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INTRODUCTION

Today's farmer is contimually being faced with the problem of rising
production costs. His expenses could be reduced to some extent by combin=-
ing fexrtilization and tillage operations, By combining the two operations,
one trip over the field would at least be eliminated,

With the present fertilizer technology, anhydrous ammonia (NH3) is the
cheapest nitrogen carrier available for use in crop production. As a re-
sult, tillage implement adaptation for the application of anhydrous ammonia
is becoming more common in the Plains States. The most common tillage im=-
plements used in Kansas for the incorporation of ammonia have been the
undercutting blade and the chisel plow.

However, in addition to N, phosphorus must also be included in the fer-
tility program to achieve maximum crop yields in the eastern half of Kansas.
It would be beneficial if 2 P source could be incorporated at the same time
uginz the tillage implements employed for the application of anhydrous
armonice 4 liquid P source such as ammonium polyphosphate (APP) would be
ideal because of its higher analysis and lower production costs (Huffman
and Hewman, 1970). If the simmltaneous application of N and P were feasible
it would be possible to apply an entire preplant fertilization program for
wheat and row crops on high X soils through the use of tillage implements.

tnother primary consideration in evaluating the simultaneous applica=-
tion of ammonia and APP is the effect P might have on soil nitrification,
The arronomic significance of their dual application in the nitrifying pro-
cezg is not kmowm.

A third factor in the evaluation of tillage implement applications of

.l and P is the effect of depth of placement of these materials in relation



to plant mutrient uptake. Surface applications of N and P which are ine
corporated only slightly into the soil could remain in an area of low
available soil moisture and efficiency of absorption by plants could suffer
from positional unavailability. The same nutrients placed at depths of 10
to 20 cnm by the blade or chimel applicators would be less subject to mois=-
ture stress conditions,

In order to obtain an agronomic evaluation of tillage implement appli-
cation of W and P, field studies were initiated to determine the following
information: (1) The response of wheat and grain sorghum from the simul-
taneous application of anhydrous ammonia and liquid APP with an undercutting
blade and with a chisel plow in comparison to a surface application of
liquid urea-ammonium nitrate (UAN) and liquid APP; (2) The relative nutrient
availability of N and P in relation to depth of placement from the three
methods of application; and (3) The effect of anhydrous ammonia and liquid

APP on the nitrification process.



LITERATURE REVIEW
Agroncmic Considerations of Polyvhosphates

The ammoniation of superphosphoric acid in the production of liquid
and solid APP has resulted in their widespread use in the fertilizer indus-
try., Higher analysis, higher water solubility, and lower costs of produce
tion, handling and transportation are the reasons attributed to the growth
of APP (Huffman and Newman, 1970). The structure of polyphosphate mole=~
cules consist of condensed orthophosphate units linked together forming
polymers of variable length. Normally, polyrhosphate (poly-P) fertilizers
contain about half of their P in the pyrophosphate (pyro-P) form and about
half in the oxrthophosphate (ortho-P) form,

The effectiveness of poly-F as fertilizers depends upon the following
cheracteristics; mnutrient value, rate of hydrolysis, and chemical reactions
with soil components.

Mutrient Value. Polyphosphates have been tested extensively in the field

and greenhouse under a variety of soil conditions during the past ten years.
Dobson, Wells, and Fisher (1970) compared ammonium orthophosphate (40P) and
APP as P sources for corn on an acid bottomland and an upland soil, Three
years' field data indicated there was no perceptible difference between the
tWo sources.

Ganiron et al. (1969) found that in a growth chamber experiment, mono-
ammonium phosphate (MAP) was slightly more effective than APP in providing
P for corn production on an acid soil (pH 5.7).

In a greenhouse study Stroehlein, Sabet, and Clementz (1968) compared
APP and AQOP with successive crops grown on four calcareous soils. Barley,

the first c&op, responded to P with AOP superior to APP. However, leai P



content was greater when the P source was APP as compared to AOP. With
tomatoes, the second crop, APP was significantly better than AOP.

Lathwell, Cope, and Webb (1960) reported that similar results were obe
‘fained with several crops in fleld trials on acid soils in Alabama, Georgia,
Misgissippi, Wew York, and North Carclina when liquid and solid sources of
APP and ACOP were compared.

In studying the response from surface applied fertilizers, Terman and
Hunt (1964) found that APP was only slightly less effective than FAP at pH
levels of 7.5 and 8.2, The reason for APP performing nearly as well as VAP
under calcareous conditions was explained as a reaction of ammonium pyro=

phosphate with CaC0, or other forms of soil Ca to form.Ca(NH4)2P207'H20, a

3
reaction product found by lehr, Englestad, and Brown (1964) to be a suitable
source of N and P. However, in another field study Terman and Englestad
(1966) reported that APP in both solid and liquid forms was usually equal

or slightly superior to MAP for early growth response of cotton grown on an
alkaline soil in Mississippi and for corn grown on a slightly acid soil in
Iowa.

Adriano and Murphy (1970) found that with irrigated corn grown on
slightly acid soil in Kansas the order of increasing I uptake among P car-
riers was rated MAP = APP > triple superphosphate (TSP) based on the P con-
centrations at the 8-leaf sampling stage. In another study of poly~P in
¥angas, (B, B. Webb, 1970, Field and growth chamber comparisons of ortho-
and polyvhosphates. Ph,D. Thesis, Kansas State University, Manhattan,)
the abilities of APP and FMAP to provide P for corn and grain sorghum under
both irrigated and dryland conditions were apparently equal.

Iydrolysis. Gilliam and Sample (1968) listed seven factors known to affect

the rate of hydrolysis of poly~P in decreasing order of importance: temper-



ature, pH, enzymes, presence of colleidal gels, complexing cations, phosphate
concentration, and ionic envircnment in the solution. MNMost studies have

confirmed that hydrolysis of poly~P in a soil system is a biological pro-

Sutton, Gunary, and Larsen (1966) showed that the value of pyro-P as
an immediate source of P for barley plants was largely dependent on its rate
of hydrolysis to ortho~P, the preferred form of P for plant use, In a2 simi=-
lar study, Sutton and Larsen {1964) showed that the half-life time for pyro-
P hydrolysis varied from 4 to 100 days, but 78% of this variation could be
explained in terms of biological activity and pH of the soil. Their studies
revealed thet ortho~F wvag more effective for plant utilization than poly-P
when applied to acid soils of low biological activity, but no differences
in effectiveness could be measured between the two sources on neutral scil
with & high biological activity.

Blanchar and Hossner (1969a) studied the hydrolysis of ortho=, pyro=-,
tripoly-, and trimetaphosphate in 32 midwestern soils and concluded that the
rate of hydrolvsis for a2ll materials was rapid enough in 14 days that it
would not limit P availability to plants.

Miner and Kamprath (1971) studied the hydrolysis of liguid poly~F from
a banded application. Hydrolysis was lowest in the band position where the
concentration of condensed phosphate was highest. With increasing lateral
distance from the band, a greater proportion of the condensed P was hydrolyzed.
They postulated that the increased hydrolysis with increasing lateral dis-
tance from the band position could be due to the mechanisms by which the
condensed P anions were held,

laboratory investigations by Murphy et al. (1968) looked into the possi-

bility of the intact poly-P molecule being taken up by corn plants. No poly=-P



was detected by chromatographic techniques, However, some studies have
shown that limited amounts of pyro-F can be taken up directly by the plant
(Sutton and larsen, 19643 Gilliam and Sample, 1968).

Inglestad and Allen (1971b) found triammonium pyro-P to be less effec-
tive than MAP when both were recently added as sources of P for corn grown
in cool soil (16C), No difference in effectiveness was noted between these
sources when recently applied to warm soil (240). They concluded, as did
Sutton et al, (1966), that the soil temperature affected the biological pro-
cess of hydrolysis.

Phosvhatase is the enzyme that is involved in the hydrolysis of poly-F.
Gilliam (1970) found that roots of P-deficient wheat, corm, and barley all
rapidly hydrolyzed the pyro-P in nuirient solutions to ortho-F. A check of
identical solutions containing no roots showed that less than 185 of the
pyro-? was hydrolyzed during the same 24-houxr period, Further studies re=-
vealed that this increased hydrolysis was caused by phosphatase present on
externz] portions of the roots, and this activity was greater in P~deficient
roots than in non~deficient roots.

Taing Téxas goils of varying chemical and mineralogical composition,
Hogssner and Melton (1970) observed that during the hydrolysis of pyro-P, 2
rather stable fraction which amounted to 10-207 of the applied pyro-P tended
to persist in the soil. They felt that this fraction consisted of relatively
non-hydrolyzable pyro~P compounds. Gilliam and Sample (1968) observed essen-
tially the same behavior, However, liiner and Xamprath (1971) observed that
the residual effectiveness of poly-P was similar to that of superphosphate.

when soils are flooded, as in the production of lowland rice, immediate
changes in physical, chemical, and microbiological processes occur. Racz

and Savant (1972) showed that the initial rate of pyro-F hydrolysis vas



rapid and approximately the same for both flooded soil and soil maintained
at field capacity. However, after about 3 days of incubation, flooded soil
hydrolyzed pyro=P at a relatively greater rate than did soil maintained at
field capacity. They concluded this difference to be due to an increase

in pyro-P activity in the flooded soil. Hossner and Phillips (1971) also
noted a greater rate of hydrolysis of pyro=~P in flooded soils versus soil
maintained at 1/3 atm moisture, They, however, suggested that low redox
potentials in flooded soils increased hydrolysis by a lowering of the acti-
vation energy for pyro-P hydrolysis.

