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Abstract:
Spring and winter wheat were grown under dryland conditions at three Montana locations in 1967
1968, and 1969.

The influence of time, rate, and placement of P fertilizer was evaluated by using grain yield, dry matter
yield, P yield, and culm count measurements.

Placement of fertilizer P with-the-seed at rates of 20 and 30 Ib, per acre increased grain yields more
than did broadcast rates of 30 to 60 Ib. P/A, Thirty pounds P with-the-seed and 90 1b, P broadcast gave
comparable yields. Starter fertilizer (51b, N plus 2,5 Ib. P/A") with-the-seed significantly increased
grain yields with broadcast P-rates of 0, 10, 20, and 30 1b. P/A consistently, and only occasionally at 60
and 90 lb. P/A.

P yield increased at a constant rate throughout the growing season, as a function of P treatment.
Continued P uptake after heading was noted only with treatments which contained low broadcast
P-rates of 0, 10, and 20 1b/A whereas little or none occurred with 60 and 90 Ib. P/A.

P percentage values showed good correlation with final grain yields only at the very early stages of
plant development and at low rates of added P.

Culm count was directly related to P treatment, and with increasing P-rates significant increases
occurred with both culm count and grain yield.

There was no significant loss in 1969 grain yields due to reduced P availability with 10, 20, and 60 Ib.
P/A applied for the 1967 crop.
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ABSTRACT

Spring and winter wheat were grown under dryland conditions at
three Montana locations in 1967, 1968, and 1969.

The influence of time, rate, and placement of P feftlllzer was
evaluated by using grain yield, dry matter yield, P yleld and culm
count measurements..

Placement of fertilizer P with-the-seed at rates of 20 and 30 lb.
per acre. increased grain yields more than did broadcast rates of 30 to
60 1b. P/A, Thirty pounds P with-the-seed and 90 1lb. P broadcast gave
comparable yields. Starter fertilizer (51b.N plus 2.5 lb. P/A) with-
the-seed significantly increased grain yields with broadcast P-rates of
0, 10, 20, and 30 1b. P/A consistently, and only occasionally at 60 and
90 1b. P/A.

P yield increased at a constant rate throughout the growing season,
as a function of P treatment. Continued P uptake after heading was
noted only with treatments which contained low broadcast P-rates of O,
10, and 20 1b/A whereas little or none occurred with 60 and 90 1lb. P/A.

P percentage values showed good correlation with final grain yields
only at the very early stages of plant development and at low rates of
added P.

Culm count was directly related to P treatment, and with increasing
P-rates significant increases occurred with both culm count and grain
yield.

There was no significant loss in 1969 grain yields due to reduced
P availability with 10, 20, and 60 1b. P/A applied for the 1967 crop.
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INTRODUCTION

Agriculture is the main source of income for Montana, and small
grain production furnishes thg largest segment of this economy. With
a needed increase in the ecénqmy of the state, more and more fertili-
zer is used to boost small grain yields. This creates a need to
better understand how fertilizers can be used more efficiently.

Thqpe has been a gfeat deal of éoncern,about fertilizer applica-
tion methods and residual influence. To date very iittle has bheen
done on P fertilized small grain production espedially where methods
of application and residual influence have been studied in a crop-
summer fallow system. Therefore, this experiment was designed to
study the effectiveness of methods of applications: P placed with-
the-seed, broadcast on the fallow, or just before seeding. The resid-
ual carryover from Yarious application rates in previous years will
also be studied. In order to study the outlined problems, two sites
were selected inpredomimantly winter wheat producing areas and one in
the spring wheat area of Montana for the five-year study.

The present research data include soil and plant analysis for
phosphorus,; phosphorus uptake by,plants at Qifferent stages of growth,
culm counts, kernel counts, grain protein percentage, grain yield, dry
matter yield, and P yield. Although several years will be needed to
completely evaluate the residual fertilizer-P influence, this thesis

will include three years' results; 1967, 1968, and 1969.
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From this research, it is hoped that some specific recommendations
can be made on methods, time, and rates of phosphoruslappiications for

small grain production.
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LITERATURE REVIEW
PLACEMENT OF FERTILIZER

The first recorded use of fertilizer placement in the Uniged
States was in 1621 in Plymouth, Massachussets when the white man har-
vested his first corn crop. According to Lang (38) the main reason
he was able to produce corn on that poor land.was because Squanto, an
Indian, had taught him to place a fish in each hill of corn when it
was planted.

Considerable work has been done with fertilizer placement in the
corn belt where several placement methods are used. The bulk of the
fertilizer is broadcast in the.fall or before plowing, and then a small
amount is added with or near the seed at seeding time in the spring.
When the small amount is placed with-the-seed it is commonly referred
to as "pop—up",‘"sﬁlit-boot", 2" x 2" placement, or starter fertilizer .
(12). Advantageé of starter fertilizer are better stands, hastened
emergence, earlier maturity, crops which are more competitive with
weeds, and increased yields shown by Jacob (33)°. Diéadvantages of
‘starter are reduced germination at ﬁigher rates of fertilizer and the
extra expense of additional time and equipment needed for application
(81).

Guttay (29) in working on germination of wheat and oats with
banded fertilizer found 100 pounds of nutrients in contact wifh-the-

seed delayed germination and emergence and that phosphorus was as
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detrimental as nitrogen and potassium. Low quality seed and dry con~
ditions led to a more pronounced detrimental effect. Oats were less
affected than wheat, probably because the lemma and paiea.are attached
to the caryopsis while wheat is detached.

Cummins and Parks (20) did not agree with Guttay that phosphorus
caused as much damage to germination of wheat and corn and listed the
following fertilizers in decreasing order of damage to germination:
anhydrous ammonia, urea, muriate of potash, nitrate of soda, ammonium
nitrate, ammonium sulfate, sulfate of potash, 6-12-12, 48 percent
superphosphate, and 20 percent superphosphate.

Hood and Ensminger (31) recorded at lowered germination due to
diammonium phosphate on wheat and cotton was not osmotic effecté élone
and that the ions per se were not causing the effects. They thought
the high acid condition was causing the reductioen és damage cound be
reduéed b& adjusting the pH. The corrective effect of MgSO4 and Mg012
suggested that (NHA)ZHPOH may have adversely affected Mg utilization
by lowering enzyme activity.

Nelson (52) and Ohlrogge (53) stated there was a greater chance of
"fertilizer burn™ with banded fertilizer than with broadcast fertili-
zer. Fertilizer salts may draw water from the germinating plant caus-
ing a burned or injﬁred seedling. Other workers have recorded some
detrimental effects on seedlings at critical moisture levels when the

fertilizer was either placed with-the-seed or banded (58)(63).
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Alessi and Power (1) working with barley indicated percent P and
P uptake in the plants were higher when P was placed with-the-seed as
compared with a two-inch depth in the soil. Fertilizer placed with-
the-seed gave‘the greatest fertilizer P uptake early but as the season
progressed more soil P was absorbed. ‘Théy concluded that P was as
beneficial to the plant placed at a two~inch depth beside the seed if
water was present and soil P was in the medium to moderate low range.
The placement method was less critical when water was adequate.
Sherrell et al. (72) found results similar to Alessi and Power when
working with oats in Canada.

Smith and Stanford (76) reported P fertilizers at low rates of
application are more efficiently used by grain crops when the fertili-
zer is banded with or near the seed. In their work at Iowa using
radiocactive phosphorué for oats, disking the P was about 40 to 48 per-
cent as efficient as drilling when the rate was 40 1b. P..-‘ZO5 per acre.
Howevér, that efficiency increased to 55 to. 65 percent for 80 1b. P205
per acre. Also, on calcarepus soil topdressing the P fertilizer at
LO 1b. per acre soon after seeding was 64 percent as efficient‘as
drilling. Most research in Canada and the United States has shown
band-placed P fertilizers were used by grain plants with about double
the efficiency of broadcast and disked fertilizer applied prior to

seeding.
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Barber (2) showed response advantage due to banded or seed appli-
cations of fertilizer decreased as the s0il level of nutrients
inc;eased, Simpson (73) showed similarly that the level of soil P
and the rates of application influenced which placement method was
best for oat crops.

Considerably less fertilizer was needed banded or with-the-seed
as compared with broadcast for good wheat yields as shown by Smith (77).
Lutz et al. (44) working with small grains in the South, found that by

applying 40 1b. per acre it was only 42 percent as effective

P205
broadcast and disked and 33 percent as effective topdressed as compared
with placement with-the-seed. Olson et al. (60) and Gingrich (26)
reported maximum efficiency of fertilizer P by placing it with-the-
seed on small grains and clover. In England, Cooke (19) reported one-
half as much gr§in was produced by broadcasting P and K as was produced
by placement with-the-seed. He believed the increased grain yield

from placement Qith—the—seed was due to stimulated root growth.

Prumﬁel (66) in the Netherlands repdrted'P was 2.45 times as
effective on cereals placed with-the-seed as broadcast and 1.9 for
potatoes, i°2 for beets, and 2.9 for maize. Placement with-the-seed
gave early growth and prevented fixation of P fertilizer.

Banding of phosphate gave the most economical results at lower

application rates of fertilizer on corn; but ét higher rates; a

combination of broadcast and with-the-seed was more economical (Welch
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et al. (84). Bates et al. (4) found fertilizer with-the-seed markedly
increased the early uptake of nutrients and growth of corn. Less K
was needed banded than broadcast to obtain the most economical yields
of corn according to Welch et al. (83) and Mortensen (50); however,
Mortensen found a detrimental effecf when N was placed with-the-seed.

Only one-half as much banded phosphorus was needed to produce
similar yields on safflower as was needed broadcast reported Werkhoven
and Massanitini (85). |

Generally, higher rates of fertilizer are broadcast and lower
rates applied with-the-seed or banded. . Nebraska research of Olson and-
Dreier (58) showed the upper limit for nitrogen with-the-seed to be
15 1b. per acre on oats and wheat.

Nelson (51) reporting on work done in Wisconsin with small grains
under high moisture conditioﬁs, stated that up to 75 lb. per acre of N
or K20 could be placed with-the-seed before damage occurred. At higher
rates, banding one and one=half inches to the side and one inch below
the seed gave better results.

_‘Fertilizer such as 5-20-20 caused considerable damage to seed-
lings at a rate of 500 1lb. per acre placed with wheat seed; but under‘

the same set of conditions, 5-20-0 did not cause detrimental effects

reported Iawton and Davis (40).
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of tﬁe three major fertilizer nutrients, N, P, and K, P seems to
be the least detrimental to seedling development Qhen placed in contact
with the seed. Nitrogen and K are more water soluble and most likely
to cause fertilizer burn than P.(Nelson (52%).

Much of the work in the past has -shown that fertilizer placement
with-the-seed especially N and K at rates above 25 lb,‘per acre, can
be detrimental to small grain germination and éeedling development.
Therefore, the higher rates of fertilizer must be applied broadcast.
Most of the data reported was basea.on a one-year, one-crop experiment
(18)(44)(58). 1In order to consider the total effect of higher rates
of with~the-seed and broadcast placement of fertilizer, the two will
need to be evaluated together and. for more than one crop.

Several workers (66)(85)(75)(76)(87) have shown the high efficiency
of low rates of fertilizer with-the-seed. More work is\needed'fo show
what combination of rates broadcast and/or banded is best suited for
each situation. | |
EFFECT OF ASSOCIATED SALTS ON PHOSPHATE ABSORPTION )

The associated salts of other fertilizer materials may have an
effect on P uptake by plants. Terman (80) reported ammonium salts
increased P uptake by plants. .He attributed the increase to stimulated
root activity or increased acidity on alkaline soils from the

nitrification of the ammonium nitrogen.

—
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" Leonce and Miller (42) found the interaction of N with P to be
physiological with corn. When (NHq) 550, or NH,Cl was added to phos-
phorus fertilizer labeled P32 and placed 1/2 inch to the side of corn
roots, the P content in the plant tops was greatly imcreased. Addi-
tions of KNO3 reduced P in the tops compared with superphosphate only.

When P alone or P plus KNO3 was added, the labeled P accumulated in

the roots. Accumulation did not occur in the presence of NHZ ions.

Addition of NH4N® to nutrient solution increased transfer of P through

3
a-oeeainch segment of corn root. They concluded that NHZ has a specific
influence on transfer of phosphorus across the root symplast to the
xylem.

Olson and Dreier (59) stated that increased absorption of P was a
result of N stimulating root activity. Nitrogen increased N, R and K

concentration in oats. The number of small roots was also increased

according to Grunes and Krantz (27).

Duncan and Ohlrogge (22) stated that with N and P together, corn
growth was greater and con51derab1y more branching of smaller roots
occurred. They belleved uptake of P was closely related to root
development and volume of fertlllzed soil if N was present.

Rennie and Soper (67) also found for N to increase P uptake, the
N must be in the ammonium form and that N and P be mixed and applied

to the soil by restricted placement.
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Blanchar and Caldwell (8) found in work with sandy loam soils to
which P plus NHhcl and P plus KCL were added, that thg-uptake of P
was nearly three fold with P plus NH4Cl than with P plus KC1 or P
alone.

Other workers (13)(49)(28) have determined the beneficial effect
on P'uptake by N on the basis of double banding experiments.

Cole et al. (17) found P upfake to be greatly increased by adding
supplemental N treatments. P uptake per unit dry weight of rooté was
increased more by higher N levels in the roots than by a ten fold
increase in the P concentration of the extermal solution.

Boatwright and Haas (10) working with wheat showed that N
increased P uptake mostly in the early plant development stages,
Robertson et al. (69) noted that placement of N with ahﬁ and P mixture
significahtly increased the percent P in the plant as well as yields.
However, the best utilization of P.was obtained by mixing N, K, and
P together before placement. |

Application of N and P banded together gave much better yields
than when the two were banded separately as stated by Nelson (52).
Absorption of P was enhanced by the application of N, especially when
the two weré mixed before application as shown by Miller and Ashton
 (48), Nelson (51), and Miller and Ohlrogge (49).

Werkhoven and Miller (86) fOund N increased P uptake with éugar

beets and N was more effective where P was banded than mixed with soil.
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SOIL pH

It has been known for several years .that the pH of the soil influ-
ences P uptake by plants; Several facts have been summarized by Bierre
and Norman (62). For example the results of various investigations
agree generally that P solubility in calcareous soils is at a minimum
in the range of pH 7.0 to 7.5. Solubility increases with either an
increase or decrease of pH.

It is also known that with changing pH values, the predominant
form of P ioms iﬁ the soil chanéés énd as feported by Pierre and
Norman (62), the predominant P ioﬁ was H2f04== at pH values of '3 to 8
and predomlnantly HPO,_F at pH 9.

Hendrix (30). stated that the most important factors affectlng P
uptake are -the forms of the P ions and the effects of pH per se on
anion uptake. He also stated GH ' concentrations associated with'
increasing pH competltlvely 1nh1b1téd anion uptake.

Arnon et al as reported in the book by Pierre and Norman (62)
noted pH influence on P uptake and suggested that, since anions appear
to be absorbed by plant roots in exchange of OH and H003=° an increas-
ing OH  concentration might decrease the rate of exchange of H2204$ on
the root membrane. ‘

Smith (74) noted that in general és the soil pH increases, the

proportion of calcium phosphates increases and the iron and aluminum
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phosphates decrease. He aléo noted when P fertilizer was added, the
adjoining soil pH was much lower than the surrounding soil.

Research work in Oklahoma on wheat reported by Robertson (68)
showed broadcast rates greater than 20 1b. Béos

for increasing grain yields as banded fertilizer on neutral to calcareous

per acre were as good

soils., Higher rates of fertilizer were needed under similar conditions
to obtain the same response with acid soils. This agrees in principle
with work in Iowa by Smi£h and Pesek (75) and Smith and Stanford (76)
as the efficiency of topdressed or disked-in P fertilizer was closer

to that of drilling with-the-seed on calcareous soils than acid soils.

TEXTURE, TEMPERATURE, AND MOISTURE INFLUENCE ON P

Several studies have shown soil fexture, temperature, and moisture
to significantly influence P response.

This research was conducted at three locations in Montana. Widely
varying climatic and soil conditioms at these locations prompted the
consideration of soil temperature, precipitation, and soil character-
istics. A brief literature review of the influence of texture, moisture,
and temperature was included to allow comparisons of previous studies
with this’study°

Olsen and Watanabé (57) stated that plant uptake of P was greater
from clay textured soils than from sandy soils. There were three
factors involved: concentration grgdieﬁt between soil ana root sur-

face, diffusion coefficient, and the capacity of the soil to replenish
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P removed by the plant. With more soil particles as in a clay soil,
the conceﬁtration of P was greater closer to the plant foot due to
reactions of soil particles with phosphate. At any given moisture
tension, a clay soil had more available water for diffusion than a
sandy soil and the solution renewal was greater for clay soil as more |
particles were closer to the root. Their equation, relating uptake
of P by plant roots to thé diffusion cdefficient and the phosphate
capacity, predicted the rate of uptake to be approximately 1/3 as
much for a sandy soil ‘as clay soil at equal concentrations of P in
the soil solution. Actual P uptake was very close to the prédicted
results for P concentrations less than 0.2 ppm.

Lev esque (43) studied P uptake as influenced by soil texture and
temperature. He concluded temperature had ﬁore influence on P fixation
in fine textured soils and therefore coarse textured soils would make
better use of‘nafive P supply than fine textured soils‘at low soil
temperatures.

Nelso;.kBl) found that clay'éoils require more fer£iiizer for a
particulaf éituation than sanay soils. This was partially a result of
nutrient ﬁtie;uf“ (chemiéal fixa£ion by the soil) by thé finer clay
so0il particles. , "

The absorption of P was.influenced by soil temperatures according
to Simpson (73). A 5° C. increase in temperature increased P uptake

especially in soils low in P. A rise in temperature also increased
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fertilizer P uptake from soils high in P. Power et al. (65) noted
that growth response of barley to P fertilizer was more dependent on
the temperature for soils low in P than for soils medium in P.

‘Mack and Barber (45) incubated two soils for 74 days at three
temperatures '(2309 2.0'709 and -20° @). They found the higher the tem-
perature prior to cropping, the greater was the yield of dry matter
and P uptake by plants.

Dadykin (21) and Ketcheson (34) showed that the effectiveness of
P fertilizer was greater at 20° ¢ than at 50 @ which indicated a lowerv
P availability in qoiﬁer soils. Similar results were found by Ellis
(23) and Beaton et al. (6).

Robinson et al. (70) related slow P uptake and slow growth to low
soil temperature and rapid uptake of P and increased yields to higher
soil temperature. Gingrich (26) noted similar response in winter wheat
when yield of P and top growth were significantly higher in soils
maintained at 15.5° and 21° C than at 10° C.

The research data indicate that P availability was increased by
increased temperatures but there is also some evidence that a cold
period may be beneficial in increasing P availability. Phung (61) in
studying the effect of soil freeiing and thawing found P uptake by
winter wheat to be higher on soils incubated under frozen conditions
as compared with scils incubated at room temperature. Dry matter

yields were lower on soils incubated under the frozen conditions but
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this was believed to be due mainly to the impaired physical propert%es
of the frozen soils.

In a study by Beaton and Read (5) P was added to seils stored at
5°, 16°, and 270 C: for one and seven weeks. Phosphorus uptake by oats
was increased at 5° @ than at 16%.anda 27° .

Simpson (73) workiné with soil moisture foﬁnd P uptake by eats
increased when soil moisture tension was lowered to field capacity.
High moisture tension decreased the rate of fixation of phosphorus and
helped to confirm the statement that temperature and moisture effects
were responsible for low recovery of fertilizer phosphorus in warm,
dry seasons as compared with cool, moist seasons. Barber (2) agreed
with Simpson that during dry, warm seasons less P was fixed and less
was absorbed by corn plants.

Boatwright et al. (9) reported that spring wheat did not absorb
feftilizer P from a dry soil and a lag in absorption followed watering,
depending on the age of the plant. If the fertilizer zone was not wet
for at least three or four days, it contributed little to P uptake.

Choriki (15) noted that only one of several soils low in P showed
response to added P fertilizer. He concluded this lack of response
must have been due to the low spring moisture conditions at this loca-
tion. Fawcett and Quirk (24) found that moisture stress did not reduce .

P uptake in wheat until the roots were damaged by wilting.

