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INTRODUCTION

Wheat Is the world's most valuable grain crop. It Is

superior to any other crop for human food in many respects.

A reason for Its superiority Is Its relatively high protein

content.

The United States produces approximately one-fifth of

the world's wheat. Of this production, Kansas produces one-

fifth, a feat marking her as the leading wheat state in the

nation. The average yield in Kansas in 1963 was about 20

bushels per acre and In I96I4 was about 2\\ bushels per acre.

These yields are considerably lower than those expected

when yields at experiment fields and stations are considered.

An adequate supply of nitrogen In the soil is necessary

to Increase yields and raise high quality wheat. On the

other hand, an excess of this nutrient may lead to excessive

vegetative growth, lodging, depressed yields, low quality

grain, and a low resistance to disease.

Earlier experimental work has shown that nitrogen Is

the limiting nutritional factor in many of the wheat produc-

ing areas of the state. Visual nitrogen deficiency symptoms

such as yellowed plants, low test weights, and a high carbo-

hydrate content of the grain (yellow berry) lend support to

this statement. In order to overcome the shortage of this

element, Kansas wheat producers are providing an ever in-

creasing market for nitrogen fertilisers. Urea is one of

the carriers being used in increasing amounts. The tonnage
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of urea sold In Kansas has increased from 12,000 tons in

1961-1962 to 2*4,500 tons in 196U-1965.

Urea is a desirsble nitrogenous fertiliser for wheat.

It has excellent physical properties in the form of free

flowing prills, it is readily available to plants, completely

water soluble, and contains the highest percentage of nitro-

gen of any solid carrier. When urea is applied to the soil,

it is rapidly hydrolyzed by soil urease to ammonium and

carbon dioxide. The resulting ammonium ions ere adsorbed by

the soil colloids and sre thereby less susceptible to leach-

ing than are nitrate ions.

Several factors are believed to influence the utilisa-

tion of urea by plants. Some of these are available mois-

ture, soil and air temperature, and probably method and time

of application.

With the preceding thoughts in rrind, this study was

formulated with the following objectives:

1. To determine the effectiveness of solid urea as

a nitrogen source for wheat.

2. To compare yield responses and quality factors

arising from the application of urea with those

obtained from equivalent applicstions of nitro-

gen as ammonium nitrate.

3. To compare the effectiveness of different dates

of urea top dressing.



LITERATURE REVIEW

To acquire e better appreciation of the use of solid

urea as a nitrogen carrier, it is imperative to review the

properties, transformation, and utilization of urea.

Historically, urea is known as the chief excretory pro-

duct of nitrogen in mammals and is excreted in the urine.

In 1912, urea was synthesized from ammonia and phosgene by

Devey, though Regnault is considered to be the first to have

prepared urea by this reaction. In 193?# the first production

of solid synthetic urea began in the United States (ij).

Since then, it has gained importance as a nitrogenous ferti-

liser material. Other names applied to urea include car-

bamide or amide of carbonic acid.

Urea has a nitrogen content of U6.65 percent, a melting

point of 269° F., and Is very water soluble. At 30° C.

,

133 g of urea (compared with 2\\2 g of ammonium nitrate and

78 g of ammonium sulfete) dissolve in 100 ml of water. Urea

and ammonium nitrate mutually enhance each others solubili-

ties. At 30° C. , 100 ml of water will dissolve a maximum of

719 g urea and 8U5 g of ammonium nitrate (22). Biuret la

formed when urea Is heated to temperatures above Its melting

point. At lt;0-170° C. , the chief product Is biuret formed

from two molecules of urea by elimination of ammonia:

2CO(NH2 ) 2 heat ^ NH(CONH2 ) 2 NH3



Biuret Is toxic to some plants in relatively small

amounts especially when bluret-containing urea is applied as

foliar sprays. Urea containing 1-1.5 percent biuret can be

expected to present no problem for soil applications. How-

ever, it is believed that heavy rates banded in direct con-

tact with or near the seed way produce damaging effects on

germination or seedling growth.

When applied to the soil, urea is rapidly taken Into

solution by the soil moisture. Hydrolysis to ammonium car-

bonate can result through the reaction:

CO(NH2 ) 2 2N2
» (NH^) 2C03

Further hydrolysis to ammonia and carbon dioxide occurs via

the reaction!

(NHj
4

) 2C03 ;
' * C02 + 2NH

3
+ H2

The first reaction above is primarily activated by the

enxyme urease (3U). Pasteur was the first to recognise that

the transformation of urea to ammonia is brought about by

the living organism, Torula ammoni scale . But some organisms

belonging to most families of bacteria, actinomyccs, and

fungi are also capable of decomposing urea. The optimum

temperature for the action of these microorganisms is about

30° C. (27).

In a atudy employing lysimeter, field and laboratory

techniques, it was determined that the hydrolysis of urea in

soils is due to ensyme action as hydrolysis was shown to

occur in the abaence of microorganisms (25). The



transformation of urea is brought about by a wide variety of

microorganisms, but there is some evidence that ammonia can

be produced from urea in soils treated with toluene and

therefore devoid of living microorganisms (I4.6)

.

Conrad published a series of papers on the hydrolysis

of urea (10, 11, 12, 13, Ik) • He reported that the rate of

hydrolysis of urea in the soils sterilised with toluene was

only slightly lower than in soils which had not been treated

with toluene (10). Murphy (39) in a somewhat similar study

on two different types of Missouri soils obtained analogous

results.

