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UHfHOBOCTiqi

The yield and quality of wheat are affected by variety,

stand and stooling, wind damage, disease damage, supply of

available moisture, and the supply of available plant food.

An understanding of ^hese factors and their relationships

is necessary to the production of a constant supply of high

quality wheat with the greatest economy of soil resources

and human effort.

The selection of the proper variety for local condi-

tions is a factor of vital importance and one in which

great progress is being rmde. "he yield, as will be shown

later, is highly correlated with stand. Information on the

control of the more important insects affecting: wheat is

now available. The plant pathologists have studied most

wheat diseases and are able to recommend effective control

measures.

The wheat plant must have certain nutrients available

for the proper development of the wheat kernel. The three

elements usually considered in connection with the proper

fertilization of the soil are potassium, phosphorus and

nitrogen. Experimental results show that Kansas soil con-

tains an abundance of potassium and that the addition of



this element often reduces rather than Increases the yield.

V'heat responds to the addition of Phosphorus to certain

soils in Kansas. According to Salmon and Throckmorton (17)

those Kansas soils which need fertilizers usually respond

best to phosphorus or to phosphorus and nitrogen. One of

the important factors In the production of wheat in eastern

Kansas is a sufficient supply of available nitrates in the

soil. Call (2) states, ""hen the yield of wheat is com-

pared with the nitrates in the soil at seeding, it will be

seen that they are very closely correlated." Sewell and

Swanson (18) point out that the percentage of protein in

wheat and the pounds of protein produced per acre tre very

closely correlated with the amount of nitrates in the soil

at seeding time.

Moisture is , no doubt , the most important factor in

winter wheat production over most of the hard red winter

wheat producing area of the Great nlains region. Manhattan

is situated on the eastern edge of the Great Plains area and

normally receives sufficient rainfall to produce a wheat

crop. Call (2) says in reporting on four years of wheat

seed-bed preparation work located on the Agronomy Farm, at

Manhattan, "There is very little if any correlation

* Bumber in parenthesis refers to literature cited.
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between the amount of moisture in the soil at seeding and

the yield of wheat secured." However, shortage of moisture
^

at certain critical periods in the development of the

wheat plant, notably the time of filling, does reduce the

yield.

The presence of Hessian, fly is sufficient cause for

sowing wheat late enough to escape the fall brood of this

insect, fhm Fessian fly is not a serious factor in yield

in some years and when certain varieties are used. However,

for other reasons , early-sown wheat usually does not. make

as high yields as when sown somewhat later. Late-so*ni

wheat rarely makes as high yield as that sown on an inter-

mediate date. The highest yields of wheat at TTanhattan are

secured by sowing between September 20 and October 5*

c experiments herein reported were undertaken to

study the affect of the date of planting ^heat on the yield

and quality of grain produced, the supply of available nit-

rates in the soil at various stages of the plant growth,

the supply of available moisture, the stand and stooling

of the plants, and the correlation of these factors.

REVISE OP LITERATURE

A large amount of experimental data have been published

pertaining to the date of sowing wheat and the relationship



of soil nitrates to wheat yield. Little inforaat ion , how-

ever, has been published in regard to the influence of the

date of seeding wheat on the relationship of available soil

nitrogen to the yield and protein content.

ie yield of wheat differs greatly in every section of

the United States trhen the date of seeding Is varied. This

variation may be caused by one or more of several such fac-

tors as the affect on moisture or food supply, poor root

development and therefore Increased winterkilling, damage

from Fessian fly, lack of stooling and variation In date of

Maturity.

Leighty and Taylor (9), at Arlington Experiment Farm,

fqund that wheat seeded on October 5 made a higher yield

than that seeded either September 15 or October 3C when

anted on a seed bed prepared at the time of seeding and

when seeded at seven rates varying from two to eight peeks

per acre. At Pullman, ashington, Shafer and others (19)

seeded wheat from August 1 to December 1. They report,

"The wheat sowed medium early gave a higher yield than when

seeded very early or very late."

Klagas (8) says, n
v inter wheat must bo sown early

enough in the season to give the plants an opportunity to

establish themselves thoroughly before the advent of low

tamperatures with the approach of winter. Yet the seeding



of the crop earlier than Is required for this -will lead to

decreased rather than to increased yields."

The best date of planting wheat at Hays, Kansas, ac-

cording to Swanson (20) is from September 20 to October 1,

This work shows that a higher yield is secured on September

22 and September 29 than on September 8, September 15, or

on any date after October 6.

Unpublished data taken from the reports of the Kansas

Agricultural Exoeriment Station crop production project at

Manhattan show that the highest average yield is secured

when wheat is planted September 21 to 24 at the rate of

four pecks per acre, September 28 to October 1 at six pecks,

and October 4 to 8 at eight pecks per acre.

Is review indicates that wheat can be seeded too

early or too late to secure the highest yield and that a

medium-early seeding date is the best.

Data are available to show that t!~e earlier the seed

bed is prepared, the higher is the yield of wheat. Investi-

gations have shown that this increased yield is due to an

increase of soil nitrates or moisture.

Gall (2) reporting on various methods of wheat seed-

bed preparation at Manhattan, Kansas, says that there Is a

close correlation between the amount of nitrates in the



soil at seeding time and the yield of wheat. The applica-

tion of nitrate of soda increased the yield of wheat on

corn-stalk ground but failed to increase the yield on the

seed bed plowed in July which contained a high amount of

nitrates.

Data secured from wheat seed-bee aration olots

over a nine-year period as reported by Throckmorton and

Duley (21) give a direet correlation between soil nitrates

at seeding time and yield. While the percentage of protein

in the wheat was not so closely correlated with soil nit-

rates as was yield, the protein did increase with an in-

crease in soil nitrates.

Kiesselbach and others (7) found that when wheat was

grown on seed beds prepared by different methods, the high-

est yields were secured where the nitrate development and

moisture accumulation were greatest from July to October.

Those seed-bed treatments which result in high yields also

educed grain that was relatively high in protein content.

Under conditions of adequate rainfall, citations indi-

cate that there is a closer correlation between soil nit-

rates and yield than between soil moisture and yields.

However, under conditions of light rainfall the opposite

may be true. ?*eCall and Vanser (11) reported methods of

summer fallowing for wheat production at the Adams Branch
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Experiment Station, at Llnd, ashington. The averagt

annual rainfall for the seven-year neriod was 7.68 inches,

"hey report as follows: "There is a significant positive

correlation between soil moisture and accumulated nitrate-

nitrogen and yield of straw and grain, indicating that both

factors must be given due consideration in preparing the

fallow* There is a more significant correlation between

grain yield and soil moisture content than between grr.

yield and nitrate-nitrogen accumulations. Moisture con-

servation is, therefore, the most important function of

the steamer fallow under conditions such as prevailed during

the experiment herein reported,"

Seidig and Snyder (IS) secured an increase yield of

both !!arquis and ^alouse Bluestem wheats by the addition

of nitrates to soil sand mixtures, in the greenhouse.

nalouse bluestem wheat was grovm in cylinders placed in

soil plots. Sodium nitrate was added to different cylinders

in each plot. They report as follows: "The results of

tv is series showed that when there was a sufficient amount

of available nitrogen present in the soil to insure a maxi-

mum plant growth during the early period a high yield x»s

obtained. Vhen the nitrogen supply was sufficient to in-

sure an available supply during the entire life cycle of
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the plant, both a high yield and a high protein content

were obtained under the climatic conditions which existed

during this experiaen

Other investigators including Gtericke (6), Tusael (1G),

l«rphy (12), Davidson and LeClerc (4), and Pendleton (15),

report that the yield and protein content of wheat can be

influenced by the nutrients which are available for the use

of the plant, especially if soil nitrates are present in

limited quantities befor© the nutrient is applied.

MATERIAL AND METHODS

Location and Arrangement of 'lots

The experimental work was conducted during the two

seasons, 1951-1932 and 1932-1935. The plots were located

on the Agronomy Farm, one mile north and three-fourths mile

west of the Kansas State College campus, Manhattan, Kansas.

The soil consists of a brown mellow silt loam which passes

at a depth of about 12 to 15 inches into a lighter brown

to reddish, friable silty clay loam, this grading beneath

into yellowish-brown less compact silty clay loam Including

calcareous concretions at a depth of approximately three

feet, "his 8 oil has been classified as Derby silt loam.
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The arr*ag«ttent of -slots as Indicated In Fig. 1 was

the same in both 19cl-1952 and 1932-1933. Each plot was

twelve drill rows, or seven feet wide* and consisted of one-

forty-seventh of an acre in 1931-1932 and one-fortieth of

an acre in 1932-1933. Two adjacent plots were planted on

each of seven dates as indicated In Pig. !• The first plot

planted on each date was used for securing soil and plant

samples. Yields were secured from the second plot. This

method was used to avoid error in yield due to damage from

soil and plant sampling.

Seed-bed Preparation and Seeding

A rotation consisting of corn, oots and wheat has been

practiced on the fields on which the plots were located.

The seed bed was well prepared, having been plowed in July,

dlslred and harrowed sufficiently to produce a good seed

bed. Volunteer oats made it necessary to cultivate the

1931 seed bed several times immediately before planting.

Plots 5, 6, 7, 8, 9 and 10 were disced on September 29 af-

ter plots 1, 2, 3 and 4 were planted. The volunteer oats

did not Influence the stand to any appreciable extent

either season.

Certified Kanred seed wheat grown on the Agronomy



co

5 o

«H P
01 t3
<r> ©
H ^
P< ©
!*§
co p

H I

•H "d
o tJ
co o

i

© .

> CO

© +3
o

O P<
u
<h >d

©
CO ^
Tt ©
H £© S
•H P

bO

<|
P

ft
cd 3

rv

t

Guard

'lot 1

'lot 2

'lot

ilfijLA

Plot 5

Plot 6

<H-

° ^
S3

©.

