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INTRODUCTION 

Continuous data obtained since 1906 by the Division of Dry Land 
Agriculture, Bureau of Plant Industry, in its investigations of crop 

tJ:otation and cultivation methods in the Great Plains provide material 
Ho study some of the relations between climatic factors and crop yields 
~ that region. The material is especially valuable for such a study, 
:!Iecause the records are comparatively long and were made by tech
!-mcally_'l1;ained men under uniformity of conditions, as to variet.ies 
snd cu.teWal methods on typical soils throughout the region, and cli
19-atic oOservutions were made in close proximity to the fields on which 
'\t1e crops"Were grown. • 
P-I The~sent bulletin is limited to a study of the relations between 
~ual ~ipitation and the yieldb of spring wheat. The study is by 
»8 ,mea~xhaustive., A primary purpose of the publication is to 
ni'8ke the tlata available to other workers who are interested in the 
stfl,ject. Detailed data of precipitation and yields are on file in the 
~sion, at the field stations at which they were obtained, and for the 
slral States at the cooperating agricultural experiment stations. 

~ " e locations of the field stations from which data used in this 
b etin were obtained are shown in figure l. 

PRECIPITATION 

Precipitation was measured with standard United States Weather 
Bureau equipment at each field station or3ubstation. At North 
Platte, Nebr., the precipitation measured by the Weather Bureau in 
tile city of North Platte, about 3 miles from the experimental plots, is 
used for the 6-month period October to March. 

I Submitted lor publication 1anuary 18, 1938. 
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Annual precipitation, as usually published, is computed for the 
calendar year ended December 31. For any given year this includes 
the precipitation for several months after wheat is harvested. Pre
liminary studies showed closer relations between precipitation and 
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FIGUBE I.-Sketch map of the Grent Plains showing the location of field stations at which tho Division of 
. pry Land Agriculture has conducted experiments. 



l'ABJ,E I.-Precipitation for tlte year ended July 31 at field stations in the Great Plai1ls during the period 1006-35 


I 
Av· 

Stutlon 1IJ0011007 100810001010 1911 1012\1913 1U14 1015 1016 1D17 1918 11119 1D20 Hl21 11122102:1 1D24 10251026 1D27 1928 1921119:\0 1031 1U32 1933 103·111135 cr· 

• BgO 

. "t! 
'fl'------------------------.,------ ~L

111. In. In. In. In. In. In. In. In. In. In. In. In. In. In. In. In. Ill. In. In. In. In. In. In. In. In. In. In. In. In. In. ~~~ 

Assinnlbolne.............................................................. 20.0 7.7 12.0 9.4 10.8 1a.4 10.8 14.9 12.4 14.8 10.5211.« 11.5 11.6 9.9 10.2 12.5 11.1 •••• 10.5 12.36 

Willlllton••••.•••.••••.•••••••••••••••••...•••. 14.7 10.0 10.020. a 13. II 21. () 1a. 1 18.4 12.5 11.5 16.3 14.6 •••.•••, •..••••.•••••••••••.••••••••••• , .,••••••••••• " •••• 14.68 
 en
M<iccasln•••••••.•••••.•••••••••••••••••••••••• 22.2 18. I J7. 0 .••• 15.3 16.8 17.0 18.8 17.9 18. I 10.3 10.7 H.3 15.4 18.3 13.5 13.2 12.5 17.3 14. 3 10.1 12. 7 12.0 15.1 14. \I 12.6 10. 1 ~5. 32 

Hunl!~,. ............................................... __•• 13.2 H. 2 14.3 17. I 12.5 /5.1 14. 1 8.3 20.5 11.6 18. 6 14.2 18.2 12.5 10.7 18.3 16.5 12.6 11.4 8.1 14.0 11.5 10.9 12.9 13.80 ;g

Dlcklusoil......... ................... 15.2 16.3 10.0 10. 1 10.7 .... 12.6 .... 1U.2 18. 5 11.0 10.5 10.4 12.7 14.5 10.8 18. 0 16.6 14.2 11. 0 10.4 16.2 16.8 14.8 14.6 18.3 13.4 9.3 13.5 15.06 
 .... 
Mandan (main field) .............................................. 23.824.0 15.5 11.6 12.1 13.812.0 14.8 16.0 15.714.7 16.5 10.4 18. 5 19.7 12.814.718.3 19.1 12.7 0.016.116.60 !;!l 

Mandan (south field) .............................................. 23.824.0 15.5 11.6 12.1 1a. S 12.1! 14.8 16.0 15.7 14.7 16.5 10.4 18.5 111.7 12.8 14.7 1R.3 10.1 12.7 9.0 16.7 15.60 t;:l 

Edgeley........................... 18.612.810.116.8 1l.214.824.tll/i.0 .... 18.0 .... 13.711.2 ... 13.418.:1 17.1 ....." ......................................." .••• 16.94 
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Belle Fourche ......................., ..... la.1i 17.0 12.5 0.6 13.0 14. Ii 1:1. 1 21. 1 13. J 13.7 14. -I 15.0 28.1 13.3 20.6 17.020.8 15.5 16.8 23.4 16.3 19.3 15. Ii 10.5 17.4 19.4 12.8 14.1 16.06 

Ardmore.............................................. _....... 11. 2 .... 26.818. 215.219.416.218.314.1 .... 16.513.015.414.422.715.612.212.013.213.0 ............ 16.12 

BoottsDlulT............................................... 15.8 15.3 1·1.8 15.8 17.0 15.3 13.612.5 18.4 1l.~ '''' ............ "" .................... __.............. 15.03 ~ 

Archcr............................................................ 14.8 Iii. 5 11. 9 17.7 17.0 11.8 .... 11.6 11.3 14.7 15.9 12.6 17.3 13.1 15.6 10.0 11.0 10.4 11.8 9.4 12.2 16.6 13.77 
 .... 

A veragc ..................... 18.6 14.0 15.3 18.7 14.2 11.8111.4 H.O 11.8 10.5 1O.:l 13.4 13.6 12. ~ 16.2 13.:1 16.0 16.2 16.2 14.0112.8 10.3 16.6 13.5 13. 113.3 16.113.710.7 13.0 14.91 !;!l 


North Pintle.......................... 25.921.623.312.2 13.7 '.;;. 9 17.016.:1 33.3 17. I 16. Ii 17.724.621.6 15.0211.324.6 17.216.4 13.610.224.013.024.4 18.617.714.711.627.3 10.41 8 

Akron......................................... 21.4 17.2 15.721. 6 1-1.0 18.822.8 14. Po 17.0 14.222.023.0 15.0 16.8 16.012.614.016.622.:1 18.513. /) 21. 0 13.416.1 14.7 14.320.317.45 

Colby............................................................. "" 2li.8 16.4 12.1 20.1 23. -122. -123. 9 18. 6 22.0 17.816.4 13.1 17.020.814.020.7 .... 15.1112.212.1 10.1 17.77 ~ 

Eays........................ _............./22.8 .... 20.914.021. 021. :119. 7 30. 5 ID.1 12.024.220.518.526.021. 5 .... 22.4211.616.522.431.9211.721. 228.527.218.8 16.2 17.021. 59 

Amarlllo._........................ ~::.:: ~~~ 23. 0 !~~ ~~:::! ~ 10. 2 ~::.: :::=:.::::.::: :.::::::.::::.::::.::::.::::.::: ==:::.:::.::::::::::::.::::.::: 18.82 fJ 


Average........._........... 21.520.022. 7 2{).516.6 16.820.116.618.627.017.1 14.1118. 523. 5 21.420.219.321.117.616.916.020.224.015.722.120. 219. 215.113.618. 719.01 
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yield when the precipitation was calculated for a year ending nearer 
harvesttime. After assembling data on the dates of harvest of spring 
wheat, it was decided to calculate and use'the precipitation for the 
year ended July 31. For some purposes it would have been more 
satisfactory to use the precipitation from the actual date of one 
harvest to the next, but this would introduce data not so generally 
available or readily determined. It seemed best in the present study 
to sacrifice, in the interest of uniformity, whatever may have been 
gained by a greater refinement. 

Table 1 gives the annual precipitation for each station and year for 
which yields of spring wheat are ~ven in subsequent tables. Th~ 
reasons for a few blanks in otherWIse continuous series will be given 
later. YIELDS 

Studies have been made with three indexes of yield: (1) The 
average yield of all plots; (2) the yield of continuously cropped plots; 
and (3) the yield on fallowed land. All yields are from Xo-acre plots 
in the crop rotation and cultivation experimental fields at the several 
staf.ons. 

The index of avera,ge yield at each station is an average of about 
30 plots. Some heing on summer-fallowed land, some on green
manured land, some following a cultivated crop, some follo\\,-ffig small 
grains in rotations, and some continuously cropped to wheat, they 
represent high-, m.edium-, and low-producing methods. The repre
sentation of the different methods in the total may be illustrated by 
two typical cases. At the Moccasin station there are 4 plots on 
fallowed land, 2 on green-manured land, 14 following corn, 4 following 
oats, and 5 continuously cropped to wheat, total 29. At the Belle 
Fourche station there are 5 plots on fallowed land, 4 on green-manured 
land, 12 following corn, 1 follo'w-ing sorgo, 1 following potatoes, 3 
following oats, and 4 continuously cropped to wheat, total 30. 

The yields here used differ in some instances from averages from 
the same source that have been published before, because the material 
has been more closely selected to give greater uniformity between 
stations and during the entire period of years at each station. Ex
amples of such changes are to be found in the main field at Mandan, 
where new averages for that field afford exact comparison between it 
and the south field so far as methods entering into them are concerned. 
The comparability between stations of the indexes of average yields 
is little affected by the distribution of methods entering into the 
flyerages. 

The average yields are higher and have a· greater range than statis
tical averages of the counties or sections in which they were produced. 
In some checks that it has been possible to make, the yields have 
been found to agree very closely WIth those of the best farmers in the 
section they represent. The yields at Assinniboine for the 6 years 
1916-21 can be compared with published yields of farmers in the 
section.. Under the heading, "The Story of Successful Farmers," 
Wilson 2 gave the yields of 12 farmers for these years. The annual 
averages of these yields of wheat and the averages on the Assinni
boine station are shown in table 2. TheI'e is a general agreement in 
the class of yields-].ow, medium, or high-Dn the farms '\vith those 
on the station. The farm average did. not equal the exceedingly high 

• WILSO'i. 1\1. L. DRY F.\RmNG IN THE NORTH CENTRAL M01oo"TANA "TRIANGLE." :Mont. Agr. -Col. Ext. 
Boll. 66, 132 pp., llIus. 19'23. 
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yield otthe station in 1916, but in the aver!1ge of the other 5 years 
.the farms exceeded the station. 
TABLE 2.-Average annual yields of wheat on 12 farms in north central Montana and 

on the Assinniboine station, 1916-21 

Aver·Location 1916 1917 1918 1919 1920 I 1921 age 

------------1--------------
FamL....._.____......_________..__..__.... Bu~~~t BU1~~~ Bu·t~ BU3~~~ Bl"'~~~ IB~~~~ BIUI~~~4 
Stntion_....._....___....__......._..___...... 49.1 6.4 8.3 3.2 10.8 10.1 14.7 


The spring wheat at all stations was durum, except that a change 
was made to Marquis, a bread wheat, at Dickinson in 1927 and 
Assinniboine and Moccasin in 1929 and to Ceres, a bread wheat, at 
North Platte in 1929. The variety of durum used at each station 
was one shown by varietal tests to be adapted to that area. Kubanka 
predominated, but there was some Arnau·tka, Peliss, Beloturka, Nodak, 
Monad, and Acme. Changes were made to some of the latter varie
ties to obtain greater rust resistance. So far as variety is concerned, 
practical uniformity in the yield indexes can be assumed. 

In the tables of precipitation and yields there are a few blanks in 
data otherwise continuous over a series of years. These omissions 
indicate that the crop was destroyed or heavily damaged by hail or 
rust. Results for such years are properly included in calculating 
averages to be used for evaluating a section or determining the value 
of a crop for any section, but in a study of relations between a climatic 
factor and crop production it seems fair to exclude data for years in 
which there was no measure of the effect of the factor in question. 
This treatment, however, obscures an important point in the case of 
the Edgeley station where 3 years were excluded because of excessive 
damage by black stem rust. The greater frequency of such epidemics 
at this station is associated with higher precipitation an d humidity, and 
the exclusion of such years masks the tendency to a lowered.correla
tion between precipitation and yield with increased. precipitation. 

The second index of yield ",ith which studies were made is the 
average of plots continuously cropped to spring wheat. These plots 
entered into the average yields previously described. The yields of 
continuously cropped plots are indexes of production by methods that 
provide, in comparison with other method.s, a minimum of stored 
water in the soil at seeding time and produce minimum yields. 

The third index of yield is the yield on fallowed land. This is the 
mean of five plots more or less that entered into the average yield 
index. It represents a method that generally provides, in comparison 
with other methods, a maximum of water in storage in the soil at 
seeding time and which usually produces higher yields than other 
cultural methods. 
RELATION OF ANNUAL PRECIPITATION TO THE AVERAGE YIELD OF 

SPRING WHEAT 

The average yield of spring wheat at each of 19 stations during the 
period 1906-35 is given in table 3. At) other stations operated in the 
southern Plains by the Division of Dry Land .A:griculture, spring 
wheat is so poorly adapted that it either has not been grown at all 
or records are not long enough or continuous enough to warrant their 
inclusion in this study. . 
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TABLE 3.-Annual average yields of spring wheat at field stations in the (.'reat Plains during the period 1906-35 0:> 

8 
Station t::l ____________,'''1,onr""I""1""LLU""i:i''''\"": "":,,,,t:::: 'm 'm ,Je:''''I:I''''tJ:J:'; ~ 

Bu. Bu. Bu. Bu. BU'IBu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. R'L. Bu. Bu. Bu. Bu.. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bit. Bu. ~ 
Asslnnlbolno _____________________________________________________ . ________ 49.1 6.4 B.3 3.2 10. B 10.1 4.7 18.2 11.2 18.0 8.634.930.2 11.5 3. 9 1.425.0 5.1 ____ 5.2 13.99 
Willlston_____________________________________ 27.5 1.8 4.637.015.225.724.127.710.3 4.2 4.010.9 _____ • _____________________ . ____________________________ --__ to_08 
Moccasln______________________________________ 34.1 10.622.6 ____ 23.818.4 32.423.2 9.920.1 3.2 15.2 19.620.722.8 17.6 16.3 15.3 16.322.4 8.8 9.2 4.2 12.9 8.1 6.2 2.0 10.00 ~ 
Huntley__________________________________________ . _______ 7.318.224.835.614.212.114.2 .812.49.824.311.428.314.01.824.512.27.9 .7 .10.22.62.54.112.08 b:!Dlcklnson_____________________________ 31.8 30.0 ~6. 021.7 5.9 ____ 25.9 ____ 37.023.3 12. {\ 9.3 3. Sill. 2 5. S 30.0 18.1 21.7 15.0 4.420.525.214.1 16.8 4.820.411.6 3.610.4 17.74 
Mandan (mnln fleld) ______________________________________________ 32.535.1 20.5 14.816.8 9.1 4.3 1.4 20.0 9.5 21. 822.2 2.024.1 15.9 15.3 10.7 9.526.0 1.2 1.622.815.32 
Mandan (south fleld) ______________________________________________ 30.1 32.816.7 9.2 1.8 9.0 3.0 .1 17.5 10.013.811.7 1.225.1 15.9 4.6 7.8 4.4 20.4 .8 .710.4 11.28 
Edgeley___________________________ 30.9 9.1 15.927.6 5.7 1. \I 3.1. \I 22.8 ____ 36.0 __ .. 14.015.4 ____ 9.6 14.823.9 ____________________ --.. ____________ ---- ---- ---- ---- 18.67 ~ 

t::lHettlnger________________________________________________ 16.620.610.939.4 ____ 13.614.3 4.313.8 0 20.4 ________________________________________________ --__ 15.39 8Sherldan__________________________ ____ ____ ____ ___ _ ____ ____ ____ ____ ____ ____ ____ 5.524. S 1.623. {\ 6.329.521.623.327.2 12.435.835.1 111.4 11.1 1.423.5 14.2 6.0 9. 1117.48 
BeUe Fourcbe ___________________________ ._ 21. 7 28.7 2.6 0 0 10.8 10.1 57.6 17.3 7.4 11.9 .929. P 7.3 3Z. 228.021. 5 19.831.3 21.032.928.3 15.4 .5 17.7 16.5 12.4 6.9 17.54 12
Ardmore______________________________________________________ 2.0 ____ 46.8 2J.l 9.235.011.6211.1 lB. 6 ____ 24.4 11. \I 17.1 7.232. 625.513.410.2 2.910.8 ____________ 18.24 
SC<ltts B!uiL______________________________________________ 17.011. 610. 718.1 8.215.011.4 2.317.6 5.8 ---- ---- ---- ____ 1· ________ - _______ ---- ---- ---- ---- --__ --- 11.83 0> 
Arcber___________________________________________ ... __________ .___ 7.024.8 4.0 14.823.3 3.8 _ ._ 10.0 3.713.610.5 6.018.1 18.9 13.1 10.4 0.5 4.8 4.7 4.2 2.6 12.1 10.31 c.> 

0> 

Average_______________________ 30.920.522.530.8 8.5 7.0 18.616.8 18. P 35.020.5 11.1115.1 4.4 15.3 8.4 20.617.8 18.2 16. S 10_ 225.4 22.8 13.4 9.1 3.4 16.8 7.1 4.5 9.3 15.14 
;:t

North Plntte__________________________ 24. i 26.6 17.2 8.2 0 6.43.3 0.927.218.2 6.7 5.215.1 Ii. 3 9. i 4.3 19.616.4 8.2 1.1 i7. 923.615.726.2 WA 8.013.0 ,4 17.0 13.09 
Akron________________________________________ . 13.8 9.2 2.520.0 2.8 15. i 20.8 5.8 13.2 .6 6.7 18.3 2.1 6.2 4.6 ,5 3.4 .3 11.0 11.4 1.8 1.7 .8 3.8 .9 ,4 10.9 7.. 23 
Colby_________________________________________________________________ 25.0 3.0 0 1.9 14.7 7.6 to.3 7.9 12.2 3.2 4.7 .8 2.1 9.1l 4.713.1.___ 12.3 .1 ,6 0 6.70 :n 
HayS______________________________________ 3.R ____ II.4 1_112.53.60 9.71.0 .79.013.210.912.120.6 ____ .13.4 2.1 7.7 6.220.313.112.313.013.3 .2 ,40 8.13 
Amnrlllo__________________________ 6.1 ____ 13.3 2.1 5.710.5 7.2 3.511.2 II. 5 3.6 2.3 1.1 12.8 ---- ---- ---- ____ 1____ -- __ ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 6.99 g

---------1-----------------------
Average_____________________ IO.124.714.6U.0 8.6 3.511.5 3.3 8.220.0 6.3 4.6 3.612.513.5 8.6 9.812.18.44.62.59.316.38.813.310.19.43.6 .57.08.43 ~ 
Grand n\'ernge______________ 18.521. U18.623.4 8.5 5.5 15.8 12.6115.01130.6116. J 0.4 12. (l 6. i 14.9 8.517.7 16.5 15.4 13.3 8.0 20. 8121~ 12. 1.10.3 4.9 1-1.0 0.0 3. I 8. r, 13.37

I I I I I Iii I g 
~ 

~ 

~ 
.:. q 

::d:::: 

http:1_112.53.60
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In the tables and charts the arrangement of stations is from north 
to south and, in cases of little difference in that respect;, from west to 
east, which is from higher to lower altitude. 

