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INTRODUCTION

Continuous data obtained since 1906 by the Division of Dry Liand
Agriculture, Bureau of Plant Industry, in its investigations of crop
lotation and cultivation methods in the Great Plains provide material
Qg study some of the relations between climatic factors and crop yields
that region. The material is especially valuable for such a study,
“Because the records are comparatively long and were made by tecﬁl
+Aically $rained men under uniformity of conditions, as to varieties
gnd cubitiral methods on typieal soils throughout the region, and eli-
‘matic obServations were made in close proximity to the fields on which
“Ee CTOopPE"Were grown. .
fi+ The ‘présent bulletin is limited to a study of the relations between
ual pEscipitation and the yields of spring wheat. The study is by
»g meangtexhaustive.. A primary purpose of the publication is to
make the data available to other workers who are interested in the
si¥pject. Detailed dats of precipitation and yields are on file in the
ision, at the field stations at which they were obtained, and for the
ral States at the cooperating agricultural experiment stations.
sAhe locations of the field stations from which data used in this
bulletin were obtained are shown in figure 1.

PRECIPITATION

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

| Bubmitted for publication Fanusry 18, 1938,
84273°-——38—1
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TABLE 1.-—Precipitation for the year ended July 31 at field stations in the Great Plaing during the period 1906-36
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ield when the precipitation was calculated for a year ending nearer
arvesttitne. 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 fo 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 inferest 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 given in subsequent tables. The
reasons for a few blanks in otherwise continuous serles will be given

later. YIELDS

Studies have been made with three indexes of yield: (1) The
aversge yield of ail plots; {2} the vield of continuously cropped plots;
and (3) the yield on fallowed lan({l All vields are from ¥¢—acre plots
in the crop rotation and cultivation experimental fields at the several
stat-ons.

The index of average vield at each station is an average of about
30 plots, Some being on summer-fallowed land, some on green-
manured land, some following a cultivated crop, some following small
grains in rotations, and some continuously cropped to wheat, they
represent high., medium-, and low-producing methods, The repre-
sentation of the different methods in the total may be lustrated 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 continuocusly cropped to wheat, total 29. At the Belle
Fourche station there are 5 plots on fallowed land, 4 on green-manured
lend, 12 following corn, 1 following sorgo, 1 following potatoes, 3
following oats, and 4 confinuously cropped to wheat, total 30.

The welds here used differ in some instances from sverages 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 vears at each station. Ex-
amples of such ehanges sre 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 enfering into them are concerned.
The comparability between stations of the indexes of average yields
ig little affected by the distribution of methods entering mto the
averages.

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 Tound 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 ean be compared with published yields of farmers in the
section. Under the heeding, “The Story of Successful Farmers,”
Wilson 2 gave the yields of 12 farmers for these years. The annusl
averages of these yields of wheat and the averages on the Assinni-
boine station are shown in table 2. Theve is & general agreement in
the class of yields—low, medium, or high—on the farms with those
on the station. The farm average did not equal the exceedingly high

TWnsow, M, L. DRT YARMDIG IN TRFE NORTH CENTHAL MONTANA "“TRIANGLE.” AMoat. Agt. Col. Ext.
Buoil. £8, 132 pp., flus. 1923,
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SPRING WHOEAT IN THE GREAT PLAINS 5
vield of "the station in 1916, but in the average of the other 5 years
the farms exceeded the station.

TanLe 2 —Average annual yiclds of wheat on 12 ferms in north ceniral Montana and
on the Assinniboire slalion, 19168-21

Location w6 | 1017 | 1ot | 1010 | 1900 | 10m ‘?;;"

tRushels | Bushels ) Buahels | Buahels ) Brahels | Bushels | Buahels
Farm.__ 35.1 1.8 9.0 1.8 0.6 125 13.4
Station R, 49,1 8.1 8.2 a.2 10,8 1 4.7

The spring wheat at all stations was durum, except that & change
was made to Marquis, a bread wheat, at Dickinson in 1927 and
Assinniboine and L%occasin in 1929 and to Ceres, & brend wheat, at
North Plajte 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 Arnautka, Peliss, Beloturka, Nodalk,
Monad, and Acme. Changes were made to some of the latter varie-
ties to obtain greater rust resistance. So far as veriety is concerned,
practical uniformity in the yield indexes can be assumed.