AN
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Power et al. (64) showed that with spring wheat, P fertilizer had
no effect on total water use; but P fertilizér increased plant material
produced per unit of water used at the soft dough and harvest stages
of growth.

As ﬁoted by Brown and Campbell (11) wheat fertilized with P or N
and P used water at an accelerated rate during the early season as
compared with the nonfgrtilized check treatment. Reduced moisture use
later in the growing season was attributed to a depleted moisture
supply. |

Yield increases as shown by Power et al. (63) on ﬁedium P soils
were directly proportional to the amount of moisture available at seed-
ing and to the sum of seeding time moisture plus precipitation received
during tillering to heading. On relatively high or 1ow_P soils the
availability'of‘soil P largély determined how P applications affected
yield increases.

Olsen et al. (56) working with sugar beets found that in a dry
year, band placed P beside the seed increased uptake of P by plants
in the later stages of growth more than P fertilizer placed with-the~

seed. During wet years uptake of P was equal.

RESIDUAL PHOSPHORUS
The effectiveness of residual P from P fertilizer applications
in providing crop yield response is a major consideration in evaluating

broadcast B for dryland grain.
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Mannering et ‘al. (46) working with a six-year rotation of barley,

alfalfa, field beans, and sugar beets on calcareous soils in Idaho,

2O5 that even

after six years sufficient P was available to furnish a large part of

concluded that with applications of 120 1b. per acre of P

the e¢rop requirements.

Research by Campbell and Brown (14) with residual P on a six-year
irrigated rotation of barley, alfalfa, corn, and sugar beet$ in Montana
obtained results similar to Mannering et al.. Phosphorus rates of 26,
52, 105; and 210 1b. per acre gave yield increases for L, 6, 9, and 9
years respectively. The experiment was terminated at the. end of nine
years. Crop yields declined to checkuplot levels when 42 percent and
49 percent of the 26 and 52 1lb. P/A‘appiication rates had been taken up
by the crops grown.

Leamer (41) also found yield increases after up fo six years with
26, 52, 165, and élo 1b. of P/A in thé Southwest with irrigated
rotations.,

McAuliffe ef gi (47) indicated a response from 400 1b, of P205
per acre aftér eiéﬁt years but did get an added response from 11 1b.
P20§ per acre. -

In comparing sourceé of P fertilizer on cglcarequs soils, Webb
and Pesek t82) féund thé residual effect:of superphosphate, concentra-

ted superphosphate; and calcium metaphosphate on oats to be equal; but

on acid soils fused tri-calcium phosphate was more available.
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Smith and Pesek (75) found in working with three Iowa soils that
residual fertilizer P appiied one to two years previously averaged 56
to 72 percent as effective as currently applied P.

Koehlér (36) showed very little phosphorus fixation in eastern
Washington soils as rates of 0, 20, 40, and 80 1b. of P/A resulted in
respective yields of 12, 27, 29, and 20 bu. of wheat the second crop
year. Several soils showed a second year crop response from the
residual P.

Regardless of differences in rate of fertilizer addition, soil pH,
ChGUB content, level of available soil P, soil organic matter, and
soil texture; Koswara and Hanway (37) found little difference in fer-
tilizer P uptake on tén principal soil associations in Iowa. In
greenhouse experiments approximately 50 percent of added P was taken
up in one year by rye piants°
. Olsen and Watanabe (57) reported that applied P recovery on cal=

careous soils was only two percent on first year alfalfa and 12 percent

on sugar beets. Values were less on acid soils.
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MATERIALS AND METHODS

This research project was initiated in the spring of 1967 to
study the effects of rate, time, and ﬁethod of placement of phosphorus
on dryland spring and winter wheat in Mentana.

Three representative sites were selected with the aid of soil
survey maps, field checking with the assistance of soil scientists
with. the USDA Sbil‘Cbﬁéervatioh Service; s0il sampling, and visual
o;oservatioh° Soil series descriptions are given in Appéndix tables 29,
30, and 31. Two locations were in winter wheat producing areas and
one in the maﬁéf spring wheat area of the state. Adjacent strips were
selected so that crops could be alternated with. fallow in- each area
for the five-year study. After the sites were selected WOodeﬁ posts
were buried at plot corners and steel ﬁosts driven at the strip edgé

to aid in later staking and location.

The first year, spring barley (Hordeum distichum L., var. H&pana)
was grown on the two winter wheat locations at Power and Stanford9
Montana. The Power experimental area is located approximately 20 miles
NW of Great Falls on the Carl Neuman farm in the SEf of the SW¥ of
section 13, T22N, R1E, Stanford is approximately 60 Miles SE of Great

Falls, Montana. Spring wheat (Triticum vulgare L., var. Fortuna) was

grown at the Froid location on the Vernon Danielson farm in the SWh of
section 32, T31N, R56E. Figure O shows the locatigns of each site in

the state.
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Figure O. Location of experimental areas in Montana; l1--Power area, 2--Denton
grea, and 3--Froid area.
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EXPERIMENTAL DESIGN

A randomized block experiment was established with 46 treatments
and four replications. Plot size was 14 by 40 feet. Treatments for
phosphorus applications include: broadcasting, spring and fall, with
and without starter fertilizer (5 N and 2.5 P); and varidus phospﬁorus
rates applied with-the-seed. N and K were applied uniformly at the
rate of 40 pounds of N and 25 pounds of K per acre to reduce the
chances for deficiency of these nutrients, See Table 1 for listing
of treatments. Where more than one treatment is-listed together,
these treatments are alike and only the average values were listed.

Broadcasting of fertilizer was done-by hand in the fall and the
soil worked with a disk just prior to seeding. In the spring, ferti-
lizer waé‘applied by hand as soon as fields were workable and incor-
porated during the first summer faliow operation. The growing winter
wheat crop was topdressed with N and K.

Rates of phosphorus applied broadcast were 10, 20, 30, 60, and
90 pounds of P per acre. After incorporating the fertilizef with
abou£ the ﬁpper two inchgs of soilgithe pléts were seeded'using a
tractor-pulled seven-row fur?ow drill with special fertilizer attacﬁ-
ments for metering the fertilizer uniformly in each row. Row spacing
was set at oné foot. Barley was-seeded at. 50 1lb. per gcre and wheat
at 60-65 lb;-per acreo‘ Higher seeding rates than are commonly recom-

mended for producers have been used te insure a good stand. Fertilizer
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Table 1. Listing of fertilizer treatments*fbr:experiments‘at_%hree

locations. :
Fall Broadcast N-Spring Spr. or Fall
Treatment After Fallow Topdressing With-the-Seed
No. Crop 1 Crop 2,3 . Crop 1,2,3 Crop 1,2,3
P P N N P
1b/A 1b/A © 1b/A 1b/A 1b/A
1, 39 1/ 0 0 0
2, ho 0 0 0
3 4o
4 4o 5
5 4o 2.5
6 Lo 5 2.5
7 4o 5 5
8 Lo 5 10
9 Lo 5 20
10 4o 5 30
11 Lo 10 2
12 Lo 20 2/
13 10 : Lo :
14 10 - Lo 5 2.5
15 10 10 Lo
16 10 10 Lo 5 2.5
17 20 Lo
18 20 Lo 5 2.5
19 20 20 4o
20 20 20 Lo 5 2,5
21 - 20 20 0 5 2.5
22 20 20 20 5 . 2.5
23 30 Lo
2L 20 4o 5 2.5
25 30 30 4o
26 30 30 Lo 5 2.5
27 60 Lo
28 60 4o 5 2.5
29 _ 90 4o
30 90 4o 5 2.5
L1 20 20 Lo 5 5
k2 30 30 40 5 5
L3 20 20 60 5 2,5
kL 20 . 20 80 5 2.5
Ls 10 10 Lo 2.5
46 20 20 Lo 205

Table continued. . o
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Table 1 .Continued.. .. .

Spring Broadcast = N-Spring Spring or Fall
Treatment Before Fallow Topdressing. With-the~Seed
No. ‘ Cropl GCrop 2,3 Crop 1,2,3 Crop 1;2,3
N P N P N N P
1b/A 1b/A 1b/A 1b/A 1b/A 1b/A 1b/A
3 10 Lo
22 10 Lo 5 2,5
33 20 Lo
34 20 Lo 5 2,5
35 Lo 10 Lo 10
36 3/ ko 10 4o 10
37 Lo . 20 Lo 20
38 3/ Lo 20 Lo 20

1/ 25 lbs. K/A on all treatments except 1 and 39.
2/ Broadcast just prior to seeding.

3/ 15-60-0 TVA (ammonium polyphosphate) and 33.5-0-0.
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applied with~the-seed was delivered down the fertilizer tubes and
| dropped directly with-the-seed. This also included stafter fertilizer
(5 N and 2.5 P) that was applied in addition to one-half of the broad-
cast phosphorus treatmeﬁts giving a split plot .design fof all broad-
cast'phosphorus applications. Fertilizer was either measured or
weighed from ammonium nitrate (33.5-0-0) and concentrated superphos-
phate (0-45-0). . One other fertilizer, ammonium polyphosphate (15-60-0),
was used to check the effect of source of phesphorus on residual

carryover. Potassium was applied as muriate of potash (0-0-60).

1967 PROCEDURE

To get the project initiated in early 1967? spring grains were
seedéd on the winter wheat location the first year. Barley was seeded
at Power, May 26 and at Sténford, May 25. Spring wheat was seeded at
Froid,'May 18. A very poor stand of barley at Power necessitated the
reseeding of three of the four replications on June 14, Fertilizers
of appropriate treatments were applied on the adjacent strips for_
seeding of winter wheat in the fall of 1967. Before application of
fertilizer treatments, soil Samples were taken from 16 blocks in a
grid pattern (see Table 2) within the experimental areas and analyzed
for pH, con&uctivity, organic matter, phosphorus, and pitrate to help
characterize the sites for uniformity. Table 3 lists average values
for these five soil properties for all three locations. Individual

values for soil pH, conductivity, and organic matter for Power,
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Table 2. Grid pattern for soil samples at three locations.

A B | c D
I I-A I=3 I-C I-D
II . II=A-.,V II-B | CII-¢ |  II-D
IIT | III-A |. III-B | I1I-C | III-D
IV ©oIvea 0 IV-B .IV;G; IV-D
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Table " s 'Soil ‘analysis information (average values from samples 0-6")
for ‘Power, “Denton, .and. Froid. .

Soil Soil Soil Bray '

Location pH 1/ Conductivity 2/ O0.M. 3/ P4/ No, 5/
_ . millimehs/cm. % ppm_ p.pg N

Power 7.4 .19 2.6 18 6/ 5.5 7/
Denton 6.3 .13 1.9 328 1672
Froid 6.8 .08 2.3 226/ 247

TRINEERRK

- Soil NO

3

Soil samples for N

Bray P range 0-30 ppm - very low.
0., determination 0-6'

Bray P range 30-60 ppm - low,

Soil pH determination procedure in Appendix table 37.

Soil conductivity determination procedure in Appendix table 38.
Organic matter detérmination procedure in Jackson (32) pp. 219-221.
Bfay P determination in Olsen (55) and Smith (775°

determination procedure in Jackson (32) pp. 197-201.

3 average value/foot.

T
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Denton, and Froid are listed in Appendix table 32. Soil P analyses
using the Bray and NaHCO3 methods are shown for ail threeilocations
in Appendix tables 33, 34, and 35. Sbil nitrate determinations for
each location are in Apprendix table 36.

Harvesting of plots was done with‘a gasoline-powered three-foot
mower with mounted catcher on the sickle bar. Three one-~foot spaced
rows approximately 20 feet in length were cut after the outside rows
of the seven-foot drill width were eliminated to avoid tractor tire
compaction and approximately ten feet on each end of tﬁe plots to
avoid nonuniform fertilizer delivery. All plots were measured for
length of area harvested to determine grain and dry matter yields.

The moisture percentage of straw plus grain was determinéd and
total dry matter‘yields calculated. The weight of the oven-dry above
grouﬁd pléﬁt portion-Qas‘reported as dry matter yield. Bundles from
the cut area were vlreighed9 threshed, and grain collected for ind:;Lviu=
dual plots. Grain samples were then cleaned with a sméll blower,
weighed, test weight'détermined, aﬁd protein analysis made using tﬁe
Kjeldahl method (Bé) PP 183—i§00 Grain yields were converted to
bushels per acre using 48 1b. éer bu. for barley an-d_’60.l-b° per bu.
for wheat. Culm counts were made in the field by‘éounting all culms
in two four-foot sections of row in individual i)lots°

Due to soil variability, the Stanford location wa$ discontinued

after 1967 and another sife was selected at Denton, Montana which is

L1

-
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approximately 25 miles north of the Central Montana Branch Experiment
Station on the Larry Barber farm in the NWk of NEY of section 18, TI1ON,
R14E. The Denton soils information is given in Table 3 and Appendix

tables 32, 34, and 36.

1968 PROCEDURE

The Power location was fertilized on Septgmber 19, 1967 and the
seeding completed by September 21. The Denton plots were fertilized
on September 28, 1967 and seeded by September 30. At Denton the P
treatments which should have been applied in early summer, 1967, were
applied just prior to seeding, by necessity.

On November 9; 1967, when the plants were in the three-leaf stage
(stage 2 designated by Feekes (26) and illustratéd b& Large (40));
see Table 4 for listing of growth stages and Feekes scale, plant sam-
ples were collected from two feet of row with a spade to a depth of
approximaéely éix inches. Two replications of treatments 3, 4, 5, 6,
8, 9, 13, 14, 17, 18, 23, 24, é?, 28, 29, and 30 were Sampled at
Denton and Power, the two Qinter wheat locations. Soil was partially
shaken from the roots“and séhpleé.were sealed in plastic bags and kept
cool. The féété were later washed.fréé of soil and topé and roots
separated by clipping just above the point.of attachment of roots.
Plant samples were then dried at 65° GSfor'48 houfs, weighed, and

ground for analysis. The percent phosphorus was determined
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Table 4, Stages of plant development when plant samples were

collected.

Plant Stage Feekes Scale 1/
3=l leaf 2

5 leaf ok

6 leaf C b5
Heading 10.1-10.5

Heading to Soft-Dough 10,5-10.5.5

Mature 11.2-11.4

1/ As illustrated by Large (39).
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colorimétrically with ammonium vanadateé, using the method of Barton (3)
and Kitson (36).

The following spring, élént samples were collected at the Power
location on May 27 énd on May 28 at Denton. Plants were mostly in the
six-leaf stage (Feekes staée 4L-5) of growth. Although fertilizer
treatments caused considerable change in plant development, especially
later in the season, all treatments were sampled on the same date.’
The Feekes rating scale was used to identify the most predominant
developmental stage. Beginning with thg spring sampies, all plants
were clipped within one inch of the soil. Piants.from two four-foot
sections were taken from two corresponding rows in each plot of all
four replications. Treatments 2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14, 17,
18, 23, 24, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 41, 4;,
L5, and 46 were sampled at Power. These same treatments except 31=34
were sampled at Denton. -The same treatments sampled at Power plus
treatments 11 and 12 were sampled at ¥roid. Seeding at Froid was com=-
pleted on May 3. Plant samples were taken on June 20 when they reached
the six-leaf (Feekes 4-5) stage.

Due to the distance between Bozeman and the exﬁeriment locations,
approximately 200 miles.to Denton and Power and 500 miles fo Froid, it
was decided to concentrate on the Power location for the most intensi-
'fied plant sample collection. Samples were collgcted June 27, during

the Soot=t0=heading stage (Feekes 10,1) and again July 15 at full
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heading-dough stage (Fbgkes 10.5.0-10.5.4) and the final sample made at
maturity (Feekes 11.4 st;ge) on August 1. Beside the first samplésg
others were taken at Denton, July 10, at heading (Feekés lboh) and
August 6 at maturity (Feekes 11.2) and at Froid, July 30, at méturity
(Feekes 11.2).

A1l samples collécted were placed in an oven at Bozeman fér 48
hours at 650 C: then weighed and Fhe small subsample,; approximately 25
stems collected at random from the larger sample, was ground through a
Wiley mill for later phosphorus determination. The entife above grouna
plant portion was ground for analysisivhich included the grain on the “
mature plants, |

Culm counts were made by céunting‘the number of culms ih two four-
foot sections of row at harvest. Harvesting and measurements for 1968
were the same as for 1967 except the Denton grain samRIES‘contained
buckwheat'seed-which,wgs practically rémoved‘by running all saﬁples
through a dockage machine. |

| Soil temperature at the two-inch depth was recorded at both wintef
wheat locations, Power and Denton, by the use of a thermograph. Rain
gauges were used at all locatioﬁs° Temperature and precipitation data

are recorded in Appendix tables 39, 41, 4k, 45, and 46,

1969 PROCEDURE
The Power plots were fertilized -and seeded October 1, 1968 and

the Denton plots were fertilized and. seeded September 27. There was
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a miscalculation on the setting of the fertilizer attachment for the
two locations seeded in the fall of 1968 which resulted in a 15 percent
increase over the original fertilizer rates applied with-the-seed.
Rates for 1967 and 1968 with-the-seed were 5 N plus O, 2;59 5, 10, 20,
30 P. In 1969 all rates with-the- sieed were 5.75 N plus O, 2.875,
5.75, 11.5, 23.0, and 34.5, respectively.

Because moisture was lacking aﬁd seedlings were extremely small
in late Nc;vember9 no plant samples were taken in the fall of 1968 for
plant analysis. Plants were collected after growth occurred in the
spring at-the five-leaf (Feekes 4) stagé at all locations. A second
set of samples was collected af heading to‘dough stage (Feekes stage
10.4) and a final set at maturity (Feekes stage 11.2) from all three
locations., Sampling ana.analysis were the éamg as thé previous years.

Graiﬁ énd dry matter yields were'ﬁeasured on four rows about
20 fee£ in length instead of three ro&s as iﬁ the pre%ious years to
give a more uniform harvest area. | | |

The culﬁ c&unts for ;969 incluéea ;nly'culms which.contained
heads with three.or more kernéls and the two four-foot sections of
row counted were fhreshed and kept separéte to determine fhe numB;r:
of kernels per head; kernels were countéd:for a ten-gram sample and
the numbef of kernels calculated for the eight-foot sample. With
very few barren culms, thé nﬁmﬁer of heads and culms were practically

the same.
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Soil temperatures were recorded at the Power and Denton locations
and are listed in Appendix tables 40 and 42. Rain gauges were used at
all locations and precipitation data are included in Appendix tables
L7, 48, and 49. Complete data a;e available at Froid at the ARS
research farm south of Froid. Soil moisture data are listea in Appendix

table 50 for all locations.

STATISTICAL PLAN

A1l data for 1967, 1968, and 1969.harvests were codéd, recorded,
and punched on computer cards for analysis. The Sigma 7 computer at
Montana State University Computer Center was used to process the data.

Two statistical methods were used to analyze the data for 1967;
standard analysis of variance and least squares analysis. There was
some question which analysis would be most valid with the duplication
of treatments that occurred the first year. The duplication of treat-
ments was necessary the first season permitting additional fertilizer -
on some treatments so that residual P response could be studied in
the following years.

Duplicate analyses were made on the data from the locations,
Power and Froid, and evidently with several t}eatments, L6 in this
instance, the difference between methods of analyses was insignifi-
cant. T values for grain yields were 1.69 for standard anélysis of
variance and 1.75 onlleast squares analysis for the Froid grain yields.

The values at the Stanford location were 1.39 and 1.4% respectively.
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The small differnece in valués did not change their significance at
either location. Since the duplication of treatments déereésed each
year and the least squares program would not be applicable after 1968,
it was decided to use the standard analysis of variance program
throughout the experiment.

In addition to aﬁalysis of variance on grain and dry matter yields
for 1967, 1968, and 1969; analyses have been made on'culm count per
eight feet of row in 1967, 1968, and 1969; kernels per eight feet of
roﬁ'in 1969; phosphorus yield (P% x dry weight) in 1968 for four dates
on the Power data, two dates on the Denton data, and two on the Froid
data. In 1969 three dates for P yield for each location were analyzed.