Reaction with Soil Minerals. The reaction of ortho~P with soil minerals is

quite rapid, and water=soluble phosphaltes are converted to relatively insol~
uble compounds within a few hours vhen they are placed in the seoil. Recent
studies have shown that the chemical reactions of poly-P with clay minerals
differ significantly from those of ortho-P and yield different reaction
rroducts.

Philen and Lehr (1967) found that the reactiéns of ammonium pyro- and
tripolyvhosphates were much less reactive with clay minerals and hydrous
oxides of irén and aluminum than ortho-P, The only solid reaction products
of the condensed phosphates were magnesium and calcium salts. No solid iron
or aluminum compounds were formed because the iron and aluminum that was
released by the minerals were sequestered by the condensed phosphates and
remained in solution even after considerable hydrolysis of the condensed
thosphate to ortho=P, The ability of poly~P to prevent the precipitation
of ortho=P is an interesting property.

The marked difference between the reactions of poly=P and ortho-P with
soil minerals prompted the idea that mobility of the poly-P might be a fac=-

tor in their value as fertilizers (Huffman and Hewman, 1970). However, it



has been shown that ortho=P and poly~F were immcbilized by the soil minerals
to about the same extent and differences between the two forms disappeared
as hydrolysis and immobilization proceeded, (Hughes and Hashimoto, 1971
Hashimoto and Lehr, 1973). In some soils, the total movement of pyro-F was
less than that of ortho-~P (Gunary, 1966; B, C, Sample, 1967, Movement of
phosphorus from oxrtho- and pyrophosphates in soils, Agron, Abst., p 84).
Several researchers (Blanchar and Hossner, 1969b; Hashimoto et al.,, 1969;
Sutton and Larsen, 1964), reported higher absorption capacities for pyro-P -
than for ortho-P,

Hashimoto, Hughes, and Philen {1969) found that iron oxide possesses
certain catalytic activity in pyro~P hydrolysis in sterilized soils and
subsoils where microbiological activity becomes less important. Similax
reports by Juo and Faduakor (1973) showed that subsoils of tropical origin
had slower rates of pyro=-P hydrolysis when the total free iron oxide content

was low,.

Effect of N on P Uptake

Many studies have been conducted that show N particularly the ammonium=-
0 form, has a stimulating effect on P uptake. Investigators generally re-
late the influence of N on P absorption to three factors: (1) morphological,

(2) chemical, (3) physiological, or a combination of these three (Grunes,

1959).

Morphological, Increased root growth in the vicinity of banded N plus P,

as compared to P alone, has been observed as one of the mechanisms respon=-
sivle for increased uptake. Miller and Ohlrogme (1956) studied the P uptake

on corn when ammonium-sulfate (AS) was banded with P in the soil. They

felt that banding N with P increased the development of a larger root mass



vhich accounted for an increased absorption of P,

Duncan and Ohlrogge (1958) observed increased root proliferaftion in
corn vhen AS and P were banded together, and the uptake of P was closely
correlated with root development and volume of fertilized soil. The pres=
ence of banded N above or below the P band, but separated from it by enough
soil to prevent mixture by diffusion, had little effect on root development.

In greenhouse experiments, Miller (1965) found that the addition of
AS to a P band increased the absorption of P by a single corn root. How-
ever, his results showed that although increased root growth may result
from the addition of N, it is not a prerequisite for increased P absorption.
Chemical., Mamaril and Miller (1970) studied the effect of varying levels
of ammonium-N on P uptalke using a soil of pH 7.4, They found that P absorp-
tion increased with increasing rates of N and suggested that ammonium=-N has
a chemical effect on increaging the P availability of monocalcium phosphate
(1cP). However, Blanchar and Caldwell (1966) examined the chemical effect
of banding AS and ICP together, and found that ammonium=-N did not change
the availability of P in the soil.

The chemical relationship between N and P has also been attributed to
be a cation-anion balance effect. Using nutrient solutions, Blair, Miller,
and lMitchell (1970) recorded higher levels of phosphorus and sulfur in coxn
plants grown in ammonium~N treatments and higher calcium and magnesium in
the nitrate-l treatments. They suggested a companion effect of the ammon-
ium=} ion on P uptake,

The relative absorption of cations and anions has been showm to affect
the vH of the soil-root interface. In a growth chamber study, Riley and
Barber (1971) used soil that ranged in pH from 5.2 to 7.8 and found that

fertilization of soybeans with ammonium~N decreased the pH of the rhizocyl-
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inder (root plus strongly adhering soil) while fertilization with nitrate=N
increased rhizocylinder pH. The ammonium=fertilized soybeans absorbed more
P at all »H levels, and they concluded that the decreased pH of the rhizo-

cylinder increased the P availability of the soil.

In a greenhouse study, Blair, Mamaril, and Miller (1971) found that
the application of AS with IMCP increased the P uptake of corn when compared
to MCP alone on soils of nH 8.2, 7.4, and 5.5. Ho difference was measured
on a gsoil of pH 4.2, They concluded that the increased P uvtake was due to
changes in the pH of the soil-root interface which resulted in a larger

ratio at the root surface of the alkaline and neutral soils.

4

The higher proportion of P in the H2PO4' form increases P absorption because

H2P04'/HP0
it is absorbed by plants to a greater extent than HP04".

Miller, Mamril, and Blair (1970) observed a P precipitate on the sur-
face of roots grown in a lCP treatment, but not in the MCP + AS, The pH of
the soil=root interface was 0.6 units lower in the MCP + AS than in the }MCP
treatment. The& believed that the reduction in pH at the soil-root inter-
face wag due to H+ exchanged from within the root for NH4+ iong in the seil.
The higher ratio of the H2P04_/HPO4-- ions at the lower pH was thought to be
responsible for the prevention of the precipitation and the increased ab-
gorption of P in the presence of ammonium-N,

Physiolozical. The cause of increased P absorption is increasingly attri-

buted to an effect of I on the physiological processes that control the
abgoxrption of P. In a growth chamber study with barley, Grunes, Viets, and
Shih (1958) suggested a mechanism whereby N causes an increased need for P
absorption when they are banded together. Bennett, Pesek, and Hanway (1962)
implied a similar physiological role.

ingelstand and Allen (1971a) studied the effect of form and proximity
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of zdded N on P uptake., They found that ammonium-N had a stimilatory effect
on P uptake and concluded that the effect of N is to enhance metabolic
activity and in turn P upteke,

Thein and McFee (1970) hypothesized that the form of N is insignificant,
but that a metabolite of W is responsible for the efficiency of P abscrption
and translocation., Using corm plants that were pretreated with N solutioms,
they demonstrated the need for N to be inside the rooi to stimulate P uptake
and translocation rather than upon a companion effect from N outside the
root,

In a similar study, Cole et al, (1963) reported that increased concen=-
trations of W in corn plants established by N pretreatment inereased the
absorvtion of P during a 2-hour period., The presence of ammonium-N or nitrate-
¥ in the solution during the 2«hour absorption period did not influence the
P aboorption rate. They theorized that a stimilation in the metabolic sys-
tem ol %the plant resulted in a greater turnover of IIADH and ATP coupled to
P uptake reactions.

Leonce and Miller (1966) suggested that ammonium-N ion had a specific
influence on the transfer of P across the root to the xylem. In their
studies, ammonium=} plus P was shown to give increased P concentrations in
corn tops when compared to nitrate=N plus P or P alone.

0Olson and Dreier (1956) also suggested a physiological role of N stime
ulation on P uptake. However, they stated that such stimulation of P uptake
would be of practical importance only where the crop is fertilized at low
rates.

Anhydrous Ammonia as a N Carriexr

Anhydrous ammonia is unique among N fertilizers in that it changes from
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a liguid to a gas immediately after application., Therefore, it is important
to consider the following factors: mechanism of retention, factors effect-
ing retention, and effect on soil properties,

Mechanism of Retention., The mechanisms involved in the retention of ammonia

have been proposed to be chemical or physical in nature. In acidic soils,
ammonia reacts with hydrogen ions to form the ammonium ion that is chemically
adsorbed by the clay minerals. Under alkaline conditions, ammonia is chem=-
ically adsorbed by soil organic matter to a greater extgnt due to its reac-
tion with the carboxyl, phencl, aldehyde, ketone, and alcohol groups (Parr,
1969). Ammonia may also be physically adsorbed by clay minerals and probably
by organic components thru a2 weak bonding known as van der Waals force (1lort=
land, 1955).

Armonium ions can also be retained through the process of fixation with
the organic matter and clay mineral content of the soil, Burge and Broadbent
(1961) found that the ammonia fixation in organic scils was linearly corre-
lated with percent carbon. Sohn and Peech (1958) concluded that soils with
the greatest capacity to adsorb ammonia generally fixed the greatesi amounts
because the interlayer fixation of ammonium~N by clay minerals should increase
with an inecreasing degree of saturation of thé clay with ammonium ions,., The
availability of fixed ammonia to plants appears to be low,

Tactors Effectinz Retention., Retention and distribution of ammonia in soils

are affected by many factors, but the main factors relate to soil moisture,
soil texture, cation exchange capacity (CEC), and method of application.
Soil moisture content apparently affects the retention of ammonia, the
distribution of ammonia, and also the mechanism of retention, Blue and Eno
(1954) showed that the size of the initial zone of ammonia retention follow=-

ing field application decreased with increasing soil moisture content. A
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drier soil evidently allows more freedom of movement from the initial re-
tention zone.

Stanley and Smith (1956) stated that ammonia losses can occur on very
wet solls because of the upward movement and evaporation of water, Like=
wise, Parr and lingibous (1967) disclosed that under conditions of excessive
moisture, rapid and complete closure of the injection channel may not occur
and direct loss of gaseous ammonia to the atmosphere is possible.