In the tables of precipitation and yields there are a few blanks in
dats 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 ecalculating
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
ot this station is associated with higher precipitation and humidity, and
the exclusion of such years masks the tendency to a lowered.correla-
tion hetween precipitation and yield with increased precipitation.

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

The third index of yield iz the yield on fallowed land. This is the
mean of five plots more or less that entered into the average yield
index. It represents & method that generally provides, in comparison
with other methods, 8 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 af each of 19 stations during the
period 1906-35 1s given in table 3. Af, other stations operated in the
southern Plains by the Division of Dry Land Agriculture, spri
wheat is so poorly adapted that it either has not been grown a?:ﬁ

ot 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 al field stations in the Creat Plains during the period 1906-36
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SPRING WHEAT LY THE GREAT PLAINS 7

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.

RESTLTS AT INDIVIDUAL STATIONS

Figures 2 to 6 are dot charts or scatter diagrams of the annual precipi-
tations given in table 1 and the average yields of spring wheat given
in table 3. The line showing the regression of yield on precipitation
is superimposed on the chart for each station. If the correlation
were perfect, 1.00, each dot would fsll on the line. The vertical dis-
tance of each dot from the line measures the error in calculating the

ield from the precipitation by means of the regression equation,
farked departures from the average relation invite investigation of
their cause. The scatter diagram, correlation coefficient, and regres-
sion equation thus become powerful instruments in studymng the rela-
tions of the two variables.
ASSINNIBOQINE

With a range of precipitation from 7.7 tu 20.6 inches and a range of
yields from 1.4 to 49.1 bushels in 19 years the correlation between
recipitation and yield was 0.83. This is a highly significant corre-
ation. The year 1934 was not included, because the yield was greatly
reduced by severe hail. The year 1916 differs from the others in that
oll plots were on uniform preparation, the first crop after breaking
prairie sod. It is included because of the rangs of both precipitation
end yield that it introduces. The greatest departures from the stand-
ards set by the regression line gre in the direction of yields higher than
those indicated l*Ey 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,
Junpe, and July 1916) preceding the annual period.

A vield of 30.2 bushels in 1928 with a precipitation ef 11.5 Inches
for the year ended July 31 was sttributed to the unusually bigh June
rainfall of 5.11 inches, which converted prospects of near or complete
failura with continued drought into & truly remarkable erop.

In 1932 an average yield of 25 bushels was produced with a precipi-
tation of 12.5 inches, 8 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
distributed range of yields from 1.8 to 37 bushels and annual precipi-
tation from 10 to 21 inches. In 1914 & 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 Jugly reduced the yield to
25.7 bushels, & quantity that on the average should have been pro-
duced by a precipitation of 18.7 inches. A precipitation of 16.3
inches produced & yield of only 4 bushels in 1919, when a drought
started in June and continued until harvest July 29. The yields in
1909 and 1915 wers markedly sbove the averages indicated by the
precipitation, Al plots in 1909 were on land broken from prairie
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YIELD (BUSHELS)
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Ficune 2.—Scalter diagram of precipltation for the year ended July 21, and the average yiekl of spring wheat
n ‘{‘n“t iJw;innil.n:aine, Williston, Moeeusin, snd Huntkey fleld ststions and the regression of yisld on pre-
cipi R,
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Fiavrg 3.—Beatter dingram of precipltation for the year ended July 31 and the averaga vield of spring wheat
at the Dickinson, Mendan {main 2eld}, Mundan {south Seld), and Edgeley stat{ons and the regression

of yield on precipitation,
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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 associeted with low
temperatures and an absence of inhibiting factors.

MOCCASIN

The yeer 1912 is omitted from the Moceasin data because the crop
was destroyed by bail. The coefficient of correlation between annual
recipitation for the hlyear ended July 31 and the yield is relatively
Fow, 0.89, but is highly significant. Wheat harvest is later at Moc-
casin than at other stations, ranging from July 28 to September 13.
The precipitation {rom harvest to harvest was determined, and the

a0
38
36
34
32
3c
28
26
24
2
20

YIELD {BUSHELS)
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CoLBY HAYS AMARILLO
PREGIITATION ({INCHES)
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FIGURE 6.—Scatter dingram of precipitation for the year ended July 31 snd the aversge yield of spring
wheat at the Colby, Hays, end Amarillo fisld statlons and the regresslon of yield on precipitation.