-P ^
6

'lot 10

Plot 11

'lot

o
H
rH
cd

bO

a
rH

0!

H
J

CM
J

W[ ^ LQJ (I . ! ;
.- ;

;

XyXIXXXXNiX^Xl

XXXXXXXXXlXr

XXXX^^XXNW

E2 I I
x^xxXxi

bO bO

•H «H

p. p.

od cd

to co

w to
to toO C3H H
I IH W
to to
0> OH rH

/\

Plot 7 X i/X^XX\D><X!

Plot 8

-lot 9 x i i/^xxxxx

xtSn Plot IS X ! i/IXXXXi
i ;v.

71
C
)J

§ $ Plot 14

^ | Plot 15
1 1 1

1 ' 1

1 1 1 1
! xi x\x]

to
to

P
cd

w
to

co

-P
o
H
P<

o

©
P
•H
rH
-P

o

fcsO

Guard



12

Farm in 1931 was seeded In 1931. As will be shown later,

the early plantings were badly infested with Fessian fly.

In order to eliminate this factor as such as possible* Eaw-

vale, a ressian fly-resistant variety, was seeded an the

J2-1033 plots. The Eawvale seed was harvested from the

1932 wheat variety plots.

Moisture and titrate Determinations

Soil samples for moisture and KO3 determinations were

taken from the top three feet of soil, in sections of one

foot, with a regulation soil tube. he samples were im-

mediately placed in tin soil cans which were kept closed to

prevent evaporation. Soil samples were taken in all plots

on the first planting date; thereafter, the plot to be

planted and all previously plante plots were sampled on

each planting date as indicated in I i . 1. Samples were

also taken in all plots when the wheat was entering dormancy

in the fall, when emerging from dormancy in the spring, and

at time of heading of earliest plots. f 1ie area sampled on

each date was seven by five feet. Three borings, one in

the center and two in opposite corners, were taken at each

sampling.

Moisture and NO3 determinations wer^ made the same day

the samples were taken vhen possible, 'hen it was necessary



13

to hold the samples over night, they were stored in a cool

place.

In the laboratory the soil was first run through a

one-fourth inch hail screen sieve and then thorov.

on an oilcloth. Fifty-gram, duplicate samples were weighed

on a Torsion balance for moisture determinations. he

samples were then dried in an electric oven at 110 degrees

Centigrada until there was no further loss in weight. The

percentage of moisture was determined on a dry basis.

One fifty-gram sample of the screened soil wa3 talron

for a nitrate determination. The nitrate content was

determined by the phenoldisulphonlc acid method as fcllors:

The fifty-gram sample was placed in a battery jar, 250 c.c.

of distilled water was added and the mixture thortWjjaly

agitated in a stirring machine for three minutes. It was

then allowed to stand ten minutes for settling and the

clear liquid filtered into an Erlenmeyer flask. Duplicate

50 c.c. portions of the filtrate were measured into porce-

lain evaporating dishes and evaporated. The dishes were

then allowed to cool and two c.c. of phenoldlsxilphonic acid

were added. The dish vras t^en rotated until the acid came

into contact with all residue. After ten minutes, 15 c.c.

of distilled water was added and the whole stirred
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thoroughly with a glass rod. The dish was allowed to cool

and HH4 OH was added slowly until a permanent yellow color

developed.

Two 10 c.c. samples of standard KNO3 solution were

evaporated, the color developed and each made up to 100 c.c.

The two standards were read against each other on the

colorimeter. If they agreed they were considered correct

and used as a standard for securing readings on the unknown

samples

•

The liquid from the evaporating dish of an unknown

sample was then transferred to a graduated cylinder and

diluted until the color approximated that of the standard.

A comparative reading between the known and unknown solu-

tion was secured and from these the parts per million of

UO3 in the unknown calculated according to the following

formula:

p.p.m. - (~ Y) PE
(S - Y) AU

S * grams of soil taken
Y m grams of water in soil sample

c.c. of water added to the soil
A - c.c. of aliquot taken for evaporation
D • c.c. to which A was diluted
TJ m the reading of the unknown solution

• the reading of the standard solution

The pounds of NO3 per acre were calculated by multi-

plying the p.p.m. in the first foot of soil by 3.6, in the
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second foot by 5.8, and In the third foot by 4.0, repre-

senting, respectively, 5,600,000, 5,800,000 end 4,000,000

pounds of soil per acre foot.

The wilting coefficient of the first, second and third

foot levels was secured by the hydrometer method. Fifty

grams of oven-dry soil were mixed with water on the stirring

machine for nine minutes. The mixture was placed in a

graduated cylinder, diluted with water to 1150 ml. and

thoroughly shaken. Hydrometer readings taken at the end

of 15 minutes indicated the percentage of colloids in the

soil. The wilting coefficient was secured by multiplying

the percentage of colloids by 0.5585.

">lant Sampling

On November 28 , 1952, plant samples were taken from

all plots except the one planted on the last date, October

24. The plants had not emerged on this plot. All plants

on an area of 1/8500 acre were carefully removed with a

trowel. Since it was Impossible to secure all of the roots

by this method, those adhering to the plant were cut off at

the crown. Counts were then made of the number of plants

and number of stools from each area. These counts gave in-

formation on the stand and stoollng of the wheat on each
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date of planting as It entered dormancy in the fall* Addi-

tional information was secured on the stand and stoollng of

the wheat on each dato of planting by making culm counts

at harvest time.

The green plants without roots were weighed, oven

dried and then reweighed. The dried plants were analyzed

for total nitrogen by the Ejeldahl process. The total

amount of nitrogen -oer acre in the plants was calculated

for each plot.

Culm counts were made at harvest as shown in Tables

V and VI. The yield plots were harvested with a binder

and the grain threshed with a plot thresher used for small

grain experimental plot work. The test weight of the grain

was determined by the official method as described by

Boerner (1). Protein determinations were made on the grain

by the Department of Milling Industry of the Kansas Agri-

cultural Experiment Station. The Ejeldahl process of nitro-

gen analysis was used in determining the protein content of

the grain.

Climatic Data

The precipitation on the 1931-1932 plots, as indicated

by Table I, was sufficient throughout the crop year to
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Table I. Precipitation, Agronomy Farm, 1931-1932 erop year.
SISXSSSSSSSaiSBSBSSSaiSBSiaHSSSSBSZSBBl IS3ZSBS3=SSSSSB33aS

Day: Aug.: Sept.: Oct.: ":ov«

:

Dec .

:

Jan .

:

Feb.: Ifer .

:

Apr. :Maj: June

1 1.95 .05 .25 .08

2 •O tuJ .13

3 .15 .01 .81

4 .02

5 .40 4.6 .38 Tr
6 .06

7 .28 .07 .70

8 4.80 .07 .17 .14

9 1.65 .15 .17 .74 .36

10 .7 .17 .07

11 .51 .11
12 .5 •1

13 .85

14 1.15 .07

15 .03 .38 .1

16 .36

17 .06 .05 .4

18 •38 .01 .26

19 1.45 .05 .26 .4

20 •84 .47 .74 .95 1.39

21
22 .1 .08
23 .5 1.27
24 .02 .14

25 .18

26 .21 .85 .02

27 .47 .48

28 .02

29 .03 .34

30 .1

31

(?)

5.2 .11

.53 1.21

.21

16.91 2.93 1.92 4.83 1.72 .16 2.67 2.79 4.05

(K) 3.74 3.39 2.29 1.49 .86 .77 1.19 1.5 2.78 4.33 4.62

Tr - trace
(T) - total
00 - normal* 1858-1930, inclusive

prevent damage to the plants by drouth. The large amount

of precipitati on in the .First ten days of August and fair
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•Mount In September provided good noisture for germination

and fall growth* Extreme maximum temperatures of 97 to 104

degree* Fahrenheit and high winds the first two weeks of

September killed many of the young, tender plants on the

plot planted August 29 • The rainfall was slightly below

norraal in October and December and above normal in Boveraber,

January and February • The precipitation in March, 1932,

wma very small and in April, May and June it was slightly

below normal but not enough to prevent producing a wheat

crop of 65.2 bushels per acre on the highest-yielding plot.

Table II. Temperature* Manhattan, Kan. (degrees F.) (5)

: 1931-19;12 crop year : : 1932-1933 crop year
Month : Departure •

1
« Departure

: Mean : free norraal i Mean : from normal
July 83.0 * 4.4 82.2 3.6
August 75.2 - 2.7 79.8 * 1.9
September 78.4 8.2 68.5 - 1.7
October 62.2 4.7 55.3 - 2.2
Hovember 48.2 * 4.4 30.8 - 4.0
December 40.4 * 9.0 28.0 - 3.4
January 28.5 0.0 39.8 11.3
February 39.9 7.4 31.1 - 1.4
Wareh 35.8 - 8.1 45.3 1.4

11 58.0 * 3.1 55.0 0.1
May 66.0 1.8 65.4 ¥ 1.2
June 74.4 0.4 S3.

6

9.6

As indicated in Table II $ the temperature during the

fall of 1931 was considerably above normal. S. D. Flora (5)

says, "This (July) was followed by a comparatively cool
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and pleasant August and the warmest four-month period with

which any year on record has closed." The temperature for

the same four months in 1932, however, was below normal*

In July, 1932, Table TH, the precipitation was less

than half normal but was above normal in both August and

September. October, November and February were all dry

months while December, March and April were all slightly

above normal in rainfall. The 1933 wheat crop received less

than half the normal amount of rainfall in May and none in

June since it was harvested before the rain of June 26.

This shortage of moisture at the time the wheat was filling

greatly reduced the yield of an otherwise normal or better

than normal crop.

In general the season in this vicinity was favorable

for the production of a good crop in the fall of 1931 and

2. ^he growing season of the 1935 wheat crop was not

as favorable as that of the 1932 crop. Fowever* until the

middle of May the 1933 erop was in excellent condition.

