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Abstract:

Fertilizer management influences yields of small grains. The relationship between fertilizer
management and grain quality is not as clear. Our objective was to investigate and identify
relationships between grain quality and fertilizer management. Field fertility trials were performed
comparing N forms (anhydrous ammonia vs. ammonium nitrate), P placements (knifed vs. banded),
and K rates and placements (surface vs. knifed), at eight sites over two years. Grains studied were
spring wheat (four sites), barley (two sites), and winter wheat (two sites). Greenhouse and laboratory
determinations of yield, test weight, grain protein, speed of emergence index, dry weight per plant,
grain content of P, Ca, Mg, K, Fe, Zn, Cu, and Mn, and for the hard red wheat, flour yield, flour ash,
farinograph peak and stability, flour protein, and loaf volume were performed.

Wheat yields were generally higher with ammonium nitrate. Anhydrous ammonia produced generally
higher protein contents, and, for the few responses observed, generally better baking quality., Of eight
sites, four had higher Ca; three had higher Zn with anhydrous ammonia. Knifed P gave generally
higher wheat yields and protein contents. For barley, higher mineral contents were generally associated
with knifed P. Knifed K tended to produce higher yield and lower protein in winter wheat. For spring
wheat, protein in wheat and flour was generally higher with surface K, bub the differences were small.
Test weights were higher with knifed K. Dough strength was improved with knifed K. Flour ash was
lower and loaf volumes were higher at higher rates of K. In general, when improved quality was
observed with rate of K, it occurred at the lower additions, with quality decreasing at the higher rates,
underscoring the importance of fertilizer "balance" when adding K. K rate treatments regularly affected
seedling vigor, and to a lesser extent grain mineral content.

Small grain yields in Montana are related to fertilizer management practices (source of N, placement of
P and K),. Baking quality is related to source of N and placement and rate of K. Rate of K appears to
have a strong relationship to seedling vigor, but more research will be necessary to reveal the nature of
the relationship.
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ABSTRACT

Fertilizer management influences yields of small grains. The
. relationship between fertilizer management and grain quality is not as
clear. Our objective was to investigate and identify relationships
between grain quality and fertilizer management. Field fertility trials
were performed comparing N forms (anhydrous ammonia vs. ammonium
nitrate), P placements (knifed vs. banded), and K rates and placements
(surface vs. knifed), at eight sites over two years. Grains studied
were spring wheat (four sites), barley (two sites), and winter wheat
(two sites). Greenhouse and laboratory determinations of yield, test
weight, grain protein, speed of emergence index, dry weight per plant,
grain content of P, Ca, Mg, K, Fe, Zn, Cu, and Mn, and for the hard red
wheat, flour yleld flour ash farlnograph peak and stability, flour
protein, and loaf volume were performed

Wheat yields were generally higher with ammonium nitrate. Anhydrous
ammonia produced generally higher protein contents, and, for the few
responses observed, generally better baking quallty of eight sites,
four had higher Ca three had higher Zn with anhydrous ammonia. Knifed
P gave generally h1gher wheat yields and protein contents. .For barley,
higher mineral contents were generally associated with knifed P. Knifed
K tended.to produce higher yield and lower protein in winter wheat. For
spring wheat, protein in wheat and flour was generally hlgher with
surface K, but the differences were small. Test weights were higher with
knifed K. Dough strength was’ 1mproved with knifed K. Flour ash was
lower and loaf volumes were higher at higher rates of XK. In general,
when improved quality '‘was observed with rate of K, it occurred at the
lower additions, with quality.decreasing at the higher rates, under-
scoring the importance of fertilizer 'balance'" when adding K. K rate
treatments regularly affected seedling vigor, and to a lesser extent
grain mineral content.

Small grain yields in Montana are related to fert1llzer management
practices (source of N, placement of P and K). Baking quality is
related to source of N and placement and rate of K. Rate of K appears
to have a strong relationship to seedling vigor, but more research will
be necessary to reveal the nature of the relatlonshlp




INTRODUCTION

Until recently, grain quality has not received the level of atten-
tion given to yield and protein. As production levels. have reached a
plateau more interest has been focused on "quallty " Quallty is defined
in terms of the end-use of the grain. Quallty is measured' in terms of
milling and bread baking for hard red wheats.' High protein content and
high glutenin pfotein fraction are desirable. These ha{re direct effect
on loaf and dough characteristics, as measured by loaf volume. and
farinograph values. Also de;irable is good flou.r yield when wheat is
milled. Seed quality is measured in terms of the vigor. Rapid emer-
gence and seedling growth rate. are aﬁong the iﬁdiéators of\good vigor.
Mineral content is‘a\meaéure of the quality of grain for human and/or
animal consumption. | |

It is generally accepted that grain qﬁality is affected by fertili- -
zer application rates. However, little has been done to determine the
rélationship between fertilizer management and quality of grain, with
the exception of N management on baking quality. This work was
initiated as a continuation of a fertilizer management sfudy, in order
to inve§tigate "quality' relationships. Thé research was undertaken to
determiﬁe if‘ important ‘grain quality asSpects can be influenced by

various fertilizer management practices.




