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INTRODUCTION

Scientists have long recognized the importance of nitrogen
in plant growth and development. It 1s recognized as being the
single most limiting nutrient in crop production in the U.S,
These facts are readily understood when it is considered that
nitrogen is a major constituent in some of the most important
compounds in a plant. It is an integral part of chlorophyll,
nucleic acids, proteins, amino acids and other plant components.
Although 80% of the atmosphere is composed of nitrogen, it 1s
deficient in soils because only certain microorganisms are able
to assimilate molecular nitrogen into forms that are available
for plant use.

Plants absorb their nitrogen mainly in the inorganic form
as ammonium (NHM+) and nitrate (NOB") ions. The quantity of
these two ions in the soil depends largely on the amounts sup-
plied as commercial fertilizers and the amounts released from
the reserves of organic soil nitrogen. The amount of inorganic
nitrogen available for plant use depends on a balance that ex~
ists among different factors affecting nitrogen in the soil,
including; mineralization, immobilization and losses from the
so0il itself (Tisdale and Nelson, 1975). Through these processes
nitrogen compounds are continually undergoing change; organic
and inorganic, some available for plant use and others not .

Scientists have tried for years to alter the processes that
affect g0il nitrogen. Alteration of the changes in go0il nitrogen
form may result in more efficient use of the nitrogen available

to the plant. Finding a chemical that satisfactorily supresses



the nitrification of the ammonium ion and slows the production
of leachable nitrate has been the goal of much research in the
past., Under certain conditions, retaining the nitrogen in the
ammonium form could result in certain agronomic advantages.
During the last two decades, several chemicals that inhibit nit-
rification have been developed. Use information concerning such
compounds under different conditions and different crops is now

needed.



LITERATURE REVIEW

Nitrification, a process of major importance in soil fert-
ility, is the biological oxidation of ammonium to nitrate. This
conversion proceeds in the presence of two obligate autotrophic

bacteria, MNitrosomonas and Nitrobacter. There are two well def-

ined steps in this conversion. The first step is the oxidation

of ammonium to nitrite (NOz') by the bacteria Nitrosomonas and

proceeds in the following manner:

+ - +
2NH,, + 30, —= 2M0, + HZO + 4H

The second step further oxidizes the nitrite to nitrate through

the activity of the bacteria Nitrobacter in the following step:

2N02 + 0, —= ZNOB*
Both reactions require molecular oxygen, a favorable pH, water
and a suitable temperature.

Generally the rate limiting step in the conversion of amm-
onium to nitrate is the oxidation of ammonium to nitrite. The
conversion of nitrite to nitrate proceeds fairly rapidly. Con-
sequently, there is rarely a substantial accumulation of poten-
tially toxic nitrite in the soil.

Even though most plants preferentially absorb nitrate,
there are several reasons why nitrification may be disadvan-
tageous for crop production, Since the nitrate ion is negatively
charged, it is not adsorbed by the colloidal fraction of the
soil and is subject to movement in the soil by water. Upward
movement by water may result in the accumulation of nitrates in
the upper part of the soil profile during periods of high evap-

oration, resulting in positional unavailability of the nitrogen



n

and possibly nitrate toxicity to animals consuming vegetative
portions of plants accumulating nitrates. Nitrates may also Dbe
leached through the soil profile and out of the plants root
zone, Eventually, leached nitrate may enter ground water.
Another possible fate of oxidized nitrogen is denitrific-
ation of nitrate into nitrogen gas (Nz) or hyponitrite (Nzoz)
which are lost to the atmosphere. This process may proceed eit-
her chemically or biologically under anaerobic conditions when
the soil is saturated with water. Nitrification.of ammonium may

also lower the pH of the soll through the release of protons.

Poseible Effects of Nitrification Inhibitors

Utilization of nitrification inhibitors may alter the rates
of these reactions. Estimates of losses of applied nitrogen vary
but may exceed 50 percent of total amount applied (Broadbent and
Clark, 1965). If these losses can be minimized, the initial app-
lication rate of nitrogen could be reduced, and ultimately pro-
fits from field crops would increage. A few years ago, fertil-
izer nitrogen was relatively cheap and farmers could simply add
a little more nitrogen to compensate for the losses. Today, the
farmer is caught in a cost-price squeeze and must use proner
management to return a profit. In addition, prospects of an en-
ergy shortage, coupled with the fertilizer industry's heavy rel-
iance on increasingly expensive energy, portends possibilities
of short sunplies and higher costs, Cleve Goring, Dow Chemical
Company, estimates that if farmers across the U.S. could recover
an additional 5 percent of the nitrogen applied annually, a

savings of 10 billion cubic feet of natural gas per year could



could result (Lehnert, 1976).

There is, however, much confusion on the relative effect-
iveness of nitrate and ammonium as nitrogen sources for plants.
There is some concern that the use of nitrification inhibitors
would place the plant on an exclusively ammonium diet. Spratt
(1974) reported that plants respond best to a mixture of amm-
onium and nitrate nutrition. However, most plants absorb ammon-
ium as well as nitrate. Excess nitrate is stored in the plant
as nitrate, while excess ammonium is stored as glutamine and
asparagine, common amides, which are not toxic and are easily
converted to proteins.

Naftel (1931) reported that corn, (Zea mays), cotton (Gos-

sypium hirsutum L.) and wheat (Triticum aestivium L.) prefer

ammonium nitrogen up to the age of 28 days, but after 35 days
the reverse is true. These studies also report an increased
phosphorus uptake when ammonium replaced nitrate as the nitrogen
gource. Sulfur, on the other hand, was shown in these studies

to decrease in the plant tissue with a nitrate source of nit-
rogen. Blair et al. (1970) conducted a similar study, but rep-
orted that sulfur uptake was increased with an ammonium treat-
ment.

Blair et al. (1970) compared nitrate and ammonium as nit-
rogen sources for corn in the absence of yield differences and
studied the effect of these sources on the uptake of other ions.
They reported a higher uptake of nitrogen from the nitrate sou-
rce, calcium nitrate, than from ammonium hydroxide. However,
twenty five percent of the increased nitrogen was stored in the

inorganic nitrate ion form in the leaf tissue of the plant.



Naturally this would net increase the actual protein content in
the leaf tissue or the grain. They also found a higher phosph-
orus concentration in leaf tissue from the ammonium treatment
which agrees with the findings of other workers.

It is generally agreed that phosphorus banded with ammon-
iacal fertilizers increacses the efficiency and uptake of phos-
phorus. ilhen this effect was first noticed, it was believed to
be the result of increased root proliferation in the area of the
bands. Because of a better rooting system, more nutrients were
believed to be absorbed. This may explain part of the increased
phosphorus uptake but not all of it.

Ieonce and Miller (1966) hypothesized that the ammonium ion
has a specific effect on phosphate ions (H,FO, I{POLI" ) to
transport them across the root symplast into the xylem. This ex-
plaination does not seem to explain all the increased phosphorus
uptake either and other trains of thought have evolved.

One possibility for both inqreased phosphorus and sulfur

SOQ') uptake assgociated with ammonium nutrition was gsuggested
by Kirkby (1968) and Kirkby and Mengel (1967). This view is
based on an anion-cation balance that exists in plants. “hen
plants are grown in a solution containing ammonium, the pIH of
the solution declines and the phosphorus and sulfur concentrat-
jons in the plant increase, The lowering of the solution pH is
a result of the expulsion of protons from the plant in order to
equalize the anion-cation balance in the plant. Sulfur and phos-
phorus anions are also absorbed into the plant to bring the sys-
tem back into balance. When nitrate ions are supplied as the

nitrogen source, 0 and/or HCOB- ions are released into the



soil solution and calcium, magnesium and potassium cations are
brought into the plant to balance the negative charge of the
nitrate ion. An indication of this phenomenon is an increase in
the pH of the solution caused by the release of the OH™ and
HCOB' ions.

Another possibility for increased phosphorus absorption by
plants subjected to ammonium nitrogen is related to the pH of
the soil solution in the rhizosphere and the solubility of dif-
ferent phosphorus compounds in the soil. This theory was postul-
ated by Miller et al. (1970). Using monocalcium phosphate (mcp,
Ca(HzPou)Z.HZO) as the phosphorus source, they showed that a
high pH caused phosphorus to precipitate on the roots as dical-
cium phosphate (DCP, CaHPO* 2H20). At a pH of 7.3 the ratio of
ngoqﬁ : HPOu' jons was 0.8, while lowering the pH to 6.7 in-
creased the ratio to 3.2. The lowering of the pH resulted in the
reformation of dicalcium phosphate on the roots to monocalcium

phosphate, This reformation provides more H2P04— ions which are

absorbed 10 times faster than HPOu' ions (Hagen and Hopkins,

1955).

Effects of Nitrification Inhibitors on Crop Diseases

Another possible benefit from nitrification inhibitors use
in crop production is in the area of disease resistance. Nitr-
ogen form has been intensively studied in relation to host nut-
rition and disease ceverity for many years. Huber and Watson
(1974) state that it is generally the form of nitrogen supplied
to the plant, ammonium or nitrate, that affects disease severity

and not the amount of nitrogen supplied. There are many inter-



actions involved in determining if diseasge severity increases,
decreacses or is unchanged by a specific form of niltrogen. rac-
tore such as temperature, soil pH; time of fertilizer applic-
ation, plant preference for a certain nitrogen form and crop
rotations interact with nitrogen form to influence the severity
of crop diseasges.

Huber and Watson (1974) compiled a list of common plant
diseases and the general effect nitrogen form has on their sev-
erity. A few diseases that may be lescened in severity by the
plants utilization of ammonium nitrogen are; Diplodia stalk rot

of corn, Ophiobolus take-2ll root rot of wheat and Puccina str-

ipe and stem rust of wheat. Diseases in which the severlty is
increased by ammonium nitrogen are; Fusarium root rot of wheat,

Fusarium stalk rot of corn and Cercosgsporella eye spot of wheat.

Cephalosnorium Stripe

Cephzlogporium stripe is a fungal disease with the causal

agent being Cephalosporium gramineum. Cereal crops seem o be

most affected, with wheat, barley (Hordeum brachyantherum Neu-

ski), oats (Avena gativa L.), rye (Secale cereale L.) and sev-

eral grasses serving as hosts for Cephalosporium gramineum.

Cephalogporium stripe was first reported in Japan in 1931 and

has since been detected in many parts of the world (llathre and
Johnston, 1975). It was reported in New York in 1957, Bontana
in 1959, Illinois in 1960, lMichigan in 1966 and was first det-
ected in Kansas in 1972 (Jillis and Shively, 1974). The first
reported incidence of the dicease in Kansas was 1n Elk county.

It has since been reported in the eastern two-thirds of Kaneas.



Cephalogporiun gramineum is short lived on clean ground but

nay be present for long periods of time in crop residue, It is
usually found in continuous cropped, non-rotated cereal crop
areas. Wiese and Ravenscroft (1975) found that the number of

Cephalosnoriun granineum propagules per gram of soll decreased

in number from 100,000 found in Cctober to February, to less
than 5,000 per gram of so0il in the lMay through July period.
Cultural practices that appear to provide a favorable en-

vironmnent for Cephalosporium gramineum are large amounte of res-

idue from a previously infected crop in the top three inches of
the so0il, high soil temperatures following planting, early plan-
ting dates, high moisture conditions, low soil pH and overfert-
ilization. Knifed phosphorus applications seem to be most impor-

tant in Cephalogporium stripe infections because of the prolif-

erous root growth near the bands. The symptoms of the disease
are not apparent during early spring, suggesting that the infec-
tion is a result of spring heaving of the soil. During the sp-
ring, freezing and thawing of the soil results in root breakage
by which the plants may be infected. lMost of the conditions con-

dusive to Cephalosporium stripe infection result from prolif-

erous root development during the fall growing period which in-
creases the chances of root injury during the winter (Pool and
Sharp, 1969).

The visible symptoms of Cephalosvnorium stripe are long

yellowish stripes on the leaves extending to the leaf sheath
and a discoloration of the region below the first node of the
plant. Ag the »nlant matures, the stripes dicappear as the entire

leaf dies. The discoloration of the stem may resemble freeze



10

injury. The infected plants become stunted with bleached, some-
times sterile heads and shriveled kernels (Willis, 1976).

Cephalogporium stripe infects the vascular system of the

plant. After infecting the plant, the xylem becomes plugged with
conidial masses which obstructs water movement through the plant.
By products of the fungal cells may play a role in the progress
of the disease. Spalding et al. (1961) presented evidence of
polysaccharides and pectin plugs forming and restricting the
vascular flow through the plant.

Losses from Cephalognorium stripe infection of winter wheat

may be as high as 70% (Richardson and Rennie, 1970). The loss
results from undersized, shriveled kernels and sterile heads.
Some cultural factors which seem to aid in the control of the
disease are stubble burning, rotation to a non-cereal crop, deep
plowing immediately after harvest, late planting dates, lower
fall applied fertilizer rates and liming the €o0il to a near

neutral pH.

Nitrification Inhibitors

lMany chemicals have been tested ag nitrification inhibitors
over the years. Recgearch has suggested certain traits necessary
for a good nitrification inhibitor. Hauck (1972) discussed these
characteristics in detail., The inhibitor should be specific in

that it should only inhibit Nitrosomonag growth or activity.

Inhibiticon of Mitrobacter should not occur because such inhib-

ition could cause an undecirable accumulation of nitrite. The
inhibitor and its eventual metabolite should be nontoxic to

other microflora, animals and plants.
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The inhibitor should be persistent and remain active for a
sufficiently long period of time, usually several months, For
most uses thic would hopefully be from the time of fall applic-
ation until spring. After application, the inhibitor should be
mobile in that it it moves with the fertilizer from the initial
point of application. Also, the inhibitor should be economically
feagible to use as a fertilizer additive,

In light of recent research in regard to nitrification in-
hibitore, there are several other characteristicé which may be
desirable., The inhibitor should be compatible with conventional
fertilizer application equipment. If farmers are exnected to use
an inhibitor, it must not be cost prohibitive as far as equip-
ment alterations are concerned., The inhibltor must not weaken,
corrode or otherwise render fertilizer equipment unsafe. Aleo,
inhibitors should be anplicable to all types of ammoniacal fert-
ilizers, i.,e., solids, liquids and anhydrous ammonia.

Bundy and Bremner (1973) tested 24 compounds for their eff-
ectiveness as nitrification inhibitors on three soll types ran-
ging from clay loam to sandy clay loam. Each compound was apn-
lied at 2 concentration of 10 »npm to the soil, along with 200
opm nitrogen as ammonium., The soils were incubated at 30 C for
14 days and analyzed for ammonium, nitrite and nitrate. The av-
erage effectiveness of the 14 most potent of the 24 compounds
decreased in the following order: 2-chloro-6-(trichloromethyl)
pyridine (N-Serve), 4-amino-1,2,4-triazole (ATC), sodium or pot-
assium azide, 2,4-diamino-6-trichloromethyl-5-triazine (CL 1580),
dicandiamide, 3-chloro-acetanilide, 1-amino-2-thiourea, 2,5-di-

chloroaniline, phenyl- mercuric acetate, 3-mercapto-1,2,4-tri-
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azole, 2-amino-4-chloro-6-methyl pyrimidine (Al), sulfathiazole
(s7), and sodium diethyldithiocarbamate.

This is only a partial list of the many compounds that have
been or are being tested as nitrification inhibitors. Some of
the other compounds include pyridine derivatives, resin polymer
coatings, soil fumigants, neem oil, carbon disulfide, isothio-
cyanates, guanylthiourea and others. Probably the people doing
the most work along this line are the Japanese. At least 10 com-
panies hold patents on chemicals developed specifically for use
as nitrification inhibitors in Japan.

In comparisons of various nitrification inhibitors, it must
be remembered that blological activity, soil type, temperature,
moisture conditions and other environmental factors affect the
action of compounds in different ways and to a varying degree.
It is the intent of this review to describe several inhibitors,
the results obtained with them and to not judge their worth as

nitrification inhibitors for particular conditions.

Potassium Azide (KNBL

The effectiveness of potassium azide (KN3) and the azide
ion (N3~) as nitrification inhibitors has been demonstrated.
Potassium azide is a nonselective, inorganic biocide which has
been shown to be active as a fungicide, herbicide and bactericide.
In light of this, information concerning its biological activity
in soils as well as its potential as an effective nitrification
inhibitor is limited.

At a level of 10 ppm on a dry basis, and after 2, 4 and 8

weeks of incubation, it was found that potassium azide was app-
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roximately 90, 85 and 50 percent as effective as nitrapyrin in
inhibiting the process of nitrification. Nitrapyrin was more
effective at longer incubation periods because of its greater
residual activity when applied with anhydrous ammonia., It was
found that potassium azide is potentially less phytotoxic in
this particular type of application (Parr et al. 1971).

Papendick et al. (1971) evaluated the effectiveness of pot-
assium azide as a nitrification inhibitor for field applied an-
hydrous ammonia on a Naff silt loam soil in the winter wheat
area of eastern Washington. Two months after application, the
amounts of nitrate-nitrogen recovered from the retention zcne, as
a percent of the total extractable nitrogen, were 67, 48 and 36
percent for anhydrous ammonia, anhydrous ammonia plus 2 percent
potassium azide and anhydrous ammonia plus 6 percent potassium
azide, respectively. They concluded that potassium azide was an
effective nitrification inhibitor for use with anhydrous ammonia
at the levels of potassium azide studied. |

Cochran et al. (1973) evaluated potassium azide and nitra-
pyrin as nitrification inhibitors for anhydrous ammonia applied
on irrigated and dryland silt loam soils in eastern Washington.
Both compounds were effective under dryland conditions but pot-
assium azide was completely ineffective following irrigation.
This was presumably due to the leaching of the chemical through
the soil profile. Nitrapyrin by contrast, was retained in the
profile and remained effective. Hughes and Welch (1970) reported
potassium azide remained effective at 10 to 30°C but became less

effective at higher temperatures.
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2-amino-4-chloro-6-methyl pyrimidine (Ali)

2-amino-%-chloro-6-methyl pyrimidine (AM) was developed in
Japan by Toyo Koatsu Industries Inc. Chemical decomposition oc-
curs under field conditions and can be formulated with most fer-
tilizers except acidic materials such as cuperphosphate. Al is
specific in respect to nitrification activity and is low in tox-
icity to other organiesms. Toxic concentrations are reported to
be in the 10-30 ppm range for most crops. The recommended rates
average 1.5 to 3.0 for most conditions. The half-life of Al in
several soils varied from 15-60 days, as reported by researchers
in Japan. All is adsorbed by soil organic matier rather than by
the ¢olloidal fractions of the goil (Hauck, 1972).

