MONTANA

STATE UNIVERSITY

Effects of spring top-dressing phosphorus on winter wheat (Triticum aestivum L.)
by Charles Randal Phillips

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE in Soils

Montana State University

© Copyright by Charles Randal Phillips (1972)

Abstract:

Three repetitions of fifteen treatments were laid out on a cooperator's winter wheat field in spring,
following the fall planting. The cooperator was asked to drill in P fertilizer at seeding in the fall and to
manage the planting as he normally would After the plots were laid out, plant and soil samples were
taken and the fertilizer was spread. Soil temperatures, precipitation, and evaporation measurements
were made throughout the growing season. Eighty-one sites were considered, 40 from the 1970 and 41
from the 1971 growing seasons.

For both years the top-dressing resulted in an overall increase in yield of 2.1 bushels/acre and an
overall decrease in protein percentage of 0.05%. Of the sites 69.1% showed an average yield increase
of 3.6 bushels/acre; 4.9% showed no change; and 26.5% showed an average decrease of 1.5
bushels/acre. Of the sites 30.9% showed an average increase in percent protein of 0.48%; 25.9%
showed no change; and 43.2% showed an average decrease of 0.45%.

Simple correlations were run on change of yield and of percent protein versus percent P in the plant
tissue collected at growth stage 2 to 3 (Peekes' stage), ppm P (0-6") im the soil, ppm P (6"-12") in the
soil, and ppm P (0-12") in the soil. For the combined data of 1970 and 1971 the highest correlation was
found between change of grain yield versus ppm P (0-6") in the soil (r =-0.256). The lowest correlation
was found between change of percent protein versus ppm P (6"-12") in the soil (r =+0.070) Of all 24
correlations only two were found to be significant, change of grain yield versus ppm P (6"-12") in the
soil, 1971 (r =-0.470), and change of grain protein percentage versus % P in plant tissue at Feekes
stage 3, 1970 (r =-0.469).

ppm P (6"-12") An expression, ppm p (0-6") - ppm P (6"-12"), increased the significance of
the 1971 data to the 2% level; unfortunately it was poorly correlated with the 1970 data and the
combined data had an insignificant r value. Because the expression was only qualitative, it was
proposed that it should be multiplied by the ppm P (0-12") in the soil in order to make it quantitative.
This new expresssion increased the r value of the 1971 data to 0.622, more than highly significant, and
also increased the 1970 correlation.

For both years combined the correlation was significant at the 3% level.

Another significant correlation was found between percent P in the plant tissue at the two leaf stage
versus the ppm P (0-6") in the soil.
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ABSTRACT

Three repetitions of fifteen treatments were laid out on a coop= -

erator's winter wheat field in spring, following the fall planting.
The cooperator was asked to drill in P fertilizer at seeding in the
fall and to manage the planting as he normally would: After the
plots were laid out, plant and soil samples were taken and the
fertilizer was spread. Soil temperatures, precipitation, and eva-
poration measurements were made throughout the growing season.
Eighty-one sites were considered, 40 from the 1970 and 41 from the
1971 growing seasons. '

For both years the top~dressing resulted in an overall in-
crease in yield of 2.1 bushels/acre and an overall decrease in
protein percentage of 0.05%. Of the sites 69.1% showed an average
yield increase of 3.6 bushels/acre; 4.9% showed no change; and
26.5% showed an average decrease of 1.5 bushels/acre. Of the sites
30.9% showed an average increase in percent protein of 0.48%; 25.9%
showed no change; and 43.2% showed an average decrease of 0.45%.

Simple correlations were run on change of yield and of per-
cent protein versus percent P in the plant tissue collected at
growth stage 2 to 3 (Feekes' stage), ppm P (0-6") in the soil, ppm P
(6"-12") in the soil, and ppm P (0-12") in the soil. For the
combined data of 1970 and 1971 the highest correlation was found
between change of grain yield versus ppm P (0-6") in the soil
(r = ~0.256). The lowest correlation was found between change of
percent protein versus ppm P (6"-12") in the soil (r = +0.070). Of
all 24 correlations only two were found to be significant, change
of grain yield versus ppm P (6"-12") in the soil, 1971 (r = -0.470),
and change of grain protein percentage versus % P in plant tissue at
Feekes stage 3, 1970 (r = -0.469).

ppm P (6"-12")

An expression, m P (0~6") - ppm P (67-12"), increased the
significance of the 5871 data to the 2% level; unfortunately it
was poorly correlated with the 1970 data and the combined data had
an insignificant r value. Because the expression was only quali-
tative, it was proposed that it should be multiplied by the ppm P
(0-12") in the soil in order to make it quantitative. This new
expresssion increased the r value of the 1971 data to 0.622, more
than highly significant, and also increased the 1970 correlation.
For both years combined the correlation was significant at the 3%
level.

Another significant correlation was found between percent P in
the plant tissue at the two leaf stage versus the ppm P (0-6") in
the soil,




INTRODUCTION

Wheat is one of the most important food crops of the world. At
a time when world overpopulation is a threat to every person's
security, any work helping to increase the grain yield and/or the
quality of the grain is a forward step in alleviating world hunger.

A soil.fertility problem with annual crops is to obtain
knowledge concerning the crops' deficiencies soon enough to remedy
the problem.

The purpose of this study was a preliminary investigation into
the effects of spring top-dressing phosphorus on winter wheat that
had some phosphorus drilled in with the seed. The effects on yield
and protein changes and a pos§ible method to diagnose nutrient
deficiencies were investigated in order to indicate the value of
further research.

This study was actually part of a larger study on the effects
of spring top-dressing nitrogen on winter wheat, spring wheat, and
barley. For this reason only th phosphorus treatments, zero and
forty pounds per acre, are considered in this study.

During 1970 and 1971 about one hundred-twenty plots were laid
out; but due to hail damage, cooperators harvesting the plots, and
due to the fact that not all plots were winter wheat, only eighty-

one sites are included within this study.




LITERATURE REVIEW
WHEAT RESPONSES TO PHOSPHORUS

The value of phosphorus fertilization on small grains is well
documented. Many inveétigators have reported increased grain yields
along with decreases in the protein percentage in the grain.

Ames and Boltz (1917) in Ohio reported that wheat grown during
twenty years of field experiments oﬁ solls supplied with nitrogen,
phosphorus, and potassium produced the largest grain yields but did
not produce grain with the highest percent protein., Where only
nitrogen and.phosphorus were supplied, a lower grain yield but a
higher grain protein percentage than the nitrogen, phosphorus, and
potassium treatment were recorded. When phosphorus alone was supplied,
an increase in grain yield was reported, but there was a decrease
over the check plot in grain protein percentage. Highest.grain protein
percentages were obtained on soils deficient in available phosphorus
and well supplied with available nitrogen.