Parr and Papendick (1966) found that with increasing moisture content,
soils have a greater initial capacity to retain ammonia because of the sol=~
vent action of water for ammonia. However, they observed more ammonia was
uwltimately retained by the air-dry and oven=dry soils than by the meist sys=-
tems, which suggests a possible competitive interaction between NH3 and
water for retentlion sites.

James and Harward (1964) confirmed this mutual competition effect and

found that water and FH, will compete with each other for adsorption sites

2
on clay minerals when the moisture econtent is low, Brown and Bartholomew
(1965) arrived at similar conclusions relative to water~NH5 competition.

MeDowell and Smith (1958) reported that soil texture had a pronounced
effect on ammonia movement and retention following the application of anhy-
drous ammonia, Losses of ammonia were greatest from sands and least from
finer-textured soils. Blue and Eno (1954) found that the Coastal Plain
sandy soils lost appreciable ammonia upon application of anhydrous ammonia
in the laboratory, Stanley and Smith (1956) also observed that the loss of
ammonia wag greater from sand than from silt loam and clay soils.

It is generally recognized that a soil with a high C2C is able to hold

a larger quantity of ammonia as compared to a soil of low CEC, however,

ammenia retention may not necessarily be highly correlated with CEC. Stanley
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and Smith (1956) compared the loss of ammonia on sandy, silt loam, and clay
soils that had CEC of 4.1, 14.5, and 32,0, respectively. The higher loss

of ammonia wag directly correlated with the lower CEC. Mortland (1955)
studied the adsorption of ammonia on various adsorbants and found it directly
related to CEC,

In relation to the methods of application, the distribution and loss
of ammonia are affected by rates of application, spacing between points of
release, and depth of application, Even though ammonia losses have been
detected, all textures of soils can hold far more ammonia than crops require
for maximum production {Parr and Engibous, 1967).

Swart, Morphy, and Swallow (1971) used an undercutting blade to study
the retention and distribution patterns of anhydrous ammonia in representa=
tive Kansas soils. Ammonia retention was excellent when applied at a depth
of 10 cm in silt loaﬁ and fine sandy loam soils, Fifteen-cm and 4{l-cm spac-
ings between release points produced excellent distribution patterns, but
102-cm spacings frequently produced uneven and inadeguate distributions.
McDowell and Smith (1958) applied anhydrous ammonia to silt loam and sandy
soils at various release point spacings, and losses were reduced by moxe
then 60¢5 when the 100=-cm spacing was narrowed to 40 cm.

Bffect on Soil Proverties, Injecting anhydrous ammonia into the soil has

an effect on the microbiclogical activity as well as the chemical and phys=-
ical properties of the soil.

Parr and Engibous (1967) found that in most soils within several hours
after the injection of anhydrous ammonia the pH in the center of the reten~
tion zone is usually somewhere between 9.5 and 10,0, Twenty-four hours after
injection the pH dropped about one unit and then continued to drop more

slowly. Ino and Blue (1957) found that anhydrous ammonia increased the pH



15

of Leon fine sand from 5.1 to 9.6 after ammoniation, ILimed Leon fine sand
had an initiél pH of 7.6 and increased to as high as 9,8 with additions of
NH5.

HMcDowell and Smith (1958) showed that the presence of high concentra-
tions of ammonia in a localized area resulted in the partial breakdown of
the soil organic matter. Parr and Ingibous (1967) observed similar results.

Field experiments conducted by Gifford and Strickling (1958) showed
there was a trend toward increased soll aggregate stability as a result of
ammonia treatment at 23 locations in Maryland. The phenomenon was limited
to the area of the release points and did not have a long-term effect,

Parr and Khasawneh (1968) observed that drying patterns existed in
soil becaugse of a more rapid rate of water evaporation around ammonia reten=-
tion zones, Although these patterns tended to persist over a pericd of sev=-
eral months, their agronomic significance is not known.

Injection of NH5 into the soil produces a sterilizing effect on the
initial retention zone., Parr (1969) stated that the time elapsed before re=-
covery of microbial activity was dependent on the amount of ammonia applied,
With an initial concentration of 1000 ppm of ammonium-N, microbial recovery
began after a desorption=-incubation period of 25 hours. Initially, NH3
caused a marked reduction in the saprophytic population. DBacteria and acti-
nomycete counts increased during the desorption—inbubation period, while
numbers of fungi remained very low. Ino and Blue (1954) recorded a number
of observations concerning the effect of anhydrous ammonia on the microbial
population in sandy soils, but concluded that from a total population stand-
point, none of the changes noted were likely to permanently disturb the

ecological balance in the soil,
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Hitrification

Mitrification is an oxidative biological process that takes place in
two stages: ammonium (NH4+)-;zu¢rite (w0,7) —) nitrate (NO,"). The
organisms responsible for the first and second conversions respectively, are
the autotrophic bacteria, Nitrosomonas and Nitrobacter (Alexander, 1965),
Several intermediate N compounds, other than nitrite, have been proposed,
but Duisberz and Buehrer (1960) report that hydroxylamine and hyponitrous
acid do not form in the course of nitrification., Normally, the conversion
of nitrite to nitrate proceeds rapidly, and only traces of nitrite are found
in the soil, HNitrification by heteroirophic soil microorganisms has been
shown to exist in the laboratory, but their importance under field conditions
is not known (Doxtader and Alexander, 1966).

The following areas will be reviewed relative to the process of nitri-
fication: environmental factprs, effects of I-IH3 application, and paiterns
of nitrification.

Environmental Factors., Frederick (1956) observed a relationship between

temperature and nitrification and found that the optimum temperature for
nitrification lies between 27 C and 35 C. Anderson (1960) noted nitrifica-
tion, though negligible, occurred in a sandy loam soil at 3 C; at 6 C it
became active by the 3= to 6-week period; and at 12 C, 50 ppm as ammonium=I
approached completion by the 12th week., Tyler, Broadbent, and Hill (1959)

observed similar results in California scils and also suggested that the

Nitrobacter group is more sensitive to low temperature than the Nitrosomonas
group. Sabey et al. (1956) studied the temperature effect in some Iowa
soils and found that nitrification proceeded during the entire fall season

under field conditions and was not completely inhibited until the soil be-
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came frozen., However, they point out that nitrification is slow under 10 C,
and the possibility of oxidizing large amounts of ammonium~F is remcote under
10 €,

There is evidence that nitrifiers become acclimated to the temperature
regime of the area of soil origin, and that nitrifying organisms vary in
their adaptability to low temperatures (Anderson, Boswell, and Harrison,
1971). IMahendreppa, Smith, and Christiansen (1966) studied the same effect
in soils of the western U3. They observed that in all soils from northern
regions, nitrification was faster at 20 C and 25 C than at 35 C and 40 C.
The reverse was true in the case of the southern soils which nitrified fas-
ter at 35 C.

Adequate soil aeration is required for the nitrifying bacteria. Amer
and Bartholomew (1951) indicated that the optimum concentration of oxygen
for nitrification in soil is about that contained in ordinary air.

Rates of nitrification usually are not appreciably affected by varying
water contents in the range from wilting point to field capacity. In a cal-
careous soil, Justice and Smith (1962) found that 150 ppm of ammoniumeN was
50¢5 converted to nitrate-il in four weeks at moisture levels near the wilting
point.

The nitrifying autotrophs are known to be sensitive to the hydrogen ion
concentration of the soil. Morrill and Dawson (1962) found the most favorw-

able pH for the growth of Nitrobacter in soils appears to be in the range

of 6.2 to 7.0, while that for Nitrosomonas.is above 7.6, Weber and Gainey
(1962) indicated that nitrification proceeds until a pH of approximately

4.0 is reached. Braar and Giddens (1968) found low rates of nitrification
in grassland soils (pH 4.8) and concluded that the acidic conditions resulted

in a low poyulation of nitrifiers., Additional pH effects will be reviewed
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in the following sections.

Effects of Anhvdrous Ammonia Application, Nommik and Nilsson (1963) have

shown that immediately following the injection of anhydrous ammonia into

the soil, a high concentration of free ammonia and ammonium-N exists in
localized zones with a resulting rise in pH. These conditions are especially
toxic to the Nitrobacter group (Aleem and Alexander, 1960).

The results of Stojanovic and Alexander (1958) show that nitrite can
accurmtlate and persist in soils with a pH of 7.7 when the ammonium=-N concen=-
tration is greater than 250 ppm., They determined that the toxicity was
specific to Nitrobacter and was due to the alkaline pH and ammonium-}i concen=
tration, rather than the nitrite=N itself,

MeIntosh and Frederick (1958) applied anhydrous ammonia under field
conditions and found that nitrification initially proceeds more rapidly in
the peripheral parts of the retention zone where the pl and ammonium-N con=-
centrations are not high enough to inhibit the nitrifying organisms. 'With
the formation of nitrate and the resultant decrease in pH, the zone of maxi-
mum nitrification rate moved toward the injection point.