Analﬁses of variance were made for percentage P and.dry matter .
yield for each plant samp;e date for 1968 and 1969. vThe correlation
of the first plant samﬁles in éhe spring with grain yields for‘l968‘
was determined. |

Significant differences were listed at the five percent level
unless stated otherwise. Many comparisons have been méde by using the
LSD and single degree of freedom tests., ©Standard statistical methods

were followed (82).




v I — LIS 8 Y ) O | LLY

|

RESULTS AND DISCUSSION

1967 Results On @arley And Spring Wheat

The results and discussion are mostly centered around grain yields
as influenced by phosphorus fertilizer treatments. Dry matter yields
are included in the data tables but are not discussed separately. In
general, dry matter yield changes were reflected by grain yields.

Due ‘to the lihited moisture and the late seeding of spring grains,

fertilizer response was low in 1967. The dry season did help in empha-’

sizing soil Qafiability at the Stanford loéation9 which resulted in the
selpetion of another site to continue the gxgeriment. Precipitatioﬁ‘
data- are listed in Appendix table 43,

Significant yield.responses were limited to four treatments at the
Froid location. There were some interesting trend§ nhoted in the data
at Power and Stanford. |

The Power data are listed in Table 5 for barley~grain yield, dry
matter yield, and culm count. Treatment response comparisons for P
fertilizer broadcast should be make with treatmént 3 whieh had a grain
yield of 25 bul/A, Comparisons for treatment rehsbopse' for P with-the-
seed shoul@ be made with treatment 4. Least significant difference
(LSD) values are listed with analysis of variance figures near tﬁe
bottom of éach table. Yiélds or culm counts are not starred unless

significantly different from treatment 3.
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Table 5. Grain yield, dry matter yield, and culm count - Power, 1967;

barley.
Treatment Fertilizer Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Count 1/
N P N P 1bs/A Bu/A 8" of Row
1, 39 2/ 0 o) 0 0 1971 20,3 . 161
2, ko 0 0 0 0 2054 21.9 167
3 4o 0 0 o) 2301 25.1 - 175
b 4o o] 5 0 2602 2.3 202
5 Lo 0 0 2.5 2296 LI 186
6, 43 4o 0 5 2.5 2231 25.1 165
7, U4 4o 0 5 5 2629 25,8 184
8 Lo 0 5 10 2324 27.6 171
9 4o 0 5 20 2473 28.0 . 198
10 4o 0 5 30 2735 28.7 188
11, 13, 15,

31, 35 Lo 10 0 0 2heh 25.2 180
14, 16, 32 40 10 5 2.5 2608 26,9 177
12, 17, 19,

33, 37 o 20 0 0 2179 24,1 177
18, 20, 34+ 40 20 5. 2.5 2289 23.5 173

21 0 20 0 o] 2051 21.3 180
22 20 20 0 0 2157 21.8 176
23, 25 Lo 30 0 0 2258 23,8 182
24, 26 Lo 30 5 2.5 2223 2k, 7 181
27 Lo 60 0 0 2601 27.5 206
28 Lo 60 5 2.5 2934 26.4 194
29 4o 90 0 0 2305 2h.3 179
30 4o 90 5 2.5 2341 25.1 217
36 Lo 10 o) 0 2123 k.0 172
38 Lo 20 0 0 2278 25.6 171
41 Lo 20 5 5 2628 28.1 172
ko Lo 30 5 5 2699 28.2 175
45 Lo 10 0 2.5 2229 26.0 194
46 Lo 20 0 2,5 2143 L 155
Analysis of Variance
Source of Variation df MS df MS df MS
Treatments 4s 248940 45 12.8 4s 920
Experimental Error 135 275021 135 10.4 135 714
LSD (.05) ‘ 727 2:6 37

1/ All culms counted (heads not considered).
g/ 25 1b. K on all treatments except 1 and 39.
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The trends in grain yield response to P are shown by observing the
yields of 5 1b/A N plus 5 to 30 lb/A P placed with-the-seed, treat-
menté b, 6, 7, 8, 9, and 10, Theé greatest yield response was noted
with treatment 10 with a k.t bu/A increase over treatment 4. Two other
‘treatments that note observation are treatments &1 and 42, The only
diffep§nce between treatments 18, 20, and 34 and 41 was the starter
fértilizer (5 N plus 5 P) for 41 compared with 5 N plus 2.5 P for 18,
20; and 34%. The same difference exists between tréatments 24 and 26
with 42, Grain yield for treatménts 18, 20, and 36~was.23°5'compared
with 28,1 for treatment 41, Grain yield for trgatmgnté 24 and 26 was
2k,"7- compared with 28,2 for tregtment 42, This was an appreciable
increase for only 2.5 lb. P pe?r acre difference in~trea£ments and ma&
indicate that 2.5 1lb. P per acre in the starter wag low.

The Stanford data for barley shown in-Table 6 indicated that very
similar trends were evident as.at Power. Treatments 6, 7, 8, 9, and
10 and 41 aﬁd L2 increased yields compared with treatment 4. Tt was
unusual that the exact treatments showed this same trend. There was
some incqnsiﬁtency with treatnigrnits 8 and 9, though, as they were lower
in yields than treatment 7. Dry matter yields were #@lso lower for the
same treatmentsL |

Harvest data for spring wheat grown at Froid shown in Table 7 did
not follow thé same tfends as noted at the Power épd Stanford locations

with respect to with-the-seed treatments as venj little difference in
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Table 6. Grain yield, dry matter yield, and culm count -~ Stanford,
1967% barley.
Treatment Fertilizer Total
No. Broadcast With-Seed Dry Matter . Grain Yield Culm Count u/
o N P N P 1b/M Bu/A 8" of Row
1,392/ O 0 0 (6] 1152 14,3 .21h4
2, ko 0 0 0 0 1301 16.4 205
3 Lo 0] 0 0 1810 21.3 271
4 Lo o 5 0] 1736 20.0 250
5 Lo 0 0] 2.5 1975 22,7 284
6, 43 4o 0] 5 2.5 1991 21.9 272
7, Lk Lo 0 5 5 2238 25.0 307
8 Lo 0 5 10 2070 2k,0 292
9 Lo 0 5 20 2146 24,5 311
10 bo o 5 30 2310 27,1 341
11, 13, 15,
31, 35 Lo 10 o] 0 1797 21.1 © 243
14, 16,.32 40 10 5 2.5 1683 19.4 2h3
12, 17, 19,
33, 37 bo 20 o0 0 1832 20.9 293
18, 206, 34+ 4o 20 5 2.5 1794 21.0 257
21 0 20 0] 0 1332 16.6 207
22 20 20 0 0 1738 20,4 238
23, 25 Lo 30 0 0 - 1976 2203 278
24, 26 Lo 30 5 2.5 1928 23,k 2h6
27 o 60 0 0 2149 25,0 296
28 Lo 60 5 2.5 2211 25.6 26k
29 Lo 90 0 0] 2273 24,8 301
30 Lo 90 5 2.5 2258 25.5 294
36 Lo 10 0 0 2015 24,6
38 Lo 20 0 0 1905 22.3
L1 Lo 20 5 5 1993 25.0
__ k2 b0 30 _ 5 _ 5 _ _1992 _ _ _256_ _ _ _ o ____
Analysis of Variance
Source of Variation df MS df MS df MS
Treatments 43 383059* 43 30.5 23 5870**
Experimental Error 129 235190 129 21.9 69 3225
LSD (,05) 672 8.1 80

A1l culms counted (heads not

azl\)l<

Significant at the .01l level.
Significant at the .05 level.

considered).

25 1b. K_on all treatments except 1 and 39.
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Table 7. Grain yield, dry matter yield, and culm count ~ Froid, 1967:
spring wheat.

Treatment Fertilizer ° Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Count 1/
N P N P 1b/A Bu/A 8 of Row
1, 39 2/ 0 0. O 0 2682 2%.2 225
2, 4o o o0 0 0 2635 23.7 229
3 Lo 0 o} ) 2885 23.3 217
b bo o 5 ¢ 2849 2k.6 20
5 4o 0 0 245 2798 23.6 226
6 bo o 5 2.5 2796 2h,1 227
7 Lo 0 5 5 2763 25.5 236
8 Lo 0 5 10 3059 24,8 232
9 4o 0 5 20 " 2909 2h.3 2h2
10 %o 0 5 30 2881 23.2 247
11, 13, 15, ‘ :
31,35 4o ‘10 0 0 2767 23.4 228
1k, 16, 32 40 10 5 2,5 2947 2k 4 243
12, 17, 19, ' - _
"33, 37 Lo 29 0 Q 2826 23%.8 2k7
18, 20, 34 Lo 20 5 2.5 2975 25.2 2h2
21 0O 20 O o 2763 24,0 229
22 20 20 0 Q 2943 2h,2 234
23, 25 k0 30 0 g 3033 24,8 213
2hy 26 ko 30 5 2.5 3034 . 2.5 237
27 Lo 60 0O o) 2766 23%.1 - 226
28 Lo 60 5 2.5 2842 22,3 219
29 4o 90 0 o 2920 " 25.6 248 .
30 4o 90 5 2.5 3036 26.3* 230
36 Lo 10 0 0 2793 22.7
28 o 20 0 o) 2921 2k, 3
L1 Lo 20 5 5 3082 . 26.5*
L2 Lo 30 5 5 3155 . 26,2%
43 60 20 5 2.5 2961 24,8
Ll 8 20 5 2.5 3172 27.1%
45 4o 10 0 2.5 2813 23.3
__b4__ _ bk _20_ _0_ 25 _ 2915 _ _ _ 237 _ __ o
Analysis of Variance
Source of Variation _ df MS df MS af Ms
Treatments 45 8oghp* 45 5.8+ 23 380
Experimental Error 135 54249 135 3.4 69 397
LSD (.05) 323 2.6 28

1/ All culms counted (haads not considered).
g/ 25 1b. K on all treatments excgpt 1 and 39.
* Significant at the .05 level., .
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yields was -noted. This location did show some response, aithough not
signifigant at the level tested, to starter fertilizer, 5 ﬁ plus 2.5 P
placed with-the-seed in combination with broadcast P. Grain yields
dug-to.starter fertilizer plus 10, 20, and 90 P broa@cast compared with
those same rates broadcast and no starter fertilizef:were 2.4 to 23,4,
25.2 to 23,8;:and 26.3 to 25.65 réspectively° The éply significant
yield increases for 1967 were for yields of treatﬁéqts 30, 4i, 42, and
L at Froid. Grain yields of treatments 41 and 4é'gere increased at
Power and Stanford but were non-significant, |

It was notgd.that in most. cases dry matter yibid corresponds
féirly close to grain yields Expecially with thosenﬁreétménts showing
signi}icant grain yield incre‘aées°

éu}m count was quite va;iable at all locatioﬁsﬁfor 1967 but there
were séme.increases over the cﬁeck noted at higher ?étes of P with-
the~seed and higher brgadcast-rateso

Even though test weight and protein percentage measurements were
made, differences due to P fertilizer were insignificant and are not
included in this thesis write-ufs Yield information was helpful in
estimating P uée_and for determining residual phosphorus effectiveness

in later years.
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1968 Results On Winter And Spring Wheat

The experimental results for 1968 could be better handled in sec-
tions, especially with three locations to compare. For this reason the
data, including treatﬁents for dry matter yiélds9 grain yields, and
culm count are listed in the following tables: Power; Table 8; Denton,
Table 95 and Froid, Table 10. P yield data are discussed in a later
section.

A few genéral points are listed that may help in uﬁderétanding
the data. Grain and dry matter yields were significantly increased
with P fertilizer at all locgtions in 1968° Grain yields were in the
range of 35 to 45 bu/A at Power, the highest yields recorded for 1968.
Grain yields at Denton were lower due to hail damage, estimated at
12 to 18 percent. There may have been some variation in hail damage
due to treatment effect. Check treatments 1, 39 and 2, 40 and 21
seemed £o show more damage with feﬁer,culm/A than other treatments
with thicker stands. Grain yields at Froid were not exceptional, but
fair for spring wheat in that area being in the 23 to 28 bu/A range.
Test weight values were in the 61-64 1b/bu range at both Denton and
Power and 58~60 at Froid. Normally, test weight of spring wheat will
be approximately 2 1lb/bu less than winter wheat.

It was noticeable that the number of treatments‘with significant
differences was greater with dry mafter yield than with grain yield.

This could and probably does mean that P has more influence on dry




Table 8.
winter wheat.

2

Grain yield, dry matter yield, and culm count-Power, 1968}

Treatment . Fertilizer . . Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Count;[
N P N P 1b/A Bu/A 8" of Row
1, 39 2/ 0 0o o0 © A42ko 32.8 225
2, ko 0 0 0 0 L295 32,0 223
3 Lo 0O .0 0 Lh26 38.4 250
L Lo 0 5 0 4487 34,7 243
5 Lo 0 0 2.5 5132 40,3 266
6 Lo 0 5 2.5 5093 Lo.o 290
7 Lo 0 S 5 5077 bi.9 277
8 Lo 0 5 10 5495+ .6 3ho*
9 Lo o} 5 20 6128+ 41,5 337*
10 bo o 5 30 6316* 43,1 353*
11, 13, 15 40 10 © 0 hoko 238.5 270
14, 16 ko 10 5 2.5 5Q09 38.8 281
12, 17, 19 40 20 © 0 5015 38.3 254
18, 20 Lo 20 5 2.5 5486* Ly, 3 284
21 0 20 © o - 4215 4.8 235
22 20 20 © 0 4780 38.8 2hs
23, 25 Lo 30 0 Q0 5408« Lo.1 256
ok, 26 4o 30 5 2.5 553Q% Lz, 2 326
27 Lo 60 © 0 5855% 43.9 279 .
28 Lo 60 5 2.5 5957* Ly, 3 313
29 Lo 90 O o} 6127* ks, 6* 326
30 Lo 90 5 2.5 6719* ks, 8% 2ho*
31 3/ 4o 10 0 o} 5069* Lo.2 268
32 Lo 10 5 2.5 5639* 43,8 299
33 Lo 20 O 0 5692* k4,0 282
34 4o 20 5 2.5 6016* b1.7 311
35 b 10 0o © 4882 38.9 261
%44 L4 10 0 @ 4959 39.3 231
37 Lo 20 o 90 5671* L2.9 296
384 Lo 20 0 O 5838 4s,0* 321 .
41 40 20 5 5= 5652% 42,8 332%
42 Lo 30 5 5 5216* L L 307
43 60 20 5 2.5 5801* Ly, 3 298
L 80 20 5 2.5 5668 45,1* 272
4s Lo 10 0 2.5 5151* 41,1 264
46 ko 20 © 2.5 5385* ho.b - 290
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Table continued. . .
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Table 8. Continued. . .

Total :
Dry Matter Grain Yield Culm Count 1/

1b/A . Bu/A 8" of Row

Analysis of Variance

Source of Variation af Ms af MS df MS

Treatments 45 13905k6% b5 S5.her. 45 Blskes

Experimental Error 135 258776 135 22.3 135 3196

LDS (.05) 712 6.6 : 79

1/

2

3/
=74

£ %

A1l culms counted (heéds not considered).

25 1b. K on all treatments except 1 and 39.

Treatments 31-38 were applied in the. spring before fallow,
15-60-0 TVA (ammonium polyphosphate) and 33,5-0-0.
Significant at the .01 level.

Significant at the .05 level.
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Table 9., Grain yield, dry matter yield, and culm count - Denton, 1968%
winter wheat.,

Treatment = - Fertilizer ’ Total
No. Broadcast With-Seed Dry Matter Grain Yield Cilm Count 1/
N P N P 1b/A Bu/A 8' of Row
1, 39 2/ 0 0 0 0 2640 16.3 274
2, 4o 0 0 0 0 3003 17.5 230
3 Lo 0 0 o . 4281 25.2 260
L Lo 0 5 0 ‘ k571 25.0 290
5 Lo 0 0 2.5 L35k 26,8 306
6 Lo 0 5 2.5 4879+ 30.0 328
7 Lo 0 5 5 koL 27.8 311
8 4o o} 5 10 712 26,9 330
9 40 0 5 20 4828 27.9 348+
10 Lo 0 5 30 5011* 28.4 305
11, 13, 15,

.31, 35 ko 10 0 0. k566 25,5 287
14, 16, 32 4o 10 5 2.5 Lgo5* 29.3 317
12, 17, 19,

33,737 . b0 20 0 O 4680 28.1 303
18, 20, 34+ 40 20 5 2,5 Logh=* 31.0* 309

21 0 20 o) 0 2690 - 15.5 232
22 20 20 0. O 3767 21.k 281
23, 25 Lo 30 0 0 L8L4L 29.9 316
2k, 26 ko 30 5. 2.5 L90o8=* 29.9 316
27 Lo 60 O 0 Lg20* 29,4 300
28 Lo 60 5 2.5 5049% 29.0 304
29 40 90 0 0 5018+ 29.k4 319
30 Lo 90 5 2.5 5282* 29.9 321
36 Lo 10 0 0 k719 27.7 321
28 Lo 20 0 0 48325 28.0 320
41 Lo 20 5 5 Ligs 26.9 340
42 ko 30 5 5 5358+ 30.5* 325
43 60 20 5 2.5. 5726* 35, 2% 323
Ll 80 20 5 2.5 5305* 32.7* 353*
Ls 4o 10 0 2.5 3928 27.5 315
L6 Lo 20 0 2.5 4680 28.1 328

Table continued. . .
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Table 9. Continued. . . ’ ) -
Total
Dry Matter Grain Yield Culm Count 1/
1b/A_ Bu/A___ 8" of Row

Analysis of Variance

Soirce of Variation af Ms df MS  4f MS
Treatments Ls 2042356%* ks 76,8%* 45‘ kool
Experimentél Error 135 182757 135 12.4 135 2952

LSD (.05) 595 L 76

1/ All culms counted (heads not considered).

2/ 25 1b. K on all treatmeﬁfs except 1 and 39.

2%

Significant at the .0l level.

Significant at the .05 level.
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Table 10, Grain yield, dry matter yield, and culm count - Froid, 1968:

spring wheat.

Treatment Fertilizer Total
No." Broadcast With-Seed Dry Matter Grain Yield Culm Countl/
N P N P 1b/M Bu/A. - 8' of Row
1, 39 2/ 0 0 0 0 2868 22.7 213
2, ho 0 0. 0 0 2940 23.6 209
3 Lo 0 ) 0 2893 23,1 195
h. Lo 0 5 0 . 2855 23.4 209
5 Lo 0 0 2.5 2870 22.7 c211
6 Lo 0 5 2.5 3134 2k b4 217
7 Lo o) 5 5 3241 2551 . - 253
8 Lo 0 5 10 3677% 27.0* 257%
9 Lo 0 5 20 3542% 26.0 269*
10 Lo 0 5 30 3Lh66* 26,5*% 307*
11 ko 103/ 0 0 3066 23.7 227
. 12 ko 203/ 0 0 3292* 2k,9 239
13, 15 Lo 10 0 0 3120 2k,5 230
14, 16 ko 10 5 2.5 3Lk 26.5*% 250*
17, 19 Lo 20 0 0 3127 23,8 232
18, 20 Lo 20 5 2.5 3369* 26.2* 252%
21 0 20 0 0 342k 27.9* 236
22 20 20 0 0 3521* 26.4* 236
23, 25 Lo 30 0 0 3248 2k,5 248+
2k, 26 Lo 30 5 2.5 3367+ 250 250%*
27 Lo 60 0 0 3153 22,8 254>
28 Lo 60 5 2.5 3523* . 25.3 259*
29 Lo 90 0 0 3527+ 25.2 276*
30 Lo 90 5 2.5 3513* 26.8* 257+
314 40 10 0 0 3058 24,3 238
32 Lo 10 5 2.5 3329* 26.8*% 251*
33 Lo 20 0 0 2733 21.4 228
34 Lo 20 5 2.5 3026 23,k 196
35 Lo 10 0 0 3015 2k, 6 218
35/ 4k 10 o0 0 2944 2k,0 212
37 Lo 20 0 0 2833 2k,5 202
38 5/ Lo 20 0 0 2915 2h,1 228 -
4 Lo 20 5 5. 3362+ 25.9 267*
L2 Lo 30 5 5 3461* 25.8 258+
43 60 20 5 2.5 3303* 25,0 - 279*
Ll 8 20 5 2.5 33L0* 2k,3 - 291*
Ls Lo 10 0 2.5 34509% 26,7% 237
L6 Lo 20 0 2 3876+ 29,2% 226
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Table continueds o o |
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Table 10. Continued. . .
Total :
Dry Matter Grain Yield Culm Count 1/
1b/A Bu/A "8' of Row

Mnalysis of Variance

Source of Variation . af Ms df MS  df MS
Treatments Ls 285707** 45 10.4** L5 258L4**
Experimental'Error 135 70332 135 4.9 135 1016

1sSD (.05) 571 3.1 45

i/
2/
3/

.

