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INTRODUCTION

The most important factor in production of wheat is
yield; consequently in every agricultural experiment this
factor must be kept in mind, The interests of farmers and
of wheat growers are related directly to yield. In order
for wheat to produce good yield, it must have maxirmum bene-
fit from the enviromment in which it grows.

Of the multiple factors that affect enviromment, the
most Important is climate., The factors of climate that most
affect winter wheat are precipitation, temperature, relative
humidity and wind velocity. In general, there is a relation
between precipitation and temperature; usually precipitation
is accompanied by low temperature.

Climate indirectly affects the yield of winter wheat in
favoring or retarding the development of diseases, especial-
ly the different kinds of rusts, and also facilitating the
lodging of cereals,

Temperature influences every chemical and physical
process connected with plants: solubility of minerals; ab-
sorption of water, gases, and other mineral nutrients;
diffusion; synthesis; as well as the vital process of growth
and development., The effects of high temperatures on plants
are difficult to separate from the usual accompanying fac-

tors of high light intensity and rapid transpiration. Most



crops make thelr growth during the portion of the year when
the temperature remains within certain limits; becoming
dormant, maturing, or dying when the temperature falls too
low or rises too high.

It is well known that in the dry countries there 1s a
positive and significant correlation between the yield of
wheat and the amount of rainfall, But in the humid coun-
tries this correlation is non-existent or negative. It
seems natural that the non-existent or negative correlation
is due to adverse conditions, especlally that due to devel-
opment of diseases and lodging. Now if we get productive
varieties with resistance to diseases, would there be posi-
tive and significant correlation between yleld and precipi-
tation? In other words, do the "better" varieties benefit
more from certain environmental conditions, especially from
rainfall? If true, the creation of productive varieties in
the humid countries can occur at a very high level.

It was the purpose of this study to verify this hypoth-

esis.



REVIEW OF LITERATURE

Relationships between weather and wheat production have
been studied all over the world, A selected bibliography of
the influence of weather on crops was published by Hannay
(8) in 1931,

2ink (15) studied the relation of weather factors to
wheat ylelds on Levan Ridge, Utah, and for this purpose 120
combinatlions of weather factors in relatlion to wheat yilelds
were studied for the 25 years, 1908-1933, About LO of the
combinations studied indicated a fair amount of correlation
between yield and weather factors and about one=-third of
these were statistically significant at the 5% level,
Partial and multiple correlations were determined for the 15
highest of these combinations, Multiple correlations from
0.71 to 0,81 were obtained for weather conditions during the
spring period, especially in the period two or three weeks
preceding heading., The high correlations were with evapora-
tion, length of drought period, and rainfall.

Sando (13) found a significant negative correlation
between rainfall and ylelds of wheat grown at the Maryland
Agricultural Experiment Station. He noted that in general
yields above normal were associated with subnormal rainfall
for the months of March and May. No definite relation

appeared to exist between ylelds of the varieties studied



and other climatic factors such as snowfall, temperature,
and sunshine,

Welton and Morris (1ll;) studied the effect of rainfall
on wheat yields in Ohio and concluded that subnormal rain-
fall induced higher yields of wheat. They found that April
and November are the two individual months in which the sub-
normal rainfall appears to be the most beneficial., They
concluded that the exceptionally high yields, which were
occasionally obtained, represented what wheat could and
probably would do every year, barring the interference of
other factors, providing the rainfall were a little less,

Berce and Wilbaux (1) at Gembloux, Belgium, in a study
over a 27 year period on the relationship between yields of
winter wheat and meteorological factors, found a negative
and significant correlation between yield of winter wheat
and maximum mean temperature in June with r = -0,51,+0,095,
a significant and negative correlation of =0,507+0,096 with
yields and amount of rainfall in July, and r = -0,407+0,101
between the amount of rainfaell for the bi-monthly period
November-December and the yield. From these correlations
they concluded there were harmful effects of rain before
harvest and in winter before frost time. The temperature
was less influential but high temperature in June caused

scalding.
Dunham (7) studied the effect of environmment on wheat,

oats, and flax grown at Crookston, Minnesota, during a



period of four years, 1934 to 1937. He found an apparent
assoclation between yield and precipitation for wheat, oats,
and flax in 1935 and 1936, but not in 1937 and 1934 when the
precipitation during the preceding year of fallow was dis-
regarded,

In summation of a 30 year study of the influence of
rainfall on wheat yields in South Australia (Victoria),
Richardson (12) reported that yield of wheat is very largely
determined by rainfall., Throughout the entire 30 year
period the wheat growers of Victoria secured on the average
0.89 bushels of wheat for every inch of winter rainfall.