During the last half of May and the first half of June*

1933, hot, dry weather hastened maturity and greatly re-

duced the ^rield.
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Table III • Precipitation* Agronomy Fanst, 1952-1933 crop
\v.

2SZ : Julqf

:

fifigf;' ti r". :Oct.:IIov.:Dec.: Jan.: Feb.:I<"ar.: At>r •

:

Kay

1
2 .94 .74
3 .04 .02
4 .01 Tr .73

.58 .58
6 .06
7 52 .2 .03
8 .02 .01
9 .2 .25 .05 .05
10 .22 .1
11 .42 .09
12 .62 .06
13 1.6 .04 .01
14
15 .22 .2 Tr
16
17 .1
18 .02 .03
19 .1 .3
20 .73 .71
21 .2 1.77 .05
22 1.5 .75 .03 .54
23 .15 .45 .01
24 .15 1.04
25 .21
26 .09 .31
27 .58
28 .15
29 .69
30 .01
31

w 1.92
1.1
5.6 4.17 ,57 .2 1.46 .12 .08 1.82 2.86 1.57

(u) 4.53 3.74 3.39 2.29 1.49 .86 .77 1.19 1.5 2.78 <'.33

sssssszsrasssssszBessssssssssasxcsBssxsxssssssssssssBssxsss
Tr «» trace
(
r )- total
(H)- normal, 1858-1930, inclusive
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EXPERIMENTAL RESULTS

conclusions of investigational work on date of

seeding wheat have generally included Hessian fly as a major

limiting factor in early seeding and winterkilling and Si

of s tooling in late seeding. The earliest date on which

wheat can be seeded and escape the Hessian fly has general-

ly been considered the date on which it should be seeded.

\"interkilling, deficient stand and lack of stooling have

been the principal factors limiting late seeding. Other

factors have largely been discarded In the discussion of

the affects of time of planting.

It was the purpose of this Investigation to study th©

relation of time of planting wheat to other factors prin-

cipally the use of the available nitrates, HO3, stored in

the seed bed. Since a study of the use of HO3 was the prin-

cipal object of this work, other limit lag faetors as

variety, disease daraage, Insect damage, stand and stooling,

and moisture were controlled or held constant as much as

was possible In the field experiment.

Disease Daraage

The diseases of wheat were not a limiting factor on



any of the In either of the two years of this ex-

•^inent.

Loose smut, ustilago tritici, and hunt ov stinking

SOTlt » Tllletia tritici, were both eliminated as a factor by

using seed free from Infection. Leaf rust, "ucclnla

trltlcina, was present to a limited extent each year but

Infection was so si' md uniform on all plots that it

^bahly did no 4
: affe- a comparative yields.

Insect Damags

The on! that influenced the rer .-secured

in this experiment was the Hessian fly, ?hytophaga destruc-

tor (Say). As shown In "able IV, plo nted early In

the fall of 1931 had a high Hessian fly infestation.

Forty-two per cent of the s and 7.35 per cent of the

tillers on the plot planted August 29 were Infested In

Deesmber, 1931. At this time some plants, infested early

In the fall, had disintegrated. The Infestation of both

its and tillers was er on the plot planted September

14 than on the one planted August 29 when the December

count was made. "The plots planted on the two earliest

dates, August 29 and September 14, 1931, wore so heavily

infested that the yield would be influenced according to
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Dr. . Pafnt«r, entomole Kansas Agricultural T^-

perlrent Station, The t:esr,lan fly, therefore, was probably

so great a factor In the yields of 1952 that It would be

difficult to determine the Influence of o^her factors* In

order to eliminate the ^essian fly as smch as noss5.ble, the

Kawvale variety vras seeded on the 1932-1933 olots.

9 results of ^esslan fly "counts" nade err. the 1932-

2£B5 r,lo J <ven in ^able TV. Y-'hlle 32 ocr cent of J

plants and 5.2 per eent of the tillers of the plot planted

Aigust 27 were infested, the injury to the plants was very

slight due to the failure of fly to ser'* Injury Kaw-

vale ace or" ' o Dr. alnter.

Painter, Salnon an-" er (14) found an average

rsian fly infestation in Kawvale of 1.9 per cent of plants

and c9.7 per eent in Kanred over a four-year period. They

also shoe; t e flaxseed ar. vae are snail, shriveled

and misshapen on Blaclrhull but plump and well developed on

Ithough the eggs verc deposited by the sane female.

Doctor nalnter says that the poor development of fly found

on Blaekhr.ll Is found also on Eatrvale. This explains the

failure of the 32 -per cent infestation to produce effective

Injury on the plot of Kawvale seeded August 27.

Beeause of the fact J he data secured, in 1931-1932



subject to c- 'i on account ssian fly sta-

tion and that this factor was eliminated in the 1932-1933

data, the ma*

9

e discussion of results «U2 be

based on the 19r ' data.

Stand and Stoollng

Data on stand and stool" :^e secured, in 1932, by

Ing all plants from KB area of 1/2500 acre from eaeh

plot on November 23, 1932, It was considered that the wfaaat

had entered dormancy at this r^nd that there would be

no farther stoollng until spring* After the plants were

*«noved from the soil, they were counted and the number of

stools determined, fttfj calmo were counted at harvest.

In 1931 no definite counts were made to determine the

stand secured fall but culm counts were made at

harvest. -:e data given In Table V, express the differ-

ences in stand and stoollng In the early, medium and late-

sown plots. ?*any of the plants on Lot sown August 29,

1931, were trilled apparently by high temperature and wind

Ml fly before they beceaae established. is, no

doubt, decreased the rield. The wheat on the plot planted

on September 14 maintained a good uniform stand but failed

to reach the height of other plots as Indicated "by the



comparatively large aasber of eulas and anil yield of

straw ** gives la Table V« This stnntiac of plants say

tare been caused principally by the hi#t Infestation of

^essl&n fly as before stationed*

^able V. r elation of yield of whoa* planted on various
date* to stand and steeling* in::i-1932.

»»«•«»«*««««»«•«••«»»•»«•»•«•»«»»»***««»«»»»»'•«»•«»•«•
Date of : ftsli t Saaber of s "bt&fc of straw
—ding t Bu. per At ,„

t #aH»p sot »#rc__» lbs* gar acre

4* .2 e»s8i'-> ;:,sso

ssft* 14 aea 4,*87*ooo »«m
Sept* 20 60.1 4*84C : *«MH
Oct. 6 65.2 4,752*000 4,199

c . 17 61.4 4,81: 3*337
o-'.fV 46.6 3*802,OX> i/M*

Oet. SI 36*1 3,101,000 3*686
Kia»»a»ass»«BaiiNa«araa«ei!««ainraH»ita«s>Ba*wi»n8nmM*s»s

In the fall of 1938, a nearly uniform stead

ea all of the first six seeding dates as indicated by the

naanber of plants per aere given la Table VI. The wheat oa

tea plot pleated Oetober 24 did not emerge until spring*

Chile the naofcer of plants ea the plot planted Oetober 10

ess practically the seae as on the plat planted September

12, the yield sas only one-third as sauch* he lev steeling

as indicated by both the Eovenber 06 eeaat sad the harvest

Win count no doubt greatly doereased the yield of the

Oetober 10 plot.

a etady of the lasatiii of stools as Indicated by the

Kovcefcer 28 easat sad the harvest sola count in Table 71
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shows that the mother on the plots planted "before the date

of maximum yield is loss at harvest than on November • 28

,

while on the plots planted on and after the date of maxi-

mum yield the opposite is true, The loss of stools in the

•arlier-seeded plots was apparently due to winterkilling.

This fact will he referred to later.

Table VI. relation of yield of wheat planted on various
dates to stand and stooling, 1932-1933.

• •
• • Ho. plants : No. stools

Date of : Yield : No. culms: per sere : per acre
seeding : Bu. per A.: ncr acre : Nov. 28 : Nov. 28

Aug. 27 23.5 2 ,252 ,000 557 ,500 3 ,407 ,000
Sept. 5

• 13
34.0 2 ,691 ,000 510 ,000 3 ,352 ,000
39.4 2,897,0 582, f 3,625,000

" 22 48.1 2,987,000 517,5 2,792,000
" 26 40.5 2,488,000 495,000 2,200,000

Oct. 10 16.8 1,774,000 510,0 510,000
" 24 4.2 965,000 .... '"heat not up ...

The relation of yield to culm count Is shorn in Fig.

2. This curve indicates that the plants on the early-sown

plots were not able to take advantage of the large number

of culms to produce wheat. As the date of planting ap-

proaches the date of maximum yield, September 22, the yield

increases more rapidly than the culm count, indicating the

elimination to some extent at least of other factors. Af-

ter the date of maximum -ield is reached, the yield falls

off in almost perfect correlation with the reduction in

stooling as indicated by culm count. Therefore, It would
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appear that the failure of the plants to stool In the

later-seeded plots, exerted a dominating influence on the

ability to yield.

Relation of Moisture to Yield

During the time that this work was in progress a care-

ful check wa3 kept on the amount of moisture in the soil on

the plots seeded at various dates. Tables VII, VIII, X and

XI give the total soil moisture and the amount of available

moisture In the first, second and third foot sections at

each sampling. The available moisture was determined by

subtracting t>e wilting coefficient, as determined by the

hydrometer method, from the total moisture. The wilting

coefficient determined on a composite of six borings for

each layer was found to be 12.4 per cent In the surface

foot, 17.4 per cent in the second foot, and 16.3 per cent

in the third.

The moisture on the plots in the fall of 1931 as shown

In Table VII varied to some extent on September 14, the

date that all plots were sampled. This difference was

probably due to the fact that the first plot, had been

disked to kill volunteer oats and had been worked with the

drill at planting, thus leaving it more open for the
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5.2-ineh rain of August 51 to enter the soil. By October

31, the moisture was quite uniform over the entire series.

The moisture on August 27, 1932, v;hich was the first

date of sampling, was very uniform on all plots as indi-

cated in Table X. There was approximately three per cent

more moisture in the soil in the fall of 1932 than in 1931.

