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INTRODUCTION

With the increasing costs of crop production in recent
years, the need for optimizing yields and minimizing input costs
has become evident. Expenses could bhe reduced to some extent by
combining fertilization and tillage operations. By combining
the two operations, one trip over the field would be eliminat-
ed.

With the present fertilizer technology, anhydrous ammonia
(NH3) is the least expensive source of nitrogen available for use
in crop production. As a result, tillage implement adaptation
for the application of anhydrous ammonia is becoming more com-
mon in the midwest. The most common tillage implement used in
the eastern half of Kansas for the incorporation of ammonia has
been the chisel plow.

However, in addition to N, phosphorus must be included in
many fertility programs to achieve maximum crop yields in the
eastern half of Kansas. Research has shown that the simulta-
neous application of N and P pre-plant in bands is feasible
and in many cases agrcnomically superior to conventional meth-
ods of application such as broadcast application and incorpo-
ration. A liguid P source such as ammonium polyphosphate (APP,
10-34-0) is ideal for this technique because of its high analy-
sis and excellent handling characteristics. Thus, it is possi-
ble to apply an entire pre-plant fertilization program for wheat
on high K soils with a tillage implement such as the chisel plow
adapted for fertilizer applicaticn.

Under field conditions, a 46 cm spacing of pre-plant bands



of N and P has caused uneven growth of wheat (a "wavy effect").
The uneven growth has led to speculation as to the effect of a
narrower spacing on plant growth and subsequent grain produc-
tion by winter wheat.

Thus, the need for agronomic evaluation prompted the

establishment of studies with these objectives:

1. To evaluate the effect of various spacings of pre-
plant bands of N and P fertilizer on the growth and
grain yield of winter wheat.

2. To evaluate the effect of phosphorus rates in con-
junction with various band spacings on the growth

and grain yield of winter wheat.



LITERATURE REVIEW

Introduction

Phosphorus (P), along with nitrogen (N) and potassium (K)
is classed as a major plant nutrient. Phosphorus occurs in
most plants in guantities that are much smaller than those of
nitrogen or potassium (Tisdale and Nelson, 1975).

Phosphorus is known to be associated with several vital
functions in plants and is involved in plant growth functions
such as: wutilization of sugar and starch, energy transfer in
photosynthesis, nucleus formation and cell division, fat and
albumen formation, seed germination, cell organization and the
transfer of heredity, fruiting, flowering, and, in fact, in
every phase of a plant's vital processes. The reaction of P
with an organic substance within the plant to form energy-
rich compounds is one of the most important reactions of P in
piant metabolism (Seatz and Stanberry, 1963).

Phosphorus is a mobile element within plant tissues and
in growing plants is transferred from one plant part to anoth-
er, particularly when phosphorus may be in short supply in the
soil (Sauchelli, 1975).

Phosphorus is usually absorbed by plants as either the
primary orthophosphate ion (H2P04_) or as the secondary ortho-
phosphate ion (HP04=). Under acid soil conditions, H,PO4 is
the dominant ion in soil systems. There are about ten times as
many absorption sites on plant roots for H2P04h as there are for

HPO, (Tisdale and Nelson, 1975).
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The relative amounts of these two ions, which will be absorbed
by plants, are affected by the pH of the medium surrounding the

roots. Lower pH values favor the absorption of the H2P04_ ion,

whereas, higher pH values favor the absorption of I-IPO4

(Tisdale
and Nelson, 1975).

Climate definitely influences the uptake of nutrients by
plants. The intensity and duration of light, rainfall, and
temperature are all factors which exert direct influence on the
physiological processes and uptake of mineral nutrients.

During dry periods when soil moisture is at a low level,

the absorption of phosphorus is depressed. The same also is

true for high soil moisture conditions (Sauchkelli, 1975).

Placement of Fertilizer Phosphorus

The efficiency with which fertilizer is utilized by a crop
is a major factor in determining the economic returns from fer-
tilization.

One important factor in the efficient use of fertilizer
phosphorus is distance of placement from the plant roots.
Placement of fertilizer phosphcrus and/or nitrogen ranks in im-
portance with choosing the correct amounts of nutrients (Tisdale
and Nelson, 1975).

One objective of any fertilizer placement method is to in-
sure positional availability for many plant roots throughout
the entire growing season. Placement is particularly important
with small grains because the root system is more limited than
that of row crops, the effective growing season is shorter, and

soil temperatures are cooler. Phosphorus moves very slowly from
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the point of placement since the phosphate ion is almost immobile
in the soil (Olsen and Flowerday, 1971).

Deep placement of P bands in the subsoil by means of various
chisels and knives should theoretically be advantageous to con-
ventional placement in surface scoil where the surface-soil may
dry more easily resulting in reduced water and P uptake. Deeper
placed fertilizer would more likely be in a moist soil zone
available for root exploitation (Olsen and Flowerday, 1971).

Phosphorus fertilizer applied in small compact bands results
in less phosphorus-soil contact than other phosphorus application
methods., This means less rapid P fixation in bands when compared
to broadcast application.

In field studies conducted in Kansas with wheat, Leikam
(1980) found that placement of N and P fertilizer into the same
soil zone about 6 to 8 inches deep was in many cases agronomical-
1y superior tc broadcast application of N and P fertilizer.

Fertilizer placement studies with cereal grains have usually
compared only seed placement with broadcast applicaticn. Since
placement with the seed has generally proven superior, and since
there is little information on the effectiveness of other types
of band applications, the fertilizer for cereal grains is general-
ly applied with the seed. As the rate of fertilization increases
which includes N or K, the injurious effects of seed placement
will become greater than the beneficial effects of seed place-
ment and the yield could be decreased due to an injurious con-
centration of salt. Generally, seedling damage can become sig-
nificant if N + K20 is greater than 20 1b/A. Thus, band place-

ment away from the seed could allow much higher fertilizer rates



without seedling injury and might result in greater yield re-
sponses.

Robertson et al. (1954) found early utilization of phos-
phorus by corn plants was greatest when the fertilizer bands
were placed at seed level. Fertilizer placed (banded) two
inches below seed level was not used as early as sSeed level
placement.

Placement near the seed for early starter effects is not,
in general, an ideal position under midwest conditions for con-
tinued feeding of the plant during the latter part of the grow-
ing season. Often because of moisture depletion and lack of ab-
sorbing roots, this zone no longer contains sufficient water for
active uptake of P by roots.

Macleod et al. (1975) in their work with placement, found
grain vields of barley were generally higher when fertilizer was
placed 5 cm to the side and 5 cm below the seed than when ferti-
lizer was broadcast or drilled with the seed. Throughout the
growing season, the uptake of P was lower from broadcast than
from drilled or banded fertilizer.

Miller and Ashton (1960) conducted a greenhouse study to
determine the influence of nitrogen rate on the absorption of
fertilizer phosphorus. The three variables used were horigontal
distance and depth from the seed, and rate of nitrogen. At the
14- day stage, fertilizer phosphorus absorption was greatest
from fertilizer placed with the seed. However, at the 28- and
42- day stages, absorption was greatest from fertilizer that

was placed 2.5 cm to the side and 5.1 or 7.6 cm below the



seed. At the 58- day stage, fertilizer placed with the seed re-
sulted in the greatest absorption of fertilizer phosphorus.
Nitrogen increased fertilizer phosphorus absorption at all but

the 14- day stage, increased plant weight to a lesser extent and
decreased the percent phosphorus in the tops at the 58- day stage.

A greenhouse study was conducted by Werkhoven and Miller
(1960) to determine the effects of placement of phosphorus and
nitrogen on absorption of fertilizer phosphorus by sugar beets.
The phosphorus placements included three band placements, two
applications mixed with 5.1 cm of soil at the 7.6 to 12.7 cm
depth with and without a starter, and two applications mixed with
5.1 cm of soil at the 0 - 5.1 cm depth with and without a starter.
These P placements were used in combination with three nitrogen
treatments - 0 and 22.4 kg N mixed with the soil, and 22.4 kg N
applied with the phosphorus. The nitrogen source was ammonium
nitrate. Their work showed that the placement of nitrogen had a
greater influence on the uptake of fertilizer phosphorus than did
the placement of phosphorus. Nitrogen applied with the phosphorus
generally resulted in greater uptake of fertilizer phosphorus than
did nitrogen mixed with the soil.

Welch et al. (1966) found that as the P fertility status of
soils is raised to a higher level by past fertilization, then the
advantage of band application as compared to broadcast application
would be expected to decrease.

The choice of banded or breadcast P may be dependent on
whether the grower is owner or tenant. Tenants might have little
incentive to "build up"” the P status of the soil, and, in this

case, might prefer annual banded applications at a lower rate of



P application.

Using greenhouse studies with winter wheat, Gingrich (1964)
found that band applied phosphate fertilizer increased top growth,
P percentage in the tops, and total yield of P when compared to
mixing the P with the soil. Phosphorus percentage in the forage
was directly related to the water solubility of the phosphorus
fertilizer. The percentage of phosphorus in the plants increased
significantly as the percentage of water soluble phosphorus in
the applied fertilizer increased.

In field and greenhouse studies, Olson and Dreier (1956a)
found a yield advantage for wheat and oats when phosphate was
banded with the seed as compared with broadcasting the P. Their
data support the practice of seed placement of P with small grain,
particularly where the preference is for fertilizing the crop
rather than the soil.

Field studies conducted by Lutz et al. (1961) showed 20
pounds of P205 with the seed of wheat and oats was considerably
more effective than 40 pounds either broadcast or topdressed when
looking at forage yields. Comparing broadcast, topdressed and
placement of P near the seed, a greater growth response was seen
early in the season with placement of P near the seed.

Research by Garg and Welch (1967) indicates that P placed
in contact with corn seed is more readily available for plant
absorption, at least during the early stages of growth, than P
banded 7.5 cm from the s2ed or mixed throughout the soil. This
is kased on results of dry matter yield, percent P and yield of
P. Their field studies showed little difference in dry matter

vield between banded and mixed P (broadcast). Greenhouse studies
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indicate that the time for the roots to reach the banded P in-
creased as the distance between the P and the seed increased.

Cihacek et al. (1974) used a chisel plow for P application
at 18 to 20 cm depth (chisel place). A squeeze pump was attached
to the chisel plow for metering P solutions during the placement
operation. They found that the benefits derived from band place-
ment of P were: 1) tillage and fertilizer application accomplished
simultaneously, 2) maximum season-long feeding by the crop (corn)
on fertilizer P occurred when the P was placed at the depth of
chisel plow operation, 3) runoff loss of fertilizer P which might
contribute to surface water pollution, was minimized by the deep
placement.

Field research by Barber (1958) indicated that broadcast
applications of phosphorus as compared to no phosphorus applica-
tion increased the yields of corn, soybean, wheat, and hay rota-
tion over a 6-year period. The response to row phosphorus was
reduced as the soil P level was increased. Results obtained in
the first & yvears indicate that corn is unable to get sufficient
phosphorus from row applications alone to produce maximum yields.
Whereas wheat, having a narrower row spacing, gave maximum yields
with either broadcast or row applications of phosphorus.

Field research with wheat conducted by Swart (1970), evalu-
ated 3 orifice spacings for ammenia application with an undercut-
ter blazde. Distances between release points were 6, 16, and 40
inches., Field obhservations indicated that the 6- and 16-inch
spacings created a more uniform plant growth in the field than
did the 40-inch spacing. Results of this research indicated no

significant influence on wheat ylelds. However, there was a trend
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for the 6- and 16-inch spacing to produce higher yields of wheat
than the 40-inch spacing between release points.

Leikam (1980) conducted field research to evaluate the use
of pre-plant band applications of ammoniacal N and liquid P fer-
tilizers on wheat. Significant grain yield increases due to ap-
plication of pre-plant band N and P were recorded when compared
to treatments receiving N and P either as a combination broadcast

or band.

Effect of Nitrogen on P Uptake

The increased absorption of phosphorus by plants when nitro-
gen is added to the soil has been recognized as a significant phe-
nomenon in soil-plant relations. Much research has been done to
characterize the effect of various factors on the extent to which
N increases the absorption of fertilizer P.

In greenhouse experiments conducted by Miller and Ohlrogge
(1958) it was shown that nitrogen had a pronounced effect on the
uptake of phosphorus from a fertilizer band. The effect was great-
est when the nitrogen was mixed with the phosphorus band. This
effect would indicate that nitrogen caused a relative increase in
the phosphorus uptake capacity of the root system. The authors
suggested the N-P effect was due to either an increased availabil-
ity of the banded phosphorus through chemical effects, or an in-
crease in relative root sorption surfaces in the band volume due
to root proliferation.

Garg and Welch (1967) showed a positive relationship between
percent N and P in the plant by demonstrating that NH toN placed

4

with P enhances the absorption of fertilizer P by plants. This



11

technique resulted in greater utilization of the fertilizer P
than when no N was added.

Using a conventional pot experiment, Engelstad and Allen
(1971b) studied the effect of proximity of banded N sources
on uptake of banded fertilizer P at several rates. Their re-
sults showed that hybrid sorghum-sudan grass gave a marked
forage yield response to added P layered 7.5 cm below the soil
surface. Ammonium sulfate and ammonium nitrate placed in the
P layer enhanced P uptake at all levels of applied P, while
sodium nitrate had no effect, regardless of placement. The
effect of ammonium sulfate and ammonium nitrate on enhanced P
uptake was due to placement in relation to the P layer.

Miller (1965) conducted greenhouse experiments in which a
single seminal root of a corn seedling was grown in a soil to
which phosphorus band treatments were applied. The remainder
of the root system was grown in sand. Addition of (NH4)2504
to the P band increased the absorption of fertilizer P in
each of 3 experiments. However, the results suggest that in-
creased root growth in the band volume in the presence of

(NH4)250 was not the primary cause of increased P absorption.

4
The author felt that the (NH4)2804 exerted a specific influence
on the physiological activity that controls P absorption.