Call and Hallsted (3) reported that moisture is the
limiting factor in wheat production in Western Kansas,

Kvicala (9) in 1940 in Southern Moravia found that in
winter wheat the average monthly temperature in autumn sub-
stantially influences the yield and that rains in September
and December have a strong negative correlation with yield
of winter wheat.

Bogush (2) in New Zealand submitted six lines of wheat
under field conditions to heavy and extended artificial rain
and natural rainfall alternating with fair drying conditions
for a period of nearly three weeks, This heavy weathering
did not result in any significant losses in grain weight and
yield.

In a statistical study of data covering a total of 387

crop years at 19 stations in the Great Plains, Cole (5)



found that spring wheat ylelds were positively associlated
with annual rainfall., He obtained coefficients of correla-
tion between precipitation and average yield ranging from
0.61 to 0,90 at the several stations,

Locke and Mathews (11) in a study over 33 years from
1915-1948 at Woodward, Oklahoma, found a positive and sig-
nificant correlation between the ylelds of wheat and amount
of rainfall in April,

Laude (10) reports that in the western third of Kansas
the acre yield of wheat 1s assoclated with the amount of
rainfall received from July 1 to May 31. The correlation
coefficient for different series of years usually exceeds
0.80. The regression coefficient indicates that the acre
yields of wheat in the western third of the state varies
about 1.25 bushels for each one inch variation in the
season rainfall, The average precipitation in that region
is between 15 and 16 inches during the wheat season from
July 1 to May 31l. In the central third of the state the
correlation is low between yield of wheat and precipitation
during the eleven month wheat season., In many seasons damage
is done by drought, but in a large proportion of the years
the dominant influence on acre yleld is due to other causes,
in some cases to too much rain, In the eastern third of
Kansas, drought causes only slight damage to wheat. Too

muich rain is a far more serious factor.



MATERIALS AND METHODS

The performance of 9 varieties of hard red winter wheat
grown at two stations, Stillwater and Woodward, Oklahoma for
the 10-year period, 1943-1952, was studied in relation to
precipitation and temperature, The 9 varieties were:
Cheyenne, Comanche, Farly Blackhull, Pawnee, Red Chief,
Tenmarq, Triumph, Wichita, and Kharkof,

The data concerning the yield were obtained from the
Oklahoma Agricultural Experiment Station Bulletin, No. B-297,
1916, and from unpublished data of the Oklshoma Agricultural
Experiment Station.

The climatological data were obtained from the U, S.
Department of Commerce, Weather Bureau. (5)

A brilef description of the varieties follows:
Cheyenne=~the result of a plant selection made from
Crimean in 1922 at the Nebraska Agricultural Experiment sta-
tion, It has bearded, short erect heads; red kernels, mid-
long, hard. It 1is susceptible to stem and leaf rusts and to
bunt, but it is tolerant to Hessian fly and does not shatter

easily.

Comanche--developed from an Oro X Temmarq cross., It
was released by the Kansas station in 1942. It is a

bearded, fairly early, moderately winter hardy wheat that



possesses fairly good straw, It has high resistance to many
Important races of bunt and has some resistance to leaf
rust, It 1s susceptible to loose smut and Hessian fly.

Early Blackhull--selected from a field of Blackhull in
1921, It differs from Blackhull principally in being about
a week earlier and having a somewhat shorter straw. It is
not disease resistant, but sometimes ripens early enough to
escape severe rust infection.

Pawnee~=-the result of a Kawvale x Tenmarq cross., It 1s
a bearded, hard red winter wheat with smooth, white glumes.
It has a short stiff straw, 1s resistant to loose smut, and
moderately resistant to leaf rust, bunt, and Hesslan fly,

It elther has some resistance to or 1s able to escape severe
stem rust damage because of earliness, Pawnee has a slight
tendency to shatter when ripe.