A decrease in pH occurs during nitrification because hydrogen ions are
produced in the oxidative process. McIntosh and Frederick (1958) found that
the pH dropped from 9.5 to 5.5 after four weeks of nitrification. The init-
ial soil pH was 6.8 prior to injecting 120 kg/ha of N as anhydrous ammonia,

fno and Blue (1957) compared the nitrification rate of anhydrous ammonia,
urea, and ammonium sulfate under different soil pH levels., They found that
anhydrous ammonia and urea elevated the pH to a more optimum renge for nitri-
fication in acid soils, whereas ammonium sulfate provided a better environe-
ment for nitrification in neutral and alkaline soils,

There is no information available on the nitrification rate of anhydrous
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ammonia as affected by added phosphorus, However, Aleem and Alexander (1960)
studied the effect of phosphorus on the nutrition and physiology of the nitri-
fying autotrophs and found that the nutritional P requirement could easily be
met under scil conditions, Therefore, any effect from P is likely to be re=-
lated to the pH factor,

Patterns of Nitrification, Morrill and Dawson (1967) used percolation tech=

nigues to study nitrification in 116 soils of the US ranging in pH from 4.4
to 8,8, They found that the pH values apoear to be the best single measure-

ment of soil nitrification capabilities., Four different patterns of nitri-

fication were related directly to soil reaction and are as follows: (1) NH4+

oxidized rapidly to HOz- which accumulated for extended periods of time be=

2
0 no5" (p 6.5); (3) HH4+ oxidized slowly %o No5' without Hoz“ appearing,

fore being oxidized to N03' (pH 7.6); (2) HH4+ and WO,  are oxidized rapidly

(pH 5.0); and (4) NH4+ oxidation not detectable by either NO,

" or NO3- forma=
tion (pH 4.5).
Dancer, Peterson, and Chesters (197%) observed similar patferns using

a single soil type with varying pH levels., They concluded that Nitrosomonas

linits nitrification in acid soils while Nitrobacter is inhibited at the

alkaline pli's.
Yutrient Availability in Relation to Placement

Newer tillage systems achieving reduced numbers of field operations
have given rencwed impetus for evaluating fertilizer placement. There is
little information available regarding the efficiency of methods and equip-
ment for applying fertilizers under the various tillage systems. However,
nutrient uptake as related to soil moisture and root activity must be con-

sidercd in evaluating the tillage systems.
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Influence of Soil Moisture and Root Activity. Draycott, Hodgson, and Holli-

day (1967) reviewed several years of work on placement of liquid fertilizers
and the general conclusion was drawn that crop yields may be reduced in dry
seasons because of nutrient unavailability in the surface layers of the

soil. It is sugpested that deep placement of plant nutrients into a zone of
soil vwhich remains moist over a longer time maintains greater nutrient avail-
ability than if placed in the drier topsoil,

The placement of phosphorus in soils is more critical than nitrogen be=-
cause of its limited mobility (Heslep and Black, 1954), Robertson, Hutton,
and Thompson (1958) studied the effect of depth of P placement on the response
of comn to fertilization., They found that in dry years deeper placements
gave significantly higher yields than shallow placement, whereas in wet years
there was no difference., This is in agreement with Olsen, Wantanabe, and
Danielson (1961) who stated that uptake of P was a linear function of the
soil moisture content for a given soil,

The no=-till method of planting makes it difficult to incorporate ferti-
lizer into the surface., The slow diffusion of P in the soil raises a queg-
tion about the availability of surface applied P, Under the no=-till method
of planting corn, Belcher and Ragland (1972) found that applying all of the
P on the soil surface was equally effective to banding half of the P in the
row and the other half on the soil surface. Singh et al. (1966) found that
the P content in immature corn leaves was in some cases greater when the
fertilizer P was applied on the surface under a no-till system than when P
was incorvorated to a depth of 12.5 cm. Advocates of the minimum till sys-
tem feel that the greater amount of plant residues usually present on the
surface will keep the upper part of the soil sufficiently moist to insure P

availability for plants.
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Bek and Fanning (1961) grew grain sorghum in the greenhouse to deter=
mine the effect of fertilizer placement in relation to the soil moisture
supply on yield and nutrient uptake., They found that P fertilizer should
be placed deep encugh to insure its being in moist soil longer than the
initial growth period if it is to be effective. They found placement of
nitrogen fertilizexr to be less critical.

Nitrogen, unlike P, is more mobile in the soil, Krause and Batsch
(1968) conducted a field experiment to determine the movement of fall-applied
ammonium-nitrate in sandy soils applied at the rate of 112 kg/ha N, By the
use of lysimeters, they found that the leached nitrate-N reached a maximum
concentration within three weeks of application, This illustrates the po=-
tential rapid leaching of nitrate~N added to sandy soils. -Despite the coarse
texture of the soil used by Krause and Batsch, ammonium-N was very stable
against leaching because of its adsorption by the seoil colloids.

Ray, MeGregor, and Schmidt (1957) measured the diffusion of ammonium=-N
at field capacity after 72 hours and found that the lateral and vertical
movenent of ammonium-N was generally within 2« to 4-cm of the point of appli-
cation,

Stewart and Eck (1958) studied the movement of surface-applied nitrate-
N under various moisture levels and found that it moved into the soil at all
moisture contents from field capacity to the permanent wilting percentage.
They concluded that some utilization of surface-applied nitrate-N can be
expected before any effective rain is received,

In summary, plants absorb nutrients only from those general areas in
the soil in vhich rools are active. It is glso well known that plants can-
not absorb nutrients from a dry zone. Hence, root systems modified by shallow

applications of fertilizer may be less effective during moisture stress per-

! iods-
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MATERIALS AND METHODS
vheat Studies

Tillage implement application of N and P was studied at five locations
in the fall of 1971 using wheat as the first crop. Soil samples were taken
at all sites prior to fertilizer applications (Table 1).

The variables of the study are listed in Table 2, Two N rates (34 and
67 kz/ha) and two P rates (0 and 15 kg/ha) were used in the study. The P
carrier was liouid APP, This material consists of 10% N and 15% P (10-3%4-0).
Two H carriers were used to meet the N requirement. For the blade and
chisel applications, the N carrier was anhydrous ammonia (82% ). For the
surface applications, a 32 urea-ammonium nitrate solution {UAN) was used
as the W carrier, since NH5 cannot be applied directly to the surface,

The liquid formilations for the various treatments were prepared in
19=liter plastic contziners prior to application, Formulations were based
upon the effective swath path of each applicator and attempts were made to
keep the amount of liquid delivered fairly congtant between the three methods
of application (0,50 liters/9.29 square meters), Foxr the blade and chisel
treatments, all the P was supplied in the form of APP, and I\IH5 was uged to
balance out the N requirement., For the surface ftreatments, all the P was
supplied as AFPP and balancing N as UAN, Vater was used to bring the 19-
liter containers to volume to allow enough liquid for proper delivery though
the applicator pumps.

Three different methods of application were used in applying the N and
P (Table 2). Figure 1 shows the eguipment that was employed. The under=
cutting blade (V-blade) was 1.83 meters in width., Four release points were

positioned beneath the blade 45 cm apart. Anhydrous ammonia was delivered
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Table 2. Treatments used for the 1971 wheat studies (¥).

atrient Rate

N P Method of Fertilizer
m=lg/hom— Application Carrier
0 0 —— S
34 0 Blade NH3
67 0 Blade NH5
34 0 Chisel NH3
€7 0 Chisel NH3
34 0 surface UAN
67 0 Surface UAN
34 15 Blade IIHB_ + APP
67 15 Blade m{5 + APP
34 15 Chisel NH3 + APP
67 15 Chisel Wi + APP
34 15 Surface UAN + APP
67 15 Surface UAN + APP

#* 1972 grain sorghum studies utilized the same treatments
except that the N rates were increased to 67 and 134 kg/ha N.

24
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Fig, 1, Tillage implements employed for field applications of N and P.
(Above: Chisel plow applicator,)

(Below: Undercutting blade applicator equipped with a boom
for liquid surface treatments,) ‘
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to each releage point individually. 4 ground-driven squeeze pump asgsembly
regulated the liquid flow through an adjacent individual delivery line.

The chisel plow was 2,13 meters in width with seven release points
positioned on 30 cm centers, Initially NH3 flow was regulated by a needle
valve assembly but this system was replaced by a positive displacement NI—I5
punp., A ground-driven piston pump system was used to deliver the liquid
solution, Ammonia and liquid delivery lines on the chisel were located on
opposite sides of the shank to prevent freezing of the liquid line by wvapor-
izing ammonia,

A boom was mounted on the back of the blade applicator to effectively
apply the surface applications with the same piece of equipment. On the
boom, five spray nozzles were located on 50 cm centers, and the spray path
was apvroximately 2.44 meters, The liquid was delivered through the ground-
driven squeeze pump assenbly,

The plots for the wheat studies were arranged in a randomized complete
block design with four replications. Plot dimensicns were 4.27 by 15.24
meters. VWhen the fertilizer material was applied, two passes of each appli-~-
cator were made per plot (one on each side of the center line), Depth of
placement of N and P was approximately 25 cm and 10 cm for the chisel and
blade, respectively. The surface applications of liguid N and P were slightly
incorporated into the soil surface by means of light discing. All aéplica- |
tions were made at a travel speed of approximately 4.8 kilometers per hour.

The preplant fertilizer treatments were applied in September, and the
local cooperators drilled the wheat. Crop information is listed in Table 3.

Leaf samples were collected from all wheat locations.in November and
April, The samples were collected by sampling diagonally across the length

of the plot, Samples were rinsed in deionized water and oven-dried at 70C
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for a minimum of 72 hours. The dried tissue sample was ground in a VWiley
mill using stainlegs steel knives and a 2 mm stainless steel screen, Sam=-
ples were stored in sealed plastic containers,

Leaf samples were prepared for chemical analysis by the sulfuric acid
digestion procedure of J. J. Hanway, Iowa State University. A 0.5 g sample
of tisgue, 10 ml of concentrated sulfuric acid, a small piece of copper vire,
and a glass bead were placed in a 100 ml Pyrex volumetric flask and placed
on a hot-plate. The flasks were heated slowly for about 4 hours until all
frothing had ceased. The temperature was then increased until the sulfuric
acid boiled. The flasks were swirled after the solution had cleared to wash
down tissue particles from the sides of the flask. The solutions were allow=-
ed to boil for 12 hours and then removed from the hot-plate, cooled, and
diluted to volume with deionized water. Polyethylene bottles were used to
store the solutions. Assays for N, P, and K were then performed on the solu-
tiong,

Tive ml of the digest solution were used for I determination by the
micro~l{jeldahl steam distillation technique outlined by Bremner and Kecney
(1965). Phosphorus was determined following a modification of the vando-
molybovhospheric yellow color method of Jackson (1965). A 5 ml aliquot of
the digest solution and 25 ml of vando=molybdate solution were used for the
colorimetric procedure, Absorbance was read on a Beckman DB spectrophoto-
meter at a wavelength of 390 mu, A 5 ml aliquot of the digest solution,
diluted 1:10 with deionized water, was used to determine K by flame photo=
metry.

