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ABSTRACT
UREA AS A SOURCE OF NITROGEN FOR IRRIGATED WHEAT
BY
Sa'idu Mu'azu
Master of Science in Agriculture

California State University, Chico
Summer 1979

An experiment was conducted in the greenhouse to evaluate urea
by comparing responses of irrigated wheat to treatments involving urea,
ammonium sulfate and sulfur coated urea (SCU). Grain yield, total dry
matter, 100 seed weight and grain to stover ratio were observed. The
wheat was an early maturing, short statured variety (Yecora Ro0jo).

The study experiment was conducted on an acid loam (pH 6.5) and
a calcareous clay loam (pH 7.6). The fertilizers were either surface
applied or soil incorporated at rates of 0, 50, 100, and 150 Ibs. N
per acre. The experiment consisted of a factorial arrangement, four
replications and a completely randomized block design.

There was no significant difference in wheat grain yield, total
dry matter, 100 seed weight and grain to stover ratio resulting from
treatments that had received either urea or ammonium sulfate or between
plots that had received either urea or SCU.

Ammonium sulfate treatments produced significantly higher grain

yield and total dry matter than treatments that had received SCU.

Vii



There were no significant differences in grain yield total
dry matter production, 100 seed weight and grain to stover ratio between
plots that had received surface application of nitrogen and those that

had received soil incorporation of the same material.

Viii



© CHAPTER 1
 INTRODUCTION

Fertilizer has played a.very important role in raising the level
of agricultural productivity and improving the fafmer's income, Sixty
percent of yield increases, particularly in the more advanced countries,
is attributable to the ggtionai use of fertilizers. In many of the devel-
oping countries of Africa and Asia, fertilizer is the most important
singu]ér fnput and may take the largest proportion of the total farm
investment. The total value of fertilizer use estimated for 1985 will
'represent approximately 45 percent of the total value of all current input
in agricultural production in the developing countries (30), The demand
- for fertilizer in the latter nations is still increasing partiéu]arly with
the development and adoption of new high yielding cereal varieties.
Research data in the tropics have indicated plant recovery of fertilizer
nitrogen ranges only between 50 to 60 percent; the remaining 40 to .

50 percent may be lost from the soil through leaching andlvOTati1ization
© {62). Newer research findings using 15y isotopes are indicating even

. much lower plant recoveries of soil applied nitrogen than previously

'-._‘estimated (54, 15, 25). Phospharus recovery by plants has alsoc been

#

reported to be Jow, largely due to fixation in the soil.

- In addition to low fertilizer efficiency, transportation (and

~_storage) costs add considerably to the final price to the farmer,

especially when the fertilizer has to be imported. These costs exceed
- B0 percent of the farmer's price in northern Nigeria (30).. |

1



'In much of Africa, ammonfum sulfate has been the 'traditional!
nitrogen fertilizer. The prolonged use of ammonium sulfate as a fertil-
izer on a tropical soil with low cation exchange capacity and initial
acid reaction has the potentia) of further Towering the soil pH. This
.has been observed in some places, The drive to use a nitrogen carrier
with less acid equivaleht than ammonium sulfate and the need to decreaée 3

- the per unit nutrient cost of nitrogen fertilizer is leading to the
- rep]acement of the latter with urea (30, 62, Table A-5), Lo
Loss of ammonia by volatilization is to a large extent respoHs1b1e

~ for Tow efficiency of urea and ammonium sulfate (including other ammonium

= fertilizers). The volatilization process depends on the alkalinity of

the soil medium, Loss of ammonia by volatilization from ammonium sul-

'f fate is generally not a problem on acid soils. Urea, however, may alter

the soil pH towards alkalinity, depending on the buffering capacity of.
o the-sof1; resulting with volatilization loss of ammonia.

| The objective of this study is to evaluate urea by comparing

it with ammonium su]fate and sulfur coated urea under varying sail i
conditions and fertilizer placement on the basis of grain yield, tota1
 _dry matter, seed weight and grain te stover responses to the fertilizers
by an irrigated wheat. The grain to stover ratio is included to show

- if SCU w%11 produce excessive vegetative growth, The study will be .