Blair et al. (1971) tested the hypothesis that reduction
of pH at the soil-root interface was the cause of increased P
absorption when NH4+ ions were absorbed. Phosphorus absorp-
tion by corn was determined in the greenhouse using four soils

ranging in pH from 4.2 to 8.2. Application of (NH4)2804 with

monocalcium phosphate (MCP) was found to increase fertilizer P
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uptake when compared to MCP alone. Application of KNO, with

3
MCP was intermediate. These results were for soils of pH 8.2,
7.4, and 5.5, with no difference in P uptake due to N source

on the soil of pH 4.2.

Cole et al. (1963) concluded that the stimulation of P up-
take with higher plant N levels involves a connection between
N metabolism and P uptake processes. Phosphorus uptake studies
with one-month ©ld corn plants showed that N pretreatments stim-
ulaéed the rate of P uptake more than did a tenfold increase in
P concentration of the external solution.

Leonce and Miller (1966) conducted a series of soil and so-
lution culture experiments with corn to study the mechanism re-
sponsible for increased P absorption when N is added to a P fer-
or NH,Cl to a pellet of

4 4
P labelled concentrated superphosphate (CSP) greatly increased

tilizer band. The addition of (NH4)ZSO
32
the labelled P content of plant tops as compared to the addition

. +
of KNO labelled P accumulation occurred in the presence of NH4

39
ions. The authors concluded that the NH4+ ion has a specific in-
fluence on the transfer of P across the root symplast to the xXy-
lem.

Olson and Dreier (1956b) conducted field and greenhouse ex-
periments with small grains to study the action of N in promot-
ing fertilizer P utilization. Their work showed that the NH4+
ion exceeded NO3- in stimulating plant use of fertilizer P, es-
pecially during early stages of plant growth. They also observ-
ed that the root concentration in the zone of joint N-P place-
ment could largely account for the greater fertilizer P uptake.

4 _ +
Soon and Miller (1977) studied the effect of NH4 and NO3
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on the pH and phosphate concentration in the rhizocylinder and
on P absorption by corn seedlings. Their results agree with
those of 0lson and Dreier (1956b) in that P absorption was as-
sociated with NH4+ fertilization. Addition of NO3_ did not sig-
nificantly alter P absorption from that with no N addition.

Soon and Miller (1977) concluded that the difference in P
absorption due to N source (NH4+ or N03_) can be explained by
changes in the H2P04- concentration in the rhizosphere solution.
The concentration of H2PO4" varied due to pH changes induced by
unequal absorption of cations and anions.

Arnon (1939) conducted greenhouse studies using barley
grown in nutrient solutions. The objective of this study was to
determine the effect of ammonium and nitrate nitrogen on the
plant mineral composition and sap characteristics. Plants
grown in nutrient solutions at pH 4.0, 5.0, 6.0, and 6.7 con-
taining nitrate were found to have a lower phosphorus concentra-
tion than those grown with ammonium. The phosphate concentra-
tion within the plant increased with an increase in the exter-
nal pH, within the pH range of 4.0 - 6.7.

A series of greenhouse experiments were conducted by Ben-
nett et al. (1962) to study N-P relationships in young corn
plants. They found that N had a highly significant effect on
percent P in the leaves and stalks in both sand and soil cul-
tures. The authors postulated, however, that these results
were due to physiological stimulation of the plant by applied N.
Their results offer some evidence that applied N increases the N

compounds within the plant, thus resulting in a greater need for

absorption of P.
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Miller et al. (1970) conducted greenhouse studies with corn
to clarify the mechanisms responsible for increased absorption
of P due to addition of NH4+ ions to P fertilizer bands. Fer-
tilizer P concentration in the shoots were doubled by the ad-

dition of K,SO, and tripled by the addition of (NH4)280 Auto-

2774 4°
radiographs of the area surrounding the fertilizer pellets indi-
cated an accumulation of P on the surface of roots in the MCP

treatment but not in the MCP plus (NHq)ZSO Electron micro-

4.
probe scans of root cross-sections indicated a precipitation of
Ca and P at the soil-root interface in the MCP and MCP + KZSD4
treatments. The pH of the soil-root interface was 0.6 units low-

er in the MCP + (NH4)2SO treatment compared to MCP alone. The

4

higher ratio of H2P04—/HPO4= ions at the lower pH is thought to
be responsible for the prevention of the precipitation and the
increased absorption of P in the presence of (NH4)ZSO4.

Riley and Barber (1971) grew soybeans fertilized with either
NH4+ -N or NO3; -N using soil with 4 different pH levels. They
found that fertilization of soybeans with NH4+ -N decreased the
pH of the rhizocylinder and NDB- -N increased the rhizocylinder
pH. Ammonium fertilized soybeans absorbed more P and had a high-
er P concentration than NO3- fertilized soybeans. Their results
showed that the P content of the shoots and roots were closely
correlated with the pH of the rhizocylinder, but not the pH of
the bulk soil. This suggests that the increased availability of
P from the soil where NH4+ -N was used was mainly due to the ef-
fect of the nitrogen source on the pH of the rhizosphere soil.

Grunes et al. (1958a, 1958b) conducted growth chamber and

field experiments to determine the effect of source and place-
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ment of nitrogen cn the relative availability of fertilizer and
soil phosphorus to plants. The addition of nitrogen fertilizer
generally increased the percent of the total phosphorus absorb-
ed by plants from bands of CSP. The addition of (NH4)2SO4 with
the phosphorus band was more effective in increasing the percent
fertilizer phosphorus in the plant than was separating the nitro-
gen and phosphorus bands. Their study indicated that the effect
of nitrogen, on increasing the relative uptake of banded fertil-
izer phosphorus, was associated with increased top and root
growth, and also with a decrease in soil pH.

Blair et al. (1970) compared the effect of N source on the
uptake of other ions by corn plants grown in solution culture.
Their data showed higher P concentrations in the tops and roots
of the NH4+ -N treatments. This was believed to be the result
of stimulated anion uptake in response to cation (NH4+) uptake.
Their results also showed an increase in pH of the solution in
the NO3_ treatment, presumably the result of the expulsion of
OH and/or HCO3_ ions from the plant to balance the high nega-
tive charge of the N03h ions entering the plant. Likewise, the
decrease in pH in the NH4+ solution resulted from the expulsion
of H' ions from the plant to maintain a balance of anions and
cations in the plant.

Mamaril and Miller (1970) found the concentration of P in
the soil rather than the proportion of soil treated or the pro-

portion of the root system expcsed to the treated soil determin-

ed the influence of NH4+ on P absorpticn. The effect of NH4+

' . P . . *
increased with increasing concentration cof NH4 .

Thien and McFee (1970) studied the effect of metabolized N
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and N in solution on P absorption and translocation in corn
grown in the growth chamber. Two-week-old corn plants were pre-
pared by pretreatment in NH4+, NO3_, P, or water solutions for
24 hours. Plants were then transferred to treatment solutions
containing labelled P alone cr with a N source. They found that
N pretreatment of corn plants significantly increased P absorp-
tion and translocation rates. These effects were absent when N
was omitted from the pretreatment solution. There were no sig-
nificant differences between the N sources, (NH4Cl or NaNO3).

In a later study, Thien and McFee (1972) found that N pre-
conditioned corn plants had significantly higher P uptake rates
and translocation. The degree to which P uptake was stimulated
was dependent upon the N level used for preconditioning. Phos-
phorus transport to the upper part of the plant increased as N
levels in the pretreatment increased.

Chapman (1936) conducted pot culture studies with Sudan
grass to determine the effect of various nitrogenous fertilizers
on the availability of phosphorus in three calcareous soils.
Acid forming nitrogen fertilizers (NH/NOj, NH4)2SO4, and urea)
increased phosphate availability, the magnitude of the effect
being related to the carbonate-phosphate ratio of the soil, the
fertilizer material being used, and perhaps the rates at which
they are nitrified in the soil.

Lorenz and Johnson (1953) tested the response of several
crops to ammonium and nitrate sources of nitrogen and attempted
to differentiate responses to nitrate and ammonium fertilization
as related to phosphate availability. Their yield results in-

dicated that all crops tested grew better when fertilized with
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(NH4)2804 than with Ca(NO3)5. In the fertilizer band the pH of
the soil was lowered 2 to 3 units by (NH4)ZSO4 fertilization but
no change in soil pH was detected in any area of the soil fertil-
ized with Ca(NO3),. The acid forming salt (NH4),S04 effectively
released native soil P, whereas N from Ca(N03)2 and NaNO3 did not.
Response from NHyNO; was intermediate.

Duncan and Ohlrogge (1958) conducted a series of greenhouse
experiments with corn in the seedling stage using divided root sys-
tems. They found that fertilizer N and P mixed together in a por-
tion of a so0il or vermiculite culture caused proliferation cf corn
roots in the fertilized wvolume. Such root proliferation was the
result of rapid growth of the smaller roots. The rate of growth
of the first-order roots was not affected. Uptake of phosphate
in the greenhouse was affected by the volume of soil fertilizead
if nitrogen was present, but not if nitrogen was absent. The vol-
ume of soil in which the fertilizer was placed made a difference
in uptake of phosphorus, with the greatest uptake being ketween
the two extremes in soil volume fertilized. When the entire soil
volume was fertilized with P, the presence of N had no effect on
the uptake of P.

In later research, Duncan and Ohlrogge (1959) showed the vol-
ume of soll fertilized had no effect on fertilizer uptake when
phosphate was applied alone. However, the volume of soll fertil-
ized caused significant differences when nitrogen was added to
the fertilizer placement. They found that when the volume of soil
fertilized was small in relation to the total soil volume, nitro-
gen increased the uptake of phosphorus in part by increasing root
growth in the fertilized soil. As in their earlier study concern-

ing fertilizer uptake, where the entire soil volume was treated with
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phosphorus, nitrogen had no noticeable effect on root growth or

on the uptake of phosphorus.

Polyphosphates as a P Source

Some research workers have shown that polyphosphates are a
relatively ineffective source of P prior to hydrolysis compared
to orthophosphate. Since polyphosphate hydrolysis in soil is
largely biological, soil temperature would affect the rate of
hydrolysis.

Nearly one-half of the P in ammonium polyphosphate (APP) is
present as pyrophosphate (HP207_3 ion) with some minor guantities
of more highly condensed phosphates. The other half of the P is
in the form of orthophosphate.

Engelstad and Allen (1971a) conducted experiments to deter-
mine the influence of soil temperature on the effectiveness of
triammonium pyrophosphate (TPP) and MAP. Their data revealed
that pyrophosphate can be a less effective P source than ortho-
phosphate when added to cool soil (16 C). Also, banding was
generally more effective than mixing for unincubated and cool
soil (16 C) in terms of subseguent plant growth. They conclude
that if the P fertilizer is composed primarily of condensed
rhosphates, early growth in cool soils may not equal that from
orthophosphates.

Subbarao and Ellis (1975) compared ammonium polyphosphate
and diammonium orthophosphate as P sources for corn. They found
in laboratory experiments using a slightly acid soil (Eudora silt
loam), that both sources of P effectively supplied P for plant

growth as indicated by increased dry weights, uptake of P by
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plants, and available soil P. Using an alkaline-calcareous soil
(Ulysses silt loam), neither source of P increased dry weights,
uptake of P by plants or avallable soil P as much as in the
slightly acid soil indicating problems with P relationships in
alkaline-calcareocus soils. Also, dry weights and uptake of P by
the corn plants were significantly less with polyphosphate than
with orthophosphate at 36 ppm of P on the alkaline-calcareous
soil. Polyphosphate d4id not increase available soil P, meas-
ured by the Bray P-1 test on the alkaline-calcareous soil.

Khasawneh et al. (1974) studied the mobility of P applied
to soil columns. The phosphorus materials studied were diammo-
nium orthophosphate (DAP), triammonium pyrophosphate (TPP), and
ammonium polyphosphate (APP). They found the extent of P move-
ment from all three sources were similar, but the distribution
patterns were different. The extent of P movement was influenced
more by initial soil moisture content than by the source of P.
The ability of the polyphosphates to sequester soil Fe and Al
did not prevent the precipitation of these phosphates nor did it
make them more mobile than the orthophosphates.

Khasawneh et al. (1974) in a later study, determined the re-
actions of ammonium ortho- and polyphosphate fertilizers in soil.
The diffusive movement of phosphates from TPP, APP, or DAP when
surface applied to columns of Hartsells fsl soil was accomplished
by two major types of reactions: hydrolysis of pyro- and poly-
phosphates to the orthophosphate form, and reaction of all phos-
phate anions with the soil. Hydrolysis of the water-soluble
fraction of the condensed forms of P was faster than that of

diffusion, mobility of the pyro- and polyphosphates occurred
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largely in the orthophosphate form and accounted for the similar-
ity of P movement among the three sources of P.

Hashimoto and Lehr (1973) also conducted laboratory studies
to determine the mobility of polyphosphates in soil. Ammonium
ortho-, pyro-, tripoly-, tetrapoly-, and long-chain polyphos-
phates and cyclic ammonium tri- and tetrametaphosphates were sur-
face applied to soil columns. After 1, 2, and 4 weeks, the soil
columns were sliced into 1 mm sections and examined for the dis-
tance of movement and the distribution patterns of water-soluble
P were similar for all the phosphates tested, but the polyphos-
phates differed markedly in the degree of immobilization of P and
differed significantly in the positions of maximum retention of
P in the soil columns. These positions of maximum retention had
no apparent relation to the degree of condensation of the poly-
phosphates.