The action of nitrifying bacteria results in the oxida-

tion of ammonium nitrogen to nitrate under favorable soil

conditions. The Immediate effect of urea hydrolysis on the

soil is alkaline, but the nitrification of the ammonium ion

results in the formation of an acid residue, making the soil

slightly acidic (7) » Increasing the soil temperature up to

30° C. Increases the rate of urea hydrolysis. Investigations

have shown, however, that urea completely hydrolysed to

ammonia within k days at temperatures above 39° F. (25» k2) .

Gibson (23) investigated the decomposition of urea in

59 soil samples of extremely varied character. The urea was

decomposed in all and very rapidly in most of the samples.

The rapid converaion of urea to ammonia makes urea

nitrogen resistant to leaching. An Iowa soil scientist (16)

suggests fall fertilisation when the soil temperature is

already below 60° F., as bacteria in warm soils convert the



material to the nitrate form which rein water leaches out.

Urea moves less readily in soil than nitrate nitrogen

but more readily than ammonium nitrogen because urea is held

on clay by weak adsorptive forces. Most of the urea is free

to move downward into the root sons before becoming fully

fixed or immobilised as ammonium, as soils warm in the

spring the bacteria become active unlocking the atored

ammonium and converting it to nitrate nitrogen.

Most of the nitrogen applied to the soil in the form of

urea will be absorbed by plants as ammonium or nitrate ions

(16, 5k) • However, nitrogen can be directly absorbed as

urea by roots and foliage, acted upon by the urease enayaa

and finally converted to amino acids or proteins. The nitro-

gen utilised by plants is derived primarily from the in-

organic forms and nitrates are in general considered to be

the most available of the nitrogenous compounds (5).

The wheat plant (Tritlcum spp.) absorbs much of its

nitrogen usually in the nitrate form by the time it blooms,

but absorption continues until the crop is nearly ripe. The

plant attains a maximum content of nitrogen three weeks be-

fore harvest, but the accumulation of protein continues about

one week longer (6) . Only about 8-22 percent of the total

amount of nitrogen in winter wheat plants in Kansas is ab-

sorbed from October to March. About 80 percent of the nitro-

gen is absorbed during the 7-12 week period after March 15

following the resumption of the 3pring growth. The amount

of nitrogen in the stems and leaves reaches its peak at about



the time of heading, after which it decreases until harvest

time. Nitrogen begins to increase in the heads about the

time it starts to decrease In the stems and leaves. The

nitrogen content of the grain Increases from the beginning

of grain formation until maturity (29, hk)» Carpenter et al.

observed, however, that the uptake of nitrogen by wheat on

low-N soils fell off rapidly after the plants reached the

heading stage, while uptake continued on the high-N soils (9).

The principal protein in the wheat kernel is gluten,

composed of gliadin and glutenln. Non-gluten proteins

present include albumin and globulin. The gluten is formed

in the developing kernel from translocated amino acids and

amidea. These simpler nitrogen compounds predominate at the

outset of kernel formation but are subsequently changed into

the protein of the wheat grain. A high protein content of

the grain is favored by a more rapid deposition of protein

than starch in the kernel early in the postfloral period.

Phosphorus plays a aignificant role In the nutrition of

the wheat plant. Winter wheat plants in Kansas absorb about

12-25 percent of the total available p by March 1. After

this period, absorption is very rapid, it was observed that

the bulk of the P in the plant was attained about two weeka

before harvest (31, 36).

Potassium also haa a significant role in the nutrition

of the wheat plant particularly during the active formation

of carbohydrates, in Kansas, the K absorbed by March 15 did

not exceed 12 percent of the maximum amount. The absorption



of K markedly increases as soon as the rapid growth starts

in spring, and the plant attains its maximum content of K

about 7 weeks before harvest. A substantial loss in K has

been observed during the final 6 weeks before ripening of

the grain, as this element can be leached from the dried

leaves (31, 36).

Nitrogen is beneficial on most soils unless moisture is

the limiting factor. However, moisture is normally con-

sidered a limiting factor in areas that receive less than 12

inches of precipitation annually (U7). Early seeded winter

wheat requires relatively small amounts of nitrogen for fall

growth* Late fall seedings require even less. These require-

ments for N may be met by the soil supply or a moderate fer-

tiliser application (kk) •

Wells e* al. (£8) in a three-year experiment on a clay

loam soil reported that nitrogen was successfully applied in

fall, spring or as a split application in fall and spring for

wheat and oats. Laude and his co-workers (28) stated that

in eastern Kansas where the need for nitrogen is more general

than that for phosphorus, wheat responded to commercial fer-

tilisers. However, a variable response was recorded in

western Kansas because moisture had a greater effect on

wheat production than did fertilisers.

Widdowson et_ al_. (59) observed that lower wheat yields

resulted from a single fall application of N than from a

single spring application. These workers also determined

that the percent of N in the grain was highest with a May



top-dressing of N, lowest with fall applied N, and inter-

mediate with March top-dressings.

Similar findings were reported by Eagle (17). He noted

that wheat yields on soils low in N responded best to early

spring applications of fertiliser N. Soils with moderate to

high N contents gave their best responses with late spring

applications. The most severe lodging occurred on plots

receiving N in March.

Results of a one-year nitrogen top-dressing study con-

ducted by Long et aK (31) Indicated that delaying the date

of nitrogen application to May k resulted in significantly

lower yields but resulted in a significantly higher protein

content of the grain. The pearling index , an inverse measure

of kernel hardness or protein content, was significantly

lower on wheat receiving N on May k* which indicated a higher

protein content. Higher rates of N fertilisation resulted

in a higher protein content of the grain especially when the

N applications were late.