correlation of yield with it was caleulated. This procedure, however,
only raised the coefficient of correlation to 0.72.

he 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 & 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 1969, 1913, and 1928 yields were conspicuously
higher than the precipitation indicated. 1o these years an unusual
proportion of the precipitation came in June, May and June, or June
and July. These plus ond minus departures associated with high and
Jow June rainfall suggest a high degree of control of the yield by that
factor. It was foum% that the correlations between the precipitation
for June; June and July; and May, June, and July and average yield
wexe all higher than the correlation between the.precipitation for the
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yvear 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
s manifestation of the effect of a shallow soll of limited water sicrage
capacity in relation to the precipitation. 'This makes the crop highly
dependent on the precipitation while it is growing. 1tis aiso signifi-
cant that the precipitation in June averages approximately one-fifth
of the total for the vear, and that the correlation between June pre-
cipitation and of that for the year of which i} is a part is 0.55.

HUNTLEY

The season of 1920 was very late 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, & quantity that on the average should
have 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 & few inches high.

DICKINSGHN

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 1813. 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 esrlier than usual and had much the effect of a fallow
in storing or conserving water in the seil.

MANDAN

There arve two felds st Manden, one known as the main feld and
the other as the south field. In ¢his bulletin, each field is given the
status of & separate station. The soil of the main field is light and
that of the south field is heavy. ‘The main field is nearly level, bui
the south field is on a sharp slope and there is considerables run-off.
This field also receives run-off {rom sod that lies above if.

The years of highest precipitation and highest yield in both fields
were 1814 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 dune 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-
age 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 greatest departures of yield below the averages indicated
by the precipitation were in 1921 and 1931. In 1921 & drought in
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June continued until after harvest, which was on July 20. In 1931
the {:recipitat.ion 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 heavy damage by rust. 'The heaviest precipitation,
24.6 inches in 1912, produced next to the highest yield, 33.9 bushels,
but the evidence indicates that the precipitation could have been
lower without reducing the yield. Current notes stated:

At no time during the season did the planis suffer on account of a lack of
moisture, and several times during the swmmer more rainfall oceurred than was
necessary to keep them in good thrifiy condition. Beveral heavy rains occurred,
and in two instances more than 8.5 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. Current notes attributed the low yield in 1911 to
drought and hot winds in June.

HETTINGER

The year 1916 at Hettinger was rejected because a very promising
crop of wheat was nearly destroyed by rust. Thislelt only a 10 years’
record, and with this small saniple the correlation was comparatively
low and by Fisher’s z test not significant.®? The highest precipitation,
21.0 inches in 1915, was more than accounted for by a yield of 39.4

bushels. The lowest precifitation, 8.6 inches in the crop year 1921,

resulted in total failure. In each of 8 years, 1912, 1914, and 1919,
when the yleld was not so ligh as the precipitation indicated, there
was drought in the late growing or {ruiting periods.

SHERIDAN

In each of the four years 1917, 1624, 1932, and 1933 when the yield
was markedly lower than the average indicated by the precipitation
there was extended drought before and continuing to barvest.

BELLE FOTRCHE

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 production. Seed plented at the usual time had not
germinated at harvesttime. The year 1915 was one of those unusual

ears when all conditions were so favorable and inhibitive factors so
Inoperative that a yield far beyond the usual range was harvested.
By the regression equation established bty the 28 years the precipita-
tion Woulgr_ have accounted for a yield of 28.0 bushels, but a yieFd of
57.6 bushels was obtained. ‘

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

3 FisHER, R. A. BTATISTICAL METHODS FOE RESEARCH WOREERZ. Ed. 6, rev. aod onl., 330 pp., illus,

Edisburgk and London, 1932,
When ¢ {s more than twice o, (the standard deviation of 2} the correlntion Is consldered significant.
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that some of the heaviest rains in May came when the soil was slready
neerly saturated and most of the water waslost, The precipitation on
4 successive days in May was 0.37, 4.00, 1.14, and 0.17 inches. A
very heavy crop of straw used water at g high rate, and the crop
suffered from drought before harvest, August 7.

The next highest precipitation was 23.4 inches in 1927. The pre-
cipitationin April and Mey was 10.88 inches. Much of it was recetved
in such excessive smounts at a time that a great deal of run-off cesurred.