The heavier growth of wheat on the early-planted plot* re-

duced the moisture more than on the later-planted ones , al-

though the difference was not great.

Tables VHI and XI give the percentage of available

moisture in each foot section at the time of sampling.

These data show that the moisture was reduced to the wilt-

ing coefficient or the point where it could not be used by

the plant in only a few instances. It must be recognized,

ever, that on May 21, 1932, and May 19, 1933, the mois-

ture had been reduced to a point that a plant might suffer

because it would not secure moisture sufficiently fast to

maintain turgidity in the plants. This condition probably

greatly reduced the yield of the 1933 crop when the temper-

ature of June averaged 9.^ degrees F. above normal, with

practically no addition by rainfall to the soil moisture

present on May 19. However, it will also be observed that

on Hay 21, 1932, (Table IX), all plots were reduced to
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practically the same moisture content and on May 19, 1933

(Table XII), the plot planted, on September 22, which made

the highest yield, had the least available water.

Pig. 3 expresses graphically the yield and available

moisture at three periods, November 28, 1932, when wheat

was entering dormancy for the winter; March 3, 1933, when

it emerged from dormancy; and Kay 19* 1933, when it headed.

la chart shows that all plots were well supplied with

moisture on November 28 and March 3. It also shows that

when the moisture was low the highest-yielding plot, which

was planted September 22, had as little or less available

moisture than any one of the three plots planted before

September 22. It# therefore, appears probable that the

lack of moisture did not reduce the yield of the plots

planted on August 27, September 5 or September 13 any more

than It did the yield of the plot planted September 22.

^ Relation of Date of Seeding to Yield

It is well known that wheat may be seeded too early

or too late to secure the highest yields. This is indi-

cated also by the results of this experiment as shown in

Pig. 4. The yields on the plots for both 1032 and 1933 are

noticeably lower on the early and on the late-seeded plots
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Table VII. Soil moisture, 1931-1932.

: Percentage of soil isoisture on date Indicated
(oven-drr basis)

.Sept.: Septus
> 14 : 29 :

Oct.:0ct.:0ct.:0 ^r.:May :June
6 : 17 : 24 : 31 : 15 : 26 : 21 : 6

20.7 22.2 18.7 13.9 14.1 11.0 18.2
26.4 24.8 24.9 27.2 23.9 19.6 22.5
18.2 13.7 17.9 21.5 22.1 13.3 20.9

22.4 : 7 18.8 14.5 31.5 21.3
25.9 26.2 26.1 24.3 24.2 19.0 22.7
22.1 23.1 22.7 20.7 22.1 17.8 21.5

24.0 23.8 20.7 22.1 14.3 11.3 19.1
26.6 27.2 24.8 25.3 21.8 19.6 22.8
21.2 18.3 17.5 21.8 19.0 17.6 20.2

22.8 23.7 21.5 20.9 13.4 10.2 19.8
22.1 23.7 23.3 25.9 24.3 19.6 19.9
16.8 17.6 19.0 17.6 22.7 13.5 19.2

23.8 21.9 21.2 15.3 21.3 12.0 13.2
26.5 27.6 25.9 24.2 23.9 20.6 21.0
19.1 23.1 19.9 22.3 22.2 19.0 19.9

22.5 21.9 14.8 23.0 10.3 16.2
25.8 26.4 25.2 22.2 19.3 20.9
10.8 20.3 24.0 21.9 19.5 21.9

Aug. 29
1 ft.
2 "

3 B

5et>t. 14

1 ft.
2 "

3
n

Sept. 29
1 ft.
2 "

3 "

Oct. 6

1 ft.
2 "

3
"

Oct. 17
1 ft.
2 "

Oct. 24

1 ft.
2 n

3 n

Oct. 31
1 ft.
2 "

3 "

Fallow
1 ft.
2 "

3 •

2C.5 24.6
25.0 26.9
19.0 21.0

20.6 9

21.8 27.1
19.1 20.9

10.7 24.0
22.2 22.4
22.5 22.8

18.9
22.2
17.2

18.6
21.6
16.0

18.3
20.0
16.9

II

M»h

II

QOC

II

•

•

•

ii

o\

to

r

ii ii

ill

ill

ii

iii

iii

n

iii

iii

a

iii

iii

21.0 24.7

19.3 24.0
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Table VIII. Soil moisture, 1931-1932.
=========:====== = = =======r =s== = = ==== = = = ========:=== =========r

: Percentage of available soil ciois ture
Date J on date indicated
planted : Se pt.: Sept.: Oct.: Oct.: Oct.: Oct.: Apr. :Arrr>. ::"a~ : June
& depth : 14 : 29 : 6 : 17 : 24 : 31 : 15 : 26 : 21 : 6

U 29
1 ft. 11.1 12.2 3.3 9.8 6.3 6.5 1.7 ™- -1.4 5.8
2 "

7.6 9.5 9.0 7.4 7.5 9.8 6.5 2.2 5.1
5 " 2.7 4.7 1.9 2.4 1.6 5.2 5.8 2.0 .6

Sept. 14

1 ft. 8.2 12.6 10.0 9.9 6.3 6.4 2.1 -0.9 8.9
2 n 4.4 9.7 8.5 8.8 0.7 6.9 6.8 1.6 5.3
8

"
2.8 4.6 5.8 6.8 6.4 4.4 5.8 1.5 5.2

t. 29
1 ft. 7.3 11.6 11.6 11.4 8.3 9.7 1.6 -1.1 6.7

4.8 5.0 9.2 9.8 7.4 7.9 4.4 .. 5.4
5

"
6.2 6.5 4.9 2.0 1.2 5.5 2.7 1.5 3.9

Get. 6
1 ft.
«*v ft

6.5 10.4 11.3 9.1 8.5 1.0 -2.2 7.4
4.8 4.7 6.3 5.9 G.5 6.9 2.2 2.5

5 " 0.9 0.5 1.3 2.7 1.3 6.4 2.0 2.9
Oct. 17

1 ft. 6.2 11.4 9.5 8.8 2.9 8.9 -0.4 5.8
2 B

3.2 3.6
3 * -0.3 H.3 6.8 3.6 6*5 5.9 2.7 3.6

Oct. 24
1 ft*
/-* ft

6.4 10.1 9.5 2.4 10.6 -2.1 3.8
2 w

1.9 3.5
3 • 0.6 3.5 4.0 7.7 5.6 <J »£< 5.6

Oct. 31
1 ft. -n.i 7.5
2 " 2.8 s.l 3.2 5.4 1.9 3.0
3 " 0.2 3.0 8 .o 7.2 5.2 7.1

Fallow
1 ft. q^q # 12.3 tmmm-m —

_

2 U j u .ill

3
" . ____ 3 # q __— 7.17 MM MM



Table IX. Summary of soil moisture, 1931-1932.

Date : Sept.: Sept.: Oct.: Oct.: Oct.: Oct.: Apr.: Apr.:May :June
planted : 14 : 29 : 6 : 17 : 24 : 51 : 15 : 26 : 21 : 6_

Average percentage of moisture in top three feet
of goll» on dates indicated

Aug. 29 22.3 24.2 21.8 21.9 20.5 22.5 20.0 16.3 20.5
Seot. 14 20.5 24.3 23.5 23.9 22.5 21.3 20.5 16.1 21.8
fept. 29 21.5 23.1 23.9 23.1 21.0 23.1 10.3 16.2 20.7
Oct. 6 19.4 20.6 21.7 21.3 21.5 20.1 16.0 19.6
Oct. 17 18.7 23.1 24.3 22.3 20.8 22.5 17.2 19.7
Oct. 24 18.6 22.7 22.9 21.3 22.4 16.4 19.7
Oct. 31 18.3 i 21.9 21.8 22.9 16.8 21.2
Fallow 21.9 24.6

36

Average percentage of available moisture in top
three feet of soil, on dates indicated

Aug. 29 7.1 n.o 6.4 6.5 5.1 7.2 2.7 —mm 0.9 5.2
Sept. 14 5.1 9.0 8.1 8.5 7.1 5.9 4.9 iMMMP 0.7 6.5
Sept. 29 6.1 7.7 . 7.7 5.6 7.7 3.9 0.8 5.3
Oct. 6 '.: WMM 5.2 6.3 5*9 6.1 4.8 » 0.7 4.3
Oct. 17 3.4 .... 7.0 8.8 7.0 5.4 7.1 1.8
Oct. 24 3.2 ..-.- -.-.-.- in i Hi m 7.3 7.5 6.0 7.0 1.0 4.3
Oct. 31
Fallow

2.9 6.6
6.6

5.5 7-^ 1 -0 5.9
9.2



37

Table X. Soil moisture, 1932-1933.
VSSS9E8S33:r===r==r=rr=======r==r=r=======r=======n=========r

: Percentage of soil moisture on date indicated
Date
planted

: (oven-dry basis)
:Aug. :Sept.:Sept rfSept^Sept^ Oct. : Oct . :Hov. :Mar.:May

& depth : 27 : 5 : 13 : 22 : 26 : 10 : 24 : 28 : 3 : 19
Aug. 27

1 ft. 23.4 24.6 25. 9 26.9 23.7 20.4 14.7 16.5 17.5 12.9
2 n 25.0 28.4 28.5 26*7 27.5 25.8 22.4 23.1 20.2 20.1
3 9 22.1 22.4 24.6 23.0 23.3 22.7 22.7 22.1 19.3 19.2
at. 5

1 ft. 23.4 25.3 25.6 27.4 24.5 21.5 16.8 17.1 13.2 13*4
2 " 25.3 26.7 28.7 28.5 27.5 26.5 24.7 22.5 21.5 13.9
3 21.9 22.2 24.5 21.3 23.7 23.4 23.1 21.5 20.7 18.1

Sept. 13
1 ft. 23.4 26.5 28.4 25.3 23.0 17.5 17.6 18.2 13.1
2 " 23.4 29.1 27.8 27.7 26.4 25.0 24.6 22.5 19.3
3

n
19.0 25.9 23.6 22.2 24.5 21.3 23.1 21.0 13.7

Sept. 22
1 ft. 25.6 29.2 24.8 23.1 19.3 16.9 19.5 12.3
2 " 24.6 28.5 27.8 26.9 26.9 25.3 23.7 17.7
3 * .1 t&jj 24.6 23.6 24.5 25.5 21.8 18.2

Sept. 26
1 ft. 23.1 25.2 23. G 20.0 17.3 19.6 14.1
2 " 25.5 27.2 27.2 25.8 25.9 24.5 21.5
3 " 20.0 20.7 22.7 23.7 23.6 24.5 20.3

Oct. 10
1 ft. 23.6 24.3 25.6 20.7 21.8 14.6
2 .5 27.2 29.1 26.5 26.5 20.7
3 "

Oct. 24
1 ft. 25.3 24.7 22.4 22.5 13.9
2 "

i
3 "

Fallow
1 ft.
>*. ft

2 "
— tt

3 "
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Table XI. Soil moisture, 1952-1933.