Earlier findings by Davidaon (15) lend support to the

results of Long and co-workers. Davidson applied sodium

nitrate and calcium nitrate to soft red winter wheat at

three dates, April 11, April Ifc, and Way ll*. Highest yields

were obtained after the earliest date of application. Yields

declined as the time of application approached the heading

stage. Davidson also determined that the later the applica-

tion of N, the greater the increase In the protein content

of the grain.
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Smith (50) reported that N fertilizers, particularly

Inorganic forma, usually increase the protein content of the

grain when applied late in the growing period up to the head-

ing stage or even slightly later. The addition of phosphata

fertilisers In liberal amounts often Increased the grain

yield with a consequent reduction in protein content, potash

fertilisers generally did not affect the protein content of

the grain. Smith also reported that management practices

such as fallowing or early seedbed preparation which reaulted

in a build up of soil nitrates, increaaed the protein content

of the grain in addition to increasing yields. Experiments

at Oklahoma (38) have resulted in similar conclusions.

Workers In Indiana (55) have indicated that fall appll-

cationa of N fertilisers had little effect on kernel hardness.

Application of phosphates or mixed fertilisers that contained

phosphates increased the yield but decreased the vitreousness

and protein content of the grain as well as the loaf volume

of the bread. The unfertilized plots produced wheat of low

yield and shrunken grains but relatively high in protein

content.

Work carried out In Illinois (37) has demonstrated that

wheat la especially sensitive to a shortage of phosphate

during the early stages of growth. Mixed fertilizers top-

dressed in the spring were less effective than when drilled

at seeding time.

Arkansas investigations (58) indicated that fall appli-

cation of high rates of N may cause winter kill. Delaying
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application beyond April 15 resulted in depressed yields and

sometimes green heads In the grain at harvest time. Almeida

SJL SlL* ft) found that N top-dressed at heading on various

soils produced lower yields than top-dressing at tillering

or at tillering and shooting.

Research conducted at the University of Tennessee (07)

did not detect significant differences in yields of wheat

arising from fall and spring top-dressings of urea. Long

and Ewing {22), however, had earlier reported that N applied

in the spring was more effective than fail appllcstlon at

seeding time, thus agreeing with the work of Wells and Keogh

(58). Further contradiction is added by the work of Littler

(30) who observed a greater yield response with urea applied

at seeding time when the soil moisture was adequate.

Considerable Interest has been expressed relative to the

possible injurious effects of nitrogen applied with the seed.

Smith (3>0) reported that experiments In Kansas on heavy soils

under Ideal moisture conditions showed no damage to wheat

germination when as much as 300 pounds per acre of ammonium

nitrate in combination with some phosphate and potash, was

applied in the drill row directly In contact with the seed.

On the other hand, damage was negligible when as much as 1*0

pounds per acre of N as a component of mixed fertiliser was

placed by the same method, in this case under droughty con-

ditions. Some delay In germination was caused by the extra

nitrogen but the ultimate stand of wheat plants was about

the same as for the nonfertl Heed plants. Phosphates also
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cen be applied in direct contact with the seed at the time

It Is drilled. Under droughty conditions, no damage occurred

when 200 or more pounds of 0-i|6-0 fertiliser were used in

this manner. However, potash caused injury to germination

even in moderate amounts, especially when combined with some

amount of N.

The amount of protein in the grain Is believed to be

regulated by the availability of the supply of nutrients to

the wheat plant. Several studies (2, 3» 53» 56) have shown

that Increasing the N in the soil had a positive effect in

Increasing the protein content of the grain.

Applications of urea and urine can increase the protein

content of wheat by as much as U percent (56). By mcsns of

foliar applications of urea during the fruiting period,

Finney et^ aK (20) obtained an Increase of 8.8 percent pro-

tein in wheat grain. A number of sprayings throughout the

fruiting stage increased protein from 10.8 to 21.0 percent.

Similar results were reported by Seth et. aj^« (1*9) using

wheat of low and high protein varieties, phosphorus appli-

cations, on the other hand, have been shown to significantly

decrease the protein content of the grain (2, 38, 50, 55).

These effects merit particular attention since the grain pro-

tein content is considered to be one of the most important

qualitative characteristics of the wheat crop.

f'cNeal et, aK (33) performed experiments probing the

protein content of the different kernels In a splkelet.

They found that the lateral kernels contained more protein
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than did the central kernels, while grains from the middle

of the spike were higher in protein content than those from

the top of the spike. Theae differences indicate that the

earlier formed and matured kernela contain the highest pro-

tein. This suggests the need for high N availability late

in the growth period for maximum protein content.

Neidlg end Snyder (1*0, Ul) have given these rules of

thumb concerning the yield and protein content of wheat as

effected by moisture and available N: (a) a high moisture

content in the aoil containing sufficient available N for

the maximum growth and development of wheat plant reaults in

high yielding wheat containing a high percentage of protein,

(b) a low moisture content In soil containing an exceas of

available N results in a lower yield of wheat but a higher

protein content, and (c) a high or optimum moisture content

in soil which has a considerable amount of N available for

the wheat in the early periods of growth but an insufficient

amount during the fruiting and ripening periods results In a

high yield of wheat of low protein content.

