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'CHAPTER I
INTRODUCTION

Shortage ofbfood and food ingredients is probably the most impor-
tant problem confronting the people of the world today. Present statis-
tics indicete that two-thirds of the world's population depend on the
cereals (wheat, rice, corn, sorghum, and millet) as a major part of the
daily diet. These food items are inadequate in éupply in many areas of
the world; thus, improved or increased production of these crops becomes
‘ necessary if tne existing population is to be adequately nourished.

Improved agronomic practices are not being utilized to the fullest
extent in many areas of the world. One oractice rhat would greatly en-
hance'production involves wise use of commercial fertilizers. In many
ereas, nitrogen rs the first limiting factor to improved,production_but'
many soils require a complete fertilizer (N-P-K) forrefficientbor econom~
ical production. Researchers should obtain a soilvtest to determine
optimum or economical‘amounts of the various fertilizer elements to
apply to a given cereal crop in a given area.

The purpose of this study was to determine the opfimum emounts of
fertilizer nitrogen needed for higher and economical production, and
improved grain quality under dryland conditions.

Limitations of the study were:

1. Soil variability existed in the experimental area;

2. Low pH of the soil;



Method and_time of fertilizer application;
Shortage of moisture during the growing seasons of the crop;
Sudden changes of temperature during the growing season;

The experiment was invaded by insects (greenbug and midge).



CHAPTER II
REVIEW OF LITERATURE

Applicatiqn'of fertilizer to any crop is an economic investmenf and
should be made with sufficiént background knowledge to insure a good
possibility of a reasonable monetary return. Failure to supply a crop
‘with the kind and amounts of nutrients needed is expensivé in lost pro-
duction; howeVer, the application of unnecessary fertilizer materials
represents an unwarranted pfoduction cost.

Paschal andbEvanS.(19) stated thaf the economic problem in applying
ﬁitrogenvis to predict the most profitable rate of.application.' To de-
termine thg:most profitabie fate, it is necessary to consider the“shape
of the yield curve and also the price of the nitrogen.per‘pound and the

value of sorghum grain.

_ Effect of Fertility on Grain Sorghum Yield

Under Dryland Conditions

It is obvious and a commdn observation that proper application of
fertilizers‘tq any crop will produce higher yields. 1In this manner,
‘ Narris, et al. (l4), reported that nitrqgen and phosphorus feftilizers
consistently gave increased yields of grain sorghum. The response to
phosphorus was greater than the response to nitrogen, buf thg highest
yields were obtained when both nitrogen and phosphoric acid were ﬁsed.

The greatest yield increase due to nitrogen was obtained with the



application of 15fpbund increments per acre, a further inérease was ob-
tained with the’application éf 30 pounds of nitrogen whén combined‘with
30 pounds of phosphorus¢ Likewise, Gibson, et ali (5), working on grain
sorghum fertilization in Texas showed that significant increases in
yield were obtained from application of 20 pounds or more of‘nitrogen
and phosphoric aci&’in 1960 in Victoria and Jim Wells County of Texas.
They further noticed that there was a significant response to 40-40-0
over 20-2040 in 1958 and 1959 in San Partricio County, Texas.

 Tu¢ker and Reed,(26) reported ;hat>nitrogen application increased
the,yield bothvaf the Perkiﬁs and Cherokee Research Stations, The plots
receiving nitfogen were the first to mature. ’Similarly, Tucker, et al.
(27), concluded thgt nitrogen application increased grain yields both in
dryland and irrigated grain sorghums. = Ott, etbal. (17), reported grain
Yield'increases due to nitrogen alone at all locations in their studies
in Oklahoma. At Griggs, the 120>pounds per acre ratevof nitrogen gave
an average increaée‘of 2,838 pounds of grain per acre ovef the check
plot. Yield increases were smaller at Gate and Boisg City. At Gate,
the 60 poundé nitrogen tfeatment gave an average increase of 1,320
pounds per acre over the check plot. In Boise City, nitrogen fertiliza-
tion produced statistically significant increases in yield; however, the
increases over the check p1§t were not‘large. Phosphorus fertilizer was
not necessary to obtain‘initial nitrogen response at any of_;hese loca-
fions. On the other hand, Burleson, et al. (1), reported that in a dry-
Vland fertilizer test on Raymondville fine sandy lcam in Wallace County,

Texas, grain sorghum yields were not affected by fertilizer treatment.



: Effept.of Fertility on Grain Sorghum Yield:

Under Irrigation

It isiVery cleaf that proﬁer management of irrigatibn‘and‘nitfogeh
fertilization will‘imﬁrove yields and efficiency of prodﬁction of grain
-~ sorghums according to ihformation gathered from a thrée-year study ét

Garden City Bfanch Station in Kansas. The gréatest fesponse-to’added
nitrogen occurred when sufficient irrigation water was added to produce
high yields. Nitrogen at 120 pounds per acre boosted yields over unfer-
tilized plots by 2,371 and 3,120 pounds of grain fespéétively for one
and three irrigations (7). Thaxton and Wélker (25) stated that signifi-
cant yield increases were obtained in grain sorghum by the use of inor-
ganié fertilizer on irrigated land atvLubbock and Tulia during 1955.