Murphy (1930) in Oklahoma reported larger grain yields with
phosphorus fertilizers; but with the introduction of phosphorus,
whether by itself, with nitrogen, or with potassium, the grain
protein percentage decreased. Phosphorus fertilizers in two
successive years decreased the grain protein percentage nearly two

percent below the check plots.
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Ellis (1934) in Canada during the cropping vears 1929, 1930,
and 1931 found that many of the soils in grain growing areas-of
Manitoba, although high in nitrogen and phosphorus, showed a yield
response to phosphorus fertilization. Geddes et al (1939) explained
that these soils were low in available phosphorus. They also reported
that during the growing seasons of 1930 and 1931, the grain protéin
percentage of spring wheat decreased an average of 0.16 percent and
0.14 percent. Also, there was no evidence of any increase in the
phosphorus content of the wheat plant due to the application af triple

superphosphate singly or in combination with nitrogen and potassium

' fertilizers.

Twenty years of fertility trials in Kansas (1911-1930)
indicated that superphosphate had little wvalue on crops other
than wheat and alfalfa. Wheat grown in a sixteen year rotation’
and wheat grown continuously showed increased grain yields due to
all fertilizers. Wheat grown in a three year rotation with corn
and cowpeas responded only to superphosphate fertilizer.
Superphosphate fertilizers decreased the grain protein percentage
of wheat in all the c?opping systems used (Throckmorton and Dule&,
1935).

Colwell (1946) iﬁ Mexico recorded grain yield increases from

phosphorus fertilizers on sixty percent of his wheat plots. The
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average increase was 6.6 bushels/acre with the application of
71.4 pounds of PyOg/acre.

Smith et al (1949), investigating fertilizer effectg on yield
of wheat forage on an upland and a bottomland soil in east Texas,
found that phosphorus fertilizers incfeased the forage yields. Thirty
pounds of P205/aére increased the yield of the upland soil five times
that of the bottomland soil. A second épplicgtion of 30 pounds of
Po05/acre increased the yield of the upland soil slightly and increas-
ed the yield of the bottomland soil to that of the upland soil.
Although the increases in yield were statistically significant, the
actual increases were so small that théy were of little practical
Va}ue.

In Kansas, during the cropping years of 1949 and 1950,
fertility tests with hard red winter wheat showed increases’'in
grain yield with all treaFments that included phosphorus fertilizers.
Phosphorus, included in the treatment‘with nitrogen, decreased the’
grain protein percentage (Gingrich and Smith, 1953 and Williams
and Smith, 1954).

Rennie (1956) found that with thirty field experiﬁents on
wheat in Sasketchewan the grain protein percentage was unaffected
byugitrogen or phosphorus fertilizers but varied greatly as a

result of soil or climatic conditioms.




PHOSPHORUS IN MONTANA

According to Heid and Larson (1969) very little data,
peftaining to fertilizer response on eifher dryland or irrigated
soils for the state of Mont;na, has beeﬁ published. What has been
published should be referred to with caution. Nygard (1931, 1932)5
Burke, Nygard; and Martin (1933), Greén (1935); Green and '
Harrington (1936) and Post (1941) were some of the early
investigators of phosphorus deficiencies in Montana soils.

Nygard (1932) reported that, during the cropping years 1930
and 1931, wheat on ten irrigated plots showed an average of 5.1
bushels/acre or 13.4 pércent grain yield increase with phosphorus
fertilizers. Of 493 soil samples collected from twenty-seven
counties and tested By the Winogradsky (Azotobactgr) test, 300
showed a deficiency in available phosphorus. In 1932 (Burke,
Nygard, and Martin, 1933) treble superphosphate and ammonium
phosphate increased winter wheat grain yieldslas much as 9.22
bushels/acre, and 14.63 bushels/acre respectively. In 1934 (Green,
1935) no significant grain yield increases Weré geported. Eight
out of twenty-four test plots -in 1935 showed an average increase
in spring and winter wheat grain yields of é.S bushels/acre (Green
and Harrington, 1936). Post (1941) did not report any significant

yield increases during 1940, Wilson (1970) reported significant
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increases in grain yields of winter wheat due to phosphorus
fertilization at two locations during the cropping years 1968 and 1969.
One fertilizer treatment, 2.5 pound of phosphorus and 5 pounds of
nitrogen starter fertilizer and 20 pounds of phosphorus and 60 pounds
of nitrogen broadcasted, in 1968 gave over 100 percent yield increase
as did the fertilizer treatment, 2.5 pound of phosphorus and 5 pounds
of nitrogen starter and 20 pounds of phosphorus and 20 pounds of
nitrogen broadcasted, in 1969.

Fertilizer 'use in Montana has increased at a faster rate since
1959 than it has for all the United States, wheat receiving the
largest share. However, the rate of application in Montana lags
behind the average for all the United States (Heid and Larson, 1969).
PHOSPHORUS FERTILIZER PLACEMENT

Phosphorus fertilizer placement has been found to be almost
as important in increasing fertilizer use efficiency as simple
application has been in increasing yields. Prior to 1928, at
various times during the settlement of the Canadian plains, experi-
ments were conducted with the application of commercial fertilizers
‘to cereals by Fhe broadcast method. The results were not
economically good enough to recommend fertilizers for general use.
When a grain and fertilizer drill was introduced in 1928, ifvproved

to be a major contribution toward gaining larger grain yields.
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Subsequent trials with phosphate fertilizers began the widespread
fertilization of cereals on the Canadian prairies (Ellis, 1934),

Duley (1930) in Kansas, comparing drilled-in phosphorus
fertilizers with broadcasted phosphorus fertilizers for the‘
cropping years 1928 and 1929, found that drilled-in superphosphate
increased yields by more than 7 bushels/acre over the broadcasted
superphosphate. This yield increage was as great as the yield
increase of broadcasted phosphorus fertilizer over the check plot.

In North Dakota, Norum and Young (1950) found that at least
twice as much, and sometimes as high as three to four times as
much, phosphate fertilizer is necessary if you broadcast rather than
drill in the fertilizer. Also, wheat competes more effectively
with weeds when the fertilizer is drilled in rather than
broadcasted.

Using a modified Mitscheérlich e€quation, Bray (1958) and Vavra
and Bray (1959) derived an efficiency ceefficient for broadcasted
phosphorus fertilizers and for drilled-in phosphorus fertilizeré.
The coefficients were 0.0088 and 0;0178; indicating that drilled~in
phosphorus fertilizers were twice as efficient as broadcasted
phosphorus fertilizers.

Lutz et al (1961) reported that for eight fertilizér plbts

of winter wheat across the states of Mississippi and Virginia,
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broadcasting and then disking in the phosphqrus fertilizgr before
planting was only 60 percent as effective in increasing yields as
drilling in the phosphorus With thé seed. Top dressing the
phosphorus fertilizer after the plants were two inches tall was only
53 percent as effective as drilling in the phosphorus with the seed.