RESULTS AT INDIVIDUAL STATIONS 

Figures 2 to 6 are dot charts or scatter dia~ams of the annual precipi
tations given in table 1 and the average Yields of spring wheat given 
in table 3. The line shmving the regressIOn of yield on precipitation 
is superimposed on the chart for each station. If the correlation 
were perfect, 1.00, each dot would fall on the line. The vertical dis
tance of each dot from the line measures the error in calculating the 
yield from the precipitation by means of the regression equation. 
:Marked departures from the average relation invite investigation of 
their cause. The scatter diagram, correlation coefficient, and regres
sion equation thus become powerful instruments in studying the rela
tions of the two variables. 

ASSINNIBOINE 

With a range of precipitation from 7.7 to 20.6 inches and a range of 
yields from 1.4 to 49.1 bushels in 19 years the correlation between 
precipitation and yield was 0.83. This is a highly significant corre
lation. The year 1934 was not included, because the yield was ~eatly 
reduced by severe hail. The year 1916 differs from the others ill that 
all plots were on uniform preparation, the first crop after breaking 
praIrie sod. It is included because of the range of both precipitation 
and yield that it introduces. The greatest de:partures from the stand
ards set by the regression line are in the directIOn of yields higher than 
those indicated by the precipitation. In 1917 the yield was 6.4 
bushels with a precipitation of 7.7 inches. Current notes attributed 
the production of even this small yield to the influence of water carried 
over in the soil from the heavy precipitation of the months (May, 
June, and July 1916) preceding the annual peIiod. 

A yield of 30.2 bushels in 1928 with a precipitation of 11.5 inches 
ior the year ended July 31 was attributed to the unusually high June 
rainfall of 5.11 inches, which converted prospects of near or complete 
failure with continued drought into a truly remarkable crop. 

In 1932 an average yield of 25 bushels was produced with a precipi
tation of 12.5 inches, a quantity sufficient, on the average, to produce 
only 14.5 bushels. The unusually good production was attributed 
largely to favorable quantities and distribution of rainfall in April and 
May, unusually heavy rainfall (4.50 inches) in June, and to freedom 
from diseases and insects. 

WILLISTON 

There are only 12 years' records at Williston, but they cover a well 
ilistributed range of yields from 1.8 to 37 bushels and annual precipi
tation from 10 to 21 inches. In 1914 a June rainfall of 7.98 inches, 
which was more than double the normal, brought the total for the year 
ended July 31 to 21 inches. Drought in July reduced the yield to 
25.7 bushels, a quantity that on the average should have been pro
duced by a precipitatIOn of 18.7 inches. A precipitation of 16.3 
inches produced a yield of only 4 bushels in 1919, when a drought 
started in June and continued until harvest July 29. The/i'elds in 
1909 and 1915 were markedly above the averages indicate by the 
precipitation. All plots in 1909 were on land broken from prairie 
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ASSINNI80lNE WILLISTON MOCCASIN HUNTLEY 
PRECIPITATION (INCHES) 

FIGURE 2.-8catoor diagram of precipitation for the year ended July 31, and the average yield of spring wheat 
at the Assinniboine, WlIIiston, Moccasin, and iluntl'J,IT field stations and the regression of yield on pre
cipitation. 
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PRECIPITATION (iNCHES) 

FIGURE 3.-8catter diagram of precipitatlon,!or the year ended July 31 and the average yield of spring wheat 
at the Dickinson, Mandan (main field), M'lndan (south field), and Edgeley stations and the regression 
of yield on precipitation. 
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HETTINGER SHERIDAN BE~~E FOURCHE ARDMORE 
PRECIPITATION (INCHES) 

FIGURE 4.-Scatter diagram o( precipitation (or the year ended July 31 and the a"erage yield o( spring wheat 
at the Hettinger, She.ridun, Delle ],'ourehe, and Ardmore field stations and the regression of yield on pre
cipitation. 
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PRICIPITATION (INCHES) 

FIGURE 5.-Scatter diagram o( precipitation (or tbe year ended July 31 and the average yield o( spring wheat 
at ~he Scotts Bluff, Archer, North Platte, and Akron field stations and the regression of yield on pre
cipitation. 
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sod, June 12-17,1908. This was, in effect, a fallow and operated to 
increase yields above the average of other years. The behavior in 
1915 was general throughout the Plains and was associated with low 
temperatures and an absence of inhibiting factors. 

MOCCASIN 

The year 1912 is omitted from the Moccasin data because the crop 
was destroyed by hail. The coefficient of correlation between annual 
precipitation for the year ended July 31 and the yield is relatively 
low, 0.69, but is higbly significant. Wheat harvest is later at Moc
casin than at other stations, ranging from July 28 to September 13. 
The precipitation from harvest to harvest was determined, and the 
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COLBY HAYS AMARILLO 
PRECIPITATION (INCHES) 

FIGURE 6.-Scatter diagram o( precipitation (or tho yonr ended July 31 and tho average yield o( spring
wh"llt at the Colby, Hays, and Amarillo flold stations and the regression o( yiold on precipitation. 

correlation of yield with it was calculated. This procedure, however, 
on!y raised the coefficient of correlation to 0.72. 

The most conspicuous cases of yields below the indications of the 
precipitation were 1910, 1917, and 1920. In each of these years 
there was drought for a month or more preceding harvest.. The 
greatest departure of a yield above the indications of the precipitation 
was in 1915, which has been considered in the discussion of results 
at Williston. In 1909, 1913, and 1928 yields were conspicuously 
higher than the precipitation indicated. In these years an unusual 
proportion of the precipitation came in June, May and June, or June 
and July. These plus and minus departures associat~d with high and 
Ilo;~v ,June rainfall suggest a high degree of control of the yield by that 
ifactQf.'. .It ,was found that the correlations between the precipitation 
for June; June and July; and May, June, and July and average yield 
,w~I;,e ,~ll h~hel' .~:p,(Ln .~h.e .~~~~latipn .p.etw~en 1\l,f'l:PJ~gipitation jpJ' th~ 



SPRING WHEAT IN THE GREAT PLAINS 11 

year ended July 31 and the yield, the coefficients being 0.75,0.80, and 
0.80, respectively. These results are considered to be in part at least 
a manifestation of the effect of a shallow soil of limited water storage 
c8.pacity in relation to the precipitation. This makes the crop highly 
dependent on the \lrecipitation while it is growing. It is also signifi
cant that the precIpitation in June averages approximately one-fifth 
of the total for the year, and that the correlation between June pre
cipitation and of that for the year of which it is a part is 0.55. 

HUNTLEY 

The season of 1920 was very la.te at Huntley, and spring wheat 
was not harvested until August 16. The precipitation for the year 
ended July 31 was 20.5 inches, the highest during the 24 years under 
study. A month of hot, dry, windy weather preceding harvest re
duced the yield to 12.4 bushels, a quantity that on the average should 
hav.e been produced by 13.9 inches. The precipitations of 8.3 inches 
in 1919 and 8.1 inches in 1931 could have been somewhat greater 
without material increases in the yields. In 1919 the wheat in most 
plots did not head, and in 1931 the young plants on most plots died 
when they were only a few inches high. 

DICKINSON 

Two years, 1912 and 1914, are omitted from the Dickinson record 
because the crops were either destroyed or badly damaged by hail. 

Yields markedly above the quantities indicated by the precipitation 
were recorded in 1907 and 1913. The crop in 1907 was the first on 
sod broken in 1906. The preparation which was uniform for all plots 
was in the nature of a fallow. Preparation for the crop of 1913 
began soon after the destruction of the crops by hail on July 11, 1912. 
This was much earlier than usual and had much the effect of It fallow 
in storing or conserving water in the soil. 

lIIANDAN 

There are two fields at :Mandan, one known as the main field and 
the other as the south field. In this bulletin, each field is given the 
status of a separate station. The soil of the main field is light and 
that of the south field is heavy. The main field is nearly level, but 
the southfield is on a sharp slope and there is considerable run-off. 
This field also receives run-off from sod that lies above it. 

The years of highest precipitation and highest yield in both fields 
were 1914 and 1915. The crop of 1914 was the first following the 
breaking of prairie sod in June 1913. All plots were uniform and of 
the nature of fallow, but the preparation had less effect in determining 
the yield than did a record-breaking precipitation of 14.25 inches in 
May and June 1914. Of the total precipitation of 24.0 inches in the 
crop. year 1915, 17.78 inches came in May, June, and July 1915. 
The crop on both fields each year was fairly well in line with the aver
a~e expectation from the total precipitation, Tho two lowest pre
CIpitatIOns, 10.4 inches in 1926 and 9.0 inches in 1934, were below 
the quantities necessary to production with most methods except 
fallow. The &,reatest departures of yie1d below the averages indicated 
by the precipitati91l, w~r~ in 1~21 ang 1\}31, Ip, ~921 a drQught in 

http:0.75,0.80
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June continued until after hRrvest, which was on July 20. In 1931 
the precipitation in July was more than 4 inches, but the normal 
development of the crop had been prevented by a dry spring without 
a reserve of water in the soil. 

EDGELEY 

The years 1914, 1916, and 1919 were rejected from the Edgeley 
record because of heaNY damage by rust. The heavieAt precipitation, 
24.6 inches in 1912, produced next to the hi~hest yield, 33.9 bushels, 
but the evidence indicates that the precipItation could have been 
lower without reducing the yield. Ourrent notes stated: 

At no time during the season did the plants suffer on account of a lack of 
moisture, and several times during the summer more rainfall occurred than was 
necessary to keep them in good thrifty condition. Several heavy rains occurred, 
and in two instances more than 3.5 inches fell during a week. 

The yield in 1915 was 10.6 bushels higher than the precipitation 
indicated. The characteristics of that year have been mentioned in 
preceding pages. Ourrent notes attributed the low yield in 1911 to 
drought and hot winds in June. 

HE'f'l'INGER 

The year 1916 at Hettinger was rejected because a very promising 
crop of wheat was nearly destroyed by rust. This left only a 10 years' 
record, and with this small sample the correlation was comparatively 
low and by Fisher's z test not significant. 3 The highest precipitation, 
21.0 inches in 1915, was more than accounted for by a yield of 39.4 
bushels. The lowest precipitation, 8.6 inches in the crop year 1921, 
resulted in total failure. In each of 3 years, 1912, 1914, and 1919, 
when the yield was not so high as the precipitation indicated, there 
was drought in the late growing or fruiting periods. 

SHERIDAN 

In each of the four years 1917,1924,1932, and 1933 when the yield 
was markedly lower than the average indicated Ly the precipitation 
there was extended drought before and continuing to harvest. 

BELLE FOURCHE 

Belle Fourche presents an unbroken record of 28 years. The pre
cipitation of 6.6 inches in the crop year 1911 was too low to be within 
the range of crop productibn. Seed planted at the usual time had not 
germinated at harvesttime. The year 1915 was one of those unusual 
years when all conditions were so favorable and inhibitive factors so 
moperative that a yield far beyond the usual range was harvested. 
By the regression equation established by the 28 years the precipita
tion would have accounted for a yield of 28.0 bushels, but a yield of 
57.6 bushels was obtained. 

The precipitation for the crop year 1920 was 28.1 inches. 'The 
precipitation in May was 8.35 inches and in June it was 5.90 inches. 
Ourrent notes stated that loss of water by run-off was very great, and 

3 FISHER, R. A. STATISTICAL METHODS FOR RESEARCH WORKERS. Ed. 6, rev. aDd cnl., 336 pp., illus. 
Edinburgh and London. 1932. 

When z is more than twice fT, (the standard deviation of z) the correlation Is considered significant. 
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that some of the heaviest rains in May came when the soil was already 
nearly saturated and most of the water was lost. The preciJ?itation on 
4 successive days in May was 0.37, 4.00, 1.14, and 0.17 mches. A 
very heavy crop of straw used water at a high rate, and the crop 
suffered from drought before harvest, August 7. 

The next highest precipitation was 23.4 inches in 1927. The ,Pre
cipitation in April and May was 10.88 inches. Much of it was receIved 
in such excessive amounts at a time that a great deal of run-off occurred. 

l!"rom the record to date it appears that precipitation in excess of 
21' inches at this station comes ill such form that it is lost by run-off 
and is not reflected in the yield.

If the year 1911, when the precipitation was far too low to be used 
as an index of yield, is rejected, and precipitations in excess of 21 inches 
Ilre scaled down to that quantity, the coefficient of correlation between 
precipitation and yield is increased from 0.67 to 0.75. 

ARDMORE 

The wheat crop at Ardmore was destroyed by hail in 1914 and 1922, 
and those years are eliminated from this study. With a range of 
precipitation from 11.2 to 26.8 inches and a range of yield from 2.0 
to 46.8 bushels in 18 years' records, the yield followed the precipita
tion very closely, as shown by the highly significant correlation coef
ficient of 0.90. Both the precipitation and the yield were much higher 
in 1915 than in any other year. The relation between the two was 
normal, although there was heavy run-off and floods from torrential 
rains in April and June. 

While the present records indicate that 21 inches is the maximum 
of effective precipitation at Belle Fourche, they indicate a higher 
limit, possibly 24 or more inches at Ardmore. This could easily be 
explained by the greater penetrability, depth, and water~holding 
capacity of the soil at Ardmore. The :years of excessive precipitation 
!lre so infrequent, however, that the eVidence on the point in question 
IS very meager. 

SCOTTS BLUFF 

Only 10 years' records are available from Scotts Bluff. The crop in 
1916 was lIttle more than half that indicated by the precipitation of 
17.0 inches. There were three hailstorms in June that damaged the 
crop. The wheat was young enough to stage considemble recovery, 
and the reduction in yield from this source is unknown. There is also 

... 	 a record that 1.50 inches of rain with hail fell in 15 minutes and was 
largely lost by run-oft'. The year is retained in this study because 
there was also damage by drought and soil blowing. 

ARCHER 

The yields of wheat were reduced to such an extent at Archer in 
1920 by delay in seeding resulting from an administrative situation 
that the year is rejected in these studies. The highest precipitation 
for a crop year in the 21 years under study was 17.7 inches. In four 
of the years of heavier rainfall when the crop was markedly below 
the average indicated by the precipitation, there was hail damage in 
1914, June drougp.t in 1924, drought in June in 1931, and run-off and 
floods in May followed by drought before harvest in 1935. The close 



14 TECHNICAL BULLETIN 636, U. S. DEPT. OF AGRICULTURE 

grouping of one-third (seven) of the years within Ii. range of precipita
tion from 11.3 to 12.6 inches and of yields from 2.6 to 6.6 bushels may 
be of interest. 

NORTH PLATTE 

The record at North Platte is complete for 29 years. The original 
plot field was destroyed in 1935 by the construction of an irrigation 
reservoir. The yields for that year we:.8 interpolated from the yields 
of other plots and fields. The estimated figure is a fair index of what 
the yields from the original plots would have been. There were live 
crop years with annual precipitation between 24 and 26 inches. 
Precipitations up to 24 to 26 inches seem to be effective at this station. 
In 1919, however, a precipitation of 24.6 inches did not produce a 
yield in lin..) with the expectation from that quantity. The reason is 
not fully evident at the present time. The rainfall m June and July 
was 6.5 inches above the normal. It was currently noted that the 
production of other crops was relatively better than that of spri~-~ 
wheat. 

_ The two precipitations above 26 inches appear to be above the limits 
of effective quantities. In 1935 the precipitation was 27.3 inches and 
the yield was only 17.0 bushels. N early half the precipitation, 
13.25 inches, came in April and May, and hot, dry weather preceded 
harvest. The precipitation for the crop year 1915 was 33.3 inches. 
This produced slightly the highest yield in the records of the station. 
The precipitation in April, May, June, and July was .23.5 inches, 
more than double the normal quantity. There was much run-off. 
Harvest was unusually late, August 10. At that time cropped land 
was filled with water to its field-carrying capacity, which is a very 
unusual condition in the Great Plains. Normally the available water 
of the soil is exhausted at harvesttime.4 

In 1912 and 1922 the yields were markedly below expectations from 
the precipitation. In both years there was hea.vy early precipitation 
followed by June drought. 

The high yield in 1916 was the result of an unusual carry-over of 
water from 1915. 

AKRON 

Akron presents a record of 27 years for study. In this period there 
were 8 years with precipitation above 20 inches, but the maximum was 
only 23.0 inches. Perhaps the greatest interest attaches to the fact 
that there were 15 years when both the precipitation and the yield 
were below their respective averages, 17.5 inches and 7.2 bushels. 
In the one other year with precipitation below the average the yield 
was 9.2 bushels. 

There were 3 years when the yield did not fully respond to high 
precipitation. In the crop year 1919 the total precipitation was 22.0 
roches. A sizable portion of this quantity, 9.79 inches or almost twice 
the normal, came in August and September 1918. Precipitation in 
April, Mf!.Y, and June 1919 was below normal, and by the middle of 
June small grain was suffering from drought to the extent that some 
of it did not even head. This was a clear case where distribution of the 
precipitation overshadowed its quantity. The precipitation for the 

• COLEJOHN8., MATHEWS, O. R.,and CHILCOTT, E. C. USE OF WATER BY SPRING WREAT ON THE GREAT 
PLAINS. 	 U. 8. Dept. Agr. Bull. 1004, 34 pp., lllus. }923. 

MATHEWS, O.R.,and CHILCOTT,E. C. STORAGE OF WATER IN SOIL AND ITS UTILlZATION BY SPRING WHEAT. 
U. 8. Dept. Agr. Bull. 1139, 28 pp., lllus. 1923. 



SPRING WHEAT IN tHE GREAT PLAINS 15 

crop year 1927 was 22.3 inches. This quantity should have produced a 
crop of 15 bushel!,!, but the yield was only 11 bushels. The precipita
tionin August 1926 was 5.07 inches, which was 2.79 inches more than 
normaL Current notes attributed thelow yield to the effects of drought 
in May. If the excess rain of the preceding August be deducted from 
the total, the sum remaining is in line with the productkm. It is a 
matter of observation in the field and of determination by soil
moisture studies that a heavy August rainfall on small-grain stubble 
at Akron is likely to be largely dissipated by weeds and by direct 
evaporation from the soil.u In the crop year 1930 a precipitation of 
21.9 inches produced a wheat crop of only 1.7 bushels. The precipita
tion in August, September, and October 1929 was 3.4 inches above 
normal. Precipitation double the normal in May was followed by 
drought in June which the spring-sown wheat was unable to withstand. 

COLBY 

The year 1931 at Colby is rejected for spring wheat, because that 
crop was destroyed by heavy freezes in April and frosts in May. The 
yields for 20 years are on a low average plane but 'cover a range from 
oto 25 bushels and show response to precipitations ranging from about 
12 to 26 inches. A precipitation of 10.1 inches in the crop year 1935 
was too low to approach possibilities of produc.tion. A YIeld heavier 
than indicated by the precipitation in 1932 may be attributed to 
adequate rainfall and other favorable conditions in June that resulted 
in good filling and normal ripening of a rather unpromising crop. 
Particular interest attaches to the five near or complete failures when 
the precipitation was less than 14 inches. 

HAYS 

The spring wheat crop at Hays was destroyed by green bugs 
(aphids) in 1907 and by hail in 1909 and 1923. These years are re
jected, leaving a total of 26 years for study. The pl"ecipitation is of a 
higher order than at any of the other stations having continuous records 
for spr~ wheat. 