Red Chief-~the exact origin of the variety is not
known, but it may be a selection from a natural Redhull x
Chiefkan hybrid. It 1s beardless, has little or no disease
resistance, and is even more susceptible to bunt than is the
susceptible Chiefkan.

Tenmarq--was selected from a Marquis (spring) x Crimean
selection (winter) cross, It is bearded, early, and has a
fair straw. The variety has some resistance to leaf rust,
and because of its earliness it may escape serious damage

from stem rust.



Triumph--was developed and distributed by Joseph Danne
of E1 Reno, Oklahoma, in about 19,0. The originator has not
divulged the parentage of this variety. It 1s an early,
bearded, stiff-strawed hard red winter wheat., The variety
is extremely susceptible to leaf rust and susceptible to
bunt and stem rust, but appears to have some resistance to
loose smut. Because of its earliness, it frequently escapes
heavy rust infections,

Wichita--was developed from an Early Blackhull x
Tenmarq cross, In most plant characteristics it is similar
to Early Blackhull but 1s approximately one or two days
later in maturity, has a slightly better straw, and a higher
yield.

Kharkof--was introduced into the United States by M. A.
Carleton in 1900, It 1s susceptible to the same diseases as
Cheyenne and Tenmarq. It is very similar in appearance and
performance to Turkey but 1s somewhat more uniform. Because
of this uniformity, it is a more useful "measure® than

Turkey in the yield evaluation of new varieites,



DISCUSSION OF RESULTS

Importance of Wheat Varieties

Oklahoma is one of the important states in production
of wheat., According to the census of 19li, the total
acreage of wheat in this state was 7,552,000 acres, which
ranked fourth after Kansas, North Dakota, and Texas in pro-
duction of wheat., The wheat is grown mostly in the western
and central parts of Oklahoma,

Table 1 shows the estimated percentage of the total
wheat area occupiled by 9 varieties of wheat grown in Okla-
homa at five year intervals since 1919 and the acreage in
194y and 1949. From this table it is evident that in the
last years the varieties Triumph, Pawnee, and Comanche have
increased in acreage but other varieties have decreased ex-
cessively,

Rainfall influences the yield of wheat directly and also
indirectly; directly by supplying water for normal physiolog-
ical processes of the plant and indirectly by modifying the
environment in which plants grow. High temperatures accom-
panying high rainfall make a very sultable condition for
developing diseases, especially rusts, High rainfall also
promotes lodging and interferes with harvesting and thresh-

ing of the crops.

10



Table l.-~Estimated Doraentav
- in 19bu and 19L9%

1029

o

mPercentagc' T

1909

of nine varieties of wheat and acreage of wheat

Variocty 1019 1920 193 ~ 1938 190%F »

Triumph 1.3 L41.5 65,878 3,135,287
Paunee 18.9 228 1,429,932
Comanche 11,0 1,632 827,423
Barly | ,

Blackhull 1.9 7.0 6.1 363,437 159,01l
Red Chief 3.5 5,0 182,155 371,583
Wichita 1.9 371,700
Termarq 10,0 L0.3 3.6 2,026,100 268,375
Cheyenne o7 L.O 2,0 210,603 151,955
Turkey 68.6 52.3 W9 29,3 15,0 1.6 782,167 118,624

L7.l

“Date from reference (L).
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Bffect _of TFrequency of Rainfall

The frequency of rainfall meay be important in produce
tion of wheat. Table 2 shows the frequency of rainfall and
the amount of rainfall in a crop year at Stillwater and

Woodward for a decade, 1943-1952,

Table 2.-~Frequency of rainfall and amount of rainfall
in crop yeawr

“hmount of raintall

Foer Stillzgigien%%odvéfd ﬁfiliga%ggf %iigward.
1943 82 80 L45.51 25,83
191y 65 71 2. 78 27.79
1945 87 77 28.06 28.10
1946 76 uh 112,30 20,55
947 62 6ly : 30,18 30.15
1948 71 66 22.83 1,..99
1949 85 83 38.12 32.25
1950 85 57 23.42 2,18
1951 Th 68 2547 31.45
952 78 80 33,17 21.73

Since a wheat crop at Stillwater and at Woodward
approaches maturity about June 1, the foregoing relsitione
ships are based on crop year precipitation; that is, June 1

of one year to May 31 of the following yeer. The rainfall
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frequency data were obtained by counting the number of days
in which there was 0,01 inch or more rainfall,

Figures 1 and 2 show the relation between frequency of
rainfall and amount of crop year rainfall,. The diagram is
divided into four quadrants by drawing the axes inbtersecting
the scales at the mean wvalues of their respective factors,
These quadrants have besen numberecd I to IV in clockwise
sequence, beginning with the upper right quartiie.