Singh (1962) in India, placing fertilizer with wheat at
varying depths, found maximum utilization of superphosphate at a
six-inch depth.

In Montana field tests, during.1967, 1968 and 1969{ showed
comparable results with 90 pounds of phosphorus broadcasted and
thirty pounds of phosphorus drilled in with the seed (Wilson, 1970).
WHEAT UPTAKE OF PHOSPHORUS

The nutrient requirements of wheat cannot be‘considered only
in terms of total amount necessary. Rather, the requirements should
be considered in terms of the necessity during successive stages of
plant development. It éppears.that phosphorus is required during
the eéfly stages of g?owth. Brenchley. and Hall (1909) wrote that
during the later part of the life of the wheat plant the produétion
of fresh material ceases and‘the chief broceSs going on is the
translocation of accumulated material from the stem and the leaves
to the grain. .They observed in field experiments, during the

cropping years of 1907 and 1908, that phosphorus uptake continued




until a week before harvesting.

Geriche (1925) reported that only a four-week period of time
was necessary for the uptake of phosphorus. Plants exposed the
first four weeks to a complete nutrient solution and then
transferred to a solution devoid of phosphorus, yvielded more than
plants maintained the entire time in a complete nutrient solution.

According to Brenchley (1929), phosphorus uptake by barley
steadily increases in direct proportion to the length of time the
plant is exposed to phosphorus_at the beginning of growth.
Sufficient phosphorus for maximum growth was absorbed during the
first six weeks.

Knowles and Watkins (1931) examined in the field the nutrient
composition of winter wheat at nine different‘growth stageé. “They
concluded. that the plant attained its maximum quantity of
phosphorus two weeks before harvest. Within seven weeks the plant
had taken up 91 percent of its phosphorus.

In Kansas, using a hard red winter wheat and a soft winter
ﬁheat, planted the first five days of October, during the cropping
years of 1931 to 1935, Miller (1939) reported that plants absorbed
from 12 percent to 25 percent of their phosphorus by the first of
March. TFollowing this date, the absorption of phosphorus was rapid.

In one case 48.5 percent of the phosphorus in the plant was absorbed
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during the four weeks following April 27. 1In another case, during
the month following May 4, 55.6 percent of the total phosphorus
entered the plant., With one exception, the amount of phosphorus in
one hundred plants reached its maximum at harvest. There were, how-
ever, unexplained decreases in the amount of phosphorus at numerous
times. Miller concluded that phosphorus is absorbed by the plant as
it is needed.

Ching-Kwei Lee (1940) wrote that, because wheat takes up most
of its phosphorus supply in early stages of growth, the application
of phosphate fertilizers should be considered early. Phosphate
application could be delayed up to thirty days. Thereafter, a
.reduction of phosphate use efficiency and yield will occur. Where
the phosphate was épplied at later stages of. growth, more phosphoric
acid wasvfound in the straw. However, he reported that the presence
of a small amount of available phosphorus in the soil made later
applications of phosphatic fertilizers much more efficient.

Boatwright and Haas (1961) in M;ntana observed that.the
highest concentration of nitrogen and phosphorus in spring wheat
was during the stages of plant development but decreased rapidly
until maturity. Trrespective of the nitrogen or phosphorus
treatment, ma#imum phosphorus in the plant occurred by heading.

Boatwright and Viets (1966) reported that at Mandan, North
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North Dakota, phosphorus absorption begins in the seedling stage,
and the rate of phosphorus uptake was greatest between flag leaf
and heading. The time required for graminaceous plants to reach
maximum phosphorus uptake decreased with increasing phosphorus
concentration., Using solution cultures, they found that phosphorus
was not needed the entire life of the plant. An adequate supply
of phosphorus during the first four weeks produced maximum root
growth, and five weeks of adequate phosphorus produced maximum
yields. When phosphorus was withheld the first two weeks, grain yields
were.only 42 percent of the maximum, but phosphorus accumulation was
at its maximum.

Even with four different levels of phosphorus fertilization,
Lewis.and Quirk (1967) found a constant phosphorus uptake by
wheat plants during a two-to-twelve week period.
PHOSPHORUS CORRELATIONS

It is very difficult to correlate phosphorus fertilization
with percent phosphorus in the plant tissue. Many factors such
as climate, soil type, and nutrient interactions exert a
tremendous influence on the nutrient composition of the plant.
Many investigators, Ames (1910), Ames and Boltz (1917), Smith,
Kapp, and Potts (1949), and Rennie (1956) have reported a nitrogen-

phosphorus interaction.
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In Ohio, Ames (1910) observed that phosphorus applied to a
phosphorus deficient soil increased the percent phbsphorus in the
plant along with an increase in potassium and a decrease in nitrogen.
He concluded that the percent nitrogen in the wheat plant varies
with the supply at its disposal ;nd with the supply of phosphorus.
Rennie (1956), with some thirty field experiments around the
province of Sasketchewan, found no statistical relationship existed
between grain yield and percent phosphorus in the plant. The effect
of soil type or climate caused greatér variations in percent
phosphorus in the grain than the fertilizer treatments. Nitrogen
in the soil was also responsible for variations in the phosphorus
percentage in the grain. Phosphorus fertilization increased the
phosphorus content of the forage only in-the early stages of growth.
Eck and Stewart (1959), working with Qinter wheat at fifty-
three locations in Western Oklahoma, found that soil tests of
phosphorus alone, though related to it, are of little value in
predicting the yield response of wheat to phosphorus fertilization.
Even with considerations of preeipitation, soil mo?stureqat‘
planting, temperature during the ripening period, yield level,
and date of seeding along with the soil test valués, the yield
response of phosphorus fertilization could not be predicted.

Partial regression coefficients indicated that temperature
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during the ripening period had the greatest effect on response to
phosphorus while soil phosphorus level, precipitatien during the
growing season, yield level, soil moisture at planting, and seeding
date had lesser effects.

ROOT DEPTHS OF WHEAT

Soil samples, being analyzed for nutrient deficiéncies,
generally come from the plow layer or the top six inches of soil.
Although this layer supplies the plant during its early stages of
development, the wheat plant does draw from deeper levels.

In Utah Sanborn (1894), investigating the wheat roets in only
the top twelve inches of soil, found 92 percent by weight of these
roots in the top six inches.

In Kansas hard red winter wheat was planted October, 1902,
and at harvest time, July, 1903, it was carefully removed along
with its soil in order to inspect its root profile. The first foot
was filled with a fine network of roots, the largest portien of
which was concentrated about two-and—alhalf inches deep. The
roots penetrated to a maximum depth 0% four feet, but it was
concluded that the major portion of the roots were located in the
top foot of soil, (Kaﬁsas Agricultural Experiment Statiom, 1904),

Lees (1924) in New South Wales.found a number of winter

wheat varieties to have roots that reached on the average as deep
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as four feet. A number of spring wheat variéties reached an average
of about thirty-nine inches. Fertilizing with superphosphate
increased the root length of a winter wheat variety as much as six
inches and a spring wheat variety as much as eleven inches.