Date
planted
& depth

Percentage of available soil moisture
on date Indicated

tag,
27

: Sept.: Sept.: Sept.: Sent.: Oct . : Oct . :?Tov . :Mar . :Fay
5 : 13 : 22 : 26 : 10 : 24 : 28 : 3 : 19

Aug. 27
1 ft.
2 1

•T n
*J

Sept . 5

11.0 12.2 12.6 14.5 IT

7.6 11.0 11.1 9.5 10.1
5.8 6.1 3.3 6.7 7.0

11.0 12.9 13.2 15.0 12.1
7.9 9.3 11.3 11.1 10.1
5.6 5.9 8.0 5.0 7.4

11.0 mm
6.0 ~
2.7 —

~ 14.1 16.0 12.9 10.6
— 11.7 10.4 10.3
— 7.6 7.3 5.9

8.0 2.3 4.1 5.1 0.5
8.4 5.0 5.7 2.8 2.7
-.4 6.4 5.8 CO 2.9

9.1 4.4 2.7 5.8 1.0
9.1 7.3 5.1 4.1 1.5
7,1 6.8 5.2 1.8

10.6 **J 5.2 5.8 0.7
9.0 7.6 7.2 5.1 1.9
8.2 5.0 6.8 /.7 2.4

1 ft.
2 "

3
Sept. 13

1 ft.
2 "

3
Sept. 22

1 ft. 11.2 16.8 12.4 10.7 6.9 4.5 7.1 -0.1
2 « 7.2 11.1 10.4 9.5 9.5 7.9 6.3 0.3
I " 3.8 7.3 3.3 7.3 0.2 7.0 5.5 1.9

Sept. 26
1 ft. 10.7 12.8 11.2 7.6 4.9 7.2 1.7
2 " 8.1 9.8 9.8 8.4 8.5 6.9 4.1
S " 3.7 4.4 6.4 7.4 7.3 8.0 4.0

Oct. 10

1 ft. 11.2 11.9 13.2 8.3 9.4 2.2
2 " 7.1 9.8 11.7 9.1 9.1 3.3
3 n 3.0 6.2 9.2 6.5 7.7 4.6

Oct. 24
1 ft. 10.6 12.3 10.0 10.1 6.5
2 * 8.2 9.3 10.1 3.5 8.4
3 " 4.4 8.7 8.0 7.9 8.4

Fallow
1 ft. 10.0 10.1 13.4
2 B 10.1 8.4 10.1
3 " S.O 7.1 8.0



Table XII. of soil moisture, 1932-1933.
: = =

Date
planted

-. :Sept^P>er>t^ Sept.: Sept •: Oct .: Oct . :TTov. :Har. :!*ay

: 27 : 5 : 13 : 22 : 26 : 10 : 24 : 28 : 3 : 19

Average percentage of moisture in t pee feet
of soil, on dates indicated

Aug. 27 23.5 23.1 26.0 25.5 24.8 22.7 19.9 20.6 19.0 17.4
Sept. 5 23.5 24.7 26.2 25.7 25.2 23.8 21.2 20.4 20.1 16.8
Sept. 13 21.9 26.3 26.6 25.1 24.6 21.3 21.8 20.6 17.0
Sept. 22 22.8 27.1 25.7 24.5 23.2 21.8 21.7 16.1
Sept. 26 22.9 24.4 24.5 23.2 22.3 22.7 18.6
Oct. 10 22.5 24.7 26.7 23.2 24.1 18.7
Oct. 24 23.1 25.5 23.7 24.2 23.1
Fallow 24.7 23.9 25.9

39

Average percentage of available moisture in top
three feet of soil, on dates Indicated

Aug. 27 8.1 9.8 10.7 10.2 9.5 7.6 4.6 5.2 1*0
Sept. 5 8.2 9.3 10.8 10.4 9.9 8.4 6.2 4.3 1.4
Sept. 13 6.6 11.1 11.2 9.7 9.3 5.9 6.4 5.2 1.7
Sept. 22 7.4 11.7 10.4 9.2 8.2 6.4 6.3 0.7
Sept. 26 7.5 mm— 9.0 9.1 7.8 6.9 7.4 3.3
Oct. 10 7.1 —

_

<••*•• mt> mmtrnm 9.3 11.3 8.0 8.7 3.4
Oct. 24
Fallow

7.7 10.1 9.4
9.4 8.5

7.8
10.5
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Table XIII, Relation of available soil moisture on various

dates to yield of wheat planted on seven dates

in 1931 and in 1952.

Date of
seeding

Aug. 29
Sept. 14
Sept. 29
Oct. 6
Oct. 17
Oct. 24
Oct. 21
Fallow

Yield
Bu. per

46.2
52.1

65.2
61.4
45.6
36.1

.erage percentage of available soil
;molsture in first three feet of soil

,: at : Oct. : Apr. : ?
ray : June

: seeding t 31 : 15 _V_gX.-_S_—
1931-193 2

5.1
6.1
4*1
3.4
3.2
2.9

7.2
5.9
7.7
6.1
7.0
7.5
6.6
6.6

2.7
4.9
2.9

5.4

6.5

0.9
0.7
0.8
0.7
1.8
1.0
1.0

5.2
6.5
5.5
4.3
4.2
4.3
5.9

1932-1953

Aug. 27
Sept. 5
Sept. 13
Sept. 22
Sept. 26
Oct. 10
Oct. 24
Fallow

23.5
34.0
39.4
48.1
40.5
16.3
4.2

at
seeding

8.1
9.3
11.1
11.7
9.0
9.3
10.1

Kov.
28

5.2
4.3
6.4
6.4
6.9
8.0
9.4

'ar

.

3

3.6
4.8
5.2
6.3
7.4
8.7
8.8
8.5

19

2.0
1.4
1.7
0.7
3.3
3.4
7.8
10.5
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than on the -lots seeded at an intermediate dote.

wheat on these plots was sown at a rate of five pedes per

acre .

The difference in date of highest yield in the two

years is readily understood by studying the temperature*

given In Table II. The temperature of September, October,

Bovoabor and December, 1951, averaged . iegrees F. above

normal. That of the same four months In 1952 averaged 2.3

degrees P. below normal, ^his gave the later-planted plots

in 1051 an advantage over the early-planted plots, "heat

did not stop growing In the fall of 1951 until about

January 1, while it stopped noticeable growth about the

first of December in 1952.

a results of this experiment agree with the results

from the date-of-seeding experiments of the Kansas Agricul-

tural Experiment Station, at Manhattan, as shown in Fig. 4.

The average "ields secured In the date-of-seeding experi-

ments are uniformlly high from wheat planted September 16

to October 6. "he highest yields were secured In this

experiment from wheat planted October 6, 1951, and Septem-

ber 22, 1952.
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Relation of Date of Seeding to Supply of Nitrate

o food value of wheat in due in a large measure to

its protein, the essential and characteristic element of

which is nitrogen. The value of wheat, therefore, is

closely related to the ability of the plant to secure nit-

rogen and to use it in building up the proteins in the

grain. Call (2) points out that at Manhattan, nitrogen in

the form of nitrates is one of the principal limiting fac-

tors in wheat production.

An adequate supply of NO3 in the soil is necessary for

a large yield of high protein wheat, The problem to be

considered now is whether or not varying the supply of NO3

at different stages of plant development will make a dif-

ference in the amotuit or the protein content of the grain

produced.

The NO3 content in the soil under winter wheat in the

spring may be varied by (a) the addition of nitrogen fer-

tilizer at various stages of growth or (b) by controlling

the use of NO5 by the plant through variation in planting

dates. Davidson and LeClerc (4) applied nitrogen when the

(a) plant was tat inches high, (b) at the time of heading,

and (e) at the inilk stage. They found that only those

plots that received the nitrate at the firs'- stage of growth
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responded in yield to the application of fertiliser. They

also found that the sample gram on the plots which re-

ceived an application of Ua HOg in the second stage cave

by far the highest protein content and the lowest percentage

of yellow berry. Gericke (C) in California, Davidson (3)

at College °ark, Maryland, and Dr. ; in unpub-

lished data obtained at Manhattan, found the same relation-

shi .

A difference in the response of the wheat olant to the

application of nitrogen fertilisers at various growth stages

suggests the possibility of similar differences in the res-

ponse with variations in the amount of soil SO3 through

control of the use of the nitrogen supply. This problem was

studied by tracing the supply of NO3 in the soil throughout

the life of the plant and observing the affect on the re-

sultant crop. Table I'.Vf gives the p.p.m. of ITO3 in tte top

three feet of soil on seven wheat plots planted at differ-

ent dates in the fall of 1931 and one fallow plot. The

plots planted August 29 and September 14 have a larger

ount of KO3 in the too foot than the other plots on Se

tember 14. r,his is probably due to the faet that these

plots were higher in moisture probably caused by a disking

to kill volunteer oat3 prior to time of the August 31 rain.



