agents, who greatly facilitated the work by arranging for 

Meetings of beekeepers. He also expresses his appreciation of the aid furnished by Prof. 

Franklin Sherman, jr., State entomologist, for data concerning beekeepers and for as- 

sistance in planning routes. 
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value of hive products. The State ranks second in value of wax 
produced. The value of bees per colony is reported at $2.04. Atten- 
tion is called to the fact that these figures are not complete, as many of 
the bees in the State are not on farms and many on farms evidently | 
were not reported. 

In brief, the survey fully verifies Prof. Franklin Sherman’s? 
statement that “there is perhaps no other industry in the State of 
equal importance, and with equal opportunities for development, 
which is so disorganized, so disconnected, and suffering so badly from 
lack of careful attention and better methods as is the beekeeping busi- 
ness.” ; 

No doubt bees have been in North Carolina for a long time, but 
the business of beekeeping has received so little attention that, except 
in a comparatively few cases, absolutely no advance has been made. 

PRESENT CONDITIONS. 

TYPES OF HIVES. 

Most of the colonies of bees in North Carolina are housed in hol- 
low logs or “ gums.” Some are kept in upright box hives, “ plank” 
or “tall gums,” and only a small percentage are in some type of 
movable-frame hive, locally called “ patent gums.” The eastern and 
western parts of the State have the largest percentage of bees in logs, 
while through the central part the majority of the bees are in movable- 
frame hives. This condition appears to be due partly to the fact that 
the beekeepers are slow to adopt new methods, particularly as in some 
cases movable-frame hives have been tried with poor results, owing to 
lack of knowledge necessary to get good returns. Beekeeping as prac- 
ticed by most of the beekeepers is not profitable, and the present re- 
turns by the old methods are not sufficient to make obvious to them 
the desirability of an expenditure necessary to place the bees in mov- 
able-frame hives. 

Some are using homemade hives with movable frames, and, where 
the hives are made with sufficient accuracy to insure proper spacing 
of the frames, they are giving satisfactory results. White pine of 
fair grade suitable for hives can be had at small cost in the western 
part and a soft cypress (white cypress) in the eastern part of the 
State. A considerable number of factory-made hives have been sent 
into the State, made of yellow pine of poor quality and with the 
frame spacing so inaccurate as to make proper manipulation impos- 

sible. Best results can not be secured with such equipment. 
For the most part the population of North Carolina is scattered 

and transportation is poor; hence there is not the free interchange 
of ideas which occurs in sections where the population is dense. ‘ 

1 Sherman, Franklin, jr., 1908. Beekeeping in North Carolina. Bulletin of N. C. Dept. 

of Agr., vol. 29, no 1. 
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Knowledge of improved methods of beekeeping has not reached the 
majority of those owning bees. In case reports of good profits from 
bees elsewhere have been received, these have been so far above the 

amounts that are being secured by the old methods that the reports 

have met with little credence. In very few instances have efforts been 
made to secure like results. 

RACES OF BEES. 

Almost all the bees in the State are German (black) hybrids, prac- 
tically none being found without some trace, however slight, of 
Italian blood. Numerous efforts have been made to improve the 
stock by introducing pure Italian queens, but, with few exceptions, 
this has produced bees which so vigorously resent disturbance that 
such attempts at improvement have been discouraged. Since the 
color of the bees in every case has been light yellow, it is quite likely 
that there has been some Cyprian blood in the stock secured. A few 

apiaries are stocked with Italians and an effort is being made to keep 
them pure—a rather difficult task, however, because of the presence of 
so many wild hybrid colonies. 

One beekeeper had used a few colonies of Carniolan bees, but has 
discontinued beekeeping and no data are obtainable regarding their 
comparative value in North Carolina. 

SHADE. 

Shade for the hives, either natural or artificial, is considered by 
almost all beekeepers in North Carolina to be necessary to avoid 
melting of the combs in the summer. It would be unnecessary, how- 
ever, were it not for the fact that the entrance in the log or plank 
“oum” consists merely of a few V-shaped notches or a small slot, 
entirely inadequate for proper ventilation of the hive in hot weather, 
This conclusion is supported by cases in the central and eastern parts 
of the State, where beekeepers have provided large entrances and 

have raised the hive from the bottom board to allow abundant bottom 
ventilation and have dispensed with shade without harmful results. 
The western part of North Carolina is mountainous’ and cooler in 
summer, making extra ventilation less important. 

ARRANGEMENT OF HIVES. 

In the western part of the State it is the custom to place the log 
or plank “gum” on long benches or on a flat rock, which rests on 
four stakes driven into the ground. In the eastern part, as rocks 
are not obtainable, benches only are used. If space will permit, 
the placing of hives in a single row close together is practiced. 
Perhaps 100 “gums” will be found in one row. Aside from using 
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thin lumber inside an outer shell, and when the supers are removed 
the shell is filled with pine needles, locally called “ pine straw.” 

There is considerable evidence of the value of the protection 
afforded by thick log “gums” in winter. This is to be expected, 
since all have walls 2 or 3 inches thick. When the subject of winter 
protection is mentioned, the North Carolina beekeeper states that 
the mildness of the climate makes extra protection unnecessary. Its 
value is apparent to the best beekeepers when it is shown that extra 
packing will keep the bees quiet during the season when no nectar 
can be gathered, since they all agree that bees expend too much 
energy needlessly during this period. 

QUEEN REARING. 

There are three queen-rearing apiaries in the State, with a total 

output of from 1,500 to 2,000 Italian queens annually. These queen- 
breeders produce light-colored bees. Queen-cells are started in the 
queenless side of a colony, divided by queen-excluding zine. Both 
small twin mating-boxes and nuclei with full-size frames are used 
for mating queens. 

TYPES OF HONEY. 

There are five distinct types of honey produced in North Carolina; 
as follows: Bulk comb-honey, produced in shallow frames (52 inches 
deep), is cut out and packed in 5, 10, and 15-pound tin buckets, with 
enough extracted honey added to fill up the spaces. Care is used to 
keep the queen out of the storage combs, in order that they may not 
be darkened by having bees reared in them. Combs containing 
pollen are not permitted in honey of this type. Chunk honey is pro- 
duced in log or box “gums” and is “robbed” from the top of the 
hive in irregular chunks after the “head” or top of the “ gum” has 
been removed. Frequently the comb has been darkened and tough- 
ened by having brood reared in it, and much pollen—* beebread ”— 
finds its way into this product. No regular size or shape of package 
is used for this type of honey, the customer usually furnishing the 
container. Comb-honey— section or box honey ”—is produced in 
the commercial section, locally known as honey box or pound sec- 
tion. LHatracted honey is stored in either deep or shallow frames 
and is removed by the honey extractor and packed in 50-gallon bar- 
rels. Honey in this form is secured unmixed with pollen or other 
foreign substances. Strained or “squeezed” honey is stored by the 
bees in the log or plank “ gums,” the honey being obtained by killing 
the bees with sulphur fumes, cutting the combs from the hives, and 
at once mashing up the combs and putting the mass in a thin cloth 
sack, so that the honey can drip out. Sometimes the cappings are 
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removed from the combs, which are placed in a slanting trough, 
and, after some of the honey has dripped from the combs, the residue 
is pressed to remove the remainder of the honey. The resulting 
product contains considerable pollen and other foreign substances. 
It must not be thought that extracted and strained or squeezed honey 
are the same; neither are bulk comb-honey and chunk honey identical. 

SIZE OF CROPS. 

The number of beekeepers of all classes whose methods have been 
studied is sufficient to indicate the amounts of honey in the different 
forms now secured by those who are really giving the bees some chance 
to do what they can. The average amount of comb-honey in sections 
is given at 40 pounds per colony. The amount secured in the eastern 
part of the State by extracting averages 60 pounds. The data re- 
garding strained or squeezed honey were somewhat indefinite, being 
given as 24 to 6 gallons or 30 to 72 pounds per “gum.” This includes 
of course the entire amount of honey in the hive when the colony is 
‘killed. It is possible that the custom of killing the bees and taking 
the honey in the full moon in June may result in a smaller amount 
being secured than if the killing were left until gathering had ceased 
in the. fall. The average production of bulk comb-honey per hive is 
given as 50 pounds. These figures are all conservative, being based 
on a series of years including good and poor seasons. Mention may be 
made of the production of 10 gallons of squeezed honey, 120 pounds 
of bulk comb-honey, or 150 sections by a single good colony in good 
seasons, but while these amounts have been secured in good seasons, 
the figures given previously are being duplicated annually. 

BEESWAX. 

No effort is made to secure all the wax from old combs and only 
the crudest methods are used in rendering. No wax-press was seen 

which was capable of sufficient pressure to get most of the wax; in 
fact the only press used is made of two pieces of lumber hinged at one 
end. The free ends are brought together while the sack containing 
the hot material is between the sticks near the hinged end. The wax 
produced in all parts of the State is small in quantity, due to ineffi- 
cient methods of rendering, but it is of good quality and free from 
foreign matter. 

Although the State ranks second in the amount of wax produced, 
this should not be considered as a favorable condition, since it results 

from the practice of killing bees to get the honey. With good bee- 
keeping the destruction of combs in this way will not be practiced, 
but the total output of wax will probably not be decreased if better 
methods of rendering are employed. 
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VALUE OF HONEY AND WAX. 

The prices received by the beekeeper for honey and wax in North 
Carolina have a wide range. In some localities and for some honeys 
the prices are good, as compared with prices in other parts of the 
United States; in other places they are entirely too low. The type of 
honey and care used in production are important factors in regulat- 
ing the price, but in some cases no good reason for the low prices can 
be given, except lack of organization and distribution. Failure to 
learn the market value is probably the cause of the low prices ob- 
tained for beeswax in the western part of the State and for comb 
honey in the eastern part. 

Bulk comb honey and chunk honey, which are the common types 
in the western and central parts of the State, have been sold in 
recent years by the beekeepers at 124, 15, and 20 cents a pound, de- 
pending on the quality; 20 cents has been the common price for sour- 
wood or other light-colored and mild-flavored honeys, such as bass- 
wood. Section comb honey in the western and central parts has 
brought the producer 15 to 20 cents a section, while in the eastern 

part only 10 cents a section is secured, although the product is good 
in color and finish. Extracted honey in 50-gallon barrels frequently 

sold for 74 to 8 cents a pound, while strained or squeezed honey, the 
production of which is principally in the east, commanded the low- 
est price—around 40 cents wholesale and about $1 a gallon retail. 
The price of beeswax also has a wide range, and, singularly 

enough, it is just the reverse of honey prices; the lowest, 20 cents a 
pound, is paid the producer in the western part of the State and 28 
to 32 cents in the eastern part. 

MARKETING HIVE PRODUCTS. 

No more encouraging features can be mentioned than the eager- 

ness of the market for honey, particularly through the central and 
western parts of the State, and that bulk comb honey has a ready 
sale at good prices. The markets in these localities prefer honey in 
this form. While producers in the eastern part received last fall 
only 10 cents a section for their product, comb honey by the car- 
load came into the central part of the State from the west, and 
also some from Tennessee and Georgia. With proper distribution, 
the eastern producer could secure at least 15 cents a section for his 
product, which is the price received for the honey from outside 
sources. 

Little honey is shipped from North Carolina. , From the east some 
comb honey goes to Norfolk and some extracted and strained honey is 
shipped to New York, but the consumption of honey in the State 
is far above the local production, and the demand is therefore not 
supplied. 
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The survey indicates that the demand for sourwood honey will 
continue to be much above the supply for a long time, as it has the 
preference locally over any other kind. When its qualities become 
known beyond the locality of production, the demand may be greatly 
increased. ' 

PROFITS OF BEEKEEPER. 

The receipts from a colony of bees range from nothing to $20 or 
more per year. Such a statement only shows what such combina- 
tions as a good beekeeper and a good season on the one hand, or a 
poor beekeeper and a poor season on the other, will do. 

Careful inquiry and investigation of the amounts of honey secured 
and the prices obtained by the best producers of the different types 
of honeys show that the receipts per colony from the production of 
comb honey is $5; of extracted honey, $4.50; of strained honey, $2.50; 
of bulk comb honey, $7.50. It is well to bear in mind that these 
returns are obtained only by those who are giving bees considerable 
attention. Hundreds of those having bees are receiving almost 
nothing from them, except a little honey of inferior quality for 
home use. 

PROPOLIS. 

The propolis in the swamp district of North Carolina is gray, 
does not stain the section, is not abundant, and is easily removed, all 
of which favor comb-honey production. It is reported that this 
propolis is gathered from sweet gum (Liquidambar styraciflua) , and 
when chewed it resembles chewing gum. 

LITERATURE. 

Few of the beekeepers of North Carolina are making good use of 
the available bee literature; in fact, few have a book on beekeeping 
or read a bee journal. 

In 1908 Sherman issued a stimulating bulletin! which was rather 
widely distributed among the beekeepers. This, so far as known, 
is the only publication dealing specifically with the problems of the 
North Carolina beekeeper. 

BEEKEEPERS’ ASSOCIATIONS. 

A few years ago there was a small society of beekeepers in the 
western part of the State, but no definite data on the present status 
of the association could be secured. Inquiry also reveals a desire 
among the more advanced beekeepers for a State organization of bee- 
keepers so that meetings can be held and their peculiar problems dis- 

1 Sherman, Franklin, jr., 1908. Beekeeping in North Carolina. Bulletin of N. C. Dept. 

of Agr., vol. 29, no. 1. 
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cussed. No doubt such an organization easily could be effected. The 
length of North Carolina and the slowness of travel from east to west 
would make it desirable to have some agreement whereby the meetings 
could alternate between the eastern and western parts of the State. 

ATTITUDE OF BEEKEEPERS TOWARD IMPROVED METHODS. 

One of the hopeful signs, if not the most hopeful one, is the atti- 
tude of the beekeepers toward improved apparatus and methods. 
There is not the self-satisfied attitude which is often met elsewhere 

and which is so impossible to overcome. There was shown an 
eagerness to learn and to make use of the information in cases where 
certain simple manipulations have been explained. 

FOLKLORE. 

Superstitions regarding bees which formerly were common, such 
as ringing bells or beating pans to cause a swarm to settle, “ telling 
the bees” when their owner dies so they will not also die, and a 
belief that selling bees brings bad luck, were encountered, as well as 
some which were not so common. Some beekeepers will not count 

the hives for fear of ill luck. It is said by the superstitious that on 
Washington’s birthday all the hives must be slightly moved to ward 
off ill luck. Bees are “robbed” by killing the bees at the time of 
the full moon in June, as it is believed there is then little “ beebread ” 

in the hive. These superstitions will, of course, disappear with 
better beekeeping. 

HONEY PLANTS. 

Sherman already has listed the main’ honey sources, although 
probably gallberry should have been given more prominence for 
the eastern part of the State bordering on the swamps and streams. 

From the standpoint of nectar-producing flora and consequent 
manipulations the State may be divided into three parts—western. 
central, and eastern—without definite boundary lines. The leading 
honey plants in these three sections are sourwood, clovers, and gall- 
berry, respectively. Tulip poplar, or “ poplar,” is purposely omitted, 
for, although it is abundant and is a good nectar producer, honeys 
from the sources mentioned above are superior and bring a higher 

' price than does that from tulip poplar. It is believed that the bee- 
keeper will do well so to manipulate his colonies that they will con- 
sume the honey from this source in breeding and thus attain greater 
strength for gathering the more desirable later honeys. 

All through the mountainous and upper Piedmont sections of the 
State sourwood flourishes and is still abundant enough, in spite of 
cutting, to be the leading surplus honey plant. Going eastward, be- 
cause of the increased clearing of land for agricultural operations 
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sourwood gradually becomes less and clovers, particularly crimson 
clover, become more plentiful. Still continuing eastward, the cotton 
belt is reached, which is perhaps the poorest honey-producing region 
in the State. Although cotton is reported as a honey plant, there is 
no definite information concerning this, and the fact that there are 
less bees in this part of the State than in any other is further indi- 

cation that this region is the least favorable for bees. This condi- 
tion, however, will probably be improved by the more extensive use 

of crimson clover as a cover-crop and the introduction of alsike 
clover. After the cotton belt is passed, the low-lying lands bor- 
dering the coast and rivers are reached, with immense areas of gall- 
berry and black and tupelo gum, producing delicious honey in 

abundance. 
Honeydew is often reported, but data on this are very unsatisfac- 

tory, some reporting it as appearing in February. 
Sourwood (Oxydendrum arborewm).—Sourwood is a_ rather 

scragegy tree of varying height, seldom. exceeding 30 feet. It blos- 
soms profusely in July, and under favorable circumstances nectar is 
produced in such abundance that it can not possibly all be gathered. 
Nectar may be dashed out by striking a bunch of blossoms in the 
palm of the hand. In addition to the quantity, sourwood has para- 
mount qualities from almost every viewpoint. The honey is light 
in color, dense, of delicious flavor, and slow to granulate. Coming as 
it does about July 1 to 21, ample opportunity is given the beekeeper 
to prepare his colonies for best work on it. Compared with some 
other honey-producing plants, the season is short, but by good man- 

‘agement there is no difficulty in securing a paying crop in the bloom- 
ing period. 

Linden (Tilia sp.).—The well-known basswood or linn is not 
abundant in the State, but is found in sufficient abundance in the 
north coves of the mountains to be of value to near-by beekeepers. In 
locations where the Federal authorities control the cutting of timber, 
the danger of the entire removal of the basswood is reduced. The 
honey from this source is light in color, of good body, and has a 
flavor which is generally liked. 

Tulip poplar or poplar (Liriodendron tulipifera).—Tulip poplar 
has a wider distribution than any other source of honey in North 
Carolina, and it is unfortunate that the honey is dark, so that it does 
not command a high price. However, the honey from this source can 
be utilized to increase the output of honey secured from better 
sources. This tree is found in all parts of the State except in the 
lowlands of the east. It blooms from May 10-30, varying somewhat 
with differences in altitude. 

Clovers (Trifolium spp.).—Although a number of honey-produc- 
ing clovers are found in the State, crimson clover (Zrifoliwm in- 
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carnatum) is of most value as a source of nectar at present. This 
plant is used both as a cover crop and for forage and its use is in- 
creasing. There are two varieties used, one having crimson and the 
other white blossoms, the crimson blooming about 14 days before the 
white. 

Besides crimson clover, there is being introduced a considerable 
amount of alsike clover (7. hybridwm) which will increase the 
honey crop. There is also white sweet clover (MJelilotus alba) in a 
few places, but not yet enough to be of value. 

Gallberry (Llex spp.).—Bordering on the swamps and rivers of 
the east are thousands of acres of gallberry which produces an abun- 
dance of nectar, the honey being light in color and of good body and 
flavor. It is reported that bees do not work on the blossoms of this 

plant before 10 o’clock in the morning. The blossoming period is 
given as May 10 to June 5. 

Black and tupelo gum (Nyssa spp.).—Black gum is abundant from 
the center to the eastern part of the State and is credited with much 
good honey. Tupelo gum (Nyssa aquatica) is confined principally 
to the southeast and is an important honey plant. 

Besides the above-mentioned sources of nectar, there are a number 

of plants and trees of value to the beekeeper because of the pollen 
or nectar which they produce. A list is here given but no claim is 
made for its completeness. Cotton may also become important as a 
honey producer, as is reported to be the case farther south. How- 
ever this may be, there are sufficient pollen and nectar producing 

plants in the State, with the possible exception of the cotton belt, to 
make beekeeping profitable to the person who engages in beekeeping 
commercially. 

PLANTS REPORTED AS VALUABLE TO BEEKEEPERS. 

Elm (Ulmus sp.): Pollen; February; Piedmont section and eastern part of 

North Carolina. aint 

Alder (* Alnus rugosa): Pollen; specimen from Surry Co.; February ; through- 

out State. 

Maple (Acer spp.) : Pollen and nectar; March; throughout State. 

Wild plum (* Prunus angustifolia) : Nectar; specimen from Surry Co., March; 

western part of North Carolina. 

Willow (Saliz sp.): Pollen and nectar; April; throughout State. 

Deciduous fruit: Pollen and nectar; April; throughout State. 

Redbud (Cercis canadensis) : Nectar; April; Piedmont section and western part 

of State. 

Black gum (Nyssa sylvatica): Nectar; April; Piedmont section and eastern 

part of State. 

Holly (Ilex opaca): Nectar; April; Piedmont section and eastern part of State. 

Rattan (* Berchemia scandens): Nectar; specimen from Pamlico Co.; May; 

extreme eastern part of State. 

Locust (Robinia pseudacacia) : Nectar; May; western part of State and Pied- 

mont section, 
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Crimson clover (Trifoliwm incarnatum) : Nectar; May; Piedmont section. 

Huckleberry (Gaylussacia sp.) or Blueberry (Vaccinium sp.): Nectar; May ; 

eastern part of State. 

Tupelo gum (*Nyssa aquatica) : Nectar; Specimen from Pender County; May ; 

extreme eastern part of State. 

Wild blackberry (Rubus spp.) : Nectar; May; west and Piedmont. 

Tulip poplar, locally called poplar (Liriodendron tulipifera): Nectar; May 

10-30; throughout, except in extreme eastern part of State. 

Pasture killer, ‘“ rubber’ weed” (*Senecio aureus): Nectar; specimen from 

Clay Co.; May; western part of State. 

Highland gallberry (*Ilex glabra): Nectar; specimen from Pamlico Co.; May 

15—June 20; eastern part of State. 

Swamp gallberry (*Ilex coriacea): Nectar; specimen from Pamlico Co.; 

May 15-—June 20; eastern part of State. 

Persimmon (Diospyros virginiana): Nectar; June; throughout State. 

White clover (Trifolium repens) : Nectar; June—July ; western part of State. 

Sweet bay (*Persea pubescens): Nectar; specimen from Pamlico Co.; June; 

eastern part of State. 

Linden, basswood, or linn (Tilia sp.): Nectar; July; north coves of moun- 

tains. 

Sourwood (* Oxydendrum arboreum) : Nectar; specimen from Surry Co.; July 

1-21; Piedmont region and western part of State. 

Rattleweed, black cohosh (*Cimicifuga racemosa): Nectar; specimen from 

Buncombe Co.; July-August; western part of State. 

Hereules club (*Aralia spinosa): Nectar; specimen from Washington Co.; 

June-August; eastern part of State. 

Sumae (Rhus spp.) : Nectar; *Rhus glabra from Surry Co., Rhus copallina also 

common; July; throughout State. 

Smartweed (Polygonum and Persicuria spp.) : Nectar; specimen of *Persicaria 

pennsylvanica from Henderson Co.; August-September; Piedmont region 

and western part of State. 

Coralberry, Indian currant, buckbush (*Symphoricarpos orbiculatus) : Nectar; 

specimen from Alamance Co.; July. 

White snakeroot (*Hupatorium wrticaefolium): Nectar; August; specimen 

from Buncombe Co. : 

Goldenrod (Solidago spp.) : Nectar; *Solidago altissima from Henderson Co.; 

September ; throughout State. 

Asters, ironweed (Aster spp.) : Nectar; *Aster ericoides from Surry Co.; Sep- 

tember 20 to frost; throughout State. 

Spanish needle (Bidens spp.) : Nectar; *Bidens vulgata from Henderson Co.; 

September ; Piedmont region and western part of State. 

Stickweed, feather-edge (*Ridan alternifolius) : Nectar; specimen from Bun- 

combe Co.; August and September; throughout State. 

POSSIBILITIES UNDER NORTH CAROLINA CONDITIONS. 

The possibilities for commercial honey production are already 
great and there is opportunity for them to become greater. In- 
crease in the area of land under cultivation will perhaps decrease 
the amount of honey secured from some sources but, to offset this, 
are the activities of the county agents and farmers who plan greatly 

* Specimens of these plants were kindly determined by Mr. P. L. Ricker, Bureau of 

Plant Industry. . 
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to increase the planting of clovers, both as cover crops and for 
forage, and this naturally would result in an increase in the quan- 
tity and also in some places the quality of the honey crop. The 
total sum of increased revenue to the State which would accrue 
from the use of better methods, apparatus, and stock is so great that 
quite naturally the average beekeeper does not credit it. Fortunately 
the returns of a few of the better beekeepers are known, so as to 

* permit a fair estimate of the possibilities, and some cases will be 
cited. 

In the northwestern part of the State a man and his son operating 
about 500 colonies in three apiaries secure an average income per 
colony of $5.60 from bulk comb-honey. In Iredell County, from 47 
colonies in 1913, a beekeeper received $663 for his crop of bulk comb- 
honey. Near the center of the State a beekeeper started the season 
of 1915 with 80 colonies, increased to 125, and secured 5,000 pounds 
of bulk comb-honey, for which he received more than $600. In the 
southeastern part of the State in 1914 a producer owning 150 colonies 
secured 21 fifty-gallon barrels of extracted honey, selling for nearly 
$900. In Alamance County 23 colonies in 1915 produced section comb- 
honey yielding nearly $9 per colony, and the care given was practi- 
cally nothing, except to hive swarms and to put on and remove 
supers. 
Many cases like the foregoing may be cited, but these indicate the 

possibilities, except that it must be borne in mind—and this is said 
with no thought of disparagement—that these beekeepers, without 

exception, are making some error in their work. They fail to use full 
sheets of foundation, fail to control swarming, use inferior stock, or 
neglect to give extra winter protection to the hive, all of which reduce 
the production per colony, so that the figures given above do not 
indicate the maximum which it is possible to obtain. 

It is also possible for those in the western part of the State to 
secure at least the usual market price of 28 cents instead of 20 cents 
a pound for their beeswax, and those in the eastern part who are now 
receiving but 10 cents for their section comb-honey to receive at least 
15 cents, the usual market price for this grade of honey. 
To show the possibilities more fully, the errors of a few of the 

best. beekeepers will be pointed out in detail. The best bulk comb- 
honey producer visited does not have his colonies as strong as would 

seem possible under the existing conditions of the nectar supply, and 
the resultant yield is lessened. He does not give any extra winter 

protection and this decreases the crop. The most successful 

comb-honey producer visited does not use full sheets of founda- 
tion in the brood-chamber, consequently enormous numbers of 
drones are uselessly reared and fed to the detriment of the work- 
ing force of the colony, and the surplus honey crop is reduced. He 
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is using only one shallow hive-body for brood-rearing, hence swarm- 
ing is excessive, and it is impossible to rear in such a hive a colony of 
bees which will get the greatest amount of surplus honey. The crop 
of the extracted honey producer is reduced not less than 10 per cent 
because of drone comb in the brood chamber, from a failure to use 
full sheets of foundation or to sort combs. In neither case is winter 

protection given. It is impossible to estimate the loss sustained by 
the producer of chunk honey, since no effort is made to control 

swarming and the bees use up an enormous amount of energy in this 
profitless way. However, the bees in the log “ gums,” because of the 
thickness of the walls of the hive and the abundant stores, have better 
winter protection than bees in any other type of hive used in North 
Carolina. 

The inadequate census figures for the year 1909 give the total 
colonies of bees on farms in North Carolina as 189,178. This, how- 
ever, is far below the total number in the State. Estimating the 
average production of 10 pounds a colony at the conservative figure 
of 124 cents a pound, the present annual income from honey is 
$236.472. Increasing this to the conservative estimate of 50 pounds 
a colony, the average production of the better beekeepers, gives an 
annual estimated increased production of 7,567,120 pounds, or an 
increase in revenue of $945,890. It is difficult to estimate the 
increased revenue which would accrue from proper rendering of wax 

_ and from stopping the loss occurring through the depredations of the 
waxmoth. 

Again, using the census figures for 1909, the annual output of wax 
is given as two-fifths of a pound per colony. With the adoption of 
wax-rendering methods now used by the better beekeepers, the output 

of wax per colony would be doubled, making the increased revenue 
from this source $18,979. However, with other beekeeping methods, 
the production of wax may decrease, as it has elsewhere. This 
amount added to the estimated increase from honey makes $964,869. 
It is obvious, therefore, that with proper encouragement and direc- 
tion the beekeeping industry of the State could in a few years be 
increased $1,000,000 annually. 

The estimate given above is based on the number of bees now in 
the State according to the census figures. It is possible also to add 
to these numbers by more thorough stocking of the field, as tons of 
nectar are going to waste annually. Near the center of Alamance 
County, for instance, in the neighborhood of Mebane, there are about 
100 colonies, and Mr. E. C. Turner, county agent for the southern 
half of the county, who-is himself a beekeeper, reports that practi- 
cally no bees are kept until the extreme southern end of the county, 

20 miles away, is reached. 
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to increase the planting of clovers, both as cover crops and for 
forage, and this naturally would result in an increase in the quan- 
tity and also in some places the quality of the honey crop. The 
total sum of increased revenue to the State which would accrue 
from the use of better methods, apparatus, and stock is so great that 

quite naturally the average beekeeper does not credit it. Fortunately 
the returns of a few of the better beekeepers are known, so as to 

‘ permit a fair estimate of the possibilities, and some cases will be 
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Again, using the census figures for 1909, the annual output of wax 
is given as two-fifths of a pound per colony. With the adoption of 
wax-rendering methods now used by the better beekeepers, the output 
of wax per colony would be doubled, making the increased revenue 
from this source $18,979. However, with other beekeeping methods, 
the production of wax may decrease, as it has elsewhere. This 
amount added to the estimated increase from honey makes $964,869. 
It is obvious, therefore, that with proper encouragement and direc- 
tion the beekeeping industry of the State could in a few years be 
increased $1,000,000 annually. 

The estimate given above is based on the number of bees now in 
the State according to the census figures. It is possible also to add 
to these numbers by more thorough stocking of the field, as tons of 
nectar are going to waste annually. Near the center of Alamance 
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NEEDS OF THE BEEKEEPING INDUSTRY IN NORTH CAROLINA. 

The greatest need of North Carolina beekeepers is an insight into 
late and improved methods of beekeeping. The majority of bee- 
keepers in the State have not had the opportunity, either by personal 
contact with efficient beekeepers or from literature, to learn profit- 
able methods of managing bees. Education in managing bees is 
needed to secure the greatest amount of honey and wax in the best 
condition for the market, thus giving the greatest returns to the 
producer. 

SUMMARY. 

A careful study of the situation and interviews, not only with all 
types of beekeepers but with those who are striving to introduce 
methods for greater production and better distribution in other 
branches. of agriculture, indicate that the plan which gives most 
promise for meeting these needs is through personal contact of an 
enthusiastic, expert beekeeper. 

Personal contact 1s necessary, since few beekeepers in the State 
have learned the elementary principles of beekeeping and have a 

foundation on which to build successfully. Therefore it is neces- 
sary, at the beginning, to meet beekeepers personally, to léarn their 
difficulties, to discover their errors, and to suggest the proper man- 
agement. There is not the confidence in beekeeping as a source of 
revenue which is necessary for, good results; hence enthusiasm must 
be aroused, and this is not done sufficiently through the printed page. 
The manner, then, of supplying this need is through an expert bee- 
keeper who will work largely on the lines followed by the farm 
demonstrators, not hesitating, however, to adopt other methods 
which may present themselves to further the work. 

North Carolina has a large number of bees. The pollen and 
nectar-producing flora of the State is abundant and the honey, when 
properly produced, is of high grade. There is a good market in 
the State for honey. Many more bees profitably could be kept in 
the State. Beekeeping is a business which, when well managed, 
gives quick and excellent returns. The beekeepers of North Caro- 
lina are now in the proper attitude to accept and make the best 
use of information which will enable them to secure good profits 
from the bees. In view of these facts it is highly desirable that ex- 
tension work in beekeeping be inaugurated as quickly and carried 
on as vigorously as circumstances will permit. 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1916 
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INTRODUCTION. 

In the national forests of Arizona and New Mexico a varying per- 
centage of the trees of western yellow pine (Pinus Worlenone is 
affected by an undescribed heart-rot, known locally as red-heart, red- 
rot, gray-rot, top-rot, and heart-rot. The amount of this rot present 
varies materially with the exposure, slope, and soil on which the 
yellow pine is growing, as well as with the age of the timber itself. 
It is the main heart-rot found in western yellow pine in Arizona and 
New Mexico and causes an annual loss of thousands of dollars. 

This heart-rot is here called “western red-rot” in order to dis- 
tinguish it from the true red-heart or red-rot, a very similar heart- 
rot common in many species of conifers throughout the world. 
True red-rot or ring scale is caused by Trametes pini, while western 
red-rot is produced by an entirely different fungus. 

DESCRIPTION OF WESTERN RED-ROT. 

CROSS-SECTIONAL VIEW. 

Western red-rot may show in the end of a freshly cut log any one 
of the following stages: (1) An early stage, in which the heartwood 
is firm but shows reddish to dark-brown discolored areas. Such 

64936°—17 
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areas are often fan shaped and radiate outward from the center of 
the log, like spokes from the hub of a wagon wheel, or they may be 
isolated and occur anywhere in the heartwood. (2) A more ad- 
vanced, or what might be called an intermediate stage, of the rot, in 
which the affected heartwood is whitish or grayish in color and is so 
disintegrated that small pieces can be pulled out. The rotted wood 
consists of soft white strands of cellulose, intermixed with less rotted 
wood particles. The rotten wood in this stage is often so wet and 
soggy that water can be squeezed out of it. The white-rot or gray- 
rot stage is usually in the center of the log and is often surrounded 
by the brownish fanlike areas seen in the first stage of the rot. (3) 
A third or final stage of the rot, in which much of the heartwood 
has been destroyed, leaving the remainder in a very brittle, rotten 
condition, so that it easily crumbles when handled. In this final 
stage of the rot all of the cellulose has been absorbed by the fungus, 
while the wood particles left are reddish to dark brown in color. 
This stage sometimes occupies only a small portion of the heartwood 
in the center of the log and may be surrounded by one or both of the 
other stages. 

LONGITUDINAL-SECTION VIEW. 

In a longitudinal section, as seen in sawed lumber, the different 
stages of the rot gradually merge into one another. In the place 
where the fungus entered the tree will be found the oldest stage 
which the rot has reached in that particular lesion. If the entire 
lesion originated from only one center of infection (one dead branch) 
and the rot has been in the tree for many years, then the three stages 
described will probably be represented in the one lesion, which may 
be anywhere from 12 to 20 feet long. There will usually be some 6 
to 10 feet in the center of the log which belong to the second and 
third stages of the rot, while the extremities of the rot lesion will 
consist of the first stage of the rot. 

DEVELOPMENT OF WESTERN RED-ROT IN THE TREE. 

This rot advances nearly as rapidly radially as it does longitu- 
dinally in the heartwood of the affected tree. Its radial development 
in the wood is rather peculiar. From the central cylinder of the rot, 
at irregular intervals along its entire length, narrow radial patches 
of rot extend outward toward the sapwood. These radial patches 
are the fanlike.or spokelike discolored areas on the end of the log, 
described under the first stage of the rot. The centers of these radial 
patches usually consist of whitish delignified tissue, bordered by red- 
dish to dark-brown areas of heartwood which have not yet been de- 
lignified but are in the early stages of the rot. Often some of the 
cellulose in the center of these patches has been entirely absorbed, 
leaving small irregular cavities extending to the sapwood. 



WESTERN RED-ROT IN PINUS PONDEROSA. 3 

From these radial patches the vot spreads in all directions, until 
finally the entire heartwood is involved. In tangential sections 
these radial patches of rot appear as irregular elliptical reddish to 
brown areas with white centers. These areas are two to several 
times longer than broad, with their greatest diameter lying parallel 
with the grain of the wood. There is often a small cavity bordered 
by the unabsorbed remnants of the delignified tissue in the center of 
each rotted area. Usually two to six of these discolored areas are 
grouped together, giving the sawed lumber a very peculiar appear- 

ance. 

COMPARISON OF WESTERN RED-ROT AND TRUE RED-ROT. 

When examining the rot in the end of a freshly cut pine log it 
is often difficult to determine whether it is western red-rot or true 
red-rot. A longitudinal view of the rot, however, usually will settle 
the question beyond any reasonable doubt, since the following con- 
stant characters are then in evidence: (1) True red-rot, or red-heart, 
caused by 7’rametes pint, has many small but sharply defined pockets, 
or cavities, in the heartwood, lying parallel to the grain of the wood, 
while western red-rot never has these typical pockets. (2) The 
attacked wood in true red-rot is usually very firm, even in the final 
stage of the rot, while western red-rot in its last stage is much dis- 
integrated and easily crumbles when handled. (3) The mycelium 
of true red-rot when growing in heartwood which is more or less 
exposed to the air is brown, while the mycelium of the western red- 
rot is always white. (4) The attacked heartwood in true red-rot 
never becomes wet and soggy, as it often does in certain stages of 
western red-rot. 

CAUSE OF WESTERN RED-ROT. 

The fungus which causes western red-rot never forms brown, 
woody, perennial fruiting bodies on the boles of living affected pine 
trees, as Trametes pini does, but forms annual fruiting bodies, which 

are usually developed as white encrusting layers on the under side 
of logs lying on the ground. This fungus is also the main agent in 
rotting the sapwood of the cull logs and large branches of the yellow- 

pine slash.* 
The fruiting bodies, or sporophores, of this fungus, as they occur 

in Arizona and New Mexico, are usually resupinate, with a hymenial 
layer consisting of minute tubes or pores. However, fruiting bodies 
have been found which have distinct and well-formed pilei. The 
pileate form of the fungus resembles very closely Polyporus ellisianus 
(Tyromyces ellisianus of Murrill in North American Flora); the 

1Long, W. H. A new aspect of brush disposal in Arizona and New Mexico. Jn Proc. 

Soc. Amer. Foresters, v. 10, no. 4, p. 388-898. 1915. 
/ 
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writer, however, does not wish to call it by this name until the in- 
vestigations now under way as to its identity are completed. 

Lloyd reports a specimen of the same fungus from the State of 
Washington, collected by J. M. Grant,’ and refers it to Polyporus 
ellisianus: The writer (through the kindness of Mr. Lloyd) has been 
able to examine a portion of the collection from Washington, and it 
agrees in all essential characters with the fungus which causes west- 
ern red-rot in Arizona and New Mexico. Concerning the host of the 
Washington specimen Lloyd writes, “There was no note with the 
specimen regarding its host, excepting that it grew on a pine of some 
kind.” 
A sporophore of what is apparently the western red-rot fungus 

has been examined from Idaho. 
Von Schrenk? in 1903 published a figure of a heart-rot of living 

trees of Pinus ponderosa from the Black Hills Forest Reserve in South 
Dakota, which is typical of the second stage (cross-sectional view) 
of this rot as it occurs in yellow pine in New Mexico and Arizona. 
It is therefore highly probable that this fungus is widely distributed 
throughout the West, both as a saprophyte in slash and dead trees 
and as a heart-rot in living timber. The writer has examined a speci- 
men of the same fungus collected in New Jersey on Pinus sp. and one 
of both fungus and rot from Vermont on P. strobus. 

ENTRANCE OF WESTERN RED-ROT INTO LIVING TREES. 

The western red-rot fungus enters the living tree through dead 
branches in the crown. It first attacks the sapwood of the dead 
branch; then the heartwood. It then travels down the sapwood and 
heartwood of the dead branch into the heartwood of the living tree. 
Once established in the tree, the fungus apparently continues to grow 
as long as the tree is alive, spreading in all directions, until often the 
heartwood of the entire bole of the tree, as well as that of the large 
branches, is invaded and rendered worthless for lumber. 

EXTERNAL SIGNS OF WESTERN RED-ROT. 

No external signs were found which would absolutely determine 
whether or not a given standing yellow-pine tree was defective. 
Trees having large dead branches intermixed with living limbs and 
ragged and unhealthy looking crowns were often attacked by western 
red-rot. Such defective trees were usually located on very thin soil on 
steep south or east slopes, where growth conditions were very poor. 
However, many trees which showed no recognizable external evi- 
dences of decay were found to have western red-rot when they were 
felled. 

1 Lloyd, C. G. Mycological writings, v. 4, letter no. 60, p. 4. 1915. 
2 Schrenk, Ilermann yon. The “ bluing”’ and the ‘‘ red rot”’ of the western yellow pine, 

with special reference to the Black Hills forest reserve. U. S. Dept. Agr., Bur. Plant 

Indus. Bul. 36, p. 34, 40, pl. 14, fig. 2. 1903. 
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AREAS EXAMINED FOR WESTERN RED-ROT. 

Before marking an area for cutting it should be determined 
whether the rotation is to be short, medium, or long. Often the 
amount and character of the defect present in the timber will be an 
important factor in determining what rotation is best for the area in 
question, especially in stands of virgin timber. 

In order to throw some light on the presence of defects, especially 

western red-rot, in western yellow pine and its probable influence on 

the rotation period, studies were conducted on certain areas in the 

Santa Fe National Forest where both tie trees and saw timber were 
being cut. The main problem which demanded immediate attention 
was the relative amount of rot present in the black jack on these areas 
compared to that in the yellow pine. The special areas examined 
were located in Cienega, Ocho, Amole, Gallegos, and La Junta 
Canyons and on adjacent mesas, all of which are situated in the 
Cienega ranger district. The data given here were obtained mainly 
from Cienega, Ocho, and Amole Canyons on areas which had been 
cut for hewn ties. A small area near the Cienega ranger station on 
which both ties and saw timber had been cut was also examined for 
rot. The tie trees ranged from 10 to 16 inches, d. b. h., while those 
over these diameters were saw timber. These areas were especially 
suitable for a study of this character, since an unusually large per- 
centage of the black jack (30 to 50 per cent) and nearly all of the 
yellow pine (85 to 100 per cent) were being cut. 

There are two forms of western yellow pine called, respectively, 
black jack and yellow pine. Black jack is the form which this pine 
assumes before it reaches the age of 125 to 150 years.t During this 
period its bark is blackish to dark brown, with narrow furrows, while 
the yellow-pine form has lighter colored, widely furrowed bark. 

NUMBER AND KIND OF TREES EXAMINED. 

In the vicinity of the Cienega ranger station, 1,691 felled black 
jacks and 547 felled yellow-pine trees were examined for rot. In 
addition to this, all of the trees 4 inches, d. b. h., and over on a 
sample strip 1 chain wide and 140 chains long, located on the mesa 

between Ocho and Cienega Canyons, were tallied by the district 
marking board of the Forest Service, carefully examined, and any 
evidences of disease or defect noted. One hundred and twenty-four 
felled black jacks (10 to 16 inches, d. b. h.) and 16 felled yellow 
pines (12 to 16 inches, d. b. h.) had been cut for hewn ties on this 
sample strip. 

Table I shows the number of sound and defective trees on each 
of the areas examined and in a general way the character of the 

1 Woolsey, T. S., jr. Western yellow pine in Arizona and New Mexico. U. S. Dept. 

Agr., Forest Sery. Bul. 101, 64 p., illus, 4 pl. 1911. 
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site on which the trees were located. The amount of butt-rot (prob- 
ably caused by Polyporus schweinitzii) present on the areas ex- 
amined was so small that it was not included in the table. This ex- 
plains any apparent discrepancy between the sum of the sound and 
defective trees and the total number of trees listed in the table. 

TABLE I.—Data on sound and defective felled trees of black jack and yellow pine. 

Defective trees 
Sound trees. (western red- 

Num- rot). 
Area.| ind oftimber. | ber of Remarks. 

trees. 
Num-}| Per | Num-| Per 
ber. cent. ber. cent. 

1 Black jack........- 210 206 | 98 4 1.9 Week ofridge: growth conditions fair, 
Yellow pine......- 20 18 | 90 2| 10 ey black jack, 
Black jack.......-. 294 293 | 99.66 ARC ed ower portion of southeast slopes 

2 Yellow pine... g4| 73 | 86.9 10 | 11.9 i and bed .c! canyon, pray ebicon 
: \(South and southeast slopes; thin Black jack......... 126| 124] 98.4 2| 1.6 | 3 { = Fs 2 PS soil; slopes steep, rocky; growth 

Yellow pine.....-.- 132 87 | 65.9 40 | 30.3 | : conditions poor. “, - i 

lack jack........- 206 | 193 | 93.7 9.) .4.9° || [POUMR eRe ees Pae ne emer 
4 Yellow pine....... 76 57 | 75 14| 18.4 / oe steep; growth conditions 

5 |fBlack jack......... 855 836 | 97.7 14 1.6 yatesas: soil good; growth conditions 
“ !\Yellow pine......-. 235 223 | 94.9 8 3.4 good 

6 |fBlack jack......... 124 123 | 99.2 OMS Sh eae. 14-acre sample strip across mesa; 
Yellow pine....... 16 13 | 81.25 3 | 18.75 growth conditions fair. 

Black jack......... 1,815 | 1,775 | 97.8 29 | 1.59 
1-6 Yellow pine....... | 563 471 83.6 | mE 13.6 Total for all areas. 

Both kinds....| 2,378 | 2,246 | 94.4 106} 4.5 

DISCUSSION OF THE DATA PRESENTED IN TABLE I. 

A study of Table I shows several interesting facts: (1) There is a 
marked difference in the percentage of black jack and of yellow pine 
affected by western red-rot. (2) The site seems to have a decided 
influence on the occurrence of this rot, especially in the yellow pine. 
(3) The variation in the percentage of western red-rot on the dif- 
ferent areas shown in the table is due to several factors, the three most 
prominent ones being the relative proportion of black fact and yellow 
pine which had been cut on each area, the influence of the site on the 
growth of the trees, and the age of the timber. For instance, on area 
No. 3 the percentage of this rot in yellow pine is high, due apparently 
to unfavorable growth conditions and the age of the timber cut. 

Table I should give a fairly accurate idea of the occurrence of west- 
ern red-rot in black jack of merchantable size in this region, since 
1,855 trees of this kind were examined over areas where 30 to 50 per 
cent of the black jack 11 inches, d. b. h., and over had been cut. 
As an indication of the amount of this rot present in the yellow pine, 
Table I is not so conclusive, since, with the exception of areas 3 and 
4, all of the yellow pine shown in the table was of small diameter (12 
to 18 inches, d. b. h.) and was cut for hewn ties only. This means 
that the percentage of trees showing western red-rot in the yellow 
pine on these areas will be greater than is shown in the table, except 
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areas 8 and 4. The older the trees are, the greater the amount of rot 
present, since such trees have had more’ opportunities for infection 
than younger trees. However, taking the area as a whole, probably 
20 per cent of the yellow-pine trees (exclusive of black jacks) will 
show western red-rot in some portion of the bole. The areas shown 
in this table are mainly covered with black jacks intermixed with only 
a small number of yellow pines. For instance, in the sample strip, 1 
chain wide and 140 chains long, 195 black jacks were marked for cut- 
ting and 1,270 left, a total of 1,465 black jacks 4 inches, d. b. h., and 
over, while 108 yellow pines were marked and 22 left. Of the 1,465 
black jacks present on this area, there were 605 trees of merchantable 
size (10 inches, d. b. h., and over) to only 130 yellow pines. This 
means that on such areas the percentage of western red-rot in the mer- 
chantable timber will be small compared to similar areas where the 
proportion of yellow pine is greater than that of black jack. 

WESTERN RED-ROT IN BLACK JACK AND YELLOW PINE. 

The percentage of western red-rot in black jack for all the areas is 
very small, since only 29 trees out of 1,815 (1.59 per cent) showed this 
rot, while in yellow pine it was much greater, 77 trees out of 563 (13.6 
per cent) being infected. Even then, this percentage is not high when 
compared with some other areas in Arizona and New Mexico. For 
instance, on certain sale areas on the Upper Pecos River, 70 to 95 per 
cent of the yellow-pine trees were attacked by western red-rot. Since 
this rot enters mainly through dead branches it is easily seen why 
fewer black jacks are attacked by it than yellow pines. The total 
percentage of trees attacked by western red-rot, both black jack and 
yellow pine, is only 4.5 per cent for all the areas shown in Table I. 

Of the black jacks infected with western red-rot, nearly all were 
suppressed or grown under very unfavorable conditions. This indi- 
cates that all such trees should be marked for cutting when possible, 
not only on account of their susceptibility to this rot, but also be- 
cause they will never make strong, thrifty trees. When the soil is 
deep and capable of producing vigorous growth in the trees, western 
red-rot is present only in a small degree unless the trees are very 

old and overmature. Such soil conditions are found on many of 
the mesas and near the bottoms of small canyons. There is always a 
marked increase in the amount of western red-rot in yellow pine 
growing on very steep slopes and on poor, thin soil. 

WESTERN RED-ROT AND THE ROTATION FOR WESTERN YELLOW 
PINE. 

As to the relative efficiency of a long rotation and of a medium or 
short rotation period in finally eliminating this rot from the forest, 
the answer is very evident, judging from the viewpoint of the rot 
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alone. Table I clearly shows that during the black-jack period the 
trees are practically free from this rot, but as they grow older the 

increasing number of dead branches makes them more open to the 
attacks of this fungus; that is, after the trees enter the yellow-pine 
stage of their growth they are more and more subject to infection by 
heart-rotting fungi. 

In the Cienega ranger district western yellow-pine trees up to 125 
or 150 years old (the black-jack period) are rarely attacked by 
western red-rot, for the reasons previously given, while trees over 

200 years old show a much higher percentage of rot than the younger 
trees (black jack). Any system of cutting that will take out most 
of the older trees (yellow pine) and many of the larger black jacks, 
as well as all suppressed trees, will do much to rid the future forest 
of this serious heart-rot. It also follows that a short rotation will 
be better for the future health of the forest so far as heart-rots are 
concerned. It is a fundamental fact that the older a tree is, the 
more liable it is to be attacked by heart-rotting fungi. 

SUMMARY. 

(1) A varying percentage of western yeliow pines in Arizona and 
New Mexico is affected by a serious heart-rot called in this bulletin 
western red-rot. 

(2) Western red-rot has three stages in its development: (@) An 
initial stage, in which the affected heartwood is firm but shows red- 
dish to dark-brown discolored areas; (?}) an intermediate stage, in 
which the diseased heartwood is whitish or gray in color and more 
or less delignified; (¢) a final stage, in which much of the heartwood 
has disappeared, owing to the absorption of the delignified por- 
tions, while the wood .particles left are brittle and crumble easily 
when handled. 

(3) Western red-rot attacks both the sapwood and the heartwood 
of dead branches on living trees. It then travels down the dead 
branches into the heartwood of the living tree. 

(4) No constant external signs were found which would abso- 
lutely determine whether or not a given living yellow-pine tree was 
attacked by western red-rot. However, trees growing on very thin 

soil on steep south or east slopes where growth conditions are very 
poor have a higher percentage of this rot than yellow pines situated 
where the growth conditions are good. 

(5) Of the 1,815 black jacks examined for western red-rot, only 
29, or 1.59 per cent, had this rot, while out of 563 yellow pines ex- 
amined, 77, or 13.6 per cent, were attacked by this rot. 

(6) So far as heart-rots are concerned a short rotation is better 
for the future health of the forest than a long one. 

WASHINGTON : GOVER "MENT PRINTING OFFICE : 1917 
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INTRODUCTION. 

The melon fly (Bactrocera cucurbitae Coq.) (fig. 1) is a pest intro- 
duced into the Hawaiian Islands from the Orient, about 1895. As 
shown by the reports of the quarantine officers of the Federal Horti- 
cultural Board, it is being continually intercepted at the port of San 
Francisco in cargoes arriving from Honolulu, and there is danger that 
it will be introduced into continental United States. Together with the 
Mediterranean fruit fly (Ceratites capitata Wied.), also recently in- 
troduced, it has had a most ruinous effect upon horticultural pursuits 
of Hawaii. The equable climate and abundant food supply have 
given this pest an excellent opportunity to increase unmolested and, at 
the time the writers undertook the investigation herein reported, the 
melon fly had made impossible a free cuitivation of the most valuable, 
economically, of the Cucurbitaceae and other truck crops. No natu- 
ral agencies have thus far been discovered which serve as a practical 
check upon its ravages, and artificial methods of control, especially 
control by poisoned-bait sprays, have been found inadequate, owing 

65732°—Bull. 491—17-—1 
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to the lack of concerted and intelligent action among the oriental 
market gardeners. The purpose of this bulletin is, therefore, to call 
attention to the unprecedented ravages of this pest in the Hawaiian 
Islands and the danger of introducing it into the mainland United 
States, and to record new facts concerning its biology, rather than 
to offer a satisfactory method of control. 

ORIGIN. 

The true Dacinae, the subfamily of the Trypetidae, to which the 
melon fly belongs, are almost without exception tropical or subtrop- 
ical in distribution. Most of the well-defined genera have been found 
by Bezzi to show a restricted area of habitation and to be almost 
exclusively confined to the Old World. Indeed, the few species which 

ea) 
V 

Fig. 1.—The melon fly (Bactrocera cucurbitae) : Adult female. Greatly enlarged. 

(Oviginal.) 

are recorded from widely separated countries have reached their 
present distribution not by natural spread but by the assistance of 
man. The melon fly is a good example of a pest known to have been 
artificially introduced to new countries. Bezzi, who has given the most 
complete and recent review of fruit flies, stated in 1913 that the orig- 
inal home of the melon fly is India. Other entomologists who have 
traveled in the Orient for the purpose of making fruit-fly studies, 
particularly Compere, Froggatt, and Muir, agree with Bezzi as to 
its Indian origin. Perkins stated that its true home is either Japan 
or China, but this statement was made in 1902, before the discovery 
of the melon fly in India and before the studies of Bezzi were 
undertaken. 
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DISTRIBUTION, 

The melon fly has been recorded from India, Ceylon, Java, Timor, 

Australia, the Philippines, Singapore, southern China, Japan, and 
the Hawaiian Islands. The references known to the writers of its 
presence in these countries are as follows: 
India.—Compere first recorded the melon fly from India, where 

he collected specimens in and about Poona on September 28, 1903, 
and at Bangalore in 1916. Froggatt (26)* in 1909 states that, in the 
company of I’. M. Howlett, he noted the pest in the gardens at Alla- 
habad during May, 1909. Bezzi (36) in 1918, while studying the 
fruit-fly material in the Indian Museum, found pinned material col- 
lected at the following places in India: Many specimens from Cal- 
cutta, taken in April, May, June, and September; others from Dur- 
jhana, Nepal, the Terai, Ranchi, Jhansi, northwestern India, 850 
feet (Brunetti); Katihar, Purneah District, northern Bengal, in 
October; Allahabad, United Provinces, in August; Nepalganj, Nepal 
Frontier, January 22, 1911; Siripur; Saran, northern Bengal, Sep- 
tember 26, 1910; Adra, Manbhum District, October 12, 1909; and in 
Bombay, in gourds, October 12, 1903. Maxwell-Lefroy (18) in 1907 
states that this is a sporadic and occasionally a serious pest and gives 
as its distribution Nasik, Pusa, Surat, Umballa, and ‘“ probably 
throughout India.” 
Ceylon—The melon fly appears to be generally distributed 

throughout Ceylon. Green (84), in 1912, and Rutherford (40), in 

1914, list it among insects of economic importance. Bezzi (36), in 
1913, records specimens in the collection of the Indian Museum 
caught January 10 at Peradeniya. Froggatt (26) found the pest at 
Jaffna in 1908. Compere (33), in 1905, records specimens taken at 

Colombo. 
Java.—The melon fly was reported by Dammerman (41) in 1914 

from Java, where it is frequently a serious pest. 
Timor—Compere is our authority for the presence of the melon 

fly on this island. 
Australia —Hill (50), in 1915, has given the only record of the 

presence of the melon fly in Australia. He records it from the North- 
ern Territory as a pest of melons, pumpkins, and marrows. 

Philippine Islands.—Essig (85), in 1918, gives C. F. Baker as 
authority for the presence of the melon fly in the Philippines. Mr. 
I’. Muir has recently informed the writers of its presence in these 
islands, and specimens have been received from Mr. McKay, of the 
Philippine Department of Agriculture. The melon fly was first 

noted about Manila by Compere. 
Southern China.—Compere (33) states that about Macao and 

Canton, in 1909, he found the melon fly a serious pest but not doing 

1The figures in parentheses refer to Biblography, p. 57. 
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as much damage as in the Hawaiian Islands. He has also found it at 
Hongkong. 
Singapore—The melon fly was reported from Singapore by Com- 

pere. _ 
Japan.—In 1905 Craw (18) stated that the melon fly was intro- 

duced to Hawaii from Japan. Compere reared adults from material 
collected in melons and cucumbers at Nagasaki according to data on 
file at the office of the chief quarantine officer of the port of San 
Francisco. Muir (38), in 1914, records the melon fly as injurious to 
cucurbits on the Island of Formosa. 
Hawaiian Islands—The first critical study of the melon fly was 

made from material collected by Compere (2) in 1898 at Honolulu. 
At the present time the pest is known to occur on all the important 
islands of the group. 

SOURCE OF HAWAIIAN INFESTATION. 

The melon fly was without doubt introduced into the Hawatian 
Islands from Japan. The interceptions of this pest from Honolulu 
during the past few years at the port of San Francisco make it easy 
to understand its introduction at Honolulu from Japan, where the 
pest is known to occur in vegetables grown about Nagasaki, a port in 
direct communication with Honolulu and from which many Japanese 
immigrants arrived in the islands during past years. Alexander 
Craw, entomologist of the Hawaiian Board of Agriculture and For- 
estry, wrote (13) in 1905 that the melon fly had been unfortunately 
introduced at Honolulu a few years previously from Japan. 

That the melon fly was actually introduced is well known to all the 
older inhabitants of the islands interested in agricultural pursuits. 
Excellent watermelons and cantaloupes were abundant and cheap in 
the Honolulu markets, and pumpkins in large quantities were used as 
food for stock by certain ranchmen. At the present time these fruits 
are imported from California or grown in restricted areas in the 
islands with great difficulty. The perfect condition of the calabashes 
made from gourds by the native Hawaiians is additional proof that 
the melon fly is an introduced pest. Utensils made of gourds at the 
present time bear deformities and surface defects peculiar to melon- 
fly attack. 

EARLY HISTORY IN HAWAII. 

The first authentic account of the presence and ravages of the 
melon fly in the Hawaiian Islands was given by Mr. Byron O. 
Clarke, commissioner of the Hawaiian Bureau of Agriculture dur- 
ing 1898. In October, 1897, soon after his arrival in Honolulu, Mr. 
Clarke attempted to grow cucurbits in the Kalihi district, but found * 

1 Correspondence, Bureau of Entomology, U. 8. Dept. Agr., dated Jan. 16, 1916. 
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that a fly deposited eggs in the young shoots and that the developing 
larvee killed the vines before they were a foot long. During Decem- 
ber of the same year Mr. Clarke attempted the cultivation of summer 
squash, muskmelons, and tomatoes at a point about a mile north 
of the railroad station at Pearl City. That the pest which caused 
the destruction of these crops was what has since been called the 

melon fly was proved by the adults reared by Mr. Clarke during 

February, 1898. Mr. Clarke states that in 1897 the old gardens 
about Pearl City were thoroughly infested with the melon fly. 

Correspondence (1) in the files of the present Hawaiian Board 
of Agriculture and Forestry prove that the melon fly was well es- 
tablished and doing damage on the island of Hawaii, about 192 
miles by sea from Honolulu, as early as August, 1898, and that it 

was known to Prof. Koebele, at that time entomologist of the Ha- 
wailan Bureau of Agriculture.. Mr. George Compere, who visited 
Honolulu during November, 1898, found the melon fly doing great 
damage to the truck crops grown by the Orientals in the Moilil 
and Waikiki districts of Honolulu and collected the first material 
that found its way into collections for scientific study. 

To Messrs. Compere and Clarke we are indebted for all exist- 
ing information regarding the melon fly in the Hawaiian Islands 
prior to 1900. As Clarke has shown that serious injury was being 
done cucurbits as early as 1897 at Honolulu gnd at Laupahoehoe on 
the island of Hawaii in 1898, it is apparent that the introduction of 
the pest into the islands occurred at least several years earlier and 
that the pest was probably established on the other two. important 

islands, Maui and Kauai, both of which are nearer Honolulu than 
Hawaii. The rapidity with which the Mediterranean fruit fly 
(Ceratitis capitata Wied.) has been known to spread since its in- 
troduction at Honolulu in very recent years leaves little doubt that 
the melon fly existed in the islands a comparatively short time 
before its ravages attracted the attention of agricultural officials. 
Perkins wrote (8) in 1902 that the melon fly was introduced “ five 
or six years ago.” It is safe to assume that the melon fly was present 
about Honolulu as early as 1895. 

LITERATURE. 

The melon fly was first described as a species new to science by 
Mr. D. W. Coquillett (2) in 1899 from specimens reared by Com- 
pere in Honolulu and forwarded to Dr. L. O. Howard, entomologist 
of the U. S. Department of Agriculture. Mr. Coquillett’s article 
entitled “A new trypetid from Hawai,” published in Entomological 
News, contained the first information regarding the melon fly ap- 
pearing in scientific literature. The first printed account (1) of its 
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ravages, however, appeared in “The Hawaiian,” a newspaper pub- 

lished in Honolulu during 1898, and this is given in full in the 
bibhography. An article entitled “A dipterous enemy of cucurbits 
in the Hawaiian Islands,” prepared by Dr. Howard (3) and pub- 

lished in 1900, is of importance, as it contains the first printed state- 
ments of melon-fly ravages to be found in scientific literature. Dr. 
Howard gives the substance of a letter written him under date of 
February 14, 1899, by Mr. Compere in Honolulu. 

The bibliography (p. 57) contains all references to the melon 
fly known to the writers. Most of it is unimportant and is con- 
spicuously meager, as shown by the attached summaries or verbatim 
quotations. Prof. M. Bezzi, in the Bolletino del Laboratiorio di 
Zoologia, 1909 (24), and in the Memoirs of the Indian Museum, 1913 
(36), has treated the systematic relationship of the melon fly. Banks 
(30), in 1912, gave the first technical and trustworthy description of 

the well-grown larva. All these references, with the exception of 
Coquillett’s article already mentioned, deal with the economic status 
of the pest. For the most part they merely list the fly from certain 

localities and contain brief references to its capacity for damage to 
crops, or to the desirability of establishing or making more vigilant 
quarantine regulations. Thus Maxwell-Lefroy (18), Howlett (20), 

and Fletcher (48) give information regarding the pest in India; 
Green (34) and Rutherford (40) in Ceylon; Dammerman (41) in 
Java; Essig (35) in the Philippines; Muir (38) in Formosa; Hill 
(50) in Northern Australia, and Compere (33) and Froggatt (26) 
throughout the Orient in general. 

The remaining references are from Hawaiian and California 
sources and are the result of the presence of the melon fly in Hawaii. 
From the quarantine standpoint the references of Craw (7) and 
Maskew (42) throw light on the present-day possibilities of spread. 
From a biological standpoint the references of Van Dine (19), 
Severin, Severin and Hartung (45), and Back and Pemberton (46) 
are the most important. 

The article by Van Dine (19) contains a concise general account 
of the known facts concerning the melon fly published up to 1908, 
in addition to a complete bibliography and the first illustrations of 
adult, larva, eggs, and puparium. He states that the fly requires 
three weeks to pass through the egg, larval, and pupal stages. 

Severin (45), in September, 1914, published results and observations 
on the melon fly which may properly be called the first careful work 
done on the biology, extent of injury, and methods of control. This 

is the most important biologic paper published up to that time and 
contains so many new data that it should be possessed by investiga- 

tors of the melon fly. The article by the writers (46) appearing 



THE MELON FLY IN HAWAII. a 

in December, 1914, gives the results of careful life-history studies 
and contains data on the various stages, accompanied for the first 
time by temperature records. The data contained in this last paper 
have been incorporated in the present bulletin. 

While Van Dine has given us the first illustrations of the melon 
fly, others have been published. Howlett (20), in 1909, published a 
plate in Maxwell-Lefroy’s “Indian Insect Life” containing an 
especially good figure of the adult female, besides figures of the egg, 
larva, puparia, and the anterior and posterior spiracles of the 
puparium. This plate was slightly enlarged and republished as a 
colored plate by Fletcher (43) in 1914, in “Some South Indian In- 
sects.” Perkins (29), in 1911, published a drawing by W. R. Potter 

of the adult female which was later used by Severin (45). Compere 
(83), Dammerman (41), atid Bezzi (86) have published photographs 
of wings of the melon fly. Severin (45) included in his paper the 
first and only illustrations ever published of the damage to host plants 
caused by the melon-fly larve. These photographs were greatly re- 
duced and much of their detail was lost. The only drawings showing 
larval details were published by Banks (30) in 1912, and included 
enlargements of the anterior spiracles, the stigmal plate, and a lateral 
view of the head. 

ECONOMIC IMPORTANCE. 

The melon fly is the most important pest of varieties of cucurbita- 
ceous crops grown in the Hawaiian Islands. Its persistent attack 
has caused many to abandon the growing of its more susceptible 
host fruits, while others can be grown for the most part only 
under cover and at increased cost. The Mediterranean fruit fly 
(Ceratitis capitata) and the melon fly have ruined the free cul- 

tivation of fruits and vegetables in the Hawaiian Islands. Of the 
two pests, many consider the melon fly of the greater economic im- 
portance, as it attacks with greatest persistency those crops, such as 
squashes, pumpkins, and the vegetable marrows, which could other- 
wise be depended upon to furnish an abundant food supply for the 
poorer classes, and by its presence has ruined any trade with the 
coast in such vegetables as eggplant, peppers, etc. In 1902 Mr. 
Jared G. Smith, at that time director of the Hawaiian Agricultural 
Experiment Station, wrote (9) that the melon fly was doing great 
damage to cucurbits by stinging and depositing eggs in the young 
fruit. EF. W. Terry (15), in 1906, in a preliminary account of insects 
of economic importance in Hawaii, wrote, “ Since its arrival it has 
practically stopped the raising of melons, cucumbers, squashes, and 
tomatoes in many localities, unless these plants are carefully screened 
from the attack of the fly.” Van Dine (11), in 1903, states that 
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“watermelons and muskmelons are a luxury; a good melon brings 
50 cents to $1 at the fruit stands in Honolulu. These products could 

be raised in certain sections in quantities large enough to bring them 
within the reach of every table were it not for the attack of the 
melon fly.” F. G. Krauss, formerly agriculturist of the College of 
Hawaii, stated (14) in 1905 that were it not for -the ravages of cut- 

worms, plant-lice, and the melon fly melons would be an excellent 
crop for Hawaii, but that the advantage of the favorable climate of 
Hawaii was offset by the prevalence of these pests. Blackman (22), 
in 1909, places the annual loss to market gardeners as the result of 
melon-fly attack at three-fourths of a million dollars. Severin (45) 
writes that “ when one stops to consider that the Hawaiian Islands are 
smaller than the State of Rhode Island, that the principal agricul- 
tural products are sugar, pineapples, coffee, and rice, one realizes 
what a tremendous amount of injury this fruit fly causes to the 
limited vegetable crops grown in the islands.” The truth of all the 
foregoing statements regarding the great damage caused by this pest 
and its right to first rank among the pests of the market gardener 
has been corroborated by the writers. It is not possible to over- 
exaggerate its importance as a serious pest under Hawaiian littoral 
conditions. 

INJURY. 

Injury due to melon-fly attack is in the nature of deformities re- 
sulting (1) from punctures made in the epidermis of the host fruit 
or plant when no eggs are deposited; (2) when the eggs deposited 
or resulting larve fail either to develop or to penetrate the tissues 
deeply; and (3) from the destruction of plant tissue by the un- 
hindered development of the larve. While the fruits of the host 
plant are always attacked with greatest severity, no portion of the 
plant is immune, particularly when succulent growths are produced 

by hot, moist weather conditions. 
Injury to the voot.—I\t has been stated (45) that in many locali- 

ties the seeds of some cucurbits barely germinate before the seedlings 
are attacked by the melon-fiy larvee, which devour the tissues of the 
stem, causing decay, and penetrate the roots and completely destroy 
the plant. This type of injury (Pl. I) is by no means the most 
common, but has been observed by the writers on many occasions. 
The writers have never known the roots of seedlings of any host 
other than the watermelon to be thus attacked, and then only when 

the plants were very succulent. Entire fields of watermelons have 
been destroyed by such attacks during the warmer parts of the year 
in a badly affected area. At other seasons and in localities more 
isolated from habitations, or where no host fruits have been grown 

for some time, seedlings are not usually affected below the ground. 
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WorK OF LARVA OF THE MELON FLY (BATROCERA CUCURBITAE). 

‘Watermelon seedling destroyed by larve of the melon fly feeding in the taproot, crown, and leaf 
petioles. Note that the leaf to the left is nearly severed from the crown, while the petiole of 
the drooping leaf has been completely tunneled by the larve. In figure 2 is shown, enlarged, 
the work oflarveintheroot. (Original.) 
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OVIPOSITION BY MELON FLY ON WATERMELON VINE. 

Tip of a watermelon vine showing an adult melon fly ovipositing in the ovary of a flower still in 
bud, an unaffected male bloom, and the withered and drooping growing tip of the vine. A 
female melon fly has deposited eggs in the vine at the base of the leaf petiole, and the young 
larvee hatching have nearly severed the vine at this point. (Original.) 
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DAMAGE TO WATERMELON VINE BY LARVA OF MELON FLY. 

Succulent watermelon vine showing the blackened and decaying condition beyond the point of attack. 
The eggs from which the larve hatched were laid at the base of the fruit stalk shown in lower portion 
offigure. Note that smallas the young watermelonisit has already become infested, as indicated by 
the blackened area. For condition existing within this vine, see Plate IV. (Original.) 
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WorRK OF LARV4 OF MELON FLY IN WATERMELON VINE. 

Succulent watermelon vine sectioned to expose well-grown larvze of the melon fly which have eaten 
(Orig Tae causing the vine to wither and die back to the point of original infestation. 
Original.) 

— 
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CANTALOUPE VINE ATTACKED BY MELON FLY AND DAMAGE BY LARVA. 

Cantaloupe vines and fruits are very susceptible to attack. The vine shown has been attacked in 
eight places, as indicated; the larvee developing in tne stalk, petioles, or young fruit. (Original.) 
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SQUASH VINES ABORTED BY WORK OF LARVA OF MELON FLY. 

Squash vines affected by the larve of the melon fly. Sometimes, especially during wet weather, 
the female fly deposits eggs in the older stems. The young larvze hatching do not seem to be 
able to kill the vine outright as they do the more succulent and rapidly growing vines, but as 
they mature they cause abnormal swellings to develop about them. As the vines throw out 
rootlets little injury is caused to squashes by this method of attack. (Original.) 
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MELON-FLY Eaas DEPOSITED IN BLOOMS OF PUMPKIN. 

Two buds of the male bloom of pumpkin sectioned to expose melon-fly eggs deposited through 
the corolla. Note that larvee from eggs already hatched are causing the destruction of the 
vitalorgans. (Original.) 



Bul. 491, U. S. Dept. of Agriculture. PLATE VIII. 

RESULT OF INFESTATION OF PUMPKIN BLOOMS BY LARVA OF MELON FLY. 

Buds of the male flowers of pumpkin affected by the larvee ofthe melon fly. Figures 1, 2, and 3 repre- 
sent the various stages in the destruction of the male bloom after the larvse hatching from the eggs 
shown in Plate VII have begun to develop. In figure 1 the larve have destroyed the pollen and are 
devouring the receptacle. In figure 2 the inflorescenceis hanging and the larv# are still within, while 
figure 3 represents the final stage of destruction. During the warmer months of the year practically 
all male flowers are affected, although many succeed FaIploomitie? (Original.) 
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WoRK OF LARVA OF MELON FLY IN BLOOMS OF PUMPKIN. 

In figures 1 and 2 is shown the work of the larve of the melon fly in bringing about the destruction 
of the ovaries of pumpkin bloom even before the corolla has entirely withered. Note that in 
figure i the corolla has not yet unfolded nor has the stigma been exposed. In figure 2 is shown 
the more complete destruction of the ovary of a flower, the corolla of which has but recently 
withered. (Original.) 



Bul. 491, U. S. Dept. of Agriculture. PLATE X. 

DAMAGE TO SQUASH BY LARV4 OF THE MELON FLY. 

Cross sections of unfertilized ovaries of three squash fruits showing a type of infestation, progressing 
from figure 1 to figure 3, that brings about the complete destruction of the crop of many acres of 
squashes and pumpkins where no care is taken to guard against oviposition. Note that the slight 
infestation of figure 1 has extended up into the pistil of figure 2, while in figure 3 the larve have 
worked so rapidly that the ovary is breaking before the corolla can unfold. (Original.) 
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Injury to the foliage and stems.—The very disastrous effects of 
attack on the foliage is shown in Plate I, figure 1, where the petiole 
of a watermelon seedling has been tunneled by larvee. Such complete 
destruction is not usual in older plants after the tissues have hard- 
ened. Larve developing in the pipelike petioles of large pumpkin 
leaves do almost no harm. The manner in which developing runners 
of watermelon seedlings may be killed back to the crown is illus- 
trated by Plate X XI, figure 3. As the plants become older the 
crown becomes so toughened that it withstands attack, the growing 
tips of the vines, especially those of watermelon and cantaloupe, are 

seriously attacked, and the larvee developing in the shoot cause its 
death beyond the point of infestation, as shown in Plate II, and 
thus bring about a progressive pruning. At the time infestation 
illustrated in Plate II occurred the growing shoot was so small that 
the puncture made by the female for her eggs practically cut the 
shoot and would have produced withering beyond had no further 
destruction been caused by the larve developing later. In Plates - 
III and IV may be seen the type of injury to still older watermelon 
shoots. Note that the young fruit has begun to wither and that the 
stalk has already turned black and has become flabby to the touch, 
thus indicating that the interior has been destroyed. This destruc- 
tion of the interior is shown by the shoot on Plate LV, which has been 
sectioned to expose the well-grown larve within. Such pruning back 
of foliage and shoots appears to occur more often among older canta- 
loupe vines than among watermelon vines of similar age. In Plate V 
is given, by way of illustration, a portion of a cantaloupe vine cut in 
the environs of Honolulu, showing attack in eight places. The field 
from which this vine was taken bore only small, stunted vines, in 
spite of the fact that the soil was rich. 

Oviposition in the stems of host plants does not always produce 

the complete destruction illustrated, since very often the growth of 
plant tissues may be so rapid that the larve appear to be killed. 
Again, they are able to develop locally, reach their full development, 
and leave the plant without having affected vital injury. Under these 
conditions, however, the plant may develop an abnormal growth 
ubout the feeding larve. ‘These abnormal developments of the 
vine have never been observed in any host plant but the pumpkin 
and squash, and then reach their fullest development only during wet 
weather. (See Pl. VI.) During dry weather, when the vines are 
tougher, little successful infestation of squash or pumpkin vines 
cecurs. 

Injury to the bloom—tt is difficult during the greater portion of 
the year in littoral Hawaii, especially on the island of Oahu, to find 



10 BULLETIN 491, U. S. DEPARTMENT OF AGRICULTURE. 

an unaffected pistillate flower of any cucurbitaceous host plant grow- 
ing naturally in the field. No staminate blooms of watermelons, can- 
taloupes, cucumbers, and certain Chinese marrows have been found. 
affected, but those of the pumpkin and squash varieties are badly, 
attacked. An examination of 207 well-developed buds of the male 
flowers in a field at Waialua during March, 1915, proved each bud 
to contain the eggs or larve of the melon fly. Plate VII represents 
the early stage of infestation of the male bloom of pumpkins. As the, 
larve hatch they feed upon the receptacle and the anthers until the 
interior is a mass of decay. In the illustrations of Plate VIII are 
shown three stages in the destruction of the male bloom. In figure 1 
the larve have destroyed the anthers and are burrowing about the 
receptacle ; in figure 2 the continued work of the larve and the weight 
of the bud have caused the latter to break over, while figure 3 repre- 
sents a very frequent condition after the bud has dropped to the 
ground, leaving behind a few larve within the upright flower stalk 
-and carrying others within itself to the ground. When the male 
bloom is attacked late in its development the corolla unfolds nor- 
mally, exposing to view unhatched eggs or very young larve on its 
inner surface or among the pollen grains. When buds are attacked 
before they are three-fourths developed they usually are destroyed 
before they can bloom. Eggs are never deposited in the flower while 
it is in bloom. 

While injury to the corolla of the female bloom does occur in 
pumpkins .to a limited extent, the attraction of the unfertilized 
ovaries is so much greater that this portion of the bloom receives the 
greater amount of oviposition, and infestations that prevent bloom- 
ing occur within the ovaries rather than in the corolla and about the 
style and stigma. The greatest injury to pumpkin, squashes, water- 
melon, cantaloupes and d/omordica spp. occurs at this stage, or di- 
rectly before and after the flower unfolds, and is, to the uninformed, 

so obscure that the apparent sterility of fields of rankly growing 
vines is often the cause of discussion. The cross-sections of the bloom 
of pumpkins in Plate IX illustrate the disastrous result of this 
attack. In figure 1 the ovary has already been ruined by young larvee 
before the corolla has opened to expose the stigma for fertilization. 
In figure 2 is shown a more advanced stage of infestation, but one. 
occurring before the corolla has entirely withered or lost its color. 
The three figures on Plate X illustrate the progressive infestation 
of the pistillate bloom of squash. In these examples the larve have 
not only attacked the ovaries, but, as in figure 2, have worked their 

way up into the corolla. Often, in blooms of this type, the work of 
the larve, aided by decays started by them and the weight of the 
upper portion of the bloom, causes the ovaries to break off, as illus- 
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trated in figure 8. Such destruction is almost complete in uncared- 
for fields of all cucurbits except the cucumber, which rarely is at- 

tacked until after the fruits are well set. 
Injury to the fruits after fertilization —All degrees of injury will 

be found among the fruits of host plants. The younger the fruits, 
as a rule, the more susceptible they are to complete destruction by 
the larve and subsequent decays. If infestation is serious directly 
after the bloom has withered, particularly among watermelons ina 
dry location, a mummification of the fruits may result. (Pl. XT, 
fig. 1.) The completeness with which the young watermelons may 
be destroyed before mummification is shown by Plate XI, figure 2. 
Still older watermelon fruits may become badly infested, as illus- 
trated by the longitudinal section in Plate XII and the cross-section 
in Plate XIII. In the latter the interior bearing the seeds had been 
reduced to a watery mass and the larve were found burrowing 
through the rind. In fruits such as those illustrated in Plates XII 
and XIII secondary decays soon bring about a complete destruction 
of the host. 

The injury caused by the developing larve may not be so great-as 
completely to destroy the host fruit. In such cases, especially among 
pumpkins and squashes, which are apt to develop a corky protective 
growth over the surface exposed by infestation, various and-curious 
deformities are produced as illustrated by the young fruits shown 
in Plate XIV. In each of these fruits one or more colonies of melon- 

fly larvee have reached maturity and emerged. The figures in Plates 
XV and XVI illustrate several types of injury to very young 
pumpkins. While these fruits will persist on the vines for several 
weeks during dry weather, they ultimately succumb to the secondary 
attacks of scavenger insects and decays. 

As the fruits become larger, before they are attacked, they may show 
almost no indication of infestation to the casual observer, although 
there never is any doubt in the mind of a trained observer. An 
examination of such fruits may reveal the interior to be badly affected 
and eaten out, although the exterior remains firm. This is probably 
true more in the case of cucumbers and several varieties of Chinese 
marrows (J/omordica spp.), and less so of string beans, as illustrated 
in Plate XVII. Injury to tomatoes, when the larve become about 
half grown, is usually accompanied by decay confined for some time 
to the section of the fruit affected. 

Deformities resulting from punctures of the epidermis when no 
eggs are deposited, or from infestations by larve or eggs in only the 
outer portion of the rind—Deformities of all sorts are produced in 
cucumbers and pumpkins which have been attacked late in their 

development. Deformities among watermelons have been noted by 
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the writers chiefly in small fruits as illustrated in Plate XVIII, 
figures 1 and 2. Deformities among cucumbers and squashes are 
illustrated in Plates XIX and XX. These injuries are most often 
the result of the irritating presence of batches of eggs or small 
colonies of larvee present in the extreme outer portion of the fruit. 
Such deformities are serious injuries, as they prevent the full nor- 
mal expansion of the fruit during growth, as will be appreciated 
when a comparison is made between figures 2 and 3, Plate XX, illus- 
trating a badly deformed and a nearly perfect squash. Among 
watermelons and gourds deformities usually follow mortality among 
eggs and very young larve, discussed elsewhere (page 46), but 
among pumpkins and squashes they may develop about open wounds 
made by larvee, as illustrated in Plate XX, figure 1. Early infesta- 
tion of bean pods is evidenced frequently by a constriction in the pod 
at the point of oviposition. 

FOOD PLANTS. 

The food plants of the melon fly may be divided into those pre- 
ferred and those occasionally infested and may be listed as follows: 

PREFERRED, CULTIVATED. 

1. Cantaloupe. 5. Gourds. 8. Cucumber. 

2. Watermelon. 6. Chinese cucumber (]/o-| 9. Tomato. 

3. Pumpkin. mordica sp.). 10. String beans, 

4. Squash. 7. Chinese melon. 11. Cowpeas. 

OCCASIONALLY INFESTED, CULTIVATED. 

1. Eggplant. 4. Fig. 7. Mango. 

2. Water lemon (Passi-|5. Papaya. 8. Citrullus (Java). 

flora). 6. Peach. 

3. Orange. 

WILD. 

1. Sycos sp. | 2. Momordica sp. | 

ERRONEOUSLY RECORDED HOST FRUITS. 

1. Kohlrabi. | 2. Cabbage. | 3. Peppers. 

CUCURBITACEOUS PLANTS. 

All the cucurbitaceous plants are subject to severe infestation, 
particularly of the young fruits. Cantaloupes are the most sus- 
ceptible, since the vines as well as the fruit are badly attacked at all 

stages of growth and the fruits do not appear to develop the re- 
sistance to attack found among the older watermelons, pumpkins, 

and squashes. The ordinary cucumber is the most resistant to 
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DAMAGE TO WATERMELON BY LARV4 OF MELON FLY. 

In figure 1 is shown the mummification of young watermelons before the bloom has unfolded, caused 
by larve which have already developed and left the fruit to pupate in the soil. The complete 
destruction of the young fruit before mummification begins is shown in figure 2. (Original.) 
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SO RE om nme 

DAMAGE TO WATERMELON BY LARVA OF THE MELON FLY. 

Longitudinal section of a young watermelon showing destruction of interior by larve of the melon 
fly. About natural size. (Original.) 
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DAMAGE TO WATERMELON BY LARV4 OF MELON FLY. 

Cross section of watermelon showing complete destruction of interior by the larve of the melon 
fly. Note that the larval tunnels extend through the rind in all directions and that the edible 
portion has been completely broken down. (Original.) 
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DEFORMED PUMPKIN FRUITS CAUSED BY LARVA OF THE MELON FLY. 

Various deformities of very young pumpkins caused by infestation started before or just after 
fertilization of the ovary. These fruits persist for a time, due to callouses developing about 
points of attack, but they never reach a much larger size and are ultimately destroyed by fungi 
and secondary insect attack. (Original.) 
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WoRK OF LARVA OF MELON FLY IN YOUNG PUMPKINS. 

Cross section of young pumpkin. Each affected area represents the location of a colony of larve of 
the melon fly. (Original.) 
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WoRK OF LARV4 OF MELON FLY IN YOUNG PUMPKIN. 

Cross section of two young pumpkin fruits. In these the larve of the melon fly have reached full 
growth, and have left by the only opening to the exterior, which is also, in both instances shown, the 
point oforiginalinfestation. (Original.) 
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Work OF LARVA OF MELON FLY IN GREEN BEAN PODS. 

Bean pods affected by larve of the melon fly. In figures 1 and 2a portion of the pod has been removed 
to expose the larve within and their work. Figures 3 and 4 represent pods in different stages of 
drying out after well-grown larve have left them. (Original.) 
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DEFORMED WATERMELONS RESULTING FROM LATE INFESTATION BY LARV~ OF MELON FLY. 

Often during the cooler months watermelons become infested so late in their development that the 
lary can not penetrate the pulp and often die within the egg chamber. The development of 
the fruit about these affected areas is arrested and various deformities result, as shown in figures 
land 2. (Original.) 
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DAMAGE TO CUCUMBERS BY LARV4 OF MELON FLY. 

Cucumbers affected by melon-fly attack seldom become infested until after the bloom has withered. 
Nearly all fruits offered for sale in Honolulu markets show various deformities or imperfections 
caused by oviposition. Frequently fruits maintaining a firm exterior appearance are badly infested 
within, as were those of figures1and 2. (Original.) 
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DAMAGE TO SQUASHES BY LARVA OF MELON FLY. 

As pumpkins and squashes become well grown they are not subject to as great infestation as when they 
arenewly set. The female flies persist in ovipositing in any abrasions in the rind and in older punc- 
tures. ‘The larvze hatching are not able to penetrate the pulp to any great extent, but develop in 
small ulcerlike spots in the outer portion of the fruit, from which they push the developing decay, 
as shown in figure 1. While this infestation does not cause complete destruction, it seriously affects 
the symmetrical development about the affected areas. Figure 2representsa squash slightly affected, 
while figure 3 represents one very badly affected although still fit for consumption. (Original.) 
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attack when very young, although one rarely sees fruit offered for 
‘sale in Honolulu that does not show some evidence of attack even 
when very carefully selected. Cantaloupes and cucumbers may be 

successfully oviposited in by the female fly up to the time they are 
ready for market. While cantaloupe growing has been practically 
abandoned in Hawaii since the advent of the melon fly, cucumbers 
are grown without protection of any sort. Although practically all 
fruits reaching a size fit for salad use show evidences of attack at 
one or more spots, the percentage of fruits rendered unmarketable 
is not large enough to force the oriental growers to cover the young 
fruits, although it would appear disastrously large to American 
market gardeners, who place a high value on their time. During 
midwinter 150 out of 153 cucumbers ready for the market at Moilul 
were found variously infested. 

All cucurbits grow with such rapidity in Hawaii that the oriental 
is willing to permit the pest to destroy fully 50 per cent of the fruits 
rather than go to the expense of covering each fruit as soon as or 
before it sets. All other cucurbits except cucumbers must be cov- 
ered before or just after blooming to prevent wholesale injury. 
Aside from the fact that the seedlings and vines of all cucurbits 
except cantaloupe and watermelon are but slightly attacked, there 
is little difference in the susceptibility to attack of the young fruits 
under Hawaiian conditions. Inasmuch as the fly has been permitted 
{o increase unchecked since its introduction, it has become so abund- 
ant that slight differences in inherent resistance to attack are not 
evident among host fruits growing in the field. The infestation is 
excessive in all unprotected fruits. If by chance pumpkins, squashes, 
and watermelons escape infestation until they are from 4 to 6 inches 
in diameter they may reach maturity, although before they reach 
maturity pumpkins and squashes may support numerous colonies of 
larvee in open-surface wounds (Pl. XX, fig. 1), and become badly 
deformed. Out of 254 nearly full-grown pumpkins growing at 
Kahuku, 250 were found variously deformed by H. F. Willard on 
March 21, 1915. As many as 650 adults have been reared from a 
pumpkin no more than 4 inches long; the staminate bloom while 
still a bud may support as many as 37 well-grown larve. 

TOMATOES. 

Tomatoes are very susceptible to attack. All tomatoes offered for 
sale in Honolulu are apt to be infested, as shown by the reports of the 
market fruit-fly inspector covering several months. Fifteen ripe and 
partly ripe fruits examined by H. F. Willard at Hauula on March 21, 

1915, were found to contain eggs or larve. Such severe infestation 
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is so general during the warmer months that data are superfluous. 
The tomato under climatic conditions less favorable for the increase’ 
of the melon fly would probably be found to be less susceptible to 

attack than cucurbitaceous crops. The fruits of the currant tomato 
(Solanum pimpinellifolium), the grape tomato (S. lycopersicum), 
the popolo (S. nodiflorum), and the spiny yellow-fruited Solanum — 
common in Hawaii are all found growing about fields of cucurbi- 
taceous crops, but the writers have never yet found them infested. — 
During January and February the writers have seen fields of toma- 

toes producing a large percentage of sound fruits. Only the fruits 
of the tomato are subject to attack. 

STRING BEANS. 

The ordinary varieties of string beans grown on the mainland are 
not as a rule infested by the melon fly. Three hundred and seventy- 
five pods sufficiently ripe to have turned color, of the variety com- 
monly known as the yellow wax bean, were examined at Haleiwa 

in March and were found free from attack, although growing close 
to a field of badly affected pumpkins. Examinations of string 
beans in other localities, particularly about Honolulu, indicate that 
only seldom are any of the varieties affected except the more fleshy, 
long-podded Chinese variety. This variety may be very badly 
attacked when grown near other favored host fruits or on land 
recently cleared of such crops. (See Pl. XVII.) As many as 36 
well-grown larve have been found within a single pod. 

Although the Chinese variety is the only one at times generally 
and badly affected, beans of all varieties except the lima bean should 
be included in quarantine lists. The lima bean has never been 
found infested. Only the pods of beans are usually affected. The 
larvee prefer to feed upon the fleshy portions of the pod, but some- 
times attack the seeds. In badly infested pods, attacked before the 

seeds are well grown, the larvee may eat out the seeds, leaving the 
outer portion untouched. This is also true of cowpeas. 

COWPEAS. 

Although cowpeas are not grown to any extent in Hawaii, they 
are subject to melon-fly attack.. Only the pods are affected. The 
writers have removed as many as 37 larve from a single pod. When 
infestation occurs early the young seeds may be devoured, but 
attack is more often centered upon the pod itself. There is a dis- 
tinct varietal difference in the susceptibility of cowpeas. Upon this 
notes were made, but unfortunately have been lost. 
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EGGPLANT. 

Froggatt (26) in 1909 reports that he and F. H. Howlett reared 
the melon fly from maggot-infested melons, cucumbers, bitter gourds, 
and eggplant. Maxwell-Lefroy (18) in 1907 and Fletcher (43) in 
1914 do not mention the eggplant among the host plants of the melon 

fly. Fullaway (44) in 1913 lists the eggplant among garden crops 
affected by the melon fly, and Severin (45) in 1914 gives data on the 
length of the egg and larval stages in eggplant and lists this plant 
as a host, although he does not state that he found it normally in- 
fested in the field. Experimental work was undertaken to determine 
to what extent, if any, infestation occurs in the field and under forced 
conditions in the laboratory. Sound well-grown fruits were placed 
in jars containing females which had been ovipositing regularly in 
tomatoes. No eggs were laid in these fruits. One fruit containing 
a soft, slightly decayed spot on one side was similarly placed with 

ovipositing females for one day. Eggs were deposited in the de- 
cayed area only and later 9 flies emerged. A muskmelon allowed to 
hang in a jar containing females for an hour would have produced 
several hundred or more flies. 

One hundred and fifteen fruits of all ages taken April 26 to 30, 
1914, from a field at Moiliili showed no evidence of infestation when 

on May 2 to 5 they were examined by removing the skin for the 
detection of egg punctures and larval chambers. Ten fruits picked 
at Mokuleia on April 18, 1914, from the midst of badly infested 
private gardens, showed no infestation when held individually over 
sand in glass jars. One thousand fruits of all sizes and conditions of 
ripeness and soundness were examined by the junior writer during 
November, 1915, by carefully removing the skin of each fruit and 
examining with a lens all decayed spots. No melon-fly larve were 
found, although in one fruit directly beneath the skin were found 
several well-grown larve of the Mediterranean fruit fly. The 
senior writer has personally examined superficially during a three- 
year period many thousand eggplants in the fields of Moiliili, 
Waikiki, and Waialua districts, Oahu, without once detecting indi- 
cations of attack. AIl fruits individually examined by the removal 
of skin were taken from the midst of badly infested areas where 
pumpkins and tomatoes could not be grown successfully because of 
the severity of attack. 

WATER LEMONS (PASSIFLORA). 

The fruit of the water lemon (Passiflora laurifolia) is found on 
the Hawaiian markets in season and is not as a rule infested by the 
melon fly. The writer has never seen infested fruits on the market 
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or on vines growing wild in the mountains. In one instance the 
partially mature fruits on a vine growing on a private residence in 
Manoa Valley were badly attacked. While the deposition of eggs in 
the partially-grown fruits had produced noticeable deformities in 
shape and cracks in the rind, a few adults were reared from but one 
fruit. Fully mature fruit exposed on the market is free from at- 
tack, as demonstrated by hanging fruits in jars of melon flies. The 
flies could not puncture the tough hardened rind. Other species of 
Passiflora occurring about Honolulu (quadrangularis, edulis, alata, 
and foetida) have never been observed infested. 

ORANGE, MANGO, FIG, PAPAYA, PEACH, AND APPLE. 

These fruits have never been known to serve regularly as hosts of 
the melon fly. O. H. Swezy reared adults from figs growing at 
Kaimuki. E. M. Ehrhorn (29) reared a single female from a sweet 

orange from the same place. F. W. Terry reared adults from ripe 
mangoes in August, 1907. Van Dine (19) reports the papaya as 
a host fruit in 1907. The writers reared a single fly from peaches in 
1914. These records of infestation must be considered as excep- 
tional. Of the many thousand peaches and numerous figs, oranges, 
mangoes, papayas, and other fruits which normally serve as host for 
the Mediterranean fruit fly that the writers have used to obtain 
fruit-fly material, none, except the single peach referred to above, 
have yielded melon flies. 

It seems probable that the melon fly will oviposit rarely in these 
fruits. Larve hatching from eggs deposited by females in confine- 
ment in apples succeeded in the fruits of softer texture in reaching 
maturity. Others hatching in apples of firmer texture failed to 
penetrate the pulp, but crawled out through the puncture opening 
and died close by it on the surface of the fruit. 

CABBAGE AND KOHLRABI. 

Fullawav stated (47) in 1915 that the melon fly had often been 
reported infesting the heart of cabbage, but that the infestation was 
not at all common and is considered to be due to abnormal conditions 
in the plants and of a secondary nature. In 1913 the same writer 
records cabbage as a host plant. No other writers have reported 
melon-fly infestations of cabbage. The writers have examined cab- 
bages without discovering melon-fly larve. They have frequently 
found larve closely resembling those of the melon fly and from them 
have reared Acritochaeta pulvinata Grims. The larve of this fly 
are found very generally in decaying vegetable matter about gar- 
dens in Hawaii. The writers have on several occasions removed 
them from beneath the sound leaves of cabbage heads, whence they 
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TYPES OF DAMAGE BY LARVA OF MELON FLY. 

Fia. 1.—Gall-like development formed about the eggs or very young larve within a pumpkin. 
Fig. 2.—Cross section of the wild host Sycos sp., showing destruction caused by larve. Fic. 
3.—Seedling watermelon showing runner killed back by burrowing larvee. (Original.) 
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WILD Host PLANTS OF THE MEDITERRANEAN FRUIT FLY (CERATITIS CAPITATA) AND 

OF THE MELON FLy (BACTROCERA CUCURBITAE). 

The cactus (Opuntia) and Chinese cucumber (Momordica) grow wild in pasture lands on the Island 
of Hawaii, the one furnishing food for the Mediterranean fruit fly and the other for the melon 
ily. In nese two hosts these flies are capable of subsisting in areas unfit for cultivation. 
(Original. ) 
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REPRODUCTIVE SYSTEM OF THE FEMALE MELON FLy. 

Reproductive system of the adult female melon fly: a, System as a whole; b, egg tube from ovary of 
newly emerged female; c, sameas 0, 23 days after emergence (January) of adult; d, same as b, 33 days 
after emergence (January-February) of adult; e, egg tube containing) mature egg ready to be fer- 
tilized. Highly magnified. (Original.) 
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PROTECTING CUCURBITS FROM ATTACK BY MELON FLIES. 

Figures 1 and 2 illustrate one of the methods employed by Oriental market gardeners to protect 
developing cucurbits from melon-fly attack. Each fruit (in this case of Afomordica sp.) is placed, 
immediately after it has been fertilized, within a long envelope made of newspaper. (Original.) 

ative 
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had evidently retreated when the outer decayed leaves were dis- 
turbed. 

Kohlrabi has been reported infested by Severin’ (45). The writ- 
ers have never found larve attacking this plant, and because of the 
frequency with which the larve of Acritochaeta pulvinata are found 
in decaying portions, as in cabbage, the writers believe that cabbage 
and kohlrabi have been erroneously recorded as host plants. 

PEPPERS. 

Fullaway (44) in 1913 is responsible for the only record of pep- 
pers as a host fruit for the melon fly, although he does not state the 
nature of the infestation. Larve of Acritochaeta pulvinata and of 
the Mediterranean fruit fly are found in bell peppers. The careful 
examination of 1,000 bell peppers grown at Waikiki close by badly 
infested tomatoes and cucumbers during November, 1915, showed 
infestation only by the Mediterranean fruit fly. A like number of 
fruits gathered from the same locality during August, 1914, and 
placed over sand in jars produced no evidence of infestation by the 
melon fly. 

WILD FOOD PLANTS. 

The two species of cucurbits, Sycos sp. and Chinese cucumber 
(Momordica sp.), are the only host fruits that can be considered wild 
in Hawai. The Momordica beyond question has recently escaped 
cultivation. The fruits of both are readily susceptible to melon-fily 
attack. Fortunately Sycos sp. (Pl. XXI, fig. 2) is not abundant 
and the Momordica (Pl. XXIJ) is limited in its distribution al- 
though spreading fast. 

The writers have found fruits of the Sycos infested on the wind- 
ward side of Oahu and in the Kona district of Hawaii. The 
Momordica has escaped cultivation in many places in Hawaii and 
wherever present is found infested. On the island of Hawaii, in 
the Kona district, from sea level to about 1,500 feet, its vines have 
formed dense growths over the stone walls and bushes and have even 

killed out large patches of grass. Its fruits are more susceptible to 
attack than those of Sycos, but both host fruits, especially in Kona, 
furnish with their fruits ripening at all seasons a continuing supply 

of food upon which the melon-fiy larve can feed, whether or not 
cultivated host fruits are grown in their neighborhood. From 
Momordica vines covering a patch of pasture land 6 feet square, 
331 fruits were gathered during November, 1914, of which only 12 
had not been infested. 

1 Severin states in correspondence that he certainly reared the melon fly from kohlrabi 

and eggplant under field conditions. 

65732° —Bull. 491—17——2 
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These fruits, which were of all sizes up to 14 inches in diameter, 
averaged between three and four punctures per fruit, with a maxi- 
mum of 15 punctures on the more exposed fruits. From 7 feet of 
stone wall 442 fruits were gathered, and of these 193 were so badly 
affected that they had dried up without developing seeds, and only 
11 were not affected. From 250 fruits placed over sand 1,586 larvee, 
or an average of 6.5 larve per fruit, were reared. 

LIFE HISTORY AND HABITS. 

METHOD OF STUDY. 

As adults die in greatest numbers within 48 to 72 hours after | 
emergence if food is not given them, those required for future obser- 
vation must be transferred to a place where they may be fed and 
eared for daily. In this work the writers have found glass jars” 
9 by 124 inches covered with cheesecloth very convenient. Such 
jars will hold from 100 to 200 flies in good condition. Fruit juices 
of almost any sort are eagerly eaten. Water slightly sweetened with 
pineapple (Ananas ananas) sirup was used with good results but | 
was replaced later by a mixture of water and finely divided parts of 
papaya (Carica papaya). When fed on such diluted food adults 
thrive best on two feedings a day, one in the morning and one late in 
the afternoon. The food may be applied in finely divided drops to 
the sides of the jar by flirting the mixture forcibly against the 
cheesecloth covering by means of a snapping movement of the thumb 
and forefinger. The adults feed greedily and soon become distended. 
In this condition many fall and rest upon the bottom of the jar; 
hence, the less food falling on this portion of the jar the fewer will 
be the deaths resulting from entanglement in it. Feeding by flirting 
mixtures through the cloth covering causes the sides of the jars to 
become soiled quickly and necessitates the changing of adults to 
clean jars every two or three days. 

Eggs may be easily secured by suspending host frnits within the 
jars containing sexually mature adults. Breaks made in the epider- 
mis of the host fruit with any sharp object often insure the deposi- 
tion of eggs in the portion of the fruit desired. By timing the expo- 
sure of fruits with adults, eggs of definite age can be secured; and if 
these are immediately dissected from the fruits, arranged on a green 
leaf, and placed over a plug of wet cotton in a vial inverted in water 
the embryonic development and hatching may be observed under nor- 
mal conditions of heat and moisture. In obtaining detailed data on 
larval development single larve upon hatching may be placed in 
small squares of ripe papaya pulp and transferred twice daily to 
fresh squares. Pup of known age can be obtained easily by placing 
infested host fruits over sand and sifting the sand at stated frequent 
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intervals for the larve and puparia. The labor of sifting is made 
easier if the fruits are placed on a wire mesh which holds them away 

from the sand. 
THE ADULT. 

DESCRIPTION. 

The adult of the melon fly is larger than related species of Bactrocera, being 

under normal conditions from 6 to 8 mm. in length. According to Bezzi (36) 

it may be distinguished from all other Indian species by the fact that it has 

the posterior cross-vein widely bordered with brown. ‘The original description 

by Coquillett (2), which is good, is given in full in the bibliography (p. 58), 

together with the supplementary notes made by Bezzi (36), and to those descrip- 

tions the investigator should refer for details. In general the arrangements of 

the black spots upon the yellowish head, the light yellow markings upon the 

reddish-yellow thorax, and the brown spots upon the otherwise hyaline wings 

make the identification of the melon fly an easy matter. As a further aid to 

identification figure 1 and Plate II have been added. 

EMERGENCE. 

Adults emerge during the early morning hours in warm weather, 
but during cooler weather more scatteringly throughout the day. 
In common with all Cyclorrhapha, the adult makes use of the 
ptilinum in breaking the walls of the puparium and in forcing its 
way to the surface of the soil, or in extricating itself from other con- 
fining walls. Just after emergence, before the normal colors of the 
body have developed and while the chitin is still flexible, the adults 
are able to push their way through incredibly small openings, being 
able so to flatten their bodies that they can make use of small cracks 
in soil from which they could not otherwise escape, and can extricate 
themselves from containing fruit boxes and many other containers 
not absolutely tight. Cracks of the thickness of ordinary blotting 
paper do not always prevent their escape just after emergence. 

LONGEVITY OF ADULT MELON FLIES. 

With food.—The data included in Table I are the first that have 
been made to determine the age to which adult melon flies can live 
if kept well supplied with food. One female lived from February 
17, 1914, to April 4, 1915, or 18 months and 15 days, a total of 431 
days. One female emerging at the same time, but not included in 
Table I, lived until April 3, 1915. In general, the adult melon fly 
appears to be very hardy and far more resistant to moisture in rear- 
ing jars than is the adult of the Mediterranean fruit fly. This may 
be due principally to the larger and more robust build of the melon fly. 
The data in Table I, covering the 9$ months after the flies had reached 
the age of 4 months, show that the death rate is low among the older 

flies. Two other lots of adults of 43 (15 males and 28 females) and 

44 (15 males and 29 females) individuals of the same age and simi- 
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larly cared for, and upon which like data were secured, died at prac- 
tically the same rate as the flies recorded in Table I. 

Of any lot of adults kept in confinement for experimental purposes 
fully 30 per cent may be expected to die within the first 2 to 4 weeks 
of life, even when given the best of care and kept in jars not over- | 
crowded. Two adults emerging on August 28, 1913, died on October — 
29 and November 2, respectively. Of 15 flies issuing August 26, 1913, : 
one lived until November 27, but the others were dead by October 20. 
Other data might be included, but they would bring out no facts to— 
disprove that the length of adult life is variable under like condi- 
tions. The chief interest centers about the fact that certain adults 
may live long periods and thus keep the pest alive during seasons 
when host fruits are not in condition for oviposition. 

TABLE I.—Longevity of adult melon flies emerging on Feb. 17, 1914.* 

Number of | Number of Number of | Number of 
flies alive. | flies dead. flies alive. | flies dead. amber 

oleges 
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1 Mortality records were not started until June 17, or not until the flies were 4 months old. 
2 Norecord of eggs deposited on sides of containing jars were started until December 17, or not until 

the flies were 10 months old. Compare data with data on daily rate of oviposition. 

Without food—Adult melon flies die rapidly within a few days if 
not given an opportunity to feed. This is shown by the records of 
mortality of flies placed in clean glass jars and given no food or water, 
but kept otherwise under conditions identical to those under which 
flies regularly fed are kept. No flies in the following experiments 
lived for more than 100 to 102 hours without food and water, or for 
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more than 120 hours without food but with water. Flies that had 
been regularly fed for over 6 months did ‘not live longer when de- 
prived of food than those kept without food from emergence. The 
rate of mortality among six lots of adults was as follows: 

(1) Twenty-five adults, emerging on January 3 and fed daily on papaya and 

water until 9-a. m., January 17, were placed in a clean jar immediately after 

feeding. Thereafter they were given only water three times daily. One died 

between 4 p. m., January 17, and 9 a. m., January 18; 1 between 2 and 3 p. m., 

January 19, 2 between 4 p. m., January 19, and 9 a. m., January 20; 13 between 

4p. m., January 20, and 8 a. m., January 21; 1 between 11 a. m. and 12 m., 

January 21; and 3 between 4 p. m., January 21, and 9 a. m., January 22. 

(2) Fifteen adults, which emerged June 22, 1915, and fed until December 13, 

1915, were placed at 9 a. m. of the latter date, immediately after being fed, in a 

clean glass jar. All were dead by 8 a. m., December 17. Three died between 

1 and 4 p. m., December 14; 6 between 4 p. m., December 14, and 4 p. m., Decem- 

ber 15; 3 between 4 p. m., December 15, and 8 a. m., December 16; 3 between 

4 p. m., December 16, and 8 a. m., December 17. 

(3) Thirteen adults, emerging about 8 a. m., December 26, 1915, were placed in 

a glass jar. These flies had no opportunity to feed after emerging. Two died 

between 4 p. m., December 27, and 8 a. m., December 28; 8 between 4 p. m., 

December 28, and 8 a. m., December 29; and 3 between 1 and 3 p. m., Decem- 

ber. 29. : 
(4) Sixty-six adults, emerging about 9 a. m, December 30, 1915, were placed, 

without having been fed, in a clean jar. Ten died between 9 p. m., December 31, 

and § a. m., January 1, 191€; 28 between 9 a. m., January 1, and 8 a. m., January 

2; 3 between 3 and 6 p. m., January 2; 5 between 9 p. m., January 2, and 6 a. m., 

January 3; and 1 between 1 and 3 p. m., January 38. 
(5) One hundred and forty-nine adults, emerging about 9 a. m., December 31.,. 

1915, were placed, without having been fed, in a clean jar. Ten died between 3 

and 6 p. m., January 1, 1916; 19 between 9 p. m., January 1, and 8 a. m., January 

2; 56 between 3 and 6 p. m., January 2; 47 between 9 p. m., January 2, and 6 

a. m., January 8; 11 between 1 and 3 p. m., January 3; 5 between 4 p. m., 

January 3, and 8 a. m., January 4; and 1 between 8 a. m. and 12 m., January 4. 

(6) Sixty-eight adults, emerging about 9 a. m., December 28, 1915, were 

placed, without having been fed, in a clean glass jar. Two died between 4 p. m., 

December 29, and 8 a. m., December 30; 8 between 1 and 4 p. m., December 30; 

57 between 4 p. m., December 30, and 8 a. m., December 31; and 11 between 

1 and 3 p. m., December 321. 

FOOD OF ADULTS. 

The food of the adult melon fly consists of plant juices, honeydew, 
nectar, or even the juices of dead insects. In confinement the flies may 
be seen occasionally feeding upon specimens which have died, 
although this does not appear to be a universal habit. Severin (45) 
has observed one adult feeding upon a dead and partly decomposed 
caterpillar. The observations of the writers would indicate that 
adults obtain the larger portion of their food from honeydew, and 
especially from the juices exuding from the injured portions of their 
hosts. Adults are found in large numbers on foliage covered with 
the exudations of honeydew, no matter whether it is formed by the 
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cane leathopper (Perkinsiella saccharicida Kirkaldy) on sugar cane, 
by the green scale (Coccus viridis Green) on coffee leaves and fruit, 
by the corn leafhopper (Peregrinus maidis Ashm.) on corn tassels 
and leaves, by the bean aphis (Aphis gossypii Glover) on different 
varieties of beans, or by the banana aphis on banana foliage and 
flowers. Wherever honeydew is present the melon fly is among the 
many insects attracted. 

The adults are particularly fond of the juices exuding from the 
ruptures made by the female in the epidermis of the host while form- 
ing the cavity in which to deposit eggs. Cucurbits in general exude 
considerable juice when injured, and this is eagerly eaten by both 
sexes of adults. Fruits broken in the field, crushed vines, and even 
the decayed areas in infested fruits are attractive to adults. Although 
adults have seldom been observed to visit the flowers of cucurbits in 
search of food, they have been observed, apparently feeding, among 
the flowers of Acacia farnesiana Willd., the banana (J/usa spp.), and 
sunflower (Helianthus sp.). On numerous occasions they have been 
seen drinking small droplets of moisture during the early morning 
or after light showers. 

Inthe laboratory, in confining jars, the adults have been kept alive 
by feeding with several fruit juices, but they thrived best upon 
papaya pulp passed through cheesecloth and then diluted with about 
twice its bulk of water. 

Of special interest is the attraction of the flowers of the orchid, 
Phalaenopsis schilleriana Reichb. f. Mr. W. M. Giffard, of Hono- 
lulu, first observed adults feeding upon the nectar of this orchid 
during April, 1913. Dr. H. L. Lyon and Mr. Albert Waterhouse, 
also of Honolulu, have observed many adults about their greenhouses, 
into which they had been lured by the orchid flowers. One florist 
feared that the adult melon fly might injure the blooms, but experi- 
ments and observation proved that they were only after the nectar. 

PROPORTION OF SEXES. 

The sexes are quite evenly divided. The examination of 1,049 indi- 
viduals emerging from 8 lots of fruit showed 524 to be males and 
525 to be females. The proportion of sexes of each of the eight lots 
is as follows: 

Males fas feet es 25 20 73 70 83 44 102 107 

Hemalesn ens eee 24 37 65 60 70 45 123 101 

MATING. 

So far as the writers have been able to detect, neither sex of the 
melon-fly adults gives off an odor. 

Inasmuch as adults of the Mediterranean fruit fly show at all times 
during the day, particularly during the warmer months, indications 

& 

: 
4 
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of sexual activities within three or four days after emergence, and 
begin ovipositing soon thereafter, the writers were at loss to explain 

the apparent indifference to each other of the sexes of the melon 
fly. It was thought for a time that failure to secure evidence of 
sexual activity might be due to improper confinement or feeding, and 
a number of lots of adults were discarded before it was discovered 
that melon flies mate only at dusk and only after they have become 
somewhat older than adults of Ceratitis capitata. 

Recent feeding experiments with the melon fly have shown that 
certain foods may play an exceedingly important part in the stimula- 
tion of bodily forces, sexual activity, and egg maturation. ‘These 
experiments have shown that the use of fresh cucumbers, cut open 

and kept constantly in the jars containing the adults, would so 
accelerate the development of the reproductive system that copula- 
tion commenced as early as ten days after emergence from the pupal 
stage. Thus, in four lots of flies emerging on October 24, 27, 28, 
and 29, 1916, comprising a total of 1,230 adults, mating commenced 
with a few individuals in each lot, successively, at sunset, the tenth 
day after emergence, the mean average temperature being 76.4° F. 
and the mean relative humidity 69.1 per cent. This is a most striking 
condition when comparison is made with the ages at time of first 
mating of adults that are confined in jars of similar size, but fed on 
papaya and water or sugar and water. Many hundreds of adults 
kept in confinement during the years 1918, 1914, and 1915 in Hono- 
lulu and fed on papaya and water were never seen to mate before 
20 days after emergence. Thus, out of about 200 individuals emerg- 
ing on May 24, 1914, which were fed on papaya and water one pair 
was noted in coition for the first time on June 13, or 20.days after 
emergence. Among a second lot of adults, emerging on May 23 and 
similarly fed, no adults mated until June 16, when two pairs were 
seen mating. The majority of females in these lots did not mate 
until they were fully 25 days old. The daily mean temperature for 
the period from May 23 to June 16 averaged 75.5° F., while the mean 
relative humidity averaged 69.3 per cent. Individuals of another 
lot of flies emerging January 3, 1916, and fed on papaya and water 
showed no indications of mating until early in February. The lower 
average mean temperature of 71° F., and the higher mean relative 
humidity of 78.5 per cent of January, were responsible for the greater 
period required for the beginning of sexual activity. 

Evidences of sexual activity begin during the warmer months only 
at about sunset. From sunset until darkness the sexes are in a state 
of intense activity. Both sexes dart rapidly about the containing 
jar and in their efforts to copulate produce much confusion. Pairs 
remain in coitu, in some instances, until daybreak. Females mate 
frequently and with different males. 
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OVIPOSITION, 

Age when oviposition begins —The age at which oviposition begins 
has never been determined broadly until the present investigation. 
Information on this point is of importance, as the adult appears to be 
the most vulnerable point in the life cycle of this pest from the stand- 
point of artificial control. Severin, who first undertook to solve this 
problem, states (45) that “a large number of adults upon emerging 
were kept in breeding jars and fed on diluted molasses, fruit and vege- 
table juices, and water. After having been kept in captivity for 8 

days 3 females were dissected, but no fully developed eggs were found 
in the ovaries. A daily dissection of 3 fruit flies was continued from 
now on, and at the end of 14 days 23 ripe eggs were counted in the 
two ovaries of one fly, but others did not show mature eggs in the 
ovaries at the end of 16 days. At the end of 17 days 31 eggs were 
dissected from the ovaries of another specimen. In all probability 
the effect of confining the insects in breeding jars plays an import- 
ant part in the rate of development of the eggs.” These dissections, 
Severin concludes, indicate that egg-laying begins 14 to 17 days 
after the adults emerge. : 

As noted under the subject of “ Mating,” varying types of food 
supplied adults in captivity may have widely varying effects upon 
the development of the eggs. Thus, four lots of adults emerging on 
October 24, 27, 28, and 29, 1916, comprising a total of 1,230 flies, 
which had constant access to the juice of fresh cucumbers cut open, 
began ovipositing in 12, 11, 11, and 11 days, respectively, each lot 
depositing from 17 to 29 eggs the first day. The mean average tem- 
perature during this experiment was 76.4° F. and the mean relative 
humidity 69.1 per cent. When fed upon papaya and water a most 
surprising difference results in the rapidity of egg development. 
The experiment was repeated many times during the years 1913, 1914, 

and 1915 and many. hundreds of adults were used. Thus with a 
mean temperature averaging 75.5° F. and the mean relative humidity 
69.3 per cent females did not begin ovipositing until about one month 
after eclosion. While fruit was placed in jars with about 1,000 
adults which emerged from May 23 to 25, no attempts at oviposition 
were noted until June 23, when 12 punctures containing no eggs were 
made in a mango by females that emerged on May 24. The first 
eggs, 12 in number, were laid on June 25, or 32 days after eclosion. 
No eggs were obtained from females that emerged on May 26 until 
June 28, or 34 days after eclosion. This is remarkable when com- 
parison is made with females that were fed on cucumbers and which 
began ovipositing when only 11 to 12 days old. 