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

If the year 1611, when the precipitation wes far too low to be used
as en index of yield, is rejected, and precipitations in excess of 21 inches
are sealed down to that quantity, the ceefficient of correlstion between
precipitation and yield is incressed from 0.67 to 0.75.

ARDMORE

The wheat crop at Ardmore weas destroyed by hail in 1914 and 1922,
snd those years are eliminated from this study. With & rangs of
precipitation frem 11.2 to 28.8 inches and & range of yield from 2.0
0 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 mueh higher
in 1915 than in any other year. The relation between the two was
norma), although there was heavy run-off and floods from torrential
rains in April and June.

‘While the present records indicate that 21 inchea iz the maximum

of effective %Jrecipitation 2t Belle Fourche, they indicate 2 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
are 5o infrequent, however, that the evidence on the point in question
18 Very meager,

SCOTTS BLUFF

Only 10 years’ records are available from Scotts Bluff. The crop in
1816 was little more than helf 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 considerabls recovery,
and the reduction in yield from this source is unknown. There is also
8 record that 1.50 inches of rain with hail fell in 15 minutes and wes
largely lost by run-off. The year is retained in this study because
there was also damage by drought and soil blowing.

ARCEER

The yields of wheat were reduced to such en extent st Archer in
1920 by delay in seeding resulting from an sdministrative situstion
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 aversge indicated by the precipitation, there was hail demage in
1814, June drought iu 1924, drought in June in 1931, and run-off and
floeds in May fcliowed by drought before harvest in 1935. The close
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grouping of one-third (seven) of the years within s 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 PLATTH

The record at North Platte is com}i}ete for 29 years. The original
plot field was destroyed in 1935 by the construction of an irrigation
regervoir. The yields for that year weve 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 iive
crop vears 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, & precipiftation of 24.6 inches did not produce a
yield in lino with the expectation from that quantity. The reason is
not fully evident at the present time. The rainfall in June and July
was 6.5 inches above the normal. It was currently noted that the
pl}':cl)duction 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. Nearly 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 & very
unusugl condition in the Great Plains. Normally the available water
of the soil is exhausted at harvesttime.*

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

The hich yield in 1916 was the result of an unusual carry-over of

water from 1915.
AXRON

Alkron 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 8 years when the yield did not fully respond to high
precipitation. In the crop year 1919 the total precipitation was 22.0
mches. A sizable portion of this quantity, 9.79 inches or almost twice
the normal, came in August and September 1918. Precipitation in
April, May, snd 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
mﬁ‘, MarHews, 0, R, and CHILcoTT, E. O, USE OF WATER BY SPRING WHEAT ON THE GREAT
FLATRA, U, B, Dept. Agr. Buil, 1004, 34 pp., illns. 1923,

MaTtEEWS, O R, a0d Caucott, E. O, ATORAGE CF WATER IN 80IL AXD ITA DTLIZATION BY SPRING WHEAT.
U, 8. Dapt, Agr. Bull, 1159, 28 pp., filus. 1823,
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crop year 1927 was 22.3 inches. This quantity should have produced &
crop of 15 bushels, but the yield was only 11 bushels. The precipita-
tion in Au_g-ust 1026 was 5.07 inches, which was 2.79 inches more than
normal. Currentnotes attributed the low yield to the effects of drought
in May. If the excess rain of the preceding August be deducted from
the totel, the sum Temsining is in line with the production. Itis a
matter of observation in the field and of determination by soil-
moisture studies that & heavy August rainfall on small-grain stubble
at Akron is likely to be largely gissipa,ted by weeds and by direct
evaporation from the soil.’ %[n the crop yesr 1930 & precipitation of
21.9 inches produced & wheat crop of only 1.7 bushels. ~ The precipite-
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.

COLEY

The year 1931 at Colby is rejected for spring wheat, because that
crop was destroyed by heavy freezes in April and irosts in May. The
vields for 20 years are on & low average plane but'cover a range from
0 to 25 bushels and show response o 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 production. A yield heavier
then indicated by the precipitstion in 1932 may be attributed to
adequate rainfall and other fayorable conditions in June that resulted
in good flling snd normal ripening of 2 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 end 1923. These years are re-
jected, leaving a total of 26 years for study. The precipitation isof a
higher order than at any of the other stations having continuous records
for spring 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 s range from 12.1 to 13.3
bushels. In 1615 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 losg 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 & 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

8 GRACE, O, F. THE EFFECT OF DIFFERENT TIMES OF PLOWING SMALL-GRAIN STUBBLE TN EASTERN COLO-
RADO, U, B, Dept. Agr. Ball. 263, 15 pp., illus, 5.
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weed, growth, were very favorable to production. In five years with
})Iecipltation less than 18 inches there were four complete or near
ailures 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 nearl
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 1813, the yield of spring wheat was
3.5 bushcls. In the other 12 years the precipitation ranged from
about 16 to 24 inches. The coefficient of correlation for 13 years was
0.77.