- %

k/

A1l culms counted (heads not considéred)o

25 1b. K on all treatments except 1 and 39.

Broadcast in spring just prior to seeding
Treatments.31-38 were applied in‘the spring:before fallow.
15-60-0 TVA (ammonium polyphosphate) and 33,5=0-0.
Significant at the .01 level.

Significant at the .05 level.
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matter production than grain yield. It could also mean that less var-
jation existed within treatments among replications, and the relative
error was smaller, probably because seed production is more subject to
small differences in'available water and nutrients in the soil than is

production of vegetative growth.

Placement Of Fertilizer With-The-Seed

At this point meaningful comparisons can be made between the
locatioﬁs°. Table 11 shows grain yields for all three locations with
respect to rates of fertilizer with-the-seed.

The true check for rates of P with«thewseéd is treatment 4 which
received 5 1b. N per acré and no P, with all these treatments receiving
40 1b. N/A, topdressed. At Power, grain yield of treatment 4 was very
low--less than the check (treatments 2, 40). It is not surprising
that this occurred considering the responses from P evident in early
growth, through heading:; N alone apparently compounded P deficiencies.

Significant grain yield increases were recorded at the Froid
location with spring.wheat. Treatments 8, 9, and 10 showed increases
of up to 3.6, 3.2, and 3.1 bu/A, respectively, compared with treatment
4, Treatment means were also significant at Power and Denton with
yield increases of up to 8.4 bu/A at Power.

Treatment 6 at Denton seemed out of line compared with 7, 8, 9,
and 10 which did not show the yield increase with higher rates of P.

This variation was not noted at the other locations.
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Table 11. Grain yield for rates of fertilizer placed with~the-seed for
1968; winter wheat at Power and Denton, spring wheat at Froid.

Treatment With-the-Seed 1/  Power Denton Froid
No. N P bu/A bu/A 2/ bu/A
3 0 0 38.4 2502' 23.1
4 5 0 34,7 25.0 23.b
5 0 2.5 Lo,3 26.8 22.7
6 5 2.5 4o.0 30,0* 24 b
7 5 5 hl,g* 25.6 25,1
8 5 10 41,6* 26.8 27.0*
9 5 20 41,.5% 27.9 26.6*
10 5 30 43,1+ 28.4 26.5*
LSD (,05) level 6.6 k.9 3.1

1/ All treatments have 40 1b. N and 25 1b. K/A, topdressed in the
’ spring., .

2/ Hail damage of 12-18% reduced yields.

* Significant at the .05 level compared with treatient L,
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Spring grain as at the Froid location seemed to benefit from the
higher rates of fertilizer application with-the-seed. This may be due
partially to the length of time roots are in contact with the soil and
fertilizer compared with winter  wheat. With the higher concentration
of fertilizer near the seéd9 spring wheat yields may show.a greater

increase.

Broadcast P Fertilizer'And Its Relationship With Starter

For this thesis, starter fertilizer is defined as 5 1b, N and
2.5 1b, P pef acre applied with-the-seed and will be termed ''starter".
Figure 1 shows the starter influence on grain yields at O to 90 lb. P
per acre broadcast at Power.

Starter had the greatest influénce on yields at 20 lb. P broad-
casé and somewhat less at 30 1b. P per acre. This response was signi-
ficant at the 10% probability level using‘single degrees of freedom
comparisonsf At the higher rates, 60 and 90 lb. P/A, the éxpected
occurred with little added response due to starfer fertilizer. To
explain why little or no response was obtained from stérter at zero P
ané 10 P, broadcast is not easy; however, it may be that available P
was enough to proéﬁce so@e plant fesponse but not enouégito carfy
through téninéfeaéed grain srieldo |

The Denton grain yieldé were plotted in Figure 2 with reference to

broadcast P with and without starter. There were noticeable increases

from startpf through the rate of 20 1b. P ﬁer acre. Uéing a single
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Figure 1. Grain yield and culm count for broadcast P with and without
starter fertilizer - Power, 1968; winter wheat (all treatments had
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degree of freedom test, yields were significantly increased with star-
ter fertilizer at broadcast P-rates of O, 10, and 20 1lb. P per acre.
Yield differences were significant at the 1% probability level, while
at higher broadcast rates of 30 1lb. P/A and above there was little or
no influence. The differences in the level of broadcast P for starter
effect at Denton compared with Power may be related to the soil P
level, Soil P level at Power was “"wery low", 18 ppm, while at Denton
the P level was "low",; 32ppm. Starter influenced yields up to 60 1b.

P per acre broadcast at Power and only up to 30 lb. P/A af Denton.
This may have practical significance for making fertilizer recommenda-
tions if grain yield responsés ére-closely related to the results
obtained by soil tests on available P.

Figure 3 is included for the Power data to show the influence of
starter on grain yield as related to broadcast P at O and 20 1b/A. - It
can be bbserved with 40 1b. N/A without starter, there was little dif-
ference in yields with O and 20 1lb. P proadcast. At Lo 1b. N plus
starter, grain yield increased from_ho bu/A to 44 bu/A with the 20 1b.
P per acre addition. Similar results were obtained at Denton and Froid
with a 1.8 bq/A.incredse due to starter at Froid and 1 bu/A increase
at Denton. At Denton theré was élsd a 2.9 bu/A yield increase with
20 1b. P/A over O P without starter.

Different results were obtging§ at the Froid location with starter

fertiliZer. Figure 4 indicates that there was a starter influence with
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up to 90 1b. P per acre broadcast. The average yield response to star-
ter was significant at the 1% level. This yield response pattern may
be only characteristic of spring wheat. Spring wheat does not have the
length of time for root development that winter wheat does and starter
fertilizer near the rooting area may be more beneficial for spring
wheat than winter wheat. The broadcast P was worked into the soil in
the fall before spring seeding and if reduced availability were‘not'a
problem; it should have been positionally more available to the plants.
Also, there were two treatments, 11 and 12, broadcast in the spring to
check on possible loss of availability overwinter because of soil and
P reaction. There appeared to be no advantage or disadvantage of this

spring application,

1969 Results On Winter And Spring Wheat

With the discussion which follows being so interrelated between
1968 and 1969, the first- sections will be those in 1969 results which
can be separated, then the sections will combine 1968 and 1969,

The dry-matter yields, grain yields, and culm counts for the 1969'
crops are ligted in Tables 12 for Power, 13 for Denton, and 14 for
Froid. Yields were influenced by a cold, late spring and frost damage
during the heading stage of growth. Although frost damage on these
experiments was not considered major, the low temperatures probably
reduced yielés. The soil temperatures recorded in Appendix tables 41

and 42 for 1968 and 1969 at Denton showed the lower temperatures in
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Table 12. Grain yield, dry matter yield, and culm count - Power, 1969;
winter wheat. ) o
Treatment Fertilizer Total .
No. Broadcast With-Seed Dry Matter Grain Yield Culm Count 1/
N P N P 1b/A Bu/A 8' of Row
1,392/ © 0 0 0 3407 4.6 157
2, bo 0 o} 0 0 3229 23,9 225
3 Lo 0 0. O 3166 23,6 197
4 Lo 0 5 0 3258 23,7 169
5 Lo 0 0 2.5 3254 234 185
6 4o 0] 5 2.5 3395 2k, 2 180
7 Lo 0 5 5 3841* 25.6 217
8 Lo 0 5 10 L100* 28.1* 232
9 Lo 0 5 20 Looo= 25.6 264
10 Lo 0 5 30 L5 29.4 250%
11 ko 103/ 0 0 3867+ 27.7% 196
12 Lo 203/ O 0 SNVl 29.7% 194
13 Lo 0 E/ o] 0 3524 26.2 184
14 Lo o4/ 5 2.5 3498 26.8 196
15 Lo 10 0] 0 3906* 28,3 182
16 LO 10 5 2.5 Lo71* 29.4* 220
17 4o 05/ 6. 0 Loz 30.2% 212
18 Lo 05/ 5 2.5 4398« 29,8+ 221
19 Lo 20 0 0 3868* 26.5 214
20 Lo 20 5 2.5 3853+ 27.7* 212
21 0 20 0 0 3489 26.8 194
22 20 20 = © 0 3523 25.9 195
23 Lo 06/ O 0 3763% - 26.1 236
2hb - Lo 06/ 5 2.5 39k2* 26.5 21k
25 Lo 30 0 0 L330% 29.9% 229
26 Lo 30 5 2.5 4189% 28,7+ 258+
27 Lo 60 o] 0] L4191+ 28.9*% 222
28 Lo 60 5 2.5 L179* 28.5*% 220
29 Lo 90 0 0 4829+ 22,4 246+
30 ko 90 5 2.5 4oe6* 31.0* 245
3172/ 4o 10 0 O 3713* 27.3 195
32 4o 10 5 2.5 3874 28,5* 181
33 Lo 20 0 o} 3627. - 25,5 210
3L Lo 20 S 2.5 3824 26,7 210
35 Lo 10 0 0 L305% 20.1* 174
3 8/ 4o 10 0 0 Lo28* 28.2* 207 -

Table continued. . .
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Table 12. Continued. . .
Treatment Fertilizer Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Count ;/'
N P N P 1lb/A . Bu/A + 8% of Row _
37 4o 20 0 o} 3976% 28,8% 214
38 §/ 4o 20 0 0 Lypo* 30.1% 270%
43 4o 20 5 5 3932% 26.8 227 .
4o 4O 30 5 5 Lol 28.1% 2ho*
43 60 20 5 2.5 3610 25.6 196
L 80 20 5 2.5 3967* 28.2* 186
45 Lo 10 0} 2.5 3558 26,3 214
Le Lo 20 0 2.5 3686 . 25.9 232
Analysis of Variance
Source of Variation ' df Ms df MS df MS
Treatments . 45 658995** 45 20,1** 45 32h0*+
Experimental Error 135 141969 135 7.6 135 1015

LSD (.05) : 526 3.9 b5

Includes culms with heads containing three or‘mgre kernels,
25 1lb. K on all treatments except 1 and 39.

P broadcast in spring just prior to seeding;

10 1lb. P/A applied broadcast in 1967.

20 1b. P/A applied broadcast in 1967,

30 1b. P/A»appliéd‘broadcast in 1967.

Treatments 31-38 applied in spring before fallow.

IR ERRK

15-60-0 TVA' (ammonium polyphosphate) and 33.5-0-0.

$#
#*

Significant at the ,01 level.

#*

Significant at the .05 level.
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Table 13. Grain yield, dry matter yield, and culm count - Denton, 1969;
winter wheat.

Treatment Fertilizer Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Countl/
N P N P 1b/A Bu/A 8' or Row
1, 39 2/ 0 0 0 0 1448 9.5 129
2, 40 0 0 0 0 1316 9.1 115
3 Lo -0 0O 'O 2281 14,1 144
4 Lo 0 5 0 2252 14.9 173
5 Lo 0 0 2.5 2389 17.1* 177
6. Lo 0 5 2.5 2553 18,2* 224+
7 ko 0 5 5 2409 16.9 . 198
8 Lo 0 5 10 2354 17.6* 222*
9 40 0 5 20 2653 18,2* 216*
10° bo -0 5 30 2762% 18.6* 207*
11, 13, 15 40 10 0 0 2268 15.3 167
14, 16 Lo 10 5 2.5 2h62 16.8 193
12, 17,19 40 20 0 0 2156 14.7 149
18, 20 ko 20 5 2.5 2501 17.0 158
21 0o 20 0 0 1470 9.8 - 132
2 20 20 0 0 1979 12.7 149
23, 25 Lo 30 0 0 2331 17,7+ 182
ok, 26 ko 20 5 2.5 2437 17.6% 219*
27 Lo 60 ‘0 0 2586 17.0 222*
28 Lo 60 5 2.5 2597 17.3* 197
29 ko 90 0] 0 2390 16.3 © 155
30 Lo 90 5 2,5 2610 17.5*% -220*
31 3/ Lo 10 o} 0 2u62 15.3 169
32 4o 10 .5 2.5 2407 16.9 208
33 Lo 20 o] 0 2281 14,7 167
24 Lo 20 5 2.5 2325 15.2 166
Lo 10 0 0 1048 6.8 112
36 4/ Lo 10 0 0 1128 7.6 133
- Lo 20 0 0 1194 8.2 109
38 4/ Lo 20 o 0 1201 8,3 106
b1 ko 20 5 5 2675* 17,0 237%
4o Lo 30 5 5 2784+ 19,.5* 207*
L3 60 20 5 2.5 2863+ 19.6% 23%6*
Ly 80 20 5 2.5 2953* 20.3* 225%
4s 4o 10 0 2.5 2372 16,0 196
Lg ko 20 0 2.5 2219 14.6 163
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Table 13, Continued, . . . . -

Total
Dry Matter Grain Yield Culm Count 1/

1b/A Bu/A’ 8! of Row

Analysis of Variance
Source of Variation df MS df MS df MS
Treatments 45 1018863%* 45 4L6.9%* 45 5816**
Experimental Error 135 78681 135  L.,7 135 1754

LSD (.05) 393 3.0 59

1/ Includes culms with heads containing three-ér more kernels.
2/ 25 1b. K on all treatments except 1 and 39.

3/ Treatments 31-38 applied in spring before fallow.

4/ 15-60-0 TVA (ammonium polyphosphate) and 33,5-0-0.

**  Significant at the .0l level.

* Significant at the .05 level.
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Table 14. Grain yield, dry matter yield, and culm count - Froid, 1969;
spring wheat.

Treatment Fertilizer Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Countl/ .
N P N P 1b/A . Bu/A 8¢ of Row
1, 392/ O 9} o 0 3409 17.6 21
2, Lo 0 0 0 o 3236 20,6 206
3 Lo 0 0 o} 3139 20.9 188
4 Lo 0 5 0 3629 21.3 186
5 4o 0 0 2.5 3377 22.0 211
6 Lo 0 5 2.5 3638 21.1 21k
Vi Lo 9] 5 5 - 3806* 25,3 2h2*
8 Lo 0 5. 10 3501 1 23.9- 241>
9 Lo 0 5 20 3867+ 26.2*% 257*
10 4o 0 5 30 3564 24g2 250*
11 4o 103/ O 0 3649 21,6 195
12 ho 203/ 0 0 3608 22,8 218
13 Lo o4/ 0 o} 3511 22.5 198
14 ko ok/ 5 2.5 3809* 25.6* 218
15 Lo 10 0 0 3360 , 21.4 215
16 Lo 10 5 2.5 3500 22,1 206
17 bo 05/ 0 0 3045 . 19.1 227
18 4o 05/ 5 2.5 3197 20,0 225
19 ho 20 0 0 2610 22.3 227
20 ho 20 5 2.5 3808+ 2,9 233
21 0 20 0 o} 3432 22.3 213
22 20 20 0 0 3736 2h,1 "250%*
23 bo o6/ 0 0 3386 21,6 a5h=
2k ko 06/ 5 2.5 3664 2,3 255*
25 ko 30 0 0 3706 24,2 215
26 ho 30 "5 2.5 3694 2h,1 24og*
27 4o 60 o} 0 3408 21.9 215
28 Lo 60 5 2.5 3565 23.9 224
29 Lo 90 0 0 3805* 25,7* 233
30 Lo 90 5 2.5 3960* 26,1* 252%
317/ 4 10 0 0 3099 19.1 24o*
32 ko 10 5 2.5 3428 21.5 210
33 ho 20 0 0 3433 22.2 224
34 Lo 20 5 2.5 3593 23,0 188

Table continued. . o
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Table 14. Continued. . .

Treatment Fertilizer Total
No. Broadcast With-Seed Dry Matter Grain Yield Culm Gount;/
N P N P 1b/A "‘Bu/A . 8 of Row

35 ho 10 0 0 3712 24,5 231

3 8/ 4o 10 0 0 3692 25a7% 235
37 Lo 20 0 0 3473 2k .6 172

38 8/ 40 20 o o} L4o13%* 27.0% 2ho*

by ho 20 5 5 3792* 25.6* 2lo*

L2 ko 320 5 5. 3906* 2k,9 231

43 60 20 5 2.5 3675 - 23,0 189

4y - 80 20 5 2.5 3664 2%.8 234

Ls Lo 10 0 2.5 3410 22,1 233

46 ho 20 0 2.5 3491 22.7 225

Analysis of Variance

Source of Variation df MS af MS df MS
Treatments Ls 319874+ k45 21.,1** 45 1819
Experimental Error 135 199549 135 11.3 135 1256

LSD (.05) 625 L7 50

1/ Includes culms with heads contéining three or more kernels.

2/ 25 1b. K on all treatments except 1 and 39.

3/ P broadcast in spring just prior to seeding.

4/ 10 1b. P/i applied in 1967. A

5/ 20 1b. P/A applied in 1967.

6/ 30 lb. P/A applied in 1967,

7/ Treatments 31-38 applied in spring before fallow.

8/ 15-60-0 TVA (ammonium polyphosphate) and 33.5-0-0.

#*
#

Significant at the .01 level.
Significant at the .05 level.

&%
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late May and early June for 1969. However, the differences recorded at
the Power location between 1968 and 1969, Appendix tables 39 and 40 do
not show the lower temperatures for 1969, as clearly. Evidently, the
thermograph sensing element was either placed at a shallower depth in
1969 or the soil was disturbed above the element as temperatures seemed
to show a wider range between high-and low as compared with 1968. The
range was approximately 10°- 129‘F‘in 1968 and 15°~'18° F in 1969. It
also appeared that the thermogpaph might have been ¢alibrated slightly
higher in 1969 which would record the temperatures higher than they
actually were.

Yields at Denton in 1969 were influenced by cheatgrass and were
further affected by low moisture. Effective moisture received at the
Denton location for the growing season wés ;pproximately one inch in
May. See appendix table 47 for precipitation data. Tﬁe 2.6 inches of
precipitation on June 28 was too late to affect the 1969 crop, except
to help mature what was already developed. Plant samples were taken
June 18 and at this time, plants were in the heading stage of develop-
ment (Feekes stage 10.2). Test weight was slightly lower in 1969 at
Denton than in 1968, probably due to the lower moisture. Average
values were approximately 61 lb/bu at Denton, 62.5 1b/bu at Power, and

59.5 1b/bu at Froid.
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Fertilizer Applied With-The-=Seed:

In 19699 the wheat yields were influenced by fertilizer applica-
tions with-the-seed for the 1967 crop i£ addition to 1969 at two loca-
tions; Power and Freid. There was an influence of treatments on yieid
" at the two locations as noted in Table 15. Significant yield increases
were obtained at Power in 1969 from P fertilizer banded with-the-seed.
Yields ranged from 23.7 bu/A for zero P to:29°4 bu/A for 30 lb. P/A.
(total of 60 1b., P/A for two crop years).

Froid had yields which ranged from 21.3 bu/A for zero P to 26,2
vu/A at 20 1b. P/A with-the-seed (a two-year total of 4Q P). However,
a% both Power and Froid, the response to rates of P did nét show the
typical increase in yields with increasing fertilizer with-the-seed. A
contributing factor may have been the residual effects of P fertilizer
applied withathemseedjfor the 1967 crop.

At the Denton location, a more gormal pattern of yield. ihcreases
occurred with increasing rates of P especially from 5 to 30 1lb. P/A.
Significance level is listed in Table 15. The yields listed in the
table indicate that the small amount of P, 2.5 1b/A, was adequaté to
show good yield increases with little added increase-at higher P rates.

This location did not have the P applications for the 1967 -crop.

Starter Influence On Broadcast P - 1969
The fertilizer treatments for Power and Froid differed from

Denton for 1969. This was the third year for the experiment at both
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Table 15. Grain yield for rates of fertilizer placed with-=the-seed for
1969; winter wheat at Power and Denton, spring wheat at Froid.

Treatment 1/ Wlth=the=Seed 2/ Power Denton Froid
No. N P Bu/A Bu,/A Bu/A

3 0 0 236 1k 20.9

4 5 0 23,7 14,9 21,3

5 o 2.5 234 17,1 22,0

6 5 2.5 2h,2 18,2% 21.1

? 5 5 256 . 16,9  25.3

8 5 10 28,1 17.6 . 23.9

9 5 20 25.6. 18,2* : 26.2%

10 5 30 29.4» 18.6% 2k, 2

LSD (.05) 3,9 3,0 b7

1/ A1l treatments had 40 1b: N and 25 1b. K/A; topdressed in the spring.