LITERATURE REVIEW

The work presented in this ;chesis covers toﬁics that range from
those that have been extensively researched to those thaf have not been
considered at all. Therefore, the purpose of this review will only be
to discuss literature ;which applies to fertilizer comparisons specific
to this study. Other topics, such as effects of N on yield, will not be -
covered in depth, except to point out inconsistencies and areas with‘

1imited research.

Yield, Test Weight, and Protein

Form of Nitrogen

Most of the research conducted comparing forms of N has been with
solution culture rather than in field studies. The researchers who have
compared forms of N in field studies often émphasized the placement of N
as much as the form when discussing ;cheir results. .

Just prior to and during the'pel;iod of ;World War II, there was
considerable interest in ﬁ'he poss’ibilit'y\’of crop production in solution-
culture, v}hich led to experimentation with the effects of forms of N in
nutrient solu;cionr (Arnon, 1939). These early studies reported that
growth was poorer with ammonium forms of N, due to ammonium toxicity,
and related problems. More recent solution culture experiments have
suggested that plants grow faster (Schrader et al., 1972) énd prgaduce

higher yields (Cox and Reisenauer, 1971) when they are grown on a
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combination of nitrate and ammonium forms of N. Warncke and Barber
(1973) grew corn plants with five differing rates of N and five differ-

ent NH4:NO ratios and concluded that the plants seemed to prefer a

3
balance of the two.

Engelstad and Allen (1971), in a greenhouse study, fﬁund that total
N uptake was greater with ammonium-N than with nitrate—N.‘ Reports from
field studies indicated that anhydrous ammonia (with Qeep piacement)
" produced significantly greater yields and protein (Leikam,- 1983;

Reinertsen et al., 1984), especially in dry years (Cochran et al.,

1978), as compared to forms of N which were surface or shallow applied.

Placement of Phosphorus

Many studies concerning the placement of P fertilizer have beén
conducted. Theoretically, based on recent ?eviews (Murphy, 1983); there
are at least ‘three main advantages to deep placement of P: (1) knifing
(or deep placement) makes the nutrient 'positionally avail?ble,”
(2) plécgment in a concentrated band reduces the risk of fixation, and
(3) moisture is available for longer periods in deeper zones; therefore,
nutrient uptake occurs for longer periods. '

Barber (1958) compared banded applicatién. of P with broadcaét/
incorporation of P. He reported that there was an increase in P uptake
from row application at early growth stagésm Row applications increased
yields most at the lowest soil P level and their effect decreased as
soil P level increased. Macleod et al. (1975) and Leikam et al. (1983)

have reported that grain yields were higher when P was knifed, or banded

below the seed.
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Several researchers have suggested that knifing P with anhydrous
ammonia was superior due to a synergistic effect between the ammonium
form of N and P (Leikam et al., 1978; Leikam et al., 1979; Englestad and
Allen, 1971). However, this was not -always true (Skogley, unpublished
results), and was probably dependent on soil ~type (Hanson and Westfall,
1985). Engelstad and Allen (1971) concluded that the N effect on P may

be a "starter effect'" and may not affect yield.

Placemerit and Rate of Potassium

Effects of K fertilizer manégement on agronomic responses have been
extensively investigated. Many researchers have reported positive yield
respoﬁse to faté‘of K tMEngel and Kirkby, 1980). Under certain condi-
tions, K fertilizer can improve cereal yields. Koch and'MEngel (1977)
found K fertilization increased eVery méjor yield coﬁponent of wheat.
Barber .(1959) investigated placements of K and concluded that row
applied K was as effective as incorporgted K treatments in supplying K
to plants.

In general, only a émall fraétion of K in the soil is available to
plants, which take up K from the séil solution. Trgnsport of K to plant
roots in and through the séil solution is'achieved mainly by mass flow.
and diffusion, with diffusién accounting for ﬁosf (88-96%) of the trans-’
port (Tisdale et al., 1985). Diffusion of nutrients through the soil
solution is affected by a number of faciors,'including temperature and
moisture. Skogley and Haby '(1981) reborted that climatic conditions had
profound influence on K fertilizer respohse inlMontana and that soil K

tests do not accurately predict K fertilizer response in Montana. Mengel
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and Kirkby (1980) point out that it is not possible‘to pfé%ide‘general K
fertilizer recommendations that are applicablel to different soils,
climates, and crops. Similarly, after studying effects‘df rates of K on
malting barley, Zubriski et al. (1970) concluded that soil test K was a

poor indicator of response to K.