Another qualitative characteristic of wheat grain is

yellow berry. This is a condition which ia believed to be

due to nitrogen deficiency caualng a high ratio of carbo-

hydrates to protein in the grain (35). It ia characterized

in hard wheats by the light colored appearance of an

appreciable portion of the kernel which Is soft In whole or

in part. If the berry is aoft only in spots, it has a

mottled appearance, the lighter portion being aoft and chalky
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end the darker portion harder (21, U8) . The yellow berry

kernels have been found to be higher in moisture and starch

contents and lower in protein and ash then the hard and

flinty ones. Yellow berry is also believed to be associated

with late dates of ripening (k$) •

In Kansas, Heyne ct aK (2k) have pointed out that

yellow berry wheat is due mainly to a wet season or lack of

nitrogen. In the western part of the state, wheat is usually

grown under less humid conditions and often with higher

available N In the soil than in eastern Kansas. The incidence

of yellow berry has been highly correlated with lack of pro-

tein In wheat. The same authors observed that when N in-

creased protein content, the sedimentation value rose pro-

portionately. Smith et ej^. (51) have reported that yellow

berry was quite apperent in grains produced on unfertilized

plots at N-responsive locations. Reita and Meyers (1+3), on

the other hand, noted that applications of phosphate ferti-

lizer substantially increased the percentage of yellow berry

grains.

Another Indicator of the quality of wheat is test weight.

Grain that is not filled completely will have a low weight

per bushel. A low test weight is likely to be associated

with a high protein content and vice versa. Results obtained

by Reitr e£ el_. (k3) relative to the use of phosphate fertili-

ser have confirmed this. This phenomenon is explainable by

the fact that protein Is deposited in the grain earlier then

the carbohydrates. If the filling of the grain Is cut short
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by hot winds, dry weather or other unfavorable climatic

factors, the grain Is left relatively high In protein. How-

ever, test weight cannot be regarded as a reliable index of

wheat protein content (0)

.

Other conditions which may lead to low test weight in-

clude excessive moisture, pathological conditions such as

rust and scab, and both Insufficient end excessive amounts

of available nitrogen. Smith and co-workers (51) found that

ct locations unresponsive to fertiliser nitrogen, test weight

values tended to decline even with applications of only i

pounds of N per acre. Further reductions in test weight

occurred with increased nitrogen applications.

This review of the literature pertinent to the nitrogen

fertilization of wheat has demonstrated that several gaps

exist In the available information, particularly in regard

to the value of urea as a solid N fertilizer end to the moat

desirable time of M application. The object of this study

Is to attempt to supply some of the missing Information.
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MATERIALS AND METHODS

Fertiliser Materials : The nitrogenous fertiliser

materials used in this study, prilled ammonium nitrate and

urea, were provided by the Davison Chemical Division of

W. R. Grace and Company. Phosphorus was supplied as triple

superphosphate (O-I46-O) end potassium, where needed, as

potassium chloride (0-0-60).

Experimental Sites ? The study was conducted for two

years (1961*, 1965) at five locations on soils of varied

character. The sites and the soil types involved were:

Ashland Agronomy Farm, Sarpy fine sandy loam (19614);

Manhattan Agronomy Farm, Geary silty clay loam (1965);

Newton Experiment Field, Goessel sllty clay loam; Columbus

Experiment Field, Parsons silt loam; Sandyland Experiment

Field, St. John, Carwile fine sandy loam; and Richard Evans

Farm, Hutchinson, Pratt fine sandy loam.

Composite soil samples were collected at each of the

experimental sites. These samples were analysed for organic

matter, available phosphorus (determined by Bray's sulfonic

acid reduction method with 0.03 N NH^F and 0.025 N HC1 as

extracting solutions), exchangeable potassium, and soil

acidity by the Kansas State Soil Testing Laboratory. Re-

sults of the soil analyses are presented In Table 1.

Experimental Design : Twenty fertiliser treatments were

Included in the study. These treatments are detailed in

Table 2. A randomised complete block design was employed
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Table 1. Soil test data for the two-year urea fertilizer
study.

Lirre Rcqmt. Avail. P Exch. K Org. Mat.
Location pH

Lbs, /a. Lbs./a. Lbs./a. %

19&J.

R. Evans Farm,
Hutchinson

5.2 Min.
Max.

6,000
7,000

70 5004 2.0

St. John Exp.
Field

5.7 Min.
Fax.

3,000
£.000

43 U6U 0.8

Ashland Agron.
Farm

7.2 Min.
Max.

no 5oo+ 1.5

Newton Exp.
Field

6.0 Min.
Max.

U,000
5,000

18 5oo+ 2.0

Columbus Exp.
Field

6.1 Min.
Vax.

3,000
5,000

19 3U3 1.6

1965

R. Evans Farm, 5.5 Min. 5,000
Hutchinson Max. 6,000

St. John Exp. 6.9 Min. —

—

Field Max.

Manhattan Agron. 6.0 Min. iuOOO
Farm Max. 5,000

Newton Exp. 6.1 Min. 3,000
Field Max. U,000

Columbus Exp. 6.3 Min.
Field Max

25 5oo«- 1.7

71 3U9 0.8

15 500+ 1.9

21 500+ 1.9

10 96 1.5
•
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Table 2. Fertilizer treatments

Amount of fertilizer
applied per plotTreatment

1. Check

2. Phosphate only

t
5.

6.

I:

10.
11.

N-25 drilled before seeding - urea
N-50 tt

N-100 "

N-25 drilled before seeding - NW.NO-1
N-50 " ^ *

N-100 •

9. N-25 top-dressed - urea
N-50
N-100

12. N-25
13. N-50
U« N-100

15. N-25
16. N-50
17. N-100

18. N-25
19. N-50
20. N-100

N

tt

H

it

It

M

II

it

N

H

H

10.5 oss.

11.0 oss.
1 lb., 5*5 oss.
2 lbs. ,11.0 oss.

llj.5 oss.
1 lb., 12.5 oss.
3 lbs., 9.5 oss.

same as treat. 3

: \

: i5

tt

tl C

It

II

It
I
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with four replications per treatment. Each plot was 100 feet

long and 63 inches wide (nine drill rows). Drilling and

seeding operations were accomplished by means of a grain-

drill with a fertiliser attachment.