At Stillwater during the 1l0-year period seven frequenew
cy-amount of rainfall occurrences (shown by dots in Figure
1) fell in quadrants I and III, while only three foll in
guadrants II and IV, At Woodward quadrants I and IIT also
contain seven dots and gquadrants II and IV contain three
only. ‘

In both of these figures the dots are spread very wide=-
1y, and it is an indication that there is little correlation
between frequency of rainfall and amount of rainfall during
a crop year.

The correlaﬁion coeffidients between these two factors
at Stillwater and Woodward are 0.29 and 6.38, respectively.

From these data it becomes clear that the frequency of
rainfall is not correlated with the amount of rainfall dur-
ing crop year, and consequently must be studied separately.

Correlation coefficients were caleculated between fre=
quency of rainfall and the yield of ﬁh@ three varieties of

winter wheat, Early Blackhull, Pawnee, and Cheyenne (early,
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Fig. 1. Relation between frequency and amount of rainfall
during the crop year at Stillwater from 19/3-1952
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Mean crop year Precipitation
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Fig. 2. Relation between frequency and amount of rainfall
during the crop year at Woodward from 19,3-1952
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medium and late maturing vheats), at Stillwater and Woodward,

The resulte are showmn ags follows:

Variety Stillwater Woodward

Early Blackhull «0.07 0.39
Pawnee -0,20 0.40

Cheyenne ~043l 0.2

The correlations afe negative and low at Stillwater and
positive but low at Woodward., ZEven though the correlations
are low, 1t may be of some significance that'the values ine-
crease from early to late maturing verietles at Stillwater
while almost the opposite is true for the positive values at

Woodward,

=

ffect of Amount of Ralnfall

Reaction of varieties of winter wheats to amount of
rainfall during the crop year or growing season in the
spring is not the same at Stillwater and at Woodward.

There 1s evidence that the total rainfall during the
three months period, February through April, is extremely
critical in determining the magnitude of wheat yield. The
moest obvious reason for dependence of wheat on the rainfall
in February, lMsrch, and April is that adequate rainfall in
the three months terminates the winter drought periocd and
gives the crop a chance to start rapid growth under favor=-

able conditions.
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Tables 3 and L ;hcw the yield of 9 wvarieties of winter
wheat at Stillwater and Woodward, respectively, during 19,3«
1952, The yields of Triumph wheat in 1943 and 194L at
Woodward and the yield of Wichita at Stillwater in 19h) are
calculated mathematically,

Table 5 shows the amount of crop year ralinfall and the
amount of three months periocd, Fébruary through April, raine
fall at Stillwater and Woodward during 1943-1952,

Table}6 shows correlation coefficients between the
vield of nine varistles of winter wheat and gmount of raine
fall during the crop year and three months period, February
through April, at Stillwater and Woodward for the peried
1943-1952.,

At Woodward the correlation betwesn yield and total
rainfall during the three months period, February through
April, is highly significant (at 1% level) for four varie~-
tles: 'Pawnee, Cheyerme, Hedehief, and Eharkof. This
correlation 1s significant at the 5% level for Early Blagk-
hull, Wichita, Triumph, and Comanche but not for Tenmarg,

At Stillwater this correlation is positive and more or less
high; but it is not significant. Four varieties, Pawnee,
Red Chief, Temmarg, and Kharkof, have the highest correla=
tion and 1t should be noted that all of them are late or

medium maturity.