There are factors which may reduce Al effectiveness under
field conditions. Some nitrification occurs in the presence of
AlZ and produces a local acidic condition which may hasten All

decomnosition. While selective in the inhibition of Nitrosgomonasg

growth, it is not as selective as nitrapyrin and reinfestation
of nitrifying bacteria may occur relatively fast. Papendiék et
al. (1968) reported that All was not as effective a nitrification
inhibitor as nitrapyrin when applied at equal concentrations.
However, in 1968, 15,400 metric tons of compound fertilizers

(NPK) were =mmended with 0.3 percent Al (Hauck, 1972).

Carbon Disulfide (CS,)

Carbon disulfide has been studied as a potential nitrific-
ation inhibitor. Ashworth et al. (1975) reported carbon disul-
fide as being very cheap and a very potent nitrification inhib-

itor in closed systems. Using a rate of 260 kg N/ha with the
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addition of 2.7 kg nitravyrin and 15 kg carbon disulfide, the
amount of nitrate produced was measured for 60 days following
injection. Anhydrous ammonia and.aqua ammonia were the ammonium
carriers, For the first 50 days, no nitrate nitrogen wae prod-
uced in the bands containing the carbon disulfide while the nit-
rapyrin treatments had intermediate amounts of nitrate present.
It was also reported that carbon disulfide diffused through the

goil at a faster rate than nitrapyrin.

2-chloro-6-(trichloromethyl) pyridine (H-Serve)

Posesiply the most promising of all the prospective nitrif-
ication inhibitor compounds tested to date is 2-chloro-6-(tri-
chloromethyl) pyridine (N-Serve) or nitranyrin. Developed in the
early 1950's by the Dow Chemical Company, it is now marketed
under the trade name N-Serve and was formerly known as Dowco
160. Work was being conducted with chlorinated pyridines when
it was discovered that some of these compounds were active to-

ward the inhibition of Nitrosomonas bacteria activity. Zvent-

uvally the compounds nitrapyrin, as well as a herbicide now known
as Tordon, were developed.

The active ingredient of N-ferve, 2-chloro-6-(trichloro-
methyl) pyridine, ig a white crystalline powder having a molec-
ular weight of 230.9 and a melting point of 63°C. Two types of
N-Serve are available. N-Serve 24 is soluble in anhydrous amm-
onia with the carrier of the active ingredient being xylene.
N-Serve 24E is soluble in water and is used in formulating sol-
utions such as urea-ammonium nitrate or other water based amn-

oniacal fertilizers. Both types contain 294 grams of active
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ingredient per liter of N-Cerve.

As early as 1962, Sweezy and Turner (1962) reported yield
increases with the addition of N-Serve to ammonium and urea Ter-
tilizers. Using varying rates of from 0.125 to 2.0 percent of
the applied nitrogen, they realized increased growth and yields
in cotton, sweet corn and sugar beets (Beta vulgaris ). The re-
ason for the increase was attributed to a reduction of leaching.
Huber et 21. (1969) working with winter wheat in northern Idaho
studied the effects of I-Zerve on ammonium and ﬁitrate concen-
trations in the soil as well as yields. N-Serve significantly
increased the amount of ammonium in the soil profile in the spr-
ing following fall fertilization with ammonium sulfate. Yields
viere also increased by the addition of N-Serve.

Sabey (1968) reported that N-Serve suppressed nitrification
during early spring when fertilizers were applied in November.
Boswell and Anderson (1974) conducted a similar study using pol-
yethylene bags and found that N-ferve delayed the nitrification
process for at least a four month period when used with ammonium
nitrate.

Working with a sandy loam soil, Page (1975) found that the
rate of decay for ammonium was approximately 1 percent per day
at 0 C and had a Qlo of 2.1. However, if N-Serve was added to
the soil, the rate of nitrification was halved. Along this sanme
line, Redenan et al. (1964) found that the half-life of N-Xerve
varied from 4 to 22 days. He also found that high organic mat-
ter content, heavy soil texture and a high pH lowered the half-
life of N-Serve under field conditions.

Usine an Urrbrae soll in Australia, Iewis and Stefanson
1<)
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(1975) found that pasture soils required a N-CTerve concentration
equal to 5.0 percent of the applied nitrogen to inhibit the nit-
rification process, In a frequentiy cropped soil, a 0.2 percent
concentration was effective. This may partially be explained by
a higher organic matter content and a lower carbon to nitrogen
ratio in the cropped soil. Some organic matter is necessary to
adsorb the N-Serve, while an excessive amount of organic matter
may bind it too tightly and render it useless in inhibiting the
nitrification process.

Wwhile it has been shown that N-Serve ic an effective, mob-
ile and sufficiently »ersistant nitrification inhibitor, it has
also been demonstrated to be non-toxic to plants, microbial life
and animzls. The toxicity of the chemlical is reported to be low,
with acute lethal dosages of 1.2, 0.7 and 1.09 grams per kilo-
gram of body weight for rats, mice and rabbits (Turner and Gor-
ing, 1966). Iaskowski et al. (1975) found that N-Serve has no
effect on fungl or bacteria at a 1-10 ppm concentration and pro-
duced only small reductions in colony numbers at 100-1000 pum.

Numerous field tests conducted with N-Serve have demonstr-
ated that rates of several pounds per acre were non-toxic to

organisms other than Nitrosomonas, including seedlings of higher

plants. N-Serve degrades to 6-chloropicolinic acid, its prin-
ciple metabolite, which seems to have even less phytotoxic eff-
ect than Ii-Serve with the possible exceptions of effects on cot-

ton, soybeans (Glycine max L.), alfalfa (lledicago sativa L.) and

sugar beets (CGeronimo et al., 1973).
Grunes (1959) cited several investigators who have reported

greater phosphorus absorption when the nitrogen was in the amm-
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onium rather than the nitrate form. Nielson et al. (1967) rep-
orted that the plant uptake of vhosphorus was greater with the
addition of N-Serve than without. With a 57.6 ppm phosphorus
treatment, added as monocalcium phosphate, the plant tissue con-
tained 0.48 percent vhosphorus with N-Serve and 0.30 percent in
the tissue without K-Serve. However the percent nitrogen in the
tissue decreased from 2.5 percent to 2.0 percent with the inc-
orporation of K-Terve.

The mode of action of N-Serve is not completely understood.
Campbell and Aleen (19€5) presented evidence that the action of
H-Serve affects that component of cytochrome oxidase, found in

Nitrosomonas, which is involved in ammonium oxidation. By the

same token, the nitrite activating enzyme “nitrite-cytochrome c
reductase"” was scarcely affected by recommended rates of F-Serve
with the poseibility of a slight stimulation of the enzyne act-
ivity. It is suggested that N-Zerve exhibits a chelating action
upon the copner (cu™) component of the cytochrome oxidase en-
zyme effective in ammonium oxidation. This effect can be shown,
by the reversion of the inhibition effect, by adding sufficient
copper to the system. Another effect may involve the inhibition
of the chemosynthetic reactions dependent upon ammonlium oxid-
ation coupled with phosphorylation.

Research to date indicates that N-Zerve may also be an eff-
ective tool in regard to plant discase control. Scott et al.
(1975) reported on work conducted on a silt loam soil in Sull-
ivan county, Indiana in regard‘to the effect of N-Serve on take-

all root rot in wheat and stalk rot in corn. At 134 kg N/ha,

there was a 26 percent reduction of stalk rot in corn with the
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addition of N-Serve and at 224 kg N/ha plus N-Serve there was a
reduction of 8 wercent in the number of "white heads", an indic-

ation of take-all root rot in wheat.

N-Serve Safety Factors

There may be an equipment hazard associated with the use of
N-Serve. Anhydrous ammonia is corrosive to aluminum and alumninum
alloys in the liquid phase. Recent work has shown that the add-
ition of any additive besides water will increase the rate of
corrocsion. The effects of addition of N-Serve to anhydrous anm-
onia may be more severe if the valves and fittings are made of
aluminun or aluminum alloys. Thiz reaction may cause these parts
to fail to function ﬁroperly. This corrosion occurs only in the
liquid phase and not in the vapor phase, because li-Serve has a
nuch lower vapor pressure than anhydrous ammonia.

The most severely affected component of application equip-
ment is the liquid level gauge since it is partially submerged
in liquid anhydrous ammonia. Equipment should be thoroughly in-
spected for corrosion, pitting and other indications of »nossible
equipment failure. Anhycrous ammonia solutions containing N-Ser-
ve should never be stored longer than 3 weeks. When replacing
equipment for N-Serve use, pleces such as gauges and floats
should be renlaced with either stainless or mild steel compon-
ents. Teflon gaskets should be used on all fittings and coup-
lings that will come in contact with the N-Serve colutions (An-

onymous, 1976).



20

Ob jectives

N-Serve has been denonstrated to be safe, effective, cpec-
ific, mobile and non-toxic ag a nitrification inhibitor under
certain conditions. It is also reasonably economical to use
when sprlied at the recommended rates of 0.56 to 1.12 kg A.I.
per hectare. The cost will be approximately $ .80 to § 1.60 per
hectare when thece rates are followed.

However, in light of the research indicating the effectiv-
enecsg of N-Serve, more information is needed onrthe feasibility
of using N-Serve with anhydrous amnonia and urea-ammonium nit-

rate solution (UAN) in the winter wheat arez of the Plains

ications of increased efficlency of ammonium

[N

States, Despite in
fertilizers with the addition of N-Zerve in northern Idaho and
eastern WJacshingston, studies were needed in Kansas to ascertain
the value of including M-Serve as a management tool in winter
wheat nroduction.
Objectives of these studies were:
1) To compare the efficiency of ammoniacal fertilizers
for winter wheat with and without the addition of
N-Zerve.
2) To measure effects of N-Serve on grain yleld of win-
ter wheat under dryland conditions.
3) To determine the effect of N-3Serve on the grain pro-
tein content of winter wheat when grown with and
without II-Serve.
) To investigate effects of N-ferve on nutrient up-
take by winter wheat plants.

5) To study the severity of Cephalosporium stripe
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(Ce-halosporium graminewun L,) infection of winter

wheat og affected by N-Zerve, varietal differencer
and other cultural practices.

To investigate effects of N-Serve on a nitrogen-
phosphorus interaction, in the soil, in winter wheat

production.
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MATERTALS AND METHODS

Field Studies

Several types of studies were conducted at a total of
eleven sites for the 1976 and 1977 wheat crops. The sites were
located in Harper, Sedgwick, Stafford, McPherson (2), Labette,
Harvey, Riley, Dickinson, Ellsworth and Reno counties in Kan-
sas. N-Serve studies were located in six of the counties, nit-
rogen-phosphorus methods of application studies were located

in five counties and Cephalosporium stripe infection studies

were located in two counties. Soil analyses for each location
was run by the Soil Testing Laboratory at Kansas State Univ-
ersity. Soil test data and general information of the soils are

described in Table 1.

N-Serve Field Studies

Several types of N-Serve studies were conducted during the
1976 and 1977 crop years. The first type of study was conducted
in Harper, Stafford and Riley counties in 1976, and Stafford,
Harvey and Labette counties in 1977. A randomized complete
block design with four replications was utilized to compare
nitrogen rate, nitrogea source and time of nitrogen application.
Nitrogen rates were 34, 67 and 101 kg N/ha. The nitrogen car-
riers were anhydrous ammonia (82-0-0), anhydrous ammonia plus
N-Serve and urea (45-0-0). The anhydrous ammonia with and with-
out N-Serve was applied pre-plant in the fall while the urea

was applied as a topdress in late winter. N-Serve 24 was applied

at a rate of 0.56 kg active ingredient (A.I.) per 101 kg of
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actual nitrogen applied (Table 2 and Table 3).

Plot dimensions were 9.1 meters (m) long by 3.0 m wide. A
9.1 m alley separated the four replications. Pre-plant fertil-
izer applications were applied during the middle of August while
topdressings were applied during the first week of February.

The plots were seeded to Eagle variety winter wheat at the
Harper and Stafford county sites while the Riley county site
was seeded to Centurk at a rate of 67 kg/ha. The wheat was sown
in early October, using a 1.5 m Ontario drill at all locations.
The plots were mechanically harvested during the first of July
during both years.

Anhydrous ammonia with and without N-Serve was applied by
fitting a John Blue nitrolator to a 2.3 m wide shank applicator.
Five knife injectors spaced 0.46 m apart were mounted to the
applicator. N-Serve was applied by dissolving 103 ml of the nit-
rification inhibitor in 13.4 kg of liquid anhydrous ammonia. A
19 liter tank complete with all hardware and furnished by the
Phillips Petroleum Company, was used to mix and dispense the
N-Serve and anhydrous armonia (Fig. 1). The urea was applied as
a conventional treatmernt on the soil surface by using a 2.4 m
Barber metered-flow dry fertilizer applicator (Fig. 2). The cen-
ter 2.4 m of each plot was fertilized in each type of applic-
ation.

Leaf tissue samples were collected monthly from March thr-
ough May at the Stafford and Riley county sites in 1976. Extr-
emely dry weather at the Harper county location prevented the
spring growth needed for leaf tissue sampling. In 1977, only

two samplings were collected at the Stafford and labette county
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Table 2. TREATMENTS FOR THE N-SERVE - ANHYDROUS AMMONIA -
UREA STUDIES. (1976 and 1977)

N-Rate Nitrogen Time of
kg/ha Carrier Application
(0] ——— e

34 NH3 Pre-plant
67 NH3 Pre-plant
101 NH3 Pre-plant
34 NH3+N-Serve Pre-plant
67 NH3+N-Serve Pre-plant
101 NH3+N-Serve Pre-plant
34 Urea Topdress
67 Urea Topdress
101 Urea Topdress

Table 3. TREATMENTS FOR THE N-SERVE -ANHYDROUS AMMONIA -
UAN SOLUTION STUDY. (1977)

N-Rate Nitrogen Time of
kg/ha Carrier Application
0 S —

34 NH?3 Pre-plant
67 NH3 Pre-plant
101 NH3 Pre-plant
34 NH3+N-Serve Pre-plant
67 NH3+N-Serve Pre-plant
101 NH3+N-Serve Pre-plant
34 UAN Solution Topdress
67 UAN Solution Topdress

101 UAN Solution Topdress
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Fig, 1. Rolling coulter anhydrous ammonia applicator used
for spring anhydrous ammonia applications and 19

liter ammonia tank used for N-Serve applications.
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Fig, 2, Combination dry fertilizer applicator, anhydrous
ammonia shank applicator and UAN solution applic-

ator mounted on kascey Ferguson 135 tractor.



30




71

sites due to the early maturity of the wheat crop. Dry weather
prevented collection of leaf tissue samples at the Harvey coun-
ty location in 1977. |

Plots were mechanically harvested using a Massey Ferguson
35 combine which was altered by Kansas State University Agron-
omy Farm personnel. A strip 1.8 m wide was harvested from the
center of each plot. The grain harvested from each plot was
weighed on the combine. After the weight was recorded, a sample
of the grain was placed in a plastic bag to be used for moisture
determination and chemical analysis. The procedure for the prep-
aration and analysis of leaf tissue and grain samples will be
discussed in a later section.

A second type of N-Serve study was conducted at the lMcPher-
son (#1) county site in 1976. A randomized complete block des-
ign with three replications was used to compare nitrogen rate,
nitrogen source, varietal differences and time of nitrogen app-
lication. Nitrogen rates of 50 and 101 kg N/ha were achieved by
applying calcium nitrate (15.5-0-0), anhydrous ammonia and an-
hydrous ammonia plus N-Serve. The fertilizers were applied in
the fall as pre-plant treatments or in late winter as topdress
applications (Table 4). Spring anhydrous ammonia, with and with-
out N-Serve, was applied by using a rolling coulter ammonia app-
licator which resulted in minimal damage to the wheat stand
(Fig. 1).

Two winter wheat varieties, Eagle and Sturdy, were sown
on September 23 at a rate of 67 kg/ha. Individual plots meas-
ured 9.1 m long and 3.0 m wide. Leaf tissue samples were col-

lected on May 5. Also on May 5, ratings on the severity of Ceph-



32

Table 4. TREATMENTS FOR THE 1976 N-SERVE - CEPHALOSPORIUM
STRIPE STUDY.

N-Rate Nitrogen Time of
ke/ha Carrier Variety Application
0 -———— Sturdy @000l =esas
0 -——— EFagle = ====-
50 Ca(NO3)2 Sturdy Pre-plant
101 Ca(NO3)2 Sturdy Pre-plant
50 NH3 Sturdy Pre-plant
161 NH3 Sturdy Pre-plant
50 NH3+N-Serve Sturdy Pre-plant
101 NH3+N-Serve Sturdy Pre-plant
50 Ca(NO3)2 Sturdy Spring
101 Ca(NO3)2 Sturdy Spring
50 NH3 Sturdy Spring
101 NH3 Sturdy Spring
50 NH3+N-Serve Sturdy Spring
101 NH3+N-Serve Sturdy Spring
50 Ca(NO3)2 Eagle Pre-plant
101 Ca(N03)2 Fagle Pre-plant
50 NH3 Eagle Pre-plant
101 : NH73 Eagle "Pre-plant
50 NH3+N-Serve Fagle Pre-plant
101 NH3+N-Serve Eagle Pre-plant
50 Ca(NO3)2 Eagle Spring
101 Ca(N03)2 Eagle Spring
50 NH3 Eagle Spring
101 NH3 Eagle Spring
50 NH3+N-Serve Eagle Spring

101 NH3+N-Serve Eagle Spring
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alosporium stripe infection were made. The procedure for making

these ratings is discussed in a later section. The plots were
mechanically harvested and grainlsamples saved for protein anal-
yeis.

For the 1977 wheat crop, a study was initiated at the Mc-
Pherson (#2) county site. This study compared nitrogen rate,
nitrogen source and time of nitrogen application in a randomized
complete block design with three replications. Nitrogen rates
were 34, 67 and 101 kg N/ha applied as anhydrous ammonia, anhy-
drous ammonia plus N-Serve and urea-ammonium nitrate solution
(UAN solution, 28-0-0). Anhydrous ammonia and anhydrous ammonia
plus N-Serve were applied pre-plant while UAN solution was app-
lied as a topdressing in late winter (Table 3). The UAN solution
was applied throuzh the use of a John Blue positive displacement
solution pump mounted on the tractor. The Massey Ferguson trac-
tor was equipped with a ground speed dependent power take off
which eliminated variation in fertilizer coverage because of
varying ground speeds. The solution was applied through five
nozzles mounted on the tool bar and connected to the pump.

Plot dimensions were 3.0 m wide and 20.1 m long with a 4.6
m alley separating the three replications. Leaf tissue samples
were collected on April 4 and again on May 5 and prepared for
chemical analysis. The grain was mechanically harvested during
mid-July and samples saved for later analysis.