When tissue samples were collected from all locations in November and
April, two sites (Harper County and Sandyland Experiment Field) were select-

ed to obtain information on the correlation between the level of soil N and
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P and plant uptake of N and P, In this part of the study, only two rates

were compared (67 kg/ha N as NH,s and 67 kg/ha N as L plus 15 kg/ha P as

33
liquid APP) in evaluating the three methods of application,

A% the time of sampling, two plants were cut off at ground level from
each drill row across a distance of 2,13% meters that represented the appli-
cator path, In the case of the April sampling, only one plant per drill
row was taken at the Sandyland site., Soil samples were also collected to
a depth of 30 cm from each drill row immediately below the location of the
plant samples. Soill samples were also collected to the same depth between
each drill row across the applicator path. Eight drill rows were included
at the Sandyland site and ten drill rows at the Harper County location be=-
cause of differences in drill row spacings.

Correlation study plant samples were processed and analyzed for N, P,
and K using the same techniques previously described. Additional informa-
tion was collected, howe&er: (1) a dry weight of each two plant sample was
obtained, and (2) plant samples were ground with a smaller Wiley mill using
a 20~mesh screen. After the analyses for N, P, and K were completed, the
concentratiéﬁ of the elements and the dry plant weight were used to obtain
mtrient uptake per two plants,

Soil samples from the correlation study area were sbored frozen until
ready for analysis. Samples were dried at 70C for five days, ground, and
stored in glass vottles. Using the steam distillation method, inorganic N
(um 4+-H and 10;™-N) wes determined from a 4 gram sample, A 1 grem sample
was used in the phospho-molybdate colorimetric determination of available
P from a weak Bray extraction golution,

A1l locations were harvested with a small self-propelled combine, A

1,83 meter swath was cut from the center of each plot and grain weights
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recorded., A small sample was collected in a plastic bag to determine moig-
ture, test weight, and grain protein, Grain yields were adjusted to a con=-
stant 12.5% moisture basis. For protein analysis, grain samples were dried
at 50 C, ground through a steel burr mill, and a 1 gram sample was used to
determine the ver cent N by the macro=Kjeldahl procedure described by Jack-
son (1965). Per cent N was converted to per cent grein protein (multiplica—
tion factor of 5.8). Statistical analysis was completed on the data using
the least squares method. All results were reported at the 5 level of

significance,
Grain Sorghum Studies

Four locations in 1972 were usged to study the response of grain sorghum
to tillage implement application of N and P. Soil samples were collected
from the sites prior to fertilizer applications (Table l). The plot design
and treatments were similar to those of the vwheat studies except that I rates
were increased to 67 and 134 kg/ha (Table 2). Also a 28% N solution (UAN)
was used for the surface application rather than a 32% N solution because
of the lower salting-out temperatuxre of the lower analysis solution., Plot
width was changed to 4.57 by 15.24 meters to allow for six rows per plot
with 75 cm spacing between rows. Fertilizer applications were applied pre-
plant in early spring (Table 3). Experiment field persomnel planted all
locations,.

Leaf samples were collected from all gsites at two stages of growth.

At the 8-leaf stage, the first fully extended leaf from the top of the plant
was collected., At the Noxrth Central Field, the early sampling consisted of
cutting off eight plants from each plot at ground level to determine nutri-

ent uptake. The second leaf samples were taken at the boot stage of growth.
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The uppermost, fully extended leaf was collected. All leaf samples were
randonly selected from the two center rows of each plot.

Leaf samples were rinsed in deionized water and oven-dried at 70C for
a minimm of 72 hours, The dried tissue sample was ground in a Wiley mill
using stainless steel knives and a 2 mm stainless steel screen, Samples
were stored in a sealed plastic containers. Samples were analyzed for H,
P, and K in the same manner as previously described for the wheat studies.

The harvesting of the grain sorghum sites was hampered by wet weather.
At the Newton lixperiment Field and the East Central Field, the two center
rows of each plot were harvested ﬁith small plot combines, At the Cornbelt
and North Central Fields, the plots were hand harvested by taking a 6,10
meter section from the middle of the two center rows. The hand harvested
heads were then threshed by a portable threshing unit, From both metheds
of harvesting, moisture samples were taken and the grain yields were adjust-
ed to a 12,5% moisture basis. Grain protein was determined by the macro-
Xjeldahl method.

Statistical analysis was completed on the data using the least squares
method, All results were reported at the 5% level of significance.

Soil N~P distribution patterns for the three methods of application
were studied at the North Central Field. The soil samples were collected
in late June which corresponded to the early plant tissue sampling date.
The sampling consisted of collecting soil cores across the width of the
applicator path for the blade, chisel, and surface treatments where the N
and P were applied together at the highest rate (134 kg/ha N and 15 kg/ha
P). The arca gampled was 2.13 meters in width and individual soil cores
were taken at distances of 5.0 cm across this applicator path. The soil

cores were divided into depths of 0-10, 10-20, and 20~30 cm., The samples
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were stored frozen until the analyses could be started, Samples were then
dried at 70C, ground, and stored in glass bottles, The steam distillation
method was used in determining ammonium-N and nitrate-N, Available P was
determined after extraction with the Bray No, 1 solution by the procedure

mentioned earlier.
Nitrification Study

To examine the effects on nitrification of combining anhydrous ammonia
and liguid ammonium polyphosphate, a study was conducted in the fall of 1972
at the Ashland Research Farm. Soil samples were collected at the site pricr
to fertilizer application (Table 4). An anhydrous ammonia applicator with
rolling coulters was used to knife the two materials into the soil. This
applicator was used, rather than the blade or chisel, because a closer prox=
imity of the materials could be obtained., The materials were placed at a
depth of approximately 15 cm., The ammonia was metered through a needle
valve assenbly dnd the ligquid APP was delivered by a ground-driven positive
displacement pump.,

The foliowing two treatments were used in this study which corresponded
to similar preplant applications for wheat: (67 kg/ha N as NH3; and 67

kg/ha N as NH, with the addition of 15 kg/ha P as liquid APP), Because of

5
the sampling procedure, only one plot area (5-05 by 9.15 meters) wags used

for each treatment., At the time of application, one person followed directly
behind the applicator path and marked the position of two release points,

The release point positions were easily determined because of the mark left
by the rolling coulters. The release points were 50 cm apart.

The sampling swath width across the path of the two release points was

1 meter and individual soil cores were taken at increments of 5.0 cm across
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this distance. The soil cores were divided into depths of 0«10, 10-20,

and 20-30 cm, Samples were collected in small plastic bags and sealed to
prevenl moisture loss. The following time schedule was used for sampling
after the initial applications: 1 day, % days, 5 days, and then weekly for
a period of 8 weeks (Table 5). All samples were stored frozen until the
time of analysis.

An average weekly soil temverature (Table 5) was recorded during the 8
week period by placing a thermometer horizontally in the soil at a depth of ‘
iO cm. Temperatures were read every other day at the same time of the day
to compile the average weekly temperature,

In this study, it was degirable to measure the nitrite=N concentration
in the soil. Therefore, a procedure was used in which the analysis was com-
pleted on a wet soil basis. A gravimetric moisture determination was made
on all samples Lo determine the per cent dry weight., Approximately 20 grans
of s0il were weighed while frozen, dried at 60 C for 48 hours, and then re-
weighed to determine the per cent dry weight of each sample,

The dried portion of this gample was ground and then analyzed for pH.

A 5 gram soil sample and 5 ml of deionized water were used to determine pH.
Phosphorus was determined on the dried portion on the soil samples that were
collected one month after the initial fertilizer applications, Available P
wag determined using the weak Bray extraction solution and colorimetric pro=-
cedure mentioned earlier,

Tor the ammonium~-N, nitrite-H, and nitrate-N analyses, a saturated cal-
cium sulfate sclution was used to extract the N ions from the wet scil. The
procedurc consisted of weizhing approximately 10 grams of frozen soil into
a 125 nml erlenmeyer flagk and adding 50 ml of saturated CaSO4. A wrist

action shaker was used to shake the solutions for 15 minutes., Samples were
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then filtered through Whatman 42 filter paper and the filtrate collected
in polyethylene bottles. The filérate solutions were stored at approximately
3 C until the time of analysis.

Since nitrite-N ig more unstable, this determination was completed be-
fore the ammonium=il and nitrate-N, Initially, a qualitative analysis was
made on all samples by the use of a spot test. Four drops of filirate solu=-
tion were placed on a svot plate, To this was added one drop of 1% sulfan-
ilamide (made up in 3} HC1l) and one drop of 0,02% HEDD™ reagent., If a pur=
ple color developed indicating the presence of nitrite~N, a guantative
determinztion was made. In this determination, 5 ml of extract solution
was placed in a test tube with the addition of 10 ml of 1% sulfanilanmide
and 10 ml1 of 0.02% NEDD reagent. ©Solutions were mixed and allowed to stand
for 30 minutes for color development. Absorbance was read on a Beckman DB
spectrophotometer at a wavelength of 540 or 600 mu, depending on nitrite-N
concentration,

Tor the ammonium-l and nitrate-N determinations, 5 ml of extract sclu-
tién were used in the steam distillation procedure, With this method of
analysis for nitrate=-}i, nitrite-ll is also distilled off in the process.
Therefore, the concentration of nitrite-N that was measured colorimetrically
was subtracted from the micro-Kjeldahl concentration of nitrate-N to arrive
at the final level of ni?ratehl. For all calculations, the per cent mois=
ture of each individual sample was taken into account for expressions on a

dry weight basis,

1H-1 nevthylethylenediamine dihydrochloro,
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RESULTS AND DISCUSSICN
Wheat Studies

Detailed data including leaf nutrient content, grain yield, grain pro=-
tein, and test weight for the five studies investigated is presented in
Appendix Tables I through V. Nutrient uptake from the highest rates of N
and P is also included in Appendix Tables I and II, In the figures and
tables presented, date 1 and date 2 refer to the November and April samp=~
ling, respectively. Soil test results for the sites studied are shown in
Table 1 and crop information is prescnted in Table 3.