A blanket treatment of triple superphosphate (55 pounds

of P2O5 per acre) was applied to the entire experimental area

at each site with the exception of the check plots. At the

Columbus Experiment Field, 21 pounds per acre of KC1 were

applied to all but the check plots to overcome the low potas-

sium status of the soil (Table 1). The potassium treatment

at Columbus was applied with a grain drill with the phos-

phorus. In all instances, phosphorus was banded with the

seed. Drilled applications of ammonium nitrate and urea were

applied to the plot areas prior to seeding in order to avoid

possible injury to the germinating seed by the hydrolysis of

urea. In 1965» however, the usual procedure for drilled

applications of nitrogen was not followed at the Manhattan

Agronomy Farm. In this instance, both nitrogen carriers

were banded with the seed.

Seeding rates were varied from U to 6 pecks at the in-

dividual sites due to variation in the mean precipitation.

Four pecks were seeded at Sandyland, six pecks at the other

sites. Varieties of wheat sown included Triumph on the Evans

and Newton sites, Concho at Sandyland, and Ottawa at Ashland,

Manhattan, and Columbus. The several varieties were utilised

to coincide with the type of certified seed produced on the

experimental fields.
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Urea top-dressings were carried out manually. Pre-

weighed aliquots of the material were spread over the entire

plot area. The dates of nitrogen top-dressing for the various

sites in 196U and 1965 werai

I96J4 Locations

Treatment Hutch . Newton St. John Ashland Columbus

9, 10, 11 Feb. 20 Feb. 20 Feb. 20 Feb. 27 Jan. 15

12, 13, 1I4 March 5 March 5 March 5 March 12 Feb. 12

15, 16, 17 " 2k " 2k 2k "30 March 1

18, 19, 20 Apr. 8 Apr. 8 Apr. 8 Apr. 15 15

1965 Locations

Treatment Hutch. Newton S t. J ohn Manha ttan Col umbus»- -'m i i » — Wmmm iL ii m — '.- n M, , , ..i n — ! «
1

m warn in. mm «

9, 10, 11 Feb. 19 Feb. 19 Feb. 19 Feb. 19 Jan. 15

12, 13, Ik March 12 March 12 March 12 March 12 Feb. 15

15, 16, 17 Apr. 12 Apr. 12 Apr. 12 Apr. 12 March I

18, 19, 20 May 5 May 5 May 5 May 5 "15

The plots were harvested by means of a combine. The

grain from each plot was weighed in the field to determine

yield and a two-pound aliquot retained for chemical and

qualitative analyses.

Chemical and Qualitative Analyses : The grain samples

were cleaned by the use of a Carter Dockage Tester sieve

cleaner. Samples in paper sacks were then allowed to air

dry until constant weights were obtained. Determination of

test weights followed using an Ohaus Scedburo scale. These
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were expressed in pounds per bushel. Aliquot 5 of the clean

grain were then placed in smell sir-tight bottles for further

analysis.

Techniques for the determination of yellow berry were

acquired from Professor Howard Wilkins of the Department of

Agronomy, Kansas State University. Two hundred grains were

collected at random from each sample. Two people were em-

ployed for this Job in order to provide a check on counting

and examination. The grain was examined by means of a magni-

fying glass when kernel color was generally light.

Plumpness of the grain was determined by weighing 100

kernels selected at random from each sample. This test was

included due to the author's belief that high test weights

might not always be correlated with plumpness.

Aliquots of the grain saved for protein analysis were

finely ground through a Labconco modified burr-type mill.

The determination of nitrogen in the grain followed the pro-

cedure described by Jackson (26) but with the following modi-

fications. A mixture of K2S0^ t FeSC^, and CuSCjj (10rl:£) was

used as the digestion accelerator, prepared methyl purple

with a pH range of 1|.8 to 5*U was used as the indicator in

the titration process. Exactly 1 g of oven-dried ground

grain was placed in an 600 ml KJeldahl flask along with the

digestion catalyst and 30 ml of concentrated l^SCj,. The

mixture was digested until the solution attained a light

yellow-green color. To the cool digest, about 100 ml of

cool water was added plus 110 ml of UO percent NaOH solution.
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The distillates were collected in !; percent boric acid solu-

tion and back-titrated with O.071I4 N H^Sq^. A factor of 5.7

was used for protein conversion.

Efficiency on the recovery of N by the KJeldahl apparatus

was determined by using an (N^gSC^ solution known to have

1 mg N per ml. The mean percent recovery was found to be 99.

Statistical Ana lys 1

s

; Analysis of variance of the yield,

protein content, test weight, yellow berry, and plumpness

data wss carried out via the methods described by Snedecor

(52) and Federer (19). Snedecor»s F values at th« 5 percent

level were selected as the basis for determining the sig-

nificance of the F-tests of the treatment mean squares.

Fisher's least significant differences based on t-valucs at

the 5 percent level were used to test treatment means.
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RESULTS AND DISCUSSION

Detailed data from this study are presented in the

Appendix.

£.• Evans Farm , Hutchinson t In I96ii, significant In-

creases in grain yields were obtained with the addition of

nitrogen. Drilled applications of nitrogen applied before

seeding appeared to produce higher yields than the rest of

the treatments, especially the two highest rates of applica-

tion of N. April applications of urea nitrogen produced

the minimum yield increases. This is shown especially by

the N-25 rate of spring-applied urea which proved inferior

to a similar drilled treatment of ammonium nitrate and the

March 5 applications of urea at the same rate. The result

may be attributed to the fact that utilisation of nitrogen

Is rapid during the early growing season. A comparison of

the lowest yield, 1*0.81 bushels obtained from the N-25.