~ carried out on two types of soils; a light acid soil {(pH 6.5) of 10w.
buffering capacity (C.E.C. 1llme/100g) and a heavier calcareous soil s”’:ﬁ
| {pH 7.6) with medium C.E.C. (38me/100g). Two fertilizers will be

applied as surface or soil incorporation.



Wheat 1s & new crop in Nigeria. Its significance as a
crop 1s likely to grow with the expansion of irrigation agriculture
.- and the nation's increasing demand for flour, hence, the choice

| of the crop.



CHAPTER II

LITERATURE REVIEW

Though commercial synthesis of urea was begun in 1920, it -
was only tried as a fertilizer after 1935 {10). Prilled urea has
. a tendency to cake because of its hygroscopic nature which creates
storage prob1gms. It was also corraosive to handling and équipment.
As such, it was never popularly accepted as a fertilizer. Later
development in fertilizer manufacturing technology has led to the
development of a granular urea with virtually none of the disadvantages
- formerly associated with urea.
| Urea has the highest analysis (46 percent} of all solid
nitrogen fertilizer commercially available and has a favorab1é
economics of manufacturing which leads to a considerable savings
in production, transportation, and application costs (10). It
suffers less leaching in the seil than other nitrogen fertilizers
because it is weakly absorbed by the soil colloids (78, 11). Urea
has 1ess acid equivalent than ammonium sulfate and would lead less
to the development of soil acidity than the latter. It also has
the ease and safety of handling aﬁfapplication of most solid
fertilizers (30, 38, 61). Granular urea has currently shown a i'_!
potential as a carrier for certain pre-emergent soil incorporated

herbicides {10).
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Urea Nitrogen and Crop Response - IR

Urea has shown an efficiency comparable to ammonium sulfate
. .as a source of nitrogen to many crops, including corn (maize}, wheat, t
and rice when properly used (9, 30, 38, 50, 68). In certain instances
"I-where responses to ammonium sulfate were better, the differences were
 shown to be due to the sulfur component of the latter (30, 42). Foh |
(39) concluded that urea could be a good source of nitrogen for paddy .
-5: rice applied as a single prepltant incorporation or as a split applica-
. tion at 252 kgs. nitrogen per hectare, A linear response to urea up
. to a level of 250 1b/acre was obtained on an estahlished pasture (3).
. Khan and Mandal have reported similar trends in a field experiment with
jute up to the Tavels of 120 to 150 1bs. per acre (40). Uptake of
| soil applied nitrogen by slash pine in the coastal plain of Florida
was found to be higher from urea than from ammonium sulfate (76).
_ Some reports, however, do indicate lower recoveries of soil
'.app1ied nitrogen and lower yield from urea than ammoniun sulfate (26,
81, 8). | | "
Problems With Urea

Definite problems have been encountered with urea by some workers.
Basically, these problems are in excessive 1oss of urea nitrogen by vola-
ti]izat%on of ammonia and other gases and phytotoxicity of urea when
: applied in high concentration or in close proximity to seed (21, 38,

49, 85). These factors are critical to the efficiency of urea as a
fertilizer. In some instances uréa had failed to match the efficiency

of some other nitrogenous fertilizers because its application to the



soil had 1ed.tb excessive gaseous 105s or because crops had failed
to recover from early adverse effects of the fertilizer (23, 65,
82}. Loss of nitrogen by ammonia volatilization following urea
application to soils has been widely reported (22, 32, 42, 43,

57, 58, 60, 71, 76, 85, 8%8). As much as 60 percent of the applied

‘nitrogen could be lost (30, 20).

. Loss of nitrogen from the soil in the form of ammonia is a
purely chemical process as when ammonia is Jost from aqueous
solution (83). The ammonia volatilization capacity of a system
depends on its alkalinity (NH4(aqL HCU%' ). In a laboratory
study, loss of ammonia from solutions lacking alkaTiﬁity was

1imited, but was complete in the presence of cog“ (83). Ammonia

-

~volatilization is a rapid process and first order reaction with a

half-1ife of about five hours at near optimum conditions. It is
expected to be severe during the first few days (83, 79}. Femn

and Kissel (31) have proposed a mechanism for ammonia volatilization
from calcareous soils. The major factor involved is the solubility
of the potential reaction preduct. An insoluble calcium salt

reaction product greatly favors the formation of ammonium carbonate,

;:_ The latter is unstable and decomposes to release carbon dioxide

and ammonia. More carbon dioxide is Tost than ammonia which

consequently results in the formation of ammonium hydroxide and
further volatilization leoss of ammonia.