EESULTS 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 generalizations of such de-
partures may bemade. Yields markedly below the quantity indicated
by the annual preci}iitution 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 g factor in
reducing the effectiveness of the total recipitation. Tt may be in-
ferred from the discussion of results at individual stations that exces-
sively heavy precipitation in & single month or suecession 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 n carry-over of water from the previous
year, generally indicated by an excess precipitation during that year,
or by an adequate precipitation during the fruiting and filling period
preceding harvest, following & 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
nverage precipitation and its standard deviation (¢) for those years;
the average yvield and its standard deviation (¢); the coefficient of
correlation of precipitation with yield and Fisher’s z test of its signifi-
cance;® and the regression of yield, the dependent variable, on pre-
cipitation, the independent variable. Asshown in table 4, the number
Dfp 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 =t one 1t was 0.90.

¢ Fisher, R. A, Seefootuote 3.
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TapLE 4.—Mean precipilation, mean average yield of spring wheat, correlation of
the two variables, end the regression of yield on precipilation af 19 sistions in the
Great Plains for the number of years specified at each during Lhe period 1906- 83
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When the regression lines are drawn on a single chart (fig. 7), a
grouping is noted, or perhaps ol greater importance, there is noted a
marked similarity of & certain group. In origin and slope of the
regresston line, the stations from the northernmost south to Archer
are in a group distinet from the others. 1In this group the quantity
of precipitation required on the 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.

, North Platte is in some respects a_border-line station. Its average
vield of spring wheat (table 4) clearly would place it in the northern
group, but these yields are produced with so muc'y greater precipitation
and consequend lower efficiency of water use as to place it equally
clearly outside that group. The lack of agreement in the latter item
and the relative unimportance of spring-sown wheat in the agricultural
cconomy of the section represented by the station have been the
deternuning considerations in excluding 1t from the northern group.

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

B4174%—H8——3
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it 1s the southermmost 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 os novlthern, Assinniboine is distinct
from the othors in its equal production at a lower precipitation level.
Geographically itz distanee north of Williston is insignificant, 20
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Frarre 7.--Lines showing the regrossion of the overage ield of spring wheat on preeipliation for the year
ended July 31 at each of 19 fiell stations it the Great Plains.
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miles, but its clevaiion above sca level is about 600 fect greater,
According to the formuln of Hopkins? that 400 feet of sltitude is
equal to 1° of latitude, this would be cquivalent to approximately a
further 100 miles. The greater efficiency of water in producing spring

¢ TIUPKING, ANDREW DIELMAR. PERIODICAL EVEXTS 4ND NATURAL LaW a3 GUINES TO AGTUCULTURAL
NESEARCIL AKD rRACTICE. U, 8, Monthly Waither Rev.. Sup. 0, 42 pp., illus, 1618,
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wheat at Assinniboine was noted in another study.® In that study
the use of water was limited to the decrease in the water content of the
soil between the time the erop came up and the time it was harvested
plus the precipitation during that period.

1t is worthy of note that with the same precipitation the south
field at Mandan produces lower yields than the main field. This is
owing to a combingtion 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 efficieney 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 cutside that group.  Akron
roquires more precipitation than North Platte to initiate yield but
requires & smaller quantity for each unit increment of yield. 1Squality
is reached at 26.2 inches precipitation and 21.3 bushels yield. The
average precipitation is 2 inches more at North Platte than at Akron
and average yields are higher.