With winter wheat on the Great Plains, Weaver (1926) found
working root depths and maximum root depths of 2.3 and 2.7 feet,
3.6 and 4.4 feet, and 3.8 and 5.4 feet for the shorf-grass plains,
the mixed prairies, and the tall-grass prairies respectively.

At Saskatoon, Sasketchewan in é dark-brown, light loam
Pavlychenko (1937) recorded maximum root ‘depths for wheat, rye,
and barley of 45.2 inches, 46 inches, and 46 inches respectively.l

Cereal crop root systems consist of two types of roots, the .
primary or semiﬁal roots and the secoﬁdary or nodai roéts. .The
primary roots are the first to develop and will eventually
penetrate to great depths. The secondary roots develop later.

They do not penetrate very.deep, rarely going below the first foet,
and generally they grow laterally (Troughton, 1962).

Weaver (1926) reported that ten days after emergence the
secondary roots had still not developed, but seventy days after
emergence the secondary roots were more developéd than the
primary rqots. - At this time the primary roots had a Wofking depth
of 36 inches while the secondary roots had an average length of

only seven inches.
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Pavlychenko (1937) reported that forty days after emergence the

deepest penetration of the secondary roots was only 5.6 inches..
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MATERTALS AND METHODS

A state-wide cooperative fertilizer top-dressing study, of
which a phosphorus top-dressing study was a small segment, was begun
the spring of 1970. The main purpose of the state-wide cooperative
fertilizer top-dressing study was to determine the effect of spring
top-dressed nitrogen on yield and quality_of small grains. The main
‘purpose.of the phosphorus top-dressiﬁg was to insure that phosphorus
‘was not iimiting the expression of a nitrogen response. This thesis,
however, has the following three objectives: '(1) to determine the
frequency and the degree of winter wheat response to the top-dressed
phosphorus, (2) to determine if plant tissue tests and/or cgemical
soil tests can be used to predict the respdnse of winter wheat to
top-dressed phosphorus and, (3) to determine if additional
experimentation with top-dressed phosphorus is warrented.

Six investigators, coordinating their efforts, chose fifty-
five sites in 1970 and sixty-five sites in 1971, throughout the
cereal growing areas of eastern Montana. Since only wintef wheat
(triticum aestivum) was considered in this study and, due to the
loss of some sites from hail and prior harvesting by the
cooperator, only forty sites from 1970 and forty-one sites from
1971 are congidered. TFigure (1) shows the location of the eighty-

one sites. Twenty-six of the sites in 1971 were located in fields
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adjacent to sites in 1970. For this reason only fifty-five
locations are plotted on Figﬁre (1). Table (1) lists the
location number, the cooperator, the location of the sites, and
the soil series. The location numbers will identify the site through-
out the thesis. A description of all the soil series included would
make this thesis very lengthy. These descriptions may be obtained
from the Plant and Soil Science Department, Montana State University.
‘EXPERIMENTAL DESIGN

Three replicationé of twelve fertilizer treatments in 1970
and three replications of fifteen fertilizer.treatments in 1971
were-established in a randomized block design. Plot size was 10
by 20 feet., The first twelve treatments were used by all six
inves£igators, In 1971, treatments 13, 14, and 15 varied
depending upon the desires of the particular investigator; for
example, Figure (2) gives thé-1971 field plot diagram for the
sites studied by Dr. J. R. Sims. Although all investigators used
the first twelve treatments, the ;patial distribution of the
treatments was not the same. As indicated on Figure (2), only
treatments 40-0-25 and 40-40-25 .were considered in this study.

The fertilizer carriers were ammonium'nitréte, triple
superphosphate3 potassium chloride, and potassium sulfate. The

criteria for cooperator-site selection were: (1) some phosphorus
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Table (1) Listing of cooperators, locations

and soil series.
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Table continued.

Location
No. Cooperator Location -Soil Series
1 Kelly Hardin, Big Horn Co. . Keiser silty clay 'loam
2 Birkland South-western Chouteau Co. Acel silty clay loam
3 Erickson Broadview, Yellowstone "Co. Bainville clay loam
4 Cooper Willow Creek, Gallatin Co. Unnamed loam (Typic
Cryoboroll)
5 Bates Amsterdam, Gallatin Co. .Amsterdam silt loam
6 Albin .Sidney, Richland Co. Williams loam
7 Benge Broadus, Powder River Co. Bainville loam
8 Theilman Bloomfield, Dawson Co. Farnuff
9 Graves Fort Shaw, Teton Co. (Not available)
10 Erickson Vida, McCone -Co. Vida.loam
11  .Weiler Rapelje, Stillwater Co. Berry-clay loam
12 Ft. Ellis Bozeman, Gallatin Co. Bozeman -silty.clay
‘loam
13 Ross Terry, Prairie Co. Turner loam
14  Holtz Fort Benton, Chouteau Co. (Not available)
15 Holgate Denton, Fergus Co. (Not available)
16  Fadhl Angela, Rosebud Co, Chama silt loam
17 Torske Hardin, Big Horn Co. Gilt Edge silty
: -clay loam
18 Lee Géyser, Judith-Basin Co. (Not available)
19 Rowland Joliet, Carbon Co. Nerrow clay, loam
20  Kahn Circle, McCone Co. Vida loam
21 Nemec Coffee Creek, Fergus Co. (Not available)
22 Daum Pryor, Yellowstone Co. Coburn silty clay
23 Patterson Columbus, Stillwater Co. Nerrow clay loam
24 Dobrowski Wibaux, Wibaux Co. Morton silt loam
25 -Metcalf Moccasin, Judith Basin Co. (Not available)
26 Tempel Joplin, Hill Co. Unnamed (Borollic
Camborthid)
27 Breigenzer Glasgow, Valley Co. Phillips loam
28 Rolston ‘Kremlin, Hill Co. Iltiad- loam
29 Stevenson .Gildford, Hill Co, Assinniboine -fine
& sandy -loam
30 Christofferson Malta,. Phillips Co.