Table 3,~~Yields in bushel per acre of nine varieties of winter wheat grown at
Stillwater from 19/.3-1952

=Yeor Wichits ?ggfly Triumgﬁ Red  Comanche Pawnec RRarkofl Cheyenne Tenmarg
Blackhull Chief

1943 16.5 13.6 10.6 13.2 10.9 9.5 8.1 12.8 949
194 (29.8)°  31.1 32.2 28,5 31.9 32,3 304 2944 28,6
1945 18.5 28,2 26y 22,9  29.8 30.1 20.2 2.8 20,7
1946 19.2 18.1 18,0 23.5 19,0 27.8 18.8 2.1 4.2
1947 20.6 23.2 25.7  23.3 25,7 2l 25.2 25.1 234
1948 21.0 22.1 21.1 22.2 20.2 19.3 20.6 21.0 21.3
1949 16.9 23.5 21.9  21.3  22.2 21.6 20,9 20.0 20,2
1950 2746 230 2l ly 2.3 22.8 23.8 21.7 2.2 21.3
1951 16.9 1h.1 150 15.1 17.0 16.8 19,0 19.1 16,
1952 19.3 20.1 18.3 20,1y 20.1 17.7 21.1 19,8 19.5

Average  19.6 21.7 21.) 21. 22,0 22.3 20.6 22,0 19.5

“taleulated by missing plot technique,.

OT



Teble li.~-Yields in bushel per acre of nine varieties of winter wheat grown at
Woodward from 1943-1952

Bar] . Tr Z‘r_mﬁph Red -Coman ": ‘: 3» : iA - "" ‘j ~ H
Blackhull Chief - .
1943 32.2 29.1 (28.0)"  31.5  33.5 33.3 21.6 - 28.; . 3L.2
94 b7.0 0 426 (50.0)" 56,2  46.6  L47.9  53.2 58,9 29.
1945 33.2 . 2.1 31.1 31.3 32,1 3.2 29.1 30.6 28.5.
1946 31,1 26,1 28.6 30.3 28,3 281 21.1 - 25.9 22,7
1947  26.3 25,1 23.9 24,0 2.8 27.3 21.9 2l 7 23.7
1948 27.1 25.4 2l .6 27.6 23.5 23.1 2lLe3 . 25,3 2l 7
1949 29.6 23.86  27.6 26,8 22.8 31,8 22,7 25.8 21,8
1950 11.6 9.6 9.5 13.8 11.6 10.9 11.2 15.6 11.h
1951 17.6 17.3 8.l 2.9 21.l 17.2 20.0 21.9 21.0
1952 26,1 23.2 26,1 25.9  26.L 26y 22,2 29.8  22.9
Average 28,1 2.6 25.8 29.2  27.1 28.0 2.7 28.7  23.7

“Caleulated by missing plot technique.

LT
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Table 5.--Amount of rainfall, in inches, of crop year and
three monthse period February through April at
Stillwater and Woodward during 19)3-1952

| ' Amount of Raiﬁfail in Inches '

= illm%zgiuary wooaw?i&l’uarﬁ'
Year  Crop Year through April Crop Year through April
1943 Ii5,51 - 3.5L - 25,83 : 2.20
9Ll 278 7.9 2779 12,21
1945 28.06 =+ 6458 28,10 6,31
9L6 . 42,30 6,88 - 20,55 L6l
19h7 ‘30.18. 0 B8.93 30,15 3.01
1948 22,83 B.59 D199 6,56
1949 38,12 5.30 32.25 L Lobb
1950 2342 2.7 21,18 = 3.58
1951 - 25.h7 3.76 31.L5 3.68
1952 33,17 - ¢ 6.32 21.73 6.26

Averege - 31,38 6,06 25.70 - 5,29




Table G4~

~Correlation coefficients between yields of varie~
ties of winter wheat and amount of rainfall
during crop year and three months period February
through April at Stillwater and Woodward

Corrslation Coefficients

Stillwgter ~ Toodward
With “With Tith With
Crop Year 3 mo, period Crop Year 3 mo. period
<variety  Rainfall Rainfall Rainfall  Rainfall
Wichita ~0.580 0,160 0,045 0.688%
Barly 5
Blackhull  ~0,497 0.1198 0,191 0.677
Priumph ~0,598 0.511 -0,021 0.750%
Red Chief  =0.136 0.550 0.087 0.876°F
Comanche ~0.56L 0,210 0.091 0.677%
Pawnee ~0,363 0.585 0.202 0,829%
Kharkof ~0.639% 0.559 0.136 0.885°%
Cheyenne  =0.537 0.180 0.103 0.86L
Tenmarg ~0,710% 0.568 0.048 0.342
® Significant at 5% level

% Significant at 1% level
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The correlation between amount of rainfall during the
crop year and yield of wheat varieties at Woodward is very
low and near zero, It is useful to remark that average of
amount of rainfall in the decade of 193-1952 is higher than
in a normal decade, The average rainfall at Woodward for
the period 1915~1948 is 23.76 inches (11), while for 19L3=
1952, covering the years of this study, the annual precipi-
tation is 25,70 inches.