At the McPherson (#1) county site, a randomized complete
block design with three replications was conducted in 1977. Nit-
rogen rate, nitrogen source and varietal differences were eval-

uvated in regard to the effectiveness of N-Serve. The nitrogen
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rates examined were 34, 67 and 101 kg N/ha. The nitrogen sources
were anhydrous ammonia and UAN solution (Table 5). N-Serve was
mixed at a rate of 0.56 kg A.I. per 101 kg of actual nitrogen
applied per hectare. For the UAN solution, N-Serve 24E was mixed
at a rate of 6.73 ml of N-Serve per liter of UAN solution. Two
hundred sixty-three, 527 and 790 ml of this solution was applied
per plot for the 3%, 67 and 101 kg N/ha treatments. The UAN for-
mulations were applied by knifing the solution to a depth of
five inches, a depth comparable to the anhydrous ammonia applic-
ations. The shanks of the applicator were fitted with a tube
that paralleled the anhydrous ammonia tubes. These tubes were
then connected to a John Blue solution pump.

Two winter wheat varieties, Eagle and Sturdy, were planted
in the 3.0 by 9.1 m plots. Leaf tissue samples were collected
on April 4 and May 5. Due to extremely wet weather during the
spring, harvesting of the study was not possible. Excess weed

growth also resulted in no Cephalosporium stripe severity rat-

ings being taken.

Cephalosporium Stripe Field Studies

Cephalosporium stripe control studies were conducted at

two locations during 1976 and 1977. Two studies conducted at
the McPherson (#1) county location were incorporated in the
N-Serve studies previously discussed.

Another type of study was located at the lMcPherson (#1)
and Sedgwick county sites during 1976. A factorial, randomized
complete block design with three replications was utilized at

both locations. These studies compared seven varieties of win-
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Table 5. TREATMENTS FOR THE 1977 N-SERVE - CEPHALOSPORI UM
STRIPE STUDY.

N-Rate Nitrogen Time of
kg/ha Carrier N-Serve Application
0 -—- No = —==mcem=—-
0 -—— Yes Pre-plant
34 NH3 No Pre-plant
67 NH3 No Pre-plant
101 NH3 No Pre-plant
34 NH3 Yes Pre-plant
67 NH3 Yes Pre-plant
101 NH3 Yes Pre-plant
L UAN No Pre-plant
67 UAN No Pre-plant
101 UAN No Pre-plant
34 UAN Yes Pre-plant
67 UAN Yes Pre-plant

101 UAN Yes Pre-plant
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ter wheat and four nitrogen rates with the incidence and sev-

erity of Cephalosporium stripe infection (Table 6). Seven var-

ieties including Sage, Sturdy, Centurk, Tam 101, Cloud, Eagle
and Gage were planted at a rate of 67 kg/ha during the latter
part of September. The nitrogen rates were 0, 34, 67 and 101

kg N/ha applied as topdress urea in late winter. 60 kg/ha of
diammonium phosphate (18-20-0) was starter banded with the seed
at drilling time.

An identical study was conducted at a Sedgwick county site
but included burning of the previous wheat crop stubble. The
stubble was burned immediatly after harvesting the 1974-1975
wheat crop. The burned and unburned stubble studies were adj-
acent to each other with a 49 m alley separating the two stu-
dies. The studies were then treated in the same manner.

On May 5, visual ratings on the severity of Cephalosporium

stripe infection were made. With help from William G. Willis,
Extension Plant Pathologist from Kansas State University, a
scale of from 1 to 10 was utilized. A reading of O indicated

no visual evidence of Cephalosporium stripe infection, while a

reading of 10 indicated that every plant in the plot had visual

signs of Cephalosporium stripe infection. The plots were mech-

anically harvested during mid-July. A sample of the grain was
saved for chemical analysis,
McPherson (#1) and Sedgwick counties were the sites of

Cephalosporium stripe disease studies again in 1977. Nitrogen

rates, winter wheat varieties, planting dates and the burning
of the previous crop's residue were compared to the incidence

and severity of Cephalosporium stripe infection. The stubble
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Table 6. TREATMENTS FOR THE 19?6 CEPHALOSPORIUM STRIPE
WINTER WHEAT STUDIES.

N-Rate Time of
kg/ha Application Variety
0 Spring Sage
0 Spring Sturdy
0 Spring Centurk
0 Spring Tam 101
0 Spring Cloud
0 Spring Eagle
0 Spring Gage
34 Spring Sage
34 Spring Sturdy
34 Spring Centurk
34 Spring Tam 101
34 Spring Cloud
34 Spring Eagle
34 Spring Gage
67 Spring Sage
67 Spring Sturdy
67 Spring Centurk
67 Spring Tam 101
67 Spring Cloud
67 Spring Eagle
67 Spring Gage
101 Spring Sage
101 Spring Sturdy
101 Spring Centurk
101 Spring Tam 101
101 Spring Cloud
101 Spring Eagle
101 Spring Gage
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was burned immediately following the harvesting of the 1975-76
wheat crop. A factorial, randomized complete block design with
three replications was used at each site (Table 7).

The nitrogen rates were 0, 3%, 67 and 101 kg N/ha applied
as topdress urea in late winter. 60 kg/ha of diammonium phos-
phate was applied as a banded starter at drilling time. Sturdy,
Eagle and Gage were planted on September 20 and October 10. No

Cephalosporium stripe severity ratings were taken, due to wet

weather and various other diseases present in the studies. The

studies in Sedgwick county were mechanically harvested in July.

Nitrogen-Phosphorus liethods of Application Studies

A study comparing methods of nitrogen and phosphorus app-
lication for winter wheat was conducted in Harper county in 1975
and 1976. liethods of phosphorus application were knifed, surface
applied and drilled. The drilled treatments were applied while
seeding and the fertilizer was applied in direct seed contact.
Nitrogen was applied as anhydrous ammonia when the nitrogen was
knifed or as UAN solution (32-0-0) when applied as a surface
treatment. The phosphorus carrier was ammonium polyphosphate
(APP, 11-16-0) and was applied simultaneously with the anhydrous
ammonia, surface applied by broadcasting over the solil surface
or drilled with the seed., Phosphorous was applied at 12 and 24
kg P/ha while the nitrogen rate was 84 kg N/ha, All surface
applied applications were immediately incorporated into the soil
by disking (Table 8).

Plot dimensions were 2.1 m long and 3.0 m wide with a 6.1 m

alley separating the four replications. Leaf tissue samples were
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Table 7. TREATMENTS FOR THE 1977 CEPHALOSPORIUM STRIPE
WINTER WHEAT STUDIES.

N-Rate Time of Date of
kg/ha Application Variety Planting
0 Spring Sturdy Sept. 20

0 Spring Sturdy Oct. 10

0 Spring Fagle Sept. 20

0 Sprirnz Eagle Oct. 10

0 Spring Gage Sept. 20
0 Spring Gage Oct. 10
34 Spring Sturdy Sept. 20
34 Spring Sturdy Oct. 10
34 Spring Eagle Sept. 20
34 Spring Eagle Oct, 10
34 Spring Gage Sept. 20
34 Spring Gage Oct. 10
67 Spring Sturdy Sept. 20
67 Spring Sturdy Oct. 10
67 Spring Fagle Sept. 20
67 Spring Eagle Oct. 10
67 Spring Gage Sept. 20
67 Spring Gage ' Oct. 10
101 Spring Sturdy Sept. 20
101 Spring Sturdy Oct. 10
101 Spring Eagle Sept. 20
101 Spring Eagle Oct. 10
101 Spring Gage Sept. 20

101 Spring Gage Oct, 10
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Table 8. TREATMENTS FOR THE 1975 AND 1976 METHODS OF N AND
P APPLICATION FOR WINTER WHEAT.
N-Rate P-Rate Application
ke/ha kg/ha N Method P lMethod
0 0 - ———
84 0 Knife —_——
BY 0 Surface -——
84 12 Knife Knife
84 12 Surface Surface
84 12 Knife Drilled
84 12 Surface ‘Drilled
84 24 Knife Knife
84 24 Surface Surface
84 24 Knife Drilled
84 24 Surface Drilled
Table 9. TREATMENTS FCR THE 1977 METHOLS OF N AND P
APPLICATION FOR WINTER WHEAT,
N-Rate P-Rate Nitrogen Application
kg/ha  kg/ha Carrier N Methoa P liethod
0 0] _—— memee=—- ===
84 0 NH73 ¥nife = = @ ====-
84 0 UAN Enife 0 ====--
84 0 UAN Broadecast = = @ ===--
84 0 UAN Dribble =  ====--
8l 20 NH3 Knife Knife
84 20 UAN Knife Knife
84 20 NH3 Knife Broadcast
84 20 UAN Knife Broadcast
84 20 UAN Broadcast Broadcast
84 20 UAN Dribble Dribble
84 20 NH3 Knife Band
84 20 UAN Knife Band
8l 20 UAN Broadcast Band
84 20 UAN Dribble Band
84 20 NH3+N-Serve Knife Knife
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taken on April 1 in 1975, but were not taken in 1976 due to
extremely dry weather. The plots were mechanically harvested
both years during mid-July. Grain samples were saved from the
1976 harvesting to be analyzed for phosphorus and grain protein.

In 1977, similar methods of nitrogen and phosphorus app-
lication studies were located in Dickinson, Labette, Ellsworth
and Reno counties on winter wheat. A randomized block design
with four replications was uced to compare phosphorus rate, met-
hods of phosphorus application, nitrogen source and methods of
nitrogen application. The methods of phosphorus and nitrogen
application were knife, broadcast and dribble. The nitrogen sou-
rces were UAN solution and anhydrous ammonia. In addition, one
plot received N-Serve in combination with anhydrous ammonia
(Table 9). N-Serve was added at a rate of 0.56 kg A.I./ha. Drib-
ble applications of UAN solution was applied by removing the
nozzles from the boom sprayer and allowing the solution to "dr-
ibble" from the nozzle openings on 0.46 m centers.

The phosphorus source was ammonium polyphosphate (APP, 11-
16-0). Phosphorus was applied at a rate of 20 kg P/ha, while
nitrogen was applied at a rate of 84 kg N/ha. All fertilizers
were applied pre-plant the previous August.

Plot dimensions were 3.0 m wicde by 9.1 m long with a 3.1 m
alley separating the replications. Leaf tissue samples were col-
lected April 1 and prepared for chemical analysis. The plots
were mechanically harvested during the first part of July and
a sample of the grain saved for protein analysis and phosphorus

determination.
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Greenhouse and Growth Chamber Studies

Greenhouse (3) and growth chamber (1) studies were con-
ducted to determine the effectivéness of N-Serve's inhibition
effect on nitrification,-N-Serve effects on dry matter produc-
tion and lN-Serve effects on nitrogen, phosphorus, potassium and
sulfur availability and uptake when injected into the nitrogen
retention zone. The first study was initiated on April 24, 1976.
Using a completely randomized design with three replications,
anhydrous ammonia, anhydrous ammonia with N-Serve, phosphorus
and sulfur additions to the soil were compared. Anhydrous amm-
onia with and without the addition of N-Serve was applied at
rates of 30, 60 and 90 parts per million (ppm) to the soil.
When phosphorus and sulfur were added as fertilizer treatments,
they were applied at raes of 40 and 20 ppm respectively (Table
10). APP was used as the phosphorus source while ammonium thio-
sulfate (ATS, 12-0-0-26) was used as the sulfur carrier,

Two kilo grams of soil were placed in plastic containers
measuring 15 cm in diameter and 19 cm high. A complete descrip-
tion and analysis can be found in Table 1. The soil was dried
and sieved through a 0.65 cm mesh screen to remove all debris
and oversized soil particles before weighing and being placed
in the containers. One hundred-fifty ml of distilled-deionized
water was added to each pot of soil and allowed to equilibrate
for two days to insure uniform wetting of the soil.

ATS,APP and urea were injected into each pot with a 10 ml
graduated syringe fitted with a needle 8 cm long. The injection
of these fertilizers simulated knifing of the nutrients into

the same retention zone as would be found in dual knife applic-
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Table 10, TREATHMENTS FOR THE 1976 GREENHOUSE AND GROWTH
CHAIMBER STUDIES.

N-Rate Nitrogen P-Rate S-Rate
PPM Carrier ppm ppm
0 -— 0 0
30 NH7 0 0
30 NH3 4o 0
30 NH3 40 20
60 NH3 0 0
60 NH3 40 0
60 NH? 40 20
90 NH3 0 0
90 NH3 4o 0
90 NH3 ko 20
30 NH3+N-Serve 0 0
30 NH3+N-Serve 40 0
30 NH3+N-Serve Lo 20
60 NH3+N-Serve 0 0
60 NH3+N-Serve 40 0
60 NH3+N-Serve 40 20
90 NH3+N-Serve 0 0
90 NH3+N-Serve Lo 0

90 NH3+N-Serve Lo 20
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ations in the field. The needle was inserted into the center of
the pot 8 cm deep. The ATS was applied at a rate of 0.11 ml per
pot by diluting 2.2 ml of ATS to 100 ml with distilled-deionized
water and injecting 5 ml of the diluted solution into each pot.
This resulted in 9 ppm nitrogen and 20 ppm sulfur being applied
to each pot. The APP was applied at a rate of 0.16 ml of APP

per pot by diluting 3.26 ml of APP to 100 ml and injecting 5 ml
of the diluted solution into each_pot. This application resulted
in 40 ppm phosphorus and 12 ppm nitrogen being applied to each
pot.

Urea was used to balance the nitrogen applied by the ATS
and APP. For the treatments receiving only anhydrous ammonia,
0.90 grams of urea was added to each pot. 1.8 grams of urea was
dissolved in 100 ml of distilled-deionized water and 5 ml of
this solution was injected into these pots. For the treatments
receiving anhydrous ammonia and APP, 0.04 grams of urea was
added to each pot by dissolving 0.78 grams of urea in 100 ml1 of
distilled-deionized water and injecting 5 ml of this solution
into these pots. The pots receiving anhydrous ammonia, ATS and
APP received no additional nitrogen as urea. The amount of water
added to each pot was balanced by injecting 5 ml of water into
the pots receiving APP and anhydrous ammonia. Ten ml of water
was injected into the pots receiving only anhydrous ammonia.

The anhydrous ammonia was added to the pots by using a pot
injector, originally designed by the Phillips Petroleum Company,
to which modifications were made. The anhydrous ammonia cylinder
was designed to hold 240 ml of liquid anhydrous ammonia after

an 80% fill valve was added. A liquid fill valve was added to
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£ill the tank from any conventional anhydrous ammonia tank. The
amount of anhydrous ammonia relcased from the cylinder in one
injection was regulated by using a "N-Jector" applicator made

by Direct Nitrogen Ltd., Wallington, Surrey (Fig. 3). A metering
chamber, sealed with nylon seals, was adjusted to dispense an
accurate and reproducible amount of anhydrous ammonia.

The injector was calibrated by collecting the anhydrous
ammonia releaced in each injection in 30 ml of distilled-deion-
ized water to which 5 ml of boric acid indicator éolution was
added. The ammonia-water-boric acid solution was then titrated
with 1 N sulfuric acid to determine the amount of anhydrous amm-
onia in solution (Table 11).

For nitrogen rates of 30, 60 and 90 ppm nitrogen, a total
of 71.0, 151.6 and 227.4 mg of anhydrous ammonia was injected
to a depth of 8 cm. The actual rates of nitrogen applied were
then 58.5, 124.9 and 187.4 mg or 29.2, 2.4 and 93.7 ppm nitro-
gen per pot. N-Serve was applied at a constant rate equalling
0.56 kg A.I. per 101 kg of nitrogen. At this rate, 0.325, 0.691
and 1.04 mg A.I., or 0.16, 0.36 and 0.52 ppm A.I., was applied
to each pot for the 30, 60 and 90 ppm nitrogen treatments res-
pectively. The anhydrous ammonia pot injector was filled with
anhydrous ammonia from the 19 liter tank used in field studies.

One week after applying the fertilizer treatments, 1 sced
per 3.2 cm2 of Eagle wheat was planted in each pot for a total
of 55 seeds planted per pot. At this rate, approximately 50
seedlings emerged in each pot. The pots were watered periodic-
ally and after three weeks growth in the greenhouse the plants

were harvested. The plants were cut off approximately 6 cm from
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Fig. 3. Anhydrous ammonia "N-Jector" pot applicator used
for ammonia and ammonia with N-Serve applications
in greenhouse and growth chamber studies. Note adj-

usting sleeve in bottom picture.
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Table 11. CALIBRATIONS FOR THE ANHYDROUS AMMONIA POT

APPLICATOR.
Valve Setting ﬁﬁg Nit?ggen (2 kgpngsoil)
-0.5 71.0 5845 29.2
0 82.0 67.5 33.8
0.5 93.9 773 38.6
1.0 107.1 88.2 L1
1.5 126.2 103.9 52.0
2,0 136.9 112.7 56 .4
2:5 150.9 124.3 62.2
3.0 165.3 136.1 68.0
3.5 181.0 149.1 74,6
L.o 195.1 160.7 80.4
4.5 210.4 173.3 86.6
5.0 226.5 186.5 93.2
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the so0il surface. Three weeks later a second harvest was made,.
Each harvest cutting was dried at 60°C, dry weights recorded
and the samples prepared for chemical analysis.

A second study similar to the first was initiated on Sept-
ember 14, 1976, This study was conducted in a growth chamber
with day temperatures of 27°C for 13 hours and night temperat-
ures of 16°C for 9 hours. Two hours each day were allocated to
a transition time of cooling or heating to the desired temper-
ature. Design, treatments and methods were identibal to the pre-
ceeding study. The only difference was that a sandy soil was
used., A complete description and analysis of the soil can be
found in Table 1.

Soil samples were taken at the end of the study by taking
a eingle 2.54 cm probe through the center of the anhydrous amm-
onia, ATS and APP retention zone. These samples were placed imm-
ediately in a sealed plastic bag and immersed in liquid nitrogen
to freeze the samples and stop all microbial action in the soil.
The samples were then stored in a freezer at 0 to -15°C until
the samples could be prepared for chemical analysis.

The same sandy soil was used in a wheat growth and rate of
nitrification study started on February 15, 1977. The first part
of the study consisted of comparing effects of anhydrous ammonia
with and without N-Serve, phosphorus and methods of phosphorus
application on nutrient uptake and dry matter production of
winter wheat ('fable 12). The second part of the study compared
the amount of nitrate and ammonium ions found in the soil dur-
ing the growth period with the amounts present after one week.

A separate set of pots receiving identical treatments as the
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pots for the first part of the study, but not planted to wheat,
were used in the nitrate and ammonium ion determination part of
the study.