April application, and the yield of the plots with no ferti-

liser et all, 35*29 bushels, points out the need for a fer-

tility program for this location. Statistical analyses

showed that the P-only treatment was as effective as treat-

ments 3 and 6, which were drilled before seeding.

In most treatments, the date and rate of N top-dressing

application did not appear to have a significant effect on

the yield. The 25 pound rate of N seemed to be adequate for

wheat production if only yield was considered.
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In 1965, there was also 6 marked increase in yield after

the addition of nitrogen. In most cases, there were signifi-

cant increases in yield as the N rate was increased, except

in the case of the V&y 5 application. This can be explained

by the fact that the latest top-dressing was applied when the

wheat was in the boot stage which caused a delaying effect on

the maturity of the grain. In the case of the latest spring

applications, the yields decreased as the rata of N increased;

among the plots receiving spring treatments with the same

amount of N, yields were depressed as the date of N applica-

tion was postponed (Fig. 1). Generally, the drilled applica-

tions, during the two years, of both sources of N, especially

at the N-?0 and N-100 rates, tended to produce the highest

yields. The effects of the drilled K carriers are shown in

Fig. 2, Again the difference in yield between the check

plots (29.8 bushels) and that from the N fertilised plots

(38.1 bushels) proved the necessity for a sound fertility

program.

Application of P also produced a marked Increase in

yield. The effects of P fertilisation are presented in Table

3.

Generally speaking, both years* data revealed that

application of the entire amount of N in the fall before

seeding was superior to the application of all the nitrogen

in the spring as a top-dressing.

In both 196U and 1965, the protein content of the grain

increased as amount of N applied increased (Fig. 3). In all
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Table 3. Effecta of P fertilisation.

Yield % Teat Wl. Ye l. berry wt. 160
Treatment Bu./A. Protein Lbs./Bu. i graina, g

0-N
1961*

35.3
8M

11.2 60.0 «

P only 11.2 60.1 •»

1.*
0-N

1965
29.6 11.0 61.1 5.8 3.127

3.278

2.

P only 36.2 10.2 61.8 17.2

0-N
P only 1961*

30.9
354

11.8
11.7

61.3
61.3

7.2
11.2 •

0-N
1965

29.8 10.1 60.1* 6.5 2.911

3.

P only 23.1 10.2 59.1* 6.5 2.780

0-N
P only 1961* W4i

i*i.e
10.2
10.1*

58.2
58.0 -

0-N
1965

31.8 13.3 59.8 8.0 2.-J81*

2.1*59P only 37.2 12.0 59.6 12.0

0-N
1961*

30.5 10.2 60.5 12.6 •»

P only 35.0 9.9 59.8 8.3 .

1*.

0-N 1965
• 11.6 59.1 Q.2 2.992

P only
* /**^ • 11.9 59.9 9.0 3.150

0-N 33.3 12.1 59.1 5.8 ..

P-K only 1*0.7 12.1* 58.8 3.5 m
5.

0-N
y >** 1*1.6 11.2 58.8 • 2.251*

P-K on! 51*.

9

10.2* 59.1* at 2.351*

« 1. R. Evana Farm, Hutchinaon
2. Sandyland Exp. Fl« Id
3. Aahland and Manhattan
I*. Newton
5* Coluwbua
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instances, the N-100 rates resulted in the highest protein

contents, then the N-50 and N-25» in decreasing order. The

effect of date of N application on the protein content of

the grain varied between the two years' data. In 1961*, the

highest protein contents were obtained from drilled applica-

tions of NJfyN03 (13.21 and llj.16 percent for the N-50 and

N-100 rates respectively) while the highest protein contents

in 1965 were obtained from the latest spring applicetion

(12.5 snd 13.3 percent). The application of p tended to de-

crease the protein content as is specifically indicated by

the 1965 test (Fig. k) • Generally speaking, the protein con-

tent of the 1965 crop was lower than that of the 1961* crop.

This can be explained by the fact that there was more total

precipitation during the 1965 growing season (Appendix Tables

12 and 13). Also, the relatively lower average temperature

which prevailed during the 1965 growing season (Appendix

Table 15) might be a major factor in inducing this phenome-

non.

In 1961;, the treatments did not have a significant

effect on test weight. This was not the case In 1965. It

Is shown by the 1965 data that the N-25 rates applied In the

spring produced the highest test weights. In both years, It

was clearly evident that the highest amounts of N generally

produced the lowest test weights. It Is a well-accepted con-

cept, however, that a lower test weight Is likely to be

associated with a high protein content and vice versa. This

is usually explained by the assumption that the protein Is
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deposited in the grain earlier than the carbohydrates and if

the filling of the grain is cut short by hot winds, dry

weather or other climatic factors, the grain is left rela-

tively high in protein content. Grain that is not filled

completely will be low in test weight while grains well-

filled are high in test weight. Consequently, low test

weight is associated with the high protein content of pre-

maturely ripened wheat and high test weight with the lower

protein content of plump, completely filled grain. But the

test weight cannot always be regarded as a reliable index of

wheat protein content. The average test weight of the 1965

crop was higher than that of the 196^ crop.

The qualitative analyses made in 1965 included the

plumpness test (by weighing 100 kernels from each plot) and

percent yellow berry. The 1961* grains were too bleached to

allow a reliable yellow berry determination.

In the 1965 data, test weights and plumpness are similar

in many respects. There was a general tendency for the high-

est rates of N to produce grain with the loweat test weights

and plumpness with the lower N rates producing grain with

the highest values, plota which did not receive any ferti-

liser gave grain with the lowest test weight and plumpness of

all treatments.