Scobey clay loam
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Table (1) continued.
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Location
No. Cooperator - Location -S0il .Series
31  Doucette Wagner, Phillips Co. Scobey ‘loam
32 Reinowski Kremlin, Hill Co. Assinniboine fine
, sandy. loam
33 Halscide -Homestead, .Roosevelt Co. (Not available)
34  .Stanton -Brusett, Garfield Co. Devon .thin solum
variant
35 Coulter Brusett, Garfield Co. Cherry, dark surface
. ‘variant
36 Obergfell Sidney, Richland Co. Chama-silt loam
37 Berkrum .Cut ‘Bank, Glacier Co. Kevin clay loam
38 Bergstrom Brady, Pondera-Co. Marias clay
.39  Katzenberger ‘South-western Chouteau Co. Gerber silty clayloam
40  Jergenson Chinook, Blaine Co. Williams loam
L4l Bates .Gallatin Co. . Amsterdam silt loam
42 Patterson Columbus, Stillwater Co. Nerrow clay loam
43  Emmons Broadus, Powder River Co. Cherry silt loam
44 Benge -Broadus, Powder River ‘Co. Bainville loam
45  Holland Forsyth, Rosebud Co. (Not available)
46  Erpelding Forsyth, Rosebud Co. (Not available)
.47  Graves Fort Shaw, Teton Co. (Not available)
.48  Dobrowski Wibaux, Wibaux Co. Morton silty loam
49 . Holtz Fort Benton, Chouteau Co. (Not available)
50 Kelly Hardin, Big Horn Co. Reiser silty -clay
loam
51 Kincaid Hardin, Big Horn Co. Keiser silty clay
loam
52 Torske Hardin, . Big Horn Co. Keisetr silty clay
~ loam
53 Dyk Amsterdam, Gallatin-Co, Amsterdam silt loam
54  Dyk Amsterdam, Gallatin Co. Amsterdam silt loam
‘55 Weiler Rapelje, Stillwater Co. Berry clay loam
56 Rowland Joliet, Carbon Co. Nerrow clay loam
57 Daum Pryor, Yellowstone -Co. Bainville ‘clay ‘loam
58 Erickson ‘Broadview, Yellowstone.Co. Bainville-clay loam
59  Fadhl . Angela, Rosebud Co. Chama
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Table continued.
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Jergenson

Location

No. Cooperator ‘Location -Soil Series
60 Nissley Bloowmfield, Dawson Co. (Not available)
61 Obergfell Sidney, .Richland’ Co. Chama- silt loam
62  Erickson Vida, McCone Co. Vida- loam
63 Halscide :Homestead, Roosevelt Co. (Not available)
64  Coulter ‘Brusett, Garfield Co. . Thurlow :clay -loam
65 Stanton Brusett, Garfield.Co. Devon thin solum

L ‘variant
66 Bergstrom Brady, Pondera Co. Marias clay
67 Gray Highwood, Chouteau Co. ‘Acel silty clay loam
68 Lee .Geyser, Judith Basin Co. (Not available)
69  Metcalf Moccasin, Judith Basin Co. (Not available)
70  Nemec Cdffee  Creek, Fergus Co.  (Not available)
71  Melton Denton, Fergus Co. (Not available)
72 Franson-Bros. Dunkirk, Toole Co; (Not available)
73" Kraft Hingham, Hill Co. (Not available)
.74  Lakey Chester, Liberty Co. (Not available)
75 Elling -Rudyard, ‘Hill Co. (Not available)
76  Gregoire ‘Havre, Hill.Co. (Not available) .
.77 Rolston Kremlin, 'Hill Co. I1liad loam
.78  Reinowski Kremlin, Hill Co. Assinniboine fine
_ ' sandy loam

79  Wavrick ‘Havre, Hill Co. (Not available)
80  Kaercher Havre, Hill Co. (Not available)
81 Chinook, Blaine Co. Williams loam
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Location No.

. 1/
1 2 4 5 6 7 8 9 10 11 12 13 141 15
8 91 13 31 4110 14 1 11 15 2 7 6 12 5.
16 17 18 19 20 | 21l 221 23 24 25 26 | 271 28 29 30
} % % 70'
12 4 8 10 14 6 .91 11 15 13 5 7 2 1 3
317§ 32 33 34 35 36 37 38 39 40 41 42 43| 44 45
71 3f 2| 1} 1] s| 8] 4 11 12] ‘6] of 13} 10} 15}}
150° =
Tmt. Fertilizer Treatments lbs/A
No N P Py0= K Ko0 S
1 0 0 0 0 0 0
2% 40 0 0 25 30 0
3 0 40 92 25 30 0
4 20 40 92 25 30 ‘0,
5% 40 40 92 25 30 0
6 60 40 92 25 30 0
7 80 40 92 25 30 0
8 100 40 92 25 30 0
9 140 40 92 25 30 0
10 180 40 92 25 30 0
11 40 40 92 0 0 0
12 40 40 92 100 120 0
13 40 40 92 135 162 15
14 40 40 92 135 162 30
15 40 40 92 135 162 45
* Treatments considered in this thesis
FIG. (2) PLOT DIAGRAM - 1971 NITROGEN TOP-DRESSING STUDIES
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was drilled with the seed, (2) the soil represented an extensive
area devoted to small grain production and, (3) a recommended winter
wheat variety was planted. The majority of the sites were‘seeded
with Winalta and Cheyenne varieties with the remainder being seeded
with Froid, Warrior, or Itana varieties.

Tissue samples of the above groﬁnd portion of the plants
at Feekes Stage 3 (Large, 1954) were taken for phosphorus analysis.
Soil samples from 0-6" deep and from 6''-12" deep were taken in
every other experimental unit. Soil samples for nitrate-nitrogen
analysis were taken as deep as six feet in the soil at four places
across the site. The experimental units were then marked, and the
fertilizer &pread by-hand.

During the growing season records were kept on the inches
of precipitation and evaporation using the method of Sims and
Jackson (1971). Also weekly readings of soil temperature at the
fifty centimeter depth were made with a dial-stem therometer.
A six-foot pit was dug and the soil profile characterized by
personnel of the Soil Conservation Service. Approximately two
months after setting out the site, the rows and the perimeter of the
site were mowed. The cooperator was expected to‘spray the site

for weeds at the same time he sprayed the rest of his field.

“.
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A 50 to 60 square foot section was harvested from'the center
of each plot with a Jari mower1 and a Vogel thresherz. Before
threshing, the whgat bundles from each experimental unit were
weighed, and the weight was recorded. Plant samples from the.O-O—O
and 180-40-25 treatments were stored in plastié bags for moisture
analysig.

The plant samples taken in spring were dry-ashed and analyzed
for percent total phosphorus. (Greweling, 1966). The soil samples
were analyzed for available phosphorus using a Modified Bray Soil
Test (Smith et al., 1957). Grain yield, test weight, and grain
protein content were determined for each plot. Grain protein
content was determined by the Udy dye method (Method 46-14) .
(American Association of Cereal Chemists, 1962).

The data were subjected to analysis of variance, simple-
linear correlation and regression analysis, and curvilineaf
regression analysis using the models described by Steel and
Torrie (1960). A Monroe 1766 Desk Computer was used to process

the data.

ljari Products Inec., 2938 Pillsbury, Minneapolis, Minn. 55408

2Bill'é Welding, Pullman, Washington




RESULTS AND DISCUSSION

The grain yield and percent protein in the grain for treatments
40-0-25 and 40-40-25; the change in grain yield and in grain profein
percentage due to the addition of forty pounds of elemental phos-
phorus; and‘the results of both the soil and the plant tissue analysis
are listed for all locations in Table (2).