Incubation studies have shown that urea appred to soils
undergoes rapid hydrolysis especially under high temperatures and

is essentially complete within four to six days {7, 72, 73, 74, 76).



The hydrolysis appears to follow a first order reaction with an average
half-1ife of 3.7 to 7.9 hours (74). The rate of hydrolysis depends upon
the kind of soil, the moisture level, the organic matter content and is
little affected by temperature (60, 76). Hydrolysis is slower in
flooded soils, in saline soils and in fine textured soils (66, 74, 76).
The first product of urea hydrolysis is ammonium carbonate. The latter,
according to the local concentrations and the soil's buffering capacity
may temporarily render the soil alkaline (40, 59, 77, 85) and ammonia
may be lost according to the mechanism already outlined.

Loss of nitrogen by ammonia volatilization is not unique to
urea but may occur under certain conditions when ammonium containing
fertilizers are applied to soils. Substantial gaseous losses of
nitrogen was observed when ammonium sulfate was applied to some
alkaline soils (2, 44, 60, 85). The cumulative loss of ammonia
following surface application to the alkaline soil of the Sudan Gezira
was found to be consistently higher for ammonium sulfate than urea (60).
Losses were greatest during the first week and increased with higher
application rates (60). Losses were found to be similar from urea
and ammonium sulfate in other cases (41). Other factors affecting
volatilization losses of ammonia have been studied (41, 29, 46, 87,

6, 86). Ammonia volatilization is accompanied by loss of alkalinity
which tends to terminate the process. Calcium carbonate, when present,
will supply the alkalinity to perpetrate the process. Fenn and Kissel
(34) reported a rapid increase in the loss of ammonia with increase

in soil calcium carbonate up to 6.1 percent. There was no further

increase beyond a soil calcium carbonate of 9.7 percent. Thus loss



of ammonia from urea and other ammonium fertilizers is much more
serious following surface application to a calcareous soil.
Incorporation of the fertilizer markedly reduces the loss (35, 58,
85). Increasing temperature and/or soil pH increases volatilization
loss of ammonia. The effect of temperature is much more pronounced
in non-calcareous soils than in calcareous soils (33, 56). Initial
soil moisture affects ammonia volatilization. There is no volatilization
loss of ammonia from a dry soil (29, 86). As little as one percent
soil moisture is enough to start the process, but the rate of
ammonium loss decreases with increasing soil moisture content (36,
38, 56). Field measurements of ammonia volatilization (44) have
indicated a diurnal pattern corresponding to fluctuations in the
atmospheric relative humidity. Total loss of ammonia as a percent
of the applied nitrogen did not increase with increasing application
rates as laboratory studies suggested, but it shows greater response
to soil temperature. Volatilization loss of ammonia decreases
with increasing soil cation exchange capacity (6, 36, 56).

Loss of ammonia by volatilization is not the only factor
involved. There is an hypothesis that reactivity of nitrous acid
in fully aerobic soils may also be involved. The important reaction
involved seems to be the spontaneous decomposition of nitrous acid
according to the following:-

4HN02-9'2N0 + 2NO, + 2H20

2
—
2NO + 02-"3" 2N02.‘_ N304



Some nitrate is being formed and the reaction follows a -

cyclic process. Loss of nitrogen as nitrogen dioxide from soils
- can thus occur. Loss of nitrogen can also occur from interaction
._ of nitrite with soil organic matter by Van Slake's reaction. The
latter involves the reaction of nitrous acid with amino groups or
ammonia.