Adults emerging on January 3, 1916, during the coldest portion 
of the year at Honolulu, and fed on papaya and water when the 

9 
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mean temperature for January was 71° F. during 1916 and the mean 
relative humidity 78.5 per cent, did not Oviposit until February 17, 
although they were given abundant opportunity. In this instance no 
eggs were deposited until the females were 44 days old. 

In the case of the adults emerging January 3, 1916, and fed ®n 
papaya and water, dissections were made of the ovaries of females 
at frequent intervals from the time of emergence until egg laying 
began. The appearance of the ovarian tubes dissected from females 
1, 28, 33, and 38 days after emergence is shown in Plate XXIII. At 
no time were the ovarian tubes found to contain a well-graduated 
series of eggs, as is found in many insects, or as found by Dr. Llings- 
worth in the ovarian tubes of the apple maggot (hagoletis pomo- 

nella Walsh) and the cherry fruit fly (2hagoletis fausta O.'S.) 
From the observations made upon the development of the eggs of 

melon flies fed upon the juice of cucumbers it seems reasonable to 
conclude that under natural conditions egg deposition commences 
almost as soon as the eggs have reached maturity in the egg tubes. 

Whether confinement does retard egg development has been diffi- 
cult to determine, but development of eggs within the ovarian tubes of 
the Mediterranean fruit fly progresses so rapidly in confinement under 
like conditions that the writers conclude that confinement of the 
female melon fly in large jars, with plenty of food, does not retard 
development. " 

Portien of plant selected.—The female fly deposits eggs at ran- 
dom in various portions of the host plants, the portion selected de- 
pending largely upon the stage of growth and variety of host. In 
young seedlings, particularly succulent watermelon seedlings, eggs 
are deposited within the crown of the plant or in the petiole of the 
leaf. As the cucurbits develop runners the eggs may be deposited in 
these, usually near the growing tip or less frequently farther back in 
the tougher, older portions. The older vines are seldom made use of 
for oviposition, and of the cucurbits, the vines of the pumpkin, 
squash, momordicas, and cucumbers are least attractive. No oviposi- 

tion has been noted in tomato or bean stalks. The female prefers 
to oviposit within the unfertilized, still undeveloped ovaries of all 
cucurbits, with the exception of the young cucumbers, which are not 
attacked until the fruits are from 2 to 4 inches long. Ovipositing 
into the male bloom of squash and pumpkin is so universal that it 
would appear that this portion of the plant is as attractive to the 
female as the unfertilized ovaries. Oviposition has never been ob- 
served to occur in the male bloom of watermelon, cantaloupe, J/o- 
mordica spp., or the bloom of tomatoes, cucumbers, and beans. Even 

after pumpkins and squashes become so well developed that the 

melon-fly larve can not penetrate and cause their destruction, the 



26 BULLETIN 491, U. S. DEPARTMENT OF AGRICULTURE, 

female deposits batch after batch of eggs in the breaks in the epi- 
dermis and superficial wounds made by larve developing from previ- 
ously deposited eggs. 

Process of oviposition—The process of oviposition may be readily 
seen at all seasons of the year in Hawaii. When the female has 
found a suitable place for oviposition the abdomen is bent at nearly 
right angles to the long axis of the body by drawing its tip toward 
the legs. Having secured a proper purchase, the ovipositor is forced 
into the host to depths varying to } inch. The depth of the inci- 
sion made by the ovipositor varies with the succulency of the host, 
hence the small chamber for the reception of the eggs may lie directly 
beneath the epidermis or fully the length of the eggs beneath it. 
The data included in Table II indicate that the female does not de- 
posit more than 37 eggs at one time, although many punctures con- 
tain but one egg. The number of eggs found in any one puncture, 
especially where the number is large, is not indicative of the number 
of eggs deposited during one period of oviposition, as many females 
may oviposit through the same break in the epidermis, or the same 
female may return more than once to deposit fresh batches of eggs. 

This is particularly true in the case of host fruits which may offer 

obstacles to egg laying. 
Rate of oviposition.—No data have ever thot published on the daily 

rate of oviposition, except by the writers in their preliminary paper 
(46). The data included in Tables IT, III, and IV record the rate 
of oviposition not only of individual females which, from the time 
they began ovipositing until they died, were kept well supplied with 
host fruits, but also of others which had been deprived of host fruits 
until they were over 9 months of age. 

In Table II is recorded the rate of oviposition of 7 females which 
were given every opportunity to oviposit in preferred host fruits, 
tomatoes, throughout life. No fly deposited more than 37 eggs a 
day. Fly No. 1 deposited 14, 19, 18, 29, 16, 19, 16, 12, 17, 7, 9, 16, 7, 
12, 87, 25, 24, 21, 28, 6, and 18 eggs, respectively, per day during the 
first three months (summer months) after depositing her first eggs. 
During the same period fly No. 3 deposited but 13, 9, 15, 10, 4, 19, 3, 
18, 4, and 3 eggs, while fly No. 4 deposited 3, 10, 25, 6, 11, 11, 6, 11, 1, 
3, 16, 10, 9, and 24 eggs. Fly No. 1 deposited in the winter months 
during the seventh, eighth, and ninth months of life 10, 2, 18, 14, 15, 
20, 13, 9, and 3 eggs. Fly No. 4 deposited during the ninth and last 
month of life (winter month) but 3, 2, 3, 4, 1, 1, and 1 eggs. 
The oviposition records of Table III were made by females given 

no opportunity to oviposit in host fruits until over 3 months old. 
Fly No. 1 deposited 21, 14, 4, 1, 10, 18, 3, 3, 16, 2, 8, 13, 13, 8, 10, 10, 12, 
9, and 16 eggs, respectively, per day during the first 3 months (sum- 
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mer months) after having been given access to host fruits. Under 
like conditions fly No. 2 deposited 2, 17, 18, 12, 4, 7, 16, 14, 28, 8, 
12, 17, 12, and 29 eggs, respectively, per day during the first 4 months. 

Fly No. 1 of Table IV, which was not given access to host fruits 
until she was nearly 8 months old, deposited, as indicated, 21, 7, 13, 3, 
18, 18, 10, and 2 eggs on different days during the ninth month 
(October-November) of her life. Fly No. 2 of Table IV, which 
was not given access to host fruits until she was nearly 94 months 
old, deposited 6, 2, 7, 6, 3, 6, 1, 3, 12, 3, 3, 8, and 4 eggs on different 
days during the eleventh, twelfth, and thirteenth months of life, 
which also were the last 3 of life and colder than the average for 
December, January, and February at Honolulu. 

The melon-fly female differs from the female of the Mediterranean 
fruit fly in that she deposits a larger number of eggs per day at 
greater intervals instead of a smaller number almost daily. Fly No. 
4, Table II, very closely approached the habit of Ceratitis capitata 

by Be nemtine a small number of eggs daily with great regularity 
from November 2 to the middle of the month. It will be noted that 
the flies whose records appear in Table IV averaged 10 and 6 eggs, 
respectively, for each day on which they oviposited, which compared 
quite favorably with the averages of 9.5, 13.6, and 13.5 of Table III 
and 14.9, 9.4, 6.3, 5.3, 10.3, 7.6, and 13.1 of Table II, especially when one 
considers the small number of flies under observation and the varia- 
tion in egg-laying capacity shown by the larger number and very 
much younger flies of Table II, and the colder months of the year 
during which the eggs were deposited. Fly No. 1 of Table IJ, which 

deposited a total of 687 eggs, averaged but slightly over 3 eggs per 
day during the 227 days between the time when she genase her 
first and last eggs. 

Tape [I1.—Daily rate of oviposition of the melon flies that emerged on May 25 
and were placed separately with fruit on June 25, 1914. 

Number of eggs deposited. 

Date of observation.! 
Fly Fly Fly Fly Fly Fly Fly 

No. 1 No. 2 No. 3. 0. No.5 No No.7 
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1 Dates on which none of the flies oviposited are omitted from the table. 
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TaBLeE II.—Daily rate of oviposition of the melon flies that emerged on May 25 
OF and were placed separately with fruit on June 25, 1914—Continued. 

Number of eggs deposited. 

Date of observation. = ® = = = rs 24 
. y y y y y 

o.1 No. 2. No. 3 No. 4. No. 5. No.6 No.7 
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1 Fly escaped. 
2 Died on this date; no eggs in abdomen. 
8 Died on this date. 
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TABLE tl.—Daily rate of oviposition of the meton flies that emerged on May 25 
and were placed separately with fruit on June 25, 1914—Continued. 

Number of eggs deposited. 

Date of observation. 
: Fly Fly Ely Fly Fly Fl Fly 

No.1 No No. 3 No. 4 No. 5 No. 6 No.7 
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1 Died on this date. 

Number of eggs deposited by single females.—It has been difficult 
to ascertain the maximum egg-laying capacity of individual females 
owing to the immense amount of time required in keeping the flies 
supplied with fresh host fruits and in making the daily searches for 
eggs deposited, and the disadvantages accruing through mortality. 
It has been shown that the rate of oviposition, as evidenced particu- 
larly by the data in Table II among young flies of the same age and 
kept under identical conditions, varies for no apparent reason. The 
total numbers of eggs deposited by the 7 females of Table IT are 687, 
94, 152, 261, 134, 91, and 302, respectively. Fly No. 1 of Table III, 
which was placed with host fruits for the first time when she was 
about 13 weeks old, deposited a total of 200 eggs during the remain- 
ing 100 days of life. Since Fly No. 1 of Table II deposited 687 eggs 
during the 10 months of life, and other females kept without access 
to host fruits deposited eggs during the 398 to 400 days following 
emergence (Table 1), it would appear, as substantiated by the data 
collected, that under the most favorable climatic conditions in the 
field a total of 1,000 eggs per female is not too great a number to 

expect of vigorous and long-lived females. 
Oviposition in absence of host plants—TYhe fact that the flies 

whose egg-laying capacity is recorded in Tables III and IV were not 
given an opportunity to oviposit in fruits until 3, 8, and 9 months 
after emergence does not indicate that sexual development had been 
completely checked during this interval, or that no eggs were depos- 
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ited. Females will deposit eggs on the sides of the containing’ recep- 
tacles if they are not given fruit in which to oviposit. They do not 
seem, however, to deposit as freely as when placed with fruits. A 
small number of flies, still alive of those emerging from pup in 
February 17, 1914, were observed to lay, as usual, a few eggs on the 
sides of the containing jars. A record of the eggs deposited was 
made every few days, beginning with December 17, 1914, and ending 
April 4, when the last female died. The record of these eggs appears - 
in Table I under the subject of longevity of adults. The dates on 
which the observations Were made were arbitrarily chosen to conform 
with other laboratory work and are not necessarily those on which 
the eggs were actually laid. When one considers that these females 
had no fruit offered them throughout their life, the number of eggs 
laid is very interesting; thus 11 eggs were deposited between March 
22 and 25, or from 398 to 400 days after the flies emerged. 

Ability to resume normal oviposition after period of scarcity of 
host fruits.—The data in Tables III and IV are valuable, inasmuch 
as they demonstrate that the female melon fly which has been de- 
prived of all opportunity to oviposit in fruit can begin ovipositing at 
the normal rate when host fruits become available. Thus the three 
flies whose records are included in Table III had been kept in glass 
jars from the date of their emergence from pupe on February 17 
until May 22, or about 13 weeks, while the two whose records appear 
in Table IV were not given an opportunity to oviposit in fruits until 

October 8 and November 26, respectively, or from about 31 weeks to 
about 37 weeks after emergence. 

TABLE II1.—Daily rate of oviposition of melon flies that emerged on February 
17 and were placed separately with fruit on May 22, 1914. 

Number of eggs deposited. Number of eggs deposited. 

Date.! Date. SSS SS Se 
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1 Dates on which none of the flies oviposited are omitted from the table. 3 Adult lost. 
2 Died on this date; no eggs in abdomen. 
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TABLE 1V.—Daily rate of oviposition of two melon flies that emerged on Feb- 

ruary 17, 1914, and were placed separately with fruit on October 8 and 
November 26, respectively. 

Fly No. 1, placed with fruit Oct. 8, 1914. Fly No. 2, placed with fruit Nov. 26, 1914. 
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} Dates on which no eggs were laid ave omitted from this table. 
2 Died on this date. 

Actity in feeding and oviposition—Like numerous insects in 
semitropical climates, the adult melon fly rests during the heat of the 
day in the warmest months. During this part of the day adults may 
be found resting on the underside of any vegetation offering sufficient 
protection. During the cooler morning and afternoon hours they may 
be found flying about their hosts or other vegetation offering food. 
As cooler weather approaches and during the winter months adults 
are found feeding and ovipositing at all times of the day, or only 
during the noon hours if the mornings and evenings are cooler than 
usual. 

MIGRATION OF ADULTS. 

Observation indicates that the adult melon fly is a very much 
stronger flier than the adults of the Mediterranean fruit fly. Its host 
plants are grown so generally throughout littoral Hawaii that it is 
difficult to offer conclusive data on distances covered by adults. Ex- 
amination has shown that adults do not remain upon their host 
plants exclusively, but that they may congregate in large num- 
bers upon the foliage of any densely growing plant, bush, or tree, 
either close to or at considerable distance from known host plants. 
They are able to rove for a number of months where no host plants 
are available for oviposition, and if, as the longevity of certain in- 
dividuals in the laboratory would indicate, hardy specimens can 
subsist for over a year without host plants for oviposition, this radius 
of migration must be considerable. It is certain that no hosts can 
be planted in the Hawaiian Islands, no matter how isolated, without 
very soon being attacked. 

Adults do not appear to travel in swarms. It is seldom that one 
sees more than a single individual at a time feeding upon honeydew 
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at any distance from the host plants. In the laboratory, however, 
the adults often gather in small colonies upon the ceiling. 

THE EGG. 

DESCRIPTION. 

The egg (fig. 2) is pure white, about 2 mm. long, elongate elliptical, nearly 

flat on the ventral surface, more convex on the dorsal. Eggs are often some- 

what curved. 

DURATION. 

The duration of the egg stage of the melon fly is very short. Dur- 
ing the warm summer weather of August, 1914, when during the 

developmental periods the average mean tempera- 
ture of Honolulu averaged 79.5° F. and the aver- 

age range in temperature was only 8.3°, 267 eggs 
hatched in from 26 to 35 hours after deposition. 
Of these eggs, which were deposited during a 

period of 1 hour, as shown by the data in Table 

V, 149, or slightly over 56.6 per cent, hatched 
within from 26 to 28 hours after deposition. 
When the average mean temperature for the incu- 
bation period averaged 75.6° F. and the daily 
range in temperature about 10.4°, 84 eggs de- 
posited between 3.15 and 3.30 p. m. on May 19 

hatched between 10 p. m., May 20, and 2 a. m., 

May 21, or within from 31 to 38 hours after dep- 
osition. At a mean temperature of about 75° F. 

96 eggs hatched within from 33 to 38 hours after 
deposition. At the still cooler average mean 
temperature of 73.6° F. 88 eggs hatched between 

es > aMath wat from 40 to 50 hours after deposition. 

fly: a, Eggs de- While the data included in Table V give infor- 
posited in cavity mation regarding the duration of the egg stage in 
in young pumpkin r son i 

flower: b, single Honolulu or littoral Hawaii in general from April 

Ceheckng reed. to November, other data show that during January 
. to March embryonic development may require at 

least 3 to 4 days when the mean temperatures drop to about 69° F. 
At higher altitudes this period may be appreciably prolonged, due to 

still lower temperatures, although it is unlikely that at any place 

where the melon fiy is found in Hawaii the duration of the egg stage 

is more than 6 days. Host fruits containing eggs deposited under 

normal Honolulu conditions between 10 a.m. and 3 p. m., December 1, 

were placed, 30 minutes after deposition, in a large refrigerator and 

held at a temperature varying between 56° F. and 62° F. Examina- 
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tions made daily by H. F. Willard show that after 4 days 38 out of 
174 eggs had hatched at this temperature, while of the 138 still un- 
hatched 103 and 10, respectively, hatched after removal to normal 
temperature on the fifth and sixth days. After 6 days, 44 out of 
64 eggs were found hatched in another lot of fruits examined, and 
of the 20 eggs removed to normal temperatures but 1 hatched on 
the seventh day after deposition. Examinations of fruit made after 
the sixth day prove all eggs either to have hatched or died. 

In cold-storage experiments the egg stage was prolonged to at 
least 12 days. Thirty-four eggs out of 107 in situ in jtlanpl aia ie 
ered in the field May 11, 1914, and held in storage at 49° to 52° F. 
until May 21, or for 10 days, hatched on May 22, or at least 11 et 
after deposition. During summer temperatures the duration of the 
egg stage may be likewise prolonged to as much as 10 days by sub 
jecting the host fruits containing the eggs to temperatures ranging 
from #5 to 40° F. Table VIII contains data on the effect of cold: 
storage temperatures upon egg mortality. 

Taste V.—Duration of the eyg stage of the melon fly at Honolulu. 

Number Eggs deposited. Eggs hatched, Average 
of eggs | mean 
under | tempera- 

observa- ture for 
tion. Day. Period. Day. Period. period. 

| 

| eccactay 
17 | Aug. 20 | 10.30 to 11.30 a. m.. Sal ewes Pal IMG) ists a ceaone cascaded 79.5 
15 |.-- ] Salle ZO) PRIUS) Os WSS Sep ceasedo -| 79.5 
45 |. 2.30 to 2.45 p. m | 79.5 
1A 5 ZA UO Bits NSE OS sSaccace zit 79.5 
23,12 BUO SUE ps 8 ooo sase aces 79.5 
92 DOU -o0 Peles sees eee 79.5 
6 |. SSO tostaips mile see 79.5 

20 |- SA OOM Dep reer e eee a | 79.5 
9 |. Abt Oa o0 peIMmcee eee ee eee 79.5 

37 |- 4230COG Pam. loses an 79.5 
el: GitOSip eM eee ee ees cee | 79.5 
5 |- SHO Y) 19> Mel. 5 so sbesscouosesce 79. 5 
Or leee do DGOH Operon sae aie aici | 79.5 

BA | Mey 1) |! SEIBTO SRW oh tts sa osesceneese Wizin,, “2D |) WO ios ta WO Mey WMS Sas oes oo ae | 75.5 
OAR Ma vant aie 4 GONG Ds Man = l ae 2)sisie nics sisi | Mavanel GhtSitols:s0las mes 2 cen ese | 75. 0 
113 |} Weave) > 113) WO By Same UG yali os tle Sse aeeoce see Mayra 9 AUD OUbs9 Daal = 55 ooo a eee 75.5 
G2 dO saree hee GO: pS eke eae See COasoa6 ID 70). UO BAG NA aa a eseseoe 75.5 
We | Maya tie) 11 30aams to2p. m5... - Ma vara Salle OtUOi Glace lacey lereinei= Se eel ie ci 73.6 
te | Sse donseer | cece: OSE eeeemeee cet nnccece kee dormees GoW Osman ee 73.6 

HATCHING. 

Several hours before hatching the dark-brown head-hooks of the 
larva can be seen working backward and forward in a probable at- 
tempt on the part of the larva to break its way through the egg mem- 
branes. The head lies just back of the pointed anterior end of the 
egg and the larva ultimately breaks through the inner membranes and 

shell at this end and crawls out through the opening thus made. As 
the larva pushes its way out, the rupture of the eggshell extends far- 
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ther and farther back for a distance of from one-half to three-quar- 
ters of the length of the egg. The pointed tip of the egg remains 
uninjured. The eggshell completely collapses as soon as the larva has 
entirely withdrawn. 

Tic. 3.—The melon fly: Newly hatched larva, showing absence of anterior spiracles 

and main tracheal system. Enlarged. (Original.) 

Fic. 4.—The melon fly; Mandibles or mouth hooks of larva. a, First instar; b, second 

instar; c, third instar. Enlarged. (Original.) 

THE LARVA. 

DESCRIPTION. 

The larva in all instars is pure glistening white, except as appear- 
ances are altered by the color of the various host fruits within the 
alimentary canal. The larva passes through three instars, which 

a . =r 
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are easily distinguished from each other.by differences in structure 

as well as in size. Unless otherwise noted the Newport or hidden 
segment is not counted in numbering the 
segments. SN i if NX ( IK 

First larval instar (fig. 3).—Length about 2 / 
t ‘ mm. Mouth hooks small, about 0.45 mm. long ~4W_ H \ 
Se ee } 

and shaped as illustrated in figure 4, a. Anterior = 

spiracles found in succeeding instars are lack- 

‘ing. Posterior spiracles minute, being about co ye 

0.046 mm. across at the widest point. Stigmal Ny } } \\ [WS 

plates approximate, each with two instead of 

three slits, as shown in figure 5. The fine bristles F1¢. 5.—The melon fly: Pos- 
arranged in three groups about the stigmal plates Sea edn es Aes ao ; 

are somewhat longer than the width of the OuEAID: , Beas 
tracheal trunks at their termination. 

Second larval instar.—Length about 5.1 mm. 

9 The second-instar larva is sufficiently large to be 

readily distinguished by its size from the first- 

instar larva but not from undersized third-instar 

larve. It differs principally from the third-instar 

larva by the shape of the anterior spiracles. (fig. 

6, b), which are terminated in about 18 to 20 

lobes arranged in two groups as the result of a 

depression in the center of the distal margin of 

the spiracle. Spiracles about 0.10 mm. wide at 

the widest point. The posterior spiracles (fig. 7) 

less heavily chitinized than in the third instar; 

stigmal plates approximate, each with three slits 

which are proportionately shorter than those of 

ee Loe the third instar. The bristles about the margins 

Fig. 6—The melon fly: of the stigmal plates arranged in four sets in- 

a, Anterior spiracle of Stead of three as in the first instar and rela- 

third-instar larva; b,an- tively shorter and finer., Mouth hooks (fig. 4, 6b) 

Iesar aoa, “Gnaeges,  Sbout OAT mm. Tong 
(OME mi Third larval instar (fig. 8)—Length about 10 

mm. Head slightly bilobed, at least with two 

prominent thick fleshy protuberances. Each pro- 

—— = 

tuberance bears two pairs of microscopic papilla, Wy 

both on the distal portion, but one, the more dor- A WY AW 

sal, more antennalike in its formation, though N 

without a terminal style or bristle; the more EN O05)) (tBs 

ventral pair but little elevated from the surround- Ge) ( 
ing portions of the body, yet made quite evident —= \ : = 

by several concentric rings. Mandibles or mouth ZW N yy Gr 

hooks very distinct, black, about 0.84 mm. long, yj; \ Hf < 

as illustrated in figure 4, c. Mandibles protrude Y/fl}\ Is 
from two openings, one on each side and just an- aati 

5 : : RIGS — : & terior to the mouth opening. Between and just ©!6- ‘—The melon fly: Post 
‘ ‘ 1 2 i = rior spiracles of second-instar 
anterior to the mandibular openings is a slight larva. Enlarged. (Orig- 

protuberanee. Wabrum distinct, more or less cirecu- inal.) 

jar, though appearing variously in different alco- 

holic specimens; lobes about orifice about 20 in number. Anterior spiracles on 

lateral margins of second segment fan shaped, with distal margin straight or 
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but slightly rounded, bearing 18 or 20 lobes, as illustrated in figure 6, a. Pos- 

terior stigmal plates very evident, not appreciably elevated or depressed, ap- 

proximate, each with three well-chitinized slits pointing toward those of the 

opposite plate as illustrated in figure 9. Slits proportionately longer and 

narrower than in either of the other instars. The fine bristles about margin 

of stigmal plate arranged in four sets, relatively finer and shorter than in 

the second instar. Anal opening on venter of last segment, with a rounded 

protuberance on either lateral side, the entire area including these protu- 

berances elevated to form a distinct tubercle armed about its base by a 

concentric area of minute spinules. Body of larva glabrous, except for areas- 

of microscopic spinules arranged as follows: Band on Newport’s segment coy- 

ering the anterior two-thirds of the dorsum but widening ventrally to cover 

the veuter; narrower bands extending about the anterior margin both dorsally 

and ventrally of the second, third, and fourth segments; fusiform bands 

composed of broken rows upon the venter only of segments 5 to 12. There 

are no lateral spinulose areas on segments 5 to 12. 

Tic. 8.—The melon fly: Third-instar larva. a, Lateral view of entire body; b, dorsal 

view of anterior end;'c, d, lateral and ventral views of same. lUnlarged. 

(Original. ) 

DURATION OF LARVAL INSTARS. 

The larva of the melon fly passes through three instars before be- 
coming full grown. The number of hours passed in each instar has 
been obtained for the first 12 larve recorded in Table VI. These 
larve were transferred daily to fresh pieces of ripe papaya pulp, 
and were therefore given the best combination of food and tempera- 
ture for rapid development known to the writers. The majority of 

these 12 larvee passed about 1 day in each of the first two instars and 
about 24 days in the third instar. An examination of the number 
of hours for each instar recorded in Table VI shows that variation 
may occur at times when no apparent cause can be assigned and that 
a larger number of hours passed in one instar may be followed by 

fewer hours than usual in the succeeding instar. As shown by the 

data in Table VI, larval development may be completed in as few 
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as 4 days, or as many as 17 days, even during the hottest Hawaiian 
summer weather, when the average daily mean temperatures for the 

developmental period range between 78.2° and 79.3° F. 
Both temperature and the nature of the host fruit affect larval 

development. Thus while 1 larva reached maturity and pupated in 
4 days in fresh ripe papaya at 78.2° F., 2 larvee required 10 and 13 

days, respectively, to reach maturity in a ripe Bartlett pear at about 
79° F. The larvee developing in cantaloupes Nos. 1 and 2, recorded 
in Table VI, hatched from eggs deposited during a period of 14 hours 
while the fruits were confined in a jar with adult melon flies, yet the 
larval period in one fruit ranged from 7 to 17 days. 

Larval life may be extended through the medium of natural 
barriers to the exit of full-grown larve, within favored host fruits, 
which prevent ready access to the soil, since in small partially dried 

S oS 

Va 

d 

Fig. 9.—The melon fiy: Posterior spiracles of third-instar larva. Enlarged. 

(Original.) 

pumpkins, the interior of which is honeycombed by larval channels, 
the epidermis has become too toughened to permit free larval exit 
except at one or two places, and larval life thus may be appreciably 
prolonged. In very moist fruits, such as the ripe tomato, no such 
barrier to emergence is offered. While larve feed best in partial 
decay resulting from their own feeding, decays due to the work of 
bacteria or fungi, especially when they become acid, are detrimental 
to larval growth. These varying factors, which influence either the 
development of the larva or the time when it succeeds in forming its 
puparium, make data unaccompanied by notes on temperature and 
the condition of the host fruit of less value. 

Cantaloupes Nos. 1 and 2, the Bartlett pear, and the cucumber, re- 
corded as hests in Fable VI, were sufficiently ripe for table purposes 
when exposed for oviposition. Larvee placed in sound green but well- 
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grown tomatoes matured in from 4 to 7 days; 5, 14, 9, and 2 develop- 
ing in 4, 5, 6, and 7 days respectively, at an average mean tempera- 
ture of 78.5° to 79.1° F. Under the same temperature conditions 
4 and 5 larve required 4 and 5 days, respectively, for development 

in a ripe tomato. 
Lower temperatures than any experienced in Hawaii prolong 

larval life, although to what extent it has been impossible to deter- 
mine under out-of-door conditions, because host fruits of this pest 
decay too rapidly. Eleven out of 23 larvee that were fully grown 
when gathered in the field in pumpkins, on May 11, 1913, and placed 
in a refrigerator kept at 49° to 52° F., were alive when examined on 
June 3, or 23 days afterward, thus increasing the larval stage to at 
least 28 to 30 days. At this same temperature, which is sufficiently 
low to check development, 20 out of 62 first-instar larve were alive 
after 17 days in the refrigerator. These 20 larve whose development 
had been prolonged from about 12 hours to 17 days by the lower tem- 
perature to which they had been subjected, after removal to normal 

temperature of the laboratory continued their development at the 
same rate and emerged as adults precisely as normal individuals 
whose development had not been artificially arrested. 

TABLE VI.—Duration of the larval stage of the melon fly at Honolulu. 
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HABITS. 

The larve immediately upon hatching within the egg cavity or 
puncture begin to feed upon the surrounding tissues of the host. 
In one instance only were they observed to desert the host through 
the punctured epidermis. In this instance the eggs from which they 
hatched had been deposited under forced laboratory conditions in 
a firm-textured apple, which is not ordinarily a host fruit. The larve 
on hatching deserted this fruit only to die on the exterior a short 
distance from the point of emergence. 

Ordinarily the young larve begin immediately to burrow into the 
pulp of the host, and in the case of many fruits they burrow at once 
to the center, where they feed until well grown. When the fruits 
are of a watery texture, or of a very firm texture, the larve prefer 
or are forced to feed near the epidermis. In decayed spots in toma- 
toes or cucumbers and like fruits, which have become filled with rain 

water, the larve come to the surface for varying intervals and re- 
main in rather dense formation, each larva perpendicular to the 
moisture level, with its posterior spiracles protruding. In this po- 
sition the mass of larvee remains very quiet unless disturbed. All 
larvee are forced to come to the surface for air unless their tunnels 
are formed within a host sufficiently free from excess moisture to 
permit air to penetrate freely the larval channels. When hatching 
from eggs deposited in open wounds in well-developed pumpkins cr 
squashes, the larve find it impossible to penetrate to the interior, 
but are able to make full development in the outer portion. (PI. 
XX.) 
When the larvee have emerged from one host fruit they do not enter 

another except when numerous infested fruits are present in a single 
container, and when all are more or less decayed. The writers have 
not observed larvee, having emerged from their host, burrow into 
sound fruits close by. Larvee, however, have been observed to burrow 
into the decayed areas in other fruit touching the original host fruit, 
and, being found there, have been recorded as attacking that fruit, 
whereas their presence is accidental. 

The larva of the melon fly, in common with that of the Mediterra- 
nean fruit fly, has a peculiar habit of jumping after it has left the 
host. Larvee in the first two instars are unable to spring if taken 
from the host. The mature larva arches its body so that it is able 
with its mouth hooks to obtain a leverage on the posterior end of 
the body. This done, with a sudden muscular relaxation it is able 
to spring from a few to as many as 8 or 9 inches into the air or side- 
ways. The larve continue to jump after leaving the host until they 
find a suitable place for pupation. They are not able to jump con- 
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stantly in any given direction, hence they seldom get far from the 
point of emergence. Larvee have been observed to travel 15 feet on 
concrete floors, but in the field, under usual conditions, they enter 
the soil to pupate directly beneath the host fruit and do not exercise 
to any extent this power of locomotion. When the scil is very hard 
the larve pupate beneath any object, or even upon a bare surface, as 
the floor of a room. On hard moist soils larvee usually pupate upon 
or just beneath the surface. In the more porous soils pupation oc- 
curs at various depths, but rarely deeper than from 1 to 14 inches. 
It is seldom that larve are unable to find their way out of their 
host, but when they can not they sometimes pupate within the host. 
Larve have been known to pupate in bean pods where they are 
imprisoned by the drying out of the pod. Pupation is apt to occur 
in any of the more firmly textured host fruits. 

PREPUPAL PERIOD. 

The writers have chosen to look upon the pupal stage as beginning 
with the formation of the puparium and to refer to the duration of 

the pupal stage as that period between the formation of the 
puparium and the emergence of the adult. During the warmer sea- 
sons the contraction of the larve to form the puparium begins very 
soon after the larva emerges from the host fruit, and is completed 
within an hour. Larve forced to leave fruit prematurely may 
remain active for as long as two days under certain conditions, but 
invariably die without forming a puparium if the puparium is not 
formed for so long a time after emergence. Fifteen puparia formed 
between 11 a. m. and 1 p. m., February 3, were dissected one day 
later, but there was no indication of a true pupa within; no organi- 
zation of internal structures could be seen except a pulsating heart. 
On February 5, however, or two days after the formation of the 
puparium, the examination of 15 puparia showed the true pupa, 
which was well formed and free within the puparium case. The 
average mean temperature during this 2-day period was 72° F., 
with a daily average of from 66° to 78° F. The relative mean 
humidity ranged between 75 and 78 per cent. 

THE PUPA. 

DESCRIPTION. 

Puparium (fig. 10).—Length about 5 to 6 mm. Elliptical, varying in color 

from dark testaceous to dull white, according to host. Being composed of 

the larval skin, it is natural that the markings of the larva should be found 

on the puparium. The puparium appears to consist of 12 segments, although 

when treated with potash the first is found to be composed of the first and 
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second larval segments. When viewed from above the anterior spiracles are 

situated upon the outer anterior angles, and the posterior spiracles upon the 

central region of the posterior margin (fig. 10, @). When viewed from below 

(fig. 10, b) the anal opening of the larva appears as a rounded black spot 

on the twelfth segment, and the mouth opening as a depression in the central 

portion of the first segment. The broken spinulose bands upon the ventral 

surface of the larva appear upon segments 6 to 11 of the venter of the pupa- 

rium as two narrow bands not encroaching upon the lateral sides. Between 

the posterior spiracles and the anal opening is a distinct transverse blackish 

line (fig. 10, c). 

DURATION OF PUPAL STAGE. 

During the warmest summer weather at Honolulu, when the 
daily mean temperatures average between 78.7° and 79.4° F. and 

Fic. 10.—The melon fly: Puparium. a, Dorsal view; 6, ventral view; c, view showing 

the posterior spiracles, oval depression, and dark line marking on posterior portion. 

Enlarged. (Original.) 

the relative mean humidity between 64 and 70.2 per cent, by far 
the largest number of pup require 9 days for development. Of 

896 pupz, as shown by the data in Table VII, 67, 748, 85, and 
1 yielded adults 8, 9, 10, and 11 days, respectively, after the forma- 

tion of the puparium. During the cooler months of February, 
when the average mean temperature was 71.6° F. and the average 
mean relative humidity was 74.3 per cent, 83 and 420 pupe re- 
quired 12 and 13 days, respectively, to produce adults. From 1,037 

pupe not recorded in Table VIT, 6, 125, 881, and 25 adults emerged 
within 7, 8, 9, and 10 days, respectively, after the formation of 
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the puparia, when the average mean temperature ranged from 78.7° 
to 79.4° F. 

During the winter months in the Kona district of Hawaii, where 
the lowest mean temperatures at Kealakekua were about 68° F., 
with a daily temperature ranging between 58° and 78° F., the dura- 
tion of the pupal stage is considerably lengthened. Thus 7, 6, and 
1 pup yielded adults 20, 21, and 22 days, respectively, after the 
formation of the puparium. From 175 puparia formed between the 
Ist and 3d of February, 2, 7, 151, 12, and 3 adults emerged on Feb- 
ruary 20, 21, 22, 23, and 24, respectively. At Kaawaloa, a hot 
sheltered spot at sea level, but within 2 miles of the station at Keala-. 
kekua, where the temperature ranged from 638° to 89° F., 126 pup 
formed on February 23 produced 5, 107, and 2 adults on March 5, 
€, and 7, respectively, or in from 10 to 12 days after the formation 
of the puparium. 

It was found by carrying pupe to higher altitudes than those at 
which the host fruits of the melon fly occur in Hawaii that the dura- 
tion of the pupal stage might be considerably lengthened. Thus 143 

puparia just formed at Kealakekua on January 26, 1915, were taken 
the same day to Puulehua at about 5,000 feet elevation, where the 
average mean temperature from January 14 to March 19 was about 
51.6° F. and where the daily range in temperature showed a varia- 
tion from a minimum of 31° F. te a maximum of 72° F. From 
these pupe, removed to Kealakekua on March 25, 3 adults emerged 
on March 26. Therefore at this temperature the duration of the 

pupal stage may be at least 59 days. 
One hundred and twenty-four pups formed between February 19 

and 21, 1915, and 76 pupz formed on February 22 and 28 at 
Kealakekua were taken on February 24 to the summit of Hualalai, 

8,275 feet elevation, where the average mean temperature during 
February and March was about 46.3° F. and the daily range from 
a minimum of 27° F. to a maximum of 73° F. These pups were 
removed to Kealakekua on March 26 and on March 31, 6 and 1 adult 

flies, respectively, emerged. For these 7 pupe the duration of the 
pupal stage extended from 36 to 40 days. _ 

It is the opinion of the writers that had it been possible to con- 
tinue experimental work at Puulehua and on Hualalai, the duration 
of the pupal stage might have been still further extended, but not 

by very many days. 

ae 
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Tasrte VII.—Duration of the pupal stage of the melon fly at Honolulu. 

Nay ee Number Average | Average 
; A ofadults| of days mean mean 
Date of pupation. Date of emergence. emerg- | in pupal | tempera-| relative 

ing. stage. ture. |humidity 

cAKS Per cent. 
INDE DPAR RIAN aU a he ee se 5 8 78.7 72.5 
ANTES PRISE BOI anaes aria ohn /rn 25 9 78.9 | 71.6 
DNs OF ii pee a ec | 1 11 78.9 70.8 

os | 60 8 79.3 69.4 

1 8.5 79.3 68.7 

27 9 79.2 68.7 
1 7 79.3 67.8 

17 S 79.4 67.2 
25 9 79.4 66.6 
26 9 79.2 72.1 
37 10 79.2 70.8 

355 9 79.4 69.4 
33 10 79.3 69 

300 9 79.4 70.1 
15 10 79.3 69.5 
45 12 71.6 74 

192 13 71.6 74.2 
38 12 71.6 74 

228 13 71.6 74.2 

LENGTH OF LIFE CYCLE. 

During the warmest Hawaiian weather, when the mean tempera- 
ture averages about 79.5° F., the egg, larval, and pupal stages may be 
passed in as few as 12 or as many as 284 days, according to the indi- 
vidual and its host. The complete life cycle is subject to great 
variation, according to the longevity of the adult. As one adult has 
been kept alive for 431 days it is evident that the complete life cycle 
from the deposition of egg to the death of the adult may be 443 to 
459 days when the immature stages are passed during the warmer 
portion of the year. At an average mean temperature of about 68° 
F., which is the coolest mean temperature found by the writers in 
Hawau, where host fruits are available for the fly and for observa- 
tion, the egg, larval, and pupal stages are passed in from 40 to 45 
days. It is difficult to state just what variation there may be in the 
length of the life cycle in still cooler climates, but it 1s capable of 

being rather great in the opinion of the writers. The pupal stage 
in Hawaii has been lengthened from 6 days at a mean of 79° F. to 
59 days at a mean out-of-door temperature of about 5.6° F. In 
like manner the ege stage has been lengthened from.26 hours at 79° 
F. to 11 days at 49° to 52° F. in storage, the third larval stage from 
two days at 79° F. to at least 23 days at 56° to 62° F., and the first 
larval stage from 20 hours at 79° F. to 27 days at 56° to 62° F. 
The writers believe that with certain combinations of host fruits 
and temperatures the immature stage may require 3 to 4 months, 
or a sufficiently long time to carry the pest over any cool period 
likely to be experienced by the melon fly in any habitat where it 
can establish itself, 
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SEASONAL HISTORY. 

In littoral Hawaii there may be from 8 to 10 generations of the 
melon fly a year when one considers the length of a generation as 

extending from the time the eggs are laid until the female of the 
next generation begins to deposit eggs. As the females are capable 
of living many months and of depositing eggs at frequent intervals 
throughout life, the generations so overlap each other that adults 
present in the field at any one time may belong to generations started 
in any month of the year. It is possible for females ovipositing on 
January 1 to be still alive and ovipositing the following January 
along with the progeny of the tenth generation of her descendents. 

In the Hawaiian Islands, where the climatic conditions permit 
breeding throughout the year, adults of the melon fly are abundant 
at all seasons in the littoral regions, where, for the most part, host 
plants are grown. There is no evidence of seasonal broods or genera- 
tions of adults. That the cooler weather of the winter months does 
lengthen the duration of the immature stages has already been proved 
by data. This slowing down of development naturally results in the 
emergence of fewer adults, and in forcing these to feed for a greater 
period of time before becoming sufficiently developed to oviposit. 
Unfortunately the length of adult life and the capacity of the females 
for continued egg laying makes it difficult for market gardeners to 
benefit to any marked extent from the effects of cool weather upon 
development if they allow their fruits to remain unprotected. The 
fewer adults, coupled with the shorter hours during the day when 
they are sufficiently active to oviposit, does result in greater success 
in saving fruits by the use of various protective coverings than would 
follow the use of the same measures in the summer. At an elevation 
of 1,500 to 2,000 feet in the Kona district of Hawaii, where the winter 
mean averages about 68° F., and where the melon fly can breed in 
large numbers in wild hosts, fully 50 per cent of the pumpkins and 
squashes are able to mature even if left uncovered. Adults were 
present at an elevation of 4,000 to 4,500 feet in the island of Hawaii 
and ovipositing in young squashes. These squashes were examined 
and found to contain eggs and larve. As the vines bearing these 
fruits were later killed by frosts, it seems possible to conclude, at 
least for this locality, that the melon fly is able to survive in climates 
too cold to permit its host plants to grow continuously throughout the 
year. 

METHOD OF SPREAD. 

The melon fly is probably more often carried from one locality or 
country to another in the larval stage than in any other form. 

Maskew (42) has recorded finding living larve in host fruits arriv- 

ing at San Francisco on ships from Honolulu, and his records prove 
that the melon fly in the larval stage is able to bridge the 6 or 7 days 
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required by the slower vessels to cover the 2,000 miles between the 
Hawaiian Islands and California, since he intercepted it at least once 
a year during 1912, 1913, 1914, and 1915. Data regarding the dura- 
tion of the immature stages show that host fruits taken on board 
ships as ship’s stores are capable of carrying the melon fly, either as 
larve or later as pup in the fruit containers, for voyages much 
longer than that required to cross the Pacific Ocean; or, in other 

words, are capable of being the means of spreading the pest in vessels 
plying between almost all countries where climatic conditions are 
favorable for the establishment of the fly. There is no doubt that the 
melon fly was carried to the Hawatian Islands in host fruits taken on 
ships at Japan or China, and later spread from Honolulu to all the 
islands of the Hawaiian group in a like manner through the medium 
of inter-island boats. 

While the spread, from one country to another at a considerable 
distance, probably starts with the fly in the larval stage, the spread 
irom town to town, or over short distances, as between islands of an 
archipelago, may occur in the adult or pupal stage. The writers have 
seen female flies alight on an automobile top and be carried 16 miles, 
from the country into the city of Honolulu. On another occasion an 
adult was seen flying about an inter-island boat en route from Hono- 
lulu to Hilo, on the island of Hawai. This fly was not observed 
after the boat weighed anchor at the port of Lahaina on the island 
of Maui, or 72 miles from Honolulu. These two instances will ex- 

plain the spread of the pest, in the adult stage, about the islands of 
Hawaii, even if it could not be transported in the larval stage. 
When larve form their puparia on bare surfaces, and particularly 

on a cloth surface, the puparia adhere sufficiently well to make it 
possible for them to be transported considerable distances under 
favorable circumstances. While the writers know of no instance 
where the melon fly has been thus spread, distribution in this fashion 
is quite feasible and to be expected. 

CONTROL MEASURES. 

NATURAL CONTROL. 

There are no agencies at present working in the Hawaiian Islands 
that bring about, even periodically, a very large natural reduction 
in the abundance of melon flies. The mortality among eggs and 
larve is not sufficient to attract attention, except under conditions 
considered below, and then is not effective enough to be of practical 
value as a control measure. Were bacteria and fungous diseases at 
work, the results of such activities would have been evident to the 

writers during the past several years. The death rate among adult 
melon flies must be high, or the natural increase of the pest would 
produce far greater swarms of them than are now present in fields. 
While Severin (45) has recorded rearing 3 specimens of the hornfly 
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parasite (Spalangia hirta Haliday) from 500 puparia of the melon 
fly, both he and the writers appreciate that this parasite is of no 
value at present as a control agent, and, for all practical purposes, 
can not be considered a factor in repression. Although the writers 
have reared adult flies from many thousands of larve, they have never 
reared a parasite during a pericd of 3 years. This is true, notwith- 
standing the fact that melon-fly pupe have been used experimentally 
(39) in the laboratory for rearing the Mediterranean fruit-fly 

parasites, Opius humilis Silv. and Diachasma tryoni Cam. Five 
thousand pupz of the melon fly, secured from Chinese cucumbers 
(Momordica sp.) growing wild near coffee fields in the Kona district, 
Hawaii, during 1914 and 1915, produced no parasites, although the 
pupe of the Mediterranean fruit fly secured from the coffee cherries 
showed a parasitism ranging from 85 to 98 per cent. 

The great need for methods of natural control has been appre- 
ciated, and the Hawaiian Board of Agriculture and Forestry em- 
ployed Mr. D. T. Fullaway to search for and introduce parasites 
of the melon fiy to Hawaii from the Indo-Malayan region. 
Mr. Fullaway has returned to Honolulu after travel in India and 
the Philippines, but the results of his investigation have not yet 
been made ready for publication. It may be stated, however, that 
he has introduced an opiine parasite, which gives promise at the 
present time (June, 1916) of becoming successfully established in 
the Hawaiian Islands. 

The mortality among the eggs and larve noted occurs chiefly in 
rapidly-growing cucurbits, particularly during the cooler seasons, 
when climatic conditions arrest fly development, but not to the same 
degree as that of the host, and to a less degree in much older fruits 

during the warmer seasons. Death among eggs and the young larve 
follows the development of a gall-like hardening about the egg 
cavity, and on occasion about the newly made burrow of the first- 
stage larva. This gall-like formation develops rapidly, particularly 
in such hosts as the gourd and watermelon. While both of these 
hosts are very susceptible to repeated attacks, individual fruits often 
succeed astonishingly well in throwing off fatal attack by such 
formations as that illustrated in Plate XXI, figure 1. The writers 
have seen large gourds used for household purposes by the poorer 
population which on the outer side of the rind showed the open breaks 
made by many colonies of eggs and young larve, while the inside 
showed all ruptures of the epidermis to be sealed by a hard gall, 
variously formed by the proliferation of plant tissue. The follow- 
ing data resulting from the examination of a young watermelon 3 
inches in diameter on April 19, 2 days after it was gathered from 
the field, will serve as a fair example to illustrate this mortality 
and are representative of other data on file. 

—— 
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Puncture 1: Twelve unhatched and fresh-looking eggs in a newly made 

‘avity. No gall-like formation evident. 

Puncture 2: Nine dead first-stage larvee and 7 dead third-stage larve; all in 

ough hard gall about one-half inch in diameter. 

Punctures 3 and 4 (merged): Highteen living and one dead first-stage larvae 

n a callous dark-brown spot beneath the puncture. Living larvee moderately 

ictive but apparently dying and unable to get out of gall-like formation sur- 

‘ounding them. 

Punctures 5 and 6 (merged): Eight living and 6 dead first-stage larve in 

-onditions similar to those in punctures 38 and 4, 

Puncture 7: Four dead first-stage larvee dark brown in color. 

Puncture 8: Sixteen dead first-stage larvee dark brown in color. 

Puncture 9: Seventeen dead first-stage larvee dark brown in color. 

The data just given would indicate, if considered alone, that the 
nortality resulting from the gall-like formations might be of prac- 
ical value; however, under Hawaiian conditions they are of neg- 
igible value. In the field from which the watermelon examined was 
aken, all the very young fruits were badly stung. The 3-inch speci- 
men examined was one of the comparatively few which had resisted 
ittack, and it would have been rendered worthless by the deformities 
leveloping about the punctures, even if it did not break down under 
continued attack by the fly or through decay. 
Larve die if forced to feed on the decay resulting from bacterial 

sr fungous diseases of the host. While on occasion 90 per cent of all 
larvee within a decaying fruit may be found dead, the duration of 
s@0 and larval life is so short that mortality resulting from decay is 
elatively small and unimportant. Mortality among larve within 
ean pods is occasionally due, apparently, to excessive dryness devel- 
ping with the maturing of the pod. Excessive sun heat kills a few 
arvee in fruits well exposed, and the common and abundant intro- 
juced harvester ant Phetdole megacephala Fab. is responsible for 
che destruction of some larve and adults. In climates colder than 
the Hawaiian littoral climate mortality due to coldness will be 
found to play a particularly active part in reducing the abundance 
of the melon fly. This, however, is not a factor in Hawaii. 

ARTIFICIAL CONTROL. 

No satisfactory artificial control measures have been successfully 
ipplied in controlling the melon fly under Hawaiian conditions. The 
mly means now employed in Hawaii to safeguard fruits is that of 
protecting the young fruits with some type of covering until they 
ire large enough to withstand attack. Trapping the adults and kill- 

ing them by spraying have thus far given poor results, while killing 
the immature stages by submergence in water, burial in soil, or by 

s0ld-storage temperatures are methods to be applied in lessening the 
abundance of the pest only after infestation has taken place within 
fhe host fruit. If all growers of host plants would systematically 
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cooperate (1) in the destruction of the eggs and larve by submergence 
in water and (2) in the destruction of the adults by spraying, the 
value of spraying with a poisoned bait, and of covering the young 
fruits, would be enhanced to a point where either might be sufficiently 
effective to be recommended as satisfactory; but so long as the culti- 

vation of host plants is largely in the hands of uneducated orientals 
who are not amenable to instruction, no relief can be expected. 
Spraying.—Since adult melon flies do not begin ovipositing until 

from 10 to 14 days after emergence, depending upon the tempera- 
ture, but feed continuously throughout this period, it is evident that 

any spray that will kill them before they begin ovipositing is 
valuable. Severin (45) and Marsh (27) have shown that poisoned- 
bait sprays are capable of killing adult flies in large numbers, 
as has already been demonstrated by Mally and Bezzi in the case 
of the Mediterranean fruit fly. But good results promised by 
the work of Mally and Bezzi were found by Severin, Marsh, and 
the writers in Hawaii to be offset by adverse conditions, such as 
frequent showers and lack of concerted action by those growing host 
fruits. Marsh, who sprayed beds of cucumbers with a solution made 
of 1 quart of molasses, one-fourth ounce of Paris green, and 1} gal- 
lons of water, daily from September 9 to October 14, obtained nega- 
tive results. This was true also when arsenate of lead was used 
instead of Paris green. Severin found that sprays containing a solu- 
ble poison, such as potassium arsenate or sodium arsenite, killed off 
enormous numbers of adults quickly but “burned the foliage, and 
can not be advocated.” He was unable by spraying to protect young 
watermelon plants, because he could not control the outside sources 
for adults and because of the frequent showers. 

The writers have obtained negative results in their work with the 
poisoned spray: 

head: warsenates (paste) <2! 32.3.2 Wt he | eee 3 ounces. 
BLOW: “SU ar a 2 2 eae Oe ae ey 4 pounds. 
WV GOT se a FP Se ee eR ED ce, ts ees ene ) gallons. 

About 2 acres of Chinese melons and cucumbers in a field fairly 
well isolated, which from the Hawaiian standpoint means that no 
host fruits were growing within 500 yards, were sprayed on May 21, 
26, and 28, June 1, 4, 8, 14, and 23, 1915, during typical summer 

weather. At the beginning of the experiments the young fruits: 
were badly stung. Every fruit under 2 inches long was infested 
unless it had been properly covered, and adult flies were very numer- 
ous. The spray was applied at the rate of about 30 gallons to the 
acre by means of a knapsack sprayer. The abundance of living adults 
was so noticeably lessened after the third application that even the 
Chinese gardeners noted the fact, and for the first time during the 
experiment showed a willingness to cooperate. The interval be- 

i 
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tween June 14 and 23 was sufficient to permit an accumulation of 

adults equal to that at the beginning of the experiment. Six hours 
after an application no dead flies could be found, though many were 
sluggish and flew with difficulty. Twenty-four hours after an appli- 
cation many flies could be found dead among the vines. While the 
adults were lessened numerically, the young fruits were as badly 
punctured at the end of the experiment as at the beginning. Dr. 
Ilingsworth, of the College of Hawaii, has had only negative results 
in his experiments to save cucurbit crops by spraying, although he 
has been able to kill large numbers of adults. 

While the writers have had negative results with poisoned-bait 
sprays, they feel that their failure has been due to peculiar conditions 
surrounding the fields sprayed. Under commercial conditions, where 
cantaloupes, pumpkins, and watermelons are grown in large quanti- 
ties in fairly dry climates, it is reasonable to believe that sufficiently 
good results will follow the use of poisoned sprays to make their ap- 
plication practicable as a method of control. In Hawai the grow- 
ing of these crops is in the hands of Orientals, who do not appreciate 
the necessity for clean cultural methods as an adjunct to spraying. 
Their gardens, scattered here and there, form excellent breeding 
places and centers of distribution. These conditions, coupled with 
the very long life of the adult and its roving disposition, make it im- 
possible to protect small fields of host plants in Hawaii at the present 
time by spraying, particularly during the warm season of the year. 

Cold. storage——The only data on the effect of cold-storage tem- 
peratures upon the immature stages of the melon fly are those in- 
cluded in Tables VIII and IX. Fewer experiments have been car- 
ried on by the writers to determine the effect of cold-storage tem- 
peratures upon the melon fly than upon the Mediterranean fruit 
fly, since it has been found that the stages of the former are not more 
resistant. Consequently host fruits refrigerated for periods suffi- 
ciently long to kill the Mediterranean fruit-fly eggs, larve, and 
pupe are free from danger as carriers of the melon fiy; i. e., if re- 
frigerated at from 40° to 45° F. for 7 weeks; from 33° to 40° F. for 3 
weeks; or frem 382° to 33° F. for 2 weeks when the humidity ranges 

between 80 and 91. A comparison of the data in Tables VIII and 
IX with those already published on cold-storage effects upon the 
immature stages of the Mediterranean fruit fly indicates that the 
eggs and larve of the melon fly and Mediterranean fruit fly are 
ubout equally resistant to cold-storage temperature, but that the 
pupz of the melon fly are much more susceptible. While no pupe 
of the melon fly survived refrigeration at from 32° to 33° F. or from 
34° to 36° F. for 5 days, or from 36° to 45° F. (averaging 38° F.) for 
9 days, pupe of the Mediterranean fruit fly were not found to be 

65732°—Bull, 491—17—_4 
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entirely killed until refrigerated for 10 days at 32° F., 18 days at 
33° to 36° F., or 21 days at 38° to 40° F. No larve of the melon 
fly survived more than 14 days of refrigeration at 35° to 36° F., or 
36° to 40° F.; no larve of the Mediterranean fruit fly survived more 
than 12 days at 34° to 36° F., 11 days at 36° to 40° F., or 20 days 
at 38° to 40° F. No eggs of the melon fly survived cold storage at 
35° to 36° F. and 36° to 40° F. for more than 10 days, while no 
egos of the Mediterranean fruit fly were found alive after refrigera- 
tion at 36° F. and 36° to 40° F. for 12 days. 

It is anticipated that these data will be of special value from a 
quarantine standpoint. The favorable host fruits of the melon fly 
are fruits which do not adapt themselves to long periods of refrig- 
eration and are subject to serious attack only when they are very 
young and succulent, except such fruits as the cantaloupe, cucumber, 

and tomato. The melon-fly host fruits are classed among the quickly 
perishable fruits, unless exception be made of certain varieties of 

well-matured squashes and pumpkins. In experimental work the 
writers have had difficulty in keeping host fruits in fit condition until 

the larve infesting them had been killed by refrigeration. This 
was particularly true at the temperature of 49° F. 

Taste VIIl.—Effect of cold-storage temperatures upon eggs and larve of the 
: melon fly. 

Eggs. Larve. 

ae oer Number First instar. Second instar. Third instar. 

incold | storage. | Number | hatching ie Mi 
storage. | room. under Biers 

open Gr Be Number | Number | Number | Number | Number | Number 
: store alive. dead. alive. dead. alive. dead. 

Si, 
7| 35to36 3 1 8 64 48 Ut! 89 145 

LOB eee cee Os, 0 1 595 2 364 14 440 
1S Beeseeeaae 172 0 0 260 0 215 4 218 

Me erases 47 0 0 172 0 299 0 336 
1H BS saseaace 52 0 0 85 0 288 0 301 
1 hos ee eee Se 32 0 0 263 0 363 0 815 
DORE cise aoe 0 0 0 243 0 379 0 676 
PP) | airalste Baepe 3 0 0 134 0 265 0 318 
6 | 36 to 40 75 15 85 124 12 49 12 13 
(bd essere 14 0 19 10 43 34 25 63 
te 8 yore 78 1 0 65 0 114 2 18 

LOA eee cc ene 0 0 0 49 5 78 51 223 
UW eee Ce 147 0 0 124 0 105 0 140 
Aa se Sees 0 0 0 60 0 45 5 186 
Aye Sees eor 78 0 0 107 0 104 0 26 
1 Yaa en 0 0 0 78 0 155 1 320 
GY | eek 72 0 0 96 0 82 0 84 
UCN, SSEERE che 135 0 0 35 0 126 0 61 
Ky Sane sae 0 0 0 48 0 130 0 291 
20" | See cee 0 0 0 64 0 122 0 258 
De | eateries 0 0 0 21 0 126 0 108 
7| 49to52 87 1 0 0 0 | 0 0 0 
(2h | RR ecg oe 83 0 0 0 0 | 0 0 0 
9} 49to 52 282 0 51 13 ii 30 17 11 

OME: eae 107 34 16 | 63 66 | 16 74 12 
1 (BY ae Se 31 0 0 6 2 | 9 32 49 
fal eee, ee 72 0 20 | 44 0) 4 19 10 
7 il Seen es 0 0 0 0 0 0 80 76 
23 fcceeceees 250 0 0 | 8 0 0 11 12 

a ee a ee 

ee eee ee ee ee ee ee 

tt. 

ng deatexteh 
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TABLE IX.—Hffect of cold-storage temperatures upon the pupe of the melon fly? 
> 

2 Number of pup yielding adults after removal to normal temperature 

Temper- Number after refrigeration for— 

ature of pu ie Ae On a Si A 
storage unc lex entering = ; 

room.2 Clea SOE SE es 4 5 7 leeOeeldt |d3 "| ose \eet7 \eto |, 24 
Heals days. | days. | days. | days. | days. | days. | days. | days. | days. | days. | dazys. 

°F, Days. 
Fe UOloSi 7. 425 PAN ti35) 0 0 0 0 0 0 0 0 0 

785 3 | 5 (125) 0 0 0 0 0 0 0 0 0 0 
1,020 4 0 0 0 0 0 0 0 0 0 0 0 
1,945 5 0 | 1 (245) 0 0 0 0 0 0 0 0 0 
8,175 6 0 0 0 0 0 0 0 0 0 0 0 
2,165 7 | 4 (200) 0 0 0 0 0 0 0 0 0 0 

34° to 36°... 505 PAN ee Oe a ese 0 0 0 0 0 0 0 0 ) 
640 SHON(45)) Ieee ate 0 0 0 0 0 0 0 0 0 
985 AN IGI(LT5) asitcvece 0 0 0 0 0 0 0 0 0 

2,390 OM pei La) aceon 0 0 0 0 0 0 0 0 0 
2,104 GH |FSKGL95)) |e e ee 0 0 0 0 0 0 0 0 0 
1,813 7 19 (195) 2 0 0 0 0 0 0 0 0 0 

36° to 45°... 1,975 Gi PAlGl) eeoeece 12 3 0 0 0 0 0 0 0 

1 Numbers in parentheses refer to total numbers of pups removed after refrigeration 
for the length of days indicated. 

2 Average, 38° F. 

Submergence in water—Submergence of host fruits containing the 
immature stages of fruit flies has been recommended by many writers 
as an easily available method of controlling these pests. Severin 
(45) has published the first data on the effects of submergence upon 
the melon fly. In his work he submerged beneath 7 inches of dis- 
tilled water three lots of 100 full-grown larvee which had emerged 
from their hosts to pupate. One lot was removed after having been 

submerged 2, 3, and 4 days. After being allowed to dry upon filter 
paper, 75, 16, and 0 larve pupated and later yielded 47, 5, and 0 
adults, respectively. From these data Severin concluded that sub- 
mergence of infested vegetables in a barrel or tank of water for a 
period of 4 days would be sufficient to insure the death of larve 
within them. 

Instead of submerging isolated larve, the writers have submerged 
infested cucumbers in ordinary tap water at a mean temperature of 
(8° F. The results of daily examination of the larve within these 
fruits on submergence from 1 to 6 days are given in Table X. It 
will be noted that many larve survive a submergence of 1 and 2 
days successfully. On the third day but 6 out of 207 larve in the 
second and third instars were found living: But 1 out of 374 larve 
withstood submergence 4 days. All of 514 and 773 larve found 
in fruits submerged 5 and 6 days were dead. 

Pupe submerged in tap water survived slightly longer than larve, 
as indicated by the data in Table XI. Fourteen out of 52 pupe 
that were from 2 to 4 days old when immersed yielded adults after 
removal from the water. Only 1 out of 77 pupe of like age sub- 
merged 5 days survived and yielded an adult, while all of 91 

submerged 6 days died. The young pupe apparently die more 
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quickly than the older pupe when submerged. Only 2 of 79 pups | 
1 and 2 days old, respectively, survived submergence for 2 days. 
Two out of 156 and 1 out of 163 pupx submerged 8 and 4 days, 
respectively, survived. Other pupee 1 and 2 days old submerged 5, 6, 

and 7 days died. 
It is safe to conclude that the larve of the melon fly will be killed 

when the host containing them is submerged in water for 5 days and 
the pup after submergence for 6 days. 

TasBLE XI.—Zffect of submergence in ordinary soft water upon pupae of the 
melon fly at a mean temperature of 78° F. 

Number Number 

" 
‘ 

TABLE X.—L£Hffect of submergence in ordinary soft water upon larve’ of the ; 
melon fly within cucumbers. 

[ Daily mean temperatures for period 69.5° to 71° I’., averaging 70.5° I.) % 

: 
Dead larve. Living larvie. | % 

Date ofim- | Dateofre- | Date ofex- sass rete ae j 
eon moval. amination. | mhird | Second | Third | Second | mersed. | amined. _ 

instar instar. | instar. instar. 

all loseeeees des ssc. Awan h/3s ase 16 15 239 63 al 22 
DOs Jansieccee Jan sige een st 21 19 139 52 2 378 
IDEs sees AE TS 38555 Aeris il) ae sa 155 46 6 0 3 24 
Wik sanoe Jans 19552 Vanc20eeee 256 117 1 0 4 29 
Dosxeeo Jan2) hee Jane eee 317 197 0 0 5 41 
Dore 43) Jane2lese Jane 22 seen! 512 261 0 0 6 61 : 

7 

Lot No pupuDE Date of pate ut Date of | of adults | Dalene "| observa- | Pupation. sion, | 2¢moval. ener. gence. 

tion. =e : 

1 396 | June 19-22 | June 24 | June 26 9 | June 30 
= 90 | July 1 

108 | July 3 
19 | July 4 
4| July 5 
3| July 6 
1| July 8 

| 2 UD Bosse dose ne -.do ....| June 27 32| July 3 
15| July 4 
8 | July 5 
4} July 6 

3 PA eS cad (slWasseaes -do....} June 28 2\July 3 
7| July 4 
L | July 5 
3] July 6 
1| July 7 

| 4 Ul | boone doesscalce do...-| June 29 1| July 10 
5 OL esc Chee oa neko sare June 39 0 
6 79 | Junge 22-24 |...do....- June 26 2| July 5 
7 iat Sec Osaee June 27 UP ARE? 
8 BLE eaGOs-ons Sats ho eae 1| July 3 
9 SOO seene June 28 1| July 12 

10 does Me dO! 2 0 
11 sede eeae June 29 0 
12 dor” June 30 0 
13 |} 170 |.....do......}.-. dos July 1 | 0 

Burial in soil—Van Dine (19) recommended that all melons and 
vines infested with the melon fly should be buried to the depth of — 

Severin (45) has shown quite conclusively that — several inches. 
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unless great care is taken thoroughly to tamp soil filled in over such 
infested material adults can emerge from pupe and finally burrow 
their way to the surface from a depth of from 2 to 3 feet of dry sand; 
34, 8, and 5 adults, respectively, from lots of 500 pupx buried 2 feet 

deep succeeded in reaching the surface through dry sand, wet sand, 
and soil. Fifty-four 3-day-old pup were placed in the center of 10 
square inches of heavy black soil, such as is found in the market- 
garden section of Waikiki. On drying out this soil hardened so that 
no adults were able to emerge. One hundred larvee which had 
emerged ready for pupation were placed on the surface of the same 
heavy black soil just mentioned, which had been thoroughly wet, as 
though well irrigated. All the larve pupated on or close to the sur- 
face and 70 yielded adults. The soil was so tenacious on drying that 
the remaining 30 per cent which were just beneath the surface were 
unable to emerge. 

Burial of the host for the destruction of the immature stages of 
the melon fly is not a method of control to be recommended. The 
labor necessary properly to bury infested material is so great that 
few lots will be buried to a sufficient depth, and cracks formed in 
the soil by rapid decay and settling furnish avenues for the escape 
of adults from fully 95 per cent of all material, even when buried in 
the most tenacious soils. 
Traps.—Howlett states! that he was able in India to attract the 

males of the two closely related fruit flies, Dacus zonatus Saund. and 
D. diversus Coq., by exposing citronella oil. He was not able to attract 
specimens of either sex of the melon fly. Although he was success- 
ful in attracting these two species with citronella oil, he failed. to 
get any reaction with such individual derivatives of this oil as 
were obtainable (citrol, citronella, geraniol, citronellaldehyde, cit- 
ronellol). Later he believed that he had found the actual substances 

which are responsible for attracting these two fruit flies in iso-eugenol 
and methyl-eugenol. By exposing the closely related eugenol he 
succeeded in attracting the male of an apparently new species. 
Samples of eugenol sent by Howlett to Severin and given the writers 
by the latter gentleman failed to attract melon flies when exposed in 
infested districts. 

The mango fruit fly (Dacus ferrugineus Coq.) was found by Frog- 
gatt (26) to be attracted by citronella oil, but Illingworth states ? 
that the railroad worm (Rhagoletis pomonella Walsh) avoids cit- 
ronella oil. It is now well known that the males only of the Medi- 
terranean fruit fly are attracted in any numbers to ordinary kero- 
sene. In Honolulu the writers have seldom caught adults of the 

1 Howlett, F. M. The effect of oil of citronella on two species of Dacus. Trans. Ent. 

Soc. Lond., 1912, Pt. II, p. 412-418, pl. 39, 40. 1912. 
2Tllingworth, James F. A study of the biology of the apple maggot, etc. Cornell 

Univ. Agr, Exp, Sta. Bul, 324, p, 160. 1912. 
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melon fly in this oil, although they have had traps hung throughout 
the infested district for many months. Severin was not able to 
catch a sufficient number of melon flies in various oils to feel that — 
they. were in any way actually attracted. He used the following 
oils: Citronella, turpentine, coconut, whale, fish, kerosene about 

120° Baumé, gasoline about 86° Baumé, and -benzine about 63° 
Baumé. Turpentine, gasoline, and benzine caught no flies. The 
other oils, exposed over a 5-day period, caught from 2 to 5 individ- 
uals, representing both sexes. 

Ordinary flytraps baited with diluted molasses and hung about 
infested fields were found by Severin to be worthless. 

Protection of fruit by covering—The attack upon cucurbits of 
all varieties,is so universal in Hawaii that the female bloom in all 
species except the cucumbers should be covered before the corolla 

unfolds or immediately after. During the warmer portion of the 
year the bloom of cucurbits should be protected at least 3 or 4 days 
before the flower unfolds in order to insure protection. At present 
many fruits are so covered, but rather indifferently and ineffectually, 
as proved by an examination of fruits beneath the coverings. Thus 
during April only 9 out of 43 fruits of the Chinese melon (J/omor- 
dica sp.) that had been covered were sound, while at Waipahu on 
the same date 119 out of 692 young protected watermelons were 
actually free from infestation. Certain Japanese growers ward off 
attack by burying the young fruit in the.soil or surrounding it by 
straw and trash until it is sufficiently old to need no further protec- 
tion. However, the usual practice among both Japanese and Chinese 
growers is to place over the developing bud or the recently opened 
flower a piece of cheesecloth or other fabric. This averages in size 
about 6 to 7 inches square and is placed lightly over the fruit without 
any attempt to attach it to the plant, although in certain cases it 
may be weighted on the edge with earth. The most successful of 
the protective coverings are those shown in Plate XXIV. In this 
case the Momordica vines are grown in bushes where the young fruits 
can be easily found and inclosed in the long case made from news- 
papers. These cases are left open at the lower end, but are never 

entered by the adult flies. 
The protection of fruits by covering with soil, paper, or cloth is 

a great labor-consuming operation that at present actually protects 

less than 25 per cent of all fruits covered, except certain Chinese 
marrows. This method is, however, at present the only one which 
can be applied with any degree of success, and could be made far 

more successful were it applied more intelligently. In a slightly 
cooler climate a very much higher percentage of fruits could be 

saved. 
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SUMMARY, 

The melon fly (Bactrocera cucurbitae Coq.) is found well dis- 

tributed over India, which is considered its native home. It is at 

present found in India, Ceylon, Java, Timor, Northern Australia, 
Singapore, the Philippine Islands, southern China, Japan, and the 
Hawaiian Islands. It was introduced into the Hawaiian Islands 

from Japan about 1895, and by 1897, when it was first observed, it 
was already a serious pest. Up to the present time it has been 
allowed to increase unrestricted, and because of the equable climate 

and abundant food supply has become a serious pest of cucurbitaceous 

crops, cowpeas, string beans, and tomatoes. It is impossible to over- 

state the destructiveness of the melon fly to cucurbitaceous fruits 
under Hawaiian. littoral conditions, where these can be brought to 
maturity only with the exercise of the eet care on the part of 
market gardeners. 

Tt has been estimated that the melon fly causes a loss of about three- 
quarters of a million dollars in a territory smaller than the State of 
Rhode Island. It is a pest of prime importance that is being inter- 

cepted each year by officers of the Federal Horticultural Board in 
ships arriving at the California coast from Honolulu and Hilo, and 
there is, therefore, great danger of the melon fly being introduced to 
the continental United States. 

During the warmest seasons in Hawaii, when the mean tempera- 
tures average about 79.5° F., the egg’, larval, and pupal stages may 
be passed in as few as 12 or as many as 284 days, according to the 
individual and host conditions. At mean temperatures lower than 
79.5° F. the duration of the immature stages may be greatly in- 
creased. Thus at 51.6° F. the pupal stage alone may require 59 days 
and the egg 11 days, while at 56° to 62° F. the first and third larval 
stages may require 27 and 23 days, respectively. Under varying 
conditions of host, temperature, and humidity the immature stages 
may be lengthened from a minimum of 12 days to 3} to 4 months. 
Adults may live as many as 431 days, although the duration of adult 
iife is variable and may be but a few days. Adults deprived of food 

und water never live more than 102 hours or more than 120 hours 

without food but with water. ‘This is also true of adults which have 
been feeding for some time when placed under starvation conditions. 
The complete life cycle may, therefore, occupy from 443 to 459 days 
in the case of most hardy individuals passing the egg, larval, and 
pupal stages during the warmest seasons, but longer when these stages 

are passed during colder seasons. 
Adults feed principally upon the juices of host plants, nectar of 

flowers, and honeydew secreted by a large number of insects. While 
the melon flies are rapid fliers and are found often far from their 

host plants, they appear to arrive at these points as the result of 
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roving rather than by long-sustained flights. During the warmest 
seasons they are active in feeding and ovipositing chiefly during the 
early morning and late afternoon hours. In captivity they mate 
about sunset and when fed upon papaya and water, copulate only 
when about 20 or more days old, with the mean temperature ay- 

eraging 75.5° F. and the relative humidity 69.3 per cent. No eggs 
were obtained from females under these conditions until 32 days 
after emergence. During the winter, also, when fed upon papaya 

and water, when the mean temperature was 71° F. and the relative 
humidity 78.5 per cent, no eggs were deposited until 44 days after 
emergence. However, when fed on cucumber, in captivity, mating 
will commence when the adults are only 10 days old and egg-laying 
begins the following day or only 11 days after emergence, when — 
the mean temperatures average 76.4° F. and the relative humidity 
is 69.1 per cent. Having once begun ovipositing, adults continue 
to deposit batches of from 1 to 87 eggs every few days through- 
out life. One female deposited eggs when 398 to 400 days old. An- 
other, emerging on May 25, 1914, deposited 687 eggs between July 
15, 1914, and February 27, 1915. It is estimated that*particularly 
hardy individuals may deposit as many as 1,000 eggs. The average 
number of eggs deposited is much less and extremely variable. 

Adults deposit their eggs within the tissues of the host fruit in 
cavities made with the aid of a sharp ovipositor. Eggs may be 
deposited in all portions of the plant and fruit, including the crown, 
leaf petioles, stalks, and blossoms. If deprived of host plants adults 
will oviposit, although less frequently, upon other objects, at least 
in confinement. They were able to keep alive by feeding on the 
food supplied them in the laboratory during a period of what hap- 
pened in experimental work to be from 13 to 31 to 37 weeks when 
no host plants were available for oviposition, and began ovipositing 
at a normal rate as soon as host plants were available. 

Larvze upon hatching usually burrow to the center of the host 

plant or fruit, although the place where they feed is determined 
largely by the moisture content of the host. In young seedlings they 
may burrow into the taproot and kill the plant. In succulent plants 
they burrow through the leaf petioles and stalks and bring about 
a progressive pruning back of vines by causing the death of affected 
parts. The staminate and pistillate bloom and the fruits are vari- 
ously affected, as described and illustrated elsewhere. After passing 
through three instars the larve leave the host to pupate in the soil, 
usually beneath the host, at a depth ranging downward to 2 inches. 
Larve are aided in leaving the fruit and seeking suitable places for 
pupation by their ability to jump, in stages, from 6 to 8 inches. If 
they are not able to enter the soil they will pupate upon any hard 
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Since there are as many as 8 to 10 generations of the melon fly a 
year, it is evident that it can multiply very rapidly. No agencies 
have been found to be working at the present time in Hawaii that 
bring about, even Merocdieail? a great natural reduction in the 
abundance of melon flies. In enitien climates cold weather. will 
prove a marked and valuable control factor, No parasites are 
known in Hawaii. Predacious enemies and several forms of mor- 
tality recorded are of no practical value under Hawaiian conditions. 
Search for parasites is now in progress and it is hoped that future 
introductions of melon-fly parasites may prove beneficial. 
No satisfactory artificial measures have been successfully applied 

in combating the melon fly under Hawauan conditions. Poisoned- 
bait sprays promise to yield effective results under other cultural 

conditions. At present cucurbits can only be grown by the use of 
coverings of various sorts for the protection of the very young fruit. 
‘Trapping of adults and killing adults by sprays have yielded nega- 
tive results, while killing the immature stages by submergence in 
water, by burial in soil, or by cold-storage temperature are methods 
to be applied in lessening the abundance of the pest after infestation 
has occurred. Artificial methods of control are not likely to prove 
satisfactory in Hawaii so long as the growing of the chief host 
plants remains in the hands of uneducated oriental laborers who 
do not «practice clean cultural methods or cooperate in applying 
remedial measures. 

BIBLIOGRAPHY. 
(1) Crark, B. O. x 

1898. In The Hawaiian, vol. 1, No. 27, p. 6. < 

The Hawaiian was a newspaper published only during 1898. Mr. L. H. Mesick, 

Hawaiian Gazette Co., Honolulu, its editor, possesses the single known complete - 

file. One section of the paper was known as the official bulletin of the Bureau of 

Agriculture (now the Board ‘of Agriculture and Forestry). The reference consists 

of correspondence containing the first information published regarding the presence 

of the melon fly in the Hawaiian Islands, or elsewhere, and is as follows: 

LAUPAHOEHOR, August 8, 1898. 
Prof. KOEBELE, Honolulu. 

DEAR Sir: We have a new pest that has lately come here in the shape of a fly like 
a yellow jacket, only not so large. It punctures pumpkins, squashes, bean, OHNE, 
watermelons, and all other plants of this nature. It lays eggs inside, which form 
maggots like the samples I send you. You can judge of their work where the things 
are growing. Can you suggest any remedy? I send you some samples of their work 
by the 8. S. Kinau. 

Yours, truly, 
L. C. Swain. 

HONOLULU, August 11, 1898. 
L. C. SwAINn, Esq., Laupahoehoe, Hawaii. 

DEAR Sir: Yours of the 8th instant at hand and contents noted. Prof. Koebele is 
now in the States, but as I have personal experience with the fly you mention and con- 
sulted with Prof. Koebele in regard to it, I can state he told me of no remedy except 
covering the vines, and of course this is not at all practicable except for a few vines 
in a garden. I tried a spray of whale-oil soap, thinking the odor might keep the fly 
away, but it did not. I shall try a Paris-green solution, 1 pound to 200 gallons of 
water, keeping it stirred frequently, and apply with a spray pump. This will kill-the 
eggs and young larve of the codling moth on apple and other fruits, and possibly 
may do so in this case. The great difficulty in this climate is that frequent showers 
wash off the poison, and it has to be repeated frequently. The Paris green can also 
be applied as a powder, mixed with flour or air-slaked lime, in the proportion of 1 
part of Paris green to 100 of flour or lime. I would advise collecting all infested 
squashes and feeding to pigs or other animals or bury them so deep the fly can not 
get out when it hatches. If all who grow the crops which it breeds in would do so, I 
think it could be at least checked; the great difficulty would be to know if there is any 
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wild fruit, ete., upon which it deposits its eggs for development. I have not observed 
it attacking anything but the cucumber, melon, and squash family. 

The following life history, which I have learned by experimenting in a “ hatchery,” 
may interest you if you have not already determined the same for yourself. The fly 
which you describe is more like a small-sized botfly than a wasp, and will be seen 
hovering about the vines of muskmelons, squashes, etc., and when disturbed darts away 
very quickly, so rapid, in fact, one can scarcely follow it with the eye. It stings .not 
only the fruit with its ovipositor, but also the young and tender growth of the vines, 
depositing a number of eggs, which soon hatch into small white maggots that feed on 
the tissues of the plant or fruit, causing it to decay. After the maggot has attained 
its growth, it descends into the soil, where it develops into a small echrysalis of a light 
yellowish-brown color, and in about 10 or 12 days comes out a perfect insect, ready 
to repeat its mission of destruction. I do not know how many generations it will 
produce in a year, but in the warnier and drier districts I believe it will breed the 
year paEoue te except possibly a while during the winter months, and then its deyelop- 
Te only retarded by the cooler weather, which prevents the chrysalis maturing so 
rapidly. 

If you will take a squash or, other specimen with the eggs*or young maggots in the 
same, placing it in a box containing 2 or 3 inches of loose, dry soil, keeping it covered 
with a piece of glass, you can soon learn for yourself its life history, and perhaps — 
make observations that may lead to means of successfully combating the pest. 

Yours, respectfully, 
Byron O. CLark 

Secretary and Commissioner of Agriculture. sf 

(2) CoquizettT, D. W. . 

.1899. A new trypetid from Hawaii. In Ent. News, v. 10, No. 5, p. 

129-130. . 
This article, which is technical and contains the original description of Dacus 

cucurbite, is as follows: ' 

Dacus cucurbite n. sp. Head light yellow, the occiput, except the sides and upper 
margin, reddish yellow, an ocellar black dot, front marked with a brown spot in front of 
its center and with three pairs of orbital brown dots, a black spot on each side of the 
face near the middle, and a brown spot on the middle of each cheek; antenns, palpi, 
and proboscis yellow, the latter mottled with brown. Thorax reddish yellow, the humeri, 
a median yitta on the posterior half of the mesonotum, another on each side above the 
insertion of the wings, uniting with an irregular band which extends upon the pleura 
to the upper part of the sternapleura, also a large spot on each side of the metanotum, 
encroaching upon the hypopleura, light yellow; scutellum, except its extreme base, light 
yellow, bearing two bristles. Abdomen light yellow on first two segments, reddish — 
yellow on the others, the extreme base, a fascia at the bases of the second and third 
segments, uSually a lateral spot on the fourth and fifth, also a dorsal vitta on the last 
three segments, blackish or brownish; first segment of the ovipositor of the female 
slightly longer than the fifth segment of the abdomen. Wings hyaline, the apex of the 
subcostal cell from a short distance in front of the apex of the auxiliary vein, the 
marginal and submarginal cells, the median third of the first basal cell, and a large 
spot in upper outer corner of the first posterior cell, brown; anal cell brown, this color 
encroaching on the third posterior cell and bordering the sixth vein almost to its apex; 
posterior cross vein bordered with brown, this color extending to the hind margin of the 
wing; upper end of the small cross vein also bordered with brown. MHalteres light 
yellow. Legs light yellow, the broad apices of the femora and the last four joints of 
the tarsi reddish yellow, hind tibize reddish yellow or dark brown. Length 6 to 8 mm. 

Honolulu, Hawaii. Two males and two females bred by Mr. George Compere from 
larve living in green cucumbers. Type No. 4207, U. 8S. Nat. Museum 

(3) Howarp, L. O. 
1900. A dipterous enemy of cucurbits in the Hawaiian Istands, Jn U. §. 

Dept. Agr. Div. Ent. Bul. 22, n. s., p. 93-94. 
In this short account Dr. Howard gives data on the prevalence of the melon fly 

about Honolulu, secured by George Compere, at the time of his visit to the Hawaiian 

Islands in November, 1898. Reference as follows: 

March 13, 1899, we received from Mr. George Compere, Honolulu, Mawaiian Islands, 
specimens of what is locally known as the melon or cucumber fly. Our correspondent, 
writing under date of February 14, 1899, states that this is a very serious pest with 
vegetable growers, as it destroys more than 75 per cent of the watermelons, cantaloupes, 
and cucumbers grown in those islands. He writes, in substance, that the parent flies — 
are to be found at all seasons of the year, and that they puncture the cucumber, which 
is the only plant on which our correspondent has observed the species, on the upper 
side, and generally near the stem end, this operation taking place when the cucumber 
is about half or two-thirds grown. In the punctures thus made they deposit their eggs, 
which soon hatch into minute footless white maggots. Their presence in the cucumber 
is manifested by a small yellow spot where the puncture was made. Twenty-seven 
minute maggots were counted in one of these punctures. In one cucumber that had been 
punctured three times in different places, 116 of these maggots were counted. These 
maggots eat out the entire inner substance of the fruit with the exception of the seeds, 
leaving only the outer skin, which turns yellow and decays, when a slight touch or a 
few drops of,rain will cause it to collapse. By that time the maggots have all attained 
their growth, and if any of them become exposed to the sunlight they immediately draw 
themselves together and, after the manner of the cheese maggot and other species that 
might be mentioned, spring in all directions, jumping as high as 3 feet. If the skin of 
the cucumber be left intact they will emerge from the decayed pulp on the underside 
and burrow at once into the earth for pupation. Fourteen days after placing maggots 
in a breeding jar, with soil kept constantly moist, Mr. Compere succeeded in obtaining 
the adult flies. 

In the conclusion of this letter our correspondent adds, as a warning, that water- 
melons, cantaloupes, and cucumbers should never be allowed to be shipped from the 
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Hawaiian Islands into the United States. It is quite probable that this insect could 
be introduced into several of our Southern States or recently acquired insular possessions, 
and it is one of those species for which quarantine inspectors should be on the lookout. 
No class of vegetables, if we except cabbages and botanically related plants, are so badly 
infested with insects as are the cucurbits, and the introduction of another new pest is 
most undesirable. 

The insects were referred to Mr. Coquillett, of this office, who after careful examina- 
tion pronounced the species an undescribed Trypetid. He has accordingly given it the 
name of Dacus cucurbite, and has published a description of it in the HMntomological 
News for May, 1899, under the title ‘‘A New Trypetid from Hawali.” 

(4) IXOEBELE, ALBERT. : 

1900. Report of Prof. A. Koebele, entomologist. In Rpt. Comr, Agr. and 

Forestry, Hawaii, p. 36-49. 
Among injurious pests treated he calls attention to the fact that Dacus cucur- 

bite is the only species of fruit fly so far known in Hawaii, that it is almost im- 

possible to raise cucurbitaceous fruits without proper protection to the plants, and 

suggests cooperation in clean cultural methods as the only feasible manner of 

combating the pest. 

(5) Howarp, L. O. 

1901. Diptera collected in Hawaii by H. W. Henshaw. Jn Proc. Ent. Soc. 

Washington, v. 4, no. 4, p. 490. 
Among the Diptera Dacus cucurbite Coq. is listed with the statement: ‘ Five 

specimens. Described from Hawaii.” 

(6) GrimsHaw, P. H. 

1901. Fauna Hawaiiensis. (v. 3, pt. 1, 77 p., 3 pl. Cambridge.) 
Reference consists merely of copy of (2) and statement of Howard (5). 

(7) Craw, ALEXANDER. 

1902. Horticultural quarantine reports. Jn Bien. Rept. Bd. Hort. Cal., 

v. 8, 1901-2, p. 187-204. 
Reference consists of a paragraph of seven lines, giving the first official record 

of the interception by quarantine officers of melon-fly infested material from Hono- 

lulu at San Francisco. Reference as follows (p. 198) : 

We occasionally find a melon in the possession of passengers or crews from Hono- 
lulu, which we destroy. No melons, cucumbers, or summer squashes have been 
received as freight from Honolulu since we destroyed the shipment that. arrived 
on February 28, 1899, on the S. S. Australia, infested with melon maggots (Dacus 
cucurbite). In Honolulu this pest destroys 75 per cent of their crop. It is not 
found in North America. 

(8) PrErKins, R. C. L. 

1902. Insects. In Rept. Governor of Territory of Hawaii for 1902. 

Ann. Rpts. U. S. Dept. Int., pt. 2, p. 360. 
An 8-line reference, recounting difficulty of growing cucumbers, except under cover, 

as a result of melon-fly attack. ‘‘ Its true home is no doubt either Japan or China. 

At Hongkong a species is found almost identical in size, color, and form, and which 

only differs in having an additional pair of bristles on the scutellum. Parasites of 

the melon fly could no doubt be procured from that country.” 

(9) Smirn, J. G. 

1902. In Ann. Rpt. Hawaii. Agr. Exp. Sta., U. S. Dept. Agr. Off. Exp. 

Stas. Rpt., 1902, p. 324. 
Four-line reference as follows: “A fiy is doing great damage to the cucurbits 

by stinging and depositing its eggs in the young fruit. The larve, on hatching, 

burrow into the tissue, causing decay. As a result a good watermelon brings from 

50 cents to $1 on the fruit stands of Honolulu. 

(10) SmirH, J. G. 

1903. In Ann. Rpt. Hawaii. Agr. Exp. Sta., 1908, U. S. Dept. Agr. Off. 

Exp. Stas. Rpt, 1903, p, 417. : 
A 2-line reference to an investigation of melon-fly ravages at Wahlawa, Oahu. 

(11) Van Dine, D.. L. 

1904. Insecticides for use in Hawaii. In Hawaii. Agr. Expt. Sta. Bul. 3, 

PAL TO, COA, 
A 5-line reference as follows, p. 7: 

Watermelons and muskmelons are a luxury, a good melon bringing 50 cents to $1 
at the fruit stands in Honolulu. These products could be raised in certain sections, 
in quantities great enough to bring them within the reach of every table, were it not 
for the attack of the melon fly (Dacus cucurbite). 
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(12) Van Dring; D. L. 

1904. . Entomological work. Jn Ann. Rpt. Hawaii. Agr. Expt. Sta., p. 

372-379: 

Reference as follows (p. 376): ‘*The melon fly (Dacus cucurbite) is a true fly of 

the family Trypetide. The larva infests the fruit of all plants of the family Cucur- 

bitacee ; destructive also to beans and tomatoes.” 

(18) Craw, ALEXANDER. 

1905. Report of superintendent of entomology. Jn 1st Rpt. Bd. Agr. and 

Forestry Hawaii, p. 186-146. 
Reference is as follows (p. 138): “* The melon fly (Dacus cucurbite) was unfortu- 

nately introduced here a few years ago from Japan. That pest has practically stopped 

the production of muskmelons here, It also attacks other melons, besides cucumbers, 

Squash, tomatoes, and even string beans.” 

(14) Krauss, F. G. ‘ 

1905. The vegetable garden. Jn Hawaii. Forester and Agr., y. 2, no. 11, 

p. 353-861. 
The author states in a discussion of melons that ‘‘ were it not for the ravages of 

the cut-worms, plant lice, and the melon fly these crops would be delightful to grow 

in Hawaii, but our advantages from the absence of frost are about offset by the 

prevalence of insect pests.” 

(15) Terry, FF. W. 

1906. A preliminary account of insects of economic importance in the 

Hawaiian Islands. In Haw. For. and Agr., v. 3, no. 2, p. 35-45. 
Discusses Dacus cucurbite in 24 lines of print (p. 44). “ Since its arrival it has 

practically stopped the raising of melons, cucumbers, squashes and tomatoes in many 

loealitiés, unless these plants are carefully screened from the attacks of the fly.” 

Popular notes on life history and description of very general nature. 

(16) Van Dine, D. L. 

1906. The melon fly (Dacus cucurbite Coquillett). Jn Haw. For. and 

Agr., v. 8, no. 4, p. 127-129. : 

A 3-page popular account of a most general nature. States that during last 

season the crop of melons exceeded any -previous crop since the advent of the fly, 

probably due to the perseverance of Japanese growers in protecting their melons from 

the fly at or immediately after the setting of the fruit. 

(17) Craw, ALEXANDER. 

1907. Reports of horticultural quarantine inspection work. Jn Hawaii. 

For. and Agr., v. 4, no. 5, p. 1138-116. 
From dead specimens of the *‘ melon fly’ (Dacus cucurbite) received by this divi- 

sion from the government entomologists of India, we learn of the existence of several 
parasites that prevent its seldom or ever becoming a pest there. An effort should 
be made to introduce these parasites here by way of Hongkong. This would be a 
difficult experiment, Owing to the great distance, but the undoubted benefit to the 
melon industry of this Territory, in case these parasites were successfully introduced 
and established, would justify the expenditure of considerable money in the attempt 
to control this pest. c 

(18) Maxwetri-Lerroy. 

1907. The more important insects injurious to Indian agriculture. Jn 
Mem. Agr. Dept. India, Ent. Ser., v. 1, p. 1138-252, 80 fig. 

Page 228 states that this is a sporadic and occasionally serious pest which hiber- 

nates during cold months and is found in hot weather and rains. Gives distribution 

as ‘‘ Nasik, Pusa, Hathwa, Surat, Umballa. Probably throughout India.” 

(19) Van Dine, D. L. 

1908. Report of the entomologist. Jn Ann. Rpt. Hawaii. Agr. Expt. Sta., 

1907, p. 25-51, 3 fig., 2 pl. 

The melon fly, p. 30-55: A good concise article of 53 pages, containing copies of 

(1), (2) and (17), the first illustrations of adult, eggs, larva and puparium ever 

published, a complete bibliography to date, besides general statements regarding 

ravages and control. 
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(20) How.ert, FF. M. 

1909. Diptera. Im Maxwell-Lefroy’s Indian Insect Life, p. 545-664, pl. 

58-71, fig. 348-423. 

No text regarding Dacus cucurbitw but figures adult female, eggs in gourd,* larva 

and pupa, together with anterior and posterior spiracles of pupa, p. 6335, fig. 4, 8. 

(21) Krrkatpy, G. W. 

1909. Entomological notes. Jn Haw. Planter’s Record, v. 1, no. 2, p. 32. 
Short note stating that some parasites of the melon fly left with the Tlawaiian 

Board of Agriculture and Forestry by Geo. Compere were being investigated by the 

Entomological Division of the Hawaiian Sugar Planters’ Association. (See (25) for 

further information.) 

(22) Brackman, L. G. 

1909. Our melon pest. Jn Hawaii. Forester and Agr., v. 6, no. 8, p. 281. 
Calls attention to an estimated loss of three-quarter million dollars annually to 

Hawaii as a result of melon-fly attack and to the need of a search for and the 

introduction of parasites of the melon fly. 

(23) Kotrnsky, J. 

1909. Report of the superintendent of entomology for July, 1909. Jn 

Hawaii. Forester and Agr., v. 6, no. 9, p. 358-361. 
Gives result of investigation referred to in (21). Records the rearings from 

pup of Ceratitis capitata sent by Geo. Compere from West Australia. Consignment 

on arrival at Honolulu, June 24, 1909, was turned over to the Entomological Divi- 

sion of the Hawaiian Sugar Planters’ Association. Summarizes investigations made 

by O. H. Swezey, of the Hawaiian Sugar Planters’ Association (see p. 364-365), by 

saying that a few adults of Ceratitis capitata emerging first were allowed to die in 

the rearing vials before removal; that although 115 specimens of Chalcis (probably 

Tetrastichoides sp.) emerged and were placed with melon-fly maggots no mating or 

oviposition was noted and no maggots became parasitized. Seven specimens of a 

braconid (Apodesmia sp.) were reared, but no mating or attempts at oviposition 

were noted, and no parasitism followed the confinement of these parasites with 

cucumbers infested with maggots of Dacus cucurbite. 

(24) Bezzi, M. 

1909. Le specie dei generi Ceratitis, Anastrepha e Dacus. Jn Bol. Lab. 

Zool. Portici, v. 3, p. 273-318. 
Dacus cucurbite, p. 294 and 300. Purely systematic reference. 

(25) VAN Dine, D. L. 

1909. Report of the entomologist. Jn Ann. Rpt. Hawaii. Agr. Expt. Sta., 

1908, p. 17-41. 
Page 32, a 5-line reference as follows: ‘It is believed that at the present price 

of melons it would pay to grow muskmelons at least under cover, fertilizing the 

flowers by colony of bees.” 

(26) Froccatt, W. W. 

1909. Report on Parasitic and Injurious Insects. Dept. Agr. N. 8S. Wales, 

1907-1908, p. 53, 54, 56, 84-85, pl. 11, figs. 6, 7. 
Records Dacus cucurbite from gardens about Allahabad, India, and Jaffna, 

Ceylon. States that Dacus cucurbite was not attracted to citronella oil, although 

other species of Dacus were; that Muir found India the native home of D. cucur- 

bite, and that his own later investigations showed that it was widely distributed 

over India and Ceylon; found Dacus cucurbite wherever melon gardens were exam- 

ined in Central and Northwestern India; reared it from melons, cucumbers, bitter 

gourd, and eggplant. 

(27) Marsu, H. O. 

1910. Report of the assistant entomologist. Jn Rpt. Bd. Comrs. Agr. and 

Forestry, Hawaii, p. 152-159. 
Forty-three lines of print calling attention to utter disregard by oriental gardeners 

of clean cultural methods and resultant increase of Dacus cucurbite about Honolulu. 

Discusses results of spraying with poison baits and use of trap crop. In the latter 

cantaloupes were used with cucumbers with negative results, since both crops were 

entirely destroyed. Spraying experiments in which a solution of molasses 1 quart. 

Paris green 4 ounce, and water 13 gallons was used, gave negative results, althoug? 

applied daily from September 9 to October 14. A solution with arsenate of lead 

also gave negative results. 
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(28) EHrRuHoRN, E. M. 

1910. Report of the superintendent of entomology. Jn Hawaii. Forester 

and Agr., v. 7, no. 11, p. 3386-3838. 

Record of rearing one adult melon fly from sweet orange from Kaimuki, Oahu. 

(29) PrrRKins, R. C. L. 

1911. The Mediterranean Fruit Fly. Jn The Hawaii. Planters’ Record, 

y. 4, no. 8, p. 140-144, 3 fig. 
Article is entirely on Ceratitis capitata, but contains by way of illustration for 

comparison a good figure of the adult female Dacus cucurbite. 

(30) Banks, NATHAN. 

1912. The Structure of Certain Dipterous Larve, with Particular Ref- 

erence to those in Human Food. J. S. Dept. Agr. Bur. Ent. 

Tech. Ser. 22, 44 p., 8 pl. 
Reference as follows, p. 52, pl. 5, fig. 101, 102, 104: 

Dacus cucurbite Coq. “Head bilobed from above, each lobe bearing a distinct 
antenna; mandibles two, distant; anterior spiracles long, with about 20 lobes. 
Ventral segments 6 to 12 with swollen spinulose areas. The last segment shows 
below a transversely elliptical spinulose area, rather depressed, and containin 
two approximate, flat, rounded tubercles; tip of body rounded, with a low, broa 
swelling at each lower corner; the stigmal plates are approximate, each with three 
short slits, pointing toward those of the opposite plate, 

From melons in Hawaii. 

Gives figures of side view of head, anterior spiracle, and stigmal plate of larva. 

(31) WeEINLAND, H. A. 

1912. The fruit fly menace and preventive measures. Jn Mo. Bul. State 

Com. Hort. Cal., v. 1, no. 5, p. 156-159. 
While dealing chiefly with Ceratitis capitata, Weinland has the following to say 

about Dacus cucurbite: **The melon fly has been a pest on the Hawaiian Islands 

for as many as 25 years and has become established on all the islands of the 

group. It is particularly destructive to melons and certain vegetables. On March 

28, 1910, Quarantine Order No. 4 was issued barring from the State watermelons, 
muskmelons, cucumbers, and tomatoes from these islands or from any other place © 
in which the fly is known to exist.” 

(32) COOKS eACr a. 

1912. The work of the State commissioner of horticulture. Jn Mo. Bul. 

State Com. Hort. Cal., v. 1, no. 8, p. 872-877; no. 9, p. 583-539. 
Two references identical and as follows: ‘‘I am happy to inform you that we 

have enlisted the interest and action of other Pacific Coast States and of British 

Columbia, and so feel that we are in less danger of an invasion of the Mediter- 
ranean fruit fly and of the melon fly (Dacus cucurbite) via other than our own 

ports through the interest and action of horticulturists of other States.” 

(33) CoMPERE, GEO. 

1912. A few facts concerning the fruit flies of the world. Jn Mo. Bul. 

State Com. Hert. Cal., v. 1, no. 10, p. 709-733, fig. 204-219. 
Pages 709-710, discovery of Dacus cucurbite in Honolulu in November, 1898; 

p. 728, record of collections about Poona, India; p. 845, record of collections at 

Colombo, Ceylon; p. 909, record of rearing material collected at Bangalore, India; 

states that he found thé melon fly a rather serious pest at Macao and Canton, but 

“not to the extent it is in the Hawaiian Islands.”’ Figure 212 reproduces photo (2) 

wing of melon fly from India and (3) from Hawaii. - 

(34) Green, E. E. 

1912. Report of the government entomologist. Jn Rpt. Dept. Agr. Ceylon, 

pt. 4, 1911-1912, p. 2-5. 
Lists the pumpkin fly (Dacus cucurbite Coq.) as destructive to fruits of vege- 

table marrows. 

(35) Essie, E. O. 

1913. Some interesting fruit flies. Jn Mo. Bul. State Com. Hort. Cal, 

Vi 2, DOs lest. 

Gives C. F. Baker as authority for information that Dacus cucurbite Coq. is 

abundant in the Philippine Islands. 
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6) Berzzi, M. 

1918. Indian trypaneids (fruit flies) in the collection of the Indian 
Museum. /n Mem. Indian Mus., v. 3, no. 3, p. 53-175, pl. 8-10, 

8 fig. 
Bactrocera cucurbite Coquillett, p. 96-97, pl. 8, fig. 7 (wing) : 

“A proportionally large species which can be easily recognized from all other 
known Indian species by the posterior cross-vein of the wings being widely bordered 
with brown. Vertical, thoracic, and scutellar bristles black. Third abdominal 
segment of the male with a row of black bristles; anal stripes dilated at tip, but 
less abruptly than in the preceding species [mangifera].” States that this species 
has been found widely distributed over India and Ceylon, and that this region is its 
original home. ‘‘In the collection are many specimens from Calcutta, caught in 
April, May, June, and September; others from Durjbana, Nepal Terai, Ranchi ; 
Kumdlik, Nepal Terai, in March; Bhogaon, Purneah district, N. Bengal, in October ; 
Allahabad, United Provinces, in August; Nepalganj, Nepal Frontier, 22—xi—-11; 
Siripur; Saran, N. Bengal, 26—-ix-10; Adra, Manbhum district, 12—x—09; Bombay, 
in gourds, 12—x—03; Peradeniya, Ceylon, 10-i.” 

States, on page 366, that while he reared four species of Dacus from Fijian fruits 

he did not find Cucurbitaceaz. 

8) Morr, F. : 

1914. Observations in Formosa. Jn Hawaiian Planters’ Record, v. 10, 
no. 4, p. 274-281. 

In 3-line reference, p. 281, states ‘‘ Dacus cucurbite and Dacus diversa (c) are 

both common and do harm—the former to cucumbers, melons, etc.; the latter to 

citrus fruits. No parasites are known to attack them.” 

9) BrimweE tt, J. C. 
1914. Report for the period from October 1 to December 31 [1913]. Jn 

Hawaii. Bd. Agr. and Forestry Bul. 3, p. 154-160. 

States that development of melon fly is not retarded by winter weather and that 
melon-fly pups may be used experimentally in rearing parasites for C. capitata. 

0) RuTHERFORD, A. 

1914. Report of the entomologist. Jn Rpt. Dept. Agr. Ceylon, July 1, 1912, 

to December 31, 1913, p. 9-12. 
Lists D. cucurbite among various insects of economic importance. 

1) DAMMERMAN, K. W. 

1914. Het Vraagstuk der Fruit-vliegen voor Java. Dept. van Landbouw, 

Nijverheid En Handel. Meddelingen van de Afdeeling voor 

Plantenziekten, no. 8, p. 7-8, pl. 2, fig. 1. (wing). 
States that in Java has bred Dacus cucurbite from Momordica and ‘Citrullus, and 

lists as feeding in melons, watermelons, and cucumbers. Article of value chiefly 

as reference to presence of pest in Java. 

2) MaAsKeEw, F. 

1914. Report of investigations of the fruit-fly situation in the Territory 

of Hawaii. In Mo. Bul. State Com. Hort. Cal., v.-3, no. 6, p. 

227-288. 

Report deals chiefly with Ceratitis capitata, but contains the following: ‘“ The 
melon fly (Dacus cucurbite) is a source of great financial loss to the producers, and 

all of its hosts should be included in the list of material covered by the United 
States quarantine order.” 

3) FretcHer, T. B. 

1914. Some South Indian Insects. 565 p., 50 pl., 440 fig. Madras. 
Page 354 states that the melon fly is a serious pest to cucurbits through southern 

India, where it passes through the egg, larval, and pupal stages in about 15 days. 

Recommends prompt gathering and deep burial of all infested fruits and protection 

of fruits by coverings of netting. Colored plate 26 gives good enlarged dorsal 

view of adult fly and figures of larve and pupe. Illustrations same as appearing 

in (20), only enlarged and colored. 

4) Futiaway, D. T. 

1914. Report of the entomologist. Jn Ann. Rpt. Hawaii. Agr. Exp. Sta., 

1913, p. 18-21. 
Lists of insects affecting various garden crops with approved notes. Lists Dacus 

cucurbite as affecting cabbage, eggplant, tomatoes, peppers, and cucumbers. 
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(45) Severin, H. H. P., Severn, H. C., and Hartune, W. J. 

1914. The ravages, life history, weights of stages, natural enemies, and 

methods of control of the melon fly (Dacus cucurbite Coq.). In 

Ann. Ent. Soc. Amer., v: 7, no. 3, p. 177-207, pl. 27-81, 4 fig. 

Most comprehensive paper dealing with Dacus cucurbite thus far published. Of 

special interest from standpoints of,new and for most part original data and illus- 

trations of pest’s capacity for damage, and for data on length of egg, larval, and 

pupal stages, weights of various stages, and control by submergence in water, burial 

in sand and soil, traps, and poisoned sprays. 

(46) Back, E. A., and PEMBERTON, C. E. 

1914. Life History of the Melon Fly. Jn Jour. Agr. Res., vy. 3, no. 3, p. 

269-274. 

Preliminary to present bulletin, giving data on length of egg, larval, and pupal 

stages, and upon longevity, sexual maturity, and rate of oviposition of adults during 

the warmer periods of Hawaiian weather. First report of careful biological work 

in which the important influence of temperature is taken into consideration. 

(47) FuLtaway, D. T. 

1915. Report of the entomologist. Jn Rpt. Hawaii. Agr. Exp. Sta., 1914, 

p. 48-50. 

Reference as follows (p. 49): ‘The melon fly (Dacus cucurbite) has often been 

reported infesting the heart of cabbage, but the infestation is not at all common and 

is considered to be due to abnormal conditions in the plant and of a secondary 

nature.” 

(48) Severin, H. H. P. 

1915. Experiments in destroying fruit infested with fruit fly maggots. 

In Ent. News, v. 26, no. 2, p. 78-83. 

Deals with both C. capitata and D. cucurbite. Contains 17 pages of compilation 

from other authors, 24 pages taken yerbatim from (34), and 1 page of conclusions 

and bibliography. Tables and figure appear in (384). 

(49) Masxkew, F. 

1915. Report of the quarantine division for the years 1912, 1913, 1914, 

and 1915, appearing in Mo. Bul. St. Com. Hort., Vols. II, III, 

and IV. 

a 

Records ‘the interception at San Francisco of contraband material from Honolulu, 

containing living larve of Dacus cucurbite during July, 1912, June and September, 

1913, and June, 1914. No melon flies were intercepted during 1915 unless covered 

by the ** tomatoes infested by trypetid larve ’’ recorded for November, 

(50) Hiri, Gah 

1915. Insect Pests of Plants. Northern Territory of Australia. Dept. — 

External Affairs. Melbourne. Bul. no. 13, 16 p. 

Dacus cucurbite Cog. is listed as pest of melons, pumpkins, and marrows, among — 

some of the principal insect pests of trees and crops at present grown in the 

Northern Territory. 

(51) Bryan, W. A. 

1915. Natural History of Hawaii. 596 p., 117 pl., Honolulu. 

Six-line paragraph dealing in a general way with the melon fly as one of a 

number of important pests introduced into Hawaii, p. 387. 
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INTRODUCTION. 

This bulletin embodies a study undertaken with a view to determin- 
ing the relative importance of the several factors which made for 
success or failure in the management of representative farms in cen- 
tral Georgia. An analysis was made of the business of each of 534 

such farms in Sumter County to bring out the economic signifi- 
cance of such factors as tenure, size of farm, farm organization, crop 
yield, and cost of cotton production." 

The Sumter County area, where the study was made, is strictly a 
cotton-growing section, more than one-half of the land in cultivation 
being devoted to that crop and 89 per cent of all farm receipts com- 
ing from that source. Roughly speaking, one-third of all farm lands 
in the county are in cotton, one-third in woods, and the remainder 
in other crops and pasture. The farms studied vary in size from the 
50-acre tenant farm to the 5,000-acre plantation. On about one- 
fourth of the farms the owner reduces risk and responsibility by rent- 

1 The authors wish to acknowledge their indebtedness to the many farmers of Sumter 

County through whose courteous cooperation this work was made possible. 

Noty.—This bulletin is a report on an exhaustive study of farming in a representative 

county in the cotton belt and is of interest to cotton growers especially. 

65861°—Bull, 492—17 1 
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ing out part of his acreage. Of 217 farms operated by colored 
farmers, only a few are owned, and nearly all are of less than 100 — 

acres. Seven out of every ten of these farms are worked almost en- 
tirely by the negro operator and his family. The general system of 
operation in vogue in Sumter County is typical of farming operations 

throughout a large part of the cotton belt. 

SUMMARY OF RESULTS. 

Following is a brief résumé of the more significant facts brought 
out or substantiated by this investigation : 

Farm profits on these farms for the year of the survey (1913) were in 
direct proportion, both to the number of acres in crops and the 
yield of cotton per acre. 

On farms of approximately the same size, labor incomes were a 
when the yield of cotton was high and low when the yield wa 
low. 

On owner farms of approximately the same size labor incomes were 
high when percentage of crop area in cotton was high, and vice 
versa. 

The white farmers of the area are getting a much higher yield per 
acre than the colored farmers. 

Cotton, corn, oats, and cowpeas, in order, are the more important 
crops of the region. 

Cotton occupies 59 per cent of the tilled area of the farms surveyed 
and returns 89 per cent of the total farm receipts." 

Corn occupies over one-fourth of the tilled area and was grown on 
every farm visited. Oats are the principal small-grain crop and 
are also used for hay and pasture. Cowpeas for hay and seed — 
occupy about half as much land as corn. About 85 per cent of 
the land utilized for a second crop in 1913 was in cowpeas. 

The cost of producing cotton, computed for 534 farms, was found to 
average about 10.5 cents per pound of lint. 

The cost. of producing cotton on these farms decre eases with increase 
in size of farm. The relative rate of reduction in cost due to 
increase in acreage is greater for the farms ranging from small 
to medium than for those ranging from medium to large. 

The cost of producing cotton on these farms decreases with increase . 
in yield per acre. The reduction due to increased yield is rela- 
tively greater for farms with yields ranging from low to medium 
than for farms with yields ranging from medium to high. 

On farms with high yields of cotton per acre the cost per acre was 
high but the cost per pound low. 

Aside from w ork stock, hogs constitute the most important class of 
live stock. / 

Of the cash expenditures of these farms, labor and fertilizer together 
represent three-fourths or more of the total. 

In efficiency in utilizing labor, mules,and machinery, the large farms 
have a great advanta ge over the small ones. On ‘the small white-_ 
owner farm one mule works 10 acres of cotton and 11 acres of 
other crops, while on the large farm one mule works 19 acres of 
cotton and 10 acres of other crops. ; 

i This nereentace of rereints ic haced an a nrice nf 19 cents ner nonnd. i 
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The cotton type of farming enables men with but very little capital 
to begin farming. The average capital of colored tenant farm- 
ers was but $491, yet the average income of these negroes and 
their families was $506. 

On the white-owner farms the intensive type of farming practiced 
in this section raises cash expenditures to over 60 per cent of 
total receipts. If the receipts from cotton should at any time 
fall off 40 per cent from the average for 1913, these farms would 
barely pay expenses and would return nothing for capital or for 
labor done by the operator. 

The colored share cropper realizes 50 pounds of cotton and 4 bushels 
of corn more per acre than the colored tenant. 

SOURCES OF INFORMATION. 

The best source of agricultural information is the farm. From the 
individual farmer who has long years of experience may be obtained 
data that will determine approximately the factors which govern his 
income. A consensus of such individual data will determine approxi- 
mately the factors which govern the prosperity of any agricultural 
region. In the agricultural region involved in this study, devoted 
almost exclusively to one type of farming, can be found examples of 
various forms of farm organization and of various farm methods 
and practices. Some of the farms in this region are yielding much 
larger profits than others. Some farmers through efficient operation 
are realizing a good annual income and at the same time building up 
their farms, while others who are apparently working just as ear- 
nestly are barely able to make both ends meet. The data secured in 
such an investigation as this serve to bring out in relief the vital fac- 
tors of farm practice which account for.this difference. The data 
presented herewith, representing the experience of 534 southern 
farmers, should be applicabie, not only to the area covered by the 
study, but to a large portion of the southern district where like condi- 
tions and a like type of farming prevail. 

AREA STUDIED. 

Sumter County is in the southwestern part of Georgia (see fig. 1). 
Americus, the county seat, situated near the center of the county, is 

about 150 miles south of Atlanta, 185 miles west of Savannah, and 
95 miles north of the Florida State line. Practically the entire 
county is represented in this study, except small areas in the north- 
eastern and northwestern districts. 

HISTORY... 

The county was laid out in i831 from part of Lee County. The 
first inhabitants came mostly from the older districts of the State. 
The present population is 29,092, of which 7,849 are white and 21,248 
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are colored. The county contains 291,840 acres, of which 276,834 
acres are in farms. The land was originally owned in very large 
tracts, but during recent decades many of these large farms have 
been cut up, so that there now exist a good many small and medium- 
sized farms. 

© ATLANTA 

are 

Ic. 1.—Shaded area shows location of county in which farms studied were located ~ 
(Sumter County, Ga.). 

The county is served by two railroads, which furnish very good 
transportation facilities. The main line of the Central of Georgia — 
crosses the county from north to south through Americus. The 
Seaboard Air Line enters the county on the west and, passing through _ 
Plains, goes northeast to Americus, thence southeast through the | 

small towns of Leslie, Desoto, and Cobb in the southeastern section of — 
the county. Practically all the main wagon roads of the county are — 
in excellent condition. 
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SOILS AND TOPOGRAPHY. 

Sumter County lies wholly within the Coastal Plain, its northern 
boundary being 28 miles south of the Piedmont line.t’ The soils are 
predominantly sandy, this type occupying about 75 per cent of the 
total land area of the county.” 

The topography of the county varies from very rolling in the 
northern portion to very gently rolling or flat in the southern part. 
The general slope is from northwest to southeast, and practically all 
the streams flow in a southeasterly direction. 