Miner and Kamprath (1971) conducted field studies with corn
to compare the distribution and degree of retention of banded or-
tho- and polyphosphate anions in soils of low and high phosphorus
availability. They found the concentration of fertilizer P from
both superphosphate and polyphosphate decreased rapidly with in-
creasing lateral distance from the band. The soil samples were
extracted with 0.05 N HCL + 0.025 N H,SO4 at a a 1:4 soil-solu-
tion ratio to give a measure of readily extractable P; and then
with 1 N H,SO4 at a 1:25 soil-solution ratio to give a measure of
the difficultly extractable P. A higher proportion of the con-
densed phosphate ions were in the difficultly extractable form

as compared with the orthophosphate ions, indicating that the
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condensed phosphate ions were held more strongly. Miner and Kam-
prath (1971) also noted that polyphosphate was as effective as
superphosphate in supplying P for plant growth. Although con-
densed phosphate ions were held mcre strongly than orthophosphate
ions by soil materials, there appeared to be no difference in

their effectiveness as sources of P for plants.
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MATERIAIS AND METHODS

Field Studies

Studies were conducted at six locations in five Kansas
counties over the 1978-79 and 1979-80 crop years. Locations
of the sites were: one each in Osage, Riley, Labette, and Har-
per Counties, and two locations in Dickinson County. These stud-
ies were located in the eastern half of Kansas (Fig. 1).

Initial soil analyses for these locations were carried out
by the Soil Testing Laboratory at Kansas State University. Soil
test levels and general site information are presented in Table 1.
Fertilizer application dates, seeding rates, seeding dates, culti-
var selection, tissue sampling dates, and harvest dates are given
in Table 2.

Individual plots measured 9.1 m long by 3.0 m wide for stu-
dies conducted in 1980 measured 9.1 m long by 3.7 m wide. The
increase in the width of the 1980 plots allowed two passes of the
applicator for the 25 and 38 cm spacings to increase the effec-
tive width of application. This was necessary because the swath
width of the plot combine used was 1.9 m, which exceeded the fer-
tilizer application width with only one pass of the applicator
at the 25 and 38 am spacing. A 6.1 m alley separated the repli-
cations at all locations. All experimental designs were random-
ized complete blocks with four replications.

The studies were seeded with a 1.5 m Ontario drill with
disk openers spaced 17.8 cm apart. All studies were drilled
perpendicular to the direction of pre-plant fertilizer applica-

tions.



ig. 1. Locations of the 1979 and 1980 field studies

(denoted by X on the map).
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Studies conducted in 1979 were in Dickinson, Osage, and Ri-
ley Counties. All treatments were deep placed pre-plant band
applications (dual knifed) of liquid ammonium polyphosphate
(APP, 10-34-0) and anhydrous ammonia. The nitrogen rate was
constant at 84 kg N/ha, which was supplied partially by the APP
and balanced by the anhydrous ammonia. Three phosphorus rates
were used: 0, 12, and 24 kg P/ha in combination with three
knife spacings with shanks on 25, 38, and 50 cm centers.

Studies conducted in 1980 were in Dickinson, Labette, and
Harper Counties. Treatments for the 1980 studies were the same
as for 1979, with the inclusion of a 6 kg P/ha phosphorus rate.
Also, an unrandomized treatment consisting of 168 kg N/ha and

48 kg P/ha with a 25 cm knife spacing was added.

Fertilizer Application Equipment. Ammonia was applied by

fitting a John Blue Nitrolator to the tool bar of a shank appli-
cator. A 114 liter anhydrous ammonia tank was also mounted on
two tool bars. However, only 5 shanks were used at any knife
spacing. Shanks mounted on the front tool bar were positiocned
for the 50 cm spacing (Fig. 2). By lifting up or dropping down
the appropriate shanks, the 38 or 25 cm spacings could be ob-
tained. A series of valves were fitted to the nitrolator flow
divider to shut off ammonia lines not in use. Each shank was
fitted with two discharge tubes for sSimultaneous ammonia and
ligquid APP applications (Fig. 3). The front tube on the shank
was for ammonia injection, while the rear tube was for ligquid
APP applications. To prevent freezing of the liquid line due

to the cooling effect of the ammonia and formation af a precip-
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Fig. 2.

The top photograph shows a side view of the shank
applicator mounted on a Massey Ferguson 135 tractor.
The lower photograph shows the arrangement of the
nine shanks mounted on the tool bars. Anhydrous
ammonia is carried in the large tank in the center
and liguid APP is carried in small buckets (19 liter)

to the right.
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Fig.

3.

A close-up view of the anhydrous ammonia shank
equipped for dual knife N-P application of ammonia-
APP. Anhydrous ammonia is injected from the tube
nearest to the shank and liquid APP is pumped through
the rear tube. The tubkes are separated to prevent
freezing of the liquid line by the cooling effect of

the anhydrous ammonia.
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itate in the liquid line, the two tubes were separated by 3.8 cm.
A liguid discharge hole was 10cated at the rear of the tube to
prevent liquid solution from spraying directly into the ammonia
stream.

A John Blue L-1094 positive displacement pump was mounted
on a Massey-Ferguson 135 tractor. The tractor was equipped with
a ground speed dependent power take-off, which eliminated vari-
ations in application rate due to varying ground speeds. From
the pump, a line was run to a flow divider mounted on the tool
bar, where the liquid was directed to the nine shanks. Valves
were fitted on the flow divider to shut off the flow of liquid
to the four shanks not in use. Solutions were then discharged
from the rear tube of the five shanks in use. Applications were
made at a depth of approximately 12.7 to 15.2 cm below the soil

surface.

Ieaf Tissue Sampling. Tissue samples for the 1379 studies

were taken at two dates at all locations. The first sampling
was during early spring growth before jointing. The second
sampling was at jointing (Table 2).

The objective of this sampling was to determine the effect
of knife spacing and P-rate on leaf tissue P content and dry
matter production.

Samples were taken in 5.1 cm increments alcng the wheat row,
which was perpendicular to the direction of fertilizer applica-
tion. The first sample taken along the drill row was approxi-
mately equidistant bketween two knifed bands, regardless of knife

spacing. This sampling continued over one knife band (the center
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knife band) and ended at a point equidistant between the adjacent
knife bands. Thus, five samples (each 5.1 cm of row length) were
taken for treatments with the 25 cm spacing, seven samples for
the 38 cm spacing, and nine samples for the 50 cm spacing (Fig 4).
Tissue samples were clipped at the soil surface and placed in pap-
er sacks. Dry weights were taken for the second sampling date at
all locations. However, only those from the Dickinson County lo-
cation will be presented in this thesis, because of lack of a P
response at the other two locations. Tissue sample preparation
and chemical analysis are discussed later in this section.

Since the 1979 studies did not have flags placed over the
knife bands at the time of fertilizer application, an estimate
of the band's location was made for the sampling procedure.
This resulted in some sampling variation and inconsistency, as
witnessed by the data from this sampling.

Tissue sampling for the 1980 studies was revised from ex-
perience in 1979. The plots at the Labette County location had
2 to 3 flags placed over the exact location of pre-plant fertil-
izer bands in each plot. Tissue samples were taken only once,
at the jointing stage (Table 2). The samples were taken in
three separate 12.7 cm increments for all treatments, regardless
of knife spacing. The first 12.7 cm increment was taken midway
between two knife bands to the left of the flag (centered bet-
ween bands). The second, or middle sampie, was centered direct-
ly over the flagged kXnife band (centered over band), and the third
sample was taken midway between the next knife band (centered bet-
ween bands) of the flag (Fig. 4). The two samples centered bet-

ween bands were the same in relation to the knife bands, but



'ig. 4.

These diagrams show the position and sequence in which
leaf tissue and grain head samples were taken for the
1979 and 1980 studies. In reference to studies conduc-
ted in 1980, samples #1 and #3 shall be referred to as
centered between bands and sample #2 as centered over

the band.
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were taken on opposite sides of the flagged knife band. Samples
were clipped at the soil surface and placed in paper sacks. Dry
weights were recorded for each sample.

Leaf tissue samples taken at the Harper and Dickinson Coun-
ty location for 1980 wers collected by randomly pulling leaf tis-
sue from throughout the individual plot areas, then placed in pa-

per sacks.

Grain Head Sampling. In 1979, grain head samples were taken

at the Dickinson County location only. Sampling consisted of cut-
ting the wheat grain heads from the stem at maturity in the same
manner in which tissue was sampled in 1979. The objective of this
sampling was to examine the effect of knife spacing and P-rate on
head number and grain composition. Grain heads frcm each 5.1 cm
increment were clipped and placed in a paper sack. In the lab,
grain heads were counted and then threshed through a small elect-
ric thresher. Tctal grain weight, average kernal weight, grain
protein, and %P were then determined for each 5.1 cm increment.

As with the 1979 tissue sampling, a great deal of variation and
inconsistency were evident due to lack of precise marking of fer-
tilizer bands.

In 1980, grain head samples were taken at the Labette Coun-
ty location only. Sampling consisted of cutting the grain heads
in the same manner in which tissue was sampled in 1980. Samp-
ling was more accurate and less variable than 1979 sampling due
to merking of fertilizer bands with flags. Again, the heads were
counted and grain was threshed from the head by a small electric

thresher in the lzboratory. The vield of grain, % protein, % P,
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N uptake, and P uptake were determined for each 12.7 cm incre-
ment. Grain sample preparation and chemical analysis are dis-

cussed later in this section.

Harvesting of Plots. All plots for the 1979 and 1980 stud-

ies were harvested mechanically with a model E Allis Chalmers
(Gleaner) combine that had been rebuilt specifically for small
plot harvesting. The combine header width was reduced to 1.9 m
so that only the center of each plot was harvested. A scale was
mounted on the combine and the grain weight from each plot was
recorded. Approximately 500 g of the grain from each plot was
saved for moisture determination and chemical analysis. All

plot grain weights were adjusted to 12.5% moisture.

Greenhouse Studies

A greenhouse study was initiated on January 24, 1980 to
lock at the effects of different P levels on wheat seedling dry
weight and P uptake. The objective of this study was to observe
when wheat seedlings would absorb external P in addition to that
P available within the wheat seed.

Wheat seedlings were grown in or on four different mediums,
which constituted the four treatments of this study. Treatments
were as follows; 1) wheat seedlings grown on white paper towels;
2) fine, white, acid-washed quartz sand (noc P); 3) a soil test-
ing very low in available P (4 ppm P); and 4) a solil testing very
high in available P (64.5 ppm P). Soil test levels of available
P were determined by the Kansas State University Soil Testing

Laboratory (Table 1} using the Bray P-1 procedure (Bingham, 1962).
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Approximately 50 wheat seeds of the variety Newton were
planted at random in each 2.5 liter plastic pot. Each treatment
had four sets of pots, each with three replications, to enable
sampling of each treatment at four dates. Sampling of the shoots
only, which were clipped at the soil surface, occurred at 7, 14,
21, and 28 days after planting. The wheat seedlings were water-
ed by saturating the towels with the nutrient solution. Tissue
sample preparation and chemical analysis are discussed later in
this section.

A second greenhouse study was conducted in relation to the
one described previously. The objective of this study was to
break down by plant part (shoot, root, and seed remnant) the dry
weight and P content of each part of the wheat seedlings. Samp-
les from the original seed lot had been previously analyzed for
P content and was compared to the P content of the wheat seed-
lings.

Using only the fine, white, acid-washed quartz sand (no
available P), measurements could be taken to determine where phos-
phorus contained within the seed was directed to in the seedling.

As in the first greenhouse study, approximately 50 wheat
seeds of the variety Newton were planted at random in each 2.5
liter plastic pot. The pots were watered throughout the study
with a complete nutrient solution minus phosphorus. Three rep-
lications were sampled at each of the two sampling dates, 7 and
14 days after planting. The seedlings were separated from the
sand and then rinsed thoroughly with distilled deionized water.
The seedlings were then cut into shoots, roots, and seed rem-

nants. The average dry weights from fifty seedlings were record-
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ed for each plant part.

A third greenhouse study was conducted in 1980 to look at
the effect of horizontal distance of a N-P fertilizer band from
a row of wheat seedlings on P uptake from the fertilizer band.

The soil used for this study tested very low (4 ppm) in
available P (Table 1).

The study consisted of 6 treatments: a check (0O N + O P);

a check + 84 kg N/ha as NH,NO; broadcast on the soil surface,

and N-P fertilizer bands placed at horizontal distances of 0, 10,
20, and 30 cm from the row of wheat seedlings. The fertilizer
bands were placed a vertical distance of 10.2 cm below the seed,
which was planted 3.8 cm below the soll surface. A schematic
diagram of the experimental set up is shown in Fig. 5. Wheat
seeds of the variety Newton were planted in two rows in each of
six boxes at the rate of one seed per 1.3 cm of row. Rows of
wheat were spaced 20.0 cm apart. Dimensions of the boxes used
for this study were 45.7 cm long, 45.7 cm wide, and 22.9 cm deep.
Each treatment was replicated twice. The plots were prepared
for fertilizer application by filling each box with soil to a
point 14.0 cm below the top of each box. Ammonium- N and P were
applied in the same band by making a small furrow 0.5 cm deep.
The ammonia and P solution were then uniformly applied in the
furrow by using a pipette. The furrow was then immediately cov-
ered with soil to prevent ammonia loss and the boxes were filled
to within 3.8 cm of the top of the box. Wheat seeds were then
planted, covered and watered.

Banded treatments consisted of 84 kg N/ha and 20 kg P/ha

applied as separate solutions but placed in the same band in the



The upper diagram shows the cross section view

of the check treatment. The middle diagram shows
the cross section of the 0 and 20 cm band treat-
ments in relation to the seedling rows. The lower
diagram shows the cross section of the 10 and 30 cm

band treatments in relation to the seedling rows.
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soil. The nitrogen solution contained 40.0 ml of NH, OH (22.0%
N) and 60.0 ml of water. Twenty milliliters of the NH,OH solu-
tion was applied to the furrow in the four boxes receiving treat-
ment, which corresponded to 84 kg N/ha on a length of row basis.