QuantIties up to 26 or 27 inches appear to be effective in influencing 
the yield of spring wheat. In four years with precipitation from 26.0 
to 28.5 inches the yields were confined to a range from 12.1 to 13.3 
bushels. In 1915 the precipitation was 30.5 inches, but the yield was 
only 9.7 bushels. The April-July rainfall totaled 21.0 inches. There 
was some loss from run-off, but the effective precipitation was too 
heavy for the best results. Early promise of a heavy crop was reduced 
by the damaging effects of too much rain, and the quality of the crop 
was damaged by wet weather which interfered with harvesting and 
threshing. 

The highest precipitation, 31. 9 inches in the crop year 1928, produced 
a yield of 20.3 bushels. The only other yield as high as this, 20.6 
bushels in 1922, was produced with a precipitation of 21.5 inches. In 
line with average behavior a precipitation of about 36 inches would 
be required to produce these yields. In 1928 nearly half the total came 
in June and July. The distribution of the precipitation and other 
conditions, such as low temperatures, freedom from disease, and lack of 

• GBACE, o.J. THE EFI'ECT OF DIFFERENT TIMES OF PLOWINO SMALL-ORAIN STUBBLE IN EASTERN COLO
RAllO. U. S. Dept. Agr. Bull. 203, 15 pp., iIlus. 1915. 
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weed tp"Owth, were very favorable to production. In five years with 
precipItation less than 18 inches there were four complete or near 
failures and one crop of 7.7 bushels. 

Spring wheat is not adapted to conditions at Hays, and the yields 
of that crop should not be used as an index of the agricultural value 
of the section it represents. ' 

AMARILLO 

The year 1907 was rejected at Amarillo, because the crop was nearly 
destroyed by hail. In the 13 other years for which records are avail
able there was' only 1 with precipitation below 16 inches. With a 
precipitation of 12.4 inches in 1913, the yield of spring wheat was 
3.5 bushels. In the other 12 years the precipitatIOn ranged from 
about 16 to 24 inches. The coefficient of correlation for 13 years was 
0.77. 

RESULTS AT ALL STATiONS 

The years when distribution of the precipitation exercises a major 
control of yield as compared with the control exercised by the quan
tity of precipitation are relatively few. illustrative cases of wide 
departure from control by quantity of precipitation have been con
sidered by individual stations, and some generalizatiuns of such de
partures may be made. Yields markedly below the quantity indicated 
by the annual precipitation sometimes result from abnormally heavy 
precipitation in the late summer or early autumn-August and Sep
tember-of the year preceding harvest. A more frequent cause is 
prolonged drought preceding harvest and following an excess of rain 
during earlier months and a consequent heavy vegetative growth. 
Run-off during the period of heavy rains sometimes is a factor in 
reducing the effectiveness of the total precipitation. It may be in
ferred from the discussion of results at mdiVldual stations that exces
sively heavy precipitation in a single month or succession of months 
may be subject to discount in conSIdering its effect. Yields markedly 
above the statistical indications of the total quantity of precipitation 
may be associated either with a carry-over of water from the previous 
year, generally indicated by an excess precipitation during tha.t year, 
or by an adequate precipitation during the fruiting and filling period 
preceding harvest, following a deficiency before that time. 

The monthly precipitation at each station is given in the appendix 
to this bulletin. 

Table 4 gives for each station the number of years studied; the 
average precipitation and its standard deviation (0-) for those years; 
the average yield tl.nd its standard deviation (0-); the coefficient of 
correlation of precipitation with yield and Fisher's z test of its signifi
cance;6 and the regression of yield, the dependent variable, on pre
cipitation, the independent vanable. .As shown in table 4" the number 
of years studied at each station ranges from 10 to 29, the total at 
19 stations being 387. The coefficient of correlation was from 0.60 
to 0.69 at five stations, from 0.70 to 0.79 at eight, from 0.80 to 0.89 at 
five, and at one it was 0.90. 

I Fisher. R. A. See footnote 3. 
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TABLE 4.-"fean precipitation, mean average yield 0/ spring wheat, correlation of 
the two variables, a.tld the regression of yield on precipitat.ion at 19 sl/.J.tions in the 
Great Plains for the nnmber of years specified at each during the period 1906-35 

Regression of 
Precipitn· Yield yield on )lre· 

tion cipitstionCoefficient of Station Years I correlation 

Mean }.reall Origin Slope 

Arum· Bll';"
Northern: ber Inches d. r z u, 

Assinniboinc.•.••••..••••••••• 19 12.35 3.30 13.99 12.62 0.83 ].19 0.250 7.94 3.17 
'Villiston••••..••.••.•••.•••••• 12 14.68 3.70 ]6.08 11.84 .75 .97 .333 7.98 2.~0 
),Ioccasin.•.•..•••••••••.•••.• 26 15.32 3.17 16.00 8.32 .69 .85 .209 6.48 1.81 
Huntley•••••••••.•••.•••.••••• 24 13.80 3.17 12.08 10.31 .83 1. ]9 .218 9.33 2. 70 
Dickinson.................... 27 ]5.06 3.04 17.74 ]0.07 .77 1.02 .204 8.11 2. 56 
Mandan ~main fielu).......... 22 15.60 3.86 ]5.32 9.96 .77 1.04 .229 7.90 1.99 
Mandan south fi~ld)_........ 22 15.60 3.86 11.23 9.53 .85 1.26 .229 10.25 2.10 
Edgeley.......... ",._.'."'" H 15.94 3.57 18.67 10.68 .76 1.00 .301 7.72 2.27 
Hettinger...... , "'" ....... 10 14.08 3.92 15.39 10.63 .61 .71 .378 4.78 1.65 
Sheridan............. 19 15.35 3.69 17.48 10.84 .83 1.]9 .250 8.18 2.44 
Belle Fourche...... __ .~==..... 28 16.06 4.25 17.54 ]3.18 .67 .81 .200 7.62 2.08 
Ardmore.................. :::: 18 111.12 3.87 ]8.24 11. 97 .90 1.47 .208 9.57 2.78 
Scotts Bluff....__ ............. 10 15.03 1.99 1l.83 5.33 .70 .87 .378 8.70 1.88 
.-\rcher....................... 21 13.77 2.53 10.31 6.66 .61 .71 .236 7.35 1.61 

Total or n\'crage•• _~~_..... __ . 272 H.PI 3.42 15.14 10.14 .76 7.99 2.2l! 
------------= = == Central nnd southern: 


North Platte................. 20 10.41 5.08 13.09 8.25 .73 .93 .196 8.34 1.19 

Akron......................... 27 17.453.33 7.23 7.06 .76 1.00 .204 12.96 1.61 

Colby......................... 20 17.77 .1. 53 6.70 6.53 .81 L 13 .2-12 12.04 1.17 

llays.......................... 26 21.59 4.80 8.13 6.32 .00 .79 .209 12.23 .b7 

.Amarillo............._...... 13 18. ~2 3.47 6.99 4.39 .77 1. 04 .316 11.64 .97 


Total or average........ .. li5r]9.01f4.24r8.43I~~====rll:44l.l6 


When the regression lines are drawn on a single chart (fig. 7), a 
grouping is noted, or perhaps of greater importance, there is noted a 
marked similarity of a certain group. In origin and slope of the 
regression line, the stations from the northernmost south to .Archer 
are in a group distinct from the others. In this group the quantity 
of precipitation required on tho average to initiate production is lower 
with one exception and the average quantity required per unit incre
ment of yield is lower with one exception than they are at the other 
stations. 

This group was designated as the northern group of stations, or the 
stations within it as northern stations. In their average yields of 
spring wheat and in the efficiency of use of precipitation in its produc
tion they exhibit an adaptation of that crop that is not shared by 
the stations outside the group. 

o North Platte is in some respects a border-line station. Its average 
yield of spring wheat (table 4) clearly would place it in the northern 
group, but these yields a,re produced with so mUt·\ greater precipitation 
and consequent lower efficiency of water use as to place it equally 
dearly outside that group. The lack of agreement in the latter item 
and the relative unimportance of spring-sown wheat in the agricultural 
economy of the section represented by the station have been the 
determining considerations in excluding it from the northern group. 

There is less question about the position of Archer. The average 
yield is low, but the economy of watel' use is in line with the northern 
stations. It is singled out for mention here to point out that while 

8417aO-H8--3 
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it is the southernmost of the stations grouped as northern, it is at a 
much higher elevation above sea level-ahout 6,000 feet-than any of 
the other stations. 

Among the stations designated as northern, Assinniboine js diStin0t 
from the othe-rs in its equal pl'oductioll at. a Imwr pI'Pc.ipitat.ion level. 
Geographically ii<; distance north of ,,-miston ill insignificant, 30 
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PRECI PITATI ON (I NCHES) 

FIG~-IIE i.-Lines shOl\ing the regression oC ihe a ....erage yield oC spring wbeat on precipitntion Cor the ycar
ended July :ll at ench oC 19 field stations ill ihe Great Plnins. 

miles, but its dev-aLion above sra l(wel is about 600 feet greatC'I". 
Aeeording to the fOl'Jl1ullt of Hopkins 7 that 400 feet of altitude i,; 
equal to 10 of latitude, this would he eqlliYa]C'nt to approximately a 
further 100 miles. The greater efficiency of water in producing spring 

, DOPKIXS, AXDllEW DELMAil. I'EIIIODICAL ,.;YEXTS AXil :-;'ATUIlAI. LA ". AS GnnES TO AGRlCeLTUIlAL 
IlESEAIlCIL AND I'IUCTICE. 1,:. R. lIIonthly l\'cnthcr He,'.. sup. 0, 42 pp., illus, 1918. 
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wheat at Assinniboille was noted in another study.8 In that study 
the use of water was limited to the decrease in the water content of the 
goil between the time the crop came up and the time it was harvested 
plus the precipitation dw-ing that period. 

It is worthy of note that with the same precipitation the south 
field at Mandan produces lower yields than the main field. This is 
O\ving to a combination of steep slope and heavy soil in the south 
field. These should, and it is a matter of observation that they do, 
contribute to run-off. The heavy soil also holds more water near the 
surface, from which it is lost by evaporation. Both factors tend to 
lower the efficiency of the precipitation. 

Of the stations outside the northern group, there is a similarity 
between North Platte and Akron, which are intermediate between 
the northern group and the other stations outside that group. Akron 
requires more precipitation than North Platte to initiate yield but 
requires a smaller quantity for each unit inerement of yield. Equality 
is reached at 26.2 inehes precipitation and 21.3 bushels yield. The 
ayerage precipitation is 2 inches more at North Platte than at Akron 
and average yields are l]igher. 

Colby, Hays, and Amarillo are more or less similar iLnd form a 
group distinct from the others. The low yields indicated within the 
probable range of precipitation clearly show the 1ae)( of adaptation 
of spring wheat at these stations. Spring wheat, however, is of little 
importance in the sections represented by these stations, and its 
performance is not an index of agricultural possibilities in them. 

A marked similarity has been shown among the northern stations, 
Assinniboine, 'Williston, :Moecasin, Dickinson, Mandan (both fields), 
Huntley, Hettinger, Edgeley, Sheridan, Belle Fourche, Ardmore, 
Scotts Bluff, and Archer, in the relations of preeipitation for the crop 
year and the yield of spring wheat. As compared with the other 
stations they form a group representing the area to which spring whea:' 
is adapted on that section of the Great Plains within ·the United 
States. This group is represented by 272 pa,jrs of observations of pre
cipitation and yield. The coefficient of correlation between these 
272 pairs is 0.74 when the group is considered as a unit. This correla
tion is highly Rignificant. A scatter diagram of these data is shown 
in figure 8. The diagonal line is drawn from the regression equation 
of yield on precipitation: Yield= (preeipitation-8.02) 2.19. In round 
nnmbers, 8 irwhes of plecipitation results in a 0 yield, and the incre
ment of yield is 2.19 bushels for each inch above that quantity. 

In considering results at individual stations, it was pointed out that 
there appeared to be limits to the quantity of precipitation that 
could be effectively utilized in the production of a current crop, and 
that the upper limit of effective precipitation varied to some extent 
with the station. Figure 8 shows the first point rather clearly for 
the area as a whole, but also emphasizes the meagerness of the data 
on excess precipitation. There are only 10 instances in this group 
where the precipitation was above 22 inches, and in all but one of 
these, Ardmo]"<', 1915, at least the quantity above that amount was 
not refleeted in thc yield. T])('re were only three yields above 40 
busbels-Assillniboine, 1916; Belle Fourche, 1915; and Ardmore, 1915. 

'COI-E, JOliN s., };L"~lIEWS, O. R., nnd CllILCOTT, :g. c. See rootnote4. 

http:preeipitation-8.02
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PRECIPITATION (INCHES) 
FI(lURE S.-Scatter diagram or 272 paired items or precipitation ror tho year ended July 31 and the average

yield or spring wheat at 14 northern stntions in tbo Oreat Plains, 1900-3.1. 'rhe diagonal line is drawn 
Crorn tho regre..o;sion or yield on precipitutiou: Yield=(precipitation-8.02) 2.19. 

http:Yield=(precipitation-8.02
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There were only 2 station years with precipitation below 8 inches 
and 14 with precipitation below 10 inches. Only one of these had a 
yield above 6.4 bushels per acre. 

The large group of items (42) with 12 inches or less precipitation 
and 7 bushels or lower yield is of particular interest in its practical 
importance. There were 16 other instances with 12 inches or less 
precipitation in which the yield was more than 7 bushels, but in 
only 1 case more than 16 bushels. 

The average precipitation of the 272 station years was 15.0 inches 
and the average yield 15.2 bushels. Segregation into four groups 
representing the quadrants limited by these means (line cases assigned 
to the 10'wer group) gives the results in table 5. 

TABLE 5.-Number of station years, average precipitatt:07l, and average yield of 
spring wheat in each quadrant of the seatier diagram of 272 year.~ at northern 
stations 

Station Avcr:n~e IAverageQllsdnlllt years 1~.:'t1::'~· yield 

---------------------------------------1---------------
Number Inches Bmhcls 

Precipitation Ilnd yi~ld b~lowmelln __ . ____ •••• _ ...... _ .. 122 12.13 6. i9 
Precipitation below melln, yield abovo monn •.•••• ___ .. ____ ._ ..__ •• _______ 28 13.54 W.51 
Precipitation an(1 yi~ld nbo,·l' menn ___ . __ ••• _. __ •••..••••• __ .••••••_____ •• 113 IS.5., 26.06 
Precipitation atoovc monn, yield below menn ......._•••••_. __ ._. ____ ••• ___ 29 16. ;6 10.-1; 

When the precipitation was below mean, the chances were 4.36 
to 1 that the yield would be below mean. When the precipitation 
was above mean the chances were 3.21 to 1 that the yield would be 
above mean. When the two groups were combined, the chances 
were 3.77 to 1 that precipitation above or below the mean would be 
accompanied by a yield in the same bracket. 

If the 272 cases are segregated into four quadrant groups on the 
basis of individual station means, the results are almost the same, 
119, 29, 98, and 26 cases in the four quadrants, respectivciy. 

\Vhen the quadrant grouping on the basis of station ll1NUlS j" ('x
tended to include the whole 387 cases at 19 I:;tations, the chanees 
were 4.03 to 1 that a precipitation above or below the station mean 
would be paired with a yield in the same bracket. 

Up to this point the study of the relations of preeipitation and 
yield has been based on performance at individual stations in individual 
years. The question naturally arises: vVhat will the relations be if 
the base is expanded so that the indexes or precipitation and yield 
represent an area rather than single stations? The wider the base, 
the more general is the application of results, and consequently the 
greater is their value. 

The average precipitation. at the northern stations (table 1) and 
the averages of the paired YIelds (table 3) were detern11lled for each 
year as indexes of annual predpitation and yield. This reduced the 
272 pairs to 30 puirs, 1 for each year 1906-35, representative of the 
area on the northern Great Plains which has a prominent place in 
the production of spring wheat. The number of stations entering 
into the averages each year, the average precipitation, the average 
yield, and two other i~ems yet to be described are given in table 6. 
The scatter diagram (fig. 9) shows the relation between pr('cipitation 
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and yield to be linear. The coeffici<:'nt of correlation between pre
cipitation and yield is 0.S8. The line in figure 9 is drawn from 
the regression equation: Yield= (precipitation -10.07) 3.19. The 
last two columns in table () give the anlluHl yield estimated from the 
annual precipitation by this equation, and thc el'rol'S of estimate 

38 
II 

36 / 
.. I 

34 

II32 n30 

I
28 

II
26 
 . 
. I 

I 

~I 

!
. • . 

I · / . 14 II 

12 


10 i 
8 

7.. 
.11 ~ 

6 

. I . 
4 

I . 
2 

o II 
2 4 6 8 I 0 12 14 I 6 18 20 22 24 26 28 30 

PRECIPITATION (INCHES) 
F!Gt:n~: Il.-Scattcr diagram oC the nununlnvcmgt·g of precipil.ntion Cor the Yl'ar ~IHlcd Jul)' :11 IlIl<I the 

nvcrnge yields oC oprilll( whcllt, III [.\ nortlWrIl nations In the Orl'''! 1'IIIill5 for the' :lO years 1900-:15. 'I'he 
diagonullinc is drawn from illll regression equlltiOI1: Yield=(prccipitntiou -Hl.O') 3.19. 

which avcr: 6C 3.31 hushels, 01' 20.7 perccnt of the aY('l'fige yield, 16.0 
bushels. In 15 of the years the crror of estimnte WfiS less than 3 
bushels. 

The correlation betwecn these indices of precipitntion and yield 
representative of fill areiL is higher tlHlll the correlation between the 
illdivid ual pairs of annuul precipitn tion and yield ut each station. 
It is also higher thun the correllltil)ft at uny stntion except Ardmore. 
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TABLE G.-:Yumbel' Of stations, atJer.a(le 7Jl'ec/pitalion for the year ended July 31, 
average Yleld of slJrmg wheat, esitmaied YIeld, and error 0/ estimate at northern 
stations, J .90fl-S/j 

rr~· I' .~-·W~I(!~;f'-I-- l'r~· if.. 1!1?t~ft~~r 
1'10. clpi· Yirld. ) ll'l.d, 1l:.tll!.1 t'(a. CiPi.! Yirhl, ). l~l.'t, ne.tnn! 

Year lions tn. m'tunl rS!l' ~trld Yrnr tions la. aetuul rstl' Ylrld 
tion nmtrd ~~ti: lion I mntrdl ~~l{: 

---·-j--------I~1 l__1____ ·_·_!m:., 
:~"1111l· , II -;:...T, mil 1i btr 111. Bu. liu. Jill. " b:r .\ 111. 1I".! 1111. II 

I 

Bu. 
1900..........1. 1 18.0 30.9 27.~ 3.7111922....--...... 11 W.O nO.n 1~.\1 1 i 
190;'... " 2 H.O 20.T! 12.ft h.O 1 1\12:1. •• __ .... 10 )G.2 17." 1 1\1.6 -1.~ 
1908 .. " I 3 15.3 22.5 lr..; 5.S I In!......... 10 !Il.2 lk.21 Hl.fl -1.4 
1909... . . .. "t IS. I an.s 25.", ".2 111)25...... ... 10 I B.ll Ifl.X 15. \ I 1.·1 
1910.. 'fi 111.2 8.5 13.2 -1.7 11926......... JO jl2.K 10.2 R.7 1.5 
J91 L 5 I 11. Ii JZ.· ~, 235·.?1 1.;; 192i. ........ 10 I 1\1.3 2:;.·1 I 2<1. ~ -4.0 
lUI:! '--i G 1.17•.\ 'u -1.'1 I!12-~ __ ... __ .\10 I Jt;.n 2~.K 20.' 2.0 
1913. D \ H.O Hl,h 2\2\ .• ~,' _,,:,.. 192'J ...... __ 10: 1:J.5 113..\ 10.11. 2.5 

o19H. n I'.~ 1-'>.0 
a.