The experimental plots at Lubbock treated with 80 poundé of nitrogen and
40 pounds of phosphorus produced the highest yield with the greatest
return per acre. Plots near Tulia treated with 80 pounds of nitrpgen
produced»the highest yield and greatest return per acre. Siﬁilarly,
Porter and Pope (22) showed that significant yield responses were ob-
tained from nitrogen applications in 1956, as in previous years on land
which had been irrigated’for the past five years. The data showed no
significant response to phosphorus applied singly or in combination
‘with nitrogén, although there was a tendency of a response to phosphorus
when applied Qith 160 pounds of nitrogen per acre. |

Pope (20, 21) reported that significant increases in yield were ob-

tained in 1956 and 1957 from preplanting applications of nitrogen to
irrigated grain sorghum at five locations on the High Plains. The most

economical rate of nitrogen was between 60-100 pounds nitrogen per acre



in 1956

He elso showed thaf the most economical rate of niffogen for iand
which haa been ifrigated for less than three years was 40 pqunds per
acre., On land‘which had been irrigated for a 1onger period, 80 to 100
pounds of.nitrogen per acre resulted>iﬁ the greatest doliar\per acre
return from nitrogen fertilizer in 1957. The test weights wefe ﬁot
appreciably affected by any of the fertilizer treatments.

Herren and Erhart (8) reported the effect of.nitrogen in 19 loca-
tions in Kansas on the production of irrigated grain sorghum. Eighty to
ninety pounds of nitrogen per acre generally prpdqced high yields.pﬁderl
the conditions of those experiments. Phosphorus fertilizer did not pro-
duce significant increases in yield. From the data, it was apparent
fhat nitfdgen.is the principal fertilizer nutrient now needed for irri-
gated grain sorghum production. |

bRegressioﬁ lines for the yield data showed the‘greateét response
to nitfogen fertilizer under conditions where’average yieids were less
than 55 bushels per aCrevwithoet fertilization. »Where production witﬁ-
out nitrogen was above 75 bushels per acre, smaller increases in yield
were obtained with nitrogenous fertilizer. Similar results were 6b-
tained by Griﬁes‘and Musick (6) from the analysis of several yeers'
data of sorghum experiments. Grain yields were significantly higher on
plots receiving nitrogen. They further reported no response to nitro;
gen occurred in 1953. They concluded this was expected since the ex-
perimental area grew alfalfa the preceding year.

Mathers,vet‘al. (13), reported from two years' work that the ﬁi-
trate content of the soils ie reflected in the yield whenever other

factors ére not limiting. They concluded that a high moisture level



must be héintainéd’té obféin optimum yields and téluﬁilizé the ﬁitfdgen
that is présent in the:soi1. |

'Hudgﬁeth, et‘él{ ), féﬁorted that the yieid of gfain sorghum wes
- almost doﬁbled when 80 pounds of ﬁitrogen per acre were applied at the
time of planting and the addition of 80 pounds of P205 did not-increase
the yield over nitrogen élone. They aiéo showed that grain wyields ﬁeré
not significantly different amoﬁg fertilizer'blacement'treatmentS'fbr
irrigated gfaiﬁ'sorghum at Bushlandvand Lubbéck, Texas. On the other
hand,’Cook‘and Parmer (4) repbrted that highest yiélds were_usually'qb?
tained when nitrogen and phosphorus_were'applied together.’ Tucker and
Reed (26). reported én increase of yield with increasing rates of nitro-

gen at“Goodwell, Hollis and Altus, Oklahoma, experimental stations.

Effect of Fertility and Planting Pattern

Interactions on Sorghum Yields

Porter, et al. (23), found in a three years' study of plant pqpula-
tion‘and fertility leveis; the fertility X population’interaction was
éignificént at the 1% 1e§e1 in 1958. In 1957, the yields at 12 and 20
iﬁch spacings;on the high nitrogenllevel were significantly higher than

at eiﬁher the 30 or 40 inchkspacings, and the yiéld at 30 inches was
éignificaﬁtly higher thanvat the 40 inch spacing. 1In 1956, there was no
significant difference between nitrogen levels. -In 1957, on the low
nitrogen level, the yields at 40 and 30 inch spacings were significantly
higher than at the 12 and 20 inch spacings. It was éoncluded that this
may be due to a greater amount of residual nitrogen resulting from the
lower yields at these wider spacings in 1956.

Painter and Leamer (18) in New Mexico repofted major benefits from



more frequent irrigatioﬁ and closer spacing oécurfed'only»whéﬁ’nitfogeﬁ
waé applied. The highest yields were obtained when more frequent irri-
:gations,ifoufninph séaéing, and the highest rétes of'nitrogeﬁ (120
pouﬁds 6f ﬁitrdgen)'in éombination Qitﬁ SQ pougdé_of‘phosbhorﬁs per
acre were.applied. vThe data showed that yield increases as a result of
‘more frequent irrigation were not obtained unless:nitrogep-was.applied.
Nitrogen; however, had a’ﬁéjor,iﬁfluence on increasing yields, On the
other hand, Nelson (15) in Washington, working with three sorghum vari-
eties, (Early Hegari, Martin and Double_Dwarf White;SQoner), undgr_irri-
gation, reported that the only Variable that affectéd yield_significantly
was the amount of nitrogen applied. vPiaﬁt population and varieties had
no effect on grain yield.