CLIMATE. 

The climate of this county is characterized by summers long but 
not extremely hot, and short, mild winters. 
The average rainfall as recorded by the United States Weather 

Bureau at Americus, Ga., for the 10 years 1904 to 19138, inclusive, 
was 47 inches. (See fig. 2.) October and November are the two 
months with the lowest average rainfall during this period. During 
the 10 years there was an average of 24 inches of rainfall from April 
1 to September 30, which is an abundance for crop production in 

this region when distributed over this period as evenly as is shown by 
figure 2. 

The rainfall for the year of the study (1913) was 45 inches, or 
only 2 inches below the 10-year average. During that year the rain- 
fall was well distributed throughout the growing season. It was a 
little below normal during the months of April and May, but for 

1 Soil Survey, Sumter County, Ga., U. S. Dept. of Agriculture, Field Operations of the 

Bureau of Soils, 1911. 

2The most important soil division of the county, one which occupies S8.7 per cent of 

iis total land area, comprises the soils derived from unconsolidated water-deposited ma- 

terial under good drainage conditions. This soil division contains four distinct series. 

The first and most important is the Greenville. The soils of this series are of a reddish- 

brown to dark red color, with a dark red subsoil. This series occupies 63.9 per cent of 

the total land area of the county. The Norfolk soil series is second in importance and 

occupies 16.9 per cent of the area of the county. The Norfolk soils are characterized by 

the gray color of the surface soils and the grayish-yellow to yellow color of the subsoils. 

This series also has a somewhat lower agricultural producing value than the Greenville 

series. The Orangeburg soil series occupies only 2.5 per cent of the land area of the 

county. The soils of this series are of a gray color, with red subsoils. The Orangeburg 

soils are closely related to the Greenville, differing mainly in the gray color and loose 

structure of its soils, the subsoil being quite like that of the Greenville. The several 

types of the Orangeburg series are not so productive as the corresponding types of the 

Greenville series. The fourth series of this division is represented by the Tifton soil and 

occupies 5.4 per cent of the area of the county. These soils are gray to brown in color, 

with yellow subsoils. Ironstone pebbles are abundant. 

The second soil division of agricultural importance to this region is known as the Ports- 

mouth series. This soil comprises 2.9 per cent of the land area of the county. The 

Portsmouth soils, formed under poor drainage conditions, from probably the same material 

that gives rise to the Greenville, Orangeburg, Norfolk, and Tifton, are characterized by 

the dark-gray to black color of the surface soil and the light-gray or mottled gray, yellow, 

and red of the subsoil. 

Other soil divisions which are of only minor importance to the agricultural region as 

a whole are the Sumter stony sandy loam, the low meadow land, the swamp land, and 
the old alluvial soil, 
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June, July, August, and September there was an average of 4.8 
inches of rainfall per month. 

METHOD OF PROCEDURE. 

The method used in getting together the data upon which this 
bulletin is based was adopted by the Office of Farm Management 
after long experience with different means and methods.! 

PRECIPITATION 

Benen 5 
CEOINGETT Nie 

PERE EN 
CPE i) | ie 

10 YEAR AVERAGE FROM 1904-1913 INCLUSIVE ewecee 1513 

Fic. 2.—A comparison of the rainfall of Sumter County in 1913 with the 10-year 

average from 1904 to 19138, inclusive. 

During the months of April and May, 1914, investigators from the 
Office of Farm Management familiar with southern agriculture 

visited Sumter County and made a study of farm-management prob- 
lems in that region. These men visited each farm in this locality 
and made a complete record of a year’s business transactions, to- 
gether with an inventory of all the farm investment for the begin- 
ning and for the end of the farm year. The farm year in this lo- 
eality extends from January 1 to January 1, and the particular year 

1 An outline explaining the use of this method, together with copies of the blank forms 

used, may be obtained by applying to the U. S. Department of Agriculture for Farmers’ 

GCulletin 661. 
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to which these data pertain is 1913. In all, records from 665 farms 
were received, but as a number of these were incomplete or ob- 
viously inaccurate, only 534 records were used for the basis of this 
study.’ 

UTILIZATION OF THE FARM AREA. 

The farms in this area range in size from about 50 acres to over 
5,000 acres. On many of them a large proportion of the acreage is in 
woodland; which is seldom used except for supplying wood for the 
upkeep of buildings and fences, and on a few of the farms in supply- 
ing a little winter employment in cutting wood for sale. On account 
of a very wide variation among individual farms in the proportion 
of the total area that is used for the farm business, 1t was necessary 
in this study to use as a measure of the farm business the number of 
acres of tilled land rather than the- total number of acres. In all 
tables in this bulletin where farms are classified into groups by size 
of farm, the area of tilled land is used as the basis. 

1TIn order to present the data clearly, certain terms which will be used throughout the 

discussion are here defined. It is important that the reader thoroughly understand these 

terms, as they will materially assist in the interpretation of the results. 

Tilled area.—The tilled area is the number of acres of the farm devoted to raising crops. — 

Farm capital.—The farm capital is the average value of all real estate, improvements, 

machinery, live stock, and other investment necessary to carry on the farm business. It 

includes the value of the farmhouse, but not the household furnishings. 

Receipts.—The farm receipts include the amount received from the sale of crops, the net 

increase from stock, and the receipts from outside labor, rent of buildings, ete. The net 

increase from stock is found by subtracting the sum of the amount paid for stock pur- 

chases and the inventory value at the beginning of the year from the sum of the receipts 

from stock products, sales of live stock, and the inventory value at the end of the year. 

If the value of crops or supplies was greater at the end of the year than at the beginning, 

the difference was considered a receipt. 

Expenses.—The farm expenses represent the amount of money paid out during the year 

to carry on the farm business, plus the value of the labor performed by the family. If 

the value of crops or supplies at the end of the year was less than at the beginning, this 

was considered an expense. Household or personal expenses. are not included. 

Farm income.—The farm income is the difference between the receipts and expenses. 

It represents the amount of money available for the farmer’s living above the value of 

family labor, provided he has no interest to pay on mortgages or other debts. 

Labor income.—The labor income is the amount that the farm operator has left for his 

labor after 5 per cent interest on the average capital is deducted from the farm income. 

It represents what he earned as a result of his year’s labor after the earning power of his 

eapital has been deducted. In addition to the labor income the operator received a house 

to live in, fuel (when cut from the farm), garden products, milk, butter, eggs, ete. 

Owner.—The term “ owner” is applied when the entire operation of a farm is directed 

by the man who owns the farm or by someone hired in his stead. 

Owner additional——The term “ owner additional’ is used when the man who owns and 

directs the operation of a farm rents additional land and operates it in connection with 

his own as one farm. 

Owner with part rented out.—When a man owns a farm and directs the operation of 

part of it, renting the other part out for a specified amount, and assuming little or no 

responsibility for its operation, he is termed an owner with part rented out. 

Tenant.—When a man rents a farm, furnishes all labor and equipment, directs its 

entire operation, and pays the landlord cash or a fixed amount of cotton for the use of 

the land he is termed a tenant. 

Landlord.—The landlord is the person who owns a farm which is rented to a tenant. 
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A general idea of the way in which the land in this county is util- 
ized may be formed by a glance at figure 3. Crop land occupies some- 
thing over one-half (54.2 per cent) and woodland about one-third 
(82.6 per cent) of the total farm area. The remainder of the land is 

in waste, pasture, and idle crop land, the idle crop land occupying 
almost as much as the pasture land, and the waste land occupying a 
little more than these two combined. 

In Table I the 268 farms operated by white owners are_arranged 
in six groups by size of farm, in order to show the utilization of land 
and the value of real estate per acre on farms of different size. The 
farms in these groups vary in average size from a total farm area 
of 63 acres with 33 acres of crops in the first-size group, to a total 
of 1,625 acres with 827 acres of crops in the last-size group. 

DISTRIBUTION PER CENT OF TOTAL AREA 

OF FARM AREA 10 20 30 40 

CROP LAND 

WOOD Uy 

WASTE 

PASTURE ” 

IOLE CROP ” 

Fic. 3.—Percentage distribution of land area on 268 farms, Sumter County, Ga. 

Taste I1.—Utilization of land and value of real estate per acre on 268 farms 
operated by white owners, owners additional, and owners with part rented out 
(Sumter County, Ga.). 

Groups of farms based on tilled area per farm. 

All 
Lisi soacres| Sito | 101to | 151to | 251to | Over | farms. 

a ieee 100 150 250 450 450 
~°"| acres. acres. | acres. | acres. | acres. 

Nim DeroLarms a3. 5 .- 2 ee eee 36 64 56 47 30 35 268 
ATCA POL MALIN pete stan era a8 acres. . 63 151 201 325 566 1, 625 419 
Tilled area per farm ...........-.. do...} 33 77 123 197 321 827 227 
Per cent of farm in— 

Tillable land 60. 2 55. 6 65. 4 65. 9 61.0 54.3 58. 4 
Crops-2) She esenane 52. 0 51.3 61.3 60. 7 56. 7 50. 9 54.2 
Idle crop land 5.9 2.5 2. 2 1.6 2.6 1 1.9 
Pasture 2.4 2.9 2. 6 4.4 2.7 2.4 Qi 
Woodland 30.7 36. 3 25. 1 23.7 31.3 36.5 32. 6 
Waste land 9.0 7.0 8.8 9.6 6.7 9.1 8.6 

Value of real estate per acre...........-. $34.00 | $34.00 | $39.00} $40.00] $37.00 | $31.00] $34.00 

While there is some variation among the groups in the proportion 
of land that is tillable, there is no direct relation between the size of 

farm and tillable area. The table shows that 58.4 per cent of all the 
farm area is tillable, and that two of the size-groups, that of from 51 
to 100 acres and that of over 450 acres, fall below this proportion, 
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and that these two groups are those having the highest proportion 
of woodland. 

The proportion of the total farm area utilized for crops is shown 
in figure 3, and the variation from this proportion for the several 
size-groups is shown in Table I. The smallest two and the largest of 
the groups each has about one-half of its farm area in crops, while 
two of the intermediate groups each has slightly over six-tenths of 
its farm area in crops. The size-groups vary somewhat in the pro- 
portion of farm area utilized for crops, but this variation is irregular 

and without apparent significance. 
With the exception of the smallest size-group of farms, there is a 

remarkable uniformity in the proportion of tillable land utilized for 
crops. Beginning with the smallest, this proportion, expressed in 

percentage of the tillable area, is 86, 92, 94, 92, 93, and 94, with an 
average of 93 for all farms. This shows that practically all the land 
immediately available is being used for crops. The small additional 
acreage that might possibly be used for crops at the present time is 
the area lying idle and that utilized as pasture land, in all less than 
5 per cent of the total farm area. Thus unless more land is cleared, 
it is impossible to increase materially the present crop acreage. 

The tillable land lying idle usually consists of fields badly run 
down in productiveness. In a few instances land was idle because 
the cropper or renter had moved in the late spring, leaving the owner 
unable to obtain additional labor to farm the area relinquished. On 
the average 1.9 per cent or 8 acres of the farm area was idle crop land. 

The percentage of farm area devoted to pasture is very uniform 
throughout the several size-groups, averaging 2.7 per cent. This 
would naturally be expected, as practically the only pasture land 
necessary under the present type of farming in this section is that 
for work stock and other live stock to furnish supplies for the home 
and for hired labor. 
Woodland constitutes 32.6 per cent of the land area on these farms. 

The more common trees are long-leaf pine, oak, beech, maple, dog- 
wood, and elm, of which long-leaf pine is the most valuable for lum- 
ber. The land area occupied by forests is mostly along the streams 
and in the low swampy areas. : 

The waste land, which comprises all the area taken up by build- 

ings, roads, streams, and other nonproductive ways, is fairly uniform 
in all size-groups, varying from 6.7 to 9.6 per cent, with an average 
of 8.6 per cent for all farms. 

There is a variation in the value of real estate per acre in the 
several size-groups, without relation to the size of farm. That it is 
affected primarily by the percentage of farm land in crops is evi- 
denced by the fact that the highest real-estate values occur in the 

65861°—Bull. 492—17——2 
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groups ranking high in percentage of crop area. The lack of a cor- 
relation between size of farm and value of real estate per acre is 
perhaps due to social conditions more than to any other one factor. 

In other tables it is shown that only the large farms can support 
un overseer or manager, and that on these large farms the operator’s 
time is almost entirely taken up in the supervising of the business. 
The operator of the large farm can therefore, if need be, live at a 

distance from his farm lands, choosing a community where his 
family can have the best advantages. Usually the small farmer is 
not able to do this and is often compelled to live under very unde- 
sirable conditions. The location of many of these small farms is such 
that they will not sell for more per acre than large plantation land. 
The average value of real estate on the 268 farms was $34 per acre. 

FARM TENURE. 

In this study, which covers the data received from 534 farm oper: 
ators, there were found 299 farmers owning a part or the entire farm 
operated ; 268 of these farms were owned by white and 31 by colored 
farmers; the other 235 farms were operated by tenants, of which 49 
were white and 186 colored. 

The owner-farms were operated under three distinct forms of 
tenure, namely, that of “straight owner,” or those who have the 
entire supervision of all their farming land; “ owner renting addi- 
tional,” or those who not only operate their own land but also rent 
additional land and operate this along with their own farm as one 
unit; and “owner with part rented out.” The latter usually include 
the larger farms, the owners of which in order to shift a share of the 
responsibility and to experience less risk, rent out a part of their 
farms to tenants, who furnish the working capital, perform all the 

labor, and give the owners a fixed amount of lint cotton for the use of 
the land. It is on farms held under this last-mentioned tenure that 

many of the tenants included in this study, especially the colored 
tenants, were found. The farms operated by tenants are all compara- 
tively small, but the farms operated by owners comprise, In many 
cases, several thousand acres. 

The economic and social conditions of the South are of a very 
different nature from those of the northern States, and the fact that 

these conditions are changing from time to time makes necessary 
readjustments of the relations of races. In 1860 the negroes repre- 
sented 52 per cent of the total population of the county, in 1880 they 
represented 66 per cent, and in 1910, 73 per cent. This condition is 
attributable not only to natural increase, but to an increased demand 
for negro labor in this fertile section over that of less productive 

joa 
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regions. Separate schools and churches»have to be built for each 
race, and thus farms are sometimes located a long distance from 
community centers. Under the type of farming followed at present 
in this region the two races are not separated into distinct com- 
munities, since the large amount of labor employed in operating 
these farms compels many workmen to live on each farm. 

The white farmers, as far as possible, aim to live in town or to 

build in communities with their school or church near by. Thus, 
from their standpoint, the small farm located at a distance from 
these rural communities or from towns, partly or entirely surrounded 
by large plantations, is undesirable. Thus the problem of social 
relations has a vital effect on the organization of the farm com- 
munity as a whole. 

Naturally the underlying and most significant factor in bringing 
about the social and economic changes of the reconstruction period 
was the doing away with the system of labor in vogue before the 
war. Large areas that had formerly been farmed on the plantation 
system now became difficult to operate as farm units, and thus vari- 
ous systems of handling labor and of farm tenure came into vogue. 
The negroes were free to work as day laborers, or, where they owned 
or could borrow a little capital, they could become either tenants or 
small landowners. 

In order to operate the owned farms under the changed conditions 
that have prevailed since the Civil War three distinct methods of 
employing labor have been inaugurated, namely, as wage bails as 
share croppers, and as tenants. 

The hiring of wage hands for the operation of the largest of these 
farms is a serious task, and it is the exceptional rather than the aver- 
age man who is found operating a large farm with wage hands only. 
Tt is found to be about as profitable and less hazardous to engage not 
only wage hands but also share croppers and tenants in operating 
some of the larger farms. The scarcity of efficient labor willing to 
work for wages is the controlling factor in this regard. 
Under the wage-hand system the laborers usually live on the farm 

and receive a specified cash wage. Rations may or may not be 
furnished. 

The share cropper usually receives one-half of the crops for his 
labor and pays one-half of the fertilizer and ginning expenses, while 
the operator furnishes all the capital, pays all expenses other than 
those paid by the cropper, and has full supervision of the business. 
Because the share cropper does not furnish anything but labor he 

_bears a close relation to the wage hand, the only difference being that 
he is paid a share of the crops for his services instead of cash wages. 
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In this study the croppers’ share of crops, less the expense paid by 
them, has been used as a labor expense. The operator stands so much 
risk under this system that he is frequently subject to heavy loss 

unless he exercises close supervision. ‘This share-cropper system is 

much more satisfactory to the negro than the wage system, not only 
because it gives him self-interest but because it also gives oppor- 
tunity for the employment of his entire family. The more energetic 

and determined of these share croppers are soon able, by saving their 
money, to purchase a mule and machinery and become tenants. 

In case of the tenant system the tenant furnishes all the working 
capital, and the landlord exercises very little supervision. His only 
concern is that the tenant raise enough cotton to pay the rent. This 
system of renting out a part of the farm and giving the tenant full 
control of its operation often does not work to the best welfare of the 
tenant. Many of these men will work regularly and efficiently only 
when directly under the supervision and control of the farm operator. 

Unless the tenant is proficient and uses good methods of manage-_ 
ment both in raising crops and in supervising labor, he is soon forced 
out of business and then necessarily has to start again as a wage 
hand and work up to the tenant stage. Where they realize and grasp 

the vast opportunities awaiting them these farmers are soon able 
to get enough money together to be fairly independent, but only a 
small percentage of them have the ability to operate farms upon 
their own responsibility and make a real success at the business. 

Included in this study were 17 farms or plantations which were 
operated by managers hired to assume entire management and direc- 
tion of the farm operations, just as the owner would. Eleven of 
these farms were in the white-owner, three in the white-owner-addi- 

tional, and three in the white-owner-with-part-rented-out class. One 

of these manager farms had 1354 acres of crops, four had from 251 
to 450 acres of crops, and the rest had over 450 acres in crops. When 
the salary of the manager is carried as operator’s labor these farms 
are entirely comparable with other farms of the same tenure and size 
and have been included with them in all tables and discussions which 
follow. 

In this area both white and colored operators are found under each 
form of tenure, but they have been shown separately in the tables 
and so treated in the discussion throughout this bulletin. 

TENURE AND SIZE OF FARM. 

Of the total number of farms included in this study 317 were 
operated by white and 217 by colored farmers. Out of the 317 white 
farmers 50 per cent were straight owners, 12 per cent owners renting 
additional land, 22 per cent owners renting out a part of their land, 

—_— 
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and 16 per cent tenants. Of the colored farmers 86 per cent were 
tenants, 6 per cent owners, 5 per cent owners renting additional land, 

and 3 per cent owners renting out a part of their farming land. (See 
Table IT.) 

One-sixth of the farms operated by white owners contained less 
than 50 acres of tilled land, one-half of them between 51 and 150 

acres, and about one-third over 150 acres. About 1 out of every 15 
of these farms contained over 450 acres of tilled land. 
There were 38 farms operated by white owners additional, and 21, 

or more than one-half of them, had not over 100 acres of crops. 
However, about one-fifth of them had over 450 acres of crops, or a 
considerably higher proportion than of the owners. 

The white-owner farms with part of the land rented out were the 
Jargest farms found in this area. Only about one-fifth of these farms 
have less than 100 acres of crops, nearly half of them over 250 acres, 

and about one-fourth over 450 acres. 
Two-thirds of the white tenants had less than 100 acres of crops 

and only about one-tenth of them had over 150 acres. The largest 
farm of this tenure contained 323 acres of crops. 

TaBLE II].—Relation of tenure to size of farm (534 farms, Sumter County, Ga.). 

Number of farms under each specified area group. 

Tenure. s0acres| 51to | 101 to | 151to | 251to | Over | Total. 
and 100 150 250 450 450 
less. acres. acres. acres. acres. |.acres. 

White: 
OW ORS Sar eisaeitrcion ces cc cece see eta 25 41 40 31 12 11 160 
Owners, additional. .........-...-.----.--- 6 15 4 3 3 7 38 
Owners, with part rented out........-.--- 5 8 12 13 15 17 70 
PR ONAN GS Reece e ciisisicicics Silecieicieiseiwiei= ae 17 17 10 3 7} (Ee SSISBE 49 

Colored: 
(CONTIGS Go sneacdeceSuOs DSeeSe see e eee 1 7 3 il arse ane ier eta 12 
Owners, additional..................----- 2 6 2 Til Seta he poses Pere 11 
Owners, with part rented out:.......-..--|--------|.-----.- 1 3 3 | 1 8 
mMenantSererereeee ls ssc onsiece settee see 96 68 18 AY | Ba BELLE ee en | 186 

| 

There were but 12 colored-owner farms, and only 1 of these had 
over 150 tilled acres. These are comparatively small farms, two- 
thirds of them having less than 100 acres of crops. 

The 11 farms of the colored-owners-additional class were dis- 
tributed as to size practically the same as those of the colored owners. 
All the farms operated by colored owners with part of their land 
rented out had more than 100 acres of tilled land and one-half had 

over 250 acres 
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The colored tenants operate smaller farms than those of any other 
tenure. Ninety-six, or more than one-half of them, had less than 
50 acres of tilled land. Eighty-eight per cent of these tenants farmed 
less than 100 acres and only 4 farms were found with over 150 acres 

of tilled land. 

RELATION OF TENURE TO DISTRIBUTION OF INVESTMENT. 

In Table III is shown the distribution of the farm investment on 
farms operated under different forms of tenure. Land, buildings, 
live stock, machinery, feed and supplies, and cash represent the capital 
invested in the farming business. 

The investment in land constitutes the greater part of the farm 
capital. The second item of investment of importance is the build- 
ings. On the owner farms the house occupied by the operator is 
ordinarily a neat, well-built structure, but the tenants’ houses are 
usually small and in many cases cheaply constructed and not kept in 
good repair. The cotton system of farming necessitates the support 
of a great amount of labor by each farm, making the investment in 
tenant houses a considerable item. The other farm buildings are 
of comparatively cheap construction and represent only a small 
share of the total investment. Outside of the owners renting addi- 
tional land, the investment in land and buildings constitutes over 80 
per cent of the total farm capital. 

The item of investment third in importance in this area is that 
of work stock, which consists mostly of mules. This item’s per- 
centage of the total capital shows marked uniformity on both owner 
and tenant farms. The live-stock enterprise in this area, outside of 
the horses and mules necessary for farm work, is a very small item. 
The investment in other live stock represents the value of cows, hogs, 
and poultry, and is less than 2 per cent of the farm investment in 
all but one class of tenure. With the exception of three or four 
farms practically all the products from these three classes of live 
stock are used on the farm. 

The investment in machinery represents only a small portion of 
total capital, since comparatively few expensive labor-saving ma- 
chines are used. A large percentage of the farms use one-horse 
machinery in nearly all farm operations, which tends to bring the 
machinery investment to the minimum per farm. The percentage 
of investment in machinery runs more evenly on the white than on 
the colored operator farms. Undoubtedly the large factor other 
than that of type in limiting the use of labor-saving machinery here 
is the fact that it can not compete with hand labor at the present 
cost in this region. 

1U. 8. Dept. of Agr. Bulletin 338, Machinery Costs of Farm Operations. 
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TABLE I1I—Relation of tenure to distribution of iwestment (534 farms, Sumter 
County, Ga.). 

White. Colored. 

Distribution of investment. Owners, Owners, | monants Owners, Owners,| monants 

Owners.| addi- eit (farm | Owners.| addi- aden (farm 
tional.@ pba basis).¢ tional. onLe basis).¢ 

Number of farms.....--.----- 160 38 70 49 12 1 8 186 
Total capital per farm....-.--.- $13,773 | $10,521 | $26,883 | $5,685 | $5,984 | $3,043 | $15,998 $3, 210 

Percent of total investment in: a 
IDGWeXG Les ee oaEe Soe eae 65.1 Dost 71.6 68.8 | 72.4 63.3 75.0 77.0 
JMOUSESEe eee eee ee ke oe 6.8 6.9 4.5 7.8 5.8 3.6 aD) | ceneeewias 
Tenant houses.-..-.------ 4.8 Wo 5.8 4.0 3.9 1.2 3.8 Dali 
Other buildings...-....-.- 4.3 fal 4.3 3.3 257 1.9 5.9 2.0 

Total land and build- 
AM PSE Ree sinenic cian. 81.0 73.0 86. 2 d 83.9 84.8 70.0 90.6 d 84.7 

Work stock. ......-2..2.-..-- ae od 5.5 7.4 6.8| 14.4 5.3 7.4 
Other live stock. .-....-.----- ile} ily} Al 1.6 iL) Gal a) 1.4 
Machinery .. ---. Wee cnice wee sea 2.8 2.8 2.0 2.4 2.2 3.4 1.3 2.0 
Feed and supplies.....-.-..-- 5.0 6.7 3.6 4.1 4.2 6.8 2.0 3.9 

ASWeve eee ctesieiae see cee 2.6 6.1 2.0 .6 Blk 2.3 -3 4 

“Does not include investment in rented land. 
> Includes the investment in land rented out. 
¢ Landlord’s and tenant’s investment combined. 
4ULandlord’s share of investment. 

The investment in feed and supplies represents the inventory 
value of the feed and other supplies that were on hand at the begin- 
ning of the farm year. The item which makes the feed supplies 
investment seemingly of such importance is that for cotton seed, 

which some of the farmers each year hold over in abundance and 
use during the late spring for feed, seed, and fertilizing purposes. 
Where farmers had cash of their own to run their farms during 

the year this item was carried as a part of the farm investment. 
Many of these farmers borrow all or a part of the money for the 
payment of their yearly expenses. The uneven distribution of the 
portion of the investment represented by this item is mostly explained 
by the fact that more money was borrowed for the payment of 
yearly operating expenses under some forms of tenure than under 
others. A much higher percentage of the white tenants and of all 

colored farmers borrow money for current operating expenses. 
The farms operated by colored farmers show a higher percentage 

of total investment in land and lower in buildings than do the farms 
of white operators of the same tenure group. 
The owners with additional rented land had a lower percentage of 

the total investment in land and a higher percentage in work stock 
than the men operating straight owner propositions. This additional 
investment in work stock is necessary in order to operate the extra 
land rented. In case of the owner with a part of his land rented out 
the proposition is exactly the reverse. His additional investment in 
land not operated by labor or equipment furnished by him will 
reduce his percentage investment in work stock. 
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RELATION OF TENURE TO PROFITS. 

The “farm income” is the difference between receipts and ex- 
penses; in other words, it represents the combined earnings of the 
capital and the operator’s labor. The “labor income” represents 
the amount the farmer has left for his year’s labor after deducting 
from the farm income 5 per cent interest on the capital invested. In 
addition to the farm income, each of these farmers has the benefit 
of house rent, wood for fuel, and what the farm furnishes toward the 
family living. 
A serious defect in the system of farming followed by many farm- 

ers in this region is lack of attention to the production of home 
supphes. Failure to grow adequate forage and garden produce is, 
in general, a serious impediment to the advancement of an agri- 
cultural region. The long growing season gives these farmers almost 
unlimited opportunity for growing these products. The prosperity 

of the average farmer, especially the farmer with small means, de- 
pends in great measure upon the interest he takes in growing animal 
products, grains, fruit, truck, and garden vegetables for family use.1 

In Table IV is given a comparison of the average tilled area, capi- 
tal, receipts, expenses, farm income, and labor income for the dif- 
ferent tenure groups.” 

1qIn an investigation made by the Office of Farm Management as to what the farm 

contributes directly toward the family living in Troup and Meriwether Counties, Ga. ~ 

(U. S. Dept. of Agriculture, Farmers’ Bulletin 6385), the reports from 50 farms indicated 

that the average annual value of food, fuel, and house rent furnished by the home farm 

was $519.63 per family. Of this amount, $376.03 was for food products, such as meat, 
eggs, dairy products, grains, fruit, and vegetables. The value of these food products fur- 

nished by the farm represented 78.3 per cent of the total food expenses of these families. 

The annual yalue of fuel furnished by the farm was $51.60, and house rent amounted to 

$92. In carrying this study a little farther we find that the annual value of food, fuel, 

and house rent furnished by these farms was $96.25 per person. Of this amount, $69.25 

was for food, $9.56 for fuel, and $17.04 for rent. While there is a wide variation in the 

standard of living among farmers in Sumter County, the above figures are of interest as 

indicating the value of the products the farm will afford without much cash expenditure 

in production. It can readily be seen from these figures that if it were not for those 

products contributed by the farm without much actual cash expenditure a great many 

farmers would not realize any savings from their labor income. In order to make the 

farmer’s income comparable to the city man’s wages the value of the above items should 

he added to the labor income. 

2The interest rate here used is uniform with that used in all of the publications of the 
Office of Farm Management relating to farm-management surveys. However, after a 

study of the mortgage rates of interest paid in this area they are found to be 7.7 per cent 

upon farms of 150 or less tilled acres and 6.6 per cent upon farms of over 150 tilled 

acres. The average for all farms is 6.8 per cent. It may therefore be of interest in 

connection with this study to show what the labor income of the farms operated under 

different tenures would be if a rate of 7 per cent interest on the investment were deducted 

from the farm income instead of 5 per cent. Based upon a 7 per cent rate, the labor 

incomes are as follows: 

White operators.—Owners, $577; owners additional, $1,062; owners with part rented 

out, $555; tenants, $529. Colored operators.—Owners, $263; owners additional, $478; 

owners with part rented out, $175; tenants, $302. 
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TABLE 1V.—Area, capital, receipts, expenses, and, income on farms of different 
tenures. Sumter County, Ga. 

Number | ‘illed “joe pe tar Ex- | Farm Labor 
of farms. area. Capital. | Receipts. penses. | income. | income. 

White: Acres. 
OW MLOUS ayaa rar atciniaiateietesic cies < 160 158 | $13,773 $4, 097 $2, 555 $1, 542 $858 
Owners additional......... 38 168 10,521 4, 594 2,796 1,798 1,272 
Owners part rented out..... 70 394 26, 883 6, 400 3, 963 2,437 1,093 
itiiahises soggencecsqueoanoee 49 85 890 1,572 980 592 | 547 

Colored: 
Olwmiersi neice secs steieeie se 12 95 5, 984 1, 659 977 682 383 
Owners additional......-... 11 77 3, 043 1, 646 955 691 539 
Owners part rented out..... 8 307 15, 998 3,107 1,812 1,295 495 
INGHEVTIS 56. 666 4audseooeeenne 186 59 491 902 566 336 312 

The 160 farms operated by white owners, having an average of 
158 acres of tilled land and with an investment of $13,773, returned 

an average farm income of $1,542. Deducting interest on invest- 

ment the owners have left, on the average, $853 as labor income. De- 
ducting from the farm income the value of the farmer’s labor, these 
farms show a return of 8 per cent on investment. 

There were 38 farms operated by white owners renting additional 
land. On the average these men operated 168 acres of tilled land, 
but owing to 30 per cent of the farm area being rented, the average 
investment of these men was lower than that of the 160 owners. The 
average investment on these farms was $10,521, with a farm income 
of $1,798 and a labor income of $1,272. These men realized 12.6 per 

cent upon capital invested. 
The 70 farms operated by white owners renting a part of their 

farming land out were the largest farms found in this study. These 
farms averaged 394 tilled acres, of which 41 per cent was rented out. 
The investment averaged $26,883, labor income $1,093, and interest 

on investment 7 per cent. 
Forty-nine of the farms were operated by white tenants. These 

farms averaged 85 acres of tilled land, and with an average of 
$890 capital they returned a farm income of $592 and a labor income 
of $547. Several white tenants were found in this area who owned 
small farms, but who, in order to do a larger business, had leased 
their own farms and were operating large rented farms. 

It will be noted from Table IV that in all classes of tenure the 
farms operated by colored farmers are smaller than those operated 

by white farmers of the same tenure. 
Thirty-one of the farms were owned by colored farmers. Of this 

number 12 were operated as owner farms, with an average size of 95 
tilled acres; average investment was $5,984; farm income, $682; and 

labor income, $383. Eleven of the farms owned by colored farmers 

65861°—Bull. 492—17 3 
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were operated with additional land rented. These farms averaged 77 
tilled acres, of which 26 per cent was rented additional. They had 
an average capital of $3,043, a farm income of $691, and a labor 
income of $539. 

The remaining 8 farms owned by colored farmers were operated 
as owners renting out part of their land. These farms averaged 307 
acres of tilled land, of which 45 per cent was rented out. The average 
capital invested was $15,998, which returned them a farm income of 

$1,295 and a labor income of $495. 

The 186 colored tenants, as previously stated, were operators re- 
sponsible for the entire operation of the farm. They farmed on the 
average 59 acres, and with $491 capital realized a farm income of 
$336 and a labor income of $312. It is doubtful whether. on the 

average, these men make any higher profits than the share croppers, 
as under the share-cropper system the profits of the land owner are 
dependent upon the quality of the crops grown by the cropper. The 
most desirable feature of the tenant system, from the standpoint of 
the tenant, is that in the main he is emancipated from the directing 
authority of the landlord and thus has more liberty than the share 
cropper to do as he likes. 

e 

THE FAMILY INCOME. 

The family income is the amount of money available for the family 
living and the payment of interest on indebtedness after deducting 
cash expenses from total receipts. For the operators of small farms, 

and especially for most of the colored operators, this is the income of 
most concern to the family welfare. 

The value of family labor per farm for the 268 white-owner farms 
was $43. This, when added to the farm income of $1,812, is of little 
concern to these farmers as a class. Indeed, many of these farms 
reported no family labor except that done by the operator. 

Thirty-one of these farms, operated almost entirely by the farmer 
and his family, had on the average 36 acres of land devoted to crops, 
of which 16 acres were in cotton, 14 in corn, and the rest in other 
crops. Their average investment was $3,000, and all but 5 were free 
from mortgage. The families averaged 5 in number, with 2 under 

16 years of age, and the value of family labor, besides that performed 
by the operator, averaged $220. With the aid of $28 worth of extra 

labor for picking cotton, these farmers realized an average family 
income of $551. This represents the amount of money available for 

the payment of living expenses, interest upon mortgage, and for 

savings. The largest families received the highest incomes. Three 
of these farms had 10 persons or more per family and made a family 
income of over $800 each. 
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An average of $55 worth of labor was performed by the families 
on the white-tenant farms. The average family income was $647. 
Twenty-one of the 49 white-tenant farms were operated by the tenant 

and his family. These farms averaged 38 tilled acres, of which 21 
acres were in cotton, 13 in corn, and the rest in other crops. The 
average investment was $435. Six farms reported mortgages, aver- 
aging $100. The family labor was valued at $83, and with the aid of 
$37 extra labor they were enabled to make an average family income 
of $266 per farm. One-third of these families made less than $200 
for the year. Only three made incomes as high as $400. 

The average value of family labor on the 31 colored-owner farms 
was $198, while the average family income was $1,041. Ten of the 
colored-owner farms were operated almost entirely by the farm 
family. These averaged 69 tilled acres, with 41 acres in cotton, 20 
in corn, and 8 in other crops. Investment averaged $3,500. Six 
farms out of the 10 were mortgaged. The family averaged 8, with 
3 under 16 years of age, and the family labor was valued at $255. 
They hired $34 worth of additional labor. The family income was 
$853. Two of these families, each with 11 members, made over 
$1,000 each. Families averaging 3 or fewer made but little over $300. 

The value of family labor per farm for the colored tenants was 
$168, and the average size of the family was 5. The family income 
on these farms was $504. In 140 out of the 186 tenant farms almost 

all the labor was performed by the negro family. These tenant 
farms averaged 47 tilled acres, with 30 acres in cotton, 13 acres in 
corn, and 4 acres in other crops. Average value of working capital 
was $366. One-half of these farmers reported mortgages to the 
amount of two-thirds of their capital. Families averaged 6, family 
labor $159, and family income $421. One-third of these family 

farms reported 8 persons or more per family and an average family 
income of $561. 

Besides the income that these families are receiving, they have, 
as pointed out above, the meat and other animal products, fruits 
and vegetables, house rent, and ‘uel that are furnished by the farm. 
The value of these items that the farm furnish varies considerably, 
according to the standard of living each family maintains. From 
this study it is evident that this standard is much higher in some 
cases than in others. For example, the 31 white-owner families 
devoted an average of 20 acres to the growing of corn, small grains, 
potatoes, and other crops for farm and home use. One-half of these 
families raised and sold an average of $50 worth of such products 
over and above that needed for farm and home use. These farms 
reported the sale of such items as corn, oats, cowpea seed, peanuts, 
sweet potatoes, cane sirup, fruit, and garden products. Seven re- 
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ported the sale of meat above that needed for home use, 10 sold eggs, 
and 7 sold butter or other milk products. When we consider that 
these families have an abundance of these products for home use, — 

besides house rent and fuel, the family income of $551 they receive 
means much more than that sum earned by a city day laborer means 
to his family. 

The white tenants used 17 acres for the growing of crops for home 
and farm use. Of these family farms, over 60 per cent sold crops 
besides cotton, including corn, sweet potatoes, Irish potatoes, peanuts, 
sirup, oats, watermelons, and garden vegetables, but the sales 
amounted to only $27 per farm reporting. 

The colored owners used an average of 28 acres in growing crops 
for farm and home use. Only two reported sales from crops other 
than cotton, and this sale was for sirup and amounted to only $5 
in each case. Two families sold eggs to the amount of $5 each. 

The colored tenants used 17 acres for growing corn and other crops 
for farm and home use, but the yields most of these men received 
were very low. Of the 140 colored tenant family farms, 50 re- 
ported sales from crops other than cotton, but on 20 of the farms 
returns from these sales were less than $10. The average was $31 
per farm reporting, the sales being mostly of watermelons, sirup, 
and sweet potatoes, with an occasional sale of corn, cowpeas, and 
other miscellaneous crops. It was observed during this study that 
many of the tenants evinced no pride whatever in keeping the house 
and surroundings neat and attractive. Few had a well-kept garden. 
Twenty-one of these family farms did not raise pork for home use. 
Land is always available for truck gardens, and it would be an easy 
matter for these tenants to raise most of their food products if they 
had the inclination, but it often happens that this land is either de- 
voted to cotton and corn or left idle. The family income of these ten- 
ants is indeed very good. Where a tenant and his family with this 
small amount of capital can make $421 for their year’s work, besides 
house rent and fuel and farm products, they are doing exceedingly 
well. But the part of this income these men should be able to save 
will be determined largely by the advantage they take of the oppor- 
tunity of raising home products for family use. As the case is now, 

many farmers do a regular business of selling these tenants meat, 
grain crops, vegetables, and fruit. 

LANDLORDS’ PROFITS. 

The profits of the landlords in this region vary considerably from 
year to year. With but two exceptions, the landlords rented their 
farms in this region for a specified amount of the cotton, and the 

profits they received depended directly upon the price they received 
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for the cotton. Ordinarily the rent is on the basis of the number 
of mules necessary in operating the farm. The rent ranges from 
2 to 3 bales per mule. 

The landlords renting to white tenants had an average investment 

of $4,795 per tenant, and made a profit of 7.3 per cent. One land- 
lord rented for cash and received 5 per cent upon his investment. 

The average investment of the landlords renting to colored ten- 
ants was $2,719 per tenant, and they made a profit of 8.9 per cent. 
One of these farms was rented for cash and returned the landlord 
4 per cent. 

The profits that landlords realize on many of these farms are not 
comparable with the incomes of landlords in the Northern States. 
More or less supervision is given many of these tenants. The land- 
lord in many cases gives security for tenants’ credit or gives orders 
on stores for provisions and other supplies, settling with the ten- 
ants when the cotton is sold. Where no supervision is exercised by 
the landlord, the land worked by many of these tenants becomes 
more or less impoverished. 

THE RELATION OF TENURE TO FARM LOANS AND INTEREST BATES. 

Tt is an old and well-established custom in this region for farmers 
to borrow money for carrying on their business during the year. 
There are many ways of handling this loan, but the method quite 
generally used is that in which the farmer goes to the bank at the 
beginning of the year, places his order for the season’s loan, and 
draws it out as needed. This yearly loan is considered entirely sepa- 
rate from the mortgage loan which some of them carry. The mort- 
gage loan refers to real estate indebtedness or to debts carried over 
from previous years. In Table V is shown the average amount of 
yearly loan and interest rates paid on farms operated under different 
forms of tenure. 

Out of the 268 white owners, 60 per cent reported borrowing 
money for carrying on their year’s business. They borrowed on the 
average $940 each, at an average rate of 7 per cent. The men on 
farms of 150 or fewer tilled acres were paying 7.8 per cent, while the 
men on the larger farms paid 6.8 per cent. Undoubtedly the higher 
interest rates paid on the small farms were largely due to the small 
amounts borrowed. The men on the smaller farms only borrowed 
an average of $286 per year to meet their expenses, while the larger 
farmers borrowed $1,635. The small farmer evidently is just as safe, 
as only 33 per cent of them reported a farm mortgage, whereas 44 
per cent of the larger farms were mortgaged. On the average the 
smaller farms had a mortgage of $1,488 and paid 7.7 per cent in- 
terest. The larger farmers borrowed an average of $8,623 and paid 
6.6 per cent interest. 
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Of the white tenants, $4 per cent borrowed money for expenses. 
These men borrowed an average of $309 per year and paid 8.8 per 

cent interest. Over one-fourth (26 per cent) reported mortgages, 
averaging $353, with interest charges averaging 9.1 per cent. This 
mortgage represents 57 per cent of the total capital owned by these 
men. The amount these men borrow does not have so much influence 
upon the interest rate they pay as in case of the farm owners. The 
risk is much greater in making loans to men who own no real estate. 

The yearly loan was practiced by 94 per cent of the colored 
owners. These men paid somewhat higher rates of interest than the 
white owners, but the white owners borrowed three times as much 
per farm as did the colored owners. Of the latter, those in the 
smaller-size group borrowed $206 each and paid 10.3 per cent, 
while on the larger farms they borrowed $596 each and paid interest 
at the rate of 9.4 per cent. Data regarding the farm mortgages of 
these colored owners were not complete enough to be included in 
this table. On the average for all the owner farms the interest rate 
is about 1 per cent cheaper on the larger farms than on the farms of 
the smaller-size group. 

All but 6 of the colored tenants carried their yearly farm expenses 

on borrowed money. In many cases this money was either borrowed 
by the landlord and given out in small quantities to them or else he 
stood good for their loan. They borrowed an average of $153 apiece 
and paid interest at the rate of 10.6 per cent. Data were not com- 
plete regarding the number of these tenants carrying a mortgage 
on their working capital, but for those reporting, the average capital 
was $476, the mortgage $284, and the interest rate 10.5 per cent. 
Money loaned under these circumstances involves great risk, and con- 
sequently the interest rate is correspondingly high. 

Taste V.—Relation of tenure to farm loans and ‘interest rates (Sumter 
County, Ga.). 

Farms of 150 tilled acres Farms over 150 tilled 
or fewer in size. acres in size. All farms. 

| | | A 
Tenure. Per | hee Per ’ a Hee ' me 

cent of | ter- | cent of | er- | cent 0 [- 
farms | rant est farms | ie est farms pa est 
report * | rate. | report- | * | rate. | report- * | rate. 
ing. ing. | ing. 

| 

268 white-owner farms: | | Per ct. Per ct. Per ct. 
Yearly loan... ...- 53 | $286 | 7.8 70 | $1,635 6.8 60 7 
Mortgage loan... ._. 33 | 1, 488 | 7.7 44 | 8, 623 6.6 38 4,949 6.8 

49 white tenants: | 
Yearly loan......- 82 228 8.9 100 890 | 8.7 84 309 8.8 
Mortgage loan..... 27 265 8.8 (3) ReAKedadee ssesoaod 26 353 9.1 

31 colored owners: | | | 
Vearlysloan- ee 96 206 10.3 89 | 596 9.4 94 318 9.8 

186 colored tenants: 
Wearlyjoan- oe ese 97 | 145 10.6 75 633 10.6 97 153 10.6 

a Only one farm reporting. 
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THE RELATION OF TENURE AND CAPITAL TO PROFITS. 

In Table VI the white owners, owners additional, and tenants are 
classified into groups based upon the amount of capital invested 
and showing the number of acres tilled and labor income in each 
group. It is possible, with the present price of labor, to grow cotton 
profitably with a very inexpensive equipment, and hence one may 
begin cotton farming with a small amount of capital. This table 
shows clearly that the man desiring to farm with a small amount 
of capital has the best opportunity asa tenant. The second best prop- 
osition is that of owning a farm and renting additional land for rais- 
ing crops. The straight owner proposition is third. The reason the 
owner who rents additional land is making somewhat higher profits 
than the straight owner with the same capital is that he is able 
thereby to operate a greater acreage with a given amount of capital. 
Unless a farmer has a large amount of capital to invest, owning land 
and renting out a part of it is not desirable. 

Taste VI.—The relation of tenure and capital to labor income on 247 farms 
operated by white owners, owners additional, and tenants, Sumter County, 
Ga. 

Average number of tilled acres and average labor income in 
each specified tenure. 

Owners Owners additional Tenants 
Operator's capital. (160 farms). (38 farms). (49 farms). 

Tiled | Labor | Tilled | Labor | Tilled | Labor 
area. income. area. income. area. income. 

RUD DING! VESS 3 co GdoG6S SESS IAs ae eee (Olea eRe fo epioces= estes Icons tee ee We SRC as 39 170 
Pent GLO EEUU) cements ee SN Doe cee. c Smet emcee elmeas cotta cee none 70 460 
COL GOCCP DS case cee eee tee eee eee 25 139 40 250 137 928 

ROU INE OSSS OOO Se en ee cs eae le 45 122 67 529 259 1, 509 
OORT OMS O00 Ste ccs naceccec ls ccccse cle 62 329 93 717 323 2,725 
men OUIbOS9 OOS ees e eee Successes. 94 515 132 O87: aeeeeae cocleasenoscee 
SHON SION lel 139 736 264 O64) |e 2c a: JEShegt a 9o2 
SION S25 O00 eee 177 1,132 303 Sedu | Peete | Reece ae 
DUCE ANUS sa ae ae a ncaa 440 2,293 725 SHOE SE meneame Baseemaene 

The tenant farmer with about $1,000 capital has the use of 70 acres 
of tilled land, and, as compared with the hired man’s wages in this 
region, makes a very good labor income. In order to operate this 
much land as an owner renting additional land, which the data 
shows is the second best proposition, he would need three times as 
much capital. To operate the same amount of land as a straight 
owner he would require five times as much capital. 

The tenant operating a farm business representing an investment 
of between $1,000 and $2,000 has the use of considerably over 100 

acres of tilled land, while in order to operate this much land as an 
owner renting additional land he would require over $5,000 capital, 

and asa straight owner over $9,000. The largest farm operated by : 
white tenant contained 323 tilled acres. With $4,820 capital this man 



94 BULLETIN 492, U. S. DEPARTMENT OF AGRICULTURE. 

received a labor income of $2,725. In order to have operated a farm 

of this size as an owner additional he would have needed $21,000 
capital and as a straight owner over $25,000.1 

The relation of capital to profit indicated in Table VI holds true in 
other regions where studies of this nature have been carried on. The 
men with the most capital are, as a rule, making the highest labor 
incomes. This, however, does not mean that all the men with a large 
amount of capital are making large labor incomes. More capital 
gives additional chances for a larger volume of business, but unless 
the quality and efficiency of this business is up to the normal, the less 
business a man does the less he is liable to lose. 

PERCENTAGE OF TOTAL TILLED AREA 
CROPS RAISED 10 20 30 40 50 

COTTON 

CORN 

OATS 

WHEAT & RYE 

COWPEA HAY & SEED fine? py etcone 

OTHER HAY & FORAGE 

PEANUTS 

SORGHUM 

SUGAR CANE 

SWEET POTATOES 

WATERMELONS 

GARDEN & TRUCK 

FRUIT & NUTS 

Fic. 4.—Proportion of tilled area devoted to different crops (160 white-owner farms, 

Sumter County, Ga.). 

RELATION OF TENURE TO DISTRIBUTION OF CROP AREA. 

The long growing season, together with other favorable conditions, 
enables the farmers of this area to grow a large variety of crops and | 
in many Cases to use the land for more than one crop during the year. 

The length of the growing season for the year 1913 was 207 days. 
The crops are raised under the wage-hand and share-cropper systems 

of handling labor. Under the wage-hand system all the labor is per- 

17The tenant is at a disadvantage if farming in a region where the land is increasing in 

value. If the land is increasing or likely to increase in value a tenant would be better 

off to invest what capital he is able to secure in land, even though the size of his business 

and profits are lower than as a tenant. In computing the labor income the increase in 

land value is not taken into consideration. 
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formed by wage hands. Under the share-cropper system a share of 

the crops is given for the labor, while the operator furnishes the land, 
equipment, work stock, pays part of the expenses, and supervises the 
work. 

Table VII shows for each class of tenure the percentage of crop 
land devoted to each crop when grown as a first crop and as a second 
crop. The accompanying chart (fig. 4) presents graphically the per- 
centage distribution of crop area on the 160 white-owner farms. 
Under the present organization of these farms cotton is the crop of 
far greatest importance. It is well adapted to this region and does 
well on both clay and sandy soils. It occupies 59 per cent of the 
crop area of the region. This crop is handled by both wage and 
share croppers, but the proportion of the cotton area operated under 

these two systems varies under the different classes of tenure. In 
case of the colored owners and colored tenants a very small propor- 
tion of the area is farmed under the share-cropper system. The 
three classes of white owners have about 57 per cent of their crop 
area devoted to cotton, while the white tenants have over 63 per cent. 
Both colored owners and colored tenants have a higher percentage of 
their crop area in cotton than do the white operators. 

TABLE VII.—Relation of tenure to distribution of crop area (5384 farms, Sumter 
County, Ga.). 

White operators. Colored operators. 

Crops. Owners, Owners; Owners, Owners, 

Owners.| addi- AY Tenants.| Owners.| addi- Pp Tenants. 
tional rented tional rented | 

: ad out. out. 

Number of farms......-...--. 160 38 70 49 12 11 8 | 186 

Percentage of tilled area in— | ‘ 
Wage cotton............. 21.7 22.4 23.8 40.5 52.0 46.0 29.0 58. 2 
Share-cropper cotton ..-.- 34.9 35.0 33.1 22.8 7.8 17.5 33.1 7.3 

Total cotton........... 56.6| 57.4| 56.9| 63.3] 59.8] 63.5| 62.1 65.5 

Wage com............... 15 16.7 15.1 20.4 26.1 21.4 13.7 24.5 
Share cropper corn... ..-- 13.5 1325 11.3 5.9 4.3 4.8 17.3 2.4 

if f. 

Motalicomeeesess. see. 28.5 30.2 26.4 26.3 30.4 26.2 31.0 26.9 

Oats for grain............ Oates 7a) toe 5.4 4.0 4.2 2.2 7 
Wheat and rye Be 4 3 5 oll 80} fl eaisoneee Bheasae re (2) 
Cowpea hay and seed.... 6 4 2.0 583 (a) Eifel Reeaeesae 6 

Second crop......-... 12.3 10.5 7.7 8.3 12.4 9.7 11.4 Sal 
Other hay and forage..... iat 122 1.2 1.6 2.9 9 32 2.0 

Second crop...-...... SU 1.0 9 1.5 Dede eee 22h 7 8 
IPGELOTISR= Rese eae ee aaa 1.3 ial 9 1.3 avi eet 3 4 

Second crop.......-... 11583 1.2 4 oi) ISU} Seance Ay | bee Bees 
DOLSMMIMNeme eee eee cee cece 563 oe 3 a2 Sil 1 it] =e 
USAT CANG ees wes se ciec 503 oe 72 oP) 4 7 2 -4 
Sweet potatoes........... 4 4 3 33} 4 6 6 | -5 
Watermelons............ 3 Sil oil Sul ji 4 Su 3 
Garden, truck, etc....... 7 7 1.0 <7 9 6 -3 5 
Fruits and nuts.........-. ail il (2) (GC) asses Sel oak. ae Oe Beseeeeee 

Total per cent of crop area | j 
used for second crop......-. 14.3 12.7 | oO: 10.3 15.8 Csr 12.5 6.5 Co 

« Less than one-tenth of 1 per cent. 
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Corn, the crop second in importance in this region, is grown by 
practically every farmer and occupies over one-fourth of the tilled 
area. Corn and fodder constitute the principal feed for live stock. 
Corn is also quite generally used as a family food. The area devoted 
to this crop in the different classes of tenure ranges from 26.3 to 31 

per cent of the total tilled area. As a rule the owners are devoting 
more attention to raising corn than are the tenants. 

The small-grain crops are third in importance in utilizing the land 
for first crops. Oats are the principal small-grain crop grown in this 
region, and are also of much importance as a hay and pasture crop. 
They are well adapted to a wide range of soils and can be harvested 
early enough in the summer to utilize the land for other crops which 
may be harvested the same season. Much of the oats harvested as a 
grain crop is fed in the sheaf. Asa grain crop oats occupy from 7 to 
10 per cent of the crop area on white-owner farms, 5 per cent upon the 
white-tenant farms, and 4 per cent or less upon the farms with col- 

ored operators. Wheat is grown on a small number of farms in this 

area and returns only fair yields. While only a few farms grow rye 
as a grain crop, it is used more extensively as a cover and green- 
manuring crop. In regions north of this county these two crops — 

occupy a larger acreage and give much higher yields. 
Cowpeas occupy an important place in the agriculture of this 

region. As this plant is of tropical origin, it grows well during hot 
weather, completing its growth in from 3 to 4 months and thereby 
making it possible to grow it at times when the land would otherwise 
be idle. Cowpeas are not only valuable as a hay and seed crop, but 

have a high soil-fertility value as well. The area devoted to this crop 
for hay and seed is shown in Table VII. There were, in addition, cer- 
tain farms where cowpeas were sown and plowed under during the 
year for their fertilizing value, but complete records of the acreage 
treated in this manner were not secured. The cowpea is the crop of 
greatest importance in the utilization of land for the second time dur- 
ing the year. It occupies only a small percentage of the first-crop 
area, but as a second crop it utilizes as high as 12 per cent of the tilled 
area on some tenures. The usual practice in this region is to follow 
grain crops, usually oats, with cowpeas for hay. On corn ground 
cowpeas are usually sown during the last cultivation. When this 
can be done the cost, above that for seed, is very small. After 

harvesting the cowpea seed the vines are left on the ground for 
pasture or to be plowed under. 

There are a number of other crops used for hay, but the areas of 
these are of such minor importance that they are grouped together as 
“other hay.” Oats occupy the most important place in this respect, 
while rye, peanuts, sorghum, vetch, Bermuda grass, meadow hay, 

beggarweed, or crab grass were reported in small scattering areas. 
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The portion of the crop area devoted to these crops is fairly evenly 
divided between first and second crop land. 
Few farmers in this region grow peanuts as a money crop. Only 

enough seed is harvested for farm use; the rest of the crop is used 
as feed for hogs, the hogs doing the harvesting. Peanuts give very 
satisfactory returns as a feed and can be grown as a second crop 
during the year. Less than 2 per cent of the crop area is devoted to 
peanuts. 

Saccharine or sweet sorghum is used mainly as a forage crop. It 
returns very satisfactory yields and a number of the farmers devote 
small areas to it. 

Sugar cane, sweet potatoes, and watermelons are raised mainly for 

farm and home use and occupy about 1 per cent of the crop area. 

PERCENTAGE OF TOTAL RECEIPTS 

ENTERPRISES 30 40 50 

COTTON ees is Tz EB SLES 
CORN 
SMALL GRAIN 

HAY 
CANE SIRUP 
SWEET POTATOES 

MISCELLANE’S CROPS 

INCREASE IN FEED 

CATTLE 

HORSES AND MULES 

HOGS 
POULTRY 

MISCELLANEOUS 

Fic. 5.—Proportion of farm receipts from different sources (160 white-owner 

farms, Sumter County, Ga.). 

Many of these farms have an area devoted to growing garden veg- 
etables and truck crops for use in the home and supplying hired labor. 
The large amount of labor maintained on these farms makes the 
growing of these crops quite essential. 

The owners devote a larger portion of the crop area to raising farm 
feeds and home supplies than do the tenants. 

THE RELATION OF TENURE TO DISTRIBUTION OF FARM RECEIPTS. 

In Table VIII is shown the distribution of receipts on farms oper- 
ated under the different classes of tenure. Figure 5 represents 
graphically the percentage of distribution of farm receipts on the 
white-owner farms. 

This table brings out clearly the importance of the cotton enterprise 
in this region. On the farms worked by white operators the receipts 
from cotton and seed alone range from 86.4 to 89.8 per cent of the 
total for each tenure. In case of the farms worked by colored oper- 
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ators, even a larger amount of the farm receipts comes from the 
sale of cotton, the range averaging from 87.5 to 94.2 per cent of the 
total receipts. 

Practically all the corn crop is required for feed and family use. 
A large portion of it is used for feeding work stock and the large 
number of hogs kept. 

While Table VII shows that the colored operators devote about 
the same proportion of area to corn as do the white operators, the 
former received much lower yields and consequently were not able to 
sell nearly as large a portion of the crop. For the entire area the 
receipts from corn are less than 3 per cent of the total farm receipts. 

Taste VIII—The relation of tenure to distribution of farm receipts, Sumter 
County, Ga. 

White operators. Colored operators. 

Setaa Gh i Owners, Owners, Tenant Owners, Owners, Tenant 
oO COLS: Owners | addi- erie (farm | Owners| addi- Eten (farm 

(163 tional Si basis) (12 tional aut basis) 
farms). (38 (70 49 farms). (1 ( (186 

farms)¢. farms)¢. farms)ec. farms)c. farms)@ farms) ¢, 
| 

Percentage of income from— : 
Cottons essen Cates 75. 4 75. 8 79.3 76.8 81.7 78. 4 81.0 82.8 
Cottoniseed!a-cesecs eee eeee 11.0 11.0 10.5 12.1 9.4 9.1 (083 11.4 

Mofalicoptone- ---eeeeee 86. 4 | 86.8 89.8 88.9 91.1 | 87.5 88. 3 94.2 

Corn soe ceeesc ess nee eae 3.4 3.3 2.1 2.2 1.1 5 3.8 6 
Grainicropss-s-neeeeee ee 1.2 ila 4 Ali) BERR See oo mccaclsancuecs a locaagos 
Cow pea hay...-........- Sif .6 a2 5 (2) 2)\ UL see (2) 
Other hay and forage. (@)) WlSseceeene () en SeCRenes eee ocdioc seis (ssonocosslscsesoce 
Cane sirup -.-..-- -6 4 4 4 Z 9 2 2 
Sweet potatoes. -- +3 «4 eal -3 1 3 1 3 
Fruit and nuts... -.-- (@) sal ail (@) | fowlgascee | eee eenel aeeeee see (a) 
Miscellaneous crops. - -6 sil (2) ae 3 a2 -5 2 

Rotalicrops see ees esee 93. 2 92.8 93.1 93.1 92.8 89.6} 92.9 95.5 
| —=! 

Increase in feed and sup- -9 1.9 2.2 3.3 3.9 4.6 6 2. 
[OWS Eseeseeeeonssauacade 

Cattleo en. le .8 4 .6 6 a7 1.7 4 | 5 
Horses and mules.......-.. 57 2 (a) Lil ee eee FOS cute Sa eee 

OPSs ste ses See e ee tee 2.3 1.3 9 6 (a) (2) a2 (a) 
Poulter oe a eecce nec 5 oY} : 5 2 2} 
BOGS rears en teen. See (a) (ae [(@) (@)) | BSc SEs eS (a) 

motalistockss=- cess esas 3.8 2.1 ibi/ 1.8 1.0 2.2 8 8 
Miscellaneous sources. . -. .| 2h iL 3.2 3.0 1.8 2.3 3.6 5.7 1.3 

«Less than one-tenth of 1 per cent. 
> Two farms reported goats. 
© Does not include the landlord’s receipt on additional land rented. 
4 Includes owner’s receipts on part of farm rented out. 
© Landlord’s and tenant’s receipts combined. 

The other crop sales are of only very minor importance and con- 
sist of grain, hay, sirup, sweet potatoes, watermelons, and other 

crops, including some fruit and a few garden products. The sale 
from these items is relatively higher upon the white-operator than 
upon the colored-operator farms. 
The item of feed and supplies is only a small receipt and repre- 

sents the increase in value of feeds and other supplies on hand at 

| 

| 
the end of the year above that on hand at the beginning of the year. | 

sf ae eS ee ee 

eo) a eee se ee Se ae 

24 

4 
rh | 
? 
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The receipt from live stock and live-stock products in this area is 
a very small item. Very little attention is given the live-stock in- 
dustry. Aside from the mules, usually only enough cows, hogs, and 
poultry are kept for farm use. With the present yields it requires 
practically all the crop land above that devoted to cotton for sup- 
plying the needs of farm and family in carrying on the business. 
Hogs are the most important live-stock enterprise. Besides sup- 

plying farm needs, they return more than any other class of stock. 
So many laborers are required for the operation of these farms that 
a large number of hogs are slaughtered each year for supplying them. 
The other live-stock receipts are from the sale of dairy products, 

cattle, horses, mules, colts, and poultry, and on most of the tenures 
constitute about 1 per cent of the total farm receipts. 

The receipts from miscellaneous sources return these farms a small 

income each year. These miscellaneous receipts include such items 
as returns for labor done outside the farm, for wood sold, and for 
cotton ginning, and rent of land or buildings. 

THE RELATION OF TENURE TO DISTRIBUTION OF FARM EXPENSES. 

In Table IX is given the percentage distribution of the more im- 
portant items of expense. Almost all the labor in this region is per- 
formed by the colored man and his family. The wage hand is paid 
from $10 to $18 per month and rations. It is the general custom to 
issue the rations to the laborers by the week or month. Some of 
these rations are purchased and the operator usually attends to the 
buying of these provisions and issues them to the hands. Rations 
are furnished wage hands and advanced to croppers. Some of the 
larger farms maintain commissaries or stores, which give the owner 
the advantage of buying by wholesale. Labor is generally employed 
by the year in order to have it at times when most needed. In many 
cases it is necessary to advance wages. Practically all labor is con- 
tracted for during the latter part of December or at the first of the 
year. 

The first four items of expense shown in Table IX include the 

entire expenditure for labor other than that done by the operator, 
namely, expenses for wage hands, for extra labor for “ chopping ” 
and picking cotton, cropper’s share of crops, and the value of the 
labor performed by the operator’s family. In case of the white 
farmers, over one-half of the labor expense is paid to share croppers 

and their families. On the colored farms a much higher percentage 
of the labor is performed by members of the family. The variation 
in the expense for labor is from 41 per cent to 56 per cent of the 
total farm expenditures in the various tenure classes. The expense 
for repairs of machinery and buildings is greater upon the white 
operators’ farms, but the expense for fence repairs.and terraces is 
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about the same in all classes of tenure. The time and expense put 
upon fences or terraces represents in all cases only what was neces- 
sary. The fundamental reason for the difference in the upkeep of 
buildings, and especially the dwellings, is that the occupant of the 
tenant house is not the owner and neither the landlord nor the 
tenant has the interest in the property that the owner occupant has. 

Taste IX.—Relation of tenure to distribution of farm expenses (5384 farms, 
Sumter County, Ga.). 

White operators. Colored operators. 

MLE et. Owners | Owners Owners | Owners | Tenants 
Items of expense. Owners} addi- part ener Owners | addi- part (farm 

(160 tional | rented basis) (49 (12 tional | rented | basis) 
farms). (38 out (70 farms).d farms). qi out (8 (186 

farms). >| farms),¢ |*27™4S). farms). |farms).¢| farms).@ 

Percentage of total expense 
represented by— 

Wagenandssas-ce 2a = 12.4 10. 4 16.8 10. 2 4.9 5.4 4.4 
Cotton picking and chop- 

ping (extra labor)... --- 6.9 6.8 6.7 8.6 9.6 4.0 6.5 4.8 
Share croppers..-.--..----- 34. 4 29.3 29.0 24.9 9.3 17.7 26.8 8.2 
Family labor-.....----.-- 2.0 2.3 stl 5.5 28.3 14.3 9.0 28.6 

Motvallapor-sseseee eee 55.7 48.8 53. 2 49.2 52.1 41.4 52. 2 46.0 

Repairs— 
Machinerys5s.--eee 1.4 1.7 1.7 -9 .8 git 1.9 .8 
Buildings222- 22-2 2.-- 2.4 2.8 4.0 1.4 -4 ail 3.4 Sti 
ences S23 st2-- seme 5 583 .4 -3 75 73 2 75 

Terracine seasno eae ace -3 sil 2 oe oil Oe boweniccer 2 
Feed, hay, etc.......---.- aH) 6 9 1.2 1.0 .6 .8 Sc 
Feed, grain, etc .......-.- 1.8 1.5 2.1 3.9 4.6 250) 2.2 4.6 
Horseshoeing........----- 2 52 ae, a2 SP) 42 33 a2 
Breeding fees and veteri- 

MALY. Sse soe EE 574 Sal nit ABS Pee aoes ee sal .2 si 
Seeds and plants.......-.- 9 9 1.4 1.5 1.0 aii) 1.2 11 
Fertilizer— 

Croppers:-cesoeta- 25-5 13.2 12.7 11.5 9.1 3.9 9.4 12.2 3.5 
Wiarolandees hia ee 13.9 12.1 12.5 19.4 22.6 Wf 9.5 26. 2 

Thrashing and twine..... -3 -3 su Aa eee pate rossclodscancs- (a) 
Ginning, bags, and ties--. 4.6 4.6 4.0 6.3 6.1 6.2 8.0 7.2 
Machine hire, fuel, and oil 12 2 £6 EO) (2) Pale cee at 
Insurance. 2522 5242-222 ee <3 aif at) 52) |. SSsacce 4] Ree See -1 
PPAR ES Sec ninite Mee ee eoecte 2.3 2.3 3.8 3.0 3.8 2.2 4.4 3.6 
Interest on loan.......... 8 1.4 2.4 2.2 2.9 1.8 2.6 2.7 
Mule hire se ec pese cot |aheekisaee lteecee cee tees eae 3B [ook se ances| Seeceoee sl eee eee SiC 
G@ashirenties ses: tae see esate sae (Ae Besar 3 scedaeces pereaace Mee sso5sSellssocasees 
Miscellaneous...........- 55 HY) .6 mal | So aeee wee i152? .9 (2) 

’ Dees not, teiige Tanalonine: epee on additional land rented. 
¢ Includes expenses on part of land rented out. 
4QLandlord’s and tenant’s expenses combined. 

The expense for feed purchased, such as hay, fodder, grain, and 
concentrates, is much higher upon the farms operated by colored 
farmers. In other tables it is shown that much of their additional 
expense is due to the very low yields of crops they receive. In case 
of the white farmers the expense for feed ranges from 2.1 per cent 
for the owners renting additional land to 5.1 per cent for the tenants. 
For the colored operators this item of expense ranges from 3 per 
cent for the owners with part rented out to 6.3 per cent for the 
tenants. In a study and comparison of these farms it is evident that 
the colored farmers provide a smaller proportion of farm feed for 
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their stock and garden products for their family. Wage hands and 
share croppers generally depend upon the farm operator to supply 
them with these latter products. 

The expense for fertilizer is of much concern to these farmers, as 

this item embraces one-fourth or more of the farm expenses. The 
share croppers are held responsible for their share of this expense 
for fertilizer shown under share-cropper fertilizer. On both the 
white-tenant and colored-tenant farms, the percentage of total farm 
expenditures for fertilizer is higher than on the owner farms. This 
does not mean that these men use more or better fertilizer than the 
owners, but that the greater number of them buy in small quantities 
and ready mixed. The owners in many cases buy fertilizing mate- 
rials and do the mixing at home, and many of them buy in large 
quantities. The cash expense for cotton ginning runs much higher 
on the farms operated by white tenants and all colored operators. 
This is due mainly to the fact that nearly all the cotton gins are on 
the white-owner farms. The interest and depreciation charges upon 
these gins are not considered in these expenses. 

The proportion of expenses required for taxes is, on the average, 
about 3 per cent, varying somewhat in the different tenures. The 
item of interest paid upon money borrowed for the payment of the 
year’s operating expenses is only a small item when compared with 
the expenses of the farm as a whole. This expense is a little higher 
upon the white-tenant farms and on all the farms operated by col- 
ored farmers, but is below 3 per cent of the total in all classes. The 
expense for the hire of mules is an item of much concern to some of 
these tenants, both white and colored. Five of the white tenants 
and 28 of the colored tenants hired mules. The charge for the use 
of these mules during the year is very reasonable, being, with few 
exceptions, $25 per mule. These mules were usually owned by the 
landlord. The expense for rent of land was 7.9 per cent upon the 
white-owner-additional farms and 14.2 per cent on the colored- 
owner-additional farms. Labor and fertilizer constitute three- 
fourths of the expenses on these farms. 

RELATION OF TENURE TO THE PERCENTAGE OF RECEIPTS REQUIRED FOR 
OPERATING EXPENSES. 

In Table X is shown the average receipts and expenses and the 
percentage of receipts required for cash expenses in the different 
classes of tenure. This table shows why the chance of heavy loss is 
so great in straight cotton farming. The fact that this crop occu- 

pies such a large portion of the crop area and involves such a heavy 
outlay of money for production makes heavy loss certain when yield 
or price is low. With the cash expenses 60 per cent of the receipts 
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it can readily be seen that if for any reason these receipts should 
drop 40 per cent there would be little if any income left for interest 
on investment and to pay for the farmer’s labor. The raising of an 
abundance of farm feed and of garden supplies is of ee eedinoly 
great value in tiding these farmers over occasional years of low re- 
turns, such as are ovina under the present type of farming. 
Where a man has but one cash crop a failure is a serious matter, 
since he is thus forced to carry all of his expenses for another year. 

The average receipts and expenses on these farms are some indica- 
tion of the size of business they are doing. Both the white owners 
and white owners additional have receipts averaging above $4,000 
per farm, while the owners with part rented out have, on the average, 
$6,400 receipts per farm. The average receipts on 378 farms operated 
by owners in Chester County, Pa., were $2,312 per farm.t In the case 
of the farms operated by white farmers about 62 per cent of the 
receipts on the owner farms are required for expenses. The white 
tenants show a lower expense when figured upon this basis, it being 
52 per cent of the farm receipts. The colored operators show a lower 
percentage of the receipts required for expenses, averaging about 
58 per cent upon the owner and 51 per cent upon the tenant farms. 

The percentage cash expenses of the total receipts are naturally 
lower upon the smaller farms, as the operator does the work of a 
farm hand, while on the large plantations his time is entirely taken 
up in supervising the work. On the tenant farms the value of the 
work done by the operator was 16 per cent of the receipts, while with 
the owners, where a larger business is done, it averaged 10 per cent 
upon the white and 13 per cent upon the colored farms. This ac- 
counts for the fact that the expenses of the white tenants and of all 
the colored operators as compared with receipts are relatively low. 

TasLE X.—Relation of tenure to percentage of receipts required for operating 
expenses (Sumter County, Ga.). 

White operators. | ~ Colored operators. 

Owners Oveners, S| | Tenants Owners oe S| Tenants 
Owners.) (addi- reed | | (farm | Owners.| (addi- re (farm ‘ , \ eae 

tional). out). | basis ). tional). out). basis) 

Number of farms.....-..-..-. 160 38 70 | 49 12 11 8 186 
Average total receipts........ $4,097 | $4,594 | $6,400} $1.953 | $1,659 | $1,646 | $3,107 $1, 165 
Average total expenses....... $2,555 | $2,796 | $3,963 | $1,023 $977 $955 | $1,812 3589 
Average percentage of re- | 

ceipts eee os operat! 
ing expenses... i . 62 61 62 52 59 58 58 51 

1U. S. Department of Agriculture Bulletin 341. 
2Landlord and tenant receipts and expenses combined. 

, 
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RELATION OF TENURE TO YIELD PER ACRE. 

Table XI shows the average yields of the more important crops 
grown in this region for each class of tenure, and for each race. This 
table indicates the possibilities of increasing profits by getting higher 
yields. The yield of cotton and of corn grown on the land worked 
by wage-hand and share-cropper labor is shown separately. As a 

rule the land worked by wage hands seems to return the highest 
yields. However, this increase in yield can not be due to the superior 
efficiency of the wage hand over the share cropper, for, as a rule, the 
latter is the more industrious laborer. The three more vital factors 
influencing the production of the higher yields on land worked by 
wage-hand labor are: First, closer supervision by the operator or 
manager; second, the land worked by wage hands usually includes 
the most fertile land on the farm; third, this land usually receives a 
heavier application of fertilizer and may have more benefit from 
vegetable matter plowed under than does land worked in other ways. 
The large variation in yield of crops found in this area was not due 
so much to the difference in the quality of the soil upon which they 
are grown as to the difference in method of tillage, holding soil 
fertility, and planting of seed. Keeping up the productiveness of 
these soils is a problem of much concern. Practically all these 
farmers have to depend upon growing crops for supplying organic 
matter, a thing vital to the maintenance of productiveness in this 
region. With the long growing season a tremendous quantity of 
organic matter is used up each year. The soils also lose considerably 
from erosion unless they are kept well covered. By plowing under 
cotton and corn stalks and leguminous crops, together with the aid of 
fertilizer, many of these farmers are keeping their land in a compara- 
tively high state of fertility. Some of these farms could realize sub- 
stantial increases in yields by selecting better seed as to germination 
and climatic adaptation, using better tillage methods, and exercising 
more care in the choice of fertilizers and their application. The 
yields of crops on the farms in the different tenure classes show some 
variation, but the comparison of most importance in Table XI is 
that between the yields received on the farms of white and of colored 
operators. A bale of cotton, as used in the discussion throughout 
this bulletin, means 500 pounds of lint cotton. The average yield of 
cotton on the 317 farms operated by white farmers was 0.55 of a bale 
per acre, while on the 217 farms operated by colored farmers it was 
0.41 bale per acre. Corn on the average yielded 4 bushels per acre 
higher upon the white-operator farms than upon the colored-operator 
farms. 
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TABLE XI.—Relation of tenure to yields of crops per acre (584 farms, Sumter 
County, Ga.). 

White operators (317 farms). Colored operators (217 farms). 

Crop. Own- eal All Own- | OWD- ou 
Own-| ers | white | Own-| ers Ten- - s _| part | Ten- nae : i t ored 
ers. Bagi Fall pented ants. sen oe pdr rented| 228: | oper- 

.a hoe out. ators 

Yield per acre of— 
Wage cotton.....-. bales..| 0.61] 0.66] 0.57] 0.45 | 0.58] 0.41] 0.48] 0.33] 0.42 0. 42 
Share cotton........ doss-: -53 -ol .53 - 46 -02 -37 - 46 34 41 39 

Total cotton...... do.... -56 .5o7 -55 - 46 -55 -41 . 44 .34 . 42 -41 

Wage corn....... bushels. .| 16.00 | 16.00 | 10.00 | 12.00 | 14.00] 8.00] 9.00] 9.00] 9.00 9.00 
Share corn.........- do....} 13.00 | 11.00 | 12.00 | 13.00 | 13.00} 8.00] 11.00] 8.00] 9.00 8.00 

Total corn........ do....| 15.00 | 14.00 | 11.00 | 12.00 | 13.00} 8.00] 10.00} 8.00] 9.00 9.00 

Sweet potatoes..... -do..../103. 00 |117.00 |104.00 | 77.00 |102.00 | 62.00 |107.00 | 62.00 | 79.00 | 78.00 
Oats for pra aS Sora) do....} 26.00 | 30.00 | 25.00 | 32.00 | 27.00 | 10.00 | 26.00] 8.00] 16.00] 16.00 
Cowpea ney: Eee RGONSe| meebo .42 .74 61 61 25 .73 54 50 49 
Cane sirup...-- # --gellos.- 181200 /161.00 |191.00 |202. 00 182. 00 |209.00 | 96.00 |153.00 [138.00 | 122.00 

«Does not include crops on Jand rented out. 

Only small areas per farm are devoted to raising sweet potatoes, _ 
vet the differences in yield per acre upon the colored and white farms 
would be of some importance in supplying family needs. 

A very small acreage of oats is raised for grain upon the colored- 
operator farms, and the yield is 11 bushels less per acre than on 
the white-operator farms. Cowpeas when grown with good methods 
produce as high as 2 or 3 tons per acre, but owing to the wide range 
of methods practiced upon these farms the average yield is very low, 
the white operators getting but 0.61 ton and the colored operators 
but 0.49 ton per acre. 

Sugar cane yielded an average of 182 gallons of sirup per acre 
on the white-operator and 122 gallons upon the colored-operator 
farms. The average area devoted to sugar cane by the colored oper- 
ators was 0.45 acre. If they had realized yields equaling those of 

the white operators they would have had 27 more © gallons of sirup 
per family. 

The share croppers are getting on the average 0.13 bale of cotton 
and 5 bushels of corn more per acre on the white-operator farms 
than they receive on the colored-operator farms. In a comparison 
of the share-croppers’ yields of cotton and corn with those of 
the colored tenants, it will be observed that the croppers have a 
considerable advantage. The colored tenants are getting on the aver- 
age 0.42 bale of cotton and 9 bushels of corn per acre. The share 
croppers on the white-operator farms are getting 0.52 bale of cotton 
and 13 bushels of corn per acre. The white tenants also get better 
yields of crops than the colored tenants. While it is true some of © 
these tenants are on the poorer soil types, yet that is only one 
factor, as the greater portion of the colored tenants represented in i 
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this study are farming on the same farms with the share croppers. 
Where tenants do not know how to direct the operation of a farm 

and need supervision, they are better off as share croppers, as then 
they receive the benefit of the landowner’s experience in farming. 

There is no doubt that on the soils farmed year after year by 
many of these colored farmers the supply of vegetable matter is be- 

ing depleted much faster than where the use of more crops, such as 
cowpeas, velvet beans, etc., is practiced to supply the soil with ni- 
trogen and keep it in good mechanical condition. Better farm prac- 
tice is the governing factor in returning the white farmers the higher 
yields. Many of them plow under heavy leguminous crops to supply 
vegetable matter to the soil, and they use more fertilizer and practice 
better tillage methods than does the colored farmer. The latter, as 
a rule, is very deficient in many of these respects. 

SIZE OF FARM. 

Where farms are devoted almost entirely to raising crops, as they 
are in Sumter County, the size of the farm is the most important fac- 
tor bearing upon the effective use of capital and labor involved in 
the operation of the farm. In Tables XII to XXIV the number of 
tilled acres per farm has been used as the measure of size of farm. 

RELATION OF SIZE OF FARM TO AMOUNT AND DISTRIBUTION OF CAPITAL. 

In many regions the amount and distribution of capital necessary 
in operating a farm depend upon the type of farming one desires to 
follow. Since only one type prevails in this region, the only influenc- 
ing factor on amount and distribution of capital is the size of the 
farm business. 

The relation of size of farm to amount and distribution of farm 
capital on the 160 white-owner farms is shown in Table XII. The 
farms in the smallest size group average 34 tilled acres and have 
$3,000 capital; in the next group they average 74 acres and have 
$6,365 capital; in the third size group they average 123 tilled acres 
and have $10,226 capital; in the fourth size group they average 194 
tilled acres and have $16,190 capital; in the fifth group they average 
328 tilled acres and have $30,921 capital, and in the largest size group 
they average 595 tilled acres and have $53,253 capital. The average . 
amount of capital in these different size groups is practically the 
Same per tilled acre. 
When the capital is divided into real estate and working capital, 

we find the former item comprising approximately 80 per cent of the 
total capital in each size group, and working capital 20 per cent. It 
is when these two items are subdivided that differences in the size 
groups are found. 
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TABLE NII.—Relation of size of farm to distribution of capital on 160 farms 
operated by iwhite owners, Simter County, Ga. 

Farms grouped according to the number of tilled acres per farm. 

Distribution of capital. [) , Me | oe ey hal i 
50acres| 51to | 101to | 151to | 251to | Over Total 
and less. 100 acres. 150 acres.|250 acres. |450 acres. /450 acres. 

Wum bur ofdarms 2:2 Shh cess esstccce teens 25 41 | 40 31 12 ll 160 
Number of tilled acres per farm ......-. 34 74 123 194 328 595 158 
‘Totalicapital pen jarm|s2 ss. o- eee $3,000 | $6,365 | $10, 226 | $16,190 | $30,921 | $53, 253 | $13,773 

Percentage of total capital in— : oe e 
MAN ss oe sees -ceiseins se senekecces: 58.5 63.1 61.3 62.7 68.5 69. 7 65.1 
Hlouses-.23 452. Shao OE EEE 14.5 9.1 10. 4 8.4 4.3 2.5 6.8 
TMenanighnousess qos eee eee nee 1.6 4.1 4.3 5.3 4.6 5.9 4.8 
Ginfandequipmient.<. 652i eee ae eae eee a 4 2.0 2.2 9 
Other buildings! ee a ee 5.7 4.1 4.0 3.2 2.1 2.1 3.3 

Movaliresliestate: «case ceeceseeas 80.3 80. 4 80.1 80.0 81.5 82.4 80.9 

Wrorkstock ance saccesee sce caseeece ie ae 7.3 Usd 8.2 6.5 7.3 
Other live 'stock'3232 222 ees 2.5 Hee) Ea 1.6 1.0 4 1.3 
Machinery sos sen-atasecsce eee eeen 2.8 2.8 2.6 2.8 Dail 2.9 2.8 
Feed and supplies. ...............-- 4.8 4.7 DID 5.9 4.5 4.5 5.0 
ASH BT Ae amet conde s ome ae 2.4 3.0 2.8 2.0 Zn 3.3 2.7 

‘Totalworkine capitaleesses sees 19.7 19.6 19.9 20.0 18.5 17.6 19.1 

The lowest percentage investment in land is found in the smallest- 

size group of farms and the highest percentage in the largest-size 
group. With the exception of the second size group the percentage 
of investment in land increases as the size of farm increases and the 
percentage of total real estate remains about constant. This means 
that the percentage investment in buildings must decrease as the 

farms increase in size. It is noteworthy that the percentage invest- 
ment in dwelling houses decreases rapidly as the farms become larger. 
It is 14.5 per cent on the smallest farms and only 2.5 per cent on the 
largest farms. The percentage of investment in dwellings on the 
small farms being so high it would seem that these farms should 
have better dwellings than the large farms; in reality, they are not 
so good. The average value of dwelling per farm in the various 
size-groups, beginning with the smallest-farm group is $485, $580, 
$1,065, $1,362, $1,818, and $1,314. With a farm investment of $3,000, 
a $435 house comprises 14.5 per cent of the total investment; while 

with a farm investment of $53,253 a $1,814 house comprises only 2.5 
per cent of the total investment. Each of the three groups above 
150 acres has the same grade of house, but on the 151 to 250 acre 
farms the house comprises 8.4 per cent of the total investment, on 
the 251 to 450 acre farms 4.3 per cent, and on the largest farms 2.5 
per cent. Only one-fifth of the farms of the smallest size group 
have houses worth over $500 and only one has a $1,000 house, while 
on the farms of the largest size group only one has a house worth 
less than $1,000. 

Quite naturally there are many more tenant houses on the large 

farms than on the small farms and even the percentage investment 
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in this item increases as the size of farm increases, with the single 
exception of the 251 to 450 acre group. Only one out of three of 
the farms with 50 acres or less of tilled land has a tenant house, 
while of the farms with 51 to 100 tilled acres 83 per cent have tenant 
houses. All the farms of over 100 tilled acres have tenant houses, 

ranging in number from 2 to 26, according to size of farm. The 
farms from 51 to 100 tilled acres average 2; from 101 to 150 acres, 4; 
from 151 to 250 acres, 6; from 251 to 450 acres, 9; and over 450 

acres, 18 per farm. 
On the farms of the smallest-size group no cotton gins were found 

and but 1 until the farms reached over 150 tilled acres. Ginhouses 
and equipment constitute over 2 per cent of the total investment in 

the groups of 251 to 450 acres and of over 450 acres. 
The investment in barns, sheds, etc., has been grouped under one 

heading as “other buildings.” This investment is relatively higher 
on the smaller farms, but the relation is not so marked as it is with 

the dwellings. 
Of the working capital the item of “ other live stock” is the only 

one showing any variation from size of farm. On the farms of the 
smallest size group this item comprises 2.5 per cent of the total in- 
vestment and then there is a decrease as size of farm increases, until 
on the farms of the largest size group less than one-half of 1 per cent 
of the investment is in live stock other than work stock. 

The items of work stock, machinery, feed and supplies and cash 
for operating expenses show practically the same relative importance 
for all size groups, the variation for any of these items from the 
average of all farms not equaling 1 per cent. 

The highest percentage of investment in cash to run the farm 
occurs in the largest size group. A large proportion of the men on 
the larger farms furnished money for the payment of their yearly 
expenses, yet the average outlay was so large that a number of these 

had to borrow additional money. There were others who depended 
entirely upon borrowing for this purpose. 

The variation in the different size groups of the investment in 
work stock is of no consequence. Where a slight variation does exist 
it is due primarily to a difference in the value of work stock per head. 

Table XIII shows the relation of size of farm to the amount and 
distribution of investment on the 186 farms operated by colored 
tenants. The amount of capital invested upon these farms by tenant 
and landlord ranges from about $2,000 to over $7,000. The size of 
the farm operated by these tenants has no particular bearing upon 
the proportion of capital invested in real estate, live stock, machinery, 
and other working capital, excepting in case of the smallest size 
group. In this grouy: the investment in real estate is high and in 
work stock low, due mainly to the fact that each of many of these 



38 BULLETIN 492, U. S. DEPARTMENT OF AGRICULTURE. 

tenants hires a mule. (See Table XIX, p. 44.) The smallest size 
group averaged 1.2 head of work stock, the middle group 2.3, and 
the largest size group 4 per farm. If all the men upon these farms 
had owned their work mules instead of a part of them renting, the 
proportion of this investment would have run practically normal 
in all groups. The investment in other live stock was of very minor 
importance. Three-fourths of these tenants owned cows, the average 
value per head being $24. Eight out of every 10 of them kept a 
few hogs for meat and most of them kept from 10 to 30 chickens. 

TABLE NIII.—Relation of size of farm to distribution of capital on 186 farms 
operated by colored tenants, Sumter County, Ga. 

| Farms grouped according to the number 
of tilled acres per farm. 

Distribution of capital.¢ = 
| | 
| 50 acres. | 51 to 100 Over 100 
| and less. | acres. acres. Total. 

INET Yer OE MIR 3" Sune ese Sa SrigEEeee se ab saomooecocrQunooe 96 68 22 186 
Numberiofiilled/acres per tanmiae- cme ee ee eee ee eee 35 68 136 59 
Motalicspibeliqo erste 0 Sees eee eee eee eel ee $2, 021 $3, 418 $3, 210 

Percentage of total capital in— 
Teer hee bias CEL RASC DSSS S Ge iain: eee peta LE 76.9 75.8 78. 77.0 
Tenant ibouses:. ao fesse eS ees ee eb ence x 6.8 5.3 5. 5.7 
Otheribuildings®: 2222 22225 282 ees eee En cine e| 2.4 2.2 i. 2.0 

Topal/‘realtestate ss 550 we aes LIRR See A eee | 86.1 83.3 84.7 

Work stock." 3--. AI Sets Ay PD ROE RIN a Sealy 8.3 7.6 
Otheriliv.e stock: se 35253. Ses ee ae coe ak eee 1.7 1.4 1.4 
Machinery? stcccigisie. sib he SOMME con SST Seer Lo 2.0 2.2 2.0 
Heed andisuppliesh:- =: h ec: seers eS eee 3.3 4.5 3.9 
Gash reese. 2 oat Noses SARS PU AR DNS Are eo eee Se 2 533 .4 

Total;working'capitallssi=. = 232553:4- 28 Se eel 13.9 16.7 3 | 

«Vandlord’s and tenant’s capital combined. 

The fact that a large percentage of these colored tenants used for 
the breaking, preparation of the land, covering of the seed, and the 

cultivation of the intertilled crops, but one crude plow drawn by one 
mule, explains why the working capital represents less than 15 per 
cent of the total investment on these farms. The quality of the 
buildings furnished these tenants is much below that used by the 
owners. The climate here is such that cheap buildings are very com- 
fortable during the greater part of the year. This, together with 

self-interest, prompts landlords to build as cheaply as possible. 

RELATION OF SIZE OF FARM TO PROFITS. 

The size of the business is one of the most important factors af- 
fecting farm profits. A farm must do a certain amount of business 
in order to yield a satisfactory income. The small farm has rela- 
tively much more of its capital in the form of unproductive invest- 
ment than does the large farm. Labor, mules, and machinery cover 

——— 
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relatively smaller areas on the small farm than on a good-sized one 
and are not so easily kept continuously busy. Moreover, the over- 
head charges are proportionately smaller on the larger farms. 

In Table XIV is shown the relation of size of farm to capital, re- 
ceipts, expenses, farm income, and labor income on the white-owner 

farms. The farmer on the farm of the smallest size group, with 
$3,000 capital, made a farm income of $288 and a labor income of 

$138. Even if these men were free from debt, so that the payment 
of interest would not be necessary, they would rarely be able to 
save any money after paying the year’s living expenses out of a farm 
income of $288. 

The men operating farms of from 51 to 100 tilled acres and having 
twice as much capital as those of the first group are making a labor 
income of $307, while the men with 101 to 150 tilled acres are making 
a labor income of $636, which is over double that of the group below 
them. The capital invested by the men in this group is over three 
times that of the first-size group. 

TABLE XIV.—Relation of size of farm to capital, receipts, expenses, and income 
on 160 farms operated by white owners, Sumter County Ga. 

Number A Average « Farm Labor 
Tilled acres per farm. i eh : capital. Receipts./ Expenses.| j,come. | income. 

50 acres and less....-.-- 3 iE eee 25 $3, 000 $794 $506 $288 $138 
il HO TMU DEVS CS te ee a ee 41 6, 365 1,773 1,148 626 307 
HOMO 50 acreSec ss) 2-22 2-- == <= ---- 2 40 | 10,226 3, 186 2,039 1,147 636 

Total, 150 and less tilled acres. ...... 106 7,028 2,075 1,333 743 391 

MH IREOMZOIACTOSeeue teense ccs cec st ecee ree. 31| 16,190 5,749 | 3,565 2,184 | 1,374 
RIRLOMDUACTES oS) s) 022-22 feces eee 12] 30,921 8, 639 5, 682 2,957 1,411 
Wversb0 acres see scss ee a. 2--- 2-6-2 11 53, 253 17, 528 11, 642 5, 886 3, 223 

Total, over 150 tilled acres........... 54 27,013 8,791 5, 681 3,110 1,759 

Grand totale ce. -2-2--22--0--25-5--5- 160} 13,773 4,342 2, 800 1,542 | 853 

Of all the 160 farms operated by white owners, there were 66 per 
cent with 150 or less tilled acres per farm. The average capital on 
these farms was $7,028, and they made a labor income of $391. In 
other words, two-thirds of these owners got on the average less than 
$400 for their year’s labor. The other one-third, with larger farms 
and an average of $27,013 capital, made an average labor income of 
$1,759. The volume of business on these farms was over four times 

that on the farms of less than 150 tilled acres. The farms with the 
larger business give in proportion larger profits, providing the 
business is profitable. If, however, a farmer is doing a losing busi- 
ness, the less he does of it the better. 

In Table XV is given the relation of the size of farm to capital, 
receipts, expenses, and profits of the tenant, and the landlord’s per 
cent upon investment on 186 colored-tenant farms. Over one-half 

of these tenants were on farms of 50 or less tilled acres, and with an 
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average of $281 capital they made an average labor income of $196. 
The value of family labor was $91, and by adding this amount to the 
farm income the average family income is $301 for this group. The 
landlord on these same farms had an average investment of $1,740 
and made a profit of 8.8 per cent. 

The tenants on farms of from 51 to 100 tilled acres in size, with 

an investment of $573 apiece, made an average labor income of $357. 
The value of family labor was $237, family income was $622, land- 
lord’s profit 10.3 per cent. 

The tenants in the largest size group, with over four times as 
much capital as those of the smallest-size group, made an average 
labor income of $573. Family labor was valued at $292, family 
income was $1,029, and landlord’s profit 7.4 per cent. 

TABLE XV.—Relation of size of farm to capital, receipts, expenses, and income 
of operator and landlord on 186 colored tenant farms, Sumter County, Ga. 

Land- 
Num- | Aver- ene Farm |y,.,+;,,| Labor | Land- | lord’s 

Tilled acres per farm. ber of ; age nee ae in- oy in- |lord’s | profit 
farms. | capital.) CP'S: | P°OSCS-) come. - | come .| capital.) (per 

cent) 

o0lacresiand less 222. a. . =e 96 $281 $336 $326 $210 $91 $196 | $1,740 8.8 
ol LO OO acresa as eee neeee cee 68 573} 1,120 735. 385 237 357 | 2,845 10.3 
Overl00lacresee es 22} 1,154] 2,332) 1,595 737 292 679 | 6,597 7.4 

Motaleoyn 5 ose 186 491 962 626 336 168 312 | 2,719 8.9 

Of the 186 colored tenants 182, or practically 98 per cent, were 
operating farms of 150 or less tilled acres per farm. These men had 
an average of $459 capital, and made a farm income of $316 and a 
labor income of $293. The average capital of the landlord was 
$2,543; profit 9.1 per cent. 

The profits of these tenants were in direct proportion to the size 
of business they were able to handle. The tenant farming the most 
acres usually had the largest family, and the value of the labor per- 
formed by the family was highest. The older tenants were on the 
larger farms. In the smallest size group their average age was 42, 
in the next larger size group it was 44, and in the largest size group 
it averaged 48 years. The tenants reported hauling their cotton an 
average of 5.8 miles to market, with no relative difference between 
the size-groups. Tenants with a small amount of capital devoted 
to crop farming have greater opportunities in this region than in 
regions where live stock is essential, because the live-stock enterprise 
calls for much additional investment above that required for raising 
crops. 

RELATION OF SIZE OF FARM TO DISTRIBUTION OF CROP AREA. 

In Table XVI is shown the relation of the number of acres of tilled 
land per farm to the distribution of crop area on the white-owner 
farms. The farms in the smallest size group had 45.9 per cent of 
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the crop area devoted to cotton and 38.4 per cent devoted to corn, 
while those in the largest size group had 64.3 per cent of the crop area 
in cotton and 22.3 per cent in corn. Every one of the 160 farmers 
raised both cotton and corn; 21 of these men had below 40 per cent 
of their crop area in cotton, and 12 had over 70 per cent; 15 had less 
than 20 per cent of their crop land in corn, and 37 had over 40 per 
cent. 

TABLE XVI.—Relation of size of farm to distribution of crop area on 160 farms 
operated by white owners, Sumter County, Ga. 

Percentage of crop area in each specified tilled acreage group. 

Crop. 
50 acres | 51 to 100 | 101 to 150 | 151 to 250 | 251 to 450 | Over 450 
and less. | acres. acres. acres. acres. acres. 

aWiaeeicoutom..-..---.--.-.-..- seeee Sacbec 31.5 22.1 13.1 19.9 25.9 25.7 
Share-cropper cotton ....-....-.----------- 14.4 25.7 39. 4 37.3 30.9 38. 6 

‘MoE CONC Coss so5esssesadeccsose 45.9 47.8 52.5 57. 2 56.8 64.3 

DVIAP BICOL eran -si-tseta las iclieeicine ia. - HDdebc 34.3 22.3 14.8 13.7 16.9 9.5 
Share-cropper corn.......-...-.-- Seietrntesie's 4.1 13.9 16. 2 15. 2 10.4 12.8 

Hhotalconneeascees ssa eee icici eas 38. 4 36. 2 31.0 28.9 27.3 22.3 

WONTSHOWenAINE verses. fase G- <- cil seb 6.3 8.5 9.1 9.1 11.9 9.0 
Wheat and rye for grain..................- a2, sl a .8 all nz 
Cowpea hay and seed..---.-.-.-..-- sbeose 153 .8 .8 () .8 3 

BEONGICTOD seetraeise\ fics si atai=ioyain(~)=te)~ 12. 4 10.1 11.3 11.4 13.4 14.3 
Other hay and Horace Wego G ai se 1.3 2.2 .8 -8 9 ae 

MECOMMICHODs scot ase] secs o scene os -|eee Nicos 1.0 4 193 WEB) | Wesco saces 
Peanuts ene. =< - soecbde sees guaNEEOBee 2.8 Le7 25 12 4 aff 

DECONGICLOP ses e- ees -2 =.= = --- = 2 - 1.6 1.4 255 Peal Bohl BEeSsecbse 
LTT, (ob tepedeee nee afl 39) 3B a3 ap os 
ROM Pa AMO Re rasa ees sie eo lcior cs aicie sae cece ad! a5 5) 583 32 2 
Sweet DOUIOES 65 Sab soc donee ee eee neeeee 1.1 6 6 3 5) 3 
RV AUERINCLONS eee cisis senso enone oc eee eee atl 4 4 ail 4 4 
Bardens CnC CLCies ssn cin-2-cee cc --- 1.2 9 .6 1.0 4 1.0 
“co UE Tin) TEES 5 co cs Doe GEE a sal <3 (1) ail au 
Total per cent of crop area used for second 
MO|D.cosdecteccosendesdesooqsepoESeeosase 14.0 12.5 14.2 14.8 15.0 14.3 

1 Less than one-tenth of 1 per cent. 

Oats for grain were grown on three-fourths of these farms, but 
the acreage generally was smail. On one-half of the farms report- 
ing, less than 10 per cent of the crop area was in oats. Only a few 
grew wheat or rye for grain, and the proportion of area devoted to 
these is about the same in all size groups. 
Cowpeas are of great importance to all these farmers as a second 

crop. Of all the land devoted to such crops 85 per cent is occupied 
by cowpeas. There is no wide variation in the different size groups 

in area devoted to second crops or hay and forage crops. Practically 
all the minor crops shown in Table XV are, relatively speaking, 
grown more extensively on the small farms than on the large farms. 
The larger farms devote more area to cotton. The small farms tend 
more to diversification than ?o the large plantations. Unless the 
man on the small farm raises feed for stock and products for home 
use he generally suffers a very serious financial setback in case of a 
poor year. 
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Table XVII shows the relation of size of farm to distribution of 
crop area on colored-tenant farms. This table reveals most strikingly 
the similarity of crop conditions that exist in each size group. Over 
90 per cent of the crop area on these farms is devoted to raising cot- 
ton and corn, and the only particular variation in the distribution 
of this area is that on the larger farms a little more area is devoted 

to cotton and less to corn. As compared with the white owners in 
Table XVI, these tenants have about 10 per cent more of the crop 
area in cotton. This table is of most interest in showing how little 
attention these farmers give to the growing of crops other than 
cotton and corn. Besides these crops, oats for grain and forage crops 
grown for hay are the only ones that occupy over 1 per cent of the 

tilled area for first crops. The area devoted to second crops is mostly 
used for growing cowpea hay and seed. Excepting in the smallest 
size group there is no relation between size of farm operated and 
proportion of the tilled area used for a second crop by these tenants. 
They utilize less than one-half as much of the crop area for second 
crops as do the white operators. 

TABLE XVII.—Relation of size of farm to percentage of crop area devoted to 
each crop on 186 farms operated by colored tenants, Sumter County, Ga. 

Percentage of crop area in each 
specified tilled acreage group. 

Crop. = 

50 acres | 51 to 100 | Over 100 
and less. | acres. acres. 

IWiagelCOLtonn cs foe See as te eee se ne onicec emia ein ye eee Meee cee 64.9 60. 2 47.7 
Share\croppericottone case es eee sae ses eee ao see ieee ae aslo insole 4 4.6 19.4 

Motalicottonbes-c=-=4-ee- ese 6s SAN ABS SSNS aaee oc sce ganado 65.3 64.8 67.1 

SWhACS COMM! Boer saa settee ial aoe see eete aoteeee eet meeeiitictersieieaciciere 27.9 26. 2 18.2 
SHALSCLOPPOl COND ese meee = eee ee eee eee pe eee eerie 2 Gil 6.8 

ANG Cans Shs oatoosare and scscocnsedbabedannon>coouscsogsboradeadee 28.1 27.3 25.0 

ORS Graphs So ocsigsncogencaweoeshsaacmnGsbooedesecdsoccs swgpedopos eds 1.9 3.0 3.0 
Wihedtiandinyeiforerain\< eee eee eon eee er een mee te-2 Scie eos | Sate hee eee (a) 
Cowpea hay and seed... --- auahtass es 1 4 1.3 

PCOUCICIOP == - senses Ae eae 26.9 4.8 5.6 
Other hay and forage........-.-- 2.3 2.0 1.5 

Secondicropse see see oer 5 13 -3 .5 
ean LSeeeee en ee scene ee eee eee nae 2 5 -6 

Second Cropee eens sees ses 3 Stl besc5oss—° 5 
Sorphum ler h i ee be Ra Sk EE ee SSCS StS he 2 a2 2 
Ruear canes see sass ser cs ote ree ieee wae SG AE) ae SEE j2m Job Soe aa Boise 53) -5 3 
Sweet potatoes.......-..-.- Daa Ses Se nee oe eno Be EE ne Oa oem aie A) 5 4 
Wiatermelonss.ercsesee sue Eseries sees Bo sae Stes aise. Sees .3 .3 2 
Garden truck ete. ees 3 as eee Reece) eee 8 5 4 

otalcottonianG\corm se ea26 see se toes ee eee eee octet ee 93.4 92.1 92.1 
Potaliall other cropsee 22 Je ace = eo ee eee ee SOA ORE RENE sae 6.6 7.9 7.9 
Total per cent of crop area used for second crop......-.------- Be Se eaates 8.5 5.2 6.1 

“Less than one-tenth of 1 per cent. 

RELATION OF SIZE OF FARM TO DISTRIBUTION OF FARM RECEIPTS. 

Table XVIII shows the relation of size of farm to distribution of 

receipts on the farms operated by white owners. With the exception 
of the farms of the smallest size and largest size groups, the receipts 
from cotton and seed have about the same relative weight in all the 

j 
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size groups. The smallest size group has the greatest diversity of re- 
ceipts, while the largest size group has the least. This substantiates 
the data shown in Table XVI, which brings out the fact that the men 
on the small farms devoted less area to cotton and more to the raising 

of diversified crops. 
Of these 160 farmers, only 1 in 7 received less than 70 per cent of 

his total receipts from the sale of cotton and seed, while over one- 
fourth the number had over 90 per cent of their receipts from this 
one source. Cotton ranges from 76 per cent to 91 per cent of the 

total receipts in the several size groups. Only 9 men received more 
than 10 per cent of their total receipts from the sale of corn. ‘The 
receipts from this source range from 1.5 per cent in the smallest size 
to 3.7 per cent in the largest size group. Nearly all the grain receipts 
are from the sale of oats. Thirty-two farms reported the sale of oats, 
but on 28 of these the receipts from this source were less than 10 

per cent of the total. Very little hay was sold. T'wenty-five farms, a 
few from each group, reported receipts from hay, but on only 3 of 
these farms did the receipts exceed 10 per cent of the total sales. 
Fifty-nine of these men sold cane sirup, but the receipt from this 
source was usually below 5 per cent of the total and only exceeded 
10 per cent on 2 farms. Thirty-three farmers sold a few sweet pota- 
toes and 9 received small receipts from the sale of fruit or nuts. Mis- 
cellaneous crop receipts include sales on a few farms and in small 
amounts of cowpea seed, peanuts, watermelons, and garden products. 

TaBLE XVIII.—Relation of size of farm to type of farming, as indicated by 
sources of income on 160 farms operated by white owners, Sumter County, 
Ga. 

| Percentage of total receipts in each specified tilled-acreage 
group. 

Source of income. 50 acres | 51 to 100 | 101i to 150) 151 to 250 | 251 to 450 | Over 450 
and less acres acres acres acres acres 

| (25 (41 (40 (31 (12 (1 
| farms), | farms). | farms). | farms). | farms). | farms). 

SOOT So Le ee Cane ae ee a 69.1 74.8 75.2 75.0 72.9 78.4 
OLLOMUSeCed as iss ee eee ae SO AL. Teal 9.6 10.5 10.1 12.2 12.5 

MOtalecottOMee eee ee see | 76.2 84.4 85.7 85.1 85.1 90.9 

Sinn: ca Re a 1.5 2.5 3.8 Sz 3.1 3.7 
SiO PRINS SS Sao abe Sree eet eae 5 -8 8 1.0 2.0 185 
TEDW; nao Gana Sen aan ee er reine | 9 5 38 1.0 .6 1.0 
(Chea) SURRY a) es 5 5 oe ee ae 1.4 8 6 ial oi) mall 
weet potatoes... 22.0. 2222.5. 66. le eee ate 53 58) (a 6 2 
Bruitand nuts: --.-....--. 2.2.2.2 62.25... - ail (a) -2 (a) ee At a a a ee 
Miscellaneous crops....-.-.--------------- atl ub 6 2 ot 5 

Motallcrops!s 201... 2...-- A eS 8l8 89.8 92.5 92.1 92. 6 97.9 

Increase feed and supplies.........-.-.---- | 6.3 | 1.6 46) 1b GO) beeeesese 3 
SEETTTEL Lis eres EGS Ga eo SP ee 3.4 1.8 2.0 4 sa (2) 
Horses and mules...............--.-.----- Oh Sees .3 sil NGh | Sree teem 
QE s ooteo ds US SE OE Re AEE ae ee eeeae 3.4 2.3 2.4 4.7 1.4 3 

TPO UB c Seis SES Se cee ee eee Deo) i193 1) 5) 4 (2) 
SOU GIUMMME amr aie oS es sulk (@) Rapala ee eS 22. cae parween ae wees 

Memeeotalistockten cos ees. 9.9 523 5.9 5.4 2.7 -3 
Miscellaneous sources............--------- 2.0 Sac eat 152 4.7 15 

“Less than one-tenth of 1 per cent. >'Pwo farms reported small sales from bees. 
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The receipts for practically all the farm crops sold, outside of cot- 
ton and seed, are of a local nature, as very few of these crops are 
shipped out of the county. 

The increase in feed and supplies represents a gain in the amount 
and value of feeds and other farm supplies at the end of the year 
over that on hand at the beginning of the year. This item was of no 
consequence, excepting in the smallest-size group, where an in- 
creased amount of cotton seed was held over for seed, feed, and fer- 
tilizing purposes. The receipts from crops and feed and supplies 
constituted over 98 per cent of the total receipts upon the farms in 
the largest-size group. 

The receipts from the sale of cattle, hogs, and poultry and their 
products were relatively of more importance to the farmers with the 
smaller farms. Live stock and products constituted 9.9 per cent of 
the total receipts on the farms in the smallest-size group and less than 
1 per cent in the largest-size group. As a general rule, above the 
mules necessary for carrying on the farm work, only enough live 
stock is kept to use up the feed crops raised on the farm that have 
no sale value. 

The receipts from miscellaneous sources are of minor importance 
and vary from 1.1 to 4.7 per cent. 

Table XIX shows the relation of size of farm to the distribution of 
receipts on colored-tenant farms. Over 90 per cent of the total farm 
sales from these farms comes from cotton alone. On the average, 
no other farm receipt equals 1 per cent of the total, excepting feed 
and supplies and outside labor. No variation is shown between the 
size of farm and distribution of receipts. 

Taste XIX.—Relation of size of farm to distribution of farm receipts on 186 
farms operated by colored tenants, Sumter County, Ga. 

Percentage of total receipts in each speci- 
fied tilled-acreage group. 

Source of income.a 50 acres | 51 to 100 | Over 100 Total 
and less acres acres (186 

(96 (68 (22 farms) 
farms). | farms). | farms). ; 

Cottons a ei aa Fan oh iE eat 5 Ste Sd Ae es | 82.2 83.0 83.4 | 82.8 
COPTAD Seed eee ee ey ee Foes Oe alc eeen ee mee | 11.7 11.0 11.4 11.4 

Potal’cottonic pew se See we Seem eis el eee Sic cal 93.9 94.0 94.8 | 94,2 

CONT Re as oes eee es ieee Se Bas ot eS RE Ls Sa eects 72 2 aoe 6 
Smalligrains.. . ofS dco jose ne ecle Hedal owns Mebejen Wodins|aceebes 2 6|S 00s Es See eee er 
Eis ee site ae Soe SY oS a bee eee eee neat |} (db) ail Sil (i) 
WATIBIBIDILD Sette oe tae seer aeons icteiclaleiotat amarante oe ene tere i=? 2 3 2 2 
PWECU POLALOCS See ae crises ice ciieeie else eismerr selec ieee eee 2 4 ail 3 
Bruitand mutes: Sst see ee ee ee: Bete 28 doe Omg Est eee A a RS ae ah | (0) 
miscellaneous cropse- =. eee ee eee Pee feasts oe eee 3 4 (>) 2 

MOtaCropss sea ete coool Oe anes neers slon aero Te 94.8 95.5 96. 5 | 95.5 

Increase infeed 'and supplies! - 5/283 .22 22282 Sew osteee ace ee 2.3 2.4. 2.2'| 2.4 
Cattle: Saree ee sec: SS eR ee .6 4 5 | at 
Horsesiang mules: 2 soso cecrisoee te eee ee ae oe ieee SRE Sees Eee So S5 505555 Sascaaac 

(4) 2 ee RP any let Stat Reb Eas way ee ORNS ax ore alas lh eet aet sel bla c.cicesc ai! (6) 
Poultry.s. F-2ase tech pean eee ace ee cee oa eee 4 3 -2 | 

Oval stokes sep eee Bs Sain mS see Toa. charade eae ee 1.0 ail .8 8 
OUTSIC OA DOr 2 eee ee oe eee eee eee ae eles Se | 1.9 1.4 ti) | 1.3 

“ Landlord’s and tenant’s receipts combined. 4 Less than one-tenth of 1 per cent. 
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RELATION OF SIZE OF FARM TO DISTRIBUTION OF EXPENSES. 

Table XX shows the relation of size of farm to the distribution 
of expenses on the farms operated by white owners. The larger 
the size of business, the greater becomes the expense for different 
things, even though the proportion may be constant. The average 
expense for labor outside that performed by the operator was $196 
per farm in the smallest-size group and $5,412 in the largest-size 
group. About one-half of the labor expense on the largest farms 
was for share croppers. In all the size-groups, except the first, the 

expense for labor was over 50 per cent of the total farm expendi- 
tures. This low labor cost, so noticeable in the smallest-size group, 
and also showing to some extent in the 51 to 100 acre group, is due 
to these farms being of such size that the operator did all or a part 
of the work of a laborer. After these farms become of such size 
(about 100 tilled acres) that the operator’s time is mostly taken up 
in the general supervision of the business, the expense for labor is 
higher and quite uniform. The small farms furnish a greater 
amount of family labor than the large farms, but this difference is 
offset by the fact that the larger farms hire more wage hands. 

The machinery-repair charge is considerably higher on the larger 
farms, chiefly because these farms maintain more numerous and more 
expensive implements than do the smaller farms. The building- 
repair expense runs quite uniform in all the groups, but repairs of 
fences are relatively higher upon the smaller farms. 

TABLE XX.—The relation of size of farm to distribution of farm expenses on 160 
farms operated by white owners, Sumter County, Ga. 

Percentage of farm expenses in each specified tilled acreage 
group. 

Item of expense. 50 acres | 51 to 100 | 101 to 150 | 151 to 250 | 251 to 450) + Over 
and less acres acres acres acres | 450 acres 

(25 41 (40 (31 (12 11 
farms) farms) farms) farms) farms). | farms) 

Verena siete oa ee cicielcie ele ciwe'e 6.4 8.6 EY) 12.2 15.9 15.4 
Cotton picking and chopping (extra labor). 2.6 6.5 4.2 5.7 8.0 Oot 
MMALCKCrOPPelSiee ete tele secs e ce wees. sais 21.4 31.8 42.7 37.8 29.7 30.5 
Inara hy TES) Ste See Buea eURe ce nee eeeeeee Ee 15.2 4.7 3.0 1.9 Sou basis ceise oe 

io tabla boryaeeeeser icc sce ace sc 45.6 51.6 57.8 57.6 54.1 55.6 

Repairs: 
IMacChinenyescece nt seciic cine clneis sie noe 5 9 40) 1.0 1.3 207 
BULGES en ees eens ne ote 2.6 3.6 1.8 2.0 3.0 2.2 
HG CES eee ee I eee 4.3 9 4 6 SEs Gatos 

SeRmaAcin pee eee han scien. fosisee ce eeces 7 3 3 .4 (a) 2 
Feed: | 

AVA CLOMRe aaa a see eee re 9 m6 4 SU 6 | 32 
Graintercee se ane 6.4 21 2.9 127, 1351 11 

Elorseshoeinee ene m cna Na ie 3 4 593) 52 533) al 
Breeding fees and veterinary...........--- (¢) 2 .2 32 «2 1 
Needs and plantseaeee eee ese. 2.2 ileal 8 ileal 4 8 
Fertilizer: | 

Croppersiease so. seas se 5.7 10.3 15.9 12.6 11.2 14.8 
iWarelandiee ss aS 20.3 geal 9.0 12.4 17.6 | 14.5 

Thrashing and twine ...... ail a2 4 4 54 2 
Ginning, bags, ties, etc 4.7 5.1 5.0 4.6 5.1 | 3.9 
Machine hire, fuel, and oil................- | ai al 5P ay 52) 6 
BESTinancommeen eerie hes Suinwwcisisieisicioe + vis a) 3 3 a) 5 sl 
DEES. | Scag cn esC CHOSE e Eee DE EOE EEE nears 3.5 3.1 2.5 | OE 2.4 | 1.6 
ATErESUOMIOAM een ee otc sce ceo teense 8 1.2 1.0 gal 4 | -6 
SMISCOIIATICOUS Meee on ce vo ccsccisccsnckecees 8 -9 3 3 at SU 

@ Less than one-tenth of1 per cent. 
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The purchase of feed is a small item of expense when considering 
all these farms together, but in this study of the farms in the several 
size-groups most of the feed that is purchased is bought by the 
smaller farms and consists chiefly of grain and concentrate feeds. 