., !pao... __ ... 10 1:1.I n.1 II'l' -.6 
1915. . 12 If). 5 3.i.0 30. I ·1.0 lU:l\... .. 10 13.a :J·I IO.a -f, 9 
1 • 1 r. 3 0 I ( Jr.::; ! I -2.419tt . 1.\ 13:1 ~\:~ 1~'~ :~ Ii 1~35: '.:':'::1 la l~:~ I 7. \ i W·~: -1.5 
191~. 1·\ n." 15.1 11.3 a ~ , 19:14. . ... , s; 10., 4,51 2.0 i 2.5 
1019. J~ 1~.5 .l.-lj 7.~ ::JI.'.;11 l' 1935. '11'13.9 I D.a 1~.2 -2.9 
1920. 13 16.2 15.3 I 11).1, ---.----------
1921. . 13 f la.31 s.·] I 10.3 I -1.\1 A\·~rage. -- .. 10.1 I 16.0' Jr..0 j 3.31 
----,-~.--------~-~--~-- ---~~,............--.. ----"~ ---.. -<--..:-~.-}--.-


The objection InUY be legitimately rnis('J that the snmples in 1906, 
1907, and 1908 ure too smull, those years bping repr('sclIted by only 
1, 2, and 3 stations, TespectiVl'ly. This poillt hus been giYell con
sideration. 'With HlO() excluded, the corrclntioll coefficient is 0.86. 
'With 1906 and 1907 llnd also with lOOG, 1907, and 1908 excluded, 
it is 0.89. Changes in tbe regression equation l'('sulting from the 
omission of one or all of these V('lll'S are so smull that the extension 
of the record by their inclusion seems justified. 

,\YhNl it is consid<'l'('(l that, the individuul yenrs in n. span of 30 fire 
represented by index('s with spread from 10.7 to 19.5 illClws of pre
cipitntioll und from 3.4 to 35.0 bushels yield, the high correlation 
between precipitntion anLl yi('ld of spring wheat. on the northern 
Grent Plnins nppears as a whole to be one of the most important 
finding;:; of this study. OV(,I' the nrea as fL whole tllCre is a range of 
unnual precipitntion that, r<'suIts ill n. wide l'nnge of yi('1d, and thel'(, 
arc good yelll's alHl b:Hl y('ars as menslll'Nl cither' by precipitation or 
by prod uction. TJIC 11e('(1 of stn bilizn tinll by enrl'ying reSClT(,S or 
reSOlll'('('S accul1lulai('d ilt good years is <,!npllnsizC'd. If the excess 
of nonperishable products! such as ",hettt, 111 the good years could 1)(' 
stored to reduce ti\(' deficit of the poor Y(,llI'S tll('l'c would be enough 
for llil. ' ' 

To show the conditioJls more clearly, the actutll yields and the 
yields estimated by the regression of yield on precipitation-yield= 
(precipitation -10.07) 3.l9-nl'c shown in chronological order in 
figure 10. Can there be any question that years and combinations 
of years like 190G-09, HJl2-16, 1922-25, and 1927-28 are sll1'plus 
yefLrs llS truly as 1910-11, 1919, 1930-31, and 1933·35 nre deficit 
YOMS j or that land \'nlues fix('d b~y tItC' 011(' find 110 support in the other? 
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RELATION OF ANNUAL PRECIPITATION TO THE YIELD OF SPRING 
WHEAT CONTINUOUSLY C'ROPPED 

In the preceding puges the index of yield was the average of a 
composite of metuods contributing low, medium, and high yields. 
Under the above heading the index of yield is the average of a few 
plots representative of methods that produce yields of a comparatively 
low order. To provide this index, the plots continuously cropped 
to spring wheat in a test of cultural methods at each station were 
selected. At Williston, Dickinson, Edgeley, Hettinger, North Platte, 
and Colby only two plots were used; plot A was spring-plowed and 
plot B wus fall-plowed. At Assinuiboine, Huntley, Mandan (both 
fields), Sheridan, Belle Fourche, Ardmore, Scotts Bluff, Archer, and 
Hays the number was extended to four by the addition of plot E, 
full-plowed and subsoiled, and plot F, which was fall-listed. At 
:Moccasin, Akron, and Amarillo there were five plots, G, which was

36,-------------~;----------------------------______~ 
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FWl'IIE lO.-A vern;;e find estimated "vcruge annulil yields of spring wheat at 14 northern stntlons in tbe 
Orcat Pill ins, IUOf,...35. 

,nriously late full-plowed und deeply spring-plowed, being added 
to the oiller four. The yields of the continuously cropped plots are 
fi U of the same 0rder us compared with the yields from other methods, 
such as fallow, and it is believed the greater reliu.bility of the index 
fifl"orded by averaging as large a number as were available offsets 
the adyuntage of strict comparability that could have been obtained 
by using only the A and B plots for all stations. 

The annual yields of the continuously cropped plots for each year 
n t euch station are given in table 7. '1.'he precipitations paired with 
these yields were giyen in table 1. '1.'he nWl1ber of years, the average 
yield of continuously cropped spring wheat and its standard deviation, 
the coefficient of correlation between the precipitation for the year 
ended July 31 and the yield, and the regression of yield on precipita
tion for each station are given in table 8. The mean of yields at the 
northern stations was 3.18 bushels less than the mean of the average 
yields (table 4). The coefficients of correln.tion with precipitation 
were generally l1igher for the yields uJlder continuous cropping than 
for the average yields but not at aU stn.tions. The highest correla
tion was 0.96 at Ardmore, and the lowest was 0.49 at Hays. The 
correlation coefficients were all significant by Fisher's z test. The 
regression lines exhibit the same groupings as in the cases of average 
yields. 

http:IUOf,...35


TABLE 7.-Annual yields of spring wheat continuously cropped at field 8tations in the Great Plains during the period 1906-35 

Av· 
Station 1110611110711908119091191011911119121191311914119151191611917119181191911920119211192211923119241192511926119271 1928119291193011931119321193311934119351 er· 

age 
1--1--1--1--1--1--1--1--1--1-_1--1--1--1--1--1--1--1--1--1__1__1__1__1__1__' __1__' __1__1__ 

Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. 
Asslnnlbolne••••••..••••"..•••••..._....__ ..___... _..___•• _.._ ..____...... 48.1 4. 1 4.\} 1.3 6.4 7.7 2.9 12.8 8.7 15.1 2. 7 32. 4 14.9 6.8 1. 6 0.824.6 1.2 ____ 3.6 10.56 
Willlston_.._________ ._.._.__...... ____ ......_. 20.6 1.5 2.529.514.323.216.023.8 6.8 2.8 3.G 6.8 ____ .. __ ..........__ ..___________.._ ........ "" _....... _'" 12.56 tIJ 

Moccasln.................._..""............. 34.\} 11.1 24.0 .... 23. 1 16.6 28.0 19. 5 8. 6 14.3 .8 15. 6 15.3 13.9 10.3 2.4 5.8 12. 6 13.9 13.0 3. 1 6.8 1.2 5. 5 7. 1 2.6 1. 1 11.92 

Hnntley._.......___......__.................____." ._...... 8.0 14. 7 18.925.9 6.9 7.8 7.7 .1 9.1 2.221. 2 6.625.3 7.1 0 22. 2 6.7 5.4 0 0 3.3 .2 0 1.4 8.36 ~ 

D1cldnson...__........__........._ ..._ 34.321.026.0 17.8 3.6 .... 17.0 ..__ 27.3 18.9 4.1 5.5 .7 14.2 3.321. 611.3 16.7 6.8 0 12.413.8 9.3 6.2 1.114.7 1.3 .7 10.411.81 

Mandan(malnfield)...__..__.......__ ............................ 31.831.718.814.212.66.41.6 .516.06.818.217.2 .320.812.411.26.66.921.70 .421.012,53 
 ~ MandanCsouthfleld).................___.......................... 32.527.916.6 7.1 0 6.4 .80 17.58.211.68.90 21.87.62.14.32.918.50 0 9.89.30 

Edgeley..._............."......"__ 32. 7 5.6 14.325.8 4.6 .631. 0 14.3 ..__ 30.5.... 7.9 2.9.... 9.0 8.4 9.5 ................ _.. , .................... __....___... 14.08 

Hettinger__................................... _.." ........ 13.2 12.3 8.1 35.0.... 3.5 8.0 0 12.7 0 14.4 " ........................................... _... _." 10.72 

Sherldan.._•••_................... '''' "" ...........__.......... __... .... .... 5.521.4 .1 17.9 .322.4 13. 1 19.1 17.7 6.724.920.2 12. 4 7. () .3 21.5 8.0 1.0 6.3 11.89 ~ 

BelleFourche............................. 22.726.1 .70 0 7.65.157.413.24.97.70 28.72.129.521.719.813.127.314.024.523.16.40 16.614.87.34.014.19 l:rJ 

Ardmore........__......"......".....__....... "" "" ...__... .6 .... 45.5 14.7 6.626.7 3. 422.2 6.4..._ 16.7 4.1 9.3 5.834. 410. 2 4.5 3.7 1.2 5.2 ......____.. 12, 29 


cotts BlulT........___...._......_ ..........__ ............ 10.611.2 9. {) 15. {) 5.7 9.9 5.6 .314.6 0 .................................... _................... 8.19 i:3 

Areher_.._ ......_...._..................._ .... _... _____..__.....__ 6.524.8 1. tl 15.0 13.1 2.8 _... 4.8 3.5 9.6 .7.0 1.1 16.4 14.5 11.7 6.3 4.4 3.4 3.2 2.2 1.6 1l.9 7. SS 
 ;;

Average...._..__...._....".. 32.720.0 19.326.7 7.1 6.1 15.4112. 8 16.930.6 17.1 7.5 9.5 1.9 12.3 3.9 15.7 11.7 13.3 10.1 7.2[21.1 13.5 8.4 4.4 1.7 13.5 3.9 1.7 7.7 11. 16 
1-3

North Platte..__....................__ 25.3 25.0;; 6.8 0 12.01.9 6.622.8 17.4 4.7 2.9 14.2 17.7 8.3 2. S 18.6 lB. 1 5.5 0 17.021. 9 16.0 14.9 17.3 4.4 n.2 0 16.0 12. 33 

Akron......_.._..____•____..........______ .... 11.1 7.32.017.91.813.624.34.314.00 6.516.62.24.24.2 .73.4 .48.37.4 .91.2 .71.30 0 10.16.09 
 ~ Colby___• __..__ ..________ .•_...... _..___................__ .... _.....__ 22.0 3.7 0 .714.9 7.3 9.2 6.514.8 1.7 3.0 0 1.1 7.3 3.611.7 ..._ 11.0 0 0 0 6.93 
Hays......___...._..______________ .. __ .... 4. L ... 10.9 0 12.8 1.1 0 8.7 1. 8 0 8.6 13.0 8.6 11.520.4.___ 15.3 .8 8.4 4.6 17.8 12.212. 0 12. 210.6 0 0 0 7.70 
.Amar!1lo_..__.......__....___...__ 5.5 ..__ 15.3 1.4 2. i 10.6 5.711.1 11.6 11.2 2.9 2.1 1.6 13.1 • __~ __....................____.. ____ ......". ________ .... __.. __.. 6.52 ~ 

l:rJ 
Average __ ._..__.....____..../5.5125.3114·~llO.616.9/ 3.2/12.111.5/7.7/17.816.014.212.8112.3112.617.8/8.5112.5119.°13.212.217.8113.618.2112.5110.116.812.810 16.517.71 ~ 
Grand average__....___...... 'UU rumru~ 4.8 ~ 9.314.0 26.8 ~aoD 4.8 ~ 4.8~m~~5.8 ru~~~ =a:o ll.6~~7.4 10.26 

~ 
~ 

~ 
~ 

;it 

http:16.517.71
http:10.16.09
http:7.32.017.91.813.624.34.314.00
http:16.614.87.34.014.19
http:28.72.129.521.719.813.127.314.024.523.16.40
http:7.65.157.413.24.97.70
http:21.87.62.14.32.918.50
http:17.58.211.68.90
http:10.411.81
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TABLE S.-Mean yield of spring wheat continuously cropped, correlation of precipi
tatiG'nfor the year ended July 31 and the yield, and the regression of yield on pre
cipitation at 19 stations in the Great Plains during the period 1906-35 1 

Regress!on ot 
y!eld on prec!pl· 

Station YeaTS Yield eoemelen t of correlation tatiQn 

Orlg!n Siopa 

l'..-um· 
Northern: her BV3he18 T Z <1,

AllSInnlholne••••.•_. ____________ " 0201)19 10.56 12.40 0.87 1.33 fl. 12 3.27
W'lIlston.._. _. _••__•___•_____ •_. 12 12.56 10.00 .SO 1.10 .333 8.87 2.16Moccasln.___ •___•___..__________ 26 11.92 8.8t .77 1.02 .209 9.75 2.14!!untleY___________ ._.._______• __ 24 8.36 8.46 .76 1.00 .218 9.68 2.03D·oklnson_______ . ____•__________ 27 11.81 9.22 .70 .87 .204 9.00 2.12
Mandan ~maln fie'dL__ . ________ 22 12.53 9.31 .78 1.05 .229 8.94 1.88 
Mandan south field) ___________ • 22 9.30 9.49 .81 I.l3 .229 10.92 1.99 

14 14.68 11.17 .77 1.02 .301 10.09 2.41 
10 10.72 10.07 .70 .87 .378 8.12 1.80 
19 11.89 8.58 .82 1.16 .250 9.11 1.91JJ!E~lf:::~====:========::::::llelle Fourche __ •_____________.._ 28 14.19 13.04 .07 .81 .200 9.16 2.06Ardmore __ .. ___________________ • 18 12.29 12.46 .96 1.95 .258 12.15 3.09Scotts Bluff _____________________ 10 8.19 0.25 .81 1.13 .378 11.20 2.14Archer__________________________ 21 7.88 6.27 .65 .78 .236 8.88 1.61 

Total or average__ . ____. _____.. 11.16 9.61 -~~ 9.68272 .78 ---- .. --- .,..--... 2.19 
---- = ----== = Central and southern:

North Platte_______________ . ___ • 29 12.33 8.33 .70 .87 "196 8.67 1.15Akron.._._,_________ . ___________ 27 6.09 6.48 .75 .97 .204 13.27 1.46Colby ________•______ . __ •________ 20 5.93 6.30 .80 1.10 .242 12.45 1.11
Hays. _.___•________ . _______'_"_ .26 7.70 5.99 .49 .54 .209 8.99 .61
Amarillo. __ . __ •••_..____ . _______ 13 6.52 5.12 .83 1.19 .316 13.00 1.22 

Total or average_____________ ._ 115 7.71 6.44 .71 11.38 1.11 
------~- -~------

1The mean preclpltatlon for each station Is glvcn In table 4. 

Considering the northern stations as a group, the correlation be
tween the 272 pairs of variables was 0.76, which is not significantly 
different from '~he similar correlation of precipitation and average 
yields. The regression equation of yield on precipitation is: Yield= 
(precipitation -9.64) 2.11. The crop return for each unit of precipi
tation is smaller than with the average yield index, as is to be expected, 
befll.tuse the same precipitation produced a lower yield. . 

When the 272 pairs of variables are reduced to 30 pairs by deter
mining the annual averages of precipitation and yield at all northern 
stations, the coefficient of correlation between the two variables is 
0.85. The regression equation is: Yield= (precipitation-11.02) 3.07. 

RELATION OF ANNUAL PRECIPITATION TO THE YIELD OF SPRING 
WHEAT ON FALLOWED LAND 

The third index of yield is the yield on land that had been summer
fallowed instead of cropped during the preceding year. The tendency 
of this method is to provide the crop more water than other methods 
by storing it in the soil in advance of the annual crop and precipi
tation oycle. The increased water supply results in a greater crop 
yield. The contrast in both items is particularly sharp between 
continuous cropping and fallowing. 

At most stations the index of yield on fallowed land is the average 
of three to :five plots. Comparability of the data from year to year 
and from station to station is very high. . 

The index :fi~ure of yields on fallowed land at each station for each 
year is given ill table 9. These yields pair with the precipitations 
for the year ended July 31 given in table 1. 

http:precipitation-11.02
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TABLE 9.-Annual yields of spring wheat on faUowed land at field stations in the Great Plains during tlte period 1906-95 

station l1lO6119071 lllO8119091191011911119121191311914119151191611917119181191+920\1921\1922\1923\1924111l25\1920\1927\1928\192+93011931\1932\193311934119351 :J:' 
--------------1--'--'--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,-_,--,--,--,--,--,--,--,--,--

Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu.
Ass1nnlbolne_______________________ .______________________________________ 48.7 11.0 8.4 4.3 12.8 17.512.222.9 17.219.214.139.642. 8 17.3 11.2 2.627.4 11.8 ____ 9.6 11).45
Willlston______________________________________ 25.7 4.\) 8.239.9 17.830.333.227.1 13.0 7.0 4.5 12. r. ______________________________ .. _____________________•______ 18.68 
Moccssin______________________________________ 34.1 7.220.1 ____ 22.9 19.535.324.2 10.4 22.5 5.8 15.623.021. 928.821.622.320.3 17.228.7 9.512.0 8.0 15.8 8.6 7.7 Ii. 0 18.00 
Huntley________________________________ .__ ____ ____ ____ ____ 8. 025.526.337.5 16.9 16.627.6 2.4 11.618.5 24.7 17.928.325.3 7.327.520. Ii 10.1 2. 9 .6 6.5 1i.7 6.6 6.8 15.88 
Dicklnson_____________________________ 31.133.636.926.022.1 ____ 27.3 ____ 40.721.815.514.3 6.223.3 8.930.219.224.420.4 1().7 23.127.918.820.3 8.727.616.0 6.911.521.24 
Mandan (main field) ______________________________________________ 32.343.723.9 17.323.5 13.3 9.2 3.625.1 15.830.431.8 7.626.024.321.4 20.318.233.8 2.7 4.0 24.1 20.56 ~ 
Mandan (southfield)______________ . _______ • ______________________ 28.\)42.7 15.5 13.7 6.2 14.3 8.4 .3 17.6 14.7 18.4 18.7 4.1 30.032.8 10.3 14.4 9.223.9 2.7 2.5 12. 3 15.53 o 
Edgeley_________________ •________ ~ 30.6 10.9 15.827.5 8.0 3.:2 35.4 26.1 ____ 37.1 ____ 12.1 17.4 ____ 6.714. 524.8 ____________________________________________________ 19.29 
Hettlnger__________________________________________________ 19.929.6 9.839.2 ____ 15.1 19.4 8.7 17.0 {} 24.3 ______________•___________________=. ________________ 18.30 
Sheridan__________________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ 4.026.0 4.6 24.4 18.1 31. 027.024.731.521.738.244.7 22.9 15.8 5.226.0 17.111.110.4 21.28 
Belle Fourcbe _____________________________ 21.132.7 4.3 0 0 15.616.156.820.011.531.5 4.530.725.632.530.921.324.346.524.342.628.419.0 1.8 11l.619.619.4 9.521.81 aArdmore___________________________ •__________________________ 7.2 ____ 5O.61H.5 9.737.114.726.322.8 ____ 25.718.318.710.333.436.823.611.94.212.2 _________ • __ 21.22
Scotts Bluff_______________________________________________ 27.8 18.1 13.830.0 11.3 19.3 23.4 4.1 Ill. 8 1().2 ________________________________________ •_______________ 17.18 ~ .Arcber____________________________ ____ ____ ____ ____ ____ ____ ____ ____ 8.824.5 4.3 14.723.0 4.8 ____ 11.6 6.4 16.1 10.6 10.5 18.119.4 14.9 13.0 6.6 5.0 7.0 6.1 4.1 11.9 11. W .... 