32P obtalned from New

The phosphorus solution was labelled with
England Nuclear to allow calculation of %P from fertilizer P in
the plant tissue. The solution was made by first dissolving

7.57 g of reagent grade monocammonium phosphate in 50.0 ml of dis-

tilled deionized water. Five mCi of 32

P as orthophosphoric acid
in 1 ml of approximately 0.02 M HCl1l solution was then added and
made up to 100.0 ml volume with distilled deionized water. Twen-
ty milliters of this solution, containing 1 mCi 32P, was applied
to the furrow in each of the four boxes receiving treatments.
This application corresponded to 20 kg P/ha on a length of row
basis. The remaining 20.0 ml of this solution was saved until
the completion of the study as a reference used in determining

32P in the leaf tissue samples. The boxes were

the amounts of
watered with distilled deicnized water in sufficient quantity to
keep the soil at near field capacity.

Leaf tissue samples were collected at 11, 22, 33, and 44
days after planting. The shoots (leaf tissue) of five plants
from each treatment were clipped at the soll surface at each
sampling date. The samples were dried and weighed. Tissue sam-

ple preparation, chemical analysis, and assay of radioactivity

are discussed later in this section.

Laboratory Analvses

lLeaf Tissue. Leaf tissue samples were dried in a forced
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alr dryer at 60C for five days. The samples were then ground
through a Udy rotary-abrasion mill and placed in sealed, plastic
vials. Immediately prior to weighing of samples for chemical
analysis, the samples were redried at 60C for 24 hours to insure
dryness.

A 0.25 g sample of the ground tissue was weighed into a di-
gestion tube and a 2 ml aliguot of sulfuric acid (concentrated)
was added (Linder and Harley, 1942). The samples were then placed
under a hood in an aluminum digestion block and 1 ml of 30% H,0,
was added. The samples were heated at a temperature of 375 C for
approximately 45 minutes. The samples were removed from the di-
gestion block and an additional 1 ml of H202 was added and the
samples were reheated. This procedure was repeated until the di-
gest solution remained clear. The digestion tubes were then re-
moved from the heat, diluted to 50 ml with distilled deionized
water and stored in polyethylene bottles. Nitrogen and phospho-
rus determinations were carried out on the diluted solutions using
a Technicon Auto Analyzer.

The nitrogen determinations were made based on a colorimet-
ric method in which an emerald-green color is formed by the reac-
tion of ammonia, sodium salicylate, sodium nitroprusside and so-
dium hypochlorite at a pH of 12.8-13.0. The ammonia-salicylate
complex is read on a spectrophotometer at 660 nm {(Technicon Indus-

trial Systems, 1977).

Grain Analysis. Grain samples were ground through a Udy ro-

tary-zbrasion mill and placed in sealed, plastic vials. Grain

samples were handled and analyzed for N and P in the same manner
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as leaf tissue smaples. The percent protein in the grain was cal-
culated by multiplying the percent N in the grain by a factor of

5.7.

Assay of Radioactivity. The radiocactivity of leaf tissue was

measured by counting in a Beckman LS-100 Liquid Scintillation Sys-
tem (ambient temperature soft-beta sSpectrometer). Samples were
prepared for counting by pipetting a 5 ml aliguot of the origin-
al sulfuric digest, which had been diluted to Z5 ml, into a lig-
uid scintillation vial. Ten milliliters of Aquasol, the scintil-
lation solvent, was added to each vial. A standard was prepared
for counting by measuring 2 microliters of the reference solution
into a liguid scintillation vial and adding 10 ml of Agquasol.

Each sample was counted for 10 minutes to minimize counting
error. This reading was then converted to counts per minute (CPM).
The sample readings were corrected for background radiation by sub-
tracting the average background radiation of check treatments (no

32P added) from the values of those treatments which received la-

32

belled P. Because of the relatively short half-1life of P (14.3

days), the activity was adjusted for decay at each reading. The
reference solution contained 0.39 g of P in 20.0 ml of solution.
A 2 microliter sample of the reference solution was used for a

standard reading. Calculations for %P from fertilizer P in leaf

tissue are as follows:

5

gof P=3,90 x 10 ° g in 2 microliter sample

Net CPM in standard
g of P in standard

Net CPM for sample
specific activity

specific activity =

g of fert. P in sample =

g of fert. P in sample
g of P in the chemical analysis

%P from fert. P =
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Statistical Analysis Procedures

The data collected from 1979 and 1980 studies was analyzed
by the Statistical Analysis System (SAS) developed at North Car-
olina State University. This system was available at the com-
puting center at Kansas State University. Least significant dif-
ferences are expressed at the 5% level of significance.

The figures in the results and discussion section of this
thesis were produced using a Calcomp plotter and plotting program

developed by Kemp et al. (1976).
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RESULTS AND DISCUSSION

Field Studies

During the two years of this study, 1979 and 1980, visual
responses to fertilizer P application in conjunction with band
spacing were evident at some locations. These responses were
seen as a marked increase in plant growth directly over the N-P
bands of treatments with the wider knife spacings (38 cm and 50
cm). This increased plant growth was primarily a phosphorus re-
sponse since N alone gave no visual response at locations testing
low in available P. At locations where response to P was good,

a wavy appearance across the N-P fertilized bands resulted, par-
ticularly with the 38 and 50 cm knife spacings. However, at most
locations, these wavy effects tended to diminish as the pilants
approached maturity. Differences in head number could be seen
over the N-P fertilized band and unfertilized areas of plots re-
ceiving treatments with the 38 and 50 cm knife spacings at some
locations. Those plots receiving treatments of N and P with the
25 cm spacing exhibited more uniform plant growth across the fer-
tilized area, during the spring {early growth) and also at matu-
rity. None of the wavy effect, characteristic of the two wider

spacings, was evident with the 25 cm spacing.

1979 Field Studv Results. Excellent visual differences due

to P response in conjunction with knife spacing were apparent at
Dickinson County by mid-April (Fig. 6). Plots receiving pre-plant
bands (dual N-P applicaticns) with band spacings of 38 and 50 cm

showed the characteristic wavy effect on plant growth. Fertiliz-



2 ig.

Visual appearance of winter wheat responses to
knife spacing and P-rate at Dickinson County in
mid-April, 1979. Top photograph compares the

50 cm (left) and 25 cm (right) knife spacings.
Middle photograph compares the 50 cm (left) and
38 cm (right) knife spacings. Bottom photograph
compares the 12 kg (left) and O kg (right) P

rates applied with the 50 cm knife spacing.
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er application with the 25 cm band spacing did not exhibit any
wavy effect on plant growth, and in general, gave more uniform
plant growth. The wavy effect due to application with either
the 38 or 50 cm spacing tended to diminish as the plants matur-
ed, although differences were still apparent at harvest. Stud-
ies conducted at Osage and Riley Counties showed very little re-
sponse to fertilizer P and therefore, visual and yield differences
due to fertilizer P application and/or band spacing were nonex-
istent.

The data obtained from the Dickinson County locatiocn (Table
3) indicate that an excellent grain yield response to fertilizer
P was obtained. Mean grain yield from plots receiving 12 kg P/ha
averaged 1055 kg/ha more than those receiving no P. There was no
significant difference in mean grain yields between the 12 and 24
kg P/ha rates. The average grain protein of plots receiving 12
and 24 kg P/ha were significantly lower than those receiving no
P. This reduction in grain protein would be expected since N
application rates for all treatments were balanced toc 84 kg N/ha
and only a certain amount of N was available for crop use, re-
gardless of grain yields. The treatments giving the highest
grain yvields would be expected to contain a lower percentage of
grain protein due to a dilution effect. The P-rate had no sig-
nificant effect on the percent P in the grain, as plots receiv-
ing 24 kg P/ha gave only .01% more P in the grain than plots re-
ceiving no P. A significant increase in both N uptake (GNUP) and
P uptake (GPUP) bv the grain was recorded for the means of the 12
and 24 kg P/ha rates over those plots receiving no P. There were

no significant differences between the means of the 12 and 24 kg



Table 3. EFFECTS OF KNIFE SPACING AND P-RATE ON WINTER
WHEAT GRAIN YIELD AND GRAIN COMPOSITION.
(Dickinson Co., 1979)

Knife N-Rate P-Rate Yield @Grain Grain

Spacing kg/ha kg/ha kg/ha Protein %P  GNUP* GPUP**

(cm) (%) kg/ha kg/ha
25 84 0 2117 14.4 .44 53.5 9.3
38 84 0 1996 13.4 .34 46,7 6.8
50 84 0 1640 13.7 .36 39.1 5.9
25 84 12 3145 13.0 o 37 71.8 11.8
38 84 12 2816 13.0 .41 64.1 11.2
50 84 12 2957 12.7 .43 65.9 12.9
25 84 24 3326 12.0 .39 70.1 13.1
38 84 24 3132 12.7 .42 69.7 13.1
50 84 24 2883 11.8 .36 598.4 10.3

Treatment LSD( 05) 732 1.1 NS 15.1 3.2

Mean Values:

Knife Spacing 25 cm 2863 13.1 .40 65.1 11.4
38 cm 2648 13.0 .39 60.1 10.4
50 cm 2493 12.7 .39 54,8 9.7
LSD(.05) NS NS NS NS NS
P-Rate 0P 1915 13.8 .38 46.5 7.4
12 P 2970 12.9 .41 67.2 12.0
24 P 3111 12.2 .39 66.3 12.2
LSD(.OS) 423 0.6 NS 8.7 1.9

* Grain nitrogen uptake
** Grain phosphorus uptake
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P/ha rates for N uptake or P uptake by the grain.

The effect of knife spacing on grain yield was not signif-
icant at Dickinson County. However, mean grain yields from plots
receiving applications with the 25 cm spacing were greater than
those receiving applications with the 38 or 50 cm spacing. Knife
spacing had no significant effect on the means for grain protein,
%P in the grain, GNUP or GPUP.

As previously mentioned, studies conducted at Osage and Ri-
ley Counties showed virtually no response to P applications
(Tables 4-5). Visual differences due to knife spacing and P-rate
were negligible throughout the growing season at both locations.
Studies at these locations showed no significant responses to
either knife spacing or P-rate as measured by the means for grain
yield, grain protein, %P in the grain, GNUP, and GPUP. It should
be noted that grain yields at both locations were very good. The
lack of response to N-P treatments was most probably due to the
relatively higher soil test levels of available P at these two
locations, as compared to the relatively low level of available

P at the Dickinson County location.

Ieaf Tissue Sampling (1979 Studies). Results of leaf tis-

sue sampling at Dickinson County indicate a response to fertil-
izer P (Table 6 and Appendix Table I). Samples which were taken
directly over an N-P band tended to have a higher %P in the tis-
sue than those samples taken farthest away from the band at the
first sampling date on 4/16/79 (for example, see 24 kg P/ha at
the 50 cm knife spacing). The data indicate that treatments re-

ceiving no P yielded plants which were deficient in P using
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* Grain nitrogen uptake

** Grain phosphorus uptake

Table 4. EFFECTS OF KNIFE SPACING AND P-RATE ON WINTER
- WHEAT GRAIN YIELD AND GRAIN COMPOSITION.
(0sage Co., 1979)
Knife N-Rate P-Rate Yield Grain Grain
Spacing kg/ha kg/ha kg/ha Protein %P  GNUP* GPUP**
(cm) (%) kg/ha kg/ha
25 84 0 4153 12.3 .30 89,2 12.2
38 84 0 3575 11.7 .31 73.0 11.2
50 84 0 3535 11.4 .37 70.9 13.1
25 84 12 3817 11.4 .28 75.7 10.6
38 84 12 3864 11.9 .32 80,9 11.8
50 84 12 3622 11.7 32 74.5 11.3
25 84 24 3830 11.7 .30 78.7 11.3
38 84 24 3683 12.1 .29 78.1 10.6
50 84 24 3992 12.1 .34 g84.0 13.6
Treatment LSD(.OS) NS NS NS NS NS
Mean Values:
Knife Spacing 25 cm 3931 11.8 .29 8l.2 11.4
38 cm 3709 11.9 .31 77.3 11.3
50 cm 3716 11.7 .34 76.5 12.7
LSD(.OS) NS NS NS NS NS
12 P 3770 11.7 «31 76.9 11.4
24 P 3837 12.0 .31 80.3 11.9
LSD(.OS) NS NS NS NS NS



Table 5. EFTPECTS OF ENIFE SPACING AND P-RATE ON WINTER
WHEAT GRAIN YIELD AND GRAIN COMPOSITION.
(Rilev Cec., 1979)

53

Knife N-Rate P-Rate Yield Grain Grain
Spacing kg/ha kg/ha kg/ha Protein %P  GNUP* GPUP*¥
(cm) (%) kg/ha kg/ha
25 84 0 3300 14,2 .36 82.3 11.9
38 84 0 3441 14.1 +33 84.4 11.9
50 84 0 3683 14.3 .34 92.1 12.5
25 84 12 3790 14.0 .36 92.6 13.8
38 84 12 3508 13.8 .38 84.2 13.1
50 84 12 3857 13.7 «37 93.1 14.3
25 84 24 3783 14.3 .33 94.5 12.4
38 84 24 3709 13.8 +35 g89.96 13.2
50 84 24 3777 13.9 .39 91.8 14.7
Treatment LSD( 05) NS NS NS NS NS
Mean Values:
Knife Spacing 25 cm 3622 14.2 .35 89.8 12.8
38 cm 3528 13.9 «35 86.1 12.8
50 cm 3770 13.9 .37 92.3 13.9
LSD(.US) NS NS NS NS NS
P-Rate OP 3474 14.2 .34 86.2 12.1
12 P 3716 13.8 .37 89.9 13.8
24 P 3756 14.0 .36 g2.1 13.4
LSD(.OS) NS NS NS NS NS

* Grain nitrogen uptake

** Grain phosphorus uptake
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.22% P and below as a guideline for deficiency (Walsh and Beaton,
1973). 1In fact, treatments receiving P were in some instances
very near deficiency levels of tissue P, although characteristic
visual deficiency symptoms were never apparent.

Leaf tissue samples taken at the second sampling date (5/6/
79) tended to be more uniform across the area sampled in terms of
percent P in the tissue compared to the first sampling date. Dry
weights of leaf tissue tended to be the highest directly over the
N-P band of those treatments with either the 38 or 50 cm spacing.