The ppm P (0-12") in the soil reported in Table (2) is not the
"result of a soil analysis of the 0 to 12" soil layer but is the
average of the parts per million of available goil phosphorus in
the 0 to 6" layer and thé 6" to 12" 1ayéf.

The analyses of variance are listed in the appendix,
Significant yield responses were limited to five sites in 1970, and
four sites in 1971 with two of these being highly significant. No
significant protein respohse was found in 1971. Due to only two
treatments involved in the comparisons, it is very difficult to
find significant differences.

The following ranges for both years can be found in Table (2):
grain yields from 12 to 59 bushéls/acre; grain protein percentage
from 9 to 17 percent; grain yield changes from -3.8 to +10.2
bushels/acre; grain protein percentage changes frpm -1.9 to +1.3
percent; phosphorus in the plant tissue at Feekes Stage 3 from

0.130 to 0.633 percent; available phosphorus in the plow layer (0-6")




Table (2) Soil analysis, plant tissue analysis, and yield and protein content.

Grain yield Protein Change Change ppm p2 ppm P2 ppm P2
Loca- Bu. /A. Percentage in in 7 pl (0=6") (6"-12") (0-12")
tion _ ) -in Grain Yield Protein in in in in
No. 40-0-25 40-40-25 40-0-25 40-40-25 Bu. /A. yA Plant Soil Soil Soil
1970
1 33.26 33.26 12.47 12.13 0.0 =0.3 .184 25 13 24
2 50.11 52.89 +13.30 13.40 2.8 0.1 40 18 29
3 35,96  45.17 10.63 11.33 9.2 0.7 24 23 24
4 21.10 24.77 13.23 13.83 3.7 0.6 P 34 3 18
5 34.55 35.89 14,27 14.70 1.3 0.4 20 13 16
6 47.09 48.23 12.60 12.60 1.1 0.0 .264 31
7 28.24 36.74 14,83 13.87 8.5 ~1.0 23 3 13
8 32.46 29.41 15.63 15.63 =3.0 0.0 31 25 28
9 22.50 22.50 © - 13.27 13.80 0.0 0.5 31 13 22
10 28.36 37.14 13.93 13.93 8.8 0.0 .336 25 15 20
11 36.91 45.41 12.63 12.50 8.5 0.1 25 13 19
12 59.75 58.70 10.60 10.60 -1.0 0.0 75 43 59
13 27.35 34.61 11.37 11.37 7.3 0.0 .200 25
14 24,39 -25.80 13.17 12.73 1.4 -0.4 470 57
15 26.89 29.72 13.88 12.67 2.8 =0.7 434 34 15 24
16 '56.79 -56.19 14,73 14.73 -0.6 0.0 20 13 16
17 31.33 30.16 12.60 12.37 -1.2 ~0.2 51 23 37
18 17.00 18.90 13.60 13.37 1.9 -0.2 34 5 20
19 34.86 45,08 10.30 9.67 10.2 -0.6 48 25 36
20, 27.50 33.51 13.33 13.33 6.0 0.0 434 20 15 18
21 23.40 25.69 11.70 11.73 2.3 0.0 .292 43 18 30
22 .35.98  34.30 12.47 12.53 =-1.7 0.1 43 15 29
-23 19.75 23.94 13.47 13.83 4.2 0.4 28 13 20
24 19.54 18.07 14.60 14.63 -1.5 0.0 410 28 10 19
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Table continued.
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Table (2) Continued.
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Table continued.

Grain yield Protein Change Change ppm P2 ppm P2 ppm P2

Loca~- Bu. /A, Percentage in in 7, pl (0=-6") (6"~12") (0-12")
tion in Grain Yield Protein in in in in
No. 40~0-25 40-40-25 40-0-25 40-40-25 Bu. /A. A Plant Soil Soil Soil
1970 continued

25 30.10 27.80 13.03 12.83 =2.3 ~-0.2 28 15 21
26 12.97- 15.23 13.30 13.73 2.3 0.4 .130 13 5 9
27 21.30 23.27 15.30 15.23 2.0 -0.1 .152 34 15 24
28 27.13 33.03 13.77 13.73 5.9 0.0 37 18 -28
29 11.70 14.97 12.87 12.60 3.3 - -0.3 . 260 20 3 12
30 27.53 35.00 12.37 11.93 7.5 =0.4 .322 28 13 20
31 53.13 - 53.70 14.43 14,53 0.6 0.1 .310 31 10 20
32 31.80 34.97 14.10 14.90 3.2 08 .182 37 20 28
33 30.26 - 31.34 12.80 12.80 1.1 0.0 .334 45

34 25.53 25.52 15.53 15.53 0.0 0.0 .192 20

35 35.04 37.04 13.93 13.93 2.0 0.0 28
36 39.59 37.23 12.97 12.97 -2.4 0.0 .408 31

37 32.63 '38.20 13.47 12.20 5.6 -1.3 25 5 15
38 34.58 37.54 13.57 13.57 3.0 0.0 31

39 29.80 28.60 14.43 14.17 =1.2 «0.3 63 20 42
40 29.93 . 35.53 12.90 12.73 5.6 -0.2 51 .13 32
1971 .
41 47.34 49,22 10.43 10.67 1.9 0.2 .509 40 10 25
42 43.95 471.26 10.73 10.37 -2.7 =0.4 633 28 18 23
43 29.50 31.11 14.30 13.80 1.6 ~0.5 .332 54 10 32
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Table (2) continued.

Graip yield

Protein

Change Change

Ppm P2 bpm P2

ppm P2

Loca-~ ‘Bu. /A, Percentage in in 7 pl (0=6")(6"=12") (0-12")
tion in Grain Yield Protein in in in in
No. 40-0-25 40-~40-25 40-0-25 40-40-25 Bu./A. A Plant Soil Soil Soil
1971 continued )

44 21.98 25.40 12.83 12.73 3.4 =0.1 ".388 28 5 16

45" 40.10 45.76 10.87 11.77 5.7 0.8 412 23 10 16 °

46 44,37 45.28 11.27 11.03 0.9 =0.2 478 34 13 24

47 21.80 26.27 13.80 13.13 4.5 -0.7 .488 15

48 35.93 37.40 14.57 14.27 1.5 -0.3 .439 34 8 21

49 41.79 46.49 9.47 9.13 4.7 -0.3 .463 43 15 29
50 35.30 36.10 14.63 14.40 0.8 -0.2 .383 54 23 38
51  30.65 29.30 14.40 15.47 -1.4 1.1 . 245 25 _ 18 22
52 59.08 59.29 13.43 13.10 0.2 -0.3 .387 43 .20 32
53 41.06 41,22 12.60 12.83 0.2 0.2 .276 25 13 19
54 30.43 33.52 15.33 15.90 3.1 0.6 .228 28 1 14
55 46,59 54.98 14.57 14.27 8.4 -0.3 .304 23 10 16
56 39.25 45,28 10.13 10.10 6.0 0.0 .384 31 8 - 20
57 22.87 24.75 17.20 16.73 1.9 -0.5 .222 28 8 18
58 36.03 38.20 12.13 12.33 2.2 0.2 .178 20 10 15