The nitrogen rate was 90 ppm nitrogen as anhydrous ammonia
and 12 ppm nitrogen from either APP or a urea solution. Phos-
phorus was applied at a rate of 40 ppm. N-Serve was applied at
a rate of 1.04 mg A.I. per pot dissolved in the anhydrous amm-
onia, This was comparable to 0.56 kg A.I./ha. Phosphorus was
applied as an injection in the same soil zone as the anhydrous
ammonia or broadcast over the soil surface and incorporated.

The APP (11-16-0) was formulated by diluting 2.3 ml of
APP to 300 ml with distilled-deionized water. Twenty ml of this
solution was either injected into the ammonia retention zone or
mixed with the soil by pipeting the solution into the soil while
transfering the soil from one container to another. The 20 ml
of solution supplied 0.15 ml of APP or 80 mg of phosphorus to
each pot. In addition to the 80 mg of phosphorus, 24 mg of nit-
rogen was supplied by the APP.

The urea solution was formulated by dissolving 1.03 grams
of urea in 100 ml of distilled-deionized water and injecting
5 ml of the solution into the soil. This resulted in 51.5 mg of
urea or 24 mg of nitrogen being applied to each pot.

For the pots used for the plant growth and nutrient uptake
part of the study, wheat crowns were dug at the Ashland Agron-
omy Farm and planted one week after fertilization. Four crowns
of Eagle wheat were transplanted into each pot and watered per-
iodically as needed. Leaf tissue was harvested three weeks after

planting. The tissue samples were dried at 60°C for five days
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and dry weights recorded. The samples were then prepared for
chemical analysis.

Soil samples were taken from the pots not planted to wheat
10, 20, 40 and €5 days after initial fertilization. A 2.54 cm
diameter soil probe wag taken from the center of the anhydrous
ammonia retention zone. The samples were then immediately ana-
lyzed for nitrate and ammonium ions. A sample was saved from
each pot for molsture determination.

Two phosphorus sources, two methods of phosphorus applic-
ation and anhydrous ammonia were involved in the evaluation of
the effectiveness of N-Serve in inhibiting the nitrification
process in a third greenhouse experiment (Table 13). The phos-
phorus sources were APP and 85% orthophosphoric acid (0-27-0)
applied at a rate of 40 ppm to two kg of a sandy loam soil
(Table 1). The orthophosphoric acid was formulated by diluting
0.38 ml of the acid to 100 ml with distilled-deionized water.
Twenty ml of the acid solution was applied either as an injec-
tion into the anhydrous ammonia retention zone or by mixihg
with the two kg of soil. This rate applied 0.13 grams or 0.08
ml of the acid to each pot. APP was applied to each pot in 20
ml of water in the same manner. Urea was either mixed or injec-
ted into the soil by the same methods. Urea was applied only to
the pots receiving no APP. The total nitrogen rate was then 102
ppm, with 90 ppm being supplied by the anhydrous ammonia and 12
ppm supplied by either APP or urea. N-Serve was applied at a
rate equal to 0.56 kg A.I./ha.

The study was started on June 1, 1977 with the fertilizers

being applied one week later, Soil samples were taken 21, 35, Lhy,
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56 and 63 days after fertilization. Soil probes were taken from
the center of the retention zone and immersed in liquid nitrogen
to freeze the samples and stop all microbial activity in the
s0il. The samples were then stored in a freezer at 0 to -15°C
until analysis for nitrate and ammonium ilons could be completed.

A sample from each pot was saved for moisture determination.

Iaboratory Techniques for Ieaf Tissue Analysis

All leaf tissue samples were dried at 60°C for five days.
The dried samples were then ground through a Wiley mill to pass
through a 1 mm stainless steel screen. Small greenhouse samples
were ground through a Micro-Wiley mill to pass through a 0.75 mm
stainless steel screen. Both mills were equipped with stainless
steel knives. The entire mill was cleaned with compressed air
between each sample. Approximately 10 grams of the ground sam-
ple was stored in a plastic container for later analysis. '

The samples were redried for 24 hours at £5°C immediately
prior to the actual analysis. Nitrogen, phosphorus and potassium
analysis followed a sulfuric acid digest (Linder and Harley,
1942), A 0.25 gram sample was weighed into a digestion tube
and 2 ml of concentrated acid was added. The samples were placed
under a hood in an aluminum digestion block and 1 ml of 30% HEOZ
added. The samples were then heated to a temperature of 375°C
until the fumes condensed about halfway up the digestion tube.
The samples were heated for approximately 45 minutes. The sam-~
ples were then cooled for 10 minutes and an additional 1 ml of
H202 was added and the samples heated again. This procedure was

repeated until the solution remained clear. The digestion tubes
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were then removed from the heat, diluted to 50 ml with distilled
deionized water and stored in polyethylene bottles. These sol-
utions were then used for nitrogen, phosphorus and potassium
analysis.

Nitrogen was determined colorimetrically on a spectrophot-
ometer at 660nm. A 1 ml aliquot of the digested plant material
was first diluted to 10 ml with distilled-deionized water and
mixed well. A second dilution of 0.5 ml of the sample solution
was diluted to 6.0 ml and mixed well. A solution-of sodium di-
chloroisscyanurate and 0.6 N sodium hydroxide was prepared.
Twenty four grams of reagent grade sodium hydroxide was disso-
lved in 900 ml of distilled-deionized water. The solution was
cooled and 5 grams of sodium dichloroisocyanurate was added.
This solution, called solution A, was then diluted to 1 liter.

Another solution, solution B, composed of 8.5% sodium sal-
icylate znd 0.03% sodium nitroprusside was prepared. Eighty five
grams of sodium salicylate was dissolved in 600 ml of distilled-
deionized water and 0.3 grame of sodium nitroprusside added.
This solution was then diluted to 1 liter.

A 2 ml aliquot of solution A was added to the diluted sam-
ple and then 2 ml of solution B added. The color was allowed to
develop for two hours and read on the spectrophotometer. A set
of standards containing 0, 50, 100, 150, 200 and 250 ppm nitr-
ogen as ammonium were prepared from a 1000 ppm stock nitrogen
solution of ammonium sulfate. The color was developed by the
same procedure described above and a standard curve determined.
The spectrophotometer was set at an absorbance of 0 for the O

ppm standard, and read 0.3 for 150 ppm, 0.4 for the 200 ppm and
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0.5 for the 250 ppm nitrogen standard. The percent nitrogen in
the samples was determined from this curve.

Phosphorus was determined by using an ammonium moybdate -
ammonium vanadate solution. The solution was prepared by dissol-
ving 162 grams of ammonium molybdate in 2 liters of distilled-
deionized water. Nine grams of ammonium vanadate was dissolved
in 2 liters of boiling distilled-deionized water, cooled and
mixed with the ammonium molybdate solution. This solution was
then mixed with 675 ml of nitric acid and diluted to 18 liters,

Using a 1:10 Re-Pipet, a 1 ml sample of the sulfuric acid
digest was added to 5 ml of the vanadomolybdate solution. The
color was then allowed to develop for 30 minutes and read on a
Spectrophotometer 88 at 330 nm. A standard curve was prepared
by preparing standards of 6, 12, 24, 36 and 48 ppm phosphorus
from a stock solution containing €00 ppm phosphorus from pot-
assium dihydrogen phosphate and & ml of concentrated sulfuric
acid., A 1 ml aliquot of these standards was added to 5 ml of
the vanadomolybdate’solution. The color was allowed to deVelop
for 30 minutes and read on the spectrophotoreter. The final sta-
ndards had concentrations of 1, 2, 4, 6 and 8 ppm phosphorus.
The formula, C=K (0D) was used by determining an average K value
and reading absorbance on the spectrophotometer.

Potassium was determined by diluting the sulfuric acid dig-
est 1:10 with distilled-deionized water. Potassium was determ-
ined by flame photometry. A standard curve was determined by
using standard solutions of 0, 5, 10, 20 and 30 ppm potassium

prepared from a stock solution of potassium chloride.
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Iaboratory Techniques for Grain Analysis

Grain samples were prepared for analysis after determining
moisture. The plot weight of thergrain was then adjusted to 12.5
percent moisture. Grain yield was then calculated as kilograms
of grain per hectare by multiplying the plot weight by an app-
ropriate factor for the plot size.

Grain samples were ground through a Udy rotary-abrasion
mill and approximately 10 grams of sample was stored in sealed,
plastic containers. Nitrogen was then determined by the same
procedure described for leaf tissue analysis. Crude protein was
calculated by multiplying the percent total nitrogen in the
grain by a factor of 5.85. For bushels of grain per acre, 60

pounds of grain per bushel was used as the conversion factor.

lLaboratory Techniques for Soil Analysis

Soil samples were analyzed for exchangeable ammonium and
nitrate ion concentratiors by using the micro-Kjeldahl method,
Samples were prepared for analysis by first thawing the samples
at room temperature. Each sample was then crumpled into fine
particles while still in the plastic bag. A 5 gram sample was
placed in a micro-Kjeldahl distillation flask and 10 ml of 2 N
potassium chloride was added. The flasks were then attached to
the distillation unit and 0.1 gram of heavy magnessium oxide
added. Twenty five ml of the distillate was collected in a 50 ml
Erlynmeyer flask containing 5 ml of boric acid indicator sol-
ution. The sample was then titrated with 0.01991 N sulfuric
acid.

Nitrate was determined by adding 0.2 grams of Devarda's
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alloy, milled to pass through a 100 mesh screen, to the distil-
lation flacks after ammonium distillation. Twenty five ml of
the distillate was collected in 5 ml of boric acid indicator
solution. The distilled ammonium was determined by titrating
with 0.01991 N sulfuric acid. PBlanks containing 10 ml of potas-
sium chloride were analyzed periodically in the manner descr-
ibed. The calculations for the amount of nitrate and ammonium
ions present in the soil employed the following formula:

(ml of sample acid - blank ml) (0.,01991) (14C00)
Dry weight of soll in grams

ppm N =

Statistical Analysis

The data collected was analyzed by the General Analysis of
Variance (GANOVA) system revised by Kris Arheart of Kansas State
University in 1972. This system was developed for the Univer-
sities IBH 370 computer. Analysis of variance and least signif-
icant difference (ISD) tests were tested at the 5% level of

gignificance.
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RESULTS AND DISCUSSION

N-Serve

Most of the research conducted with N-Serve in the past
has been in moderately humid areas with more than adequate rain-
fall, NMuch of this research involved solid fertilizer materials
such as ammonium nitrate, ammonium sulfate and urea. The results
of the studies reported here were obtained by using anhydrous

ammonia as the nitrogen source in an area of limiting rainfall.

Effect of N-Serve and Nitrogen Rate on #heat Yield and Protein

Generally there were no visual responses to N-Serve during
either year (Fig. 4). There was a visual response due to nitr-
ogen rate at most of the locations during both years. Normally
a taller, more vigorous plant resulted from higher nitrogen
rates (Fig. 5).

N-Serve did not significantly affect grain ylelds at any
location during 1976 (Fig. 6). Tables 14-16 include yield and
protein data from the four locations of N-Serve studies in 1976+
There were no significant differences between anhydrous ammonia,
anhydrous ammonia with N-Serve or urea when compared to yield
at the Riley, Stafford or Harper county locations. Anhydrous
ammonia provided a significant yleld increase over calcium nit-

rate at the McPherson (#1) county lecation. N-Serve had no eff-

ect on yield at this location. A study of Cephalosporium stripe
study was conducted in conjunction with this study and is reps
orted in a later section.

Figure 7 indicates the protein levels of the grain at each
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Fig. 4. Visual comparison of responses of winter wheat to
anhydrous ammonia, anhydrous ammonia with N-Serve
and urea. 67 kg N/ha (60 1bs N/A) and 101 kg N/ha

(90 1bs N/A), Iabette Co., 1977.
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Fige S Visual responses of winter wheat to nitrogen fert-
$1ization rates. Top, Control vs. 67 kg N/ha (60
1bs N/A) as anhydrous ammonia, labette Co., 1977:
Bottom, Control vs. 101 kg N/ha (90 lbs N/A) as

urea, Stafford Co., 1977.
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Table 16.

(continued).
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Yield Cephalosporium
bu/A kg/ha % Protein Rating
Mean Values:
N-Rate
50 18.0 1210 12.4 5.0
101 21.0 1411 126 4.8
ISD(_OS) 2.5 168 NS NS
N-Carrier
NH 21.2 1425 12.5 52
Ca?N03)2 178 1196 12.3 5.0
NH3+N-Serve 19.4 1304 12.8 L. 4
ISD('O5) o [ | 208 0.4 0.4
Time of
Application
Spring 20,6 1384 12, L
Pre-plant 18.3 1230 12 .6
LSD(.05) NS NS NS 0.3
Variety
Sturdy 11.0 739 11.8 E.?
Eagle 28.0 1882 13:3 " |
ISD(.Os) 2:5 168 0.3 0.3
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location for 1976, N-Serve exhibited a significant effect on
protein at the McPherson (#1) county site. Anhydrous ammonia
with N-Serve produced significantly higher protein concentrat-
ions than calcium nitrate. At each of the other locations there
were no significant differences due to nitrogen carriers.

Nitrogen rate produced varying effects on grain yield. The
Harper county data included a significant response to nitrogen
rate when the rate was increased from 3% to 101 kg N/ha. There
was also a significant increase in yield at the'McPherson (1)
county location when the nitrogen rate was increased from 50 to
101 kg N/ha. Figure 8 shows an opposite response to nitrogen
rate at the Stafford county location. Yields were significantly
depressed when the nitrogen rate was increased from 34 to 101
kg N/ha.

Nitrogen rate effects on the protein content of the grain
were non-significant at the licPherson (#1) county location. At
the Riley county site, the 101 kg N/ha rate produced signific-
antly higher protein than the 34 or 67 kg N/ha rates. The 101
and 67 kg li/ha rates each produced significantly more protein
than the 34 kg N/ha rate at the Stafford county location. At the
Harper county site, 101 kg N/ha produced a significant increase
in grain protein in comparison to the 34 and 67 kg N/ha rates.
The 67 kg N/ha treatment was significantly higher in grain pro-
tein than the low rate. Figure 9 shows the effect of nitrogen
rate and nitrogen carrier on grain protein at the Stafford coun-
ty location. The 67 and 101 kg N/ha rates were significantly
higher in protein than the 34 kg N/ha rate.

The 1977 yield data are presented in Fig. 10. Tables 17-19
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include the yield and protein data for the 1977 wheat crop as
well as analysis of variance. As was the case in 1976, there
were no significant N-Serve effects. At the Harvey county loc-
ation, urea was significantly better as a nitrogen source than
either anhydrous ammonia or anhydrous ammonia with N-Serve, but
yields were generally very poor due to drought. Nitrogen carr-
iers produced non-significant yield differences at the McPherson
(#2), Stafford and Labette county sites.

Grain protein data obtained for nitrogen carrier compar-
isons at each of the four locations in 1977 are reported in Fig.
11. There were no significant responses to nitrogen source, inc-
luding N-Serve effects, at any location.

Nitrogen rates produced significant responses in grain
yields at the Labette and Harvey county locations in 1977. The
67 and 101 kg N/ha rates ylelded significantly higher than the
34 kg N/ha rate at the Labette county location. At the Harvey
county location, increased nitrogen as topdress urea in late
winter resulted in significant increases in yield. Pre-plant
nitrogen, including anhydrous ammonia plus N-Serve, had no eff-
ect. Nitrogen rate exerted no significant effect on yield at
the McPherson (#2) or Stafford county locations.

Nitrogen rate produced a significant increase in grain pro-
tein at two of the four 1977 locations. The 101 kg N/ha rate
was significantly superior in protein production to either the
34 or 67 kg N/ha rates in Stafford county. Similarly, The 67
kg N/ha rate resulted in a significant increase in protein pro-
duction when compared to the 34 kg N/ha rate. Protein was also

significantly increased with each increase in nitrogen rate at
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the Labette county location. There was no significant response
in protein levels due to nitrogen rates at the Harvey or lic-
Pherson (#2) county locations.

In summary, N-Serve applied in anhydrous ammonia provided
no increase in yields and little effect on grain protein levels
in 1976 and 1977 in Kansas, particulary when compared to anhy-
drous ammonia alone. This was due to the fact that conditions
conducive to nitrogen loss by denitrification or leaching did
not occur during the two years of this study. Anhydrous ammonia,
anhydrous ammonia with N-Serve and vrea are equal in thelr abil-
ities to provide nitrogen to wheat plants under these condit-
ions. Calcium nitrate applied in the fall was not as effective
as the other nitrogen carriers in terms of yield or protein
production on a fine textured soil. Increased protein levels in
grain were realized as readily by increased rates of nitrogen

as from the inclusion of a nitrilication inhibitor.

Effect of N-Serve and N-Rate on Nutrient Uptake in Winter Wheat

Wheat tissue samples were collected on three dates in 1976.
Effects of nitrogen source and nitrogen rates on nutrient up-
take for 1976 are presented in Tables 20-22. Due to dry weather
conditions, no leaf tissue samples were collected at the Harper
county location. Only one tissue sampling was conducted at the
McPherson (#1) county site.

Urea produced significantly higher concentrations of nit-
rogen in the plant tissue at the first sampling date than did
anhydrous ammonia with and without N-Serve at the Riley county

site. Nitrogen source had no significant effect on phosphorus
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Table 22. EFFECTS OF N-SERVE AND N-RATE ON THE CONPOSITION
OF WINTER WHEAT. (McPherson Co., 1976)

N-Rate Nitrogen Time of May 5
kg/ha Carrier Variety Application 7N %P %K
0 - Sturdy - 2.39 .305 1.63
0 e Fagle -— 1.85 .303 1.26
50 Ca(NO3)2 Sturdy Pre-plant 2.11  .344 1.37
101 Ca(N03)2 Sturdy Pre-plant 1,98 .338 1.94
50 NH3 Sturdy Pre-plant 2.24 .,332 1.85
101 NH3 Sturdy Pre-plant 2.05 322 1.:59
50  NH3+N-Serve  Sturdy Pre-plant 2,09 .294 1,67
101 NH3+N-Serve  Sturdy Pre-plant 2.9 319 1.%3
50 ca(NO3)2 Sturdy Spring 2.11 .298 1.62
101 Ca(N03)2 Sturdy Spring 2.19 .324 1.68
50 NH3 Sturdy Spring 2.27 .286 1.76
101 NH Sturdy Spring 2,02 .324 1.53
50 NH3+N-Serve  Sturdy Spring 1.96 .323 1.70
101  NH3+N-Serve  Sturdy Spring 2.18 340 1.62
50 Ca(NO3)2 Eagle Pre-plant 1.94 .317 1.20
101 Ca(NO3)2 Eagle Pre-plant 2.21 .2084 1,57
30 NH3 Eagle Pre-plant 2.16 .326 1.70
101 NH Eagle Pre-plant 2.42 314 1.42
50 NH3+N-Serve Eagle Pre-plant 2.27 .308 1.33
101 NH3+N-Serve Eagle Pre-plant 2.35 .302 1.42
50 Ca(NO03)2 Eagle Spring 2.24 .319 1.33
101 ca(N03)2 Eagle Spring 2.54 .305 1,41
50 NH3 Eagle Spring 2.08 .308 1.39
101 NH Eagle Spring 2.31 .325 1.66
50 NH3+N-Serve  Eagle Spring 2.45 .298 1.33
101 NH3+N-Serve  Eagle Spring 2,01 .320 1.65
Treatment ISD(.05) 0.49 .049 0.35
Mean Values: _
N-Rate 50 2.16 .313 1.52
101 2,22 .318 1.58
LSD( 05) NS NS NS
Nitrogen ’
Carrier Ca(NO3)2 2,16 .316 1.52
NH3+N-Serve 2.21 .313 1.53
LSD( 05) NS NS NS
Time of )
Application Pre-plant 2,20 L9317 1.55
B, A
(.05)
Variet Sturd 2.13 .320 1.66
1arieny Eagle 2.25 .310 1.h45

NS NS 0.10
I5D¢ 035)
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or potassium concentrations. At the Stafford county location,
nitrogen source had no significant effect on either nitrogen

or potassium concentrations. Urea produced significantly higher
phosphorus concentrations in the plant tissue than did anhydrous
ammonia at the first sampling date (Fig. 12).