The percent N in the leaf tissue taken at Dickinson County
tended to be the highest directly over the fertilizer band at
the first sampling regardless of P-rate. Leaf tissue samples
taken at the second date were lower in %N as compared to the
first sampling date, This was due to a dilution effect of N in
the plant tissue where high leaf tissue dry weights accompanied
somewhat lower %N levels and vice versa.

Results of tissue sampling at Osage (Table 7 and Appendix
Table II) and Riley Counties (Table 8 and Appendix Table III)
showed some increases in N and P percent of plants directly over
the fertilizer band as compared to those samples taken between
bands. At both dates of sampling and at both locations, the N
and P levels in the leaf tissue were well above deficiency lev-
els, even for treatments receiving no P. These two locations,
as mentioned before, were unresponsive to applied P. The dry
weights for the second sampling date are not presented in this
thesis since no differences were observed.

The leaf tissue data taken for 1979 was not analyzed sta-

tistically, so no definite conclusions can be drawn as to the
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effect of knife spacing and P-rate on nutrient levels and dry

weights of leaf tissue.

Grain Head Sampling (Dickinson County 1979). Grain head

samples were collected from the Dickinson County location in a
similar manner to the leaf tissue samples and data is presented
in Table 9 and Appendix Table IV. The number of heads per sample
(5.1 cm of row) tended to be the greatest directly over the fer-
tilizer band of those treatments receiving P at the wider spac-
ings (38 and 50 cm). Although somewhat variable, head number

was more uniform across the area sampled for the 25 cm spacing

as compared to the 38 and particularly the 50 cm spacing. The
number of heads per sample (5.1 cm of row) tended to increase as
the P-rate increased. Likewise, total grain weight per sample
tended to increase as head number per sample increased and vice
versa. The average kernel weight per sample, grain protein, and
percent P in the grain per sample are also presented in Takle 9.
The average kernel weight tended to increase with an increase in
P rate in conjunction with the narrower knife spacings. Grain
protein was highést for those treatments which received no P.

The percent P in the grain was highest in those treatments re-
ceiving P compared to treatments receiving no P. As with the 1979
leaf tissue data, the head sample data was not analyzed statisti-

cally.

1980 Field Study Results. Studies conducted in Lakette, Har-

per, and Dickinson Counties showed visual responses to P and the
effect of band spacing was evident in varying degrees up through

the time of harvest. The wavy effect due to the wider band spac-



62

6c”’ 6°01 L"EE 6°€ 9 6
6€E" L°IT 0°6<¢ L°c 14 8
9¢” P11 98¢ €€ S L
Te” €11 I°ve 5°E g 9
6¢" STIT L EE P G LT 2
€c’ 6'0T T P01 £l 4
9Z* £E°1T 0°tet £°8 0T £
og”" S'T1 0°'PE £€'¢ £ [4
or* AN ¢ EE E 4 T (A W 05
0E"* P IT 6°0¢€ 8¢ € L
1¢* 6701 P IE 8°'v S a
9" 9°'11 S'Ie €*S 2 S
BT"* 60T S*PE 98 L 4
XA T°1T L™ ¢k e 5 3
ve® 121 1°T¢E 1'¢ £ 4
0c* 7N ¢ 1€ T € S 1 (A U= ge
1Z° 9°11 9°%¢ 1°9 6 5
re: 9°'11 8°'tE 0°€ r 4
1ic’ 6°0T L EE 7 8 £
[ A ¢ 1T £° 1€ 6°L (AN Z
St A S'vE i°8 (Al T (A} o g
v’ 9°FI £°6¢ ¢'1 c L
G5¢° ! 9°LZ 6°1 (4 9
c* I°PI 9°'EE &*¢ £ S
e’ 1°ST 5°0¢ 0°€ 3 4
1c* 9°'P1 1°1¢€ 8'€ 5 €
1c’ 9°%l 9° 1€ L e £ Z
6¢°* S°PT S*LE (A ! (4 T 0 uo - 8¢
T "day
d % % utrsjoiad (bu) -am (B) *aIM wygo* Jaqump ey/by buroedg
uteln TaUIBY *bay  urean Teljol /sSpeaH aTdweg o3 eyd-d DITUN
(6L6T *°0D UOSUTHOTA) “ANVE INVId-H¥d ¥V WO¥d SHONVLSIA HTIVIYVA IV NOILISOdWOO
NIVIO GNV ¥IZEgWNN dVIH NIVEO LVIZHM JIINIM NO TLVI-d ANV ONIOVdS d4INM 40 SLOI4dd "6 STARL



63

6L" Pl L'TE 6°€E 9 L

Zee 6°PL L*0E 9°'¢ 9 9

Tc” T1°2T1 L°TE 9°'9 0T S

1e: 1°%P1 T°6E 0% L 74

81°" 6°C1 £°6¢ G L IT 3

1" £ET 8°8¢ 6°¢C 174 A

gce S'PI 0°8¢ 1 9 1 0 uWo gg

¢ tdey

£e”’ T°11 B8* LT 1 € 6

vee £°0T ¢ o¢g 8°'F 6 8

£€C* 70T 9°'0¢€ P L ot L

ge’ g'01 '8¢ AN &) i7" 9

(A S'0T 8°.Le T°01 LT S

YA L*0T 8°LE £°8 €T 74

74" P 0Tt Prig 0"S1 0z £

8ec"’ S 01 0°8¢ L*S L Z

A Z2°IT L°6¢ 50 4 6 T 1744 wd Q0§

YA | A ¢°8¢ v 8 L

£C” T°¢1 0°'6¢ £°9 g 9

o¢* 6°TI I'TE 8% L S

IZ°® G*Z1 5"EE 6'8 6 74

oc’ 72 9°6¢ 8P 9 £

0Z°* 6°TT £°0¢ LS L 4

g€c” G*'Z71 L*8¢ (A 74 L I e Wwo gg

6c" I°0T G*ZE £"9 ot =

17450 €°TT 0°"s¢g 9'¢ S 1%

17450 6'6 L°EE £°8 Ot £

o 2°01 C'EE 6V 6 [

8Z"* T°01 8° €L 9°'6 £T T g4 wo g7

1 ~day

d % % UT930id (bur) *aM (B) "M WIGO* Jaquiny ey/by butoedg

ureis Touasy °*bay utersy Teijol /spesyg aTdueg 23ey-d ai1Tuy

(PONUTIUO]D —~ 6L6T “°0D UOSUTHDTQ) 6 STABRL



64

8g” S'0T 0°0¢ LS 6 S
Ge* S*0T g8*'c¢E €'c £ 174
1€"* €£°0T1 A %S 6'€ 1) £
6E” L°0T LT LE 0°¢€ S <
BE"* L0 A 74 9'¢ S T be uo GZ
IE” £°¢1 g8°'0¢ Gz 74 6
cec”t L"0T 8°8¢ G*9 II 8
9c¢* 8°0T 8°1¢ L*L 6 L
LC I°1T ' 4 L'E 74 9
LC® L°0T 9°'1¢ £'5 0T qQ
(i £°01 0°EE 8°6 1 174
XA S°0T 9*¢¢ L'V S )
9Z* PUTT 0°'G8¢ £ L c
ec’ AN £°¢C€ S'L 0T T Al wo 0§
oc* L°TT €' EE 8*G 9 L
Z1° L*TT P 1€ LS 6 9
I€"* L°TT 9°'1€ 6'T c g
A T°C1 0°6¢ YA 9 74
ge* A 8*Le 6°E L £
gc’ P'TT 8°0¢€ g8°'9 ot 4
Ic* E'TT 1°8¢ 8'E 9 T A\ uo gg
gc” 21 L°8¢ g°s OT G
8T S'C1 G*¢CE 8°'f% 9 174
Ic* AR A T EE 9°L IT £
oZ* I°€T 8°EE 9°9 L 4
744 6'¢1l 8°0E 1°¢€ 74 T A ud gg
¢ +deyg
d % % utsjord - (Bw) M (B) *am wigo " Jaqumpy ey/By Buroedsg
urein Tauxay *bay utexs) TeloL /spesd ardweg o1eg-d aJTuy

{(PONUTRUOD - (LT *°*0D UOSUTHITJ) 6 °2T49Bl



65

Le* 6°'0T 6°0€E 9°1 S 6
IE" 9°'6 8°¢CE 8°F g 8
6C"° 9°6 6°C¢t P L 6 L
og"* 9'6 0°Z¢ ¢'6 9 9
74 9'6 1°¢c¢g 101 61 =]
9c¢* 8°'6 E"TE £°8 ST 174
T€E" 1T Z"EE 0°S1 9 €
9g* L*'OT I°T€ L*S S <
6¢C"° £°6 L"CE O 74 0T T c wo 09
€g" T°0T g£°CcE 9*¢ 5 L
G¢* 8°6 £€°'TE L"E S 9
3 o I°TT G*Gg L"8 IT g
ot A F'0T S*0¢E 0o v L ird
P T1°0T ?*0€E G*c 74 £
LE"® £°01 9°¢E 0°¢ k74 <
LE" 2°0T1 8°G¢E 0°S S T e uo 8¢
z *dey
d % % urajoid (bur) *3m (B) *3Im wigo"* Jaqumpy ey/by burtoedg
utreIs Teuiay °*bay urers Tejor /sSpPesaH atdweg a3ey-d aITuy

(PONUTIUOD — (LT *°0D UOSUTHOTIA) 6 oTdRL



66

ings (38 and 50 cm) was evident at all locations during the latter
part of April and through mid-May, but tended to diminish as the
plants reached maturity (Fig. 7).

At Labette County, a grain yield response to fertilizer P
was obtained (Table 10). Plots receiving 6 kg P/ha averaged 271
kg/ha more than those receiving no P. There were no significant
grain yield differences between the means for the 6, 12, and 24
kg P/ha rates. A treatment receiving 168 kg N/ha and 48 kg P/ha
applied with the 25 cm knife spacing gave a grain yield increase
of 186 kg/ha over the mean for the 24 kg P/ha rate. This treat-
ment, however, was not included in the statistical analysis. The
P-rate had no significant effect on mean grain protein or %P in
the grain, but did have a significant effect on GNUP and GPUP.
The 24 kg P/ha rate gave significantly higher N and P uptake val-
ues than did either the 0 or 6 kg P/ha rates, but the 24 kg P/ha
rate did not significantly increase GNUP or GPUP over the 12 kg
P/ha rate.

Knife spacing had no significant effect on grain yield,
grain protein, %P, GNUP, or GPUP. A possible factor for this
lack of response to knife spacing could be the low amount of
rainfall received during heading and grain filling at this lo-
cation. The potential for excellent grain yields was evident
early in the growing seascon, but high vields failed to be real-
ized at harvest.

A fertilizer P response was also obtained at the Harper
County location {(Table 11). Treatments which received 24 kg
P/ha gave a significant mean grain yield increase of 306 kg/ha

over treatments receiving 6 kg P/ha and 504 kg/ha more than



Fig. 7.

Visual appearance of winter wheat responses to
knife spacing and P-rate at Labette County in
1980. The top photograph shows the 50 cm spacing
with 24 and 12 kg P/ha during mid-April. The
bottom photograph shows the 50 cm spacing with

24 kg P/ha at heading. Notice the growth of

wheat directly over the pre-plant bands.
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treatments receiving no P. There was no significant difference
in mean grain yield between the 12 and 24 kg P/ha rates. Mean
grain protein was significantly higher for the 0 kg P/ha rate
compared to the 6, 12, and 24 kg P rates. The %N in leaf tis-
sue was not significantly affected by P-rate, however, %P in the
leaf tissue was significantly increased by increasing amounts of
P applied. The percent P in the grain was significantly higher
for the 12 and 24 kg P/ha rates compared to the 0 and 6 kg P/ha
rates. There was no significant difference in percent P in the
grain between the 0 and 6 kg P/ha rates. There were no signi-
ficant increases in GNUP due to P-rate, but GPUP levels were
significantly increased by the 12 and 24 kg P/ha rates over the
0 and 6 kg P rates. There was no significant difference in GPUP
between the 0 and 6 kg P rates.

The effect of knife spacing on the mean grain yield, leaf
tissue %N, %P in the grain, GNUP, and GPUP were not significant.
Mean grain protein and %P in the leaf tissue were significantly
affected by knife spacing. Grain protein was variable with no
trend towards the 25 or 50 cm spacing. The mean percent P in
the leaf tissue of the 50 cm treatments was significantly high-
er than for the 38 or 25 cm treatments.

The data collected from the Dickinson County location indi-
cated a good yield response to fertilizer P (Table 12). Yields,
however, were low and variable due to late planting and subse-
quently poor stand. Plots receiving 6, 12, and 24 kg P/ha were
not significantly different in mean grain yield but gave signif-
icantly higher mean grain yields than did plots receiving no P,

A treatment receiving 168 kg N/ha and 48 kg P/ha applied with the
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25 cm spacing gave a 469 kg/ha grain yvield increase over the mean
for the 24 kg P/ha rate. There was no significant influence of
P-rate on grain protein or %P in the grain. Leaf tissue N and P
levels were significantly affected by P-rate as were GNUP and
GPUP. Plots receiving no P were significantly higher in mean
leaf tissue %N than the 6, 12, or 24 kg P rates. The 24 kg P
rate gave significantly higher mean P in the leaf tissue than
the 0, 6, or 12 kg P rates. Both the mean GNUP and GPUP showed
significant increases due to 6 kg P compared to 0 kg P. There
were no significant differences in mean GNUP or GPUP between the
6, 12, or 24 kKg P rates.

Knife spacing had no significant effect on mean grain yield
at Dickinson County, nor on mean grain protein, leaf tissue %N,
%P in the grain, GNUP, and GPUP. The leaf tissue P content was
significantly higher for the 50 cm spacing compared to either

the 38 or 25 cm spacing.