2/ All treatments with~theiseéd were also applied for the 1967 crop
at Power and Froid.

* Significant at the .05 level compared with treatment &,
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Power and Fpoid and the second at Denton. There were two sets of
broadcast treatments for the 1969 crop year which diffefed primarily

by year of application. One set consisting of 10, 20, 30, 60, &nd

90 1b. P per acre was broadcast for the 1967 crop. The second set
consisting of 10, 20, and 30 P was applied for the 1969 crop in addi-
tion to 1967 making totals of 20, 40, and 60 P, respectively. ihe
influence of starter on the 1969 crop was evaluafed forthesetfeatmentso

Figure 5 indicated prdctically no additional response was shown
at the Power location due to starter fertilizer as compared with no
starter, excgpt a small increase at the 0 and 10 lb. P-rate. Note the
increased‘grain yield with only 10 1lb., P per acre after two years;
this increase was not significant at the levels tested. Yield increases
were significant at 20, 60, and 90 1b. P per acre applied for the 1967
crop as compared with the check treatment, No. 3; complete data are in
Table 12.

The comparisons for the second set of treatments were also

included on this same figure to observe the additive effects of two
broadcast applications, 1967 plus 1969. Rates of 10, 20, and 30 lb.
P per acre were applied b;oadéast in 1967 and again in 1969 and yields
afe shown with the other designated lines. These treatments totaled
20, 40, and 60 1b. P per acre for the two years.

Applications of 20 1b. P (10 P for 1967 plus 10 P for 1969) showed

a greater yield increase from starter fertilizer than did one application.
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of 20 or 30 1b. P applied in 1967. The same occurred at 40 1lb, P (20 P
plus 20 P) but added response was not noted at 60 1b. P (30 P plus 30 P).
However, overall yields showed the same general trend with one applica-
tion of 20, 30, and 60 1b. P per acre a$ with two applications of 10 P,
20 P, or 30 P, respectively. '

Figure 6 is the result of plotting the corresponding data for
spring wheat at Froid. Complete data are in Table 14. A significant
response was shown for starter at the residual P levels produced by P
applied in 1967. Yields at the 20 1bf P per acre level were out of
line and not explainable as comparéd with the check treatment No. 3.
Two applications.of P (10 P for 1967 plus 10 P for 1969) produced over
two bushels more wheat than the comparable réte of 20 1b. P per acre
applied for the 1967 crop.

Starter effects were virtually identical whether P was all resid-
ual or a cpmbination of residual and currept}y applied fertilizer,
except at 60 1lb. P per acre (30 P plus 30 P) where starter produced no-
measurable increase in yields. This indicates there was no great loss
of availability of the P applied for the 1967 crop.

The Denton grain yields are plotted with rates of P broadcast in
Figure 7. Treatments at this location included only the one-year appli-
cation of broadcast P for the 1969 crop. The trends for 1969 were very
similar to those of 1968 for the Denton data as were shown in Figure 2,

with the influence of starter dropping to zero at 30 1lb. P/A broadcast.




Grain yield in bushels per acre

N
U
o

n
n
°

n

20.0

|

One application with starter (S5N+ 2.5P)
—— —— — One application without starter

——x—— Two applications with starter (5N+ 2,5P)

— — =x — — Two applications without starter

| I | |

0

Figure 6.

| |
10 20 30 4o 60 90
Rates of P in pounds per acre broadcast

Grain yield comparisons for broadcast P for one application for 1967 and
two applications (one for 1967 and one for 1969) with and without starter
fertilizer - Froid, 1969; spring wheat (Tr. had 40 1b. N & 25 1b. K).

-69_




Grain yield in bushels per acre

20.0

)
~J
°

n

15<

H
n
°

\n

o)

With starter (SN + 2.5P)

- —— — — Without starter

o Culm count with starter (5N + 2.5P) 300
= = = 0 — = = Culm count without starter
s =
* \ /.\%. ° —lzsog
g ¥ / \\' S [
\\ o
/ e e
: / o\<j/° o
P : \\ / // i _Zoop"
o ~N e - i +
A -~ ~ o
° i - g
/O = (6]
N
A2~ [ ~ -
¥ o e / 0 5
= e 150
o e 15
l L 1 | I 1
0 10 20 0 60 90
Rates of P in pounds per acre broadcast
Figure 7. Grain yield and culm count for broadcast P with and without starter

fertilizer - Denton, 1969; winter wheat (all treatments had 4O 1b. N

and 25 1lb. K/A, topdressed in the spring).

-OL-




| ) Lt Ll T O S S

=71~
The influence of starter compared with no starter on 0, 10, and 20 1lb.
P per acre broadcast averaged 2.5 bu/A and was significantly different
at the 1% probability level, Figure 7. Response to P was low and all
yields were very low for 1969 at Denton caused by a very dry summer.

At each location there was a characteristic dip in yields as noted
at 30 lbo‘P at Power and 20 1b. P at Ffoid and Denton. Why this dip
occurred was not evident from the data. The reduced yield was evident
at all locations with and without starter‘except‘ét Denton where in&

the non-starter treatments showed lowered yields.

P Percentage Of Plants For 1968 And 1969

Plant dry weight and P percentage were determined for several
stages of plant development for the 1968 crop. The data for P percent-
age from the young plants collected in the fall of 1967 from treatments
where fertilizer was plac?d with-the-seed, showed good correlation with
final grain yields (r = .863) which was significant at the 10% proba-
bility level. Figure 8-shows fipal’yieldé'as related with P percentage
where the'corrélation existed (treétments bk, 5, 6, 8 and 9).

Ali values for P percéntggefand dry matter yields are included in
Table 16° ‘Statistical significance is recorded in the table. ‘At the
Power location, the range of P percentage in plants for P with-the-seeq
was 0,119 to 0.182% as shown by treatments 5, 6, 8, and 9 with a. gradual

increase as P-rate increased. Starter fertilizer also had a marked




LR

012 |

%P
N

%P

- Grain yield

]
N O
PO

Figure 8.

ge 5.5
2L 0

5
255

5
10

20

Rates of N and P in pounds per acre with-the-seed
Percent P of young plants (Feekes stage 2) as related to final grain
s winter

and 25 1b, K/A, topdressed in the

yield
wheat
spring).

5

ko.o

37.5

or placement of fertilizer with-the-seed - Power, 1968
all treatments had 40 1b.N

Grain yield in bushels per acre

_2&_




L (W L L Y A T

=73~

Table 16. Weight and P percentage of young plants, Feekes stage 2, and
final grain yield - Power and Denton, 1968; winter wheat.

Treatment Power Denton
No., 1/ Dry Matter %P Grain Dry Matter %P Grain
Yield Yield Yield Yield
1b/A Bu/A' 1b/A Bu/A&
3 110 .133 33.5 57 .188  25.0
4 92 .093 3h.7 84 , 101 25.0
5 90  .119 40,3 80 .127 26.8
6 60  .138 40.0 86 .123  30.0
8 114 ;175 41,6 7L .269 26.8
9 156 .182* 41.5 74 3hlr 27.9
13 8  .116 39.8 6l .101 28.5
14 122,145 38.4 57 153 30,7
17 115,139 36.6 70 111 25,8
18 95  .148 43.6 80 .157 30.7
23 82  .112 k0.2 77 123 30,9
2k 123 .143 46.5 7l .160 29.0
27 0Ol 101 43,9 68 176 29.4
28 102 .154 44,3 71 171 29;0
29 131 101 45.6 70 181 29.4
30 126 .175 45,8 81 171 29.9
LSD 5,05) 62 ,059 6.6 30 100 4.9

1/ Fertilizer treatments are listed in Table 1.

* Significant at the .05 level.
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affect on P percentage. The average for broadcast P without starter
was 0.114% while the average with starter was 0;153%°

Phosphorus percentage showed wide variation due to treatment in
the early plant development stages, Feekes stage 2, while dry matter
yield showed little influence by P treatments. This was not féund at
any other time of year with plant samples collected on Qinter wheat.
Generally, P percenfage showed little influence’of P treatment on
samples taken after early spring on winter wheat, whereas dry matter
weight did reflect the P tregtments°

Figure 9 shows the variation in P percentage due to fertilizer
placed with-the-seed on plant samples collected in the early stage of
growth, Feekes stage 2; and maturé plant samples, Feekes stage 11l.3.
Note the P'percéntagé of mature samples is very close to 0.1% reg;rd-
less of fertilizer treatment. The data in Table 17 indicate differ-
ences in P percentages at Power Had nearly disappeared by the time
growth had progressed to the six-leaf, or Feekes stage 4-5 in the
spring. Rlant dry matter weight on the other hand showed significant
increases due to fertilizer treatment.

The Denton area was seedea approximately 10 days later in the fall
of 1967 than the Power area. In general, P percentage values in Table
17 showed the same general trends as Power with less influence due to
treatments and greateét magnitude of response reflected in dry matter

yields as contrasted with the small plant samples in the fall.
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Figure 9., Variation in percent P of young plants, Feekes stage 2, and mature
plants, Feekes stage 11.2, at Power, 1968; winter wheat (all treat-

ments had 40 1b. N and 25 1b. K/A, topdressed in the spring).
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treatments. for. plant pgrowth stage Feekes 4=5.. Winter wheat,
Power and Denton; spring whkeat at Froid, 1968,

Treatment:

Denton

Froid

- Power
No. 1/ . 1b/A . %P 1b/A. %P 1o/A %P
3\ 312" w105 74 ;1579‘ 480,282
L 336 2092 7807 L.15h4 360~ .327
5 . 324 .080 984" - 166 koo~ . 274 -
6 - he8 .087 1068 © .14y 576%  L271 |
7 504 . .098 996 <154 884 = .286
8 6ol* 102 1272 .169 708> 316
9 852+ .091 1L28*  ,198+ 720* 343
10 1006* . 096 1392*  .203* 696% 408
13 360 .101 888 172 504 305
14 480 096 1140 .162 648 . ,301
17 372 109 1020 185 540 323
18 504 ,109  1332¢  ,188* 636 .323
23 420 .09 1176 .193 516 .385*
2l 504 .092 1332*  .199* 648 .325
27 780* .107 1092 .« 206* 612 .378*
28 876* 106 1356+ ~205*% 62k . 369*
29 792* .118 1236 . 223* 672* 475+
30 1068* »105 1452* 0 233* 62l 484*
LSD (.05) 216 .031 180 .061

1/ Fertilizer treatments are listed in Table 1.

x

Significant at the .05 level (treatments 4-10 compared with treat-
ment 4)(treatments over 10 compared with treatment 3).
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At Froid, Table 17, these trends of lowered P percentage values
and increased dry matter weight had not been fully eﬁpre ssed at Feekee
stage 4e5n This would be expected at the Froid lqcation as spring
wheat would not show the early spring growth comparable with winter -
wheat. In fact the very high P percentage values, especially with
higher rates of broadcast P were not too different from the early win-
ter wheat samples, Feekes stage 2. Very little change in dry matter
weight due to fertilizer treatment was noted.

With the indieations noted in the dafa for 1968, plans were made
to obtain plant samples earlier in the spring of 1969.than they were
taken in 1968. |

By comparing the data for the first spring sample, Feekes stage 4,
in Table 18 for 1969 with the data for 1968 at Feekes stage bog in
Table 17, P percentage values were greater at Power in 1969 than in
1968. Dry matter yields were'lower in 1969.

However9 with sprlng wheat, P percentage values were lower in 1969
with a range of 0. 240 to 0. BOOA compared with 0.300 to O 480% in 1968,
Dry matter ylelds were lower in 1969 w1th a range of 70 to 120 lb/A
compared with 360 to 610 1b/A in 1968° The time between seeding date
and sampiing date was 10 days less in 1969 than in 1968. These data
indicate that P éercentage.values were not enfirely dependent of plant

stage of development as P percentage values were considerably lower in
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Table 18. -~ Weight and percent P comparisdns for winter wheat at-Power -

. treatménts,.1969.

e i

2t

Treatment Pé&er‘l?# Sample. “.Froid"lft Sémple_ Froid End Sample

No. 1/ _ Feekes stage 4 Feekes stage b Feekes stage 10,2

Dry Matter %P°  Dry Matter %P Dry Matter %P
ib/A 1b/A 1b/A

2 102 .164 174 . 256 - 1776 142
3 100 .170 60 +255 1572 146
L 64 .166 108 245 1788 148
5 21h* <155 84 241 2016 .150
6 142 .152 87 <229 1668 .125

Vi 220* .183 126* .279 2256* 128
8 252% «179 1Lk .278 21 2L = 1k
9 330* .181 159* .288 2160* <145
10 346+ . 206* 123 0 335* 2220* 143
11 -2/ - 75 . 264 1728 J1hk
12 - - 144 .288 2076 .140
13 106 .153 90 +259 1896 .145
14 190 162 120 - 250 2244 * .139
17 132 .171 87 .23 1716 .148
18 207 <162 93 246 1704 -149
23 186 .176 99 . 260 1776 <159
24 200* .170 . 88 .2h7 2004 o147
27 240o* .193 124 «302% 1788 o 1k
28 204 . 215* 138 . 301* 1944 <147
T 29 270* 2197 142 0 329* 2196* .140
30 264 .192 130 -~ . 303* 2100* .138

LSD (.05) 96 034 66 .039 528 .026

l/ Fertilizer treatments are listed in Table 1.
2/ Dash indicates data not available.

® Significant at the .05 level compared with treatment 3.
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1969 and at éﬁ earlier stage of development than in 1968; The normal
trend is for P pefqentage tq be reduc?d with development of plan; growth,
More differences in.%P were mgasured in 1969 early samples as a reflec-
tion of treatment, than for 1968 when stage of aevelopment was later.
However, magnitude of differences was not enocugh to provide a feliable
predictive tool of P avéilabil;ty in §pi1s°

dbservation of the data at Froid and Power indicated that during
the very early stages of.plant devglopment, P percentage may be mean-
inéful for evgluating plant use of P-bﬁt after'growth reaches é certain
stage in the spring, Feekes stage 4-5 fér winter wheat and later for
spring wheat, P yield may be more mea#ingfulo_

The data for the second sample taken at heading at Froid, 1969,
are shown in Table i8. Afithis.sﬁage of development, Feekes stage 10.2,
P percentage values were non-significantly influenced by fertilizer
treatments while dfy matter yiélds were significantly influenc.ed° Com-
plete data are shown in Table 19 for P-percentage at all locations fo?

1968 and 1969.

Phosphorus Yield For 1968 And 1969

P. yield (drylweight.x %P) data for ‘mature plant samples at the
three locations are listed in Tables 20 and 21 for 1968 ahd 1969.
Samples for P yield were taken at Denton ju;t prior to the hail that
reduced yield for l9§8° .This saﬁple was used for P’&ield in preference

to the final sample at harvest as it gave a better indication of actual
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Table 19. Precent P (mature sample) for all.treatments, 1968 and 1969.

Winter wheat at Power and Denton, spring wheat at Froid.

%P
Treatment 1968 1969

No. 1/ Power Denton Froid Power Denton Froid
1 .091 .130 112 2131 .148 .088
2 .101 2132 .129 .128 o154 .092
3 .09k 115 2117 0111 .165 2112
L .098 .097 2117 .106 154 .097
5 .089  ,108 121 .130 162 095
6 .100 .101 .127 <124 J148 - .09k
7 .099 115 .137 .135 .162 .091
8 .092 .109 .138 .125 .159 .096
9 2098 128 135 A2 158 101
10 .096 126 133 o1hk <159 108
11 .103 104 127 .119 JA6h  ,092
12 ©.100 111,136 120 L.162 .089
13 .090 .130 .126 C.117 o 1hh 082
14 .093 .119 2132 .169 . 146 - 094
15 .086 <113 <134 123 .160 .097
16 .091 .088 .126 .12k .158 .108
17 .103 .120 123 . .107 .165 .093
18 .098 .110 130 .120 161 103
19 .097 2121 116 .130 .166 .091
20 092  .11h 126 2153 154  ,086
21 .118 <131 o Lk .136 .177 .097 -
22 .087 .119 124 .125 160 .099
23 .107 .107 »127 152 .151 .095
ok .106 .120 »119 o148 o 1hk .097
25 - 09k 2118 »118 .138 .138 .101
26 .090 111 124 .138 -143 .106
27 .10k G117 N .123 146 154 .117
28 .098 .095 <131 2155 .158 .121
29 »100 .135 .138 .138 166 .099
30 .097 126 129 163 167 .10k

Table continued. .
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Table 19, Continued. . .

%P
Treatment 1968 ' 1969

Nooll/ Power Denton Froid Power Denton Froid
31 .096 2115 .121 138  '.156 .096
32 .088 127 121 141 .159 +096
33 »100 . 129 .118 0132 .140 .096
34 . 096 .  .118 .127 .129 .153 .090
35 -099 .080 120 -106 .156 -09k
36 2095 10k o114 2131 .158 .095
37 .100 .109 .116 o134 .150.:  .099
38 .092 112 .122 . .136 - .158 .099
39 .101 145 .129 0123 o141 086
Lo 106 .125 .128 109 o141 .088
L .100 .107 .108 .136 .158 099
L2 ~095 .111 0117 +137 .167 .106
L3 .099 .116 .118 .125 .154 « 10k
Lk .092 .105 o124 «135 <164 .101
4s .089 .106 .119 .16k .158 »100
L6 .097 .132 .125 °146 <154 .100

024 .022

LSD (.05) .022 ,024 026 .027

1/ Fertilizer treatments are listed in Table 1.
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Table 20, P yield and grain yield for with-the-seed placement of

fertilizer. ‘Winter wheat:at Power and Denton, spring wheat
at Froid, 1968 and 1969.

. 1968 :
Treatment . Power Denton , Froid

Noo_/ P Yield Gr Yield P Yield Gr Yield P Y1e1d Gr Yield

1v/A ° Bu/A. 1b/A Bu/A 1b/A Bu/A

b 4,92 3h,L 7.87  25.0 . 4,32 23.4

5 4,80 40,3 7.22 26.8 b, b2 22.7

6 s.47 . 40.0 7Lk 30,0* L,59 ° 24,4

7 532 bl.9% 7.29 27.8 5.68 25,1

8 5.76 k1.6 . 7.8 26,8 5.96% 27.0%

9 6,01 41,5 8.12  27.9 6.55% 26,6

10 6.36* 43,1% 9.39* 28.k 6.71* 26,.5%

LSD (.05) 1.34 6.6 1.27 409\ 1.42 3.1

1969

b 3.90 23.7 4,06 14,9 4,06 21.3

5 4,80 23.4 4.39 17.1 3.75 22.0

6 4,70 24,2 4,99 18.2* 3,44 21.1

7 6,23* 25.6 k,59 16.9 3.43 25,3

8 5.76* 28,1* L,76 17.6 3.89 23.9

9 7.36* 25.6 bo77 18.2* Y 26,.2*

10 7049* 29, b 5.48* 18.6* k.59 2k, 2

LSD (.05) 1.57 3.9 1.39 3.0 1,09 4,7

l/ Fertilizer treatments are listed in Tgble 1.

*

Significant at the °O5‘1eve1¢§mpafedwi~th treatment k.
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Table 21. P yield and grain yield for broadcast. rates of P with and
without starter (5N +.2,5P). Winter wheat at Powér and

Denton, spring wheat at Froid, 1968 and 1969.