At the first sampling date, P concentrations in the leaves were signif-
icantly increased by P applications at three of the four locations (Harper,
Saline, and Mitchell counties). The lMcPherson county location was not
sampled in November because of insufficient growth, The methods of N=P
applications also significantly influenced the P concentration in the plant
tissue at the Saline and Herver county sites, Initial soil tests showed
the two locations to be low in available P, The blade applications of N
and F at the Baline county site were superior to the chisel and surface
applications (Figure 2). Phosphorus concentrations in the leaf at the
Iarper county site (Figure 3) were significantly lower than chisel appli-
cations of ¥ and P than from the other two methods. This same trend, although
not statistically significant, was also noted at the other locations.

4t the early sampling stage, P applied with the blade at a depth of
10 cm could have been more available due to placement. As mentioned pre-
viously, the P applied with the chisel at a depth of 25 cm generally pro=-
duced a lower leaf P concentration than did the other methods. The trend

toward lower I concentrations at the early stage of plant development from
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chigel applications could be due to the deeper placement of P, Developing
vheat plants may have had more difficulty in contacting the P retention
zone,

Although there were no differences in P concentrations between blade
and surface applications of N and P at Harper county, P uptake was signife
icantly higher from blade applications (Figure 4). Surface application of
P produced a lower P uptake, with chisel applications producing somewhat
higher levels., This was evident from visual comparisons of early vheat
growth in Harper county (Figure 8). The surface applications of liquid P
were only slightly incorporated into the soil surface., Since P is relatively
immobile in the so0il, this may explain the lower uptake of P from surface
applications at the Harper county site where topsoil moisture was somewhat
limiting.

With the Apreil sampling, differences in P respongses between the three
methods of apnlication were less significant than in MNovember., At the Sandy-
land Tield, tillage implement applications of N and P produced statistically
higher leaf P contents than surface treatments, although differences were
not large (Figure 3). Visual observations at the Saline county site (Figure
9) revealed that plant growth was perceptibly less in the case of surface
N-P applications, with the chisel and blade applications producing about
equal growth, However, leaf analyses at this site (date 2) did not indicate
any differences in leaf P concentrations between the methods of N-P applica=-
tion (Figure 2).

Flant N concentrations were statistically unafiected by the rate of N
or method of apnlication in Hovember and April samplings. However, there
was a btrend toward lower N concentrations from the surface application at

the Sandyland Field and McPherson county sites (Figure 5). Iven though N
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Fig. T.

Barly season growth differences in wheat produced by place=-
ment of ¥ and P (Sandyland Experiment Field, 1971).

(Above: Chisel application of 67 kg/ha N as m55 and 15 -
kg/ha P as liquid APP)

(Below: Liquid surface application of 67 kg/ha N as UAN
and 15 kg/ha P as APP)
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rig, 8.

Zarly season growth differences in wheat produced by place-
ment of N and P (Harper County, 1971).

(Above: Blade application of 67 kg/ha N as NH5 and 15
kg/ha as liquid APP)

(Below: Liquid surface application of 67 kg/ha N as UAN
and 15 kg/ha P as APP)
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Fig, 9.

Late season growth responses in wheat from methods of N-P
applications (Saline County, 1972).

(Above: Blade application of 67 kg/ha N as NH, and 15
kg/ha P as liquid APP on the left., quuid
surface application of 67 kg/ha N as UAN and
15 kg/ha P as APP on the right) -

(Below: Blade N-P application on the left and chisel N-P
application on the right at the rate of 67 kg/ha

I as n35 and 15 kg/ha P as liquid APP)
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concentrations were similar among the application methods, N uptake at the
Sandyland Field in November did differ between methods (Figure 6). Tillage
implement aprlications of M and P produced significantly higher N uptake
than surface applications. A visual comparison of early wheat growth at
the Sandyland Field between the chisel and surface applications of N and P
clearly indicated this response (Figure 7). However, at this same location
in April, N uptake was not significantly affected by method of =P applica=
tions.

Even though N is more mobile in the soil, the W upiake results and
visual observations in Hovember at the Sandyland Field and Harper county
locations suggest that surface applications of N were less efficient in
supplying W to the plant than tillage applications where topsoil moisture
was limiting.

As mentioned previously, the P concentrations in the leaf from chisel
applications of Il and P at the first sampling appeared to be lower than the
other methods due to deeper placement, IHowever, the N concentrations in
the leaf did not show this trend. This could be because the anhydrous
ammonia retention zone is larger in diameter than the P zone and developing
plants would have less difficuliy in contacting this area even though depth
of application was 25 cm.

The K concentrations in the leaves at date 1 and date 2 from all loca-
tions were not affected by methods of H-P application. This would be the
expected response since potassium was not included in the fertilizer appli-
cations.

The results of the correlation studies conducted in lovember and April
at the Sandyland Field and Harver county site are shown in Tables 6 and 7.

The objective of the study was to statistically correlate soil inorganic N
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and available P to the plant uptake of H and P as affected by the three
methods of W-P application. The results appeared to be incensistent and it
was difficult to draw any definite conclusions., At the Sandyland Field,

the statistical correlations in general were higher for surface treatments
and lower for chigel applications, However, the results cbtained at this
gite may not be entirely wvalid due to problems in soil sampling. At the
time of sampling, dry soil conditions made it difficult to keep the soil
cores in the probe, It is conceivable that the soil cores did not represent
the true H-P concentrations from the deever depths, The correlations at

the Harper county site were undoubtedly influenced by dry weather conditions
and were also inconsistent. However, at this location, blade applications
resulted in higher coefficients than surface treatments. At both sites,
correlations in April were lower than November,

Significant grain yield responses due to differences between methods
of H-P applicaticns were recorded at‘the Sandyland Field and at the lMcFPherson
county location (Table 8). Blade applications produced consistently higher
yields than chisel and surface applications at these two sites. No signif-
icant yield differences were noted between methods of application at the
other locations. The Saline county location responded significantly to P
applications, but there was no significant difference between methods of
application,

CGrain protein levels were increased due to N applications at three
locations, but generally the increases were small (Table 8). The Sandyland
Field was the only location where grain protein was affected by methods of
application. The blade method produced significantly higher grain protein

levels than chisel and surface applications.
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There were no significant trends noted in grain test weight with the

varicus =P applications,
Grain Sorghum Studies

Detailed data including leaf nutrient concentrations, grain yield, and
grain protein levels for the four sites investigated is presented in Avpven-
dix Tables VI through IX, Detailed results of the soil distribuition pattern
evazluations for the three methods of N-P applications are listed in Apvendix
Tables X through ¥II. 1In the figures and tables, date 1 refers to the 8-leaf
stage of growth and date 2 refers to the boot stage of development. Seil
test results for the sites studied are presented in Table 1 and crop infor-
mation is presented in Table 3.

At the 8<leaf stage, the 1 concentration in leaf tissue was significantly
affected by methods of N-P applications at the Zast Central and North Central
Zxperiment Fields (Figures 10 and 11). A% both sites, tillage implement N=P
applications produced higher N concentrations than surface applications. No
differences in N levels due to methods of application were observed at the
Cornbelt and Newton Pields, Results of N uptake evaluations at the North
Central Field did not reveal any significant difference between the methods
of application.

At the boot stage of plant development, leaf analyses revealed that the
N concentrations were significantly higher from the chisel N=-P applications
at three of the four sites (Hast Central, MNorth Central, and Newton Fields).
At the East Central and North Central Fields, leaf N concentrations result-
ing from surface N-P applications were also statistically lowexr than those
from tillaze applications (Figures 10 and 11), A later discussion on the

goil digtribution patiterns of N and P from the different methods of applica-
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tion will point out the influence of fertilizer placement,

Leaf P concentration differences at all four locations from both samp-
lings were not significant with respect to P rates or methods of applica-
tion. Initiel soil tests revealed that the available P was rather high at
these sites, which might explain the poor P response,

The K content of the sorghum leaves, like that of the wheat tissue
sampled, showed no general trends from the lI~P applications.

Grain yields at all locations d4id not reveal significant differences
among treatments from the =P applications. Grain yield and grain protein
data from the Heorth Central and liast Central Fields are shown in Table 9.

Despite the fact that no significant yield increases were recorded,
grain protein levels were significantly affected by method of HN=-P applica=-
tions., Surface N-P applications were relatively less effective at three of
the four sites in induecing higher grain protein levels than applicaticns
with the undercutting blade and with the chisel., Chisel N-P applications
produced the highest protein levels at all sites. Both blade and chisel
methods produced more grain protein than surface applications at the Horth
Central and Xast Central Fields (Table 9).

The N concentrations in the leaves at the boot stage of developmeni re-
lated directly to the grain protein levels at all locations. The fact that
chisel applications were superior in all cases suggests greater nutrient
efficiency with the deeper placement.