The cost of fertilizer was $112 per farm for the smallest-size group 
and $3,032 for the largest-size group. The larger farms have the 
higher percentages of expenses for fertilizer. This is in accord with 
Table XVI, which shows that these large farms raise more cotton. 
Practically all the small farmers hire their cotton ginning done, 
while many of the farmers on the large farms own gins. The outlay 
per bale, however, is about the same in either case, when the expense 
for cloth, ties, interest, depreciation, etc., are all considered. 

Taxes are proportionately higher upon the small farms, ranging 
from 3.5 per cent for the smallest-size group to 1.6 per cent for the 
largest-size group. The interest charge on the loan for carrying on 
the farm business during the year is of only minor importance when 
compared with cash expenses as a whole. 

TABLE XXJI.—Relation of size of farm to distribution of farm expenses on 186 
farms operated by colored tenants, Sumter County, Ga. 

| 
| Percentage of farm expenses 

age group. 

Item of expense. l Tm 
50 acres | 51 to 100 Over 100 
and less acres acres 

(96 (68 (22 
farms). | farms). | farms). 

Wage hands 88: h.sesces oes eee en 
Cotton picking and chopping (extra ee 
NNAaLe CLOppers=s-- ee eee ne eee wes Be ‘ 
Wamilyalabonscas jase Geen ce Se Se eater eee oe oer ae 3: 30. 34. 

ITOPA abo ree eGe = Ses pete eel eel ee ye ale one Ty Aiea eae ce hme i 4 

aE iaeht 

Wee aos NRwWO 

oebe se 

N Fe FE CONT CRN WAI 

Ll 

DP 990 go 

= is) 
~ 

rep) ° © Q : 

EP ag he se eo: a 

CON BPNNEN UAIWS 

Seeds and iarits poset ite mctclecs aise ne Seitivisiele = Bieta aunus clo rep minis e ercle eee tetotere 
Fertilizer: . 

Croppers! asco acces be kicnet cc eset bien See cate ee teed oe ee eee : 
Witte TANG ee Bee eae ie Dae mk rot ecae acetate oe iene enna 32. 

UY ASH INP AUC SLWAMe Ses nates eter aot ore eben area a ete ae art Cae oN See eee (b) 
Ginning ;bagsiandties ee soncsee henson pee aciae elie RPS nee ei ee ee is 
Machine tire fieliand oils) 12 Soe ive SS eeren eee (b) 

— 
i 
~~ 

NE RNWNMEA CHO © NOE 
IMSCOLIATICOUS a. 5 eich cise ith re bate ee oe Oe a Cymer a (d i 
Mule hire: 525) eee eS Aa eee eine ere ee oan eer eer en 

«Landlord’s and tenant’s expenses combined. » Less than one-tenth of 1 per cent. 

in each specified tilled acre- | 
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In Table X-XI is shown the relation of size of farm to distribution 
of expenses on 186 colored-tenant farms. It will be observed that, 
with the exception of a little labor in “ chopping” and picking cotton, 
all the labor on the farms of 50 or less tilled acres is performed by 
the operator and his family. Even on the farms between 50 and 100 
tilled acres the operator and his family did the greater portion of the 
work. On the farms above 100 tilled acres in size the labor expense 
was 53 per cent of the total expenses. Most of the additional labor 
necessary in operating the large farms is performed by share crop- 
pers. These men buy considerable feed, purchases averaging 2 per 
cent for roughage and 5 per cent for grain feeds. Practically all this 
purchased feed is for the keep of work mules, as the mule represents 
about all the stock of the farm of this type, aside from a cow and a 
few chickens. This item seems to be most important upon the very 
small farms. 

The expense for fertilizer is 30 per cent of the total. This expense 
averaged $100 per farm in the smallest-size group and $406 in the 
largest-size group. Many of the tenants have little or no capital free 
from mortgage, and in order to purchase fertilizer on credit they are 
compelled to pay exorbitant prices to cover the greater risk. The ex- 
pense for taxes averaged 4.5 per cent upon the smallest-size group 
and 2.9 per cent on the largest-size group. Practically all the tenants 
borrow money for the payment of operating expenses and pay rather 
high interest rates. This item ranges from 3.5 per cent of the total 
cash expenses in the smallest-size group to 2.2 per cent on the largest- 
size group. Labor and fertilizer constitute three-fourths of the total 
expenses of the 186 farms. 

RELATION OF SIZE OF FARM TO YIELD OF CROPS. 

In Table XXIT is shown the relation between size of farm and 
yield of crops on the 160 white-owner farms. 

In a region devoted strictly to crop farming, and especially where 
the area devoted to one intensive crop, as cotton, occupies over one- 
half of the available crop land, the yield and price received for this 
crop becomes of first importance in relation to profits. The yield of 
cotton is so closely associated to farm profits that the large farmer as 
well as the small farmer is striving for maximum yields. It will, 
therefore, be noticed from Table XXII that size of farm does not 
materially influence the yield of cotton. 

The yield of corn varies in the several size groups, with a tendency 
to somewhat higher yields upon the large farms. ‘The three smaller 
size groups are each below the average, 15 bushels, while the three 
larger-size groups are each above that average. 
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In a comparison of the yield of oats for grain, the large farms seem 
to have a slight advantage. 

TABLE XNNXII.—Relation of size of farm to yield per acre of crops on 160 farms 
operated by white owners, Sumter County, Ga. 

| Yield of crops per acre in each specified tilled acreage group. 

Crop. | 
: | 50 acres 51 to 100 |101 to 150 151 to 250 251 to 450/Over 450 | Total 

andless acres. acres. acres. acres. } acres. we 

-_ aaa | .= eas 

Wiare cotton s7-t no 6s .2 2. . ole bale. . 0.50 0.58 0.62 0.68 0.55 0.63 0.61 
Share-cropper cotton...........-- do....| 02 | .O7 -o4 56 50 30 53 

Total cotton..........-...- aleepey [piesa Bae? .56| 60 52 55 56 

Wrapotcorn ten uk eee bushels... 13. | 13 14 19 18 igen | 16 
Share-cropper corn.........--.-.. dosase | 14 ; il 11 14 16 14 13 

Wotal corns 22 Act eiees doth Pay ehie 13°. (City aah 16 15 

Oats for grain........----.-----+- dos. 2-| WES ew |laues 22 24 31 29 26 
Gowpea Day’. o>. secs coe bocce ce oe ton..| . 89 | . 66 83 88 67 - 63 atl? 
Sweet potatoes...........-..-. bushels..) 112 112 98 93 100 117 103 
@anosinup» seo a-eee econo tees gallons. . | IO well 154 261 166 135 181 

There is such a wide range of method in managing the cowpea 
crop that it is hard to make a comparison of the yields on farms of 
different size. In this area cowpeas are most commonly grown after 
winter oats or other grains and used for hay, while the crop for seed 
is usually grown between the corn rows. Table XXII shows that 
on the average these men harvested about three-fourths of a ton per 

acre of this crop and that the size of the-farm had no appreciable 
bearing upon the yields received. 

Sweet potatoes were raised for home use on a majority of the 
farms, but the yield was not affected in any way by the size of the 
farm. The yield ranged from 93 to 117 bushels per acre. 

The growing of sugar cane was mostly for home use. This crop 
averaged one-half acre per farm, yielding at the rate of 181 gallons 

of cane sirup per acre, and showed a wide range in yield for the 
different groups. 

The larger farms devoted relatively more land to cotton and neces- 
sarily used more fertilizer per tilled acre, which undoubtedly is the 

big factor in returning them the larger yields they received from 
some of the important crops other than cotton. 

In Table XXIII is shown the relation between size of farm and 
yield per acre of crops on the 186 colored-tenant farms. 

Cotton, with very little variation in the several size groups, yielded 
an average of 0.42 bale per acre. On the average, these men had 38 
acres of cotton. If they had gotten the same yield as the white 
owners, they would have had 5 more bales of cotton per farm. 
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TABLE XXIII.—Relation of size of farm to yield per acre of crops on 186 farms 
operated by colored tenants, Sumter County, Ga. 

Yiold per acre of crops in each specified 
tilled acreage group. 

Crop. ; == SSS 

50 acres | 51to 100 | Over 100 | ° Total 
and less. | acres. acres. shad 

Ee paG | NT cco) ees = 

VIC OICOULOM Me eters ca tierssietiasy- siayhie cieislclere nus 2 ble deo cieleicin aisle bales. . 0.40 0.43 0.44 0.42 
MUBUC-CLOPNOLICOLLOM seseici</\c(ej2 2 een) ieee ose cece ee ecine dosen- 43 «43 | 41 41 

‘Thawell CONC. Gud Sse dae eenee er ope 41 43 | .43 42 

WY D5) GO10 S586 USE CRS Ce CSD Er Co UE ae Eee ee bushels. . 8 | 9 8 m5) 
Pete C-CLODMCMCOLM senses ss neces Sei < wiac sistas wie wow one eb aie downs 6 9 9 9 

pO TAliCOrte terrae sesso ocle<ciaoesa dees ese end emcee do 8 9 9 9 

Sauipe eatin, 2 dom elie LON Smo t7ae see Le 16 
BRMUUD OL AV geal feta ety ncicisise wee osetia os owed se cceelons tons... 59 66 | 40 52 
MIB B I OOLALOGS Met een ite nents acceeelems te saces ce bushels. . 68 EN ee the) 79 
BE AMEISILU erate ee cee ese ee ae gallons..| 116 131 | 175 138 

There was an average of 16 acres of corn per farm, with a yield of 
only 9 bushels per acre. If their average yield had been as high as 
that of the owners shown in Table XXII these men would have 
averaged nearly 100 more bushels of corn for farm and home use. 
This would have reduced their feed bill, shown in Table X XI, con- 
siderably. Cotton and corn, as shown in previous tables, occupied 

over 90 per cent of the crop area worked by these tenants, and many 
of them had practically all their tilled area in these two crops. 
‘A total of 50 acres of sweet potatoes, or a little over one-fourth 

acre per farm, were raised by the tenants, with an average yield of 
79 bushels per acre. 
An average of less than one-fourth acre of sugar cane was grown, 

with a yield of 138 gallons of cane sirup per acre. 
Oats for grain were not grown so generally by the colored as by 

the white farmers. The oats that were cut for grain averaged less 
than 1 acre per farm, with a yield of about 16 bushels per acre. 
Eighty per cent of the oats raised by these farmers was cut for hay, 
with an average yield of 0.66 ton per acre. There was an average 
of about 2 acres of cowpeas for hay grown on these farms, which 
yielded 0.52 ton per acre. 

The size of the farm operated by these tenants has very little 
bearing on method of operation or yields received. By only a slight 

change in the management of these farms they could be made to 
return adequate forage and grain crops for farm and home use. 
While about 10 per cent of these men operate farms with poorer soil, 
the unproductive, impoverished condition of much of the land they 
farm is due largely to the continuous growing of poor crops of cotton 
on the same soil year after year by the use of commercial fertilizer 
and without the addition of anything to the soil in the way of veg- 
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etable matter. It is also quite probable that by using better ma- 
chinery and practicing better tillage methods the yields could be 
raised considerably. 

‘RELATION OF SIZE OF FARM TO TYPE OF MACHINERY USED. 

Twenty-five farms with 50 tilled acres ov less—On these farms— 
there were usually found a one or two horse wagon, 1 to 4 one-horse ~ 

plow stocks, a cotton planter, plow and wagon gears for the work ~ 
stock, and necessary hand tools. In addition to these items, two- 
thirds of these farms had one or two horse turning plows, one-half — 
had one-horse fertilizer distributors, and 3 farms each had a mower 
and hay rake. It was only an daensianall farm dhe! had any culti- 
vating tools other than plow stocks. 

Forty-one farms with 51 to 100 tilled acres—One-half of these 

farms had more than 1 wagon, usually a one-horse and a two-horse © 
wagon. Practically all had a two-horse turning plow, and an occa- 
sional farm had 2. In addition to the two-horse plows, about one-— 
third of these farms had one-horse plows. Of the cultivating tools, 
every farm had one-horse plow stocks, and 3 farms had two-horse 
stocks. In addition to plow stocks, one-third of them reported other 
types of one-horse cultivating tools, and 1 farm had a two-horse 
cultivator. One-half of these farms had two-horse harrows, usually — 
a disk, but occasionally a spike-tooth. One-half had each a mower 
and ihe rake, and 5 reported grain binders. 

Seventy-one farms with 101 to 250 tilled acres—The one-horse- 
plow stock is found on every farm in this group, but other one-horse 
cultivating tools are of more frequency than in the groups already — 
discussed, and 1 in 10 had a two-horse cultivator. Mowers, hay rakes, 
and harrows were found on two-thirds of the farms. One out of 
every 2 farms reported grain binders. Some items of machinery not 
found on the smaller farms occur with more or less frequency on 
farms of this size. Twelve farms had engines, 7 had hay presses, 
3 had wood saws, 2 had feed grinders, 2 had pea hullers, 1 had a” 
manure spreader, and 1 a lime spreader. 

Twenty-three farms with 251 tilled acres and over—The difference 
in type of machinery found on these farms from that on the farms 
of 100 acres and less is quite marked. While the single-plow stock 
is in general use on farms of all sizes, there is an increase in the use 
of other one-horse cultivating tools and in the use of two-horse 
cultivators on the large farms. Seventy per cent of these large farms 
reported numerous one-horse cultivating tools other than plow stocks. — 
and over one-fifth of them had two-horse cultivators. Practically — 
all the farms had harrows, mowers, rakes, and grain binders. One 
in 3 farms had sulky plows and 3 had tractor plows. Three- fourths 
of them had engines and several had stump pullers. 
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RELATION OF SIZE OF FARM TO THE EFFICIENT USE OF LABOR, MULES, AND 
MACHINERY. 

In Table X XIV is shown the effect size of farm has upon the effi- 
cient use of labor, mules, and machinery in this area. The percent- 
age increase of the cotton area is of importance in its relation to the 
value of labor per tilled acre on the different size farms. The very 
small farms had but 46 per cent of the tilled area in cotton, while the 
very large farms had 64 per cent. With but one exception each 
size-group had a greater percentage of its tilled area devoted to 
cotton than the next smaller-size group. The value of labor, averag- 
ing $11.79 per acre, is rather uniform in all the size-groups, but 
when we consider that cotton requires a greater amount of labor 
per acre than most other crops raised in this section, the superior 
efficiency of the large farms over the small farms in the use of labor 
is seen. With practically the same amount of labor per tilled acre, 
the very large farms have 18 per cent more of their area in cotton. 

TABLE XXIV.—Relation of size of farm to various factors of cfficiency on 160 
farms operated by white owners, Sumter County, Ga. 

Tilled acreage groups. 

5Oacres| 51 to | 101 to | 151 to | 251 to 
Factor of efficiency. and | 100 | 150 | 250 | 450 | Over | Total 

less acres | acres | acres | acres 450 (100 
(25 (41 (40 (81 (12 acres. | farms) 

farms). | farms).| farms). | farms). | farms). 

Per cent of tilled area in cotton..............- 46 48 52 57 57 64 57 
Value of labor per tilled acre.................- $11.23 | $11.32 | $12.00 | $12.69 | $10.97 | $11.58 | $11.79 
Number of acres of cotton per mule.._......-- 10 12 14 16 16H |iae sant: 16 
Number of acres of other crops per mule. ..._. il 12 12 il 11 10 11 
Value of machinery per tilled acre............ $2.40 | $2.40} $2.18 |} $2.33 | $2.59 | $2.61 $2. 43 

Another example of increase in efficiency as the farms increase in 
size is furnished by the work stock. On the smallest farms 1 mule 
works 10 acres of cotton and 11 acres of other crops. As the farms 

increase in size the number of acres of cotton per mule increases and 
the number of acres of other crops remains about constant until on 
the very large farms 1 mule works 19 acres of cotton and 10 acres 
of other crops. Thus a mule on any size farm works practically 
the same number of acres of feed and home-supply crops, but on 
the very large farms works almost twice as many acres of cotton as 
the mule on the very small farms. 

The value of machinery per tilled acre shows but little variation. 
There is some difference in the type of machinery found on different 
size farms, but the large farms are enabled to use a considerable 
amount of improved and labor-saving machinery with no greater 
investment per tilled acre than that found on the small farms. 



52 BULLETIN 492, U. S. DEPARTMENT OF AGRICULTURE. 

DIVERSITY OF FARM RECEIPTS. 

——_ 

se. 

The tables previously discussed with reference to tenure and size 
of farm have shown thet cotton raising is the major enterprise of — 
this district and that receipts from this crop represent nearly 90 

per cent of the income on all the farms. Im a study of the 160 
farms operated by owners only 12 had less than 60 per cent of their 
total receipts from the sale of cotton, while three-fourths had over 
80 per cent of their income from this one source. 

Of the 12 farmers with under 60 per cent of total receipts from 
cotton, 6 raised diversified crops with cotton as the leading cash 
crop and hogs as the leading live-stock enterprise. These men 
bought very little feed. The farms had an average of 121 tilled 

_ acres and returned an average labor income of $239. Two farmers 
got nearly 40 per cent of their total receipts from the sale of dairy 
cattle and their products. They raised only small areas of cotton 
and instead devoted most of their crop lands to raising corn, grain, 
and hay crops. One had 118 acres of crops, 9 cows, 1 bull, 4 horses, 
4 brood sows, and 375 chickens. Besides supplying roughage for his 
live stock, his receipts from crops and other farm sales were as fol- 
lows: Cotton, $200; corn, $25; sweet potatoes, $50; watermelons, 
$150; fruit and nuts, $60. From the 9 cows he sold butter at 35 

cents per pound to a retail trade, averaging $95 per head, besides 
receiving a good return from the sale of buttermilk. With 4 sows 
the receipts from hogs were $233; 375 hens returned $617 from the 
sale of young chickens and eggs. He operated this farm with the 
help of two wage hands, hired for 6 months, and made a labor in- , 4 

come of over $1,000. The other farm was much smaller, only having ~ 
42 acres of well-diversified crops and with 48 per cent of the receipts — 
from cows, hogs, and poultry. This farmer operated with one wage 
hand 6 months in the year and got nearly $500 for his year’s labor. 

The only other farmer found following a type of farming different 
from that of the so-called “ cotton farmer” was one operating a large 
business with a great diversity of income. This farm contained 268 
acres of crops, of which 20 per cent was devoted to cotton, 31 per cent 
to corn, 25 per cent to grain, 23 per cent to cowpea hay, and 3 acres to 

sugar cane. Ground peas were grown in the corn. The crop yields 
on this farm as compared with all the farms studied were excellent. — 

The farm sales were as follows: Cotton, $3,743; corn, $1,060; grain, 

$1,040; hay, $874; cane sirup, $810; pork, $925; other stock, $64. 
Of this man’s grain sales, $1,000 was from the sale of 1,000 bushels of 

oats for seed. Aside from some corn, his hogs were practically raised 
and fattened upon ground peas. This farm was operated with the 
help of three wage hands and one cropper family, and $600 extra 
labor. It returned the operator a labor income of $4,468. This was— 

the only well-diversified farm found in this study. The returns this 
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man received were dependent upon the demands from local markets. 

A return of $1 per bushel for corn, $1 per bushel for oats, and $23 
per ton for hay is much more than these crops could command if 
many more were to grow them for the same market. 
A farm representative of the cotton type was found which is quite 

comparable, as to size and soil type, with the diversified farm just 

mentioned. This farm contained 243 acres of crops, of which 62 per 
cent was in cotton, 25 per cent in corn, 6 per cent in oats, 5 per cent in 
cowpea hay, and 2 per cent in other crops. Yields were relatively 
high. The farm sales were as follows: Cotton and seed, $8,700; corn, 
$250; oats, $22; sirup, $50; pork, $225; wood, $400. It was operated 
with the help of six wage hands and two croppers’ families and $800 
extra labor. It returned the operator a labor income of $4,344. This 
farm represents a typical cotton farm of this region operated under 
excellent management. Under its high state of efficiency the cost of 
producing cotton was below 7 cents per pound. Cotton could be sold 
from this farm with its present yields at 10 cents per pound and still 
return the operator over $2,000 labor income. 

The fact that only one farmer in the entire area is practicing 
strictly diversified farming is an indication that care should be exer- 
cised in contemplating changes to this type. The cotton type of farm- 
ing has been practiced for many years in this region and has doubt- 
less become a much easier type of farming for most of these farmers 
to follow than would a type involving a greater degree of diversity. 
They have become skilled in the economic use of capital and labor for 
the production of this crop and at the same time maintaining soil 
fertility. The small amount of capital owned by many of these 
farmers will go further when invested in one enterprise than when 
distributed among many. ‘This type has advantage also in that it per- 
mits the use of very large fields, which greatly facilitates the use of the 
oreat amount of labor involved in the operation of farms of this type. 
On the other hand, diversified farming gives better insurance 

against total failure and will lend to the eradication of the crisis of 
the boll weevil which is now invading the county. When properly 

organized it gives opportunity to use land, labor, mules, and machin- 
ery effectively throughout the year. The income is usually more 
evenly distributed than that from cotton, thus making it easier for 
the farmer to operate on a cash basis during the spring and summer 
months, when money is needed for paying farm expenses. Failures 
are often due to conditions over which the farmer has no control, 

such as climate, markets, or pests. If a farmer is raising several 
important crops they are not all liable to fail in any one year. 

This also lends itself to the establishment of a crop rotation. A 
well-planned rotation designed for the improvement of the soil and 
the increased production of the crops should be the aim of all these 
farmers. This not only supplies ample farm feeds, but, more tm- 

J 
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portant still, aids materially in increasing the production of the main 
money crop. For, after all, cotton is the staple crop of the region 
and the general scheme of farming must always be shaped with the 
welfare of the cotton crop in view. 

THE RELATION OF SIZE OF FARM AND YIELD PER ACRE OF 

COTTON TO PROFITS. 

The two factors which more than all others influence profits on 
these farms, providing a normal price is received for cotton, are 
size of farm and yield of cotton per acre. While farmers are not al- 
Ways in a position to increase the size of their farms, Table XXV 
shows the possibilities many of them have of increasing their profits 
quite materially by getting higher yields per acre. Along with these 
two factors, however, are interrelated many others of importance, 
but when the farms are grouped on the basis of these two outstand- 
ing factors the others seem. to bring about in each group the same 
relative results. The yield per acre of cotton is of great importance 
to all these farmers, but the chance for the greatest immediate in- 
crease in profits is for the men who are getting poor yields on the 
large areas. ' 

TABLE XXV.—Relation of size of farm and yield of cotton per acre to labor in- 
come on 268 white owner, owner additional, and owner part rented out farms, 
Sumter County, Ga. 

Number of farms and average labor income in each specified yield of cotton 
per acre groups. 

One-half bale One-half to two- | Over two-thirds Total 
and less. thirds bale. bale. : 

Tilled acreage groups. |— 

Naibedl Average | Number Average | Number) Average | Number] Average 
of labor of labor of labor of labor 

farms. jancome. farms. income.| farms. | income.| farms. | income. 

| 
120 | 33 308 24 504 100 275 100 acres and less ..........-- 43 

101 to 250 acres....-......... a32| 493 46 749 25| 1,721 103 884 
Over 250 acres .........-..... 30 430 | 22 3, 159 13| 4,649 65| 2,197 

Ailtarms ees oe 105 301 101 1,130 62| 1,864 | 268 975 

“One of these farms is a dairy farm with high-quality cows. 

In regard to the farmers with 100 or less tilled acres per farm it 
will be observed that these men with cotton yields of one-half bale 
or less per acre made an average labor income of only $120, while 
with the same size farms the men with cotton yielding over two- 
thirds of a bale per acre made an average labor income of $504. 

Out of the 103 farm operators with 101 to 250 tilled acres per 
farm, there were one-third with yields of cotton of one-half bale or 
less per acre and their average labor income was $423. With farms 

of the same size the men with cotton yielding over two-thirds of a 
bale per acre made Jabor incomes averaging $1,721. 

This same trend holds good for the farmers with over 250 tilled 

acres per farm. The farms of the group producing the lowest yields 
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of cotton returned their operators an average labor income of but 
$430. Where the cotton yields were over two-thirds of a bale per 
acre, these large farms brought their operators an average labor in- 

come of over $4,000. The possibility for a larger volume of busi- 
ness on these larger farms gives greater opportunity to increase 
profits by increasing yields than does the limited business of the 
small farm. 

Table XXV is strikingly interesting in that it brings out the fact 
that even though the larger farms do make much higher incomes 

on the average, many of them yield little or no income. Size of busi- 
ness is undoubtedly a big factor in successful farming, but it is 
just as big a factor in failure. The large business conducted without 
attention to yield of crops and management of labor may result in 
loss proportionate to the size of the business. 
In Table XXVI the relation of size of farm and yield of cotton 

per acre to labor income is shown for the colored tenants. 

TABLE XXVI.—Relation of size of farm and yield of cotton per acre to labor 
income on 186 farms operated by colored tenants, Sumiecr County, Ga. 

Number of farms and average labor income in each specified yield of cotton per 
acre group. 

Creruid bale and etd ve one- | Over one-half bale. Total. 
Tilled acres per farm. ‘ aa 

Be ; Average | +; Average Average Average 
unk _ labor ieee _ labor pet _ labor paras labor 

‘| income. “| Income. |. *} income. *| income. 

0 acres and less.....- 34 100 44 191 18 389 96 196 
Over 50 acres.-....... 20 124 48 462 22 662 90 435 

All farms. _.... 54 109 92 332 40 539 186 312. 

The farms are arranged into two size groups, that of 50 or less 
tilled acres and that of over 50 tilled acres. Each of these two 
eroups is further divided into three groups, those with cotton yield- 

ing one-third bale or less per acre, those with one-third to one-half 
bale per acre, and those with over one-half bale per acre. 

In the case of the tenants with 5) or less tilled acres per farm, one- 
third had cotton yielding one-third bale or less per acre, and made an 
average labor income of only $100. The tenants in this same size 
eroup with cotton yielding over one-half bale per acre made labor 
incomes of $389 each. 

Out of the 90 tenants with over 50 tilled acres per farm, 20 with 
cotton yielding one-third bale or less per acre, made a labor income 
of only $124, while those whose cotton yields were over one-half bale 
per acre had an average labor income of $662. 

Only about one-fifth of these tenants raised cotton yielding over 
one-half bale per acre. The average labor income of these men was 
$939. One out of every four had yields of one-third bale or less per 
acre, and these made an average labor income of only $109. 



56 BULLETIN 492, U. S. DEPARTMENT OF AGRICULTURE. 

THE COST OF PRODUCING COTTON. 

In an agricultural area devoted almost exclusively to a single enter- 
prise the cost of production per unit for that enterprise may be de- 
termined with reasonable accuracy from the data collected through 
the regular farm-management survey. Such an enterprise is found 
in Sumter County, where cotton occupies 59 per cent of the crop 
area and constitutes 89 per cent of the farm receipts. Tables follow 
illustrating the method used and showing the cost per acre and per 
pound of lint cotton by tenure and by size of farm and yield per acre. 

METHOD USED IN DETERMINING COSTS. 

The method used in determining the cost of producing cotton in- 
cludes five distinct steps. (1) Finding the percentage of total farm 
receipts represented by the sale of cotton, including both lint and 
seed. (2) Finding the total farm operating expense. This is the 
sum of the general expenses (including such items as labor, repairs, 
feed, seed, fertilizer, insurance, taxes, etc.), the value of the farmer’s 
own labor, and interest on the capital invested. (3) Calculating the 
amount of total farm-operating expense chargeable to cotton in pro- 
portion to the per cent of total receipts derived from cotton. (4) 

Finding the net cotton expense by deducting the amount received 
from the sale of cotton seed from the amount of farm-operating ex- 
pense chargeable to cotton. (5) Finding the cost per acre or per 
pound of lint cotton, by dividing the net cotton expense respectively 
by the number of acres in cotton or by the number of pounds of lint 
cotton raised. 

While this method would not be advisable where there are several 
leading enterprises, yet it has advantages in regions of this nature. 
Here the crop area that was not occupied by cotton is utilized almost 
entirely in growing crops to support the mules and labor used in 
growing cotton. 

In Table X XVII are shown in detail the steps taken in arriving 
at the cost of production on the 160 farms operated by white owners. 
On these farms the total receipts were $655,526, of which $569,651, 
or 86.9 per cent, were from the sale of lint cotton and seed. The 
total general expenses were $408,876, and by adding to this sum the 
vaule of the farmers’ own labor, $70,451, plus $110,184, which is the 
interest at 5 per cent upon the capital ($2,203,673) invested, equals 

$589,511, the total farm operating expenses. In prorating these 
expenses, 86.9 per cent of the total expenditures of $589,511 equals 
$512,285, the amount of the total operating expenses chargeable to 
cotton. 
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TABLE XX VII.—Cost of producing cotton on 160 farms operated by white owners 
(Sumter County, Ga.). 

iVermOMACceSminnCOLLONe = 22 ee 14, 301 
Number of pounds of lint cotton produced__~--_____-_-_-__- Ae 4, 014, 500 
APMED TMC CEO Same see eS ee as ae DODD NCE 

ReCen SmELOMmesaerot lint, cotton —__.._-_--=S 22 -s-— $496, 950 
PePCelLSRELOMSaleoL cotton Seed__.___._=_ == 72, TOL 

Receipts from sale of lint cotton and seed__________________ Eee DOO GOL 

Per cent lint cotton and seed sales are of total farm receipts________ 86.9 

General expenses (labor, feed, seed, fertilizer, insurance, taxes, etc.)_ $408, 876 
MaienOmmranmerms own labor 2 8 ee 70, 451 
Interest on investment (5 per cent of $2,203,673) _________________ 110, 184 

MOTAMODeL ALIN expense—. 22-1 _ eae ee 589, 511 
Amount of operating expense chargeable to cotton (86.9 per cent of 
-SSSTSRO)SaSTICTL J) oO ASS gg BY. NS, oes a eS, 512, 285 
imesspreceipts from sale of cotton seed_______-~_________ 72, TOL 

¥ Net cotton expense, or cost of production of lint__-____ 439, 584 

SiC BACK ROIMCOLLCOMNS tase sc 1 a es $30. 74 
CORSE [OVBLE TORT OE NT yee a al Se TS ales ee E $0.1095 

From this expense was deducted $72,701, the amount received from 
the sale of cotton seed, and the remainder equals $439,584, the ex- 
pense chargeable to the production of lint cotton. This total divided 
by the number of acres in cotton gives a cost of $30.74 per acre, which 
divided by the yield per acre in pounds of lint cotton gives 10.95 cents 
as the cost per pound of lint. 

DISTRIBUTION OF COSTS. 

The items that go to make up the cost of producing cotton have 
been separated into four groups: Labor, use of land, fertilizer, and 
miscellaneous. In Table XXVIII is given the distribution of costs 
on 268 farms operated by white owners. 

TABLE XXVIII.—Distribution of costs on 268 farms operated by white owners, 
owners additional, and owners with part rented out. 

Cost per 
Per cent 

Cost per pound 
Item of cost. aa ofstolal online 

(cents). 

ARONA se ae se : $14.58 48.4 5. 22 
Use of land 6.52 21.7 2.34 
Wentilizers |. 3.25.55... 5.36 17.8 1.92 
Miscellaneous 3. 63 12.1 1.30 

Total 30509) | eee eek 10.78 

The value of labor was the largest single cost -connected with 
growing cotton. It included all labor performed on the crop by 
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wage hands, share croppers, and the operator or members of his 
family. The labor cost was $14.58 per acre, or 5.22 cents per pound 
of lint produced. 

The expense for the use of the land was second in importance. It 
included the cost of repairs, depreciation, taxes, insurance, and in- 

terest upon the real estate investment. The cost was $6.52 per acre 
of cotton, or 2.54 cents per pound of lint. 

The item next in importance was that for the fertilizer purchased. | 
It was $5.36 per acre, or 1.92 cents per pound of lint cotton. 

All the other costs connected with the production of this crop were — 
grouped under one heading as miscellaneous. There were included 
such items as interest and depreciation on mules and machinery, © 
ginning, and other minor items, and amounted to $3.63 per acre, or 
1.3 cents per pound of lint produced. 

COST OF PRODUCTION UNDER VARIOUS TENURES. 

Table X XIX shows the cost of producing cotton both per acre and — 
per pound of lint under the various tenures in vogue in Sumter 
County. In five of the eight tenure classes the cost of production of — 
lint cotton falls within a range of from 10.29 cents to 10.95 cents — 
per pound of lint, or a variation of only 0.66 cent. The cost for ~ 
all tenures is 10.5 cents per pound and $27.71 per acre. 

TaspLe XXIX.—Cost of producing cotton, all tenures, 534 farms, Sumter 
County, Ga. 

Yield of | Cost of | Cost of Tilleq | Areain | Percent) Cotton produe- produc- | 
b mn f till 

Tenure. nes area per eae oes led per acre in eee ; 

farm. farm cottoa ee cotton ound 
2 ~* | pounds. | per acre (lint) 

White: Cents. 
Ownerse sooo 2a nee REE 160 158 89 56. 6 281 $30. 74 10. 95 
Owners additional.....-.... 38 211 96 57.4 285 PAGAL 9. 68 
Owner’s part rented cut 70 394 133 56.9 274 29. 97 10. 94 
TANANES: Se. 2 sos enee ae cee 49 85 54 63.3 228 23.79 10. 47 

Colored 
ONWwnersh: tone eee eer 12 95 57 59. 8 203 20. 80 10. 29 — 
Owners additional. ......... 11 82 49 63. 5 218 20.20] . 9, 26 
Owners part rented out -..-- 8 307 104 62.1 168 19. 39 11.50 
MeNants cas eee sees ee 186 59 39 65.5 211 " 22. 48 10. 64 

In a study cf the three tenures with abnormal costs the factors — 
making up these abnormalities are easily detected. The colored” 
owners with part rented out have a cost of 11.5 cents per pound, 

with a yield of only 168 pounds per acre. This high cost per pound 
is almost entirely due to low yields per acre, for when farms in this” 
class are compared with farms of equal yields in the colored-owner 
class the variation in cost per pound almost disappears. The fact 
that 38 per cent of the cotton area on the owner-part-rented-out farms 
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returned poor yields makes their yield per acre lower and their cost 

per pound higher than that of the owner farms with only 27 per cent 

of their cotton area returning poor yields. 
The white owners renting additional land have a lower cost per 

pound and a slightly higher yield per acre than any other class of 

white operators. The table shows they have reduced the cost per 

acre $3.14 and the cost per pound 1.28 cents below that of the white 
owners. A more detailed study shows this reduction mainly and al- 
most equally due to two items: First, the labor expense per acre of 

cotton is about $1.50 per acre less; second, the combined charge of 
interest on capital and rent paid for additional land is over $1.50 
less per acre of cotton than the interest charge on the white owners’ 

capital. 
We find the colored owners additional occupying the same posi- 

tion among the colored operators as the white owners additional 
among the white operators, having the lowest cost per pound and 
the highest yield per acre. They produce their cotton at 1.03 cents 
per pound less than the colored owners. ‘This difference is accounted 
for by a yield of 15 pounds more per acre and by a little lower labor 
cost per acre. ; 

LABOR 

FERTILIZER 

USE OF LAND 
© 
o 
) 
WHITE 
OWNERS ALL OTHER 

‘LABOR 

FERTILIZER 

USE OF LAND 

ALL OTHER TENANTS 

GEEESS 9 CASH SBE] NON-CASH. 

Fic. 6.—Distribution of cash and non-cash costs in producing cotton on 268 owner 

and 186 tenant farms. (Sumter County, Ga.) 

The accompanying chart (fig. 6) is interesting in connection with 

this cost of production study. The production of lint cotton at 

10.5 cents per pound with a yield of 258 pounds per acre means that 

these men have been well paid for their year’s labor and have re- 

ceived a fair rate of interest upon their investment. In case of a 

lean year cotton could be sold at a figure less than this cost, but it 

would return less than normal wages for labor performed by the 

operator and his family and less than a normal interest rate upon the 

farm investment. 
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The figure shows the distribution of cost of producing cotton on 
the owner and tenant farms and the proportion of the cost that was 
cash and that was noncash. On the owner farms about one-third of 
the labor was performed by the operator and his family, thus making ~ 
the cash outlay for labor 36.2 per cent of the total cost. The expense — 
for the use of the real estate was only about one-third cash outlay. — 
The taxes, insurance, and repairs must be met each year, but the — 
other two-thirds of this expense represent the interest charge, which — 
was not cash outlay. The profits these farmers may realize for the — 
use of the land will vary from year to year, depending upon the yields 
and prices they are able to secure for this crop. The cost of ferti- 
lizer represents an expense that must be met each year, and under 
normal conditions it will equa! about one-sixth of the total expense. — 
A portion of the miscellaneous expenses was not cash. About one-— 
fourth of these expenses was for interest and depreciation upon 
working capital while the other portion was a cash outlay. 

In summing up the cost of cotton production upon these owner 
farms, about 32 per cent of the total was for labor of the operator 
and his family and interest and depreciation upon the investment. 
The other 68 per cent was cash paid out for the production of this” 
crop and amounted to 7.35 cents per pound of lint. 

In case of the tenants, about 37 per cent was for the labor of the 
operator and his family and interest upon his working capital and — 
63 per cent, or 6.70 cents per pound, was cash outlay. 

SIZE OF FARM AND YIELD OF COTTON AS FACTORS AFFECTING THE COST OF 
PRODUCTION. 

The table following (Table XX XI) shows the effect of both size 
of farm and yield per acre upon the cost of production. If we — 
arrange the farms in size groups there is a gradual decrease in the © 
cost of production per pound of lint from the smallest-size group 
up to the largest-size group, and when the farms are arranged in 
yield of cotton per acre groups there is also a decrease in the cost 
of production of lint per pound from the lowest-yield group up to 
the highest-yield group. This indicates that both size of farm and 
yield per acre have some effect in reducing the cost per pound of lint. — 
But when the farms are grouved by size of farm the groups are not 
all uniform in yield per acre, and when they are grouped by yield — 
per acre the groups are not all uniform in size of farm. Therefore, 
in order to eliminate one of these factors while studying the other, 
the farms have been grouped according to their size, and each size 
group separated into subgroups according to their yields per acre. 
We may now study the effect of size of farm upon the cost of pro- 
duction by comparing the farms of different sizes with the same 
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yield per acre and the effect of yield per acre by comparing the 
farms of different yields but of the same size. 

TABLE XX XI.—Melation of size of farm and yicld of cotton per acre to cost of 
producing cotton on 268 farms operated by white owners, owners additional, 

and owners part rented out (Sumter County, Gu.). 

One-half bale One-half to two- | Over two-thirds All vields 
and less. thirds bale. bale. Sane cae 

Size of farm. ! =) 
’ Cost Cost Cost Cost Cost Cost Cost Cost 

per per 1 per ed per Lea per er 1 
: pound ; poun poun s poun¢ 

acre. rats acre. ifn acre. ino acre. ae 

Cents. Cents. Cents. Cents. 
100 acres and less.....-------- $29. 09 13.84 | $34.76 11.97 | $41.76 10.58 | $34.64 12. 05 
HOMMtOwzoOACres! e222 oo. . S 25. 54 12. 41 31. 69 11.05 37.75 9, 52 31. 33 10. 84 
wer 250iacress... 22.2 2.52---- 23. 58 12. 27 30. 28 10. 10 34, 33 9. 52 28. 72 10. 52 

PNIUSIZOSE tee cecn ne - 24, 73 12, 50 31.07 10. 53 36. 31 9. 65 30. 09 10. 78 

THE EFFECT OF SIZE OF FARM UPON COST OF PRODUCING COTTON. 

In a study of Table XX XT it will be observed that the very large 
farms had an advantage over the very small farms in producing 
cotton at a minimum cost. Many of the farms in each size group also 
had opportunity to reduce the cost by increasing their yield per 
acre, as shown when each size group was classified into three yield- 
per-acre groups. 
When the yield per acre was one-half bale and less, the cost per 

pound of lint cotton was 13.84 cents on farms of 100 acres and less, 
and as the size of farm increased there was a gradual decrease in this 
cost. The larger farms with this yield had a cost of 12.27 cents, 
which was 1.5 cents per pound less than the cost on the small farms. 
When the yield per acre was one-half to two-thirds of a bale the 

cost per pound of lint was 11.97 cents on the small farms, 11.05 cents 
on the farms of medium size, and 10.10 cents on the large farms. 
Here the large farms produced cotton at 1.87 cents per pound less 
than the small farms. 
When the yield was over two-thirds of a bale the cost per pound of 

lint was 10.58 cents on the small farms and 9.52 cents on the medium- 
sized and large farms. This shows the large farms produced cotton 
at 1.06 cents less than the small farms. 
By carrying the study a little further it will be seen that the cost 

per pound on the medium-sized farms was 1.48 cents, 0.92 cent and 
1.06 cents less in the respective yield-per-acre groups than on the 

.small farms, and that on the large farms this difference was 0.14 
cent, 0.95 cent, and zero, as compared with the medium-sized farms. 
Thus, on the medium-sized farms the cost per pound was something 
over 1 cent less than on the small farms, while on the large farms it 
was only 0.32 cent less than on the medium-sized farms. 
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When we study the cost of cotton per acre, we find the low-yielding 
group showed a cost of $29.09 on the small-size, $25.54 on the medium- 
size, and $23.58 on the large-size farms; which was $5.51 less on the 

large farms than on the small farms. In the yield-per-acre group 
of one-half to two-thirds bale the cost was $34.76 on the small farms, 
$31.69 on farms of medium size, and $30.28 on farms of over 250 

acres, which was $4.48 less on the large farms than on the small farms. 

On the farms with the highest yields of cotton the cost per acre 
was $41.76 in the group with 100 acres and less, and then as the size 
of farm increased the cost decreased until in the largest-size group 
it was $34.33 per acre. This was $7.43 less on the large farms than 
on the small farms. 

There was a greater reduction in the cost per acre between the 
small and the medium farms than between the medium and large 
farms. The reduction in favor of the medium-size group over the 
smallest-size group was $3.55, $3.07, and $4.01 in the respective yield- 
per-acre groups, while the reduction in favor of the largest-size 
group over the medium-size group was only $1.96, $1.41, and $3.42 in 
the respective yield-per-acre groups. 

THE EFFECT OF YIELD PER ACRE UPON THE COST OF PRODUCTION. 

In Table X-XXT the farms are separated into three groups that 
may be used in studying the effect of yield per acre upon the cost of 
production. 

On farms with 100 or less acres the cost per pound of lint cotton 
was 13.84 cents when the yield was one-half bale, 11.97 cents when the 
yield was from one-half to two-thirds bale, and 10.58 cents when the 

yield was over two-thirds bale. This shows the cost per pound 3.26 
cents less on the good than on the poor yielding farms. 
On farms of 101 to 250 acres the cost per pound of lint was 12.41 

cents when the yield was poor, 11.05 cents with a medium yield, and 
9.52 cents when the yield was good. This shows the cost per pound 
2.89 cents less on the good than on the poor yielding farms. 

On the farms of over 250 acres the cost per pound of lint was 
12.27 cents when the yield was poor, 10.10 cents when the yield was 
from one-half to two-thirds of a bale, and 9.52 cents when the yield 
was good. This shows the cost per pound 2.75 cents less on the good 
than on the poor yielding farms. 

Thus in the respective size groups cotton was produced at 3.26 
cents, 2.89 cents, and 2.75 cents per pound less on the farms having 
good yields than on the farms having poor yields. ’ 

With medium yields per acre the cost per pound was 1.87 cents, 
1.36 cents, and 2.17 cents less for the respective size groups than with 
poor yields, but with good yields the cost per pound was only 1.39_ 
cents, 1.53 cents, and 0.58 cent less for the respective size groups than - 
with medium yields. The cost was almost 2 cents per pound less with 
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medium yields than with poor yields and about 1 cent per pound less 
with good yields than with medium yields. 

The table shows that the cost of cotton per acre was increased as the 
yield per acre increased. On the smallest farms the cost was $29.09 
‘when the yield was poor, $34.76 when the yield was medium, and 
$41.76 on the good yielding farms. 
On the medium-size farms the cost per acre was $25.54 when the 

yield was poor, $31.69 when the yield was medium, and $37.75 when 
‘the yield was good. 

‘On the very large farms the cost per acre was $23.58 when the yield 

was poor, $30.28 when the yield was medium, and $34.33 when the 

yield was good. 
Thus with a medium yield the cost per acre was $5.67, $6.15, and 

$6.70 more in the respective size groups than when the yield was poor, 
and with good yields the cost per acre was $7, $6.07, and $4.05 more in 
the respective size groups than with medium yields. 

THE COST OF PRODUCTION ON THE COLORED-TENANT FARMS. 

' Table XXXII shows the effect of the size of farm and yield of 
cotton per acre upon the cost of production on the farms operated 

by colored tenants. While the yields these tenants received were 
much lower than those of the other farmers, the wide variation in 

yields gives room for comparisons in the same manner upon these 
farms as upon others. In order to have a satisfactory number of 
farms in each group these farms were used in two size groups, those 
with 50 acres or less and those with over 50 acres. Each of the size 

groups was then divided into three yield-per-acre groups. With 
yields of one-third bale or less per acre the cost per pound of lint 
was 14.39 cents on the small farms and 12.80 cents on the larger 
farms; with yields of one-third to one-half bale per acre the cost per 
pound was 11.61 cents on the small farms and 10.22 cents on the 
larger farms; and with the yields of over one-half bale the cost per 
pound was 9.36 cents on the small farms and 8.93 cents on the larger 
farms. 

TABLE XXXII.—Relation df size of farm and yield of cotton per acre to cost of 
producing cotton on 186 farms operated by colored tenants (Sumter County, 
Ga.). : 

One - third bale | One-third toone-| Over one-half oe 
and less. half bale. bale. All yields. 

Size of farm. Cost Cost Cost Cost | Cost Cost Cost | Cost 

pea arena | eaeedh || oe) eeeewulle ae | pec acre. if ee acre. Sa acre. aaa acre Pi at. 

Cents. Cents. Cents. Cenis. 
50 acres and less...........--- $19. 93 14.39 $24.15 11.61 $28. 61 9. 36 $23. 59 11. 68 
SEVEN OO ACTOS: 5. o.0. 2-22... 18. 26 12.80 | 22.22 10.22 | 25.40 8.93 | 21.99 10. 21 

BAUIESIZOSE seem o Ue 18. 99 13. 48 22.71 10. 57 26. 30 9.05 22, 49 | 10. 64 
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Thus on farms of over 50 acres the cost per pound of lint was 1.59 
cents, 1.89 cents, and 0.48 cent less in the respective yield-per-acreé 
groups than on farms of less than 50 acres. 

The cost per acre was also less in each yield-per-acre group on the 
farms of over 50 acres than on the farms of 50 acres or less, being 
$1.67, $1.98, and $3.21 less in the respective yield-per-acre groups. 

In a study of the effect of yields per acre upon reducing the cost 
of production, the outstanding factor of size must be given considera- 
tion. On farms of 50 acres and less the cost was 14.39 cents when the 
yield was one-third bale and less, 11.61 cents when the yield was one- 
third to one-half bale, and 9.36 cents when the yield was over one-half 
bale. 

On the farms of over 50 acres the cost was 12.8 cents when the 

yield was one-third and less, 10.22 cents when the yield was one- 
third to one-half bale, and 8.93 cents when the yield was over one- 
half bale. 

Thus with the yield of cotton one-third to one-half bale it was 
produced at 2.78 cents per pound less than with the yield one-third | 
bale and less on farms of 50 acres and less, and at 2.58 cents less on x 

farms of over 50 acres. With the yield over one-half bale, it was” 
produced at 2.85 cents per pound less than with the yield one-third 
to one-half bale on farms of 50 acres and less, and at 1.29 cents less 
on farms of over 50 acres. 

The cost per acre on small farms was $19.93 when the yield was one- 
third bale and less, $24.15 when the yield was one-third to one-half 

bale, and $28.61 when the yield was over one-half bale. On the 
larger farms it was $18.26 when the yield was one-third bale and 
less, $22.22 when the yield was one-third to one-half bale, and $25.40 

when the yield was over one-half bale. 
The increase in cost per acre for the groups yielding one-third to 

one-half bale over that of the groups yielding one-third bale or less 
was $4.22 on farms of 50 acres and less, and $3.96 on farms of over 
50 acres. 

The increase in cost per acre for the farms yielding over one-half 
bale over that of the farms yielding one-third to one-half bale was 
$4.46 for the smallest and $3.18 for the largest size group. 

On all the colored tenant farms with yields of one-third bale or 
less, the cost per acre was $18.99, and on all with yields of over one- 
half bale the cost per acre was $26.30, or an increase of $7.31. The 

main items in this increase are labor and fertilizer. 

O 
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INTRODUCTION. 

The investigation, the results of which are reported in this bulletin, 
was undertaken for the purpose of securing information in regard to 
the composition of brewery products made in this country. The 
main object of this investigation was to find, if possible, a means of 
distinguishing beers and ales made entirely from malt from those 
made from malt together with other cereal products, such as rice, 
corn, and cerealin. 

It was concluded, after looking into the literature, that in order to 
accomplish this purpose it would be necessary to collect a series of 
samples made from the various raw materials ordinarily used and 
make a study of the effect of these raw materials upon the composi- 
tion of the finished product. 

The investigation seemed desirable for the reason that practically 
all of the existing data related to foreign beers, in the preparation of 
which a type of malt was used entirely different from that ordinarily 
used in the production of American beers. I‘urthermore, very few 
of the existing data relating either to foreign or domestic beers were 
based upon samples concerning which exact information was avail- 
able in regard to the raw materials used in the wort. 

65991°—Bull. 493—17—1 
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METHOD OF UNDERTAKING THE INVESTIGATION. 

It was felt that it would be wholly unsatisfactory to make this in- ‘ } ‘ 
vestigation by means of laboratory brewings on a small scale, as the — 
results thus obtained would not show the true conditions, because it 
is not possible in the laboratory to duplicate exactly the mashing or 
fermenting processes actually used in a commercial way. It was 
decided, therefore, to attempt, with the cooperation of several brew- 
eries, to make this study under the exact conditions prevailing in 
commercial plants. Access was secured to several breweries making 
different types of products from various kinds of raw materials, under 
such conditions that it was possible to obtain a complete inition of 
the beer through its various stages to the finished product. One of © 
the writers (Riley) watched the method of manufacture during its 7 
whole process and obtained samples of the product at the various 
stages of manufacture. Thus, it was possible to procure finished sam- 
ples with practically the same degree of certainty, as regards knowl- 
edge of composition and history, as would have been the case had they 
been prepared in the laboratory. 

In three different breweries manufacturing a wide range of products” 
samples of the wort and beer were obtained in this manner, the entire 

process of manufacture being studied in detail. A record showing 
the kind and amount of raw materials placed in the mash and in the’ 
cooker was made of the samples collected from these three breweries. 
A record also was kept of the time and temperature of each operation 
until the mash was ready to run into the kettle. The filtering and 
sparging + of the mash, the time of boiling in the kettle, the amount 
of hops added and the point at which they were added, and the break ? 

i 

of the wort were all noted. After the wort had been pumped from ~ 
the kettle its course was followed through the hop jack? over the 
coolers to the settling tank. The specific gravity or Balling * of the 
original wort, the temperature at which the product was pitched,*® 
the aeration of the wort, the kind and amount of yeast added, as 
well as the time and maximum temperature of the primary fermen- | 
tation, also were noted. The course of the beer through the storage 
vats, chip casks, and filters to the racks was watched, and samples 
of the wort and of the beer in its various stages of production were 
colleeted and examined. 

1 Washing the grains with hot water to remove the extract or valuable constituents as completely as 

possible. 
2 Precipitation and uniting, in the form of flakes, of the coagulable albuminoids, leaving the liquid clear. 

3 A filtering tank. 

4 Percentage of solids in the liquor according to the Balling hydrometer. 

5 Pitching is the operation of adding the yeast to the wort. 
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METHODS OF ANALYSIS. 

The methods of analysis used were those given in Bulletin 107, 

revised (U.S. Dept. Agr., Bur. Chem.), pages 90-94, with the exception 
that the determination of phosphoric acid was made by the method 
used in fertilizer analysis (ibid., pp. 2-5), destroying the organic 
material in the beer by digestion with strong sulphuric acid and 
nitric acid and determining the phosphoric acid finally by the op- 
tional volumetric method (ibid., p. 4). The uranium acetate method 
siven for beers was not used, for the reason that it was found to be 
exceedingly difficult to obtain accurate results on dark-colored beers.’ 

It was found in the estimation of dextrin by the Sachsse-Allihn 
method (ibid., p. 91) that there is an error in the method of cal- 

culation of the amount of dextrose formed from the amount of 
maltose in the original beer. Instead of multiplying the amount 
of maltose in the original beer by the factor 0.9, it should be multi- 
plied by the factor 1.053, as 1 gram of anhydrous maltose yields, on 
hydrolysis, 1.053 grams of dextrose. The product is the quantity 
which should be subtracted from the total amount of dextrose found 
after hydrolysis: The extract in the beer was determined by use of 
the tables of Schultz and Ostermann (ibid., pp. 209-213). The same 
methods were used in the analyses of the worts as were used in the 
examination of the beers. 

RESULTS OF ANALYSIS. 

Tables I to IV contain the results of the analyses of the worts and 
finished fermented products obtained at the various breweries where 
this investigation was conducted, arranged so as to show readily the 
changes which took place during fermentation and, in a few cases, 
the changes which took place during storage. The results are all 
given in terms of grams per 100 cc, so that a direct comparison of 
the quantities of any particular ingredient in a definite volume of 
material may be made. ‘The comparison of the grams per 100 cc 
of an ingredient in the wort, with the grams per 100 cc in the finished 
fermented product, is based on the assumption that there is no appre- 
ciable change in the volume of the wort during fermentation. 

In Table I are given the results of the analyses of 7 malt worts and 
the beers produced from them. ‘Table IIL contains the results of the 
analyses of 2 malt-and-rice worts and 2 malt-and-corn worts, and 

1 Riley, in his report to the Association of Official Agricultural Chemists for the year 1913, stated that 

the method giving the most uniform results was that of ashing-the beer with an excess of standard calcium 

acetate, and that while the moist combustion method in the hands of those familiar with it gave satisfac- 

tory results, the various collaborators working with the method did not get as uniform results as with the 

method of ashing with calcium acetate. J. Assoc. Off. Agr. Chemists 1 (1915), 138-148. 
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the beers produced from them. In Table III are given the results 
of the analyses of 4 porter worts and the finished porters produced 
from them. The results of the analyses of 9 ale worts and the fin- 
ished ales are shown in Table IV. In these four tables the extract in 
the original wort has been calculated by multiplying the alcohol (ex- 
pressed in terms of grams per 100 cc) by 2, and adding to the product 
the extract of the beer, porter, or ale (expressed in terms of grams per 

100 cc). In the porter and ale worts a percentage of dextrose had 
been added as brewer’s sugar. Since dextrose reduces more copper than 
does maltose in the determination of the sugars, in order to obtain the 
true percentage of total sugars it was necessary to calculate the 
amount of copper reduced by the known amount of dextrose present, 
and then to calculate the amount of maltose. The results thus ob- 
tained are given in Tables III and IV under the heading “‘ Reducing 
sugars as anhydrous maltose.”’ 
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4 A STUDY OF AMERICAN BEERS AND ALES. 9 

A study of these tables shows very clearly that during fermenta- 

tion marked changes are brought about other than the mere con- 

version of sugar into alcohol. While it is well known that these 

changes take place it seems worth while to consider them here, 

because no similar study relating to American brewery products has. 
been published. Further since we have the exact analysis of ihe 
wort and of the beer which was made from it, we have a special oppor- 
tunity to examine quantitatively some of these changes, such as the 
production of alcohol, the fermentation of dextrin, the development 
of acids, and the losses of protein, ash, and phosphoric acid during 
fermentation. 

In order to study the question of the yield of alcohol, to test the 
present factor used for the calculation of the solids in the original 
wort, and to show the approximate amount of dextrin, calculations 
were made, the results of which are presented in Table V. 

TaBLe V.—Changes taking place in the conversion of worts into beers and ales. 

Differ- 
Loss in ence 

Loss in | Loss in solids | betweem 
Product. SRG. sugar. Alcohol. giv eee igeea 

alcohol. | and loss 
in sugar- 

Grams Grams Grams Grams 
per 190 cc.) per 100 ce.| per 100 cc.| per 100 cc. 

Beer al anal) SE SR SS BBO URAC BOCES ROAR tana aa 8. 59 8. 45 3. 85 2. 23 0. 14 
Bld LOWS Ses AN eS ES ee A GR Lo 8.55 8. 43 3.91 2.18 -12 

Be ea cy aire ieiia atte ijaay Oecd eae alates 8. 27 8. 49 3.83 2.13 . 22 
a Renee Arcata ky un se oe ee eae 8.48 8. 27 3.72 2. 27 G45 

sca 253 o6 EERE CER Se C RUSE e Be See eae 8. 02 7.99 3. 66 2.19 . 03 
Beer (0 per cent malt and 40 per cent corn). ---..--- 7. 27 7.42 3.45 | 2. 10 -15 
ee naman ee ek 7.53 7.73 3.33 2.00 - 20 

Beer (i per cent malt and 20 per cent rice)...-..-.-- 7.35 7.46 3.31 2. 22 mene 
acid So ceo S CUOO RR OR GREED ES BER Se tec a eae eer 7.07 7.13 3.18 2. 22 - 06 

Beer r (alma) 220 SRE O BOARS BOC SEE an eee eee nants 6. 04 6.05 3. 02 2. 00 - OL 
Cn Oc Oc Ue 2 SO SAB ROR ESE HEE OBER GREE aE ee Sere oe 5. 86 6. 01 2. 87 2. 04 se 

Average WOW [DESIR APY 8 ISB aa par irae TUNE leds] NIA ee eat eae LR en 2.14 - 04 

Porter small) 9. 23 7. 60 4.30 2. 14 1.63 
paneer rt arge) .. 9. 91 8.32 4.70 2. 10 1.59 

Sicha 10. 06 8. 27 4.75 2.11 1.79 
De 9. 90 7. 82 4,72 2.09 2.08 

JN ee 10. 31 8. 84 4,82 2.13 1.47 
1) ORR em any mane Ui OSE a 10. 63 8.98 5.11 2.08 1.65 
TDD So sccd sete EEA SS eS a 10. 70 9.20 4.93 PAYS 1.50 
5D) Cre trees re Ee RSA EO oo 11.15 8. 94 5. 16 2.15 2.21 
WDD Sb ee ciclo GSAS SS Ge yee Ee 11. 50 9.57 5.34 2.15 1. 93. 
IND cies SESS ROS SUG BE SNA Ee ae ae 11. 62 9. 06 5s3)) 2.17 2. 56 

LPL DU SG Eo Se aa a 11. 04 9.50 5. 43 2.03 1.54 
IDB Seisis og SIE SSAA a I ee 11. 88 9. 63 5. 67 2. 09 2. 25 

min = WE NESS SEO EO SOO CHES IIS e ee ee Eee ane een 11.75 9.11 EOS 2.12 2. 64 
aren LOUD emma sue VE ui ee 12. 03 9,38 5. 69 2.11 2. 65 

Asveragenonalesieus Sem. i Soe 5 RE ARES = La Sate aU AM ey eh ON Tega 2.12 1.96 
NTGTREERD) HOP LOSES a a6 LEIS at Os CN a a alee ie Ae 2.13). | eee 

65991°—Bull. 493172 



10 BULLETIN 493, U. S. DEPARTMENT OF AGRICULTURE. 

In Table V have been collected results (calculated from Tables 

I-IV) which show the loss in solids between the wort and the finished 
fermented product, the loss in sugar, the yield of alcohol, the loss in 
solids divided by the alcohol, and the difference between the loss in 
solids and the loss in sugar. By dividing alcohol into loss in solids 
there was secured a factor which makes possible the estimation of the 
solids in the original wort, provided that alcohol and extract are known. 
This factor also shows the yield of alcohol for a given amount of 
solids disappearing during fermentation. It has been found in the 
case of the beers that this factor averages 2.14, while in the case 
of the ales it averages 2.12, making an average for all of the prod- 
ucts of 2.13. This clearly shows that in the yield of alcohol for a 
given amount of fermentable solids there is no appreciable difference © 
between top fermentation products, such as ales, and bottom fer- 

mentation products, such as beers. 
A marked difference in loss in solids is shown, however, when we 

compare the beers with the ales. In the case of the beers we find 
there is practically no difference between the loss in solids and the 
loss in sugar, while in the case of the porters and ales there is a very 
appreciable difference. The difference between the loss in solids and 
the loss in sugar is only 0.04 per cent for all of the beers; while in 
the case of the porters and ales the difference varies from 1.47 per 
cent to 2.65 per cent, with an average of 1.96 per cent. These figures 
clearly show that in the case of the porters and ales there has been 
some material other than sugar fermented. Unfortunately, the 
determination of dextrin was not made in all of the worts, so that the 
actual decrease in dextrin can be shown only in a few cases. But in 
those cases where we have the actual results the difference between 
loss in solids and the loss in sugar compares very closely with the 
actual amount of dextrin disappearing during fermentation. 

DEVELOPMENT OF ACIDS DURING FERMENTATION. 

A comparison of the amounts of volatile and fixed acids in the 
worts and in the finished beers shows that normally there is no 
appreciable development of volatile acid during fermentation and 
only a slight increase in the fixed acid. This increase in fixed acid 
averages in the case of the beers 0.049 per cent, while in the case of 
the ales the increase averages 0.103 per cent. 

DECREASE IN PROTEIN, ASH, AND PHOSPHORIC ACID. 

A general study of the preceding tables will show that there is an 
appreciable loss of protein, ash, and phosphoric acid during the 
fermentation. Table VI has been prepared to show the average loss 
during fermentation of the various classes of worts with Eeopeet to 
their protein, ash, and phosphoric acid contents. 
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TaBie VI.—Average loss during fermentation. 

Kind of wort. Protein. 

Grams per 

Ash, 

Grams per | 

Lt 

Phosphoric 
acid. 

Grams per 
100 ec. 100 cc. 100 ce. 

EVER ICOIUSE (CUM CRATEANG) etapa sisieicie| = vinin seine coco cit we eo cle sl ceeeacseeecaveccs 0, 209 0.017 0.015 
BERN OMSL CLAM CGICO) aye) neraiastieiai ajo) sIele cis oe ce ee deles commen cmlenee ce . 210 045 | O14 
1 ria VOLES (om) iW KCL CCKa) 1) Ee a . 168 014 | 013 
TERETE COUS MT Pete ele oe see eic/chciaveuie ow elec sicsalolyninio stare wietne . 218 031 017 
EMS Te eee ine re (aia stiles ciciclecaee sewn seceecwnce ceeds . 275 . 029 .O19 

The results given in Table VI show a great similarity in the changes to) oO J om) 

in all of the products, as there is about the same amount of loss of 
protei, ash, and phosphoric acid in the beer, ale, and porter worts. 
There does not appear to be any appreciable loss, however, of either 
protein or phosphoric acid during the storage or aging period as is 
shown by the few samples which we have analyzed after storage. 
This is practically in agreement with the experiment of Bertschinger,* 
whose results show only a very slight increase in alcohol and loss of 
sugar during the storage period. 

EFFECT OF RAW MATERIALS USED UPON COMPOSITION OF THE FIN- 
ISHED BREW. 

In order to show the effects on the finished beers or ales of the use 
of corn, rice, cerealin, and brewer’s sugar as substitutes for malt in the 
worts, Table VIL has been prepared, giving the results of analyses of 
a number of brews made in different breweries and from varying 
kinds and amounts of raw materials. 

1Z, angew. Chem. (1890), p. 670. 
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In the results given under brewery No. 1, a beer made entirely from 
malt is compared with a beer made from 65 per cent of malt and 35 
per cent of cerealin, and with a beer made from 60 per cent of malt and 
40 per cent of corn, in all of which the same quality of malt was used. 

In the case of brewery No. 2, a beer made entirely from malt and a 
beer made from 80 per cent. of malt and 20 per cent of rice are given, 
in both of which the same quality of malt was used. 

Under brewery No. 3 are given determinations for ales prepared 
from 80 per cent of malt and 20 per cent of cerealin; 78 per cent of 
malt and 22 per cent of cerealin; 75 per cent of malt and 25 per cent 
of cerealin; and 65 per cent of malt, 28 per cent of cerealin, and 7 
per cent of brewer’s sugar. The same quality of malt was used in 
all of these brews, but the brews were of different strengths. 

Table VII is given practically in two parts, the first part showing 
the actual results obtained by the analysis of the finished beer or ale 
and the second part showing protein, ash, and phosphoric acid calcu- 
lated to the basis of a uniform wort containing 15 per cent of solids. 

Taking into consideration the actual results obtamed upon the 

beers and ales, it will be seen in the case of brewery No. 1 that the 
three beers vary in composition to a considerable degree. Especially 
is this variation marked in regard to the protein, ash, and phosphorie 
acid contents, which exhibit a marked decrease approximately in 
direct proportion to the amount of cerealin or corn substituted for 
malt. The same condition is apparent in the case of the products 
made in brewery No. 2, the beer made from 80 per cent of malt and 
20 per cent of rice showing a material reduction in protein, ash, and 

phosphoric acid. In brewery No. 3, however, a somewhat different 
condition is noted. Unfortunately, there is no all-malt product of this 
brewery to compare with the brews made from a portion of cerealin or 
from cerealin and brewer’s sugar. It will be noted, however, that when 

the actual results obtained on the finished products of this brewery 
are compared with those of the all-malt brews of breweries Nos. 1 and 
2, they do not clearly show a reduction of protein and ash as might 
be expected. For example, in the case of one of the samples of the 
ale made with 25 per cent of cerealin and 75 per cent of malt (sample 
No. 29512-B), the percentage of proteim is 0.65 and of the ash 0.266. 
The percentages of protein and ash for the three samples of this ale 
represented by Nos. 29512-B, 29514—B, and 29519-—B are higher than 
were found in any of the all-malt products of the first two breweries 
under consideration. This, however, can be readily explained when 
‘it is considered that in the case of brewery No. 2 in the all-malt beers 
(sample No. 22017—D) only 58 pounds of malt were used in the prepa- 
ration of a barrel of beer containing 31 gallons; while in the case of 
sample No. 29512-B there were used, in preparing a barrel of similar 
capacity, 68 pounds of malt and 23 pounds of cerealin. That is, in 

the second product there is, in the same volume of liquid, the extrac- 
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tive material from 68 pounds of malt and 23 pounds of cerealin, while 
in the first product there is present the extractive material from only 
58 pounds of malt. Since the analysis is made upon the finished 
liquid it is evident that the percentage composition of any particular 
ingredient should be very much larger in the second product because 
of the very much larger amount of material used in its preparation. 
It is apparent, therefore, that no direct comparison can be made 
between the percentage composition of these different brews in order 
to determine the effects of the raw materials upon their composition. 

The most satisfactory way to have tested this question of the effect 
of raw materials on the finished product would have been to make a 
series of worts with exactly the same percentage of solids, some of 
pure malt and others of mixtures of pure malt and corn, rice, and 
cerealin; then a direct comparison between the results would have 
shown the effects of these various materials. This method was 
impracticable because it was necessary to take the brews as actu- 
ally made under varying commercial conditions. The object sought 
can be accomplished, however, by calculating the results of these 
analyses either to the basis of dry material in the original wort or by 
calculating them to the basis of a wort with constant water eontent. 
It was decided to calculate all of the results to the basis of a wort 
containing 15 per cent of solids, as this would give a uniform basis 
for comparison and would be approximately an average wort. The 
method employed in calculating the various beers and ales to this 
uniform basis was as follows: ; 

The percentage of solids in the original wort was calculated by 
multiplying the percentage by weight of alcohol by 2 and adding the 
percentage by weight of extract. The result for an ordimary beer 
would be about 12 per cent, while in the case of a very heavy ale it 
might be as high as 18 or 20 per cent. The actual percentages of 
protein, ash, and phosphoric acid found by analysis were then cal- 
culated to the basis of a uniform wort containing 15 per cent of solids. 
This was the method used for preparing the second part of this table. 
A study of this portion of the table shows the actual effects of the 
various substitutes used for malt on the composition of the fermented 
product. For instance, the first of the all-malt beers from brewery 
No. 2 (22017—D) showed in the analysis of the original product a pro- 
tein percentage of 0.603, an ash percentage of 0.206, and a phosphoric 
acid percentage of 0.079. When calculated to the basis of a wort 
containing 15 per cent of solids instead of 12.72 per cent (the actual 
percentage of solids in the wort from which it was made), it gave the 
following percentages: Protein, 0.712; ash, 0.243; and phosphoric 
acid, 0.093. In the case of brewery No. 3, sample No. 29512-B, 

where the original analysis of the product showed 0.650 per cent of 
protein, 0.266 of ash, and 0.057 of phosphoric acid, it will be found 
that when this product is calculated to the basis of a wort of 15 per 
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cent of solids instead of a wort of 19.52 (the actual percentage of 
solids in the wort in this case) the percentage of ash is 0.204, of pro- 
tein 0.499, and of phosphoric acid 0.044. A comparison of these 
results shows that in the protein, ash, and phosphoric acid there has 
been a material reduction below the figures found upon the all-malt 
beer, due to the presence of the 25 per cent of cerealin. A study of 
these results, calculated to the basis of 15 per cent of solids in the 
wort, shows very clearly that the general effect of the substitution of 
cerealin, brewer’s sugar, rice, and corn is to reduce the content of 
ash, protein, and phosphoric acid. 

It is evident from the results here given that the most important 
things to be considered in judging the nature of the raw materials 
used in the preparation of a beer are the quantities of protein, phos- 
phoric acid, and ash; as the other constituents present in the finished 
beer are more or less variable, the quantities present depending upon 
the methods of mashing and fermentation. 

Table VIII contains a summary of results giving the ash, protein, 
and phosphoric acid in all of the finished products of known composi- 
tion which were examined, calculated to the basis of a uniform wort 
of 15 per cent of solids. 

TaBLe VIII.—Summary of the results of analyses (showing ash, protein, and phosphoric 
acid determinations) in all finished products of known convposition, calculated to the 
basis of a uniform wort containing 15 per cent of solids. 

| : Phos- 

Raw materials. Products. Ash. nxe6-25), pinee 

| POs). 
| | 

Veal (eae ateer ees eet as ors ie Sec woes | Beers: 21 samples: Per cent. | Per cent. | Per cent. 
Maximum..... | 0.336 | 1.079 | 0.143 
Minimum. .... | . 230 | .701 . 087 
Average, ...--- - 275 | . 870 . 109 

80 per cent malt and 20 per cent rice.......-...------- Beeree asec ewes . 202 -517 - 073 
66 per cent malt and 34 per centrice.....-...---.-.---|...-- GO sae is -198 ~ 555 | . O84 
62)per cent malt and 38 per cent rice....-...-.--------|----- Gone eee - 205 - 488 - 061 
55-per cent malt and 45 per cent rice..-..--...----..../--.-- Gorse eee .148 -380 | 077 
50 per cent malt and 50 per cent rice.............-.-.-|.-.-- On eS . 167 351 | 056 

| | 

Maximum... ~205 | -555 . 084 

70 per cent malt and 30 per cent corn......-..-.------ IMB eCer as wees. oe 199 343 - 057 
SD) 0 Beetle Pie bisects semen s Sale e ese Sane Heese do 188 | 367 . 065 

68 per cent malt and 32 per cent corn.....--.--..----. tice do. 150 | - 461 . 057 
Des ede d So OCIS SAE OT GRINS EONS TS CRT TENE mre a am ie COneet ye Mie case . 181 . 466 . 062 
Decl sSOsS ASL eS SHOOT SE EE SEE eae ete (eet (OKs ee es . 164 | . 459 . 056 

60 per cent malt and 40 per cent corn...-.------------|...-- TOES sie 215 - 563 - 074 
De dinwdaqnab baste See UAE ra OR RL eigen MN ee dose ae 188 | 593 076 
Oneeneeeceten ae ase Meee ee ee: kd cee Sey Os eae us Lie 223 . 597 | 074 

45 per cent malt and 55 per cent corn..--..----.------}.---. Ge hakoconedstee 145 | 347 - 057 
| 

Maximum... 223 597 . 076 

65 per cent malt and 35 per cent cerealin............-- OCT seer tees shor 192 - 483 057 
80 per cent malt and 20 per cent cerealin.............. 75 SRE ONS a one 215 - 480 051 
78 per cent malt and 22 per cent cerealin.............-|..... Oe ee ae 176 . 455 . 050 

11) ORR eer ae ae ey Mino cca Se rs J. oes ae Ae ee domesseee esset 169 . 476 . 045 
One Neem esate settee sete nis Serle oe t= 2 Reins ee eee dome: 181 . 502 . 040 

75 per cent malt and 25 per cent cerealin......2......-|..... ovens i 204 . 499 044 
LE) OMe eee acer cree sora s Sige Ca cA at | ame do.. 196 509 044 
BD) ree cree tae oie Mea 0s eee ee Osean 191 - 502 . 043 

65 per cent malt, 7 per cent brewer’s sugar, and 28 
PENI COMRCOLCALIM Sas ei wees mime CLS he a cee Owes £ 185 - 409 - 037 

IDO cosco SSC aCe eee COIS E Ie eI EE oei aemaeiiarme “eens 61 1 aeiy do 175 - 443 040 
IDG cae odo cn TGC ES OR NOB BOC SAP ie Eee erage | tanicte Gosesuehee oe | 166 427 041 

Maximum 213 . 509 051 
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A study of the results given in Table VIII shows that in the case of 
American beers the all-malt beers are higher in ash, protein, and, 
phosphoric acid than are any of the beers made from a mixed mash 
of malt and other cereals. The difference is sufficiently marked to 
make it, possible to draw a rather sharp line between the all-malt 

beers and the beers made from the present commercial mixtures. 
Take, for instance, the beers made from mixtures of malt and rice in 
which the proportion of rice varies from 20 to 50 percent. It will be 
seen that in none of these samples is the ash, phosphoric acid, or 
protein so high as the minimum found in the all-malt beers. The 
same will be seen in the case of the malt-and-corn beers. In none 
of the malt-and-corn beers is the ash, protein, or phosphoric acid so 
high as the minimum found in the all-malt beers, and the same is 
true of the mixtures of malt and cerealin and of malt, brewer’s sugar, 
and cerealin. This shows clearly that the commercial beers made 
in this country from malt and malt substitutes can be distinguished 
readily from all-malt beers. 
When the average composition of the 21 all-malt beers examined 

is taken into consideration it will be seen that there is a very sharp 
line of demarcation between the all-malt and the malt, rice, and corn 
products. From the figures which were obtamed upon American 
beers it would seem that protein as a rule is more sharply reduced 
by the addition of malt substitutes than is the ash or the phosphoric 
acid, although where corn or cerealin is used there is a very marked 
reduction in the amount of phosphoric acid. It would appear, there- 
fore, from the results of this investigation that in the consideration 
of American beers it will be comparatively easy to draw a line be- 
tween beers made solely from malt and those made from mixtures 
of malt with rice, corn, and other substitutes. : 

This conclusion is not entirely in agreement with the results which 
have been obtained by others upon foreign beers, in the preparation 
of which low protein barleys have been used. Joseph Race? has re- 
ported some interesting results of an investigation carried on for the 
Same purpose as that for which this particular investigation was 
undertaken; that is, to distinguish between all-malt beers and those 
made from substitutes. His results do not show as sharp a reduc- 
tion of the protein, but he found in his all-malt beers a very much 
lower percentage of total protein than was found in the malt beers 
of this country. He did observe, however, a material reduction of 
the phosphoric acid due to the use of substitutes. Unfortunately, 
he made his determination of phosphoric acid in the ash, and while 
he reports a marked difference betweén the phosphoric acid content 
of the malt beers and those made from substitutes, his total figures 
for phosphoric. acid are much lower than those reported in this 

1J. Soc. Chem. Ind., 27 (1908), 544-547. 
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bulletin. For this reason the figures for total phosphoric acid given 
by him are not at all comparable with those determined by the 
moist combustion method, by the uranium acetate method, or by 
the method of ashing with calcium acetate.’ 

The same fact observed by Race, namely, that foreign beers are of 
low protein content, is shown very clearly in the published literature 
on European beers in general. Kénig? gives the following results of 
analyses made by himself and H. Weigmann of two all-malt beers, 
calculated to the basis of a wort containing 15 per cent of solids: 

Phos- 
Beer and percentage of wort. Protein. Ash. phoric 

acid. 

— ~| =- 

Per cent.| Per cent.| Percent. 
Pure malt beer: 

192 DBP CGM WORG5 oo s5os6 so oeaE esp Sea Soaeseep Gocoercd dose ss5Ge0KMor 0.548 0. 259 0. 098 
AGT CIAC OLA ONU sree ee state ie Nore iene e/ol se ioleiaintajnye a eialae pletatare iia are aielateye - 457 214 - 076 

From these results of Kénig it will be seen that the protein content 
of these beers is considerably less than that of the beers examined by 
the writers. As the phosphoric acid and ash results, however, are 
practically the same as in American beers, it might be expected that 
the use of substitutes in place of the low-protein malt would not show 
so sharp a reduction of the protein as was found by the authors, 
although one would expect a reduction in phosphoric acid and ash 

similar to that found in American beers. This is confirmed by the 
results obtained by Race. 

Robert Wahl? made parallel brewings of a high-protein barley and 
a low-protein barley, and from these obtained two beers which, when 
calculated to a uniform wort with 15 per cent of solids, showed a total 
protein in the beer made from the low-protein malt of 0.734 per cent, 
and in the beer made from the high-protein malt 1.041 percent. This 
clearly indicates that where a beer is made from high-protein barley, 
as is the case with practically all of the beers made in this country,‘ 
the reduction in protein by the use of substitutes will be a valuable 
index to the true nature of the product. This, when taken in connec- 
tion with the reduction of phosphoric acid brought about by the use 
of substitutes, gives two factors of value in judging American beers, 
to determine whether or not substitutes have been used; while in the 
case of beers made from low-protein barley there is practically only 
one factor, namely, the reduction of phosphoric acid. 

1 Riley, in his report to the Association of Official Agricultural Chemists for the year 1913, showed that 

a large proportion of the phosphoric acid was ordinarily lost when the beer was directly ashed (J. Assoc. 

Off. Agr. Chemists, 1 (1915), 138-143). For this reason, in comparing the amount of phosphoric acid given 

in the literature on beers, it is very essential to know the method used for determining the phosphoric acid. 

2 Konig, F.J., Chemie der Menschlichen Nahrungs- und Genussmittel, 4th ed., v. 1, p. 1154. Berlin, 1903. 

3 Am. Brewers’ Rev., 18 (1904), 339. 

3 Wahl, Robert. In Am. Brewers’ Rev., 29 (1915), 316-317. 
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After this rather extensive study had been made at the three 
breweries, the investigation was extended to include breweries in 
various sections of the country where different types of raw materials 
were used. A special effort was made to obtain authentic samples 
of practically all of the malt beers made in this country and also a 
large series of malt-and-rice and malt-and-corn beers. In Table IX 
have been tabulated the results obtained on all-malt beers. All of 
these results show practically the same condition noted in the other 
samples of malt beer; that is, a comparatively high protein and 
phosphoric acid content as compared with beers made in part from 
rice or corn. These malt beers show figures considerably higher 
in protein than those given in the literature for all-malt beers made 
from the low-protein malt of Europe. 
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In Tables X and XI are given the results for beers made from malt 
and rice and from malt and corn. A study of these tables shows 
the same condition as was noted in the other tables giving malt- 
and-rice and malt-and-corn beers; that is, the beers have a lower pro- 
tein and phosphoric acid content than those made entirely from malt. 

TaBLe X.—Analyses of malt-and-rice American beers. 

Extract Hey 

gaunt Bae Degree Total Volatile sugars | 
Sample . ae A offer- | aci aci as eX- Hi Raw materials. Alcohol. eal sue menta-| as as | anhy- | trin. 

mann). | (caleu- tion. | lactic. | acetic. deons 

lated) t a 
ose. 

Per ct. by 
22042-D | 80 per cent malt and 20 | weight. | Perct. | Perct. Per ct. | Perct. | Per ct. | Per ct. 

per cent rice..........- 3.16 5.13 | 11.45 | 55.20] 0.241 |] 0.003 1.55 2.41 
23527-E | 66 per cent malt and 34 

Per cent rice........-.- 3.32 5.50 | 12.14 | 54.7 . 196 . 008 1. 46 2.74 
23581-E | 62 per cent malt and 38 

per cent rice: =: 2. 435- 2.86 6.16 | 11.88 | 48.16 .178 . 014 Ei 3.15 
23587-E | 55 per cent malt and 45 

percent rice..-.....--. 3.56 4.96 | 12.08} 58.94 . 151 . 007 1, 24 2.53 
23586-E | 50 per cent malt and 50 

per centrice........... 3.44 5.67 | 12.55} 54.82 . 160 . 008 1.44 3. 08 

Calculated to basis of 
wort with 15 per 

Phos- Color cent of solids. 

Ere: phoric| Un- |p.) eee 
Sausple Raw materials. (NX Ash. | acid | deter- |; ator on) Phos- 

6.25). a) ESTOS inch ee phoric 
tee cell. | yy Ash. | acid 

(NX (as 
6.25) P20s). 

De- 
grecs | De- 

22042-D | 80 per cent malt and 20 per | Per ct.| Per ct.| Per ct.| Perct.| V._ |grees.1 |Per ct. |Per ct. |Per ct. 
CONbTICO esse seen 0.395 | 0.154 | 0.056 | 0.62 |+37.2 2 | 0.517 | 0.202} 0.073 

23527-E | 66 per cent malt and 34 per 
Centrica: See 449 | .160] .068 .69 |+40.0 2) .555] .198 . 084 

23581-E | 62 percent malt and 38 per 
CONUTICH yet saece ess .386 | ..162| .048 69 |+-48.6 |-.:.... 488 | .205 - 061 

23587-E | 55 per cent malt and 45 per 
COMETICO 20 he Eee bey & .306 | .119 | .062 76 |+37.0 2 380 | .148 077 

23586-E | 50 per cent malt and 50 per 
CBNETICEI 350.45. 2e ee a2 -294|) .140 | .047 . 72 |+46. 4 2) .351 | .167 . 056 

| 

1 Brewer's scale. 
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TasLe XI.—Analyses of malt-and-corn American beers. 

Extract ea 

Extract) in | Depree| Total |Volatile| sugars 
Sampl (Schultz | orig- | offer- | acid | acid. | as | Dex- Ne ¢ Raw materials. Aleohol.| and. Asa ease ae ave antigen egter 

meet Coto: tion. | lactic. | acetic. aoe 

lated). acl 

. 

Per ct. by 
3534-E | 70 per cent malt and 30 | weight. | Per ct. | Per ct. Per ct. | Per ct. | Per ct. | Per ct. 

per cent corn....-..--- 2.75 5.53 | 11.03 | 50.32) 0.125] 0.005 1. 27 3.13 
23535-E |..... LO eee ke 3.03 4.85 10. 91 55. 55 . 224 O11 1.15 2.76 
23518-E | 68 per cent malt and 32 

per cent corn.....-...-. 3.37 5.96 | 12.70 | 53.07 . 116 . 006 1. 63 3.07 
23561-E |..... CLOWN tay teen oer ole 3. 26 6.14 12.66 | 51.50 . 134 . 016 1.54 3.07 
23572-E |_.... OE siloneetteee ct Bau 6.07 12.81 52. 62 143 . 020 1.56 3. 29 
23584-E | 60 per cent malt and 40 

per cent corn...-..---- 3.09 4.90.| 11.08 | 55.78 .178 . 020 1.35 2.43 
 23523-E d soos 3.16 6.07 1239) |) 51: 01 . 214 . 009 1. 60 3. 36 
23660-E 3. 26 6.07 12,59 | 51.79. . 205 - 009 1.55 3. 06 
16286- C 3.19 5. 60 11.98 | 53.34 .173 .014 1.85 2.61 
16287- C do 3. 23 5. 67 12S) 153026 -178 .014 1.84 2. 41 
23524-E | 45 per cent malt and 55 5 

per cent cormn.........- 3.43 5.75 | 12.61 | 54.40 . 169 . 007 1. 44 3.19 

Calculated to basis of 
wort with 15 per 

Phuc Color cent of solids. 

1 ue phoric) Un- (kone 
cam 8 Raw materials. ae Ash. | acid | deter- por pond) Ph 

i (as_|mined. Albee ey Pe OS 
6.25). P20s) inch fein phoric 

Bae cell. | (ye | Ash. | acid 

6.25). es 
P20s). 

De- 
grees | De- 

23534-E | 70 per cent malt and 30 per | Per ct.| Per ct.| Perct.| Perct.| V. | grees.1\ Per ct.) Per ct.| Per ct. 
CEN COMM ey eee ec 0. 252 | 0.146 | 0.042 | 0.73 |+42.6 2 | 0.343 | 0.199 | 0.057 

OBE BH O13) ones LOE e Re Mae ai ele a 5267) |) Loe e047 -53 |+37. 2 2| .367] .188 -065 - 
23518-E | 68 per cent malt and 32 per 

CONTiGORN se yee ee . 390 BP) - 048 .74 ;+49.6 3 - 461 . 150 . 057 
23561-E |....- Gla AU ese eee -393 | .153 . 052 -98 |+48.0 |-....-- - 466 - 181 . 062 
PRY V PAD) EL ae GVO RE oe 3 Mann Eee a alee -392:| .140 - 048 - 69 |+47.0 |..-.... . 459 . 164. . 056 
23584-E | 60 per cent malt and 40 per 

CentiGOmesnes seme sense cee . 416 - 159 . 055 «54 |-£34.6 |. 2-222. -963)|  .215 . 074 
23523-E |...-. LOR news Sed ot . 490 ~ 155 . 064 -46 |+45.0 5 - 993 - 188 . 076 
23660-E |....- LON a ME ay Go . 501 -187 - 062 77 |+44.4 5 . 597 . 223 . 074 
16286- C }..... OO i el ea ar es .31l . 219 . 057 OL TS Oi) Pees . 389 . 274 - O71 
16287-— C |..... Oe rc aes 322 | .205 - 055 -89 |+41.0 |..-.--- . 398 . 254 . 068 
23524-E | 45 per cent malt and 55 per 

CONUICOEN AS ee yet eee nicics 292) .122} .048 ~71 |+45.6 PX BEY) . 145 . 057 

1 Brewer’s scale. 

In Table XII have been brought together the results of the exam- 
ination of a large number of commercial beers of American produc- 
tion, which were represented to be made from malt and hops. This 
representation subsequently proved to be false, although exact infor- 
mation as to the amount or kind of substitute used is not available. 
These results are of value, however, in showing the general com- 
position of American beers made from the ordinary commercial 
mixtures and clearly indicate that by taking into consideration the 
ash, protein, and phosphoric acid content it is practicable to dis- 
tinguish commercial beers made in this country from malt and malt 
substitutes from beers made from malt alone. 
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A STUDY OF AMERICAN BEERS AND ALES. 23 

The data reported.in Tables X, XI, and XII give the results of 
analyses of commercial American beers obtained from various brew- 
eries in different parts of the United States as these beers are found on 
the market at the present time; hence, they are of general value for 
the purpose of showing the composition of American beers. These 
data also are of considerable interest when we compare them with 
data relating to American beers published by the department in 
1887.1. A comparison of these two sets of figures shows that beers 
made at the present time have a much lower percentage of alcohol 
and are made from a wort containing a much lower percentage of 

solids than beers made a generation ago. The average of 28 samples 
examined and reported in 1887 in the publication cited’ showed an 
average alcohol content of 4.63 per cent by weight and solids in the 
original wort of 14.79 per cent, while the average of 72 beers repre- 
senting the products now on the market showed an average of 3.52 
per cent by weight of alcohol and solids in the original wort of 12.50 
percent. Thisis a reduction of 1.11 per cent by weight of alcohol and 
2.23 per cent of solids in the original wort. 

CONCLUSIONS. 

The all-malt beers made in this country contain higher percentages 
of protein than the all-malt beers made in Europe, owing to the use in 
this country of a barley high in protein. 

The use of rice, corn or corn products, and brewer’s sugar as substi- 
tutes for malt reduces the content of protein, ash, and phosphoric 
acid in the finished beer. 

This difference, as regards the protein, ash, and phosphoric acid, 
is a sufficient basis for distinguishing the all-malt beers made in this 
country from those containing the commercial mixtures of rice, corn, 
cerealin, and brewer’s sugar. 

It is necessary to calculate analytical results to the basis of a com- 
mon wort in order to interpret them properly. 

1U.S. Dept. Agr., Div. Chem., Bul. 13, 1887, pt. 3, p. 282. 
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A HUMIDIFIER FOR LEMON CURING ROOMS. 

By A. D. SHAMEL, 

Physiologist in Charge of Fruit-Improvement Investigations, Office of Horti- 

cultural and Pomological Investigations, 
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INTRODUCTION. 

In the summer of 1914 the writer became interested in some studies 
having for their object the control of humidity in the curing rooms 
of one of the lemon packing houses in southern California. These 
rooms, 20-in number, are about 20 feet long by 20 feet wide and 10 
feet high. They are arranged five on each side of two corridors, 
which are covered by monitor-type ventilators with slatted sides. 

The rooms are equipped with ventilating doors along the outer bot- 
tom side and inner top side, arranged in such a way that they can be 
opened easily and held in any position desired, or can be closed so as 
to prevent any appreciable movement of air from the rooms. 

The walls of the rooms are made of galvanized steel. A 4-inch 
space between the walls, on ali sides of the room except the bottom. 
is filled with redwood sawdust. The floors of the rooms are made 

of 2 by 4 inch wooden stringers laid flatwise on the joists, with half- 
inch spaces between them. Underneath each room is a small earth 
cellar, or pit, in which to place heating appliances for use in raising 
the temperature of the rooms. 

65990°—17 
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The condition of relative humidity in the curing rooms is deter- 
mined by the use of a sling psychrometer. Distilled water at the 

room temperature and clean cloth covers for the wet bulb have been 
used, and the directions recommended by the United States Weather 
Bureaufor making accurate use of the sling psychrometer have been 
carefully followed. 

Studies were made to determine the humidity of various parts of 
empty and filled rooms under different. conditions of ventilation, in 
order to establish intelligently a practicable and satisfactory method 
for making regular humidity observations. Preliminary determi- 
nations of the humidity outside the curing rooms and inside 
under different conditions of ventilation were made before any con- 
trol measures were attempted. Regular hourly tests of the relative 
humidity were made with the sling psychrometer in several parts of 
the room. In addition to these observations a hygrothermograph 
was placed in each room, in order to keep a continuous record of the 
conditions of temperature and humidity. 

OBJECT OF THE EXPERIMENTS. 

The object of the humidity studies was to determine the effect 
of various percentages of relative humidity in the curing rooms 
upon the curing processes of the lemons and to find out, if possible, 
the condition resulting in the most satisfactory curing, as shown by 
the color and texture of rind, the amount of shrinkage during storage, 
the color and condition of the calyx, or button, as it is commonly 
called, and the commercial quality of the fruits. 

PLAN OF THE WORK. 

Owing to the danger of injury to the lemons in the curing rooms 
and consequent heavy loss to the owners from improper conditions 
of temperature and humidity, it was decided to study the condition 
of relative humidity and its control in empty rooms and with small 
samples of fruit before attempting the control of humidity in rooms 
filled with lemons. 

In the first place, a study was made of the use of ventilation in 
controlling the condition of humidity in the curing rooms. At the 
time these studies were begun, in July, 1914, and during the follow- 
ing four or five months, the relative humidity of the atmosphere at the 
place where these observations were made was normally very low. The 
humidity of the air in the warmest part of the day, usually about 2 
oclock in the afternoon, sometimes dropped to less than 10 per cent. 
The coolest part of the day during this same season was usually 
about sunrise, and at that time the relative humidity was frequently 
about 90 per cent and often reached 100 per cent. It was decided to 
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attempt to hold the relative humidity. of several curing rooms at 
about the following conditions, viz, 70 per cent, 75 per cent, 80 per 
cent, 85 per cent, 90 per cent, and 95 per cent. 

The rooms were kept tightly closed during the day and opened 
at night, when the conditions of the outside atmosphere were such as 
to make ventilation advisable, in order to assist in maintaining the — 
inside condition of humidity at the desired point. Owing to the ex- 
treme fluctuation of the conditions of relative humidity in the out- 
side atmosphere during the day and night and from day to day, 
ventilation alone was found to be impracticable as a means for main- 
taining a uniform condition of humidity in the curing rooms. It 
was found that excessive humidity in the rooms could be quickly 
reduced by opening the ventilators during the day, when the dew 
point of the outside air was much lower than that of the air inside the 
rooms. The real difficulty was found to be that of increasing the 
humidity in the curing rooms when it dropped below the condition 
desired. 

METHODS TRIED FOR INCREASING THE RELATIVE HUMIDITY. 

Several methods were tried for adding to the humidity in the cur- 
_ ing rooms. The ground under one of the curing rooms was sprinkled 
with water. This method proved objectionable from the fact that 
by its use molds which were injurious to the fruit began to develop. 
Then a small perforated water pipe was arranged along the sides 
of one room, near the top, with a valve to regulate the spray of 
water from the pipes. This method was found to be inadequate. 
Later, sacks of coarse, heavy cloth were suspended from these pipes 
and the spray of water was allowed to fall on them. This method 
was also found to be ineffective. 
A commercial humidifier used in tobacco warehouses was tried in 

one of the rooms. This machine consists in part of a rapidly re- 
volving fan which throws a fine spray of water into the room. For 
the conditions in the lemon curing room this apparatus was found to 
be impracticable and was finally discarded. Other somewhat similar 
machines manufactured for the same purpose were used and found 

to be of little or no value for this work. 
About this time the writer conceived the idea of increasing the 

humidity of the curing rooms when necessary by the evaporation of 
water from saturated cloths. Several ways of doing this were tried. 
The first apparatus consisted of a shallow, galvanized-steel pan, 2 
feet wide, 3 feet long, and 6 inches deep. Into this pan was set a 
series of wooden frames, about 3 feet long and 1 foot high, spaced 
about 2 inches apart. During several tests they were covered with 

cotton and other absorptive cloths. The pan was nearly filled with 
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water, and in this condition the water was drawn into the cloths by 
capillarity almost to the top of the frames. Over the frames was 
placed a galvanized-steel cover, or hood, open at one end and so ar- 
ranged at the other end as to inclose a 16-inch electric fan. The cur- 
rent of air from the fan was directed between and over the saturated 
cloths. In this way the water was evaporated and given off to the 
air in the room, increasing the relative humidity more efficiently 
and safely than by any method previously tried. However, it was 
soon found that the upper part of the cloths soon became dry under 
the influence of the air current from the fan, and in an hour or so 
the effectiveness of the apparatus became greatly diminished. 

An attempt was then made to find a cloth more absorptive than 
the kinds first used. Many materials were tried, with the result 
that it was decided to use Russian crash, a very coarse linen cloth 
that is used for making towels and for decorative purposes. 

With the use of the Russian crash cloths the efficiency of the 
humidifier was improved, but it was still imperfect under very dry 
atmospheric conditions. Various expedients were tried to increase 
still further the evaporation of the water in the pan, such as by the 
addition of filter paper, sponges, and other quickly absorptive 
materials. | 

THE INVENTION OF THE HUMIDIFIER. 

While working on this phase of the problem, the writer con- 
structed a machine with two water pans, an upper and a lower one, 
with strips of cloth extending through slots in the bottom of the 
upper pan to the lower pan. It was thought that in this machine it 
would be possible to control the flow of water from the upper pan 
to the cloths through the slots by pressing the slots together by means 
of thumbscrews. This method was found to be impracticable. It 
was in this work that the idea occurred of raising the sides of the 
slots several inches, so that they protruded above the water in the 
top pan. The cloths were drawn up through the raised slots and the 
edges were allowed to drop into the water to the bottom of the pan. 

Under these conditions, the water in-the pan was raised on the 
cloths by capillarity to the top of the raised slots, where it dropped 
down through the suspended cloths by gravity and capillarity com- 
bined. This arrangement proved to be successful in every respect 
and met the requirements for use in lemon curing rooms very 
satisfactorily. 

It was found that the rate of flow of water from the upper pan 
through the cloths to the lower pan could be regulated to a nicety 
by varying the height of the raised slots, thereby changing the length 
of the cloth through which the water is drawn by capillarity. 
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Naturally, the higher the raised slot extended above the water, the 
slower was the passage of water to the lower pan. 

In this work it is desirable to keep the cloths saturated during the 
operation of the machine, but with little or no excess of water 

dripping into the lower pan. As finally constructed, after many 
tests to determine the best arrangement, it was found that raising 
the slots 4 inches above the bottom of the pan keeps the cloths fully 
saturated under the conditions in which -this machine is used. An- 
other method of controlling the flow of water through the cloths 
is to vary the quantity of water in the upper pan, filling up the pan 
so that the water nearly reaches the tops of the raised slots in order 
to increase the rate 
of the flow or draw- 
ing off some of the 
water in order to re- 

tard its flow. 
If it is desirable 

to stop the absorp- 
tion of the water by 
the cloths at any 

time, this can be 

done easily by lift- 
ing the ends of the’ 
cloths out of the 
water in the upper 
pan. If the flow of 
water through the 

cloths is such as to 
collect in the lower 

pan, this excess can 
PI7863HP 

be drawn off and re- Fic. 1.—Side view of the humidifier, showing its arrange- 

ment on a truck and the spigot for drawing off excessive 

turned to the upper water in the lower pan. 

pan. Under condi- 
tions of very low humidity, when evaporation from the cloths is. very 
rapid, it may be found advisable to maintain some water in the lower 
pan, as well as in the upper one, in order to keep the cloths fully 
saturated. 

The operation of this humidifier washes all of the air in the room 
and increases the humidity uniformly, a very important factor in 
lemon curing rooms. Another fact of great importance is that under 
conditions of low humidity the humidifier acts rapidly, while under 
conditions of high humidity it works slowly. One advantage of this 
condition is that it reduces the danger of raising the humidity of the 
curing room to a point which would be unfavorable for lemon curing. 
On an average the humidifier will raise the humidity in the rooms de- 
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scribed about 10 per cent per hour in the range from 70 to 90 per cent 
of relative humidity. In a condition below 50 per cent of relative 

humidity the humidifier acts more quickly, while at about 90 per cent 

it works very slowly; in fact, it has been impossible in these experi- 
ments to raise the humidity in the curing rooms during very dry 
days much above 95 per cent with this apparatus. 

CONSTRUCTION OF THE HUMIDIFIER. 

The illustrations of the humidifier (figs. 1 and 2) show its general 
arrangement and its position on a truck, whereby it can be moved 
from place to place when needed. The detailed structure of the 

humidifier is shown 
in figures 3, 4, 5, 6, 
and 7 The upper 
pan (1) is 36 inches 
long, 24 inches wide, 
and 6 inches deep. 
The lower pan (2) is 
of the same dimen- 
sions. The side (4) 
of the cloth chamber 
(3), which is open at 

‘both ends, is 36 inches 
long and 20 inches 
high, connecting the 
upper and lower 
pans. The raised slots 
(5) are 4 inches high 
and extend to within 
half an inch of either 
end of the upper pan, 
so that they are held 

enone firmly in position. 
Fic. 2.—Rear view of the humidifier, showing the arrange- The upper. ends of 

ment of the electric fan in the hood. . 
the raised slots are 

spread slightly, so as to allow the easy passage of the strips of 

cloth (6). The pans, sides, and other metal. parts are made of 
galvanized steel of medium weight.* The corners of the cloth 
chamber are strengthened, with angle iron. The upper edges of the 

strips of Russian crash are drawn through the raised slots and 
allowed to drop down into the water in the upper pan, as shown 
in figure 7 at 7. The bottom edges of the cloths are bound with 
strips of sheet metal (8), so as to hold them in place. These bound 
edges of the cloth strips are held in the lower pan by means of spring 
clips or clamps (9) which are soldered to the bottom of the lower pan. 

The strips of cloth are 35 inches wide, so as to fit the raised slots, 
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and 36 inches long, so as to extend from the lower pan through the 
raised slots and drop over into the water in the upper pan. 

In machines con- 

structed after the ac- 

companying illustra- 
tions were prepared 
it was found desir- 

able to have the for- 

ward edges of the 
hood (10) fit inside 
the opening made by 
the top and bottom 
pans and the inner 
edge of the angle iron 
in the corners of the 

cloth chamber. The 

hood is drawn out to 

a circle so as to fit the 

circumference of the 

blades of the electric 

fan (11), which is 16 
inches in diameter. 
The humidifier is 

placed on a truck 

(12), supported on 5, 2 P17068HP 

3.—Front view of the humidifier, showing the arrange- 

wheels (13) so ar- ment of the absorptive cloths in the cloth chamber. 

ranged that it can be easily moved in any direction by means of the 
handle (14). Supports (15) are placed under the humidifier and fan 
to raise them sufficiently to permit a pail to be 

P17069HP 

Fie. 4.—Top view of the upper pan, showing the arrange- 

ment of the raised slots and the absorptive cloths. The 

cloths drop from the raised slots to the bottom of the pan. 

the proper point with water, care being taken 

easily placed and re- 
moved from under 
the spigot (16). 

OPERATION OF THE 

HUMIDIFIER. 

Space must be left 
in the curing rooms 
so that the humidi- 
fier can be quickly 

placed in_ position 
for use and easily 

taken out. 

The upper pan 
should be filled to 
to see that the edges 

of the cloths are entirely submerged. The fan should then be started. 
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Frequent readings of the humidity in the rooms should be made, once 
every hour in the beginning, by means of the sling psychrometer. A 
record should be kept of these readings from the beginning to the 
end of the curing process. A convenient form for recording these 
data is as follows: 

Humidity record of the curing room. 

Psychrometer : : 

‘ readings. . Outside air. 
Air Relative Dew 

Date. Time. |tempera-|————~————_] humid- Point 

| ae ah Wet ity. Tempera-| Humid- 
bulb. bulb ture. ity. 

WA MAM —. 

Fig. 5.—Side view of the humidifier, showing details of construction. 

A covered jar of distilled water should be kept in each room for 
moistening the cloth on the wet bulb of the sling psychrometer. ‘The 
air temperature of the rooms should be determined from standard- 
ized thermometers hung in a permanent position in each room. 

In practice it has been found that the number of humidity deter- 
minations in the rooms can eventually be greatly reduced. Usually, 
during ordinary weather, three readings each day will give the 
necessary information for use in handling the humidifier. With 
fluctuating weather conditions the readings will of necessity be 
made more often. It is very desirable to make at least one, prefera- 
bly more than one, daily determination of the air conditions outside 
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the curing rooms, in order to handle the humidifier and the ventila- 
tion of the curing rooms intelligently. 

For rooms of the kind and size and under the conditions described 
in this paper one humidifier will generally be sufficient for use in five 
rooms. With better insulation for the rooms fewer humidifiers will 
be needed, and where the insulation is not so good or where temper- 
ature fluctuations are greater than those where these rooms are 
located, more humidifiers will be needed. The cost of the humidifier 
need not exceed $25, in addition to the electric fan. The cost of 
operation will depend on the cost of running the fan. The deprecia- 

tion in the value of the appara- 

tus is insignificant. 

(Ais “ltd 

| 

Fic. 6—End view of the humidifier. Fig. 7.—Cross section of the humidifier. 

NL 
| 

If impure water is used in the humidifier it will be found necessary 
to wash the absorptive cloths occasionally. When the humidifiers are 
not in use the cloths should be allowed to dry out thoroughly. 

OTHER USES OF THE HUMIDIFIER. 

- The successful use of the humidifier described in this paper in 
improving the humidity of private homes and other living rooms 
has been demonstrated. In this case, much smaller humidifiers can 
be used. The noise caused by the vibrations of the electric fan in 
contact with the humidifier hood can be largely eliminated by 
inserting a strip of rubber at this point. 
The use of the humidifier in dry or desert sections, in restaurants, 

offices, and living rooms not only increases the humidity in these 
rooms but also lowers their temperature, both of which conditions 
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are very desirable during excessively hot weather. In view of the 
fact that the only attention needed other than that given the ordi- 
nary electric fan is to keep the upper pan filled with water, the 
operation of this humidifier is simple and practicable. 

RESULTS. 

The use of the humidifier described in this bulletin in lemon curing 
rooms for two seasons has demonstrated the possibility of maintain- 
ing a uniform condition of relative humidity in such rooms. The 
action of the humidifier is entirely safe, and there has been no injury 
to the fruit in the curing rooms in which it has been used. 

The maintenance of a uniform condition of humidity in the 
curing rooms has resulted in an improved curing of the fruits, as 
shown by the better color and texture of the rind, the green color and 
firm condition of the calyx, or “button,” and the juiciness of the 
lemons, as compared with lemons cured in the ordinary way in the 
same building and at the same time. The best condition of humidity - 
for the curing of lemons, as shown by these experiments, lies be- 
tween 80 and 90 per cent. While the necessity for the use of the 
humidifier in curing rooms varies in accordance with the char- 
acteristic atmospheric conditions of different lemon-growing regions, 
it can be said safely that in order to maintain uniform conditions of 
humidity the use of humidifiers is advisable at some seasons of the 
year in all the lemon districts of southern California. The im- 
proved appearance and quality of one carload of the fruits held 
under uniform conditions of humidity through the use of the humid- 
ifier are likely to more than pay for the humidifier and its cost of 
operation for the entire year. 

SUMMARY. 

A humidifier for use in maintaining conditions of uniform 
humidity in lemon curing rooms was invented by the writer in 1914. 

This humidifier was the outcome of a series of experiments for 
the purpose of controlling the conditions of humidity in lemon 
curing rooms. 

It has been satisfactorily and successfully used for two seasons 
for the purpose for which it was built, and also for improving the 
air conditions in living rooms in private houses and elsewhere in 
California. 

The arrangement and structure of the humidifier are described 
and illustrated in this paper. It need not cost, aside from the elec- 
tric fan, more than $25. 

The best condition of relative humidity for curing lemons, as de- 
termined by these experiments, lies between 80 and 90 per cent. 
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INTRODUCTION. 

Within the past 10 years the spray-irrigation method has been 
adopted over a wide area in the United States, especially in the 
Atlantic Coast States from Massachusetts to Florida. Many spray- 
irrigation plants have been installed in the North Central States, 
while scattered installations can be found in practically all southern 
and western States. 

In spray irrigation water is applied to the surface of soils and to 
crops in the form of small drops, spray, or mist.* 

The first systems of spray irrigation were an outgrowth of city 
lawn sprinkling. It was soon demonstrated that by employing such 
systems small amounts of water could be applied advantageously to 
delicate crops, especially for supplementing an uncertain rainfall. 
This method also was found particularly well adapted for furnishing 
relatively small quantities of water to truck and small fruit crops 
throughout the humid region. 

1Use of Water in Irrigation, by Samuel Fortier. 

Notr.—This bulletin is of special interest to truck and small-fruit growers of the 

eastern part of the United States. 

66687 °—Bull. 495—17——-1 
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The introduction of gas, oil, and electric power for operating 
pumps on the farm has provided means of elevating water to the 
higher lands and generating sufficient pressure to produce the desired 
spray. [Engineers have devised systems of piping and special spray 
equipment for irrigating all areas by spray methods and have intro- 
duced automatic devices which reduce labor. 

The object of this bulletin is to familiarize the farmer with con- 
ditions under which spray irrigation may be undertaken profitably, 
suggest possible water supphes, and illustrate typical pumping ma- 
chinery and distribution systems, so as to aid the prospective irri- 
gator in determining whether spray irrigation should have a place 
in his farm operations. It is also intended to present information 
necessary in working out an intelligent design and installation of 
a spray system. i 

ECONOMIC CONDITIONS JUSTIFYING SPRAY IRRIGATION. 

The cost of spray-irrigation systems depends upon the type in- 

stalled as well as upon conditions peculiar to each farm. A portable 
outfit may cost as little as $50 per acre for the field equipment, while 

a stationary distribution system may cost as much as $150 per acre.? 
To these figures must be added the cost.of a main pipe line leading 
from the water supply to the fields and usually the cost of de- 
veloping a water supply and installing a pumping plant. These 
additional items may bring the total outlay per acre up to two or 
three times the cost of the distribution system, especially on small 
acreage. Assuming a cost of $250 per acre on a stationary plant for 
a small acreage, the farmer should be able to increase his annual 
returns from each acre to cover approximately the following charges: 

Six per. cent interest on $250. 225 22 Se ee ee eee $15. 00 

Wive per cent, depreciation on equipment__-__—------+ _=-—= =e se 12. 50 

Mwoiper cent, maintenance ‘andi repairs 2222 See eee 5. 00 

Cost of fuel and oil at 4 cents per 1,000 gallons of water pumped for 

GEACTC-INCHES: cog 2 ont Se eae ee nnn NS 26.50 

haborin irrigating, 1 man 6 days'at peee a ee 12. 00 

Total overhead and operating expenseS___________-_____________ 51. 00 

It will be noted that $51 per acre per year is necessary in returns 
to cover overhead and operating expense incidental to the spray 
system. To realize a fair profit from the irrigation plant, the crops 
must increase in value something more than $51 per acre. In the 

case of berry, tobacco, and orchard crops the increase must be derived 

1The subjects of lawn and greenhouse irrigation are not included in this bulletin. 

2 Cost of pumping estimated for a plant operating at 50 per cent efficiency against a 

total head of 150 feet, using gasoline as fuel. The amount of water pumped annually is 

assumed at 6 acre-inches as a typical duty of water in the Atlantic Coast States where 

spray irrigation is most extensively used. More arid sections require larger amounts. 

. 

| 

) 
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from one main crop and a possible intercrop. On the other hand, the 
irrigator of truck who follows intensive culture has a chance of 
dividing the annual increase among three to six crops. The high cost 

of spray irrigation eliminates its use on many crops which respond 
readily to irrigation. It is possible, however, to use cheaper methods 
of distribution on many of these crops which are grown on land hav- 
ing an even surface. A combination of spray irrigation and surface 
methods on the same farm often can be placed under one pumping 
plant, as illustrated in figure 1, thereby utilizing to the fullest extent 
the water supply, pumping equipment, and main pipe lines. The 
typical farm illustrated in figure 1 indicates the use of spray irriga- 
tion on the more uneven parts where the topography is not adapted 
to cheaper methods but where the soil and southern slope are desir- 
able for the growing of early and intensive truck and berry crops 
that will justify spray irrigation. The main feed pipe is extended to 
the upper and more even parts of the farm, where cheaper methods 

of irrigation can be applied to alfalfa, orchard, bush berries, pota- 
toes, and other crops grown in wide rows for horse cultivation. 

Truckers in the arid sections seem to favor a combination of spray 
irrigation and surface irrigation on the same field. The spray is 
used in the preparation of the seed beds, germinating seeds, and start- 
ing newly set plants. Later the crops are irrigated during the matur- 
ing and fruiting periods by the surface furrow or check methods. A 
portable spray equipment often meets these conditions most economi- 
cally, because it can also be used for the irrigation of hot-bed and 
cold-frame crops. 
Adequate markets, labor, and fertilizer facilities are other essen- 

tials for successful spray irrigation. Good roads and equipment for 
quick hauling of perishable truck and berry crops to a railway or 
other express service station must be assured unless some valuable 

annual crop, such as tobacco or onions, which can be cured on the 
farm, is being grown for deliberate marketing. The express service 
for irrigated trucking purposes must be able to deliver the products 
promptly and in a fresh, unwilted state to markets which require a 

continuous supply of high-grade vegetables. Many of the most suc- 
cessful users of spray irrigation are operating on small areas for the 
raising of only such crops as can be consumed by the local trade of 
a small town or community, thus simplifying the transportation ques- 
tion greatly. 

Intensive truck or berry growing under irrigation requires a large 
amount of more or less experienced labor. The irrigator should man- 
age his farm in a way which will enable him to hire men for long 
periods and reduce the necessity for employing many laborers for 
short periods. The moisture-supply control given by spray irrigation 
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Fic. 1.—Typical 80-acre farm in humid regions, showing development of water supply 
by reservoir and a combination of spray and surface methods of irrigation operated 
from one pumping plant. 



SPRAY IRRIGATION. 5 

justifies the farmer in using larger amounts of fertilizers. Truckers 
near Philadelphia are using profitably as high as 50 tons of manure 
per acre each year. Ther efore, proximity to manure markets is a 
factor of importance to be considered by the prospective spray irri- 
gator. 

FARM CONDITIONS ADAPTED TO SPRAY IRRIGATION. 

Where economic conditions are favorable to the adoption of spray 
irrigation, the most important question then becomes one of an ade- 
quate water supply, which will be considered under a separate 
heading. ' 

Spray irrigation can be practiced to advantage on both light and 
heavy soils. By this method it is possible to apply evenly to sandy 
soils the small quantities of water which such soils will retain, with- 
out the loss of water by percolation which might occur with other 

methods. It is possible also to apply to heavy clay soils the small 
quantities of water required to soften such soils when they have 
baked after rains, and to apply water no faster than the soil can ab- 
sorb it, thus preventing loss by surface run-off. 

Lands to be irrigated should be drained_as completely as possible 
of excess moisture. Many tile-drained fields are the most respon- 
sive to crops under spray irrigation. 

Spray irrigation is practically independent of the topography of 
the field and can be applied to land too rolling or rough for surface 
methods. It is, therefore, adaptable to the irrigation of side hills on 
which soils tend to wash or erode. 

AMOUNT OF WATER REQUIRED FOR SPRAY IRRIGATION. 