According to Welch, et al,.(31),,there was a marked nitrogen X
.populatiqn interaction effeét on yields. Without nitrogen, a lQ,OOO
plant population was sufficient to give maximum yields.  However, with
nitrogén added, yields increased with increasing plant populations and
at high plant population response to nitrogén_was ﬁarked. In both years
(1960, 1961), 60,000 plant population produced significantly higher |
v’yield than the other‘populations when‘100 péunds nitrogen per acre was
applied. It was coﬁcluded thét nitrogen uptake increased with increas-
ing rates of applied nitrogen and with iﬁcreasing plant population in
both years.

| Burleson, et al. (1), reported that grain sorghum yiélds were sig-
nificantly increased by nitrogen. fertilization when planted in 20-inch
rows, but yields were not affected when planted in 40-inch rows on an
irrigated feftilizer test conducted on Willgcy fine loam in Hidalgo

County, Texas. The highest average yields were obtained from 20-inch



rows with an application of 120 pounds of nitrogen per acre.
Effect of Nitrogen on Corn Grain Yield

Céiyeivand Kroth (2, 3) stﬁdied the response of corn under va%ied
conditions in‘Missouri.v The analysis of several years' data,ofvthe ex-
periments showed that corn yields were higher under‘cénditioné of ade-
quate moisture supply. It‘waé also shown that the higher.the ﬁatef
rate, the higher the population and»nitrogen 1evelé’required for ﬁaxi-
mum yield. The pattern of expected yieids and returns was similar for
the irrigated and non~irrigated experiments, althouéh maximum yields and
returns forbthe ifrigated plots were greater and were obtéined at great;
er inﬁut levels for both nitrogen and population. Similar‘results were
reported by Lang, et al. (12), from the study of nine cqrn hybrids -in a
population rate and nitrogen level study at Urbana, Illinois. Both.pop_/
ulation rate and nitrogen ievel influenced yield.f Significant results
were obtained from the'nitrogen X population'interaction. It was men-
tioned that the higher the population, the higher the nitrogen level
féquired fbr maximum yield. It was also reported that protein and oil
content‘of the‘grain décreased as the plant population increased and as.
the nitrogen level decreased.

Viets, et al. (30), studied the effect of fertilizer nutrients on
 the yield of corn in ;entral Washington. 1In that study, bnly nitrogen
iﬁcreased yields significantly; potassium and phosphorus applications
did not. Partial regression analysis showed that leaf nitrogen was pro-
bably the major determinant of yield, but that the leaf phosphorus con-

tent was sometimes important.
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Effect of Nitrogen on the Protein Content of

Grain Sorghum

Worker énd'Rockman (33}, working with variation in protein levels
”in grain sorghUm, concluded that protein levels show a-higher degree of
positive cqrrelation with seedvsize, feftilizer (hitfogen) and,air tem-
 perature, and a negative correlation with yield.. The early planting of
sorghum gives less protein percentage compared to laﬁe plantings. Aver-
age protein content of grain produced from April plantings was 10.127%
as compared with 14.82% from July plantings.

Kramer and Ross (10) stated that the uptake of nitrogen by sorghum
is very high during two periods~--the period of rapid vegetative growth
preceding heading and the period of grain development. kIhey further
mentioned that the effects éf nitrogen on composition are often out-
standing; nitrogen a&ailable at.various times is responsible for a large
-part of the variation‘in p?otein content in sorghum grain. When nitrof
gen is adequatevfor vegetative growth but limited durihg grain formation,
yield is affected Very little, but‘protein content of the grain is re-
duced, especially fhe protein in the endosperm. When more nitrogen is
present dufing grain formation than is needed fbr maximum yields, addi-
tional endosperm protein may be formed; and the grain may be exception-
ally high in total protein. Differences in the suﬁply'of nit#ogeﬁ
during\grain formation frequently_resu1£s.in ranges as wide as 8 to 12%
or wider in grain protein.

‘According to Nelson (15), the protein content of the grain in~-
creased with each increment of nitrogen fertilizer used. In that study,

there was no interaction between varieties and fertilizer levels. The
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spacing did not alter the protein content of the grain. There was no
interaction between spacings and varieties. 

?orter and Pope (22) reported that an application of 160 pounds of
nitrdgen per acre'significantly’increased_the’brotein content of thev
grainvovgr 0 and 80 pound rates on irrigatéd land in Bushland, Texas.

Accofding to Tﬁcker and Reed (26), the nitrogen content of the
"grain was less from the plots receiving 40 pounds of nitrogen than from
-those not receiving nitrogen; thié_waé due to the dilution effect caused
by thg much higher yield with the 40 pounds application. The pounds of
bnitrogen removed per acre was ﬁuch’greater for the 40 pound nitrogen
rate on irrigated sorghum. 1In Altus, the nitrogen content of the grain
increased by incfeasing the amount of nitrogen applied. The highést
percent nitrogen content of the grain was obtained from application of
320 pounds of nitrogen per acre. At Hollis, the application of 160
pounds.of nitrogen per acre increased the perceﬁt nitrogen confent of
the grain. At the Panhandle Research Station, the rate of 120 pounds
of nitrogen per acre gave the highest protein content of the grain.

Nitrogen application was responsible for increasing grain nitrogen
content at Perkins and Cherokee. It was concluded that nitrogen appli-
cation increased nitrogen content of fhe grain both in dryland and irri-
gated sorghum (26, 27). Similarly, Netherton (16) concluded that due to
fertilizer treétments, there were differences in nitrogen content of the
grain.

Ott, et al. (18), reported that nitrogen fertilization affected
grain nitrogen at Gate and Boise City. In general; grain nitrogen in-
creased with increasing rates of applied nitrogen through 180 pounds

per acre. There was a sustained increase in nitrogen content of the
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grain as increésing nitrogen rates continued to increase yield. The
large grain yieids required considerable soil nitrogén to maintain an
acceptable protein level: Grain yields from the Griggs location were
very good and thé percent nitrogen in the grain was somewhat lower than
for either of the other locations.