A\'erage_____________________ 30.621.023.131.410.110.721.821.120.639.3 21.113.120.5 7.116.813.422.821.921.522.316.127. 9 31.617'513'~ 6o! 20.0 10.0 7.8111.218.54 21 
=================-========-=-=--

Nortb Platte__________________________ 28.941.422.616.3 0 9.9 8.712.828.818.416.017.516.921.016.611.121.422.220.610.8 20.3 34.4 24.727.220.625.416.5 3.425.0 Ill. 29 
Akron_________________________________________ 18.412.2 8.219.1 9.121.430.813.413.9 3.9 0.520.9 2.110.3 8.0 1.3 9.6 .713.421.5 a.5 2. 2.3 8.7 2.6 1.612.110.29 
Colby______ . __________________________________________________________ 24.2 4.8 0 5.216.1 16.4 9.9 n.5 14.2 6.0 11.6 4.0 3.5 7.5 8.5 15.2 ____ 24.2 .4 2. S 0 9.30 ~ HaY5______________________________ ____ ____ 4.2 ____ 11.3 3.2 10.5 6.9 0 7.4 1.7 4.5 13.4 12.4 14.7 13.227.3 ____ 16.8 7.0 15.3 IS. 0 33.8 18.1 21.1 15.018.1 1.3 2.4 0 11.45
Amarillo___ ~______________________ 4. \I ____ 16.0 10.5 7.7 S.7 9.4 S.6 12.5 10.5 6.4 2.9 2. S 14.5 ___________________________________________________________.1.___ 8.88 

~ 
Average_____________________ / 4.9/28.9120.5/17.2/11.915.0/12.21 B. 31~!2O· 31 8. =/7. 51S' 61 13. 311S. 3110. 5115.1!I4.51~112. 217. 7)13.8124.0113. 7~112.6!11l.115·:1!~19. 3/11.84 ~ Orandaverage_______________ 17.S 23.6 22.126.110.9 8.218.017.217.933.717.311.617.4 8.817.112.7120.720.218.719.4\13.7\23.929.516.4114.3 7.819.7 8.6 6.010.616.78 

~ 
i::; 
~ 

t..:>-.. 
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The number of years, the average yield of spring wheat on fallowed 
land and its standard deviation, the correlation between the precipi
tation for the year ended July 31 and the yield of spring wheat on 
fallowed land, and the regression of yield on precipitation for each 
station are given in table 10. 

TABLE lO.-Mean yield of spring wheat on fallowed land, correlation of precipitation 
for the year ended July 31 and the yield, and the regression of yield on precipitation 
at 19 stations in the Great Plains during the period 1906-35 I 

I Regression or 
Yield yield on pre· 

cipltation
Station Years CoeIDcien t oC corrl'lution

\---,-----i 1-----.----
Mean CT Origin Slope 

Northern: Number Bu.hel. r z CT,Ass1nnlholne_ ___________________ 19 18.45 12.77 0.77 1.02 0.250 6.16 2.98 
Williston________________________ 12 18.68 12.14 .69 .85 .333 6.43 2.26Moccasln__________________ ••____ 26 18.00 8.63 .56 .68 .209 3.51 1. 53
Huntley••__••______________._._. 24 15.88 10.25 .65 .78 .218 6.25 2.10 
Dicklnson._••._.____•••_•.•__ ••• 27 21. 24 9.16 .71 .89 .204 5.13 2.14 
.Mandan (main fleldl ___.____ ._._. 22 20.56 10.78 .75 .97.229 5.76 2.09 
Mandan (south fleldJ_ ..________• 22 15.53 10.78 .84 1.22 .229 8.96 2.34
Edgeley ___________ ••_••.•_.__••_ 14 19.29 10.93 .74 .95.301 7.43 2.27
Hettlnger.___ ._.._. __. ___•• ___ •.• 10 18.30 11.13 .52 .58 .378 1. 66 1.48 
Sherldan_ ._._ •._._._.•__••• _____ 19 21.28 11.19 .77 1.02 .250 6.24 2.34 
Belle Fourche_. __..____.•_••• ___ 28 21. 81 13.79 .58 .66 .200 4.47 1.88
Ardmore ___.•• __ .• ____••••• _____ 18 21.22 12.21 .80 1.10 .258 7.71 2.52 
Scotts Bluff ___ •___.•_•••••••..__ 10 17.78 8.10 .44 .47 .378 5.19 1. 79 
Archer••••~ __••••__•______._•._._ 21 11. 50 6.15 .53 .59 .2.16 4.84 1.29 

Total or average_ .._••_••____ ._ 272 18.54 10.57 .67 5.70-------. 2.07 ~---------= ---------= 
Central and southern: 

North Platte_. ____.••_._._._•••• 29 19.29 8.75 .60 .69 .196 .74 1.03Akron_ •• _______• __ ._•••__ . _____ _ 27 10.29 7.80 .65 .78 .204 10.59 1.50 
Colby••••___._.. _._._ •• __••.__._ 20 9.30 7.32 .69 .85 .242 9.43 1.12
Hays••••••_. _____. ______ ••• ____ _ 26 11.45 8.53 .59 .209 9.44.53 .94
Amarlllo ____••___•••• ______ ._. __ 13 8.88 4.05 .44 .47 .316 1. 54 .51 

Total or average. ___ •__•____. __ 115 11.84 7.29 .58 6.35 1.02-------- .------

1 The mean precipitation Cor each station is given in table 4. 

As compared with the yields on continuously cropped land and 
the average yields, the yields on fallowed land are higher (at northern 
stations about 7 bushels more than on continuously cropped land 
and about 3 bushels more than the averages of all methods), the 
coefficient of variation is lower, the coefficient of correlation with 
precipitation is lower, and the yield for each unit of precipitation is 
higher. The average of the coefficients of correlation at 14 northern 
stations was 0.78 for continuous cropping and 0.76 for the average 
vield index, whereas it was only 0.67 for fallowed land. 
• The correlation of the 272 pairs of variables at northern stations 
was 0.67 for fallowed land, the same as the average of the coefficients 
for the 14.stations. The regression equation for the yields on fallowed 
land was: Yield= (precipitation -5.87) 2.05. 

When the 272 pairs of variables are reduced to 30 pairs, each repre
sentative of annual averages, the coefficient of correlation is 0.84, .and 
the regression equation is: Yield= (precipitation -8.70) 2.99. 

The effect of a cultivation method or cropping system, such as 
fallow, that tends to store water in the soil in advance of the crop 
year is to reduce the control of yield by the precipitation during the 
crop year. 
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SUMMARY AND CONCLUSIONS 

Data covering a total of 387 crop years at 19 field stations in the 
Great Plains aTe given of precipitation for the year ended July 31 
and three indexes of yield of spring wheat. The primary study is 
made with an index of the average yields of about 30 plots repre~ 
senting low-, medium-, and high-yielding methods. Less detailed 
studies are made with the average yields of continuously cropped 
plots, a low-yielding method, and an average of yields on fallowed 
land, a high-yielding method. 

The vehicles of study are correlations of precipitation, the inde~ 
pendent variuble, with yield, the dependent variable; scatter diagrams 
or dot charts; and the regression of yield on precipitation. 

The coefficients of correlation of precipitation and average yield at 
the s.;veral·stations ranged from 0.61 to 0.90 and averaged 0.76. 

Yields markedly below the quantity indicated by the annual pre~ 
cipitation sometimes result from abnormally heavy precipitation in 
the late summer or early autumn-August and September--of the 
year preceding harvest. A more frequent cause is prolonged drought 
preceding harves t and following an excess of rain during earlier months 
and a consequent heavy vegetative growth. Run-off durin~ a period 
of heavy rains sometimes is a factor in reducing the effectIveness of 
the total precipitation. 

Yields markedly above the statistical indications of the total quan
tity of precipitation may be associated either with a carry-over of 
water from the previous year, generally indicated by an excess pre
cipitation during that year, or by an adequate precipitation during the 
fruiting and filling period preceding harvest, following a deficiency 
before that time. 

A similarity in the regression lines showing the number of bushels 
of wheat produced by any given quantity of precipitation places all 
stations north of and including Archer, Wyo., in a group designated 
"northern" that is distinct from all stations to the south of and 
including North Platte, N ebr. The placing of Archer in the J;lorthern 
group is attributed to the climatic factors associated with its eleva
tion of 6,000 feet above sea level. Yields alone would place North 
Platte in the northern group, but efficiency in the use of water in the 
production of spring wheat associates it with the contral and southern 

groFuP.. . d· h . dor 272 statIon-years at northern statIOns urmg t e peno 1906-35, 
the average (weighted) precipitation was 14.96 inchfls, the average 
(weighted) yield was 15.18 bushels, the coefficient of correlation was 
0.74, and the regression equation was: Yield= (precipitation-8.02) 
2.19. A precipitation above or below the mean was accompanied by 
a yield in the same bracket in the ratio of 3.77 times to 1 when it 
was not. 

When the 272 pairs of variables are reduced to 30 pairs representing 
annual aver~es for each of the years 1906-35, the coefficient of 
correlation is IDcreased to 0.88. The regression equation is: Yield= 
(precipitation-10.07) 3.19. The error of estimate of yields calcu~ 
lated by this equation averages 3.28 bushels or 20.5 percent of the 
mean yield, 16.0 bushels. 

The Use of methods, such as continuous cropping to small grains, 
that leave the soil exhausted of available water at the beginning of 

http:precipitation-10.07
http:precipitation-8.02
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the crop year, increases the dependence of the crop on the precipita
tion during the crop year, which is evidenced by higher coefficients of 
correlation. 

The use of methods, such as summer fallow, that store water in the 
soil before the beginning of the crop year reduces the dependence of 
the crop on the precipitation during the crop year and is evidenced by 
lower coefficients of correlation. 
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APPENDIX 

T~BLE l1.-Jlonthly and annual precipitation at the field station, Assinniboine, 

Mont., for the 21 yeaTs 1915-85 1 


Year 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
19H>................ 0.67 0.44 0.10 0.24 1.95 3.35 3.17 0.94 2.05 0.42 0.12 0.77 14.22 

1916._________. __ ... 1.75 .H .59 .692.694.325.20 .201.90 .82 .15 .58 19.36 

1917.__• __....... __.•51 .20 .04 .86 .42 1.59 .43 .70 5.33 .38 .08 1.32 11.86 

1918................. 75 .25 .40 .44 .08 1.51 .7~ 2.10 .64 1.17 .42 .05 8.55 

1919............. __ .38 .56 .50 .31 1.09 1.99 .19 .60 .61 .48 .56 .23 7.56 

1920....... ......... .88 .30 .40 1. il 1.39 2. 20 1.36 1.26 .35 1. 04 .01 .30 n.20 

1921 ................. 05 .06 1.81 .80 2.83 2.68 2.16 .53 1.45 .19 .7{) .n 13.37 

1922................ .19 .76 .27 1.43 2.31 .90 1.90 .92 .54 .1l .31 .56 10.26 

1923................ 1.00 .15 .05 .7B 1.9l 4.86 3.65 1.49 .64 .73 .15 .60 16.03 

1924................ .27 .49 .55 .82 .89 5.14 .61 1.78 .69 .34 .39 .55 12.52 

1925...... .......... • Iii .26 .42 2. 11 .77 5.36 1. 39 1.90 3. 75 .51 0 .36 11.64 

1926.... ............ .34 .36 • H .02 .85 1.83 .34 1. 2~ 2. 31 0 1.00 .47 8.90 

1927................. 28 .49 .70 1.89 7.29 2.07 2.87 .35 .37 .98 1.18 .51 19.M 

1928............. 19 .OS .04 .75 .33 5.11 1.50 2.01 .50 .06 .031.14 11.74 

1929................ .ii7 .32 .90 .51 Z. 50 2.76 .28 .96 1. 68 .49 .35 .93 12.25 

193(L~~ ............. ~.-- .15 .22 .56 1.08 1.26 1.M .61 .40 L69 .55 .50 .2::! 8.88 

1931.. • ........... ...48 T .47 .73 .39 1. 59 3. 13 .36 .61 .ot .39 • 13 8.29 

1932............. "'. .OS .68 • i4 1.75 1.94 4.50 1.32 2.76 .49 .56 .32 .15 15.29 

1933.................22j.19 .391.172.002.55 .34 5.46 .57 .77 .64 .86 15.16 

1934................ j .16 .05 .61 .54 .63 2.91 .36 1.08 L75 .62 .12 .48 9.31 

1935............. -..1 .51 ~13 .611 1.20 1.69 .68 1.53 .29 .15 .45 .30 .10 7.72
'-- ,--,------\------~ 

Average""' .46 I .31 I .4111 .9711.68 2.8411.5711.3011.34 .51 .37 .50 12.34 
i 

1 Record previous to ;\l5Y 1916 from Ii. S. "'esther Bureau station at Bane. 

TABLE 12.--Monlhly and annual precipitation at the field station, Williston, S. Dak.• 
for the 18 years 1908-20 1 

. lI 
1 

\ 
~ 

i 
~,.. I 

( 

~ ;;s ,Q 
:-Year ~ 

! i 'E ::;. '" :; 
,.. ~ 

;; oS 
" ~ l a 

~ c ~ 
~ 1 

I 
:;
:.. \ ~ ~ ~ .:; ... -< al 0" Z'" A'" ~ 

.. '--.-- --------
In, In. In. In. In. In. In. In. In. In. I". In. In. 

2.64 0.60 1.11 2. JS 1.81 O. J6 0.01 13.49 
0.39 0.79 1.96 1.80

1908...........•·· -- 0.04 
.12 .64 2.84 3.72 1.. 72 .38 1.2i .17 .20 .46 11. 93 


1909............. · .. .31 .10 • 05 .66 .28 10.
1.30 1.65 1.27 1.69 .14.27 .3-1 1.31 1.40J910............· ... 1.25 .59 14. 61 

.34 .20 .32 3.00 1. 37 1.40 2.56 2. 49 .53 

1911......... · ...... .56 .18 19.M 

.4-1 .17 .35 2. IS 4.59 1.59 3.60 3.47 1.21 1.12 .14 

1912................ .S9 .15 T 15.34
1.05 2.15 2. 60 5.50 1.13 
1913............... · .52 .14 .94 .27 .24 .33 18. 46 


.55 • 28 .50 .48 1.21 7.98 2.32 3.55 .64 .38 
19H............ •.. · 1.;4 1. 76 2.08 .88 1~ 79
.71 2.08 2. 02 2.42 .41
1915.._............ · .38 .18 .13 .35 1.50 18. 22


.39 .SO 1.34 1.88 4. SI 1.18 2. 45 1.72 .63 
1916.......... -... -- 1.17 .24 .90 1.00 .01 1.00 8.117


.41 1.26 .08 2.53 .341911................ .47 .67 
1.39 .72 2.48 4. 20 .30 .38 1.M 1.00 15. 26 


.75 .13 .48 2. 391915..............•• .46 .25 13.~2
1.33 .65 .99 1.651.08 1.12 2.15 2.641919...... " ..- ..... .07 1.02 .60 .9'2 .09 .13 13.13 

.92 .13 2.1S .86 2.03 3.50 .96 .SI1920....._.......... 
--.---------- .52 .51 14. 39
.72 1.15 1.95 2.S7 1.71 2.08 1.18 .87 

Avemge.··· ..l .50 I .33 

1 Record for 1908 and January, February, and March 1909 from the U. S. Weather Bureau Station at 

Wllliston, N. Dak. 31 

http:2.8411.5711.3011.34


-------------

--------------

------

------

----

----

----------------------

32 TECHNICAL BULLgTlN 636, U. S. DEPT. O~' AGRICULTURE 

TABLE 13.-Alonthly and annual precipitation at the field station, Moccasin, :J,[ont.,
for the 28 years 1908-35 1 

.. .. 
» 	 ...,.c '" .. .c '" to l;; 	 e ., .c ;;Year .g 	 -gj g ::I::I " ] l;; ;: » ., » .. S .g ..., 	 C.= ::I
.., ... ~ -< 

c. ~ .., = :;.., -< 
::I 

(1) 
., 

0 
II 

~ A 
! = =
" -< 


In. In. In. In. In. In. In. In. In.HlIlS________________ 	 In. In. In. In. 
1900________________ 0.55 	 0.49 0.98 0.61 7.31 2.45 0.20 1.18 1. 41 6.27 T 0.22 21.67 

.90 .08 1.22 1.03 1.34 5.99 2.54 4.21 4.47 .49 0.30 1.21 23.71910________________ 8 
191 L _______________ .09 .74 .10 1.31 2.40 1.69 1.10 2.02 2.54 1.36 1. 26 .48 15. 09 
1912________________ .58 .55 .54 1.66 2.98 2.55 .50 6.34 1.37 1.94 1.76 .68 21.45 
1913________________ .88 .60 .81 1.43 3.94 .64 1.92 1.27 1.63 1.68 .14 .06 15.0o 
1914________________ .89 .09 .20 .79 2.64 4. i7 1.12 .51 1.01 1.63 .93 .38 14 • 96 

.47 1. 35 1.12 1.19 2.91 4.64 . 64 .65 1.11 .74 .64 .21 15.671915________________ 
1916:_______________ .76 .08 2.09 1.43 2.12 3.97 3.54 .92 2.65 .85 1.01 .66 20. 68 

.74 1.22 1.33 1.20 2.25 3.97 2.03 1.29 1.81 1.00 .64 2.39 19.871917_______________ • 
1918________________ 1.87 1.30 .85 1.18 2.79 1.81 .00 .75 2.91 .62 .09 2.56 17.69 
1919________________ 2.34 .62 .57 .44 2.69 1. 55 2.95 1.48 1.25 1.09 1.14 .26 16. 38 
1920________________ .13 .71 1.20 .17 .73 1.08 1.02 .29 1.48 1.43 .93 .73 9. 90 
1921. _______________ .70 .63 _39 5.37 2.91 3.97 .89 1.83 .66 _65 _15 _21 18. 36 
1922________________ .06 T .60 .50 3.31 2.45 3.87 1.03 1.69 .03 1.47 .47 15.48 
1923_______________ • .67 .69 .29 2.12 1.42 4.43 1.10 .68 .51 .77 1.19 1. 51 15. 38 

.17 1.08 .69 .48 2. it 5.30 3.20 2.68 1.03 .48 .15 .57 18. 581924.______________ • .54 .27 .86 .87 1.25 3.37 1. 39 1. 31 1.28 .51 .08 .41 12.14 

.50 .61 1.08 1.72 1.15 4.07 .52 .88 1.36 1.26 .04 .31 13 . 50 
1925________________ 
1926______ ..._______
1927________________ .29 .42 .31 • 41 1. 91 1.95 3.37 1. 69 2.00 .33 .81 .34 14. 79 
1928________________ .42 .37 .56 1.17 5.08 2.47 1.06 1.74 .46 .74 1.64 .31 16 . 02 

.68 .38 .42 .60 .53 3.86 2.90 • 85 .41 1.03 .051929________________ .50 12.21 
1930. _______________ .99 .64 .71 .27 2.12 1.86 .62 .34 2.41 .53 .85 1.94 13. 28 
1931 ________________ .78 .32 .93 .85 1.49 .91 1.37 2. 02 • 94 1.99 .45 .13 12.18 
1932________________ .23 .04 .44 .89 1.04 1.30 2.48 1.13 1.88 .24 .77 .27 10.71 
1933________________ .58 .29 1.61 1.03 1.50 3.63 2.12 1.75' .58 1.22 .51 .77 15. 59 
19"&4________________ • 41 .74 .10 3.01 3.1l 2.43 .29 3.38 .57 .60 .39 .75 15.78 
19S5 ________________ .28 .43 .96 .24 .00 2.70 1. 38 .13 1.37 .41 .17 .54 9.57 

.20 .15 1.33 .48 2.25 1.89 1.15 .54 .18 1.46 .11 .:\5 9.89 

A '·crage ______ .63 .53 .82 1.16 2.39 2.92 1.65 1. 53 1.50 1.12 .63 .68 15. 56 

I Record for 1908 and January, February, and Marcb 1900 from Utica, Mont., about 6 miles distant. 