As yet, the available knowledge on the amount of water required 
for spray irrigation is limited, because of the comparative newness 
of the method and the lack of actual records on plants under a time 
test. The writer, however, has made estimates in several cases by 
recording the number of hours a plant of known capacity has been 

operated with effective results. In the humid regions amounts not 
exceeding one-fourth inch in depth often are considered a sufficient 
application to seed beds and young vegetables, while in the case of 
maturing garden crops and strawberries one-half to 1 inch may be 
applied. It is probable that truckers in the humid region do not 
use more than 6 inches in a growing season and in many seasons 4 
inches or less will supplement the rainfall sufficiently. More water 
is required for sandy soils than for clay. <A crop like the spray- 
irrigated citrus groves of Florida may require as much as 3 inches 
per irrigation. Truck and citrus growers in the arid regions apply 
more water than those in the humid region, probably because of a 
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large evaporation loss. In the arid region the truck farmer is in- 
clined to make frequent applications—every 3 or 4 days—rather 
than to apply the extra amount of water required in large applica- 
tions which will wet below the reach of the vegetable roots, while 
the citrus grower applies from 4 to 8 inches each time. 

For spray irrigation sufficient water to cover the land to a depth 
of 1 inch per week for humid regions and 14 inches per week for arid 
regions is believed to be a safe estimate for designing purposes. A 
spray plant should be large enough to supply these amounts of water 
in a reasonable length of time. ‘This is accomplished generally by 
installing the system to spray from one-fifth to one-half of the total 
acreage at one time, depending somewhat upon the type of distribu- 
tion used and the available water supply. 

The capacity of a pump usually is stated in gallons of water per 
minute of time. The following table of equivalents will assist in 
converting local irrigation units into gallons and acre-inches for 
estimating purposes: . 

1 acre-inch equals 27,152 U. S. gallons. 

1 acre-inch equals 3,680 cubic feet. 

1 acre-inch per hour equals 452.5 gallons per minute. 

1 acre-inch per hour equals 1.009 cubic feet per second. 

DEVELOPMENT OF WATER SUPPLIES. 

The writer will consider here only the water supplies which one 
or more farmers can develop, for practically all spray-irrigation 
installations are made by individuals and do not involve the de- 
velopment and transportation of distant supplies, as is common for 
community irrigation in the arid regions. 

There are two sources of water available for irrigation—surface 
waters and underground waters. Surface supplies include streams, 

lakes, springs, and stored drainage and rain waters. Underground 
supplies are obtained from sumps, shallow wells, and deep wells. 

SURFACE SUPPLIES. 

Streams furnish the greater portion of the water used for irriga- 
tion. 

In most of the Western States methods of procedure for obtaining 
the right to take water for irrigation purposes from public streams 
have been outlined by law. Eastern States, however, have not en- 
acted such laws, and this is apt to restrict the use of water from 
many streams. This is true especially where the water is being used 
for developing power, or where the entire flow is taken from the 

stream, or when a riparian owner exerts his lawful rights. These 
restrictions are not likely to apply to lakes unless sufficient water is 
taken to lower considerably the water level in the lake, or the lake 

per i 
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feeds a stream. The right to use water from a spring originating 

on the farmer’s land probably never will be questioned. 
The use of water for spray irrigation requires a farm pumping 

plant. The pump should be located as near as possible to the field, 
so as to avoid a large discharge line, and the suction pipe should be 
made as short as possible. The vertical suction lift should be kept 
under 25 feet. The horizontal distance between pump and water 
should not exceed 300 feet. Where water is taken from a stream 
or lake having high banks it may be necessary to locate the pump 
on a made terrace within suction lift of the water, and in extreme 
cases it may be necessary to so locate both power plant and pump. 
Many surface supplies are surrounded by lowlands, and under such 

Fic. 2.—Pumping from stream with 2-stage centrifugal pump and gasoline engine, 

with house removed. Note lack of sharp angles in suction and discharge pipes. 

D, Discharge pipe; H, expansion joint; G, gasoline tank; P, priming barrel; S, suc- 

tion pipe. 

conditions the water may be carried to a pumping plant in an open 
ditch or large tile, permitting the pumping machinery to be located 
nearer the field and on firm ground. Figure 2 illustrates a pumping 
outfit located on a farmer’s wharf before a house was built. Many 
eastern streams overflow, and where it is impracticable to place the 
pumping plant above the high-water line it is necessary to use a 
portable outfit which can be moved quickly. This usually is accom- 
plished by placing the pump and engine on a set of skids or, with 
small plants, on wheels. In either case it is well to have a perma- 
nently located solid foundation to hold the plant when in operation. 
A quick method of connecting and disconnecting the discharge and 
suction pipes should be provided, bolted flange or flexible hose con- 
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nections being commonly used. Only removable suction pipe should 
be placed in surface supplies which freeze in winter. 

STORAGE WATER. 

In many cases excellent. water supplies for spray irrigation plants 
are obtained from streams, drains, and wells which do not have a 

continuous flow of water sufficient without storage. In such cases 
the water may be stored in a small reservoir. Figure 1 illustrates a 
small stream across which an earthern dam has been built at a point 
where it will back considerable water over a flat area and hold it 
until the farmer needs to irrigate. In the Eastern States much 
smaller reservoirs can be used than in the arid regions, because the 
rains are more frequent and are sufficient to make the small streams 
flow every few weeks. Likewise in the more humid sections water 
from farm drains and rain water flowing from hillsides and roofs 
of buildings can be conserved by storage in reservoirs or cisterns 
built of clay brick or cement, and in this way many gardens may be 
saved in dry periods. A section in eastern Pennsylvania is rep- 
resentative of the Eastern States where spray irrigation has devel- 
oped. The writer estimates from a study of rainfall records and 
drought periods covering 20 growing seasons in this section that 
the storage of the water falling on the roof of a building during the 
summer months is sufficient to irrigate a garden which is three times 
the area of the building. The reservoir in this case would need to 
hold about two months’ rainfall or the equivalent of 6 inches falling 
on the roof. 

UNDERGROUND WATERS. 

Underground waters may be divided into ground and artesian. 
To the first belong the waters which are nearest the surface and more 
or less influenced by local rainfall, seepage, and droughts. The 
waters of the second group are confined under pressure beneath an 
impervious stratum, usually located at considerable depth below the 
surface. Such water, when tapped by boring, will rise in the well 
and sometimes overflow at the surface. The development of under- 
ground waters is usually more expensive than obtaining a supply 
from surface sources. However, when a farmer is able to obtain 

underground water at a reasonable depth near or in the center of the 
field to be irrigated the saving in cost of piping may largely offset 
the expense of sinking wells. 

1 Various types of small reservoirs which would be of value to readers of this bulletin 

are discussed in Bulletin No. 179, of the Office of Experiment Stations, and part 1 of 

Office of Experiment Stations Bulletin No. 249. The department’s supply of these bulle- 

tins has been exhausted, but copies can be obtained from the Superintendent of Docu- 

ments, Washington, D. C., at a cost of 20 cents each. 
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A simple way to develop ground water is to dig a sump or pit in a 
swamp, in a sidehill-spring bog, or in seeped lands bordering a stream 

or canal. In many cases, where water-bearing sand or gravel can be 
reached near the surface, the sump furnishes a very cheap water sup- 
ply which can be enlarged to considerable storage by removal of ma- 
terials. Pumping from a sump or pit requires the simplest kind of 
machinery and is a possible source of water for spray irrigation in 
many of the trucking districts of the East and the sur- 

face irrigated districts of the West. 
Shallow open wells are a modification of sumps, but 

generally are deeper and smaller in diameter. Their use 
as sources for irrigation water usually is limited to spe- 
cial cases where the materials passed through above the 
water stratum will stand without expensive curbing, and 
where the water-bearing materials are coarse, resembling 
gravel or porous rock, and need little screening. 
A common way of developing ground water is by the 

use of one or more well points. A well point (fig. 3) 
consists of a section of galvanized-iron pipe which is 
perforated, usually with elliptical holes, and has a sharp 
iron plug swaged into place in one end and is threaded 
on the opposite end. The point is screwed into galva- 
nized wrought-iron pipe and driven into the earth to the 
water-bearing stratum. Extra heavy “ guaranteed ” 
wrought-iron pipe should be used if the pipe is to be 
driven through hard, resistant materials. When used in 

coarse materials the perforations may be left uncovered, 
although it usually is necessary to cover the body of the 
point with a perforated brass jacket to prevent sand 

being drawn into the pump. Where very fine sand is 
encountered a fine mesh gauze is placed between the pipe 
and jacket. For irrigation wells it is advisable to use 
as large perforations as possible, and many wells which 
yield considerable sand in the beginning improve in this F's. 3.—Well 
respect as they are pumped. Points of this type are ines 
made up to 4 inches in diameter. Two-inch points and smaller can 
be driven by hand through soil and sandy materials to a depth of 50: 
to 75 feet, while those larger in diameter usually require a machine 
for sinking. 

Piston or plunger pumps may be connected directly to the casing 
of a driven well when the water comes within suction lift, which 
is practically 25 feet at sea level and becomes less as the altitude 
increases (see Table 5). Where the water draws down to a greater 
distance from the pump it is necessary to sink the pump in a pit, 

66687°—Bull. 495—17. 2 
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as illustrated in figures 4 and 5: Several points spaced 10 to 50 feet 
apart may be connected in series to one pump and in this way a con- 

| | } 

siderable supply of 
water may be devel- 
oped from small points. 

Centrifugal pumps 
should not be connected 

to the casing of a driven well, but 
if it be advisable to use such a 
pump it should have a separate 

oe suction pipe extending inside of 
SS the casing, as shown in figure 4. 

is impossible to sink a pit, some 
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If water is below suction lift and 

it is impossible to sink a pit, some 
type of deep-well pump must be 
used. 

The farmer should gain as 
7. much knowledge as possible as to 
oo the capacity of his ground-water 

ie supply before purchasing ma- 5 

Fic. 4.—Typical 

horizontal pump in brick or con- 

installation of 

crete pit with sloped belt. 

1, Engine; 2, engine foundation ; 

3, fuel pipe; 4, belt; 5, priming 

hand pump; 6, water-cooling 

pipe for engine; 7 discharge 

pipe; 8, pump; 9, suction pipe; 

10, well casing; 11, well screen; 

12, pump foundation; 13, 

turn elbow; 

long- 

14, check valve. 

chinery. This can be done by 
sinking a small test well to show 
what depth and kind of water- 
bearing materials are present. 
The test well should be pumped as 
near to exhaustion as is practi- 

cable and from the amount of 
water obtained the number and 

kind of wells necessary can be 
estimated. Two-inch and smaller wells within suction lift can be 
tested with a common hand pump for short periods up to a flow of 10 
gallons per minute, and two men with a double-acting force pump 
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can run tests up to a flow of 20 gallons per minute. Larger and 

deeper wells require special power equipment for testing. 
The boring of deep wells for artesian waters should be undertaken 

by an expert familiar with the local underground conditions. 
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Fig. 5.—Typical installation of 

vertical-shaft centrifugal pump 

in pit with half-turn belt. 

Pump in this case is sub- 

merged in water. 1, Engine; 

2, engine foundation; 3, fuel 

tank; 4, belt; 5, vertical! 

shaft and bearings; 6, water- 

cooling pipe for engine; 7, dis- 

charge pipe; 8, pump; 9, suc- 

tion pipe; 10, well casing; 

11, well screen. 

of obtaining artesian water sufficient 
for irrigation purposes is a very difli- 
cult problem. Geologistsfamiliar with 
the underground formations and hav- 
ing records of some deep wells in the 
vicinity upon which to base their judg- 
ment often can render a fair opinion. 
However, it always is more or less a 
gamble until the well is completed, and 
a farmer should not take the risk 
unless he is prepared to lose. 

Deep wells are no more difficult to 
pump than shallow unless the water 

fails to rise to within suction lift of 
the surface. When it is necessary to 
sink a pit or a large casing deep into 
the earth to admit the installation of 
deep-well machinery, as is illustrated 
in figure 6, the cost is apt to be great 
and will be justified only where water 
can be obtained in sufficient amounts 
to irrigate a correspondingly large 

acreage. 
Unhke water for drinking purposes, 

water for irrigation need not be pure 
from a bacterial standpoint. It is 
therefore allowable to draw on both 

waters near the surface and artesian supplies in the same well (fig. 6) 
by having the casing perforated or slotted wherever a good water- 
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Fic. 6.—Deep-well pump in casing to per- 

mit installation of pump below ground- 

water level. 

bearing stratum is intercepted. 

Care should be exercised to case 
off strata having a weak flow if 
strata having stronger flow are 
encountered in the same well, 
because water may be forced out 
of the well into the weak strata 

so that they will be a source of 
loss rather than gain. Each 
water-bearing stratum should be 
tested before the final casing is 
sunk, so that the well screens can 

be properly located and propor- 

tioned in size and mesh. 

SCREENING WATER. 

A difficult factor to control in 
many water supphes for spray 
irrigation is the clogging of noz- 
zles and pipe lines by sediment, 
moss, lime, or other matter. This 
is true especially with the over- 
head system, where many small 
nozzles must be kept clean. The 

most desirable place to remove 

clogging matter is before the 
water enters the suction pipe of 
the pumping plant. Screens of 
different forms are placed in the 
“turning unions” at the feed 
end of each lateral, but these 
screens can remove only a small 
amount of material before they 

in turn must be cleaned. Sands 

from wells or other sources may 
be collected to a certain extent 

by placing in the main pipe line 
an enlarged chamber similar to 
a pressure tank, where the veloc- 

ity is checked and the sand 
grains settle out. Under extreme 
conditions it may be necessary to 
reservoir well waters and re- 

pump after settling. Bucket- 
type screens for installation in 
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mains are also obtainable. These screens can be removed conveniently 
from time to time and cleaned, to prevent undue resistance to the 
water. 

Figure 7 illustrates a screen made for streams or other surface 
supplies. The screen is made on a 6-inch suction pipe for a capacity 
of 450 gallons per minute. Four 2-inch by 38-inch cypress staves 6 
feet long are placed edgewise and equi-spaced against the shell of 
the pipe and allowed to extend 3 feet beyond the open end of the 
pipe. Two pieces of cypress 2 inches thick are used for ends, one 
being made with a hole to slip closely over the pipe and both spiked 
to the ends of the staves. Two half-inch iron rods with nuts on 
ends are run lengthwise through the structure with adequate strap- 
iron ties, so that the frame is clamped together. No. 9 galvanized 
wire is wrapped and stapled tightly about the staves, leaving spaces 

Fig. 7.—Perforated sheet-brass screen to be used in stream. 

of about an inch between ribs. This forms a large wire tube 12 
inches in diameter and 6 feet long, to which perforated sheet brass 
can be soldered and nailed. The sheet brass should have circular 
perforations no larger than the openings in the nozzles used in the 
spray system. The sheets can be purchased from'sheet-metal dealers. 
The light portions of the picture show the joints soldered to the 
sheets and solder covering the nail head. The metal should be upset 
and nailed securely to the wooden ends of the screen. : 

The screen described above can be used in many cases suspended 
in a stream, where it can be brushed clean occasionally when the pump 
is not running. Care shotld be taken not to allow the first water 
pumped after cleaning to go inte the spray system. In shallow 
streams containing very fine sediment or moss the screen should be 
laid horizontally in a concrete bulkhead or trench made in hardpan 
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or rock below the bottom of the channel. The space built for the 
horizontal screen should be Jarge enough so that coarse sand can be 
placed 12 inches thick on all sides and below the current of the 
stream. This bed can be covered with fine sand or burlap, thus form- 
ing a suetion filter which can be occasionally cleaned by removing 
the top covering. The filter always should be covered with an avx- 
jiliary burlap or canvas, or the stream shut out when the plant is idle, 
so matter will not settle on the filter and be drawn in when the pump 
is started. 

TYPES OF SPRAY IRRIGATION SYSTEMS. 

Three types of spray irrigation construction have been adopted 
more or less widely for field irrigation. These are: 

(1) Hose and movable-nozzle or movable lines fed from an under- 
ground pipe system and hydrant. 

Fic. 8.—Portable spray equipment used in gardens about cold frames, hotbeds, etc. 

|Luther Burbank’s gardens, Santa Rosa, Cal.] 

(2) Cireular nozzles fed from an underground pipe system. 

(3) Overhead spray lines fed from an underground main feed 
pipe. 

The hose and movable-nozzle type is used for the irrigation of 
cold-frame and hotbed crops, garden setting and seed beds, putting 

greens, public parks, lawns, small gardens, greenhouse plants, and in 
some Florida citrus groves. The feeder systems for this type consist 
of main pipe lines and branches which are laid underground to reach 

all portions of the field. At intervals of 50 to 200 feet, ? to 14 inch 
standpipes are brought to the surface and connections for hose made 
by means of shut-off valves threaded at the mouth for the hose 
unions. Lengths of rubber cr canvas hose are used which will reach 
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at least one-half the distance between standpipes, so that the entire 
area can be covered. There are many adjustable nozzles on the 
market which may be screwed to the end of a hose and made to dis- 
charge a solid stream or any degree of spray by manipulation of the 
nozzle parts. There are two familiar designs of nozzles for this pur- 
pose. One must be held in the hand constantly or moved about at 
very short intervals. The other may be set in one position and al- 
lowed to spray over a circular area. 

One of the most popular portable spray arrangements is shown in 
figure 8. This consists of a }-inch pipe, 18 to 20 feet long, containing 
a row of small nozzles similar to those used in overhead irrigation 
systems. This pipe has a hose connection at one end and is supported 
on movable tripods or on short posts which are set permanently in 
the ground or attached to the cold frame or hot bed. In some in- 
stances the portable spray line contains three rows of “ mist nozzles ” 
set at about 45° angle with each other and 3 feet apart in the row. 
With this arrangement the pipe can be laid on top of a cold frame 
and a fine mist spray will cover the bed. 

The hose and portable nozzle system of spray irrigation is the 
oldest and least efficient of spray methods. It is impossible to get an 
even application over the entire field or under one position of the 
nozzle. The constant attendance necessary and the lability of over 
or under irrigation makes the cost of operation high and the results 
dependent upon the skill of the laborer. The greatest field for this 
type of irrigation seems to be indoor spraying, outdoor sod lands, 
seed beds, and small garden plots. The first cost is the smallest of 
any type of spray irrigation. 

STATIONARY-NOZZ LE SPRAY SYSTEMS. 

Stationary nozzles fed by underground pressure systems of piping 
(fig. 9) have gained favor in Florida, where the sandy character of 
the soils makes rapid irrigation necessary. This type of equipment is 
being used for the irrigation of truck and citrus groves. Standard 
steel or wrought-iron pipe and fixtures are commonly used, but the 
main feed pipe sometimes is cast iron or riveted steel. Main feed 
pipes are run underground, leading from the water works or pump- 
ing plant into the field. Laterals are placed 12 to 15 inches below the 
surface in parallel lines under the entire field. At intervals of 30 to 
50 feet risers to which the nozzles are attached are placed on the 
lateral lines so that the nozzles are spaced equidistant from each other 
in triangular form, as shown in figure 9. Figure 10 shows an under- 
ground section of a main feed pipe, with connections to laterals. 
Each lateral is controlled by a valve and in some cases a valve is placed 
on each riser, so that a part of the nozzles on a line may be cut off, 
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permitting the use of longer laterals of smaller pipe. The sizes of 
pipe must be so proportioned and the system so designed as to give 
as nearly as possible a uniform pressure on all the nozzles within the 
area to be irrigated at one time. The risers reach a height of 4 to 6 

| Drain Plugs 

Fic. 9.—Typical plan for piping a field for stationary-nozzle spray systems, showing 

staggered positions of nozzles to obtain the least amount of overlapping of spray. 

Distances marked @ should be equal. 

feet above the surface for truck and extend above the trees for 
orchard irrigation and should be staggered, as shown in figure 9, to 
reduce the overlapping of spray. 

Fic. 10.—Sketch showing typical fittings of underground laterals for stationary- 

nozzle spray systems. A, Main feed pipe; B, bushing at reduction of pipe sizes; 

O, cross in main feed pipe; D, drain cock or plug; H, sprinkler heads or nozzles; 

ZL, lateral pipe lines; M, malleable unions; N, nipples; S, 3-inch galvanized stand- 

pipes; 7, malleable tees; V, brass gate valves. 

The nozzles vary in design and generally are made of brass. 
Those observed in the field by the writer may be classified in three 
groups (fig. 11). First, solid nozzles with no movable parts; sec- 
ond, adjustable nozzles with parts which can be manipulated to 
change their capacity or form of spray; third, rotary nozzles which 



SPRAY IRRIGATION. LT 

have movable parts to assist in the distribution of water by cen- 
trifugal force or water power. 

The efficiencies of nozzles found in use were determined by a series 
of tests made under the direction of this office in 1909 and the re- 
sults are here summarized. 
A popular solid nozzle (No. 4, fig. 11) was found to have a capa- 

city of 1.93 cubic feet per minute (14.5 gallons per minute) under a 
pressure of 20 pounds per square inch, and it gave a fair lateral 
spread of 40 feet. Under 25 pounds pressure its capacity was 2.45 
cubic feet per minute (18.4 gallons per minute) with a fair lateral 
spread of 42 feet. The zone receiving the greatest amount of water 
per square foot was found to be an annular ring about 15 feet from 
the nozzle. This ring received about 40 per cent more water per 

Fie. 11.—Types of circular-spray nozzles. 

square foot than did the surface at 5 feet or 18 feet from the nozzle. 
A popular adjustable nozzle (No. 5, fig. 11) was found to have a 

capacity of 0.98 cubic foot per minute (7.3 gallons per minute) 
under 20 pounds hydraulic pressure and a fair lateral spread of 35 
feet. Under 25 pounds its capacity was 1.23 cubic feet (9.2 gallons) 

per minute and it gave a fair lateral spread of 38 feet. The nozzle 
was opened one-half turn during the above test, which gives a 
medium spray. A zone 12 feet from the nozzle received about 30 
per cent more water per square foot than did the surface at 3 feet or 
15 feet from the nozzle. : . 

A popular rotary nozzle (No. 2, fig. 11) was found to have a 
capacity of 0.48 cubic foot (3.2 ealloney per minute under hydraulic 
pressure of 20 pounds, and it gave a fair | lateral spread of 32 feet. 

66687 ° ' 
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At 25 pounds pressure the capacity was 0.46 cubic foot (3.5 gallons) 
per minute with a fair lateral spread of 35 feet. The zone receiving 
the greatest amount of water was found to be a circular area 4 feet in 
diameter immediately about the nozzle. The amount received per 
square foot of area decreased uniformly with the distance from the 
nozzle. | 

The most striking results obtained from these tests and from similar 
tests with 7 other nozzles were the great ranges in capacities and 
the uneven distribution beneath individual nozzles. Every nozzle 
tested placed a large percentage of the total discharge on a small 
portion of the area it was supposed to irrigate. Solid and adjustable 
types placed the maximum amount in an annular ring having a radius 
about three-fourths that of the sprayed area. The rotary nozzles 
placed the maximum quantity of water close to the center and the 
quantity diminished rapidly with the distance from the nozzle. 
The results of these tests, when considered in connection with the 

impossibility of fitting a set of circular areas together to cover a 
field without overlapping (fig. 9), bring out the difficulties in obtain- 
ing an even distribution of water with a stationary nozzle spray sys- 
tem. The cost of the system exceeds that of the hose and portable 
nozzle and in many cases that of the overhead equipment. The cost 
of operation is about. the same as that of the overhead, but the effi- 
ciency and adaptability to the irrigation of delicate farm corps are 
generally less unless a larger amount of water is needed in a shorter 
time than the overhead system will supply. However, the stationary 
nozzles do not clog readily from rust or other particles present in 
many waters and operate on low pressures, which are advantages 
greatly in their favor, often sufficient for their adoption. This type 
of spray system often is considered more sightly than overhead types. 
while the operation is quite simple and automatic. Where it is de- 

sired to keep the cost low, block pipe can be used largely in the 
distribution system. The distribution is assisted greatly by a light 
breeze, but the field for this type of spray irrigation at present is 
largely confined to light soils that take water rapidly for the growing 
of crops and lawns that will stand a coarse spray. 

STATIONARY OVERHEAD SPRAY SYSTEMS. 

The development of a stationary overhead spray system marked 
the beginning of rapid progress in spray irrigation for commercial 
crops. The original overhead system consisted of a few lengths of 
steel pipe set on parallel rows of posts and connected to a hand force 
pump. A series of small holes was drilled in the shell of the pipe, 
through which water could be forced in the form of a spray. The 
holes gradually became clogged or irregular in shape, due to. the 
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rusting of the metal. The idea was conceived of replacing the holes 
with small brass nozzles which could be screwed into the pipe shell 
and would not rust. It was also found that by placing one row 

of nozzles in a pipe line which could be turned or rolled in bearings, 
a strip of land 50 feet wide could be irrigated by turning the line of 
nozzles to different positions through a total are of about 90°. Spe- 
cial turning unions containing screens have been patented for con- 
necting the nozzle lines to the feeder system. Likewise there are drill- 
ing machines for boring holes and tapping threads in the pipe for 
the nozzles. Machines for turning the nozzle lines backward and 
forward are being perfected and seem to be desirable for special con- 
ditions where night irrigation is practiced or spray is used for frost 
protection, as in Florida. 

Figure 12 shows an underground section of a main feed pipe in 
the center of a field with connections to two nozzle lines, one on each 
side of a farm road, as in the typical farm (fig. 1). 

ob BR. wy (Ny 
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Farm Road. 
FAI NUN VAGLAVAS If eee NTN 

a ey 2 
Grade to drain back into Main 

Fig. 12.—Sketch showing typical fittings for overhead nozzle lines connected to main 

feed pipe and method of crossing a farm road. A, Main feed pipe; D, drain cock 

or cap; #, elbow; F, handle for turning nozzle lines; G, cap on handle; J, side- 

outlet tee; A, concrete base for pipe post; L, nozzle-line pipe; N, ‘“‘ long” nipples; 

P, pipe hanger; @Q, 11-inch pipe post; R, reducing cocket; U, turning union; JV, 

brass gate valve; Y, risers to nozzle lines; Z%, nozzles. 

. LOCATION AND CONSTRUCTION OF OVERHEAD SPRAY SYSTEMS. 

Each overhead spray plant should be modeled to fit the field and 
conditions under which it is to operate. Assuming that water sup- 
ply has been developed, there are three major parts to any system 
which should be considered in the order given. First, type and loca- 
tion of nozzle lines; second, type and location of main feed pipe; 
third, type and location of pumping plant. The nozzle lines should 
‘take the direction most desirable to cultivate the field, so that the 
crop rows will be parallel to the rows of supports. In general, noz- 
zle lines should run perpendicular to the main feed pipe. The entire 
field system should be designed to use the minimum amount of large 
pipe, which generally means to run the main as straight as possible, 
keeping the nozzle lines in sizes not to exceed 14-inch pipe. 

The sizes of pipe to use in a nozzle line depends upon the length. 
The end connecting with the feed pipe must be sufficiently large to 
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carry the full head of water. As the water is diminished by each 
nozzle the pipe can be reduced in size, finishing with a 3-inch pipe 
at the extreme end. The customary sizes of pipe used for the nozzles 
now on the market are set forth in Table 1. 

TABLE 1.—WNSizes of pipe used for nozzles now on the market. 

riers j-ineh | 1-inch }1}-inch | 1}-inch| 2-inch 
onling: pipe. | pipe. | pipe. | pipe. | pipe. 

Feet. Feet. Feet. Feet. Feet. Feet. 
150 150 ocd. Soa eee eects cee 
200 130 TO. || cerca crate peer ete Gate Sees 
250 100 L500 Sea ee ce bogsces: 

Nozzle No. 1, outdoor, 4 feet apart.....-..-.-.-.-.... abe Oy We ah gery”) pera 

500 90 160 150 LOD Cees te 
600 90 160 175 bef) ep ae Soe 
700 90 160 175 175 100 
150 115 BO Laces cose eee nm enisice ces 
200 100 100) |i oko seo Serene cies 
250 90 100 60" 5X EG [asia he 

Nozzle No. 2, outdoor, 4 feet apart, or No. 1, 3 feet 300 90 100 LON Semeenemelcnie s'-'<.~ 
apart. | 400 80 100 120 LOOM oe ce me 

| 500 75 100 120 120 85 
600 75 100 | 120 120 185 

Nozzle lines are spaced such distances apart as will best fit the 
field within a range of 50 to 56 feet. The type of nozzle line de- 
pends principally upon the metiiod used for supporting the pipe. 
The three popular methods are: On tall posts, on short posts, or on 
cables suspended from high posts. 

TaLi-Post TYPE. 

When tall posts are used they are set in the ground 24 to 3 feet 
and cut off about 64 feet above the ground (fig. 13). These posts 
are spaced 15 to 20 feet apart nnd the nozzle line placed on the tops 
in roller bearings in the case of long lines and between nails in short 
lines. If the post is of wood it Jha be not lighter than 4 by 5 

inches, but a round post 5 to 6 inches in diameter will serve as well. 
A more durable but expensive post can be made from a 1 or 14-inch 
steel pipe set in a base of concrete 6 inches in diameter and 2 feet 
deep (fig. 12). Special concrete posts also make excellent supports. 

Where wooden posts are used it is advisable to treat the part going 
into the ground with a good grade of paint, tar, or creosote, to help 

preserve the wood. The treatment should extend 6 inches above the 
ground surface. 

The tall posts permit the passing of horses or men under the pipe 
and obviate obstruction to cultivation. This is the most popular 

method and makes a good appearance when the posts are carefully 
lined and cut off at the tops so that the pipe will lie straight. or unt- 
formly curved with the surface of the ground. 
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SrHorr-Post Typr. 

If short posts are used they wre set in the ground 2 to 24 feet and 
cut off 1 to 3 feet above the surface. They are spaced 18 to 20 feet 
apart and the nozzle line placed on top between nails or in roller 
bearings. A 4 by 4 inch post serves well for this type, but should be 
treated as are tall posts. This construction is the least expensive, 
but may cause a somewhat closer spacing of nozzle lines if a low 
hydraulic pressure is to be used. This type also is somewhat in the 
way of cultivation and is not efficient for tall-growing crops. When 
nozzle lines are made portable on short posts, posts may be made of 

Fic. 13.—Overhead spray nozzle lines mounted on wooden posts 63% feet above the. 

ground. [Farm of Granville W. Leeds, Rancocas, N. J.] 

inch pipe sharpened and fastened to the nozzle line so that sup- 
ports are moved with the pipe. 

HicH Posts AND CABLE-SUSPENSION TYPE. 

Where high posts and cable suspension is used the posts are spaced 
from. 100 to 200 feet apart and the nozzle line suspended from a tight 
cable or wire strand which takes the form of a catenary curve be- 
tween posts (fig. 14). Telephone poles 8 to 10 inches at the base and 
6 to 8 inches at the top can be used. A length of 24-inch steel pipe 
which may be filled with concrete makes a more substantial post. 
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Wooden posts or black-steel pests should be painted with tar or 
treated with creosote. The posts should be considerably higher than 
the nozzle line, depending upon the distance between posts and the 

weight to be supported. It is well to set the bases of the posts in 
beds of concrete about 18 inches in diameter and 3 feet deep. The 
end posts and cables must be well anchored with guys fastened to 
wooden or concrete “deadmen.” <A 5-foot anchor rod should be 
attached to the deadman and extended above the surface with an 
eye where a turnbuckle and a guy wire can be attached, as shown 
in figure 15. Single guys are used where the tops of the end posts of 
several lines can be connected with a guy wire perpendicular to the 
nozzle lines, otherwise double guys should be used. The deadman 

Se 

Fic. 14.—Overhead spray-nozzle lines suspended from high posts by cable line. 

should be at least a distance equal to one-third the height of the post 
from the post’s base. 

The weight of cable to use for each particular case should be deter- 
mined by an engineer familiar with this construction after he has 
been given the length of the line, the weight to be supported, and 
the spacing of posts. The manufacturers of cables are prepared to 
recommend necessary size and kind of cable. It is well to use dou- 
ble galvanized materials, which will be lasting.. The pipe is sus- 
pended from the cable with short lengths of about No. 14 galvanized 
wire spaced 15 to 18 feet apart. The nozzle line is hung in special gal- 
vanized-metal hooks containing rollers to make the pipe turn easily, 
and an eye for attaching to the suspension wire. The nozzle line can 
be graded by adjusting the lengths of the suspension wires. 
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‘The chief advantage in the suspension ‘system is the reduction of 
sbstruction in the field, and where it is well constructed the plant will 
ye very durable. This type costs more than the others and is not as 

‘commonly used as the simple post supports. The cleaning of nozzles 
mn highly supported lines is difficult, so pipe should be kept within 

‘each. 
NOZZLE LINES. 

The pipe in the nozzle lines should be galvanized wrought iron or 
teel. The galvanizing not only makes the system longer lived, but 
‘educes oxidation of the metal, which, if not prevented, tends to form 
cales that fill the nozzles. 
A nozzle line is connected with the main feed pipe by means of a 

‘iser cut the proper length to act as the first post in the line. In the 
longer lines it is well to have 
he riser of 14-inch pipe, which 
vill make a strong support 
sven if this is larger than the 
irst section of nozzle line. An 
sIbow is placed on top of the 
riser, and into this is screwed 
» long nipple which terminates 
n a standard brass gate valve 

(iol?) a doreduce friction eos. 

his valve should be of the Yypg\ ese 
same size as the standpipe. jy 7 : as Vj 

The turning union is screwed 7 s 

nto the opposite side of the 7/7 1]: eZ 

valve. The union most com- py. 15.—Anchorage for suspended overhead 
nonly used contains a screen nozzle lines, showing location of ‘ dead- 

for catching sediment fromthe " aoe 
passing water. A capped handle 2 feet long, made of #-inch pipe, is 
screwed into the side of the union: This serves as a lever for turn- 
mg the nozzle line in its bearing as well as giving entrance to the 
anion for flushing the screen. 
Reducing couplings, and not bushings, should be used for connect- 

ng the different pipe sizes. A #-inch valve or a cap should be placed 
over the extreme end of the nozzle line. This permits flushing out 
the line at any time by opening the valve or removing the cap. 
(See fig. 13.) 

MAIN FEED PIPEs. 

There are several kinds of pipe adaptable for spray irrigation 
mains—steel or wrought iron with threaded joints, riveted steel with 
langed or bolted joints, cast iron with lead or bolted joints, and wood- 
stave pipe. 
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STEEL OR WROUGHT-IRON PIPE. 

Steel or wrought-iron pipe with threaded joints which serew to- 

gether, used for main pipe lines, is the common water or steam pipe 
used exclusively in all plumbing. This comes in random lengths of 
about 18 feet long and in all diameters. It is the best to use for 
mains up to 5 inches diameter. Larger sizes are expensive and more 
difficult to handle in the field. It is advisable to use galvanized- 
steel pipe throughout. However, black-iron fittings cost less than 
galvanized and outlast the galvanized pipe. Some irrigators prefer 
black “ guaranteed” pure wrought-iron pipe for mains. This costs 
about the same as galvanized steel and is more durable than black 
steel. Pipe 2 inches and over in size should be cut, threaded, and 
marked to fit each section in the shop, as it is difficult and expensive 
to do this in the field. Where a main intersects a nozzle line a tee is 
used in the main and the standpipe for the nozzle line is screwed into 
the tee direct (fig. 12). 

RIVETED STEEL PIPE. 

Riveted steel pipe, made of sheet metal either straight or spiral- 
riveted into a pipe, can be purchased in sizes of 3-inch diameter and 
over. The thickness of metal used depends upon the pressure which 
the pipe must withstand and somewhat upon the length of life de- 
sired. The riveted pipe is treated with an asphalt-tar solution of 
mineral paint or is galvanized. The unprotected steel pipe never 
should be used in irrigation construction. The small sizes, from 3 

to 8 inches, should be galvanized and the larger coated if not gal- 
vanized. 

Riveted pipe can be made in any lengths convenient to handle in 
the field; 20 to 25 feet is the usual section. Two types of joints are 
used for riveted steel pipe, 1. e., flange and gasket or bolted. The 
flanged joint is rigid and the line must be straight, unless the pipe 
is made curved in the shop. The bolted joint permits a small angle 
in the line at each joint, and generally is the most adaptable for 
irrigation mains. The bolted joints also act as expansion joints, 
which is advantageous in leng lines. In all straight mains of great 
length some design of expansion joint must be used to care for 

expansion and contraction caused by changes in temperature. 
Laterals or nozzle lines can be connected to riveted steel pipe mains 

by the use of a special tee. Where bolted joints are properly spaced 
in the mains the cast-iron collars of the joints can be tapped for 
the connections. It is also possible to have special flanges or saddles, 
into which the lateral can be screwed, riveted to the pipe in the shop. 

Riveted steel pipe is more economical where large sizes are needed 

and long shipments must be made, as this pipe is light in weight. 
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It is easy to lay, but its comparative shortness of life is its chief 
disadvantage. 

CAST-IRON PIPE. 

Cast-iron pipe, such as is commonly used in city water systems, is 
adaptable for the larger installations of spray systems. Standard 
cast-iron pipe, 4 inches and larger in diameter, is made in 12-foot 
lengths. It is also made in two weights for 100 and 200-foot pressure 
heads. Usually the lighter weight is sufficient for spray irrigation 
systems, especially after the field is reached. Joints are made by 
pouring hot lead into the bell end of each section, or a bolted joint 
may be used. In some instances a rich mixture of cement mortar may 
be driven into the joint instead of lead. Connections for the laterals or 
nozzle lines are made with special fittings, or the shell of the pipe 
may be tapped and a saddle of metal or concrete placed around the 
connection. 

The advantages of cast-iron pipe are its long life, comparative 
cheapness in the larger sizes where freight hauls are short, and ease 
of laying. The disadvantages are tendency to rust and scale after 
lying idle, heavy weight for long freight hauls, and need of special 
equipment for laying and tapping. 

WOOD-STAVE PIPE. 

Wood-stave pipe made of durable fir or redwood is used extensively 
for pressure conduits in the Western States. The pipe is built of 
carefully machined staves, which are held in place by metal bands. 
This pipe can be secured in sizes 2 inches in diameter and larger. 
The smaller sizes usually are made in sections and joined together by 
means of a collar or sleeve. Large sizes may be built continuously in 
the field. Connections for laterals are made easily by metal saddles. 
The metal bands should be heavily galvanized and the wood treated 
with a preservative. The advantages of wood pipe are its compara- 
tive cheapness in first cost and smoothness of bore. Provision should 

. be made to keep the pipe full of water, otherwise the staves will dry 
and decay. 

TYPES OF PUMPS FOR SPRAY IRRIGATION. 

All spray irrigation plants require power pumping equipment un- 
less pressure can be supplied from an elevated source or municipal 
water works. To generate a spray requires a high-pressure pump 
producing 25 to 40 pounds pressure on the nozzles in addition to ele- 
vating the water to the field. The two types of pumps used for this 
purpose may be classified under “ displacement” and “ centrifugal ” 
pumps. 
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Displacement pumps are those which force water by means of a 
piston or plunger traveling backward and forward in a close-fitting 
cylinder. Centrifugal pumps are those which force water by means 
of an impeller or fanned wheel revolving at a high speed in a close- 
fitting shell or case. 

DISPLACEMENT PUMPS. 

Displacement pumps are divided into groups according to the num- 
ber of cylinders they contain, while each group can be subdivided 

~\ into single-acting - or 
| am" double-acting pumps, 
{ i depending on whether 
ill ii the water is forced 
UU: during the forward 

stroke only or during 
both the backward and 
forward strokes of the 

piston. For spray ir- 
rigation one and two 
cylinders should be 
double-acting. Three 
cylinders should be 
single-acting. 
A typical one-cylin- 

der or simplex pump 

is shown in figure 16, 
with its principal 
parts numbered and 
named. These pumps 

are adapted for spray 
Fic. 16.—Typical simplex, double-acting displacement gystems requiring up 

pump. 1, Air chamber; 2, discharge opening; 3, tight 7 ll 

and.loose pulleys; 4, valve chamber; 5, cylinder ; toy 1 gallons per 

Se ecw di rod; 8, suction opening; 9, base ; minute, and will work 

aul A eS against a total head of 
175 feet. This type of pump is adapted to small plants where the 
water can be obtained within suction lift, and may be installed on the 
surface or in a pit, and driven by belt or gear connection to power. 

Single-cylinder double-acting pumps are adapted also to deep-well 
pumping where the cylinder is suspended in the well and operated 
from the surface by a power working head, of which figure 17 is a 
typical design for small plants. 

Duplex or two-cylinder pumps usually are constructed with two 
cylinders lying horizontally on a common base, which also holds a 
power working head. The duplex pumps are adapted to large plants 
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for pumping from surface supplies to any height. They can be 
driven by either belt or gear connection to the power. 

Triplex or three-cylinder pumps are adapted for pumping water 
from surface supplies to any height of lift for the larger plants. For 
special well conditions triplex pumps are designed for the three 
cylinders to work in a pit while the power working head remains on 
the surface. These also can be driven by belt or gear connection to 
the power. 

Small displacement 
pumps of the belt- 
driven types should be 
equipped always with 
tight and loose pulleys 
to aid in starting the 
engine. For the same 
reason large outfits 
should be equipped 
with friction -clutch 
pulleys on the shaft if 
belt driven and shaft 
clutches if gear con- 
nected. Clutches are 
not so essential where 
electric power is used 
for either small or 
large plants. All dis- 
placement pumps 
should be equipped 
with ample air cham- Fic. 17.—Typical power working-head for deep-well 

ms F pumps having a 24-inch stroke. 1, Air chamber; 

bers to act as cushions 2, crosshead guides; 3, piston rod; 4, connecting rod; 
in absorbing the pulsa- 5, packing gland; 6, tight and loose pulleys; 7, gear 

bi f th t wheel; 8, base; 9, discharge opening. 
1ons oO e water. 
Relief valves or by-passes should be placed in the discharge pipes to 
prevent breaking the pumps or engines should all or a part of the 
spray lines be shut off. 

CENTRIFUGAL PUMPS. 

Centrifugal pumps can be classified as volute and turbine types. 
Each type can be divided further into pumps having one, two, etc., 
stages, according to the number of impellers contained. Figure 18 
shows a typical single-stage volute-type pump with exposed im- 
peller. Single-stage pumps are built in both volute and turbine 
types for any lift practical for spray irrigation ; however, the possible 
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lift depends greatly upon the speed of the impeller, which usually 
makes it desirable to adopt a two-stage pump when the lift exceeds 
100 to 150 feet, which can be run at practically one-half the speed 
of a single stage. Figure 19 shows a typical two-stage turbine pump 
with a split shell which allows easy access to the impeller and bear- 

ings. The volute type usually is cheaper in first cost than the turbine, 
but the latter is more etlicient. 

Centrifugal pumps can be used for spray irrigation to lift water 
from surface supplies (fig. 2), shallow wells (fig. 4), or deep wells 
(fig. 6). The pumps are built with horizontal shafts, as shown 
in figures 18 and 19, and with vertical shafts, as shown in figures 5 
and 6. Centrifugal pumps may be driven by belt connection to the 

power or, where electric power is available, the motor can be con- 
nected direct. as shown in figure 18. 

>. = ee 

LEA wT 
Ee 

Fic. 18.—Single-stage centrifugal pump direct connected to electric motor, showing 

an open-type impeller. 1, Discharge; 2, suction; 3, pump volute or case; 4, 

stuffing box; 5, coupling; 6, electric motor; 7, base; 8, impeller. 

The chief advantages of centrifugal pumps compared with dis- 
placement for spray irrigation are their low first cost for the same 
capacity, their simplicity, and the few wearing parts. A centrifugal 
pump also fits itself readily to pressure changes of a spray system 
without the use of a by-pass or relief valve. One spray line or all 
may be shut off to suit the needs of the farmer while the pumping 
plant is running, without ill effects to the machinery. 

Centrifugal pumps must have a free suction intake and usually 
should not be attached directly to well casings, but should have a 
separate suction pipe extending into the water well below suction lift. 
All centrifugal pumps must be full of water before they will draw 
through the suction. All air should be excluded from the suction 
pipe and pump case before starting. A common method is to pump . 
the air out with an ordinary hand pump, which causes the water to 
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rise in the suction pipe and fill the pump. The hand pump must be 
a vacuum pump when placed above suction lift of the water level 
(see Table 5). In this case an air-tight check valve is placed in the 
discharge pipe just above the centrifugal pump to prevent air enter- 
ing through the discharge pipe. The smaller centrifugal pumps can 
be purchased with a “hand primer” built into the suction and are 

adapted to low suction lifts. Figures 5 and 6 show centrifugal pumps 
submerged in water, so that the case is always full and needs no 

priming. Figure 2 illustrates how the pump can be primed from a 
barrel or any elevated source. In this case it is necessary to have a 
check valve or foot valve in the suction pipe below the water level 

to prevent the priming water from running out through the suction 

Iie. 19.—Typical two-stage split-case centrifugal pump. 1, Top half of split case, 

raised; 2, impellers; 3, packing; 4, suction; 5, discharge; 6, base. 

pipe. A check valve is preferable to a foot valve because of the ease 
in entering and less resistance to the water. When the pump is 
started the priming barrel will be refilled if the valve is left open 
for a short time. 

THE DESIGNING OF SPRAY IRRIGATION SYSTEMS. 

Every spray irrigation system can be divided into three parts, 
which must be considered in their proper relation to each other in 
the design of a plant. First, the distribution-pipe system, which ap- 
plies the water directly to the crops through some type of nozzle; 

second, the main feed pipe, which conveys the water from the source 
to the distributaries; third, the pumping equipment, which lifts the 
water and develops the pressure, unless the water and pressure are 

obtained from a gravity or municipal supply. 
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The distribution system should be laid out to use the minimum 
amount of large pipe for both distributaries and main feed pipe. The 
laterals or nozzle lines should run in a direction which will give the 
least amount of obstruction to the cultivation of the field in the most 
efficient manner. The field should be laid off in irrigation blocks or 
units, a unit representing the area to be irrigated at one time. The 
unit should be of a desirable length for the kind of erops to be 
irrigated. Where possible, it is advisable to divide the field by the 

irrigation system into blocks which will make the estimating of acre- 

ages easy when arriving at the amount of seed and fertilizer re- 
quired or determining yields. This is done usually by having a con- 

venient fraction of an acre under each spray line or by having the 

crop rows a length which will make each rod or yard in width a 
Inown fraction of an acre. 

To keep the cost of a spray distribution system as low as pos- 
sible, yet obtain a good uniform pressure and distribution of water, 
the sizes of pipes must be proportioned properly. Each lateral or 
nozzle line must be proportioned in size according to the number 
and capacity of the nozzles used. The main feed pipe must be pro- 
portioned to carry the total amount of water to the most distant 
irrigation unit and then be reduced in size as the water is de- 
creased by each nozzle line within the irrigation unit. - The water 
required: to run an irrigation unit determines the capacity of the 
pumping equipment. 

There is a resistance to water flowing in pipe which has been 
determined by experiments and is called “friction head.” This 
friction is in proportion to the roughness of the inside surface of 
the pipe and varies with the velocity of the water and the length 
and diameter of the pipe line. The greater the friction of the 
water in the pipe the more power is required to pump the water; 
therefore, there is a logical size of pipe to use for each quantity of 
water and set of conditions to keep this frictional factor within rea- 
sonable limits. Table 2 shows the quantities of water which should be 
carried in different sizes of iron pipe. 

TABLE 2.—Amount of water different sizes of straight iron pipe will carry with- 
out excessive friction for spray irrigation. 

: . uantity : : Diameter of pipe. oe = Tae Diameter of pipe. Seopeey & 

1to 2 || 3 inches.. 
3 to 4 || 34 inches 

i 5to 8 || 4 inches.. 
LEMOS SG 5e sons aca boruoSEeS soe: 9 to 16 |} 5 inehes.. se 
Ee INOHGS Spe cee bee rer. ct SRE aees 17 t0:25'4| Giinches'. .- 2532.4. -2 ho. ee seer eee 
SP ANCHOS eaneee seperti seeee ne eae 25't0'45: 1), 7ncheshos.. sts cL eee ee eee 
BF MUCHOS Sos eee eae - oe eeeeeees $5 TOD | "SMuCNES some beeen oe eee eet. 
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_ Table 3 shows the number of feet which should be added to the lift 
for each 100 feet of straight pipe to overcome the friction and to ob- 
tain the total lift which must be pumped against. Tables 2 and 3 
should be used by the farmer for estimating purposes, while the pro- 
portioning of the pipe sizes in the final design should be done by an 
irrigation engineer or by the manufacturers of the spray equipment 

used. 

TasLE 3.—Number of feet to be added to the vertical lift for each 100 feet of 
common iron pipe to overcome “ friction head.” 

[Based on Williams-Hazen formula, using a coefficient of 100.] 

Size of pipe. 

Gallons afi 
per } { 

minute.| #- 1- 1i- 1}- 2- 21- 3- 3h- 4- 5- 6- 7- 8- 
inch. | inch. | inch. | inch. | inch. | inch. | inch. | inch. | inch. | inch. | inch. | inch. | inch. 

| 

Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. 
ineemaee 1D),@. |} 8750 1) Ose): S| Bee seeel eeemee seeeecc egeeentee cadlay aes datch ellis cece eee creel cemeeae 
Boqeintee AG at nOOM rl sr20) [Pesos [cece srain|nisi-ielaeie \bcoccodbosaoue|tedoeuclloopatenllosesnes|seseosdlaseeous 
CeeNee PO ots ||) MeADe|| MOSES hs a ee eea|len-oooolleseoaee|sseee oa beaaeee REAPS ets be ar 
1OMe ee S40) |} Tl 7s Pb Obsy tits hy eh bale Beene boo ocellecoeboe|lcsseeoe He ase a oa erage (ney 5 = 
Te eS eee 16.40 | 4.30 | 2.01 S(O) Neer eeSa| cos oSclsmeene (bounce eapenise | Gsaense eccesee [asecas 

| 

Aerator [Pencils 22.00 | 5.70} 2.68 94 «| 30: 30: IS Main Decenser aC Serle | Mec ae sla ka eae 
I alee Secabe al eae mcnae 7.30 | 3.41 | 1.20 Ae Rl oS AS SS ESAs BAe Ser G Sansa earns pet eda al as c= 
TS ee oapeees Mae 2 9.10 | 4.24 | 1.49 BHP esses 5 aS hee Sree Iepee Peed Be senee arene aoosdse 
20 as See S| Se Sees 11.10} -5.20 | 1.82 Boi} (07a esse se |e ameSe CARN Sea pacemise Waee sacl occhoe a 
CSS Bet ae Se eee 16.60 | 7.80 | 2.73 92 oil bccawer eetnoee | Bese Pees beacon aceic 

Giese | Sere abel bee aeees 23.50 | 11.00 | 3.84] 1.29 GH Saas eel Raaeisoe [Pee scisee Rl ire ae | Sea ee 
25) .cuboallaseussel Ae soee a as omete 14.7 5.10} 1.72 Spin eee stese | cists) re alla hehe ares rae |e eer | ee 
A () ee | ea See al emus. 18.8 6.60 | 2.20 -91 |b |e na had WES ed Mee 
(Oo ea seal Sasceaulaesanas soceaee 23.2 8.2 2.76 | 1.15 | Rae oe: ese eee esl Bee Bore aneose 
B®) saccoulaeeuces bosese0 Seaeees SeSsaee S59 3.32 | 1.38 GON OB aa Neen ae|C steed mceme eles meme 

GD bogey besseoueSteess beedoes emeeee 13.9 4.65 | 1.92 89 aaa seal aces amr Eee | ise 5 
Wi coucaleocauss|aessecs beeaaua Peers 18. 4 6.20 | 2.57) 1.11 BOSH Pe Osr Tih Nese caps |e Raa eeee 
sO scheidellesoenan Sessese Ssceaee eemeees 23.7 7.90 | 3.28] 1.46 . 81 Pel aeseeee Apacer Renecae 
CS a see ooeeees ocesadellessHsue accuses baususe 9.80} 4.08] 1.80 1.00 CS (ae se ete sega ree 
NNO) 53 Soclesauons| Gee soot Samson aera eee iaaets 12.00 | 4.96 | 2.22) 1.22 MIM Rae ci aes oe ee 

Ds S4as|kcosdae|bosade6| Socessa Roboese oscocse 16.80 | 7.00} 3.10} 1.71 SOO | Osa eee sees | eee 
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Table 4 is a bill of materials for the typical farm (fig. 1, p. 4), 
and is given as an example of a form for obtaining quotations on 
spray irrigation equipment (see also fig. 12, p. 19). “ Run” means a 
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certain amount of pipe which will give a desired length when screwed 
together. Pipe less than 2 inches in diameter can be cut in the field, 
hence the actual number of feet required is stated for such pipe. 
“Location” refers to the location in the field. Nozzle lines are as- 
sumed to be 630 feet long on each side of the farm road. Pipe posts 
are assumed to be set 18 feet apart, and 9 feet long, to support nozzle 
lines 64 feet above the surface. 

TaBLe 4.—Bill of materials. 

Amount. Size. Item. Location. 

Inches. 
1run, 410 feet.......-.-- . 6 | Black guaranteed wrought-iron | Main feed pipe. 

pipe, cut to exact length, with 
allowance for 1 tee in each run. 

12 runs, 50 feet each... -. (iat Beacon On sede = eee eee ee! Do. 
rans coueet=s- ce cece ss (ral Ree 6 Sere sence Soe Sasasebecsece Do. 
20 runs, 30 feet each... - 2 | Galvanized wrought-steel pipe-..- Be end east-and-west nozzle 

es. 
20 pieces, 7 feet each..-- PA Rerse GOS ses 5 ancae cies mecioae ome Nozzle-line risers. 
7 pieces, 15 feet each. --- 2 |Bosse GOs siscssessricktasassscasesze~ Pipe under road, east-and-west 

es. 
DB DUOHGOUSeciceee ne ooo - iP escee GO eRe s ete tose ses aemteetraee Do. 
S00 TEST Se See ete ibe eee (Lo ORC ae er Semin tomy ae Do. 
So D00TEeL ecu cc eoscsase- io | Gobet a ee ets eee Do. 
USO MeSt ees. Sees , a ee GOs. so. eee cant eee Far end all nozzle lines. 
700 pieces, 9 feet each. -- 14 | Galvanized wrought-steel pipe, | Pipe posts. 

lain ends. 
BS ASe cae cose CSReeeee ae 6by 2by2 | Black side outlet cast-iron tees. -...| Main feed pipe. 
Gasser ceias csccseseee 6 by 2 | Black cast-iron tees..........-.--- Do. 
[CaS SRO See a aa ee 2 | Black malleable 90 ells..:........- Bottom west risers. 
Y, Nes aie SEE SESE Oa Ie 2 | Galvanized malleable 90 ells. .-....- Top east-and-west risers. 
DO ae eas seston ss eee te 2 | Galvanized long nipples........--.- Feed end nozzle lines. 
PAVERS a eS ee ae ra 2 by 14 |} Galvanized reducing sockets... ..- Nozzle lines 
pW ers SOR es eee 13 by 14 |.---- CD52 ase pe oes eon eee ee oes] Do. 
OR ee rc ek ee IS bye saee: GO Seieae see econ eels Senos Do. 
DOE ee ese te nae costes LD yet lace COARSE AS Ane Seene ose See oseSe | Do. 
DA eee eee apie Se cece 2 | Standard brass gate valves........ Feed end nozzle lines. 
Ws ee se i nae AE ar # | ee CO ey 7, ea arn Pee Far end nozzle lines. 
DE ee rs soe eee 6 | Standard iron-body gate valve....| End of main. 
DO Bees eee noe sa oe Seats 2 | Trade name, etc., turning unions..| Nozzle lines. 
@)160....-..---..------- No. —. | Trade name, etc., nozzles.........-| Do. 
{1 ES ae eer arse te No. —. | Tradename, etc., galvanized hang- | Top of posts. 

ers. 
| 
| 

NotEe.—Main feed pipe is made 6-inch size full length, as full head of water is to be pumped to farther 
fields for surface irrigation. 

THE DESIGNING OF PUMPING PLANT. 

As in the designing of the field system, the farmer should ob- 
tain all possible assistance in designing a suitable pumping equip- 
ment. It is desirable to purchase machinery for which repairs can 
be obtained readily from a local representative, yet when the services 
of an irrigation engineer are not obtainable the farmer should submit 
all possible data regarding the conditions the plant must fill to 
several reliable pump manufacturers for recommendations and quo- 
tations. A suitable request for the pump alone or a complete outfit 
including engine or motor for this purpose may be submitted in the 
following form: 

GENTLEMEN : 
You are requested to submit recommendations and bids on pumping equip- 

ment for spray irrigation purposes to fill the conditions outlined below. Prices 

should be quoted on (pump, engine, motor) delivered at _-__-_--_______-_____-_- 
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(nearest railroad station), accompanied by full descriptions of items it is 

proposed to furnish, stating guaranties, efficiencies, and making recommenda- 

tions on the size and items of construction for suction and discharge pipes to 

be used. 

The source of water supply is ~---.---_- (well, creek, etc.). 

The capacity of the water supply is ~----- gallons per minute. 

The foundations for pump and engine are to be of ~---______ (concrete, 

Drickawood)) set in) 2222-22 = (clay, loam, sand, rock) type of soil. 

The vertical distance of water below proposed pump foundation is ______ feet. 

The vertical distance water will draw down when pump is running is ______ 

feet. 

The horizontal distance of water from proposed pump is ~-_--__-___. 

The vertical distance of proposed pump foundation from highest land to be 

MST VLC Sy 

The horizontal distance of proposed pump from the most distant irrigation 

UDOT Pea isjoes BS ee ee ae 

The suction of pump must be —_-----_____ (vertical or horizontal). 

The discharge of pump must be ~__---_-~_~- (vertical or horizontal). 

The number of bends in suction pipe must be fare ee Oh ee 

(90 or 45) degrees angle: 

The number of bends in discharge pipe must be ~-__--____ Of 63 a as 

(90 or 45) degrees. 

The amount of water desired per minute is --__--____ : 

The desired pressure on nozzles for the highest ground is _-________. 

The height of nozzles above highest ground will be -~-----__-. 

The type of pump preferred is _-------_~ (displacement, centrifugal), to be 

connected to power by —--~-~~--- (belt, gear, direct). 

The power desired for operating the pump is _------___. 

Temowehavieway == horsepower .=2= === engine. 

The speed of my engine is _--__~ revolutions per minute. 

The size of engine belt pulley is ---------_ diameterw ===. SS width. 

I ean obtain alternating eleetric™ Currento hh === ess phases ives tae 

GYGleS 2 = Btn ae voltage. 

I can obtain direct electric current of ~--------- voltage. 

The following is a sketch of my water supply, showing the desired location 

of pumping plant and field to be irrigated. 

SUCTION LIFT. 

Tt is advisable to set all pumps as close to the water as possible and 
under ordinary conditions the suction lift should not exceed that 
given in Table 5. Suction depends upon the atmospheric pressure, 
which decreases as altitude increases. 

TABLE 5.—Practical suction lift of pumps at different altitudes. 

Practi- Practi- 
eal suc- eal suc- 

Altitude above sea level. ont Altitude above sea level. Hon Hit 
fe) oO 

pumps.t pumps.! 

- 7 | 

Feet. | Feet. 
S05 IONG 6054-2 eesg SOsaseNe ese a ae aeae 255 alomitley (5280s G0b) <= seer eee ceecaac nee cae 29 
parrisler (S20 feeb) ies = = 2 = Sccc sess sence 24 || 14 miles (6,600 feet)...........-.--------- 19 
pauailes (2640/1 6eb) Seance) ccs: = = seeanses 23 || 14 miles (7,920 feet)..............-- eee 18 
see N(S,9G0LCCb) ca. .-a2+2- <= 2- ls chen 218 | s2imilest(O:b60 teeth) sae ase See ceeceeee eee ee | 17 

| 

a pereclical suction lift of pumps is equal to the vertical distance water is lifted, plus the head due to 
iction. 
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POWER. 

The kind and amount of power a farmer should use for spray 
irrigation must depend much upon his local facilities for obtaining 
fuel or electricity. The fuels most commonly used in the humid re- 
gions are gasoline, kerosene, natural gas, and, in Florida, wood. In 
the arid regions the heavier oils, as well as electricity, are more avail- 
able and can be added to the other common sources of power. With 
an engine a farmer is incurring no fuel charge except when it runs, 

although where a plant is to be run more or less continuously during 
an irrigation season, as in the arid districts, electricity is a much 
more automatic, cleaner, and often cheaper power to use. Some 
farmers may have a portable engine or tractor for other uses on the 
farm which can be used economically if the pump is purchased to 
suit such power. 

TABLE 6.—Horsepower required to lift different quantities of water to eleva- 
tions of 10 feet to 300 feet. 

{Efficiency of pumping plant, 50 per cent of theoretical. Use for estimating purposes only.] 

Elevation in feet. 

Gallons per | 
minute. | | i | | | 

10 | 20 |} 30 | 40 | 50 | 60-| 70-} 80 |} 90 | 100 | 125 | 150 | 175 | 200 | 250 } 300 

h h.p.\h.p.\h.p.|h.p.|h.p.|h.p.\h.p.\h.p.\h.p.|h.p.|h.p.|h.p.| h.p. | h.p. | h.p. 
Piensa ceteos 0. 025} 0.05) 0.07; 0.10) 0.12} 0.14) 0.16) 0.20) 0.22) 0.25) 0.31) 0.37) 0.43} 0.50} 0.62) 0.75 
Oe cers 050) -10) .15)) 220) 225) 230))4 85)" -40)) 44). .50)) 62) 75) 87) OO) decade 50 
(EE Se aesaseroe 075 15] .22) .30) .37) .45)' .52) .60) 368) .75) .94) 112) 1031 50) sis) 2225 
DU Seems cine sta 100} .20) .30)/ .40) .50} .60) .70) .80] .90) 1.00) 1.25] 1.50) 1.75] 2.00} 2.50] 3.00 
ee seocnoss 125} .25} .37) -50) .62) .75) 88) 1.00) 1.12) 1.25) 1.56) 1.87) 2.18) 2.50) 3.12) 3.75 

] 

BO Me eiela aie ecicicc 150} .30| .45| .60) .75) .90) 1.04) 1.20) 1.35) 1.50) 1.87) 2.25) 2.62) 3.00) 3.74) 4.50 
3.2 555s850nce 175| .35| .52\ .70) .87| 1.05) 1.22] 1.40} 1.58) 1.75) 2.19) 2.62] 3.15) 3.50) 4.38) 5.25 
AON Sas ee ence 200) .40) .60) .80) 1.00] 1.20] 1.40) 1.60) 1.80} 2.00) 2.50) 3.00) 3.50; 4.00) 5.00) 6.00 
Oh ae enoseo ee [O 225) .45) .67]/ .90) 1.12) 1.35) 1.56) 1.80) 2.02) 2.25) 2.81) 3.37) 3.94) 4.50) 5.62) 6.75 
Uses sea secesel ie 250} .50) .75] 1.00) 1.25] 1.50) 1.74! 2.00) 2.24) 2.50) 3.12) 3.75) 4.37) 5.00) 6.24] 7.50 

BOSSE Sect - 300} .60) .90) 1.20) 1.50} 1.80) 2.10) 2.40) 2.70) 3.00} 3.75} 4.50) 5.25) 6.00} 7.50) 9.00 
MOPS S Meeasa sells 350) .70} 1.05) 1.40) 1.75) 2.10) 2.44) 2.80) 3.14) 3.50) 4.38) 5.25) 6.12) 7.00) 8.76) 10.50 
BO eee cess -400} .80) 1.20) 1.60) 2.00} 2.40) 2.80) 3.20] 3.60) 4.00) 5.00) 6.00] 7.00) 8.00) 10.00) 12.00 
CU aie Sai bis 450) .90) 1.35) 1.80) 2.25) 2.70) 3.14) 3.60} 4.04) 4.50) 5.62) 6.75) 7.87) 9.00) 11.24) 13.50 
100 Sa ceeeeee - 500) 1.00) 1.50) 2.00) 2.50 3.00) 3.50) 4.00} 4.50) 5.00) 6.25) 7.50) 8.75) 10.00} 12.50) 15.00 

1D) ae nee is 625] 1.25} 1.87] 2.50) 3.12) 3.75) 4.36) 5.00) 5.62) 6.25) 7.81) 9.37/10.94| 12.50) 15.62) 18.75 
ADOREL See Se He 750) 1.50) 2.25 3.00) 3.75) 4.50) 5.24) 6.00) 6.75) 7.50) 9.37/11. 25]13.12) 15.00) 18. 74) 22.50 
Lene sees - 875) 1. 75) 2.62) 3.50) 4.37) 5.25) 6.12) 7.00) 7.88) 8.75/10. 94/13. 12)15. 31) 17. 50) 21.88) 26.25 
200 See tes. 1.00 | 2.00) 3.00) 4.00) 5.00) 6.00) 7.00) 8.00} 9.00/10. 00)12. 50)15. 00/17. 50) 20.00) 25.00) 30.00 
ZI enna teres Pee 2.50) 3.75] 5.00) 6.25 7.50) 8.75 10. 00)11. 25/12. 50)15. 62 18. 75/21. 87) 25.00) 31.24) 37.50 

B00 eros een 1.50 3.00} 4.50! 6.00) 7.50! 9.0010. 50:12. 00/13. 50'15. 00)18. 75!22. 50'26. 25) 30.00! 37.50) 45.00 
300 eee cece es 1.75 | 3.50) 5.25) 7.00) 8.75 10. 50/12. 25 14. 00/15. 75,17. 50/21. 87/26. 25,30. 62] 35.00) 43. 74) 52.50 
AMD eee eecsee 2.00 | 4.00) 6.10 8. 00/10. 00,12. 00 14. 00 16. 00/18. 00/20. 00)25. 00,30. 00/35. 00 40.00) 50.00) 60.00 
pL ee eee (2.25 | 4.50) 6.75) 9.00/11. 25 13. 50/15. 75 18. 00/20. 25/22. 50|28. 13/33. 75/39. 37| 45.00) 56. 26} 67.50 
TL Rem aa ie 5.00) 7.50 10. 00/12. 50 15. 00/17. 50,20. 00)22. 50 25. 00/31. 25 37. 50/43. 75) 50. 00) 62. 50 75.00 

G00 Sas. cece 3.00 | 6.00 ovonlla OOM colts OOlet Grete en eater eo ete 60.00) 75.00) 90.00 
{{t Vise PAE one 3.50 7. 00/10. 50/14. 00/17. 50/21. 00/24. 50/28. 00/31. 50/35. 00/43. 75/52. 50/61. 25) 70.00) 87. 50/105. 00 
VEE ee Se 4.00 8. 00/12. 00 16. 00/20. 00/24. 00 28. 00/32. 00/36. 00 40. 00/50. 00/60. 00/70. 00 80. 00/100. 00|120. 00 
200 Mere oocyte \4. 50 | 9.00/13. 50 18. 00 22. 50/27. 00,31. 50/36. 00/40. 50/45. 00/56. 25/67. 50/78. 75) 90. 00/112. 50)135. 00 
S000 reece [5-00 10. 00/15. 00 20..00 25. 00 30. 00 35. 00/40. 00/45. 00/50. 00/62. 50/75. 00/87. 50100. 00125. 001150. 00 

' 

Table 6 gives the power necessary to lift different quantities of 
vater different heights. The table is based on an efficiency of 50 

per cent of the theoretical horsepower, and will serve the farmer for 
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general estimating purposes. Small plants under 100 gallons per 
minute, especially in the case of centrifugal pumps, are apt to re- 
quire a greater horsepower than given, while the larger plants should 
require somewhat less, due to the greater efficiencies. In every case, 
however, the actual horsepower to use should be determined by the 
manufacturers furnishing the pump. 

OUTLINE OF PROCEDURE FOR INSTALLING SPRAY IRRIGATION 
SYSTEMS. 

This ‘outline is for the installation of an overhead spray plant, but 
by substituting underground laterals and nozzle risers for nozzle 
lines and posts it will apply to the stationary, circular nozzle type of 
system. 

First, excavate a trench for the main feed pipe. Second, lay the 
main feed pipe. Third, screw nozzle line risers into main feed pipe. 
Fourth, install posts for nozzle lines. Fifth, assemble and tap nozzle 
lines for nozzles. Sixth, install pumping equipment and_ house. 
Seventh, pump water thorugh distribution system to flush out dirt. 
Eighth, install nozzles in nozzle lines. 

INSTALLING THE MAIN FEED PIPE. 

The main feed pipes are expensive items and therefore should be 
carefully designed and located. Usually the main pipes should be 
made as short as possible and yet intersect the nozzle lines at inter- 
vals so that their length will not exceed 600 feet; otherwise the sizes 
of the nozzle lines become large enough to offset any saving in cost 
from the use of fewer mains. The field to be irrigated should be 
divided into irrigation units, each unit having an area to correspond 
to the capacity of the main and pumping plant. The main feed pipe 
should be given sufficient size to carry the water for one unit at a time 
without excessive friction loss. (See Table 2, p. 30.) When the most 
distant unit is reached the main can be decreased in size gradually to 
correspond to the amount of water taken out by each nozzle line, 
unless the full capacity is needed for extension or another type of 
irrigation in an adjoining field. AIl pipe over 2 inches in diameter 
should be cut in the shop to fit the spacing of nozzle lines. Straight 
mains of the larger sizes should be equipped with expansion joints 
near the pumps to absorb the contraction and expansion of the pipe 
due to changes of temperature. Easy bends should be used where it 
is necessary to change the course of the main. All angles retard the 
flow of water by friction. 

The main feed pipe should be laid underground below the depth of 
cultivation and on a grade so it can be drained at convenient places, 
especially in regions where freezing occurs. The main should be 
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installed as the first part of the construction so that the posts for the 
nozzle lines can be set-to correspond with the risers from the main. 

Exeavating for the main can be facilitated by plowing and throw- 
ing the loose materials out by hand. The second and following plow- 
ings should be done with a narrow plow hitched to a steady horse. 
The main ‘pipe should be put together while lying on timbers across 
the trench, so that each joint can be fitted easily and tightened. 
Usually a section of 200 feet or more can be put together and then 
allowed to sag gradually into the trench as the length increases. 
There are two points where installation of a main feed pipe may 
begin. If the pumping plant has been installed and careful measure- 
ment has been made to the first lateral, the main can begin at the 
pump. If there is an important branching of mains, then the start- 
ing point can be at the branch or the first definitely located nozzle 
line nearest the pump and the pipe then laid in two directions toward 

the pump and through the field. The main pipe then can be cut to 
fit to the pump or the pump set to fit the main with the aid of the 
expansion joint and flange couplings. 

INSTALLING NOZZLE LINES. 

The first parts of the field system to.be installed are the posts. 
These should be located carefully to line up in every direction, so 
far as possible, like trees in an orchard. The risers from the main 
feed pipe should form the first post to each line and form a starting 
point for measuring. It usually is advisable to locate the posts on 
the two outside lines of the field and then one center line in which the 
posts will line up with the outside ones. It is an easy matter then to 
locate the remainder of the posts by intersection sighting. In the 
case of wooden posts, the tops should be cut to uniform heights. 
Posts made from pipe can be driven a short distance into the earth 
in the bottom of a post-auger hole, and after they are lined up and 
adjusted to a uniform height the auger hole about the pipe can be 
filled with concrete. 

After the posts have been set in the field the bearings are fastened 
to them and the sections of pipe placed on the ground along the side 
of each line. Each nozzle line is then screwed together tightly, great 
care being taken to remove all dirt and filings from each section. 
Paint or lead should not be used on the inside of the joints, as such 

material on the inside would cause clogging of the nozzles. It is 
better to apply heavy graphite grease after the thread has been 
started. When wooden posts are used, the pipe line is laid upon 
60 to 90 penny spikes, one of which is driven firmly into the side of 
each post. The spikes should be placed about 3% feet to 4 feet above 
the ground, depending upon the height of the man who will do the 
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drilling for the nozzles. Where pipe posts are used, the pipe can be 
held in place for drilling by wrapping a tight wire twice around the 
posts, then looping the wire around the nozzle pipe line so that the 
pipe will hang several inches below where it is attached to posts. 
The pipe is then fastened rigidly so that it can not turn while being 
drilled. A good way to do this is to replace the handle in the turn- 
ing union with a 10 or 12 foot length of }-inch pipe, so that one end 
will rest on the ground, acting as a wrench holding the entire line. 
The nozzle holes are then spaced with a stick cut the proper length 
and marked with crayon. Three to four feet is the usual distance 
between the nozzles. 

The nozzle holes must be in a straight line along the shell of the 
pipe. To accomplish this a special drilling machine is used. This 
machine hangs on the pipe and can be set in a perpendicular position 
by means of an attached level bubble. It is securely clamped for 
each drilling and the hole is made on the lower side of the pipe. The 
shank of the drill is a thread tap, so that the hole is threaded by run- 
ning the drill into the pipe at the completion of the hole. Lard oil 

only should be used on the drill, as mineral oils cause the metals to 
heat and pinch the drill. A drop or two of oil placed on the upper 
side of the pipe will run to the lower side and be sufficient for each 
hole. 
When the drilling of a line is complete the pipe is placed in its 

permanent supports and connected to the feed pipe. It always is 
desirable to run the water through the lines before screwing in the 
nozzles. This will wash out all the foreign materials in the pipe, 
and the nozzles can be put in at any time. When the water is first 

pumped through after the nozzles are in place, the end of the pipe 
should be left open for a time and each nozzle inspected. Scales or 
dirt in a nozzle can be dislodged by striking the opposite side of the 

pipe a sharp blow with a hammer while a finger is placed over the 
nozzle. A small wire thrust into the nozzle and quickly withdrawn 
also assists in removing obstructions. 

COST DATA. 

Cost data for material can be given only for general estimating 
purposes, as the markets fluctuate and the prices must vary also 
with the freight to different points. 

Manufacturers have a standard list of prices on pipe and fittings 
from which discounts are given, according to the condition of the 
metal market, freight rates, and size of order. The standard lists 
are given in Table 7, with the probable range of discounts based on 
Pittsburgh, Pa. 
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TABLE 7.—Standard list prices on wrought-iron and steel pipe, black and gal- 
vanized. : 

* | Wee mee Wee 
ist | per foot is per foot 

Diameter in inches.| price per | threads | Threads || piameter in inches.| price per | threads | /oTeads cot and. | Per inch. || eR and» | Pet inch, 
couplings. ue ne 

Pe ee. Riots ai es $0. 114 | 1. 134 oy Seas aoe Reise crs $0. 92 9. 202 8 
1 AF ete, Si i eas i aie sue | 1. 684 VU Aras Yeon cee 1.09 10. 889 8 
0 Sg Qc es aaa | weomat 2. 281 DE A eee ee epee 1.48 14. 810 8 
Wee eraeesce eee to ce . 274 2.731 LO eine tvs ieee elon rete 1.92 19. 185 8 
Ye eee asY/ 3. 678 Tht | ee, See ese ee Soo 2.38 23.769 8 
7) Ge att a es SE Rapp . 984 5. 819 | SIS ee cee ee te eee 2. 50 25. 000 8 
ni sesh ee a eee . 764 7. 616 8 

APPROXIMATE RANGE OF DISCOUNTS. 

Per cent off list. 

Black wrought-iron pipe, random lengthso.- 2o- <= eee ee aine tem sie i ee 65 to 75 
Galvanized: wrought-iron:pipe; random! lenpths*=2- se eescsc- sees ce ee cece ane ene ee eee 55 to 65 
Black-wrought-steel pipe, random lengths. << 32 ne oe os eters ee el eer 70 to 80 
Galvanized wrought-steel pipe, random' lengths ~. 2220... 92. tee te coe eee eee eee eee eee 65 to 75 
Cast-iron’and malleable fittings: 2. eh 2c ce Gok fess ee onisiciels = Clnie oe ibieiep ie Ee tel een 65 to 75 

TABLE 8.—Standard list prices on black fittings for wrought iron and steel pipe. 

Diameter of pipe (inches). 

| | 

ea Ves Ua Vea Vn iA a es Ps er: TOE Ty I ye Sek Ns} 

1D) 6 8 eo ae ees ee acheavondicdmedeanea 1. 05}1. 20)1. 75) 2.00) 2.75] 4.70) 6.7 
Ells, reducing and R. & L........-.- -09) .12 | .18] .23) .32] .60] .85/1.20)1. 40/2.00) 2.30) 3.15) 5.40) 7.75 
STIS Ab cee senescent isecuciae tees -10) .12 | .19] .24) .34) .60] .90)1. 25/1. 45/2. 20) 2.50] 3.45) 5.90) 8.50 
MMs; sidefoutletess ssl Sa4s el Ses -24/ .30 | .48] .60] .84]1.50) 2. 2/3. 15)3. 60/5. 25) 6.00) 8.25)....-]..... 
SORES Sao eee eee ns se aes amsae -12) .15 | .23] .29) .41) .73/1.15)1.50)1. 752.55] 3.00] 4.00) 6.80) 9.75 
LOGS SLOGUCIN Dat sci h a Ase -14) .17 | .27| .33] .47] .83/1. 25/1. 75/2. 00/2.95) 3.50] 4.60) 7.80)11. 25 
OrOSSESMe eet come scee see teecnteases .22) .27 | .42) .53) .75}1.30/2. 00/2. 70)3. 15/4. 60) 5.50) 7. 25)12. 25/17. 50 
Capsi sre. soes-6 See bes eae ree oe -O8} .11 | .15) .22) .26) .40) .54) .75) .87/1.05) 1.20) 1.55) 2.50) 2.85 
Sockersuredueimp esses esos ee -12) .18 | .25) .36) .43) .60) . 80/1. 00}1.35)1. 85) 2.00) 2.70) 5.35) 6.75 
IBoshimgsttis foes sss bee as -05| .06 | .07} .09} .14] .21} .30] .40) .50) .75) .93] 1.25] 1.87) 2.75 
PIGS eRe eaters cece eeaeeee -03] .C4 | .05) .07] .10) .18) .25] .38) .42) .65) .88] 1.20) 1.85) 2.75 

GALVANIZED FITTINGS FOR WROUGHT IRON AND STEEL PIPE. 

POMS OR reel eee cae oe sc. sisia ans re isiete a 0.16} 0. 21/0. 32/0. 40/0. 56)1. 00/1. 50/2. 10 2, 4013.50 4.00} 5.50} 9. 40)13. 50 
lis reduces 522222 e. 2 ee -18) 24) .36) .46).641) . 20/1. 70/2. 40/2. 80/4.00) 4.60) 6.30)10. 80/15. 50 
LO) DERE G2 sar ok ee eee aaa tee -20| .24) .38] .48) .68)1. 20/1. 80/2. 50)2. 90/4. 40) 5.00} 6.90/11. 80)17.00 
PLGOS a Aore aaa ee cicc aa sn coeeecrte -24|  .30) .46) .58} .82)1. 46/2. 20/3. 00)3. 50/5. 10) 6.00) 8.00/13. 60/19. 50 
ELOOS *TOGUCINE eich hee tear ma -28) .34] .54) .66) .94 1. 66}2. 50)3. 50/4. 00/5. 90) 7.00) 9. 20)15. 60/22. 50 
SSOSdGa ee Sere Eee eae ee lend -44) 54) .84)1.06/1.50)2. 60/4. 00/5. 40/6. 30 9. 20/11. 00/14. 50) 24. 50/35. 00 
Bocketseren ca. cee ces. cea hins ccesens -16) .25) .235) .45) .86)1. 20/1. 60/2. 00/2. 70 3. 70) 4.00) 5. 40/10. 70)13. 50 
ISTISh NOS eee nek ee me eee cc seane -10} .12) .14) .18) .28) .42] .60) .80)1.00)1.50) 1.85) 2.50) 3.75) 5.50 
PPT PS epee se te ete eat acts -06} .08) .10) .14) .20) .36] .50) .76 pasty 1.75] 2.40) 3.70) 5.50 

AVERAGE Cost OF STANDARD BRASS SCREW GATE VALVES. 

The smaller the pump the greater the cost per gallon capacity. 
Small displacement pumps of 10 to 50 gallons per minute capacity 
range in cost from $4 to $1 per gallon per minute capacity. Pumps 
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having capacities of 50 to 100 gallons per minute range in cost from 
$3 to $1 per gallon per minute capacity. Larger pumps of the duplex 
and triplex types range as low as $1 per gallon per minute capacity. 
These cost figures are for surface displacement pumps and do not 
apply to deep-well equipment, which must vary according to local 
requirements. 

The cost of centrifugal pumps is less than that of displacement 
pumps having the same capacity, but the same general rule holds 
that the smaller the pump the greater the cost per unit capacity. It 

seldom is feasible to use a centrifugal pump for spray irrigation 
where the requirement is less than 125 gallons per minute. The cost 
can be assumed to range from $1.25 per gallon per minute capacity 
for the small pumps to 10 cents per gallon per minute capacity for 
large pumps. The figures are for horizontal high-pressure cen- 
trifugal pumps for belt or direct drive and do not apply to vertical- 
shaft or deep-well turbine pumps, the cost of which varies according 

to local requirements. 
Pumps are made in definite sizes, each size having an economic 

capacity. The irrigation system should be designed to fit some 
standard-sized pump, so far as possible, in order to make the most 
economical installation in first cost and in operation. 

TABLE 9.—Range in prices per horsepower for electric motors. 

Alternating current.| Direct current. 

Horsepower. High Low High Low 
speed speed speed speed 

per horse-| per horse-) per horse-} per horse- 
power. | power. power.| power. 

Hee reterers sri atcvaiieveysrstyoie's = $41 $81 $48 $54 
he Sok GE CeESa Se See eee 14 35 23 26 
WD SS So RS ae ROE eee 14 27 20 23 
CO aba COS e UES Soa eee eae 12 20 15 16 
2a) se ROE RECO SEE BEEe 11 20 13 16 
SOS ee eee alee eS 9 RU ese an Panett ener 

The cost of gas and oil engines varies according to type, materials 
of construction, surface finish, ignition system, fuel equipment, etc. 
In the case of engines built for gas and the lighter oils, like gasoline, 
kerosene, etc., the four-cycle engines usually are much heavier than 
the two-cycle, and their cost ranges somewhat in proportion. Four- 

cycle engines of this type may be estimated at a cost of $25 to $40 
per horsepower, while two-cycle engines range from $18 to $25 per 
horsepower. Heavy oil engines are built in greater weight, regard- 
less of cycle, and their cost should be estimated from $40 to $50 per 
horsepower. 

For estimating purposes electric motors may be divided into two 
general classes, those running on alternating current and those run- 
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ning on direct current. The chief factor affecting the price of a given 
motor is the speed for which it is built—the lower the speed the 
higher the price. Table 9 gives the range in price per horsepower 
for simple types of motors adaptable to ordinary pumping condi- 
tions. _The prices do not include cast-iron sliding bases, pulleys, 
wiring, etc. 
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INTRODUCTION. 

Two very important factors must be considered in administering 

timber-sale areas, viz, the conservation of the present second growth 
and the leaving of the area in the best possible condition for future 
reproduction. The particular method of brush disposal over such 

areas is therefore of importance from the reproduction viewpoint. 
In the semiarid regions of the Southwest the dominant factor goy- 
erning reproduction is the obtaining and conserving of sufficient 
moisture to germinate the seeds and to carry the seedlings over the 
first four or five years of their existence. In the forests of Arkansas 
the conservation of the moisture is of minor importance, since the 
annual rainfall is usually sufficient to supply all of the moisture 
necessary for the germination of the seed and for the continued 
growth of the seedlings. 

Fire is a very important factor from a reproduction viewpoint 

in the National Forests of Arkansas. The Ozark National Forest. 
consists almost exclusively of mixed stands of timber in which hard- 

1The writer is under obligations to Mrs. Flora W. Patterson and Drs. E. A. Burt, 

C. L. Shear, and W. A. Murrill for assistance rendered in identifying many of the fungi 

mentioned -in this bulletin. 

66552°— Bull. 496171 
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wood trees usually predominate, while the Arkansas National Forest 
is dominated by pines. The annual leaf fall from the deciduous 
trees accumulating year after year on the ground and the large 
growth of underbrush present constitute a perpetual fire menace. 
Even on areas in these two forests where shortleaf pine (Pinus 

echinata)* is being logged there are usually enough deciduous trees 
and underbrush present to make a ground litter from the fallen 
leaves, to which must be added the usual leaf litter found under pine 
trees. 

The method of brush disposal that will give to the reproduction 
over these areas protection from fire and yet leave as much as pos- 
sible of the forest litter, leaves, twigs, etc., on the ground to rot, 

thereby adding fertility to the soil and protecting it against exces- 
Sive erosion by restraining the run-off, is the one that should be 
adopted. The best method of brush disposal when the slash remains 
on logged areas is that which leaves the brush in such a condition 
that it will rot most rapidly, thus removing as soon as possible the 
fire menace from this source. 

METHODS OF BRUSH DISPOSAL. 

The three methods of brush disposal discussed in this bulletin are 
(1) pulling, (2) piling, and (3) scattering. 

By “pulling” is meant that the brush in the tops of the felled 
trees is not lopped, but is left exactly as the tree tops fall except when 
they fall on or near reproduction. When brush is too close to repro- 
duction it is pulled away from the young trees and merchantable 
timber, to decrease the danger from possible fire; hence the term 
“pulled brush.” 

The terms “ piling” and “scattering” are self-explanatory. 
Piling is the usual method of brush disposal followed in the 

National Forests of Arkansas. However, a few Forest Service areas 
were examined where the brush had been scattered as an experiment. 
Tn this State pulling the brush has not yet been practiced on Govern- 
ment sales, but on alienated or patented lands all of the brush in 
the tops of the felled trees is generally left as it falls. This is really 
a combination of “ pulling” and “scattering,” since the tops are left 
unlopped while the branches cut from the merchantable portion of 
the bole are scattered on the ground. The character and rate of 
rotting of the brush left on these private areas will therefore be the 
same as when the brush is pulled or scattered. 

This bulletin deals specifically with the rapidity with which the 
brush rots and with the fungi causing this rotting under each of 

1The nomenclature for trees used in this paper is that of George B. Sudworth. (Check 

list of the forest trees of the United States, their names and ranges. U. 8. Dept. Agr., 

Diy. Forestry Bul. 17, 144 p. 1898.) 
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these methods. It will be necessary in discussing the various methods 

of brush disposal to take into consideration the types of timber being 
cut. In the Ozark National Forest the main timber is white oak 

(Quercus alba) intermixed with black oak (Q. velutina), post oak, 
(Q. stellata), and several other species of minor importance, while on 
certain areas some shortleaf pine is found. In the Arkansas National 

Forest the bulk of the timber to be logged is shortleaf pine. 
The investigations of the rotting of slash in Arkansas were car- 

ried on in the Arkansas and Ozark National Forests on areas which 
had been logged from 1 to 10 years. AIl of the areas examined which 
had been logged for more than five years were on private or patented 
lands, but located within these National Forests. The conclusions 
reached from these studies should be applicable to all of the other 
areas in these two forests, since the underlying principles are identical 
and the climatic conditions very similar. 

WHITE-OAK SLASH. 

FUNGI WHICH ROT THE SLASH. 

Four main fungi were found rotting the white-oak slash, viz, 

Stereum rameale, S. versiforme, S. umbrinum, and S. fasciatum. All 

are sap-rotting fungi which cause but little apparent change in the 
texture of the wood. They produce what might be called indeter- 
minate rots, since there are no well-defined characteristics which 
mark any one of them. All slightly discolor the wood, which later 
becomes whitish in color, lighter in weight, and easily broken. 
Strange to say, each of these fungi rots its own special portion of 
the slash. Stereum rameale is usually found attacking twigs which 
bear the leaves and very small branches (1 inch or less in diameter). 
This fungus seems to begin on the twigs and works gradually down 
them to where the branches are about 1 inch in diameter; there two 
other fungi (S. versiforme and S. umbrinum) take up the work and 
rot the small branches up to 2 or 3 inches in diameter, where a fourth 
fungus (S. fasciatum) usually begins its attack on the wood. This 
is the main fungus which rots the sapwood of the logs and large 
branches 3 inches or more in diameter, and it is often found rotting 
the sapwood of the stumps as well as the boles and large branches 
of standing dead oak trees. None of these fungi destroys the 
attacked wood completely, its final disintegration being left to 
other groups of fungi, insects, ete. 

The heartwood of the large branches and trunks remains for many 
years after the sapwood is destroyed, but meantime it is being slowly 
rotted by a delignifying fungus (Sterewm frustulosum), which pro- 
duces small cavities or pockets in the wood. 

Other fungi of minor importance were found attacking the oak 
slash, the most important of which was a small, dark-brown, gelat- 
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inous fungus (Z£’vidia glandulosa) found at irregular intervals along 
the twigs and small branches, Its action on the wood is to produce 
whitish rotten areas, usually extending entirely through the branch, ° 
thus forming a line of weakness which ultimately causes the branch 
to break into small sections (2 to several inches long). These pieces 
fall to the ground, where complete disintegration follows. 

Merulius corium, Hymenochaete curtisii, Diatrype stigma, and 
Stereum hirsutum are other fungi occasionally found attacking the 
twigs and small branches, while Merulius tremellosus, Polystictus 
pergamenus, P. versicolor, Polyporus gilvus, P. cinnabarinus, P. 
benzoinus, Lenzites betulina, Flammula sp., Panus stipticus, Stereum 
spadiceum, Lycoperdon pyriforme, Xylaria hypoxylon, and several 
species of Poria are occasionally found rotting logs, stumps, and 
large branches. 
Panus stipticus, Flammula sp., Merulius tremellosus, Xylaria 

hypoxylon, and Lycoperdon pyriforme are fungi which apparently 
attack wood which has been more or less rotted by other fungi. 

Polystictus pergamenus, P. versicolor, Polyporus gilvus, P. cinna- 
barinus, P. benzoinus, and Lenzites betulina rot both the sapwood 
and heartwood, but unfortunately none of them are common on oak 
slash in the forests of Arkansas. None of the fungi found rotting 
the oak slash produces a heart rot in the living tree. However, cer- 
tain fungi which cause heart rots in living oak trees will continue to 
grow in the infected wood after the trees are felled. The most impor- 
tant of these are Hydnum erinaceus, Polyporus pilotae, P. sulphu- 
reus, and Stereum subpileatum. 

BRUSH WHEN PULLED. 

Soon after a living tree is felled, wood-boring insects and various 
fungi begin their work of disintegration and decay. The first evi- 
dence of fungous activity in slash is a discoloration of the sapwood 
in the twigs, branches, and trunks, which usually begins a few 
months after the trees are felled. Marked evidences of decay in the 
shape of well-defined rotten spots and areas in the wood and the 
formation of fruiting bodies or sporophores of the wood-rotting 
fungi do not appear until one or two years after the trees are felled. 

All of the leaves in the tops of felled oak trees will usually fall in 
from one to three years, depending more or less upon the age of the 
leaves at the time the oak was cut and to a slight extent on the 
locality in which the timber is situated. 

The small branches and twigs gradually rot, and the majority of 
them will have fallen to the ground at the end of four years. By 
the end of six years practically all of the branches in the tops will 
have rotted and fallen except some of the very large ones which 
have much heartwood. Also, practically all of the sapwood in the 
boles and cull logs will have rotted away during this time. 
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BRUSH WHEN PILED. 

White-oak brush piles were examined, ranging from 1 to 5 years 
in age. During the first year after the trees were cut but little evi- 
dence of rot could be seen except a discoloration of the sapwood. By 
the end of the second or third year all of the leaves had fallen from 
the twigs which were exposed to the sun’s rays, and the brush at the 

tops and sides of the piles where exposed to the sunlight had rotted 
to some extent, while the slash in the middle of the piles not in actual 
contact with the ground and yet protected from the sunlight was 
rotted but slightly, if at all. The twigs and small branches at the 
bottoms of the piles were more or less rotted by certain other fungi 
(called “ ground” fungi in this bulletin), which apparently entered 
these branches from the soil. These ground fungi seem to rot the 
brush more rapidly and more thoroughly than the regular slash-, 
rotting fungi. 

Usually there is but litle evidence of rot in the center of the piles 
during the first four years after piling. However, around the edges 
and through crevices in the top the sunlight sometimes penetrates 
sufficiently to permit slight fungous growth. Nevertheless, there is a 
marked difference between the rotting of the brush in the center of 
the piles not adjacent to the ground and that at the top and bottom 
of the pile. 
By the end of five years the top and bottom of the piles have rotted 

to a considerable extent, while the brush in the center of the piles, 
where it had become more or less exposed to the sun’s rays, was 
beginning to rot. 

For the brush in the center of the piles to rot completely it appar- 
ently (1) must be brought within range of the soil moisture by the 
rotting of the brush below it and by the settling of the pile, or (2) 
the upper portion must disintegrate sufficiently for the sun’s rays to 
reach the center of the pile. Undoubtedly, both conditions finally 
develop and aid in the rotting of the brush which was originally in 
the center of the piles. 

In a white-oak brush pile the layer of brush at the bottom would 
be the only one even in partial contact with the‘ soil, while the 
remainder of the pile would be held from the soil by this first layer 
and therefore could not receive any benefit from the soil moisture. 
Neither are the piles dense or compact enough to raise the moisture 
content of the air around the brush in the piles sufficiently to encour- 
age the growth of the ground fungi in branches not in actual contact 
with the soil. On the other hand, the brush not in contact with the 
soil in the piles and yet sheltered from sunlight is deprived of the 
activity of the fungi which normally rot slash in the open; that is, 
slash when left as it falls in the tree tops. 
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Since piles more than five years old were not found, the writer 
can not state positively the length of time necessary for a medium- 
sized compact brush pile of white oak to rot completely. Apparently 
it would take from three to six years longer than if the brush were 
either pulled or scattered. However, if the piles are very small, the 
brush will rot with about the same rapidity as when the tops are 
left unlopped, since the sunlight can then penetrate to the bottom. 

SPOROPHORE DEVELOPMENT ON PILED BRUSH. 

The difference between the development of sporophores at the top, 
middle, and bottom of brush piles is very marked. Practically every 
twig and limb at the top of the pile bore the characteristic sporo- 
phores of Sterewm rameale, S. wumbrinum, and S. versiforme on the 
rotting limbs, while no sporophores whatever were found on branches 

in the center of brush piles which were large and compact enough to 
exclude the sunlight. Very rarely were any sporophores of wood- 
rotting fungi found on the material at the bottom of the piles, 
although sterile mycelium was frequently present on the brush so 
situated. It was therefore difficult to determine what fungi were con- 
cerned in the rotting of the brush in the bottom of the piles. How- 
ever, sporophores were found of Merudius tremellosus, Peniphora 
flavido-alba, Odontia sp., Poria pulchella, and two unidentified 
species of Poria.’ 

BRUSH WHEN SCATTERED. 

When the brush is lopped and scattered it rots much more quickly 
than when piled, and in some localities somewhat more quickly than 
when left attached to the tops. On the areas examined the gain in 

the rotting of brush when scattered compared to that when pulled 
was usually about one year. 
When white-oak brush is scattered, only small portions of the limbs 

are actually in contact with the soil. The same fungi, therefore, that 
rot the unlopped brush will also rot most of the scattered brush, and 

with about the same rapidity. 
Brush lying on the ground sometimes absorbs from the soil sufli- 

cient moisture for the growth of ground fungi in those portions of 
the limbs which are in actual contact with the soil. On many of the 
areas examined the additional moisture obtained from the soil by the 
scattered brush was not sufficient to cause the ground fungi to attack 
the prostrate limbs. 

The influence of soil moisture on the branches lying on the ground 
usually does not extend more than 4 to 6 inches from the point where 
the limb is in contact with the soil. This means that the benefit to be 
derived from the ground fungi rotting a branch is limited to that por- 
tion directly in contact with the soil. On account of the small quan- 
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tity of the brush thus situated, little of it is attacked by the ground 
fungi, and the benefits thereby derived are correspondingly slight. 

At the end of five to six years all of the brush (twigs and small 
branches) which was scattered will have rotted, and much of it will 
have disappeared. It was also no uncommon thing to find partially 
rotted brush, whether piled, scattered, or lopped, attacked by white 
ants (termites) and the partially rotted wood replaced to some extent 
by dirt. 

BLACK-OAK AND POST-OAK SLASH. 

Black-oak and post-oak slash was attacked by practically the same 
fungi which rot the white oak; however, but little of this type of 
slash was seen. The twigs and small branches of the black oak in 
most of the cases examined seemed to rot somewhat more slowly 
than white-oak slash of the same character, while the post-oak slash 
seemed to rot with about the same rapidity as the white oak. 

Polyporus cinnabarinus was occasionally found rotting the large 
limbs and boles of the black oak, while the small twigs and limbs of 
the post-oak slash were sometimes attacked by Schizophyllum com- 
mune, and cull logs and stumps were occasionally attacked by 
Lentinus lecomtei. Stereum ochraceo-flavum was the principal 
fungus found rotting fire-killed oak bushes 2 inches or less in diam- 
eter, while Polystictus pergamenus was the fungus usually found 
attacking fire-killed trees and fire-killed areas on standing living 
trees of all species of oak. 

SHORTLEAF-PINE SLASH. 

Shortleaf-pine slash was examined on areas which had been logged 
from two to nine years. 

FUNGI WHICH ROT THE SLASH. 

Two main fungi were found rotting the shortleaf-pine slash. One 
begins work in the ends of the small branches and works downward 
toward the trunk. This is usually Lenzites sepiaria, a dry-rot organ- 
ism prevalent throughout the United States. This fungus has never 
been found by the writer attacking slash which was not exposed to 
the direct rays of the sun. 

The second fungus enters the cull logs, boles of the tree tops, and 
branches 2 inches or more in diameter. It is what the writer pre- 
viously has called the “ white-fir fungus” (Polystictus abietinus) 4 

It is a sap-rotting organism and usually rots but little, if any, of the 
heartwood. 

1Long, W. H. A new aspect of brush disposal in Arizona and New Mexico. In Proc. 

Soc. Amer. Foresters, v. 10, no. 4, p. 883-398. 1915. 
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At the bottom of brush piles a fungus which has been identified as 
Polyporus amorphus was rather common. It apparently does not 
attack branches and limbs which are not in contact with the soil. 

Merulius ambiguus was occasionally found on small branches, 
while Homes annosus, Poria subacida, and P. vaporaria were found 
on large prostrate limbs, trunks, and stumps. Polyporus palustris, 
Fomes annosus, and Corticium galactinum seem to be the principal 
fungi rotting the pine stumps. 

BRUSH WHEN PULLED. 

All of the needles in the tops of felled shortleaf-pine trees will 
fall in from one to three years, depending somewhat on the locality 
in which the timber is located. The branches will gradually rot, 

and many of them will have fallen from the trunk at the end of 
three to four years. By the end of five years practically all of the 
branches, large and small, in the tops will have rotted and fallen 
to the ground. Also, most of the sapwood in the boles and cull logs 
will have rotted in this time. 

Pitchy limbs and trunks containing much resin rot very slowly 
and may be found long after the less resinous wood has dis- 
appeared. ; 

Polystictus abietinus and Lenzites sepiaria seem to rot branches 
which are 8 to 10 feet from the ground just as rapidly as those near 
the ground. Lenzites sepiaria also attacks decorticated logs and the 
exposed portions of railroad ties after they are laid in the track. 

BRUSH WHEN PILED. 

Shortleaf-pine brush piles were examined, ranging from 1 to 5 
years in age. It was found that during the first year after the tree 
was cut but little rotting occurred, even in the small branches. By 
the end of the second or third year practically all of the needles had 
fallen from the limbs which were exposed to the sun’s rays, while the 
needles in the middle of the piles, which were protected by the 
overlying brush, were in good condition and still attached to the 
limbs. In five years, brush at the top of the piles had practically 
rotted as far as the fungi which were attacking them could rot it, 
while the brush in the middle of the piles showed few signs, if any, 
of rotting. In the bottom of the piles the brush was well rotted, but 
by fungi different from those rotting the brush at the top of the piles. 
In other words, a brush pile of shortleaf pine will be rotted at the 
top by Lenzites sepiaria and Polystictyus abietinus, the center of the 
pile will be rotted but little, while the brush at the bottom of the pile 
in contact with the soil will be rotted by certain ground fungi, one 
of which has been identified as Polyporus amorphus. This means 
that before the center of the brush piles will rot, both the top and 
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bottom of the piles must disintegrate sufficiently to expose the center 
of the pile either to the sunlight or to the moisture of the soil. This 
would probably add from three to five years at least to the length of 
time it would take to rot the slash in the brush pile as compared to 
that required if pulled or scattered. 

BRUSH WHEN SCATTERED. 

Practically the same conditions hold for shortleaf-pine slash when 
lopped and scattered as for oak slash; that is, the same groups of 
fungi which attack the pulled pine slash will attack the slash when 
scattered on the ground unless it be covered with leaf débris. Ground 
fungi will also attack that portion of the brush immediately in con- 
tact with the soil, provided the area under consideration is not too 
dry, like the south and southeast slopes of steep hillsides. In such 
locations no evidence was found of ground fungi attacking the scat- 
tered brush, or even the brush in the bottom of the piles. This means 
that the pine brush when lopped and scattered will rot much quicker 
than when it is piled, and on some sites slightly quicker than when 
left attached to the tops or pulled. 

THE GROWTH OF WOOD-ROTTING FUNGI. 

There is this physical factor to be kept in mind when considering 
the rotting of slash, viz, that the quantity of water which a limb or 
branch obtains is practically limited to the precipitation which that 
limb or branch receives and is able to absorb through its bark into the 
sapwood and that, so far as the amount of moisture in the wood itself 
is concerned, the humidity of the air around the branch would not 
be an important factor, since conditions would have to be very unique 
which would enable a branch covered with bark to absorb from the 
surrounding air a sufficient quantity of water to make any appreci- 
able difference in the water content of the branch or limb. This 
would mean that the distance the branch was from the ground, 
whether 1 foot or 5 feet, would make but little difference in the rela- 
tive supply of moisture obtainable from the atmosphere which the 
wood-rotting fungi in the branch could utilize. It might, however, 
determine to a slight extent the amount of moisture which the limbs 
could lose, especially in the bottoms of the piles. In regions of heavy 
dews the brush lying within 1 or 2 feet of the ground might obtain 
more moisture than brush farther from the ground. 

This indicates that the slash would have to be practically in con- 
tact with the soil to gain any appreciable quantity of moisture other 
than that obtained from precipitation, and from the very nature of 
the oak brush only small portions of any given limb would be thus 
placed. 
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Different groups of fungi seem to have adapted themselves to 
certain growth conditions. For instance, Stereum rameale and BS. 
hirsutum were usually found only on the twigs and small branches, 
while 8. wumbrinum and S. versiforme occurred mainly on twigs and 
branches 2 inches or less in diameter. None of these four fungi were 
found attacking large limbs and trunks of the felled trees, while S. 
jasciatum, very common on stumps and trunks, rarely occurred on 
branches less than 3 inches in diameter. None of them were found 
growing on timber which was entirely shaded from the sun. 

The fungi which rot that portion of the branches lying in actual 
contact with the ground under the brush piles belong to an entirely 
different group. Such fungi apparently need a large supply of 
moisture and probably enter the wood from mycelia already growing 
and ramifying in the leaf débris in the soil. This group of fungi 
includes those which are normally found attacking wood partially 
or entirely buried in the soil, such as stumps and posts. 

WHY BRUSH IN THE CENTER OF THE PILE DOES NOT ROT. 

Why the fungi which are found attacking the limbs exposed to 
the sunlight will not usually attack the brush in the center or bottom 
of the piles when protected from the sun’s rays is not known. Ap- 
parently temperature and moisture are not the only prominent fac- 
tors controlling fungous growth and activity in nature. Is it pos- 
sible that sunlight is a factor in the germination and growth of 
wood-rotting fungi in their natural habitats? 

In a previous article by the writer, the theory was advanced that 
the reason why the brush in the center and bottoms of the piles in 
the semiarid regions of Arizona and New Mexico did not rot was 
due to temperature conditions prevailing in the high altitudes. That 
the temperature in Arkansas could be a prominent factor in the 
rotting of the brush, or, rather, in the lack of the rotting of the brush 
in the middle of the piles, seems hardly possible, since the tempera- 
ture there is sufficiently high during a large portion of the year for 
fungous mycelia to grow vigorously, provided the other factors 
necessary for fungous growth are also present. 

The precipitation in Arkansas is sufficient to supply all the mois- 
ture necessary throughout the entire brush pile for the active growth 
of wood-rotting fungi. It seems, therefore, that enough moisture 
would persist in the center of the piles for the brush to rot at least 
as rapidly as the pulled brush. The fact that twigs and branches in 
the center of piles large enough to be shaded from the rays of the 
sun were the only ones not rotted seems to indicate that sunlight may 
possibly play a part in the rotting of the brush, not only in Arkansas, 

iLong, W. H. Op. cit., p. 395-396. 
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but also in Arizona and New Mexico, where the same conditions as 
to the rotting of the limbs in the center of the piles were found to 
exist.1 

It is very evident that certain groups of fungi capable of rotting 
the small twigs and branches of trees which have died in the forest 
or of trees which have been felled are not capable of thriving under 
the conditions found in the center of large and compact brush piles. 
This is further accentuated by the fact that the bottoms of the brush 
piles in Arkansas, when rotted at all, are not rotted by these fungi, 
but are attacked by other fungi, such as Yomes annosus, which are 
known to live in more or less shaded and underground habitats. 
What the factors are that dominate the growth and activity of 

these various groups of fungi is not’ known. For instance, why 
is it that usually Sterewm rameale and S. hirsutum rarely attack 
limbs above 1 inch in diameter, while S. wnbrinum and S. versi- 

forme are rarely found in limbs larger than 2 or 3 inches in diameter ? 
Why do not these fungi usually attack logs and large branches? Is 
the moisture content too high or the temperature too low? On the 
other hand, Sterewm fasciatuwm, the common fungus rotting the cull 
logs and boles of the oak slash, usually does not attack the twigs and 
small branches. Of course, the explanation for this fungus might 
be that the twigs and small branches have not a sufficient amount of 
moisture, but such an explanation could not be offered for the failure 
of Stereum rameale, S. verstforme, and S. umbrinum to attack the 
large branches and trunks. 

Tt would seem that but little is known concerning the real factors 
controlling fungous activity in wood. It is evident, however, that 

certain groups of fungi are capable of rotting the wood as it is nor- 
mally found in nature; that is, when a tree dies, is killed by light- 
ning, or is wind thrown. These are conditions which have been oc- 
curring in nature through centuries, and certain fungi have adapted 
themselves to such conditions. The same could be said of limbs and 
logs which are in contact with the soil, or even buried in the soil, 

since such conditions are normal and found generally in nature. 
Apparently there are no fungi capable of vigorous growth under 

the artificial environments found in the center of large brush piles, 
where the conditions do not approximate those existing either when 
the brush is in contact with the soil or when it is exposed to the 
sunlight. 

GENERAL DISCUSSION. 

Several factors, such as fire, reproduction, and the rotting of the 
brush, are so intimately associated that it is impossible to discuss 
any one phase of brush disposal without noting, at least briefly, the 

1 Long, W. H. Op. cit., p. 389-890. 
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possible influence of these other factors. It is obviously impossible 
to arrive at any legitimate conclusion concerning the best method 
of brush disposal by limiting the discussion to the pathological side 
of the question as seen in the rotting of the brush itself. The fire 
hazard,.as it seems to exist in Arkansas, is therefore briefly discussed 
in connection with brush disposal from the pathological viewpoint. 

In the Arkansas National Forest about 3 to 5 white-oak trees are 
felled to the acre, and about 5 to 10 pine trees to the acre. In the 
Ozark National Forest the proportion of white-oak trees felled is 
somewhat greater, running probably from 5 to 10 trees to the acre, 
while there is but very little pine cut on this forest. This means 
that on any area in either of these two National Forests where timber 
is being cut, especially white oak, a much greater percentage of 
standing trees of all sizes, including those below the merchantable 
diameter limit, is left than is cut. This standing timber will add its 
annual quota of fallen leaves to the ground cover, irrespective of 
what method of brush disposal is followed. The amount of litter in 
the shape of slash, on account of the small number of trees cut per 
acre, in many cases will not make fires more likely to start or prevent 
their control, since there will always be a sufficient quantity of leaf 
litter and underbrush present to make a good ground fire, even if 
there be no slash on the ground. If the deciduous trees are cut with 
the leaves on them the amount of leaf litter will not be increased, 
since these leaves would fall to the ground in the autumn even if the 
trees were not cut; in fact, there would really be less leaf litter on 

the ground, because the leaves persist on the felled tree tops and 
branches from one to three years. 

There is also this fact to be borne in mind, that oak trees cut from 
November to March, inclusive, are leafless or practically so, and the 
brush from them will not materially increase the fire hazard unless 
it is piled. 

In 1912 and 1913 the writer visited areas in the Ozark National 
Forest which were then being logged. In the studies made in 1915, 
only two to three years later, many of these areas had been burned 
over. It can probably be said truthfully that the greater portion of 
the Ozark National Forest, except about 100,000 acres in the middle 
of the central division, will be burned over at least once within a 
period of five years, and often within a much shorter interval. It 
seems, therefore, that whatever system of brush disposal is followed 
in this forest should take into consideration the certainty of fire as 
well as the rotting of the brush. 

In the Arkansas National Forest many areas are not burned over 
more than once in every 20 years. Under such conditions the rot- 
ting of the brush is the main factor to be considered. 
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No areas were seen on which brush had been cut and scattered 

where there had been fire. What effect, therefore, a fire would have 
on such areas as compared with those on which brush had been piled 
or pulled can not be stated from actual observation. However, areas 
were seen on which there had been fires where brush had either been 
pulled or piled. Many trees whose tops had been left with the limbs 
unlopped were seen with the needles or leaves burned from only 
the lower half of the tops. This leaving unburned the leaves and 
needles in the upper half of the felled tree tops seemed to indicate 
that fires in the forests of Arkansas in pulled brush do but little, 
if any, more damage than the regular ground fire which is fed by the 
normal annual leaf débris and underbrush. Many areas on which the 
brush had been piled were seen where forest fires had killed a large 
portion of the young reproduction up to 4 inches in diameter. 

Brush when lopped and piled rots much more slowly than under 
either of the other methods of disposal. Such piles may be expected 
to persist from three to six years longer than the same brush when 
pulled or scattered, depending upon the size and compactness of the 
piles. This would eliminate the large brush piles from consideration 
in disposing of the slash on these areas. 
The best method of brush disposal over such areas would be that 

which is the least expensive, which reduces to a minimum the damage 

to the forest when fires occur, and which leaves the slash in such 
condition that it will rot most rapidly. It is very evident in view of 

these three things that the lopping and piling of the brush is the 
poorest method to follow, since not only is it the most expensive, but 
brush when piled rots the slowest and the reproduction on such areas 
is apparently damaged most by forest fires, judging from the burned 
areas seen. This would leave the choice between scattering and 
pulling. 

Pulling, as practiced in coniferous timber, would not be practicable 
in certain types of hardwood sales, such as stave sales, since the oak 
tops are usually too heavy to be moved as a whole by the methods of 
logging in use on such areas. However, when tree tops fall near 
reproduction or near trees to be left, it is immaterial whether the 
top is pulled away by a team or by hand or whether the objectionable 
sections of the top are sawed out and rolled away. 
Brush when pulled or left in the tops rots with nearly the same 

rapidity as when lopped and scattered. The difference in time be- 
tween the rotting of the pulled and of the scattered brush is appar- 
ently about one year in favor of the scattered brush. Whether a 
possible maximum gain of one year in the time of rotting between 
the brush that is pulled and that which is scattered is sufficient to 
offset the difference in cost between these two methods must, of 
course, be considered. 
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SUMMARY. 

(1) When the brush is lopped and scattered it rots more rapidly 
than when either piled or pulled. This is due to the fact that two 
types of fungi rot the brush, one entering the limbs and branches 
not in direct contact with the ground and the other entering those 
portions of the brush in actual contact with the soil. 

(2) The maximum gain in the rapidity of the rotting of the brush 
when scattered over the same brush when left unlopped in the tree 
tops is about one year. On dry areas, such as steep hillsides with 
southern and western exposures, there is practically no difference in 
the rate of rotting of the brush when scattered and when the tree 
tops are left unlopped. 

(3) Brush when lopped and piled will apparently take from three 

to six years longer to rot than when scattered or when left unlopped. 
(4) Brush when piled is rotted at the top by one group of fungi 

and at the bottom by another group, while the middle of the pile, not 
in contact with the soil and yet protected from the sunlight, ap- 
parently will not rot to any extent until the pile disintegrates suffi- 
ciently to expose these central layers to the soil moisture on the one 
hand or to the sunlight on the other. 

(5) The same general facts as to the rotting of the slash hold for 
all species of timber (pine, oak, etc.) examined in Arkansas. 

(6) Four fungi are the main agents in the rotting of oak slash in 
Arkansas, viz, Stereum rameale, S. umbrinum, S. versiforme, and 

S. fasciatum. 
(7) Two main fungi rot the shortleaf-pine slash, viz, Polystictus 

abietinus and Lenzites sepiaria. 
(8) No definite ccnclusions could be reached concerning the prin- 

cipal fungi which rct the bottom of the piles, since but few sporo- 
phores of such fungi were found. 

(9) None of the main fungi concerned in rotting either the oak 
or the pine slash in Arkansas produce heart rots in living trees. 
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INTRODUCTION. 

Western yellow pine, Pinus ponderosa, is distributed over the 
greater part of the western United States, but reaches it best devel- 
opment in California. A variety of the species, known as scopulorum, 
occurs in the Rocky Mountains. It is a smaller tree but has the 
same botanical structure. Western yellow pine is long lived, attain- 
ing an age of from 350 to 500 years. The wood is camparatively 
weak, light, soft, and fine-grained. The heartwood is reddish-yellow, 

and the sapwood almost white. In some regions the wood is quite 
resinous; in others it is so free from resin that it is marketed as 
“ white. pine.” 