Grain Quality

Form of Nitrogen

Much has been done to detenﬁinewthe(effects of N fertilization on
érain quality. However, little has been done concerning. the effects of
the form of N. Most of this work has centeréd on how N.éffects protein
in the grain, since percentage protein is the best indicator of baking
quality (Phillips and Niernberger, 1976; Pomeranz et al., 1976). Hylnka
(1964) stated thét wheat must have at least 12% protein iﬁ order to make.
good yeast leavened bread. Positive correiatién between grain protein~
and loaf volume has beeﬁ.estéblished ﬁMangels aﬁd Sénderson, 1925).
More recently, it was shown that 90% of the variation in,IOaf‘volume was
due to percentage protein (Pomeranz et al., 1976). Nitrogen fertiliza-
tion continued to 1increase percentage ”protein after it ceased to
increase yields (McGuire ef al., 1979). Cochran et al. (1978) found
that although protein quantity and loaf volume were in;reased by the

deep N treatment, quality was not improved.

Placement of Phosphorus

No literature was located which describéd effects of P fertilizer

placement on wheat Baking quality, or on protein fractions. However,

~




6
Pittman and Tippl‘es (1978) determined the quality variables of grain
grown under two rates of P, and reported that protein and quality were

unaffected by P.

Placement and Rate of Potassium

Potassium is necessary to p‘rofein synthesis, as well as amino acid
synthesis, and ié benéficial to tfanSlocation of .photosynthates (Mengel
and Kirkby, 1980). Potassium fertilization is often associated w;ith
improved baking quality. Accordiné 'to Chevéli%ar (1976), K‘ often
produced higher quality grain even though percentagé protein may not
have been affected. Increasés in the glutelin protein fraction in
responsé to K fertilizer have been frequent | (Kolbe and Muller, 1983;
Chevalier, 1976;. Koch and Mengel, 192%). However, K did not always

affect qu'ality (Legros, 1973).

Seed and Seedling Vigor

Generally, vigor is-defined in 'terms of good germination an&"rapid
growth and establisl'nnent,“ or in terms of susceptibility to adverse
conditions (Delouche and Caldwell, 1960). It is widely: assumed that
seedling vigor plays an important role in crop’ establishment and yield

(Evans and Bhatt, 1977). Differences ‘in vigdr are most obvious under

. adverse conditions. Seed vigor and seed deterioration are reciprocal,

dimensioned ""propertie‘s." (Association of Official Seed Analysts [AOSA], -
1983). ’ s
Unfortunately, it is difficulut to identify the cause and effect of

a specific deteriorative response which could be used as a quantitative
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parameter for vigor testing (AOSA, 1983). Moore (1968) concluded that
each test in use is capable of revealing some aspects of seed weakness
while concealing others, and that therefore‘testing programs must be
tailored to the problem and the crop. Similarly, Burris et al. (1969)
concluded that oneArapid, simple chemical test for vigor may never be
developed, since the assay of any one particular enzyme, etc., will not

give overall information.

Form of Nitrogen

Much work has been done to determine the relationship between seed-
ling vigor and protein content of the seed (Lowe et al., 1972; Schweizer
and Ries, 1969; ibrres and Paulsen, 1982; Ries et al., 1970; Ching and

Rynd, 1978; Ayres et al., 1976; Lopez and Grabe, 1973; Bullisani and

Warner, 1980). In general, seeds that contain more protein develop into

larger, more vigorous seedlings (Schweizer and Ries, 1969; Ayres et al.,

.1976). High protein seed is also reported to improve stand establish-

ment (Torres and Paulsen, 1982). However, it appears that differences
in vigor due to seed protein were eliminated if enough N fer£ilizer was
added (Bullisani and Warner, 1980; Ries et al., 1970). Literature
specific to the effect of N source on subsequent seedling vigor was not

found.

Placement of Phosphorué

Literature was not found concerning the vigor of seeds from plants -
grown under differing P fertilizer management. There are reports of im-
mediate effects of placement of P on seedling dry weight (Bullen et al.,

1983; Strong and Soper, 1974), but not on vigor of subsequent grain.




. Placement and Rate of Potassium

Ison (1980) found in initial investigatién that seed K content was

‘positively correlated with seedling vigor of french beans. Further

study revealed that increased rates of K improved the vigor of harvested
seed. No literature was found concerning effects of K placement on seed

and/or seedling vigor.