Urea and anhydrous ammonia resulted in significantly higher
nitrogen concentrations in the leaf tissue than anhydrous amm-
onia plus N-Serve at the second sampling date at Riley county.
No significant effects on phosphorus or potassium concentrat-
ions were noted for this sampling date. In Stafford county, the
reverse was true, anhydrous ammonia plus N-Serve produced a
gignificant nitrogen concentration increase when compared to
urea. LEffects of nitrogen source on phosphorus and potassium
concentrations for the second sampling date at Stafford county
were non-significant (Fig. 13 and Fig. 14).

There were no signiTicant differences in the comparisons
of nitrogen source effects on nutrlent concentrations at the
Riley county location for the third sampling date in 1976. At
the Stafford county location, anhydrous ammonia with N-Serve
was significantly superior to anhydrous ammonia or urea in com-
parisons of nitrogen leaf concentrations in plarit tissue at the
third sampling date. Anhydrous ammonia produced significantly
higher nitrogen levels in the leaf tissue than urea. Potassium
corcentrations (date 3) in Riley county were significantly lower
in plots receiving anhydrous ammonia with N-Serve than for an-
hydrous ammonia or urea. There was no significant effect on
phosphorus concentrations due to nitrogen carrier at the Riley

county location.
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The licPherson (i#1) county location produced only non-sig-
nificant differences in nitrogen, phosphorus and potassium con-
centrations due to nitrogen carrier effects (Table 22). The leaf
tissue sampling date at this location was comparable to the sec-
ond sampling date at the other locations (Riley and Stafford).

Nitrogen concentrations were generally more responsive to
rate of applied nitrogen than nitrogen source in 1976. At the
Riley county location, 101 kg NI/ha resulted in higher nitrogen
concentrations for the first sampling date than either of the
lower rates. Phosphorus concentrations followed a similar trend
with 101 kg N/ha producing significantly higher leaf concentr-
ations than the 34 kg N/ha rate. Potassium concentrations were
similarly increased with an application rate of 101 kg l/ha as
compared to the 3% and 67 kg N/ha rates. At the Stafford county
location, the 101 kgli/ha rate was significantly higher than 34
kg N/ha in comparisons of leaf tissue nitrogen concentrations
for the first sampling date. Phosphorus concenfrations were not
affected by nitrogen rate at the Stafford county location, but
potassium varied at the first sampling date.

For the second sampling date at Riley county, 101 kg N/he
produced significantly highest nitrogen concentration levels,
and 67 kz N/ha produced significantly higher leaf nitrogen con-
centrations than 34 kg N/ha. Phosphcrus was unaffected by nit-
rogen rates 2t the Riley county locztion. Similar results were
noted in Stafford county. There were no significant effects of
nitrogen rate on phosphorus and potassium levels at date 2 in
Riley or Stafford counties, despite increased nitrogen concen-

trations.
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The third sampling date at Riley county provided data sim-
jlar to thoce of the first two sampling dates. The 101 kg N/ha
rate produced significantiy higher nitrogen and potassium con-
centrations than either of the lower rates. Phosphorus concen-
trations in the leaf tissue were unaffected by nitrogen rates.
At Stafford county, the 101 kg N/ha application rate resulted
in higher nitrogen concentrations, while the 67 kg N/ha rate
produced significantly higher potassium levels than the low or
high nitrogen rates. Phosphorus concentrations wefe unaffected
by nitrogen application rates. All responses of nutrient con-
centrations to nitrogen application rates were non-significant
at the LicPherson (#1) county location.

The same sort of results were obtained from the 1977 leaf
tissue analyses. Due to early maturity of the wheat crop, only
two samplings were collected. Sparse plant growth at the Harvey
county location prevented leaf tissue sampling at this site.

Anhydrous ammonia with and without N-Serve and UAN solution
with and without N-Serve were used as nitrogen carriers at the
McPherson (1) county location. Data collected from this study
is presented in Table 23. N-Serve produced no gsignificant res-
ponse in nitrogen, phosphorus and potassium concentrations in
the leaf tissue. However, UAN solution had significantly less
effect than anhydrous ammonia on nitrogen and phosphorus concen-
trations at the first sampling date. The second sampling date
data indicated anhydrous ammonia superiority to UAN solution in
regard to nitrogen and potassium concentrations in leaf tissue.
There were no significant differences in leaf tissue phosphorus

concentrations induced by nitrogen carriers at the second samp-
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Table 23. EFFECTS OF N-SERVE, N-CARRIER AND N-RATE ON THE
COMPOSITION OF WINTER WHEAT. (McPherson Co., 1977)

N-Rate  Nitrogen April 57 May 5
ke/ha Carrier %N %P K 7N %P %K
0 - 2.86 o6 3,20 2.01 347 1.69
0 N-Serve 2.71 . 396 3.36 2.09 345 1.86
34 NH3 3.46  .393  3.53 2.45 .350 2,29
67 NH3 b.13  .390  3.47 2.48 341 2.25
101 NH3 L, 31 JA14 3,46 2.89 324 2.63
34  NH3+N-Serve 3.32 06 3047 2.135 341 2.21
67  NH3+N-Serve w21 413 3,58 2.64 .332 2.37
101 NH3+N-Serve  4.48 438 3,84 2:71 372 2.65
34 UAN 3.01 L3669 3,59 2.37 .263 2,10
67 UAN 3. 30 .395 3.55 2. 34 .350 2.12
101 UAN 4,24  ,396  3.57 2.75 .330 2,38
34  UAN+N-Serve 2.93 . 378 3.50 2.00 « 357 1.78
67  UAN+N-Serve  3.39 .387  3.26 2.24  .352 1.84
101  UAN+N-Serve 4.19 «397 3.65 2.49 .331 2.37
Treatment LSD(.OS) 0.39 041  0.23 0.43  ,044  0.57

Mean Values:

N-Rate 34 48 (589 3.52 2.27 .352 2.09
67 3.76 . 396 3.47 2.43 34 2.15
101 4.30 411 3.63 2.71 .339 2.50
LSD(.OB) 0.19 NS 0.12 0.21 NS 0.29
N-Carrier NH 3.98 409 3,56 2.59  .343 2,40
— UAWN 3,51  .387 3.52 2.35  .347  2.10
LSD('Os) 0.16 L7 NS 0.18 NS G423
N-Serve Yes 3.75 403  3.55 2.40 L3470 2.20
No 3.74 -393  3.53 2453 343 2.30

N
LSD(.OS) NS NS NS NS S NS
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ling date.

A nitrogen rate of 101 kg N/ha resulted in significantly
higher date 1 nitrogen concentrations than the lower rates of
34 and 67 kg N/ha (Table 23). The 67 kg N/ha rate was also sup-
erior to the 34 kg N/ha rate in this regard. One hundred-one
kg N/ha also resulted in higher potassium levels than the 34
kg N/ha rate. Phosphorus concentrations were unaffected by nit-
rogen application rates for the first sampling date. The same
type of results were obtained from the second sampling date.
The high nitrogen rate again resulted in significantly higher
nitrogen concentrations than did the two lower rates. Potassium
levels were significantly higher for each successive nitrogen
rate. Phosphorus concentrations were unaffected by nitrogen
rate.

The other KN-Serve studies conducted in 1977 were similar
to the studies conducted in Riley and Stafford counties in 1976.
The only exception was that UAN solution was used as a nitrogen
source instead of urea at the licPherson (#2) county location.
The data collected from thesce leaf tissue samplings are pres-
ented in Tables 24-26.

Anhydrous ammonia with N-Serve and UAN scolution both prod-
uced higher phosphorus concentrrtions in the leaf tissue than
did anhydrous ammonia for the first sampling date at the licFher-
son (#2) county site. These carriers also resulted in higher
potassium levels in the leaf tissue than did anhydrous ammonia,.
At the Stafford county site, ﬁrea produced a higher concentr-
ation of potassium in the leaf tissue than anhydrous ammonia

with and without N-Serve. There were no significant effects of
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nitrogen carriers at the Stafford county site for the first
sampling date when compared to nitrogen and phosphorus levels

in the plant material. Nitrogen carriers produced no significant
differences in leaf tissue composition for the first sampling
date in Labette county.

Urea produced significantly higher leaf tissue nitrogen
concentrations on the second date of sampling in Stafford county
when compared to anhydrous ammonia with and without N-Serve.
Anhydrous ammonia and urea both produced significantly higher
phosphorus concentrations in the plant tissue than did ammonia
with N-Serve (Date 2). There were no significant differences in
the potassium levels of the leaf tissue from the plots treated
with the three nitrogen carriers. Ammonia with and without the
addition of N-Serve significantly increased the nitrogen concen-
trations in tissue from the second sampling at ILabette county.
Nitrogen carriers induced no significant differences in the pho-
sphorus or potassium levels in the leaf tissue.

Nitrogen carrier effects on nutrient concentrations in the
second date tissue material were non-significant at the McPher-
son (#2) county location. Nitrogen rates also had no significant
effect on leaf tissue composition at the McPherson (#2) and Lab-
ette county locations in the first tissue sampling material.

At the Stafford county location, significantly higher con-
centrations of leaf tissue niirogen at the first sampling date
resulted from each increment of applied nitrogen. Nitrogen rate
had no effect on phosphorus or potassium levels of the leaf tis-
sue from the first sampling date.

Second sampling date data indicated significant effects of
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nitrogen rate on concentrations of all three nutrients at the
McPherson (#2) county site. One hundred and one kg N/ha prod-
uced higher nitrogen, phosphorus and potassium concentrations
in the leaf tissue than both lower nitrogen application rates.
At the Stafford county location, 101 kg N/ha resulted in higher
mean concentrations of nitrogen in the plant material than the
34 kg N/ha rate. No significant effects of nitrogen rate on the
phosphorus or potassium levels occured. In Labette county, the
higher nitrogen rates resulted in significant increases in leaf
tissue nitrogen when compared to 34 kg N/ha of applied nitrogen.
Phosphorus and potassium concentrations were unaffected by nit-
rogen rates.

In summary, nitrogen carriers either with or without the
addition of N-Serve had essentially the same effects on the nut-
rient content of wheat leaf tissue and no consistent advantage
was noted for any material. A possibility exists that anion con-
centrations, such as phosphate and sulfate, might be increased
with the inclusion of N-Serve into ammoniacal fertilizers. This
might result by prolonging the life of the cationic ammonium in
the soil. Thies was not demonstrated in this series of studies,
however. The possibility still exists that better results might
occur in higher pH and low phosphorus soils. Nitrogen rate gen-
erally affected the plant tissue composition by increasing the

nutrient uptake when higher nitrogen application rates were used.
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Effects of Nitrogen and Phosphorus Methods of Application on

Winter “Jheat

The results of studies conducted in 1975 and 1976 comparing
methods of nitrogen and phosphorus application for winter wheat
in Harper county are presented on Tables 27 and 28. The type of
experimental design used allows valid comparisons between indiv-
idual treatments and not application methods. However, certain
trends cannot be overlooked when comparing the different nit-
rogen and phosphorus application techniques.

During both years, striking visual differences existed be-
tween plots receiving a dual knife application of nitrogen and
phosphorus and those plote fertilized by conventional methods
of knifing of nitrogen and broadcasting of phosphorus. Figure 15
shows the difference in vegetative growth between a dual knife
application of 84 kg N/ha as anhydrous ammonia and 24 kg P/ha
as APP and other methods of phosphorus and nitrogen applications
which seperate the fertilizers,

The data presented in Tables 27 and 28 indicates a 336 and
51 kg/ha yield advantage for a dual knife application versus a
surface applied application of nitrogen and phosphorus in 1975
and 1976 respectively. There was also an increase in yield when
knifed applications of nitrogen were used compared to surface
nitrogen applications. This was particulary true in 1976 when
dry weather prevailed at this time and location. This would seem
to indicate some effect of positional availability of the nut-
rient source. However, other comparisons can be made that can
partially negate the advantages of positional avallability.

when dual knifed applications are compared to knifed anhydrous
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Fig. 15.

Visual responses of winter wheat to methods of
nitrogen and phosphorus application. 84 kg N/ha

(75 1bs N/A) and 24 kg P/ha (50 1lbs P205/A), Harper
Co., 1976. Note superior growth in lower picture
due to dual knifed applications of ammoniacal

liquid ammonium polyphosphate (APP) and anhydrous

ammonia.
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ammonia and drilled phosphorus, the differences were still 437
kg/ha in 1975.

Nitrogen and phosphorus concentrations in the leaf tissue
in 1975 and the protein content of the grain in 1976 followed
the same pattern. Higher nutrient concentrations and protein
levels were found in the dual, knifed applications when compared
to other application methods. However, higher phosphorus levels
were found in the grain with the surface applications in 1976.

The results of these studies seemed to indicate that a pos-
sible interaction occurs between the ammonium ion and phosphate
ion when applied in a smazll single retention zone in the soil.
The work conducted in 1975 and 1976 led to further investigat-
jons examining the effect of dual knife applications of anhyd-
rous ammonia and phosphorus, and the possibility of an ammnonium-
phosphate interaction. The data collected from Reno, Ellsworth,
Labette and Dickinson counties in 1977 is presented on Tables
29-34, No leaf tissue samples were taken at thé Labette county
location due to droughty conditions and yield data is not avail-
able from Dickineon county due to hall damage.

The 1977 results were not as clear cut as those in 1975 or
1976, Figure 16 shows the striking visual differences that were
evident on April 15, 1977 between methods of nitrogen and phos-
phorus applications. Phosphorus responses at all locations were
visible throughout the growth period, but were most apparent
during early spring. Differences between knifed-knifed, knifed-
broadeast and knifed-banded applications of nitrogen and phos-
phorus were easily distinguished at all locations.

Knifed nitrogen as anhydrous ammonia or UAN solution were



102

SN 50 E6T 6°2 (50°)qeq

£1e” T'4T Q622 AR S d pueg

Hie" £°nl 6092 8T d paryTuy

062" 04T G L92 8" 6¢ d Jseopeoag o

182 * 941 2EST g ez d o poylen d

SN SN SN SN (50%) qq1

T1E" £'HT 2622 T HE NV @Tqqtaq

9ge"* 0°'#1 £zoz T°0€ NVQ 3seopeodg

662" "HT 1€22 AR V0 POFTUWI

982 "* "HT W12 6° 1€ HN paFTuy POU3SN N rsonTes uesy

940° 0°1 oTH 1°9 (50" )qer  quemyeeag

g6z 941 g€ 1€ 49 azTuyl 3ITuUY aAJoS~-N+EHN 02 48

TIE® 2'HT 2162 1t puegd aTqqTIq NVQ 02 +8

61¢° T*H1 T4T2 £°2€ pueg 31sBOpEROIY] NVQ 02 8

gIc " rAR TR g9tz 2°'6¢e pueg I TUY vn 02 48

gie* | 0'H1 goce ALY pueg 8 I Tuyl HN 02 8

4zg" 4T +©00€ IARTLY 8TqqTIAq 2TAqTId NV 02 48

ziz” 9°'¢C1 0052 2 e 48e0pROIG  3EBOPROJIY NV 02 48

Z0€" 0°4T 8292 T 6L 1sBOpEOIY 8JTuyl NV 02 8

Hote * 2 41 0852 4°'8€ 3.8B0pEROIY 9 TUY CHN 02 8

rAANN 9471 0682 o.mm S FTUy 8 FTUY NVQ 02 48

Logt™ 8 4T TH92 €6 8 JTuy aITuy £HN Z H8

w62 " £°4qT 6561 2tz 0 --=-- eTaqQTIg NVl 0 +8

992 ° 147 T16€T L'02 2 - 1sBOPEOIg NVQ 0 +8

gde " 0°ST 004T 2 S aFTW NV 0 8

gtz 8 41 2647 z*22  m——-- aITUY EuN 0 48

992 ° 28T 8IH1 T @ e e s 0 0

d% utsq0dd % BY /3 v/nq poyrau~d POULSN-N I3 TIIBD BY /3y 'Y /3y
UuTBead PToTX U0 TR BOTTAAY uadoaq IN 91ey-d a1 ey-N