TABLE 14.-]\{onthly and anmtal precipitation at the field station, Huntley, Afont., 
fOT the 25 yeaTS 1911-85 

.,.. ..., ..., 
» c 	 .c .,.. .c or>

Year § ::I " .d ., -gj e .c e., e ;; 
::I .5., "§. » » .. 1!l c.., £ 

CJ 
.. 
0 

B., " =~ .:; r.. ,<; -< ~ " ...,'" ~ -<" (1) 0 Z A -<'"" 
In. In. In. In. In. In. In. In. In. In. In. In. In.11l11.______________ . 0.82 0.14 0.85 3.29 2.13 0.81 1. 05 0.571912_______________ . 0.15 	 0.88 0.82 0.13 11.64 
.27 .21 .41 2.00 2.44 1.64 2.75 1.39 2.97 3.25 .75 .00 18 . 081913____ •__________ • .29 .10 .40 •43 1. 27 2.20 1.10 1.19 1.43 2.89 .45 .17 11.921914_______________• .11 .19 .52 1.16 2. 83 3.31 .05 .76 1.90 1.07 .07 .24 12.211915.______________ . .41 .02 .78 .23 2.50 5.99 3.11 .50 1.64 .31 1.34 .il 17. 541916__ ._.__________ . .46 .24 1. 02 • 89 1. 81 2.11 1.50 .39 1.16 1.34 1.07 1.50 13.491917..._._______•• _. .76 .49 1.41 1.01 2.88 2. i5 .37 .24 .83 .75 .07 3.58 15.141918._ ••___________ . 2.42 .33 .59 .67 2.09 1.20 1.29 1.18 1.87 .53 1.20 .09 13.461919__________ •• __ •• .22 .35 .67 .54 .83 .21 .63 .63 2.47 2.61 1.96 1.10 12.221920•• ______________ .75 1.28 1.17 2.03 2.47 2.46 1. 58 1.01 .32 .20 .05 .48 13. 801921_.______________ 

1922_______________ • .25 .30 1.38 .72 3.85 2.19 .83 .19 .66 .21 1.72 .30 12. 60 
1. 75 .80 .30 3.55 2.65 4.68 1. 75 .84 .34 .49 1.27 1.531923________________ 	 19.95 
.18 .IS .43 1.48 1.66 2.60 3.17 2.16 4.29 1.15 .10 .66 18. 061924___________• ___ . .53 .56 2.26 .87 1.55 2.48 1. 59 .11 .27 .97 .53 1.14 12. 861925______________ ._ .65 1. JO .98 1.24 2.27 2.69 .53 .42 .54 1. 241926_________ •___• __ 	 .40 1. 61 13. 67 
.40 .40 .34 .33 1. 55 1. 28 2.22 •98 2.20 .10 1.67 .36 11. 831927____________ • __ . 1.06 .15 .12 3.38 5.09 2.21 .94 2.85 1.14 .31 1.94 2.20 21.391928___________.... _ 

1929_______________ • 2.75 .06 .24 1.07 .84 1. 45 1.66 1.01 .36 1.77 .58 1.14 12.93 
1930________________ 1.21 	 .97 1.68 .76 .50 2.17 .49 .17 1.41 .84 .58 1.02 11.8o 

.87 .39 1.34 1.86 .61 1.25 1.05 1. 15 1.23 2.19 .34 T 12 . 281931_____________• _. 
1932_______• _______ • •25 .65 .61 .61 .17 .45 .47 .75 .84 .96 .66 .35 6./i7 

.86 .35 2.43 1. 78 1. 81 2.89 .31 .87 .49 2.01 .31 .04 14. I 51933___________••••. 1.15 .96 .31 1. 12 2.90 1.07 .24 ~.40 .19 .68 .89 .98 13. 89 
1935______• _________ 
19.14__________• _____ 

. 33 .33 1.60 .27 .35 1. 24 .63 .34 1.01 .52 .16 .74 7.52 

.45 .38 2.80 1.22 2.91 1.33 1.08 .28 .43 .57 .80 .48 7312. / 
Average______ ----------------------- 

.77 .44 .00 1.20 2.05 2.16 1.21 .95 1.22 1.11 .79 .82 13.68 



33 SPRING WHEAT IN THE GREAT PL.UNS 

TABLE 15.-Monthly and annual prrcipitation at the field station, Dickinson, 
N. Dak., for the 30 years 1906-85 1 

Year ., 
... " = 

-----1--------------------------
In. In. In. In. In. In. In. In. In. In. In. In. In. 

~________________ 0.65 0.40 0.98 1.10 i.ll 5.40 0.16 2.64 0.25 0.14 0.87 0.76 20.46 
ll107______ ________ __ .80 • 14 .39 .30 1.38 2. 68 4.82 1.93 1. 22 .04 .02 .22 13.94 
.n108___ •__________ •• 28 .i3 1.42 1.2i 3.79 4.06 1.34 1.21 1.55 2.49 .78 _24 19.31 
1t>09__._..______ •• _. .2i .52 .25 .60 6.04 3.02 1. 87 5.54 .72 1. 08 .29 1.02 21.22 
1910________ •_____ .. _ .34 .97 _82 1.71 1.26 3.03 2.35 1.48 .49 .54 .15 .15 13.29 
lllll__________••_._. .90 .55 .43 .48 1.63 2.61 1.29 1. 69 2.53 2.09 .56 .22 14.9S 
1912__..________._. • H .12 .50 2.51 3.99 2.06 3.90 2. il 1.81 1.15 .18 T 19.34 
1913_______________ . .13 .04 1.22 .59 1. 63 1. 83 1. 26 2.79 .97 1.04 .43 T 11.9.1 
IOU_____________.__ .04 .43 1.2i .80 2.00 7.60 S.2i 2.20 1.21 .42 .25 .29 22.38 
1915______..._______ .07 .15 .21 .i3 3.98 5.89 3.81 .26 2.17 1.79 1.15 .22 20.53 
11116______ ._________ .SO .22 .47 2.57 2. 52 3.80 2.37 1.93 .70 1.10 .38 .98 Ii. 94 
11117.____________• __ .00 .23 .48 1.18 .36 2.54 1.40 1.43 .20 .22 T .61 9.25 
1918__________ • ____•.39 .25 .31 2.11 1.6i 1.61 I.i3 2.99 .48 .42 .10 .30 12.36 
11119__________••_.__ T .67 .79 1.14 2.41 .52 .53 .51 •n .57 .34 .16 8.35 
1920___________• ____ .79 .05 .18 .79 1.64 4.16 2.81 2.33 1.74 1.11 .10 .18 15.88 
lQ?J___________ • __ •••22 .28 1.01 1.02 1..8 3.09 1.61 2.i3 2.15 .13 1.05 .61 15.68 
1922_________• ___._..32 .99 .29 1.11 1.97 6.57 1.92 .7-l 1.23 .58 1.72 .58 18.02 
1923.__ ••• __ • __ ._••.•30 .20 .37 1.77 1.24 4.55 4.67 .82 4.55 .ii .31 .18 19.i3 
1924____ ._._._ ••.• _.•03 .34 1.11 1.03 1.12 3.26 3.03 .42 .66 3.37 .12 .85 15.34 
1925____ ._. __ . ___••.• 42 .17 .:;5 1.26 1.88 3.36 1.29 1.30 _46 _98 .13 .55 12.15 
1926_.• _____ •• ____ •.• 45 .38 .28 .46 2.90 1.94 1.14 1.56 2.14 .32 .76 ••5 13.08 
1927____ ._........... 49 .19 .74 1.70 5.67 2.12 2.93 1.29 1.54 .53 1.09 1.3.1 19.62 
1928 • • t .45 .29 .35 1.15 1.22 3.95 2.00 3.38 .50 .58 .08 .39 15.30 
1929~==:=:. :::::::. t 1-82 .41 2.10 .60 3.48 2.89 .57 .06 1.67 1. 44 .64 1.53 n.211930-------.---.---.1 .65 1.31 .:12 1.95 1.19 4.26 .08 .55 1.54 1.42 .46 .36 13.79
1931.____._ ... _...__ .22 .521.08 .11 1.21 3.46 3.71 1.14 3.02 .86 .38 .3716.08 

!=:=:::=:::::::]:~ :ii :~ I:H ~:~ i:~ i:~ 1:~ :!~ 2:f~ :~! :~ ~!:~ 
1935______.... _. ____ ,....:::.~ 1.12 2.48 3.09 ~ 3.10 1.66 .07 .01 .77 ....:..:::..~ 

_...,erage.___ .a9 .67 1.20 2.46\a.41 2.22 1.68 1.25 .9a .48 .47115.63'_j .-1.\ 
I Record previous to April 1908 from U. S. Weather Bureau station at Dickin.."ln. 

TABLE 16.-jUonthly and annual precipitation at the field station, .Mandan, S. Dak., 
for the 28 years 1918-85 I 

----Y-~-----~l--~---i--.---~--'I----~--~I---,,-~--~--:-.I--~-I--~-1 ~ ! 5 

g - ~ "§: ~ .....§ >. ~ ~ E ~ 8 c 
~ ~ ~ ~ ~ ~ ~ ~ 6 Z ~ ~ 

-----:-------------------------_. 
In. In. In. In. In. In. In. In. In. In. In. In. In.1913_____________... 0.37 0.03 ~. Q55 1.99 206 2.72 Q77 2.29 I.U 0.16 0.28 12.84

1914____ •_____ ..._.. .07 .05 1.~ I.U L~ ~~ 1.M 1.~ La .90 .31 .37 23.87
1915____... _. _____ .. .07 T .30 1.11 4.9S 6.32 6.48 .63 1.84 1.85 .34 .14 24.06 
1916____............ .28 .09 1.88 .93 1.69 2.25 3.55 2.04 .92 .27 .0. 1.10 15.0, 

1917_......... _...... 28 .19 .35 1.87 .35 256 1.58 .~ I.~ .00 .03 .19 10.31 

1918__ .._....._. __.. .20 .11 .• 2m ~g .~ 2.n 2.03 .63 .2i .45 1.02 13.37 
1919_.. _......... _.. .08 .80 .83 1.72 3.95 1.12 .85 1.22 .49 .98 1.19 .25 13.48 
1920 __... _...._..... .52 .20 LB .58 1.72 1.85 268 1.& 1.3 .25 .37 .21 12.69 
1921.....____ • __ .... .18 .09 .79 2. LM .~ L38 .25 1.58 1~ .87 .24 15.23 
1922___ ._........... .28 1.55 .B .00 ~M 343 LV .~ 2.ru .64 1. flO .82 17.35 
1923... ____........ .36 .38 .16 I.SS 1.18 1.94 4.12 1.15 2.31 .54 .28 .14 14.41
192-1 __ ... ____ ._._... .0.1 .25 .28 1.68 .41 5.56 2.0. 2.35 1.34 1.91 .06 .28 16.25
1925 __....____ ._.... .28 .03 .44 .~ I.g ~34 .~ 1.U .99 .W .15 .38 1~061926_____ ._.____.. _. .71 .22 .04 .U 2.« I.W 2W 1.U 2.38 .g .30 .44 11. 51
1927___..... _.______ .18 .14 1.17 1.37 6.65 2.00 2.37 3.16 .49 .44 1.56 .77 20.30 
1928___ .. _.......... .20 .07 .23 .• .55 ~~ ~94 2a .~ .W .06 .li 16.85

1929.___ •____ ....__ • .80 .31 1.41 1.75 2.68 .99 1.W .81 1.56 1.81 .14 .70 14.221930____________ .... .19 J.~ T 1.71 2.23 1.00 2~ 200 256 1.85 1.13 .13 17.38
1931._______....___ • .05 .44 1.62 .43 2.14 1.65 4.32 1.01 3.11 1.46 .47 .74 17.441932____________ ._._ .44 .19 1.00 1.. L46 ~~ 1.90 .ro .a 2.12 .19 .18 15.76
11133 __ • _______...... 1.23 .3<1 1.02 .86 1.~ 2.g 1.~ .« .2i .55 .90 .52 11.91
1934_••_.. _____.._.. .06 .00 .58 .63 .V Ln 1.W .25 .n .~ .17 .14 8.13 
1935________________ .13 .36 1.U LW 2.63 2.85 ~il 1.34 .22 .00 .96 .88 18.30 

A\'erage._____ --:-ao ~ -:78 ""l:37 2.32 3.l5i"2.6B 1.301.37 --:ss~ ---:44 15.43 

1 Record for 11113 from U. S. Weather Bureau station at Bismarck. 

http:3.l5i"2.6B
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34 TE01tNIOAL BULLETIN' G36, U. S. bEPT. OF AGRICULTURE 

TABLE 17.-Monlhly and annual precipitation at the Jield station, Edgeley, N. Dak., 
for the 18 years 1905-22 

.. .. 
I>. t' .c '" .. .8 .c 

.. 
'" 

Year ..., .c 1il C .c 8 C ;;e'" '" '" ;:: .. '" .s ~ 2l " " .g :;; ~ '" I>. " "Eo '" 
0 .., " " !2: -<"" =a ..," " ..,:; -<" rn '" 0'" Z A'" -<" " --'"' --------------------

In. In. In. In. In. In. In. In. In. In. In. In. In.
1905.•_.____._•••__• 0.15 0.17 0.79 1.41 4.33 3.4S 2.60 1. iI 0.85 0.24 1.46 0.00 17.19 
1906._••••__....___ • .13 T .16 1.58 5.59 3.69 3.17 1.56 1.45 .93 1.05 .65 19. 96 
1907.___._........ _. .42 .00 .21 .35 2.23 1.76 2.10 1.20 2. i9 .S2 T T II. 94 
1908............... _ .04 .65 1.45 1.26 3.47 3.26 1.19 1.97 1.81 1.34 .63 .20 17.2i, 
1909••••••• __ ••____ • .12 .25 T . i:~ 4.56 1.97 3.24 1.8i 1.00 .39 .34 .84 15.31 
1910_____ ••• __ • __ ••• .14 .30 1.20 2.15 .30 1.91 .72 2.21 4.43 .15 .16 .10 13.7, 
1911._____ ...... __ ._ .27 .35 .03 1.55 :l. il 1.22 I. 61 4.12 2.92 .6i .20 .41 16. 00 

I) Wi)1912_____ ._......... .48 .01 .OS 2.71 3.23 3.S2 5.97 ..~ 1- 2.4i .04 T .28 21.S1 
1913______.......... .31 .04 .24 1.46 I. -l4 3.9S 2.65 3. i4 2.00 3.37 .28 .25 20. 66 
1914....____ •••• ____ .13 .20 .57 4.88 1.80 4.00 2.55 l. 97 .80 .92 .10 .13 lS.05 
1915••••__.......... .21 .80 .20 1.36 4.47 4.S7 3.11 1.61 2.2'J 2.78 .26 .30 22. 20 
1916........ ____ • __ • .91 .16 1.59 1.23 4.16 2.91 4.1S 2.98 I. 02 .36 '1' • 79 20 . 29 
1917....__ ..•__.... _ .2S .45 .30 2.02 .22 3.0S 2.22 .S9 .S9 .24 .10 .16 10. 85 
19I5..__ • ____ ..... __ .Ii .11 .10 2.95 1.2t 1.21 3.21 2.47 .16 .3S 1.03 .38 13. 38 
1919........__ • __ .• .10 .42 .73 1.27 4.07 4.64 3.47 .4:l .35 US .43 .29 17. 38
1920.__•• __ • __ • ___ ._ .35 .02 .11 I. 31 3.07 3.44 2.40 .58 2.93 .10 .05 .05 14.41 
1921.._______••••.•. .10 .16 .99 1.69 3.31 5.70 2.01 1.27 4.01 .02 .30 .31 21.1'a 
1922•••_.____••___.. .41i 1.05 .55 .711 4.02 2.44 1.34 .43 1.05 .65 2.73 .15 15.62 

Average•• __ •• .27 .29 .52 I. 70 3.01 3.10 2.69 I.S7 1.89 .8-1 .51 .29 17.0, 

TABLE 18.-Monthly and annual precipitat-ion at the field station, HetUnger, N. Dak., 
for the 12 years 1911-22 

----->. ... .. 
<'t:' .a ... .c'" .ct: 

~ 
=:Year 0: -" '" ~ S 

~ ;:: :>. '" ! ,. =" .l;" ., c ~ :::. 5 S ;:;" c .. ..... '" -5' c ... r.. ,>; -<"" ~ " ~ ~ ...: " rn 0" % Q'" ...:'" " '" 
In. In. In. In. In. In. In. In. In. In. In. In. hi.

191L____________ • _ 0.20 0.01 0.16 0.57 0.44 1.19 0.28 2.33 l.lli 0.55 0.40 0.40 8.So 
1912...__...___... -- .40 .20 .20 1.32 2.90 1.25 4.90 I.IO 2.45 .95 T .01 15.68 
1913._.._...._.._•• '1' .00 .24 .26 2.37 3.93 2.26 1.14 1.59 1.61 .20 .02 13.62 
1914.....___....... _ T .26 .4S .il 1.15 0.69 4.34 .88 .56 .94 T .68 16.69 
1915... __ .......... _ .20 .35 .19 1.56 3.1; 5.5i 6.S5 1. 56 2.02 .84 .29 .39 22.99 
1916.__._••_____.... .00 .28- 3.04 1.82 1. 79 2.99 1. i9 2.20 .36 .15 .29 .60 15.9 
1017__...____• ______ .69 .07 .40 I. IS 1.12 I. i8 1.28- .94 .09 .13 T .17 7.85 
1918____......__ .... .02 .02 .51 1.41 1.91 1. 3S 3.17 2. i4 .30 .19 .55 .30 12.50 
1919.. ___........_•• T .10 3. OS 3. ;6 1.59 . S6 1. SO .32 . is .34 .50 .00 13.13 
1920____............ .00 .05 .25 2. 35 2.39 3.29 3.35 1.11 .69 .66 .11 .06 14.31 
192L.._____.._..... .00 .40 .66 .21 2.63 1.47 .63 .5i 1.94 .02 .0.> .42 9. 
1922.___• ___........ .22 1.50 .90 .00 3.56 3.90 .00 .75 .47 .55 3.17 .69 16.37 

A verage __.... .19 .27 .84 1.32 2.09 2.86 2.55 1.30 1.10 .58 .n .31 13. 88 

http:1.28-.94
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35 SPIUNG WHEAT IN' THE GREAT pLAiNS 

TABLE 19.-Monthly and annual precipitation at the field station, Sheridan, Wyo., 
for the 20 years 1916-35 1 

.. .. ..» 
<II 

" .. ~ .Q 

Year to' 
<II .c: .... ""e ! 