Mineral Composition

Several factors appear to influence mineral composition of grains.
These include location (Schrenk and King; 1948; Erdman and Moul, 1982;
El Gindy et al., 1957; Schrenk, 1955; Peterson et al., 1983; Dikeman et
al., 1982; Davis et al., 1984), rainfall (El Gindy et al., 1957; Dikeman
et al., 1982), grain tybe (Erdman and Moul, 1982; Lorenz. and Loewe,
1977; Peterson et al., 1983; Davis et al., 1984), cultivar (Peteréon et
al., 1983; El Gindy et al., 1957; Dikeman et al., 1982; Davis et .al.,
1§84),\ and fertilizer appiication‘ (Schrenk, 1955; E1 Gindyl et al.,
1957) . However, there are also reports that rainfalll(Schfenk and Kiﬁg,
1948) and cultivar (Schrenk and King, 1948; Erdman and Moul, 1982) do
not affect mineral composition. It appears tha§ grain types differ in
mineral content, and that cultivérs within grain types vary in mineral
content but to a lesser extent. Location and fertilizer application
have generally influenced composition oflgrainm Reéearcherg'disagfeefaﬁ
to which of these faétors (cultivar, locatibn, fertilizer,  etc.) exgrff

the strongest influence. .




Form of Nitrogen

A few authors have reported correlation b‘e;tween content of various
lminerals and percentage protein in the grain, or flour (Pe’t_‘érson et al.,
1983; Dikeman et al., 1982; Pomera.nzl_.and Dikeman, 1983; Lorenz and
" Loewe, 1977). Logically, form of N .r;lay be expected to affect conterit of ‘
some minerals since it affects uptake of N (Engelstad and Allen, 1971;
Leikam, 1983; Reinertsen -et‘al., 1984; Cochran et al., 1978) and the
protein content varies with N uptéke, and content of séme minerals can
be correlated to percentage protein. While some information specific to
effects of form of N on-mineral content is availablé , results were not
consistent. Blair et al. (1970) found- that NH4 as the source of N
produced greater uptake in corn of Mg, P, and S. Uptake of K was not
affectedvby form of N. Narada et al. (1968) found thaf N03 produced

higher K, Ca, and Mg content and lower P content than NH, .

Placement of Phosphorué

Cox and Reisenauer ’(19’71)‘ reportéd that P decreased uptake of Ca
and Mg. Lamond and Moyer ‘(1983!) found that P and K .uptake were
increased in wheat with knifed appliéation of fertilizer (N aﬁd P)y. No
literature was located Whi_;h discﬂsséd effects of P fertilizer placement

on micronutrient composition.

Placement and Rate of Potassium

The effects of K fertilizer management on nutrient content have
been investigated for a few nutrients. It is widely reported that X

decreases uptake of Mg (McLean and Carbonell, 1972; Adams and Henderson,
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1962; York et al., 1954). Potassium also appears to depress uptake of

Ca (York et al., 1953) and increase Mn content (York et al., 1954).
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MATERIALS AND METHODS

Fertility Trials

The grain used in this work was prodﬁced in a series of field
experiments over two years at eight sites. A list of sites for 1982 and
1983 is found in Table 1, along with the crops grown and séiis informa-
tion: The cooperators were the same for both years for the spring wheat
experiments; however, the experimenfsiWéfe planted into different fields
in 1982 and 1983. Therefore, they are referred‘to‘as separate sites.
Soil samples were taken at each site prior to planting. Standard soil
test analysis was conducted on 0-15 cm depth samples, and nitrate-N
analysis on samples takeﬁ to 120 cm depth. Rateg of applied N and P
fertilizers were detgrmined from these soil test results and expected
moisture and yield goals. Four rates of K fertilizer were used, ranéing
from 0 to 100 kg/ha, at all sites except R082 (spring wheat site, Teton
Codnty, 1982), where K rates were increaséd to range between 0 and ;50
kg/ha because the site was irfigated.‘ ’ | |

The field experiments were conducfed using a specially aesigned and
constructed small plot seed/fertilizer dfilll that accurately applies
selected rates of liquid fertilizers and/or anhydrous ammonia. Liquid |
fertilizers can be applied through the anhydrous shanks, with the seéd,
or on the soil surface. ‘