(LL46T *‘*0D ouay) "NOILISOdWOD
NIVYD NV QIZIX IVIHM HIINIM NO NOILVOITAdY 4 ONV N 40 STCOHIIW L0 SLodddd *62 2TQEL



103

L0 SN 962 e (50" qet

69€ " 21 ozt €84 d pueg

Lt €T Lik 294 d paFTuy

Shhy 941 9L 4L g*'Gq d aseoproag

904" 4T 2082 IARTY d 0 PoUlaN-d

980" SN SN SN (50%) qeq

691 Syl LBEE #1° 0% NYQN 8Taqtag

T8¢ * £*4T £eee 9° 64 NVl 3sSedpeodg

9g¢ * ¢ 4T TL0€ L°GH NV paJtuy

T6€" € q1 652¢€ G gy €UN PoFTUM POUSOW-N fsen|e) uesl
641" L0 856 €9 (50")qg1  quowgesas

cge® 6°4T T€0E T°GH aFTuy azTuyl aaxag-N+EHN 02 48
o€ rAR N HIHe q°' 05 pueg 9TAqTId NV 02 +8
zgt " 941 661E 9l pued 1SBOpBOIG NV 02 8
£19¢€ * 071 LEOF 2'CH pueg 8 TUY NN 02 8
LHE " 2 H1 LhEE 861 pueg aFTuy C€HN 02 48
€50 AL T68€ 6° LG aTaqTIg 97aqTIg NV 02 8
LEE " €47 G00 9° 66 4sEOpEBOJg  3SEOpEOJIY NV 0z 43
Th° 0°GT 126 26 1880pBROIg aITuy NV 02 8
oln* L Gege 926 3seopeoag 9FTUN EHN 0z 48
14" €41 699€ 9°'HS arTuy aITUy NYQ 02 48
0gh €41 pyts 8.5 9JTuUy aJTuM CHN 02 13
T94° 8 47T 6497 high = e . 9TqqTaqg NV 0 8
#19€ * 04T 96/42 BFThR @ e 3}sedopeOagd NV 0 18
zec: 7 HT 1992 9*'6t @ —==== arTUY NVN 0 H8
914" 241 €062 A 9 F Twl CHN 0 48
88t * 6T #5652 0'gt  ===-- e == 0 0

d% uta30ad % BY /3% v/na poyaai-d poy3ap-N JISTIIRB) 'Y /3Y 'Y /3%

UTBID PTSIX uoT3e0TTddy U280} IN 9qed~d 93ey-N

(44AT *°00 UYZJIOMSTTH) °“NOILISOJNOD
NIVYD ONY QTITIX IVIHM HIINIM NO NOILIVOITIddAV d OGNV N 40 SUOHLIW 40 SLOdJdH *0€ 9TqEL



104

SN L*0 ™I 1'2 (50")qgr

geg " 6°1T 9632 g2y d pueg

Qe ©°27 L662 94t d paJtuy

9zE" 81T 9182 m.Hm d 3sedpeoag

9GE " 0°'1T 6Eq2 £€°9 d 0 POUISN-~d

aN 8°0 1971 5z (50%)qg7

gze 127 Gele L0t NVQ 9TQqaTag
29¢C " ¢G0T €642 T 4L NV 2seopeoag
CHE* 21T 6482 H'2h NVA PRFTWi
gze:" w21 GeLZ PN LHN paFTuy POUIIN-N tSaNTe) ues]
AN 4T 20t G H (s0 vmmﬂ LUSW] BaIT

gLL " 1271 992¢ 9°'8H azTuy 8ITUY aATeS-N+EHN 02 48
€eee 1°271 2692 G'zh pueg 271qaTaq NVQ 02 8
04" 111 ghle 6°' 0% pueg 1sSeopEOaq NV0 02 . 8
ocL:" T°27 LEOE 2'6Y pueq aJTuyl NV 02 8
g1€ " 0°271 GLez €Ty pueg aITuy CHN 02 48
o£e:” L5TE Q242 9°' 0% 8TaqATaQ aT1qqtadg NVQ 02 ©8
HEC " 41T 1292 0*6¢ 9SBOpEROIg  3SBOpEBOIAG NVQ 0z 48
oHe * 8°TT T10€ gt 9seopeROaAg 8 JTuyl NV 02 48
rAV 1°21 c€gz 0" €1 1SBOPEBOIYG aFTUy €N 02 +8
09¢* 92T LS62 9" hh 8 I Tuy 9FTUY NVYQ 02 8
9LE " 1°27 L6672 9t oFTUy 9 FTUY € HN 02 48
A 21 1292 0*6E = = = 8TaqTId NV 0 +8
18€ " 48 0112 m.ﬁm ..... j3seopeOag NVQ 0 8
99t * L6 2062 bE eme—- aJTuy NV 0 8
HGE 0°€T €ege LUl —eee- azyTuy CHN 0 48
604" 921 1441 HUgE 0 AEERe s - 0 0

d% utajold % 'Y/ v/nq poysan-d poysen-N I8 TIIR.) BY /3 BY/FY

UTesd PTOTX uoT3eoTddy usFoaqIN 931ed-d 89 BY-N

(L46T ‘0D @°3132Q®T) °"NOILISOJWOD
NIVYD QNV QIZIX IVIZHM HIINIM NO NOILVDOITAAV 4 GNV N J0 SAOHLIN 40 SIDEJIH *TE€ 9TQEL



105

(50%)qqr

SN 600" SN
99°¢ el o4 d pueqg
T6°¢C g6z L9°H d pPaFTuy
04°€ €12 02 'Y d 3sedopeoag
9G ¢ 8LT" €04 d 0 poUlIaN-d
SN 070" SN (50")qor
GL'E 912" HZ Y NV ®TqqTaq
G9°g goz:* 014 NV 3Seopeoag
19°€ 861" £o° NVQ paFTuy
GG ¢ 88T 66" CHN paFTuy POYASN-N 1 SONTBA UEBS|
SN 810" 6€°0 (50" )qor  quemesag,
L9°€ 20€" 894 a3 TUu} o FTuy aAI23-N+EHN 02 48
89°¢€ 912" 96'¢ pueg 2. 3atag NV 02 3
99°¢C AT 00*H pusdg 1.SEBODRO.IG NVO 0z 18
19°¢€ 012" 90" 1 pued 8 JTuy NV 02 18
L9°€ 712" QT4 pueg 9ITuy CHN 02 +8
L6°C N 894 8TqQqTI(I 9TQqTx NV 02 8
H9*'€ Q12" 02 "4 1SBOpPEBOIG 1SBOpPEOIT NVQ 02 48
29°€ L6T" rAoN 1sEBOpPROIY 24 Tu NY0 02 48
gg € 161" 26" 1SBOpROIG 9 JTUY CHN 02 48
gg°¢ gge " 294 I TUY aFTuy v0 02 418
H6°€ rA 1% 7' 8 TUy 8FTuUy EN 02 48
19°€ Gg8T1"* ROy 000 e aTqqTadg NV 0 8
79 € 941" Thhp 0w 3seOpeOag NN 0 8
19°€ qg7* 20 0 mme=- 8ITU NV 0 h8
ot*€ 097" 06°'¢ 0 ----- 8 ITUY EHN 0 48
GG € G6T" 6°¢ 0 m==e= =mme- - 0 0
N% d% N9 poyan-d pPoy3ax-N JI9TIIE.) 'Y/ B'Y/3H
T TTady UoT3eOTddy uaZoIa TN ered-d 21BY~N
(446T *°0D Y3IOMSTTH) "NOILISOJLWOD
TASSIT JVET IVEHM NTINIM NO NOILVOITAAY d ANV N J0 STOHIZW A0 SLOHEJIH *2€ BTqBL



106

(50°) et

SN SN 17°0
A LE2" £6°¢ d pued
81" A mm.m d paFtuy
HZ*E 122° 48" d 3seopeoag
2EE e 90*#H d o PoU3en-d
21°0 SN €1°0 (50%) gt
T€°¢ c1e” 88" NV ®T1QqTad
91°€ 422" 08¢t NV 3seopeOJIg
92°'¢ 922" FAVRE ) vl paFTuy
€€ rANA 0T'4H HN pPaFTui POUFSN-N 1 SSNITEA UBSN
22'0 HH0* 62°0 (50 vamq JuswWl B
61°€ gzg " g€ ' oFTUy aFTuy 9AIIS-N+EHN 0z H8
62 "¢ YA 08°'€ pueg 21qqTag NVQ 02 3
21°€ jmm. 04°€ pueqd q1sBOpEOIYG NVQ 0z 48
§2°'€ A L0 H pueg 8 FTUM NV 2 79
22*E AT ASE pueg aFyTuyl CHN 0z 48
o€ 6Le" 6L°€C 8TqqTIg 8T7TqaTIq NV 02 8
21°¢ 912" rAAEY 1SBODPRBLIY 3 seopeOag NV 02 HQ
L1°€ H12"* 26°¢ 1SBOpEBCIg 8ITUY VN 02 +9
6L € 122" 90" 4 3seopeOag arTuy HN 02 8
07'€ 9l2"* 204 ayTuy I TUY N0 02 418
gz '€ 08z * 0S4 azTuy aITuy CHN 0z H8
LE°C 88T GO = mem—- 21aqTIqg NVQ 0 8
A 022" g6t 00 m=——- ] seopROIg NVQ 0 48
gt "¢ €2 Ao 02 wEews 8y Tuy v 0 8
rASS ocz" jﬂ.m ..... aJTuy EN 0 3
86°2 9 A gere @ mese—— e - 0 0
M9 d% N% poyzan-d Poylan-N J9TIIR) 'Y/3Y B'Y/3Y
T Trady uoT3edtTTddy Us30a3IN 91'y-d 93 8Y-N
(LLGT **0p UOSUTOTQ) “NCILISOJMWOD
FNSSIT JAVET IVIHM YTINIM NO NOIIVOITAdAY 4 GNV N 40 SAOHLEN J0 SLOdd44H €€ oTqElL



107

(50")qe1

SN 010"* SN

LG E L6T® ich d pueg

gE ¢ he* 08¢t d pagtuly

L9°€ 102" 94°¢ d 3seopeoag

L€ 041" 94°¢€ do POURSN-d

SN SN SN (50%)qqr

£9°¢ 961" $8'€ NYO 9Taq1aa

LS € 687" 6L € NV 2SEeopEOag

£9°* L8T" £g°€ Vv PeyTuy

Ch€ ¢gt’ 49° € HN poFtuy POYISMN-N 1genTeA ued[

SN 2€0" SN (50")qe7  quswgeaag

T4°E e 204 o F TU3] oI TUI oA1eg-N+EHN YA 48

96 * € rA\A 16 € pueg {341 NYQ 02 8

€6 ¢ Q671" LiE puEqg 1 sBOPRBOJG NVQ 02 8

T19°€ Ce1"* #8°€ pueg aFTUy NV 02 8

66 € HET® 0g°€ pueg aTTUY EHN 02 48

04°¢€ 212" FARE 8TqqaTad 8TqqTIq NVQ 0z 9

99°'¢ G6T1" 2L'€ 1.5BOpROJIY 1sBODPBOIG NYQ 02 49

69°€ 00Z* 28°¢€ 1sEeOpBOIg a8ITuy NVYQ 02 8

29°'¢€ LET® gl € 1SBOPBOIG I TUY CHN 02 48

th € AN A ,L3'E 8 FTUY 9JTuUY vn 02 8

XA rATA T4 € aFTuy I TUY HN 0z 48

£9'¢ TN ggre 0 oS 8TqqTI(g NV 0 8

HG € GLT® LBF¥E @ e 1sBOpEOIg NVQ 0 3

g6 ¢ G9T"* Hg'€ 0 === 8yTuy vi 0 8

£€1°¢€ ¢9T1" wh'€E = aFTUy HN 0 48

gt "€ 891" i A e --- 0 0

% d% N% poysan-d poy3a-N JI9TIIBY) BY/3Y BY /3N
T Ttady UOT3BOTTAAY uaZoaqIN 93ey-d a3ey-N

(4461 't0D ouay) °"NOILISOdNOD
FASSIT VAT IVEHM HZINIM NO NOILVOITAdY d GNV N 40 SUOHIEW 40 SIOHJd4d

‘7€ STAQBL



108



Fig. 16.

Visual responses of winter wheat to methods of
nitrogen and phosphorus application, 1977.

84 kg N/ha (75 lbs N/A) and 20 kg P/ha (40 1bs
Py05/A). Top, O P vs. knifed N and P, Ellsworth
Co.; Center, knifed N and P vs. knifed N and
banded P, Ellsworth Co.; Bottom, knifed N and P
ve. knifed N and broadcast P, Reno Co. INote the
superior growth resulting from the knifed place-

ment.
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were equally effective in their ability to promote luxuriant
plant growth of winter wheat when simultaneousgly injected with
APP. This indicates that over ammoniation of APP was not the
only factor inducing the increased nitrogen and phosphorus av-
ailability. It seemg, from these observations, that the ammonium
ion exerts some influence on the rate of APP decay. Late spring
rains tended to compencsate for the increased growth associated
with the knifed-knifed applications of nitrogen and phogphorus
ag harvest approached. |

At the Reno county location there were no significant dif-
ferences between effects of methods of nitrogen application on
grain yield, protein or grain phosphorus concentrations (Table
31). When methods of phosphorus application were evaluated for
effects on yield, broadcasting of phosphorus was significantly
more effective than banded phosphorus. No-phosphorus applicat-
ions were inferior to all methods of phosphorus application.

All methods of phosphorus application produced signific-
antly lower grain protein than no-phosphorus controls. There
were no significant differences in the phosphorus concentrations
in the grain that could be attributed to methods of phosphorus
application.

Ellsworth data shows no yield or protein responses to met-
hods of nitrogen application, Dribbling UAN solution, allowing
the solution to fall from the removed nozzle openings, produced
a marked increase in the amount of phosphorus in the grain when
compared to other methods of nitrogen application., Broadcast
and knifed phosphorus produced a significant increase in yield

when compared to banded phosphorus, However, banded phosphorus
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was significantly better than no phosphorus. Knifed and broad-
cast phosphorus applications were significantly more productive
than plots which received no phosphorus in terms of increased
phosphorus concentrations in the grain. Methods of phosphorus
application had no significant effect on grain protein.

At the ILabette county site, ylelds indicated that broadcast
UAN solution applied pre-plant was significantly inferior to the
other nitrogen application methods. Knifed anhydrous ammonia and
a dribble application of UAN solution produced significantly
higher protein levels in the grain than did knifed or broadcast
applications of UAK solution. Phosphorus levels of the grain
were unaffected by nitrogen application methods. Knifed phos-
phorus applications were significantly superior to broadcast
and band applications as well as no-phosphorus plots in effects
on grain yield. All three phosphorus application methods prod-
uced significantly more protein than the no-phosphorus treat-
ments. However, no significant differences in'grain protein at
the 5% confidence level were noted between methode of phoéphorue
application. Grain phosphorus levels were not affected by method
of nitrogen or phosphorus application.

At the Reno county location (Table 33), knifed phosphorus
applications were significantly superior to broadcast and band
applications in terms of the phosphorus concentrations in the
leaf tissue. All three application methods resulted in signif-
jcantly higher phosphorus levels in the leaf tissue than when
no phosphorus was applied. Nifrogen application methods had no
effect on nutrient levels in the leaf tissue.

Dribble applications of UAN solution, averaged across all
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phosphorus application methods, resulted in significantly higher
phosphorus concentrations in the leaf tissue than other methods
of nitrogen application at the Ellsworth county location (Table
32). Broadcast and knifed UAN solution treatments were both sig-
nificantly superior to knifed anhydrous ammonia in terms of leaf
tissue phosphorus concentrations. Nitrogen and potassium concen-
trations were unchanged by the various nitrogen and phosphorus
application methods., Knifed phosvhorus applications were far
superior to other methods of application when comﬁared for phos-
phorus concentrations in the leaf tissue.

The data from the Dickinson county location (Table 34) rev-
ealed that knifed anhydrous ammonia and knifed UAN solution app-
lications resulted in a significant increase in the nitrogen
concentrations of the leaf tissue when compared to other nit-
rogen application methods. Broadcast UAN solution applications
were significantly lower than the other nitrogen application
methods in comparisons of potassium concentrations in the leaf
tissue.

Knifed phosphorus applications again produced a significant
increase in the phosphorus concentrations of the leaf tissue at
Dickinson county. Both broadcast and band phosphorus applicat-
“ions produced significantly lower nitrogen levels in the leaf
tissue in comparisons to applying no phosphorus. This was prob-
ably due to a dilution effect. Non-significant phosphorus con-
centration differences (5% level) were recorded between methods
of phosphorus application, although the knifed treatments tended
strongly higher.

Trends were essentially the same in 1977 from the simul-
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taneous nitrogen and phosphorus application method studies as
were found in 1975 and 1976. There are several things which
merit extra attention in the 1977 studies, however. A single
treatment involving N-Serve in conjunction with the dual knifed
application of anhydrous ammonia and APP was included in these
studies. The inclusion of N-Serve produced some very pronounced
effects at all locations during the spring growth of the wheat.
At all locations, the plots receiving the N-Berve treatment
showed excellent visual growth responses and were superior to
knifed-broadcast, knifed-dribble or knife-band applications of
nitrogen and phosphorus.

Nitrogzen concentrations of the leaf tissue were signific-
antly higher in the treatment receiving the N-Serve addition
when compared to essentially all other treatments at Dickinson
county, and was higher, though not gignificantly, than all other
treatments at Reno county (Tables 33 and 34). At Ellsworth coun-
ty there were also indications of increased leaf nitrogen con-
centrations when N-Serve was added to a dual knife applicafion
of nitrogen and phosphorus (Table 32).

Phosphorus concentrations of the leaf tissue tended to in-
crease with the addition of N-Serve. Phocphorus concentrations
of the leaf tissue were significantly higher in the dual knife
applications of anhydrous ammonia with N-Serve and phosphorus
at Dickinson county than with conventional surface and knifed
applications which seperated the fertilizers.

At the Ellsworth and ILabette county sites, the N-Serve
treatments were superior in grain production to any other nit-

rogen-phosphorus application method (Tables 32 and 34). The
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effect of iI-Serve on visual growth responses, grain phosphorus
levels, leaf nitrogen and phosphorus concentrations and grain

vield seems to be due to the faét that N-Serve delays the nit-
rification of the ammonium ion to nitrate. The persistence of

ammonium ions in the goil zone of the APP may aid in the main-
taining of the APP in the ammonium polyphoephate form and keep-
ing it from degrading to ammonium and a calcium phosphate com-
pound. This may increase the length of time that both the nit-
rogen and phosphorus are in an available form in the root zone.
Further examination of a possible interaction between nitrogen

and phosphorus is warranted in future research studies.

Effect of Cultural Practices on Cephalogporium Stripe

Infectiong of Jdinter UWheat

Cephalosporium stripe is a fungal disease that has been

increasing in severity since it was first detected in Kansas in
1972. Figures 17 and 18 show the symptoms associated with the
disease in the vegetative and reproductive stages of the wheat

plant. Cephalosporium stripe is most severe in continuous crop-

ped wheat areas such ag south central Kansas. Iarly observations
by plant pathologists led to the belief that the severity of the
disease may be eased by higher applications of nitrogen. 1t was
also considered nossible that nitrogen form might affect the
severity of the disease. Several fungal pathogens such as Fus-

hy =)

arium roseum f. sp. cerealis and F. oxysporum f. sp. pisi can

be rapidly destroyed under laboratory conditlions and severely
reduced under field conditions by supplying large rates of amm-

onium-nitrogen (Huber and wWatson, 1974). It was hoped that
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Fig. 17. Symptoms of Cephalosvorium stripe infection in

winter wheat during vegetative and early reprod-
uctive stages of growth. (Sedgwick Co., 1976).
Note the yellowish stripe extending down the mid

rib of the leaf.
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Fig.