Colby, Hays, and Amarillo are more or less similar and form a
group distinch from the others. The low yields indicated within the
probable range of precipitation clearly show the lack 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,
Asginniboine, Williston, Moccasin, Dickinson, Mandan (both fields),
Huntley, Hettinger, Edgeley, Sheridan, Belle Fourche, Ardmore,
Seotts Bluff, and Archer, in the relations of precipitation 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 wheat
is adapted on that section of the Great Plains within ‘the gUnit,ed
States. This group is represented by 272 pairs 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 significant. A scatter diagram of these data is shown
in figure 8. The diagonal line is drawn {rom the regression equation
of yield on precipitation: Yield= (precipitation—8.02) 2.19. Inround
numbers, 8 inches of precipitation 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 bo limits to the quantity of precipitation that
could he effectively utilized in the production of a current crop, and
that the upper limit of eflective precipitation varied to some extent
with the station. TFigure 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 cne of
these, Ardmore, 1913, at least the quantity above that amount was
not reflected in the yield. There were only three yields above 40
bushels—Assinniboine, 1916; Belle Fourche, 1915; and Ardmore, 1915,

§ CoLk, Jous &, Matiews, O, R, ood Ciiteort, B, Q. Fes fpotnoeta 4,
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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
vield nbove 6.4 bushels per acre.

The large group of items (42) with 12 inches or less precipitation
and 7 bushels or lower yvield is of particular interest in its practical
importance. There were 16 other instances with 12 inches or less
precipitation in which the yield wss more than 7 bushels, but in
only 1 case mors 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 lower group) gives the results in table 3.

TaBLE 53.—Number of slaiion years, average precipilalion, end average yield of

spring wheat in ench guadranl of the scaller diagram of 272 years al northern
stations

I Avernge

Sration Avernge

Gnadrant preeipd- "
yeurs 1ation yield

Number | Imches | Husheis
172 12.13 At
28 13. 54 .5l

Precipitation and yirld below mean, .. ...
Precipitation below monn, yield above mean .

‘Precipitation apd yicld above wenn. . ... e a3 18. 53 2. 06
Procipitation above tpenn, yield Below MERlle. v v ivrcrreamrm oo e 20 i 78 1047

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 iwo 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 resulis are almost the same,
119, 29, 98, and 26 cases in the four quadrants, respectively.

When the quadrant grouping on the basis of station means 15 ex-
tended to include the whole 387 cases at 19 stations, the chances
were 4.08 to 1 thet 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 precipitation and
yield has been based on performance atindividual stationsin individual
years. The question naturally arises: What will the relations be if
the base is expanded so that the indexes of precipitation and yield
ropresent an area rather than single stations? Tho 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 yiclds (table 3) were determined for each
year as indexes of annual precipitation and yield. This reduced the
272 pairs to 30 pairs, 1 for each year 1906-33, representative of the
aren on the northern Great Plains which has a prominent place in
the produvetion of spring wheat. The number of stations entering
into the averages each year, the average precipitation, the average
vicld, and two other items yes to be described are given in table 6.
The scatter diagram (fig. 9) shows the relation between precipitation
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and yield to be linear. The coeflicient of correlation hetween pre-
cipitation and yield is 0.88. 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 annual vield estimated from the
annual precipitation by this equation, and the errors of estimate
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PRECIPITATION {INCHES)
FIGURE f—=Seatber dimgrnm of the aonunl avernges of preeipiladon for the venr sded Tuly a0 o the

averago yiclds of spring whent m 1 northern Seations in tho Great 1ling for the 30 vears 18035, ‘he
diagonal line fs drawn fronn U regression equationd Yield ={precipitativn —HL0TY 2.9,

wlhich aver: ze 3.31 hushels, or 20.7 percent of the average yield, 16.0
bushels. In 15 ol the years the crror of estimate was less than 3
bushels.

The correlalion between these indices of precipitation and yield
representative of an areq is higher than the correlation between the
individual pairs of annual precipitation and yield at each station.
1t is also Iuglier than the correlation at any station except Ardmore,
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TanLe 6.—Number of stalions, avcrage precipilation for the year ended July 31,
average yicld of spring wheal, estimaled yield, and error of estimale af northern
stafions, 19046-35
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The vbjection may be legitimately ruised that the samples in 1906,
1907, and 1908 are too small, those years being represented by only
1, 2, and 3 stations, respectively. This point has been given con-
sideration.  With 1906 excluded, the correlation ceoefficient is 0.86.
TWith 1806 and 1907 and also with 1906, 1907, and 1908 excluded,
it is 0.89. Changes in the regression equation resulting from the
omission of one or all of these vears are so small that the extension
of the record by their inclusion seems justified.