These fertility trials were designed té'compare rate and placement

of X, source of N, and placement of P, using a total of 40 fertilizer




Table 1. Expermental ‘cooperators, and crops and soils 1nformat10n for the field sites.
ACRONYM  COOPERATOR  YEAR COUNTY CROP# . VARIETY LEGAL DESCRIPTION SOIL SERIES* SOIL CLASSIFICATION
R082 R. Ostberg 1982 Teton HRS Wheat  Wampum NWy, SE%, S.26, T22N, RZW Rothiemay clay Rothiemay: fine-loamy, mixed.
loam Aridic Calciboroll.
R083 R. Ostberg 1983 Teton HRS Wheat  Wampum N, SE%, S.26, T22N, R2W same as above same as above
Josz2 J. Olsen 1982 Chouteau “HRS Wheat Marberg Sw4, SE4%, S. 31 T24N, R7E Evanston loam Fine-loamy, mixed. Aridic
Argiboroll
Jos3 J. Olsen 1983- Chouteau HRS Wheat Pondera  SE%, NE%, S.30, T24N, RVE Ethndge silty Fine, montmorillonitic.
clay loam Aridic Argiboroll.
PN82 D. Roehm 1982 Cascade Barley Hector SE%, NE%, S.11, TZ20N, RSE Gerber silty Fine-montmorillonitic.
; ’ ) clay loam Vertic Argiboroll.
PN83 D. Roehm 1983 Cascade Barley Morex SE4%, NE%, S.10, T20N; RSE Gerber silty same as above
. ; clay loam
Vv83 C. VanVost 1983 Lake SWW Wheat Nugaines  NWk, NW%, S.75 TZZN, RZOW Truscreek-Polson Truscreek: fine-silty, mixed,
camplex; silt frigid. Calcic Haploxeroll.
loam Polson: fine-silty, mixed,
frigid. Typic Natrixeroll.
WG83 W. Gorton 1983 Flathead SWW Wheat Luke SWy, SWy%, S.33, T29N R20W Creston silt Coarse-silty, mixed.

loam**

Udic Haploboroll.

#HRS = Hard Red Spring; SWW’
*The soil$ information has not
**Creston silt loam is an inactive soil series name.

= Soft White Winter.

been verified in the field; it was collected from Soil Survey Reports.

The name has probably been changed to reflect reclassification as a Haploxeroll.
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combinations. ’I"he treatments which involved deep pl»acement with the/
anhydrous ammonia were applied first and then at a later time the plots °
were seeded and the remaining fertilizer treatments applied simultane-
ously. Potassium was applied as a KCl liquid suspension, N as either an

ammonium nitrate solution (banded with the seed or on the surface) or

-anhydrous ammonia, and P was supplied by commercial grade phosphoric

acid. The fertilizer combinations were replicated four times at each

site. The grain was harvested using a small plot 'combine‘g and cﬁolléi:téci

" keeping the replications separate. These grain samples were .subjected

to the various quality measurements.

Yield, Test Weight and Protein

Grain -samples were cieaned, weighed, and yields were determined.
Test weights were determined using a torsion balance. Protein analyses
were performed using Near Infrared Spectroscopy. The results from these
analyses are reported in an appropriate section for both barley and
winter wheat. Since test weight and protein analyses are routine in
baking quality determinations, yield for spring wheat is reported and

discussed in the baking quality section. .

Greenhouse Seedling Vigor Experiments

Speed of emergence was determined in gréenhouse experiments for the
érain from each of the sites identified in Table 1. Fifty seeds from . -
each treatment were planted in flats and the number of seedlings that
emerged each day was counted until emergence v;ra,s complet'e; or for six

days. The speed of emergence index was calculated as - according to
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Carleton et al. (1968), as follows:

# normal seedlings day 1

# seedlings nth day
= .

SEI +

When determined in this way, a value of 50 would,represent 100 percent
emergence on the first day, and a value .of zero would represent no emer-
gence. After six weeks growth, the plants were counted, harvested, oven.

dried and weighed, and dry weight per plant was calculated.

Grain Quality Analysis

Grain from only the locations in Teton and‘Chouteau Counties, where
spring wheat was raised, was analyzed for baking and milling quality.
Grain from the other iocations was inappropriate for this type of anaiy—
sis., Eight variables were analyzed (test weight, flour yield, flour
ash, farinograph peak, farinograph sfability, wﬁeét protein, flour
protein, and loaf volume) that relate to milling and/or baking quality.

Test umight\was determined using a tofsion.balance on a dockage;
free sample. All the samples were cleaned with a Carter Dockage Tester.
The original moisture content of the wheat was determined using a
Steinlite Moisture Meter.

The flour was produced using a pneumatic Buhler Mill, AACC Method
26-20 (American Association of Cereal Chemists; 1983)."The samples were
tempered to 16% moisture for spring wheat and 15% ﬁoistgre.for winter
wheat approximately 18-20 hours before milling. Thirt}‘minutes‘before
milling, 0.5% more water was added. " The flour was -éolleéted aﬁd
weighed, as were the bran and ''shorts'; percentages were then calcu-

lated.




15
The protein analyses were performed on a Neaf Infrared Spéctrometer
on the flour sample produced in the milling process and on the ground
wheat sample, AACC method 39-10.

- The dough properties were tested by using a Brabender farisn,ograph,‘ '
AACC method 54-21. Farinograph peak time and stability time were
recorded as measures of douéh strength. Pefcentage ash in the flour was
determined by incinerating an accurately weighed flour sample at 575°C
for 18 hours until a light gray ash was obtained. The ash was weighed
after it had cooled to room temperature.

The experimental baking tésf used was rﬁodified from McNea'i et ai.
(1971): 0.10% malted barley flour was uséd in place of 0.25% diamalt in
the McNeal procedure. Loaf volume was determined using. the rape seed

displacement apparatus, as described in McNeal et al. (1971).