Soil digtribution patterns of inorganic N and available P at the HNortn
Central Field resulting fron the three methods of application emphasize the
significance of placement on efficiency of nutrient utilization (Pigures 12
throuzh 18)., The soil samples were collected at the 8-leaf sampling date,

Nitrate-N was the predominant form of inorganic soil N. However, soil
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ahalyses revealed that moderate amounts of ammonium-N had not been nitrified
at the release point positions of the blade and chisel N=P applications even
though the fertilizer was applied in early April., Evidently, the nitrifica=
tion reaction had not been completed where the initial high ammonium-N
concentrations existed around the release point positions,.

Pigure 12 ghows that with the blade N-P application, the majority of
the nitrate~N and available P (Figure 16) was present in the top 10 cm of
the soll although moderate levels of nitrate~N also existed at the 10-20 cn
depth. The positions of the four release points were quite apparent. Greater
plant growth was observed at these positions in some of the wheat studies
(Figure 8), although it was not noticeable with grain sorghum.

The distribution pattern from the chisel N-P application revealed that
nitrate-N (Figure 13) and available P (Figure 17) were present at the deeper
soil sampling depths of 10«20 and 20-30 c¢m. The deeper placement of N in=-
creased the N concentrations in the leaves and subsequently conversion to
grain protein at all grain sorghum sites investigated in 1972,

The distribution of nitrate-N (Figure 14) and available P (Figure 18)
from a surfaée li-P application revealed that the applied nutrients were
confined to the top 10 cm of the soil., At the time of samopling, there was
no evidence to indicate that the nitrate=H had leached below the top 10 cm
depth, When topsoil moisture is limiting, the efficiency of utilization

from surface applied nutrients could be restricled.
Witrification Study

Detailed results from the nitrification of WH, and a simulianeous N-P

3
application of HH5 and liquid APP are presented in Appendix Table XIII for

the eleven sampling dates., Soil test results for the site investigated are
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presented in Table 4., BHampling dates and soil temperature data are presented
in Table 5.

The nitrification results cobtained from the simultaneous application
of NH3 and liguid APP were almost identical to the NH3 treatment. As a re-
gult, the following discussion does not make any distinction between the two
treatments.,

Soil samples collected during the first week after N-P applications
revealed very little nitrification during the period (Figures 19, 20, 25,
and 26). The lag phase is reportedly due to an initial sterilizing effect
on the nitrifying organisms from the anhydrous ammonia injection (Eno and
Blue, 1954). During the initial lag phase, ammonium-N concentrations at
the two release points ranged from 100 to 125 ppm. The NH3 retention zone
was avout 10-15 em in diameter. Soil pE values at a depth of 10 em increased
from 5.6 to 6,8 after the EH3 application, Nitrite-N was not detected during
the first week.

The nitrification of ammonium~-I] to nitrate~N occurred most rapidly 2 to
4 weeks after initial Li~-P applications (Figures 21, 22, 23, 27, 28, and 29},
Ammoniuvm~lf decreased to less than 40 ppm at the release points vhile the
nitrate~} increased to nearly 100 ppm, DIuring this period, nitrite-N con-
centrations reached a maximum value of 5 ppm near the release points. GSoil
pH decreased from 6.8 to 5.4 due to the acidifying effect of the reaction.
Nitrification continued at a slower rate after the 4th week, and nitrite-il
was not detected after this period.

After the 6th week, the soil temperature at a depth of 10 cm was below
10 ¢ and the nitrification process essentially stopped. Figures 24 and 30
from the 8-week sampling show the final level of ammonium-N to be less than

25 ppm vhile nitrate-N concentrations ranged from 125 o 150 ppm. Soil pi
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reached a minimum value of 5.0 near the center of the release points by the
8th week,

The concentration of available phosphorus 4 weeks after the simultan-
gous application of ﬁHs and liquid APP was 255 and 285 vpm at the two re-.
lease points (Appendix Table XIV). The P concentration did not appear to
stimilate or inhibit the nitrification reaction under acid soil conditions

(£1l 5.6). Based upon the results, NH, and liquid APP can be placed in close

3
proximity without any detrimental effect on nitrification.

Timewise, the nitrification study simulated preplant fertilizer appli-
cations for wheat, Although favorable moisture and temperature conditions
led to 70¢ of the ammonium«ll being converted to nitrate-N, there was no
evidence of lateral or vertical movement of nitrate through the soil profile
during the 8 week period. However, excessive moisture duriﬁg the winter
conld possibly leach the nitrate below the root zone. Under such climatic

conditions, vreplant fertilizer applications for wheat would be somewhat

less efficient in supplying ¥ to the plant.
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CONCLUSIONS

The results of the field investigations with winter wheat and dryland
grain sorghum indicate that tillage implement applications of a complete N
and P program is completely feasible, In fact, it may hold some advantages
over surface applications under certain climatic conditions.

An important consideration in evaluating tillage implement applications
of § and P ig the effect of depth of placement of plant nutrients on effic-
iency of utilization. Under the climatic conditions of 1971=72, the deeper
placenment of nutrients from tillage implements was conducive to more effi=-
cient utilization than surface treatments which were only slightly incorpor-
ated into the soil. Surface applications of N and P evidently remained in
an area of low available soil moisture and efficiency of absorption by
plants wag restricted due to positional_unavailability. However, if adequate
soil moisture was available near the soil surface, the differences in effi=
ciency due to nutrient placement would probably be less significant between
the three methods of avplication.

Comparative differences in leal nutrient content and grain yield between
the two tillage implement methods of application varied with the crop being
ctudied. The undercutting blade anpeared to give superior grain yield re=
sults on winter vheat, while the chisel plow was more efficient in I absorp=
tion in drylend grain sorghum studies., The distribution of W and ? in the
s0il was good Tor both methods of application.

Chemical analyses of plant tissue showed that P uptake was good from
the combined tillage apovlication of ¥ and P. Zvidently, the hydrolysis of
liguid ATP was not affected by the presence of anhydrous ammonia. In fact,
the sirmltaneous apolication of N and P could be advantageous since research-

ers have shown that the ammonium ion has a synergistic effect on P absorption
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by plants.

If anhydrous ammonia and liquid AFPP are to be applied in close proximity
by tillage implements, the effects on nitrification should be of interest.
Field results indicate that liquid APP did nol stimulate or inhibit the ni-
trification of NH3. However, it was observed that 70 of the ammonium-li was
converted to nitrate~N during an 8 week periocd that simulated preplant appli-
cations for vheat. If rainfall was excessive over the winter months, nitrate
could conceivably be leached below the root zone. Under such conditions, a
complete preplant application of I would not be recommended.

Hodern farmers are continually assessing the economic considerations
invclved in fertilizer applications, If surface and tillage implement appli-
cations of plant nutrients are at least equal, there may be a cost advantage
in tillage implement applications if they eliminate an operation. However,
it is recognized that the combined application of HHE and liguid APP undexr
guch a program would involve the use of more nurse equipment and would pose

z oroblem of adapbing nurse facilities for both ammonia and liquids.
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Depth {cm) ]
0-~10 10=20 20=30

Avail, P (opm)

ng from a blade application

Depth (cm)
0-10 1020 20=30

and 15 kg/ha P as liquid APP (North
Armonium-N (pom)

{

Central Experiment Ffeld, 1972).

NH

Depth (cm)
0-10 10-20 20-30

Hitrate-N (vpm)

Distribution of soil N and P resulti

of 134 kg/ha N as

Width
cm

Table X.
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Table XI. Distribution of soil ¥ and P resulting from a chisel application
of 134 kg/ha N as NH, and 15 kg/ha P as liquid APP (Horth
Central mxperiment Fleld, 1972).

Samoling Witrate=: (opm) Ammonium=H (npm) Avail, P (pom)
Width Depth (cm) Depth (cm) Devth (cm)
cn 0=10 10=20 20«30 0=10 10=20 20~30 0=10 10-20 20-50
5 12,7 69,4 67.8 17.0 %.4 21,8 31.0 44.5 26,0
10 20.1  34.9 23.6 19.2 11,9 10.9 28.0 31,0 20.5
15 22.3  13.5 8.6 18,7 12,9 14,6 30,0 13,5 17.0
20 19,9 12.3 16,2 18,9 11.%3 12,7 22,0 11,0 16.5
25 17.6 23.2 38,0 18,1 9.9 9.9 31,0 14,0 15.5
30 21.3 35.3 60.2 16,6 10,1 14.6 23,5 13,0 14.5
35 19.7 4%.5 70.8 16,2 14,4 31.2 23,5 40,0 23,0
40 11.5 44.2 79.8 13,5 10,7 22,3 32,0 45,0 18.0
45 10.5 18,1 37.6 15,6 12,5 11.1 2%.0 12,0 8,0
50 125 8.4 15.6 16,7 10.5 7.2 23,0 9.5 125
5 6.2 12,7 12,3 17,0 11l.7 12,1 2%.0 12,0 14.5
60 12,1 27.9 25,9 15.0 13.8 13,8 31,0 12,5 10.5
65 15,3 39,6 52,3 15.0 10,3 16,8 32,0 29,0 32.0
70 17.8 39,1 44.4 17.9 12,1 14.2  27.5 25.5 12,0
75 16,2 29.4 32,8 1%.,8 12,3 13,1 30,0 14,5 17.0
80 14.3 22,4 16,8 15,6 11,7 1l.1 25,0 14.5 18.5
8% 21.2 20.1 24,4 17.0 12,1 13.8 29.0 15,0 10.0
90 22,0 23.6 43,7 14.6 10,7 11.3 28,0 26,5 18,0
95 17.5 39.2 79.5 14.8 12,1 22.6 25,5 31,0 27.5
100 13,2 29,8 78.2 15.3 14,8 23,6 28,5 15.0 21.0
0% 19.7 19.1 52.8 14,2 2,9 10.3 24.5 18,0 11.0
110 21,5 20,3 19,5 16,2 10,7 10,1 27.5 11,5 12,0
115 153 21,4 25,2 2A8d 327 1648 85,5 145 8.0
120 14:X BT 240 135 9.2 11,9 25.0 25.5 13.0
125 13,6 40,0 56,0 16.4 8.8 19.7 30.0 32,0 24.5
1%0 11.1  23.6 55.6 16,6 11,7 13.8 27.5 24,0 12,0
135 14.1  10.3 162 179 117 11.9 =24.0 9.0 9.0
140 16,0 11,1 10,7 12.7 8.8 11.9 28,0 9.0 BJ5
145 12,3 18,3 14.8 19.5 9,6 13%3.6 29,0 12,0 8.0
150 14.1 2857 55,5 14,8 14,2 1l.1 29,0 13,5 9.0
155 1.1 33,2 58,1 19,9 13,6 29.8 28,0 16.5 38,0
160 10,5 24,6 28,1 18.9 9,9 11,7 25.5 23%,5 11.0
165 13,1 10,2 7.8  19.3 12,9 11.7 28,5 21.5 10,0
170 17.0 311.9 12.1 14.B 10,3 9,9 26,0 14.0 13.5
175 19,0 10.9 10,0 16,6 12,5 13,1 28,0 15,0 12,0
180 11,2 13,1  19.2 14,3 12,% 11.3 30.0 11,1 10.5
185 15,8 21,7 29,1 11,% 11,1 13.1 28,0 22,0 10.0
190 4.4 32,6  49.2 13.6 13,4 19.5 23,0 26.5 22.5
195 1%.7 ©9.1 2642 153 151 12.9 21«5 19.0 12.5
200 16,2 10,2 12,9  15.6 13,2 13,6 20,5 14,0 15.0
205 10,1 £.9 9,9 13,2 10,3 11,3 2%,5 13,5 9.5
210 10,2 12,3 11,1 24.0 11,7 13,3 21.0 15,5 10.0
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Digtribution of soil N and P resulting from a liquid surface
application of 13%4 kg/ha N as UAN and 15 kg/ha P as APP (liorth
Central Experiment Field, 1972),