1968
Treatment . Power ' Denton . Proid
No.l/ P Yield Gr Yield P Yield Gr Yield P Yield Gr Yield
1b/K.  ° Bu/A 1b/A Bu/A .. 1b/A Bu/k.
3 L,62 38.4 . 6.61 25,2 4,31 23.1
6 5.47 L4o,o 7,44 30.0* 4,59 2 b
13 4,90 38,5 8.07* 25.5 L, 80 2h.5
14 5.36 38,8 7.24 29.3 4,98 26.5%
17 5463 28.3 8.28% 28.1 4,66 23,8
18 5.55 Ly, 3. 9.34* 31.0* 4,73 26.2*
23 5.63 4o.1 7,58 29.9 4,76 24,5
2L 5.88 4z 2 8.29* 29.9 4,28 ° 25,0
27 6.,00* 43,9 8.76* 29.4 5.67 22.8
28 6.63* Ly, 3 7.80 29.0 ' 5.97* 25.3
29 5.93 bs, 6% 9,29* 29.4 6.00* 25.2
30 6,73 L5, 8* 9. 47* 29.9 6,19* - 26,8*
LSD (.05) 1.34 6.6 1.27 4,9 1.42 3.1
1969
3 4,09 23.6 3,57 14.1 3,79 20.9
6 4,70 2k, 2 k.99 18.2* 3.lk 21.1
13 4,28 26.2 3.75 15.3 3.42 25.2
14 6.13* 26.8 4,33 16.8 3,79 28,7
17 k.79 30,.2* 3.89 14,7 3,82 21.4
18 5,80% 29,8+ 3,56 17.0 3.77 2.k
23 7.11% 26,1 3.61 17.7% 3,75 b2
2k 7,11* 26,5 4,52 17.6% 3,66 27.2%
27 7 .25*% 28.9* 5.06* 17.0 4,73 2k .5
28 7,41 28,5* 5.19*% 17,3* 5.40% 26.8*
29 . 7.65*% 32, 4* 4,03 16,3 4,02 28,8#
30 7,89* 31,0* L. 73 17.5* b,71 29,2*
LSD (.05) 1.57 3.9 '1.39 . 3.0 1.09 bo7.

l/ Fertilizer treatments;aré‘listed in Table 1.

* Significant at the .05 level compared with treatment 3.
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P use, At the time of sampling, the wheat was in Feekes stage 10.4,
and probably nearly maximum absorption of P had occurred.

Table 20 contains P yield and final‘grain yieid for treatments
3-10, fertilizer placement with-the-seed. As shown‘kj‘superscripts on
the data, P yield was significantly increased compared with the check
by 30 pounds P per acre (treatment 10) at all three locations plus
~ treatment 8 and 9 at Froid. Significént éfain yield increéases occurred
with the samé treatments. Single degree of freedom comparisons were
made at the Denton location between treatments 6, 7, 8, 9, aﬁd 10 and
treatment 4 (BN +lQ P) to determine the significance of responsé to
banded P and were féund to be highly significant. This later comparison
is not shown in the 't;éble°

Simila® results 6f those in 1968 occurred in 1969 with increased
P yield obtained with 30 1b.. P.peracre'withmthéaseed9 treatment 10 at
Power and Denton. Significant increased grain &ieids*oécurred with
this treatment. At the Froid location increased P yields were nst
shown to be significant in 1969. .

This same trend gf increased P yields and significant yield
increases with higher rates of broadcast P is showﬁ in Table 21. In
general, broadcast rates of 60 and 90 1lb. P per-acre applied for. the
1967 crop with and without starter (treatments 27-30) significantly
increased P uptake and grain yields° The most apparent exception was

at Froid in 1969.
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The data on P’ yield as influenced by starter fertilizer at differ-
ent broadcast rates of P are included in giaphic form for comparison
purp'os’es° Figure 10 fofuﬁbwérg 1968, shows that Starter increased P -
yiéld at all levels oflbroadcast P with greater influeéence at higher
rates. This may be a luxury consumption under conditions of that
experiment éince grain yields were about equal at 90 1lb/A ;f broadcast
P regardless of starter or no starter fertilizer.

P yield data listed in Table 21 for Denton, 1968, showed variation
with respect to starter. ‘The same general frends ekisted with yields,
aiso° Positive stérter influence was greatest at 20 and 30 1lb, P per
acre broadcast and negative or no effect at higher rates.

Table 21 for Denton, i969g shows increases in P yield due to
starter af all levels of broadcast P except 20 1b/A. However,
significance was néfed only at the zero broadcast level,

P yield for 1969 as related to broadcast P and starter for the
Power and Froid;locatioﬁs is plotted in Figures 11, arnd 12. The P
yield for singie broadcast treatments as shown in Figure 11 for Power
indicated significaﬁt influence of starter om up to 20 lb. P, while
at 30 P and above very little influence was: evident. Grain yieidsxdid
not respond in the same way as-pnactically no‘response wés noted due
to starter for these same treatments. The data for grain yields are
shown in Figure 5. A greater influence of starter on P yield resulted

with two applications ( 20 P for 1967 plus 20 P for 1969) as shown by
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Figure 10. P yield comparisons with and without starter - Power, 1968;
winter wheat (all treatments had 40 1b. N and 25 1b. K/A,
topdressed in the spring).
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Figure 11. P yield comparisons for broadcast P for one application for 1967
and two applications (one for 1967 plus one for 1969) with and
without starter fertilizer - Power, 1969; winter wheat (all
treatments had 40 1b. N and 25 1b. K/A, topdressed in the spring).
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Figure 12. P yield comparisons for broadcast P for one application for 1967
and two applications (one for 1967 plus one for 1969) with and
without starter fertilizer - Froid, 1969; sgring wheat (all

treatments had 40 1b. N and 25 1b. K/A, top

ressed in the spring).
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the imposed lines of Figure 1l. Howeve;, P yields for the double
application of 20 P and %0 P were considerably lower thaﬁ singie
applications of 40 and 60 P.

Figure 12 for Froid, 1969, does not show reéponse to starter at
the low rates of broadcast P. At rates of 60 and 9Qzlb° P ‘per acre,
the P uptake did increase due to starter. The imposed figur; of P
yield with double broadca;t applications of 10, 20, and 30uPlt9tqling
20, 40, and 6O‘1bo P per acre, respectively, shows starter effect aé
practically zero-or‘neggtive° ‘Thig was not true with‘graiﬁ yields as
a 3 bu/Aincrease was noted at 20 P plus 20 P due to s‘lj;a:;*tero Aicom;
pléte listing of P yield for all treatments for 1968 and 1969»aré“in 
Tables 22, 23, and 24 for Power, Denton,}énd Froid, respectively.

The P absorption pattern for Sampleé collected at Power throughout
the growing season of 1968 is shown in Figures 13, and 1l4. Only this
location was plotted as the absorption pattern with time was relatively
the same at ali locations and ‘more frequent. plant samplings were made
forvPowéroh The influence‘of broadcast P with and withéut starter was
plotted iﬁuFigﬁrélIB éﬁd the'influenCe of placement with-the-seed Qas
plotted in Figure 14, | | |

It should'also-gezpointed,out £ﬁét P yield increased at a constanf
.rate throughout the seasén,'dependégﬁ on the P treatmené; This was |
shown by véry little crossing of lines bgtween sample dai;es° ‘Aléo in

nearly all cases; higher P yield resulted from higher P-rates. Because
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Table 22. Culm, kernel count, and kernels/head for 1969 - P yield
(final sample) for 1968 and 1969 for Power, winter wheat.

Treatment P Yield P Yieéld Culm Count 2/ Kernel Gount Kernels

" No, 1/ 1968 1969 8" of .Row 8" of Row Per Head
1, 39 4,321 k.22 157 2335 14.9
2, 40 L9096 k,51 225 - 2870 12.8
3 4,62 - 09 197 2780 14,1
L L,92 © 3,90 169 2690 15.9
5 4,80 L.80 185 3000 16.2
6 5.47 4,70 180 3040 16.9
7 5.32 6.23* 217 3260 15.0
8 5,76 5.76*% 232 " 3500% 15.1.
9 6,01* 7.36*% 264+ 3820* 14,5
10 6.36* 7.49* 250* Loko= 16.2
11 4,90 © 5.26 196 3320 16.9
12 5.63 5.16 194 - 3330 17.2
13 4,90 L, 28 184 2910 15.8
14 5.36 6,13* 196 3040 15,5
15 k.90 k.97 182 - 3060 16.8
16 5.36 5.63 220 . 3470 15.8
17 5.63 k.79 212, 3140 14.8
18 5.55 5.80* | 221 3760* 17.0°
19 5.63 5,98+ 214 3080 144
20 5.55 6.60* 212 3320 15.7
21 5.63 5.36 194 . 3390 17.5
.22 - 4,38 5,74= 195 3440 ©17.6
23 : 5.63 7.11* . 236 3570% 15.1
24 5.88 7,11* 21k 3580%* 16.7
25 5.63 6.88* 229 3930* T 17.2
26 5.38 6,68« = 258% 3610* 14.0
27 6.00* 7.25*% 222 3750* 16.9
28 6.63* 7.41* 220 ‘ 3400 15.5
29 50,93 7.65* 2he* : Logo* 16.6
30 6.73* 7,89% - 2h5= Ly ho* 16.9
31 5.67 S.47 195 31320 16.1
32 5.64 5.87*% 181 3300 18.2
33 5.71 6.06* 210 3190 15.2
34 5,98* 6.03* 210 3450 16.4
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Table continued. . .
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Table 22. Continued. .

Treatment P Yield - P Yield Culm count 2/ Kernel Count Kernels

No. 1/ 1968 1969 - 8" of Row 8" of Row - Per Head
35 5.41 L,75 174 2790 16.0
36 k,50 4,60 207 3160 15.3
37 6.43%. 7..20% 21k 3170 14.8
38 6,04 6.51* 270% 3850% 14,3
L1 T 6,11* . 5.59 227 3320 14.6
42 5.75 6.97* 2ho* Lozo* 16.2
4= 6.47* 5.21 196 3100 15.8
Ly 4,326 5.31 186 2910 15.7
4y k.79 7.04* 214 3360 15.7
L6 5,75 . 6.87* 232 3870% 16.7

Analysis of Variance

Source of Var df MS  4f MS  df MS df Ms
Treatments 30 1,570* 30 5.534**45 3240*+ b5 779571%*
Exp Error 90 .920 90 1.253 135 1015 135 260050

LSP (.05) 1,34 1,57 by 714

;/ Fertilizer tréatments are listed in Table 1.
2/ Includes culms with heads containing three or more kernels.
** Significant at the .Ol level.

* Significant at the .05 level.
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Table 23. Culm, kernel count, and kernels/head for 1969 - P yield
(final sample) for 1968 and 1969 for Denton, winter wheat.

Treatment P Yield P Yield Culm Count 2/ Kernel Cpount Kernels

No. 1/ 1968 1969 8! of Row 8" of Row Per Head
1, 39 ' k.11 "2.35 129 © 1595 12.4
2, ko 2.98 2,25 115 1465 12,7
3 5.12 3.57 144 2010 14.0
b k.61 4,06 173 2k10 14,0
5 5.00 L,39 177 2690 15.2
6 4,87  4,99* 22 * . 3510* 15.7
7 .ok L ;59 198 2780 14.0
8 4,55 4,76 222+ 2830 12.7
9 6.51 b4 ;77 - 216* 3490* 11.5
10 5470 5.48* 207* L150% 20.0
11, 13, 15 L.68 3,75 167 3390%* 20.3
1k, 16 5.25 4,33 193 2680 © 13,9
12, 17, 19 5.31 3.89 149 2000 13.4
18, 20 5,04 3.56 - 158 1910 12.1
21 3,00 3,18 132 - 1670 12.7
22 k.15 . 3,23 149 1580 10.6
23, 25 - 5,04 . 3,61 182 ‘ 2290 12.6
o, 26. 4,96 b,52 219* 2820 12.9
27 L.60 5.06 222+ 3250* 14.6
28 3.83 . 5,19 197 2980* 15.1
29 5.55 . 4,08 155 1960 12,6
30 6.38*% h,73 220* 2940* 13.4
31 - 4,68 3.99 169 2480 ©14.7
32 5.25 L, 77 208* 2650 12.7
33 5.31 3,18 167 '2200 13,2
34 5.04 3,52 166 2030 12.2
35 L.68 1.92 112 . 1200 10.7
36 L84 3,07 133 1380 10.4
37 5.31 2,07 109 1130 - 10.4
38 4,83 1.67 106 930 8.8
4 5,01 L, o6 237* 34L0* 14.5
42 5.83 5.37* 207* 3420* 18.8
Lz 5,66 5,43% 236* 2520 10.7
L 5.94 5.38% 225* 3020% 13.4
4s 4,83 L 4o - 196 2830 144
L6 5.49 3,50 1163 2050 12.6

Table continued. o o
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Table 23. Continued. o »

P Yield P Yield Culm Count 2/ Kernel Count
1968 1969 8" of Row . 8" of Row

Source of Var
Treatments
Exp EBrror

LSD (.05)

Analysis of Vaniéﬁce
df MS - df MS df MS df MS

26 2.589** 30 L.249**h5 5816%* L5 2096241**

78 ,828 70 .983 135 1754 135 437722
1.27 1,39 59 926

1/ Fertilizer treatments are listed in Table 1.

g/ Includes culms with heads containing three or more kernels.

** Significant at the .0l level.

= Significant at the .05 level.
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Tahle 24. Culm, kernel count, and kernels/head for 1969 - P yield
. (final sample) for 1968 and 1969 for Froid, spring wheat.

Treatment P Yield P Yield Culm Count 2/ Kernel Count Kernels

No. 1/ 1968 - 1969 8' of Row 8? of Row  Per Head
1, 39 k.19 3.55 2h1 3750 15.6
2, 40 - 4,4 3,46 206 3470 16.8

3 4,31 3,79 188 3200 17.0
L 4,32 4,06 186 3800 20,4
5 b, 42 3.75 211 3830 18.2
6 4,59 3.4k 2.4 3730 17.4
7 5.68 3.43 2L o* Looo 16.5
8 5.96% 3,89 L1+ L260* 17.7
9 6.55* boby 257* Lo30% 16.5
10 6.71* 4,59 250* Le70* 18.7
11 5.10 2.46 195 3860 19,8
12 5.25 3.89 218 L4ze* 20,3
13 4,83 3.42 198 3940 19.9
14 L,o7 3.79 218 3840 17.6
15 4,83 3.93 215 3910 . 18,2
16 L.97 3.99 206 3550 17.2
17 k.67 3.82 227 4180* 18.4
18 b,73 3,77 225 3550 15.8
19 L,67 3,98 227 4520+ 19.9
20 4,73 3.17 233 4290* 18.4
21 4,18 3.81 213 3690 17.3
22 5.33 3,86 250%* 41ko 16.6
23 4,70 3.75 254* 3710 14,6
24 4,27 3,66 255* 3950 15.5
25 4,70 4, 4o 215 3870 " 18,0
26 b, 27 4,51 24og* 4680 16.4
27 5.67 4,73 215 41 70% 19.4
28 5.97* 5. 40* 224 Lhoo* 19.7
29 6.00% 4,02 233 4120 17,7
30 6.19*% 4,71 252* L660* 18.5
21 5,10 3,67 24o* 38320 16.0
32 5.04 3.48 210 3360 16.0
33 4,73 3,88 22k 3950 17.6
3k 4,38 3,47 218 3600 16.5

- W wom s e G e WD O M G D D SN R GEe G map M wme SO S SIS e e 50 GED e WD @D M N R e e OO

Table continued. . »
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Table 24. Continued. . .

Treatment P Yield P Yield Culm Count 2/ Kernel Count Kernmels
No. 1/ 1968 1969 8" of Row 8! of Row Per Head
35 L, sh 4,60 231 43180+ 18.1
36 3.80 L 45 235 _ Lego= 20,0
37 4,07 3.39 172 4020 23,4
38 L, 53 Lok 240* 3610 15.0
41 L,92 L,52 ho* " L300% 17,8
42 5,08 4 47 231 - L4280% 18.5
L3 " 5,09 4,08 189 3350 17.7
Ly 5,09 3,76 234 . 3900 16,7
Ls L,65 3,72 233 LoLko 17.3 -
L6 5.39 4,00 225 Lzlo* 19.3

e s e e e i e e e e e e e G e e e M D s e r M OD G D e e D e D o e e o

‘Analysis of Variance

Source of Var df MS df MS df MS df Ms
Treatments 32 20148*f 32 .982* Ls 1819 ks 663050
Exp Error 96 1,013 96 602 135 1256 135 468867

LSD (.05) . 1.42 1,09 50 959

1/ Fertilizer treatments are listed in Table 1.

2/ Includes culms with heads containing three or more kernels.

*#* Significant at the .01 level.

* Significant at the .05 level.
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Figure 13. P uptake as related to broadcast P at four stages of plant
development - Power, 1968; winter wheat (all treatments
had 40 1b. N and 25 1b. K/A, topdressed in the spring).
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Figure 14. P uptake as related to with-the-seed placement of

fertilizer at four stages of plant development - Power,
1968; winter wheat (all treatments had 40 1b. N and 25 1b.
K/A, topdressed in the spring).
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of thé rapid increase in P yield with time, it would be difficult to
use it as a predictive tool for final P absorption or yield.

A slight drop in P yield.noted after heading, seémed more pro-
nounced with higher rates of P fertilizer. A similar response can be
observed in the data oflGhoriki (16) at the Central Montdna Experiment
Station with winter wheat. He found that with 1§wer rates of P éppli-
cations, the plants continued to absorb P after heading while those
with adequatg P reached maximum(B uptake by heading. Possibly the
small less of dry matter or whatever causes the siight drop in P yield
is partially offset by this continued uptake of P by the check treat-

ment and lower rates of P application.

Cilm And Kernel Count--1968 and 1969

The discussion for culm count will have more meaning if the 1969
data are referred to first. Culm couﬁt showed the same trends for
both 1968 and 1969 but kernel counts wére made only in 1969. Culms
coun£ed in 1969 contained heads with.approximately threé or more ker-
nels; Kefngl counts Qeré determined for the same 8 sééfion of TOoW.
There was very little difference betwéen fhe number of culms with
heads and ;otal culms, probably less than three percent';° In 1968;'a11
culms were counted without checking fOrkheafis° Kernels:ﬁer head were
determined‘for each location but differences due to R?treétments were
inconsistent; Howevér, there was a trend of 2-3 kerngls per head more

with higher rates of E with-the-seed or broadcast thah check treatments
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with no N or P fertilizer. Culm count, kernel count, and kernels per
head for 1969 are listed for Power.in Table 22, for Denton in Table 23,
and for Froid in Table 24.

Significant increases in culms and kernel count were noted with
respect to P applied with-the-seéd, treatments 7, 8, 9, and 10, and
P broadcast rates of 60 and 90 1lb. P/A, tregtments 27, 28, 29, and 30.
At the Power location, treatments. 7, 8, 9, and 10 with P rates of 5, 10,
20, and 30 P were significantly increased over the check treatment &4
with respect to culm count and similarly with kernel count for treat-
ments 8, 9, and 10. Also there were significant increases noted with
broadcast P for treatments 26, 29, and 30 with P-rates of 30, 60, and
90 P with respect to culm count over treatment 3 and treatments 26, 27,
and 30 for kernel count.

Gulm count values have'been plotted with grain yields to show
these relationships with broadcast rates of P; First, by chécking
Figure 7 for 1969 Denton data, a very similar pattern of culm count
with final yields can be noted. Some differpnce existed at the 20 1b.
P/A level as culm count did not show the variation as did grain yields
due to starter fertili;er but both Qalues were lower than zero P plus
starter, as were yields. Notice also that at 60 and 90 1lb, P broadcast,
culm counts showed the same type of spread as did grain yielés.

Figures 1, 2, and 4 pages 51, 52, and 55 show the culm coﬁnt and

grain yields for 1968. Figure 1 shows the Power data for starter and
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no starter with culm count and final grain yj:eld° By comparing curves
for culm count and final grain yield, a very similar pattern resulted.
Slight variation existed with startér at 20 1b. P per acre but all
other points are almost identical. This trend was evident with the
‘other 1ocafions in 1968, Denton--Figure 2, and Froid--Figure 4. The
Froid data for 1968 prebably show the best overall similarity-between
culm count and final grain yields with changes in P-rates.