RNH., + HNO,~> ROH + Ny + H,0

NHa + HNOp=3 NH NO,—>~ N, + 2H,0
_ A numbef of reporfs have indicated nitrite accdmﬁ?atfdn
. in soils both under incubation and field studjes (17, 42, 47, 14,‘
61, 71, 64, 74). Some have indicated a nitrogen deficit which :

could not be accounted for by the Toss of ammonia or nitrification

. (81, 61, 47, 57). Clark, et al.(17) observed a mineral nitrogen

deficit exceeding 25 percent of the applied nitrogen (urea) for
poorly buffered and acid soils which accumulated nitrite during f?“
E " an incubation. Jones (47) noted that conversion of nitrite to f _ :
nitrate was much slower in the Norfolk sand (acid) than the e
conversion of ammonia following urea hydrolysis to nitrite.

Ayanaba and Kang (7) have also reported slow nitrification in an

| acid soil {pH 4.7) and a small accumulation of nitrite. The -

| bottleneck in the nitrification of ammonia following urea hydrolysis
or soil application of ammonjum fertilizers appears to be the

| oxidation of nitrite to nitrate. This has been attributed to the
toxic effect of both ammonia and nitrite fons on the nitrifying
bacteria. The optimum levels of ammonium and nitrite jons for

nitrosomonas and nitrobacter Ties approximately at 0,005 N NHI




10
and 0,0072N NOE. respectively (53). Free ammonia and excess

nitrite have been found to poison nitrobacter (53). Computer
simulation of loss of nitrogen fertilizer through chemical decompo-
sition of nitrite of tropical soils have indicated that up to 50
percent of the added ammonium nitrogen may be lost in an acid soil
when nitrification occurs at temperatures prevailing in the humid
tropics (52). The rapid hydrolysis of urea following soil appli-
cation will be a significant factor.

Pasteur first recognized that hydrolysis of urea was

brought about by a living organism, Torula ammoniacale. It was

later found that a whole range of microbes capable of decomposing
urea are also found in most families of bacteria, actinomycetes
and fungi (48). It has since been found that the transformations
may be catalytic in part rather than completely biological (18,
19, 20, 55). Some evidences suggest catalytic decomposition of
urea may be more important than the biolegical (19), at least in
some soils. The catalyst has been characterized as enzymec (8).
The enzyme, urease, is found to be absorbed on soil colloids.
Urease is highly stable and more resistant to decomposition than
added laboratory urease (18, 69). Urease activity varies in soils
and has been highly correlated with soil organic matter and plant
growth. In general, high urease activity is exhibited by soils
with high organic matter and by soils with plant covers such as
sods, pastures, cover cropped and weedy area (20). Urease
activity has been seen to increase following intensive cropping

or high microbial activity in the soil (20, 69).
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Phytotoxicity of urea has been attributed tb.the ammon{é
and nitrite following hydrelysis and nitrification, and to biuret
contamination of urea., The amount of ammonia that may be produced |
in the soil following high application rate of urea (or when
 drilled with the seeds) has been known to affect germination (60,
38, B8), Young seedlings may also be drastically affected and -.
unless they properly recover, can lead to reduction in crop yield
(21). Court, et al., (21) reported nitrite accumulation of up to
24 percent of the applied nitrogen. Many reports do not indicate

* such excessive nitrite accumulation (74, 7), but do still indicate

~ the potential hazard of nitrite toxicity, particularly to sensitive

crops following high $oil application of urea or drilling with
~ the seeds. |
Biuret is a contaminant which may be present in commercial

urea. It has been shown to be phytotoxic in very small concen-

tratfon (13, 81, 48), Urea containing 2.5 percent biuret was found to

reduce stand of small grains by 30 percent when an equivalent of
20 pounds nitrogen/acre was drilled with the seeds (13). Wheat
germination was reduced from 85 to 82 and from 74 to 72 percent
in a pot trial by increasing the biuret content of urea from

0 to 2 and 4 to 8 percent, respectively (48). Apparently biuret
affects germination significantly only when urea is placed in
close proximity to the seeds (13, 18). Biuret content may,

however, enhance phytotoxicity from NHz and NOZ' Both the



conversion of nitrite, as well as the subsequent oxidation of the

nitrite to nitrate seems to be retarded by biuret (75).