Pope (20, 21), working on grain sorghum under irrigation in five
different locations on the High Plains of Texas, found that protein con-
tent of the grain was significantly higher on plots receiving 120 pounds
nitrogen per acre than the plots receiving 0 or 60 pounds_nitrogen per
acre, Similarly, he reported the prqtein content of the grain tended to

increase with increasing rates of nitrogen in 1957.
Requirements of Nitrogen From Plant Analysis

Plant analysis is one of the most important and most accurate ways
for predicting the requirements of the specific plants and is diff;cult
to measure because of the environmental factors involved in plant pro-
ductionf Landegardh (11) mentioned that; however, the variability of
environmental factors produced problems. The analysis of élant parts
indicates the avéilability of nutrients for plants better than the anal--
ysis of soil. Similarly, Ulrich (29) concluded that the sensitivity of
plants to the variation of eﬁvironmental factors makes the analysis of
plants or plant parts of higher value for‘availability of nutrients fhan
the soil tests for determining fertilizer requirements of crops. He
. further noticed that the plant analysis is the integrated value of all
factors that infiuence its nutrient composition.

Tyner (28) reported work on corn leaf analysis to determine the

nutrient balance of corn. Highly significant correlations were obtained
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between yield and percent‘nitrogen potassium, and phosphorus. bThep
critical concentrations were tentativoly set at 2. 9% total nitrogen

- 0. 295% phosphorus and 1 3% potass1um for the bloom stage in corn, based
on air dry‘samples.l He added that the critical concentrations for phos-
phorusiand potassium‘are best evaluated in their re1ation to the maximum
nitrogen effect or to the critical nitrogen concentration. The sixth
leaf from the base of'the plant was used for this'analysis. Using
Hegari Sorghum, Samuels and Capo (24) reported/that‘the application of a
nutrient to.the soil was accompanied by an increased concentration‘of
that nutrient in the»plant. This increase was»determined.for nitrogen,
phosphorus and potassium. They analyzed the entire abovefground portion
. of the plant at,flowering. Nitrogen applications increased nitrogen
concentrationiof sorghum. Phosphorus application'increased phosphorus,

- but lowered nitrogen concentration. Potassium application.increased
potassium concentration in the plant, but 1owered nitrogen concentration

in the leaf and did not affect phosphorus. concentrations consistently.



- CHAPTER III
MATERIAL AND METHODS

. The effects of ammonium”nitrate (N) on yiéld andvprotein content of
hybrid grain sorghﬁm (OK 612) were studied at five nitrogen 1évels'and a
check treatment which received no fértiliZer; " The experiment was corn-
ducted at the Agronomy Research Stétion, Perkins, Oklahoma.. The treat-
ments of the experiment were arranged in a randomized block design.
There were six replications and six treatﬁents in eacb replication.

Twenty soil sampleé were taken from five representative places of
the experimental area. The samples were collected from the 15.3, 30.5,
45.7 and 61.0 céntimeter depths in May, 1973, and two samples, one from
surface soil and one frdm 30.5 éentimefer depth, were taken from each
réplication in May, 1974. .The samples were-analyzed for nitfogen, phos-
phorus, potassium and pH by the Department of Agronomy Sqil Testing Lab-
_orétory.

Thevsorghum for this experiment was planted on June 2, 1973, and on
June 13, 1974. Each treatment contained four rows, 12 meters long, and
the space befween rows was one meter. The plants were spaéed approxi-
mately 15.3 centimeters apart. This gave a population of approximately
64,000 plants per hectare. Fertilizatioh~treatments at rates of 0, 22,
45, 67, 90 and 112 kilograms of'nitrogen per hectare using ammonium ni-
traﬁe (33.5% N) as the carrier were broadcasted witﬁ a Grandy Fertilizer

Spreader on July 4, 1973, and July 9, 1974.

14
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Plant heights wére-measured to study the effect of nitrogen on
-growth rate after each week until physiological maturity. Plants were
measured from the soil surface to the top sheath each time before heé&-
ving andvto'thevtop'ofvthé head after heading. The plaﬁts'in-eacﬁ treét—
ment were ctunted to détermine‘the percent sténd for yield evaluatioﬁ.

On October 17, 1973, and 1974; four ﬁetérs in 1973 and‘three‘meterS'
in 1974 were hand-harvested from the two middle ro&s of the éxperimént.
Thé harvested headé weré dried in open space in 1973 and in a dryer oven
in 1974. ~After the materials were threshed, the yield data was collected.
Test,weight was déterminedvat the same time. Samples for grain protein
content (% protein) were collected from each treatment and each replica-
tion randomly. The samples were hand~cleaned and milled. The graip ‘

protein percent was determined by use of the Udybdye-binding method.
Laboratory Preparation

Grain samples consisting of 5-~15 grams were taken and hand-cleaned
to remdve foreign materials including badly shrunken and giseased ker-
nels.- Each sample was then ground to a particlé size of .015mm using a
Webef cyélone hammermill equipped with a vacuum collectiqg device. The
groqnd sampies were thoroughly mixed (blended) and one-gram samples wére
weighed out for protein determination.