44

Table XIV. Soil nitrates (KO3), 1931-1952.
s«*Bs«a»«a»s«Mi»soaais»mss»»BsrssasBssssssasss*sssassBrai«

p.p.m., WO3, of oven-dry soil, on date indicated
Date
planted
h depth

:. 29
.

1 \v -1

1 ft.
2 "

3
n

t . 14

1 ft.
2

Se

Sept, 29

1 ft.
2 n

3 n

Oct. 6

1 ft.
2 n

3
n

Oct. 17
1 ft.
2 "

3
"

Oct. 24

ft.1
2
3

"

Oct. 31

1 ft.
2 "

3
"

Fallow
1 ft.
2 "

Sept,
14

109.4
43.3
29.4

106.6
45.1
29.0

92.2
59.2
35.4

74.7
47.6
29.5

75.8
32.2
19.5

:5eot.:Dct.:0ct.:
: 29 : 6 t 17 :

71*7 81.6 73.1
55.8 45.1 37.6
42.1 18.1 25.1

65.8 52.2 42.6
3 30.4 18.5

36.1 23.8 1

70.5 60.8 47.:?

40.0 24.5 3'.

39.9 27.5 1

Oct.
24

: Oct . : Apr . : Apr . : June
31 15 : 26 :

,7 63.6 12.3
65.6 60.3 20.2
22.5 32.1 ir.S

41.4 21.8
24.4 17.5

.4 12.9

93.9 35.6
27.6 51.8
17.5 15.2

7.7
6.9
6.7

5.6
".7

6.7

59.4 81.7 111.4 65.8 6.3
37.I 35.8 45.0 29.7 10.1
17.2 14.3 39.7 10.0 8.9

IS.

5

82.2 122.3 87.9 6.9
38.3 34.2 26.9 11.3

23.6 11.0 11.5

5.0
4.6
4.7

93.3 58.7 75.8 7.3 3.7
54,0 52.4 25.3 20.9 12.1
52.0 24.4 17.0 24.7 16.3

34.8 H5.1 3.4 4.7
42.4 27.9 12.5 7.3
21.6 9.0 16.0 9.1

H9.0 85.1 30.6
64.6 27.9 41.1
24.3 9-0 28.3

5.8
4.8
4.5

5.0
4.3

4.1
3.6
4.5

4.0
5.7
4.5

4.5
3.8
3.9

4.1
3.6
4.1

5.8
5.1
3.8

SszaaaaaESss: isatassajtE = s as 3 sjs: assess assists a: ssssaeaiatssass a assays:*:
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The plot planted on August 29 had a higher amount of KO3

throughout the life of the crop than the plot planted 3eo-

IMBP 14. This was probably because many of the plants on

the August 29 plot were killed early. The resizltant thin

stand, shown in Table V, failed to use the EO3 as rapidly

as did the thicker stand on the slanted September 14*

This difference is outstanding in the October 51 snmplir.

In order to have these data in a form more usable, the

pounds of ITO3 per acre were calculated, by using 5,600,000,

5,800,000 and 4,000,000 pounds as the weight of an acre

foot of soil in the first, second and third foot levels,

respectively. These data are given in Table XV.

The parts par million and pounds per acre of TTO3 in

the first three feet of soil are given for each plot planted

in the fall of 1952 in tables XVI and XVII, respectively.

The amount of KO5 in all plots on August 27, 1952, was more

uniform than on the 1 lots as found in the September 14,

1951, sampling. The amount of UO3 on the early-planted

plots was less than that on the later-planted plots In all

samplings after October 10. This greater reduction in the

early-planted ^lots was probably caused by the heavier

growth of wheat and may be accounted for by the actual use

of NO3 by the plant, possibly supplemented by the inhibition

of nitrate formation by the wheat plant. Lyon, Bizell and
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29
1 ft.
o n
H

n

Sept . 14

1 ft.
2
i

n

l 99\ . 29

cl

Table XV. Soil nitrates ("03 ) , 1931-1932.

Date : Pounds of KOg per acre on date indicated

planted :3ept. :Sept.: Oct.: Oct.: Oct.: Oct.:Apr-.: Apr.: .Tune

: depth : 14 : 29 : 6 : 17 : 24 : 51 : 15 : 26 : 6_

393.8 258.1 293.8 263.2 B90.5 228.9 44 .3 20.9
164.5 204.4 171.4 142.9 249.3 229.1 7S.8 13.2
117.6 168.4 72.4 100.4 90.0 128.4 78.4 10.0

383.8 236.9 187.9 153.4 149.0 70.3 27.7 1 .

171.4 192.5 115.5 70.3 92.7 66.5 26.2 16.3
116.0 144.4 95.2 72.8 113.6 51.6 26.8 16.4

~ft~ 331.9 253.8 218.9 172.1 338.0 128.2 20.2 14.8
149.0 152.0 9c. 1 130.3 10.-"-. 9 120.8 21.7 13.7

3 " 141.6 159.6 110.0 73.2 *8 26.8 1

Oct. 6

1 ft. 268.9 213.8 294.1 401.0 236.9 22.7 14.4
2 « 18C.9 141.0 156.0 171.0 112.9 S8.4 21.7
3 » .0 68.3 57.2 158.8 40.0 35.6 13.0

Oct. 17

1 ft. 272.9 295.9 440.3 316.4 24.0 18.0 16.2
2 " 122.4 145.5 130.0 102.2 42.2 17.5 1

3 77.2 66.0 94.4 44.0 45.2 18.8 15.6
Oct. 24

335.9 211.3 272.9 26.3 31.3 14.8
205.2 - - 199.1 95. 1 79.4 46.0 ]

208.0 97.6 68.0 90.

S

65.2 16.4

"l ft. 305.3 . 50*1 16.9 20.9
" 161.1 106.0 47.5 27.7 19.4

36.4 3<'
. 36.4 15.2

FaHog
1 ft. 428.4 306.4 139.0
2 * 245.5 106.0 156.2
3 " 97.2 36.0 113.2

1 ft.
a tt

a
n

Oct. 31
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Table XVI. Soil nitrates (TTO3) , 1932-1933.

Date : p.p.*n. , ITO3, of oven-dry soil, on date indicated
slanted : Aug . : Sent.: Sent ^ Sept.: Sevrt.: Oct . : Oe t • : Nov . :Kar . :Hay
} depth : 27 : 5 ; 13 : 22 : 26 : 10 : 24 ; 28 : 5 : 19

Aug* 27

1 ft. 56.4 51.8 42.0 50.1 53.6 17.3 11.4 15.7 2.1 2.8
2 11.4 40.6 19.5 33.0 40.2 19.1 6.7 10.0 1.4 T
3 " .' 15*0 9.9 21.3 24.8 9.7 5.5 9.1 1.1 T
t. 5

1 ft. 37.1 55.5 37.5 58.2 53.9 25.6 22.6 12.0 2.7 3.4
2 n 11.6 21.2 20.9 34.9 39.1 27.8 IV.6 14.8 2.8 T

n 8.3 7.4 9.4 19.0 25.1 11.6 8.5 10.7 2.2 T
Sept. 13

1 ft. 57.3 55.8 55.5 49.1 2^.7 10.7 5.7 2.0
2 • ,1 25.5 35.1 45.2 31.4 20.7 14.2 5.5 T
3 " 7.-; __— < 3.3 29.6 11.8 7.0 16.0 5.5 T

Sept. 22

1 ft. 41.1 59.8 65.0 51.4 51.5 34.2 31.8 2.9
2 n g.2 37.1 38.0 23.8 31.5 21.2 21.4 T
3 » 6.0 21.4 29.S 10.6 12.5 10.3 7.2 T

Sept. 26

41.6 61.8 64.2 69.3 44.5 36.4 2.2
16.1 25.1 27.6 27.0 38.1 32.7 1.9

.5 13.5 9.4 10.5 37.6 24.2 f

t. 35.6 73.5 60.0 63.8 36.4 2.1
2 * 15.5 21.0 25.4 29.4 32.7 1.6
3 » ,4 9.4 10.1 16.3 24.2

Oct. 24
1 ft. 35.7 58.2 63.8 75.0 20.7
2 * 15.5 22.4 29.4 31.5 32.8
3 " - 9.6 16.3 6.8 1

Fallow
1 ft. 68.8 70.7 60.1
2 , 26.6 21.2 56.9
3 « 9.4 6.7 15.2

T indicates trace

1 ft.
2 *

3
Oct. 10
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..lean (TO) in a 3tudy of factors affecting nitrification

found that wheat unlike maize showed a depressing influence

at the end of the first period (57 days after planting) and

like iriaize continued to exert a depressing affect throughout

its entire growth I.

r>raphic presentation of the trend of HO 3 supply in

the soil for each plot in 1932-1933 is given in 1 \ . 5 and

data given in Table XIX. On August 27 when all plots were

stapled, the amount of F03 varied from 208 to 272 pounds per

acre, "recipitation of 5.6 inches in August and 4.17 inches

in September maintained a supply of approximately 11 per

cent of available moisture in all plots until the last of

September, The mean temperature during August was 79.8

degress F. and dur_ -ptember §8.5 degrees F. A good

supply of moisture and relatively high temperatures fur-

nished ideal conditions for nitrification and the amount of

EO3 on all plots increased rapidly until September 26.

~ere w*» relatively little precipitation during the latter

part of September and during October. This resulted in

some reduction of the amo\;nt of available 3O3 by October 10,

and a drastic reduction by October 24 on the plots growing

oat. This reduction in moisture and a lower temperature

evidently decreased nitrate formation. The graph shows a
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reduction in the amount of NO3, on the plots planted August

27, September 5, 13 and 22, by October 10 and a further

reduction on the three earliest-planted plots by October 24.