Leaf Tissue Sampling (Labette County 1980). Leaf tissue

sampling, as outlined in the materials and methods section, con-
sisted of samples of samples of leaf tissue, each taken from
12.7 cm of row. Detailed sampling of this type was conducted at
the Labette County location only. Sampling included one set of
three samples from each treatment in all four replications. Rep-
lications were averaged for each treatment (Table 13).

The change in N and P levels in the leaf tissue due to knife
spacing was not large. As would be expected, the %P in the tis-
sue of the sample centered over the band from the 50 cm spacing

with the 24 kg P rate was the highest. However, it was not sig-
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Table 13. EFFECTS OF KNIFE SPACING AND P-RATE ON WINTER
WHEAT LEAF TISSUE COMPOSITION AND DRY MATTER
PRODUCTION. (Labette Co., 1980)

Location of Sample in Relation to Band

Knife P-Rate Centered Centered Centered 1SD(.05) (.10)

Spacing kg/ha Between Over Between

(cm) Bands Band Bands
_____________ 7, (R ——

25 0 3.24 3.18 3.16 NS
38 0 3.35 2.98 3.26 25
50 0 3.24 3.05 3.14 NS
25 6 2.94 2.85 2.59 NS
38 6 2.82 2.68 2.88 NS
50 6 2.82 2.43 2.98 .41
25 12 3.00 2.75 3.01 NS
38 12 2.92 2.70 2.72 NS
50 12 3.06 2.84 2.80 NS
25 24 2.84 2.78 i3 NS
38 24 2.81 2.85 2.69 NS
50 24 2.89 2.73 2.93 NS
25* 48 2.74 2.77 2.69

LSD(.OS) oG | NS NS

_____________ B, s e i it

25 0 .19 . 20 .19 NS
38 0 .19 17 .19 .02
50 0 .20 .18 .18 .02
25 6 .19 .20 .18 NS
38 6 . 20 .18 .20 NS
50 6 .22 .20 a2 L NS
25 12 22 .21 21 NS
38 12 .21 .19 .19 NS
50 12 22 .21 22 NS
25 24 .21 .21 21 NS
38 24 .23 .23 .21 NS
50 24 26 «26 26 NS
25* 48 .26 .26 26

LSD(.OS) .04 .05 .03

* Received 168 kg N/ha; not included in statistical analysis.
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Table 13 (Labette Co., 1980 - Continued)
Tocation of Sample in Relation to Band
Knife P-Rate Centered Centered Centered LSD(.05) (.10)
Spacing Kkg/ha Between Over Between
(cm) Bands Band Bands
---- Dry Matter (kg/ha) -----
25 0 1118 1649 1184 NS
38 0 819 1383 1262 NS
50 0 1140 1240 1040 NS
25 6 1450 2335 2988 610
38 6 1395 2014 1350 NS
50 6 1572 3232 1129 1122
25 12 2446 3542 2468 NS
38 12 1992 3331 2357 NS 972
50 12 1893 4172 2247 1795
25 24 1804 2357 1970 NS
38 24 2424 4361 2191 1202
50 24 2048 4737 1439 1405
25%* 48 3309 4405 2855
LSD(.OS) 860 1347 1197
————— N Uptake (kg/ha) ---—--
25 0} 35.6 51.2 36.5 NS
38 0] 26.9 39.5 38.0 NS
50 0 35.9 36.1 31.7 NS
25 6 42,3 66.7 T7.7 16.8
38 6 38.8 54.0 37.7 NS
50 6 41.7 78,2 33.6 22.6
25 12 73.6 96.7 74 .4 NS
38 12 57.0 87.2 60.7 NS
50 12 56.9 118.7 59.0 NS 46.4
25 24 49.8 4.0 54,0 NS
38 24 66.2 124.8 56.4 28.7
50 24 59.6 128.2 39.8 36.5
25* 48 92.4 127.8 76.9
LSD('O5) 23.4 37.9 30.5

* Received 168 kg N/ha; not included in statistical analysis.
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Table 13 (Labette Co., 1980 - Continued)
Location of Sample in Relation to Band
Knife P-Rate Centered Centered Centered 1LSD(.05) (.10)
Spacing kg/ha Between Over Between
(cm) Bands Band Bands
----- P Uptake (kg/ha) -—--——--
25 0 2.1 3.2 2.2 NS
38 0 1.6 2.2 2.5 NS
50 0 2.2 2.1 1.8 NS
25 6 2.8 4.6 5.3 1.4
38 6 2.8 3.7 2.7 NS
50 3] 3.4 6.4 2.4 2.5
25 12 5.3 7.3 5.1 NS
38 12 4,1 6.2 4.3 NS
50 12 4.0 9.3 4,9 NS 4,0
25 24 3.7 5.2 4.3 NS
38 24 5.4 10.0 4,6 2.9
50 24 5.2 12,1 3.6 4.2
25* 48 8.7 11.9 7.5
LSD(.OS) 1.9 3.5 NS
(.10) 2-1
Mean Values: Knife Spacing
____________ %N e e e e
25 cm 3.00 2.89 2.87
38 cm 2.97 2.80 2.B89
50 cm 3.00 2.76 2.96
LSD(.OS) NS NS NS
____________ BN e i i
25 cm .20 .20 .20
38 am .21 .18 .20
50 cm 22 21 22
('10) l03
--—- Dry Matter (kg/ha) -----
25 cm 1704 2471 2153
38 am 1657 2772 1790
50 cm 1663 3345 1464
LSD(‘O5) NS 673 NS
(.10) 458

* Received 168 kg N/ha; not

included in statistical analysis.



Table 13 (Labette Co., 1980 - Continued)

Location of Sample in Relation to Band

Centered Centered Centered
Between Over Between
Bands Band Bands

Mean Values: Knife Spacing

------ N Uptake (kg/ha) ----—--

25 cm 50.3 69.7 60.6
38 om 47 .2 76.4 48,2
50 cm 48.5 90.3 41.0
LSD(.OS) NS NS 15.3
(‘10) 15-3
—————— P Uptake (kg/ha) -———--
25 cm 3.5 5.1 4,2
38 cm 3.5 Sed 3.5
50 cm 3.7 7.5 3.2
LSD(.OS) NS 1.8 NS
Mean Values: P-Rate
______________ o AR
OP 3.28 3.07 3.19
6 P 2.86 2.65 2.81
12 P 2.99 2.76 2.84
24 P 2.84 2.78 2.78
______________ ") N P——
OP .19 .18 .18
6 P .20 .19 .20
12 P .21 . 20 .21
24 P 23 .23 .23
LSD(.OS) .02 .03 .02
————— Dry Matter (kg/ha) -----
cP 1026 1424 1162
6 P 1472 2527 1823
12 P 2110 3682 2357
24 P 2082 3818 1867

LSD(.OS) 497 777 691



Table 13 (Labette Co., 1980 - Continued)

81

Location of Sample in Relation to Band

Centered Centered Centered
Between Over Between
Bands Band Bands

Mean Values: P-Rate

----- N Uptake (kg/ha) -------

0P 32.8 42.2 35.4
6 P 40.9 66.3 49.6
12 P 62.5 100.9 64.7
24 P 58.5 105.7 50.1
LSD(.OS) 13.5 21.9 17.6

————— P Uptake (kg/ha) -------
oOP 1.9 25 2.2
6 P 3.0 4,9 3.5
12 P 4.5 7.6 4.8
24 P 4.8 9.1 4.2
1.1 2.0 1.5

LEDy omd
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nificantly higher than either the 38 or 25 cm spacings with the
24 kg P rate. The higher %P was probably a result of the higher
concentration of N and P in the band of the 50 cm spacing as com-
pared to the 38 or 25 cm spacings.

The dry weights were significantly higher in the sample cen-
tered over the band of the wider spacings. The fertilizer bands
at the 50 cm spacing contained twice the concentration of N and P
as the fertilizer bands at the 25 cm spacings. However, both
spacings were equal in terms of kg/ha of N or P applied. The
mean dry weight of the sample centered over the band of the 50 cm
spacing was significantly greater than the mean dry weight of the
sample centered over the band of the 25 cm spacing. Mean dry
weights of samples centered between bands trended lower for the
wider spacings (38 and 50 cm) as would be expected, since the dis-
tance from the plant to the fertilizer band was greater than the
distance from plant to band for the 25 cm spacing. A more uniform
growth of plants across the plots of the 25 cm spacing was observed
visually and the dry weights obtained from sampling seem to sub-
stantiate this observation.

Uptake of N was also more uniform between samples taken from
the 25 cm spacing. The 38 cm and 50 cm spacing showed a relative-
ly high amount of N uptake in the sample centered over the band
with lesser amounts in samples centered between bands. Uptake of
P was significantly greater in the sample centered over the band
of the 50 cm spacing than either the 38 or 25 cm spacings. There
were no significant differences in mean P uptake due to knife
spacing for samples centered between bands.

Averaged across spacing, the %N in the leaf tissue of sam-



83

ples centered cver the rand and centered between bands were sig-
nificantly lowered by the addition of P in the treatments as com-
pared to treatments receiving no P. This would be due to a di-
lution effect, since the dry weights of those samples receiving
no P were significantly less than those samples that did receive
P. Both samples centered between bands and centered over bands
showed a negative correlation between the P-rate and %N in the
leaf tissue. The correlation between %N, %P, dry matter produc-
tion, and P-rate is given in Table 14. The table presents the
correlation coefficients and the regression equation for %N, %P,
dry matter production as influenced by P-rate for samples bet-
ween bands and centered over the bands.

The %P 1n the leaf tissue was significantly increased by
P-rate for samples centered between bands and centered over bands.
The correlation coefficients for the effect of P-rate on %P on
%P in the tissue were r=.47 and r=.53 for samples centered bet-
ween bands and centered over bands, respectively, (Table 14)
which were significant at the 1% level of significance. Dry mat-
ter yields for the samples centered between bands and centered
over bands were both positively correlated with P-rate with cor-
relation coefficients of r=.60 and r=.53, respectively, (Table 14)
which were significant at the 1% level of significance. The 12
and 24 kg P/ha rates gave higher mean N and P uptake rates than

did either the 0 or 6 kg P/ha rates for all three samples.

Grain Head Sampling (Labette County 1980). Grain head sam-

pling as outlined in the materials and methods section, consis-

ted of samples of grain heads, each taken from 12.7 cm of row.
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Table 14. CORRELATION OF %N, %P, AND DRY MATTER OF LEAF TISSUE
AS AFFECTED BY P-RATE ON SAMPLES* CENTERED BETWEEN
BANDS AND CENTERED OVER BANDS TAKEN AT THE EARLY
SAMPLING DATE. (Labette Co., 1980)

Correlation Coefficients For Samples Centered Between Bands

Dry
%P Matter P-Rate
%N .01 -, 55%% ~.39%>*
%P .19 AT7**
Dry
Matter 53**
Regression Equations
%N = 3.13 - .0066(P-Rate) r = —-,39%%*
%P = .194 + ,00072(P~Rate) = 47%**
Dry Matter = 976.4 + 60.83(P-Rate) - = .60%*

0.76 (P-Rate)?

Correlation Coefficients For Samples Centered Over Bands

Dry
%P Matter P-Rate

%N -19 —137** _019
%P A7 %* «53%%

~

Dry
Matter «B60**

Regression Equations

%N = 2.90 - .0036(P-Rate) r =-.19
Dry Matter = 1367.1 + 127.39(P-Rate) - r = 67%*

1.56(P-Rate)?

* Samples taken from .127m of row.
** Tndicates significance at the 1% level.
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Sampling included one set of three samples from each treatment
in all four replications, and replications were averaged for
each treatment. Sampling of this type was conducted at the La-
bette County location only (Table 15).

The effect of knife spacing on the number of heads per sam-
ple even though non-significant, was noteworthy. When looking
at mean values across P-rates, samples centered over bands of
the 50 cm spacing yielded 6 more heads per sample than the 25 cm
spacing and 3 more heads per sample than the 38 cm spacing.

When looking at the values for the 24 kg P-rate only, the 50 cm
spacing yielded 12 mcre heads than the 25 cm spacing for samples
centered over bands which was significant at the 10% level. The
25 cm spacing yielded 7 and 4 more heads than the 50 cm spacing
for the two samples centered between bands. The increase in
head number directly over the band was primarily due to the high
concentration of N and P in the band of the 50 cm spacing at a
given P-rate, which was twice the concentration of the P in the
band of the 25 cm spacing. Possible explanations for the lower
head number in samples centered between bands of treatments re-

ceiving the 50 cm spacings would be the greater distance for

plant roots to reach the fertilizer bands. The 25 cm spacing pro-

vided a fertilizer band in closer proximity to plant roots of
plants centered between bands, resulting in more uniform head
number, or tillering across the area sampled, compared to the 50
cm spacing. The compensation in the number of heads in the sam-
ple centered over the band of the 50 cm spacing compared to the
number of heads in samples centered between bands of the 25 cm

spacing could have been a major factor in causing no significant
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Tabkle 15. EFFECTS OF KNIFE SPACING AND P-RATE ON WINTER
WHEAT GRAIN HEADS/.127m, GRAIN YIELD, AND
GRAIN COMPOSITION. {Labette Co., 1980)
Location of Sample in Relation to Band
Knife P-Rate Centered Centered Centered 1SD(.05) (.10)
Spacing kg/ha Between Over Between
(cm) Bands Band Bands
—————— Grain Heads/.127m —-----
25 o] 13 14 13 NS
38 0 12 15 10 NS
50 0 16 16 11 NS
25 6 18 19 17 NS
38 6 15 22 12 NS
50 6 13 21 16 N>
25 12 16 20 14 NS
38 12 20 22 15 NS
50 12 14 25 10 9
25 24 22 21 18 NS
38 24 21 25 13 NS 9
50 24 15 33 14 14
25%* 48 26 28 28
(.10) °
————— Grain Yield (kg/ha) ----
25 0 3278 3454 2713 NS
38 Q 2725 2528 2226 NS
50 0] 3966 3889 2545 NS
25 6 4729 4593 3951 NS
38 6 3706 5176 2663 1797
50 6 3086 4782 4343 NS
25 12 3785 4449 3192 NS
38 12 4318 4832 2903 NS 1443
50 12 3427 6892 2244 2769
25 24 5106 4936 4024 NS
38 24 4620 5601 2836 NS 1985
50 24 3600 7790 3719 2830
25%* 48 4744 4706 5262
LSD(.os) A 53 NS
2130