The one~gram samples of sorghum grain were transferred to a two-
ounce reaction bottle and 40 ml of the standard reagent dye, obtained
from the Udy Analysis Company, were addéd. The mixture was shaken vigor-
ously for two hours on an Eberbach shaker. The shaker holds all samples
at once and the samples were prepared and ﬁlaced on the shaker at one-

minute intervals, which permits a reaction of large numbers of samples
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while maintéining the optimum reaction time. The colorimeter, equipped,
with a flow-through cuvette, was turned on one to two hours prior to the
analysis. After this warmup period, the coloriméter éuvétte was filled
fwith a referenéé dye that has a stéﬁdard transmission of 42%. The color~
imetef is set to this readiﬁg. At the end of the.required shaking‘time,
the sample solution was filtered into the cuvette fhrough a.fuﬁnel
equipped with a fibérglassbfilter disc. The percenf transmission was
read when the colorimeter needle had_stabilized after approxﬂ@ately 20~
30 seconds. - This colorimeter reading.wasiconvérted to,percént protein

by the use of a standard sorghum chaft develqped by Wilson (32).



CHAPTER IV
RESULTS AND DISCUSSIONS
Nitrogen Status

Nitrogeﬁ is essential for plant growth as it is a constituent of
all protein and hence of all protoplasm. - It is generally taken up'by
plants either'as ammoqium or as nitrate ions; and the nitrate is rapidly
feduced to ammonium. The ammonium ions and some of the carbéhydrates
synthesized in the leaves are converted into amino acids, mainly in the
green 1éaves. When the amount of nitrogen supply increases compared to
other nutrients, more protein is produced and allows the plant leaves to
grow larger and hence more surface area becomes available for photosyn-
thesis.‘

When more nitrogen is supplied for the crop,_the carbohydrates are
converted to prqtein‘and to protoplasm andAa small amount is used for
éell wall material, which is mainly nitrogen-free carbohydrates such as
calcium pectate, cellulosans, cellulose, and low nitrogen lignin.

Nitrogen fertilizers mostly increase the grain yield relative to
the straw and hastens the time of flowering and maturity in maize and
sorghums, which is the opposite for small grains.

Nitrogen responses differ from those of potassium and phosphate in
being relatively independent of climate if the rainfall is optimum, but
they are reduced in years of considerable drought or excessive rain.

When other nutrients are sufficient and environmental conditions

17
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are favorablé, the effects of nitrogen are marked.
Phosphorus Status

‘Phosrhorus is one of the essential elements that is needed in large
quantities by plants. Without a sufficient aﬁount of phosphorus, planrs
are not.able-to‘grQanormally and prﬁduce high yields and best quality
grain or fruit; Phosphorus as ortthPhOSphate, plays a fundamental role .
in the wvery large number of enzymic reactions that depend on phosphory-
lation. .Bossibly for this reason it is a constituent of the cell nucleus
and isveésential for cell division and for the development of meristem
tissue.

Plants take up phosphorus almost exclusively as inorganic phosphate
ions, probably principally as the H2P54 ion, for they may take thrs up
more easily than‘the Hf84.

Most of the phosphorus applied in the soil is currently‘unavailable
to plants; Also, when soluble sources of this element are supplied to
soils in the form of fertilizers, their phosphorus is often "fixed" or
rendered.unavailable even under the most ideal field conditions.

Fertilizer practices in many areas exemplify the problem of phos-
phorus availability. The tonnage of phosphorus-supplying materials used
as fertilizers definitely exceed all except nitrogen carriers. The re-
moval of phosphorus from soils by crops, however, is low compared to
that of nitrogen and potassium, often being 1/3 or 1/4 that of the lat-
ter elements. The neceésity for high fertilizer dosages>when relatively
small quantities of phosphorus are being used or removed from soil indi-
cates that much of the added phosphates become unavailablé to plants.

Becéuse, the bulk of the phosphate fertilizers applied to the soil reacts
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with the éOil itself, and several decades of research hés onl? begun fg
reveal the nature of the phosphate-soil réaction. Briefly, then, tHe
overall phoéphorus prdblem is three-fold:

1. A small total émount~is present in soils; "

2. The aﬁailability df sﬁch native phosphorﬁs; and

3. A marked "fixatiqn" of added §51ub1é phosphorus.
Phosphates are "fixed" in the soiivby two different means:

1. Bioiogical by soil organisms;b

2. Chemical.

a. Absorption of phosphates_by insolublé forms of Fe and_Al
and silicate minerals. This kind 6f fixation is greétest
in acid soils, but occurs to some extent in most soils.
Much unavailable phosphates are formed in this case.

b. ‘Precipitétion of phosphates by soluble forms of Fe; Al and
Ca. 1In acid soils, unavailable Fe and Al phosphates are

'formed. In slightly acid to neutral soils, available Ca
_phqsphates are formed. 1In alkaline soils, less available

Ca phosphates are formed.
Soil Test Results

According to the soil analysis which is shoﬁn in Table V, Appendix
A, for the years 1973 and 1974, it is clear that:nitrogen is the only
limiting element needed for the crop. There is enough phosphorus énd
potassium in the soil. The soil pH is lower than the optimum (5.5-8.5)
for grain sorghums. It is also clear from this data that the soil is

not uniform all over the experimental area.
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‘WatetaAvailability and Temperature