The amount of HO3 on the plot planted September 22 is prob-

ably indicated as too low on October 10 or too high on

October 24. This variation may be due to a variation in

the soil at the point of sampling.

All plots, that had a sufficient number of culms on

November 28 to produce a high yield of wheat, reduced the

NO3 to practically zero by May 19. The olot that made the

highest yield, planted September 22, contained more NO3 in

the top three feet on November 28 and tfarch 3, than any of

the earlier-planted plots. The yield of all plots planted

before the highest-yielding ^lot is in proportion to the

•swunt of NO3 in the plot on November 28 and March 3.

The relationship of soil nitrates, TCO3, and yield of

wheat as Influenced by date of seeding is summarized in

Table XX and graphically illustrated for the 1932-1933 crop

in Fig. 6.

The discussion of experimental work of this nature in

the past has considered principally relation of yield and

NO3 in the soil at seeding time, ^able XX and Fig. 6 show

that there is a close relation between UO3 at seeding tine
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and yield on all :>io : s planted before the one of highest

yield, planted September 22, 1932. This relationship is

not so close in the 1931-1932 plots , probably because the

amount of HO3 on all plots reached a very high point at

seeding and was maintained throughout the year, as shown

in Table XVIII. Tfet amount of ITO3 in all plots on all dates

even June 6, was high, and the supply of TTO3 was probably

not a limiting factor affecting the 1932 yield. The reduc-

tion of yield in the early-planted >lots is probably due

to the tMn stand on the August 29 plot and to ^essian fly

on the September 14 plot. The lower yield on the October 24

and 31 plots is accounted for by the lack of stooling as

Indicated by the culm count given in ^able V.

The low yield on the plots planted on October 10 and

October 24, 1932, Is apparently due to the lack of stooling

as shown In both the November 28 count of stools and har-

vest culm count given in Table VI.

The amount of NO3 was not so high In the 1932-1933

plot3 as In the 1931-1932 plots on corresponding dates.

Practically all of the NO3 was used by May 19, 1933. It Is

reasonable to expect, therefore, that on the 1932-1933

plots, NO3 was a limiting factor.

Sinee the 1933 yield was in direct relation to the

amount of UO3 In the soil at seeding, It might be considered
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that the amount of HO3 at seeding was the controlling fac-

tor in yield. This relationship, hov/ever, may not be

significant because of the fact, shown in Table XX and

. 6, that there was as such !T03 in the soil at some time

daring the fall on all plots planted earlier than the plot

of highest yield (September 22) , as there was on that plot

at planting time. The comparatively low amount of NO3 in

the earliest-planted plots at seeding was evidently due to

the fact that TJO3 formation had been in progress a shorter

time than or. the later-planted plots. The amounts of HO3 on

the two earliest-planted plots were somewhat lower than on

those planted September 13 and 22 , due probably to the

heavier demand for NO3 by the larger plants on the early-

planted plots.

There is a direct relation between the amount of TTOs

in the top three feet of soil, on both November 28 and

March 5, and the yield of grain. This relationship is

disturbed only when the wheat is planted later than the

date of highest yield. This is probably due to a lack of

stooling on the later dates. From these facts it would

appear that it is necessary to secure sufficient fall

growth to furnish enough culms per acre to use the available

NO3, but that more fall growth than this is detrimental when

NO3 is a limiting factor.



Relation of height of Qpy Setter and Mtrogca

in the Plant, Hov. 28, 19S2, to Yield of Grain

Unpublished data recently secured by Dr. . S« Iller,

of Kansas State College, on the amount of nitrogen in the

wheat plant at various stages, emphasize the necessity of

a good supply of available UO3 in the spring. Doctor Miller

found that there was a very slow gain in the amount of nit-

rogen in the wheat plant until spring growth started. Af-

ter the beginning of spring growth, the total amouot of

nitrogen in the plant practically doubled the first week

and continued to increase rapidly until the aiddle of April,

after which it slowed down zaaterially. There vac very

little gain in total nitrogen in the plant after the first

of May.

If the triieat plant absorbs the greatest part of its

nitrogen in the spring, it Is essential that there be a

high amount of H03 in the soil at that tine* The plots that

were planted earlier than necessary which includes those

planted August 27 and September 5 (Pig. 6), did not have

the rehired amount of EO5 In the soil when spring growth

began and, therefore, could not proceed with the vegetative

growth necessary to produce a high yield of grain.
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The plant samples taken November 28, 1932, were dried,

weighed and the nitrogen content was determined. These

data presented in Table XXI and Fig. 7 show a negative

relation of yield with both weight of plant* and amount of

nitrogen in the plants, from the earliest seeding, August

27, to the seeding of highest yield, September 22. This

;ld indicate that nitrogen used in making a heavy growth

in the fall was not all available for spring growth and

future plant development, observation of the plots in the

spring support this supposition for much of the plant

Material on the early-planted plots was dried and dead

while practically all of the plant material on the plots

planted on a medium date was green. The early-planted

plots had a larger number of stools on November 28 than they

had culms at harve: able VI. This difference is evident-

ly associated with a loss of plant material and a loss of

a^alluble plant food. The plot of highest yield had more

culms at harvest than stools on November 28. This increase

was probably due to spring stool ing and would Indicate

efficient use of both soil and plant nitrogen.

©•ricke (6) in speaking of the use of nitrogen by the

wheat plant says, "Seme of the nitrogen required for vege-

tative production cannot be utilized later for protein in



the grain* A certain Twinlwaa amount becomes a part of the

non-grain tissue* "Hie more there is of this tissue, the

less is the quantity of nitrogen available for grain**

Table XXI. v. eight of dry matter and percentage of nitro-
gen in v?heat plants when they entered dormancy*
November 28, 1932.

:ssssss3:sss:ss:sEssE8r*S9S3ssess:::sssx«ss8ssssc3SBsas38s
aunds of •

• ounds of
Date of s Yield : dry matter j Nitrogen

:

: nitrogen
seedina : Bu* per : per acre

;30.0

er acre

Aug. 27 S3.

5

2.17455 67.7
t, 5 34.0 1847.5 2*7204 65.7

Sept. 13 59.4 1413.0 2 .9686 54.8
Sept. 22 48.1 888.5 3.2069 28.5
Sept. 26 40.5 540.7 3.2865 17.8
Oct* 10 16 *e 145.2 3.3062 4.6
Oct* 24 CI 0.0 0.0 .0

Relation of Protein Content of Grain to

Nitrate Supply as Influenced by Date of Seeding

Two important factors of quality in wheat that may ©•

influenced by date of seeding are protein content and

weight per bushel. A high protein wheat is usually In

demand by millers. Theat that has a higher protein content

than is required for flour manufacture is of value In

t>l Tiding with wheat of low protein to bring the mixture to

the required standard. A high teat weight is Important be-

cause there is a positive correlation between weight per
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bushel and Percentage of flour among samples of the same

variety.

In general , tfe.© percentage of protein In the grain

harvested from the -1932 plots Increased with the late-

ness of plant in 3ust 29 was an excep-

tion in that the protein content of this grain was higher

an that from th« plots planted on the next three dates,

as shown in Table XXH.

Table XXII. Yield and quality of grain from wheat planted
on different dates.

zrrrz-z~z-zzzsrrz:r SSSSSSSSSSSXSStSSSSi

Date of : Yield
seeding :Bu. per

: Protetn in wheat
• *

A.: :Lbs. per A,

:V.'eight :

:per bu. :Date of
:of grain: ripening

1931«*1932
Aug. 29 4€.
Sept. 14 52.1
Sept. 29 60.1
Oet. 6 65.2

t. 17 61.4
Oet. 24 45.6
Oet. 31 36.1

12.50 346.5
11.10 346.65
11.35 409.74
12.45 487.17
13.30 .12

13.95 301.49
.30 309.88

59.9
59.9
60.5
60.8
61.4
58.6
55.6

1932-1933
Aug. 27 23.5
Sept. 5 34.0
Sept. 13 39.-"

Sept. 22 48.1
Seat. 26 40.5

It* 10 .8
Oct. 24 4.2

14.30 201.63
.35 .13

14.65 346.32
16.00 1.76
15.90 386.37

.00 181.44
19.25 48.57

55.3 June 15
56. " 16
56 .8 " 17
56.6 " 17
56.3 " 17
46.3 n 20
41.0 " 21

The percentage of protein In the wheat harvested from

the 1951*1932 plots is not related to the amount of NO3 in



54

the soil at seeding nor on April 15 as given in nable XX.

There is, however , relationship between the percentage of

^teln and the $03 in the soil on October 31. rhe v.0$

content of all soil samples taken from the 19.51-1952 plots

was so high that NO3 was probably not a Uniting factor at

any time during the growth of the crop, therefore, a rela-

tionship between percent 5 f protein and supply of !"

Id not be expected.

The data from the 1952-1933 plots show a positive

correlation between tfce amount and percentage of protein

in the wheat harvested from the plots planted on and before

the date of highest yield and the FO3 in the soil on both

November 28, 1952, and March 3, 1953. This relationship

is shown graphically in Fig. 8.

e increase of the percentage of protein in the grain

from the plots planted later than the plot of highest yield

nay have been due to two factors; a greater amount of $03

In the soil, and the failure of this grain to finish fill-

ing* The October 10 and October 24 plots ripened fron

three to four days later than the other plots. The high

temperature of June and the shortage of moisture stopped

the development of the grain prematxirely. This is evidenced

by the shriveled condition of the grain as indicated by the

low test weight given in '"able XXII.



I ! ! I ! T~~ i

—

65

Percentage of protean In wheat —«-03 '

o

o

OD f-D

Pouricis of protein
o

* to

per a;cre,

cu

In wheat

i4l

Pounds QfJJQs perl acre In top__5 feetsof. soil

H 2 -H



Relation of v.'eight per Biashe1 to Nitrate Supply

There is same relationship indicated between the

supply of KO5 and the weight per bushel of grain eocce

when the wheat was slanted late* Late-planted wheat usually

ripens late and often produces grain of low test weight due

to the shriveling effect of hot, dry weather at that time.