The tests described in the following pages were made for the pur- 
pose of gaining a definite knowledge of the mechanical properties of 
the wood. They began early in 1912, at the Seattle laboratory of 
the Forest Service, U. S. Department of Agriculture, and have been 
carried on in cooperation with the University of Washington. The 
Western Pine Manufacturers’ Association contributed the test mate- 
rial. The tests were similar to those made by the Forest Service on 
Douglas fir, western hemlock, western larch, and various other species, 
so that a direct comparison of mechanical properties can be made. 

67075°—Bull. 497—17 
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MATERIAL TESTED. 

The logs from which the test material was taken were cut near 
Springdale, Stevens County, Wash., during September, 1911, and 
sawed into car sills and joists at a mill at Spokane, Wash., during the 
same month. Representatives of the Forest Service selected the sills 
and joists; and, upon the arrival of the selected timbers at the Seattle 
laboratory, an inspector of the Pacific Coast Lumber Manufacturers’ 
Association graded the sills in accordance with the association’s ex- 
port rules for 1911. 

The material tested was of two classes: 
(1) Car sills and joists representative of the various commercial 

grades found on the market. The car sills were 5 by 8 inches by 16 
feet; and the joists, 2 by 10 inches by 16 feet. 

(2) Small, clear pieces cut from the uninjured portions of the 
tested beams. Tests on these were made to determine the relative 
strength of wood free from knots and other natural defects, as com- 
pared to that of the various grades of market material. 

METHODS OF TEST. 

BENDING. 

Two methods of applying the load were used in these tests: “* Third- 
point” loading was used for testing the large beams and center- 
loading for the small, clear sticks. In the “ third-point” method the 
load is applied at two points, each one-third the length of the span 
from the end supports. This method of loading represents as nearly 
as practicable the conditions to which the beam will be subjected in 
structural use. Plate I shows the method of loading and of pre- 
venting buckling in the joist tests. 

COMPRESSION PARALLEL TO THE GRAIN. 
In the tests in compression parallel to the grain the load was ap- 

plied to the upright specimens. The specimens were of two sizes, 
5 by 5 by 24 inch sticks taken from the car sills and 2 by 2 by 8 inch 
sticks taken from both car sills and joists. 

COMPRESSION AT RIGHT ANGLES TO THE GRAIN. 

The tests in compression at right angles to the grain consisted in 
applying the load to an iron plate 4 inches in width and extending 

across the upper side of 5 by 8 by 20 inch specimens lying horizontal 
on the platform of the machine. 

MOISTURE DETERMINATIONS. 
From each test piece a moisture disk 1 inch in thickness was cut 

: ; ; ; | 
and dried to a constant weight at 100° C. The moisture disks taken | 

‘The methods of making the various tests on western yellow pine and the definitions of 

the different strength factors referred to are fully discussed in Forest Service Circular 38, 

“Instructions to Engineers in Timber Tests.” 
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from the large beams were cut into a number of sections, in order to 
determine the distribution of the moisture in the timber. The pro- 
portion of moisture was found by multiplying the difference between 
the original and dry weights by 100 and dividing the result by the 
dry weight of the wood. 

WEIGHT PER CUBIC FOOT OVEN DRY. 

The weight per cubic foot oven dry is based on the volume when 
tested and the weight oven dry. It does not represent the actual 
weight of wood in any condition of seasoning, and is used merely as 
an indication of the density of the material tested. 

TABLE 1.—esults of tests of 5-inch by 8-inch by 16-foot car sills, western yellow 
pine, 15-foot span, third-point loading. Green. 

Grade. Welch tiper cubic Fiber | Modulus Modulus 
5 - c stress at (0) of 

Pacific Coast Lum- ae Rigs Ntaisture elastic | rupture | elasticity 
ber Manufacturers .P ; limit per per per wae tests. inch. 
Association Rules As Oven square square square 
for 1911.) tested. dry. inch. inch. inch. 

Thou- 
sands of 

Select: Per cent. | Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average....-.---- 6 18.0 50. 7 38.0 25.2 3, 167 4,910 1,455 
Maximum...- 1 21.5 62.0 43.8 28. 2 3, 850 5,840 1,808 
Minimum....-..- 1 14.2 33.5 33.3 22.4 2,400 4,055 1,140 

Vierchantable: 
Average! . js. -5)- 11 15.3 37.1 36.1 26.4 2, 828 4,745 1, 224 
Maximum.......- 1 21.0 56.9 43.7 32.0 3, 740 5, 750 1, 436 
Minimum.....--- 1 9.7 26.2 29.3 23.2 2,040 3,830 990 

Jommon: 
Average.....----- Y) 14.4 34.4 33.6 251 2,432 4,100 1,125 
Maximum....--.- 1 17.5 54.3 35.8 26.9 3, 110 4,935 1, 240 
Minimum......-- 1 10.7 26.9 30. 2 21.9 1,805 3, 060 866 

All grades: 
wAcverage..--.----- 26 15.6 39.3 Sond A 2 2,769 4, 560 1, 243 
Maximum......-- 1 21.5 62.0 43.8 32.0 3, 850 5, 840 1,808 
Minimum......-- 1 9.7 26.2 29.3 21.9 1, 805 3, 060 866 

Per cent. | Per cent.| Per cent.| Per cent. 
SHG, BRIBE), Goo SoclleGodeheed eepcoeenes |syesauseee ladecodooce 100 100 100 100 
ReLebaniaMleravcrare|teesescee|- cece cscs |ocnncce css Wbiccossoa= eO5, 89 97 84 
| RNG, BRVERAE Cos oe de oaser| |BspBeseecs boseeeseee |beccecesec 100 77 84 77 

Paste 2.—Results of tests of d-inch by S-inch by 16-foot car sills, western yellow 
pine, 15-foot span, third-point loading. Air seasoned. 

Weenies cubic Fiber | Modulus | Modulus 
- : stress at of (0) 

Number | Rings ; elastic | rupture | elasticity 
Grade. of per Moisture. limit per per | per 

tests. inch. As Oven | square | square | square 
tested. dry. inch. inch. | inch. 

| Thou- 
: sands of 

Select: Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average......-..- 3 16.6 12.7 29.9 26.5 4,020 6, 260 1,614 
Maximum.... - 1 21.2 13.4 30. 7 27.2 5, 120 7, 760 1,720 
Minimum........ 1 13.5 11.4 28.9 25.9 2,820 4,460 1,548 

Merchantable: 
PAVETAS ES 2255-2 ~ 13 14.8 12.6 30.6 27.2 4,136 6,395 1,503 
Maximum........ 1 21.5 14.9 36.3 32. 7 5, 760 9, 730 1,909 
Minimum.. ....- 1 12.1 11.0 26.6 23.7 2713 3,895 1,191 

Sommon: 
PAW eTA Seuss). v.25: 7 15.1 12.5 30.6 |- 27.2 8, 552 5, 546 1,514 
Maximum ....... 1 19.5 12.9 32.8 29.0 4,780 7, 780 1, 988 
Minimum........ 1 12.0 11.6 25ole 22.5 2,610 4,495 1,245 

All grades: 
PAVEIRS Ol 255. 2505 23 15.2 12.6 30.6 27.2 3,976 6,119 1,521 
Maximum 1 21.5 14.9 36.3 32.7 5, 760 9, 730 1, 988 
Minimum..-..... 1 12.0 11.0 25.1 22.5 2,610 3, 895 1,191 

Per cent. | Per cent. | Per cent. | Per cent. 
Select, average.......|........-. 100 | 100 100 100 
Merchantable,average|.. ....--- Wee 103 103 | 102 93 
Boramonvaverage. clio 20h 103 | 88 89 | 94 
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GENERAL OBSERVATIONS. 

Before testing each specimen was weighed and measured. The 
proportions of sapwood and summerwood were also recorded. 
After .the test a sketch of each specimen was made showing the 
failures and all natural defects. All large green beams were photo- 
graphed after the test and the air-seasoned ones both before and 
after the test, the four sides of the timbers being shown in each case. 
All strength values obtained from the tests were calculated in pounds 
per square inch and are given in tabulated form along with the other 
test data. 

STRENGTH VALUES SHOWN BY THE TESTS. 

CAR SILLS. 

Tables 1 and 2 give the average strength values of green and air- 

seasoned car sills of the commercial grades. These tables also in- 
clude a comparison of the strength values of the different grades, 
the values, of the merchantable and common grades being expressed 

in percentages of the values of the select grade. 

JOISTS. 

The results of the tests on green and air-seasoned joists are shown 
in Table 3. The average values for all grades have been grouped 
together. 

TABLE 3.—Results of tests of 2-inch by 10-inch by 16-foot joists, western yellow 
pine, 15-foot span, third-point loading. 

a a Em 

Weight per cubic Fiber | Modulus | Modulus 
Nhe | Paes foot. stress at of of 

yi aa Moisture elastic | rupture | elasticity 
tests iach : limit per per per 

. 5 As Oven square | square | square 
tested. dry. inch. inch. inch. 

| Thou- 
| ; sands of 

Green, all grades: Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average........-- 46 17.3 35.8 35.7 26. 4 2, 830 4,272 1, 266 
Maximum.... 1 28.0 123.1 55.2 35.6 4,047 6, 105 1, 705 
Minimum.....-.. 1 7.5 20. 2 28.5 21.0 2,147 1, 980 731 

Air eessoned, all 
rades: 

: Average... Bee 33 16.7 13.2 31.6 28.5 4,502 6, 640 1,595 
Maximum........ 1 29.0 14.8 37.7 33.2 7, 025 9, 520 2,148 
Minimum.......- 1 10.5 12.2 25.5 22.5 1,811 2,320 1, 088 

| 

SMALL CLEAR PIECES. 

Tables 4 and 6 give the results of the bending tests on the clear 
pieces taken from the tested car sills and joists. The results of tests 
in compression parallel to the grain, on both large and small speci- 
mens taken from the car sills, are contained in Table 5. The results 
of tests on small specimens taken from the joists are given in Table 7. 
Table 10 contains the results of a limited number of tests in compres- 

sion at right angles to the grain made on clear pieces taken from the 

tested car sills. j 
i 
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OF TESTS ON LARGE AND SMALL 
PIECES. 

The ratios of the average strength values in bending of small clear 
pieces to the average strength values of the sills and joists from 

which they were taken are shown in Tables 8 and 9. These tables 
indicate that the difference in strength between large timbers and 
small clear pieces is considerably smaller for the air-seasoned than for 
he green material. In other words, the increase in strength as the 
result of seasoning is less in the structural sizes than in the clear 
sticks. This is due to the development of defects in the large timbers 
luring seasoning. 
In the tests in compression parallel to the grain, only a slight differ- 

mce was shown between the strength values of the large pieces taken 
rom the sills and those of the small pieces taken from both the sills 

ind joists. This is largely due to the fact that all of the specimens 
ised in these tests were free from defects. 

COMPARISON OF RESULTS 

“ABLE 4.—Results of bending tests of small clear sticks taken from western 
yellow pine car sills, 2-inch by 2-inch by 30-inch beams, 28-inch span. 

| Welgntpet cubic Biber | Modulus Modulus 
. ‘ stress a’ te) of 

Number | Rings : elastic | rupture | elasticity 
te) per Moisture. limit per per per 

tests. inch. As Oven square square square 
~ tested. dry. inch. inch. inch 

Thou- 
sands of 

Teen Per cent. | Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average......---- 52 14.9 36.1 35.5 25.6 3, 156 5, 831 1,178 
Maximum 1 31.0 126.1 56. 8 29. 4 4,240 7,615 1,680 
Minimum.......- 1 7.5 24.9 27.7 PHY 2,120 3,910 775 

ir seasoned: 
Average.......-.- 48 13.6 11.5 29.6 .26.6 6, 705 10, 661 1,442 
Maximum.......-. 1 28.0 IBY 3953 34.6 9,615 14, 840 1, 980 
Minimum........ 1 7.0 10. 2 24.0 21.7 3, 762 7,350 995 

‘ABLE 5.—Results of tests in compression parallel to grain on clear specimens 
i taken from western yellow pine car sills. 

Weight per cubic | Crushing 
foot. strength 

Number] Rings at max- 
Seasoning and size of sticks. of per Moisture. imum 

tests inch. load per 
\ As Oven square 

tested. dry. inch 

reen, 4 inch by 4 inch by 16 inch: Per cent. | Pounds. | Pounds. | Pounds. 
Average... BA RoE Sse buck sith 25 14.1 43.2 35.9 25.0 2, 830 
Maximum. BAS He Seainres NES inlets Ea aes 1 21.0 80.9 45.7 28.8 3,910 
ERE LE en NAL ST 1 8.0 27.4 27.4 21.4 2,195 

ir-seasoned, 5 inch by 5 inch b y 24 inch: 
Average. TNs alt eyesore ve re clear ete 23 11.5 12.5 29.6 26.3 5, 758 
MeExcrITIMIe aes SU Se ss 1 22.0 14.4 34.4 30.5 7, 002 
AVEATHIETNUER eet ae SAIS eae 1 8.0 11.3 24.8 22.1 4, 460 

reen, 2inch by 2inch by 8 inch: 
Average ESS oS ae CORBET Man RR Rea 52 14.9 39. 4 34.9 25.3 2,896 

BRVESESATITUIT ISR ela EN SEAN inh 1 31.0 130. 4 57.1 29.5 3, 890 
MISTALERUI Tees Mune NL SIBLE Ae Ton 1 725 24.0 27.4 20.3 2, 240 

ir-seasoned, 2 inch by 2 inch by 8 inch 
VBE Ee oO GRO UE a ee 47 1Se5) 11.4 29.9 26.8 6,334 
WBE CSN Ce es ae 1 28.0 tsa 38.5 33.3 8, 160 
“OTE TMB IEE SO A a AS Se 1 7.0 10.0 24.2 21.5 4,77 
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RELATION BETWEEN STRENGTH VALUES. 

The chart (fig. 1) showing the relation between strength values 
was made by plotting along one vertical line the various strength 
values for each green car sill and the corresponding air-seasoned sill. 
The order of succession of the pieces was obtained by first plotting 
the values for the modulus of rupture of the green sills, beginning 
with the maximum and descending in order. The other values for 
the same beams were then plotted on the same vertical lines. The 
chart shows that, with one exception, the strengths of the air-dry 
beams are in the same order as those of the green beams to which 
they are matched. However, the air-seasoned material shows a 
greater range in values than the green material. This is due, in 
part at least, to the variable moisture content of the air-dry sills. 
It will be observed that the pairs of pieces having the greater 
modulus of rupture in the green condition showed the larger in- 
crease in strength in air-seasoning. The other strength properties 
of the air-seasoned material are somewhat more erratic than those 
of the green. This also is partly due to variable moisture content. 

Table 11 is a summary of the averages of all the preceding tables. 
It gives, in condensed form, the corresponding values of green and 
air-seasoned material of each size tested, and also the percentage of 
increase of those values in seasoning. 

RELATION BETWEEN PHYSICAL CHARACTERISTICS AND 
MECHANICAL PROPERTIES. 

DEFECTS. 

The natural defects found in timber have an important influence 
on its strength values. In order to secure a more specific knowledge 

of this influence the timber was graded before being tested. 

TasLye 6.—Results of bending tests of small clear sticks taken from western 
yellow pine joists, 2-inch by 2-inch by 30-inch beams, 28-inch span. 

NyStebt ber cubic | Fiber’ etait hosts 
A : tress at te) (0) 

Number | Rings 5 meas - oa 
Seasoning. of per Moisture. ees peeure elastic 

tests. inch. P Pp Pp 
As Oven square square square 

tested. dry. inch. inch. inch. 

Thou- 
' sands of 

Green: Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average.......... | 91 16.5 33. 4 35.8 26.9 3,530 5,560 1, 14 
Maximum 1 41.0 133. 7 58.3 40. 8 6, 080 8, 530 1, 76. 
Minimum........ | 1 5.5 19.0 26.6 21.0 1,910 3, 630 58; 

Air seasoned: 
Average.........- 58 17.1 11.7 30.9 27.6 6,622 11, 045 1,61 
Maximum 1 27.0 13.5 38.3 34.2 10, 270 15, 960 2, 23! 
Minimum........ 1 8.0 10.6 24.8 22.1 2,890 6,670 96. 
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PIECE NUMBER-GREEN CAR SILLS 
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Fic. 1.—Relation between modulus of rupture and other test values for green and air- 

seasoned car sills. 
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taken from western yellow pine joists. 
.—Results of tests in compression parallel to grain on clear specimens 

Weight per cubic 
foot. 

As Oven 
tested dry. 

: Number] Rings 
Seasoning and size of sticks. of per Moisture. 

tests inch. 

Green, 2 by 2 by 8 inches: Per cent. 
PVOraPe = Soke. ae Sess eee 91 16.5 36.5 
OVE ASAT TTD ee ee ee a Ree 1 41.0 182.7 
Minimum cc t oe Peeks 1 7.0 20. 2 

Air seasoned, 2 by 2 by 8 inches: 
AVOLAE Or. oi Siacc ce ce Gat. Lathes hinedes 57 16.5 11.0 
Maximumist sascboneoeek te easta se aee 1 28.0 21.7 
MINIM Ue Scere rem been ose 1 8.0 6.8 

Sous Pounds. 
35.5 26.2 
61.9 41.4 
26.2 17.2 

30.3 Paha 
38.3 34.4 
22.8 20.2 

TABLE 8.—fatio of average strength values in bending for all and separate 
grades of car sills to small clear pieces cut from them. 

Weight per cubic 
Num- ¢ foot. 

5 “ Rings 
Ce tradae and per “per Arorenine 

tests inch As Oven 
tested. dry. 

Green: ; 
Select— Per cent.| Pounds. | Pounds. 

SER er Olen ae 6 18.0 50.7 38.0 25.2 
Per cent. Bee (es Semen en) eesie Meche | ee, Se ean Us ee 

OA 96 Ml ing 30/7. nan 12 16.5 38.9 38.4 25.9 
POLC ONCE ea | seo cise Aoscine crea Se ego ter a ei | epee te est 5 | Beare cere 

Merchantable— 
HY Po ekht >. Kien 11 15.3 Ba! 36.1 26.4 

Por. cont 225 See oP es Bee re Sees Porat bie 
Pies e UG cated Oe | 22 15.0 36.3 35.5 26.0 

POF. COME ie EE Se Sl Ae PS AGRE UE Se EU 
Common— 

DXe BIEN Oho oe 9 14.4 34.6 33.6 25.1 
POL COMT 5] EA ae Sa Se NY RAE eT sO Po | pera peso teeta an Se 

PUG OIL SES Oe so 18 14.3 33.6 33.3 24.9 
IROL CONE c= Le eee Sa ek eS Nets alee ate ater Ayala 

All grades— 
Fy Sb ote a Lilien 26 15.6 39.3 35.7 25a) 

Ber cent 2] oss ee ee ABA SN ene Pe a LL Sree 
PES SIMS Be ae 52 14.9 36.1 30:5 25.6 

Per CONT eae eee eens abe ESN Se ed 2 See 
Air dry: 

Select— 
GYES a Tithe. (ioe 3 16.6 Ey! 29.9 26.5 

Ng t XY) 0) Ran Sy De ae ee ER i [PN Orcs Ie Seb oct oe ee oG 
PIs ality cal eed 6 14.2 12.0 28.5 25.4 

Peri cant st: Sa] e eee aes aks Ul ek as eine 2 eee Pee i 
Merchantable: 

DO ee oes 13 14.8 12.6 30.6 yy by? 
BE COG ee a eae terse eis tate la al steel bo mile w toes tel team hain Beane te 

DHEN> COMES GBS ALA. 22 14.4 11.6 30.3 2751 
RORCOILE Scns eee Se ai ee ar ees | Ree tee te ee 

Common— 
5 ok KLGl sess 7 15.1 12.5 30.6 27.2 

OLCent ei esees tal sees Seb cok ee Eaters cee cle] baie 
PigMbs Go MA >: ae{ ADEE B 14 13.1 11.2 29.6 26.6 

lta ee es ol Ase eid secins s8cod Heecee acid bomcnonoas4 Deosrpaacc 
All grades— 

DU x81 Ble. 23 15.2 12.6 30.6 27.2 
Percents eee eee eke 2 Re al eae bees eg ee 

DU ECOIUI SO ees 42 13.9 11.5 29.9 26.7 
IRB COM bee fos aise lnc eo eee rcle ete ju oe arnea | tenth ace arava] eeete orate ate 

Fiber 
Stross Modulus 

elastic | ,ofrup- 
laa : ture per 

tper} 5 uare 
square dhe 
inch. : 

Pounds. | Pounds. 
3; Ae Gare 

8 
3, 229 6, 108 

100 100 

ae 4, ma 
8 

3,172 5,815 
100 100 

7D | Pa 
3,089 5,704 

100 100 

2,769 4, ag 
88 

3, 156 5,831 
100 100 

gees ay) 
5 

6,791 10, 200 
100 100 

ays 630 
6 

6, 722 10,944 
100 |, 100 

31037 5; oe 
4 

6, 584 10, 687 
100 100 

| Oe 
6, 681 10, 751 

100 100 

Modulus 
of elas- 

ticity per 
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TABLE 9.—Ratio of average strength values in bending for joists to small clear 
pieces cut from them. 

Num 

Seasoning and size. ber 
, tests 

Green: x 
Discs Oral Gases 46 

Per conte ssesealhes ie: 
Dis Dex Oia tise) 91 

Per cent....-...|--.---- 
Air seasoned: 

BUSal Oe Kalle eae 33 
IRenicentmeceeeea| see ea 

PHOS SOM Rl GS 4 Seiepee 58 
Per cent.......-|.-.--.- 

Rings 
per 

inch. 
Moisture. 

Per cent. 
35.8 

Weight per cubic 
foot. 

As Oven 
tested. dry. 

Pounds. | Pounds 
35.7 26.4 

ly 35.8] 26.9 

31.6 28.5 

a 30.9| 27.6 

eee Modulus 
ennai of rup- 

_| elastic t 
limit per ure per 

square | Sduare 
inch, inch, 

Pounds. | Pounds. 
2, 830 4,272 

80 77 
3,530 5, 560 

100 100 

4,502 6, 640 
68 60 

6, 622 11,045 
100 100 

Modulus 
of elas- 

ticity per 
square 
inch, 

Thou- 
sands of 

TABLE 10.—Results of tests in compression perpendicular to grain on clear speci- 
mens, 5-inch by 8-inch by 20-inch, taken from western yellow pine car sills. 

Weight per cubic Compres- 
Num i foot. sive 

nen Rings strength 
ot per Moisture. at elastic 

tests inch. As Oven ee er 
tested. dry. aaa. 

Per cent.| Pounds. | Pounds. | Pounds. 
25 15.6 42.9 36.8 25.6 299 
1 21.5 69.8 45.8 28.7 413 
1 9.7 26.9 31.2 OI 179 

26 13.3 13.0 30.5 27.0 701 
1 20.0 17.4 40.7 34.6 1,110 
1 8.0 11.5 24.1 21.5 315 
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TABLE 11.—Average strength values for green and air-seasoned western yellow 
pine in structural sizes and small pieces without defects. 

GREEN MATERIAL. 

Compression parallel to | Compression perpendicu- 
Bending. grain. lar to grain. 

rs = & be Sirk L 
ane os le ne he 
° = Es! eye) 

= © -| 0 Lay NE oA 
a ir! m = w~ O _ 

Srl ee | seis 8 S& = aoa ras. 34 5 tok 
° an °o|) Re r aS) as ee : —.-|@®@o|/58] oa d “a ha q a SS 

= rs! eee Eh Step ats 2 = An o + 5a 
o i) Ea (cS a q g o ES) g 8 A 

i= ~ q oF noalos|“sa om ~ Oo, S| » oo 
Ss ow = = ae 5 os [S} pa a (S) pa en 
= ° 2 : 2 3) a a co) ro) 4 Zc 2 ° - BR 
> ke 3) r) a i nn n =n be o tos a rs oO nes 
o 3) oy & ~~ oiiee fs} 4 a o 5 siaS) A o 5 og 
ea a doe Wah tear (a Nd Sh feel ete a= 3s |e Bs = OV Ge = Ps g#/ @ |aé& Ps 8) & | g's 
S = a: ° 2 2 S) S) S 3 S) aie NS ey S aes) 
<P fete Ped re hae ip =e = WF | a Zl soloed wa wet. || 

| Per 1,000 Per Per 
Inches. cent.| Lbs. | Lbs. | Lbs. | lbs. | Inches. cent. | Lbs. | Inches. cent. | Lbs. 
5x8 | 26} 15.6} 39.3] 25.7] 2,769) 4,560) 1,243}4x4x16) 25) 43.2) 2,830}5x8x20] 25] 42.9 299 
291.0) 46|) 07 3]|o 85. 8), 2654/82 5830) 4, 272-1) DGG) eee |e e| aa eee| e eee eee 
2x2 | 143] 15.9] 34.4] 26.4] 3,394] 5,659] 1,159/2x2x8| 143] 37.6| 2,770|.......-..|-...|.-----|------ 

AIR-SEASONED MATERIAL. 

5x8] 23] 15.2} 12.6] 27.2] 3,976] 6,119] 1,52115x 5x24] 23 12.5 5,758] 5x 8x20} 26] 13.0| 701 
2x10) 33| 16.7] 13.2| 28.5] 4,502] 6,640] 1,505|........-.|....]...... be Ah ee a 
2x2| 106) 15.5] 11.6] 27.1] 6,660|10,871| 1,534] 2x 2x8 | 104 ee 6, 457 | c= ere an ead aad 8 

RATIO—AIR-SEASONED TO GREEN. 

ial | \f4x4x 16 | 
Boe Ce oe eas Pea 144, 134] 192) and I ae | 25 ae 204] 5x 8x 20|....|...-.- 234 

| 5x5x 24 
Demet ee | Wee pall toe LSS ribet? foam 4 [ee ee [cdc cu Ee a aa Reet eee | ae 
Diao 196] 192! 132 2x2x8| ts |. Coa 2 Dt Was a LF Cis bs OS 

The results of tests on green car sills (Table 1) show the weaken- 
ing effect of knots to be directly proportional to their size and quan- 
tity, the lower grades of timber having larger knots and a greater 
number of them. Table 2, in which the air-seasoned sills are given, 

shows a greater increase in strength through air seasoning in the 
jower grades than in the clear sills. 

The material tested contained no shakes. The checking in air 
seasoning was practically the same as that which usually occurs in 
Douglas fir, western hemlock, and western larch. 

Failure because of spiral grain was quite frequent in the green 

joists. This grain is very difficult to detect, the surface grain often 
appearing straight and the resin ducts indistinct. Plate II is an 
excellent illustration of this. 

Both the joists and the car sills contained an unusual amount of 
sapwood, but this in no way altered the strength of the material 
under consideration. However, because of its lack of durability, 
sapwood is undesirable in timbers used under conditions favorable to 
decay. 
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RATE OF GROWTH. 

The effect of the rate of growth on strength was studied in small, 

clear pieces, for there are so many factors which influence the 
strength of material in structural sizes that it is impossible to draw 
any conclusions regarding the effect of rate of growth from the 
results of tests on such timbers. 

Figure 2 shows the relation of the strength values obtained from 
the various tests to the number of rings per inch. The small number 
at each circle on the curve mdicates the number of tests used to 
obtain that average. It will be observed that the maximum strength 
values are reached in pieces having a rate of growth approximately 
20 rings to the inch. 

The modulus of rupture varies considerably with the rate of 

growth, while the remaining factors are influenced to a less degree. 
The dry weight increases with the number of rings per inch until 

it reaches its maximum at 26 rings per inch and remains about con- 
stant thereafter. 

DRY WEIGHT. a 

Without question, the dry weight of wood, all other things being 
equal, is the best criterion of its strength. But in order to obtain 
reliable and definite results it was deemed advisable to study the 
effect of this factor in small, clear pieces only, as in the case of the 
rate of growth. Figure 3, in which the results of the tests are given, 
shows that the various strength factors increase with the dry weight 

of the wood, the greatest increase being in the modulus of rupture. 

SEASONING. 

The results of moisture determinations made on the car sills and 
joists tested are indicated in figure 4. The green car sills show an 
average moisture content for the entire section of 39.2 per cent; the 
green joists, an average moisture content of 35.7 per cent. In the 
case of both car sills and joists the outer portion of the green beams 
showed a smaller moisture content than the intermediate portions. 
This variation was doubtless caused by slight surface seasoning 
before testing. The air-seasoned car sills showed an average moisture 
content for the whole section of 12.6 per cent and the joists 13.3 per 
cent. The moisture content within the sections varied but shghtly, 
increasing from the minimum in the outer portion to the maximum in 
the inner portion. The material tested was all air seasoned under 
cover, the car sills for about 16 months and the joists for 14 months. 

EFFECT OF SEASONING UPON STRENGTH. 

Seasoning, as a rule, increases the strength of wood. Although 

a lowering of the moisture content is accompanied by an increase 
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pieces of green western yellow pine. 
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yellow pine. 
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in strength in any wood, the gain is somewhat greater for small, clear 
pieces than for timbers in structural sizes. Seasoning does not, as 
a rule, cause any appreciable defects in small pieces, but in large 
beams aften develops defects in the form of checks which counter- 
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Fic. 4——Summary of moisture determinations made upon green and seasoned joists and 

_ car sills of western yellow pine. 

balance the strength gained in seasoning. A comparison of the 
strength values of green and air-seasoned car sills is given in figure 1. 
The effect of seasoning upon the strength of test material of various 
sizes is indicated in Table 12. 
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CONCLUSIONS: 

The comparatively small number of experiments made on western 
yellow pine limits the conclusions to be drawn regarding this species 
to the following: 

(a) The strehgth values of structural timbers are influenced con- 
siderably by the defects found in them. These values vary accord- 
ing to the grades in the green material; but the increase in strength 
from air seasoning is not uniform and does not vary with the grades. 

_ (6) Seasoning greatly increases the strength of the wood, the in- 

crease being greater and more uniform in small, clear sticks than 
in structural timbers, owing to the development of defects in the 
latter. Lowering the moisture content of yellow pine causes it to 
become more brittle. 
(ce) Western yellow pine is a lighter wood than the other western 
lumber species, weighing approximately 26.9 pounds per cubic foot, 
oven dry, in structural sizes. The dry weight of clear wood readily 
suggests its strength or weakness, but this factor alone can not be 

depended upon to indicate comparative strength when structural 
forms of various grades are taken into consideration, owing to the 
presence of defects which have an important influence on their 
strength. 3 

(dq) The table of comparison of the strengths of various western 
species (Table 12) is based on tests of small, clear specimens. In 
addition to the results of tests on western yellow pine, as previously 
described, there are included average values derived from similar 
tests on material from five trees from each of four other localities. 
In comparing species from data in this table it is well to base com- 
parisons on results of tests of green material, since differences in 

moisture content of green material do not produce differences in 
strength. It must also be) remembered that the figures given are 
averages and that the variability of timber is such that individual 
specimens of a species may excel the average for another species 
which averages considerably higher, or they may fall below the 
average for a species which averages considerably lower. When 
values from tests of air-dry materials are used for comparison careful 
attention should be given to the moisture content of the material 
compared (whether it is of two or more species or of one species 
from two or more localities) and the effect of differences of moisture 
considered. The effect of moisture and the methods for adapting 
strength values from one moisture content to another are gone into 
in Forest Service Bulletin 70, “ Effect of Moisture on the Strength 
and Stiffness of Wood.” 
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EXPERIMENTS WITH SPRING CEREALS AT THE 
EASTERN OREGON DRY-FARMING SUBSTATION, 
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INTRODUCTION. 

The Eastern Oregon Dry-Farming Substation t was established at 
Moro, Oreg., in 1909. The land was purchased and the buildings 
(fig. 1) erected with funds contributed by Sherman County. The 
expense of maintenance is borne jointly by the Oregon Agricultural 
Experiment Station and the Bureau of Plant Industry. 
A cooperative agreement between the Bureau of Plant Industry 

and the Oregon Agricultural Experiment Station specifies that “The 
objects of the cooperative investigations shall be (a) to improve the 
cereals of the Pacific coast region by introducing or producing better 
varieties than those now grown, especially with regard to drought 
resistance, yield, quality, earliness, ete.; (6) to determine the best 
methods of cultivation and crop rotation for grain production; and 
(c) to conduct such other experiments as may seem advisable for the 
accomplishment of the greatest possible good to the cereal interests 
of the State of Oregon.’”’ Full credit is given to the Oregon Agri- 

1From the establishment of the Moro substation until November, 1911, Mr. H. J. C. Umberger was 

superintendent. In February, 1912, the writer was appointed superintendent. 

67313°—Bull. 498—17——_1 
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cultural Experiment Station and to Sherman County for their share 
in obtaining the cooperative results reported in this publication. 

Some preliminary work was done in 1910, but most of the experi- 
ments were not started until 1911. The investigational work at 
Moro comprises tests of methods of production and improvement of 
cereals, including crop rotation and tillage. This bulletin deals only 
with the varietal tests of spring-sown cereals, including wheat, 
emmer, oats, barley, and grain sorghums. 

DESCRIPTION OF THE STATION. 

The Eastern Oregon Dry-Farming Substation is located in the 
southwestern part of the Columbia Basin,! near Moro, in Sherman 
County, Oreg. Eastern Oregon, as the term is used locally, refers to 
all that portion of the State east of the Cascade Mountains. Sherman 
County lies along the Columbia River, the northern border of the State. 
It is really about midway of the State from east to west. Moro is 

Fic. 1.—General view of the station buildings at the Eastern Oregon Dry-Farming Substation, at Moro. 

about 15 miles from the Columbia River, on a branch line of the 
Oregon-Washington Railroad & Navigation Co. A map of the State, 
on which the location of the substation is indicated, is shown in 
figure 2. 

The elevation of the substation is approximately 2,000 feet. The 
soil and climatic conditions at Moro are typical of a large part of the 
Columbia Basin. It is believed, therefore, that the results obtained 
at the substation are applicable in a general way to most of the 
Columbia Basin, but especially to districts where the prevailing soil 
type is sult loam and where the annual average precipitation ranges 
from 9 to 12 inches. 

The substation comprises 233 acres, about 200 of which are till- 
able. Like most of the Columbia Basin lands, the surface is very 
rolling, nearly every direction and inclination of slope being repre- 
sented. On the experimental plats the slopes vary from nearly level 

1 For a general description of the Columbia Basin, see Hunter, Byron, Farm practice in the Columbia 

Basin uplands, U.S. Dept. Agr., Farmers’ Bul. 294, 30 p., 1907. 
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land to a rise of 11 feet per 100. A contour map of the substation is 
shown in figure 3. 

For the purpose of comparing the soil and climatic conditions at 
Moro with those of other localities, a brief description is given of the 
soil and climate at the substation, 

SOIL. 

The soil at the substation is the fine silt loam characteristic of a 
large portion of the Columbia Basin. It is classified by the Bureau 
of Soils as Yakima silt loam. It is derived largely from the decom- 

& Wi acuslowia) 

. 7 

| CLACKAMAS 3—U) hs 
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Fig. 2.—Map of Oregon, showing contour lines east of the Cascade Range and the location of the Eastern 

Oregon Dry-Farming Substation, at Moro. 

position of the basaltic or lava rock by which it is underlain. Unlike 
some of the soils nearer the Columbia River, the percentage of sand 
is not high enough to cause trouble from soil shifting or blowing. 
The soil is easily worked and requires little cultivation to put 1t in 
good tilth, the only implements really necessary for making a good 
seed bed being a plow and a spike-tooth harrow. The disk harrow, 
however, is frequently used prior to plowing, and a bar weeder for 
surface cultivation of the summer fallow. According to Bradley,! 
the general composition of eastern Oregon soils, of which the sub- 
station soil is typical, is as shown in Table I. 

1 Bradley,C. E. Soils of Oregon. Oreg. Agr. Expt. Sta. Bul. 112,48 p. 1912. 
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SPRING CEREALS AT MORO, OREG. 

Taste I.—Composition of silt loam soil in the Columbia Basin. 

Or 

| 

Soluble Soluble 
Constituents. Total. in Constituents. Total. | in 

1.115 HCl. || 1.115 HCl. 

iaeat | ae | 
Per cent. | Per cent. Per cent. | Per cent. 

Sci) (CSO) Sena Sa ecpree Semee 62. 85 0.34 | Tron and aluminum oxids 
Potash (K20) soe see cee siseor 1. 63 . 74 (Fest da and AlgO3) Spo onooe 8.47 8.37 

IL tren@((OE KO) ApREs See a Se smeeseoe 4.52 3.05 || Phosphoric acid (P205)...-...-| 30 " 
Magnesia (MgO).........----- 1.94 1.66 ||#Nitrosenl GN) bee eet =s secre cee LLG eee ee 
Manganese oxid (Mng0q4). . --- eC Ne tet et TON /0) ENON Senge CHE Bete neers tee 37 | Leer tay 

From analyses of surface soil obtained from both virgin and cropped 
areas Bradley concludes that ‘‘while the percentage of nitrogen in 
these soils has remained practically constant under continual crop- 
ping for, in extreme cases, 25 years, there has been a marked decrease 
in the carbon or organic content.’’ Probably on account of this 
deficiency in humus the surface soil at the substation is inclined to 
run together or pack in the spring from the effects of winter precipi- 
tation. 

The soil is remarkably uniform in texture, absorbs water readily, 
and has a high moisture-holding capacity. Atthesubstation the depth 
of the soil to the rock formation underneath varies from 1 to 9 feet, 
the deeper soil being on the higher elevations and on the northward 
slopes. Where the ground slopes toward the west or southwest, the 
soil usually is shallow and therefore less suited to cereal production, 
because of its inability to store sufficient moisture to mature crops. 
Most of the farm had been cropped to grain for about 25 years prior 
to the establishment of the substation. 

CLIMATIC CONDITIONS. 

Careful records of climatological phenomena have been kept since 
January, 1910, in cooperation with the Biophysical- Laboratory of 
the Bureau of Plant Industry. The weather-observing equipment 
consists of standard snow and rain gauges, maximum and minimum 
thermometérs, self-recording thermographs, an evaporation tank, 
an anemometer, and a psychrometer. 

PRECIPITATION. 

In no other place in the world is cereal production conducted on 
such an extensive scale with so little precipitation as in the Colum- 
bia Basin. As Table II shows, the lowest annual precipitation 
in the vicinity of Moro during the past 10 years has been 7.68 inches. 
The precipitation for the years from 1905 to 1909, inclusive, was 
recorded at Grass Valley, which is about 10 miles south of Moro, 
while that for the years 1910 to 1915, inclusive, was recorded at the 
‘substation. The average annual precipitation for the 11-year period 
from 1905 to 1915 is 11.35 inches. The highest, annual precipitation 

since records have been kept at the substation is 14.89 inches. 
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Tasre IIl.— Monthly and annual precipitation at Grass Valley and Moro, Oreg., showing 
the average, maximum, and minimum for each month, from 1905 to 1915, inclusive. 

{Precipitation data (in inches): Previous to December, 1909, from the Oregon-Washington Railroad & 
Navigation Co., Grass Valley, Oreg.; since December, 1909, ‘from the substation records. T=tHrace.] 

Year. Jan. | Feb. | Mar. | Apr. | May.| June.) July. | Aug. | Sept.| Oct. | Nov. | Dec. a 

| 
LOD erat ee seer 0.76 | 0.20 | 0.05 | 0.03 | 1.70.) 1.30 | 0.36 lh 0.75 | 1.36 | 0.85] 1.35 | 8.71 
Ie cen aan 1.00} .85/]1.65} .10/] 1.05) 1.85 Ap 34 -39 “tt 2.59 | 2.22 | 12.00 
190 (he eee cee tye, | CAE -48 | 1.60 1.06 - 90 .89 .30 -71 - 50 -20 | 1.46 | 2.68 | 13.43 
NOR ee oe seins See ere say |b | StOP) . 68 Day 37 Ay 7 34 -12 | 1.11 | 1.12 | 1.63 7.68 
1000 Bee sere sotelc 2.56 | 1.03 .68 -10 -49 ~99 -10 - 02 -45 -87 | 3.34 | 1.14 | 11.77 
MOIO Se temewee els: sek 95 | 1.47 - 63 66 | 1.25] .89 Ak -00} .20] .70| 2.76) .88]| 10.39 

1.18 46) 20. 35] 1.05} .64] .00 Ak 4.03 -30 | .30]} .61 ] 9.20 
3.58 | 1.36 -69 78 | 1.33 42) .02) <4) .21 |) 2781230 125125) 13°33 
1.33 23 76 58 | 2.27) 1.39} .06| .05| .49 | 1.87 | 1.45 | 1.69 | 12.17 
2.20 | 1.16 11 | 2.06 -76 . 66 - 08 A 1.05 | 1.48 - 88 -88 | 11.32 
US fA PER |p ae7/ 65 | 2.06} .36 57] .05]1.14] .23 |] 2.89 | 1.61 | 14.89 

AVETALO 22 oases 28 L685} SiGe |" 0 “59 | 1.30)| .89) |) : 16°] 2207), . 845s CSIs Sieremeoon tt ideco 
Maximum......... | 3.58 | 2.31 | 1.65 | 2.06 | 2.27 | 1.85 Bry .74 | 4.03 | 1.87 | 3.34 | 2.58 | 14.86 
Minimum......... | -059 | .02] .05 - 03 49] .37 = OOF) O08 eu T -30| .61] 7.68 

The distribution of the precipitation usually is favorable for grow- 
ing cereals, nearly all of the rain falling during the months from 

Fic. 4.—Experimental plats at the Moro substation in the spring of 1916, showing the run-off during the 

melting of a heavy covering of snow. 

September to June. July and August are practically rainless. In 
some years there is considerable run-off in the winter or early spring 
(fig. 4). Soil samples taken to a depth of 6 feet on 20 plats in May, 
1913, had an average of only 1 per cent more moisture than samples 
taken on the same plats in November, 1912, though the precipitation 
during the interval measured 5.5 inches. From September 1, 1914, 
to February 28, 1915, the precipitation was 8.35 inches, but this 

72> 4 

penetrated stubble ground to a depth of less than 2 feet. The rains 
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which occur during the late spring, summer, and autumn months are 

of such a nature that practically all of the water is absorbed by the 

soil, but much of the winter precipitation is frequently lost as run-off. 

As is shown in Table II, the wettest months are November, December, 

and January. Much of the precipita- 
tion during these months is usually in 
the form of snow. 

The 11-year average precipitation by 
months is shown graphically in figure 5. 

The precipitation available for grow- 
ing cereals during any particular season 
in this section is largely that which 
falls from September 1 to August 31. 
In comparing crop production with 
precipitation data, therefore, records 
for calendar years are not so valuable 
as those for crop years ending August 
31. The precipitation which falls dur- 
ing the growing season is also an im- 
portant factor in influencing crop yields. 
The average seasonal precipitation for 
small grains (March to July, inclu- 
sive), as shown in Table III, is 3.83 

inches. Fic. 5.—Diagram showing the average 

Table III gives precipitation records monthly precipitation in inches at Moro, 
Oreg., during the 11 years from 1905 to 1915, 

for each of the five crop years for which 
results are reported in this bulletin, 1911 to 1915, inclusive, and also 
the precipitation for the growing season in each ci those years. 

PPE CLITATION — (INCHTE SS 

Tasie Il].—Precipitation at Moro, Oreg., in crop years (ending Aug. 31) and in the 
growing season (March to July, inclusive), for five years, 1911 to 1915, inclusive. 

Period. Inches. ; Period. | Inches. 

Annual: Seasonal: e | 
Sept. 1, 1910, to Aug. 31, 1911-......-. 8.47 Mara litowulyal,o Ol os. cee scenes | 2. 29 
Sept. 1, 1911, to Aug. 31, 1912......... 14.19 Marealutoriilyssi= 1012 ess ua anes 3.24 
Sept. it 1912, to Aug. 31, MOIS eee ae es. | 11.08 || Marnik oj itlysols 1913 a= sn ceeeee eee 5. 06 
Sept. ng 1913, to Aug. 31, 1914.....---.- | 12.53 || Mannlbtowuly: sis 19148 oo eee ee 3. 67 
Sept. L 1914, GOUNEE, Sil, Wes socesee 13231 Mar iGtowuly.olal lbs seen cece cece 4.91 

en 

PAC CLOG Ce mes ateiciscis accesses cecesee 11.92 | PAW CLA O Rrra rsa Sorc cidiaitayaniocieias | 3.83 

It will be observed that the crop year of 1912, from the standpoint 
of precipitation, was the most favorable for crop production of any 
of the five years for which data are here given. The crop year of 1911 
was very unfavorable, the total precipitation being only 8.47 inches, 
of which only 2.29 inches fell during the growing season. The 
average for the five years ending August 31 is 0.57 inch more than 
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the 11-year average, and the average for the growing season in the 
five years is 0.13 inch more than the 11-year average for the same 
months. 

EVAPORATION. 

Records of evaporation from a free water surface have been kept 
during the seven months, April to October, inclusive, in the years 
1911 to 1915, inclusive. The method used is the same as at other 
stations cooperating with the Biophysical Laboratory of the Bureau 
of Plant Industry.!. The evaporation tank at Moro is 2 feet deep 
and 6 feet in diameter. Table IV gives the monthly evaporation, 
April to October, inclusive, in the years 1911 to 1914, inclusive. 

Tasie I1V.—ELvaporation, in inches, from a free water surface at Moro, Oreg., in the 
seven months, April to October, inclusive, for five years, 1911 to 1915, inclusive. 

Month. 1911 1912 1913 1914 1915 Average. 

ATM as Atk soda cocina ote eee eee 5.92 4.51 4.09 4.02 5.13 4.73 
MEA Ys ores a es SRE SAG a 6.13 6. 75 6. 24 7.43 5. 90 6. 50 
JUNG Se eee teeter pens eee tie 9.61 enkp, 7.36 8. 29 8.45 8. 29 
JOLY oars ese sree Ro ee ee See! 11.57 7. 89 7.90 11. 43 9.05 9.57 
AIP UST. cea oes Sacre eee eee eseimeniee 9. 28 6. 72 7. 82 9. 64 9.59 8. 61 
Septemberwee sis Ses a 4.16 4. 50 4.82 4.40 5.30 4. 64 
October: [2222 he eh ates eases ooe 2.34 2. 60 3. 52 2. 20 2.98 2. 73 

Topalltes see ehis: pte nieen ae eee 49. OL | 40. 72 41.75 47.41 46. 40 45. 07 

The highest evaporation occurred in 1911, when the evaporation 
for the seven months was approximately five times greater than the 
total precipitation for that year. The lowest evaporation was in 
1912, when the ratio of the evaporation for the seven months to the 
total precipitation for the year was about 3 to1. During the 6-month 
period from April to September, inclusive, the average evapora- 
tion at the substation in the years from 1911 to 1915, inclusive, was 
42.34 inches. This is greater than the evaporation reported by 
Briggs and Belz' durmg a 6-month period at any station north 
of the fortieth parallel of latitude (the northern boundary of Kansas). 

Table V shows the evaporation and precipitation and the winter- 
wheat yields at the Moro substation and two other representative 
dry-farming stations, one in the Great Basin at Nephi, Utah, at an 
elevation of nearly 6,000 feet, and one in the northern Great Plains 
at, Moccasin, Mont., at an elevation of 4,300 feet. The wheat yields 
reported in Table V were produced under the same method, alter- 
nating wheat with summer fallow, at all the stations. Investiga- 
tions similar to those conducted at Moro are being carried on at 
Nephi and at Moccasin. ‘The precipitation and evaporation data are 
taken from the records of the Biophysical Laboratory and the 
wheat yields from the records of the Office of Cereal Investigations. 

' Briggs, L. J., and Belz, J.O. Dry farming in relation to rainfall and evaporation. U.S. Dept. Agr., 

Bur. Plant Indus. Bul. 188, p. 16-20. 1910. 
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Data are available for the years 1909 to 1915 at Moccasin, for the 
years 1908 to 1915 at Nephi, and for the years 1911 to 1915 at Moro. 

TaBLE V.—Precipitation and evaporation data and yields of winter and spring wheat 
at Moccasin, Mont., Nephi, Utah, and Moro, Oreg., in the years indicated. 

Moccasin,| Nephi, Moro, 
Character of data. 1909 to 1908 to 1911 to 

1915. 1915. 1915. 

Average precipitation: ; 
JTUNGEN  S ocebode CSE eGUS CUES EOS Eee eehEr CeCe BepMBEnE as Sec cco ane inches. . 16. 66 12. 78 12.18 
Seasonal (April to August, inclusive)..................-+------- downer 9. 06 5.15 3.39 

Average evaporation: y 
Seasonal (April to August, inclusive).............-------------- dove 27.96 38. 71 37.70 

Ratio of annual prcapitation to seasonal evaporation ...-.--2------------ 1:1. 68 1:3 17352 
Ratio of seasonal precipitation to seasonal evaporation......-.----.-.----- 1:3.1 BBE) 1 
Average yield of best winter wheat............-.----.+---------- bushels. - 35.7 25 a 23 
Average yield of best spring wheat..............-.-..-.------------ do.... 27.6 10 22.1 

The average annual precipitation and the average seasonal pre- 
cipitation are greater at Moccasin and at Nephi than at Moro. The 
average evaporation from April to August, inclusive, is 1.01 inches. 
greater at Nephi and 9.74 inches less at Moccasin than at Moro. 
The ratio of annual precipitation to seasonal evaporation is slightly 
greater at Moro than at Nephi, but there is a wide difference between 
the ratios of seasonal precipitation and seasonal evaporation at Moro 
and the other two stations. 

TEMPERATURE, 

Table VI gives the highest, lowest, and mean temperatures for 
each month of the years 1911 to 1915, inclusive, and also the average 
of the means, the average of the maxima, and the average of the 
minima by months for the 5-year period. 

TasLe VI.— Mean, maximum, and minimum temperatures at Moro, Oreg., by months, 
for five years, 1911 to 1915, inclusive. 

Year. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. 

Mean: 
Oe rerarenai -30.3} 30.6 | 48.5 | 46.2) 51.0] 60.6] 70.0} 66.0] 54.8] 46.9] 38.0] 340 
LOO Seer 29.3] 36.8] 37.9] 45.7] 54.6] 61.4] 66.0] 62.5] 55.0] 44.9] 40.7] 33.0 
NODS eaters cars 29.5 | 28.8] 38.2] 46.6] 54.6] 60.4] 67.9] 68.0] 57.6] 47.3] 40.7] 28.0 
1914s s3oseece 3655:|> 33.3: |- 43:8 | 47.6 |. -56.2 |. 59555) 7055] 69.1) 55.5] 49.5 |) 38.1] 22.8 
IO se sees 29.0] 36.0] 45.0] 50.8] 53.0] 60.0} 64.8] 71.3) 57.3] 50.6] 38.2] 32.8 

Average.. 30. | 33-1) 41:7 | 46.6]: 53.9 | .59.6 | 67.8 | 67.4 | 56.0) 47.8 | 39.1) 28.6 

Maximum 
he Seaee as 55 46 77 74 86 89 103 89 87 75 61 53 
TG) ah Se See 51 52 65 68 86 96 98 97 85 69 61 54 
(OEE aaeneees 53 58 57 75 83 89 101 99 88 74 Bie eed 
OU cee oie 51 38 69 72 88 91 99 100 83 69 59 46 
TOE atelemc 41 52 70 75 78 93 96 100 86 73 54 |. «53 

Average.. 50-2 | 49.2| 67.6] 72.8] .84.2]. 91.6 99.4 | 97.0] 85.8] 72.0 | 58.4 | 50.6 

Minimum | 
OH eae 5 9 il 22 30 32 44 42 | 34 32 4 5 
TOLD Hse —6 26 20 28 33 37 43 38 31 25 23 19 
Th See eae 5 i 9 28 36 37 41 41 | 33 28 29 10 
OT A Ne 28 28 27 29 32 34 42 43 29 32 19 —3 
ODDS Re ee 10 23 30 _ 32 34 40 40 46 36 33 25 11 

Average... 8.4] 18.6] 19.4) 27.8 | 33.0). 36.0| 42.0| 42.0] 32.6| 30.0| 20.0 8.2 

67313°—Bull. 498—17——2 
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Table VII shows the dates of the latest spring frosts and the 
earliest autumn frosts, together with the minimum temperature 
recorded for those dates in the years 1911 to 1915, inclusive. It will 
be observed from this table that during the five years no frost occurred 
in June, July, or August. None of the frosts recorded on the dates 
mentioned in Table VII did any damage to cereals. The longest 
frost-free period was in 1915, 211 days, and the shortest frost-free 
period in 1914, 108 days. The average frost-free period for the five 
years is 155.8 days. 

TasiLe VII.—Data relating to killing frosts at the Moro substation in the years 1911 to 
1915, inclusive. 

Last in spring. First in autumn. 

ara Ss Sey ae eer ea he ol) Se OSt= 
Year. = 7 free 

emper- emper- | period. 
Date. ature. Date. ature. 

WIND. 

The prevailing winds at Moro are from the west, southwest, and 
northeast. Southwest or west winds usually are accompanied by 
cool or moderately warm weather in the summer and mild weather in 
winter, while east or northeast winds are nearly always accompanied 
by high temperatures in summer and low temperatures in winter. 
Though wind velocities are never exceedingly high, the wind move- 
ment is quite constant from about March 1 to August 31. The num- 
ber of miles of wind during any 24-hour period rarely exceeds 350, 
490 miles being the highest number recorded at the substation for 
any one day of 24 hours during the years 1911 to 1915, inclusive. 

Table VIII gives the average wind velocity in miles per hour for 
each month of the years 1911 to 1915, inclusive. 

Tasie VIII.—Average wind velocity (in miles per hour), by months, at the Moro substa- 
tion in the years 1911 to 1915, inclusive. 

| | a 

Year. Jan. | Feb. | Mar. | Apr. Mes July. | Aug. | Sept.| Oct. | Nov.| Dec. ae 

a. Doth: : Ap) baie 

1M) te Seesote sosoos | 5.3 5. 6.3 | 9.6 9.2] 11.8] 9.4 95251) Hed Aca O-wii dss) tap) 
(ROA 5 ee = eee ac ABE SU) patie 8.4 | 7.8 5.9} 5.6 5.3 2.8) S250 ARO ae Lt 4.9) 
it) Rost Aosetasecr 2.4 2.8) 5.9 (hc) 8.3 6.9} 5.9) 6.3 358 | On On| ann iecatth 5.1 
1) Eee Se eae B49) -95 Oh) 5.6) Ged.) 172i) BBY B88! 1) 7.54165 0) as On eA alios ou lean OsL 
NOL eee eae clemisene Sree ae ae OU 4s TRO 7) ||| Nona hee nase 73 | 7. ON 16a e4eros| nos 5.9 

Pca [SS a a eae ee een 
Average.....---- 4 4.4 | 5.7 | TU \ Toy eBo2 WB) § tao") bs27 | eee eon eto 5.9 



SPRING CEREALS AT MORO, OREG. LiL 

Table VIII shows that June is the windiest month, though there is 
little difference in the monthly averages for any month from April to 
August, inclusive. The highest average wind velocity for any year 
in the 5-year period was 7.5 miles per hour, in 1911. The year 1911 
was also the one with the least precipitation and the greatest evap- 
oration. 

EXPERIMENTAL METHODS. 

The experimental work with cereals is conducted for the following 
purposes: (1) To ascertain what grain varieties are best adapted to 
the drier districts of the Columbia Basin, (2) to improve the best 
adapted varieties by selective breeding, (3) to determine what crop- 
rotation systems will prove most pr Gateblon in connection with grain 

raising, and (4) to find out the most economical and profitable mothers 
of soil tillage for cereal production in this section. 

The work with spring grains during the first few years was along 
two lines, the testing of varieties and the improvement of varieties 
by pure-line selections. No work in hybridization has been attempted. 
A large number of pure lines have been developed, some of which 
give promise of being of considerable value. In this lolita only the 
results of the varietal experiments will be given. 

In the testing of varieties, field plats cml nursery rows are used, 
the unit of comparison being a tenth-acre or twentieth-acre in the 
plat experiments and 1-rod or 2-rod replicated rows in the nursery 
experiments. Eight-rod rows and eightieth-acre plats also have been 
used in the nursery. While a rather careful study is made of the 
varieties in the nursery and in the plat experiments and numerous 
notes taken on the habits of the plants, the value of a variety has been 
judged largely by its yield of grain. 

DIMENSIONS OF PLATS. 

As shown in figure 3, the substation farm is laid out in series of 
tenth-acre plats 8 rods long and 2 rods wide. The series are sepa- 
rated by roads 164 feet wide and are divided into blocks of 10 plats 
each by roads of the same width. Alleys 44 feet wide separate the 
individual plats within these blocks. 
When twentieth-acre plats were used, each tenth-acre plat was 

divided in half by an alley 22 inches wile. The twentieth-acre plats 
discussed in this bulletin actually contain only 2,062.5 square feet, or 
115.5 square feet less than one-twentieth of an acre. In computing 
yields per acre, however, no account has been taken of this shortage. 
Acre yields computed from the yields of small plats are likely to be 
shghtly exaggerated on account of the increased proportion of margin. 

The plan first adopted at the substation for the varietal experi- 
ments was to grow a single tenth of an acre of each variety, with 
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every fifth plat sown uniformly to one variety and regarded as a 
check. The two methods described in previous publications ! have 
been used to determine relative or computed yields, but neither has 
proved entirely satisfactory. The variation in check-plat yields of 
spring grains usually has not been great. Occasionally, however, 
wide variations occur in the yields of check plats which can not be 
explained in any satisfactory manner. 

Fic. 6.—A bar weeder, or ‘‘slicker,’’ in operation at the Eastern Oregon Dry-Farming Substation. 

Beginning with 1913, each variety of spring grain in a varietal test 
has been sown in duplicate twentieth-acre plats. The plats in the 
two series are arranged as follows: 

| 

11 | 12°} 13 | 14 | 15 | 16 | 17 | 18} 19 | 20 

All yields in this bulletin are reported in bushels per acre, based on 
the actual yields of a single tenth-acre or the average actual yields of 
two twentieth-acre plats. 

TREATMENT OF PLATS. 

The general practice in growing cereals in the Columbia Basin is to 
alternate a grain crop with bare fallow, commonly called summer 

'Cardon, P. V. Cereal investigations at the Nephi substation. U.S. Dept. Agr. Bul. 30, p. 12, 33. 

1913. Clark, J. Allen. Cereal experiments at Dickinson, N. Dak, U.S. Dept. Agr. Bul. 33, p. 11,12. 
1914, 
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fallow. This alternation has been followed almost without excep- 

tion in the varietal experiments at the substation. The station 
crops have been produced by the methods in general use by the farm- 
ers in this section, and the yields reported are about those which 
ordinarily may be expected. The land is plowed 7 to 8 inches deep 
in April, an early spring disking usually being given prior to plowing. 
Immediately after plowing, the ground is harrowed once with a 

-spike-tooth harrow, and another harrowing is given when weed 
erowth starts. Later in the season, in order to eradicate weeds, the 
plats are cultivated with a weeder, locally known as a bar weeder. 
If necessary, this implement is used again later, the aim being to 
keep the fallow ground free from weeds. In order to accomplish 

Fig. 7.—Plats of the rotation experiments at the Moro substation, showing summer-fallow land in almost 

ideal condition in the foreground and small grains and corn in the background. Photographed in July, 

1914, 

this it sometimes has been necessary to cultivate so frequently that 
the soil has been too finely pulverized. The soil at the substation, 
if cultivated too much, may become so compacted after the winter 
snows and rains that much of the precipitation of winter and early 
spring is lost as run-off instead of being absorbed. Figure 6 shows 
the bar weeder in operation, and figure 7 shows the condition in 
which the fallow is usually kept during the summer months. 

Just prior to seeding spring grains, the ground is double disked 
and then harrowed-once. Seeding is done with a disk drill, and no 
cultivation is given after seeding. 

The land in the vicinity of the substation is infested with several 
weeds that have been found difficult to control in the experimental 
plats. The two most troublesome in spring grains are the Russian 
thistle (Salsola pestifer) and tumbleweed (Amaranthus graecizans). 

Where good stands of grain are obtained the latter weed is-rarely 
found, but the Russian thistle sometimes has been troublesome, 

especially in early-sown spring grain and in grain with thin stands. 

aiae 

~~ 
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In the experimental plats the weeds have been destroyed by hand 
hoeing. 

All varieties are carefully rogued to free them from accidental 
mixtures. They are cut with a binder, shocked, and then thrashed 
several weeks later with a small separator run by a gasoline engine. 
The grain from each plat is weighed after thrashing and the bushel 
weight determined. No straw weights have been recorded. The 
rows and small plats are thrashed with a small separator designed 
for that purpose. 

CEREAL EXPERIMENTS. 

SPRING WHEAT. 

From the standpoint of total production in bushels, sprmg wheat 
is not as important in the Columbia Basin as winter wheat. Con- 

Fic. 8.—Varietal plats of spring grain at the Moro substation, showing summer-fallow land in the fore- 

ground. Photographed July, 1914. 

siderable spring wheat is grown, however, on account of the fact that 
dry weather frequently prevails until so late in the autumn that 
winter wheat can not be sown with safety. Winter wheat is better 
adapted to the present summer-fallow system of grain production 
in the Columbia Basin, because it permits a better distribution of 
farm labor. Winter wheat also usually gives yields somewhat higher 
than those of spring wheat. 
Many wheat varieties, like Pacific Bluestem and Little Club, are 

sown in the Columbia Basin in either the autumn or spring, except 
on the higher elevations. 

VARIETAL EXPERIMENTS. 

Seventy-seven varieties of spring wheats have been tried at the 
substation. . Some of these, which did not appear to be at all adapted, 
were discarded after a 2-year trial. New varieties have been added 
from time to time, and 5-year average yields have been obtained for 

*s 
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only seven varieties. 
spring-wheat varieties which have beer tested. 
varieties are arranged in alphabetical order, without regard to the 
period during which they were grown, their rank in yield, or other 
relationships. 

15 

Table IX gives the annual acre yields of allthe 

experiments with spring grain in 1914. 

In this table the 

Figure 8 shows a portion of the plats in the varietal 

Taste IX.—Spring-wheat varieties tested at the Moro substation, showing the yields 
obtained in each year the variety was grown during the five years, 1911 to 1915, 
incluswe. 

Yield per acre (bushels).@ 

Variety. Ca || Division. Origin : 
1911 1912 1913 1914 | 1915 

Abd-el-Kader...-.--..-- ROG] | AD ohavhane se sees TManiSeee sence ste Ine BES Soapenolecsacodloasss+ 
INEST DARE Soe oceans ial ee eae Rowland .see Southern Europe. -|...---.|------- 13.6 | 15.0 | 69.4 
IUD Se ae eeresaaases 2407-1 | Common....-- Turkestan.......- OSE ORC ie ee es orlooeecie 

1D Ceenas ceeaasesaaae 2407-2 |.---. do2e Cee es (6 ko) SM eer b8.3 |¢31.2| 23.0} 22.9] 20.2 
Bao oH soogeséeaseae 2944 |..... Gone ee eae Teneriffe ......... Gi GAVEG ll easecnd seoacod losonu 
Beseler Squarehead....} 2681 |..-.- dona a Germany.....--.- CEU NONE Nese eed Sconces |boonec 
Blaek Persian. ..--..---- PIPES ace dosh seskee Argentina.......-. (€) (e) | 08.9}] 03.1] 66.6 
IBIGINOI ese eee ee 2511-2 | Durum....... Abyssinia......... 3.5 7.5 | 18.0) 18.3] 23.6 
Bluestem. (See Pacific 
Bluestem.) 

TBXO) ss ae a RUSE OEE Common.....-. Ansiralin Nee ents b 13.8 |¢ 18.3 |¢15.6 | 24.7] 25.4 
Bola Blanca.......---- Clilbmereasecse MGxICOntteccte nec b4.2] (e) |¢12.7 |614.6 (216.5 
(Olay eee eters Common.....- Turkestanee eee DEO PEO Neeser seccodlbonoas 

1D) OS eee saeeeete ane 7b |e dO sec alte Cope ee 613.6 |017.8|¢14.0| 21.5] 20.2 
Dale Gloria. -2e.22--22- Clubeeeeeeeee 2 Oregoni(?) s2--e- 3.8 SiG peWSson |e LSaOn| eee ee 
BanlyeB aan basse see Common....-- ‘Australians 14.5] 19.0| 25.0} 26.0] 26.6 
Blep kant eee sees see! 2824-12 dose ees eee doeeeee sess: (e) |012.0,¢10.1 | 63.1 )613.6 
IDAs Soe eee a Soo coal) Pa Wl leaeee ClossHuseas RUSSIA eee eee (e) (€) (e) |612.4|¢ 10.2 
IMiola@RGls 6 sb esocssse|| | LBP Sees Co ee ae Chingtee ae COOP SH GL DS Sh oe care oleae oe aoe 
Gale: Reese 2308.2)... = downer (Russias ee ee see (AS AE Beanee |seseoca dobtcan 

PEW Se TR 30851 [li oy: Os ee | Se Oneal (C)pul C1422 |ncrSh Opera) mallonIanG 
Ghitke Syortine. sesc5ceq) aby ease dost era OV Serene | eens os |eeniecine 19.6] 16.2] 26.1 
Glyndon (Minn. No. | 2873 }|..-.. ka) Saonane | Minnesota......-. OES Pp el2535| oy LOnOn aeeeres | peeere 

163 
Heine Squarehead..--.} 2669 |..... dose. Naeve Germanyese sees ¢40.1|@20.0) 21.6 | 22.5] 23.6 
ls hpi. kAeecade Duns oes ‘Ara D1 gee eres ae CH DEON GH7.0) nates ecneeee | ates 

_ Hybrid No. 63..-. (QUileesaeeooas Washing tonesee 2p. see 15:5y|(¢ 2056) | eloyouheecens 
Hybrid No. TUS 5025 120... ORs ssc GORI eet ajats c6.7 8.6 |¢ 13.6 | @3.3 |_.--.. 
UapaMes em eee ane sess cee Common.....- Japanese eee see Ia eal SOM sasnacn Sesseadleoesoe 
FW RSW Se SUE Sep te ce Durum s ose Algeniaa tn seecs TUTE || 027/33 (e€) 66.7] 58.0 

arnt ee © 5 652 sees Common...... Persia ete ease €11.0|@15.6] 24.0] 25.4] 29.4 
Kehojendeereeeeaeeeeee ee tO2—1,||2 22 2) CSS 8 s65ae Turkestan -.---... (€) {515.7 |¢12.5 |413.3 |@16.8 

ist Dae Ge aoessoseSodaed eke + 0an eee Gog ee COR see ¢8.2} (e) (OQ) CEB Ssce5- 
KOO ARS eee eee eel aa08=2) (eee GOS ee ‘Ara laee es ee ele ¢14.2|d12.0| 25.8 24.2 | 33.2 
Ka pankaeee eae essa IDUTUMe See RUSSIae eee eee TE) ala Ore TS G1) GEO) eee 5 = 

DORE e eee sn TOL Gn| sc: -< doers: | ats Ae Cl Onpeeretyeete sci ie meme lee asic 16.0 | 21.5) 18.0 
HB Xa yee es 2 ewe ooo is SROKEMeRasee poo Co Raeeee tees CEVA Y Be DBC) eee en eee ore saaées 

STG Renee eal 2G—2)) |= 2 dose a eeee Aral aes ss iy ee ¢ 9.6 |@ 10.0 (e) b 4.2 |614.6 
met Club (Wash. No. A066 ne Club ease ces see Washington... -..-..| 13.1] 22.6) 19.6] 19.2] 26.0 

© 349 
Maiimou ditecese s-cae ca: 2099 | Durum.....-. Wi geniaseseenspercs 8.8 CB eEaoeed sesso joaccos 

DOs eee eisss sone 2099-1 |..... CO Soeeee Sees CO eset aaosees CANONS) |. OBES Fisasocallscoeoed pooLe] 
Marouamieeceesss secs 1593 |....- dO eeeeaaa|eeere GOs eee aec aces THA32 1 P5E8) | See Se eee 

DONS ee Senses wane 2230))|2a-2 Cossseee ee eae Gopeatteneces: ot eed Cl eeeeaoae tssocod losoaaG 
Marqilist 328 seers cee. 4158 | Common...... Canada set isa Doe ati ere 22215 22555 eco 
Pacific Bluestem ...-.-. A0G Tee = Conninae. Atistraliates see eree D7) 20.2 |) 19.4 |} 20595), 2450 
TRO LISSIOE eons fans oe oe 1584-1) |, Durum.:---- 2. IA peri neeaam we: (e) |}010.9] (e) | ¢ 6.2 |016.6 

IDLO Bests ace a eres 20865 eos: dois wane Et ogs CG Ko) 5 See ec UPA | PR) easecel ($5555 5a) saoeoe 
LRG) OY NINO SS cae ene 2794 | Common...... Vortueel SSC ESeS OLE CM BCE Sil BSSarad bsesoos Kanecs 
RICHI asec eer cess 2089 | Durum.......-. Algeria. .3 03) 

iD) Oe asec ee se 2089-1 |...-. Gorse eae GIG) Pe Seamece see E . 0 
Il oe Sse ase he aan 2793 | Common.....- Portugal y 
iy shine Mites cases. 5. B022=I ee ee does Minnesota : 
Saracolla we sree ree 22283) Durum ee lees Ttalymaeeeren eens 5 
SUIT esac 2346-1 | Common....-.. Hranceeeeereeee aac 3.9 0 i 
OUOhasE see vee ee soe 3036-2 |...-. Gouin Mexicor@?)zecnns .4 HD) is 

1D 0) See Se ee ae 4074 |...-.. CG Ko eet a ee GOR eee | Eee 6 2 - 
Malinka ee sss Jose 2495) | ae dor tah? Turkestan = 6 55 -0 9 
copa eae eer se 267 0N eee doi aeeee Germany..........} (¢) |018.7 |¢12.5]| @8.0 |016.0 
Welvet) Donee fess. 12252 2247 Spur eee RUSS a eee eee Co Le ler Ae a riers ee Se 

IDOE 5c eee opr U Pak Ie wae Oss 2 een heii C1) eS NE (e) 1015.6 1014.61 ¢8 4]... 

@ Acre yields are based on yields from single tenth-acre or duplicate twentieth-acre plats unless other- 
wise stated. 

+ Grown in rod rows, usually unreplicated. 
¢ Grown in 2-rod rows replicated 2 to 4 times. 

d Grown in single fortieth-acre plats. 
€ Grown in head rows, yield not recorded. 
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TABLE LX.—S pring-wheat varieties tested at the Moro substation, showing the yields obtained 
ineach year the variety was grown during the five years, 1911 to 1915, inclusive—Contd. 

“ Yield per acre (bushels). 
Variety. roe : Division. Origin. _ See 

ah 1911 1912 | 1913 1914 | 1915 

Wantapbay..-.-s--. 3. 2404-1 | Common...... FRAISS IS eS 9.6:| 19:0) 2103) 19:2) 25.2 
Yellow Gharnovka..... 2096) | SOUTUMS ose cele eeee GO: . 2.52.6 ods el To BA GRO Pepe ees eee ace 
LEC RCAS eats 22 2 ees ek 2799-2 | Common....- sd MORICOlsaec Sacer b4.8 1015.6 | 19.6] 21.0] 25.2 
Unnamed 2.22526 - 2033 |..-.~ dos 22 356.4) ebnbanye: sos sock Ses [SERS | 555 54- 49.3 | 09.4 

DOnE acest eases 2500-1 | Durum_.......| Algeria.-.........- b10)6, e256 yee ese pee | sentecte 
Dost. 2s2- he Se ys. GS pas dona aie ee GOs .8. - 25 22) 09, 7 CORON eee een ake or 
DO. eee 2547-2 |:.... GO oes. s| EIS ae eee (brse fmt srchi la aly (e) |414.6 
IDO SoS ees ee ceseaas 2580 | Common.....- Germany. 2.55. 25|/ D656 eo Guan Ree eee eee eee 
DOS ee eee 26031 eee Gores | Hollands Sean b8.7|¢14.3) (e) | @7.2) Ce) 
ND) Ose ta ea ee sre 2607-1 | Durum........| Rumania......... @8.3 (014.3 (€) d2.1) 48.4 
LD Yo itera ees tee = eee 2609-1 |..... Go RE Sa Sete doe ttte sae @11..4 [OLS ey atone ales aoe 
Doses esse 2702 | Common...-.. Ttaliye 2. aac TSA ats ye |e oN socal tee oe 
1D Yo) SSE Bie eee 27 |e soe GO. 2s ae ee GO: ne. ces <2 2 2 oh OBE 8h CIONS | Beene meee eae 
TD fay te ie ine re 2796 | Durum.._....- IMO COs sae eee eee (2). [OLS 4s ees eee ss sane 
1D Yo eaees See eee eee 2198) | ePolar dee |p aa Goin eee een b 4. 8°) (6G) 0s eae en eee ste nce e 
DOs wan eae 2941 | Durum........} Texas (?)....--..--| (¢) |]019.3 |010.3 | ¢7.3 |¢14.9 
DORSate>. cee B0sD—28|) Clupbmesas—. 22 WAIEX1COs- cece ets @ 12.,5:)) 0-2550)}| O19) Oni Eeeeenss lee cece 
DO csineeee ss caes 4715 | Common....-. Chinas: 225 a (€) (e) |@12.5 Failure. 
Mos. 222 Ee eS ATG yao Gor Ee LO ee ae) (e) |415.2 |@10.4 |¢ 12.0 

2 

a Acre yields are based on yields from single tenth-acre or duplicate twentieth-acre plats unless other- 
wise stated. 

b Grown in 2-rod rows replicated 2 to 4 times. d Grown in rod rows, usually unreplicated. 
e Grown in single fortieth-acre plats. e Grown in head rows, yield not recorded. 

As the leading variety of spring wheat in the Columbia Basin is the 
Pacific Bluestem, this variety has always been grown on check 
plats. Table X presents a list of the spring-wheat varieties that 
have been grown three or more years, with yields expressed in per- 
centages of the yield of the Bluestem variety. Where the varieties 
have been tested on areas smaller than one-twentieth of an acre, the 

average yield of the two highest yielding check plats or rows of the 
Pacific Bluestem was used as a basis of comparison. Where the 
test was on areas of one-twentieth acre or larger, the average yield of 
all Bluestem check plats was used. In all cases where the smaller 
areas were used, the Bluestem variety was sown in every fifth plat or 
row. It will be noted that certain varieties, like Koola, Karun, 
Early Baart, and Talimka, have given consistently higher yields 
than the Pacific Bluestem when grown in rows and in plats. 

TABLE X.— Yields of spring-wheat varieties grown at the Moro substation during three 
or more years, expressed in percentages of the average yield of the Pacific Bluestem 
variety grown in check plats and check rows. 

Yields irercentaee of the yield of Pacific 
tem). 

Variety. C. I. No. oa areas Sa 

1911 1912 1913 1914 1915 | Average. 

ATION ase een econ eee ee ciae eee Mecdiog 24072 ieee eats a 200 119 109 85 128 
Bluestem. (See Pacific Bluestem.) 
BIG IN OIn ee Sareea Re Se hes eoececes cs 2511 30 37 93 90 98 70 
BODS aoe eee eee ee caboeiten. Bosak nel ce 2826-1 seen ae a116 a110 118 106 112 
Bola Blanca 2275-2 seen oe SS ees 2021-18 .ee)5 oe eee Gers ~ a89 b 157 © 165 137 
Chulp cee Ee Se eo es D297 1h See 127 ag9 103 85 101 
DaloiG@loniat 2254 saat ec secceneareoe es. s. 4155 33 43 94 Ry eenesce 5 64 
LORCA Wisp Ghee we, OO lS a ee ee | 1697 124 94 129 124 lil 116 
Blaphiantee eres eee eer. seston ede a 2824-1 |.....-. acs OEY a7 b 40 b 52 62 
AIP RIDS Pe eeer cee Ree ons c = eae me en 2398 70 | 61 G57 [ie see cen| seer 63 

Dee A EEN te. 5308-15 eae ee }<2.90'| ! Jobe ieee b54 Bi 
Ghinka Spnmpryp pe epee ons ono ea cos 15170 | eee eee [Ses aegerenees 101 77 109 96 
Glyndon (Minn. No. 163)................- 2873 80 | 63 $5 |{: 3 See eee | 76 

a Grown in 2-rod rows replicated 2 to 4 times. ¢ Grown in single fortieth-acre plats. 
> Grown in rod rows, usually unreplicated. 
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Taste X.— Yields of spring-wheat varieties grown at the Moro substation during three 
or more years, expressed in percentages of the average yield of the Pacific Bluestem 
variety grown in check plats and check rows—Continued. 

Yields (percentage of the yield of Pacific 
Bluestem), 

Variety. (Oe NaN (0), | ——— —— 

1911 1912 1913 1914 1915 | Average. 

Heine Squarehead. 2.2222 5---22-.2+---..- 2669 | @150| 5 146 111 108 98 123 
Halon INO SOBs pei <-ls\e- cette ese oleae ‘ ALS TA see nein 76 106 Te sae ore $4 
ETAT Od OS Sep teyayveisiols cielesle'- fare ood 5025 a 100 42 a96 DESH oe see 68 
[XO b eS aBeade coded IAeHopOCe eae aeC ere 2088-4 |.......- QHOu Rtas estas ce 72 ¢ 30 51 
IRATE eee sae is Powe as cL 2200-1 a 164 b 114 124 121 122 129 
LISI@ | ra CR reales Ciefole sols ec spice arose wins 2402—1) | Sees e112 a 88 b 13: b 168 125 
KAO Sas Sees cee BE ecco SS sie 2203-2 @ 212 b 88 133 116 13 136 
PRAT ATTIC A eres clef een cto aye ciaereia ie 1440,1516 94 80 84 103 75 87 
IX(GG| ooece Sho CHHeGr Cee ree eens 2126-2 a143 Os Ouletee eee ¢ 50 c 56 80 
Little Club (Wash. No. 349).-...........- 4066 114 108 100 91 | 108 104 
MianOtliSMeeetcecme ant neecccc nseces cet eee 4158) Benepe | seceerne 114 108 | 96 106 
IRACINGEBIUMES TOMB eeee sane ce ele secs Sorc 4067 100 100 100 100 100 100 
IROMSSIelPemar remem e ee le nae seats ce leek 1584—1 |e2 sees (Cia MN ae ay at c 73 © 64 71 
IiGiie sabes eb oseuee de eee Sees ae een 2793 a124 b 102 109 3 104 106 
EDV SHIM OPH TOMMHMee eee CCl LS ek B022— 1a eee € 13: 290 OLD 2H er eee 91 
SHINE Y Job eae Cbdooe OSG e AHS ee eee aes 2346=1 |Saeeee ¢ 170 a113 ! 110 95 122 

- Sonora.....-- Maced dds GERD BABA Cae Eee 303652)12)Seeeeee c 242 80 | 98 103 131 
Do 4074) | heueeaes 23 79 SON foseeees 66 

Talimka 2495 a104 > 106 141 110 108 114 
Urtoba 26/0 aaeceeee € 133 a89 | b 84 c 62 92 
WEIN DON SS RS Goce aes Se eran ea als ae 2247 HT eens elll c 88 | BOS) sce ieare 99 
Wanitas bayer seer ma ece pea eaebe Cocks 2404-1 84 94 109 93 105 97 
CALC CASS ee ein itn le 2 2799-2 a71 b77 101 100 105 91 
Winnamed mecca eae cease ele Na re E 2033 a117 GOT ees ee oe c 108 a 74 91 

Daca dct qdacoH lesen e ee Se eee Ss meets 2547-2 64 63 sofa eo see © 56 68 
1DXO) oo Gocmodd SoS HERO OE ESE SE aaa eeee 2603 a@ 128 ONO 4 Eee ae ae C183" \ae2 oe see 105 
11) Qype ae mesure niin Woe |e 2607s |e eewee 290! |Saermace c 23 c 32 48 
IDO pe Sebo des SSS bESes a ae ee 20417 | eee a122 a 80 677 b 149 | 107 
Hi) OP ae nme ee roe eed ATG | Saal aa ae © 90 c112| 06120} 107 

a Grown in 2-rod rows replicated 2 to 4 times. ¢ Grown in rod rows, usually unreplicated. 
b Grown in single fortieth-acre plats. 

Table XI gives the annual and average acre yields in bushels of the 
spring-wheat varieties that have been grown in twentieth-acre or 
larger plats during three or more years. The yields in 1911 and 1912 
are for single tenth-acre plats. Those in the years from 1913 to 1915, 
inclusive, are the average yields of duplicate twentieth-acre plats. 

TaBLE XI.—Annual and average yields of spring-wheat varieties grown at the Moro 
substation in twentieth-acre or larger plats for three or more years. 

Yield per acre (bushels). 

. Variety. C.1. No. | Average. 

1911 | 1912 | 1913 | 1914 | 1915 | ——————— 
} | 3-year.) 5-year. 

(ATURE. So Ge Sl Ea oe eee 2407-2 |....-.. Re i 239082259) (2082 | D2 OR scene 
TBAB INOW S S'S 5 Gh tee ae | 2511-2 3.5 750 18502]. 18°3t} 72356)| 20:0) |pieh4es 
Pir uleee ese Fle | 2997. 1.2 2.9 ES OTS 2082 | DIS 17.6 
Branivgoaanvseen eter ye elk oe 4.5 9.0 BOM 2650p e2Gn Onl 2o49 2 
“SILO Vee, Sarasa po oe 6| 162) 26.1| 20:7 |.-.22.. 
Heine Squarehead 3 AGU O25 ale 2356 | 226 eee eee 
ISS HDi abe G58. eee 4:0. | 25.4] 29/4) 26.3). --- 22 
TRGRYOUE oS SSI De Pie tae eed peg 242) | ee? HO, 242 br BSUQN 27 le neeane 

TRUE opal) 3 S18 st OC a Ua Repl 302 |e 221.5: | A820) 3835 16.5 

Little CUED Se oks eee aaa ae on EGE: 1922812620) n 2186 20.1 
WATS HEG (BUTS) 5 8 ee ce aa Daa roy ais eee ea LRG ph eS 
Heweliicpelmesteniet sn coe cake ee eT Ye) et VAS I202971' 7 24° Onjeoled! 19.2 
OL PE I ue Me Ee 55 Me 2055 |e deen | GOs: eee 

salir copes ete eel PE [SR DAO 5 7 Meat Nae [2725 il 23-0) |) 825.9) 1 25 ab eee 
“SUBIR ARENT Sos oy Oe ee eg | 2404-1 956.) 19/07). 21:3 |) 19.4 |. 25:2 |. 22.0 18.9 
DRERICEDS: ccd aad ee ae uel ee nena | 2799-2:).. 222. leseeiee 19:6 | 21-0] 25.2} 21.9 |_---_-- 

a Yield estimated by comparison with yield of Aulieata in 1914 and 1915. 

67313°—Bull. 498—17——3 
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From Table XI it is seen that several varieties appear to be better 
than the Pacific Bluestem from the standpoint of yield. The Early 
Baart exceeded that variety during the five years by an average 
yield of 3 bushels per acre. The Koola variety exceeded the Bluestem 
in the 3-year average yield by 6.3 bushels per acre, and for the same 
period the Karun exceeded the Bluestem by 4.9 bushels per acre. 

In Table XII the leading sprmg wheats grown at the Moro sub- 
station during 1913, 1914, and 1915 are arranged in several classes, 
showing the average yield for each variety and for each class. 

Taste XII.—Kernel characters and 3-year average yields of leading varieties of spring 
wheat grown at the Moro substation in 1913, 1914, and 1915, arranged by classes, with 
the average yield per acre of each variety and of each class. 

Average 
yield per 

a : acre in Class and variety. C.1. No. Character of kernels. bushels, 

1913 to 
| 1915. 

COMMON AND CLUB. 
Beardless: i ‘ 

PacificxBluestems2 2/22). os 2's see ese as eee | 4067 Soft, whitetscesee ee sees 21.4 
(Chaiid diy Ae See ero se hath ce emecs aa acS nS AGaSeee 1517 Soft, red. sj. an seeee eee 20.7 
RATT eee Seti Ne ug cone ease ese Ree yeas 2200-1 || Hard; whites. -esseeeeeeeee 26.3 
ittleChiib es) yeree sos soc sa onocmeene ee cseeee 4066 Soft, whites). sae sere 21.6 
Mar qiistiesc econ sao) Pemek: casa ee seeleselnaiee 4158 Medium hard, red ..-....... 22.6 
Sisto sa ocaedad one Sees anasrceEpEEdsacessacac 3036-2] Soft, white..2.-..-------..-- 20.2 

HANVETAZO Esme ols Ate dyes vegetal asaaposeses-He||Go55godedallaccouoSuaoeacotcoass2cccssoss Boat 

Bearded: 
BTieatae te socom ses ciapeeee cone co eae eee ees comee eae Hard, red X32 cease eee 22.0 
COS essen 5 55 SB c aCe ae a OemC mena rece: eee Lal Begeterd OW Sea cossosat oso slAcsse 21.3 
Marlys Baalbene-h-eesiasene tes sce ewes eee et eee oe Soft, white.....-. 25.9 
Heine Squarehead . she j Soft, red). < <2. 22.6 
Koola. ... Medium hard, red 27.7 
Talimka-- Hard, amber... 25.5 
Yantagbay - Hard, ted.... - 22.0 
Zacatecas. .. - Soft, red. ...-. 21.9 

JONES dos soa 0be saan sUSOsEebebe se 268 Sococe||sonnUssearllaadsbasoodsaoosos isc2onc2co75: 23.7 

, DURUM 

BICHON os. Says eae ee shes 2 a Dee os eee 2511 Hard; amb ersaeereee eee eeeee 20.0 
LiQE op hal id: hee ee eS 9G Sa ee SS a SOS SR eReCancemaSoOrE NSIC Alera Oo oe See eee eer 18.5 

INVES ee Bs S554 OGRGSeRAGEEBoreear non lS dss s5olas bese scoccccosotsssoncoessee 19.3 

Table XII shows that the durum wheats apparently are not so well 
adapted to the Columbia Basin region as are the common and club 
varieties. The bearded varieties of common wheats exceeded the yield 
of the beardless common and club varieties by 1.7 bushels per acre, 
and the average yield of all common and club wheats exceeded the 
average yield of the two durum varieties by 3.5 bushels per acre. 

DESCRIPTIONS OF THE BEST VARIETIES. 

The six varieties of spring wheat which have given the best average 
results are described and discussed below. Of these varieties, Pacific 
Bluestem and Little Club are well known and widely grown west of 
the Rocky Mountains. Early Baart is grown commercially to a small 
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_extent in Arizona and Washington, while Karun, Koola, and Talimka 
are new introductions not yet grown except in an experimental way. 
Heads of the six varieties are shown in figures 9 and 10. 

Pacific Bluestem.—Pacific Bluestem (C. I. No. 4067) is the stand- 

ard spring wheat on the farms of the Columbia Basin. It usually 
commands a premium of 3 to 4 cents a bushel over other varieties on 
western markets. It is a fairly early spring wheat of medium height, 
with beardless spikes (fig. 9,6), white, glabrous glumes, and mid- 
sized, soft, white kernels. In the West it is called simply “ Blue- 
stem,” but it must not be confused with the Bluestems of the hard 

Fic. 9.—Heads of varieties of spring wheat grown at the Moro substation: A, Little Club; B, Pacific 
; Bluestem; C, Karun. 

spring-wheat belt in the northern section of the Great Plas area or 
with the Bluestems of the Atlantic coast. The exact origin of this 
variety is not known, but almost certainly it is an Australian wheat. 
It closely resembles Rymer and Warren, two varieties from New 
South Wales. Itis also identical with the White Australian, formerly 
widely grown in California. 

Intile Club.—Little Club (C. I. No. 4066) is the standard variety of 

club wheat in the western United States. It is a short, midseason to 

late variety, with very broad, short leaves. The beardless spikes are 
short, but broad and very compact, usually oblong in shape (fig. 9, A). 
The glumes are white and glabrous; the small kernels, white and soft. 
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The origin of this wheat is not known, but it is supposed to have been 
introduced into the United States from Mexico or some other portion 
of Latin America. In the experiments at Moro it has yielded as well 
or slightly better than Pacific Bluestem, but does not bring as high 
a price per bushel. 

Early Baart.—Karly Baart (C. I. No. 1697) is an early-maturing 
spring wheat, with a fairly short straw. The spikes are bearded 
(fig. 10, A), the glumes white and glabrous, and the kernels white, 
large, and soft. This variety was introduced into the United States 
from Australia by the United States Department of Agriculture in 
1909. It has been grown to some extent in western Arizona for a 

Fic. 10.—Heads of varieties of spring wheat grown at the Moro substation: A, Early Baart; B, Talimka; 

, C, Koola. 

number of years, but whether it was introduced into that State by 
the United States Department of Agriculture or was a separate intro- 
duction by some other agency is not known. It was brought to 
Washington from Arizona, and for this reason is sometimes called 
‘Arizona Baart.’”’ It is now being grown commercially at several 
points in Adams and Lincoln Counties, Washington. 

At the Moro substation it has proved to be one of the best and 
sarliest of the spring-wheat varieties. Being a soft wheat, it comes 
into competition with Pacific Bluestem, Little Club, and others of 
this class. The bearded heads are objectionable, because they do not 
pack well in the header boxes, but this disadvantage seems to be more 
than offset by the better yields obtained. The 5-year average 

oo 
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yield of Early Baart has exceeded that, of Pacific Bluestem by 3 
bushels, while the 3-year average yield exceeds that of the Blue- 
stem by 4.5 bushels per acre. 

Karun.—Karun (C. I. No. 2200-1) is a rather dwarf and early- 
maturing spring wheat, with beardless spikes (fig. 9, C), white, gla- 
brous glumes, and midsized, hard, amber-colored kernels. In yield 
it has ranked second among all the varieties of spring wheat grown 
at the Moro substation during the 3-year period, 1913 to 1915, in- 

clusive. It has exceeded the Pacific Bluestem in that period by 
almost 5 bushels per acre. Karun resembles the Bluestem in its 
beardless, glabrous spikes, but differs particularly in its shorter straw 
and hard, amber-colored kernels. The original seed of Karun was 

Fic. 11.—Cross sections of loaves of bread made from standard hard spring wheat and from varieties of 
spring wheat grown at the Moro substation. Left to right: Top row, standard, Marquis, and Bobs; 

bottom row, Saumur, Karun, and Early Baart. — 

obtained in Persia by the United States Department of Agriculture 
in 1902. The variety is not grown commercially, but only on the 
experimental plats. _ 

Koola.—Koola (C. I. No. 2203-2) is a selection from a low-growing 
early variety of spring wheat, introduced into the United States from 
Arabia by the United States Department of Agriculture.in 1902. It 
is a bearded variety (fig. 10, C), with white, glabrous glumes, and 

large, red, soft kernels. It has been tested on experiment farms for 
several years, but has never been distributed to growers. The Koola 
variety has given the highest average acre yield of all the spring 
wheats grown at the Eastern Oregon Dry-Farming Substation during 
the 3-year period, 1913 to 1915, inclusive. During that time it has 
outyielded the Pacific Bluestem by 6.3 bushels per acre. It also 



22 BULLETIN 498, U. S. DEPARTMENT OF AGRICULTURE. 

has proved superior to Pacific Bluestem in milling value during that 
period. 

Talimka.—Talimka (C. I. No. 2495) is an early-maturing, low- 

growing, bearded spring wheat (fig. 10, 6), with white, glabrous 
glumes, and large, flinty, hard, amber kernels. The kernels of this 
rare variety and of related varieties are so large and so hard that some 
of them were mistaken for varieties of durum wheat when first intro- 
duced. The Talimka variety was obtained in 1904 by a representa- 
tive of the United States Department of Agriculture at Askabad, 
Russian Turkestan, where other similar varieties and the closely 
related varieties of the Chul group are commonly grown also. 

At the Moro substation the Talimka variety has proved one of the 
best yielding of the spring wheats. In a 3-year period, 1913-1915, 

Fic. 12.—Cross sections of loaves of bread made from varieties of hard spring wheat grown at the Moro sub- 

station. Left toright: Top row, Koola, Pacific Bluestem, and Chul; bottom row, Yantagbay, Aulieata, 

and Talimka. 

inclusive, its yield has exceeded that of Pacific Bluestem by slightly 
more than 4 bushels. So far it is grown only in an experimental way. 

MILLING AND BAKING EXPERIMENTS. 

To ascertain the relative millmg and baking values of the spring 
wheats grown at the substation, tests of several varieties have been 
made by the Plant Chemical Laboratory of the Bureau of Chemistry. 
Table XIII gives the data obtained from analyses of the wheats and 
of flour milled therefrom. Figures 11 and 12 show loaves of bread 
made from flour milled from spring-wheat varieties grown at the 

Moro substation in 1915. The loaf labeled ‘‘Standard”’ is from flour 
milled from: one of the hard spring wheats of the northern Great 
Plains. All the wheats grown at Moro were milled from four to five 
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months after harvest, and the flour was made into bread about two 

weeks after milling. Miss H..L. Wessling, of the Plant Chemical 
Laboratory, conducted the baking experiments. 

It will be observed from the analyses and photographs of loaves 
that all of the varieties appear to be equally as good as, and most of 
them better than, the Pacific Bluestem, which.is the standard spring 
wheat of the Columbia Basin. All the samples from which the flour 
was made were from the varietal plats and therefore were grown under 
similar conditions. 

Tapie XIII.—Characteristics of grain and of flours from spring wheats grown at the 
Moro substation in 1913, 1914, and 1915. 

KERNEL CHARACTERS, CHEMICAL ANALYSES, KERNEL WEIGHTS, AND BUSHEL WEIGHTS OF THE GRAIN. 

Alco- Weight. 
ro-s | ol-) |e EY 

s Kernel ; Nitro-| tein | solu- | 
Variety. C. I. No. color. Water. Ash. gen. (N xX | ple 1,000 

5.7). | nitro-| ker- |Bushel. 
gen. | nels. 

GROWN IN 1913. 

Kernel soft. 

Beardless: : Perct.| Per ct.| Perct.| Per ct.| Perct.|Grams.| Pounds. 
Pacific Bluestem... ..---- 4067 | White.....| 7.62 1.73 2.39 | 13.62 1.04 28.4 57.4 

Bearded: ; 
Heine Squarehead......- 2669 | Red.....-- NAGA SOs parole aI TOM 2416 55.5 
TEMES le DOB marc Lovee enya 7.74 | 1.99 | 2.54] 14.48 | 1.22] 28.4 55.0 
TEROYO TE) Se es See 2203-2 |..:do.......|' 8:00)) 1.92 | 2.52 | 14.37 | 1.11.) .31.3 56.4 

Kernel hard. 

Beardless: | : 
iManciisHeeeernece aac AVS Sal eevee Asal aeSonlede SOM masse lndosOLe |i LeOSi ty -OleN7, 55.5 
IRGRUTICP Pee ecissee ieee ee 2200-1 | Amber..-.| 8.39] 1.59 | 2.36 | 13.45 -99 | 32.9 55.7 

Bearded: 
PANT Gataseeerect ce ccicce sic 2407-2-1 | Red....... 806 | 1.70 | 2.41 | 13.74] 1.01-| 343 58.3 
WINNIE SO N/ Ss dSooeocacuees 2404-1-1 |...do....... 8.06 | 1.47] 2.25 | 12.83 -94| 30.5 57.2 
Mailinallcaepeer creer ceca 2495-1 | Amber....| 8.25 | 1.55] 2.34 | 13.34] 1.00] 31.4 56.5 

GROWN IN 1914. 

Kernel soft. 

Beardless: 
Pacific Bluestem. ....... 4067 | White.....| 8.66] 2.54] 3.34) 19.04] 1.38] 25.7 55.0 

b 28261) se. Ozseeuen 9.04 1.91 2.98 | 16.98 125 26.7 58.7 

L697 |eedOsee sees ShOSn Eee OQN A Q68Gn | 16rsOuls dade | 2550 60.8 
2669 | Red....... 8.72 |. 2.04 | 3.13 | 17:84 1.42 27.8 56.4 
DISH Et GOse vee salen SAOo 1.93 3.41 ; 19.44 1.50 26.6 58.6 

2203-272 s.dOse- seas enoroL 1.99 2.97 | 16.93 1.28 26.8 55.7. 

Kernel hard. : | 

Beardless: | 
Pee Man QuiSe Mare esc), - 215: A158) 5 s4GO-ncers sel S924 | eal ON be Sa 20 218158) |eeeeeee 22.6 55.7 

ean Sebo eee ie 2200-1 | Amber....} 8.32 1.74] 2.68 | 15.28 1.16 Tao) 61.2 
Bearded: 
NTC a Ga eee ee eee 2407-2-1 | Red....... 8.32 1.83 2.87 | 16.36 1.12 BHyB 59.7 
Qayal SS Be ee es D227 Saad Ons see eee 1.87 2.95 | 16.81 1,14 28.6 55.0 
Manta gbaverras sme see esa: 2404-1-1 |...do---....| 7.92) 1.79 | 2.91 | 16.59) 1.14] 31.2 56. 4 
SHINE. Oooo. ooEeoesepe 2346 | Amber®.),2|) 88610) 15:98) || 35025) 17.21 1) 1.18 | 198 54.9 
ePAiTVkacoe eR oT e0rk Oe 2495-1 |...do.......) 8.24 1.89 2.97 | 16.93 1.23 | 27.3 56.8 

GROWN IN 1915. | 

Kernel soft. 

Beardless: 
Pacific Bluestem......... A067) WihiteLee <I Ga50n) Pia86.| e268) [15.30] 2. 28. oe 26.7 52.8 
ES OOS eee eis eos siete 2826-1 |...do..... SEO2u oleae sO ls. O5 Wisc ccee 27.6 60.3 

Bearded 
Manlyebaantericcecccsclon LGO Tl eaedoeace OU 42a el 95m |e 28O0nll 4.80) |aees cee 28.7 59.4 
OGG me tases aed 2203-2 ! Red......- SEO: Rake Il Pye Use eeee See 24.3 52.5 
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Taste XIII.—Characteristics of grain and of flours from spring wheats grown at the 
Moro substation in 1913, 1914, and 1915—Continued. 

KERNEL CHARACTERS, CHEMICAL ANALYSES, KERNEL WEIGHTS, AND BUSHEL WEIGHTS OF THE 
GRAIN—Continued. 

Aleco- Weight. 

| Kernel Nitro: tenal ee ee aie - <erne r. ayes Nitro-| tein | solu- 
Variety. C. I. No. enion Water.) Ash. gen. | (NX ble | 1,000 

5.7). | nitro-} ker- | Bushel. 
gen. | nels. 

GROWN IN 1915—Continued. 

Kernel hard. 

Beardless: Perct. Perct.| Perct.| Perct.| Perct.|Grams.| Pounds. 
IMATQUIS: oc cna ceca! 43585) PRedes-nes2 8. 23 2. 42) 93526) |PISt60 Seen 16.0 52.7 
Rearmn2 Sensation sse8s tee 2200-1 | Amber-.--) 8.46)). 1.58 | 2:67 |) 15:20)|-2eeae2 24.5 61.0 

Bearded | 
Aulieatac.=s5- 1 kines 2407-2-1 | Red......- } 6.61 2:12), 2:95) | 16580) been -ee 27.2 53.7 
6) 0171 ae Sees e22i—1|\e ee OOsaseeel Os Or 1.89 2.81) 16200) bees 24.5 55.0 
antag bayecdss ses. coe. 2404-12 edos.-----| 7.00)|- As990)) 2385 a6 son eee | 29.2 54.8 
SEND In Aries aie es es ae | 2346-1 | Amber....| 8.16] 2.07 | 2.97 | 16.90 ).-....- 20.6 Ope2 
Tahmika sc. ees ce seeeceae 2495-1 |...do......-| 6.74 1:98) 4). 2297, 10165900 eee 26.7 56.4 

AVERAGES. 

Kernel soft. 

Beardless: 
Pacific Bluestem, ....... 4067 | White.....| 7.59 | 2.05] 2.80 | 15.99 |....... | 26.9 55.1 
RODS G8 sete icemmcccis oe 2O20 Nee OOse eee al TOnts 1.82) |) (2589) | 165475 eee | 27.2 59.5 

Bearded: | 
HWarly Baarte...........- 1697,|--G02-<.)- =|) 8524 | .I948 2873) Pl onbo eee 26.9 60.1 
Heine Squarehead a...... 2669 | Red....-..- } Salt | W92) |) 2582) | M1 6S08i seemeee 26. 2 55.9 
Rieti@see--= 5: Seistaeieecte 210d) | pee GOseen meal Siae 1.96 2:98) | 162960 Reese 28.5 56.8 
Koons sees -aseeee. 2203-2 edoseee ShaZaten 202) 2282/1650 fe pease 27.5 54.9 

_ Kernel hard. : 

Beardless: 
Marquis. sso) sen cee ALS Bi eee GOle=seee|eeLO 2.11 2:99) W703i eeseeee 20.1 54.8 
Rarunriys. 23 seoe cen ee 2200-1 | Amber....| 8.39] 1.64] 2.57 | 14.64 ]_...-.. 28.3 59.3 

Bearded | 
Aaliontalee oes Soe | 2407-2-1 | Red....... e600 |) Le88> |) 25745) 52930 bees 32.3 GYBRA = 

Wee eae sine cne 2220) \eeedOsencac 7.47 ESB |e 2eOSul il Osea peer 53.1 55.0 
Wantaebayenssnscecenss 2A04E 11 do. ee eel ye66) ||) lento | etal ml ezen | meee 30.3 56.1 
BAUM UTC eset nke 234671) Amibersaee|) 82389) 22031)) vac00N  ii0bn eeeenee 20.2 54.1 
MPalimicasc: = See. ee eee 2A95—1 ss dOscesiect) 1274) S80 Ni 22760 Ponds |e eee 28.5 56.6 

P 1 1 

CHEMICAL ANALYSES AND BAKING QUALITIES OF THE FLOUR. 

ie | o oO . H 

at = i ‘> 100 grams 
a a Nl see Si of flour. a 
oO = ra 
a S g, Z g 7 ; 

Variety. aa ip eye Uerovale es Ph 5 q eee 
5 Re oS KS os ag 2 ee 

=5 i he) o's Kalra| q iO & | I 
= oO F o pA ° AR Oo o2 = q he ji 2 

e |2la|ele ls | 8 | seeeveeel ce 
o Smallest Rae |l=sre lp Bo) Ee lees |e 

Grown in 1913: Pcl; WP. Cbs Pche || Pea Ci-| Par Chal alae) Coen Oetcen| MisaCae techs E ct 
Pacific Bluestem..... - 4067 | 11.83 |0.448 | 1.90 | 0.295 | 1.05 | 1). 83 | 64.5 | 400 | c94 88 
Heine Squarehead..... 2669 | 11. 83 516 | 2.17 - 203 | 1.25 | 12.37 | 69.0 445 | e93 c9p0 
RiGhi so per ese ee ase 2793 | 11. 72 548 | 2.19 | .267 | 1.29 | 12.48 | 67.5 | 550 | c93 86 
FEOO Vee ae oe ake ae 2203-2 | 11. 80 | . 464 | 2.07 - 203 | 1.09 | 11.80 | 69.0} 400} 95 87 
Mangus st se cease eee 4158 | 11. 78 | .396 | 2.20 | .267 | 1.12 | 12.54 | 71.0} 660 96 96 
ICATTITIG eee See Colne Me 2200-1 | 11.55 | .428 | 2.07 .- 160 | 1.20 | 11.80 | 74.5 585 | e95 d93 
EANITiBatas ses eee eee 2407-2-1 | 11.79 | .400 | 2.07 - 204 | 1.12 | 11.80 | 73.7 590 95 93 
NWantacbaya ceo es. 2404-1-1 | 11.69 | .3892 | 1.98 | .246 | 1.07 | 11.29 | 71.8 | 620 | c96 94 
Palimikay: Sotce See eee 2495-1 | 11.81 | .428 | 2.07 | .154 | 1.10 | 11.80 | 72.5 580 | c95 93 
PUNO Ard ee ee seca ae [eee MeO at aie <a |= Se Soa] Yee es i da 2 115.057) 71S aneSlOn 97. 98 

Grown in 1914: 
Pacific Bluestem.....- 4067 | 10.53 | .580 | 2.57 837 | . 751 | 14.65 | 67.0 | 380 | £93 95 
IBODS seers sone etek 2826 | 10.91 | .490 | 2.72} .390 | .730 | 15.50 | 67.0 | 620) 99 98 
HManyuBaarbs sews 2: el. 1697 | 11.29 | .570 | 2.27 .358 | .596 | 12.94 | 62.0 | 585 | g94 98 
Heine Squarehead..... 2669 | 10.96 | .550 | 2. 72 347 | .826 | 15.50 | 65.0 | 480 | g943 94 
IS Gin Pars een eee eos 2793 | 10.76 | - 540 | 3.05 386 87 17. 39 | 68.0 | 420 | 2923 92 
HOO Apress ook sete ene 2203-2 | 12.06 | .590 | 2.54 | .372 709 | 14.48 | 65.0 405 | g92 94 

a Data for 2 years only. 
bA AoE c=creamy, vc=very creamy, g=gray. 
¢ Stiff. 
d Spongy. 
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Tasie XIII.—Characteristics of grain and of flours from spring wheats grown al the 
Moro substation in 1913, 1914, and 1915—Continued. 

CHEMICAL ANALYSES AND BAKING QUALITIES OF THE FLOUR—Continued. 

4 i) oO = 

bp A 3 i 100 grams | é 
3 si fe 5 ED of flour. Loaf. 

fe ee | oe) > 
Variety. HG BeBe yS-.l ae (els 

q 8 ne | of ‘ang|s0 Py 
aigs4 Py op Ci iia a=] mae lesise ey D 
ar o J ° ~» ‘Ov oO oO — & wu . 

2 eo a | eae eel esi | sai Rah 
) ecm | a ice SEO See) oS le 

Grown in 1914—Continued. Picts |. Ch. | rCha| lea Coen | eon Cball eeze Cbs ||) GeiCa |) C2 Ca |\EnChal eee Cts 
Marquis.. a 4158 | 10.25 |0.590 | 2.61 | 0.358 |0. 793 | 14.88 | 69.0 | 585] 96 964 
Karun. Be 2200-1 | 11.43 |..530 | 2.36 281 | .681 | 13.45 | 68.0 | 580 | c97 96 
Aulieat: .| 2407-2-1 | 10.83 | .580 | 2.55 302 | . 702 | 14.54 | 70.0 | 620] 96 96 
Chula: ae 2227 | 11.48 | .470 | 2.53 323 | .667 | 14.42 | 68.0 | 580 | c96 98 
Yantagbay. .| 2404-1-1 | 12.31 | .440 | 2.54 309 | .681 | 14.48 | 69.0 565.| 96 96 
Saumur... See 2346 | 11.97 | .500 | 2.61 338 | .737 | 14.88 | 70.0 | 555 | c95 92 
sNeaiimkcaleeeeee see ee 2495-1 | 10.78 | .490 | 2.61 344 | .716 | 14.88.) 70.0 | 595 | c97 97 
Stan candeer me eee meen sie 11.75 | .410 | 2.08 347 | .582 | 11.86 | 65.0 | 840 | c98 98 

Grown in 1915: _ 
Pacific Bluestem... .-- AQG 7a | 120,00) 05436.) 2. eeeeaats| else « 12.37 | 64.0] 470 | 974} 96 

EPI ODS eee eae eke 282618 12.'05) |) 403) |! DY aan ene i eee ms 13.90 | 66.4 590 | c98 97 
Harly“Baartess 2552). 1697 | 11.14 489) 25275 |e ae ae 12.94 | 66.0 500 | c97 95 
KOO eae ee a eee ee 2203-2 } 11.28 474. OO | etn ee see 14. 30.| 69.0 510 96 95 
Mang wiseesseecsccsesee AVSShl UL SOG| 5490) | s2eceival eater e eee 15.80 | 68.0 | 610 | 297 97 

ALUMS eeeeaeee see 22001150) |/%..456) | (2340) ieee ces ee oes 13.35 | 65.5 520 |vce97 94 
JADINSDID SSS aoeeeasebeGe 2407-22-15 112566) | 6483 | Qho2neeeee sss ee 14.36 | 68.0 | 660 | 96 964 

GHORdRaSsBooee aabed 2227-1 | 12.12 466° | 25465 ewea ss |ee eS 314000) 16740 610 | e96 97 
NWantagbayeensecese. se 2404-1 | 12.49 | .428 | 2.42 12202 ills. 13.80 | 69.0 | 600 | c96 964 

AUULTIV UT etetageyste pera ietaeieiel=\e 2346-1 edd. 125/481 | QA 60M eae eee 14.82 | 69.0 | 580 |vc97 94 
Tallimilca Ses sae a as 2495 — 1a) 118781). 420) | De | eee SS 2 14.08 | 67.0 | 610 | c97 97 
SURI TCL. sHocehbocGau| becesoenee Hee eets) Beemee” Beiter neccee eeemoe 10.43 | 66.0 | 840 | c98 99 

Average: 
Pacific Bluestem.....- 406751625! 488) 25208 pene a eee 12.62 ; 65.2 | 417 | 94.8 | 93.0 
1aX0) 0s) Oe Ree 2826 | 11.48 | .447 | 2.58 |... _.- | eeereeee 14.7 66.7 605 | 98.5 97.5 
Early Baart 6........-- i GO Za eld 22 195300 | 22 Ziel eee |e en 12.89 | 64.0 543 | 95.5 | 96.5 
Heine Squarehead b...- 2669))|11540)1) 5533. | 24 oye ee seer: 13.94 | 67.0 | 463 | 93.8] 92.0 
PRC TDM ison 209Sdo) lle 24). 544° | QN62) eae ee ee 14.97.| 67.8 485 | 92.8 | 89.0 
Ugo bieeioue tes daseee ses 2203-2) 11. 75)|-2 443),| 2.37 ake: ee ee 13.53 | 68.0 | 438 | 94.0 | 92.0 
NPMOTONSS Goscoanussesen Ar 58h 14/2499) || Os 530 eae at iene 14.41 | 69.0] 618 | 96.0] 96.5 
Karting sess teehee: 2200-1 | 11.49 4A s|( 20 268 ee Ibert 12.87 | 69.3 562 | 96.3 94.3 
IATINTeatasees soe ee lee 2407-2-1 | 11.76 | .488 | 2.38 |_.-----|.....- 13.57 | 70.6 | 623 | 96.6 | 95.1 
COV ab OE Se rg eae 2220.) 11. 80: | 468) |-2. SOR eee eee 14.21 | 67.5 | 595 | 96.0] 97.5 
pYianibabayjecese seems! 2404-1-1 | 12.16 | .420 | 2.31 |.__.... Peet 13.19 | 69.9 | 595 | 96.0] 95.5 

VUITTON TTT Open eee coerce 2346") 11555 | J491 | 2. 605|t = 252 ee 14.85 | 69.5 | 568 | 96.0 | 93.0 
Shaan ese Sia a nee 249 5=—T ed T4615 5446) I 2788 Bees ete 13.59 | 69.8 | 595 | 96.3 | 95.6 
Suan Gand eecere ee ewe seis oe C11. 75 |¢,410 |¢2.08 |... ... leanne 11.11 7.5} 830 | 97.6 | 98.3 

a Abbreviations: c=creamy, vc=very creamy, g=gray. 
b Average data for 2 years only. 
c Data for 1 year only. 

RATE-OF-SEEDING AND DATE-OF-SEEDING EXPERIMENTS. 

During the years 1912 to 1915, inclusive, rate-of-seeding and date- 
of-seeding experiments with spring wheat were conducted with the 
Pacific Bluestem variety. This wheat was sown at rates varying 
from 2 to 8 pecks per acre on each of two dates, one early and one 
late in the spring. Unreplicated tenth-acre plats were used, except 
in 1915, when all seedings were made on duplicate twentieth-acre 
plats. The S-peck rate was omitted in 1912 and the 2-peck rate 
in 1915. Table XIV gives the yields obtained in each year, the 
average yield from each rate on both dates and on each date in all 
years, and the average yield of all rates from each date. 

Table XIV shows that there is little difference in the average yield 
per acre from the different rates of seeding during the four years. The 
early seeding, however, gave much higher yields than the later seed- 
ing in every year except 1912. The average increase in yield from 
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the early seeding in the four years was 6.2 bushels per acre. In the 
early seeding the thickest rate (8 pecks) gave the highest average 
yield, and in the late seeding the 3-peck rate gave the highest average 
yield. The average date of the early seeding was March 22 and of 
the late seeding, April 20. 

Taste XIV.—Annual and average yields obtained in a rate-of-seeding test of Pacific 
Bluestem wheat sown on two dates at the Moro substation during the 4-year period, 1912 
to 1915, inclusive. 

Yields per acre (bushels) at given rates of seeding. 

Year and date of seeding. 