The correlation between amount of rainfall during the
crop year and varieties of wheat at Stillwater is In general
relatively hilgh and negative., This correlation at the 5%
level is gignificant for Kharkof and Tenmarq, and that may
explain the decline of these varietiss in the last decade.

From the negative correlation coefficient between the
yield of winter varieties of wheat and amount of rainfall
during the crop year, the result 1s that the varietles of
winter wheat that are cultivated at Stillwater do not utilize
all the rainfall and even this amount of rainfall is harmful
to them; consequently there remains a large possibility for
the creation of new varieties of wheat better adapted for
this part of the state.

At Woodward, the creation of new varieties that require
small quantities of moisture must be accompanied by a pro-
gram in agroteclhnic so as to provide more molsture in the

growing season for wheat,



Bffect of Temperature

Temperature may affect the yileld of winter wheat in

many ways:

Ao

In the fall, temperature helps the plaﬂt to tiller
and te acquire the neoesséry hardiness to resist
the low temperatures in winter time., For this
study it was necesgsary to take in consideration the
average temperature of October and November, Table
T shows the mean temperature in October and November
at Stillwater and Woodward from 1943-1952,

A simple look at this table indicates that the
variation of mean temperature during the decade is
very small, and so small temperature variation can
not have a great influence in grawth‘gf'planﬁs. On
the other hand, daily variation of temperature is
mueh more important.

Also, grazing of all varietlies of wheat during
the fall confirms the view that the low temperaturs
in October and November is not a limiting factor in
Oklahomea .

The low temperatures in December, January, and
February can kill the wheat plant, and different
varieties show different degrees of resistance.

Study of influence of lowest temperature on
the yield of wheat is wvery difficult because the

anow covering may diminish or modify the injurlous
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Table T.--The mean temperature in October and Wovember and
the average of mean temperature in these two
months at Stillwater and Woodward

e T R T
Mean Average Mean Average
Temperature of Mean Temperature of Mean
Year Oct, Nov, Temperaturs Oct., Nov, Temperagure
1943 61,8 53,1 57.0 60.6 50,0 55.5
19 68.6 119.0 ch.B 58.8 LT7.6 5342
1945  63.8 52,1 57.9 62.5 50.8 56.6
106  61.9  5l.b 58.2 61.L 50,3 55.08
1947 66,0  19.8 57.9 62.7 LS. 55.5
1948 70,0 L6.1 58.0 67.h  L41.9 Slt.6
1949 61.0  U8.0 5h.5 58.0  L3.1 50.5
1950 62,0  53.3 5746 60.9  B1.7 5508
1951 67.6 L5.h 56,0 66.3 L5.1 55.7
1952  61.8 L2.7 52.5 60,2 2.3 51.5

§ par

O : P o, P,
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effect of low tempersbure. The lowest Gemperature
in the study decade was -150 F. at Stillwater and
-24° P, at Woodward in January of 1947. At Stille
water, the yleld of all nine varieties 1s above the
average yield for the decade, and at Woodward the
low yield may be attributable to the small amount
of rainfall during the growing season. It is evie
dent that at least at Stillwater the low tempera-
ture in winter time is not a limlting factor.
Spring frost also may affect the yield of wheat,
Tables 8 and 9 show the yield of nine varieties and
the lowest temperature in March during the studying
decade, The yields above average are indicated by
+ and the yields below average are indicated by =-.
From these data it is evident that low temperature
near OO F., although 1t decreases the yield, is not

a limiting factor in Oklahoma.