In regard to the yellow berry test, grains from the low

N plots were significantly higher in yellow berry content

when compared with those from plots receiving 100 pounds of

N. In no instance was the percent yellow berry higher after
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the high N treatments. Apparently, the differences In dates,

sources and methods of application among treatments of

equivalent amounts of N did not have a significant effect on

the yellow berry content of the grain.

Sandyland Experiment Field, St. John : In 196U, yields

were not significantly effected by the rates, sources, methods,

and dates of N application. The plots receiving no fertili-

zer at all produced the lowest yield. The P-only application

tended to increase the yield.

In 1965, there was a marked increase in yield at the two

highest rstes of N including the drl lled-bef ore-seeding

applications and the first spring application, from the

standpoint of statistical Importance, there was no signifi-

cant response to the 25-pound N rate regardless of the

carrier or the time of application. A significant response

to the 50-N rate was observed only at the first spring top-

dressing date. Again, the latest spring top-dressing proved

to be of no significance as far as the yield was concerned.

Yields obtained from all rates on this date were even lower

than from the check plots. This can also be explained by

the fact that the top-dressing was carried out when the

wheat was about to reach the boot stage; the maturity of the

grain thus being adversely affected (Fig. 5). In the case

of the drilled applications in 1965, the NfyNC^ produced sig-

nificantly higher yields than did urea, particularly at the

higher rates of N application (Fig. 6). The average 1965

yield was lower than that of the 1961j crop. This may be due
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to the relatively lower temperature which prevailed during

the growing season of 1965* There was no response to the

P-only treatment In 1965.

There were significant effects of N application on the

protein contents of the grain In both 196U and 1965. At no

date, source, method, and rate of N application was the pro-

tein content Inversely related to the N treatment. An

apparent increase of the protein content was obtained from

the spring top-dressings in 1965* The greatest increase in

protein was produced by the latest (May 5) application of

urea-nitrogen (Fig. 7). This is in contrast to the 196U re-

sults, where the highest level of protein resulted from the

ammonium nitrate drilled before seeding (Fig. 8). Again it

is evident that there is an excellent relationship between

the protein content of the grain and the rate of application

of N. However, a marked decrease in protein was noted as a

result of the treatment Involving only phosphate. The

average protein content of the 1965 crop was lower than of

the 196i| crop which can be attributed to the higher total

precipitation and lower average temperature which occurred

during the wheat growing season (Appendix Tables 12, 13, and

15).

The 1965 test weight results were quite different from

those of 196U (Appendix Tables 3 and k) . In 196U, differ-

ences in test weights were not significant but there was a

tendency for test weights to decline with increasing N treat-

ments. Test weight differences were significant at the .05
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level In 1965 but not at all dates of application. The phos-

phate application did not have a significant effect on the

test weight In either 196U or 1965. Generally, test weights

of the 1965 crop were lower than those of 1961|.

Plumpness of the grain (weight per 100 grains) was

directly related to the test weight in 1965. The lowest

weight per 100 kernels corresponded to the lowest test weight

but had the highest protein content. Both were significantly

affected by the N application.

Both years* data showed the percent yellow berry to be

affected by the application of nitrogen and phosphorus.

Among the sources of variation, the rates of N gave the most

significant effect. For instance, most of the 1965 N-25 and

N-100 treatments produced significant differences. This was

not true, however, for 196!j. The P-only treatment tended to

give the highest percent yellow berry. Among the N treat-

ments, N-25 rates gave the highest average percent yellow

berry and the N-100 the lowest.

Ashland and Manhattan Agronomy Farm s* In both 1961; and

1965, grain yields were not significantly affected by the N

end p applications (Appendix Tables 5 and 6). However, there

was a slight modification of treatments for 1965 at the

Manhattan Agronomy Farm. The nitrogen fertilisers were

drilled with the seed and only treatment 2 received phosphate.

It was observed that plants on most plots receiving high rates

*Due to damage of winter-kill and weeds, only 2 replica-
tions were harvested in 1965.
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of N (specifically N-100) showed low or practically no emer-

gence. This is explainable by the theory that higher amounts

of N fertilizer withdraw more moisture from the surrounding

area, thus depriving the seed of moisture necessary for ger-

mination. In the case when urea was drilled with the seed,

germination may have been inhibited by the high pH brought

on by hydrolysis of the urea.

In 196ij, the unfertilised plots at Ashland produced ex-

cellent yields which were not significantly different from

those obtained after N and P fertilisation. In treatments

where N sources were drilled before seeding, the 2$ pound

rate appeared to be better than the other two rates (Fig. 10).

Top-dressing applications of 50 pounds of N produced higher

average yields than the 25 pound and 100 pound ratea (Fig.

9). Lack of response Bt .Ashland may have been due to the

extremely dry weather which prevailed during the spring of

1961| (Appendix Table 5). In 1965t plots receiving the phos-

phorus produced the highest yields. This response may be

due to the low available phosphorus content of the soil

(Table 1). The N-25 treatment produced the lowest average

yield. Lack of response at Manhattan might have been due to

the lack of available phosphorus.

Generally, the protein content in 196J* and 1965 Increased

with increaaing rates of N. However, the 1965 results were

not significantly affected by N applications even though it

was apparent that wide differences existed between the pro-

tein content of the grain from the N-25 and/or N-50 and
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N-100 plots. The 1961+ data revealed significant effects of

N applications on the protein content of the grain (Fig. 11).

In all instances, the N-100 treatments were superior In pro-

ducing high protein grains. The single P treatment produced

a significant depression In the protein content of the grain

in 1965. Significant differences did not seem to result from

variations in dates, sources, and methods of nitrogen appli-

cation.