59 26.64 25.55 15.63 15.00 =1.1 -0.6 174 20

60 38.17 38.44 15.63 15.33 0.3 =0.3 .355 43

61 45.12 47.89 13.00 - 12.27 2.8 -0.7 .370 34

62 24,57 27.18 14.23 14.13 2.6 =0.1 . 208 20

63 40.66 46.43 13.60 14.17 5.8 0.6 . 548 43

64 34.19 34.22 15.13 15.43 0.0 0.3 .405 79

65 24.83 24,58 16.97 16.40 =0,2 -0.6 .487 73

66 34.76 35.30 12.23 11.83 0.5 -0.4 .358 48 .

Table continued.
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Table (2) continued.

Grain yield

Change Change

ppm P2 ppm P2 ppm P2

Loca-  Bu./A,. in in % Bl (0-6") (6"-12") (0-12")
tion Yield- Protein in in in in
No. 40=0-=25 40-40-25 40-0=25 40-40-25 Bu, /A,. % Plant Soil Soil Soil -

1971 continued

67  39.76 -43.74 10.27 10.47 4.0 -0.3 .556

68 23.83  22.78 13.67 13.70 -1.0 0.0 .297

69 40.05 -37.23 12137 12.63 -2.8 0.3 .469 15

70 26.32 .25.77 -13.17 14.00 -0.6 0.8 .387

71 39.41 39.34 15.00 15.43 -0.1 0.4 .306

72 27.20  25.45 14.05 12.15 -1.8 -1.9 .321

73 29.56 .28.87 14.70  14.67 -0.7 0.0 . 241

74 .32.23  35.47 16.17 16.13 ‘3,2 0.0 .229

75  26.40 30.20 15.13  15.40 3.8 0.3 1262

76 '33.13  °29.30 12.57 12.53 ° =-3.8 0.0 . 224

77 27.37 31,63 -14.03 13.23 4.3 -0.8 .297

78 28.03 '30.23 15.37  15.40 2.2 0.0 .160

79 25.43  25.37 13.03  14.37 =0.1 1.3 .208

80 24.77 - 26.77 14.63 15.17 2.0 0.5

81 36.03 38.47 4 0.3

13.07 13.33 2.

1/ Tissue samples from above ground portion of plants at stage three of Feekes stage.

.2/ Modified Bray Number 1 Test.
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from 13 to 79 ppm; availéble phosphorus in the sub-soil (6'-12") from
1 to 43 ppm; and available phosphorus in the soil (0-12') from 9 to
59 ppmn. |

There is a strong negative correlation bétween grain yield.
changes and protein percentage changes for the 1970 .data. This
suggests a possible dilution effect on grain protein due to
increased yields induced by phosphorus fertilization.. The 1971 data
does not give the same negative correlation.

Table-(3) presents the overall results of the grain-yield
changes and grain protein percentage changes for both 1970 and 1971
and both years combined. Conside%ing 1970; the average yield on the‘
40 sites was 31.2 bushels/aére'without,phosphorns and 33.9 bushels/
acre with phosphorus. The average protein pércentage.in the grain
was 13.28 percent without phosphorus and 13.22 percent with phos-
phorus. Although there was a 0.5 percent reduction in the total
protein content of the grain, increased vields gave an average 8§
percent increase in total pounds of.protein per acre. Considering
1971, the average grain yield on the 41 sites was 34.1 bushels/acre
without phosphorus and 35.6 bushels/acre with phosphorus. The
average proteih percentage in the g;ain was 13.58 percent‘without
phosphorus and 13.54 percent with phosphorus. . Although there was

a 0.2 percent reduction in the total protein content of the grain,




Protein

0.06% decreasé

0.04% decrease

Table (3) Overall grain yield and grain protein percentage changes.
1970 . 1971 1970 & 1971
. % of Sites Bu./A. % of Sites | Bu./A. % of Sites | Bu./A.
Yield Increase 70.0 4. b 68.3 2.9 69.1 3.6
No CGhange 7.5 0.0 2.4 - .0.0. 4.9 0.0
Decrease -22.5 1.6 29.3 1.4 26.0 1.5
7 of Sites % 1% of Sites % % of Sites %
% Protein Increase 25.0 0.41 36.6 0.53 30.9 0.48
No Change 37.5 0.00 .14.6 0.00 25.9 0.00
Decrease 37.5 0.42 48.8 0.48 _ 43.2 0.45
Overall Yield 2.7 bu./A. increase 1.6 bu./A. increase [-2.1 bu./A. increase

0.05% decrease
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increased yields gave an average 4.4 percent increase in total
pounds of protein per acre.

Throughout this thesis the 40-0-25 élot is considered the
control plot and the 40-40-25 plot is the plot that is being
compared to the control. There was a 0~0-0 check piot that will be
referred to briefly.

In 1970 there were 9 sites and in 1971 11 sites that showed a
decrease in yield when comparing the 40-40-25 plot with the control
plot. All 9 sites from 1970 and all but 2 of the 11 sites from
1971 showed a higher yield for both the 40-40-25 plot and the control
plot when compared with the 0-0~0 check plot. This indicates that
these sites were deficient in nitrogen; ghey responded to nitrogen
application, but the addition of phosphorus diluted the response to
nitrogen, causing nitrogen to again be limiting. In almost all cases
plots with treatments containing more nitrogen than the 40-40-25
plot showed greater yields than that of the control plot. Locations
16, 17, 22, 36, 39, 42, 68, 69, 71, 72, and 73 sﬁdwed higher yields
on the 60-40-25 plots than on the control plots indicating that with
the addition of 40 pounds of phosphorus a corresponding addition of’
20 pounds of nitrogen was necessary at these locations. Locations 24,
59, and 76 showed higher yields on the 80-40-25 plots than on the

control plots, 40-0-25, indicating .that.with the addition. of 40
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pounds of phosphorus a corresﬁonding addition of 40 pounds of nitrogen
was necessary at these locations. Location 70 showed higher yields
on the 140-40-25 plots than on tﬁe control plots, indicating that with
the addition of 40 pounds of phosphorus a corresponding addition
of 100 pounds of nitrogen was neceséary ét this location. The above
observations illustrate the necessity of balanced application of
nutrients.