Table VI-shows the precipitation duripg growing seasons 1973 and
1974.  The -datd shows that the aﬁount'of availéble moistﬁrerto the crop
was ﬁot a 1imifing factor for thé whole growing‘éeason (1973), buﬁ shor-
tage of water ié seen during three main stages (rapid vegetative, blooﬁ-
.ing, and grain-filling) of growth. During these stages, the temperature
was high enough td.cause excessive evapOtraﬁspiration per plant and per.
unit -area, énd the plants approached wilting. ‘This is clear from Table
I where yields obtained fromball treatments of the experiment in both
seasons are‘shown. ‘Ther;‘was élso a shortage of moisture during the

same critical stages of growth of the crop in 1974, and the yields were

reduced severely that season.
Effect of Nitrogen on Grain Yield

-Ihe statistical anélysis for the grain yield showed no significant
difference at 6.05 level of probabilify either year. This result fits
with the result obtained by Burleson, et al. (1l). Possibly this could
be because of the type and variation existing in the soil where this
expefimeht Qas planted. From the soil testing results, it is obvious
thatvthe ﬁﬁ of the experimental area is lower than optimum. At this low
'pH, there is less solubility of the Fe and Al phosphates present in the
soil. 1In this respect, when phosphorus is limiting, there is much less
phosphorylatioﬁ in the plént and the’whole'photosynthesis is altered by
it. The uptake of phosphorus by sorghum is obvious from the soil test .
results in both seasons. Ffom a comparison of the amounts of phosphorus

present in the soil in 1973 with 1974, it can be seen that there was
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very little difference. The sorghum plants did not use the phésphorus
because phosphorus is fixed and phosphorus fertilizer was not éppliéd
either yeér. The statistical analysis is shown in Table Iitfor bdth'

seésons. |

Poésibly another reason for tﬁé‘reduction of:yield in>1973 would be
the sorghum midge which attécked the plants at fléwéfing time. Tﬁé ex-
periment was sprayed thrée times wifh Sévin. .8ince the plants did not
bloom ét»thé same déte because of the yariability existing in the expef-
imental.apea,rmore_treatmentsvwere required to control the midge.
Blooming datés,were more\unifprm in l974. |

Sorghum greenbugs attacked the experimeﬁt in both years. They were
not seﬁere in 1973, but very severe in 1974, with high populations on
the plants. Thevlower‘leaves of the plants were severely damaged dgring
late June and eérly July.

Fertilizer wasIbroadcast 28 days after planting %hen the'plants
were about 30 centimeters tall., At that stage, the plants were very
young and succulent and most of the leaves were burned by ammonium ni-
trate which wés dropped from the spreader on the leaves. At this stage
plants wefe actively growing and producing neﬁ photosynthetic areas for
further growth. Thé plants were somewhat retarded in growth because of
the burning effect of the fertilizer on the leaves.

Because of the above-mentioned problems which arose during the grow-
ing seasons in 1973 and especially in 1974, there was less chance for
the advantageous effects of nitrogen treatments on'the‘yield of grain.
The effects of nitrogen were almost the same for all treatments. The
yiglds of grain for both seasoﬁs are shown in Table I. The statistical

analysis for 1973 and 1974 is shown in Table II.
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TABLE 1

SORGHUM GRAIN YIELD KG/HA -

1973 : o 1974

‘Treatments e Crain Yield . ‘ A = Grain Yield |
N kg/ha , Stand - . - “kg/ha* ~ Stand v kg/ha%*
0 70.3 | 3222.8  97.9 - 2404.9
22 72.6 3490.7 91.7 2551.4
45 77.3 3355.1 95.0 2151.2
.67 70.0 3199.6 96.3 2466.0
90 67.0 3455.4 5.0 - 2331.7
112 70.7 3413.5 93.9 2282.9

*Each value is an average of six replications.

TABLE II

ANALYSTS OF VARIANCE OF SORGHUM GRAIN
YIELD PER HECTARE

1973 1974 -
Source df S‘ogo Mogo SoSo M-So
Total 35 4568287.5 2001783.9
Replications' 5 1134841.9 226968.4 823475.4 164695.1
 Treatments 5 © 351125.6 70225.1 353822.4 70764.5
Error 25 3082320.0 123292.8 824486.1 32979.4
Calculated F, 1973 = 0.57 Calculated F, -1974 = 2.15
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7Tﬁe'height of'pléntS'was signifiéantiy different~at10.05‘1evel of .
probabiiityiin 1973, but the fertilizer treatments did nbt:affect the‘
height of the plantsrin 1974. AlSo) thé fertiiiéer.tfeatmeﬁts had no
effect on’teét wéight of grain, or size of the heads. in 1973€‘the per-
éent sfand of.thé élants was‘very iow in all tréafménts and this cduld'
be'élso one reason for the lower yiéldé. All the-treatménts weréfin’

full bloom in about 57 to 62 days in 1973, and 52 to 56 days in 1974;_

Effect of Nitrogen on Protein Content of

the Grain

The percent protein content of the grain is shown in Table III for
the years 1973 and 1974. The Statistical analysis showed there.was a
significapt difference among the fertiliﬁy treatments in 1973. Thelsta—
tistical énalysis for grain protein in 1973 and 1974 is shown in TaBle
IV. From the analysis of variance, it was determined that there is no
significant difference among treatments for protein content of the grain

in 1974.
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TABLE III

PERCENT PROTEIN OF THE GRAIN FOR
SEASONS 1973, 1974_»

Treatments . Percent Protein#*

N kg/ha. ' To73 1972
o ! 9.9 9.0

22 9.8 9.0

45 _ _ 10.2 9.2

67 o 10.5 9.3

% o .10.3 0 9.3
112 10.4 | 9.2

*Each value is an average of six replications. ..