These relationships, increased culh count and increased final
grain yields, were also found with placement of fertilizer with-the-
seed. Complete data are given in Tables 8, 9, and 10 for 1968 and
12, 13, and 14, for 1969. | |

A comparison of various combinations of N and P is plotted in
Figure 15 showing the influence of broadcast P at zero and 20 1lb/A on
culm count at Denton, 1968. With zero N, there was little effect on
culm counts with 20 1b. P per acre broadcast compared to zero P, Culms
were increased with 40 1b. N per acre to 260 per 8' of row without
broadcast P, but were increased to 309 per 8' of row with 20 1lb. P per
acre broadcast. An additional increase in culm count to 328 was noted
with starter at zero P plus 40 1lb. N/A with no added increase from
20 1b. P/A broadcast. At the Power location, starter fertilizer gave
increased culms with AO 1b. N and zero and 20 1lb. P broadcast and at
Froid 40 N plus 20 P plus starter (5N + 2.5P) significantly increased

count., These data indicated the need for both N:-and P for more culms.
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Figure 15. Culm count as influenced by O and 20 1lt. P/A
at Denton, 1968 winter wheat.
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Tﬁe data presented on culm count and grain yield shoﬁ as the nunm-
ber of culms increased due to fertilizer treatments so did grain yields.
This is in agreement with Black (7) in working with spring wheat at
Sidney, Montana.

Comparison of 10, 20, and 30 1b. P per acre applied with-the-seed
and 10, 20, and 30 1b. P per acre applied broadcast were made frpm the
data in TPbles_S for Power,; 9 for Denton, and 10 for Froid. Both the
1968 and 1969 results showed iﬁcreased culm counts with-the-seed.

Culm counts were increased with 10 and 20 1b. P per acre with-the-
seed compared with 10 and 20 1b. P broadcast in every case regardless
of whether starter was or was not applied with fertilizer at all loca-
tions for 1968 and 1969. At Power for both years, and Froid in 1968,

30 1b. P with-the-seed increased culms compared with 30 1b. P broadcast,
both with and without starter. At Denton in 1968 and 1969, and Froid
in 1969, culm counts were about the same at 30 lb. P regardless of
application method. It was also noticed that generally, culm counts
were not substantially increased due to fertilizer treatments above the

level reached at 30 1lb. P per acre.

Comparisons Between Broadcast P And With-The-Seed Applications

Comparison was made between broadcast P and with-the-seed applica-
tions at the same rates; see Table 25. Higher yields, although not
significant, were obtained at the 10 1b. P pér acre rate with-the-seed

compared with broadcast at all locations.in 1968 and Denton for 1969.
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Table 25. Grain yield comparisons with-the-seed and broadcast P at 10,
20, and 30 1b, P per acre. Winter wheat at Power and Denton,
spring wheat at Froid, 1968 and 1969.
Location : 10 P : Oné Applicatioﬁ
Year With-the-Seed 1/ Broadcast 1967
Gr Yield Bu/A Gr Yield Bu/A Gr Yield Bu/A
Power 1968 41.6 38.5
Dentan 1968 26,8 25.5
Froid 1968 27,0 24,5
Denton 1969 17.6 16,0
10 P 1967 plus 10 P 1969 _ 20 P
Power 1969 28,1 28,3 30,2
Froid 1969 23,9* 21.4 19.1
20 P
Power 1968 41.5 38.3
Denton 1968 27.9 28,1
Froid 1968 26,60 : 23,8
Denton 1969 - 18,2* 14.8
20 P 1967 plus 20 P 1969
Power 1969 25.6 26,5
Froid 1969 26,20 22,3
20 P |
Power 1968 Lz .1 4o,1
Denton 1968 28.4 29,9
Froid 1968 26,5 24,5
Denton 1969 18.6 17,3
30 P 1967 plus 30 P 1969 60 P
Power 1969 29. 4 , 29.9 28.9
Froid 1969 2h, 2 _ 24,2 21,9

1/ 5 lb, N/A applied with-the-seed and 40 1b. N and 25 1b. K/A,
topdressed in the -spring. .

® Significant at the .05 level.

® Significant at the .10 level.
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Applications of 20 P (10 1b. P for 1967 plus 10 1b. P for 1969) were
compared with 20 1lb. P/Atapplied singly in 1967. At Power, one appli-
cation of 20 1b. P appeared slightly better while at Froid, double
applications of 10 P with-the~seed produced significantly iﬂcreased
yields. |

At the 20 1lb. P-rate, significant yield increases were noted with-
the-sééd compared with broadcast at Fpoid for 1968 and Denton for 1969.
At 40 P (20 1b. P for 1967 plus 20 1lb. P for 1969) grain yield from
with-the-seed'applications was significantly higher at Froid in 1969.

At the 30 1b. P/A rate, general increases occurred with-the-seed
over broadcast rates but iﬁcreasés were not signifiéant° At the rate
of 30 1b. P for 1967 plus 30 lb. P for 1969 with-the-seed, there was no
yield increase over the 1967 60 1lb. P/A broadcast rate. This might
indicate that soil P levels from appiications in 1967 and 1969 were
great enough that P applied close to the seed was no longer of much
benefit,

The implications of the previously discussed data stress the
importance of placement of P with—the-éeed and/or the application of

5 1b. N/A in combination with the P placed with-the-seéd°

Influence of Season of Application

Time of fertilizer application comparisons for a given crop were
made. The separate application combinations are listed as followss 1)

P broadéast in the fall just prior to seeding ﬁlus N topdressed on the
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crop in the spring, 2) P broadcast before fallow operations started
plus N topdressed on the crop in the spring, and 3) N and P broadcast
before fallow. At Froid a slight modification was made for spring
wheat; two treatments were broadcast in the spring before seeding.

The above application methods were only made with two rates of P,
10 and 20 1b/A and the data for 1968 and 1969 are shown together.
Information was not available for Denton in 1968 as this experiment was
one—year later than the other two caused by loss of the Stanford loca-
tion because of soil variability. Table 26 lists grain yields for
various applicatie;s with 10 and 20 1b. P per acre at Power and Froid
for 1968 and for Power, Denton, and Froid for 1969.

No real trends were noted for eiﬁher 1968 or 1969 with 10 1b. P
per acre., The only significant value was a decrease in yield noted at
Denton in 1969 when N and P was applied before fallow. The decre?sed
yield with both 10 and 20 P plus N applied on the summer fallow resulted
when the wet summer prevented the working of the fallow until after
July 10. Weeds were two to three feet taller than untreated areas. The
farmer was dquoted as éaying9 "what did you put on the summer fallow, it
sure does make the weeds grow." Evidently the N and P fertilizer was
tied ub in organic material and not available for the 1969 crop.

Precipitation data given in Appendix table 45.shows that over 10

inches of precipitation fell from May through September that year.
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Influence of time of fertilizer application (10 and 20 1b.

Table 26.
P/A and 40 N) on 1968 and 1969 grain yields. Winter wheat
at Power and Denton, spring wheat at Froido\
Location N+P Before P Bef&re Fallow P Fall Pfiér %o Seeding
and Year Fallow N Topdressed N Topdressed
P 1b/Ak Bu/A - Bu/A ‘Bu/A
10 P
Power 1968 38.9 ho.2 . 38.5
Froid 1968 2h.6 2k,3 : 2k,5 23,7 1/
0P |
Power 1968 k2.9 | bk .00 " 38.3
Froid 1968 2k,5 21‘1“ 23.8 2k.9 1/
0P '
Power 1969 30,1 27.3 28,3
Denton 1969 6.8* 15.3 | 15.3
Froid 1969 2/ 24.5 19.1 21.4 21.6 1/
0P | |
Power 1969 | 28,8 : 2505‘ 26.5
Denton 1969 8,29 T 14,7
| Froid 1969 2/ 2h.6 22.2 22.3 22,8 1/

1/ Grain yields for P broadcast in the spring N topdréssed - Froid

only.
2/ N rates
*  Signifi

® Signifi

to 20 1b/A in 1969.
cant at the .05 level.
cant at the .10 level.
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There may have been some N loss due to leaching, at least from the
upper few inches of soil.

With the drastic reduction noted at Denton and some minor yield
changes at the other iocation, it would appear that time of application
of P fertilizer was not as important as the change in the time of N
application. Phosphorus broadcast before the fallow compared with the
P broadcast in the fall prior to seeding and N topdressed in the spring
in both cases showed practically no difference in yields except at
Power for 1968 at 20 1b. P per acre. This yield increase at 20 P
before the fallow was significant at the 10% level compared with 20 P
applied in the fall. In no case was there a significantly lower grain
yield for P applied before fallow than for P applied just prior to
seeding. Evidently the P availability was great enough with 10 and 20 1lb.
P/A to give maximum yields in 1969 with either application time. The
fact that the soil at the Power location was dalcareous to the surface
and contained approximately 14% QaCO3 equivalent did not reduce P

availability enough to lower yields.

Influence Of Starter On Time Of Fertilizer Application

Differences wére non-significant at all locations and for all
years. Most increases due to starter were obtained with P applied just
prior to seeding in the fall. One exception was noted with Power in

1968 at 10 1b. P per acre. A greater yield, 5.bu/A, was recorded when
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starter was placed with P applied before fallow. The data for this
comparison is in Table 8 on pages 42 and 43, treatments 32 versus 14

and 16.

Low Rates Of N And P Fertilizer Applied With-The-Seed

Various low rates of.ﬁ and P fertilizer applied with-the~seed have
been évalﬁated as to influence on yields with broadcast fertilizer of
10, 20, and 30 1b. P/A. Yield response to the different fertilizers
with-the-seed was low, but Table 27 indicates that as the rate Af
broadcast P increases, the rateé of N and B needed for yield increases
changed from 5 1lb. N plus 2.5 1b. P to 5 lp, N plus 5 1b. B. At 10‘1b°
P/A, zero N plus 2.5 P or 5 N plus 2.5 P applied with-the-seed, were
about equal in effectiveness. With rates of 16 P for 1967 plus 10 P
for 1969 and likewiée for 20 Py 5 N plus 2.5 P applied with-the-seed
gavé slightly higher grain yields. At broadcast 30 lb, P, 5 N plus
5 P showed glightly increased yields.

These dé;a indjicate that with increasgd broadcast rates of RB; the

rate of P with-the-seed may need to be increased. Additional research

is needed to determine if the above differences are significant and

why.

Source Of Fertilizer
Two sources of P fertilizer were compared using TVA. ammonium

polyphosphate (15-60-0) versus concentrated superphosphate (0-45-0).
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Table 27. Grain-yield as influenced by low rates of N and P with-the-
seed in combination with 10, 20, and %0 1lb. P per -acre
broadcast., Winter wheat. at Power. and Denton, spring wheat
at Froid, 1968 and 1969.

Location 10 P Broadcast
Year N b N E_
0 2.5 5 2.5
Gr Yield Bu/A Gr Yield Bu/A
Power 1968 by, 38.8
Denton 1968 27.5 29.3
- Froid 1968 26.7 26.5
Denton 1969 16.0 16.7

D mn wm e e e e v G e M e G G, GEe vEn M e D M emd R W e e e dmr G e Wiy e Em e e

10 P 1967 plus 10 P 1969

Power 1969 26.3 29. 4
Froid 1969 22.1 22.1
20 P Brdadcasf

NP _ N P_ XN B

0 2.5 5 2.5 5 5
Rower 1968 Lo 4 Li, 3 42,8
Denton 1968 28,1 31.0 26.9
Froid 1968 29.2° 26.2 25.9
Denton 1969 14,6 16.6 17.0

— e > am e e m e e e W e e e S e wme M e e e e e e Ga dm R e e wm e e E= o e e

20 P 1967 plus 20 P 1969

Power 1969 25.9 27.7 26.8

Froid 1969 22.7 24,9 25.6
30 P Broadcast

Power 1968 : 43,2 Li 4

Denton 1968 2959 3005

Froid 1968 25.0 25.8

Denton 1969 16.2 19.5

30 P 1967 plus 30 P 1969

Fower 1969 28,7 28,1
Froid 1969 24,1 24,9
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N (33.5-0-0) was used for the source of N to balance N rates. Treat-
ments were applied before the fallow, and yield measureménts were made
for the following crop. Thése grain yields are shown in Table 28 for
1968 and 1969.

Although non-significant, the ammonium polyphosphate (15-60-0)
yielded slightly more than concentrated superphosphate (0-45-0) at
comparable rates.

A wide range.of“oonditioﬁs has occurred as notea by the grain
yields'of 6.8 to 45 bu/A but as yet no significant differences due -to
P source are evident. These treatments should. be watched closely in

the next two years to see if differences develop.
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Table 28. Grain yield as influenced by source of fertilizer (15-60-0)
TVA ammonium polyphosphate, 0-45-0, and N (33.5~0-0): Power
and Froid, 1968, and Power, Denton, and Froid, 1969. Winter
wheat at Power and Dénton, spring wheat at Froid.

Year Applied on Fallow 1/
Tocation = 15-60-0 2/ 0-45-0
1b/A : Yield in Bu/A Yield in Bu/A
1968 |
Power 10 39.3 . 38,9
20 4s.0 42,9
Froid 10 2k.0 24,6
20 2kl k.5
1969 .
Power 10 _ 28.2 ‘ 30.1
20 © 30.1 28.8
Denton 10 7.6 6.8
20 8.3 8,2
Froid 10 25.7 24,5

20 27.0 24,6

1/ N (33.5-0-0) applied with 15-60-0 and 0-45-0 to baltince N for
treatments at 40 1b, and 25 1b. K/A, topdressed in the spring.

2/ TVA ammonium polyphosphate.
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" SUMMARY AND CONCLUSIONS

Placement of fertilizer with-the-seed at rates of 5 1b. N per acre
plus 2.5 to 30 1b. P per acre showed significant grain yield increases.
The range of increases in yields was up to 5.3 bu/A for 5 1lb. N plus
2.5 1b. P per acre and 2.9 to 8.4 bu/Al increases with 5 1lb. N plus
30 1b. P per acre. The average increase of all P treatments compared
with the check treatment at all locations for 1968 and 1969 was 2.51 bu/A
and 4.53 bu/A, respectively.

Broadcast rates of P fertilizer showed signifiéant grain yield
increases from 10 to 90 1b. P per acre. Average yield increases for
10 and 30 lb. P per acre were 1.65 to 3.56 bu/A, respectively, compared
with cﬂeck treatment. All treatments ekcept the zero check receivéd
Lo 1b. N/A per crop year.

Starter fertilizer (5 1b. N plus 2.5 lb. P/A) placed in combina-
tion with all broadcast treatments showed yield increases at rates of
10, 20, and 30 1lb. P/A at most locationé as compared with Broadcast P
and no starter. There was a different féspogée to starter fertilizer
with spring wheat compared with winter wheat. In 1968, spring wheat
. yields‘showed‘significant increéées‘in grain yield due to starter with
. up to 90 1b. P/A broadcast.

Significant yield incréases due‘tp starter on winter wheat seldom
exceeded responses obtained from 30 lb. P/A broadcast, at the Denton

location, and from 60 1b. P/A at the Power location. The differences
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in response at the two winter wheat locations was a reflection of avail-
able P as shown in soil test information. The .available seil Pilevel
at Denton was 32 ppm while Power was lower with 18 ppm.

A possible explanation of the added response of spring éheat te
starter may be the less extensive root system compared with winter
wheat., Spring'wheat probably absorbs a hiéher percentage of its total
P from the starter than-deesvwinter wheat. Also young plants require
a higher cqncentration of P especially with lower soil temperatures.
The starter may provide this added eoncentration of P in -the spring
necessary for increased yields. -

Placement of fertilizer with-the-seed generally shewed greater
increased yields at lerr‘rates of P than Eroadcast P, The average
yield increase due to 5 1b. N plus 2.5 1b. P/A w1thnthe=seed exceeded
the average yleld increase of 10 lb° P broadcast by about one bushelo
Also at 30 1b. P/A average 1ncreases were greater w1th=the-seed belng
4,53 bu/A and 3.51 bu/A for broadcast° Or stating thle anqther way;
10-15 1b. P4per aere placed withutﬁe;seed was approxima;ely equivalent
to 36 lb., P broadéast; Evidentlyshthe placeﬁent of P fertilizer‘with-
the-seed has advaatages ip being more available ror early plant growth
and development and thds was impertant for increased yields.

It was furtﬁer oBserved that adequate P was needed to significantly
increase'eulm count even if N was applied; Significant increases were

not ovserved with 40 1b. N/A unless P was applied at the Denton site in
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1968. Comparisons of culm counts and final grain yields were made.
Response to broadcast P at rates of 0, 10, 20, 30, 60, and 90 1b/A
with and without starter as shown by culm count and grain yield were
almost identical for the 1968 crop at all locations. The same trends
were evident for the 1969 data.

Grain yields in 1969 reflected residual P from P fertilizers
applied in 1967. The residual P increased yields as much as did two
applications (éne for 1967 plus one for 1969) for comparable rates.

The data indicate the P"availébility after.a é»year period was still
great enouéh to give méximum yields in 1969°

P percentage %alues reflected P treatment at the very early stages
of developﬁent, Feekes stage 2 for winter wheat and Feekes stage 4 for
spring wheat; but it was found tha£ P percentage valueé of winter Qheat
by the six-leaf stage in the spring, Feekes stage 4-5, showed little
influence éf P férfilizer treatméﬁt; However, the important component
of P yield at this time was dfy matfer weight wﬁich did reflect P
treatment. ' ' | :

It was shown that_if P perceﬁtage values are to havg any meaning
for predictive purposes on final yields, it must be at‘the early plant
development stages. P yieid, howefer, reflected P treatment thfoughout
the growth of the plant. it appears that P fertilizer has a greater

influence on final jields at the'very early developmental stages than
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any other time of growth. Seatz (70) concluded the time of critical P
need was prior to the fourtﬁ week for corn.

With several sample dates throughout the growing .season, the P
yield increased at a constant rate dependent on_P treatment. There was
a tendency of treatments with 1ow'P-ratés, Oflo lb.'P/Ag to show con-
tinued P uptake after heading while treatments with 60-90 1b. P/A did
not. There- may have been a slightly sharper rate of increase in uptakg
at the early development stages with highest rates of P.

Test weight aﬁd protein percentage weré‘not influencedvto any
measurable degree by P ferfilizér treétments° Protein percentage did
show response to N treatments, but N.treatmeﬁts were not evaluated in
this thesis except as related to P absorption.

Sbasop of feffilizer application was evaluated considering: 1)

N and P applied broadcast before fallow, 2) Broadcast P in the'fall
before seeding with N topdressed on the crop, 3) P broadcast before
fallow with N topdressed on the crop in the spring. Very little dif-
ference was observed between time of applications 2) and 3); Applica-
tion method 1) did not prove very satisfactory when grain yeilds were
actually decreased by 50% at one location in 1969 due to a wet summer
and extreme weed growth caused by early N applied before fallow.

Very little difference was‘noted befween two.P fertilizer sources
TVA ammonium polyphosphate (15-60-0) and concentrated superphosphate

(0-45-0) with 33.5-0-O N used to balance the N rate. Applications were
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made broadcast before fallow and grain yields determined the following
year. This aspect of the experiment will need to be checked in the

coming two years to determine if differences develop.

Conclusions Obtained From The Results Of This Study

1. Placement of fertilizer with-the-seed significantly increased
grain yields at lower rates of P more than did Eroadcast fértilizer.

2. Starter fertilizer (51b.N plus 2.5 1b. 'P/A) significantly
increased yields at 0, 10, 20, and 30 1lb. P/A broadcast, consistently,
and occasionally at 60 and 90 1b. P/A broadcast. Spring wheat showed
a greater response due to the starter than did winter wﬁeat.

3. If P percentage of wheat plants is to have any predictive mean-
ing for P needs for increasing grain yields, it must Se in the early
- developmental stages before Feekes stage L, the five to six-leaf stage
of winter wheats

4, The number of culms (heads) was a functi6ﬁ4of‘P'availability
and was directly related to grain yields especially in.the range of
significant yield increases up to 30 1b. P/A.

5. P yield increased at a constant rate throughout the season,
dependent on P treatment. Continued P uptake after heading was rela-
tively greater wifh those treatments having low rates of broadcast E,
0 or 10 1b, P/A, compared with the higher rates of-60;9O 1b, P/A.

6. There was no significant loss of grain yields in 1969 for

broadcast P applications made for the 1967 crop. Evidently the P
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availébility was great emough with 10 and 20 1b. P/A to give maximum
grain yields in 1969. The fact that the seil at the Power location was
" calcareous to the surface and contained approximately 14%,Cé003
equivalent did not reduce availability enough to lower yield:response.

7. Soil test for P availability did relate fo the pattern of P
responses obtained as shown by grain yields, culm, and oﬁher measurements.
8. Additional time and study are needed.on‘these experiments to,
adequately determine the nelative efféctiveness of brogdcasting and of

banding P fertilizers, and to determine the economic éffects of the

residuél P,
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Table 29. Soils description--Power.