Mineral Analysis

Levels of P, Cai, Mg, K, Fe, Zn, Cu, and Mn were determined. - The
ground grain was dry ashed and the ash digésted with hydrochloric acid.
The P determination was made colorimetrically using a phosphovanadomo-
lybdic complex T(Jackson, 1958). 'The grain ash/HC1l solution was ‘d'iluted
and reacted with a known volume of vanadamolybdic acid. This solution
was ana_tlyzed on a colorimeter at 440 nm. A standard curve was used to
determine the P concentration. A known amount 6f a 1% solution of Sr(Cl
was added to the ash solution that was analyzed for P, which was then

analyzed by atomic absorption spectroscopy for the other elements.
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Statistical Analysis

érain from 16 of thé original 40 treatments uged in thé'fertiiizer'
trials was used as the exﬁerimental material in the current ﬁofk (Table
2). The number of treatments studied was reduced in this way to provide
for manageable sample handling, and for simplified $tatistical analysis.
For a complete listing’ of the fertilizer ‘treatments in the origihal

field experiments, refer to Appendix A.

Table 2. Selected fertilizer treatment combinations.

R0O83 and J083 All Other Locations,

Treatment Ratea Fonﬂb PlacementC Rated Form Placement

No. - K N P K K N -

13 0 AN Band Knif 0 AN Band Surf

14 25 : ¢ 25 | L N

15 50 l L 'l 50 l l, l

16 100 ' - 100 :

21 0 NH3 Band Knif 0 NH3 Band Surf

22 25 : 25 .

23 50 l l l -50 l l l

24 100 " 100

33 0 NH3 Knif Surf . 0 NH3 Knif Surf

34 25 25 ,

35 ' 50 l' l -l 50 Al l l

36 100 \ 100

37 0 NH3 Knif Xnif 0 NH3 Knif Knif

38 25 ‘ 25 . |

39 50 l l l 50 l : l l
100

40 100

®Rates of K are in kg/ha.

bAN = ammonium nitrate; NH3 = anhydrous ammonia.

CBand = banded with the seed; knif = knifed at 15cm depth; surf =
applied in a band on the surface. ‘
tes of K for R082 were 0, 50, 100, and 150.
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Statistical analyses were‘performed using predominantly the aﬁaly—
;is of variance (ANOV)‘.,‘ A1l of the analyseis‘were do_ne using the MSUSTAT
statistical package (Lund, 1978). The treatment tompafisons analyzed
are listed in Table 3. The comparison befween rates of Kwa;s analyzed
as a second factor in each of the comparisons listed in this table. The -
basic forms of the ANOV for these comparisons are presented in Table 4 '
for individual locations ‘apd in Table 5 for anélysis over all locations.

Although the basic form of the analysis of variance is the same for

~ these comparisons, the number of degrees of freedom is reduced in the

analys(is- of the bgking data), és seen 1n Tables 4 and 5, due to two
factors: (1) all of the locations- were not included in the determina-
tion of milling and baking 'quality, and (Z) the replications had to be
combined in order to have large enough samples from all of the treat-
ments for the milling process, thus reducing the mumber of- ‘repiications

in the milling/baking quality tests to two.’

TTable 3. Main treatment comparisons.

Treatment Numbers Used

Desired -
Comparison . R083 and J083 All Other Locations
AN : 13 - 16 13 - 16

Vs. - .

N, 21 - 24 21 - 24

P Banded : 21 - 24 21 = 24

Vs, : N ‘ :

P Knifed 37 - 400 33 - 36

K Surface - 33 - 36 33 - 36

VS. '

K Knifed 37 - 40 ' 37 = 40
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Basic form of the analysis of variahce and degrees of freedom,

Table 4.
for analysis of data averaged over repllcatlons usmg loca-
tlons as blocks. ' .
Degrees of Ereedorﬁ
Milling and Vigor and
Baking Quality . Mineral Analysis
Blocks 3 7
Main Comparison 1 1
Rate of K 3 3
Interaction 3 3
Residual ‘ 21 49
/
Table 5. Basic form of the analysis of variance and degrees of freedom,

for analysis on a single location, using replications as
blocks. .

| Degrees of Freedom

Milling and Vigor and
Baking Quality Mineral Analysis
Blocks 1 . 3
Main Comparison 1 - 1
Rate of X 3 - 3
Interaction 3 L .3

Residual - ] 7 21
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RESULTS AND DISCUSSION

Introduction

The results from the field experiments and laboratory determina-
tions are divided into sections according to ‘the type of grain. W Within
these sections the soil and climatic data are presented, followed by the
results of the various analyses. These results vary considerably in
many cases between the two years, even where ‘the locations were essen-
tially the same. The climatic conditions were “ considerably different
between these two seasons, a factor that could conceivably account for
much of the observed differences in the results from yedr-to-year.