Locations 12 and 25 showed an increase in yields with the
application of any fertilizer, but their highest yields were
obtained on the control plot. Locations 8 and 65 showed the
highest yields on the 20-40-25 plot. Location 8 responded to all
fertilizer appiications while 1océtion‘65 showed an increase over
the O-O-O.check plot with only the 20-40-25 treatment. Location 51
showed the highest yields on the.check plot. When nitrogen and
potassium, or nitrogen, ﬁhosphorus, and potassium were added, there
was a 1.2, 2.2, aﬁd 2.6 bﬁshels/acre decrease respectively. When
nitrogen and phosphorus were added without potassium, there was a 8.3
bushels/acre decrease. Apparently both nitrogen and phosphorus were
detrimental to the yields. This location did show some winter kill
and was not an ideal stand.

The grain protein pércentage changes followed a similar pattern

as that of the grain yield changes. Thé grain protein percentage is
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definitely influenced by available nitrogen. Phosphorus mainly
affects protein percentage to the extent that nitrogen-phosphorus
interactions influence nitrogen availability and to the extent that
increased yields tend to dilute the protein.

In 1970 there were 14 sites and in 1971 20 sites thatishOWed
a decrease in grain protein percentage of the 40-40-25 plot compared
with the control plot. All 34 sites showed a higher grain protein
percentége for both the 40-40-25 plot and the control plot Qhen
compared with the check plot. )

Locations 1, 14, 15, 17, 18, 19, 25, 27, 29, 30, 40, 42, 43
44, 46, 47, 49, 50, 52, 57, 60, 61,'62, 65, 66, 67, and 77 showed
higher grain protein percentages on the 60-40;25 plots than on the
control plots, indicating that with the addition of 40 pounds of
phosphorus a corresponding addition of 20 pounds of nitrogen was
necessary. Locations 7, 39, 48, 55, and 72 showed higher grain
protein percentages on the 80-40-25 plots than-on the control élots,
indicating that at these locations the addition of 40 pounds of
phosphorus required a correspondingvaddition of 40 pounds of nitrogen.
Locations 37 and 59 showed higher grain protein percentages on the
100-40-25 plots than on the control plots, indicating that at these
two locations the addition of 40 pounds of phosphorus required a

corresponding addition of 60 pounds of nitrogen.
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Table (4) presents the correlation coefficients for the simple
correlations of the change in grain yield and the chénge in grain
protein percentage versus the percént phosphorus in the plant tissue
at Feekes stage 3 and the parts per million of available soil phos-
phorus in the O to 6" layer, the 6" to 12" layer, and in the 0 to 12"
layer. Outkof all twenty-four correlations, two were significaﬁt at
the five ﬁercent level (change in grain protein percentage versus
percent phosphofus in the plant tissue in i970'and change in grain
yield versus pérts per million availablé phosphorus in the sub-soil
(6'-12")), and two were significant at the ten percent level (change
in grain yield versus parts per million available phosphorus in the
plow layer (6-6”), 1970 and 1971 and change in grain yield versus.
parts per million available phosphorus in the soil (0-12"), 1970
and 1971.)

Following Table (4) are the twenty-f;ur graphs of the simple
correlqtions. Each graph, besides showing the data points, is
labeied with the regression equation, the regression coefficient,
the mean of X, and, where the line described by the regression

equation is observably different from a horizontal line, the

regression line.

Phosphorus in the Plant Tissue

Figures 3 through 8 show the relationships found between percent




Table (4) Values of the correlation coefficient (r) for the indicated simple correlations.

% P in Plant

ppm P, (0-6")

ppm P, (6"-12") ppm P, (0=12')

1970 A Yield -0.044 -0.226 -0.166 - =0.241 .
A% Protein =0.469 * =0.106 +0.,164 +0.012 b
1
1971 AYield +0.100 -0.236 =0.470 * -0.364
A% Protein =0.139 -0.193 20.130 ~0.397
1970 A Yield 70.017 ~0.233 © ~0.210 20.256 +
& A% Protein =0.194 ~0.147 +0.070 -0.103

1971

* Significant at the 5% level.
+ Significant at the 10% level.




A Yield = -(0.001) (% P in plant) + 2.921
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A Yield = (0.002) (% P in plant) + 0.746
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7% Protein difference in the grain

FIG.

A 7 Protein = -(0.001) (% P in plant) + 0.368
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% Protein difference in the grain

/A 7% Protein = -(0.001) (% P in plant) + 0.175
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% Protein difference in the grain

A 7 Protein = -(0,001) (% P in plant) + 0.222
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phosphorus in the plant tissue at Feekes stage 3 versus the grain
yield change and‘the grain protein percentage change for 1970, 1971,
and 1970 and 1971 combined.

The relationship between changés in grain yield versus the‘
percent phosphorué in the plant tissue at Feekes stage 3 is not
'clear. Using a curvilinear regression equation the maXimum point of
the curve is at 0.362 pércent phosphorus. If‘a critical plant
phosphorus level exists at this.gfowthwstage, this would bé it.

The reiationship between change in grain protein percentage
versus percent phosphorus.in the plant tissue at Feekes stage 3 is
a definite ﬁegative relationship. This indicates that the less
phosphorus in the plant tisgue, the lesser will be the protein
percentage decrease With.phosphorus fertilizer application.

Although the relationship is not significant for both years combined,
it was significant‘for the year 1970. If é criticalphoéphorus level
in the plant at this growth stage can be considered for maximum
protein production,'a curvilinear correlation gives the point as

0.478 percent. For both years combined the average pércent phosphorus

in the plant tissue at Feekes Stage 3 was 0.332 percent.

Phosphorus in the Soil
Figures 9 through 2@ show the relationship found between the 3

values for available soil ﬁhosphorus versus the grain yiéld change

~




Yield difference, Bu./A.

F1G.

1970 CORRELATION OF A YIELD VS AVAILABLE P IN SOIL (0-6")

A Yield = -(0.063)(ppm P, (0-6"))+ 4.789

-

N

(0-6"), Bray Soil Test



QA Yield = -(0.078) (ppm P,e (6"-12")) + 4.070
. r = -0.166
e ® g
8 4=~
L]
L2 @
s B
<
o
3
m
m‘ ]
Q 0 .
= °
% $ ) © .
Uy ]
Uy
R .
o G0
—
v
o
>
U
- 12 + t + + - t :
0 4 8 12 16 20 24 28
ppm P, (6'"-12"), Bray Soil Test X =14.72

FIG. (10) 1970 CORRELATION OF A YIELD VS AVAILABLE P IN SOIL (6"-12")

_g17-



A Yield + -(0.092) (ppm P, (0-12")) + 5.158
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1971 CORRELATION OF A YIELD VS AVAILABLE P IN SOIL (0-6")






























































































































































