Q 

iii~ » eli" ":a "§. <II <=I !!:: E'. Q. I>- ~ '" <=I'"~ ., " :; .. .~ 0 Q <=I .... ~ ~ .0: ~ ..... " .... .0:" CD 0 Z A .0: 

In. In. In. In. In. In. In. In. In. In. In. In. In. 
1916•.•••.•••••••• _. 0.92 1.17 0.92 2.71 3.04 2.23 0.83 0.13 0.56 2.85 0.90 1.07 17.33 
1917______.......... .84 .37 1.31 .63 3.84 1.36 .09 .43 .08 1.02 .08 .78 10.83 
1918._••• _. ______ ... 1.56 .08 1.65 2. 92 3.18 1.04 1.16 1.02 2.60 .80 .60 .15 17.26 
1919............._.. .26 .23 .21 .94 1.01 1.12 .77 .30 1. 16 1.80 .62 .14 8.56 
192(L ", __ "", ..•. .46 .38 .40 2.35 2.68 3.ll 1.11 .56 .45 1.13 .60 .32 13.641921...__________ • .44 .02 .65 .94 2.08 2.63 1.41 .30 .35 .21 1.38 .20 10.61 
1922................ 1.2'i .19 .35 2.63 2.82 3.48 3.12 1.27 .15 1.26 .82 .59 17.95 
1923...__._.. __ ••• __ .41 .22 1. 34 2.37 1.95 2.94 3.45 .85 9.35 1.04 .43 .33 25.18 
1924.___ ••• _....... _ .30 1.10 1.06 1.63 1.56 2.12 .98 .36 1.09 2.22 .63 .93 13.118 
1925__ ._....... , .._. .10 .79 .92 5.83 1.93 2.11 .68 .11 .59 3.01 .38 1.50 17.951926____ •• _________ • .73 .48 .78 .47 3.22 1.09 1.73 .76 3.14 .90 1.2'i .33 14.90 
1927._......____ .... .57 .19 1.17 3.49 4.79 3.28 .83 3.11 1.44 .17 2.66 .46 22.16
1928__ • ______ ...._•• 1.31 .64 .82 1.04 1.75 3.68 2. 78 .46 .15 2.60 1.36 .18 17.27 
1929.. __ ............ .65 .52 2.68 3.02 2.29 1.81 .68 .42 1.14 1.06 1. 71 1.07 17.05 
1930._.__ ... _. """ .49 . 51 .64 1.22 2.36 .58 .76 .28 .03 1.64 .17 'r S.68 
1931...____ • _._. _... .04 .57 I. 70 1.21 !!.l9 1.11 1.47 .06 2.70 2.24 .68 .i6 14.63 
1932••• __ .......... _ 1.19 .11 1.76 3.76 3.15 2.90 .85 .59 1.20 2.66 .50 .60 19.27 
1933____• __ • __ . __ • 'j .63 .51 1.98 3.16 4.39 1.23 .78 1.04 .57 I. 21 .41 .34 16.25 
1934 __ ......... __ .. _ .15 .24 1.04 2.23 .66 1.36 .32 .16 1.53 2.14 .25 .32 10.40 
193.~.__ • ______••. .08 .28 1.41l 1.84 3.65 1.27 .75 1.34 .86 .49 .46 .52 13.03 

A\'erage ____ •• I---:fj:l---:4:\ 1.15 224 2.63 2.0'; 1.23 .68 1.46 1.55 .79 .50 15.35 

I Record llrevious to April 1917 from U. S. Weather Buroou Station at Sheridan. 

TABLE 20.-l\fonthly and anmlal precipitation at the field station, Belle Fourche, 
S. Dak., for the 29 years 1907-35 I 

..., ....l:: .l:l l -;Year :;;'" " .c E .8 E 
.l:l e ::I 

~ " ;:: 
<=I >. Q. ~. 

e 
Q 
8 <=I

c Q .s 0

"".. .s ~ '" ::I :;..., j = Q 
~ ~ ,<; .0:'" ~ ..., CD 0 :it A .0: 

In. In. In. In. In. In. In. tn. In. 171. In. In. In.
1907______ •• __ • __ ... 0.91 0.48 0.41 1.45 7.00 3.02 4.69 1.07 2.13 T T 0.44 21.60 
1908•••••• ______ •••. .20 .19 1.65 1.16 3.95 1.47 1.26 .62 .52 2.03 0.26 .91 14.16
11109____...__ • __ • ___ .17 .23 .19 .84 3.87 5.59 2.45 .55 1. 07 76 .73 1.28 Ii. 73 
1910..__.... _..... __ .73 .70 .93 1.57 1.26 1.51 1.42 1.03 2.92 .27 .11 .10 12. 55 
1911 ____ ..... __ ..... .13 .05 .09 .17 .45 .50 .80 1.86 .92 .39 .98 .30 664 
1912...... _....__ ... .24 .10 .71 2. 32 2.26 .29 3.20 2.80 3.49 .51 .04 .13 16.09 
1913.. __ ... __ ..... __ " ,'Ji .24 .99 .25 1.98 3.10 .35 .26 2.38 1.86 .10 .45 12.53 
1914.__ ......___ • __ • 'r 1.00 .29 1.09 2.22 2.09 1.34 1.12 .35 1. 77 .00 .43 11.70 
1915.__ .... ____ .. __ • .92 1. OJ .16 2.58 2.32 4.74 5.74 .44 1.26 1.25 .43 .17 21.02 
1916........... __ . __ .36 .23 .1l8 .64 3.17 2.19 2.01 2.02 .20 .99 .33 .28 13.40 
1917........ __ ...... .92 .74 .27 2.51 3.71 .97 .SO 1.67 .35 .46 T .92 13.32 
1918.............. _. .99 .64 .SI 2.40 1.60 1.17 3.41 2.99 a.os .22 .15 .85 18.31 

1919_______..____... .04 .57 .87 2.14 1.14 .35 2.59 1.02 1.20 2.49 1.22 .62 14.25
1920__.....______ • __ .65 .16 1. 35 2. 59 8.35 5.90 2.63 .56 .63 1.67 .55 .95 25.89 
1921__ ........... __ • .29 T .34 .72 1. 44 3.36 2.30 .52 .72 .10 .30 .50 11.09 
1922____.. __ ........ 1.31 .38 .20 2.84 3.42 3.74 6.52 ,90 T .79 2.82 .24 23.16 
1923•• _... __ .... ____ .22 .23 .32 .82 2.31 3.81 4.04 5.35 5.95 3.14 .27 .41 27.37 
1924 __.............. .OS .88 .70 .81 .68 1.27 1.22 2.00 .72 3.86 .93 .65 13.80 
1925__.... _......... .33 .21 .IS 1.63 1.55 3.10 .39 .76 .65 .96 .19 .91 10.711 

1920..__ .... ___ ..... 1. 67 .19 .24 .10 4.60 4.56 1.96 1. 48 . i2 .63 .96 .05 17.16 
1927• __ ............. .36 .13 1.14 3.92 6.96 2. 81 4.26 2.13 1.17 .39 .63 .56 24.46 

1928._____ .... ____ •• .16 .07 .79 .35 1 81 3.38 4.89 1.44 1.65 .80 .57 .04 15.951929___________••__• .19 .47 2.00 1.36 4.45 3.05 3.23 .82 4.01 2.25 .41 .11 22.35
1930________ • __. ____ .28 .10 .52 1.52 2.09 2.18 1.23 1.53 .31 1.46 .62 .2'i 12.11 
1931.__ ..___ •____... .11 .20 1.08 .47 1.68 1.42 1.31 .36 .45 .96 .31 .45 8.801932__•_____________ 

.33 .07 .57 3.16 5.77 3.76 1.17 2.28 .57 1.42 .07 .07 19.24
1933__ . __• __ ._.____• .OS .10 .96 3.41 7.61 1.22 1.56 2.61 .93 .38 .17 .18 19.21
1934__•_______...... .29 .03 1.03 1.38 .30 3.65 1.82 .31 1. 09 1.80 .47 .47 12.64
1935.____•• _____..__ .Il .59 1.49 .81 4. i2 1.75 .48 .93 .14 .36 .35 .46 12.19 --I----_.------------------

Average....__ .44 .34 • i5 1.55 3.20 2.62 2.40 1.43 1.36 1.17 .48 .45 16.19 

I Record [rom January 1907 to February 1908 from Orman, S. Dak:. Record [or March 1908 [rom Vale, 
S.Dak. 
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36 TECHNICAL BULLETIN 6361 n. S. DEPT. OF AGRICULTURE 

TABLE 21.-Monthly and annual precipitation at the field station, Ardmore, S. Dak., 
for the 21 years 1912-32 

.. .. ..O>t- .0 .. .0'" .0 '" Year t " .<l ., 5 .0 '" 5., 5 d 
:3

§ ~ ~ " ;:: I» I» ~ }g S .. 
0 

8 
..... ~ ~ -<"" ::s ..... -<'" tJ:l"" '" 0" Z A'" -<'"" ..,'" '3 '" '" 
In. In. In. In. In. In. In. In. In. In. Tn. In. In. 

1912•.•••••••.••••.. 1.12 0.30 1.35 2.15 O.SO 1.S7 1.97 0.83 1.68 0 . .15 0.27 T 12.89 
1913••••••.•..•••••. .03 .40 .50 1. 52 2.04 1.59 1. 7S 1.23 L5U 1.59 .15 0.90 13. 23
1914••••_•••_•.._••_ .02 .45 .28 3.27 1.24 3.2·1 .49 1.79 .75 1.51 T .43 13.47
1915._..•._•••___.•• .50 .04 .86 4.26 3.40 667 6.01 1.3i 4.70 .81 .11 1.08 30.4 I 
1916•••_•._••••_••_. .25 .35 .54 1.04 3.61 2.58 1.80 1.00 .02 .S5 .39 .20 13. 53 
1917••••..•••, •.•.•_ .47 .09 1.02 2.74 5.34 1. il .47 1. 99 .43 .67 .18 .70 15.81 
1915•••_..••••.•_••• .48 .29 .00 2.85 5.99 1.75 3.49 .44 3.01 .45 .25 . 66 20. 20 
1919•••••••.••••.••• '1' .76 .93 2.52 2.65 1.50 3.05 .47 .38 2.10 .78 .14 15. 28 
1920.•••••••••••..•• .15 .55 .92 3.7S 5.20 3.10 .77 L59 .29 1.48 .29 .31 18.43 
1921•.••••..•.•••••. 1.15 .18 .07 .!i2 2.41 4.54 1. 26 .55 .46 .66 .68 .30 12. i 8 
1922•.•._•.•_._._•• , .55 .14 T 3.23 2.56 2.59 4.07 .78 .15 .83 2.19 .41 17. 50 
1923._•. _•••••.•••.. .05 .30 .40 .98 3.80 5.93 .07 3.09 1.52 1.48 .13 • 25 18. 00 
1924.•••..•••••••••• .02 .75 .70 .69 .75 1.95 2.01 .23 1. 24 1.79 .57 .44 11. 74 
1925••••..•••••.•••• .29 .45 42 1.34 2.02 4.02 2.55 .72 .70 2.45 .32 .05 15. 93 
1926••••••••••••..•• .69 .12 .40 .49 2.53 1.80 3.55 2.94 1. 09 1.26 1.70 .09 10. 6Q1927••••.•.•.•••.•.• .22 .34 1.14 4.Otl 3.20 3.28 3.33 2.25 1.01 1.16 .75 .27 21.01 
1928•••••..••.•••... .28 .28 .49 27 1.52 3.07 3.63 .76 .30 .55 .14 .16 12.05 
1929..••••••••..••.• .09 .17 1.31 1.41 2.18 2.21 2.90 1.49 2.71 .i4 .20 .05 15.46 
1930........__ •••••• .36 .18 .37 1. 93 2.89 1. 24 • iO 3.01 1.10 3.58 .34 .01 15.71 
1931................ 0') .36 . i3 .19 1.13 1.89 .79 1.34 .44 !.il .31 .33 9.24 
1932........__••.••• .39 .07 .71 4. Ii 2.73 .69 1.01 2.63 .19 .95 .09 .14 13.7, 

Average._.... -:a:t-:34~ 2.07 2.77/2:75·j2:23ILro 1.13 1.29 .47 .36 15. 90 

\ 
TABLE 22.-Monthly and annual precipilal'ion at the field station. Scotts BllljJ, Nebr., 

Jor the 11 years 1911-21 

.. .. ., 
» i:'., .. .0 '" .. .3 .c 

.. 
Year ~ .c 5 .0 '" g a §'" g ;;" " .. » ~ .. 8 c ., ., ~ 1 !:1 '" ~ a; 1:l 0 ..., ~ -<;'" ~ ..., .:; .:;: en 0 

0 

Z A 
., 

~'" --" ------------------------
In. In. In. In. In. In. In. In. In. In. In. In. In. 

19l1._._.......... 0.45 0.10 'r 2.31 0.81 2.13 1.28 0.65 2.14 1.10 0.08 0.34 11.39 

1912............. , .20 .60 1.27 3. i!! J. 66 1.(11 2.45 2~ 77 2.70 1.16 .37 .02 18.53 

1913.............. .OS .46 .S5 .13 3.72 1.71 1.30 4.3:1 1.18 .47 .11 .82 15.16 

1914............ .00 .0·\ .19 3.18 2.2<J 1.84 .39 .54 .24 .88 .00 .36 9.95 

1915............ .. ,.15 .71 2.12 4.27 2.37 1.94 2.20 4.62 3.65 .90 .05 .60 23.58 

1916.......... ., .. ,19 .16 .09 .53 2.21 2.14 1.87 2.24 .4S 1.00 .19 .2i 11.37 
1917......... , ... .14 .06 .98 2.03 5.20 2.09 .02 .37 1. 65 .3i .09 .14 13.74 
1915•• • -I 28__ A ~"'''' .. • '" __ .:14 ry- 3.61 4.26 1.23 1.02 1. 27 3.4i .69 .32 1.42 18.18 
1919............. .05 .45 .43 .54 1.45 1.04 1.37 .09 3.29 1.30 .70 .15 10.80 
1920•••.• " ..... .29 .41 .fii 2.05 4.13 2.09 3.27 1.80 .57 1.16 .09 .33 16.86 
1921............. ~i6 .10 .14 .57 3.31 1.37 I. 55 1.21 1.14 .93 .53 .77 12.38 

i-·--- --'''--,-,,- "'-.-- - ..- -- --.-------
A verngc.. .2~ .31 .r.412.09!2.soll.74!I.r.i 1.8111.Stl!...:,.91! .2:1 .4714.73 
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37 SPRING WHEAT IN THE GREAT PLAINS 

TABLE 23.-]\{onthly and annual precipitation at the field station, Archer, Wyo., 
for the 23 years 1918-35 

I .,.. .,.. .. 
<II>. i:> .lO .. 00 00<II ;;Year til '" .g ., - e .&; g e2 '" ~'" c .lO.. ;::

c:. 
>. 

§ '3 
>. E'. c:... ~ .. .,a '" ...," ~ -< ~ " .., .., ~ rn 0 ~ A -<" " '"' --------

In. In. In. In. In. In. In. In. In. In. In. In. In. 
1913•••..•• _...•••.. 0.55 0.74 0.33 1.35 2.25 1.51 2.06 2.09 2.23 0.66 0.46 1.65 I:>' 88 
1914 ............... 'I' .60 .56 2.04 1.46 1.12 1.4:1 2.03 .32 1.29 .26 .16 11. 77 
1915 ...... " ••••.. .08 .49 .71 4.90 1. 78 1.83 1. 65 2.5.3 1.95 1.81 .03 .56 1S.32 

• " ..... 4 ...... ~ ~ ~_1916 .10 .09 .19 .74 1.61 .48 1.81 4.05 1. 37 .1'3 .88 .34 12.39 
~ ~ ~ "1917. .~ ..... .. - . .06 .80 8.1 1.87 4 • .14 .46 1. 79 1. 20 .91 . 57 .40 .81 14. 26 

1918 ..• .47 .89 .19 4.14 I.B6 2.78 2.74 1.66 2.41 1.33 .54 .58 19.59 
1919...... .. 'J' .14 .87 .58 .31 .59 2.76 1.19 3.10 1.48 1.26 1.10 13.38 
1920 .. .. .20 .69 .34 3.88 2.08 4.33 1. 21 1.25 .88 . 57 .15 .27 15. 85 
1921 ... ... .0.1 .07 .14 .86 2.19 2.·17 1. 79 .76 .08 .21 .08 .73 10.33 

~ p ~. "1922. ... ..... .32 .28 .20 2.33 2.15 2.30 1.81 2.36 .14 .06 2.23 .44 14.62 
1923 .. ... .06 .42 1.06 .86 2.98 2.69 1.38 4.59 1.14 3.32 .16 .09 18.75 
1924 .. .. ... - ~ .. - .116 .30 .87 .58 3.38 .86 .50 .27 2.54 1.66 .12 .13 11. 27 
11l"..5 ~ ..... M .. -- .. .01 T .32 1.28 1.27 1.11 3.88 1. 38 .28 2.37 .65 .67 13.2:2 
1926 .. " ~ ..... ~ ~ ~ .29 .16 .35 1.10 2.48 4.44 3.1:1 1.50 .46 .83 .12 .33 15.19'0 

1927 ... - - .... ~ - .02 .30 1.22 1.28 1.60 2.70 2.76 3.10 1.83 1.04 .16 .12 16.13 
1928 . .,. .... *- .,0 .47 .56 36 3.78 2.67 1.45 .n .06 .73 • .14 .02 11. 46 
1929 ... ~ ~ 

.02 .31 .30 3.11 1.49 .45 2.23 2.25 1.65 .76 .53 T 13.1o• .... ____ .P 

1930 ..... ~ . .24 .19 .28 1.10 3.69 .18 1.05 6.21 1.35 2.32 .40 .01 17. 02 
193L. .. ~ -.,. ~ .02 ~27 • 25 92• 1.24 1.92 1. .13 1.57 .58 1.33 .15 .12 9. 90
lil32...• __ ." .0:1 .20 60 .48 1. 67 3.47 1.60 1.16 .26 .19 T .24 9. 90.~- ~-

1933. -> p"-'" .06 .07 .44 1.83 2.92 •.14 1.66 3.18 2.12 .00 .04 .26 13.12 
1934......... .03 .88 .35 .97 1.48 1.57 1.32 1.51 .37 . 00 .03 .07 8 . 58 
]935................ .03 .13 • III 2.liO 7.63 1.86 1.71 .52 ].74 • 19 .13 .07 17. 22

-'-----------------------
Avcrngc •..•. .16 .37 50 1. i2 2.43 1.84 1.88 2.05 1. 21 1.02 .41 .38 13.97 

TABLE 24.-;-.Monthly and annual precipitation at the field station, North Platte, 
Scbr., for the 80 years 1906-35 

.. ..., . ~1:- 00 .,.. 00 '" .lO
Year 1:- .lO ;:; ;:; -;;;" 2 '" ~ 00 ., I" .. >. >.'" '" '" <II '" g 00 ~ ..... :; !!!' c:. ~ :-

0 
~ 

.., '" ~ -< ~ " ..," '" .., ~ rn '" 0 Z A -<" " '"' ---------------------
In. 111. In. In. In. In. In. In.In. In. In. In. In. 

1906...... .. ... ~ ... ... 0.61 0.80 2.22 2.89 2.82 0.68 3.14 5.56 4.25 3.05 1.01 O. !J6 27. 99 
190'1....... . ~ .. ..... .39 .51 .10 .23 2.61 2.53 4. i4 1.80 2.44 .64 .31 .80 17.1o
~ ~ 


1908........ .... ~ .. ~ - " .16 .7S .20 .45 4.59 6.01 3.44 1.88 .20 3.41 .59 .20 21.9
1 
1909......... ........ ~ 

.29 1.61 .98 .55 3.09 4.99 5.48 1.73 .46 .22 2.24 1.37 23.01 

1910....... . .. ~ ~. 