When it 1s considered that the individual years in a span of 30 are
represented by indexes with spread {rom 10.7 to 19.5 inches of pre-
cipitation and from 3.4 to 35.0 bushels yield, the high correlation
between precipitation and yield of spring wheat on the northern
Great Plains appears as & whole to be one of the most impertant
findings of this study. Over the area as a whole there is a range of
annual precipitation that results in o wide range of yield, and there
arc good vears and had years as measured cither by precipitation or
by production. The need of situbilization by carrying reserves or
resources accumulated in good vears is emphasized.  If the exeess
of nenperishable products, such as wheat, in the good yewrs could be
stored to reduce ihe defictl of the poor vears (heve woeuld be enough
for all.

To show the conditions more clearly, tlie actual yields and the
yields estimated by the regression of yicld on precipitation—yicld=
(precipitation —10.07) 3.19—are shown in chronological order in
figure 10. Can there he any question that years and combinations
of years like 1906-09, 1912-16, 1922-25, and 1927-28 are surplus
years as truly as 1¢10-11, 1919, 1930-31, and 1933 35 are defieit
years; or that Jand values fixed by the one find no support In the other?
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RELATION OF ANNUAL PRECIPITATION TO THE YIELD OF SPRING
WHEAT CONTINUOUSLY CROPPED

In the preceding pages the index of yield was the average of a
composite of methods contributing low, medium, and high yields.
Under the above heading the index of yield is the average of o fow
plots representative of methods that produce yields of g 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; plof A was spring-plowed and
plot B was fall-plowed. At Assinniboine, Huntley, Mandan (both
fields), Sheridan, Belle Fourche, Ardmore, Scotis Bluff, Archer, and
Hays the number was extended to four by the addition of plot E,
fall-plowed and subsoiled, and plot F, which wuas fall-listed. Af
Moceasin, Akron, and Amarillo there were five plots, G, which was

35

32 A 1 acTuaL visLn

“ 288 [l ESTIMATED TIELD
w 24 i

20
i5
12

Frivie Hh—aAverase and estiimnted svempge nomsd vields of spring wheat ot 14 northern stntions in the
Chread, Plnins, 1W00-13,

variously late fall-plowed and deeply spring-plowed, being added
to the other four. The yields of the continuously cropped plots are
all of the same order as compared with the yields from ofher methods,
such as fallow, and it is believed the greater reliability of the index
afforded by averaging ss large s number as were available offsets
the advantage of strict comparability that could have been obtained
by using only the A and B plots for nll stations.

The annual yields of the continuously eropped plots for each year
ab each station are given in table 7. The precipitations paired with
these yiclds were givenin table 1. The number 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 ench station are given in table 8, The mean of yields at the
northern stations was 3.18 bushels less than the mean of the aversge
yields (table 4). The coefficients of correlation wilh precipitation
were generally higher for the yields under continuous cropping than
for the average yiclds but not at all stations. 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 2z test. The
reg}x‘ession lines exhibit the same groupings as in the cases of average
yields,
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- TaBLe T7.~Annual yields of spring wheat continuously cropped at field stations in the Great Plains during the period 1906-35
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Tapry 8-—Mean yield of spring wheat continuously cropped, correlation ozf precipi-
taticn for the year ended July 31 und the yield, and the regression of yield on pre-
ctpitation at 139 stations in the Great Plaing during the period 15906-35 1
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1The megn precipitaiion for esch gtating is given In table 4,

Considering the northern stafions as & group, the correlation be-
tween the 272 pairs of variables was 0.78, which is not significantly
different from the similar correlation of precipitation and average
vields. '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,
beruuse the same precipitation produced & lower yield. '

When the 472 pairs of varialra)les are reduced to 30 pairs by deter-
mining the annual averages of precipitation and yield at ail 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 cycle. The increased water supply results in & greater crop
yield. The contrast in both items is particularly sharp between
continuous eropping 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 fo year
and from station to station is very high. ‘

The index figure of yields on fellowed land at each station for each
year is given in table 9. These yields pair with the precipitations
for the year ended July 31 given in table 1.
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The number of years, the average yield of spring wheat on fallowed
lend 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.

Tanre 10.—Mean yield of spring wheat on fallowed land, correlation of precipitalion
Jor the year ended July 31 and the yield, and the regression of yield on precipiialion
at 19 stalions in the Great Plains during the period 1906-85 1
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! The mean precipitation for esch siation is given in table 4.