Toble 8,-=The yieclds of varieties of wheat and lowest temperature in March at
Stillwater during 19L3-1952
. — e S 3 dm S LUGE dakithen me it e EIIIINONEIE @ SN e .
S ———— Yredlds o ?ﬁflqﬁﬁ%s 0 theat in Bushels Lowest
ﬁﬁf’j? Rec " ’ ' 7Y
_;Qggr Wichita Blacldwll Triumph Chief Comanche Paunece Kharkof h ‘
1943 16.5 13.6 10.6  13.2 10.9 9.5 8.1 12.8 9.9 2
+ o+ + + + + + + +
19k 29,8 31.1 32.2 28,5 31,9 32.3 30.4 2940 28,6 16
- + + + + + - + +
1ol5 16,5 28.2 26,4 22,9 29,8 30.1 20.2 2.8 207 21
'_ - - + - + - + =
19h6 19,2 13.1 18,0 23.5 19,0 27 .8 18,8 2.1 1.2 30
+ o+ + + + + + + +
97 20,6 23,2 25.7 23.3 25.7 2.l 25,2 25.1 23.k
+ + - 4+ o - + , - +
1948 21,hL 22.1 21.1 22.2 20.2 19.3 20.6 21L.0 213 -5
7 - + + - + - + - +
19h9 16,9 23,5 21.S 21,3 22,2 21.6 20,9 20.0 20,2 23
+ o+ + + + + + + +
1950 2766 Z3 L 2l 2le3 22,8 23,8 2L.7 2h,2 21.3 1l
1951 16.9 1,1 15.h 15,1 17.b 16,8 19.0 19.1 16,2 18
ey - - - - - -+ - -+
1952 19.3 20,1 18,3 20. 20,1 17.7 21.1 19.8 19.5 16
AVON}SQC 20.6 21.? 21.1{, 21.&3— 2?.0 2203 20.6 22'3 19'5

vbove the average yileld for gtudying decade

+
()
1]

Ay}

5

%

=~ is below the average yield for studying decade



Table 9.--The yields of varieties of winter wheat and lowest temperature in March at
Woodward during 19.3-1952

= o = Fiolds of Variobios of heat in Bushols ‘ Lowest
' narly Red : ‘Temp.F°

Year Wichita Blackhull Triumph Chief Comanche Pawnee Kharkof Cheyenne Tenmarcg_ March

' + + + + + + - - + '

943 32.2 29,1 28,0 31,5  33.5 33.3 21,6 28,1 31,2 0
+ + + -+ + + + + +

1904k 7.0 h2.6 50.0 56,2 46,8 h7.9 53.2 53,9 29.h 18
+ - + + + + + + +

1945  33.2 2l 1 31,1 31.3 32.1 3h.2 29,1 30.6 28,5 19
+ + + + + + - - -

1946 31.1 26,1 28.6 30.3 28.5 28, 21.1 25.9 22.7 25
- + - - - - - - +

1947 26.3 25.1 23.9 2110 2L.8 27.3 21.9 2.7 - 23.7 11
- + - - - - - - +
+ - + - - + - - -

19419 29,6 23,6 27.6 26,8 22,5 31,8 22.7 25,8 21.8 21

1950  11.6 9.6 9.5  13.8 11.6  10.9 11.2 18,6 ©  11l.L 9
e - + - - - - -+ -

1952 26,1 23.2 26,6 25,9 26,1 26.1 22.2 29,8 2249 10

Average 28.1  2L.6 22,5 29,2 27.1  28.0 2.7 28,3 23,7

+ 1is above the average yield for studying decade

-~ 1is below the average yleld for studying decade

]2
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Different varieties of wheat may present different
reactions to the average temperature of the growing
season in spring, especislly in March and April,
and consequently produce different yields.

For studying the effect of temperature during
the growing season, correlation coefficlents were
calculated between the yields of Early Blackhull,
Paunee, and Cheyenne (early, medium, and late
maturing wheat) with the average of the mean
temperature during March and April at Stillwater

and Woodward from 1913-1952, The results are as

follows:

Variety Stillwater Woodward

Early ' o
Blackhull ~0.05L 0.015

Pawnee O L7 0,010

Cheyenne 0.273 0.,0L6

It 1s evident that there 1s no correlation between
these two factors.
The high temperature in lMay may be harmful for
normal maturity of wheat and different varieties
may present varietal differences.

At Stillwater, the highest temperature in May
during the studying decade was 96° F, in 1950, In

this year the yield of nine varieties was above the
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average, and so the high temperéture at Stillwater
can not be a limiting factor.

At Woodward, the highest temperature in May
was 102° F, in 1945, In that year the yield of
eight varieties wasbabove the average, and only the
yield of EBarly Blackhull was neér average. ©So it
- appesrs that the high temperature in May is not a

limiting factor at Woodward.