18,

Effects of stubble burning on the severity of

Cephalosporium stripe infection in winter wheat.

(Sedgwick Co., 1976). Note the more uniform head
development in the burned area. Many unfill=d heads
are visible in the two lower pictures where the

infection was more severe.
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N-Serve may exert an influence on the severity of the dicease
by supplying mainly ammonium-nitrogen to the plant. Studies of
these variables were conducted in the south central counties of
Sedgwick and licPherson.

In 1976 a variety and nitrogen study was conducted at the
FcPherson (#1) and Sedgwick county locations. A crop residue
burning study was also conducted next to the original study area
at the Sedgwick county site.

At both locations and for all three studies; infection sev-
erity ratings increased as the nitrogen rate was increased (Tab-
le 35-38). Severity ratings were made on May 5, 1976. At this
date, the symptoms were quite apparent but had not killed any
of the plants. The increase in the severity ratings may not in-
dicate an absolute increase in the disease but may be complic-
ated by two factors. The low nitrogen plots may not have displ-
ayed the symptoms of the disease as well as the high nitrogen
plots because of a geneeal chlorosis due to nitrogen deficien-
cies and the effects of earlier diseases such as barley yellow
dwarf. Another factor may be the increased vigor of the plants
in the high nitrogen plots. Because of this vigor they may have
been hetter able to withstand the effects of the disease.

Yields on all three studies were significantly higher as
the nitrogen rate was increased. At the Sedgwick county location
both the burned and unburned areas showed no significant yield
increase as the nitrogen rate went above 34 kg N/ha (Tables 36-
38). The same was true at the lcPherson (#1) county location,
but the yields did not level out until the nitrogen rate went

above 67 kg N/ha (Table 35).
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Table 35. EFFECTS OF N-RATE AND VARIETIES ON THE SEVERITY
OF CEPHAILOSPORIUL STRIPE INFECTION IN WINTER
WHEAT., (McPherson Co., 1976)

N-Rate Yield Ceph.
kg/ha Variety bu/a kg/ha % Protein Rating
0 Sage 24.6 1653 11.8 e
0 Sturdy 13.5 907 12.0 4.0
0 Centurk 31.3 2103 10.6 20
0 Tam 101 17.1 1149 12,4 3.0
0 Cloud 19,2 1290 11.4 1.7
0 Eagle 18.8 1263 12.0 1T
0 Gage 28.9 1942 11.6 2.0
34 Sage 36.8 24713 11,2 .7
34 Sturdy 20.0 1344 12.5 567
34 Centurk 37.6 2526 10.1 L.3
34 Tam 101 25:.7 172¢ 13.4 4.0
34 Cloud 30.4 2043 112 3.7
34 Fagle 29.1 1956 11.4 2.7
3 Gage 37.7 2533 10.2 3.0
67 Sage 36.0 2419 123 b,3
67 Sturdy 23.0 1546 12.6 6.7
67 Centurk 43.9 2950 11.0 .3
67 Tam 101 ‘ 1.1 2090 14,3 5+ 3
67 Cloud 0.8 2742 11, 4.3
67 Eagle 2.2 2164 12.2 - 33
67 Cage 0.5 2722 12,2 2.7
101 Sage 30,7 2063 13.4 B3
101 Sturdy 25, 7 159 13.2 Z.a
101 Centurk 38.3 257 12,0 3
101 Tam 101 30.4 20473 13.4 3
101 Cloud 34,1 2292 12 4.7
101 Eagle 35.5 21386 12.5 L.3
101 Gage 31.8 2137 11.7 b7
Treatment L“D(.OS) 9.0 605 1.2 1.5
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Table 35. (continued)

Yield Ceph.
bu/A kg/ha % Protein Rating
Mean Values:

N-Rate 0 21.9 1472 11.7 2:5
34 31.0 20873 11.4 4.0
67 35.4 2379 1246 4.4
101 324 2157 12.4 51
LSD(.OS) 3.4 228 0.5 0.6
Variety Sage 32.0 2150 12.2 b4y
Sturdy 20.1 1351 12.6 5.9
Centurk 37.8 2540 10.9 B.B
Tam 101 26.1 1754 13.4 D
Cloud 31.1 2090 11.6 3.6
Fagle 28.9 1942 12.0 3.0
Gage 34.7 2332 11.4 %3
LSD(.OS) 4.5 302 0.6 0.8
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Table 36. EFFECTS OF N-RATE AND VARIETIES ON THE SEVERITY
OF CEPHALOSPORIUM STRIPE INFECTION IN WINTER
WHEAT - UNBURNED STUDY. (Sedgwick Co., 1976)

N-Rate Yield Ceph.

kg/ha Variety bu/A kg/ha % Protein Rating
0 Sage 13.2 887 15.0 3.3
0 Sturdy 6.1 410 15,3 3,7
0 Centurk 13.5 907 13,9 3.0
0 Tam 101 L.5 296 16.9 3.7
0 Cloud 12.8 860 14.2 3.0
0 Eagle 10,2 685 16.6 2.3
0 Gage 15.4 1035 13.6 3.0
34 Sage 16.1 1082 14.7 4,7
34 Sturdy L. 3 289 16.7 .7
3 Centurk 15.6 1048 14.9 5.0
34 Tam 101 6.7 450 16.5 4.7
3 Cloud 15.6  10L8 (3.4 3.7
34 Eagle 11.8 7973 16.4 5.3
L Gage 18.4 1236 13.6 2.7
67 Sage 18.0 1210 15,7 4.3
67 Sturdy 9.4 632 17.5 5.0
67 Centurk 23.8 1599 15.2 4.0
67 Tam 101 8.0 538 17.9 L,7
67 Cloud 14,2 g5l 15.2 2.7
67 Eagle 14.5 74 16.6 .3
67 Gage 188 12613 14.6 . 3.7
101 Sage 17.3 1163 15.9 h,3 -
101 Sturdy rmn o7 14.6 6.0
101 Centurk 18.2 1223 15.0 L,7
101 Tam 101 75 504 27l BT
101 Cloud 12.2 820 16.2 5.0
101 Eagle 15.6 1048 16.3 5.0
101 Gage 18.7 1256 N bL.,7
Treatment LSD( 05) 6.4 430 1:5 1.5
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Table 37. EFFECTS OF N-RATE AND VARIETIES ON THE SEVERITY
OF CEPHALOSPORIUM STRIPE INFECTION IN WINTER
WHEAT - BURNED STUDY. (Sedgwick Co., 1976)

N-Rate Yield Ceph.

kg/ha Variety bu/A kg/ha % Protein Rating
0 Sage 33.6 2258 13.5 2
0 Sturdy 18.0 1210 14,9 2:7
0 Centurk 38.0 2554 12.3 1.7
0 Tam 101 8.6 578 7.8 v
0 Cloud 30.6 2056 12.2 1.7
0 Eagle 18.3 1230 13.8 1.3
0 Gage 257 1227 12,8 1.0
34 Sage 35 2 2365 13.6 2.7
34 Sturdy 21.2 1425 15.7 3.0
34 Centurk b1.7 2802 12.9 2.7
34 Tam 101 14,3 961 16.3 3.0
34 Cloud 37.1 2493 13.2 2.3
3k Eagle 2.1 1620 15.0 2.3
34 Cage 38.9 2614 13.3 1,7
67 Sage 34,6 2325 14.4 4.3
67 Sturdy 21:1 1418 15,2 37
67 Centurk 40.3 2708 13.4 2.7
67 Tam 101 16.3 1095 15.5 L.,o
67 Cloud 35,8 21406 13,1 2.7
67 Fagle 29.7 1996 14,8 2.3
67 Cage 31.5 2117 13,4 2.0
101 Sage 36+ 5 2453 14,1 3.7
101 Sturdy 244 1640 15.0 3.3
101 Centurk 43.8 2943 13.8 P
101 Tam 101 19.8 1331 15.6 3.7
101 Cloud 30.5 2050 13:2 2.3
101 Eagle 26.8 1801 15.3 33
101 Gage 36.6 2460 13.4 2.0
0 672 1.1 1.3

& LS .
Treatment D(.OS) 10
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Table 38. MEAN VALUES FOR THE EFFECTS OF N-RATE AND VARIETIES
ON THE SEVERITY OF CEPHALOSPORIUM STRIPE INFECTION
IN WINTER WHEAT. (Sedgwick Co., 1976)

Yield Ceph.
bu/A kg/ha % Protein Rating

Unburned Study

N-Rate 0 10.8 726 15.1 2.1
34 12.6 847 15,2 A
67 15.2 1021 15.8 h,2
101 13.8 927 16,1 5.0
ISD( oe) 2.4 161 0.6 0.6
Variety Sage 16.1 1082 15.3 L,2
Sturdy 6.8 Loy 16.0 4.8
Centurk 178 119 14.8 b,2
Tam 101 6.7 450 17.1 L7
Cloud 13.7 921 14,7 3.8
Gage 17.8 1196 14,2 3.5
Eagle 13,1 880 16:.5 2
ISD(.O5) 3.2 215 0.7 0.8
Burned Study
N-Rate 0 24,7 1660 12.8 1.9
34 30.4 2043 14.3 Bw'S
67 3.0 2016 14.3 3.1
101 31.2 2097 14.3 3.0
LSD(.05) 3.8 255 0.4 0.5
Variety Sage 35.0 2352 13.9 .2
Sturdy £l.2 1425 15.2 3.2
Centurk L40.9 2748 13.1 2.4
Tam 101 14.8 995 16.1 3.3
Cloud 33.5 2251 12.9 il
Gage 32.2 2231 12.2 1.7
Eagle 24.7 1660 14.7 243
LSD(.OS) 5.0 336 0.5 07
Burned vs. Unburned
Burned 29.0 1949 14.2 2.6
Unburned 13.1 880 15.5 4.2
ISD(.OS) 1.7 114 0.2 0.3
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Protein also tended to increase with increasing nitrogen
application rates. The 0 kg N/ha rate produced significantly
less protein than the three higher nitrogen rates in the unbur-
ned stubble study in Sedgwick county (Table 36). For the burned
study (Table 37), the 67 kg N/ha and 101 kg N/ha rates resulted
in significantly higher protein levels than the 0 or 34 kg N/ha
rates. The licPherson (#1) county site produced the same type of
results as the unburned study in Sedgwick county (Table 35).

Varietal differences were very pronounced ih all three of
the studies. At McPherson (#1) county (Table 35), Sage, Sturdy
and Tam 101 received significantly higher severity ratings than
did the rest of the varieties. Sturdy had the highest severity
rating and was significantly higher than all other varieties.
Centurk and Gage produced more grain than the rest of the var-
jeties, while Sage, Cloud and Eagle yielded significantly more
grain than Tam 101 or Sturdy. Sturdy was significantly lower in
grain production than all the other varieties.

Protein contents of the grain were generally the lowest in
the varieties producing the highest grain yields. This effect
was evident in all three studies and is a classic example of
the dilution effect of high yields on grain protein. Tam 101
had the highest protein content while Sage, Sturdy and Eagle
produced a significantly higher protein percentage than Centurk,
Cloud and Gage. Centurk was significantly lower in grain protein
than any other variety (Table 35).

On the unburned study at the Sedgwick county site (Table
36), the trends were very similar to those at the McPherson (#1)

county site with only some minor shuffling of the varieties.
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Sturdy and Tam 101 were significantly lower ylelding than any
of the other varieties, Centurk and Gage were the highest ylel-
ders and were significantly higher yielding than any other var-
iety except Fage.

Tam 101 was significantly higher in grain protein than all
other varieties except Zagle (Table 36). Eagle was significantly
higher than all other varieties in comparisons to grain protein
except for Sturdy. Gage was the lowest in protein content but
not significantly lower than Cloud or Centurk.

Severity ratings were also significantly different in this
study when varieties were compared. As expected, Sturdy and Tam
101 received the highest severity rating but were not signific-
antly higher than Eagle, Centurk or Sage. Gage ancd Cloud were
significantiy lower in severity ratings than Tam 101 and Sturdy
but not the rect of the varieties.

The burned stubble study at the Sedgwick county site, pro-
vided results that were very similar to the results obtained
from the unburned studies (Table 37). Figure 19 cshows the yields
of the seven varieties for both the burned and unburned siubble
studies. Centurk was significantly higher yielding than any of
the other varieties., Tam 101 and Sturdy were the lowest as far
ag yield is concerned, although Sturdy was not significantly
lower than Zagle. Sage, Cloud and Gage were all significantly
higher yielding than Sturdy, Eagle and Tam 101.

Tam 101 was significantly higher in protein than all other
varieties, due to a lack of dilution caused by the lower ylelds.
Sturdy was the next highest in protein and was significantly

higher than the remaining varieties. Centurk, Cloud and Gage
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were the lowest in nrotein content, being significantly lower
than the remaining varieties. Zagle had a higher protein content
than did =age.

Gage received the lowest severity ratings while Centurk,
Cloud and Eagle were significantly lower than the ratings rec-
eived by Sturdy, Sage and Tam 101 (Table 37).

There was a startling difference when the burned and un-
burned stubble studies at Sedgwick county were cqmpared. Burning

the stubble increased the yields of all varieties by an ave ige

of 121% (Fig. 20). The average Cephalosporium stripe severisy

rating was reduced from 4.2 to 2,6 by stubble burning (Fig. 20).
while a strictly valid statistical test was not pogsible due to
a lack of randomization of burning, the studies were analyzed

on a combined basis for the burning effect. It 1s obvious that
the practice of burningz the previous crops residue decreased the

severity of the Cephalosporium stripe infection (Fig. 19).

A second type of Cephalosporium stripe study was conducted

in 1976 at the licPherson (#1) county location which included

the effects of N-Serve on the severity of Cephalosporium stripe

infection. Cephalosvporiwm stripe ratings and time of nitrogen

application data from this study are presented in Table 16.

N-Serve effects on Cephalosporium stripe ratings werec studied

at this location. Sturdy received significantly higher ratings
than did Zagle. Eagle outyielded Sturdy by 155% and was superior

due to the greater susceptibility of Sturdy to Cephalosporium

stripe. Spring applications of nitrogen significantly increased
the severity rating when compared to a pre-plant nitrogen app-

lication. However, there was no significant effect on yield when
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Fig. 20. Effects of burning on the severity of Cephalos-
porium stripe infection of winter wheat as indic-
ated by severity ratings and grain yield. (Sed-

gwick Co., 1976).
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when time of nitrocen application was examined. The ilncrease in
the severity ratings with the higher nitrogen rates may have
been due to the luxuriant growth associated with the spring
nitrogen applications.

N-Serve treatments significantly lowered the severity rat-
ings when compared to anhydrous ammonia without N-Serve and cal-
cium nitrate (Fig. 21). Nitrogen rate had no effect on the sev-
erity ratings. Yield and protein data from this study were dis-
cussed earlier with the N-Serve studies and is presented on
Table 16,

The results of the 1977 Cephalosporium stripe studies con-

ducted in Sedgwick county are presented in Tables 39-41. Objec-
tives were similar to the 1976 efforts with the exception of
time of geeding being introduced. Nitrogen rate had no effect

on the yields obtained from the unburned study and only a slight
effect on yields from the burned study. The 34, 67 and 101 kg
N/ha rates were significantly higher in grain ﬁrotein than the
plois receiving no nitrogen (Table Lo).

Nitrogen rate had a significant effect on grain protein in
the unburned area (Table 39). The 101 kg N/ha rate produced sig-
nificantly higher protein contents of the grain than the three
lower rates. The 34 and 67 kg li/ha nitrogen rates were also sig-
nificantly higher in protein than the plots recelving no nitr-
ogen. In the burned study, the plots receiving no nitrogen had
cignificantly lower proteln levels than the plots receiving nit-
rogen. Gage was significantly superior to Fagle in graln yields
on the unburned study (Table 39). Varietal differences were most

apparent in the study which had the burned stubble variable.
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Table 41. MEAN VALUES FOR THE EFFECTS OF N-RATE, VARIETY
AND DATE OF PIANTING ON THE SEVERITY OF CEPH-
ATOSPORIUM STRIPE INFECTION IN WINTER WHEAT.
(Sedgwick Co., 1977)

Yield
bu/A kg/ha % Protein
Unburned Situdy
N-Rate 0 31.2 2097 12.2
34 30.7 2063 12.7
67 28.4 1908 14.1
101 28.8 1935 14.6
NS NS 0.b
15D, 05)
Variety Sturdy 29.2 1962 13:7
— Bagle 28.0 1882 13.6
Gage 32,0 2150 13.7
. NS
LSD(.O5) 3.0 202
Date of Oct. 10 28.5 1915 14.3
Planting Sept. 20 31.0 2083 13.0
NS NS 0.2
LSD(.OS)
Burned Study
N-Rate 0 29.3 1969 12.5
34 313 2103 13.9
67 3h,1 2292 1h.5
101 33.4 224l 14,2
1 8 0.6
ISD(.O5) 3 20
Variety Sturdy 28.2 1895 13.6
Eagle 9. 2 2097 14.¢
Gage 36.7 2466 13.8
2. 181 NS
ISD(,05) 4
Date of Sept. 20 32.3 2171 13.4
Planting Oct. 10 30.7 2063 14.2
NS NS 0.4
ISD(,05)
Burned vs. Unburned
Burned 32.0 2150 13.8
Unburned 29.6 1989 13.6
1.7 114 NS

Laby .68
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Gage produced significantly more grain than both Zagle and Stu-
rdy, while Sturdy produced significantly less grain than Eagle
(Table 40). There were no significant differences in grain pro-
tein in either study.

Later planting (October 10) produced significantly higher
protein contents in the grain than the September 20 planting
date in both studieg due to a dilution effect of slightly higher
vields associated with the September 20 planting date. Planting
date produced no significant differencee in grain yields in
either study, however (Table 41).

Though the differences were not as dramatic as they were in 1976
burning the stubble provided an increase in yield as compared
to not burning the stubble. In 1977, the burned and unburned
studies were interchanged as compared to their location in 1976.
The area burned in 1976 was not burned in 1977, and the area
burned in 1977 was not burned in 1976. Although the disease was
not as severe during the 1977 crop year as in 1976, an increase
of 8% in yield is still substantial (Table 41). Part of the
reason for less severe disease losses may be due to the type of
weather which occured during the flowering and grain filling
period in 1977. Plenty of moisture was available at these times
and the plants were not under a moisture stress during the time
when the disease normally interferes with the water transport
system. Also, there were fewer plants showing the symptoms of
the disease in late April and early lay.

Burning definitely aided in the control of the diseate with
very dramatic varietal differences being apparent. Nitrogen rate

did not seem to enhance the severity of the disease or ease the
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symptome although high nitrogen plants were more vigorous. Nit-
rogen rate responses were recorded under field conditions how-
ever. late plantinzg did not seem to significantly affect the

severity of Cephalosporium stripe in the 1977 crop. Results of

this study indicate that this diseage cannot be fully controlled
by fertilization practices and that the problem may be more in

the area of plant pathology and wheat breeding.