As compared with the yields on continuously c¢ropped land snd
the average ylelds, the yields on fallowed land are higher (at northern
stations about 7 bushels more then on continuously cropped land
and about 3 bushels more than the averages of al.lymet.hods), the
coefficient of variation is lower, the coeffictent 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 sverage
vield index, wheress it was only 0.67 for fallowed land.

The correlation of the 272 pairs of variebles 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 vields 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 erop
year is to reduce the control of yield by the precipitation during the
CTOp year.
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SUMMARY AND CONCLUSIONS

Data covering & 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 wheet. 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 aversge yields of continuously cropped

lots, & low-yielding method, and an average of yields on fallowed
Fa,nd, 8 high-yielding method.

The vehicﬁas of study are correlations of precipitation, the inde-
pendent variable, 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 0.80 and aversged 0.76.

Yields markedly below the quantity indicated by the gnnual pre-
cipitation sometimes result from abnormaily heavy precipitation in
the late summer or early autumn—August snd Septermaber—of the
vear preceding harvest. A more frequent cause is prolonged drought
preceding harvest and following an excess of rain during earlier months
and s consequent heavy vegetative growth. Run-off during a period
of heavy rains sometimes is a factor in reducing the effecfiveness of
the total precipitation.

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

A similsrity in the regression lines showing the number of bushels
of wheat produced by any given quantity of precipitation places all
stations portn of and including Archer, Wyo., in & group designated
tnorthern” thet is distinet from all stations to the south of and
including North Platte, Nebs. The placing of Archer in the northern
group is attributed to the climatic factors associated with its eleva-
tion of 6,000 feet sbove 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

oup.

For 272 station-years at northern stations during the period 1906-35,
the average (weighted) precipitation was 14.96 inches, 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 vield in the same bracket in the ratio of 3.77 times to 1 when it
was nob.

When the 272 pairs of variables are reduced to 30 pairs representing
prnual averages for each of the years 1806-35, the coefficient of
correlation is increased 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 graios,
that leave the soil exhausted of available water at the beginning of
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recipita-

the crop, year, increases the dependence of the crop on the fg
clents of

tion during the crop year, which is evidenced by higher coe
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 coeflicients of correlation.




APPENDIX

TaprE 1i.—Monthly and annual precipitation ol ihe field station, Asainniboine,
Maeond., for the 21 years 1515-851
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TasLg 13.—HMontkly and annual precipilation af the field slafion, Moccasin, Mont.,
for the 28 years 1908-85 ¢
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TasLz 14—~>Monthly and annual precipilation at the field station, Huntley, Mont.,
Jor the 25 years 1911-35
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TaBLE 15—Monthly and annual precipilation al the field station, Dickinson,
N. Dek., for the 80 years 1906-35 1
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| Record previons to April 1908 from U, 5. Weather Bureay statlon at Dickinson.

TasLe 16.—2Monthly and annual precipitation at the field station, Mandanr,
for the 23 yearz 1813-33 !
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TapLE 17— Monthly and annual precipilation at the jield stalion, Edgeley, N. Dak.,
Jor the 18 years 1805-22
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TasLe 18.—Monthly and ennual precipitation al the field station, Hettinger, N. Dak.,
for the 12 years 1911-22
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Tapre 190.—Monthly and annual precipitation af the field station, Sheridan, Wys.,
for the B0 years 1516-35 1
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TanLe 20.—Monthly end annual precipifation at the field stotion, Belle Fourche,
8. Dak., for the 29 years 19G7-35}
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TanpLE 21— Monthly and ennual precipitalion af the field station, Ardmore, 8. Dak.,
Sor the 21 years 1512-82
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TaeLg 22.—Moenihly and annual precipitation at the field station. Scolts Bluff, Nebr.,
Jor the 11 years 1811-21
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TanLe 23—Monlhly and arnual precipitation af lhe field station, Archer, Wya.,
for the 23 years 1313-35
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Tapue 24— Monthly and annual precipilation al the fleld staiion, North Plaite,
: Nebr., for the 80 years 1906-37
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TABLE 25.—Monlkiy and annual precipitation at the field station, Akron, Colo., for
the 28 years 1908-35
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TasLe 27.—AMonthly and annual precipilation af the field station, Hays, Kans,, yor
the 29 years 190735
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and annual precipitation al the fleld station, Amarillo,
Jor the 15 years 15905-1919 1
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