In spite of the variability betwegﬂ local.tions and years, a few
response variables did express significant differences when analyzed
over all sites, as was outlined in Table 4. These variables are given
in Table 6. As might have been expected, the majority of them are grain
quality variables, since only the four spring 'whgat locations were
involved in th65e analyses .v | ‘

The majority of the grain quaiity variabiés in Tabl'e. 6 shoﬁed sig-
nificant differences for only the form-of N cbmparison: “test weight,
grain protein, flour protein, farinograph ;;eak,' and stability. Ammonium
nitrate gave a higher test weight, while anhydrous ammonié produéed
higher proteins and longer farinograph times. Knifing (or deep banding
below the seed) of P produced a higher test weight in spring wheat,

as compared to banding with the seed. Knifing of K gave a higher test
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Table 6. Variables showing significant differences due to treatment
comparlsons when analyzed over 1ocat10ns .

Response Variables ‘ ‘ ‘ Treatment Comparisons
(2) GCrain Quality* AN M, LSD .05
Test weight (1b/bu) 61.09 " 60.29 = '0.28
Grain protein (%) 12.94 14.16 0.37
Flour protein (%) , 11.07 12.57 0.53
Farinograph peak (mln) ' 6.40 8.20 1.20
Farinograph stability (min) 12.30 14.60 2.20
‘ " P band P knif.  LSD .05
Test weight (1b/bu) 60.29 60.88 0.32
- K surf K knif LSD .05
Test weight (1b/bu) . 60.57 61.05 ° 0.28
Flour ash (%) 0.467 0.448 - 0.016
Farlnograph stab111ty (mln) 12.50 - 13.90 - 1.30 .
(b) Seed/Seedling Vigor K surf K knif LSD .05
Dry weight/plant (mg) 0.51 0.54 0.02
(c) Mineral Composition : AN ﬂs_ 'LSD .05
Percent calcium _ 0.019 0.020 0.0007
ppm manganese " 29.70 . 31.60 0.70
Pband . P knif LSD .05
Percent magnesium 0.068 0.070 ‘ 0.0019
Percent phosphorus 0.371 0.382 0.010 -
K surf K knif LSD .05
PPm manganese ' 32.70 31.90 . 0.60

*Analyses from spring wheat locations only.
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weight, a lower percentage of ash in the flour, and a h1gher farinograph
stability time as compared to surface application. The only grain qual-
ity response variable which showed a difference for all three main
comparisons was test weight, and the differences were small.

Of the two variables used to determine seed/seedling rigor, dry
weight per piant was significantly greater when K was knifed (deep
] banaed below the seed) as compared to surface appliéation. |

Concentration of both Ca and Mn in the grain was higher when the
form of N was anhydrous ammonia as compared with ammonium nitrate.
Magnesium and P levels in the grain were both greater when P was knifed
as compared to banded. Finally, the concentration of Mn in the grain

was greater when K was surface applied as compared to knifing.

Hard Red Spring Wheat

Soil Test Results and Climatic Data

Soil test results and climatic data for the four spring wheat sites
are provided in Table 7. As stated previously, the reeults of the soil
tests, along with yield goals based in part on moisture, were used to
determine appropriate rates of the N and P fertilizers. At the i982
Teton County site, R082, 80 kg N/ha (both forms) and .20 kg P/ha (either
application) were applied. - At the 1983 Teton County site, R083, 120 kg
N/ha and 20 kg P/ha were applied. At the 1982 Chouteau County site,
Jo82, 120 kg N/ha’ and 20 kg P/ha were ’appli'ed‘,- while at the 1983
Chouteau County site, J083, l(iO kg N/ha and 20 kg P/ha were appiied. At
the 1982 sites, t}ie liquid N solution was banded with the seed, while at

the 1983 sites it was banded on the surface.
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Table 7. Soil test results and climatic data for spring wheat sites.

Location

ROS2  R083  J082  JO83:

(a) Soil Test Results

OO

NO3-N = 0-15cm 6 .6 -- 3
ppm = 15-30 7 T -- 4
P - = 0-15cm | 20 20 14 12’
ppm = 15-30 © 2 2 3 3
K = 0-15cm 360 360 524 7520
ppm = 15-30 191 191 293 285
pH = 0-15cm 7.9 7.9 7.3 7.2
15-30 8.3 8.3 8.1 8.0

EC = 0-15cm 0.9 0.9  0.9. 0.9
mmhos = 15-30 1.1 1.1 0.8 0.7
M = 0-15cm 3.6 - 3.6° 2.4 2.5
5 = 15-30 2.2 2.2 1.8 1.9

(b) Growing Season Precipitation (cm)
April -- 0.64 -- 0.25
May ' ' 6.15  3.20 15.16  4.29
June 8.33 4.93  5.84  8.48
July 2.39  _7.14 _1.55 _9.19
Total 16.87 15.91 22.55  22.21
(c) Monthly Average Temperature (F)

April (max) , ' R 56.0 -- 60.7
(min) _ - 28.4 - 27.0

May  (max) o 63.9 64.8  66.2 70.
(min) 3.1  38.0  38.3. 39.