F«w significant differences were observed in the test

weight data in either 19&U or 1965. The plumpness test was

without significance. Yellow berry counts were not attempted

in 1961* due to the bleached condition of the grain. Yellow

berry In 1965 was inversely related to the rate of N ferti-

lisation.

Newton Experiment Field : Wheat at Newton responded sig-

nificantly to N applications in terms of yield In 196!+ (Fig.

12 and Fig. 13). In most cases, yields were directly re-

lated to the rate of N fertilisation. Phosphorus also pro-

duced a significant Increase In yield In 196i| . No yield data

were collected In 1965 due to severe winter-kill and severe

hail damage In early June. Grain samples were collected,

however, for qualitative determinations.

Protein contents were significantly affected by N treat-

ments in both years. There was an excellent positive re-

lationship between protein and N treatment in both years.

This was true for both sources of N, drilled and top-dressed

(Fig. 1U and Fig. 15) . In 1965, spring applications of urea
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were especially effective in Increasing the protein content

of the grain, phosphorus significantly depressed the pro-

tein content of the grain In 196!;. Significant differences

existed in the test weights among the data for both 1964 and

1965. The effects of N fertilisation on the test weight of

the grain, however, were varied and did not follow a particu-

lar pattern. A tendency for the test weights to be lower for

grain from the plots receiving the late spring N top-dressings

was observed In 1965.

Yellow berry determinations followed their usual pattern

in both crop years. In all instances, the yellow berry con-

tent declined with increasing N applications. Also, there

seemed to be an excellent direct relationship between test

weight and plumpness (Appendix Table 8).

Columbus Experiment Field t Significant differences in

yields were apparent In both the 196Jj and 1965 data for the

Columbus field. The use of N produced highly significant In-

crease In the yield of grain over that from check plot, but

there were few significant differences In yield that could

be attributed to different rates of N fertilisation. Tha

addition of p and K to the soil also produced sizeable yield

increases In both 196U and 1965. Few significant dlfferencea

existed In 1965 between plots that had received p plus K aa

compared to those that received N, P, and K (Appendix Table

10). No significant differences existed between the p-K and

N-P-K plots In 1961;. Yields In 1965 on this series of plots

were among the highest ever recorded at the Columbus field
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(Fig. 16 and Fig. 17).

Protein content of the grain was directly related to N

fertilization in both crop years. Significant difference!

were numerous in both years. A direct relationship of pro-

tein to N fertilization rates was observed for all dates,

sources, and methods of N application (Fig. 18 and Fig. 19)*

Phosphorus and potassium depressed the protein content of

the grain in 1965 but did not significantly affect it in

1961*. The 1965 crop was generally lower in protein content

than was the 1961+ crop.

Considerable variation in the test weight of grain was

observed in 1965 but there was a general trend for test

weight to decline as the rate of N fertilication increased.

Little variation was observed in the 196fy test weights,

which were generally below those of 1965.

Rates of N fertilication did not produce significant

differences in the results of the plumpness test.
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SUMMARY AND CONCLUSIONS

Results of this study have indicated that urea is an

effective nitrogenous fertilizer for wheat. Top-dressed

applications of this material at five Kansas locations were

seemingly as effective as treatments applied before seeding.

Comparisons of urea and ammonium nitrate did not reveal any

consistent difference in the abilities of these two carriers

to supply nitrogen to wheat. Comparisons of these two

carriers were applicable only to the pre-seeding applications

of nitrogen.

Wheat yields were directly related to the rate of nitro-

gen fertilisation. Responses to nitrogen fertilisation at

the rates of 25, 5>0, and 100 pounds of N per acre were not

uniform among the five sites ss would be expected nor were

the results completely translatable from one year to the

next. Variations in response to nitrogen fertilisation were

due to both soil and climatologlcal conditions.

The time of urea top-dressing was important in regard

to yield response. When the time of N application was post-

poned until the heads were in the boots, significant reduc-

tions in yield were observed at the Sandyland field (St. John)

and the Evans farm in Reno county. Other dates of nitrogen

application were about equal in respect to yield responses.

Phosphorus fertilisation produced significant yield re-

sponses at the Evans farm, St. John, Newton, and Columbus.

The effects of P and K on yields, however, could not be
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separated at the Columbus site due to the simultaneous

application of both nutrients.

The protein content of the grain was in all cases

directly related to the rate of N fertilisation. There was

seemingly no difference between the abilities of the two

nitrogen carriers to influence the quality of the grain in

this respect. Delayed top-dressings of nitrogen, while

having a somewhat detrimental effect on yields at some loca-

tions, generally tended to produce wheat of a higher protein

content. Phosphorus applications tended to lower the pro-

tein content of the grain.

Test weight of the grain was in some instances inversely

related to the rate of nitrogen fertilisation. This relation-

ship, however, was varied between sites, dates of N applica-

tion, and crop years. Yellow berry was Inversely related to

nitrogen fertilisation.
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ABSTRACT

A two-year Investigation of the effectiveness of urea

as a nitrogenous fertilizer for wheat was conducted at five

locations In the state of Kansas. Summarised data from both

crop years (196U and 1965) reveal that urea Is an effective

source of nitrogen for wheat. No consistent differences were

found between the effects of drilled applications of urea and

ammonium nitrate on wheat yields or grain quality. Top-

dressed applications of urea nitrogen were as effective as

treatments incorporated into the soil prior to seeding.

Wheat yields and protein content of the grain were found

to be directly related to the rate of nitrogen ferti liiation.

Protein content of the grain was enhanced by late top-dressings

of nitrogen.