.34 .02 .19 .62 1. 76 3.11 .12 3.21 .97 .01 .11 .72 11.18
._ .. w ~ 

1911.. ...... . ........ .28 .39 .20 2.34 1. 34 .50 3.01 2.64 1.26 3.45 .04 .65 16.7o 

1912....... .. ........ 

~ 

-
~ 

.74 .81 3.08 3.02 1.72 .70 2.78 1.33 2.04 1.44 .f! .18 17. 85 

1913....... . ..... - ... .16 .94 1.68 2.09 2.44 2.81 2.76 1.28 .W .14 .14 3.00 18.52 

1914....... . .18 .96 .41 1.46 1.66 4.59 1.37 3.54 .16 1.39 T .87 16.59
.... w •• o. 

~1915....... . ........ ... .51 1.11 2.2:1 6.77 5.80 4.76 6.19 3.19 2.09 1.16 .22 .82 34- 85 

1910 ....... . ...... _.. .85 .81 .20 .70 2.23 4.40 .40 2.88 1.40 .50 .47 .42 15 26 

W17 ....... ........ 

~ 

.74 .35 1.48 1.45 4.02 2.00 .78 3.46 2.45 .32 .il .27 18.0 3 
~ ~ 

1918....... . ~ -.. -..... - .54 .28 .32 2.32 3.25 1.82 1. 93 1.98 .46 1.43 .29 1. 31 15. 93 

1919....... . ............ .03 1.50 .44 1.7i 2.72 7.33 5.33 1.12 1.81 1.36 2.83 .32 26. 56 

1920...... .. .---~~-- .07 .72 .38 4.24 3.49 1. 93 3.31 4.52 .15 1. 29 .04 .60 20.74 
1921.. ...... . ....-~~ ,,- .68 .36 .42 1.17 2.43 1.14 3.12 3.50 1. 56 .92 .04 .14 15.48 
1922....... . ....... -.- .66 .05 .47 2.88 4.19 1. 17 4.69 2.35 .66 .14 2.35 .01 19.62 


~1923....... . ....... _.. .11 .14 .38 2.02 6.17 4.63 5.52 3.80 1.40 1.7; .45 .39 26.78 

1924...... ..-... ~,.. ..... .08 .36 1.93 .36 2.48 2.35 1.81 1.&1 2.04 .95 .08 1.81 16.1o 
192.1...... ...----- .07 .51 .22 2.07 2.30 3.09 1.36 2.46 1.20 .76 .37 .64 \5.05 
1926...... .. ----... .22 .12 .04 .37 1. 29 3.51 2.11 3.20 1.20 • 83 .33 .28 14. 00~ . 
1927....... . -_ ... _---- .10 .48 1.2fl 3.74 2.33 4..59 .51 3.53 3.42 .26 .26 .38 21.16 
1928....... . .--...... .13 .17 1. 40 T 4.21 4.72 6.40 T .75 2.61 .99 .08 21. 46 
1929 ...... . 

-----~.- .23 .4-4 .28 4.33 2.36 .73 1.12 3.42 2.54 1.62 .48 .01 17. Ii6 
1930 ..... . ...--.~ - .51 .24 .29 3.61 6.28 4.62 .78 2.22 1.11 4.15 1.93 .17 25.91 
1931 ...... ..-----? .03 .76 1.81 1.27 .21 4.10 .79 .80 .41 . 34 .59 .]5 11•26 
1932 ...... .. -........ - .41 .39 • .14 2.21 1. 78 4.84 5.24 1.67 .33 1. 03 T .27 18.71 
1933......... ----.... .16 . ]5 .02 5.73 2.85 .61 1. 24 2.93 2.23 T .17 1.06 17.75 
1934......... --..... , - .05 .52 .36 .41 .07 2.12 1.03 3.99 3.77 .30 .17 .42 13.81 
1935......... -----_. .18 .31 .57 5.06 8.19 3.64 .72 3.1)5 .39 •22 .78 .27 23. 38 

Averago...... .31 .54 .81 2.04 2.552.13 I2. U6j3.ii4 1.42 1.15 .58 .60 18.72 
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38 TEOHNICAL BULLETIN 636, U. S. DEPT. OF AGRICULTURE 

TABLE 25.-Monthly and annllal preCtpitation at the field station, Akron, Colo., for 
the 28 years 1908-35 

...,:.. 
>. .. ~ I .. .c 

Year :; " 2 .c I ., .. 
:s'" j .c 

., E., .8 
E a;

:s:s e .. >..c., :s :; 
>. 

:s '" ., S :- .,1! " ~ " r:. ~ " -<"'" ~ ... " .... -< rn"'" 0" Z A -<" 
In. In. In. In. In. In. In. In. In. In. In. In. In.

1008••••.•.•..••.••. 0.00 0.34 T 1.70 3.30 2.37 2.42 I. 47 0.05 3.20 2.00 T 16.85 
1909•••••.•••••••••• T 1.38 3.06 .40 I. 87 3.32 4.61 3.7i 2.16 .86 .48 0.55 22.46
1910................ .05 .16 .26 3.96 2.06 1.38 1.47 3.72 3.81 .05 .12 .32 17.36
1911. ..... .60 .44 .06 2.63 I. 15 I. 48 1.34 1.30 2.40 1.47 .28 1.36 14.51
1912................ .28 1.43 .78 2.49 2.86 3.39 3.58 1.58 1.BS 1.99 .18 .29 20.73

1913......__ ........ .22 .40 1.57 2.19 1.44 1.35 1.85 1.14 2.0S .34 
 .10 3.27 16.55
1914......... __ ..... .03 .32 .20 4.01 1. 46 3.54 1.66 1.05 
 .23 2.08 .10 .00 15.58
1915................ 1.10 1.68 1.50 5.19 4.13 3.75 
 1.10 3.51 I. 76 .48 .15 .65 25.00
1916................ 
 .50 T .09 1.59 2.24 2. 09 1.77 2.82 .26 1.02 .75 .61 13.74
1917................ .28 .63 .72 .00 7.79 .56 1.52 I. 78 2.19 
 .57 T .50 17.50
1915........... " •.• • 70 .80 .60 1.20 1.76 .96 3.10 7.36 2.43 1.07 .75 1.55 22.28

1919........ .07 .50 .65 1.96 I. 59 2.27 1.79 .44 2.62 1.64 1.29 .70 15.52

1920......... :::::"" .35 17 00 3.28 2.90 3.97 4.72 1,45 1.80 .44 .47 
 .00 21.35
1921.. .... .. ... 1.22 T 1.25 2.77 .47 1.32 2.BS .92 .79 97 .20 .65 13.44
1922 .. .~ ... - ." .65 .25 .15 3.96 3.63 I. 43 3.24 1.24 .06 05 1.00 .10 16.66
1923 ••. .. 

~ 

T . IS .95 1.65 4.94 2.17 3.62 .75 .82 1. 91 .47 .70 18.16
1924... .50 .59 1.25 .31 3.26 .35 1.71 .77 4.04 .40 .13 .77 14.08
1925...• "----" ... .05 T .39 2.24 I. 19 2.90 I. 08 1. 01 .50 1.46 .47 .53 11.82
1926." .... .41 .05 .36 .18 3.77 1.42 6.46 5.07 .72 1.03 .41 .28 20.16
1927., .... , ,17 .29 2.41 2.27 1.46 5.16 3.00 3.74 .90 .14 .64 .22 20. ~ 
1928............ .13 .17 32 .17 3.52 5.39 3.14 .25 .04 
 1.75 .49 T 15.37
1929........ . "" .. .07 .34 .32 3.43 1.19 1.15 4.44 2.66 2. 67 2.76 .49 .09 19.61

1930............ .. .07 T .17 2.28 5.52 1.61 3.54 3.48 .39 .83 1.05 • 09 19. ro

1931. ......... .. .Ul .71 .95 .84 1.38 2.20 I. 49 1.04 .50 .61 
 .11 .00 10.74 

~1932•• "" .27 .25 .60 1.93 2. III 2.86 4.17 1.27 .05 .49 .19 .21 15.14
1933... : .... 

< ,. 

T .04 .74 4.58 4.15 .92 2. 01 4.54 1.13 T .04 .75 18. 00
1934....... .02 .91 .36 64 1.42 4.14 .31 3.56 .75 .04 .37 .09 12.61

1935......... ,," . .01 . 2.3 1.22 3.25 7.35 3.08 .37 .8a 2.24 .21 
 .26 .04 19. 09 

.\ \'erugc••.• _. .28 .4-1 .78 2.22 2:371 2.2.BS 59 2.23 I. 40 .11Il .52 .61 17.31 

TAIlLtJ 26.-A/onlhly and annlwl precipitation at the field Illation, Colby, Kans., for 
the 22 years 191.~-35 

..- - --~.. --.-------,---.,.--·7---,---

I I It.. ~ t 
YeHr !~I~ ~ >''':.. r. 1 .g ;i 1 g

1 s -; .s .~ ~ = :; :s a3" ~ ~ _ ;:: 
--____._I~~ ~~__ ....::.......:::.- ~...:::.....-==-. __ -=- .-.: 

In. In. IIn. In. In. In. In. In. In. In. In. In. In.
1914.... n.05 0.45 0.21 1.21 3.07 2.32 5.01 1.85 0.52 0.87 T 0.51 lR.O,
1915.......... . •. .38 I.W La LM 'M ,ro &60 'U .~ 1.10 ~~ .~ ~.99
1916............. . . M .00 .~ 2ro I.~ LW 2.m I.~ .~ .~ .m .u 12.59
1917.............. .. . 12 .20 .56 1.66 2.01 1.42 3.07 5.78 4.25 .28 .42 .20 19.97
1918............ _... • 77 1.79 1.34 1.00 216 .19 1.86 I.BS 2.16 2.S7 .21 2.63 18.91
19lD..............._ T I.m .W 2.~ 2.~ 2.0 L~ .65 2.m .~ L63 .ill 18.9,
1920.............. .. .23 .31 .46 3.74 2. 42 5.68 4. 19 3.75 2.56 2. 71 .27 1.31 27.63
1921 ............... . 1.15 .ro .58 LBS 1.85 3.52 4.24 2.~ 2.~ .45 .IS .46 19.37

1922............... . . g .~ 1.26 '08 2.M I.M 2M 1.38 .a .08 ag .~ 17.54

1923................ .00 .g .BS 2.86 &~ a27 L~ LM 1.~ L~ .0 .m 26.54

1924................ . 22 I.~ Lm .~ 1.00 .~ 1.7i L09 I.m .~ .14 I.~ 
 16.10
1925.............. .. . 23 .25 .0 1.44 L~ I.W 1.50 L50 2.00 .~ .M .39 1&~

1926............... . . ~ .0 .00 .~ 2.08 I.m .m 2.~ .92 .22 .83 .M 10.58

1927................ • 11 1.26 1.59 3.51 .43 3.75 2.00 1.87 2.68 .25 .10 .45 
 IS. 00 
1928................ T .~ 1.63 .~ '63 &~ 2.66 I.ill .~ 2.00 .65 .00 19.74

1929................ .00 .76 .13 3.15 3.25 I. 96 1.07 I. 13 3.02 1.70 1.81 •~ 18. 00

1930................ .20 .32 .08 2. 41 6.11 3.29 1. 57 4. 15 .73 5.54 1. ~ .16 
 24.78
193L............... • 00 I.M 2.14 .92 I.~ 2.00 2.77 LW .~ .93 1.00 .04 
 14.63
1932................ • 38 .m .M 2.00 I.~ a~ L26 I.ro .83 .M .27 .~ 14.86

1933................ T .08 .70 2. 22 2. 56 . 14 3.65 4.92 .76 .00 .94 .42 16.00

1934................ .00 .87 .51 .36 .92 1. 59 .41 L ~ .75 .09 • 18 •~ 
 7.371935................ • m .00 .~ .29 2.92 LH .00 .~ 1.00 .11 LV .14 
 11.49 

Average...... .24 .67 .8I 1. ~ 2. 63 2.55 2.68 2.43 L 52 1.20 .69 .52 17.112 
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39 SPRING WHEAT IN THE GREAT PLAINS 

TABLE 2i.-.Monthly and annual precipitation at the field station, Hays, Kans., lor 
the 29 years 1907-85 

I 

1:;- I 
oO 

.. 
t-

.. 
'" .8 '" Year .::l S a .0 0;:: '" t: .. ... ... ~ .,. .!l .8 

;. 
:l 

§ .:: :l" Co co '" :; :l Co ~ '" 0 
! = .:; 1:,'" ~ -< ~ .:;" .., -< 0 Z A'" -< = UJ '" 

In. In. In. In. In. In. In. In. In. In. In. In. In.
1907._••• __ •. ,_."., 0.64 0.22 0.85 0.11 0.80 4.72 9.0.9 2.85 2.06 1.06 0.11 1. 76 24.27
1908._•••_••_....... T .92 T 2. 18 2.98 fl. 05 2.82 5.29 .74 1. 76 1. 79 .03 24.56
1909.••••_•••••••• ,. .39 .28 1.16 .39 1.28 10.04 3.66 1.37 2.90 1.78 3.55 1.00 27.801910•••••• _•• _._._ •• .58 .26 .03 .V7 3.88 2.58 2.02 4.01 .80 .32 T .14 15.591911 ••• _•• __._._ •••. .12 2.12 .14 .78 2.10 .85 2.66 3.44 2.56 .30 •14 1.82 17. 031912._ ••__ •••. ___ ••• .02 1.98 1.60 1.65 3.40 3.49 .55 3.96 1.59 .56 1.13 .03 19.96
1913••.•.••••_••• _•• .36 .68 .41 2.97 5.72 3.34 .55 .11 4.64 .25 .72 3.14 22.891914.______ • ___ ••___ .04 .42 .15 2.24 3.36 3.13 1. 51 3.01 .53 1.17 T .63 16.191915••••• ____ •• ___ •• .68 1.80 1.74 3.84 5.96 5.04 6.13 3.91 2.88 .58 .30 .04 32.901916•• ______._._._ •• .53 .15 .31 2.60 1. 49 5.87 .40 2.03 1.15 1.04 .02 .61 16.20
1917. __ •• _•.••"_'" .09 T .07 2.07 1.65 2.15 1. 07 5.56 1.54 .09 1.64 .15 16.08
1918•••••••••_••.••• .SO 1.15 1.71 2.81 4. S6 .60 3.24 1.81 1.35 2.31 1.10 2.38 24.121919 ••• ___....... _._ 
 T 2.18 .33 5.01 5.89 2.83 1.34 .85 3.28 1.85 1.54 .15 25.251920•• __ ._._"""" .05 .37 .30 2.25 3.68 1. 93 2.27 5.63 1.37 3.58 .73 .46 22. 62
1921._•••••••.••_..• .40 .10 .49 3.59 2.64 3.76 3.28 3.46 .63 .05 .00 .50 18.90
1922••• _•••• _••••••• T .93 1.71 4.96 3.24 3.56 2.48 .59 .28 .27 1.28 T 19.30
1923•••••••••••_•. _. T .10 1.04 1.61 4.29 4.44 .54 4.02 4.3.3 4.37 .29 .41 25.441924 •• _. __ •• ___ • ___ • .31 .26 1.81 .92 3.26 .47 1.97 1.99 .76 .49 .25 I. II 13.60
1925••••.•.••••.".' .05 .24 .38 3.90 .88 4.22 6.34 3.29 .96 .75 1.12 .02 22.15
1926•••••••••••••••• .36 1.13 1. 86 .68 1.90 2.57 1.90 .79 2. 69 .60 1.12 .37 15.87
1927•••_•••••".'_.' .04 .98 1.85 2. 59 1.87 8.09 1.55 6.95 2.34 T .03 .10 26.39
1928••••• _•••.•.•••. .03 i.57 1.42 1.25 3.17 8.15 6.92 1. 72 .56 2. 01 1.88 .02 28.70
1929••••_•••••••_._. .20 .51 .01 2. 12 3.99 1.04 6.66 2.75 3.40 2.96 1.51 .03 25.181930•••___ ••• _. ___ ._ .10 .63 .02 1.71 3.10 3.86 I.W 3.34 2.14 5.25 2.63 .14 24.021931._____ • _. ___ ._•• .02 .21 3.96 3.18 1.42 4.89 1.36 2.65 .23 1.57 3.76 .56 23.81
1932..•.•••••••_•••• 1.82 .50 .82 2.04 2.78 8.46 2.0.5 4.80 4.52 1.69 .12 .18 29.781933•••• ' ___ " ••• _•• .07 .21 .33 2.05 2.18 .67 2.00 2.33 1.99 .03 .54 2. 17 14.57
1934 •__ .•.•••••• '_" .29 1.16 .45 .53 1.20 4.85 .64 3.03 1.28 . 52 .75 .02 14. 72
1935•••.•• , •••••.••_ T .28 .15 .16 6.82 3.96 .07 1.56 4.29 .74 2.17 .20 20.40----I------------------ .A veragc ..... ___ .27 • :;4 .86 2.11 3.10 3.99 2.63 3.00 1.99 1.31 1.04 .63 21.67 

---- - -_ .. 

TABLE 28.-~lJonthly and annual prccipital£on at the field station, Amarillo, Tex., 
fur the 15 years 1905-1919 I 

In. In. In. In. In. In. In. In. In. In. In. In. In.
1005••••••••• _.. __ •• 1.00 1.52 2.62 4.52 6.16 2.19 3.76 0.63 3.08 0.30 5.09 1.45 32. 321906.. __ ._._....___ • .41 .51 .64 3.23 1. 18 2.07 2.90 6.76 1.96 2.49 2.58 .19 24.92 
1907................ 1.11 .24 .02 1.30 1.13 2. 23 1.47 6.15 .97 1.64 .69 1.46 18.411908 •• _. ____..._.___ .26 .72 
1909..__________ .___ .07 .28 T 1. 86 3.44 1. 73 4.64 3.39 1.50 .37 .51 .00 IS. 42 

1. 08 .27 1.13 5.90 2.19 1.39 1.90 1. IS 3.25 .54 19.181910_____ •.____•___. .05 .17 .41 .53 2.61 1.48 2. 61 2.46.05 .13 .19 T 10.691911 •••___ .._____•• _ .07 3.26 .50 3. 90 6. 74 .35 5.92 2.54 1. 30 1.53 .55 1.14 27.801912____ . ___ • ____ ._ T 1.85 .78 .82 1.62 2.31 2.50 1.51 2. 28 .33 T .33 14.331913________...____• .01 .41 .44 1.69 l.il 2. 29 1.40 .47 5.60 .83 2.26 2.17 19.281914 __.........! __ .. T . OJ 
 .021.27 3.83 .65 1.90 2.52 1.10 3.98 .00 .87 16.151915_.____ . ___._._._ .29 1.49 .58 4.89 2.03 1. 16 3.74 4.64 4.93 1.02 .25 .05 25.071916._.. ______ ..__.. .17 .00 .56 1.82 .86 2.70 1.17 3.41 2.16 3.07 .08 .58 Id.581917...._. ______ .___ .12 .06 .03 .61 2.B.l .66 2. 61 5.50 2. 05 .31 .55 .01 15.341918___ ._.___ • ___.•. .13 .29 .86 .48 2.39 I. 19 2. 69 2. 20 .74 2.24 .83 3.13 17.171919....__ ....___._. .05 .66 .84 2.52 2.03 3. 5.~ 2.39 3.43 4.72 .57 1.26 .95 22.95 

A.,.erage._.... .25 .76 .63 I. 98 2.65 2.0.1 2. i9 3. 13 2.29 1. 33 1.21 .86 19. VI 

1 Record previous to _-\prill907 from U. S. 'Veather Bureau, station at Amarillo. 
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