TABLE IV

ANALYSIS OF VARIANCE OF SORGHUM GRAIN PROTEIN
(PERCENT PROTEIN)

| | 1973 1974
Source - df - S.S.  M.S. Se .S,
Total , 35 . 6.5000 4.7775
Replications 5 0.8140  0.1630 1.1748 0.2350
Treatments 5 2.3430 0.4690 0.7497 0.1499
Error - 25 3.3430  0.1340 2.8530 0.1141
Calculated F, 1973 = 3.6 ' Calculated F, 1974 = 1.3138

LSD 0.05 = 0,21 ' C.V, = 3.6 percent



CHAPTER V
SUMMARY AND CONCLUSIONS

‘A field ekpgriment on grain sorghum_was4gondu¢ted_to study the in-
fluence of nitrogen tfeatments on’graiﬁ yield‘and proteiﬁ content -of the
grain at Perkins;ldklahoma, in the summers of 1973 and 1974.

The treatments éonsisted of 0, 22, 45, 67, 90, and 112 kilograms of
’nitrogeﬁ per hectare. All plots were planted in four rows 12.2 meters
long. »The space between rows was one meter and between plants 15.3 cen-
timeters. Two middle rows were hérvested fpr evaluating the yield of
grain per hectare. This grain was also analyzed for protein content.

The following couciusions were drawn from the results of this stu&y:

1. TFertilizer treatments did not affect the yield of grain, and

the treatments were not significantly different at 0.05 level
of probability in either 1973 or 1974.

25 Nitrogen treatments affected the percentvprptein.in 1973 and

the treatments were significant at 0.05 level of probability.

3. The pefcent protein due to nitrogen treatments was not signi-

ficant at 0.05 level of probability in 1974.

Difficulties encountered were method and time of fertilizer appli-

cation, drought, variability existing in the field, sorghum midge, sor=-

ghum greenbugs, and low soil pH.
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TABLE V
‘ SOIL ANALYSIS RESULTS
- T 1973 1974
Loca~- ' Depth P K ' P

tion in Cm kg/ha - kg/ha = kg/ha pH  kg/ha kg/ha kg/hé pH
T O S S SR

1 15.3 - 98.7 487.6 11.2 4.9  86.3 504.5 11.2 4.8

1 30.5  35.9 493.2  11.2 5.1  34.8 392.4  11.2 5.1

1 45.7 21.3 426.0 11.2 5.4

1 61.0 9.0 358.7  11.2 5.6

2 15.3  71.7 442.8  11.2 5.1  75.1 482.0  11.2 4.7

2 30.5 32.5 386.7  11.2 5.4 = 13.5 44,8 11.2 5.2
2457 9.0 252.2 1.2 5.8

2 610 .M_9.0 285.9 _'11.2 5.7

3 153  104.3  498.9 11.2 4.8 69.5 437.2  11.2 4.8

3 30.5  35.9 431.6  11.2 5.5 13.5 414.8 11.2 5.4
3 45.7 9.0 347.5  11.2 6.0 |

3 61.0 5.7 285.9 11.2 6.0

4 15.3  91.9  482.0 112 5.0 75.1 470.8  11.2 4.8

4 30.5 104.3 538.1 11.2 5.0  13.5 381.1 11.2 5.0

4 45.7  14.6 347.5  11.2 5.6
4 61.0 5.6 3027  11.2 5.9
5 15.3  98.7 510.1  11.2 4.8  88.6 437.2 11.2 4.7
5 30.5 919 510.1  15.7 4.8 20.2  426.0 112 4.9
5 45.7 9.0 319.5  24.7 5.4
5 61.0 5.6 291.5  29.2. 5.7
6 15.3 | | 91.9  459.6  11.2 4.7
6 30.5 | 13.5 381.1 11.2 5.4
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TABLE VI

PRECIPITATION’DURING.GROWING SEASONS 1973, 1974

. ]
' : Normal ‘_ Rainfall _ Departure From‘
Months Rainfall Smma Normal
o (mm) 073 7%
March 47.2  196.3 66.0 149.1 - 18.8
April 72,6 187.4 79.3 14.8 = 6.7
‘May | 117.3 81.3 - 159.5  -36.0 42.2
June | 107.7 54.6 . 135.9 -53.1 28.2
- July T 89.7 110.5 1908 20.8 © -69.9
August - - -~ 81.5 54.9 98.3 - -26.6 - 16.8
September 85.9 315.2 159.8 ©229.3 © 73,7
October 70.6 . 62.0 - 181.6 -8.6 111.0