12



CHAPTER III
METHOD AND MATERIALS

A greenhouse experiment involving two soils, three nitrogen
carriers (urea, ammonium sulfate and SCU), two methods of placement
(surface application and soil incorporation) at four levels of
applications (0, 50, 100 and 150 pound N/acre) was planned. The
factors were combined in a factorial arrangement and the treatments
were replicated four times in a completely randomized block
design, One soil was a loam with pH 6.5, and a C,E.C. of 1lme/100g.
The second soil was a slightly calcareous clay loam with pH 7.6
and C.E.C. of 38 me/100q.

The soils were crushed into fine grains while still moist
and allowed to dry. Two kilograms (4.4 pounds) of each soil was
weighed into a polythene bag and place in a one gallon pot of
known weight. The amount of fertilizer per pot was determined by

the following expression:

1.0 x 1073 x rate/acre
percent nitrogen analysis

rate (gm) pot =

The fertilizer was either applied to the dry soil surface (solid)
or mixed into the soil. Distilled water was "sprinkled" into
each pot to bring the soil moisture to field capacity (30 percent
by dry weight for the clay loam and 15 percent for the loam).

The so0il moisture was maintained between field capacity and -1

13
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bar tension. The amount of distilled water needed to bring the

soil to field capacity for each irrigation was determined by
weight difference,

Ten seeds of the wheat variety Yecora Rojo were sown é}
each pot several hours after the first irrigation (12/24/78).

The seedTings were thinned to three plants per pot at two weeks
after sowing.

Uniform applications equivalent to 80 1bs/acre of potassium
and 100 1bs/acre of phosphorous as potassium chloride and single
superphosphate were made in solutions after three weeks. No
additional sulfur was given. All treatments were sprayed three
times with malathion beginning the first week of March to control
green aphids observed on some plants. The chemical gave effective
control.

The grain was ripe and dry by the end of April, but it
was not harvested until May. The heads from each treatment were
cut and put in a paper bag., The straw from each treatment was
also cut at the soil Tevel and put in separate paper bags. The
paper bags were put in an oven at 55°C for about 48 hours to dry
and were weighed separately (heads and straw). The heads were
threshed in small mortars with rubber tipped pestle and the grain
from each treatment separated and weighed. The grain yield,
total dry matter, 100 seed weight and grain to stover ratio were

used in the evaluation.
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The data were subjected to a statistical analysis (ANOVA)
using a computer. Comparison'befﬁééﬁﬂf}QaUnent means was made
using students' t-tests whenever necessary.

o Laboratory analysis of the soil samples before the experiment
and the method used is presented on Table I. All procedures are R
as outlined in Black {12}. - -



CHAPTER IV -
RESULTS AND DISCUSSION

Seed germination and seedling establishment were good in 511
‘treatments. Earlier seed germination wa§ noted for treatments on the
clay loam. Plant growth was generally good and all plants appeared
Tuxurious and healthy.

Yery little tillering was obsefved on the contro] treatments on
the loam. Tillering was observed for all other treatments on both
soils, More tillers seemed to have survived to produced some grains

in the treatments receiving the 100 and 15C pounds nitrogen per acre.

Grain Yield
The data on grain yield is presented on Table 2B, The rate of
© fertilizer application at the 100 and 150 pound nitrogen per acre
has significant influence on grain yield. This was largely as a result
of increased numbers of viable heads per pot at harvest from higher
amounts of tillering and tiller survival at the application rates
mentioned. Similar findings were reported by other workers (80, 71,
73, 45, 62). There was no significant difference in grain yield B
between.treatments that have received either urea or ammonium
sulfate, (Table 2A) Desai and Zenda (25), working with wheat and bajra
{sorghum) on a non-calcareous and a calcareous black soil, arrived at
the same conclusion. Other workers have reported similar findings

(1, 50, 26).