30

LITERATURE CITED

1., Berce R. et R. Wilbaux, Recherche statistique des rela=-
tions existant entre le rendement des plantes de
grande culture et les facltors meteorclogiques en
Belgique 2 Bull, int, Agron. et S5t. de Recherche
Gembloux l: 350-36L. 1936,

2. Bogush, E. R, The Influence of Weathering on the Yield
o of a Ripe Crop of Wheat. New Zealand Jour. Sci., and
Tech, 25A: 1T74-176, 1943,

3. Call, L, B, and A, L. Hallsted, The Relation of Moisture
to Yield of VWinter Wheat in YWestern Kansas. Kansas
Agr. Exp,., Sta, Bul., 206, p. 3L. 1915,

. Clark, J. Allen and B. B, Bayles. Distribution of the
Varieties and Classes of Wheat in the United States
in 1949, Circular No, 861. U.S.D.A., March, 1951.

5. Climatological Data. U. S. Department of Commerce,
Weather Bureau, Oklshoma Section,

6. Cole, John S, Correlation between Annual Precipitation
and the Yield of Sprin% Wheat in the Great Plalns.
U.S.Det. Tech. Bul. 636, p. 1O. 1938,

7. Dunham, R. S. Growth and Yield in Wheat, Oats, Flax and
Corn as Related to Enviromment, dJour, Amer. Soc,
Agron. 30: 895-908, 1938,

8, Hamnay, A. M. The Influence of Weather on Crop 1900«
1930, A Selected and Annotated Bibliography.
U..S-.D.A' I“ij‘.sc. P'le. 1180 pt 22.!-6. 1911.

9. Kwicala. The Relationship between Climate and the Yield
of Agricultural Plants in South Moravia, Sbor Ceske
Akad, Zem. 15 9-13. 1940.

10, Laude, H, H, The Distribution of Rainfall in Relation
to Wheat Production. Kansas Report of the Sixth
Hard Red Winter Wheat Improvement Conference.
U‘SCD.A. 1950, Pe 1.!.80



11,

12,

13.

31

Locke, L. F. and 0., R, Mathews, Relation of Cultural

Practices to Winter Wheat Production. Southern
Great Plains Fleld Station, Woodwerd, Oklahoma,
U.3,D.A, Circular No., 917. pp. 32-35., June, 1953,

Richardson, A. . V, Wheat and Its Cultivation. Rela-
tion between Wheat Yield and Rainfall, Jour. Dept,
Agr, Victoria 23: 158-171. 1925. :

Sando, We Jo Climate and Wheat Ylelds at College Park,
Md, Jour, Amer, Soe, Agron. 15: L00-L08, 1923,

Welton F, 4, 2and V, H. Morris., Wheat Yield and Rainfall
in Ohio, Jour. Amer, Soc, Agr. 16: T31=-Th9. 1924.

Zink, Norah E, The Relation of Weather Factors to Wheat
Yields on Levan Ridge, Utsh., U. S. Dept. Agrl.
Month, Weather Rev. 68: 66~71, 1940,



32

VITA

Ali Mojtahedl
candidate for the degree of
Magter of Sclence

Thesls: TFFECT OF ANNUAL PRECIPITATION AND TEMPERATURE
ON THE PERFORMANCE OF WHEAT VARIETIES
Major: Field Crops
Biographical and Other Items:
Born: March 28, 1911, at Tabriz, Iran.

Undergraduate Study: Sarvat, Teheran, Iven; Agricule
ture College, Montpellier, France,

Graduate Study: 0.A.M,C,, 1953-195).,

Experiences: Head of Agriculture Department and Super=
visor of Plant Breeding Stations in Iran.

Date of Final Examination: May, 195l.



THESIS TITLE: EFFECT OF ANNUAL PRECIPITATION AND
‘ TEMPERATURE ON THE PERFORMANCE
OF WHEAT VARIETIES

AUTHOR: ALI MOJTAHEDI

THESIS ADVISER: DR. A, M. SCHLEHUBER

The content and form have been checked and approved
by the author and thesis adviser. The Graduate
School office assumes no responsibility for errors
either in form or content. The coples are sent to
the bindery just as they are approved by the author
and faculty adviser.,

TYPIST: Flizabeth J. Kerby
KERBY TYPING SERVICE