2 pecks. |3 pecks. |4 pecks. |5 pecks. |6 pecks. |7 pecks. |8 pecks. eel 

“|e _ |_um |e |__| Ee  _.____._ 

Season of 1912: 
Barly) (Mars25)'o a2 seen. ee een 7. 
hate: CApr 26): sssoe case ce sano 7 

Season of 1913: 
Wanlya (Mars 2): 2 cays <ece c/s 
Wate @Apr 25) case6.5 Jansen eee 

Season of 1914: 
Barly) (Mars16) ser. fo. see ose an 
atelGAtpr m6) 2.2) sa: eee 

Season of 1915: 
Panky (Man. 22): -se55 ssa sss sec cses| se yscee0 
d Ye Ny 6) 1) Se ss ee ee ee 

Average yields: : 
ANIA TES HS = 3 Sab aa cose ace aneeee 12.5 
Barlyjseeding. 275352 42 eee = 14.3 
hate seedings sss see. see esas 10.6 

_ St 99 ied 

Eee 

noo were NIC “100 CO 

ee a) _ a o . . ' ' . ' . ’ | ell ome ies 

ee cml SIG WO 

to Oo i S 

NRO DO OCW KO 
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_ _ Oo Cte) 

— ee 

i 

LE I eat ies 

Go- Boge _ ry ry _ 
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S ow 
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a ed 
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Bebe ast te oro Soe Oru Cer) “101 on O1 00 

oor 

CSN BS om SECC NS Coat ace ad ed 

On April 9, 1913, and April 6, 1914, eight check plats were sown 
with the same variety, Pacific Bluestem, at the rate of 5 pecks per 
acre. This provided a medium date of seeding to compare with the 
early and late dates discussed above. The earliest seeding at the 
rate of 5 pecks per acre gave higher yields in both years than any 
check plat, further indicating the advantage of early seeding. 

SPRING OATS. 

From the standpoint of total production, oats are a less important 
crop than wheat and barley in the Columbia Basin. Judging from 
yields obtained at the substation at Moro, oats probably have not 
received the attention they deserve from the farmers of this section. 
This undoubtedly is due to the fact that the header and the combined 
harvester-thrasher, the harvesting machines most commonly used 

in the Columbia Basin, are not adapted to the economical handling 
of this crop. Grain must be thoroughly ripe before it is cut with a 
header or thrashed with a combined harvester-thrasher. Much of 
the oat crop is lost through shattering if left too long after maturity 
before it is harvested. The oat varieties at the substation have 
always been cut with a binder and thrashed from the shock. 

VARIETAL EXPERIMENTS. 

In 1912 the oat varietal experiment was on spring-disked corn ground. 
In the other years reported the oats were grown on ground summer 
tilled the previous year, as in the case of the spring barley and wheat. 
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The results of the test of oat varieties that have been grown for 
two or more years are presented in Table XV, with the annual yield 
in bushels per acre produced by each. 

TABLE XV.—Annual yields of 20 varieties and strains of spring oats grown in field plats 
at the Moro substation during two or more years in the 5-year period, 1911 to 1915, 
incluswe. 

Yield per acre (bushels). 

Variety. C. I. No. | Period of maturity. |——-——_— 

1911 1912 1913 1914 | 1915 

RAIN Tee eee nie ctoleim)nicfeinis wile 2 = 160 | Midseason... ----.- IG rete eo ieellbecee aap ee 
BlacksAun CniCaMea eres ee ass =o === - 549 |.-.-- Ooaceeacsdaee 35.1 | 35.1} 42.5) 33.8 3.3 
(China cGlinin, oo oAskossdocetee aSeSe Se eeenE Pl eA OOL K- citicooacos 17.1 38.4] 46.4] 45.2) 48.9 
ims hylslan Ge eeereree eee a2 esi) 51'9),| 022 SOME eee see sees oe eees |sine aa 33.1] 49.0 
IRIORSOM. 6 os ne oo eee eos ea opecuoBeeee 459))| Warlyeeeeecseeee 28.9 | 39.6] 43.6] 54.2] 52.6 
Shadeland Challenge..........---...-- 680+) ated esas eacr sal teereeer WIA Su| Sle h| ee ee lees 
Shadeland(@limaxwe--sssesas8- os. 68in| UMadseasonPaeeseeenteeeeee 44.3} 36.5] 35.1) 55.3 
Silos os soe o dash se ae eee 635i zeeee Chis rename eae SONSH arsb5O) | osealbaoraOn massa 
SthaivaDenysecaet-scsecocsssucupenpesad G65) Warlivyereeemee eee 18.7 | 40.0) 47.8] 52.3] 57.8 
Sintiye Dany ene 780) sams Conelein ae aaa Ago || Bye aR I BE lesen 
DSixbyeDavaseleChOMe=neiian i -\o---- U6 5—1y | es see Ors ots acu See delete leer ciehe 65.6 | 57.2 

Ope eee ite eco sweas eles 165-1-1 |--.-. lO Rees eee ces | meee [ee 45560 OL Oe oie 1: 
IDO so sao ebonsG SoS SSAC sae eae alte ees OL De ce aceuacd| | Gsecear PUtsel |e Coed bapesoc|lariooce 

SWOT KOR 5 occ csees< conn Rs oe OReeeeS 522=1a|) Muadseasoneessescee | perenne 46.2 | 35.6] 63.0 
Shuecbisl AIS ECLGoaceas scoSS Ss OaeeEeeeS 1340 eee (Wes ouenesooor 13850 37040) Zo) Si 2h) 4710 
Swedish Select selection... .......---- 134-1 |... -. CLONER ae cra aes N eels ee 40.6 | 37.9} 52.0 
Pare eree SIT een eer alay-) sais cisiwini=:=la\c 5238) eee COLNE es ye ea We IES oy 2ON4a 3 5e On| pee 
AWilIGesRGUSSTAMieeesen ese ae) ise cin. - 6365)" ate sseeereeerees 18h 2 PIL | OS) Non ee ec ellcacns 
Meocalevianie tiysOseeeceeis- ears m= Seen 795 | Midseason...---.-- 1453 eeeree 44.1 | 38.4] 51.4 
(Winramed Women e tema cece acces tec Gt WA Soc ce GOR ise eee elena ce eta iee Recon. 45.0] 49.2 

a Selection from the branch experiment station, Union, Oreg. 
b An unnamed variety grown locally; similar to Siberian. 

DESCRIPTIONS OF THE BEST VARIETIES. 

Table XVI shows the 3-year and 5-year average yields of 11 of the 
more important varieties and gives certain other data regarding 

these varieties. This table shows that the 5-year average yield of 
the Kherson is highest, though there is little difference in the 5-year 
average yield of the Kherson and that of the Sixty-Day and Siberian. 
In the 3-year average, the Sixty-Day and a selection from Sixty-Day 
show the highest yields. 

TaBLE XVI.—Agronomic data and 3-year and 5-year average yields for the 11 most im- 
portant varieties and selections of spring oats tested at the Moro substation during three 
or more years in the 5-year period, 1911 to 1915, inclusive. 

| Average yield per 
acre. 

: C. I. Date . . Bushel 5 Variety. 4 Date ripe.|Height.) °" | y No. | headed. /~2¢Tpe ight weight. | 

| 3 years. | 5 years. 

if 

f ‘ Inches. | Pounds. Bushels.| Bushels. 
Sixiy-Day selection. ..2-2.5.4-..2--5: 165-1-1 | June 16 | July 9 2 30.7 | BACON exe cies 
INGO 3.55 cones Foes cons Cee BECO BeOBSer 459 | June 18 | July 13 26 30.0 50.1 43.8 
Sia Day te ioe ee | 22165; (bdo eee einriya 1 26 30.7 52.6 43.3 
Siberian.-.......- pe dqucesecseseE sa asne 635 | June 27 | July 20 34 34.0 49.7 43.1 
Storm! King'selection....-2.-..2..-..-- 522-1 |...do....| July 18 33 33.0 48.3. |e an seenen 
Wanadianee ns = 922 2269524) S505 444 | June 26 |...do-_.. 33 36.5 | 46.8 39.2 
Peo alivanletyere ss. 2) 220s cn ce baee 795 | June 29 | July 20 32 28.4 44.6: |2 see eese 
Swedish Select selection..............- 134-1 | June 26 | July 18 33 32.4 4370) |Paeeeeines 
shadelandl Climax. isto. 252. t 681 | July 1 July 21 32 3323) |b 4248 tee nee 
EAC KS NIMCTICATIN We.- cots esac sce - 549 | June 28 |...do-._. 28 28.6 | 39.9 38.0 
SiwGClisln SGC Bis paeeeeeeBeeeoessoeee 134 | June 26 | July 20 32 BOT ne cale 35.1 
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Kherson and Siaty-Day.—The Kherson and Sixty-Day are very 
similar varieties of oats which came originally from southern Russia. 
The Kherson was introduced about 20 years ago from the Kherson 

Fic. 13.—Heads of oats grown at the Moro substation: A, Swedish Select, B, Kherson. 

Government, and the Sixty-Day about 15 years ago from the Podolia’ 
Government. These oats are both early in maturing, ripening at 
Moro about the second week in July. The straw is slender and 
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sually rather short. The heads are small,.spreading (fig. 13), and 
sually well filled with slender, yellow kernels. While the weight 
ar bushel is sometimes rather low, the percentage of hull is lower 
lan in most varieties of oats. The Sixty-Day selection which has 
ven the highest 3-year average yield at Moro does not differ in 
ypearance from the unselected variety. The principal objections to 
ese early oats are the small size of the kernel and the shortness of 
ie straw. Because of the short straw it is sometimes difficult to 
irvest them with a binder. When the oat crop is to be cut for 

Fic. 14.—A twentieth-acre plat of Sixty-Day oats at the Moro substation in 1914. 

ay, some other variety with larger, taller straw should be grown. 
plat of Sixty-Day oats at the Moro substation is shown in figure 14. 
Siberian.—The Siberian is an old European variety. The stock 
rown at the Moro substation was obtained a number of years ago 
om the Ontario Agricultural College, where this variety has been 
leading one for many years. The Siberian variety ripens at Moro 
bout 8 or 10 days later than the Kherson and Sixty-Day. Itisa 
ul, rather slender strawed variety, with open heads. The kernels 
re white, long, and slender, but are considerably larger than those 
f the Kherson and Sixty-Day varieties. The average weight per 
ushel at Moro was 34 pounds, which is second only to that of the 

r 
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Canadian. The 5-year average yield was only slightly less than that 
of the Sixty-Day and Kherson, exceeding that of any other variety 
by several bushels. A head of the Siberian oat is shown in figure 15. 

Fic. 15.—Heads of oats grown at the Moro substation: A, Siberian; 6B, Canadian. 

Canadian.—The Canadian is a variety of oats which has been 
grown for many years in Scotland and in some portions of northern 
Europe as the Barley oat, so called because of its short, broad ker- 
nels, which somewhat resemble a grain of barley. The Canadian 
ripens at Moro about a week later than the Kherson and Sixty-Day, 

fi EF c 
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but two or three days earlier than most. other varieties. The straw 
is tall and coarse, and the heads are very large and open (fig. 15). 
The kernels are white, short, and broad. The two prominent char- 

acteristics of this variety are the wide-spreading heads and the short 
kernels. One of its principal faults is a tendency to produce only 
one grain to the spikelet, the second or smaller grain often being 
entirely inclosed in the hull of the first. That this tendency has not 
been marked at the Moro substation is shown by the weight per 
bushel, which is higher than that of any other variety. 

SPRING BARLEY. 

Next to wheat, barley is the most important cereal grown on the 
dry lands of the Columbia Basin. Most of the barley grown is sown 
in the spring, though at the lower elevations winter barley is grown 
successfully. 

VARIETAL EXPERIMENTS. 

At the substation 43 varieties of spring barley have been tried. 
Acre yields have been obtained from 13 of these in each of the five 
years, 1911 to 1915, inclusive. Owing to an exceedingly unfavorable 
season the barley yields were low in 1911. In 1912 the spring-barley 
varieties were placed on poor soil and no high yields were obtained. 
Tn 1913, 1914, and 1915 the yields of most of the varieties were con- 
siderably higher than in previous years, and spring barley exceeded 
any other spring crop in total weight of grain produced per acre. 
In Table XVII will be found an alphabetical list of the spring- 

barley varieties grown two or more years, with the yields of each 
variety in bushels per acre. These yields are based on the yields 
of single tenth-acre plats in 1911, 1912, and 1913 and of duplicate 
twentieth-acre plats in 1914 and 1915, except as otherwise stated. 

Taste X VII.— Yields of varieties of spring barley grown in rows and plats of various 
sizes at the Moro substation within the 5-year period, 1911 to 1915, inclusive, showing 
also the source of seed and group relationships. 

Yield per acre (bushels). 

Variety... ee Fa Origin. Group) sae Sear aes 

1911 1912 | 1913 1914 1915 

Abyssinian. .2-2..25..-...| 668 | Abyssinia. .--. 2-rowed.-..| (@) (2) b 35.0 | 522.1] 520.8 
1D). 32 Sos Se 669ulnaees dove2s42222 6-rowed.-..| (@) (a) b 32.5 | 022.1] 618.2 
IDG) ceaee soe aOeeeeee 6738 lmoeee do..- —-d0eeeeee (2) (a) DB 255 Mee 14.1 | See 
DOsds seen ssse eee 67AN eae: £6 Co AU gay 2 Oh eeeene (@) (a) OBST ey BE eo | = 

ATES OS ae 7028) Elybrids) Wir-)|". docsters -|Fes-e--c (2) 632.5 | 015.6] ¢ 26.5 
ginia. 

LoS | 695 | Northern |...do....--- (a) (2) (a) | 032.5] ¢285 
Africa 

SES liber peers Siecle in = = 190 | Algeria......-- 3 doseesece 3.5 15.5 37.5 36. 2 48.8 
Black Abyssinian ......... | 670 | Abyssinia. -.-- Bee 5s855q))| a (0) (2) 640.3 | 511.7] 216.0 
Black Algerian............ | 708-1 | Algeria......-- _ Sig OWEN Raae ae b22.8| ¢39.3| 46.3] 46.4 
Black Hull-less...........- 596 | Southwestern |...do....--- ier set, 17.8 37.9 25.2 36.6 

Asia. 
IDO. oc oehcaseeeeeeeaee alebe rene Hybrid, Ore- | 6-rowed, |.......- 20.7 33.1 23.3 27.0 

: hooded. 
Bohemian..... ..-| 2rowed...) (@) (2) 625.0} ¢3.2 64.0 
Chevalier tose a 4). /-COsssee—5 6.4 26. 2 31.0 21.8 32.5 
Chili Brewing...........-. | 657. hili 6-rowed.-.) (2) b 26.0] ¢35.2 23.4 47.5 

@ Grown in head rows; yield not recorded. ¢ Grown in 2-rod rows replicated 2 to 4 times. 
b Grown in rod rows, usually unreplicated. 
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Taste XVII.— Yields of varieties of spring barley grown in rows and plats of various 
sizes at the Moro substation within the 5-year period, 1911 to 1915, inclusive, showing 
also the source of seed and group relationships—Continued. 

Yield per acre (bushels). 

Variety. o a Origin. Group. 

1911 1912 1913 1914 1915 

CORSE = Cae ee he ei 691 | California (?)..| 6-rowed...}.......-|...c2c02 (0) 37.9 42.6 
1D BS Seno senoTooeeoe 626 7\ease- Owe See | eed Oen eee 2.9 23.3 38.3 o2iD: Dleg 

Gommon (Chilis eae 66s Chili ho. eed Ose (a) B 31.2i| De 2550)| Sesmeeel core 
Wranconign eee seweea oe 679 | Germany......| 2-rowed..-| (@) (a) b 45.5 29. 2 47.5 
Gaba es - coors e ne oe Dips sOnMar eee seees iS b 36. 4 41.2 36.0 
Gray Abyssinian........-. 672 | Abyssinia Bs (oan Be 35. ¢ 30.6) 022.8) 620.8 
Pann de ce. ose ceee 24 | Austria 29.5 26.9 40.0 
Iannchen! sess. aosee ee 531 | Sweden 48.3 32.8 46.4 
Heil’s Hanna No. 1.--..--- 681 | Germany..- 632.5 | 628.3] ¢21.9 
Heil’s Hanna No. 2..-...... G7Silseoee ONS e eeeine 020.8) 024.7] ¢5.0 
Heil’s Hanna No. 3.-..----- 82a Reece Gomeceaecs ae DARN eee ee eee 
pu (Texas Beard- GLOW Mexcisi(?:) pasar } ~5 14.4 20.8 22.5 

ess). 
Himalaya (Guy Mayle)-.-| 260-1 | China....-..-. Shas , 3 33. 8 25.0 42.2 
Imperial 289 | France k b 17538 | saree eens oe 
Mahania. a2 cease sck secint 1144 | North Dakota.|...d , hs 20. 1 28.0 36.0 
Manchuria (Minn. No. 105) 576) | \@hinaseeer seas A ~ z 5 33:0 34.6 27.0 
Manchuria (Minn. No. 6).- 639i seeee do. paleo 34.3 DONA ee ee 
aieecour (ORBAN CUNOM hececce tenes (ope eS allt Se 34.0 GALT) Aa 

1). 
Mandschurei (O. A. C.).--|..--...-|--.-- GOrseseaeee SEO! See ucla 3,2 serene] oss eee 38. 7 29.2 27:2 
Mansunyeeaen-seeemenese ee 617 | N orn Dakota | 2-rowed..- Qa 21.2 31.2 77: eee 

(?). 
Mariout cj. ssssec=seo-0e5- 261 | Egypt..-...-.-- 6-rowed..- 6.3 28.0 40.6 42.1 54.5 
Oderbruckenre see peeeeeee- 537 | Germany.....- Ents Ko ease 7.0 23. 5 30.6 34.5 41.5 
POE esa he ce ee Seas nace Ova|MIPEriisae ee ener a ae sears (a) (a) b 46.8 40. 4 48.3 
Princessisoe oe sence see ects 529 | Sweden-......- 2-rowed.- .- 4.6 21.5 24.0 AF tOY |e = 25 
Doreen ae ee wos Se G033| Basco Opera somal es Oe-Beads 2.0 19.1 17.0 DOORS a Eas == 2 

BAlamancheses saeeee aemene 689 | Spain. .-.....- 6-rowed..-| 13.8 (@) b11.7 @)N\eses2- = 
Svanhals see se se eo 187 | Sweden. ..-.-- 2-rowed. .- 16.5 5.1 34.1 30.6 38. 7 
White Smyrna (Ouchac) . - 658 | Asia Minor....|... Cove tees 9.3 (a) 42.0 36. 7 49.8 
WHSCONSITEN ONG: = fe cee eases Wisconsin.....| 6-rowed-..|-.------ 22.3 Dayal | te eee el etete tetra 

@ Grown in head rows; yield not recorded. ¢ Grown in 2-rod rows replicated 2 to 4 times. 
+ Grown in rod rows, usually unreplicated. 

Table XVIII gives acre yields of the varieties that have been. 
tested during the entire five years. The highest average yield per 
acre, 34.3 bushels, was obtained from the Mariout variety (C. I. No. 
261), a 6-rowed form. The varieties giving the second and third 
highest average yields were White Smyrna (C. I. No. 658) and 
Hannchen (C. I. No. 531), both of which are 2-rowed barlcys. 

Taste XVIII.—Annual and average yields of 13 spring-barley varieties grown at the 
Moro substation in twentieth-acre or larger plats during the 5-year period, 1911 to 1915, 
inclusive. 

Yield per acre (bushels). 

: Cul 
Variety. S 

ah 1911 1912 1913 1914 1915 | Aver- : ; age. 

IBIACKSEUIAlesstoese eee ee eae cick 596 St 17.8 37.9 25.2 36.6 24.2” 
(Bel di eeeaeeae cose eck cee eee ae 190 3.5 15.5 37.5 36. 2 48.8 28.3 
Cheyalipnee eee ee pene eco eet cco. 200 6.4 26. 2 31.0 21.8 32.5 23.6 
Coast ee ee ce ee emo So as 626 2.9 23.3 38.3 32.5 51.2 29. 6 
COPA rhe Se ieee a SAS CS ee 575 5.9 16.8 36.4 41.2 36.0 27.8 
ann chent sense sneer cle ec hee 531 8.4 25, 2 48.3 32.8 46. 4 32.2 
CNT (RE Se ee a oe eee 24 10.0 26.0 29.5 26.9 40.0 26.5 

MATION bare Se ee nee cere eee eee 261 6.3 28.0 40.6 42.1 54.5 34.3 
Whines. ee a ee ae 1144 12.0 22.0 PA il 28. 0 36.0 24. 6 
Manchuria (Minn. No. 105).............- 576 a6.4 23.9 33.0 34.6 27.0 29. 6 
Oderbrucker.......- Pee ees ees oe 537 7.0 23.5 30. 6 34.5 41.5 29. 4 
OVALS ee Moreen mmee re en TL aS 187 13.8 Pail 34.1 30. 6 38. 7 28. 5 
Wihite Smyrna eee oe as 658 9.3 27.0 42.0 36.7 49.8 33.0 

a Estimated yield by comparison with yield of other varieties during 1912, 1913, 1914, and 1915. 
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In Table XTX the spring-barley varieties are arranged in groups 
of related. varieties, showing the 5-year average yield of each variety 
and the average yield of each group. Typical heads of the leading 
varieties of barley at the Moro substation are shown in figure 16. 

TaBLE XIX.—Average yields of spring-barley varieties grown at the Moro substation 
for the 5-year period, 1911 to 1915, inclusive, arranged in groups of related varieties. 

. 7 Yield Groups. C.I. No. per acre. 

1. Six-rowed (hulled): Bushels. 
TBYOM als Se iS sO Ce a as IDR SME Sh c's Sats ay Ae la Beta ne ora sae 190 28. 3 
Const. (Coimiuanionn (Cilhivoy saute) es ela eis llc mine NI eRUeiaS ris eave alec a ei 626 29.6 
(GHEMBRNTMIL Solos © eile Cte Seale os Aen ge eo a ae eA Lage Aol a ag 575 27.8 
MEEr Chatiret ae GMaTaTMERINOsal On eecite se. 2, Ve RE ie opera Eityabeiete im eva cere 576 29.6 
INT DTATONONE: Ge. 8 wih ee Sele are eieloinle NE Rats IRS Re eR (rc fly aes a ae eau ea a a SiS \ 261 34.3 
ETO TIC Crimea eye se ners silo oa ain ale cao aS ia became en ga i rhea oe Pe eR OO 29. 4 

Average... .- locos bod sec empahaStesHmbeer@aneSASusuaroueocaded suaumacrdbserocdaee ecocenmes 29.8 

2. Six-rowed naked (hull-less): | oho iP 
ISIO@I TEMPS aos seein boson e soe anes banyereepeaoses seconds doocsupsresedeaaadsar | 596 24, 2 
idlexelke JERE CUmnGiay, On es be teem emer Kian 366 yall emma aaa ae sae ae loo consmece a 26.0 

Average... Pn Sc ene DOSS EES HEADS EAC Papa mee 22. 8 

3. Two-rowed (hulled): err 
Whevaliereee esate eos 200 23.6 
Hannchen...- i 3252 
Hanna....- 26.5 
Mahan... 24.6 
SWORN, - oN SES Seo cit Ciera a aS ere mie eR eS Cs a oh re A 28.5 
White Smyrna 33.0 

Average 28. 0 

a Average yield for four years only, 1912-1915. The average yield of Black Hull-less (C. I. No. 596) in 
the same four years was 29.4 bushels. 

DESCRIPTIONS OF THE BEST VARIETIES. 

The 6-rowed varieties —The leading 6-rowed varieties, as shown in 
Table XIX, are Mariout, Coast, Oderbrucker, and Beldi. Heads of 
the first three varieties are shown in figure 16. 

The Mariout (C. I. No. 261) is an Egyptian variety which is char- 
acterized by a compact spike of the type often called club, although 
it possesses this characteristic to a lesser degree than the White Club. 

The kernel is somewhat coarse and the beard is not always entirely 
broken off in thrashing. It is an early, heavy-yielding variety in this 
section. 

The Coast variety (C. I. No. 626) is the common 6-rowed barley 
grown upon the Pacific slope and in the Columbia Basin. It 
is called by various names, such as Common California, Bay Brewing, 
and sometimes Blue barley. The spike is less compact than that of 
the Mariout, and in many localities the plant is somewhat taller. 
Like the Mariout, the awn is not entirely removed in thrashing. It 
is a large-kerneled, heavy-yielding variety. It has been grown for 
many years in the western United States and probably came origi- 
nally from Egypt. 

Beldi (C. I. No. 190) is another North African variety, which 
closely resembles the Coast. It is, however, slightly earlier, and the 
spike and straw are somewhat shorter. 
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The 2-rowed varicties—Of the 2-rowed varieties the Hannchen, 
White Smyrna, and Svanhals have given the best results. Heads of 
the Hannchen and White Smyrna barleys are shown in figure 16. 

The Hannchen (C. I. No. 531) is a 2-rowed variety, with a narrow, 
nodding spike. It was produced by the Swedish Plant-Breeding 
Association of Svalof, Sweden, and was a selection from Hanna. 
Throughout most of the northern United States it is somewhat earlier 
than Hanna and a better yielder. 

Fic. 16.—Heads of five varieties of spring barley grown at the Moro substation: A, Coast; B, Mariout;C, 
Oderbrucker; D, White Smyrna; 2, Hannchen. 

White Smyrna (C. I. No. 658) came originally from Asia Minor. 
It is a very large kerneled, 2-rowed variety, with a nodding spike. It 
has a very short straw, and for this reason often gives an unfavorable 
impression when first seen. It can be harvested successfully, how- 
ever, and is a very heavy yielding variety. It is early, stands 
drought well, and is well adapted to the Columbia Basin uplands. 

The variety Svanhals (C. I. No. 187) was produced by the Swedish 
Plant-Breeding Asscciation. It has a wide, erect, 2-rowed spike, with 
large kernels and a stiff straw. It very seldom lodges, and it gives 
satisfactory yields throughout most of the western United States, 
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but is hardly equal to the Hannchen and White Smyrna in this respect. 
This variety has been rather widely distributed under the name 
Swanneck, which is a translation of the Swedish name. 

COMPARATIVE VALUE OF WHEAT, OATS, AND BARLEY. 

Table XX gives comparative figures on the acre yields of three 

spring crops, wheat, barley, and oats, and the pound values and acre 

values of these crops. The price per pound is based on the average 
price of these cereals in Oregon on December 1 in the 10 years, 1905 
to 1914, inclusive, as given by the Bureau of Crop Estimates.' The 
average yields in this table are those obtained in plat tests at the 
Moro substation during 1913, 1914, and 1915. The average yields 
and the acre values for the leading variety of each crop in the five 
years, 1911 to 1915, inclusive, are also given. 

Taste XX.—Average acre yields of all spring wheat, oat, and barley varieties grown at 
the Moro substation in 1913, 1914, and 1915, and of the best variety of each for the 5-year 
period, 1911 to 1915, inclusive, with average values based on the average farm price of 
these cereals in the 10-year period, 1905 to 1914, inclusive. 

Average for all varie- Weare othe a 2 
ties, 1913 to 1915. Best variety, 1911 to 1915. 

Price 
Crop. per : 

pound. Yield Value Yield Value 
per per Name. per per 

acre. acre. acre. acre. 

: | | 

Cents. Pounds. Pounds. 
SpEeqbanleye epee eee ccs. 2. -- 1.23 1,572] $19.33 | Mariout...:..- 1,646 | $20.35 
SHOMING OB1S255 3 ac donSocogeceeecuenas 1.38 1, 485 20.49 | Kherson..._.- 1, 402 19.35 
SVoMMIMS, WLI Eos ou aoe cece queen aeeeeee nlseys. | 1, 296 17.50 | Early Baart... 1, 362 18.39 

Table XX shows that oats lead in value per acre of the three cereals 
for the three years, 1913 to 1915, barley being second and wheat 
third. 

There is little difference in acre value between the crops when only 
the highest yielding variety of each crop is considered. Both oats 
and barley, however, have given higher yields in pounds per acre 
than spring wheat, and the value per acre based on the 10-year aver- 
age farm price of these highest yielding varieties is highest for the 
barley, with oats $1 and wheat $1.96 per acre less. 

SPRING EMMER. 

Spring emmer has had a thorough trial at the substation. It is 
apparently less drought resistant than wheat, oats, and barley. The 
acre yields have been considerably less than those of most varieties of 
other spring grains. Spring emmer (frequently advertised as spelt 
by seed companies) is apparently not so well adapted to Columbia 
Basin conditions as either oats or barley. 

1 Statistics of principal crops. U.S. Dept. Agr. Yearbook, 1915, p. 423, 435, 441. 1916. 
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One variety (C. I. No. 1524) has been tested since 1911, and the 

highest acre yield has been 31.5 bushels of 32 pounds each. The 
average yield in the five years was 21.8 bushels per acre, or less than 
half the number of pounds per acre yielded by Kherson oats or 
Mariout barley in the same period. 

GRAIN SORGHUMS. 

Several varieties of the grain sorghums, including Manchu and 
White kaoliang, milo, feterita (Sudan durra), and kafir, have been 
tried, but with the exception of Manchu kaoliang all have been dis- 
carded. The cold spring weather in this section makes it difficult 
to secure good stands of most varieties of sorghums. 

The Manchu kaoliang has given the best results but the yields have 
not been large enough to recommend this crop for trial by farmers. 

Two varieties of broom corn have also been grown. Fair seed ‘ 
yields have been obtained, but the brush produced has been of poor — 
quality. 

SUMMARY. 

Cooperative experiments with cereals have been conducted at the 
Moro substation during the five years, 1911 to 1915, inclusive. 

Moro is located in Sherman County, in the north-central part of 
Oregon, on the rolling hills of the Columbia Basin, about 15 miles 
from the Columbia River. 

The elevation of the substation is approximately 2,000 feet. The 
soil and climate are typical of a large part of the Columbia Basin in 
Oregon and Washington. 

The average annual precipitation at or near Moro in the past 11 
years has been 11.35 inches. The average seasonal precipitation 
(March to July, inclusive) in the five years, 1911 to 1915, inclusive, 
was 3.83 inches. 

The average evaporation from a free water surface was 45.07 
inches during the seven months, April to October, inclusive, in the 
five years, 1911 to 1915, inclusive. 

The ratios of evaporation to seasonal precipitation and to annual 
precipitation are higher at the Moro substation than at the substa- 
tions at Nephi, Utah, or Moccasin, Mont. . 

The average frost-free period in the five years, 1911 to 1915, in- 
clusive, was 155.8 days. The average date of the last frost (32° F.) 

in the spring was May 2, and of the first frost in the fall, October 5. 
The average wind velocity for the years 1911 to 1915, inclusive, 

was 5.9 miles per hour. 
The experimental work with grains at the Moro substation in- 

cludes varietal testing and breeding, crop rotation, and tillage experi- 
ments. Only the results of varietal experiments with spring grains 
are reported in this bulletin. 
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Seventy-six varieties of spring wheat have been tested for two 
or more years. Early Baart wheat (C. I. No. 1697) produced 
the highest average yield, 22.2 bushels per acre, in the five years, 
191% to 1915, inclusive. The selection from Koola (C. I. No. 

2203-2) gave the highest three-year average yield, 27.7 bushels per 
acre, in the years 1913, 1914, and 1915. 

The average yield of 14 varieties of common and club wheat 
varieties in 1913, 1914, and 1915 exceeded the average yield of two 
durum varieties by 3.5 bushels per acre. The average yield of the 
highest yieldmg common wheat exceeded the average yield of the 
Pishest yielding durum wheat by 7.7 bushels per acre in the same 
period. 

Milling and baking tests of several of the sprig-wheat varieties 
erown at the Moro substation have been made by the Plant Chemi- 
cal Laboratory of the Bureau of Chemistry of the United States 
Department of Agriculture. These tests indicate that most of the 
varieties are as good as and some are better milling wheats than the 
Pacific Bluestem, which is the standard sprmg wheat of the Colum- 
bia Basin. 

Date-of-seeding experiments with Pacific Bluestem spring wheat 
indicate that seeding as early in the spring as possible gives the best 
results. 

Rate-of-seeding experiments with the Pacific Bluestem variety 
indicate that for early spring seeding about 5 pecks per acre is the 
best rate. For late seedmg 3 pecks per acre produced the highest 
yields. 

Of the oat varieties under experiment, the early varieties, like 
Kherson and Sixty-Day, have given the best results, though Siberian, 
a variety maturing in midseason, has given yields practically as high 
as the Sixty-Day and Kherson in a 5-year average. 

Forty-two varieties of spring barley have been tested, and 5-year 
average yields obtained for 13 varieties. The variety giving the 
highest average yield in the five years was Mariout, C. I. No. 261, a 
6-rowed form, yielding 34.3 bushels per acre. The 2-rowed forms 
White Smyrna and Hannchen produced average yields in the same 
period of 33 and 32.2 bushels per acre, respectively. 

Spring emmer has not given as good results as spring barley or oats. 
The grain sorghums have not produced profitable returns. Of the 

varieties tested, Manchu kaoliang is the most promising. 
The 5-year average acre yield in pounds of the highest yielding 

varieties of the three leading cereals was as follows: Wheat, 1,362 

pounds; oats, 1,402 pounds; barley, 1,646 pounds. 
Based on the 10-year average farm price of these cereals in Oregon, 

the acre value of wheat would be $18.39; oats, $19.35; and barley, 
$20.35. 
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INTRODUCTION. 

Orange and lemon trees in California are subject to a functional 
disturbance known as mottle-leaf, which in its advanced stages 
results in a marked reduction in the yield and quality of the fruit. 
The characteristics of mottle-leaf have been discussed in a recent 

1The writers take this opportunity to express their obligation to the University of 

California Citrus Experiment Station and Graduate School of Tropical Agriculture at 

Riverside for the courtesies and facilities extended during the course of this work, 

and to the growers who have placed groves at the disposal of the Government for 

experimental purposes and who have provided the labor and materials necessary for 

the prosecution of the field experiments. 
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paper? dealing with a field and laboratory study of the relation of — 
mottle-leaf to soil conditions. In that paper it was shown by statis- 
tical methods that the percentage of mottling in 120 orange groves 
studied was inversely correlated to the extent of 0.67 with the 
humus content of the soil, as represented by the organic matter ex-_ 
tracted with 4 per cent ammonium hydroxid and determined colori- 
metrically by comparison with a freshly prepared gravimetric stand- 
ard. In other words, one-half of the mottling is associated with and — 
is apparently due to a deficiency in the humus content. The in-~ 
vestigations of Schreiner and his colleagues, Shorey, Lathrop, and 
Walters, have demonstrated that the organic matter extracted from 
soil by an alkaline solution is a varying mixture of numerous organic 
compounds having widely different properties.? If the humus com- 
ponents which are active and perhaps essential in maintaining the 
nutrition of the orange trees could have been separated from the 
mixture, a still higher inverse correlation would probably have been 

obtained between the amount of these essential or active constituents 
and the percentage of mottling. The analytical difficulties involved, 
however, combined with the incompleteness of our knowledge regard- 
ing the active constituents of the humus, made such a procedure im- 
practicable. 

Mottle-leaf, however, is apparently not associated wholly with the 
low humus content of the soil. Groves which have been fertilized 

chiefly with manure and green cover crops are by no means always 
free from mottle-leaf. The evidence collected in the above-mentioned 
field survey indicated that the furrow system of irrigation and the 
intensive surface cultivation in vogue in these districts may be in 
part responsible for the deterioration of the groves. The present 
bulletin deals with an investigation of this phase of the problem. 
Special attention is given to a new method of citrus culture, which 
the writers have termed the mulched-basin system, in which the trees 
are irrigated by means of basins heavily mulched with organic ma- 
terial, the soluble organic compounds resulting from the decompo- 
sition of the mulch being carried by the irrigation water into the soil. 
The soil-moisture conditions and the yields under the mulched-basin ~ 
system and the furrow-irrigation system are compared, and the 
results of determinations of the rate of increase of the humus content 
of the soil under the mulched-basin system are presented. 

1 Briggs, L. J., Jensen, C. A., and McLane, J. W. Mottle-leaf of citrus trees in relation 

to soil conditions. In Jour. Agr. Research, y. 6, no. 19, p. 721-739, pl. H and 96-97. 

1916. 
2 Schreiner, O., and Shorey, E. C. Chemical nature of soil organic matter. U.S. Dept. 

Agr., Bur. Soils Bul. 74, 48 p., 1 pl. 1910. 

Lathrop, E. C. Protein decomposition in soils. In Soil Science, y. 1, no. 6, p. 509- 
532. 1916. 
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CULTURAL PRACTICE IN THE CITRUS DISTRICTS OF CALIFORNIA. 

Irrigation is necessary in all the citrus districts of California, the 

rainfall being confined almost wholly to the winter months. The 
location of many of the groves on high land near the foothills, in 

order to lessen the danger of frost injury, has necessitated pumping 
water to high levels, with a proportionate increase in the cost. The 

limited water supply and its high cost have in turn led to the nearly 
universal practice of maintaining a deep soil mulch throughout the 
grove during the summer months, in order to conserve the moisture 
supply as much as possible. 
The groves are usually irrigated through furrows about every 30 

days during the summer. Three to five furrows are made between 
the tree rows, extending through the mulch to the uncultivated soil. 
As soon as the soil is dry enough after irrigation to permit working, 
the furrows are closed and the mulch again established. In the 
Riverside district the furrows are not, as a rule, led under the trees or 
between the trees in the tree row, so that the soil in the tree row 
(nearly half the total area) receives no irrigation water directly. 
The lateral movement of water in many of the soils studied is so 
slight that the soil in the tree row receives very little water during 
the summer and often becomes very dry and hard. 

The feeding root system of citrus trees is usually shallow, and deep 
plowing results in a severe root pruning. It is perhaps on this ac- 
count that deep plowing is not more often practiced. Cover crops are 
sometimes grown during the winter, and these are plowed under if 
heavy; but the disk harrow is more commonly used to work manure 
and fertilizer into the soil. 

ACCUMULATION OF PLANT FOOD IN THE SURFACE SOIL UNDER FURROW 

IRRIGATION. 

The bottom of the irrigation furrow is usaally below the cultivated 
soil. The water is consequently apphed for the most part below the 
soil containing the fertilizer. During irrigation the water moves 
upward by capillary action from the bottom of the furrow into the 
surface soil containing the fertilizer, but there is little or no down- 
ward movement of the water through the fertilized layer of soil into 
the root zone. After irrigation the upward capillary movement of 
the soil solution continues for a time, the soluble salts being carried 
to the surface, where they are deposited as the moisture evaporates. 

The result is that the plant-food elements reach the root zone very 
slowly, the tendency being for the soluble constituents to accumulate 
in the cultivated surface soil, where there is practically no root de- 
velopment. It is only during the rainy season that there is any ap- 
preciable downward movement of the water through this surface soil 

into the root zone. 
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The accumulation of the soluble soil constituents near the surface 
is strikingly in evidence during the summer months in almost any 
heavily fertilized grove under furrow irrigation. The sides of the 
furrows and the surface of the ridges between the furrows will be 
found coated with a brown crust which closely resembles an ordinary 
“ alkali ” crust as seen in saline districts. This crust has been found 
by Breazeale to be so rich in soluble salts that it will kill young seed- — 
ling oranges or lemons, the seedlings sometimes dying overnight. — 
The soils of the area do not normally contain enough soluble matter — 
to bear any resemblance to “alkali” soils; but these surface crusts 
illustrate very strikingly the tendency under this system of fertili- — 
zation and irrigation of the soluble constituents to move into and 
accumtlate in the surface soil. 

PLOWSOLE. 

Furrow irrigation and intensive surface cultivation often promote 
the formation of a “ plowsole,” or incipient hardpan, under the soil 
mulch, varying in thickness from 3 inches to 2 feet. This layer 
of soil beneath the mulch frequently becomes so hard as to polish — 
under the point of the plow when the irrigation furrows are opened. 
A long time is required for irrigation water to penetrate it, and it 
offers a serious obstacle to the development of the roots of citrus 
trees. Deep plowing loosens the plowsole temporarily, but destroys 
the roots to the depth of plowing, and the plowsole soon forms again. 

ORGANIC MULCHING. 

The study of the cause of mottle-leaf led to experiments having 
as their object the development of a method of fertilizing and irrigat- 
ing citrus trees which would avoid the objections of the present sys- 
tem. The use of surface mulches of organic material, such as straw, 
manure, damaged alfalfa, etc., as a substitute for the intensive culti- 

vation was suggested in 1912 by one of the writers as a possible solu- 
tion of the problem.t A trial of the organic surface mulch was 
inaugurated in 1913 on a small field plat of lemons on the Limoneria 
Ranch near Santa Paula, Cal. Under date of February 24, 1915, 
Mr. James Culbertson, assistant manager of the Limoneira Co., re- 

ported upon this experiment as follows: 

You will doubtless remember our discussion ... a year ago last December 
when the possible value of mulching as a corrective for chlorosis was the topic. 

Upon reaching home I had three short rows thoroughly mulched, one with 

sawdust, one with bean straw, and the third with fairly well rotted manure. 

They were not in the worst affected areas. Later in the spring, in May, when 

1At a meeting of the California Lemon Club, at which this idea was advanced, Prof. 
H. S. Fawcett, of the University of California Citrus Experiment Station, reported an 

orange grove on an island near the eastern coast of Florida that for many years had 

been successfully operated under the mulching system without cultivation; and he has 

since observed the organic mulch in use in Cuba. 
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Prof. Faweett had returned from a trip to Florida and Cuba and brought back 

reports of having seen very marked recovery of trees, apparently similarly 

affected, brought about by heavy mulch, we selected six rows 49 trees long 

through the very center of our worst affected area. We first plowed the ground 

and, after running three large furrows for irrigation, covered three of these 

rows, spaces and all, with manure and three of them with bean straw to a depth 

of 4 to 6 inches. From the road in the valley below looking up toward the hill 

slope where this orchard lies one can see these six rows standing out in contrast 

like a belt of green ribbon across a yellow background. It is remarkable, and 

all in nine months. Later observations from the near-by hills reveal the fact 

that the small tract mulched over two years ago is also darker green than the 

surrounding orchard, though the contrast is not so great, because it lay among 

healthy trees and was itself a group of normal trees.’ 

While surface mulching of orchard trees in humid regions with 
organic material has long been practiced on a small scale, it has not, 
in the United States at least, been followed to any great extent. The 
results of recently reported investigations in Pennsylvania by Stew- 
art ? indicate, however, that surface mulches of strawy manure, alfalfa 
hay, or other organic material may be used with advantage and profit 
in the culture of apples on a commercial scale. Stewart summarizes 
his investigations in part as follows: 

In general the mulch treatment, reinforced by outside materials, has been 
most efficient in improving the yield, growth, and average size of fruit in 

orchards up to about 20 years of age. In older orchards it has been surpassed 

slightly by tiHage and cover crops, unless accompanied by adequate fertilization. 

It has also been most efficient in conserving moisture in all cases that have been 

determined. 

The crop value of the present mulch has averaged 763 bushels per acre 

annually in the seven normal comparisons available. Its annual gain over 

tillage and cover crops has averaged 15.8 bushels per acre in the same experi- 

ments. The mulch is therefore a valuable treatment when properly managed 

and when mulching materials are available at not over $7 per ton, unless 

tillage is not practicable. All mulches should be kept at least a foot away from 

the tree trunks, and a greater distance is desirable as the trees enlarge. 

Faweett,? of the California Citrus Experiment Station, has re- 
cently made the following observations regarding the use of organic 
mulches in citrus groves in Cuba, where the distribution of the rain- 
fall is similar to that in Florida, the greater part occurring during 

the summer months: 

At Herradura, Prof. F. S. Earle showed the writer a grapefruit grove on clay- 

loam soil underlain with stiff clay, where part of the grove had been mulched 

1 As this bulletin is going to press Mr. Culbertson informs the writers that the six 

rows of mulched trees yielded 36 per cent more fruit in 1916 than the adjacent six rows 

of unmulched trees, although at the beginning of the experiment the rows selected for 

mulching were the lowest yielding rows in the block. At the present time (winter of 

1916-17), however, the mulched rows are again becoming yellow, so that the future 

success of the surface mulch is still uncertain. 

2 Stewart, J. P. Cultural methods in bearing orchards. Penn. Agr. Exp. Sta. Bul. 141, 

28 p., 4 fig. 1916. 
3FRawcett, H. S. A comparison of some citrus conditions in Florida, Cuba, and 

California. Jn Mo. Bul. Cal. State Com. Hort., v. 5, No. 9, p. 321-837, fig. 108-117. 

1916. 
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all over the ground. The soil in this orchard was uniform, and the trees were 

all of the same age—seven years. Part of the rows had been heavily mulched 

all over the ground with vegetable matter, grass, and weeds for three years, 

part of it for two years, part for 14 years, and another part for nine months 

only. A few rows in the middle of the orchard had not been mulched at all, 

but had been plowed and cultivated to conserve moisture during the dry 

season, during the whole period of seven years. The difference between the 

mulched and unmulched trees was very marked and almost beyond belief. 

The trees mulched for three years past without cultivation had foliage of 

good color, were vigorous, comparatively free from scale insects, bearing a 

large amount of smooth-skinned, bright fruit, and the trees were two to four 

times as large in diameter of trunk and two to four times as large in spread 

of branches. The trees were also free from chlorosis. On the unmulched tract 

the trees were small, stunted, with small yellow, starved-looking leaves, with 

limbs dying back, and with only a very few fruits, these being russeted and in- 

ferior in quality. There was at least four to six times as much fruit on the 

mulched as on the unmulched trees. The trees mulched for two years instead 

of three also showed a proportional improvement. Even the trees mulched for 

only nine months showed marked improvement in color and the amount of the 

last new growth. The improvement in this orchard was in definite proportion to 

the length of time the soil had been covered with vegetable mulch. 

At Santiago de las Vegas on heavy, red, sticky soil, Mr. H. A. Van Herman 

had been mulching heavily all over the soil for the last five years and had 

stopped cultivating entirely during that time. Previous to that he had prac- 

ticed deep and frequent cultivation, and the trees were said to have gone back 

rather than forward. Since beginning this heavy mulching, the trees have 

grown rapidly, are healthy and green in appearance, and have on them a 

large crop of fruit. Mr. Van Herman was one of the first to advocate heavy 

mulching all over the ground as a general practice in Cuba. He is con- 

vinced that it is the proper practice for most soils in a climatic condition like 

that of Cuba. 

Some excellent groves were seen, however, on red clay soils, and also on deep 

clay-loam soils where a system of nearly clean cultivation was used, plowing 

in large amounts of organic matter and fertilizing liberally with commercial 

fertilizer. Many growers were placing a vegetable mulch directly under the 

trees, but cultivating and raising summer cover crops between the rows. 

Dr. Felix Lohnis, of the Bureau of Plant Industry, informs the 
writers that a permanent organic mulch is often employed in the 
culture of fruit trees in Germany, especially along the roadsides. 
Leaves, straw, manure, and other organic material are used for this 
purpose. Coarse peat is also extensively used as a mulching ma- 

terial in districts where it is available. 

THE MULCHED BASIN. 

In 1913 an opportunity was presented to lay out an experimental 
tract in a commercial orange grove at Sunny Mountain, near River- 
side, Cal., to test further the effect of mulching without cultivation. 

At this time it was decided to combine mulching with a basin method 
of irrigation, and accordingly each tree in the section of the grove 
selected was basined by throwing up dikes 6 to 8 inches high midway 
between the tree rows in both directions, so that each dike formed a 

+ 

| 
; 
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common division bank of two basins.t. These square basins were 
mulched with manure in 1913, and in 1914 they received another 
mulching of manure (25 to 30 cubic feet per tree) and about 75 
pounds of barley straw on top of the manure. In the summer of 
1915, each basin received 14 bales of damaged alfalfa hay. 

The experiment included three rows of 16 trees each, making 48 
trees in all, or approximately one-half acre. The irrigation water 
was applied by turning the water into the upper basin of each row 

separately and allowing it to overflow into the next basin below, and 
so down the entire row. This method of irrigation was found, 
however, to be unsuitable to the deep sandy loam soil of this tract. 
The upper basins were under water too long a time before the lower 
basins were irrigated, and the water at the upper end of the row 
penetrated the subsoil below the zone occupied by the principal feed- 
ing roots of the trees, resulting in waste. In order to exercise both 
control and economy of irrigation water, it is necessary to run a 
furrow down the entire length of the row just outside the basins, so 

that each basin can be irrigated separately. This procedure was 
subsequently adopted and is the one usually followed by growers who 
are installing mulched basins on a commercial scale. 

MOISTURE DETERMINATIONS IN THE SUNNY MOUNTAIN GROVE. 

At intervals during 1914 duplicate soil samples were taken to a 
depth of 7 feet in two basins near the upper end of the middle row 
of basins, and similar samples were taken in two basins near the 
lower end of the same row, the two outside basined rows being consid- 
ered as guard rows. Similarly, duplicate samples were taken in the 
furrow-irrigated part of the grove two tree rows distant from the 
basined tract, the trees selected for sampling being opposite the 
basined trees sampled. 

In Table I are given the results of moisture determinations made 
in this experimental tract during the seasons of 1914 and 1915. In 
1914 the total moisture averaged about 3.7 per cent higher in the 
basins than in the check. The moisture available for growth in the 
first 3 feet of soil in the basins also averaged 3.8 per cent higher than 
in the check, being an equivalent of approximately 4 miner’s inches 
per acre flowing 24 hours. It will also be noticed (sec. C) that while 
the first 3 feet of soil under the basins never dried down to the 
wilting coefficient, the first 3 feet of soil in the check dried out below 
that percentage three times during the two years, and at four other 

1 While the mulched basin was developed independently by the writers, we have 

since learned that Mr. J. R. Hodges installed several mulched basins in a grove at 

Covina, Cal., at an earlier date (1911). So far as the writers know, this was the 

first use of the system. 
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periods during the two seasons the wilting coefficient was nearly 
reached. In other words, the trees in the check were wilted three times 
during the two summer seasons, while the trees in the basins never 
wilted. It will be seen from a comparison of sections C and D that — 
this wilting took place with available moisture in the fourth foot 
of soil. 

TABLE I.—Average percentages of total and available soil moisture in the Sunny 
Mountain grove, California, in 1914 and 1915. 

{Notr.—A miner’s inch of water flowing 24 hours will increase the moisture content of an acre of soil approx- 
imately 1 per cent to a depth of 3 feet.] 

Before Before | After irrigation. | Before 
irriga- irriga- irriga- 
tion, Sept. 2. tion, tion, Rison 

Aug.15. Sept.21.| Oct. 6. | Nov. 4./Nov. 30. 7 
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8.6 

C.—Avyailable in the first 3 
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Soil treatment, 1915. 
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Cee in the first 3 
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9.1 
D.—Avyailable in the second 

3 feet: 

oo 

_ 

we orc 

3. 8 
3 3 bore 00 co 

3. 
2. © 00 NICK wont 

1The mulched treatments were with basin irrigation; the cultivated, with furrow irrigation. 

SOIL-MOISTURE MEASUREMENTS IN BASINS, UNDER COVER 
CROPS, AND UNDER A SOIL MULCH IN THE VIVIENDA GROVE. 

In the spring of 1915 a more extended series of experiments was 
started in an orange grove on sandy loam soil in the Vivienda tract, 
near Riverside. This soil is a little heavier than that of the Sunny ~ 
Mountain grove. 
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The treatments included (1) spreading manure broadcast in the 
irrigated space between the tree rows and disking it in; (2) burying 

the manure in a circular trench 18 inches wide and 12 inches deep, 
located under the drip of the tree; (3) applying the manure as a 
surface mulch in the basin, which was approximately 15 feet in diam- 
eter, with the tree in the center; (4) trenches containing alfalfa in 
place of manure; (5) basins mulched with alfalfa in place of manure ; 
(6) sweet clover as an irrigated cover crop between the tree rows; 
(7) barley as an irrigated cover crop; and (8) the usual disk culti- 
vation and furrow irrigation as a check. The treatments were also 

repeated with the addition per tree of about 100 pounds of flue dust 
from the neighboring cement works, having the following compo- 
sition (analysis by J. F. Breazeale) : 

Per cent. 

Carcimmercanhonates 2. kU ee ee ee eae 53. 40 

(CH Cv: CO DSTI Us aa ee ee Pie eG 

Calciumesulphate se os Soe Soe See eee ee 8. 89 

hosphoricwacid: (2:0;)) 2-222 a ee DSS Sees 4 Se .18 

HO LAS Hep Ole ©) eee ieee ete es Sa eg ee eerie et as er 95 

HmsoluplemGineailuce EC) 2" 5 See ee ee 18% 76: 

Twenty cubic feet of manure per tree were used in each of the 
manure experiments, and one bale of alfalfa per tree (about 125 
pounds) was used in each experiment with alfalfa. A row of orange 
trees (about 48 trees) was used for each treatment, and each alter- 
nate row was left untreated as a guard. 

TABLE I1.—Average percentages of total soil moisture to a depth of 3 feet in the 
Vivienda grove, California, in 1915. ; 

Dates of sampling before and after irrigation. 

oO ao oO b> yb rv . re) . ° . ° 
‘ q qa q As + toa) icy ~ » =) ~ 

Soil treatment. 2s 12 alee 5 | |8 S Soe WS 

Sue a ee ee em kee re. ee | ceniee eo 
& © & EB & o & Ss & oS Pa S 
< aa) < (aa) <4 —Q < faa) < faa) < aa) 

Manure: 
Surface disked....-..-- 12525 Pe9) 1428745 480, esd as ha) on Ae fe (2) ee bee ee | ee 
Same, plus lime....-..- TOTES} EO Ce rehab |) G81) ORGS eGay al (OG esse bossee| Sesacs 
Mrencheds staan IDE exeen (bey Weel Gs || 65831) LORI Paseo) | lsaeane Geena bones 
Imibasinseeseeeee ese... 125951) 90) | 1259) | 922) | TL6 | 825 -) 12525) “851 | 1223 7.8 | 12.8 6.3 
Same, plus lime....-..-|....-. 10.0 | 14.4] 9.0/ 12.8] 9.2] 14.8] 9.4] 13.7] 7.8 | 14.1 8.6 

Alfalfa: 
renchedee essa ce WAR OM ON 2 4281 NOE espa qe 40 seco ae meas Ollie (CE) en| sens celeetcs ae eee 
TAD ASIS Sees cee. DAS Gels Mb 22 | Sarid heros Manco ede ep a Mid Sul leede | iGaSiiel4eO 6.2 
Same, pluslime.-......|.....- 10.6 | 13.8 | 10.4 | 12.8 | 10.3-| 13.5 | 9.8} 13.9} 9.7 | 12.3 9.7 

Sweet clover: 
COr@PORO) DS: Seseaconaes TBM Ga ae ea eS aT GO| (OY a eee ee eee eeoo eooded beaoce 
Same, plus lime ..-..--. SEG 0) S85 a 40 Vara ee beau ie (Rial ee oe selec aos oom al omens eee ae 

Barley: 
WOVenChops pistes ose PQS Qi NG side (eda 6 ced | ti CL) pe | Reeeeee cre pe re ee [ers nea | Oe LE eee 
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68279°—Bull. 499—17 2 



10 BULLETIN 499, U. S. DEPARTMENT OF AGRICULTURE. 

Table II gives the percentage of total moisture found in the soil 
under the various treatments. The trees in the trenching experi- 
ments were irrigated by running a furrow over the trenches, the 
assumption being that the water would follow the trench encircling 
the tree base. The basins were irrigated separately from a furrow 
along the sides, and the cover crops and disk-cultivated tree rows 
(including treatments 1, 2, and 8) were irrigated by furrows in the 
usual manner. 

The trenches did not take up much water after the first two irriga- 
tions. The soil samples were taken directly in the trench, but 90° 
from the point of contact of the trench with the irrigation furrow, 
so that to reach the point of sampling the water would have had to 

move about 7 feet in the trench. These trenched trees were later 

basined, as they were not being properly irrigated, owing to the 
packing and decomposition of the organic matter in the trenches. 

The barley did not make a strong growth and when nearly mature 
was from 18 to 20 inches high. It was disked into the soil in the 
latter part of July. The sweet clover was at first slow in growth, 
but by the middle of August it was 2 to 3 feet high. It was then 
disked in and the trees basined. 

The results in Table II show that the use of the summer cover 
crops, especially sweet clover, resulted in a marked reduction of the 
water content of the soil compared with the other treatments. With 

the limited quantity of water available for irrigation in this dis- 
trict it is not practicable to maintain a suitable supply of organic 
matter in the soil by growing summer crops. The trees grown in 
conjunction with a cover crop in these trials also showed less new 

growth during the season than the trees under the other treatments, 
and the leaves were lighter in color. The cover crop, with its fine 

root system, secures so much of the water that the orange trees, 
which have a relatively coarse root system unprovided with root 
hairs, are bound to suffer. 

The effect of the different treatments in conserving the growth 
water * is shown in Table ITI, which gives the percentage of available 
moisture to a depth of 3 feet before irrigation, this being the critical 
moisture period. The basin treatment was most effective in the con- 
servation of moisture, the cultivated rows were next best, and culti- 

1Tt is well known that a crop can not remove all the moisture from the soil in which it 

is growing. The percentage remaining at the time the crop wilts varies greatly with the 

soil type. The wilting coefficient of a soil is defined as the moisture content of the soil 

(expressed as a percentage of the dry weight) at the time when the leaves of the plant 

growing in that soil first undergo a permanent reduction in their moisture content as the 

result of a deficiency in the soil-moisture supply. By a permanent reduction is meant a 

condition from which the leayes can not recover in an approximately saturated atmos- 

phere without the addition of water to the soil. The water in a soil in excess of its 

wilting coefficient is called the ‘‘ growth water; ” that is, it is the portion available for 

the growth of plants, 
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vation with a surface application of manure disked in appeared to 
be slightly more effective than cultivation without manure. The 
lower moisture content of the soil where lime was added is attribu- 

table to the fact that the lime was used on the lower ends of the rows 
and also to the fact that the slope of the land was slightly greater 
at the lower end of the tract, so that the lime treatments received less 
water. Incidentally, this brings out another important advantage of 
the basin system, namely, that all trees may be given the same 
amount of water regardless of the physiography of the grove. 

Taste II1.—Average percentages of available soil moisture to a depth of 3 feel, 
before and after irrigation, in the Vivienda grove, California, in 1915. 

[NotEe.—Minus signs indicate that the moisture content was reduced below the wilting coefficient] 

Before irrigation. After irrigation. 

Soil treatment. 3 3 eS as 4 3 S ee s Pe Pc es = 

¢ Bb oo = : mH 2 © be aA es s 

Sh) oS 3 Berl sohil|pe > S| i) oe | a | 
ams [con | Os ekoue med a oH ee ee] eB lve 

Manure: 
Surface disked....} 3.3] 2.7] 1.9] 2.4] (2) |....-. PED | Gs eh ees) 2 BG eb) eee 
Same, pluslime--| 3.6] 3.0] 2.5] 1.1] @) |-.-.... PEG) GSE ERE Ih OO PSU | (0D) |lesece 
Trenched........- D). || LGR WF TAT ey Bana ae sO) oe Gon | Ean) SSace 
inybasinSpeeesceee ASG iA ole etssrsy| 2:9) |) 29) An Sele ee ve2i eveeal) (Oso) |) 10n01)) O58: |pehere 
Same, pluslime..| 4.3] 3.4] 3.4] 4.0] 24] 3.0] 3.4]...... AN EO | SEB VAR | ZO 

' Alfalfa: 
Trenched.......-- ANI Onde =O! Qy|220\4 |) ()) yale Bh G2 | QO |) yee EL NG) ssese 
In basins.....-.-- 4.2) 2.8] 2.4) 2.1 1.6 gS ZEB) bal OA OO) SESE) GEOL 267 
Same, plus lime..} 4.5] 4.3) 4.0] 4.1] 4.1] 3.9] 4.2 ]..-..- CERN GST Be] | 068 4 

Sweet clover: 
Cover crop.....--- 1.8 a4 ee RD EHR) euleeos alesse WN GEO tala ye Eb) dsesoae boars 
Same, pluslime..| .4 |—2.4|—.7] (4) |....--]------ S50 GEO ERO) lbedcbs Baass 

Barley: 
Cover crop...-.--- OM enaeceily (Lire! actos ic) aw sects latte ee Dll eG 54e! |S e85ou lie) len | eee el eeeee| aaeee 
Same, pluslime..| .5 of: k: (OEE eaGseel based ladasce mel eno ae eae 7/25 | ia(L) ell eens sees 

Disk cultivated....... 3.4 | 2.4 CAR be PC) ealleessac GO| Yertals Ch ERE Sy OMI CDs | Reese 
Same, plus lime...... 2.9) 1.9|—.3|—.8]| @) |------ SOE Gs Ca EBBu I olla Pa TAINED) Scece 

1 Basined. 

BASIN AND COVER-CROP EXPERIMENTS IN THE VICTORIA 

GROVE. 

Another series of experiments was also begun in the spring of 
1915 on the Victoria tract, near Riverside, Cal., the soil being a red- 

clay loam with granite rock 3 to 4 feet below the surface. The upper 
layer of this granite to the depth of a few inches is sufficiently de- 
composed to be removed with a soil tube, but below this the rock is 

very hard. 
The treatments in this grove, which were practically the same as 

those just discussed for the Vivienda grove, are given in the first 
column in Table IV,1 which shows the average moisture content to 
a depth of 8 feet. The moisture available for growth before and 
after each irrigation is shown in Table V. 

1 The check row given in Table IV was not cultivated, and conditions were such that 

another row for a cultivation test was not available. 
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TasLe 1V.—Average total percentages of soil moisture to a depth of 3 feet in 
the Victoria grove, California, in 1915. 

{(Note.—The first four treatments were not irrigated between April 22 and June 10. The last six 
treatments were irrigated on May 20.) 

Dates of sampling before and after irrigation. 

Soil treatment. After, |Before,| After, |Before,| After, |Before,| After, |Before,| After, |Before, 
Apr. | June | June} July | July | Aug. | Aug. | Sept. | Sept.| Oct. 
22. 10. 22. 12: 26. i 25: 13. 17. 12. 

Alfalfa: 
Inbasins a. oases EQ a MLZ Shale on eLOSGN ee onOme duno 15.7 10.5] 14.5 ule 
Same, plus lime........... Ue) PRG Gy ba be ali || BLO |) rial) 12.5 

Manure: 
Nvbasins2=2. sass ee ee eee 16.4 8.9 | 13.1 9.2] 17.8 11.8 17.4 10.3 17.1 11.9 
Same, plus lime .......... 17.7 FON L229 LOS V7 2500 16798 me ne epee 12.8 

Sweet clover: 
Cover crop. 28sehe-2 sess | Seeeece 13.4] 14.6 7.0} 10.5 Boa HO) iad oniooa neo 2a> iacdsoe 
Dame; plusilime esses sees leesoser 13.1] 17.6 8.0] 10.2 BO 109) |eaascodlesascce possess 

Barley: 
Covencro Dies ce ssececee ster leceeeee WEBS Wee! 7.4 @): Use. 26.6] 2ons Sal Pees beeen late smal 
Same plusilimessercs seed eee eee LEON Lok Gt a (iat CO Rl Gpbieisod seevoscc) |oocaemdl|-aocccclloSso5cas 

Wncnltivated ee ee ae 14.5] 14.3 9.0 9.6 (ay 15}.8) 8.0 8) Sapeecc 
Hames plusilime sere sees sean seeneee 13.4 | 11.6 9.3) 11.9 8.2| 13.7 Yh (C5) sesesos 

1 Basined. 

It is apparent from Table IV that the greatest reduction in mois- 
ture took place under the cover crops, the loss being greater than 
from the uncultivated row. This is brought out more clearly in 
Table V, which gives the amount of available moisture in the sur- 
face 3 feet of soil before irrigation, the critical moisture period. 
This table shows that the mulched-basin system is the only one that 
retained available moisture at all times. In all the other treatments 
the moisture content at some time during the summer was reduced 
below the wilting coefficient. This deficiency in the moisture supply 
in the case of the cover-crop tests was also shown by the appearance 
of the trees, which wilted badly during the summer before the 
irrigation periods came around. 

TABLE V.—Average percentages of available soil moisture to a depth of 3 feet, 
before and after monthly irrigations, in the Victoria grove, California, in 
1915. 

Before monthly irrigations. After monthly irrigations. 

Soil treatments. 
June | July) Aug. | Sept.| Oct. | Aver-| Apr. | June | July | Aug. | Sept. 
10.1 12. 13. 13. 12. || age. | 22: 22. 26. 25. 17. 

Alfalfa: 
imibasins® wees ceee eeeceriae CW EV ROWER Ea lA PRO a PGI a 7/ || (322) “74! 5.8 
Same, plus lime....-.---....- 4.4 2, 9)|) B30 3.8) 4.1 3.7 9.0| 7.4 9.7 9.7 9.0 

Manure: 
Jan DASINIS se ee eRe ee -Al 9 3.1 Gy BhP 1.8 6.5 4.2) 8.5 9.1 8.3 
Same, plus lime.............. Bey (ee a PSS PAN See PHO IER Bis 15 KO) |) eal ys aka! 

Sweet clover: 
CoverniCropeeacneese seer eee 5.0 |—1.0 |—2.4] (2) |...... 5 Saeeee Gi LOSR Ss (2)) || cee cee 
Same, plus lime-........-.-.. 4.5 |— .4 |—3.0} (@) |.-..-- A ae CHW ot) (Cy Weeee ce 

Barley: 
COVELICIODR eee erence cares! 3:3 |=" 8i eC) beet leer eee 139] es P73 en) eee eae 
Same, plusdime.._..--5-...-. 3.4) }—2)'6) |) "(2) a beso oe sete Bal een gy NT 2) cl Metal facie 

Uncultivated ee eee 5.8 4 |—-2.0/— .7] (?) Sl aera Re ye abet Ref We) 
Hamie, plus mene. e-. ses sees sees 4.3 -6 Su 9} () LG Se eee 2.4] 3.0} 5.1] (@) 

1 ee et previous irrigation of basins was given on April 22; other treatments about May 20. 
2 Basined, 

te ae 
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FURROW IRRIGATION OFTEN NOT ADEQUATE. 

The furrow system of irrigation often fails to provide the moisture 
necessary for good growing conditions for orange trees in the heavier 
types of soil. ‘This was strikingly shown during the season of 1915, 
many orange groves wilting between irrigations. At one time dur- 
ing the summer a grove adjoining the Victoria grove showed wilt- 
ing for several days before irrigation. Soil samples were taken at the 
time to determine the percentage of moisture present. The results 

are shown in Table VI, the moisture-determination figures represent- 
ing the average moisture content to a depth of 3 feet of soil. 

Taste VI.—Moisture conditions under wilted orange trees. 

Av rage moisture. 

Moisture | Wilting pi 
Condition of leaves. equiva- coeffi- 

lent. cient. : Availa- 
In soil. bles 

Per cent. | Per cent. 
Aliinieavesion' treeibadliyswilted sss... sce. cece cece eee ue cen 15.6 8.5 6.9 —1.6 
Leaves on top third of tree badly wilted, lower two-thirds not 
Will Ge clea ee ieta Seva eterna ley cisloisaes ah wine sieieiele ot A icbiestaneenemeeeee 15.1 8.2 Toa —.1 

The moisture determinations include the dry surface soil, which 
through surface evaporation dries out to about one-half the wilting 
coefficient, so that the average moisture content of the 3-foot section 
is about nine-tenths that of the soil actually occupied by the tree 
roots. The second tree mentioned in Table Vi had been wilted for 
several days preceding the sampling. These observations on heavy 
soil and similar observations on light soil show that the wilting 
coefficient determined indirectly from the moisture equivalent of a 

soil agrees satisfactorily with direct determinations made in the 
groves. 

LATERAL MOVEMENT OF SOIL MOISTURE VERY SLIGHT. 

The lateral movement of moisture in the heavy soils of the Vic- 
toria tract is very slight. After an irrigation considered suflicient 
to last about 28 days, the moisture was found to have penetrated 
laterally only about 18 inches from the irrigation furrow. In other 

words, there is practically no lateral movement of water toward 
the tree, the feeding roots being confined to the soil below the irri- 
gation furrows. 

The lateral movement of water was also found to be very slight in 
a basined grove at Redlands located on the same type of soil as the 
Victoria grove just discussed. Soil samples were taken on May 26, 
before the first spring irrigation, and the day after the grove was 
irrigated samples were again taken within a few inches of the first 
samples. Alfalfa was being grown in the furrows between the 
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basins to supply mulching material. The basins in this grove were 
small and were separated in the tree row by spaces about 4 feet in 
width. These spaces between the basins were bare and unirrigated, 

the usual practice. The results of the moisture determinations pre- 
sented in Table VIT show no lateral movement of soil moisture from 

the basins into these spaces during irrigation. 

TABLE VII.—Available soil moisture before and after irrigation in an orange 
grove having alfalfa growing in the furrow rows at Redlands, Cal. 

Available moisture before Available moisture after 
irrigation (per cent). irrigation (per cent). 

Between Between 
Depth. In basins in In basins in 

In alfalfa | tree rows, In alfalfa |tree rows, 
basins. | furrow about 2 | basins. | furrow | about 2 

TOWS. feet from rows. | feet from 
basins. basins. 

irst Toot seca ck ewes ee oo ee ee eee ee 4.2 leds 0.9 7.4 4.9 —0.7 
Secondiootns <-e eae eee aa mene 4.8 — .6 1.8 6.4 8 1.1 
MIC GOO ssa wae een ene seen 5.1 ut Dil a5 1.0 2.4 
OUT TOO bss sae sees ey ua eta ee 4.3 4 2.9 4.9 1.9 3.1 

Average vee aap sccenerimee ee eeooee 4.6 — 4 1.9 5.6 2.2 1.5 

SUMMER COVER CROPS IN ORANGE GROVES NOT PRACTICABLE 

WITHOUT AN INCREASED WATER SUPPLY. 

The moisture conditions in the alfalfa furrow rows as shown in 
Table VII are quite typical of conditions found in other orange 
groves with alfalfa growing between the trees. In 1914, soil samples 
were taken in three groves of this kind after irrigation, and the 
moisture had penetrated only from 10 to 30 inches after a two or 
three days’ run of water. The large amount of water removed by 
such crops and the bad effect on the orange trees of the competition 
with the cover crop have already been mentioned in connection with 
the experiments in the Victoria and Vivienda groves. With the 
amount of water usually available for irrigation in these districts 
(1 miner’s inch to 5 acres), no summer cover crop of any kind can 
be grown in citrus groves in the areas studied without causing dete- 
rioration of the trees. Instances were found where summer crops, 
such as buckwheat and sweet clover, were grown quite regularly, 

but in these cases there was plenty of water available for both trees 
and cover crop. 

ORGANIC MULCHES MORE EFFECTIVE THAN SOIL MULCHES IN 
CONSERVING WATER. 

Four cylindrical cans 24 inches high and 18 inches in diameter 
were filled with soil from the Victoria grove on June 25. ‘The soil in 
the different cans was treated as follows: (1) Surface soil kept 

i 
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mulched, (2) surface soil left undisturbed, (3) seeded to barley, 
(4) covered with about 2 inches of alfalfa mulch. The soil con- 
tained 19.2 per cent of moisture when the cans were filled. The cans 

were weighed from time to time to determine the moisture loss, but 
only the final results need be given here. On August 3, 38 days 
after the initial weighing, the moisture content of the soil in the 
different cans was as follows: (1) Surface soil mulched, 14 per 
cent; (2) surface left undisturbed, 10.1 per cent; (8) seeded to 
barley, 3.1 per cent; (4) mulched with alfalfa, 18 per cent. The 

soil seeded to barley had reached the wilting coefficient by July 16, 
21 days after the seed was planted. 

These results show the relative effectiveness of a soil mulch and 

an alfalfa mulch in retaining moisture. The soil under the alfalfa 
mulch had lost but 1.2 per cent of moisture, while the soil under the 

dust mulch had lost 4 per cent, or over three times as much as the 
alfalfa-covered soil. The soil mulch in this test was, furthermore, 
kept in a much more effective condition than is practicable in a 
grove. 

EFFECT OF BASINING ON TREE GROWTH. 

THE SUNNY MOUNTAIN GROVE. 

On the light soil of the Sunny Mountain experimental grove it 
was nearly a year before any very noticeable change occurred in the 
appearance of the mulched trees, but during the autumn of 1914 there 
was a distinct advance in the new growth on the trees in the basins as 
compared with the check trees. 

The grove was badly infested with scale, for which it was fumi- 
gated in the fall of 1914, at a time when the new growth on the 

basined trees was well advanced. The basined trees, on account of the 

larger amount of new growth, were injured more by the fumigation 
than the check trees, but the trees soon recovered and again grew 
faster than the check trees. The beneficial effect of the mulched-basin 
treatment was also plainly in evidence on the untreated rows of trees 
immediately adjoining the experimental tract, showing that the root 
systems extend laterally to adjoining tree rows when conditions are 

favorable. 

THE VICTORIA GROVE. 

The portion of the grove used for these experiments had been pre- 
viously used as an experimental plat and had received sodium nitrate 
only as a fertilizer for four years. This experiment was terminated 
in 1918, and the plat was manured in 1914. The trees were in an un- 
thrifty condition in 1914 and 67 per cent of the leaves were mottled. 
The trees were heavily pruned in the winter of 1914-15, so that the 
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mottle-leaf was not so conspicuous as it had been previous to pruning, 
but the trees had made no visible response to the change in treatment. 

A row of trees was basined in the latter part of April, and by the 
latter part of July, a little over three months, there was a remarkable 
improvement in the appearance of the basined row compared with 
the check trees. There was a vigorous new growth of leaves, which 
were large and velvety in texture, dark green in color, and almost free 
from mottling, while the new leaves on the trees in the check row 
were small and yellowish, more or less mottled, and never developed 
normally. The accompanying photograph (PI. I) was taken about 
the middle of July and shows clearly the improvement in growth and 
color of the basined trees. 

THE VIVIENDA GROVE. 

The basined trees in this grove did not respond to the mulched- 
basin treatment as rapidly as the basined trees in the Victoria grove, 
but by the fall of 1915 there was a very distinct improvement in the 
appearance of the basined trees when compared with the check trees. 

THE MULCHED BASIN IN RELATION TO SOIL TYPE. 

The early response of trees on heavy soils to the mulched-basin 
treatment appears to be due to the more uniform moisture condi- 
tions under the mulch and also to the fact that more available mois- 
ture is present in the basins than under the furrow method. The 
heavy soils of the Victoria groves in general do not take water well, 
and there is very little lateral movement of water from the irrigation 
furrows. Soil samples taken 18 inches from a furrow immediately 
after irrigation frequently showed no increase in moisture due to 
irrigation. It appears, therefore, that under such a furrow system 

of irrigation, unless the number of furrows is greatly increased over 
the usual number, the heavy soils are not thoroughly irrigated, so 
that a considerable portion of the soil is devoid of available moisture 
during part of the irrigation season. 
On the other hand, sandy loam soils, like those of the Vivienda 

and Sunny Mountain groves, take water more readily, so that after 
an irrigation the moisture content of these soils is more nearly uni- 
form and the available moisture is higher than in heavier soils under 
furrow irrigation. The trees in the groves on the higher soils, 
therefore, do not suffer so much from lack of water under the fur- 

row method of irrigation as the trees on the heavier soils. 

Table VIII shows the available moisture after irrigation in the 
Vivienda (sandy loam) and Victoria (clay loam) groves. The sandy 
loam soils show more available moisture after irrigation than the 

ee ee ae 
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clay-loam soils where cover crops are grown or where the soil is 

cultivated. On the other hand, under the basin system the heavy 
soil has a little more available moisture after irrigation than the 
sandy loam soil. 

TasBLE VIII.—Average available soil moisture to a depth of 3 feet in sandy 
loam (Vivienda grove) and in clay loam (Victoria grove) after irrigation. 

: Cla Sand : Clay | Sandy Soil treatments. Bae: 1 eaee Soil treatments. isan | gant 

Manure: Per cent. | Per cent. || Sweet clover: Per cent. | Per cent. 
ingbasinssese sees cece 6 6.9 Covencropeeerieene sae se 4.2 8.2 
Same, plus lime........-- 7.6 7.9 Same, plus lime........-.. 5.2 6.7 

Alfalfa: Barley: 
Im¥basins ewe sees ce sae 6.6 6.0 Covericropeeren cess sece- Qn 7.5 
Same, pluslime.....-...-- 8.8 7.3 Same, plus lime.......... 1.4 6.5 

Cultivatedteeteeseaecceceaece- 4.0 6.5 

Where groves are planted on heavy adobe soils, as is the case with 
some groves near Whittier, the use of the mulched basins has been 
found inadvisable. Heavy adobe soil swells when thoroughly 
moistened, and in this condition is practically impervious to water 
and to air. In the case of heavy adobe soils (derived from Pierre 
shale) on the Bellefourche Reclamation Project in South Dakota, 
it has been observed that the irrigation is effective only so long as 
the shrinkage cracks are in evidence. The water is distributed 
through the soil by means of these openings, and when the adobe 
has swelled sufficiently to close the cracks the soil will take no more 
water. The use of mulched basins on heavy adobe results in a more 
nearly uniform moisture condition at the surface and prevents the 
development of surface cracks. These fissures appear to be essential, 
or at least desirable, for the proper irrigation and aeration of heavy 
adobe. On the same ranch near Whittier, Cal., where the difficulty 
with heavy adobe was encountered, lemon trees on soil of a less pro- 
nounced adobe character have shown a most favorable response to 
the mulched-basin treatment. 

EFFECT OF THE MULCHED BASINS ON SOIL CONDITIONS AND 
ROOT GROWTH. 

In all the experiments carried on with mulched basins having an 
area as large as the spread of the tree, irrigation once a month has 
been sufficient to maintain a good soil-moisture condition throughout 
the period between irrigations. The mulch also tends to maintain a 
moderate and more uniform soil temperature, and in this respect it 
is aided materially by the location of the irrigated area largely under 
the tree, where it is shaded by the tree top. The plowsole nearly 
always present in the furrow and cultivation method of treatment 
also disappears in the mulched basin, and so far no plowsole or 
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equivalent crust has been encountered in basins where an adequate 
organic mulch has been maintained. 

The application of an organic mulch to the basins is followed in 
some districts by a remarkable increase in the number of earthworms. 
Earthworms are not often seen in orange or lemon groves under 
clean cultivation, but in the basins in the Riverside district the soil 
teems with them; a double handful of soil would often be found to 

contain a dozen or more worms, and the-soil is so riddled with their 

burrows that when the basin around a tree is filled with water a 
sea of bubbles appears on the water surface, due to the rapid escape 
of air from the burrows. The air entrapped below a wet soil surface 
of fine texture presents a serious obstacle to the further penetration 
of water unless the soil contains cracks or openings, such as the 

burrows of earthworms, that are too large to be sealed by the capil- 
lary water films. The worms thus appear to have some effect in 
promoting aeration, and they surely facilitate to a marked degree 
the penetration of water into the soil. The beneficial effect of the 
presence of earthworms in the soil has been emphasized by Darwin. 

The vigorous root growth taking place in the surface soil under 
the mulch is very marked in the mulched basins. In the system of 
dry-soil mulching there is, of course, no root growth in the mulch, 
and quite often een is very little root aorta even to a depth a 
8 to 10 inches, owing to the presence of plowsole. Under the mulch 
in the basins the ground is full of rootlets. The roots have not been 
observed to penetrate the mulch and are usually not found even in 
the very rich surface inch of soil. It can readily be seen, however, 
that any fertilizer applied in these basins soon comes in contact with 
the root system through the downward movement of the irrigation 
water and without the necessity of any mechanical incorporation of 
this material with the soil by cultivation. 

Since the mass of fine feeding roots is so near the surface of the 
soil in the basins, it is absolutely necessary to maintain a mulch that 
will thoroughly protect this root system, especially during the hot 

- season of the year. A crusting of the surface soil in the basins due to 
the lack of sufficient mulching material would be very detrimental — 
to the root system. 

FRUIT SETTING AND TREE GROWTH AS INFLUENCED BY THE — 
MULCHING MATERIAL. 

SUNNY MOUNTAIN TRACT. 

There was no appreciable difference in the number of fruits picked — 
in the spring of 1914 from the basined trees and the check trees in the 
Sunny Mountain grove. This shows the uniformity of the two plats, _ 
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the fruit having been set in the spring of 1913 before the mulch was 
applied. In the spring of 1915, however, there was a much heavier 
set of flowers on the trees basined than on the check trees; but, owing 
apparently to the effect of cold weather after the fruit had begun to - 
set, the entire district suffered considerably from a heavy drop of the 
young orange fruits and the unset flowers. On August 23, 1915, a 
careful count was made of the number of fruits on the trees under 
the two systems. The fruits at that time were of good size. The 
number of fruits on the check trees averaged 116 per tree, while the 
number of fruits on the basined trees averaged 281 per ree, or 2.4 
times as many as on the check trees. The quality of the cant on the 
basined trees during this season was also superior to that on the check 
trees, and the fruits were larger and more nearly uniform in size. 

VICTORIA TRACT. 

In April, 1915, one row of 33 orange trees in this tract was basined 
and mulched, one-half of the trees being mulched with alfalfa at the 
rate of about 14 bales, or 185 pounds, per basin, and the remainder 

with cow manure of good quality at the rate of about 20 cubic feet 
per basin. Some of the basins in each treatment also received 200 
pounds of lime, but as no effect of the lime was observable, the discus- 
sion will be confined to the mulching materials alone. The basins 
were circular in form and about 15 eae in diameter, covering an area 
of about 170 square feet. 

There was practically no fruit on these trees in 1915, owing to gen- 
eral deterioration and to a severe scale attack and severe top pruning 
in the season of 1914-15. On August 12, 1916, 16 months after the 
installation of the basins, the oranges on each tree were counted. The 

trees mulched with alfalfa averaged 483 oranges per tree and those 
mulched with manure 242 oranges per tree. In other words, the trees 

mulched with alfalfa carried twice as much fruit as those mulched 
with manure. 

The alfalfa mulch was applied to the first eight and the last nine 
trees in the row and the manure mulch to the intermediate trees. 

Both ends of the row responded similarly to the alfalfa mulch, not 
only in fruit setting but in the density and dark color of the foliage 
as well, the trees showing distinctly the boundary between the two 
treatments. 

- At the time the above row (No. 3 in the grove) was basined and 
mulched an adjoining row (No. 2) was left untreated, and this was 
furrow irrigated in the usual manner but not cultivated. By August, 
1915, row No. 2 was looking so bad that it was decided to basin it. 
The basins installed were small (about 8 feet in diameter, or 50 to 
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60 square feet in area) and were mulched with a mixture of hay of 
different kinds. The trees improved in appearance, but on August 
12, 1916, when the counts were made, they were still far from being in 

- as good condition as the trees in row No. 3. On that date the average 
number of oranges per tree in row No. 2 was 182. 

At the time that row No. 3 was basined and mulched the rest of 
the grove was treated likewise, except that smaller basins, 70 to 80 
square feet in area, were installed. These trees improved greatly as 
compared with trees in certain other adjoining rows which were 
furrow irrigated in the usual way, but they have not yet come up to 
row No. 3 either in the appearance of the foliage or in fruit bearing, 
showing that the larger basins are much more effective. 

EUREKA TRACT. 

A test of the relative value of different mulching materials was 
begun in this tract in October, 1915, on a block of 60 navel-orange 
trees. The mulching material used included alfalfa, bean straw, bur 
clover, sweet clover, barley hay, stable manure, and pine shavings. 
The basins were about 10 by 12 feet in dimensions. Approximately 
125 pounds of mulching material was applied to each basin, except in 
the case of bean straw, which on account of its scarcity at the time 
was applied at the rate of 75 pounds per basin. The manure was 
applied at the rate of about 15 cubic feet per basin. Various com- 
mercial fertilizers were also applied to some of the trees, but the effect 
of these substances was not in evidence at the time the oranges were 
counted. 

In August, 1916, 10 months after the mulch was appled, the 
number of oranges on each tree was determined by counting. Records 
of the yields of the individual trees in this block had also been kept 
for the preceding six years by the Office of Horticultural and Pomo- 
logical Investigations of the Bureau of Plant Industry, which 
afforded an excellent basis for establishing the relative productive- 
ness of the different trees under the same treatment. To make the 
results of the mulching experiments directly comparable, the mean 
yield of each group of trees in 1916 was corrected by dividing the 
observed count by the ratio of the average productiveness of that 
group during the preceding six years to that of the whole block for 
the same period. This eliminates the influence of high or low per- 
formance trees. The results of the counts are given in Table IX, 
together with the relative yield under the various mulching treat- 
ments. 
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Taste 1X.—Kclative yields of oranges with different mulching materials in 
the basins, 

Yield in 1916. 

wee Corrected Parcent 
. . umber | Average | on basis | ~~) 

ADIOS SENET of trees. | number | of pre- | 28° of 
of vious anid 

oranges | perform- | 9a, 
per tree. | ance of | ° Meee. 

trees. lock. 

AGN IED NEN ob dodabidodop da seuasponepeneeEeueceanaoodesceaacnooe 12 550 532 150 
BGA QUIEN Tondo daaddn dseusApBeOoespaSecHoE eB BeraEerhoodsoponooc 9 463, 460 30 
INET UI OR rere era tert yateerstaeie ress tevetsl ee relal chet) o(ay =: olednjasaleyuisietayevey=re talons 9 358 358 101 
SUG VAM eee es ee tel eioarere ie oo nfeveinl as winta wie aluiein (nals oyatnre winintaiejatrerie 10 280 313 89 
SGD OGNOLS co ada seceoo Ue bo ee HenE BOSE ane ee Cees ae acsic lod 9 314 305 86 
IDOL? CLOWOR. sasseosescusbeooees BEE eee eo Saran minis Bre Bs Prot oe 5 302 300 85 
JP SLOP KALE 6. Gosce 5 CoceR SHES Ose oS eDR Beer epEeb ede sudances 6 224 217 61 

It is evident from Table IX that the mulching materials tested 
differ greatly in value. The highest yield of fruit was obtained when 
alfalfa was used as a mulch, while the bean straw and manure rank 
next. The quantity of bean straw used, however, was not sufficient 

to make an effective mulch, and it seems probable that alfalfa and 
bean straw are of approximately equal value for mulching purposes. 
The other legumes were much less beneficial than alfalfa and bean 
straw. The lowest yield was obtained where pine shavings were 
employed asa mulch. This material effectively protected the basins 
from evaporation, so that the beneficial action of the other mulching 
material is clearly attributable to the organic products from the de- 
composing mulch which are carried into the soil with the irrigation 
water. 

The average number of oranges on the trees basined and mulched 
with alfalfa hay was 8 per cent greater than the average yield from 
these same trees during the preceding six years under furrow irriga- 
tion and clean cultivation. The other treatments all show a falling 
off in yield compared with the average yield of the preceding six 
years. Up to the time the basins were established, the trees had been 
irrigated by means of furrows between the tree rows. When the 
basins were established under the trees, the irrigation between the 
tree rows was discontinued. The excavations of the basins to a 
depth of 6 to 8 inches necessarily destroyed some of the small feed- 
ing roots, and this fact, combined with the discontinuance of the 
irrigation between the tree rows, forced the trees to establish a new 
root system during the time that the fruit buds of the 1916 crop were 
being developed. A decrease in yield accompanied in most instances 
the redistribution of the root system, and this fact emphasizes the 
desirability of a gradual transition to the basin system if the entire 
surface is not basined. Irrigation and cultivation between the basins 
for the first year following the installation of the basins would help 
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the trees to reestablish their root systems without checking the 
growth. 

The foliage of the trees mulched with alfalfa and bean straw was 
much denser and darker in color than that of the trees mulched with 
barley and pine shavings, the latter trees being off color. The trees 
mulched with sweet clover, bur clover, and manure were intermediate 

in color and density of foliage. 
While the values of the different mulching materials used in this 

experiment can not be considered to be accurately represented by the 
results shown in Table IX, their probable relative value is indicated. 
In view of the corroborative results obtained in the Victoria tract it 
would appear that alfalfa is decidedly more valuable for mulching 
purposes than manure. It also appears from these tests that 150 
pounds of alfalfa or 15 to 20 cubic feet of manure when applied to an 
area of about 150 to 170 square feet will provide sufficient mulching 
material to last one year and maintain an effective mulch during that 
period. 

REDLANDS TRACT. 

A further comparison of the mulched-basin method with furrow 
irrigation is afforded by a mulched grove near Redlands. This was 
planted at the same time and with the same stock as an adjoining 
grove, and the two received uniform treatment for a time, but for 
a number of years they have been handled independently. In 1913 
a grove of 8 acres was basined by the owner and mulched with 
alfalfa. The basins were small, scarcely including the drip of the 
trees. Owing to the slope of the land, two basins were necessary for 

each tree. The furrow rows were seeded to alfalfa at the time the 
basins were made, for the purpose of supplying mulching material. 
The amount of alfalfa produced, however, was not even sufficient to 
maintain a mulch in the small basins, and in the fall of 1915 the 
alfalfa was plowed up. The seeding of the furrow rows to alfalfa 
tndoubtedly checked the growth of the trees somewhat by limiting 
the moisture supply. Moisture determinations made immediately 
after irrigation where alfalfa was growing showed that the irriga- 
tion water penetrated only about a foot below the bottom of the 
furrows. 
A 10-acre grove adjoining the 8-acre basined grove has through- 

cut been furrow irrigated and cultivated in the usual manner. 

While the basins were established in the 8-acre tract in 1913, their 
effect on the set and yield of fruit would not be seen until the fol- 
lowing year. The average yield of this tract in 1911 and 1913 (1912 
being excluded on account of the freeze) was 4.9 boxes per tree, 
compared with 3.2 boxes per tree on the 10-acre tract. 
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The average annual yield per tree of the 8-acre tract since the 
basins were installed has been 5.5 boxes per tree,! while the average 
annual yield of the unbasined trees during the same period has been 
3.2 boxes per tree, the same as during the preceding period. 

It is not possible to differentiate sharply in this case between the 
effect of mulching and other factors which led to higher yields from 
the 8-acre tract previous to mulching. Assuming the 10-acre tract 
to constitute a fair check, the yield of the 8-acre tract has been 
increased 12 per cent by the installation of the basins.? 

SIZE OF BASINS. 

The basins in the Sunny Mountain experimental tract extended 
to the middle of the furrow row and included the entire soil surface. 

- This type of basin requires the most mulching material and is conse- 
quently the most expensive to maintain. In following this plan it 
is necessary to restrict the basins between every fifth and sixth row 
of trees sufficiently to provide a roadway to haul out fruit, bring in 
the mulching material, and distribute fire pots and oil when frost 
protection is necessary. With this type of basin all of the soil is 
irrigated and available for the development of the root system of the 
tree. If all of this soil is not necessary for an adequate root develop- 

ment, then a restricted basin system may be used. Certainly all of 
the soil is not utilized to the best advantage in the present system of - 
furrow irrigation, for the soil under the tree during the summer is 
so dry as to make the development of feeding roots practically impos- 
sible. From the marked response and increased vigor of the trees 

under the basin system in the Victoria and Vivienda experimental 
tracts, where restricted basins were used, it appears that the basins 
can be reduced somewhat below the maximum area without detri- 
ment to the trees and with a corresponding reduction in the cost 
of maintenance. 
With restricted basins, measuring 10 by 20 feet in a grove planted 

20 feet each way, a cover crop can also be grown between the tree 
‘rows during the rainy months to supply part of the mulching mate- 

rial. The summer growth on these interrow strips, which without 
irrigation will necessarily be limited, can also be cut and apphed 
to the basins when sufficient in quantity to justify the labor. If 
extra water is available, these interstrips may be irrigated and the 

17This is based upon the yield of only one-half the tract in 1915-16. The remaining 

portion was seriously damaged through the use of an oil spray for scale in 1915, resulting 

_in a heavy drop of leaves and fruit and reducing the yield of the sprayed portion to less 

than half that of the unsprayed trees. 

2 The crop on the trees at the present writing (September, 1916) is also much better on 

the mulched-basin tract than on the adjoining grove, in spite of the fact that the 8-acre 

tract is badly infested with scale. 
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yield of mulching material increased. It is not practicable, however, 
to attempt to provide all of the mulch in this way. 

In groves planted on contours the form and size of the basins will 
necessarily be determined by the slope of the land. In such cases 
two smaller basins will usually be required for each tree, one above 

and one below the tree in the row. Even in straight-row planting 
it will often be found advisable to divide the basin at the tree trunk 
in order to insure adequate irrigation on both sides of the tree. 
Special precaution should be taken to prevent the soil forming the 
dikes from being banked against the trunk of the tree. Lemons 
appear to be particularly susceptible to bark diseases when through 
low planting or soil washing the moist soil is brought into contact 
with the trunk above the graft. 

COST OF PREPARING AND MAINTAINING THE BASINS AND THE 
MULCH. 

The initial cost of installing a basin system varies with the soil 
and with the size of the basins. No exact figures can be given for 
all the different soil types and basin sizes, but some specific examples 

can be cited. The cost for labor alone in one grove on a sandy loam 
soil was about $18 per acre. The basins in this grove were circular 

and about 8 feet in diameter, and the grove was close planted. The 
labor cost in other groves on clay-loam soil ranged from $22 to $25 
per acre. 

The cost of the mulching material varies greatly. At the present 
writing, manure in carload lots from Los Angeles costs $2.20 per ton 
delivered on siding in orange districts 50 miles distant. Allowing 
15 cubic feet of manure per basin, this would cost approximately 
50 cents per tree. One hundred and fifty pounds of alfalfa or bean 
straw will provide a mulch equivalent to that obtained with 15 cubic 
feet of manure, and in the experimental plats has given greater 
returns. The average yield from one block (Victoria grove) of 
alfalfa-mulched trees was twice that of the manure-mulched trees, 

while in another block (Eureka grove) the alfalfa-mulched trees , 

carried on the average 50 per cent more fruit than the trees mulched 
with manure. Barley straw costs less than either alfalfa or bean 
straw, as a rule, but in the trials here reported it has not proved so 
desirable a material for use as a mulch, and it contains less nitrogen. 
Any mulch lasts well during the summer season, although the 

under portions undergo decomposition soon after being applied. 
During the rainy season, however, all kinds of mulching material 
break up rapidly, and in the course of a year the mulch practically 
disappears unless a fairly large quantity is used. In general it ap- 
pears that 150 pounds of alfalfa or its equivalent a year is necessary 
to maintain a mulch in a basin 150 square feet in area. 
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The maintenance of the dikes is a small item of expense, and with 
a furrow along the side of the basins for irrigating each basin sepa- 
rately there should be no upkeep expense for two years at least, and 
probably the dikes will last longer. It is necessary, however, to use 
only a small stream of water in filling the basin, especially on land 
with a steep slope, as otherwise the silt and fine sand brought into the 
basin will in time fill it, necessitating future excavations, with the 
loss of a part of the rich soil formed. 

The cost of the application of water will probably be greater with 
the basin system, as it will be necessary to keep a night irrigator on 
duty during irrigation. On the other hand, there is a marked saving 
in the quantity of water used and a marked saving through the 

elimination of teamwork of all kinds in the orchard except for haul- 
ing fruit and replenishing the mulching material. The breaking of 
heavy fruit-bearing branches during cultivation and the injury of 
fruit from contact with harness or harrow are also avoided. 

LIMITATIONS OF THE MULCHED-BASIN SYSTEM. 

The mulched basin is not the solution of all the difficulties of citrus 
culture. It will probably be found less advantageous on sandy or 
sandy loam soils than on loam or clay-loam soils. It is not suitable 
for heavy gumbo soils. Some hand labor (hoeing or mowing) will 
be required to keep the weed growth in the basins under control and 
to prevent undue loss of moisture from this source... The organic 
mulch in the basins will also harbor some gophers, although experi- 
ence so far indicates that the frequent flooding of the basins dis- 
courages them from seeking refuge under the mulch. The proximity 
of the roots to the surface necessitates the maintenance of an effective 
organic mulch in the basins for the best results. The cost of suitable 
mulching material will very greatly depend on the location of the 
groves and in some cases may seem prohibitive. In this connection 
it must be remembered that the humus content of some citrus groves 
has been reduced to such a degree that its restoration by some means 
appears imperative. The efficiency from the nutrition standpoint of 
the organic material applied to the surface in comparison with the 
same material plowed under remains to be determined. 

The marked response of citrus trees under the mulched-basin sys- 
tem in the experimental tracts justifies its serious consideration by 
citrus growers. Its final position in the industry can be determined 
only after it has been thoroughly tested in comparison with other 
systems in commercial practice. : 

1This plant growth in the basins can, of course, be used to supplement the mulching 

material. 
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HUMUS CONTENT OF THE BASINS AND THE CHECK SOILS. 

SUNNY MOUNTAIN GROVE. 

Determinations of the humus content of the soil in the basined 
area and in the untreated area to a depth of 3 feet are given in Table 
X. Determinations of humus are necessarily somewhat inaccurate, 
owing not only to the variation in sampling but also to the fact that 
humus, so-called, is an indefinite mixture of organic compounds.* 
The Sunny Mountain grove, so far as known, had been treated uni- 

formly previous to the installation of the mulched basins. Composite 
samples collected in 1914 indicated that the check area contained 
slightly more humus than the basined area. In the spring of 1915, 
however, the surface foot of the basined area was higher in humus, 
as shown in Table XIII. The humus content of the surface foot of 
soil below the mulch also increased gradually throughout the sum- 
mer, while the check area, which received no organic material save 
that contained in commercial fertilizers, showed practically no 
change. The increase in humus in the basins is confined practically 
to the first foot of soil. At lower depths the humus content of the 
two tracts differs but slightly, decreasing gradually to a depth of 6 
feet, as shown by the mean values in Table X. If the humus con- 
tent of the soil is limited, it is advantageous to have it localized 
largely in the upper 3 feet of soil, which in most California soils 
includes the principal feeding roots of citrus trees. 

TABLE X.—Percentage of humus in the first and in the second 3 feet of soil in 
the Sunny Mountain grove, California, in 1915. 

. . Furrow system Furrow system 
Basins ehaeee peste moar dower Av- | near upper end of | near lower end of | Av- 

‘ : erage, tract. tract. erage, 
Depth and both both 

date. foe je [: [f& fe ]e (sis le fo fs |e js fo |s jends 
ns Besa oo ns ae BES a of jas Be Fs BS 43) Fes | as 58 of HS\o8\e8| £2 (E883 23| FS |mrctleS SSia 8) SS (SSS S| og | tract 
Fj ie q (Hoja ie |< Fat) oD) | Ais | ert Feo a eect 

First 3 feet: 
Apr. 9...|0. 52/0. 18|0.17) 0. 29/0. 53)0. 34/0. 21] 0.36} 0. 33/0. 37/0. 27/0. 13) 0. 26/0. 37\0. 27|0.14] 0.26) 0.26 
June 15 .| . 63). 22). 13) 33) 59) 229) . 13) 2384) | 33i 2382) 224) 11) =. 221) a2i Bb saz col) S27 
July 10.-| . 72} .26) .10) .36) .63) . 25) .16) .35) 35] .42) .18) .10) .23) .29) .42) .22) 31) .27 
Aug. 6. .} .67] . 28] .14) .36/ . 50) . 23) .13) .29] .33] .37) .24) .17| .26) .50) .44) .18) .37) .32 
Sept. 21. . 84] .16] .08) .36) .67) .36) .10) .37) .37) .36) .20) .11) .22) .37) .32) .26) .27) .27 

A -ver- Vi (> [2 alone Pole ae a ee 

age..| .68| .22}.12} .34] .58| .20].15] .34] .34] 37] 28] .12| 24] .89/ .36] .19] 80] .28 

1The humus was determined by removing the calcium with 1 per cent hydrochloric 

acid, extracting with sodium hydroxid, and measuring the intensity of the humus color 

against a standard humus solution in a colorimeter. The standard solution was freshly 

made up by weight from uniform dry stock material obtained by extraction with 4 per 

cent ammonia after treating with 1 per cent hydrochloric acid and washing free from 

chlorids. The ammonia extract was filtered through a Pasteur-Chamberland filter before 

evaporating to dryness. 
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TABLE X.—Percentage of humus in the first and wm the second 3 feet of soil in 

the Sunny Mountain grove, California, in 1915—Continued. 

P E dea Furrow system. Furrow system 
Besing ae Aan Basing Ofte lower Av- | nearupperend of | near lower end of | Av- 

EGOS WEEN eNO ACL. ialerages tract. tract. erage, 
Depth and both Bec itanlss both 

date. I ue) een ee ee ends | ia_.|a | ae ame lee es ends 

BSesles! os SEES! SS lactase sles] 2S SSE SSS! OS, | me 
BSI SK S| po (3 8a 3 14 8) & & | tract./3 Sim SM 3) pb | Si S|4 S| pb | tract. 
Sienna cla le i io |S i is loo <i | 

Second 3 feet: 
Apr. 9...|0.07/0. 05/0. 05) 0. 06}0. 12/0. 05|0. 03) 0.07] 0. 06)0. 05/0. 02) Tr. | 0.02)0. 07/0. 04)0.03) 0.05 0.04 
June 15..| .09) 04] .03) .05) .06/ .03) .03) .04) =. 05) . 05} .03/0.03) — - 04] . 13] 08) .05) .08) —. 06 
July 10..} .07) . 04) .04) - .05) .07} .04) .04 .05} =. 05) . 06) 05) .04) 05) .13) .11) .05) .10) .07 
Aug.6...} .12] .05 + 05] - 07) .08] .06] .04] .06) .07| .07} .05) .04) .05) .18] .09) .08) .12) .08 
Sept. 21.] .08) .03) .03/ .05} . 11) . 05) .03 - 06} = .05) . 06) . 04) .03 . 05} . 09) . 06) . 06 .07 . 06 

Aver- 
age..| .09} . 0d) .04 06] .09| .05} .03} .06) .06) 06) .04) .03)  .04) . 12) .08] . 05) 502) - 06 

VIVIENDA GROVE. 

Determinations of the average percentage of humus in the first 
3 feet of soil in the Vivienda experimental tract are presented in 
Table XI. Samples taken in October, about four months after the 

mulch was applied, showed an appreciable increase in the humus 
content of the soil in the basins. The mulch was carefully removed 
before sampling, so that only the soil itself was taken up. The 
percentage increase in humus was about the same in the basins 
mulched with manure and with alfalfa. 

The plat in which the barley was disked showed a marked increase 
in humus 50 days after the green cover crop was incorporated with 
the soil. The changes in humus content were all confined to the 
surface foot of soil. 

TABLE XI.—Average percentage of soil humus to a depth of 3 feet when various 
treatments were given in the Vivienda grove, California, in 1915. 

Soil treatment. June July 16.) Aug. 9.| Sept.4.| Oct. 4. ote 

Manure: 2 
Sunlacomdiskedepesee see ae 5 es onccae cat oteee seers 0.16 0.14 Qa eter ass 
Same, plus lime - 20 -16 (Qa Se eeeeee 
mb asinsWiper ree eee oe Le oes ee -12 15 0.18 0.21 
Same, plus lime 16 19 24 Sil 

Alfalfa: 
JO. [SESHES oo osooo dob aps sou opB Heo OBEbEeEobareosese | CEA Seas 13 13 24 -20 
FSNEANS), TOMI KS) WMO Ye) Soh telesales ae fe tee Gill) Raaeaooe a3} -19 -30 26 

Sweet clover: 
DiskedsiniavouteAUsustilSs s44 esse e oa ccs eee SUAS |e Secrets ait 583 @)2 Nlbeeseees 
SAM Mp LUSuliml Omen piss ua noel Lay eee eee SOD eames #21 223 (COON ee atse: 

Barley: 
WiskedpinwulyelGurscse seen es sae ee ane see eae S258 eae) 

Psame yp usHimone see. see ed ease Eee eae u20 () 
DIS ee ulibivatedmmn see eee see chien ce ccna ee cee ST = (@5) 
SHANG), TOES IN) | Se secon oan e aes EBEse aeee eS aeaEa sae etl at@))e0 Wessagss 

| 
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VICTORIA GROVE. 

The percentage of humus in the soil in the Victoria grove under 
the various treatments is shown in Table XII. Here again the 
humus did not increase perceptibly in the basins until October, 112 
days after the initial samples were taken. The low initial humus 
content in the basins is due in part to the removal of the surface soil | 
in making the basins. The manure and alfalfa were equally effective 
in increasing the humus percentage up to the time of the last 
sampling. 

TABLE XII.—Average percentage of soil humus to a depth of 3 feet when vari- 
ous treatments were given in the Victoria grove, California, in 1915. 

Soil treatment. June 22. | Aug. 13. | Sept. 13. | Oct. 12. 

Alfalfa: 
in basins ee = aterkinsssec cee eee see seus euk isd sae eee 0.073 0.073 0.075 0. 084 
SHMENG) 70) (IS WING). Soop ono so es seososonsecase sa sbos sospeadosa: - 184 - 106 -147 1558 

Manure: 
{Ba ] OSS YS ES Ae eR eS SA Oe Ss a ena - 136 130 136 153 
SBMen plas HimMepe see ease esas ee eee SER aeer einer - 150 112 139 160 

SUMMARY. 

Mottle-leaf of citrus trees is characterized by yellowish spots or 
blotches on the leaves and by a reduction in the size of the leaves 
and the density of the foliage. In its advanced stages it results in 
a marked reduction in yield and in the size and quality of the fruit. 
No fungus or bacterium has yet been found to be causally associated 
with this trouble. 
Work carried out by the writers in 1914 and reported in another 

paper showed that half of the mottling in about 120 orange groves 
in the Riverside, Redlands, Rialto, and Highland districts of Cali- 
fornia was associated with a low humus content of the soil. Evi- 
dence was also secured which indicated that inadequate irrigation 
might be responsible in part for the development of mottle-leaf. 

The present paper is concerned with field experiments relating 
to the irrigation of oranges and the use of organic fertilizers and 
deals particularly with a new method of citrus culture, the mulched- 
basin system, in which low dikes are thrown up so as to form large 
shallow irrigation basins near each tree, and each basin is heavily 
mulched with alfalfa hay, bean straw, manure, or some other organic 
material. The basin makes it possible to supply each tree with water 
in accordance with its needs, while the water carries with it to the 
feeding-root system the plant food extracted from the disintegrating 
mulch. : 

The system of furrow irrigation and clean cultivation in common | 
use in citrus districts in California tends to promote the formation 
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of a plowsole, or incipient hardpan, below the surface mulch, vary- 
ing in thickness from 3 inches to 2 feet; leads to excessive accumula- 
tions of soluble plant-food substances, especially nitrates, at the sur- 
face of the soil, where they remain until washed down by the winter 
rains; and fails to conserve the soil moisture sufficiently to prevent 
the trees from wilting frequently during the summer months. 

The mulched-basin system was found to conserve the soil mois- 

ture better than any other system of soil treatment compared with 
it, and none of the basined trees on either light or heavy soils wilted. 
Under all the other cultural methods employed wilting occurred at 
some period during the summer on both light and heavy soils. 

Available soil moisture below the third foot did not prevent orange 
trees from wilting if the moisture content in the first 3 feet of soil 
fell below the wilting coefficient. 
With the amount of irrigation water ordinarily available in these 

districts (1 miner’s inch to 4 or 5 acres) cover crops of barley or 
sweet clover can not be grown during the summer months in groves 
on either heavy or light soils without causing the wilting of the 
orange trees. 

Circular trenches dug around orange trees, filled with manure or 
alfalfa and covered with dirt, did not remain open sufficiently after 
the second irrigation to distribute the irrigation water adequately. 

In the clay-loam soils of the type constituting the Victoria area 
the lateral movement of moisture is very slight. In such soils the 
furrow system of irrigation 1s inadequate unless a large number of 
furrows are used, including furrows under the trees. 

Moisture determinations in groves in which alfalfa was being 
grown as a permanent cover crop show that the irrigation water 
never penetrated deep enough into the soil to insure an adequate 
moisture supply for the orange trees. 

For a basin having an area of 150 square feet the experiments 
indicate that approximately 150 pounds of alfalfa or 15 to 20 cubic 
feet of stable manure will be required each year to maintain an 
effective mulch. 

It is not possible with the water ordinarily available to grow 
mulching material between the basins sufficient to maintain a satis- 
factory mulch on the basins. Cover crops, however, can be grown 

between the basins on winter rainfall to supply part of the mulch, 
and where water is available in the summer it can be used for the 
same purpose. 

- Orange trees on clay-loam soil, such as the Victoria soil, responded 
more quickly to the mulched-basin system than trees similarly treated 
on light soils, because the heavier soils under the furrow method of 
irrigation do not absorb moisture as rapidly as lighter soils. Mulched- 
basined trees on clay-loam soils showed a marked response to the 
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treatment in 3 months, while basined trees on light soils required 
from 6 to 12 months to show a growth superior to that obtained with 
furrow irrigation and clean cultivation. The mulched basin is not 
satisfactory on heavy gumbo soils. 

The set of fruit was very light throughout the Riverside district 
in 1915, owing apparently to cold weather following the bloom. In 
the Sunny Mountain tract, where the mulched basins were first 
installed in 1913, the average number of oranges per tree on the 

check trees in 1915 was 116, while on the mulched-basin trees the 

average number of oranges per tree was 281, or two and one-half 

times as many as on the check trees. The quality of the fruit on the 

basined trees was also superior to that on the unbasined trees. In 

the Victoria tract in 1916 the alfalfa-mulched trees averaged 483 
oranges, the manure-mulched trees 242 oranges, and the check trees 
182 oranges. In the Eureka tract, where the mulched basins had 
been installed the preceding autumn, the alfalfa-mulched trees car- 
ried on the average 550 oranges, an increase of 33 oranges per tree 
over the average yield of these trees for the preceding six years. 
Experiments in this tract with other mulching materials showed a 
decrease in yield during the first season, due in part at least to the 
fact that the new root system below the basins was not established 
at the time the fruit buds were set. 

The new leaf growth on the basined trees was less mottled than 

the new growth on the unbasined trees after sufficient time had 
elapsed for the mulched-basin system to produce response in the 
tree growth. 

The new leaves on the basined trees were larger and darker in 
color and had a better texture than those on the unbasined trees, 
especially on heavy soil. 

The new growth of rootlets under the mulch in the basins was 
very much greater than in the check treatments, the soil in the 
basins being filled with rootlets to within about 2 inches of the 
surface. 

Great numbers of earthworms were often found in the basins under 
the mulch, and their burrows honeycombed the entire soil mass. The 
worms help to incorporate the organic material with the soil, while 
their burrows facilitate the absorption of water in heavy soils. 

No soil crust of any kind has been found in the basins where the 
mulch completely covered the soil surface. A complete mulch must 

be maintained at all times, however, to prevent the surface from 
crusting. | 

The experiments indicate that alfalfa and bean straw are superior 
to stable manure for mulching purposes. 

In the mulched basins the quantity of humus, as measured by the 

intensity of the color of the alkaline extract, increased markedly in 
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the first foot of soil during the summer, but no increase was ob- 
servable at the greater depths. From 70 to 120 days were required 
for the mulch in the basins to decompose sufficiently to produce a 
measurable increase in the humus content. Alfalfa and manure 
mulches were equally effective in producing this increase in humus. 
Barley cover crops produced a marked increase in the humus content 

of the soil 50 days after being disked into the soil. 
The use of an organic mulch moderates the rise in soil temperature 

during the day. The advantages of the mulch, however, are not 
wholly attributable to this fact nor to the conservation of moisture. 
Wood shavings when used as mulching material afforded as much 
protection in this respect as alfalfa or bean straw, yet trees mulched 
with pine shavings gave yields less than half those obtained with 
mulches of alfalfa or bean straw. 

Surface mulching with organic material, especially when available 
in quantities sufficient to cover the entire surface, may in the long 
run prove fully as effective as the use of the mulching material in 
basins. A more immediate response from the mulched basin may be 
expected, however, owing to the fact that each time the basins are 
flooded the soluble portions of the decaying mulch are carried with 
the irrigation water directly into the soil. In this respect the 
mulched basin resembles a surface organic mulch in humid regions 
where the rainfall first passes through the mulch before entering the 
soil. Many of the citrus soils of California contain so little active 
organic matter that it is essential to secure the advantages of the 
applied organic material at the earliest possible date, and this ap- 
pears to be brought about more quickly by the use of the mulched 
basin than by organic mulches with furrow irrigation. The mulched 
basin also appears to be the most effective means of using a limited 
quantity of mulching material. 

The marked response of citrus trees in the experimental tracts 
under the mulched-basin system justifies its serious consideration by 
citrus growers. It is still in the experimental stage, and its suitabil- 
ity to local conditions in any instance should be thoroughly tested 
in an experimental way before installing basins on a large scale. Its 
final value in the industry can be determined only after it has been 
so tested in comparison with other systems in commercial practice. 
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The study of apple production discussed in this bulletin was made 
during the years 1914 and 1915 in the Grand Valley and adjacent 
districts of western Colorado.'| This area was chosen as being rep- 
resentative of a region which is not only of great present commer- 
cial importance, but has a large acreage of young orchards not yet 
in bearing. 

‘The Grand Valley district (see fig. 1) is primarily one of specialized 
fruit farming; in Delta and Moneeees counties, also covered by the 
survey, the farming is more or less diversified. The region as a 
whole is one of the important centers of box-apple production, com- 
peting with the orchards of the Middle West and supplying a large 
part of the fruit which goes to the Texas trade. All apples are grown 
under irrigation, principally on comparatively small farms. 

1 This is the second of a series of bulletins designed to give comparative and comprehensive information 

on the different methods of orchard management in vogue in different apple-growing districts and in re- 

gard to the several factors which enter into the cost, of apple production. The first of these bulletins, deal- 

ing with Wenatchee Valley, has been published as Department Bulletin 446. 

Notre.—Acknowledgments are due to the Office of Pomological and Horticultural Investigations of the 

Bureau of Plant Industry for material assistance rendered in the prepararion of this bulletin. 
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The data here presented were obtained through detailed studies 
of the orchard practices of 125 representative apple growers, 49 of 
whom were located in Mesa County, 61 in Delta County, and 15 in 
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NEW MEXICO. 
Fa. 1—Map showing location of the western Colorado fruit districts (shaded areas) where the 

investigation was conducted. 

Montrose County. Orchards were chosen with a view to getting a 
representative average, extremes in size being avoided and effort 
being made to pick only such as were fairly comparable in acreage 
and development. Data were secured from each grower as to the 
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ime required for each operation, as to equipment, cost of labor, 
praying materials, boxes, etc., and as to land and orchard values.’ 
The factors considered in arriving at the annual cost of apple pro- 

luction have been classified as follows: 

Labor. Costs other than labor. 