Sampling Nitrate=N {ppm) Ammonium-N (pom) Avail, P (opm)
Width Depth (cm) Depth (cm) Depth (cm)
cm 0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30
5 42,% 13,8 8.4 13,9 12,8 1l.2 41.0 33.5 13.5
10 48,6 14,7 8.4 14.2 12,1 9,0 44,5 36,5 14,0
15 53,1 16,7 7.8 13,1 10.9 9,2 39,0 33,5 15,0
20 47.8  14.6 9.7 13.0 10,9 12.9 35.5 30,0 13,0
25 45.2 14.4 9,0 1l.7 11.3 9.0 37,0 36,5 11.5
30 52,8 15.8 9.9 13.1 8.0 7.4 42,5 30,0 10,0
43 49.1 16,6 9eT 133 9,9 12,1 38,5 28.0 12,5
40 48,6 18,7 9.9 13.8 13,6 9.7 37.0 33.5 8.0
45 47.5 15.8 9.6 13,6 9.9 20.7 56,0 34,5 6.0
50 49,2 15,0 7.5 1l.1 9.2  10.1 39,0  3%.5 6.0
55 50.8 18.0 9.7 12.1 10.3 10.3 38.5 31.5 Te5
60 53,1 13.8 11.1 13,2 9.0 10.9 42,0 31,0 Tsh
65 52.8 15.0 12,2 14,1 9.7 9.4 42,5 33.5 11.0
70 54,3 15,8 10,2 13,2 13.4 12.1 43,5 30.5 12,0
75 47.% 12,7 10.9 12,3 14.0 9,4 40,0 36,0 11,0
£0 $7.d 159 8.9 13%.3 9.4 8.8 37.5 30.0 13.0
85 503 12.9 11.2 10.6 1241 9.2 39,0 27.0 T
90 42,8 16,5 11,9 12,5 11,1 10.1 40,5 34.5 6.0
g5 44,1 18,1 10,7 13.6 14,0 10.7 41,5 32.5 Ta0
100 Bl.2 16,3 10,1 12 9,3 8.8 39,0 33,5 1l.5
105 BRLS 184 I0:8 158 12.7 182.2 330 26:5 120
110 51.7 15.9 13,1 11.9 12,1 12.3 43.0 32,0 9,0
115 RO.4 13,2 12,5 11,5 10,1 11,1 38,0 4.5 8.0
120 Bl 15.1 10:0 11s9 10.% 132 #l.5 310 %5
125 49.% 13,3 9,9 10.2 12,7 9.6 41.0 28,5 70
130 53,1 17.5 11,0 9.4 10.9 8.2 39,0 3l.5 6.5
135 B« d8,8 188 11,1 18,5 9.9 37.5 35.5 540
140 8le% 13«4 12,6 13.2 11.3 8.4 42,5 30,0 8.0
145 48.7 12,1 8.4 1.7 13.3 Ted 450 550 6.0
150 49,7 16.2 11,5 12,9 10.1 9.7 39,0 36.0 6.0
155 48,3 13,6 9.4 13,6 11.3 11,6 40,0 34.0 5.0
160 49,5 17.4 12.6 13.8 10.1 9.6 40,0 33.5 b5
165 46,5 15.8 10.6 12.7 11.9 11l.7 35.5 31.0 8.0
170 50,1 12.9 10,1 10.7 11.9 1l.3 35,0 29,0 6.0
175 49,8 18,3 10,7 13,6 11,1 9.4 38,0 33.0 70
180 51.2 11,9 12.9 1%.7 9.4 8.4 38,0  32.5 bub
185 50,3 16.6 11.9 13.5 8.9 10,1 38,0 27.0 7.0
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Table XIV., Distribution of available P resulting from the simultanecus
application of NH, and liquid APP, as compared to NH, alone,
during the nitrification study - 4 weeks after appliaation
(4shland Research Farm, 1972).

Distance From

Avail, P (ppm)?

Avail, P (pnm)b

Release Points Depth {cm) Depth (cm)
cm 0=10 10-20  20-30 0-10 10-20 20«30
15 73.5  54.0  21.5 75.0 50,0  21.0
10 71.5 56,0 22,0 75.0 54,0 23,0
5 76.5 53.5 22.5 76,0 59.0 24,0
G 75.0 54.0 26,5 225.0 78,0 28,0
5 T4.5  54.5  25.5 75.5  50.0 . 23.0
10 T1.5 59.0 22,0 80,0 5345 25.5
15 72,0 51.0 23,0 T7:D 51.0 26,0
15 72.5 56,0  24.5 75.0  54.0  26.5
10 76.5  55.5 26,0 67.5  50.0  22.5
5 78,0 5645 23.5 T35 535 25.0
0 75.0 55.0 22,5 285,0 88,0 23.5
5 72.0 51,0 28,0 135 5460 21:5
10 15.0 54,0 21.5 67.5 59.0 20.5
15 7L.0  47.5  24.0 74,8 52,0  28.0

2 preatment was 67 kg/ha N as NH

5

Y preatment was 67 kg/ha I as HH3 and 15 kg/ha P as ligquid APP
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Tield studies were conducted in 1971-=72 to evaluate the effectiveness

of W and P apvlied preplant for wheat (Triticum aestivum L.,) and grain sor=

ghun (Sorshum bicoloxr) by means of an undercutting blade and a chisel plow,

Tillage implement applications of anhydrous ammenia (Nﬁﬁ) and liguid ammone
ium polyphosphate (APP) were compared with surface applications of urea-
ammonium mitrate (UAN) and APP solution combinations.

rain yvields were significantly affected by methods of IN-P applications
at two of the five vheat sites. In both cases, the blade applications pro-
duced the highest yields with the surface applications producing the lowest
yields. Grain protein levels were significantly higher from increased N
rates, but method of application had little effect.

lethod of N«P application also significantly influenced the P concen=-
tration in the leaf tissue at two of the four wheat sites sampled in Hovem=-
her., Blade applications were superior at both locations. April leaf tissue
analyses revealed that tillage N-F applications were comparatively equal to
gurface avplications in supplying P to the plant.

Plant I concentrations in wheat leaf tissue were statistically unaffected
by the rate df N or method of application, However, there was a trend toward
lover X concentrations from surface applications at two of the locations,

Correlation studies conducted at two sites were inconsistent in attempt-
ing to relate soil ¥ and P concentrations to the uptake of N and P from the
threce methods of apvlication. Problems in soil sampling and dry weather
undoubtedly affected the results. However, ¥ and P uptake at the same sites
werc sifmificantly higher from the tillage implement N-P applications.

Grain sorghum yields at four dryland locations were not significantly
affected by N-P applications. However, at all locations, the method of H-P

avplication siznificantly affected the grain protein levels. Chisel appli-



cations oroduced the highest protein levels at all locations, Surface
applications were significantly lower in grain protein levels than comparable
tillage implement applications at two of the sites.

Witrogen concentrations in the grain sorghum leaf at the boot stage of
develomment related directly to the grain protein levels at all locations,
The fact that chisel H-P applications were superior in all cases suggests
greater nutrient uptake efficiency with the deeper placement, The relative
position and distribution of N and P in the secil from the three metheds of
H-P applications was confirmed at one of the grain sorghum sites by soil
analyses,

A nitrification study conducted during the fall season evaluated the
effects of placing NH5 and liquid APP in close proximity. Field results
indicate that liquid APP did not stimulate or inhibit the nitrification of
HH3'

Based upon the results obtained from {ield investigations, tillage
implenent applications of a complete W=P program for both grain socrghum
and whcat seem to be completely feasible., In fact, these practices may

hold scme advantages over surface apulications under certain climatiec con-

ditiongs.