The soils in and around the experimental area at the Power loca-
tion are considered mainly as soils of the Cargill soil series. A
shortened description of this soil has been included below. Complete
so0ils series descriptions are available from the USDA, S.C.S.-

Soil Profile -

Ap O~6"

B2 6-13"
B3ca 13-17"
Glca 17-25"
c2 25=30"
R. 30-50"

Cargill Series

Light brownish gray (10YR 5,5/2) silty clay loam-est,
30 to 38% clay, 10YR 4/2 moist; cloddy and moderate
very fine crumb structﬁre; hard, very friabié;
sticky, and plastic; strongly calcareous.

Silty clay loam-est. 30-33% clay; weak medium agd
cogarse prismatic structure; strongly calcareous.
Silty clay loam differing from the B2 above mainly
ip thatlit is very strongly calcareous.

Silty clay loam-est. 33% clay; very strongly
calcareous with common lime ‘splotches.

Silty clay loam; very strongly calcareoﬁs with a

few lime splotchés°

Clayey shales; strongly calcareous.
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Table 30. 8Soils description-~Denton.

The area is mapped as a soil complex of Cbffeek and Ekah soil
series at the Denton location. The plot area is predominantly Coffeek
clay loam 95% plus. The soils description provided by the Soil
Conservation Service of the Coffeek soil series is listed below.

Soil Profile Coffeek clay loam - cultivated

Ap 0-5" Dark grayish-brown (10YR 4/2) dry; (1OYR 3/2) moist;
clay loam; moderate fine crumb étructure; soft,
friable, sticky, and slightly plastic; noncalcareous.

A3 5-9" Clay loam 10YR 4/3 dry; 10YR 3/3 moist; moderate
medium subangular blocky structure; hard, friable,
sticky, and plastic; weak effervescenc;hin places only.

Clca 9-18" Clay loam weak medium and fine subangular blocky
structure; violent effervescence; gravels partially
coated with lime.

C2ca 18-k4n Clay loam, violent effervescence, pebbles undercoated
with lime.

G3ca Lh4-51" Very gravelly sandy clay loam; strong effervescence.

ch 51=79" Very gravelly sand, moderate effervescence, some
pebbles thinly undercoated.

These soils tend to grade into the Danvers type soils which are

slightly deeper to the calcareous layer and have a better defined B

horizon. The deeper type soils are also found in the area where the

expermental plots are located., (Gbmplete soils descriptions are
available from the Soil Conservation Service.) '
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Table 31. Soils description--Froid.

The soils at the Froid location are best characterized by a soils
description taken in the general area of the plots by the Soil Conser-

vation Service. The soils description is listed below.

Soil Profile Williams loam

AP 0~7" Dark grayish-brown (10YR 3/2) loam; 10YR 3/2 moist;
strong fine crumb structure; slightly hard; very
friable, sticky, and plastic; noncalcareous.

B2¢% 7-15" Same célor as Ap clay loam; moderate fine‘and
medium prismatic structure; hard, friable, sticky,

and very plastic; noncalcareous.

B3 ~ 15-20" Clay loam; moderate medium prismatic structure;
noncalcareous.
Cca 20-36" Clay loam; violent effervescence; lime crusts on

undersides of gravel.

C. 26-60" Clay loam; strong effervescence.
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Sampled by grid pattern (see Table 2 in materials and methods).

- TabTe 32. Soil pH, conductivity, and organic matter data for Power,
Penton, and Froid.
Location pH 1/ Cdnductlv:Lty _/ CO3M. 3/ -
: , m.mhos/cm T B T
Poyer
Alk/ - -
AL 75 n19 205
B 1 7.k .19 2.5
B4 7.k .19 2.6
C1 7.6 N 2.6
Gk 7ot +20 ° 2.6
D1 7.4 .18 2.6
D4 - V2% .18 2.h
Denton
Al 6.0 010" 1.9
AL 6.2 12 1.6
B1l 6.4 0107 1.9
B 4 6.2 J08 " - 1.9
¢l 6.3 o1k 1.9
C 4 6.1 .10 1.9
D1 6.7 .26 2.0
D4 6.2 .09 1.9
Froid o .
A1l 6.6 Nerd 2.2
Ak 6.8 .09 2.5
B1l 6.7 .08 2.4
"B 4 6.5 .09 2.5
c1 6.6 . .06 2.1
c b4 6.8 .08 2.6
D1 .. 7.0 , 206 - 1.9
D 4 6.9 ’.10 2.2
1/ Soil pH determination procedure in Appendix table 38,
2/ 8oil conductivity determination procedure in Appendix table 37.
3/ Organic matter determination precedure in Jacksen (32) pp. 219-221.
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Table 33. Soil phosphorus determlned using the Bray 1/ and NaHCO 2/
methods on 5011 samples from Power location,

A 3/ B ' c_ D

Soil NaHCO3 Bray NaHCO3 Bray NaHCOz Bray NaHCOz Bray
Depth ppm___ ppm  ppm  ppm  _ppm. . . ppm __ ppm:. _ppm
0-6" 8.4 18 6.4 22°. 439 19 . 4,4 18
I o .
s 3/, . : . . :
—6-12"3/ 8.4 4 34 A5 . 84 -5 34 10
G-6" 6.4 18 4.4 22 . 6.4 27 5.4 21
I, . : - . ‘ )
. 6-12" - 3.4 6 2.5 11 4.4 3 3.4 4
0-6" 6.4 30 7.4 25 3.4 22 6.4 22
111, L K . '
6-12" 3s4 .19 2.5 5 8.4 27 . 3.4 3
0-6" 404 210 A4 16 3.9 13 3.4 13
V. : | .
6-12" 3.4 11 - 2,5 6 - 3.4 4 5.4 4

1/ Bray #1 methed modified (78) (55).
2/ Extraction with sodium bicarbonate (54).
3/ Sampled by grid pattern (see Table 2 in ‘materials and methods).

4/ 6-12" included B hopizon,
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Table 34, Soil phosphorus determined using the Bray 1/ ahd‘NaHCO3 2/
methods on soil samples from Denton location.

A 3/ ' B C D

Soil NaHCO, Bray NaHCO; ~Bray NaHCO; Bray NaHCO Bray
Depth _ppm  ppm ppm ppm  ppm ppm  ppm  ppm
0-6" 9.9 30 9.9 33 8.9 30 9.4 3l
I o '3J ’ )
6-10"4/ 719 719 715 712
0-6" 8.4 34 9.4 28 8.4 33 8.4 28
II.
6~10" 1.6 . 19 +7. 10 1.6 19 12
0-6" 8.4 38 10.4 31 9.4 41 . 8.4 33
111, | | ,
6-10" 2.5 14 711 - 7 18 712
0-6" 11.9 34 10,4 34 . .9,9 31 9.4 35
IV, | ' ' o
6-10" 1.6 15 1.6 11 710 1.6 17

ey

"1/ Bray #1 method modified (78) (55). o

g/ Extraction with sodium bicarbonate (54).
3/ Sampied by grid pattern (see Table 2 in materials and methods),

4/ 6-10" included B horizon.
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Table 35. Soil phosphorus deterfiined using the Bray 1/ and Nchog'g/
methods on soil ¢amples from Froid location,
A 3/ B _ _c _ D
Soil NaHCO3 Bray NaHCO3 Bray NaHCO3 Bray NaHCO3 Bray
Depth__ ppm ppm ppm_____ppm ppm ppm __ ppm ppm
0-6% 4/ 5.4 17 5.4 25 9.4 28 5.4 16
I03
-é-sﬁ 5/ 8.4 18 9.9 22 9.4 17 7.4 13
0-6"% 4/ 5.9 16 6.4 22 10.4 30 5.4 16
II. :
0-6"5/ 6,9 19 . 7.9 21 6.4 I8 5.4 14
0=6" 4/ 3.9 16 6.4 20 10,9 24 3.9 13
111, - : 4 '
0:6".5/ 6.4 14 6.4 20 8.9 25 5.9 16
0-6" 4/ 4.9 14 6.4 22 8.9 29 5.9 17
IV, PR " -
0-6m. 5/ 7.9 22 8.4 21 12.4 33 9.9 25
1/ Bray #1 method modified (78). (55).

2/ Extraction with sodium bicarbonate (54).

4/ Samples

§/ Samples

3/ Sampled by grid pattern (see' Table 2 in materials and methods).

taken from west étrip°

taken from east strip which was the stubble strip in 1967.
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Table 36. Nitrate determination for soil samples from Power, Denton,
and Froid locations.

Depth _Power_ Denton _Froid
ppm N ppm N ppm N
Spring 1967
o-1* 6.0 | -1/ -
1-2° 5e2 ' - _
2-3" 2.5 - ' -
3-bt 8.3 - -
Spring 1968
0-1' | 16.8 1.7 1.9
1-2¢ 3.0 2.2 - _ 4,5
2-3" 308 1.6 2.5
3-bt 2.6 " 2.0 2,2
be5 2.8 9 5.0

5-6" 4,5 - _ 105

1/ A dash indicates that information was not available.
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Table 37. Procedure for determination of soil pH.

1. Weigh 10 g soil into a 50 ml beaker.
2. Add 20 ml distilled H O to each soil sample.
3. Stir with electrlc stlrrer and let settle for 30 minutes.

Determine the temperature of the water added to the soil
samples. Set the temperature dial (upper) of the pH meter to
this temperature.

Place about 15 ml of pH buffer 7 l/ under the electrodes
and punch down the read button. Allow about 30 seconds for
the dial needle to stabilize, then using the standardize knob,
adjust the needle to 7. Punch down the stand-by button.
Rinse the electrodes thoroughly. Meter is now standardized
and ready. '

4, Place a soil sample under the electrodes (both electrodes
_ must be in the sediment) and punch down the read button.. ‘
Take -the readlng when the needle stops moving. Read conduc-
tivity on the next sample while waitihg for the pH reading.

5. Set the ﬁeter back to. “sténd—by” and remove the soil samples,
then rinse the electrodes thoroughly and repeat 4 and 5 with
all samples°

6. When all samples are analyzed, place a 50 ml beaker of
deionized water under the electrodes°

1/ pH buffer 7 is prepared by emptying the contents of a buffer 7
capsule into a 100 ml volumetric flack and adding distilled water
to volume. .
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Table %8. Procedure for determination of soil conductivity.

(using same samples analyzed for pH)

70

Turn the Solu-bridge on and allow it to warm up until the "eye"
is green. Set the temperature dial on the témperature of the
water added to the samples. (Same as for pH)

Draw.sufficient sample solution imto the pipet to rimse it.
Discard this first rinsing.

Draw aAsecond aliquot Sf sample solution into the piﬁet until it
covers the electrodes. (Be certain there are no air bubbles in
the electrode area.)

Turn the center dial until the "green eye" (dark portion) is
open to its widest point.

Record the value pointed to by this dial.

Repeat 2, 3, 4, and 5 for all samples. When complete, rinse
the pipet and leave it full of distilled H20° Turn Solu-bridge
to "eoff" positien. |

Convert the bridge reading to m. mhos in a saturated paste by
use of thé following equation Y = 3X + 0.7, where Y is the
conductivity of the saturated paste and X is the solu-bridge

reading. Below a conductivity of 0.7; Y = 4%,
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Table 39, Soil temperature at Power location in 1968.

Degrees F

Day of April May June July

August

Month Low High Low High Low High Low High

Low High

Lo-52 45-60 50-65

48-60
55=70

35~50

O o OV WV

10 ' 48-61 60-74
11 30=-40

13 Lo-52 :

14 Ll-sh .

15 28-40 54=70
16 4864

18 ' | 54-68

20 ‘ 4s-61

22 28=42 55-68
2h : 52-69

27 43.60

28 4o=52

29 43-55 ks5-55 u
30 54~70

54-70

60-75

60-73

52-68

. 51-62

56-70
55=67

53-65 .

"1/ All blank spaces indicate slight variation from temperature

listed immediately above.
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Table 40. Soil temperature at Power location in 1969.

Degrees F

Day of ’ May June July August
Month Low High Low High Low High Low High
1 60-83 64-80 72-86

2 .

3 53=69 .

b ‘ 60-78

5 66-85
6 4876 60-72

'z,

8

9 . . 70~90
10 38-66 58-75 65~85

11 1/
12 68~-84 65-~87
13 klo70 .
- 14 . 58578 .

15 , : 64-85
16 Lh.61

17 , 65-88
18 50-68 68~86
19 o

20 48-60
21 58-64
22 k5-67 70-88

23 . .

ok : 55-68 76-90
25 Ls-66 o
26 66-88

27 55=74 2/

28

29 , 58-72 .
30 55-75 74-88 60-80
31 -

1/ All blank spaces indicate slight variation from temperature
listed immediately above.
2/ See text p. 63 discussion of '"high" temperature.
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Table 41. Soil temperature at Denton location in 1968.

. Degrees F
Day of ' May June July August September October
Month Low High Low High Low.High Low High Low High Low High

1 S5L-65

2 ] .

3 . 48-60 53-60. 3 54-60

L 50-60 60-70 '

5 pv4 " ‘

6 Lo.52 55-61

7 40-48 55-62 ‘ L3-4g
8 Lo-54 65-72

9 ' 55-62 60-64

10 Lo-_sk 5463
11

12 6l-73

13 50-60 52-60

14 Lz-Lg
15 Le-52 65-75 53-58

16 58-65

17 52-58 58-66 60-70

18 59-68 '

19 54-63

20 = 50-60 63-72 59-64 51-55 .
21 Lo-45
22

23 . 63-72

2k 56--64

25 ‘ © 47-50

26 sh-62 60-68

27 :

28 54-65 65-77

29 - 68-76

30 58-67 59-65 47-51

31

1/ All blank spaces ihdicate‘slight variation from temperature
listed immediately above.
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Table 42, Soil temperature at Denton location in 1969.

Degrees F
Day of May June July August  September October
Month Low High Low High Low High Low High Low High Low High

38-49  L8-62  60-80  55-7h 45-57

Lo=50
hh_62
52-68
60-78

4o=-56
54=70

O oo~ o\ o

55~72
10 39-62

12 60-82
13 48-60 4L8-66

15 44-62"/ 56=7k4 48-62
16 56-74

17 Lli_sh 60-78

18 55-68

20 42-60 62-80 Lks_E7
23 ' 60-80

24 53=66

26 56-74

27 48-52

28 50-68 60-80

30 50-62 5574
31 36-47

l/ Al]l blank spaces indicate slight variation from temperature
listed immediately above.
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Table 43. Precipitation in inches and distribution. for three
locations for. April - September, 1967.
Date Power Stanford "Froid
April
20 1.62
26 .12
28 .07
- 29 1.23
Total 3.15
May
2 .03
7 .05
15 . 20
30 .80 .02
Total .80 : 30
June
5-11 32 .95 2.80
12-18 1.48 3.10 022
19-25 2.53 1.59 011
26-30 015 .00 .02 .
Total 4,48 5,64 3.15.
July '
3-9 .13 0 20 .00
10-16 .00 .00 .09
17-23 40 .15 057
2k-30 .06 .00 - »00
31 11 200 200
Total .70 35 . : «76
August
7-13 023 .00 .51
Total 023 .00 .31
September '
12-19 .67 :
_ Dotal L L e e e o= 6770 __ .
Total for season 1/ - 5.98 5.99 k.21

1/ Total precipitation for May through August 1.
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Table 44. Precipitation in 1nches and dlstrlbutlon at Power for
May = September, 1968, " g

Day of May June July August September

Month

1
2 .65
3 .20 - »10
L trace .15
5 .05 trace
6
7 «7h 1.15

8
9 .25

10 315 022

11 .20 trace

12 trace trace

13 trace oI5

14 .20 220 trace trace

15 : '

17 trace trace «20
18 trace

19 trace

20 .05 trace

21 ' '

22 1,50

23 .05 _ - 4,20
2k .05 025

25 '

26 .05

27

28

29 45

30 Ok

31

Totals  3.09 2.60 .26 1.95 54,30

Total for season 1/ 5.95
1/ Total preclpltatlon for May through August 1.
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Table 45. Precipitation in inches and distribution at Denton for
May - September, 1968. -

Day of

Month May June - July August September

011l .20

« 30
<59

10 025

12 1.12
12 Mol ,
14 «20 .20

16 022 .06 2.10
17 1.25
18 «70

20 : : ' 1.25
21 .50 .20
22 .10

2k \ «50

o S e e e e e e ewe G s mat AU M M e e G e e Mm e M s e el e ABR e Goo S e W M e

Totals 3,65 2,48 2.16 ., 2.70 2,20

SV i AL e e T L e e E Y e e - 2 Rl N e e = 2 e - - - -

Total for season 1/ = 8,29

1/ Total precipitation for May through August 1. :
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Table 46. Precipitation in inches and distribution at Fr01d for
April - September, 1968.

Day of  pori1  Ma J Jul August  Septemb
Month yel y une uly ugus eptember

1 Moy,

2 - 209

3 trace

b .

5 010 031

6 48 .01

7 .01 40

8 .61

9 .02 1.08 .01

10 '

11 .09 » 50

12 .01

13 .02

14

15 .07 62 ols

16 1,00 .91

17 .16 .07

18 012 05

19 , .60 o Ok

20 .05

21 «12

22 .05

23 .01 1,18

24 095 .02 1.60

25 )

26 ‘

27 .05

28 .05

29

30 .60 .06
2 e e e e e e e e e 2 trace. _ _ _ _ _ _ _ o _ - _
Totals_ _ _ .09 _ _ .89 _ _ 4.0 _ 1.31 _ _ 5.12 _ _ _1.00_ _-_ _ _
Total for season 1/ = 6.2

1/ Total pre01p1tat10n for May through August 1.
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Table 47. Precipitation in inches and distribution at Power for
. May = October,. 1969. =~ ‘

Day of

Month May June July August  September  October

«15

trace
2101/ 1,55 1/
trace
12 o 3k 12 2/

15 .72

19 Mol
20 020 . .28 .0h
21 020

22 trace

24 trace

1/ Total for 5-7.
g/ Total for 10-12.

g/ Total for 24-29.
L/ Total precipitation for May through August 1.
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Table 48, Precipitation in inches and distribution at Denton for

May = October.,.

1969.

Day of

Month May June

July

August September October

40

1h .35
16 «38

22 .08 © .13
23 Ok

26 .08

28 2.60

01}2

1.00

.06

.10

.02

v D e e e e mme m e wem e e e ooe i e e dm e . e WD e G e Emm MOF  dem M GER WO MED e e e e

o W e vmm e amm e e e dem SIS s GEs EEm S G e Gmm MR e e Gk Gmm e Y e MM e me G e ew e

Total for season 1/ = 6.11

1/ Total precipitaﬁion for May through August 1.
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Table 49. Precipitation in inches and distribution at Froid for
April - September, 1969.

ﬁiZt;f April May June July August September
1 .10
2 .07 .02
3 27 trace
4 Ok
5 Mol .06 «29
6 .05 o1k .02
7 .07 43 77
8 .10 .03 45
9
10 ) 17
11
12
13 .01 022
14 trace .34 .01
15 .01
16 1.16 .12 Mol
17 .16
18 .01 .02
19 .08 .03
20
21 012 .01 032 © 1,08
22 .19
23 .02 - Ok
ok .02
25 011 38
26 43 1.0k .02
27 .87 .10
28 .01 .02 .05 .18
29 027
30 .01
2 . 08 e e e e e e e — -
Totals 1.81 .76 3.49 2.46 1.04 1.14

Total for season 1/ = 6.71

1/ Total precipitation for May through August 1.
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Table 50, Soil moisture “percentage - Power, 19679 1968, and 1969 and
Denton_ and. Froid, 1969.

Depth Power 1967 Power 1968

Feet % H,0 % H,0 % H,0 (15 atm)
1 19.3 2k,5 17.5
2 21.6 15.6 14,2
3 19.4 15.1 11.8
L 20.7 12.9 11.4
5 -y ' 14,7 : 13.7
6 - 14,2 11.9

"""""""" gy o TTTTTTTTTTT

Power Denton Froid
% Héo % H,0 % H20
1 20,1 22,8 12.5
2 19.1 20.5 13.7
3 14,1 18.4 13%.5
L 10.4 15.4 12.9
5 15.1 11.4 14,1
6 7.4 - 11.5

1/ Data not available
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