TABLE VII

YIELD, PERCENT PROTEIN AND OTHER DATA FOR

SORGHUM (OK 612) IN 1973 AND 1974

1974

1973
Length Height : Length  Height :
Treat- % of Heads at Mat. Yield % % ‘of Heads at Mat. Yield % -

Reps. ments Stand in Cm. in'Cm.  kg/ha Protein ~ Stand 'in Cm. in Cm.  kg/ha Protein
1 1 80.0 27.9 106.2  3376.3 10.5 100.0  22.9 80.5 2856. 9.3
1 2 71.9 29.8 103.6 2929.9 10.4 100.0 21.6  88.7 2124. 9.0
1. 3 84 .4 29.2 109.2 3683.3 10.6 1 95.0 19.8 90.4 2197. 9.3
1 4 71.3 29.5 103.6 3739.1 10.4 100.0 21.8 91.4 2270. 9.0
1 5 '58.8 29.5 106.7 2399.7 10. 100.0 20.1 89.4 '2490. 9.0
1 6 ©60.0 28.6 114.8 3208.9 10.5 100.0 20.3  88.9 2490, 8.3
2 1 58.1 28.3 105.7 3142.0 9.9 95.0 = 20.1 ~  89.9 2929. 9.0
2 2 68.8 26.7 102.6 . - 3069.4 10.0 88.5 20.6 - 92.7 - - 2417. 9.0
2 3 68.1  29.8 102.1 3432.1 10.3 100.0 20.8 97.3 2417. 9.0
2 4 72.5 27.7 105.2 3432.1  10.4 100.0 21.8 91.4 2563. 9.0
2 5 80.0 26.0 107.2 = 4157.6 10.9 100.0 21,6 84.6  2417. 9.5
2 6 73.8 27.9 108.7 - 3711.1 10.6 100.0 - 21.3 190.9 2463. 8.6
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TABLE VII (CONTINUED)

1973 o : : - i» 1974
Length Height = L , _ Length . Height Tl e
Treat- % of Heads at Mat. Yield - % % of Heads at Mat. Yield %
Reps. ments Stand in Cm. in Cm. = kg/ha. . Protein Stand in Cm. in Cm. kg/ha Protein
3 1 68.8  29.5  101.6  3348.4" 9.2 100.0  20.8 02.0  2343.9 9.4
3 2 625 27.3  100.6  3460.0 9.8 8.0  19.1 Cses 1977.7 9.4
3 3  63.8 28.3 107.2 3878.6 9.6 92.5  21.6 _85.9 2197.4 - 9.0
3 4 78.8 28.3 100.0 v 3599.5 '10.6 77.5 22.9 88.9 2270;64 9.5
| 3 5 80.6 29.5 104.7 3432.1 10.4 92.5 22.0 88.9 2716.1 _ 9.0
3 6 70.6 _ 28.2 | 105.7 2399.7 10.4 85;0. ©21.8 | 89.9 1831.2 9.0
4 1 71.9  27.7  100.6 . 2957.8 10.1 100.0  21.1 - 87.4 . 2783.3 9.6
4 2 719 26.7 98.0 3208.8 9.8 97.5  20.1  88.1  2124.2 9.2
4 3 90.é 30,1 - 103.6 3794.9 10.2> ~100.0 22.1 96.5 . 2490f4 : 9;0
4 4 55.6  28.5  101.1 2957.8 10.6 97.5 20.1 90.9 2270.6 10.0
4 "5 60.0 29.0 © 100.1 3125.1 10.4 - 100.0 ~ v22.6 85.1‘ ,2490:4 9.0
"4 6" 61.9 | 27.7 106.7 - 3153.0 10.2 20.0 - 22.1. 84.3 .2636.8‘ v’9;0 .

5 1 69.4 28.6 107.2 3320.5 10.2 - 100.0 22.4',_ 87.9 - - 2783.3 9.0

€e



TABLE VII (CONTINUED)

1973 o : 1974

Length Height ' . Length . Height » 7

Treat- % of Heads . at Mat. - Yield % % of Heads at Mat. Yield % _

Reps. ments Stand in Cm. in Cm..  kg/ha Protein . Stand  in Cm. in-Cm. = kg/ha Protein-
5 2 81.3 28;3 101.1 - 3069.4 9.6 | 97.5 21.8 | 94.5 2197.4‘ 9.4 
5 3 79.4  28.0 - 105.2 3767.0 104 100.0 21.3 . 92,0  1977.7 9.4
5 4 68.1 28.2 102.1 3153.1 9.9 95.0  22.6 . 92.5 2710.1  10.1
5 5 43.8 29.2 105.2 3627.4 _9.9» 92.5 21.1 89.9 .2343,9 9.1
5 6 76.3 28.5 107.2.7 3794.9 10.8 97.5  ~ 20.6 86.4 1977.7 9.0
6 1 73.8 29.0 99.1 2706.6 9.5 75.0 22.6 ~ . 85.6 2343.9 8.6
6 2 79.4 26.0 107.2 - 3460.0 9.4 97.5  20.6 86.4 1977.7 . 9.8
6 3 77.5 29.5 102.1 4018.1 © 9.9 - - 100.0 = 23.6 - 9.7 2343.9 9.0
6 4 73.8 - 28.5 106.7 . 3153.1 11.2 = - - 82.5 22,6 89}4>f‘” 2490.4 9.4
6 5 78.8 29.2 102.6 .  3515.8 '16.2‘ - 97.5 - 22.6 .91.4 - .2270.7 9.3
6 6 81.9 28.3 105.2 . 3627.4 10.2 - 92f5 C 22,4 88.4 0 2270.7 - 9.5

% * '

*Significant at 0,05 level of probability.
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FIGURES 1-4
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 Figure 1. Yield Response Curve for 1973. Figure 2. Yield Response Curve for 1974.

Figures 1 and 2 Show the Yield Response of Grain Sorghum
(0K 612) to Six Levels of Nitrogen During 1973 and 1974 . = .. '

9¢



% Protein

£ |
oT S e '
g -
& A
8+ o\o B8+
74 7+
6T 61
s ¥
o } } e t — ' ok } t —it +—t
i 2 3 4 5 6 ' 1 2 3 4 5 6
Treatments : ' A Treatments
Figure 3. Protein Response Curve for 1973. Figure 4. Protein Response Curve for 1974.

Figures 3 and 4 Show the Protein Response of Grain Sorghum
(OK 612) to Six Levels of Nitrogen During 1973 and 1974.
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