6



TABLE 1

. S0il Chemical Characteristics

17

Characteristics Clay Loam Loam
PH (Soil Paste) 7.6 6.5
Electrical Conductivity
{Saturated Extract) 0.72 mm hos/cm - ‘.
Carbonate (Gravimetric : : Cg
Method) ' 1.4 percent - v
Cation Exchange Capacity ' :
{Sodium Saturation) 11 me/100gm

Exchangeable Calcium (On

Acetate Extract by
Atomic Absorption)

Exchangsable
Exchangeable
Exchangeable

80il Organic

Magnesium
Sodium
Potassium

Matter

Total Nitrogen (Macro-

Kjeldahl)

318 me/100g

2.8 me/100gm
0,2 me/100gm
2.0 me/100qg

- 2.7 percent

0.16 percent

Readily Available Nitrogen

(N03+NH4) by Micro-Kjeldahl

NaHCO_ Extractable Phosphorus

3

LiCL Extractable Sulfur

Available Water
(Pressure Membrane)

14 ppm
22 ppm

5.7 prm

30 percent

5.8 me/100gm
4.0 me/100gm
b.S me/100qgm
0.3 me/100gm

1.1 percent
0.08 percent

11 ppm
11 ppm

9.4 ppm

15 percent
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TABLE 2B

Grain Yield, Total Dry Matter and 100 Seed Weight

by Fertilizer Application Rate

19

Application Rates
Fertilizer 0 50 100 150
Urea 1.237a 1.447b 1.528bc 1'360d*
Grain Ammonium
vield Sulfate 1.237a I.SSBab 1.597c l.?ch
S0l 1. 237 1.218 1.345 1.330
a a a a
Urea 3.218a 3.583b 3.851c 3.615cd
Ammonium
it sulfate 3,218 3.601 3.991 4.482
Dry a b c da
Matter
S$.C.1. 3.218a 3.413ab 3.430ab 3.650bc
Urea 2.839a 3.069b 3.025ab 2.891a
100 Ammonium
i a , .04
caed Sulfate 2 839a 2 839a 3 004a 3 1a
Weight
s.C.U. 2.839a 2.969ab 3.215c 3.093bc

* . Means with a common letter are not significantly different.
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There was no significant grain yield difference between
urea and sulfur coated urea. This agrees with reports by other workers
(64, 23, 67, 79). Treatments receiving ammonium sulfate, however,
produced significantly higher grain yield than treatments receiving
sulfur coated urea.

Neither the nature of the soil nor fertilizer placement had
significant effect on grain yield by fertilizer. Beri, et al (11) had
noted downward movement of urea with the waterfront when surface applied
to initially dry soil columns. It was very likely that the surface
applied urea and ammonium sulfate may have been washed down into the
soils with the first, and rather heavy irrigation.

The treatments on the clay loam gave significantly higher
grain yield than treatments on the loam. This may have been due to

higher initial fertility of the clay loam.

Total Dry Weight (Table 3)

Fertilizer applications rates at the 50, 100 and 150 pounds
nitrogen per acre resulted with significant increase in total dry
matter over the control., As with grain yield, this was largely due
to tillering (80, 71, 73, 45, 62). Urea and ammonium sulfate treatments
did not differ significantly in total dry matter production (1, 50).

There was no significant difference in dry matter production
between treatments receiving either urea or sulfur coated urea (60, 23,
63, 74). Ammonium sulfate treatments produced significantly higher dry
matter than sulfur coated urea treatments.,

There was no significant interaction either between fertilizer

and placement or between fertilizer and soil type.