(.10)

* Received 168 kg N/ha; not included in statistical analysis.
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Table 15 (Labette Co., 1980 - Continued)

Location of Sample in Relation to Band

Knife P-Rate Centered Centered Centered LSD(.05) (.10)
Spacing kg/ha Between Over Between
(cm) Bands Band Bands

—————— Grain Protein % ———————

25 0 12.6 13.5 1347 NS
38 0 13.8 14.0 14.1 NS
50 0 13.4 13.8 13.7 NS
25 6 13.2 13.5 13.5 NS
38 6 12.5 12.5 13.0 NS
50 6 12.4 12.0 12.2 NS
25 12 . 13.6 13.9 13.9 NS
38 12 12.7 13.8 13.9 NS
50 12 12.3 11.9 12.3 NS
25 24 135 13.2 13.4 NS
38 24 12.9 12.9 13.3 NS
50 24 12.6 12.4 12.4 NS
25% 48 14.7 14.7 14.2
LSD(.OS) NS NS NS
————————— Grain %P —---——=————-
25 0 .29 .30 31 NS
38 0 .26 .34 .30 NS
50 0 .30 .34 .30 NS
25 6 «30 .30 31 NS
38 6 .31 .29 .31 NS
50 6 .33 .32 32 NS
25 12 .30 .29 .30 NS
38 12 .30 .30 .30 NS
50 12 .33 .30 35 NS
25 24 .35 .31 .33 .03
38 24 .32 .31 .33 NS
50 24 .38 30 .33 .06
25%* 48 .34 .38 .34
LSD(.OS) .06 NS NS

* Received 168 kg N/haj not included in statistical analysis.
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Table 15 (Labette Co., 1980 - Continued)

Location of Sample in Relation to Band

Knife P-Rate Centered Centered Centered LSD(.05) (.10)
Spacing kg/ha Between Over Between
{cm) Bands Band Bands

———————— GPUP (kg/ha) -—--———--

25 0 9.8 10.1 8.0 NS

38 0 T2 12.4 6.3 NS 4.2
50 0 11.4 13.1 7.3 NS

25 6 13.7 13.9 1.2 NS

38 6 11.6 14.9 8.4 NS 4,8
50 6 9.8 18,1 13.5 NS

25 12 11.7 130 9.7 NS

38 12 12.8 14.5 9,1 NS

50 12 10.8 205 7.8 8.8

25 24 18.3 1543 13.5 NS 3.4
38 24 14.3 17.3 9.2 6.1

50 24 13.8 Z3:2 1241 NS 7.8
25% 48 16.1 17.9 17.8

LSD( g5) NS NS NS
———————— GNUP (kg/ha) ===-—--—-

25 0 7145 75.4 582 NS

38 0 64.9 85.4 53.0 N3

50 0 93.0 94.1 59.6 NS

25 6 109.0 106.5 93.0 NS

38 6 82.4 11647 61.7 NS  38.9
50 6 68.0 98.7 95.8 NS

25 12 90.3 108.4 78.4 NS

38 12 96.0 11745 70.0 NS  30.2
50 12 72.4 145.8 48,3 60.0

25 24 118,2 113.8 94.6 NS 17.2
38 24 104.7 126.4 65.0 NS 44.4
50 24 79.7 169.6 80.8 67.0

25% 48 120.2 120.0 130.4

ISD( o5) ™S NS NS

* Received 168 kg N/ha; not included in statistical analysis.



Table 15 (Labette Co., 1980 - Continued)

Location of Sample in Relation to Band

Centered Centered Centered
Between Over Between
Bands Band Bands

Mean Values: Knife Spacing

————— Grain Heads/.127m =---=--

25 cm 17 ‘18 16
38 cm 17 21 12
50 cm 14 24 13

LSD(.O5) NS NS NS

————— Grain Yield (kg/ha)} ----

25 cm 4224 4358 3470
38 cm 3842 4787 2657
50 3520 5838 3213
LSD(.OS) NS NS NS
(.10) 1065
------ Grain Protein % —----—--
25 cm 13.2 13.5 13.6
38 cm 13.0 13.3 13,5
50 em 12.7 12.5 12.6
LSD(.OS) NS NS NS
————————— Grain %P ==-—————-—-
25 am .31 .30 .31
38 cm .30 31 «31
50 cm .33 31 R 7.
LSD(.DS) NS NS NS
(.10) .02
------- GPUP (kg/ha) -—-—-——---
25 cm 13.4 13.0 10.9
38 com 11.5 14.8 8.2
50 cm 11.4 18.0 10.2

NS 4.0 NS



Table 15 (Labette Co., 1980 - Continued)

Location of Sample in Relation to Band

Centered Centered Centered
Between Over Between
Bands Band Bands

Mean Values: Knife Spacing

——————— GNUP (kg/ha) —-—-———==-=

25 em 97.2 101.0 81.0

38 e 87.0 111.5 62.4

50 cm 78.3 127.0 71.1
LSD( 05) NS NS NS

Mean Values: P-Rate

————— Grain Heads/.127m ------

0P 14 15 11
6 P 15 21 15
12 P 16 22 13
24 P 19 26 15
LSD(.OS) NS 7 NS
(.10) 4
————— Grain Yield (kg/ha) ----
0P 3323 3627 2495
6 P 3840 4850 3652
12 P 3843 5391 2780
24 P 44472 6103 3526
LSD(.05) NS 1478 NS
(.10) 833
—————— Grain Protein % —-—-————-
op 13.3 13.8 13.8
6 P 12.7 12.6 12.9
12 P 12.9 13.2 13.4
24 P 13.0 12.8 13.0

LSD( g5) M e NS



Table 15 (Labette Co., 1980 - Continued)

Location of Sample in Relation to Band
Centered Centered Centered

Between Over Between

Bands Band Bands

Mean Values: P-Rate

—————————— Grain %P ~——=—mm———
OP .28 .32 .30
6 P e i .30 o §
12 P 3 .30 il
24 P «35 .31 533
-------- GPUP (kg/ha) --------
0P 9.5 11.9 7.2
6 P 11.7 14.6 11.4
12 P 11.8 16.0 8.8
24 P 15.4 18.6 11.6
LSD(.OS) 3.0 4.6 3.2
-------- GNUP (kg/ha) --------
0P 76.5 85.0 56.9
6 P 86.5 107.3 83.5
12 P 86.3 123.9 65.6
24 P 100.9 136.6 80.1
LSD(.OS) NS 33.7 NS
19.0
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yield increases due to knife spacing. There were no significant
grain yield increases due to knife spacing, since the grain yield
calculated from each sample was closely correlated with head num-
ber per sample, regardless of treatment. A plot showing the
wheat yield as affected by head number in the sampling study de-
scribed above is given in Fig. 8. The correlation coefficient is
r=.92. The mean grain yield for the three samples taken on plots
with the 25 cm spacing were relatively more uniform as compared
to those samples taken from plots with the 38 and 50 cm spacing.

Mean grain protein was not significantly affected by knife
spacing (Table 15). However, a trend towards higher grain pro-
tein with the narrower knife spacings existed. The %P in the
grain and GNUP were not significantly affected by knife spacing.
The GPUP was significantly increased in samples centered over
the band of the 50 cm spacing over samples centered over the
band of the 25 cm spacing. Samples centered between bands were
not significantly different between knife spacings. However, the
25 cm spacing gave a higher mean GPUP than either the 38 or 50 cm
spacings in samples centered between bands.

The mean number of grain heads per sample was significantly
increased by the P-rate (Table 15). Samples centered over the
band for the 12 and 24 kg P/ha rates gave significantly more
grain heads than treatments receiving no P. However, there were
no significant differences between P-rates for samples centered
between bands. As was previously mentioned, grain yield was
closely correlated to head number with r=.92. As with head num-

ber, mean grain yield for the 12 and 24 kg P/ha rates gave sig-
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nificant increases over the 0 P rates for the sample centered
over the band. Samples centered between bands were not signifi-
cantly different in mean grain yield between P rates. Mean grain
protein was not significantly affected by P-rate, either.

The correlation between the grain yield per sample as in-
fluenced by N uptake, P uptake, and dry matter production per
sample at the early sampling date are given in Table 16, along
with the regression equations for yield as affected by these
variables.

The grain yield per sample was not highly correlated with
the N uptake, P uptake, or dry matter production per sample at
the early sampling date with correlation coefficients of r=.40,
r=.42, and r=.41, respectively. However, all correlation cocef-
ficients were significant at the 1% level.

The positive correlation between early dry matter production
and subsequent grain yield, which was significant at the 1% level,
would suggest that increased dry matter production increased the
photosynthetic ability of the plant due to increased leaf area.
Thus, the potential of the plant to produce the maximum number of
heads per plant is increased. Since grain yield and head number
were closely correlated, and a significant correlation between
early dry matter production and grain yield exists, an early re-
sponse to fertilizer P resulting in increased dry matter produc-
tion would conceivably result in increased grain yield at harvest.

The results of this sampling show that mean GPUP increased
significantly with increases in the P-rate. The P-rate also sig-

nificantly affected the mean GNUP of the sample centered over the
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Table 16. CORRELATION OF SAMPLE* GRAIN YIELDS WITH N UPTAKE,
P UPTAKE, AND DRY MATTER OF LEAF TISSUE ON SAMPLES
CENTERED BETWEEN BANDS AND CENTERED OVER BANDS
TAKEN AT THE EARLY SAMPLING DATE.
(Labette Co., 1980)

Correlation Coefficients For Samples Centered
Between Bands And Centered Over Bands
Dry
N Uptake P Uptake Matter

= G .40%+ LA2%% L qlHw
N Uptake « 9% * e AR
P Uptake « 9%

Regression Equations
Grain Yield = 2683.1 + 22.1(N Uptake) r = ,40**
Grain Yield = 2858.9 + 257.0(P Uptake) = L 42%%
Grain Yield = 2739.8 + 0.59(Dry Matter) = ,41**

* Samples taken from .127m of row.
** Tndicates significance at the 1% level.



96

band, with an increase in mean GNUP with the higher P rates.
There were no significant differences in mean GNUP as affected

by P-rate in samples centered between bands.

Greenhouse Studies

A greenhouse study was conducted to determine the effect of
different phosphorus levels on P uptake and dry matter production
of wheat seedlings (Table 17 and Fig. 9). Samples of wheat shoots
taken 7, 14, 21, and 28 days after planting indicate that shoots
from plants grown in very high P soil consistently yielded sig-
nificantly more dry matter than did shoots from plants grown in
a very low P soil (Fig. 10). The data indicates that a good ex-
ternal P source 1is needed very soon after germination as most of
the P within the seed is used very fast. Wheat plants grown in
the fine, acid-washed quartz sand (no P) yielded significantly
less dry matter than those grown in the very high P soil at all
dates sampled. Dry matter production was not significantly dif-
ferent between plants grown in the fine, acid-washed quartz sand
(no P), and plants grown in the very low P soil at 14, 21, and
28 days after planting. The %P of wheat shoots grown in the high
P soil was significantly higher than those grown in either the
low P soil or fine, acid-washed guartz sand, at all dates sampled
(Fig. 11). Likewise, the P uptake of plants grown in the high P
scil was significantly greater than those grown in either the low
P soil or the fine, acid-washed quartz sand at all dates sampled
(Fig. 12). These results indicate that wheat seedlings are ca-

pable of absorbing P external to what is available in the seed
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Table 17. EFFECT OF PHOSPHORUS LEVEL ON N AND P CONTENT, N AND P
UPTAKE, AND DRY MATTER PRODUCTION BY WINTER WHEAT
SEEDLINGS. (Greenhouse Study, 1980)
Days After Treatment Dry Wt. P Uptake
Planting mg/plant* %N* %D* mg/plant*
7 Days Filt. Paper 4,88 4.55 67 .032
Fine Sand 2.93 6.21 .72 .021
Low P Soil 4,23 5.30 .63 .029
High P Soil 4.93 5.40 1.05 .052
LSD(.OS) - o 3 .11 .002
14 Days Filt. Paper 9.83 5.16 .60 . 059
Fine Sand 13.32 6:13 .46 . 061
Low P Soil 14,83 5.23 .46 . 068
High P Soil 16.73 5.06 .90 .151
LSD(.OS) 1.65 .18 .07 .012
21 Days Filt. Paper 12.58 5.46 .59 .073
Fine Sand 28.25 4,90 .24 . 067
Low P Soil 2705 4.90 .28 .075
High P Soil 37.10 5.00 .54 .199
LSD(.OS) 7.08 .30 .07 022
28 Days Filt. Paper  —----- -—— -— -———
Fine Sand 30.05 4.25 .19 .056
Low P Soil 38.43 4.40 .20 077
High P Soil 5123 4.56 .45 .228
LSD(.OS) 10.95 .19 .03 . 044

* Shoots only
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*ig.

9.

Visual appearance of winter wheat seedlings grown
in mediums with different phosphorus levels. The
top photograph shows seedlings grown in (from left
to right) fine sand (no P}, low P soil, and high P
soil at 7 days after planting. The middle and
bottom photographs show seedlings at 14 and 21
days after planting, respectively. (Greenhouse

Study, 1980)
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Fig. 10. Effect of phosphorus level on dry matter production

by winter wheat seedlings. (Greenhouse Study, 1980)
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Fig. 11, Effect of phosphorus level on %P in the leaf tissue

of winter wheat seedlings. (Greenhouse Study, 1980)
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ig. 12. Effect of phosphorus level on P uptake by winter

wheat seedlings. (Greenhouse Study, 1980)
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very early in their growth. This would also indicate that seed
P does not last very long in the growth process of the seedling
and is not enough for maximum dry matter production, even in the
first few weeks after emergence. Plants grown on paper towels
maintained a very high P level in their shoots, even though ex-
ternal P was not available, but dry matter production was limit-
ed soon after emergence, Plants grown on paper towels were not
sampled at 28 days due to wilting and generally poor plant growth.
The P uptake of seedlings grown on the paper towels, in the fine
sand, and the low P soil was essentially the same at the first
three sampling dates. These results indicate that the low P
soil gave little P for plant growth.