Maintenance. Handling. Material costs. Fixed costs. 

fanuring. Hauling box shooks. Box shook. Taxes. 
runing. Making boxes. Nails. Insurance. 
isposing of brush. Hauling loose boxes out. Paper. Water rent. 
lowing. Picking. Labels. Equipment charge. 
ultivating. Hauling full boxes in. Spray materials. Machine hire. 
rrigating. Sorting. Manure. Interest. 
‘hinning. Packing. : Gasoline, oil, etc. Building charge. 
praying. Nailing. 
Liscellaneous. Other packing labor. 

Haul to station. 

FACTS BROUGHT OUT. 

It was found that the total cost of production? for the 125 farms 
epresenting the entire region averages $0.844 per box; for Mesa 
Jounty (Grand Valley), $0.935; for Delta County, $0.795; for Mont- 
ose County, $0.767. (See Table I.) 

Labor costs average $0.394 per box and $111.88 per acre (46.7 per 
ent of total cost). 

Material and fixed costs (manure, spray materials, boxes, water 
ent, interest on investment, taxes, insurance, etc.) average $0.45 
yer box and $127.91 per acre (53.3 per cent of total cost). Of this 
ost the principal item is interest on investment in orchard, which is 
0.184 per box, or 21.8 per cent of the total cost. | 

1 Tt is of vital importance that the method of computation used in this study be fully understood at the 

utset; otherwise confusion and misapprehension will be inevitable. It should be borne in mind con- 

tantly that the primary result desired is a figure representing fairly the average regional cost ef apple 

roduction—that is, the cost in its relation to the apple business of western Colorado as a whole. To get 

uch an average it is often necessary to use certain averages which in themselves have no agricultural sig- 

ificance, which have no weight except as they contribute to the determination of the regional average. 

‘or example, the average acre cost of manuring for the entire acreage of the district under consideration is 

epresented by a figure too small to have significance as applied to any one ranch, since not all the ranches 

ractice manuring, but which has an economic significance with reference to the business of the district 

sawhole. For the purposes of this study it is as though the entire region were one farm and the cost per 

cre for manuring were distributed equally over the whole farm acreage rather than over the particular 

art of the farm upon which the manure happens to be applied. This method gives an average that may 

nean nothing as applied to the single operation of manuring, but which may mean much as applied to the 

usiness of growing apples in theregion studied. To arriveat the result desired in this study, namely, the 

ost of producing apples as borne by the district as a whole, each orchard operation has been figured against the 

otal number of farms. In this way a regional acre charge is determined for each operation, the acre being 

sed as the unit, so that each orchard, regardless of size, may have the same weight in the final calculation. 

‘hus, so far as these calculations are concerned, each of the 125 orchards involved may be considered as 

eing but one acre in extent. In this way weighted averages are avoided, and the final average cost per 

ox becomes a fairly accurate approximation of the actual cost of producing apples in the region, as repre- 

ented by the 125 ranches chosen as typical of western Colorado conditions. 

It was thought advisable in this connection to figure separately the costs for each county, as well as for 

he whole region, as the three districts differ greatly in the factors materially affecting cost. Thus the 

gures may be compared and the results studied in their bearing upon types and systems of farming, 

rhich differ quite widely in the three counties. 

2 Not including orchard depreciation and cost of smudging, omitted for lack of sufficient data, 
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The average yield for the district is 284 boxes per acre; 3.8 per 
tree. Average yield in Grand Valley, 275 boxes per acre; in Delta 
County, 294; in Montrose County, 272. 

Tase I.—Summary of all costs entering into the annual cost of production of apples (125 
ranches, western Colorado). 

Mainiensnee Handling cost. | Material costs. Fixed costs. Total costs. 

| £ 
Si lealo | |ea] 2] Klee] ©] «lea! S | kK IES 
Pee aes bo fe 22) 2 882 
S| S |sa| & | S$ |Sa| 5] 5 55/5) 5 Sa) 5 | & [5S 
Bf io] ©] a eS] me] me JRO] a] a leo] me | a IS 

| 
Mesa: oo. vest) 67. 77 0. 247 26, 4)48. 24.0. 176 18. 82.58. 25 0. 212/22. 67 82. 51/0. 300 32. 09/256. 77 0.935) 100 
WIG noacasseccsusceose 50.57) 171/21. 5/59. 42). 202/25. 41 56.14) . 191/24. 02 67. 83) . 231 29. 06/233. 96) .795) 100 
Montrose -.-- 47.64) .176/22. 9/58, 66) . 216|28. 16 50.78) . 187/24. 38 51.27) . 188 24. 51/208. 35) . 767) 100 

Distriehye a: ake: [P6-94| . 201/23. 8154. 94 LBA Teac . 198/23. 4671. 59]. 252 29. 85/239. 79 a 100 

The trees in orchards studied average 17 years of age and 74 to ~ 
the acre. 

Jonathan is the leading variety, with Ben Davis, Rome Beauty, 
Gano, and Winesap following, each of about equal importance. 

ee CCE a 

CONCLUSIONS DRAWN. 

Averages secured in this study seem to warrant the following 
conclusions as to fruit farming in the Grand Valley and adjacent — 
districts: 

The majority of farms are not sufficiently diversified to secure 
the best results. | 

The farms studied were prosperous in direct proportion to the 
degree of diversification practiced. 

Care must be taken in setting orchards to pick suitable soil and 
an area well drained and not subject to seepage. 

Clean cultivation can not be practiced indefinitely without de-_ 
pleting the soil seriously. Humus should be supplied either in the | 
form of manure or by using cover crops. 
Manure is of very great value as an orchard fertilizer. . 
In general it seems inevitable that fruit growers must find im 

portant supplemental sources of income to tide them over years otf 
low fruit prices. This is a rich country, with the advantage of a_ 
delightful climate, a naturally fertile soil, and an excellent class off 
progressive settlers, and it is capable of becoming a region of well- 
established general farming. Certain limited areas of the region are 
particularly well adapted to fruit growing; for example, the fruit 
ridges about Grand Junction and some of the mesa land in Delta 
County not subject to frost. Much of the region is not adapted to 
specialized fruit farming, and it is probable that fruit growing com- 
bined with general farming will be more successful financially than 
fruit growing alone. 
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HISTORY OF APPLE INDUSTRY. 

In Mesa County the Indians occupied the Grand Valley until 1880, 
when they were moved into Utah. The history of fruit growing 
in western Colorado begins about this time. In the spring of 1883 
several thousand root grafts were put out in the Grand Valley on 
some leased land by a Denver nurseryman, but only a fraction of 
the original root grafts were saved when later a more favorable 
location was selected for the nursery. 

The first trees were set on Oldham bottoms and the lower lands 
of the valley. The first fruit on Fruit Ridge was set in 1885 and 1886. 
The plantings gradually extended from here down the valley to 
Fruita, but it was not until the early nineties that fruit began to be 
set at all extensively. By about 1900 the industry became ex- 
tremely popular and land began to rise very rapidly in price. In 
1900 the price of land in Grand Valley under good water rights ranged 
from $200 to $300 per acre. In 1907 and 1908, when prices reached 
their maximum, land sold from $600 to $700 per acre, while good 
apple orchards often sold for $1,000 or more per acre. During the 
period of 1900 to 1910 settlers from the Middle West and East came 
to the Grand Valley in great numbers. In more recent years, how- 
ever, the influx has not been so great. 

The history of the apple industry of Delta County is more or less 
correlated with that of Mesa. The first fruit of Delta County was set 
out about 1882, when a grower at Paonia procured 26 trees of mixed 
varieties from Rochester, N. Y., at $1 each. Of these 3 survived 

shipment. A few other pioneers began to plant trees about this time 
or shortly after. The industry developed rapidly in this county 
but on a somewhat less speculative basis than in the Grand Valley. 

In Montrose County, where farming is of a comparatively general 
type, the fruit industry dates from about 1882. Many orchards 
were set in the early nineties on Spring Creek Mesa and the plantings 
continued until about 1909 or 1910. This region developed on a 
basis different from that of the apple regions of the other two counties 
in that fruit did not occupy so large an area of each farm and hence 
in years of low fruit prices did not suffer from lack of diversification 
in farm business. 

TOPOGRAPRY. 

The part of Mesa County considered in this survey, or the region 
known as the Grand Valley, has been carved out of a high plateau 
region of sedimentary rocks. The surface of the valley varies, but in 
the valley proper it is fairly level, requiring comparatively little 
labor for irrigation. (See Pl. I.) 

The fruit of Delta County is located on many mesas and small 
districts which differ greatly in their facilities for irrigation. Most 
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of the fruit, however, is on level mesa areas, varying in size from 
several thousand acres to a few hundred. (See Pl. II.) The fruit 
of Montrose County is also on mesa lands easy to irrigate. 

SOILS.! 

Most of the orchards of Grand Valley are located on the Billings 
fine sandy loam. ‘This is a light-gray to brown soil, easily cultivated — 
when moist, but when dry tending to bake and hard to restore to 
good tilth. This is the principal soil on which fruit and other crops 
are grown from Palisades to Fruita. In general its drainage is good, 
but owing to the use of an excess of water, seepage has occurred in 
many places. | 

In the immediate vicinity of Fruitvale Station and in rather large 
areas near the lower levels above the river soils is found the Billings © 
silt loam type, a heavy, sticky, and plastic soil underlain by clay or 
clay loam. Much of this type has gone to seep and is no longer under 
cultivation. It is not well adapted to fruit. 

The Billings clay loam, a plastic, compact loam, varying from light 
gray to dark brown in color and very difficult to cultivate when dry, 
occurs principally in a few areas between Grand Junction and Fruita. 
Much of it has been affected with alkali. It seems particularly 
adapted to alfalfa. 

| 
a 

+ 
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The Mesa fine sandy loam, a light and easily cultivated soil requir-_ 
ing considerable water for irrigation, makes up a large part of the 
soil of the valley, especially that reached by the recently opened 
Highline Canal. On account of its general high-lying position and 
its leaching qualities it is well drained. It is adapted to fruit and— 
other crops. 

The Mesa clay loam, a reddish to chocolate-brown loam rather 
difficult of cultivation, is a productive soil adapted to fruit lying 
principally along the south side of the Grand River. This is the soil 
of the large mesa known as Orchard Mesa. 

The Fruita fine sandy loam is a good fruit soil, but has very poor 
drainage, so that many of the orchards about Fruita have died from 
the effect of excessive alkali. 

Generally speaking, the soils on which most of the thrifty apple 
orchards of Grand Valley are located are the Billings and Mesa fine 
sandy loams. The Mesa clay loam on Orchard Mesa is one of the 
best of fruit soils. 

. Nearly all the orchard lands of Delta and Montrose counties 
are located on Mesa clay loam. In most cases there is enough — 
slope to prevent danger from the rise of alkali. This type of soil is 
well adapted to alfalfa, wheat, oats, sugar beets, and fruit. No soil 

1 Soil survey of Grand Junction area, J. G. Holmes and T. D. Rice; soil survey of The Uncompahgre 

Valley area, J. W. Nelson and L. A. Kolbe. 

A Me 
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survey has been made of the Paonia and Hotchkiss districts, but the 
fruit here is located on mesa lands with soil of the same general type 
as the Mesa clay loam. 

CLIMATE. 

The climate of this region on the whole is semiarid, with marked 
seasonal ranges in temperature and great variation in season, due 
largely to mlaiude: which ranges fom 4,575 feet above sea ial at, 
Grand Junction to 6,100 feet at Cedaredge, in Delta County. 
~The maximum precipitation is about 11 mches; minimum, 6 inches. 

This amount of precipitation supports only sparse native vegetation. 
Crops depend entirely on irrigation. An admirable feature of the 
climate is its very low humidity. Destructive windstorms are 
uncommon, but the more elevated regions are subject to destructive 
local hailstorms. 

The topographical features of the region have a marked influence 
upon the occurrence of killing frosts. Often a difference in elevation 
of 100 feet or even less is enough to save an orchard from frost. Air 
currents and ‘‘pockets’” also have a decided influence. Certain 
small areas are nearly always subject to damage by frosts. In 
locating an orchard it is well to pay particular attention to records of 
frost damage in previous years. 

Table II shows climatic data for this region as compared with other 
important apple districts of the United States. It should be stated 
in this connection that the weather stations for these various places 
often are not located in the same locality, or on the same elevation 
as the orchard; hence the figures are not necessarily, a true guide to 
weather conditions affecting the orchards. 

TasiE Il.—Climate of western Colorado and other apple districts of the United States. 

| Aver- 
Average | Average a 

; Mean Beer Num- | Num-/| date of | date of uae 
Station Alti- | annual | ¢omper- | ber of | ber of last first HOnGt 

° tude. | rainfall | "AU" | clear | rainy | killing | killing ee 
(normal). (yormal).| @YS- | days. | frost in | frost in | ee - 

spring. | autumn. | aa; aut iy 

mi rz 

Western Colorado: Feet. | Inches. GIRS | 
Grand Junction..........| 4,602 8.3 52.5 | 170 84 Apr. 18 | Oct. 18 | 188 
TNA, (6 5s Sa | 4,510 10. 22 49.7 182 63 .| May 3 | Oct. 4 | 154 
Delta ACerS eS AOR SCE Eee | 4,965 7.76 49.7 225 54 May 11 | Sept. 27 | 139 
IEE OME.“ 3 JSS 4 QuCneece Renee | 5,694 13. 22 49.6 130 81 | May 1) Oct. 10 | 162 
MOTE OSC Beer eee eccieincsie | 5,811 9.58 47.5 | 168 86 May 21 | Sept. 28 | 130 

Other important apple dis- | | } 
tricts in United States: 

North Yakima, Wash.?...| 1,070 6. 64 51 189.8 56.6 | Apr. 18 | Oct. 22 | 187 
Payette, Ndanoee es .-:: 2,159 11.41 50.8 | 168 63 May 9 | Sept. 30 | 144 
Hood River, Oreg ao 300 34. 65 50.1] 161 90 Apr. 22} Oct. 14 } 175 
Medford, Oreg.. - 1,425 14. 57 54.5 160 11452) -Aprs 302|eOct. 7.6 159 
Watsonville, Cal. 23 23. 85 57.3 | 139 80 Mar. 17} Nov. 1} 229 
St. Joseph, Mo. 967 33.21 | 54.7| 159. | 87 | Apr. 17 | Sept. 26 162 
Brockport, N. We 537 35. 44 | 47.2] 115 | .143 May 2) Oct. 18 164 

1 Taken from U.S. climatology records for past 15 years. 
2 North Yakima data taken for years 1910 to 1914 inclusive. 

68536°—Bull. 500—17——2 
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DISTANCE FROM MARKET. 

The Grand Valley is a long distance from market. This, coupled 
with the fact that fruit products are perishable, makes the marketing 
question one of prime importance here. In the early years of the 
industry, when the tonnage of fruit was light and the prices high, 
the cost of marketing was given little thought. Orchards were set 
out with slight regard to distance from railroad, for as long as such 
high prices prevailed the growers could afford to pay hauling charges 
and high freight and express rates. However, with prices received 
of late years the cost of putting the apples into the consumers’ hands 
in some cases has been greater than the total returns. 

Formerly the mines at Aspen and other mining towns paid high 
prices for all fruit, both boxed and culled, and Colorado boxed apples 

Fic. 2,—A comparatively inexpensive but comfortable home of a fruit rancher located on one of the mesa 
lands in Delta County. 

brought big returns in city markets, Colorado Springs and Denver 
then being the principal cities of importance in which the fruit was 
marketed. Now, however, the disadvantage under which the region 
labors as regards distance from market is being felt, and adjustments 
in farm practice have been found necessary. Such adjustments are 
now going forward. 

FARM ORGANIZATION. 

RELATION OF ORCHARD TO FARM ORGANIZATION. 

Even in specialized apple districts there are few farms or ranches 
where bearing apples are the only source of income, and where the 
cost of producing apples is the cost of operating the farm. Most 
growers have, besides a bearing apple orchard, a considerable acreage 
of other orchard, usually young apples, or it may be peaches or 
pears. Still others grow some alfalfa to sell and, in Montrose County 
particularly, considerable quantities of grain and potatoes are grown 
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for sale. In the case of a young orchard the expense necessary to 
keeping it up is, of course, chargeable to the young orchard and does 
not enter into the cost of production of apples from a bearing block. 

On the farms situated in Mesa County there is an average of 3.5 
acres of young apples per ranch as compared to 8.22 acres of bearing 
apples; in Delta, 4.94 acres young and 12.19 bearing, and in Montrose, 
3.56 young and 13.66 bearing. Furthermore, but 42 per cent of the 
farm acreage of the ranches surveyed in the Grand Valley is in bearing 
apples, 23.5 per cent in Delta, and 31 per cent in Montrose. Ninety- 
two per cent of the total area of the ranches surveyed in Mesa is 
tillable, 73 per cent in Delta, and 90 per cent in Montrose. A few 
farms were found where the cost of operating the farm was the same 
as the cost of producing the apples from the bearing block. In such 
eases all labor, both man and horse, is charged to the orchard. 

Under such specialized conditions there are always long periods 
of enforced idleness for horse labor and often for man labor, espe- 

MONTHS | HORSE HOURS : MAN HOURS 
10 20 10 20 30 40 50 60 10 80 90 100 =O 

Fig. 3.—Chart showing the average distribution of man and horse 

labor on an acre\of bearing orchard throughout the year. 

cially where help is hired by the month. By growing alfalfa or annual 
crops adapted to the region, together with hogs or poultry, a more 
profitable distribution of labor may be secured. 

SIZE AND TYPE OF FARM. 

Table III shows the average size, tillable area, and orchard acreage 
of the farms studied. .The fact that these farms in most cases are 
small is principally due to the system of land development. In 
many cases land was bought up, set to fruit, and held for speculation 
at prices such that the average investor desiring a home could not 
afford to buy many acres. In fact, it was believed more desirable to 
have a small, intensive, specialized farm than a larger and more 
diversified one. In days of high fruit prices this belief was justifiable 
for the time being, but no provision was made for the day of low 
fruit prices. 
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TABLE IIT.—Average size of farms and orchards (125 ranches, western Colorado). 

All Mesa. Delta. | Montrose counties: 

Number ofrécords:: =... 3.5 a. cient ce pee ccen ea ere cn cane ee eere 49 61 15 125 
Average acreage of farms. 19. 56 51. 86 43. 86 38, 24 
Tillable acres per farm.................. 18 37. 34 39. 47 30. OL 
Per cent of farm area tillable.......... Baan - 92 72 90 78.4 
Average acreage of bearing orchards... 8. 22 12.19 13. 66 10. 81 
Average acreage of young apple orchards... .. 3.5 4. 94 3. 56 4, 21 
Per cent of farm area in bearing apple orchards. 42 23.5 31 28.3 

The farms are most highly specialized in Mesa, less so in Delta, 
and least in Montrose. Crops besides tree fruits grown for sale 
include a few truck crops, small fruits, potatoes, alfalfa, small quan- 
tities of alfalfa seed, and a little grain. Potatoes are a very impor- 
tant crop in Montrose and parts of Delta County. Most of the grain 
srown for sale comes from Montrose. Very little stock is kept on the 
farms surveyed, although on many of the larger ranches of the region 
stock is fed during the winter and the manure returned to the land. 
Mesa County (Grand Valley) is very highly specialized, and devoted 
almost exclusively to fruit, differing in this respect from the other 
two counties. 

INVESTMENTS. 

The amount of capital invested in the fruit farming of western 
Colorado as compared to other types of farming is very great. The 
average total investment of the 49 farms in the Grand Valley, aver- 
aging 19.56 acres in size, is $12,004.02; the average total investment 
per acre of these farms, giving each farm the same weight, is $778.32. 
On these same farms the average bearing apple-orchard investment 
per farm is $5,826.04, and the average acreage of apples 8.22 acres, 
or 42 per cent of the average total farm area. However, the average 
investment per acre on these orchards, giving each orchard, large or 
small the same weight, is $751.56. The interest charge per acre is 
figured on this average. (See Table IV.) 

The equipment investment per farm as shown in Table IV includes 
no stock, either horses or cattle, but includes all machinery and other 
equipment necessary. For the size of farm this is a high investment, 
due largely to the diversity of tools that are found on these ranches. 

Tasie LV.—Farm and orchard investments (125 ranches, western Colorado). 

All coun- Mesa. Delta. Montrose. |- EiBG) 

Investment per farm: 
Motale sete ess tt see ae ota eee ee aa eee maee $12, 004. 02 | $19, 781. 23 | $16,733.78 | $16,366. 87 
In land and improvements. ..... 18, 238.79 | 14,914. 28 15,340. 14 
In bearing apple orchard......... 5, 826. 7,414. 74 6, 292. 85 6, 657. 34 
meq uipmont-< she esse cinerea eer eer eee 51. 627. 38 439. 28 653. 49 

Investment in bearing apple orchard per acre: 
Mota): Shee sec enero Oe ee tou on sce eee 603. 02 719. 37 1, 008. 92 708. 51 
Imequipmentss: 2. Leste e. eee Re Ce eee 36. 00 24. 00 31. 16 29. 56 

Per cent of farm investment in bearing apple orchard: a 
Total soe. ashoss eects 2 See oe eR eo eee 48. 5 37. 48 37.6 40. 7 

Land and buildings’. -5o3 52 sees poe eee eee 49.11 40.6 42.19 43.4 
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Even assuming that the buyer of a ranch has paid down the entire 
cost price and has his ranch clear, he is net yet safely established, for 
he needs in addition a considerable working capital in order to buy the 
necessary equipment and keep it in repair. This accounts for the 
fact that in some cases where ranches were entirely free of debt 
owners have been obliged, by reason of lack of working capital and a 
series of unfavorable seasons, to mortgage their ranches and eventually 
lose them. 

Table V shows the per cent of interest realized on investment per 
box at various prices for fruit. Figured on a basis of average annual 
yield per acre, the apple-land investment per box is $2.73 for Mesa, 
$2.13 for Delta, and $1.62 for Montrose, or $2.30 per box for all 

orchards. The annual cost of production per box minus the interest 
charge on apple land for these counties respectively is $0.716, $0.624, 

and $0.637, or for all counties it 1s practically $0.66 per box. It is 
seen that with fruit at $0.50 a box the grower on the farms studied in 
the Grand Valley loses 7.9 per cent on his investment, or for all counties 
he loses 6.95 per cent. If fruit brings $0.90 a box, he makes 6.73 per 
cent in the Grand Valley, or 10.44 per cent for all counties. When all 
counties are considered he must get $0.844 per box in order to make 8 
per cent interest on his investment. When all grades of box apples 
are considered it is seldom of late years that a grower receives a price 
of $1 per box f. 0. b. on his apples, and the average is usually consid- 
erably less. 

TasLE V.—Per cent of interest the average grower realizes on his investment in bearing 
apple orchard (125 ranches, western Colorado). 

Per cent of interest realized on 
s investment. 

Price 
es bos = 

(0) Sah ade Mont- All 
Mesa. Delta. rose. counties. 

$0.50 | — 7.92 | — 5.838 | — 8.51 | — 6.95 
.60 | — 4.26 | — 1.14 | — 2.33 | — 2.60 
.75 | + 1.23 | + 5.91 | + 6.93 | + 3.92 
.90 | + 6.73 | +12.95 | +16.19 | +10. 44 

1.00 | +10.39 | +17.64 | +22.36 | +14. 78 
1.25 | +19.55 | +29.38 | +37.79 | +25. 66 

LABOR. 

The growers of Grand Valley depend principally on day labor for help. 
In Delta and Montrose Counties considerable month labor is hired. 
The average price paid for month labor varies from $30 to $60 per 
month, depending on the privileges the laborer receives. In all three 
counties, up to 1915, the average day-labor rate for orchard work, 
except pruning, was 25 cents per hour. Pruning was 35 cents per 

hour. Work done by the farmer or any of his family is counted at 
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the current rate. Labor conditions are as good as can be ae 
There is seldom a great scarcity of help. 

Horse labor is charged at a nominal rate of 15 cents per hour. 
On many of these ranches two horses are kept in comparative idleness 
throughout the year, except during harvesting, spraying, hauling 
brush, and spring cultivating. Although hay is cheap and little grain 
is fed, it costs fully 15 cents per hour for productive horse labor. 

The labor on apples is unevenly distributed. It reaches its highest 
point at harvesting time and during thinning in the latter part of June, 
when there is also a certain amount of cultivating and spraying to 
be done. It is high in March, as much of the pruning and removing 
of brush from the orchard is done during that month. -If the labor 
curve for the few men who smudge were shown it would be high in 
April and May, but considering the general practice the curve is low 
in April. The accompanying labor chart (fig. 3) shows the approxi- 
mate annual distribution of labor on an acre of bearimg orchard 
(125 records). 

THE ORCHARDS. 

LOCATION. 

The fruit district known as the Grand Valley is situated in Mesa 
County, of which Grand Junction is the county seat. Locally the 
Grand Valley district is divided into four different districts, known 
as the Palisade district, the Clifton district, the Grand Junction 
district, and the Fruita district. These districts all merge into each 
other, but have more or less distinctive features. The principal 
fruiting section of the Grand Valley is about 30 miles in length. The 
oldest, largest, and most famous district is that about Grand Junction. 
Here nearly all peach orchards have been or are being eradicated. 
In the Clifton district are found about as many pears as apples, and 
there is no doubt that the soils about Clifton are well suited to the 
erowing of pears. The Palisade district is primarily devoted to 
peaches. In the Fruita district, which has now lost much of its 

, commercial importance, apples come first, with a few pears and prac- 
tically no peaches. 

In the Grand Valley the fruit is not located on mesa lands, except - 
on Orchard Mesa, across the river from Grand Junction. Most of 
the fruit is in the main river valley, but lies back some distance from 
the river, owing to the lands first settled next to the river having gone 
to seep. 

In Delta County the fruit occupies a much more scattered area. 
The fruit in this county is located from Delta to Paonia in the valley 
of the Gunnison and the North Fork of the Gunnison. The bearing 
apple orchards are found principally about the towns of Austin, 
Cedaredge, Hotchkiss, and Paonia. With few exceptions these 
orchards are located on mesa lands. 

‘ 
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In Montrose County the orchards are practically all on the mesa 
lands, the most important of which is Spring Creek Mesa. Ash and 
California Mesa also have a small amount of fruit. 

SIZE OF ORCHARDS. 

The size of the bearing orchards found on farms varies greatly, the 
extremes of the records in Mesa being 2 and 27 acres, the majority 
being between 5 and 10 acres. In Delta the variation was from 
3 to 45 acres, the majority being between 6 and 15 acres, and in 
Montrose from 5 to 40 acres, and an average of between 10 and 15 

Fig. 4.—A 15-year-old Ben Davis orchard in full bearing located on Spring Creek Mesa, Montrose 

County. Note the vigorous growth of these trees which have been heavily manured. This orchard 

has always been clean cultivated. 

acres. Of young apple trees there was an average acreage per farm 
of 3.5, 4.94, and 3.56 acres, respectively, in Mesa, Delta, and Mon- 
trose Counties. 

AGE OF ORCHARDS. 

The orchards from which records were taken were fairly uniform 
im age, averaging 174 years in Mesa, 17 in Delta, and 163 in Mont- 
rose. Practically all were between the ages of 12 and 20 years. 
There are, however, many orchards older than 20 years, but these 
are not the commercial orchards and are usually of small acreage. 
At the time of this investigation there were practically none over 30 
years of age. 
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VARIETIES. 

A great number of varieties of apples are found in this region. In ~ 
the old orchards there are varieties of every season and often not — 
enough of any one to market in commercial quantities. In the — 
orchards over 20 years of age one often finds over 10 or 12 varieties, 
and one grower in Delta claimed 161 distinct varieties. This, of 
course, is an exception. Usually these early orchards were set out — 
for family use; hence the great number of varieties of different 
seasons of ripening. 

For the most part the apples which were considered of commercial — 
importance 20 years ago, such as Baldwin, Ralls, Willowtwig, Smith — 
Cider, Lawver, Missouri, Ben Davis, and others, are not considered 
as such to-day. Ben Davis, however, still is one of the leading com- 
mercial varieties, though it is seldom found in the young orchards. 

The variety of greatest commercial importance here is the Jona- 
than. In the bearing orchards studied this is followed by Ben Davis, 
but in the young orchards and those coming into bearing it is followed 
by Winesap, Gano, and Rome Beauty, each of about equal importance. 
Other varieties of considerable commercial importance are Missouri, 
Arkansas (Mammoth Black Twig), Arkansas Black, White Pear- 
main, and Grimes. The younger plantings are made up of varieties 
now regarded as commercial, such as Jonathan, Winesap, Gano, Rome 
Beauty, Grimes, Wealthy, and a few Delicious and Banana. 

NUMBER OF TREES PER ACRE. 

There is an average of 70 trees per acre in the bearing orchards of — 
Mesa County, 78 trees per acre in Delta County, and 71 trees per 
acre in Montrose. The trees per acre in Mesa range from 42 to 125,, _ 
in Delta from 40 to 133, and in Montrose from 39 to 100. This wide © 
variation is due to the method used in setting. On thefarmsstudied — 
in Mesa County there were 8 orchards set 20 by 20 and 7 set 30 by 
30 on the square. Several used the diagonal or quincunx system 
of setting. In Delta and Montrose there was fully as much variation, 
some old orchards on the lowlands being set as close as 15 by 15. 
However, the method more generally in use now is the diagonal plan. 
Most of the younger orchards are now set 28 by 28 or 30 by 30 on 
the diagonal. 

ORCHARD MANAGEMENT PRACTICE. 

Under orchard practice is included manuring, pruning, hauling 
and burning brush, plowing and all cultivating operations, irrigat- 
ing, thinning, putting on and tending codling-moth bands, spraying, 
scraping trees, harvesting labor, including all labor used in handling 
the crop from the time it is picked from the trees until delivered at 
the warehouse or station, and certain minor items classed as ‘‘mis- 

cellaneous.” 
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MANURING. 

In the Grand Valley the application of manure on orchards is 
not a general practice. The ranchers of this vicinity keep but a 
small amount of stock and thus little manure is produced on the farm. 
Sixteen of the 49 growers visited in Mesa County, or 32.6 per cent, 
make a practice of manuring all or part of their orchard each year. 
The labor cost per acre is $2.04 and the material cost $3.57. In 
Delta County a large proportion of the growers apply manure, owing 
to the fact that Delta is a more general farming county than Mesa, 
and the average number of animals units per farm is larger. Thirty- 
one (50.8 per cent) of the 61 men visited in this county apply manure. 
Here the cost of labor per acre is $2.62; of material, $6.38. In Mont- 
rose County the type of farming is still more general, and more stock 
is kept; hence a still greater percentage of growers apply manure. 
Ten of the 15 men visited in Montrose, or 66 per cent, practice manur- 
ing, at a cost of $4.28 per acre for labor and $6.35 for material (see 
fig. 4). fis 

For the three counties there is an average annual acre chargeof 
10.62 man-hours and 20.20 horse-hours, and an average application 
of 7.71 tons per acre, for the 57 men (45.6 per cent) who practice 
manuring. 

It should be explained in this connection that the manure applied 
per man-hour appears low because of the fact that there is but little 
manure, which usually is drawn out in very small loads and applied 
only where most needed. Thus, these figures would not be applic- 
able to conditions in which plenty of manure is available. (See 
Table VI.) 

Commercial fertilizers are not used in this region. 

TasLe VI.—Manuring practice and costs for farms studied, 

Mon- All 
Item. Mesa. Delta. arosee plicounties: 

Farms applying manure: ; 
INU OGES oe Godse A USER CUBES EEE ee ae eee tryna 16 31 10 57 
erICeMROWalot arm sense cee == sciks selec A oe Sees eee ene 32.6 50.8 66.7 45.6 

Averages per acre for farms applying manure: 
INE INAROIES 5 biG Ae epee is ees ie este SMA ER AD ac guitar 11.36 9.9 11.66 10. 62 
HETORSE- OUTS ee ete ee siecle alone eens nc ore NIE ol hyd a Is MS 22.72 17.9 23. 32 20. 20 
PRGTISTOIpMamuUre es ae sen ee ee ee LAN ALS OSS Re 7. 28 8.37 6.35 7.71 
WOsTAO Pl a On eee eee cores eiecige se Sd aoe aic cas cetera eee $6. 25 $5.16 $6. 41 $5.69 
WOsiTO IM aberialse oases leo NOE OE EE AN ie ee $10 92 $12. 56 $9. 53 $11. 56 

Averages per acre, distributed over all farms studied: | 
IVETIEIROUES Mere nase ene eee eo FOOT BUS Se 3.71 6.03 7.77 4.84 
FELOTS Gel OUTS amet pa Ret aia ae shri sateie S ONE Te LAU a Rie ee | 7.42 9.10 1555 9.21 
PHOMSIOMIMAMULOS Nee ee nee poe mane ces paneer a Mew 2.38 4.25 4. 23 3.51 

(CHS, OT VENT OO Rs e/a Maa AN eg A i SLL NL $2. 04 $2.62 $4. 28 $2. 59 
(COSY OT tana ies a PR Sa eh a ne nets nee a $3.57 $6. 38 $6. 35 $5. 27 

INGUDI GOSEs oc oH eC OR A CER EeE Sasa eee eens re Serer iene | $5. 61 $9. 00 $10. 62 $7.86 

68536°—Bull. 500—17——3 
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PRUNING. \ 

Pruning is an operation practiced every year by all growers. It 
is done during the winter or dormant season. Hired help is usually 
paid more than the regular rate for pruning, as this operation requires 
skill. If a grower prunes for another he usually values his time at 
35 cents per hour, so in pruning this rate is used. 

In Mesa County the 49 growers prune an average of 11.18 trees 
in 10 hours, which, with an average of 70 trees per acre in the county, 
amounts to 62.61 man-hours per acre, which, figured at 35 cents per 
hour, makes an average annual acre charge of $21.91. The trees in 
Mesa average 17 years in age. (See Table VII.) 

In Delta County less time is given to pruning than in Mesa. The 
61 growers in this county prune an average of 16.34 trees in 10 hours, 
which makes the annual acre charge $16.71. The trees average 174 
years in age. 

In Montrose County the time required is slightly greater than in 
Delta County, one man pruning 14.61 trees in 10 hours, at a cost of 
$17.01 per acre. The trees average 163 years in age. 

If the pruning costs of the 125 records are combined, it is found 
that with an average of 74 trees per acre one man will prune 14.11 
trees in 10 hours, or spend 53.67 hours per acre, or a cost of $18.78 
per acre on 17-year-old trees, making an annual charge of $0.254 per 
tree for pruning. 

The orchards surveyed in these three counties were of such uniform 
age that the difference between individual records depends more on 
the individual growers’ system of pruning than any difference in age 
of orchards. Varieties and methods of pruning influence the cost. 
For instance, the cost of pruning Winesap or Arkansas Black is 
more than that of pruning Ben Davis or Gano. 

The systems of pruning are many, but the general method is to 
prune for an open head and a low tree, with plenty of fruiting surface. 
Much of the pruning is done by means of pruning shears, since on 
account of the regular pruning which the orchard receives there are 
not many large limbs to cut. 

Tasie VII.—Labor costs for pruning (125 ranches, western Colorado). 

| 

Mon- All Item. Mesa. Delta. ae, | aaaTiss. 

INUM Dar OLeSHINa les Jesse aes ee eriere sens newt cemcaree 49 61 15 125 
Nim beriofitrees periacres 22s se sae ces lacles see seen meses sis 70 78 71 74 
JAIRO OT ETERS ieee tren = oc Ae Se cree aclenichs sitar cerss 17 174 164 17 
Number of ‘trees pruned inl 0 hourss22 2222-5) S8e- 222 ae ease: | 11.18 16.34 14.61 14.11 
Man=hours pen acres: we aoe nate a boo te asbee eee ee eareenae nee 62.61 47.73 48. 59 53. 67 
Cost per acre....... oS 2S OOL HONS OCIS IE HOON Seon eSSCH ORE ceeoe $21. 91 $16. 71 $17.01 $18. 78 
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HAULING AND BURNING BRUSH. 

The cost of picking up, hauling, and burning or getting rid of the 
brush from the orchard varies greatly, according to the facilities for 
handling it. In the three counties the usual method is to pick, 
haul, and burn at the same time. In Mesa County 22 growers use 
a l-man 2-horse crew, 22 use a 2-man 2-horse crew, and 5 use a 
combination of crews and methods. It is found that here the 1-man 
2-horse crew, with a total cost of $4.11 per acre, is slightly more 
efficient than the 2-man 2-horse crew, which costs $4.82 per acre. 
There were not enough records of other combinations to justify 
conclusions. In Delta County 19 men used a 1-2 crew, 37 a 2-2 
crew, and 5 other methods. Here the 2-2 crew was not nearly so 
efficient as the 1-2 crew, the former costing $4.06 per acre, as against 
$2.96 for the latter. In Montrose County, with four 1-2 crews and 
ten 2-2 crews, there is a difference in cost of $0.30 per acre in favor 
of the 1-2 crew on the farms studied. 

The total costs for the three counties, regardless of the crews used 
as well as the time and cost of the three counties combined, are 
given in Table VIII. 

Taste VIII.—Time and cost per acre for disposing of brush (125, ranches, western 
Colorado). 

Mon- All Item. Mesa. Delta. tcoceunliconnities’ 

INitimmiperxOlereCOrd Shee cists ialetyaisie sie = sinie <lej-io=ieinielm = nteiaselele cieleteicle 49 61 15 125 
IN(mberman=hOurs® sacs -e 2 eee ree wen eels wee ese teceis 9.75 8.46 6. 43 8. 72 
Namib en ofsmorse-NOUTS see os) o/s cco e oon wrens <2 ee eleleleeeieeie 12.84 9. 90 7.78 10. 64 
OSL eee eae eens eee ie eininitia. je sels cle aieile 2 wiwisinieleteisereiets $4. 36 $3. 60 $2. 77 $3. 7. 

CULTIVATION. 

Under the general heading of cultivation are grouped all the 
various tillage operations. These are plowing, disking, harrowing’ 
with both spike and spring tooth, floating, cultivating, and marking 
or creasing out the furrows for irrigation. The normal time has 
been obtained for these different operations and the cost per acre 
for each operation figured, but in the final charge the same system of 
distributing the cost is used as previously explained. 
On account of the fact that clean cultivation is being abandoned 

in this region and the use of a mulch crop is coming into a more general 
practice, especially in Delta County, the final figures for cultivation 
are too low for clean-cultivated orchards. At the time of this inves- 
tigation an attempt was made to separate the cultivating costs on 
the clean cultivation records from the costs on mulch crops or sod 
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orchards, but on account of the fact that the change in practice from 
clean cultivation to the use of a mulch crop or sod, is now in a transi- 
tory stage and has not been in practice long enough to affect yields, 
it was difficult in many cases to determine which orchards should 
be regarded as clean cultivated and which as mulch crop. Many 
use a thick growth of weeds for a mulch crop, and in such cases there 
is often considerable cultivation before the weeds are allowed to 
grow. (See Table IX.) 

Tasie [X.—Ranches classified by soil management (125 ranches, western Colorado). 

Number of ranches. 

Soil management. 
: All Mesa. Delta. |Montrose. Coninitins 

Gleanlcultivations ne 5 555 fe ee a a asa 32 13 if 52 
(CHUM GS-2. Jans Seage de Saeandoomecse -ooeeE se SOeosedsSecduoSsaseS 4 23 4 31 
WGBOS Se meae tscs. ot. Deh Seen coin em mine. Coens ane mem epee ates 5 ll 0 16 
VAN TATA AR eres Feces tele acta oi tefe cma Seo cee ms ecton emveiecee 7 9 4 20 
MVOC ER serie crore ee Sets eee pee ape Bad phen 78 Cilars ts 1c eaee | Ree ee eee 1 
AT falifvandlcloven® 22 s25. sae. pciisie woe s2tee saeseon sees ene [nec aeeee Ty Rae 5 

Plowing is sometimes done in early spring, but most men plow 
in the late fall. A few, particularly in Delta County, plow the mulch 
crop under during the summer. By plowing in the fall, the ground is 
given the full benefit of the moisture of the snow which falls during 
the winter. 

Some ranchers do not plow every year. In Mesa County, for 
example, 25 men plow every year, 12 plow every 2 years, 5 plow 
every 3 years, and 1 plows every 4 years, making a total of 43, or 
nearly 88 per cent, who plow.. However, the percentage is reduced 
to 67 if figured as an annual charge against the total number of 
records. For Montrose this percentage is the same as for Mesa; for 
Delta it is 48. 

The plowing cost per acre for all counties is $3.83, one man and 
team plowing 1.44 acres per day. ‘There is never more than one 
plowing during the season, but the cultivating tools are used after 
each irrigation to a certain extent. 

In Table X the 125 ranches are classified according to practices in 
cultivation. 
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> Taste X.—Cultivation practices (125 ranches, western Colorado). 
eit] 

Mesa. Delta. Montrose. All counties. 

8 w |S g see g w | % n | d 
Bey oe lee Gee eae alee ue Oem ae lee 

n ° "Nn n (~) —Y Zz) i) ~—Y na ° ea 

ae| g |Stleel 2g |SElse| 2 |SE/42| 2 | ee 
go 4 HOO MeO AC el SON gio be 1 ole 
3 Jef cii Vis} =) J) PI 5 nailed al Ne pe 
Z a Ay Zz a AY Z ial Ay ZA ae: Ay 

IDI eso cicig odooonmosTescbEnes 19 1.8 39 36 2 59 8 1.9 53 63 1.9 50. 4 

Spring-tooth Snel, Oat 3 20 235 \(ealso 38 Gre 223 40 39 | 1.8] 31.2 
Spike-tooth . voclln. OB | ne nN 52 I LG) I] 98} BSA) alas) ||) ARN e ZUM oie all setae) 
Cultivators eee ecsssee ea 18] 1.6 37 |) Oya 12 12 7 26) 1.8] 20.8 
INGE denoecanoscadeeeseere 35] 12) 71 TS) Pa) Si Gil 53: |) 62) leash 4986 
@LeaASOeee tr seemecsiane/s clic 49 1 100 61 1 100 15 1 100 125 1 100 

Trrigation 
1S Kgepece le teers rs ete neem cients 1 2 2 11 1.9 18 5 2.4 33 |’ 17 2, 13.6 

DSpPLiNe=boOwMe ees cece == 3) 1.7 6 |) aes6 18 3} 1.3 20 17 | 1.6 | 13:6 
Spike-tooth........-.------ 8}. 1.3 16 3} 1 5 1| 2 7 12) e3 9.6 
Cultivate ese csssce ssc. ee 27) 1.9 55 el) alts) 15 iG | a2, 7 37 | 1.9] 29.6 
INGE aed oaeoe eaedecoasodee Gils L IPA esbucel seasuclloscoar 2) .2 13 Si|-alas 6.4 
Crease rs ee eee oss: 38} 1 77 33 | 1 52 Ay at 47 78) el 62.4 

Trrigation. 
DIS Kee oe ctaetnere siete iiss Py M7 4 9 1.9 15 4 1.8 27 15 1.9 12 
Suning-toothe se epeeues: || VO. 4 MN alee 5 ]), il 20| 12! 1.4] 9.6 
Spike-tooth......-..-.----- 5| 1.2 10 3} 1.3 5 2:4 83, 13 10] 1.6 8 
Culbivateseeereee oeec nse. 24] 1.4 49 Ce a®) a2} leap lee eo ek 311/255 2498 
INGrtedeoéshusoonsbocenigese a4 al 6 25 |e 3 Sitar 20 Shei 6.4 
@EeAse eee eee aecc a= == - 28} 1 57 22| 1 35 | Th |\\ineal 47 57 1 45.6 

Trrigation 
Mel eo Oa O Seb eoan OCC ee aodel RBSeeS EEeene paocee 2 1.5 3 3 2.3 20 5 2 4 

Spring-tooth.............-- Cyl ab 7 6 3] 1.7 5 2h 13 8| 1.5 6.4 
Spike-tooth......-.-.-.-.-- 2) 1 4 2} 1.5 3 2/3 13 6| 1.8 4.8 
Cultivate eee ee ta: 11] 1.7 22 3] 1.3 Dale eens | eters larceetslete 145 |e 18 6H li? 
IB GhlioaooeccecoonSceSeaages 1 1 2 1 1 2 2 1.50 13 4 1.3 3.2 
@reasese eis ersceeiiss ss 13} 1 26 Sips a 13 5) 33 265 te 20.8 

trigation 
1S Kase ee eta eya Se esie eee | acne nts [atlas net] = eiosie [asisior el Me cite S| Merecear= [sree eae ee| ce ene| ed omullecoes emits 

SOMMERS ooo45cé65u0ceesseee seeesd aBeese 1 74 Eero boreeal oeerae ei al 0.8 
Spike-tooth..............-- Wea 7A Aeehd Mscs}5| bceabe| atone) Nouaee OS aaee eal 0.8 
Cultivate se sees cise: 1| 2 2 1| 2 Dy eee era |e ee a | ae Dale 1.6 
IMLGENR ssoSécicmadgoosboakodnad Gaeees ECHSAd BESeAe Beeses sciccs| anita) bets Gcomee| Mees Beseed lsceaace boctec 
Wreasetennmecisce sitet aewicicers 8} /Peal 6 25 |e Sl Bens eee eee Heal 4 

Trrigation. 

Creasing is a universal practice before the first irrigation, and when 
there are any cultivations between irrigations the operation is re- 
peated. The next most prevalent practice in cultivation is the use 
of the disk, followed by the float, spike-tooth, spring-tooth, and 
lastly the cultivator, in the order named. In Table X, however, the 
tools are named in the order in which they are used. 

The disk, usually a 4-foot or 6-foot extension disk, is used quite 
generally on the alfalfa orchards in early spring and perhaps even 
after one or two irrigations. The spring-tooth is used to some extent 
on the sod orchards in early spring, but is largely confined to clean 
cultivation. Spike-tooth, float, and the cultivator are almost en- 
tirely confined to the clean-cultivation orchards. It should be 
expiained that in creasing there are two very distinct tools used, viz, 
a cultivator which usually makes two or three furrows at a time and 
the shovel plow, which makes but one. The cultivator is the tool 
most commonly used, except in sod orchards, where there are many 
roots to contend with, where a shovel plow is usually used. In clean 
cultivation one horse ordinarily can handle a shovel plow, but under 
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the conditions which make the use of this tool desirable here, two 
horses are commonly used. Indeed, the two-horse team is most 
commonly used in all operations. More than two horses are rarely 
used and only a few men, owners of small orchards, use one horse. 

Tn order to show the normals of these different operations as arrived 
at by the estimates of all growers who practiced them, Table XI has 
been prepared merely to show normal time required. It should be 
understood in this connection that these normal times and costs do 
not refer to the actual costs per record, but refer only to the actual 
average cost of one operation on 1 acre with a given cultivating tool. 
In arriving at actual costs chargeable, take Mesa County, where 39 
per cent of the growers of the county practice disking before the first 
irrigation, and they go over the ground an average of 1.8 times; then 
to find the cost per record, using an acre as the unit for the county, 
take the normal time for that given operation, multiply it by the aver- 
age number of times over, and then by the per cent of growers in the 
county practicing the operations, as 2.28 (normal man-hours per 
acre) X1.8 (number of operations) x 0.39 (per cent of men who prac- 

tice it) —number of man-hours chargeable. 

Number of man-hours X man-hour rate=cost of man-labor. 
Number of horse-hours x horse-hour rate = cost of horse-labor. 

Normals in this table are given only for one-man two-horse crews, as 
the few other combinations found are not numerous enough to give a 
normal, Cultivating times vary somewhat, according to conditions 
of the soil and the season, so that in some instances more than one 
estimate covering cultivations between different irrigations have been 
used in figuring the normal. This accounts for the number of esti- 
mates being larger in some cases than the number of records. 

Taste XI.—WNormal time in cultivation (1-man, 2-horse). 

Operation. Num- | Man- 

esti- per per 19 esti- per 1 per 
mates. | acre. | 4Y- | cre. | mates.| acre. | 28Y- | acre 

IPIOW ceo eerie tie eee ee eke cee 43 6. 86 1.46 | $3.77 40 7.25 1.38 $3.99 
Digke ose Sei a non cen etene ha ce asa 22 2.28 4.39 11525 57 1.88 5.32 1.03 
BPriUP-LO0t eset ee oe eee ee Senor 18 1.37 7.30 Ah) 45 1. 63 6.13 -90 
Spike-Loouh soe eeeseck ee neeee ce. 40 1.18 8.47 65 22 1. 28 7.81 . 70 
Coltivateicsr: Sas ss ges ees eee ee 70 1.70 5.88 94 PHY 1.69 5.92 93 
Crease , 105 iS 1 8.93 - 62 109 pile? 8.54 . 64 
Shovel plow (1 man, 2-horse). - - 16 2.06 4.85 1.13 10 1.92 5.21 1. 06 

Seo sodeasoos se soto ease 43 1.33 7.50 sit 21 1.44 6.94 -79 
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TasLe XI.—Normal time in cultivation (1-man, 2-horse)—Continued. 
aati! ) 

Montrose. 3 counties. 

Operation. Num- | Man- | acres | Cost | Num-| Man- | acres | Cost ber | hours ber | hours ; : 
esti- | per as per | esti- | per davis |eece 

mates. | acre. ay. | acre. | mates. | acre. AMG ChB 

LOW eee eee ee ool e lara eiciele weisiejei= 10 6.34 1.58 | $3.49 93 6.97 1.44 $3. 84 
IDE ee oa aE A Ree E ee eer 20 1.41 7.59 .78 99 1.87 ped) 1.03 
Spring-tooth ans 14 1.27 7.87 . 70 77 1.50 6.67 83 
Spike-to00theaes sae eeee- ose ees 10 -93 10.75 -Ol 72 1.18 8.47 - 65 
@ultivatemsececcrc cise eee ncisine cles 2 1.33 7.52 ale: 99 1.69 5.92 .93 
(CO ou seb scpoocto te HTGeso SeoeReeaee 34 .85 11. 76 47 248 1.10 10. 00 61 
Shoveliplowsdimanhy)2-horse)s-- = 2 -)-|- 22 lis tle cine wee ele eels celina ean = 26 2. 01 4.98 1.11 
INCE cooks douesdore cos Tee sOee saa nee 15 93 10. 80 -ol 79 1. 28 7.81 70 

Aftee figuring-out the costs of all cultivation, including plowing, 
and distributing that cost over the total number of records, there is 
indicated for Mesa County an average cost of $9.98 per acre as com- 
pared with $7.74 for Delta, where less clean cultivation is practiced, 
and $8.39 for Montrose, where more clean cultivation is practiced 
than in Delta but less than in Mesa. The average for the three 
counties is $8.70. (See Table XIT.) 

TaBLE XII.—Cost of cultivation on farms studied. 

; All 
Item. Mesa. Delta. |Montrose. counition! 

Man-hoursipenmacneg pace ence oc cia Sed ee aN re al 18.55 14.08 15. 25 15.97 
DEOTSe-HOUTSPETAChe acento = ee eee cele ee i acan etm aes 35. 63 28.14 30.50 31.36 
OWS OER AG oacdodss Has eS ees Sees ee ie ER CI ~ $9.98 $7.74 $8.39 $8. 70 
QO TOP TOOK 4 coos Gas a Ee aihed $0.035 | $0.027] $F 030 $0..030 

MULCH CROPS. 

The practice of using a mulch crop has a direct bearing on the 
extent, kind, and cost of cultivation. The term mulch cropping, in this 
connection, refers to the practice of growing alfalfa, clover, or any other 
crop in the orchard to be taken off as hay or turned under as fer- 
tilizer. Strictly speaking, in many of these cases these crops might 
be referred to as shade crops instead of mulch crops. The growers 
call them cover crops. Up to three or four years ago clean cultiva- 
tion was the universal practice, and the method was more intensive 
than that now in vogue (see fig. 5). However, the practice of using a 
mulch crop has been gaining in favor very rapidly, so that in a few 
years it is likely that clean cultivation as a regular practice will 
be generally discontinued. Considerable cultivation is necessary, of 
course, even with a cover crop, for alfalfa is usually disked annually 
and clover is turned under every two or three years and the orchard 
cultivated for a year before it is sown again. When weeds or sweet 
clover are used as a mulch crop the orchard is clean cultivated during 
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the first part of the season and they are allowed to grow after the first 
or second urigation. 

As has been explained, it was impossible to separate the figures for 
the different kinds of soil management and have enough records of 
any one kind to give the figures conclusive meaning, so that all work 
is averaged over the total number of records. 

As yet comparatively little income has been derived from hay 
taken from these orchards. The mulch crops have been so recently 
established that most growers still leave the crop on the ground 
after mowing. However, since the recent decline in the price of 
apples, growers are coming more and more to realize the necessity 

Fic. 5.—A 7-year-old orchard in the Grand Valley under the intensive clean cultural system of soil man- 

agement. Note how close the trees are set in the row. 

of getting something more than apples from their land. Thus, in 
the year 1915 many men mowed their orchards and saved the hay 
for feed. The few men who cut orchard hay harvested 14 to 5 tons 
per acre of alfalfa. Clover, less frequently taken off, averages much 
less per acre. The cost of harvesting this hay is about $2.50 per ton, 
and the local price $4 to $8, so that there is often a considerable hay 
credit to an orchard. In these figures, however, owing to the mulch- 
crop system not having been firmly established at the time the records 
were taken, no consideration is given to hay in the cost tables. In 
general, however, it may be said that a system of mulch or cover crops 
cropping is becoming very popular in western Colorado and intensive 
clean cultivation in the bearing orchards has but few advocates (see 

figs. 6 and 7). 
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IRRIGATION. 
"* 

The cost of irrigation depends on method, quantity of water avail- 
able, rate of flow, topography, condition of the soil, length of furrows, 

Fic. 6.—A 22 year-old Grimes orchard located on sandy soil in the river bottom section near Paonia. 

The clover in this orchard acts as a shade crop and is sometimes turned under but never taken off. 

Fig. 7.—A 7-year-old orchard in the Grand Valley showing the clover shade crop between rows. 

width of furrows, and the time of year. The usual method of irriga- 
tion is by open ditches. The water is carried from the main ditch 
to the ranches in smaller open ditches, known as laterals. From 
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them it is delivered to the orchards by means of open ditches, 

wooden flumes, or pipes. Piping is the quickest and most con- 
venient method, but this system, because of the great initial expense, 
is not generally used. 

In the Grand Valley (Mesa County) the majority of the growers 
water their orchards from the Grand Valley Canal at a cost of 88 
cents per acre per annum. Water from the Price ditch costs per 
year about $4 per acre. The growers interviewed on orchard mesa 
have to pay much more per acre for their water, which is pumped. 
Along the Grand River and canal are a number of water wheels that 
raise water for small tracts. (See fig. 8.) This river is the source 
of all water used for irrigation on the farms studied in Mesa County. 

Fic. 8.—Method of raising water to irrigate lands above the Grand Valley canal near Grand Junction. 

In Delta County the sources of irrigation are the Gunnison and 
Uncompahgre Rivers and Surface and Forked Tongue Creeks. The 
water for the Paonia and Hotchkiss district is largely from the North 
Fork of the Gunnison River, while the region about Austin is watered 
by Surface Creek. The water sells by shares at an annual assess- 
ment per share, so that there is no fixed acre charge for water rent. 

In Montrose County the water for Spring Creek Mesa is taken from 
the Government project canal, which was completed in 1910 and 
absorbed the canals of the old Uncompahgre Ditch & Land Co. 
Generally speaking, there is no lack of water for irrigation purposes; 
indeed, water frequently has been applied too freely, as the orchard- 
ists themselves testify. In many places, especially in the Grand 
Valley, the ground has been so thoroughly saturated that alkali has 
been brought to the surface and killed hundreds of acres of formerly 
productive orchards. 
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TasLeE XIII.—Number of irrigations (125 ranches, western Colorado). 

Mesa (49 farms). Delta (61 farms). | Montrose (15 farms)} All counties (125 farms). 

a A o 3 ‘ oO Cs) o is} Q O 3) o 

Trrigation, 5 q 2 5 | % 5 g o o o" q 3 

sis 9) |) a yey. I Se i so ely le 5 bo) || 45/80) |) | 
=Bs| 2 qd ag oF q =R=| % | oa | 8.4 % q 
eerie e | e \erkece ie | Sie (8) |e ie 
Ae edule: | Se a eal eB eae |g le lee 
Ay sq & AY a mal Ay tl a Z Ay <4 H 

Hrs. | Hrs Hrs. | Hrs. Hrs. | Hrs Hrs. | Hrs. 
Mins teesesenc meee 100 2.78 | 2.78 | 100 3.49 | 3.49 | 100 3.64 | 3.64] 125 | 100 3.23 | 3.23 
Second.......--- 100 2.71 | 2.71 | 100 3.41 | 3.41 | 100 Bya2)\poro2)||) 125m) 100 sodA BY i172 
Thindseneeereee. 95.9 | 2.67 | 2.56] 96.7 | 3.36 | 3.25 | 100 3.32 | 3.32 | 121 | 96.8] 3.09 | 2.99 
INOW Se5ce5Ke 87.7 | 2.53 | 2.22 85.2 | 3.39 | 2.89 66.7 | 2.32 | 1.54 105 84 2.94 2.47 

ifthe aes 51 1.95 99 54.1 | 2.98 | 1.61 33.3 | 2.02 68 63 50.4 | 2.50 1. 26 
Sioned Soeeaseaeoes 3 | 1.43 26| 21.3 | 3.61] .77}| 20 2.08 42 25 | 20 2. 64 3 
Seventh.....-.-- 6.1 | 1.01 06 S522 790 peeeo) 6.6 | 1.20 08 9 7.2 | 2.02 15 

Table XIII shows that the greatest time is required for the first 
irrigation, with a slightly shorter time for the second and third, and 
that thenceforward the time decreases with each irrigation. This is 
due to the fact that the fifth, sixth, and seventh irrigations are per- 
formed only by those men who water their orchards lightly and often, 
while the first three irrigations include all who water heavily and but 
three times during the season. Thus it will be seen that the average 
time for irrigation falls off as the number of irrigations per season 
increase. 

The number and the length of furrows naturally influence the time. 
Where furrows are long it takes considerable time for the water to 
reach the far end; furthermore, the soil tends to become oversatu- 
rated at the head of the furrow. The number of furrows varies from 
3 to 8, with an average of 5, about an equal number using 4, 5, and 6 
furrows. The number of furrows, of course, depends on width of row, 
tool used, kind of soil, and how long the water is to be left on. The 
farther the furrows are apart the longer the water is left on. This time 
varies from 12 to 72 hours, but is usually between 36 and 48 hours. 
The number of sets necessary depends on the quantity of water used. 
The usual allowance in the Grand Valley is one-half inch per acre. 
In the other counties this figure varies. 

TaBLeE XIV.—Cost summary for all irrigations (125 ranches, western Colorado). 

Per acre. Mesa. | Delta, | Mont: | Three 
rose. counties. 

NTS TIEW OUTS ee Cee Re ete eer icra is elie Saine classic ale Aa eR eee oe 11.59 15. 66 12.99 13. 74 
ROS [eee oe eto none eens saeisc sis bbeind Ge Stone eee la ee $2. 90 $3.91 $3.25 $3.44 

A comparison of time required throughout the region for irrigating 
in sod orchards and in orchards under clean cultivation shows that 
under clean cultivation the time averages about one-half hour longer 
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per acre than on sod. This slight difference may be due to the fact 
that, in general, less care is taken in irrigating orchards in mulch 
crop, although to keep the mulch crop from clogging the furrows 
often entails extra work. 

In Table XIV is given a cost summary for all irrigations. 

THINNING. 

Thinning the fruit from the trees is a practice followed by the 
majority of growers. This operation is usually done in June or July, 
most growers thinning during the latter part of June. Thinning 
increases the size and color of the’ remaining fruit, and if practiced 
systematically eliminates in large measure the cull or poor fruit, thus 
saving harvest labor. This operation is done by hand, either by 
picking the apples or clipping them off with a thinning shears. The 
low-headed trees are most frequently thinned. It is not customary 
to thin branches which can not be reached from a stepladder. Apples 
are left from 3 to 6 inches apart. Some growers thin the clusters 
so that no two apples are borne on the same fruit spur. 

Condition of crop and variety of apple are the most important 
factors influencing thinning. Some varieties, ike Winesap, require 
so much more thinning than others, such as the Arkansas Black, that 
a general average of time required per acre for thinning is of little 
practical significance in itself. Estimates were obtained from each 
grower as to the number of trees a man would thin per 10-hour day, 
and as to the percentage of his trees thinned. These estimates were 
checked up with his estimate of the average time spent thinning 
his orchard per year. The averages derived from these estimates 
are shown in Table XV. 

TaBLe XV.—Thinning practices and costs (125 ranches, western Colorado). 

Num-| Per | xwum | Aver- a hs ae 
ber of | cent 7 | age Tees er cent | tri 

Count Aube records| prac- bee ot size of |thinned| of uted el 
Ye Pacords of ticing ne or- in 10 trees hours acre. 

“| thin- | thin- we - chard | hours. | thinned.| per - 
ning. | ning. * | (acres). acre. 

Mesaie ee aC sane 49 41 83.7 70 8. 22 10. 89 45.3 | 24.36 | $6.09 
WD oliaiee a. ace ee ane 61 45 73.8 78 12.19 16. 45 44.1 15.42 | 3.86 
IMontrose-sccise eer secs coos 15 6 40.0 71 13. 66 13. 85 26.0 5.35 1. 34 

All counties........- 125 92 73.6 74 10. 81 13. 96 43.45 17.71 4. 43 
) 

It will be seen from these figures that the more general the farm 
the less thinning is practiced. There is a decided drop in Montrose 
County, where orchards as compared to those of Mesa are not given 
a great deal of care. It is significant that the greatest proportion 
of cull apples is found in Montrose. It will also be seen that the 
larger the orchard the less time is spent thinning per acre, which 
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eoes to account for the fact that orchards of larger acreages on the 
farms studied seldom produce as large a percentage of extra fancy 
fruit as do those of smaller size. 

PROPPING. 

So few growers of western Colorado practice propping that this 
operation need not be discussed here as a regular orchard operation. 
All propping time is included in miscellaneous labor. 

CODLING MOTH BANDS. 

A practice more common in western Colorado than in any place 
else in the United States is that of banding the tree for codling moth. 
This is particularly true of Mesa County. These bands are made 
of old sacks or cloth of any description, but the most satisfactory 
band is burlap. A band is placed around the tree from 8 to 12 
inches from the ground. This is done about the middle of June and 
the band may be taken off in the fall or left on the tree. A band 
will last for two years on the tree, and if taken in during the winter 
will last longer. These bands are ‘‘worked”’ every week, ten days, 
or two weeks, depending on the prevalence of moths and the impor- 
tance the grower attaches to the practice. By working the bands 
is meant the practice of removing the bands at one end from: the 
trees and killing the codling moth larva. The larve after coming 
from the apple seek a place to pupate and select the band as an ideal 
place. A few growers use for this purpose an old sack stuffed into 
the fork of the tree. This answers practically the same purpose as 
the band, although probably somewhat less effective. 

The time required for working depends very largely on the number 
of worms found. Table XVI shows that the practice of banding is 
almost entirely confined to the Grand Valley, or Mesa County. 

TaBLE XVI.—Time chargeable per acre for working codling moths. 

Mon- All 
Item. Mesa. Delta. Trosetnlcountice: 

INTEMPO WH RECON SG Ge EG A aS 49 61 15 125 
INTimbersIsin ey Wan dseeaas hs 2 Soko b eee deck bij sea oneeanesmieees 33 EPA ee Side SAS 40 
REL cen tarenusin bandshenen ces oo vc.\niels sicisin wns Sa cice@mcteisicieie 67.3 TLS gal Ay eee 32 
Time chargeable per acre to put on bands (hour). ...--...-....- AG 1 Ai ea 35 
ING DerrOmEIMeSiWOTKeG eee ce owe ace nc woo ccletebecces 6.5 Sala Wega eee 5.33 
Time chargeable per acre for working bands (hours)..........-- 10. 02 Did eee Fal 4.52 
Time to put on and workbands (hours) ..--.--...--.-------.---- 10. 78 IBS I Bea ee 4.87 
WOStDERIACIO cen passe dele cls edie s Gs wie Sidsle e bie i aijne ey isienetas aiatels $2. 70 SONSSh| Saeee ee $1.22 

SPRAYING. 

Spraying is one of the more important orchard practices of western 
Colorado, and one which, owing to a number of factors involved, 
varies greatly in the different counties. 
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The codling moth, because of the long season and dry climate, is 
very hard to control, especially in Mesa County, where conditions 
for its rapid development are very favorable. In Delta County the 
altitude is high enough and the climate moist enough to render the 
moth much less troublesome; indeed, in some of the higher orchards 
of this county it is almost unknown. For this reason there is much 
less spraying in Delta than in Mesa County. In Montrose County 
none of the growers visited sprayed over three times for the moth, 
the cost for that district falling even below that of Delta. 

Besides the codling moth sprays it is now the general practice, 
enforced by law, to make a lime-sulphur spray for San Jose scale. 
At the time these records were taken, however (1914), only a few 
men sprayed for scale. Thus the cost of spraying for the region 
has been very materially increased since the figures here presented 
were obtained. 

Sprays are also occasionally made with tobacco extract for aphis. 

CODLING MOTH SPRAYS. 

In Mesa County the codling moth is impossible to control with 
present methods without several sprays. Considering all records, 
Mesa has an average of 5.28 sprays as against 3.16 for Delta County 
and 2.73 for Montrose County. The first lead-arsenate spray is called 
the calyx spray and is applied when about two-thirds of the petals 
have fallen or before the calyx closes. The next spray follows in 
about 10 days or 2 weeks. The dates of spraying always depend on 
the relative time of blooming, weather conditions, and the relative 
abundance of the moth. The grower uses his own judgment to a 
great degree as to when and how often these sprays should be applied, 
though he is guided to some extent by the inspection of the local 
association or county agent. 

In each of the three counties spraying in the bearing orchards is 
done almost exclusively with a gasoline-power spray outfit. Thirty- 
seven of the 49 growers in Mesa own spray rigs, while 12 hire the 
spraying done. Of the 61 growers in Delta County 51 own and 10 
hire. Of the 15 in Montrose all own except one, who hires. 

The customary spray mixture for codling moth is arsenate of lead 
and water. Two kinds of lead arsenate are used, paste and dry. 
As over 90 per cent used the paste lead arsenate, this will be con- 
sidered here as the general practice. In Mesa County the lead 
arsenate is mixed in the proportion of 8 pounds to 200 gallons of 
water. In Delta County the average is 8.02 pounds to 200 gallons, 
and in Montrose, 10.22 pounds to 200 gallons. The regular rate of 
spraying labor is $1 per hour for man, team, and rig. ‘This figures 

the man labor at 25 cents per hour, the team and rig at 75 cents. 
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The usual spraying crew is 3 men and 2 horses, although many use 
2 men and 2 horses. On the farms studiéd approximately 73.5 per 
cent use the 3-2 crew in Mesa County, 70.5 per cent in Delta, and 
73.3 per cent in Montrose. In Mesa 20.4 per cent use the 2-2 crew, 
19.6 per cent in Delta, and 6.7 per cent in Montrose. Of all other 
crews, which include 1—2 crews, 4—2 crews, etc., 2.04 per cent are 

found in Mesa, 9.93 per cent in Delta, and 20 per cent in Montrose. 
(See Table X VII.) 

TasLE XVII.—Spraying practices (125 ranches, western Colorado). 

Mesa. Delta. 

Spray. Crew. Crew. 

Num-| Per Num-| Per = 
ber. | cent. ber. | cent by ih All All 

3-2 | 2-2 others. Sed Nh et others. 

Using lime-sulphur spray.-..--....--- 20 41 15 4 1 4 a Aa Sybesma 
First lead arsenate spray...-...----- 49 | 100 36 10 3 61 | 100 43 12 6 
Second lead arsenate spray.......--- 49} 100 35 11 3 60 98 43 12 5 
Third lead arsenate spray. -..-.------ 49 | 100 36 10 3 45 74 33 10 2 
Fourth lead arsenate spray-....-.-.-- 47 96 34 11 2 22 36 16 CHL pease 
Fifth lead arsenate spray-....-.-.-.-- 42 86 30 10 2 5 8 3 PAN ny en ale 
Sixth lead arsenate spray...-...--.-. 23 47 17 5 Tess) ey | ec ee | Se | ered 

Montrose. All counties. 

( 

Spray. Crew. Crew. 

Bi Per ——|Num-| Per 
er. | cent. ber. | cent. All All 

38-2 | 2-2 others 3-2 | 2-2 Ouneres 

| 

Using lime-sulphur spray.....-....-- 3 20 Bi testi esses 27 | 21.6 22 4 8 
First lead arsenite spray-.--....----- 15 | 100 11 1 3] 125 /100 90 23 | 12 
Second lead arsenate spray.......... 15 | 100 9 3 3 | 1247) 99.2 87 26 11 
Third lead arsenate spray---.---.---- 11 73 5 3 3] 105 | 84.6 74 23 8 
Hourthleadiarsenateispray--..2.0..2)o.22 2 |e. 22. ce cle cc alcec cc ee 69 | 55.2 50 17 2 
Mitthweadsarsenate:sprayesc.42 2 5---|os- 222) ol) oe oe 47 | 37.6 33 12 2 
Nixtileadianrsenate SPLayeo. sss |sccsse lace s<- fenced lew cseuloce sect 23 | 18.4 17 5 1 

Table XVII gives a general idea of the practice, while Tables 
XVIII and XIX give detailed data on the efficiency of the 3-2 
crew as compared with the 2—2 crew, which is shown to be fully as 
efficient as the 3-2 crew. This is because ordinarily the third man 
of the 3-2 crew is a driver and does not handle an extra lead of hose. 
Thus there are usually only two leads of hose, whatever crew is used. 
Table XX summarizes the efficiency data for the 3-2 and 2-2 crews. 
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TaBLeE XVIII.—Cost of operation for 3-men, 2-horse spraying crew. 

Mate 
Number | Acres |Gallons )Gallons Labor rial Total Normal cost cost 

Spray. of fins er per per ae cost 5 
records. : ay. | acre. | tree. re per sites 

acre : 

Lime and sulphur spray...........- 22 6.8 4.4 358 5.1 | $2.38] $8.23 | $10.61 

First lead arsenate spray ........--- 90 | (7.81 | "a8 |" . 519 | zeae) mneenen liao t| Mann 
Second lead arsenate spray......-.- 87 7.62 3.9 462 6.3 2.67 1.91 4.58 
Third lead arsenate spray-.----...-. 74 7.62 3.9 480 6.6 2. 67 1.98 4.65 
Fourth lead arsenate spray-......-- 50 7. 83 3.8 514 teil 2.74 2.05 4.79 
Fifth lead arsenate spray-........-- 33 7. 81 3.8 542 7.6 2.73 OSi7 4.90 
Sixth lead arsenate spray...-.....-- 17 7.98 3.8 585 8.4 2.79 2.34 5.13 

All lead arsenate sprays-....-. 351 | Toth} 3.8 501 6.8 rh 2.07 4.78 

TaBLE XIX.—Cost of operation for 2-men, 2-horse spraying crew. 

Mate- 
Number 47, Aeres |Gallons |Gallons Labor rial Total 

re Normal cost cost Spray. of time. | ‘P& per per per cost per 
records. day. acre. tree. Sa pe acre. 

Lime and sulphur spray-.........-- 4 6.14 3.3 324 4.6 | $2.46 | $7.45 $9.91 

First lead arsenate spray.........-- 93\| 6.21 |) 3r2il** 550°] > -7i4ll aay yk 
Second lead arsenate spray......--- 26 5.53 3.6 458 6.2 2.21 1.89 4.10 
Third lead arsenate spray-......-.-- 23 5. 60 3.6 446 6.0 2.24 1.84 4.08 
Fourth lead arsenate spray-..-..-..- 17 5.38 3.7 490 6.6 2.15 1.96 4.11 
Fifth lead arsenate spray--.-..-....- 12 5. 27 3.8 531 7.2 2.11 2.12 4.23 
Sixth lead arsenate spray----..-..-. 5 4.97 4.0 532 7.6 1.99 2.13 4.12 

All lead arsenate sprays...... 106 5. 61 3.6 491 6.6 2.24 2.03 4.27 

TaBLeE XX.—Summary of comparative efficiency data for spraying crews. 

Cost per acre. 
Number | Normal 

Grour. of sprays |time man- Heres per) Gallons Gallons 
d Ea cicde MOLES! y. per acre. | per tree. | 5 

Labor. | Material. Total. 

351 7.73 3.8 501 6.8 PA riil 2.07 $4. 78 
106 5. 61 3.6 491 6.6 2. 24 2. 0: 4.27 

LIME-SULPHUR SPRAY. 

The lime and sulphur is applied during the dormant season, usually 
during February or March, and is applied primarily for the San Jose 
scale, and, as the growers express it, to ‘‘clean up the trees.” As 
stated above, comparatively few growers were using this spray when 
the records here presented were obtained. The average solution — 
used is 1 to 10; that is, 20 gallons of lime-sulphur and 200 gallons of — 
water. 

APHIS SPRAYS. 

Another spray sometimes applied separately, but usually in con- 
junction with one of the lead arsenate sprays, is the aphis spray. In 
Mesa County on the farms studied there was no record of the use of 
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this spray on bearing apples. In Delta County 18 men used the aphis 

spray. Of these, 15 applied it in combination with a lead arsenate 

spray, while 3 made separate sprays. In Montrose County 4 men 

used the aphis spray as a separate spray. In either case the usual 

mixture was 14 pints of tobacco extract to a 200-gallon tank. In 

Montrose 203.8 gallons per acre were applied as compared to 418 for 

the 3 separate aphis sprays of Delta County and 558 for the 15 com- 
bination sprays. 

Table XXI summarizes all spraying costs, there being a total of 

$30.41 for Mesa, $16.68 for Delta, and $12.36 for Montrose. The 

high spraying cost in Mesa has already been explained. These costs 

are all figured on the same man-hour and horse-hour rate basis used 

in figuring other orchard operations. The few who hired their spray- 

ing done were charged at the regular rate. The upkeep and deprecia- 

tion of the spray rig is an important item which will be taken up 
under discussion of equipment and machinery depreciation. : 

TasBLeE XXI.—Summary of costs for all sprays (125 ranches, western Colorado). 

Item. Mesa. Delta. |Montrose. ey coun: 

INUSY AT AVOV BUTS oe Sad mle A Se NOON Ds Ups ea a A MN Eres Sie Sea 40. 83 24,71. 18. 54 30. 29 
TEIOUS OS NOW S  5o SE GK USE aS He SSO AO es eee Meer etn Eames Bape 29. 2 18, 21 12.77 21. 87 

Cost per acre: 
| 

aD ORSe eee eases eee Cocinare eS JRE SCRE He eeehS Seuss $14. 59 $8. 91 $6. 55 $10. 85 
TEES Y RSS Le ng I Ee UG cn 15. 82 SOY 5. 81 10. 68 

RO Gallen eine meena es Me oe oe ea eens 30. 41 16. 68 12.36 21.53 

Cost per box: 
IPO R sAboadodos ocoeGKReaEsa Sen ee CED Ce OBeEADerpsaBeosaschas . 053 . 030 . 024 . 0382 
SINNER Ee 5 ste eT ea a a Pe aR A . 058 . 026 - 021 | . 0376 

PAC) Get apenas Sle Ml ee hs A age oe eae ae: Se pee ea souhh . 056 - 045 . 0758 

SCRAPING TREES. 

An operation of important bearing upon the health of the tree is 
the scraping of the loose bark from the trunk and lower limbs of the 
tree. This is done usually during the winter or early spring to 
remove codling-moth larve or other insects which may be underneath 
the loose bark. A sharp hoe is generally used for the purpose. This 
practice is followed principally in the Grand Valley, where 30 growers 
of the 49, or 61.2 per cent, scrape their trees, some every year and 

others every 2 years. In Delta County only 4 practice scraping, and 
in Montrose none. On the farms studied the average number of 
trees that a man will scrape in 10 hours in the Grand Valley is 45; 
in Delta, according to the 4 records taken, 53. The time chargeable 
per acre, 3.45 hours in Mesa and 0.86 hour in Delta, has been counted 
under miscellaneous labor. 
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MISCELLANEOUS LABOR. 

All major orchard operations prior to harvesting time have been 
discussed, but their remain many minor items of labor which in the 
aggregate have considerable weight. These items, in order of impor- 
tance are cleaning laterals and waste ditches (including mowing 
weeds along the ditches) (see fig. 9); propping; summer pruning or 
water sprouting; cleaning up the packing shed; hoeing weeds; mow- 
ing weeds or mulch crop to leave on the ground as a mulch; sowing 
mulch crops, and other occasional items. These odd costs were com- 

Fic, 9.—Cleaning a waste ditch in the Grand Valley district. This operation is necessary atleast once 

a year and is one of the principal items of miscellaneous labor. 

bined and the time distributed over the total number of records for 

each county. (See Table XXII.) 

Taste XXII.— Miscellaneous labor (125 ranches, western Colorado). 

Item. Mesa. Delta. |Montrose- eee 

Man-hours, per acre........ ae 12. 35 9. 58 3h L355 10. 90 
Horse-hours, per acre... . | Byfil 3.33 7.8 2. 84 
Cost peracrok=.---seee -:| $3.20 $2. 89 $4. 05 $3.14 
Costiperspo meas Sanne eee se kik ere pete eps a eb srry Pa arora $0. 012 $0. 010 $0. 015 $0. O11 

ORCHARD HEATING. 

Orchard heating or smudging, as it is generally termed by growers 
in this region, has for several years been very much out of favor in 
western Colorado. There are now few men left who have the equip- 
ment to smudge and still fewer who believe in it. It is still prac- 
ticed in the Palisade peach district. In the spring of 1915, when 
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severe frosts occurred in early May, only a very few apple growers 
in the entire Grand Valley set out their smudge pots and saved their 
crops. There is no doubt that orchard heating paid that year. 
This was due largely to weather conditions, the night being so still 
that the smoke hung in thick clouds over the orchards. Such 
results, however, are exceptional. In the early years of the fruit 
industry orchard heating was a universal practice, but owing to the 
ereat expense of equipment and operation, and to frequent failure 
to save the crop owing to adverse weather conditions, the practice has 
been almost wholly discontinued. (See fig. 10.) Over 90 per cent 

of Mesa growers interviewed, while admitting that smudging some- 

Fic. 10.—Discarded smudge pots on a ranch near Grand Junction. Smudging is now practiced by 

very few growers. 

times saves the crop, maintain that as an insurance it is too expen- 
sive. There are a few men, however, who have followed the practice 
recularly and never lost faith in it. Some of these men are among 
the most successful men in the valley, but their numbers are so few 
and their costs and methods so various that no accurate average 
costs for smudging could be obtained. The apple growers on the 
farms studied in the lower sections of Delta County formerly prac- 
ticed orchard heating, as did all those of Montrose, where many still 
put out their smudge pots every year. 

In the discussion of cost production no figures for orchard heating 
are taken into account, since not enough estimates could be obtained 
to constitute reliable data. 
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HARVESTING OPERATIONS. 

Under harvesting operations are included all those items pertain- 
ing to the harvesting of the crop from the time the apples are picked 
until they are delivered at the station or warehouse. These opera- 
tions include hauling the box shooks, making the boxes, hauling the 
empty boxes to the orchard and the full ones to the packing shed, 
picking, grading, sorting, packing, nailing, and stamping, waiting, 
and all other packing-house labor, and, lastly, hauling the boxes to 
the loading station. These operations will be discussed under three 
general headings, viz, hauling, picking, and packing-house time and 
costs. 

HAULING BOX SHOOKS. 

HAULING. 

In hauling the box shooks all the growers on the farms studied 
hauled with a 1-man, 2-horse crew. The average distance hauled for 
the three counties was 3.11 miles, with a cost of $0.0047 per box, the 
average load 402 boxes. 
the farms studied in the three counties. 

TABLE XXIII.—Hauling shooks (1-2 crew). 

Table XXIII shows the relative cost for 

| j 

| Boxes Cost 
Mane TIUrSe Boxes | Num-| per |Cost per | Cost | per box 

County and number of records. a on per ber hour | box per per average 
les peas load. | miles. | per mile. | acre. | distance 

epall g mile. hauled. 

Mesa 340 Siem aaeee cates sae ee 1. 87 3.73 | 428 3.03 | 446.8 | $0.00123 | $1.03 | 0.00373 
DELANO le he ok assert ae a ee 2.77 5.55 | 383 3.13 | 330.5 - 00166 1.53 - 00519 
MOntrOsen oc es eee we eee eee 2.94 5. 87 | 400 3-3 | 300.4 - 00180 1.62 - 00594 

ANRConnties; 25 eese seen oe 2.44 4.87 | 402. 68 3.11 | 373.08 - 00151 1.34 - 00471 

HAULING FULL BOXES TO CAR. 

As in hauling shooks, the ordinary crew used in hauling to the 
stition is the 1-man, 2-horse crew. The average for the three coun- 
ties is 73.5 boxes per load; distance, 2.45 miles; cost of 1 cent per 
box per mile, or $0.0249 per box for the average distance hauled. 
As will be seen from Table XXIV, the cost per box per mile varies _ 
but little. 

TABLE XXIV.—Hauling full boxes to car (1-2 crew). 

Boxes Cost 
Man: Bors Boxes | Num-| per | Cost per} Cost | per box 

County and number of records. | "0QTS | [ONS | per ber | hour | boxper | per | average 
per os load. | miles. per mile. acre. | distance acre. | acre. wep 

Mesa 40 alia mane eee es 9.87 | 19.74 76 2.1 58.53 | $0.00940 | $5.43 
Delta 6h Else uss Fee See 2k 15.10 | 30.20 71 2.53 | 49.20 - 01117 8.31 
Montrose, 1b oe et n eee ee cee 14.04 | 28.08 76 3353) 64 - 00860 7.72 

All/countiessi25: seer erecere 12.92 | 25.85 73 2.45 | 54.63 - 01017 Zoi 
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HAULING TO ORCHARD AND BACK TO PACKING SHED, 
+ 

In hauling to and from the orchard it is the usual practice to 
aul the empty boxes out and distribute them as needed and haul full 
mes in on the same truck or sled. In nearly 80 per cent of the records 
_ truck is used for this purpose. The 1—2 crew is the most common. 
‘or the smaller orchards the hauling is often done by the owner, 
vyho may also nail up the boxes or do other work about the packing 
ouse. The average load of full boxes drawn is 38 with the 1-2 
rew and 20 with the 1-1 crew. In hauling out the empties the size 
f the load is about double the number of full boxes hauledin. Tables 
<XV and XXVI cover both hauling out and in. The costs per box 
re for packed boxes—not loose boxes as they are hauled from the 
rchard. The estimates in most cases were that 3 loose boxes would 
nake 2 packed boxes and the costs are figured in that basis. Table 
<X VII serves to show how the counties compare in practice and 
ime and cost per box, regardless of the method used. 

TaBLE XX V.—AHauling to and from packing shed (1-2 crew). 

) Yield Yield - | Man- | Horse- 
4 Boxes | Boxes | Cost 

ounty and number of records. | Pet 2¢re, | per acre, | hours | hours | “ye,” | in io | per Cost 
packed loose per per TondealltHoure'tl acre week box, 
boxes. boxes. acre. acre. ‘ i e 

lesar Ailes eee AU ae eke Se Ded 275 413 6.36 | 12.73 33 649 | $3.50 | $0.0127 
lelta owe emecmiat Seen oko e 294 441 9. 82 19. 64 40 449 5. 40 . 0184 
lontrosey 152. ooh fc Qo ce oe ee 272 408 | 10.12 | 20.24 42 403 5s, BY . 0205 

All counties, 114.........- 284 | 426 8. 62 17.23 38 515 4.74 - 01662 

TasBLeE XXVI.— Hauling to and from_ packing shed (1-1 crew). 

Yield Yield Man- | Horse- 
Boxes) Boxes | Cost 

per acre, | per acre,| hours | hours F Cost 
ounty and number of records. Mr PETIA anlOGSONs per per en Haus oer per box 

oxes. boxes. acre. acre. . 3 

ROSEN S eee epee Pe unre aN a 275 413 8. 43 8. 43 20 490 | $3.37 | $0.01226 
BIG tea aoe Peee cease 294 441 16. 52 16. 52 21 | 267 6. 60 - 02244 
HOUUEROSE NOS seem sae soos 272 | CLUS cap Cds Se ean eS Hage SFI es ashe meee eye Re Pe 

All counties, 11........... 284 426 | 10.64 | 10.64 20 429 4.25 01504 

The average distance hauled is less than in hauling shooks, for in 
auling the full boxes they are hauled usually to the nearest railroad 
iding, while shooks are more often hauled from the main railroad 
tation. Some growers haul part of their shooks back with them 
fter they have taken a load of full boxes to the car, but the average 
ime and costs are figured on the practice of the great majority of 
Towers. 
A few growers, particularly in Paonia, haul the loose boxes to the 

sociation warehouse, where they are packed at a fixed cost per box. 
Towever, none of the growers considered in these records follow 
his practice. 
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Taste XXVII.—Hauling to and from packing shed (125 records, western Colorado). 

Cost 
per acre. | per box. 

Man- Horse- 
County. hours hours Cost 

per acre. | per acre. 

[~~ -—— — $$$ 

1 Ua Re Ba SA nee ye Ane i ee Nt ya Ae te bh MPa aU 8 6.70 12.02 $3.48 $0. 0127° 
Data GL arcs ere ea, SRNIDE Dette, aha pak Sika) ak 10.16] 19.48 5. 46 “O85 
Montrose s152 sg toss ee a Bi eee neues ia 10.12 20. 24 5.57 - 0205 

MMlicqantiest 125; teste ate ee a he Rl ah eee | 8.79 | 16.65 4.70 0165 

PICKING. 

Picking is one of the more expensive operations connected with the 
apple-growing industry. The season of picking rarely begins on 
standard varieties before September 1 and lasts not later than Novem- 
ber 10. Of the standard varieties, such varieties as Jonathan and 
Grimes are among the first picked and Ben Davis and Gano are among 
the last. Generally speaking, the apples are picked approximately in 
order of their keeping quality. 

Picking sacks opening from the bottom are generally used, the 
apples being transferred from the sack to the loose boxes in which 
they are hauled to the packing shed. Step ladders of various lengths 
are used. Many of the apples are reached from the ground; indeed 
only in the older orchards is it necessary to climb about the trees. 

The picking is done almost exclusively with day labor, in which 
case it costs over 6 cents per packed box to pick the fruit. Pickers 
are sometimes hired by the box at 5 cents per box, but in the opinion 
of the average grower this practice does not pay, since any advantage 
gained is more than offset by loss entailed by careless picking. Table 
XXVIII shows picking costs by counties. The cost per box varies 
from $0.061 in Mesa to $0.072 in Montrose. 

MAKING BOXES. 

The grower usually makes boxes during spare time, averaging 200 
to 300 per day. When made by hired help working by the piece, the 
usual rate is 1 cent per box. 

TABLE XXVIII.—Picking costs in the different counties (125 ranches, western Colorado). 

| 
County pees zacked, Hours | Cost per| Boxes | Cost per 

eh 10 hours. | 10 hours, | Pet 2¢re- | Per acre. | per acre. Ox. 

WECM) se ssctda sets acoso pcos doHsAoB ese 61. 43 40. 95 67.15 $16. 79 275 | $0. 06140 
Deltas6leee peers eee 1Sene ee jg 2onkess 56. 28 37. 52 78. 35 19. 59 294 - 06662 
WWVore these, MGS S55 eobb sets socctessoes 2H 52.33 34. 88 78. 27 19. 57 272 . 07194 

Allicountbiesnl25osecseeeeeee een cases 57. 82 38. 55 73.95 18. 49 284 - 06510 
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PACKING COSTS. 

The largest item of labor connected with the harvesting of the apple 
crop is the packing-house cost, which includes the cost of sorting, 
packing, nailing, waiting, and all other packing-house labor, including 
the wages of a packing boss where one is used. 

As will be seen from Table X XIX, there is a very wide variation in 
methods used. In Mesa County sizers are in common use. In 
most instances these are merely hand sizers, and one man. sizes 
the apples and nails for the packers, though in some cases the labor 
is distributed differently, according to the size of the packing crew. 
In large crews it takes one man’s time to wait on the packers and 
one man’s time to nail. 

TaBLeE X XIX.—Packing-house practices. 

‘ Sort . Nail and} Grade Hand . 
Pack. a wait. | and nail. | @t@de. sort. Nail. 

County. Keli =f ps = rm lets} t= (a role Vn = PU Wm = for rsh |= [ 
my | no G| ne 3 Glu eta iz | w 4 Glue g 
oo s/o” 3s/ov 3/00 | oD 5s |jov 5 |}oU 8 
BBQ S82 Sig sires Qe QE) no 125) nS 128] nd |2Bino 
ASiSS/ssifsies5| £45 ls5| $4 igs] SS |g5| 24S |gslgs 
BPISOISBlsolS 2) So ISS) So [SBI oo [58] so |Skise 
Zz AIA ja l4 aa) a {ea} a faa) A isa) a | 

WIGSEe3 SOULE Seb CUBA aaa aS eee aes 38 | 58] 11 | 51 }16] 179] 31] 174] 3] 212] 4) 100} 2] 300 
TD XSITE sien eee cars te ates aes ae ys Wa Y a Y a (es SY 173 180 1 250 2 153 | 42 | 370 
INTONIEROSC Mae ele iran Una cleneee e 2 | 47) 13 | 41 1 100 | O 0 1 177 1 125 | 14 | 278 

Countless cease eke aes si 44 | 57 | 81} 41 | 35 174 | 32 174 5 212 7 79 | 58 | 345 

In the figures for hand sorting, those for theseparate counties are given 
in loose boxes, while for the entire region they are given in packed 
boxes. In figuring the cost per box, as shown in Table XXX, an 
average cost is arrived at for each operation, using the percentage of 
the 125 growers who practiced each operation, the average number 
of boxes which constitutes a day’s work, and a labor rate of $2.50 
per day (the labor rate used in calculating all packing-house opera- 
tions). In actual practice, packing is largely piecework, paid for at 
the rate of from 4 to 6 cents per box, depending on the pack, the 
size of fruit, and the scarcity or abundance of help. In order to make 
the figures comparable, for many of the’small growers do their own 
packing with the aid of their wives and children, the regular day rate 
for other packing-house labor is used, the result being practically the 
Same as when the rate for piecework is used. The miscellaneous 
column includes all waiting not connected with nailing or other 
regular operations, trucking, overseeing, and any incidental labor 

about the packing house. In the farms studied the packing-house 
labor charge is found to be $0.068 per box in Mesa, $0.073 per box 
in Delta, and $0.079 per box in Montrose, or $0.072 per box as an 
average for the region. 
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TaBLE XXX.—Packing-house charge. 
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' 

Operation. 

Mesa (average yield, 275). Delta (average yield, 294). Montrose (average yield, 
272). 

Cc x.1 Cc : ; Rer ost per box Per ost per box Per Cost per box 

cent of cent of cent of 

records.) 4 otual.| Regional.|"¢°"4S:| 4 ctual.| Regional.|"®°P4s-| 4 ctual.| Regional. 

PACE See rey. 19e3s3 77.5 |$0.0440 | $0.0341 6.6 |$0.0440 | $0. 0029 13.3 |$0. 0440 $0. 0059 
Sort and pack........- 22.4 - 0610 - 0137 93.4} .0610 . 0570 86.7 | .0610 - 0529 
Nail and wait.....--.-- 32.6 | .0144 . 0047 29.5 . 0144 - 0042 6.7] .0144 - 0010 
NEW Ae Sta eae ea Roeeaae 4.1 - 0072 - 0003 68.9} .0072 - 0050 93.3 . 0072 - 0067 
Grade and nail....:.-- 63.3 . 0144 . 0091 1.6] .0144 - 0002 ||) .cie aces oes eeaee © os oe 
GradGte see mee sen en 6.1 . 0118 . 0007 1.6] .0118 - 0002 6.7 | .0118 . 0008 
lye eb dinsic bao seme= 8.2] .0316 - 0026 3.3 | .0316 - 0010 6.7 | .0316 - 0021 
Wait and miscellaneous} 100 . 0030 - 0030 | 100 . 0029 -0029 | 100 . 0096 - 0096 

Cost: permboxe aeiacteonc| 255 oSe|soeeee se Ais} |aosas-eA}sossoze- 073), |Szcecnee|eeeeeeee 0.079 

Goat: per acre zee see s29-| ns ee beeen Sisi7e)| (ent ees $21.59'|) 2 ee eae $21. 46 
OUTS Del ACle ss eee eee eeee eee TUE esco sb [so5sas5- 8659.0) |e: | eee 85. 84 

1“ Actual’’ cost is the cost for growers reporting. ‘‘Regional’’ cost is the actual cost distributed over all 
records. 

The totals of all labor costs are summarized in Table XX XI. The 
cost per box varies from $0.37 in Delta to $0.42 m Mesa, the 
average being $0.394. The labor cost per acre on all records is 
$111.88. There is considerable variation in cost on such items as 
spraying and thinning, etc., owing to the difference in the intensive- 
ness of the farming carried on in the three counties. 

Taste XXXI.—Summary of all labor costs (125 ranches, western Colorado). 

Mesa (49 records, 275 yield. Delta (61 records, 294 yield). 

Tent. Cost | Cost Cost | Cost 
Man- | Horse- oe ee Man- | Horse- ai a Or 
hours. | hours ae ae hours. | hours. oe ee 

MATT On ee eee tees cee ee ect Seva 7.42 | $2.04 | $0.007 5.03 9.10 | $2.62] $0.009 
PTUN Ota F i 2 see ied ese een eae supe 625610 Eee eee 21.91 . 080 413 eee 16. 71 - 057 
Eta brush. SS Oece ase eyes eee 9.75 | 12.84 4.36 .016 8.46 9.90 3.60 - 012 

Toa SSE Tes E Some Ree eS ASul PAL SON Sa ssckee 6. 09 . 022 15: 423 |e 3.86 . 013 
Caltivatee sees oso cgeanet cee cch ene 18. 55 35. 63 9.98 . 036 14. 08 28.14 7.74 . 026 
TYTIPAE sre Se aos eae seetinee mee Ae MLS5O) | 254%. seem 2.90 . O11 15566)| eee 3.91 . 013 
SDE seek corte: see aces teens 40.83 | 29.2 14.59 1058") 24570 S20 8.91 - 030 
Codling-moth bands.....-.........--- LOK785 | See see 2.70 . 010 J 315 |heeeee ee mop . 001 
Mise ANeOUSS 5 cee iee one see eee 12.35 S7al 3. 20 - 012 9.58 3.33 2. 89 . 010 
TI SHOOKS = sees ee ee ec ce mera 1. 87 3.73 1. 03 . 004 2.77 5.55 1.53 - 005 
Haul to and from orchard......------ 6.70 | 12.02 3.48 -013 | 10.16} 19.48 5.46 - 019 
HMaulitoicarse.. ease ce eens eee 9.87'| 19.74 5. 43 -020 | 15.10] 30.20 8.31 - 028 
PICK Ee aoe. ae Pe als ec aote tye lobe srce we /aiatet aa 67415) LEE 16. 79 . 061 (S200) |EEeoee ee 19.59 . 067 
Pack mail pradezs22+ ta eet Nos04) a yaaeeee 18. 76 0680)" (S6vcSi ease 21.59 . 073 
MAK OIDOROS. cbc oe as oc ten he sue. TT O0R| feeeee ce 2. 75 2010))\ T1576) | eases 2.94 .010 

{Were Deeper Sanne acne aeEeee 366.16 | 121.29 |$116.01 | $0.423 | 346.50 | 123.91 |$109. 99 80.373 
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TaBLE XXXI.—Summary of all labor costs (125 ranches, western Colorado)—Contd. 
+ 

Montrose (15 records, 272 yield). All records (125, 284 yield). 

f 
Item. 2 ees ‘ ; 

Man- | Horse- Cost cOsl Man- | Horse- Cost poet 
hours. | hours. Heat ae hours. | hours. aa por. 

(Mamie mele intact ve ea cietelenie taalstes 7.77 | 15.55 | $4.28 | $0.016 4.84 9.21} $2.59! $0.009 
TERING) eo He Yes SO SEO R OR eC RESORT Ee 48569) ite 17.01 06a Oos 00) |teeeueee 18.78 . 066 
EFA DTUSh see ees ee med We! 6. 43 7.78 2.77 - 010 8.72} 10.64 3.78 013° 
CINTA ePaper ae Pede fares ech relates ster teleie.cinleicve iseMilSeenocec 1.34 . 005 IAT ALS eee acl 4.43 016 
Cultinvartelten eee cence tec ce eae 15.25 | 30.50 8.39 -031 | 15.97 | 31.36 8.70 031 
ITMEIOS ao oaddd codde Soa ss aoSEpBeaeeeS 129913 fb se 3.25 -012 AS SY k a aecoeoos 3.44 012 
JOA coondusdsnoosoUpHe Ee BoorDeaeoreE 18.54 12.77 6.55 024 | 30.29 21.87 10. 85 .038 

Coddling-mothybands*':-. --).--------|--------|-.------[-o------|------ = - LEY lneeeee 1.22 . 004 
Miscellaneous......------------------ 11.50 7.80 4.05 -015 | 10,90 2.84 3.14 O11 
atiShOoksmeptennarecce cecee cs 2.94 5.87 1.62 - 006 2.44] 4.87 1.34 . 005 
Haul to and from orchard....-------- 10.12 | 20.24 5.57 - 021 8.79 | 16.65 4.70 017 
JE UEnbUl ito) @aiea ho UH oeoe obese ceBnaorce 14.04 | 28.08 7.72 028 | 12,92] 25.85 Teall . 025 
TRIN es SUS UR TS i 8 are a USSPYEN\Speoceee 19.57 OMe ef OuGon | eeeee ee 18. 49 . 065 
Pack, nail, grade........--.--.------- CHORE IBeOOOOG 21.46 SO neilsGY ||k-cocead 20. 47 . 072 
MaIGHDOXCS teeieice ce cece cise ene = ste ONSS) Pe eeeee 2.72 FOLON | TSS 6h|Sseeas se 2.84 .010 

MOGA ear ete cei io tie c seth ae sisi 328.48 | 128.59 1$106.30 | $0.392 | 352.03 | 123.29 |$111.88 | $0.394 

It should be borne in mind that this table is for labor only, includ- 
ing no material of any kind, and that it represents but about 50 per 
cent of the cost of delivering a box of apples f. 0. b. at the shipping 
station. 

YIELDS. 

In determining average yields, figures were obtained for five years, 
where possible, and an average taken by age of trees, thus scattering 
light yields occasioned by frost. This method gives a fairer figure 
than could be obtaimed by taking the average by years, since in that 
case the light yields would be bunched. (See Table XXXII.) 

Averages were taken from the ages of 13 to 18 years, inclusive. On 
the farms studied it was found that in Mesa County the average yield 
for full-bearing trees 13 to 18 years old was 275 packed boxes or 3.9 
boxes per tree. On those in Delta County there was an average 
yield on the same age trees of 294 boxes per acre or 3.8 boxes per 
tree, and in Montrose County there was an average of 272 boxes, or 
3.8 boxes per tree. 

TasBLe XXXII.—Average yield per acre and per tree (125 ranches, western Colorado). 

Number of estimates of different ages. 

este Yield | Viela aS aan 
ounty. per { per 

acre. | tree, | 13 14 15 16 17 18,1) totes 
| years. | years. | years. | years. | years. | years. eee : 

MISS) ohn ceguee seat aaa 275 3.9 22 23 26 20 21 14 | 126 
IDGHID ob Bae one ee 294 3.8 40 33 31 31 27 13 175 
Montrosewee ie io? 272 3.8 11 10 9 6 6 2 44 

All counties......... 284 3.8 73 66 66 57 | 54 29 | 345 
EP PNY 7 CN a a a ale eT ON as MCT Van 



40 BULLETIN 500, U. S. DEPARTMENT OF AGRICULTURE. 

In arriving at these averages the same weight is given each age, 
regardless of the number of estimates, thus avoiding weighted aver- 
ages. In getting a yield for the three counties, however, an average 
is figured on the basis of the 125 records as though there were no 
division in counties, thus giving each record its proper weight in the 
erand average of all records. 

On the farms studied it was found that the average yield for all 
apple orchards between the ages of 13 and 18 years was 284 boxes 
per acre, or 3.8 boxes per tree. The uniformity of the yield in the 
three different counties shows that these figurés present a fairly 
accurate average. The yield is only for packed boxes of market- 
able fruit. To express the yield in terms of loose boxes, one-half must 
be added to this average. Packing-house managers and growers 
agree that on an average three loose boxes pack out two packed 
boxes. 

If the average yield for each individual record is taken regardless 
of age of trees, the average of all orchards is 278 boxes per acre. 

In order to determine the influence of the size of orchard on yield, 
104 individual records of fairly uniform ages were used. Of these, 35 
were over 10 acres in size.,47 were between 6 and 10 acres, inclusive 
and 22 were 5 acres and under. 

TaBLe XX XIII.—Relation of size of orchard to yield. 

Yield 
P Number of 

Size orchard. er acre 
orchards. boxes). 

OV ORM 0 SCTOS has eee sees econ ne eee ae PS SE See Nae Se ee ee 35 230 
6ito 10 'acres'tinclusives. 9-702 Ass ee bo Ske tees aac See en ae Soe ee desea ee 47 285 
ANEO/D ACTOS INCLUSIVE: cases ves erate omer ne hoc mae en ncie tee emetic eetiee nies renee 22 316 

It is apparent from Table X XXIII that size of orchard has a direct 
bearing on the yield per acre. The number of trees per acre remained 
practically constant. The large yields per acre on the small orchards 
may be accounted for, in part, by the better care which they receive, 
since a grower naturally can attend to more details with a five-acre 
orchard than with one of twenty. 

The different systems of orchard management as regards the use of 
mulch crops and clean cultivation made no appreciable difference in the 
yields. However, a comparison by this method would not be fair in 
this connection, since mulch crops have not been in use long enough 
to affect the average yield when these records were taken. It may 
be said that the use of mulch crops apparently has not decreased the 
yield, while continued intensive clean cultivation with no addition of 
humus has decreased it. Orchards regularly manured showed a yield 
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much above the average. Systematic thinning also increases the 
yield of marketable fruit. -s 

The drop or cull apples are not counted in the yields. Generally 
speaking, these are as yet practically waste in Colorado. A few are 
hauled to vinegar factories, some are made into cider, some fed to 
stock, but the great bulk of cull fruit is not marketed in any way and 
thus can not be credited to the orchard. By systematic thinning, 
spraying, etc., this unmarketable fruit is reduced to a minimum; 
indeed is almost entirely eliminated by a few of the more careful 
erowers. 

MARKETING. 

The apples are marketed usually in three grades, namely, ‘Extra 
fancy,” ‘‘Fancy,’ and ‘‘Choice” or ‘‘C” grade. In Montrose 
County, however, there is a tendency to make a jumble pack. 

At the time of this study the fruit was marketed largely through 
selling organizations, cooperative and otherwise. The growers con- 
tract with these organizations and agree to allow them to handle 
their fruit, either at a fixed cost per box or on commission. The 
usual custom with cooperative selling organizations has been to 
handle the fruit at a cost of 10 cents per box. Growers often mar- 
ket their own fruit, but to do this they have to follow it up, and 
serious difficulties are often encountered. 

MATERIALS AND FIXED COSTS. 

The expenses other than labor may be grouped into ‘‘fixed costs” 
and material costs. (See Table XXXIV.) The fixed costs include 

taxes, water rent, insurance, interest, and depreciation, while the mate- 
rial costs include boxes, nails, paper, labels, lime-sulphur, lead arsenate, 

and all other spray materials. There is also the cost or value of manure 
charged to the orchard, which is a material cost. Included among — 
cash costs is the spray rig hire. This refers only to the rig itself, as all 
man and horse labor is charged elsewhere. It is necessary for this 
‘cost to appear, since 24.5 per cent of the men in Mesa, 16.4 per 
cent in Delta, and 6.6 per cent in Montrose hire spraying done, 
and the cost of the spraying equipment is not charged in the depre- 
ciation charges which appear. Therefore, the cost of hiring these 
rigs at 45 cents per hour for the use of the rig alone is distributed 
over all the records. 
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Taste XXXIV.— Material and fixed costs (125 ranches, western Colorado). 

Mesa (275). Delta (294). | Montrose (272), | “Al a 

Item. 
: Cost Cost Cost Cost Cost Cost Cost Cost 

per per per per per per per per 
acre. Dox. acre. box. acre. box. acre. box. 

Box shook, at 124 cents........ $34.38 | $0.1250 | $36.75 | $0. 1250 ie 00 | $0.1250 | $35.50 | $0. 1250 
IN GIS eee oo 2 ac ecte aoe 1.10 . 0040 1.18 - 0040 1.09 - 0040 1.14 - 0040 
Papen eon eeacce cea bees 1.10 - 0040 2. 03 - 0069 1.77 - 0065 1. 63 - 0058 
WaDAIS es heen veo eee emcee ce 1.37 - 0050 1. 47 - 0050 1.36 - 0050 1.42 - 0050 
Lime sulphur, at 23 cents per 

PAN ONE ete Ne eo Gale wetne 3. 80 - 0138 .24 - 0008 1.20 - 0044 1.75 - 0062 
Tobacco extract, at $1.56 per 
DUR Great See erste ws Scie] te cetlate ee sbeoeen 1. 84 0063 63 - 0023 97 0034 

Lead arsenate, at 10 cents per 
NOUN GES: Se atepereasas ec | 12.02 . 0437 5. 68 . 0193 3.98 - 0146 7.96 . 0280 

Manure, at $1.50 per ton.......- 3.57 - 0129 6.38 - 0217 6.35 - 0233 EVA . 0185 
Gasolene, at 20 cents per gallon. 91 . 0033 -57 - 0019 - 40 - 0015 . 68 - 0024 
Cash machine hire............. 1. 61 - 0059 . 67 - 0023 .19 - 0007 .98 - 0035 
TAR OS Soe See See etsy Se R28) 0190 3. 30 - 0112 2. 56 0094 3. 97 0140 
Wialenrent. scans ee ceacne cctcce 1.95 0070 1. 84 0063 1.33 0049 1. 82 0064 
Tisnrances.. 2. Ssecee ee. Seoee . 83 - 0030 42 - 0014 - 36 - 0013 -57 - 0020 
MNUELESD sar sins es cme eee 60. 13 - 2187 50. 21 -1708 | 35.14 - 1292} 52.29 - 1841 
Depreciation and upkeep of | 

OUUUIPMENLS 52. ceee ene ee 9. 01 - 0328 5.99 - 0204 7.79 - 0286 7.39 - 0260 ~ 
Packing-house annual upkeep..| 3. 75 - 0136 5. 40 - 0184 3. 90 - 0143 4. 57 - 0161 

Tot alee ees ass Paes = 2 140. 76 .512 | 123.97 -422 | 102.05 | .375 | 127.91 - 450 

The depreciation on equipment, together with the upkeep and 
interest on the equipment, was arrived at by estimates of growers on — 
the length of life of the equipment, which varies according to the 
tool used and whether it is housed or not. The equipment charge 
per acre of apple orchard is figured in the following way: 

Per cent. 

Wmiberest: (3. ee 2 shpasie ra es << e Ue NS ee oD ee eee 8 

Depreciationy 22 cose) ase ees ya eens oe 11 

Maresires ose ee heist se ee eee soe ceioels sisic seine Selse tee eee 1 

Repairs: s: sof eee Ee es 5 

Anmnualicharee...jo.eec4 qeciese sade steel yee doy oe 25 

In order to get a comparable figure for the equipment investment 
per acre of bearing apples, the following method was used: 

Value of apple orchard per farm divided by land and improvement 
investment per farm equals percentage of value of land investment 
which apple orchard represents. This percentage multiplied by equip- 
ment investment per farm equals equipment investment per orchard. 

Equipment investment per orchard multiplied by 25 per cent 
equals annual equipment charge per orchard. 

Annual equipment charge per orchard divided by average size 
orchard equals annual equipment charge per acre. 

On most of the ranches studied there is some building erected espe- 
cially for apples. This may be either a packing shed or cellar for tem- 
porary storage. A few growers have expensive packing houses, but 
the majority are simple frame structures erected at a small cost. 
In many cases these sheds are a part of the barn, and may be used 
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for other purposes, in which case only the proportionate share of the 

value is charged to the orchard. The investments in such buildings 
range from $25 to $3,000, but very few have packing houses or cellars 
costing $1,000 or over. It was found that the growers of Mesa have 
an investment of $25 per acre for buildings of this kind; those of 
Delta, $36 per acre, and those of Montrose, $26 per acre. ‘The 
annual charge on these apple buildings is, according to estimates, 15 
per cent, divided about as follows: 

Per cent. 

eRe Mb eryeaeene - ale aiciz <cic/s 2 = = = «clei eiein ala teietn als lainiei nine ale iment minal 8 
Depreciation....-..----- 5c SS Sidi d obs toa ROnnceme cet ot: 3 
INGORE sos tocar eesue 66s SEE ReE eos ooo l pce secaperrers cre aomans 3 
(MER cid do Sa OSU E SE De eee 1 Bie is eee Presence ey ee 1 

INOW sagas sbbeoosseseoenecusevovocodeccmenesseodoonas adc 15 

There is, then, an annual charge of $3.75 per acre in Mesa, $5.40 
per acre in Delta, and $3.90 per acre in Montrose for buildings or 
cellars directly connected with handling the apples. 

In figuring cash or material costs, the following factors are eon- 
sidered: 

Box shooks, ready to be made up, at 123 cents. 

Nails, at $4 per keg (5d). Allow one keg to 1,000 boxes, or $0.004 per box. 

Paper: 
Mesa County—50 pounds of sides, at 74 cents pound per 950 boxes, or $0.004 per 

box. 

Delta County—64 pounds of sides, at 7 cents, and 34 pounds of ends at 7 cents, 

for 1,000 boxes, or $0.0069 per box. 

Montrose County—60 pounds of sides at 7 cents, and 323 pounds of endsat 7 cents, 

for 1,000 boxes, or $0.0065 per box. 

Labels put on by the association at one-half cent per box or by owners at one-third 
cent and labor of applying. 

Lime sulphur (1-10 solution used) at $11.50 per barrel, or 23 cents per gallon. 

Tobacco extract at $12.50 per gallon, or $1.56 per pint, used 14 pints to 200 gallons of 

water. ~ 

Paste form arsenate of lead generally used; 8 pounds in Mesa, 8.02 pounds in Delta, 

and 10.22 pounds in Montrose to 200 gallons of water. Average cost per pound, 

$0.10. 

Manure, 2.38 tons per acre in Mesa, 4.25 tons in Delta, and 4.23 tons in Montrose, at 
$1.50 per ton. 

Gasoline, average 1 pint per horsepower per hour; spray rigs average 24 horsepower; 

14.6 engine-hours in Mesa, 9.11 in Delta, and 6.39 in Montrose, or 4.56 gallons in 

Mesa, 2.85 gallons in Delta, and 1.99 gallons in Montrose, at 20 cents per gallon. 

Spray rig hire: Figures for the use of rig alone, at 45 cents per hour, using average 

engine-hours per acre for each county and distributing over all records. 

Water tax figured from average annual rent or cost of maintenance per acre. 

Taxes: Percentage total investment bearing orchard represents multiplied by taxes 

per farm divided by average size orchard equals tax per acre. 
Insurance: Percentage total investment bearing orchard represents multiplied by 

insurance divided by average size orchard equals insurance per acre. 
Equipment charge fully explained above. 
Packing house: 15 per cent annual charge for interest, upkeep, depreciation, etc. 
Interest: Value of apple orchard per acre multiplied by 8 per cent interest. 
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SUMMARY OF ALL COSTS. 

In Table XXXYV is given a summary of all costs, including every 
item of expense chargeable to the orchards on all records.' 

TABLE XXXV.—Summary of all costs. 

‘ All Item. Mesa. Delta. | Montrose. counties 

Totallsbor:cost per-acre see. ss ee ee eee eee eee ems $116.01 | $109.99 | $106.30 $111. 88 
Total material and fixed cost per acre..................---.-.-- 140. 76 123. 97 102. 05 127.91 

Motalallicostswperiacle ce sores = eee eee ees eee 256. 77 233. 96 208. 35 239. 79 | 

otal labar cosh penbOxeenes ase eke ee nee eee ee eee | . 423 . 373 392 .394 
Total material and fixed cost per box.-.......-......-..-.-.-.--- - 512 - 422 -375 - 450 

Motalallicosts peli Okse meine = eee see ee eee eer - 935 +795 - 767 . 844 

This, it should be borne in mind, is the average cost of all records 
figured on the acre basis and giving all an equal weight. Care was 
taken to include every item, and the figures obtained may be 
considered as fairly accurate averages for the region. The com- 
paratively high cost in Mesa County is due primarily to the more 
intensive system practiced there and to the fact that the investment 
per acre in bearing orchard is considerably greater in Mesa than in 
the other counties. The cost, therefore, of producing a box of 
apples in the Grand Valley is greater on the average than in Delta 
or Montrose Counties. When all of the 125 records are considered 
it was found that the cost was $0.844 per box, which, for all practical 
purposes, may be said to be the average annual cost per box of pro- 
ducing apples in western Colorado. 

1 No account is taken of smudging, whichis not a regular practice, nor of credit for the mulch crop taken 

off as hay, which credit at the time the records were taken would about balance the cost of taking it off, 

which was not a practice. 
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