21

*QUSISFITP ATIURSTITUBTS jo0u 23e I933ST UOWHIOD UITH SURDIW — «

T . 0LB"E - £6E°F  £L9°C  €V6°E 698°¢ - soeIINg
mo.H -W X n.?.:.. ) ) . - MMMN o .. . ; eaan r.,
® vy S¥E'F . £€S°y BIE"Y 698" € uotierodiodur R i
¥ . . - PI93RO].
8ZV°€ L -1n3T08
. sTL'T . §0B'T  S98°T . £99°C . L9GT soegang TS
15272 . - . : ] . weoT :
. LLL"E SST°E  8P9°T  BZL'T L9G°T uvot3erodIoouy
oles - 9or'y €6L°F GZE'P SESTF 698°¢ soe3ans oo )
| T T obep BLB'BP OWL'B S68°C 698" ¢ uotaezedrenus &1
c......ﬁowh.m : sjeyns
% 96T1°t . 8I8°C SPY e $%6°C L95°Z ooRFINS . _ urmn T UoumY
: TLe'€ E ureo’f
y 9bE "€ o) a7 2 SSF°E 02677 L9572 uoT3exodiosur
v 0% ¥ 06L°t S6e°'F OL8'F . 69B°E SORIINS . ipon -
L9C°% Ke _
. 8Z1°% EVL € 858°F OPO'P - 698°F uoT3eaodioour w
7 n.ﬁ . . - .
.w 675 ¢ T : : . -1 4y
- .. LT8'Z - 8BBZ  0T0°¢ EPE’E L95°¢ - spegang _
zestr - : weoT
9EB'Z - OPO€  BEI'E  009°C L95°T uotiesodiosur
1oz71Ta201 1105 AQ I8ZT{TIi94 IuUSWROETd 0s1 001 05 0 FUSHEOETd Tros AOETTITIARI
Agq uvan &g uesy Kq uesy S87ey IIZTITIAST

Ia33ew AIg Te30L g_r e e

£ dIEVL



22
Treatments on the clay loam produced significantly higher

total dry matter than treatments on the loam.

100 Seed Weight (Table 4)

Nitrogen fertilization with urea, ammonium sulfate and sulfur
coated urea did not produce any significant increase in the 100 seed
weight over the control. This agrees with the report by Nass, et al (62)
that grain weight of wheat was not significantly affected by nitrogen
fertilization., Other workers (38, 45, 62) have reported a decrease

in 1000 seed weight with nitrogen fertilization.

Grain to Stover Ratio (Table 5)

There was no significant difference in the grain to stover
ratio between the treatments that had received urea, ammonium sulfate
or sulfur coated urea. Treatments on the clay loam, however, produced
significantly higher grain to stover ratio than treatments on the
loam. Power and Alessi (70) have found a close correlation between the
final grain yield and the nitrogen content of a tiller at the tillering
stage and to the dry weight of the tiller at both tiilering and heading
stage. Since both the plant growth and the plant nitrogen content
will be closely related to soil's available nitrogen, the higher grain
to stover ratio produced on the clay loam merely reflects its higher

initial fertility.
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CHAPTER V
SUMMARY AND CONCLUSION

Urea, ammonium sulfate and sulfur coated urea at rates of 150
pounds nitrogen per acre have significantly increased grain yield and
the total dry matter, but not seed weight of an irrigated wheat. Urea
treatment has_performed as effectively as ammonium sulfate treatments
both on an acid and on an alkaline, calcareous soil in terms of grain
yield, total dry matter, seed weight and grain to stover ratic. Ammonium
sulfate treatments, however, had produced significantly higher grain
yield and total dry matter than sulfur coated urea on the same soils.

There was no significant difference in grain yield, total
"~ dry matter, seed weight or grain to stover ratio between treatﬁents that
have received surface application of nitrogen or soil incorporation of
the same material.

Thus urea is as efficient as ammonium sulfate when applied as
pfep]ant soil incorporation to an irrigated wheat up to the level of
150 pound N per acre,

Urea and ammonium sulfate may be preferred over SCU in the

fertilization of an early maturing, short statured wheat varieties.
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. - Analysis of Variance - Grain Yield

TABLE Al
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Source of Variation Sum of Sguares D.F. Mean Square F.

Main Effects 56.682 . ) 5.668 37.781
Fertilizer 1.025 _?_ 0.513 3,417+
Flacement 0.044 | 1. 0.044 0D.294
8oil 14.427 i 14.427 96.158%
Rate 1.533 S-' 0.511 3.406%
Block 39.654 3 13.218 88.101%

2-Way Interactions §.233 38 0.217 .1.444
Fertilizer:Placement] 0.093 2 0.047 0.311
Fertilizer:Soil 0.463 2 0.231 1.541
Fertilizer:Rate L.591 6 0.265 1.767
Fertilizer:Block 1.085 6 0.181 .1.206
Placement:Soil 0.495 1 0.4¢85 3.300
Placement:Rate 0.862 3 0.287 1.915
Placement:Block 0.253 3 0.084 0.562
Seil:Rate 0.185 3 0.062 0.411
Soil:Block . 1.992 3 0.664 4._427%*
Rate:Block 1.213 9 0.135 0.899

Explained 64.915 48 1.352 9.014

Residual 21.454 143 0.150

Total 86.370 191 0.452

*significant at 5 percent.