Data given in Table XXII show that the test weight of wheat

grown on plots planted later than October 17, 1931, and

September 26, 1932, decreased in weight per bushel. This

agrees with data secured from the date-of-seeding plots

conducted by the Kansas Agricultural Experiment Station

from 1920 to 1930.

There is no definite relationship between NO3 supply

in the soil and test weight of grain from plots olrxnted be-

fore the date of highest test weight, October 17, 1^31.

This may be accounted for by the fact that "Pesslan fly re-

duced the growth of the wheat on the three earliest-planted

plots and that the HO3 supply was so high on those plots

that it is doubtful if it was a factor at any time.

On the 1932-1933 plots , a definite relationship is

indicated between the NO3 content of the soil as given in

Table XX and the test weight of the grain as given in Table

XXII.
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The NO3 supply in the soil at seeding Increased as the

plots were planted later until after September 2°. It is

doubtful, however, if this was a factor si~ce, as previous-

ly stated, the amount of UO3 on all plots was as high or

'her by September 26 than on the September 13 plot at

planting time. The wc of grain per bushel on +-he plots

planted August 27, September 5 and September 13 increased

from the earliest to the latest-planted plot-. The amount

of WO3 in the soil on th?se plots on November 28 and ?
farch

3, Increased in the same direction as the weight per bushel.

*s wheat of high test weight was produced where there

was an ample supply of HO3 during the growing season.

SUHH&RT AND COISLCTSIOW

This experiment was undertaken to study the relation

of the date of planting wheat to the yield and quality of

grain produced, the supply of available N05 in the soil at

various stages of plant growth, the supply of available

moisture, and the stand and stooling of the plants.

Duplicate plots were slanted on seven dates in the

fall of 1931 and in 1932. Soil and plant samples were

taken from the first of each pair of plots and the second

was harvested for grain yields. Soil samples of the first,
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second and third foot levels were taken at various times

from the date of planting the first plot until harvest.

Determinations of moisture and TJO3 in the so51 provided

data for the study of their utilization by the -slant.

TTessian fly was a factor influencing the yield of the

•arly-planted nlots in 1932 when Eanred, a susceptible

variety, was slanted, but the fly was not a factor in 1923

when Kawvale, a resistant variety, was seeded.

Climatic conditions were such as to produce a fairly

high yield each year. TTlgll temperatures and drouth in

June, 1933, reduced yields on all plots that year.

A positive correlation was fmxnd between yield and

number of culms at harvest time. The ratio of culms to

yield was relatively higher in the early plantings than at

the Intermediate and later dates . Both number of culms and

yield decreased rapidly in wheat seeded after September 22

in 1932. The smaller number of culms was apparently the

cause of the reduction in yield.

Since there was available moisture in the soil on all

plots at each sampling in 1932 and since the available

moisture on the highest-yielding plot , which was planted

September 22, was lower on May 19, 1933, than that on any

other plot, it is concluded that moisture in 1933 did not
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affect the yield or protein content of the grain from plots

planted before or after the highest-yielding plot more than

it did this plot.

The yields for both 1952 and 1933 were noticeably

lower on the early and on the late-seeded plots than on

those seeded on intermediate dates. This agrees with re-

sults obtained by the Kansas Agricultural Experiment Station

over a period of eleven years.

A close correlation between yield and pounds of HO3 per

acre at seeding time was shown in 1932 for all plots planted

on or before September 26. "Hiis relation may not be due to

a shortage of nitrogen in the fall since the NO3 per aere

on the early-planted plots was as high at some time during

the fall as it was on the highest-yielding plot at seeding

time, which was September 22.

The later the wheat was so">.vn,
J he greater was the

amount of KO5 in the soil when the wheat went into dormancy

(November 28) and when it emerged in the spring (March 3).

Some variation from this relationship was found In the

November 28 curve on the two latest -planted plots. This

variation is slight and probably did not influence the

yield.

The higher the amount of NO3 in the soil on November

28, 1932, and March 3, 1933, the higher was the vield of
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wheat with the exception of those ->lots planted after the

date of highest yield. The relatively low yields of the

later-planted plots may have been caused by an in&dequste

number of heads to make efficient use of the TIO3 and mois-

ture available or by late maturity due to lack of fall

growth.

The pounds of nitrogen per acre in the plants on

November 28, 1952, decreased while the percentage of nitro-

gen increased from the earliest-sown plots to the latest-

aown plots. There is a negative correlation between the

aaount of nitrogen per acre in the plants on November 28

and the yield of wheat on those plots sown from August 27

to and including the plot of highest yield, t?hich was sown

••ptember 22. This relationship also exists between weight

of plants on November 28 and yield.

The pounds of protein per acre in the grain Increased

from the earliest date of planting to the September 22

planting and decreased in Ifttor plantings. The pounds of

protein produced per aere correlated with the yield and

with the Hoveraber 28 and March 3 nitrates from the earliest

planting to that of highest yield, September 22, The per-

centage of protein in the wheat increased from the earliest

sowing to the latest sowing and has the same general trend

as the TTO5 on November 28 and March 3.
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The weight per bushel of grain was associated directly

with yield and with the supply of NO3 in the soil during the

spring growing period of the plant.

The results of this study Indicate that early-sown

wheat grown under conditions of adequate but not excessive

moisture and a limited amount of TT03 in the soil, probably

will not make as high yields nor produce wheat of as high

protein content aa wheat sown somewhat later. This may be

explained in part at least by the fact that the early-sown

wheat uses a large amount of HO3 for fall growth and thus

reduces the supply available for spring growth. Much of

the nitrogen used in fall growth is not available for grain

formation.

ACKNOWLEDGMENT

Acknowledgment is given Prof. TT
.

TT
. Laude, Dr. .

Metzger, Dr. F. L. Duley and °rof. P. I. Throckmorton for

their valuable assistance in outlining, conducting and

reporting this problem.



72

LITERATURE CI"

(1) Boerner, Em i«
lfandbook of official grain standards, v. . Dept<

Agr., Bureau of Agricultural Economics,
U. S. . ... T^ona 90:1-100 (revised). 1929.

(2) Call, L.
The effect of different methods of preparing a

seed bed for winter wheat upon yield, soil mois-
ture and nitrates. Jour. Aaer. Soc. Agron.
6:249-250. 191 -••

(3) Davidson, Jehiel.
Effect of nitrates applied at different stages of

growth, on the yield, composition and quality of
wheat. Jour. Amer. Soc. Agron. 14:118-122. 1922.

(4) and LeClerc, J. A.

The effect of sodium nitrate applied at different
stages of growth on the yield, composition and
quality of . Jour. Amer. Soc. Agron.
9:145-154. 1917.

(5) Flora, Snovden D.
ClimatoloGical data (Kansas section). XT. S. Dept.
Agr., * eather Bureau, 45:97-103. 1951.

(6) Cericke, "
. F.

Wtty applications of nitrogen to land may cause
either Increases or decreased in the protein
content of wheat. Jour. Agr. Bes. 35:133-13".
1927.

(7) Klesselbaeh, T. A., Anderson, Arthur and Burr, . .

o seed-bed factor in winter wheat production.
Neb. Agr. Exp. Sta. Bui. 223:1-31. 1927.

(8) Klages, K. T
.

iter wheat production in South Dakota. South
Dak. State Coll. Bui. 276:1-31. 1933.



73

(9) Leighty, C. S. a: 'lor, J. '
.

Rate and date of seeding and seed-bed preparation
for winter v?heat at Arlington Experiment :

:"ara.
U. S. Dept. Agr. neeh. Bui. 38:1-19. 1927,

(10) Lyon, T. L. , Bizell, J, A. and ' ilson, B, D.
"Depress 5.ve influence of certa:" be on
the accumulation of nitrates in the soil. Jour,

oc. Agrom. 15J 467*457. 1923.

(11) McCall, K. A. and '"anser, TT
.

The principles of siammer-fallow tillage, "ash.
A«r# Bcp. Sta. Bui. 183:1-77. 1924.

(12) Murphy, 8, F.
Fffect of fertilizers on yield and composition of
wheat. Jour. Ar: oc. Agron. 22:765-770. 1030.

(13) Eeidig, . and Snyder, Robert
The effect of available nitrogen on the protein
content and "ield of wheat. Idaho a.
Res. Bui. 1:1-56. 1922.

(14) Painter, Reginald "'., almon, S. C. and °ar!:er, John H.
.ce of varieties of v/inter wheat to ^essian

fly. Fan. Agr. Fxo. Sta. ^ech. Bui. 27:l-»58.
1931.

(15) "'endleton, Fa?- *•

Sodium nitrate a3 a fertilizer for wheat on cer-
tain Iowa toils. Jour. Araer. Soe. Agron.
22:753-756. 1930.

•(16) Russel, i:. J.

Notes on manures for February. Great Britain
Jour. Ministry of Agr. 27:1064» 1921.

(17) Salmon, S. G. and Throckmorton, ! . I.
TTheat production in Kansas. Fan. Agr. Fxo. Sta.
Bui. 248:1-84. 1929.

(18) Sewell, • C. and Swanson, 0. 0.
Tillage in relation to tlliag and baking quali-
*es of wheat. Kan. Agr. Exp. Sta. Tech. Bui.

19:1-16. 19°6.



(19) f.hafer, ft. G., Gaines, ft* F. and Barbee, 0% ftj

eat production. State Coll. of ash. Bui.
159:1-54. 1921.

(20) Swans on, Irthtir
Cereal experiments at Port Hays Branch Station,
^ays, Kansas, 1912 to 1923. TJ. S. Dept. Apr.

Oh. Bui. 14:1-56. 1927.

(21) ^hrocimorton, 1. I. and Duley, F. L.
oil fertility. Kan. Agr. Ekp. Sta. Bui.

260:1-60. 1952.