These data also indicate that wheat seedlings growing in
soils which are limiting in the amount of available P should
have fertilizer P applied with or banded close to the seed at
planting. When present with or near the seed the seedlings can
easily absorb and utilize external P early in their growth proc-
esses.

A second greenhouse study was conducted using only the fine
acid-washed quartz sand (no P) to grow wheat seedlings (Table 18).
The objective of this study was to break down by plant parts
(shoot, root, and seed remnant) the dry weight and %P of each
part of the wheat seedling.

The dry weights of the shoots and seed remnant 7 days after
planting were essentially the same, with a slightly smaller dry
weight contributed by the roots. The shoots and seed remnant of

the seedlings contained an average of .53% P compared to .27% P
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Table 18, DRY MATTER AND N AND P CONTENT OF WINTER WHEAT
SEEDLINGS GROWN ON P DEFICIENT SAND AT 7 AND 14
DAYS AFTER PLANTING. (Greenhouse Study, 1980)

Mean Values:

Days After Plant Dry Wt. micrograms B/
Planting Part mg/plant %N %P plant (seed)
7 Days*
Shoot 7.3 6.06 .54 39.4
Root 5.7 2.98 .27 155
Seed
i 7.2 2.38 .52 37.3
Total 20.2 92.2
14 Days*
Shoot 14.6 5.68 .43 62.9
Root 7.6 3.26 w2l 15.9
Seed
PR 3.4 1,94 .19 6.4
Total 25.6 85.2
Original
Seed Lot**
26.1 2.33 .42 109.6

* Avg. of 50 plants.
** Avg. of 50 seeds.
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in the roots. Data from samples taken 14 days after planting
show that the dry weight of the shoots was about twice that of
the roots. The dry weight of the seed remnant was less than half
that at the first sampling. The N and P levels were highest in
the shoots, a lesser amount in the roots, and the seed remnant.
This data indicates that the P available within the seed was
rapidly being used by the growing seedlings. An analysis of the
original seed lot was made and an average of 109.6 micrograms of
P was in each wheat seed. About 84% of the original P in the
seed was accounted for in the seedling at 7 days after planting.
About 78% of the original P in the seed was accounted for in the
seedling at 14 days after planting. The data from this study
show that the majority of P in the seed is translocated to the
shoots with a lesser amount received in the roots. The P con-
tent of the seed remnant decreased sharply as the wheat seedlings
grew and the requirement for P was increased. As was pointed out
in the previous study, the %P contained in the seed was less than
needed for maximum growth very soon after emergence. Data from
this study indicate that the seed source of P would be diminished
very early in the growing season and fertilizer P should be placed
in close proximity of the wheat seed at planting for good early
plant growth in soils testing low in available P.

A third greenhouse study was conducted to look at horizontal
distance of a row of wheat seedlings from an N-P fertilizer band
and the effect of horizontal distance on fertilizer P uptake and
dry matter yield (Table 19 and Fig. 13). The use of 32p jabelled

monoammonium phosphate allowed for calculation of percent fertil-



ATuo sj00Ug «

o]
o
™~
SN SN SN 80° SN (S0") g1
€00°0 0 £9° ¥6°9 BE® 744 74 T19° €91 wo QO
L90°0 F L 6 61'8 9" ST 4 cL'661 wo Q¢
or1°0 €°LT I8° ST*8 £V’ IE'F 82'681 wo 01
2ze’"0 9°6¢ TO'T G586 1} i 1€ ¥ oZ*1ec u 0
000°0 0°0 gg”’ 66°9 s¢” IR 4 GE*Z91 N 3I50,d + Ho9yp)
Q00°0 0°0 29 09°L 745 120 Ml 4 £2°¢81 Ho9aypd sheq gg
SN SN SN SN SN (S0") g1
000°0 0°0 oe¢- EL°E o 2% Sl 74 gs°¢é9 wo Qg
TI00°0 €0 81" 17404 Ze” 72500 74 16768 w2 ¢
£€00°0 E°1T LE* £0° € Tg" 0SSP GC LY wo 01
9000 0*¢g (A Z0°E £g* SO°¥% 10°59 ud 0
000°0 0°0 Ie’ [9°¢ 4% 0% P 68°09 N 3I50,d + ¥MO=YyDd
00G°0 00 61° G9*e Ze" 6b° ¥ B0'65 3Oayp sheq gz
SN SN 20° =N SN (S0") qer
00070 0°'0 90" LS" Ly 98" % GL°TT u2 Qg
0000 0°0 LG* oL® 6%’ 88y CE'PI wd Q¢
000°0 0°0 LO* TL® Ly’ 10°S LT FI1 wo 01
Q00" 0 0°‘0 90" £9° 8F° 17 PL*CT u2 0
000°'0 0°0 Q0°* 6S° ¢S’ 8% 9121 N 3Is0,d + ¥2o9YD
000°0 0°0 90" c9° 0s* E6'F 09°C1 Moayp sfeq 171
s3uetd/bu (WD) Moy Of
ayeadn 4I9ZTITTIIDG y3ueTd/Bu  yjuetd/HBu »d% *N% sauerd /Bu puerg *3J94 WoXJj butiuetd
d *3I94 woxg J% aye3dn 4 ayeazdn N "M AXQ 920Ue3lSTQ TRISIRT JI93Iy sdeg

(0861 ‘Apn3is SsnoyusaIn dJy
NOTILONAO¥Yd ¥ILLVW Add ANV HYV.LA 4d NO ANVH JHZITILIIS O

) °“SONTITIJIIS LVIHM JIINIM J0
M MOY WOYd HONV.ILSIO 40 1Odddd

*61 @19l



110

ATuo s300Us «

001 678 Lo* L SN (S0) qeq

LEOTO Z'c 88°1 I 0¢ 74 9% 89°€E T9°05¢ wo 0g

TLP'T S'6fF S6°¢ EF"Ge oF" €6°E S1°9%9 wo 0

828°1 6"'8% EL"E 60°EE 0G* 1o} 7 4 LL'OVL wo 0T

CIL*T L*LV 8G°€ L9 1€ 0G* S v 95°0TL wo 0

000°0 0°0 98" 1 8T €C Zge” €0 9¢° " PLS N 380,49 + 322auyp
000°'0 0°0 GG'T S6°81 o€* L€ 9€"T1S preC o fo] sfeq ¢t

yJueTd /Hut (wd) Moy 0
axe3id) #I9ZTTT3IIDg sueTd/bBbu yjuerd/HBu xd% *N% x3uetd/HBu pueg *3JI94 WOIJ butjuerd
d *3I94 woxg d% ayeadn 4 oyeazdn N *aM Aag @oue3lsTg TeIL3e] JI9313IY sdeq
(penuTjuo) - 0861 ‘Apnig Isnoyusaly 4, ) 61 9TYEL

(45



[«

13.

Visual appearance of winter wheat seedlings
grown at horizontal distances of 10 cm and
30 cm from the pre-plant band of N and P fer-
tilizer at 11 days (top) and 44 days (bottom)

after planting. (32P Greenhouse Study, 1980)
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izer P in the leaf tissue and fertilizer P uptake.

The distance of the fertilizer band from the wheat seed-
lings had no significant effect on dry matter yield of shoots at
any of the four sampling dates. However, horizontal distance did
affect the %P from fertilizer absorbed by the plant (Fig. 14).
The seedlings began absorbing fertilizer P between 11 and 22
days after planting. Wheat plants directly above the fertilizer
band of P (0O cm) had absorbed 3.0% of the total P in the shoots
from the N-P fertilizer band by 22 days. Rows of plants which
were horizontal distances of 10 and 20 cm from the N-P fertilizer
band had taken up 1.3 and 0.3%, respectively, of the total P in
their shoots from the fertilizer band by 22 days. Plants which
were a horizontal distance of 30 cm from the fertilizer band had
not yet absorbed any fertilizer P by 22 days after planting.
However, the fact that the 30 cm treatment must grow across the
adjacent row of wheat to reach the fertilizer band may have had
some influence on roots reaching the band. At thirty-three days
after planting, the 0, 10, 20, and 30 cm treatments and absorbed
29.6%, 17.3%, 7.4%, and 0.4%, respectively, of their total P in
the shoots from the fertilizer band. Forty-four days after
planting, the 0, 10, and 20 cm treatments were not greatly dif-
ferent in the amount of fertilizer P absorbed. However, all had
absorbed greater percentages of P from the fertilizer band than
the 30 cm treatment.

The data from this study indicate that the bands placed 30
cm from the row of plants had not yet been reached by the plant

roots until 33 days after planting. By 44 days after planting,



Fig. 14. Effect of distance from row to fertilizer band on

%P from fertilizer phosphorus in the leaf tissue

of winter wheat seedlings. (32P Greenhouse Study,

1980)
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plant roots had not yet absorbed a major portion of the plant's
P from the fertilizer band. Possibly the roots would absorb
much more fertilizer P from the band placed 30 cm from the row at
some later point in plant growth. However, for maximum early
season absorption of fertilizer P, the 30 cm treatment could not
provide adequate fertilizer P to the wheat seedling due to phys-
ical limitations in plant growth. This would suggest the use of
band placement no greater than 20 cm from the row of wheat, in
low available P soils, to obtain maximum uptake of fertilizer P
during early growth. Furthermore, if P uptake during the first
couple of weeks after emergence is critical to tillering and
eventual head number, P may need to be placed even closer to the

- seed row on soils testing low in available P.
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SUMMARY AND CONCLUSTONS

The results of the field studies suggest that application of
pre-plant bands of N and P at spacings no greater than 50 cm are
adequate for production of winter wheat in soils testing low in
available P. However, spacings of 38 and 25 cm, while not sig-
nificantly superior to the 50 cm spacing in terms of grain yield,
did seem to give more uniform plant growth and dry matter produc-
tion early in the growing season. The 38 and 25 cm spacings did
give a non-significant yield advantage over the 50 cm spacing in
somé instances. The "wavy effect" on plant growth associated
with wider spacings of pre-plant bands may not be as inhibiting
to grain yield as once thought. Sampling data show an increase
in head number directly over the knife bands of the 50 cm spacing
as compared to the 38 and 25 cm spacings at a given P rate. This
increase in head number directly over the band could compensate
for the lower head number between bands and might partially ex-
plain why the 38 and 25 cm spacings, while giving more uniform
plant growth and head number, are not significantly superior to
the 50 cm spacing in terms of grain yield. Results, of course,
are inconclusive and further research is needed to substantiate
these results.

Phosphorus response on soils testing low in available P
were generally good and significant grain yield increases were
obtained with the application of P. Phosphorus application gave
increased early season growth and correlated positively with in-
creased grain yield. Grain yield was in turn highly correlated

with head number. Thus, the field studies suggested that phos-
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phorus fertilizer needs to be in close contact with the growing
wheat plant for maximum early season dry matter production and
consequently, a high potential grain yield.

Greenhouse studies indicate that wheat seedlings can absorb
both soil and fertilizer P early in their development. As was
shown in the greenhouse, P available in the seed alone was not
adequate for maximum dry matter production for very long. Seed-
lings grown in soils deficient in available P were also limited
as to the amount of dry matter produced, even by 1 week after
emergence. Therefore, it is very important that an external
source of P be placed in close proximity of the seed for maximum
early season growth since dry matter production and grain yield
are positively correlated.

Greenhouse studies indicate that the closer the pre-plant
band of P is to the wheat seedling the greater the early season
uptake. Since uptake of fertilizer P was shown to be crucial in
promoting maximum dry matter production in the field, uptake of
fertilizer P early in the season is critical to the eventual
head number and grain yield. Greenhouse studies showed that
pre-plant bands placed directly beneath (0 cm) and 10 cm from
the wheat seedlings gave substantially more fertilizer P uptake
than did bands placed 20 or 30 cm from the seedlings at early
sampling dates. Thus, greenhouse studies indicate that pre-
plant bands should be placed closer than 20 cm from the wheat
seedlings on low P soils if maximum P uptake and dry matter pro-
duction are to be obtained early in the growing season. The

need for early season uptake of P to promote maximum dry matter
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production and eventual grain yield would point to the use of 25
and possibly 38 cm spacings to accomplish these objectives in

the field.
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Field studies consisting of combinations of spacings of
pre-plant bands and rates of P fertilizer were conducted on win-
ter wheat at several locations in eastern Kansas. All treat-
ments were pre-plant band applications of liquid ammonium poly-
phosphate (APP, 10-34-0) and anhydrous ammonia. Band spacings
of 25, 38, and 50 cm in combination with rates of 0, 6, 12, and
24 kg P/ha were selected for this study.

The growth of winter wheat was influenced by the distance
between bands as well as the P rates at some locations. Grain
vield was influenced significantly by P rate at some locations.
Spacing effects were non-significant at all locations but tended
to be higher with narrower spacing of pre-plant bands at some
locations.

Plant sampling at various distances ffom the fertilizer
band indicated differences in dry matter, head numker, and grain
vield due to P rate and knife spacing.

Studies conducted in the greenhouse indicate that the appli-
cation of P fertilizer is very important early in the wheat seed-
lings. Phosphorus uptake by yvoung wheat seedlings was signifi-
cantly influenced by the distance of the fertilizer band from
the plant. Fertilizer bands 0O, 10, and 20 cm from the plant row
influenced fertilizer P uptake at early sampling times. Fertil-
izer bands 30 cm from the plant row influenced P fertilizer up-
take at later sampling times but gave substantially less fertil-

izer P uptake than closer bands.