Greenhoucse and Growth Chamber Studies

The results of the field studies prompted several green-
house and growth chamber studies. The results obtained from the
field studics indicated increased phosphorus uptake and plant
growth when ammonium-nitrogen and APP (11-16-0) were applied in
the same so0il retention zone., The resulte also indicated that
N-Serve increased the affects of dual knife applications of nit-
rogen and phosphorus in comparison to ammonium-nitrogen without
N-Serve. It was considered that other anions, éuoh as sulfate,
may also be more efficient when applied in the same retention
zone with the ammonium-nitrogen. In all of the greenhouse and
growth chamber studies conducted, water was not a limiting fac-
tor to maximum plant growth. The phosphorus-nitrogen interaction
wag also examined, by soil analysis, in three of the studies
conducted.

The results of the First greenhouse study are presented in
Table 42, A £ilty loam soil was used in this study (Table 1).
Anhydrous ammonia with N=Serve significantly increased the con-
centration of phosphorus in the first tissue samples when com-

pared to anhydrous ammonia alone. This trend continued for the
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second sampling date. The concentration of nitrogen in the leaf
tissuc wags also increcased with the addition of N-Serve on the
cecond leaf tissue samples. In addition, anhydrous ammonia with
-Serve also produced significantly larger dry weights than an-
hydrous ammonia for the second tissue harvest date,

Nitrogen rate influenced the amount of nitrogen found in
the leaf tiesue in the first samples taken. The 60 and 90 ppm
nitrogen rates produced significantly higher nitrogen concen-
trations in the leaf tissue in comparisons made to the 30 ppm
nitrogen rate. All other comparisons of plant growth and compo-
sition to nitrogen rate were non-significant for both gamnling
dates.

Comparisons between nitrogen (N), nitrogen-phosphorus (NP)
and nitrocen-phosphorus-sulfur (NPS) applications were also tes-
ted. MNost of the nitrogen was applied as anhydrous ammonia. The
N treatment alone was gignificantly inferior to both the P and
NPS treatments in producing higher phosphorus concentrationg in
the plant tissue for both harvest dates. The NPS treatment res-
ulted in significantly higher dry matter harvest weights than
both the N and NP treatments for the second harvest date. The
NP treatments produced significantly more dry matter than the
N treatment alone. All other comparisons in the study resulted
in non-significant differences.

The second study provided some very interesting data.
Tables 43-45 present the results obtained in this growth cham-
ber study. A complete description and analysis of the sandy soil
used in this study can be found in Table 1. N-Serve produced no

significant effects on plant composition or soil analysis com-
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parisons,

Applied nitrogen rate increased the nitrogen concentrations
in the leaf tissue as the rate of applied nitrogen was increased
for each increment of 30 ppm., In the first samples, each incr-
ease of 30 ppm nitrogen in the application rate produced a sig-
nificant increase in nitrogen concentrations in the leaf tissue
material, For the second sampling date, a significant response
to nitrogen rate occured only as the rate of nitrogen applied
went above €0 ppm.

Phosphorus concentrations in the plant tissue were signif-
icantly greater at the 90 ppm nitrogen rate for the first har-
vest samples than either the 30 or 60 ppm nitrogen rate. Phos-
phorus concentration responses to nitrogen were non-significant
for the seccond harvest date. Potassium concentrations in the
leaf tissue from the first date were significantly lower when
the nitrogen was increased from 30 to 60 ppm. No significant
diTference in potassium concentration existed between the 60 and
90 ppm nitrogen treatments. No significant potassium responses
to nitrogen application rate was noted for the second sampling
harvest date.

Nitrogen application rate significantly affected the amount
of ammonium ions present in the soil at the conclusion of the
study (Panles 44-45), There were more ammonium ions present in
the soil from the 60 and 90 ppm nitrogen rates than for the 30
ppm rate. Figure 22 shows that the O and 30 ppm nitrogen applic-
ation rates were becoming deficient in nitrogen by the time the
first leaf tissue harvest was conducted. There were ecsentially

no difference in the nitrate ion concentrations in the soil ac-
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Fig. 22.

Effects of nitrogen rate, phosphorus and sulfur

on the growth of winter wheat under growth chamber
conditions. Top, 30, 60 and 90 ppm nitrogen; Cen-
ter, 30, 60 and 90 ppm nitrogen and 40 ppm phos-
phorus; Bottom, 30, 60 and 90 ppm nitrogen, 40 ppm
phosphorus and 20 ppm sulfur. (Fall 1976, growth

chamber study).
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roes all nitrogen application rates at the end of the study. The
dry weight of the second tissue harvest material was gignifie~
antly greater with each successive 30 ppm nitrogen increase in
the nitrogen rate at the first harvest date.

The effects of M, NP and NPS applications in the growth
chamber study were very interesting. The nitrogen concentrations
in the leaf tigsue from the I treatments alone were signific-
antly higher than thosce found in the HPS treated_pots for the
first harveet date (Table 45). The same sort of effect occured
in the gecond harvest samples. The nitrogen levels of both the
N and NP treated samples were significantly higher than t.ose
of the NPS treatment. This was simply a dilution effect that
occured because of differences in dry weight production. KPS
applications resulted in a highly significant increase in dry
weights when compared to the N and NP treatments. Table L6 pre-
sente the data for the amounts of nutrients absorbed per pot for
this study. Figure 23 demonstrates how the concentration of nit-
rogen in the leaf tissue compared to the total uptake of nit-
rogen per pot.

Phosphorus concentrations in the harvested leaf tissue were
dramatically influenced by N, NP and NPS treatments. The I'F app-
lications significantly increased the phosphorus concentrations
in the leaf tissue as compared to N or NPS applications at both
sampling dates. Nitrogen alone produced significantly higher
leaf tissue phosphorus concentrations than the NPS application
at the second harvest date. This agailn was a dilution effect.
Figure 24 indicates how the concentration of phosphorus preegent

in the tissue compared to the actual uptake of phosphorus from
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Fig. 23. Effects of N, P and S on the nitrogen concentration
in the leaf tissue and total nitrogen uptake by
winter wheat plants. {(Fall 1976, growth chamber

study).



150

CONTROL

6

DEC.

100.0

75. 0

50. 01

ANHLdN N 3W

CONTROL

N D

ool

.....

R ©
AN

.0-0-0_—0_-0-0-0.-0»0-0_-‘po»o-o-fo»o-o-o-o-o»o_-o-0-0-0-0-0-0»0;0;0»0-0_- NSO
IR TR R IO RS K K K N

"onouononouo”ouono"ououououcuononououou

KOS9S

o =) o o

o o o o o

= ™ o . o
NI9DHLIN LN3JH3d



151



Fig. 24. Effects of N, P and S on the phosphorus concen-
trations in the leaf tissue and total phosphorus
uptake by winter wheat plants. (Fall 1976, growth

chamber study).
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each pot. Even though there was less vegetative growth in the
pots receiving the HP treatments as compared to the NP% anplic-
ation, essentially the same amount of phosphorus was taken up
by the plants of both treztments. This was not true for potas-
sium and lends suport to the theory of a nitrogen-phosphorus in-
teraction when both nutrients are placed in the same soll reten-
tion zone.

Potassium concentrations in the leaf samples for both san-
pling dates followed the same trende as nitrogen. Both N and IP
applications resulted in higher potassium concentrations in the
leaf tissue than the NPS treatment for both harvests. Figure 25
showe how the dilution effect inverts this relationship since
higher potassium uptake occurred with the greater plant growth
from the NP3 treatments.

Another surprising result of this study was the signific-
antly higher ammonium lon concentration in the NP treatments
when compared to N and NPS applications (Table 45). It would
seem logical to expect the same ammonium ion concentrations in
the N and NP application treatments at the end of the study be-
cause essentially the same amount of nitrogen was taken up by
the plants of both treatments. Apparently the nitrogen from the
N application had migrated away from the initial point of app-
lication while the NP nitrogen had not. This point also lends
strength to the notion of the existence of a nitrogen-phos-
phorus recaction in the soil retention zone. Figure 26 shows the
significant increase in dry matter production of the NPS app-
lication in comparison to the N and NP treatments with and with-

out the inclusion of N-Serve.
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Fig. 25. Effects of N, P and S on the potassium concentra-
tione in the leaf tissue and total potassium
uptake by winter wheat plants. (Fall 1976, growth

chamber study).
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Fig. 26. Effects of nitrogen, phosphorus, sulfur and N-Serve
on the growth of winter wheat under growth chamber

conditions. (Fall 1976, growth chamber study).
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Tables 47 and 48 shows the results of the third greenhouse
study. Nitrogen concentrations in the plant tissue of both har-
vest dates were significantly increased by the use of anhydrous
ammonia. N-Serve did not affect tissue nitrogen concentrations
for either date. Anhydrous ammonia with N-Serve significantly
increzsed the phosphorus concentrations of the tissue from the
second harvest when compared to no nitrogen and anhydrous amm-
onia without N-Serve., Anhydrous ammonia significantly increased
the tigcue phosphorus concentrations as compared to no nitrogen
but had no effects on potassium concentrations of either samp-
ling date material.

Both knifed and broadcast applications of phosphorus res-
ulted in higher nitrogen concentrations in the tissue of the
second harvect date in comparison to an application of no phos-
phorus. Broadcast and knifed applications of phosphorus resulted
in higher phosphorus concentrations in both harvest date tissue
samples when compared to a 0 phosphorus application rate. Phos-
phorus broadcast applications resulted in higher tissue phos-
phorus concentrations in comparison to knifed applications. This
presumably was due to the large mass of roots produced in both
treatments being confined to the small volume of the pots. Wheat
crowns were used for this study and quickly became "root bound"
in the npots. This mass of roots enabled the plants to absorb the
broadcast phosphorus from the entire soil volume very quickly
while the plants receiving knifed applications were absorbing
phosphorus with relatively fewer roots. In similar studies, it
would be adviseable to use a larger soll mass.

A significant decrease in the potassium concentrations of
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the first harvest leaf tissue material resulted when phosphorus
was applied by both methods as compared to no phosphorus. Thie
was attributed to a dilution effect caused by more plant growth
with the phosphorus applications. There were no significant dif-
ferences in the potassium concentrations found in the second
leaf tissue samplings.

Figure 27 demonstrates the trend in the ammonium concentr-
ationg in soil resulting from two application methods and nut-
rient sources used in this study. The general dovnward trend of
the ammonium ion concentrations with time was due to the outward
diffusion of the ammonium ions away from the point of initial
application. It is interesting to note how high the ammonium
levels are when anhydrous ammonia is knifed with APP as compared
to broadcast APP applications. There did seem to be a trend of
N-Serve inhibiting the nitrification of the ammonium nitrogen
applied. With the passage of time, the nitrate lon concentration
declined or remained constant in the N-Serve treatments, while
they decreased with time when N-Serve was not added.

The data from the fourth greenhouse study are presented in
Table 49, The trend for all treatments in this study was a dec-
rease in the ammonium ioi concentrations while the nitrate ion
levels increased. Tre knifed ammonia-phosphorus applications
resulted in higher ammonium ion concentrations at each sampling
than the knifed amnonia-broadcast phosphorus treatments. Figure
28 shows the different application method combinations of ATP
used in thig study and the ammonium ion concentration remaining
in the retention zone at the various time intervals.

N-Serve tended to increase the amount of ammonium lons rem-
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aining in the original application zone and lowered the amount
of nitrate ions detected in comparison to anhydrous ammonia
without N-Serve. (Fig. 29).

The results of this study indicate that orthophosphoric
acid solutions as well as APF have gome type of effect on amm-
onium ions that seems to retain the nitrogen in the ammonium ion
form when simultaneously knifed into the same soil location. All
of the greenhouse studies indicate that more work ig warranted
in the area of nitrogen-phosphorus applications.

The hydrolysis products of ammonium pyrophosphate, a major
congtituent of APP, may be altered by the presence of large con-
centrations of ammonium lons in the vicinity of APP. In calcar-
eous soils, the main product of this hydrolysis may be calcium-
ammonium oyrophosphate, an ingoluble compound. By applying large
amounts of amronium ions in the soil zone of the APP, this hyd-
rolysis may be slowsd or changed altogether. This same type of
reaction may also occur in soils containing free iron or alum-
inum in the s0il system. This might be true in low pH soils. In
these type of soils, insoluble iron or aluminum phosphate com-
pounds may result from the hydrolysis of ammonium pyrophosphate,

N-Serve may contribute to this effect by prolonging the
time that the phosphate is in cotact with ammonium ions. Lore
research into the possible effects of dual knifing anhydrous
ammonia and APP fertilizers is needed to determine the reaction

producte in all types of soil systems (Murphy, 1977).
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Fig. 29. Effects of N-Serve on the nitrate and ammonium
nitrogen concentrations in the soil following a
knifed anhydrous ammonia application. (Summer

1977, greenhouse study).
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SULLARY AND CONCLUSIONS

The nitrification inhibitor N-ferve did not affect yield,
protein content or nutrient concentrations of the leaf tissue
of winter wheat. Although it did result in an inhibition of nit-
rification, there did not seem to be any agronomic advantage in
keeping the nitregen in the ammonium form under the climatic
conditions studied. Because of the relatively low rainfall in
most sections of Kansas, conditions necessary for nitrogen lossg
by leaching or denitrification are not present in the ma jority
of years. This was true of sandy soils also, a condi tion where
leaching might be expected. It was also true in the heavy tex-
tured soils of southeast Kansas which are underlayed with a rel-
atively impenetrable hard pan layer just under the soil surface,
a logical place for denitrification.

Applied nitrogen did affect the yield, protein content and
nitrogen concentrations of winter wheat leaf tissue. Generally
all of these components tended to increase with increasing rates
of nitrogen through a rate of 101 kg N/ha.

Control of Cephalosporium stripe infection of winter wheat

was not determined to be dirsctly related to fertilization prac-
tices. However, a relationship that may exist is a decline in
severity of the effects of the disease with adequate nitrogen
application rates. N-Serve, when used with ammoniacal fertil-
izers slightly reduced the severity of the disease by furnishing
more amronium nitrogen instead of nitrate nitrogen to the plant.
Nitrogen rate affected the severity of yleld decreases due to

Cephalosporium stripe by producing a healthy, more vigorous
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plant which partially overcame the effects of the disease.
By far the most promising cultural practice studied in the

control of Cephalosporium stripe was varietal selection and bur-

ning of the previous crop residue. Stubble burning may not be
recommended every year, but is a short term control measure that
may be used, “he gelection of varieties that are better able to

withstand the sirces of Cerhalogpnorium stripe infection seems

to be a logical step in the reduction of yield losses due to

Cephalosvnorium stripe, Tam 101 and Sturdy seemed to be partic-

ulary susceptible to Cephzlosnorium stripe infection. While they

were not found to be entirely resistant to Cephalosporium stripe

Centurlk, Gage, Sage and Eagle were not as susceptible as were
the other varieties tested.

Fertilization efficiency in general was more affected by a
nitrogen-phosphorus placement interaction. Studies of dual nit-
rogen-phosphorug applications have served the purpose of pro-
viding bvackground information for future efforts. Trends from
these ctudies cannot be overlooked. A dual knifed application
of anhydrous ammonia and APP was generally superior to separate
nitrogen and phosghorus applications that separated the nutrient
cources in the soil. Yields and nrotein content were increased
by knifing the nitrogen and phosphorus into a small, single ret-
ention zone. Using N-Serve to delay the nitrification of ammon-
jum to nitrate produced generally higher phosphorus adsoption
and higher yields.

Growth chamber and greenhouse work suggests the same effect
of N-Serve may result with the use of orthophosphoric acid sol-

utions. Migh concentrations of ammonium for extended periods of
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are suspected of modifying phosphorus fixation in calcareous
soils. The same may be true in lower pH soils containing free
iron or aluminum. liore research in this area is needed in the

future.
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Several types of studies were conducted in 1976 and 1977
to evaluate the effectiveness of the nitrification inhibitor
N-Serve in regard to its effects on yield, protein, tissue com-

position and the incidence and severity of Cephalosporium stripe

infection in winter wheat. Nitrogen carriers utilized were an-
hydrous ammonia, urea, urea-ammonium nitrate solution (UAN sol-
ution) and calcium nitrate. Nitrogen rates used were 34, 67 and
101 kg N/ha, applied pre-plant or as a late winter topdress.
N-Serve was applied at a constant rate of 0.56 kg active ingred-
ient per 101 kg of applied nitrogen.

Generally there were no visual responses assocliated with
the use of N-Serve during either the vegetative or reproductive
stages of the wheat growth. No responses of grain yield was
observed by the inclusion of N-Serve during elther year. Like~
wise, protein content of the grain was not responsive to the
addition of N-Serve to the fertilizer materials.

Tissue composition responses to N-Serve wére generally
small, with N-Serve neither consistently increasing or decreas-
ing nitrogen, phosphorus or potassium concentrations of the
leaf tissue. This trend held true for all samplings made throu-
ghout the spring growth period of the wheat crop.

Increasing nitrogen rates usually resulted in increased
grain yield, protein levels and nutrient concentrations of the
leaf tissue. Dual knifed applications of ammoniacal fertilizers
with ammonium polyphosphate (APP) normally increased grain
yields and leaf tissue phosphorus concentrations.

The addition of N-Serve to the nitrogen source enhanced

this effect and tended to further increase grain yields and



tissue phosphorus concentrations. This effect was very apparent
when dual knifed applications of nitrogen and phosphorus were
compared to application methods that seperated the two nutrient
sources.

N-Serve did significantly reduce the visual symptoms ass-

ociated with Cephalosgsporium stripe infection of winter wheat.

This reduction in the visual symptoms did not result in higher
grain yields when comparisons of anhydrous ammonia and anhydrous

ammonia with N-Serve were made. There were very pronounced var-

ietal differences in respect to the severity of Cephalosporium
stripe of winter wheat. Sturdy and Tam 101 were severely aff-

ected by Cephalosporium stripe infection while Centurk, Gage

and Sage exhibited more resistance to the disease.
Burning of the previous crop residue resulted in the lar-
gest increase in yield as a control measure used in the reduction

of Cephalosporium stripe infection. Increases in yield due to

burning the previous crop stubble averaged 121% in 1976, Incr-
easing nitrogen rates seemed to enhance the severity of the vis-
ual symptoms but s£till produced a positive response in grain
yield. Planting date did not affect either the severity of the
disease or the grain ylelds obtained from the infected wheat
crop. There was also an indication that the use of N-Serve to
provide the wheat plant more ammonium-nitrogen may also reduce

the severity of Cephalosporium stripe.