TABLE A2

Analysis of Variance - Total Dry wWeight

37

source of Variation Sum of Squares D.F. Mean Squares F.

Main Effects 149.478 10 14.948 35.178
Fertilizer 3.344 2 1.672 3.935%
Placement 0.068 1 0.068 0.160
Soil 79.503 1 79.503 187.102%
Rate 11.842 3 3.947 9.290%*
Block 54,721 3 18.240 42.927*

2-Way Interactions 25.866 38 0.681 1.602
Fertilizer:Placement 0.632 2 0.316 0.744
Fertilizer:Soil 1.890 2 0.945 2.224
Fertilizer:Rate 5.377 6 0.896 2.109
Fertilizer:Block 6.042 6 1.007 2.370%
Placement:Soil 0.427 1 0.427 1.004
Placement:Rate 2,546 3 0.849 1.997
Placement:Block 0.877 3 0.292 0.688
Soil:Rate 1.388 3 0.463 1.089
Soil:Block 4.664 3 1.555 3.659
Rate:Block 2.023 2 0.225 0.529*

Explained 175.344 48 3.653 B.597

Residual 60.763 E 143 0.425

Total 236.107 191 1.236

*significant at 5 percent.




TABLE A-3

Analysis of Variance - 100 Seed Weight

38

Source of Variation Sum of Sguares D.F. Mean Square P

Main Effects 14.770 10 1.477 4.716
Fertilizer 0.388 2 0.194 0.620
Placement 0.523 1 0.523 1.670
Soil 0.134 1 0.134 0.429
Rate 1.593 3 0.531 1.695
Block 12.132 3 4.044 12,912*

2-Way Interactions 16.500 38 0.434 1.386
Fertilizer:Placement 0.131 2 0.065 0.209
Fertilizer:Soil 0.890 2 0.445 1.420
Fertilizer:Rate 3.350 6 0.558 1.783
Fertilizer:Block 3.243 6 0.541 1.726
Placement:Soil 1.566 1 1.566 5.000%
Placement:Rate 1.169 E 3 0.390 1.244
Placement:RBlock Y. 22% 3 0.408 1.304
Soil:Rate 0.853 3 0.284 0.907
Soil:Block 1.476 3 0,492 1.571
Rate:Block 2.597 9 0.282 0.921

Explained 31.270 48 0.651 2.080

Residual 44.785 143 0.313

Total 76.055 151 0.398

*Significant at 5 percent.




TABLE A-4

Analysis of Variance - Grain to Stover Ratio

39

Source of Variation

Main Effects

FPertilizer

Placement

Soil

Rate

Block

2-Way Interactions
Fertilizer:?lacement
Fertilizer:soil
Fertilizer:Rate
Rertilizer:Block
Placement:Soil
Placement:Rate
Placement ;Block
Soil:Rate
Soil:Block
Rate:Block

Explained

Residual

Total

Sum of Squares D.F.
15.823 10
0.123 2
0.009 1
0.437 1
0.087 3
15.166 3
2.626 38
0.014 2
0.027 2
0.1% 6
0.058 (5}
0.065 1
0.215 3
0.029 3
0.201 3
0.773 3
1.048 9
18.448 48
9.019 143
27.467 191

Mean Sguare

1.582

0.062

25,088

0.978

0.009

0.437

0.029

5.055

0.148

6.929%

0.459

80.158%*

0.069
0.007
0.014
0.033
0.010
0.065
0.072
0.010
0.067
0.258
0.116
0.384
0.063

0.144

1.096
0.111
0.215
0.517

0.155

1.023
1.136
0.152
1,061
4.085%
1.847

6.094

*Significant at 5 percent,
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