June (max) 72.4  72.0  78.2  77.7
(min) - 47.2  46.4  48.5  47.8
July (max) 79.1 78.5  83.6 - 83.1
(min) - o 50.3  49.6  50.9  51.0
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The 1982 Teton County sife, R082, was irrigated, and the field was
infected with Take-All (Gaeumannomyces graminis) root rot. This disease
is characteristically "patchy' in the field, giving rise to considerable .
non-uniformity, explaining af leasf in part the high variability at this
site. However, disease ratings were determined at harvest and were
 found to be uninfluenced by‘fertilizer and unrelated to yield. At the
1983 Teton County site, R083, mo irrigation water was applied. Take-All
was still present and the disease ratings showed some sighificaﬁt
differences when analyzed with fertilizer treatment (see Appendlx B).

At both the 1983 Teton and 1983 Chouteau County 51tes, R083 and
J083, respectively, the early part of the season experlenced drought-
like conditions, with heavier-than-normal rains coming later. This

abnormal rainfall distribution had the greatest impact on J083, since at

R083 the soil moisture was limited at seeding. At the 1982 Chouteau -

County site, J082, a large storm in late May d}opped in excéss of 10 cm

of precipitation.

Yield and Grain Quality

Form of nitrogen.

(1) RO082 site: Form of N had a significant effect on five of nine
response variables in spite of the large variability at this site (Table
8). Grain yield with ammonium nitrate was significantly higher than
with anhydrous ammonia. Farinograph peak waé improved with the anhydrous
ammonia form of N as ﬁere both wheat and flour percentage protein. Test
weight was significantly lower with the anhydrous ammonia. Flour percen;

tage ash and farinograph stability time showed significant. differences




Table 8. Yield and grain quality variables for 1982 and 1983 Teton County sites
as affected by form of N and rate of K.

, R082 7
Flour Flour Farin ‘Earin - Test Wheat Flour Loaf
Yield Yield Ash Peak ~ Stab Wt Prot Prot Vol
(kg/ha) (%) (%) (min) (min) (1b/bu) (%) € (cc)
AN 3614 68.9 0.463 5.0 - 8.9 61.31  10.89  0.887  786.
NH3(+) 3174 67.0 0.476 6.1 10.4 60.56  11.73  10.61 774.
" LSD 395% s ns 0.903* ns 0.74% 0.48%% . 0.62%%  ns
0 kg 3266 68.3 0.488 bc 5.2 8.6a 60.62 11.25 10.05 774.
50 3524 69.5 0.500 ¢ 5.6 . 8.9ab  61.03 11.20 10.15 787.
- 100 3268 67.0 0.465 b 6.0 12.3 b  60.85 . 11.45 10.45 787.
| 150 3517 67.1 0.425a 5.5  8.8ab  61.25 11.32 10.35 772.
‘ LSD ns ns 0.0260%* ns -~ 3.66%% ns s -ns ' 1is
1 ______________.__....__—__,____....___'________________-,_.‘.,_______“-,-,_——_-_,_—--—_—__-—___--_,-—--——__: _______
| * = significant at P < 0.10

#% = significant at P < 0.05
ns = not significant"

# = ammonium nitrate (AN)

+ =

anhydrous ammonia (NHS)

124




Table 8--Continued

R083
Flour Flour Farin Farin Test Wheat Flour Loaf
Yield Yield . Ash Pegk Stgb Wt Prot Prot Vol
(kg/ha) % (%) (min) (min) (1b/bu) (%) (%) (cc)
AN(#) 2896 67.5 0.476 8.2 14.6 60.29 . 13.94 11.65 807.
NH3(+) 2881 “67.9 0.435 7.5 12.3 60.06  14.41  12.25 795.
LSD ns ns 0.0407%* ns ns ns 0.26%% ns ns
0 kg 2598 67.4 0.453 7.7 15.6 60.17 14.13 12.10 832. b
25 3110 68.1 0.467 7.3 12.0 60.27 -14,22 11.38 771.a
50 . 2876 67.9 0.467 8.1 13.5 . 60.18 14.13 12.12 . 787.ab
100 2970 : 67.4 0.435 8.1 12.5 60.08. 14.23 12.20 816.ab
LSD ns ns ns ns ns ns ns ns 54 ,0%
* = significant at P < 0.10
*% = significant at P < 0.05
ns = not significant
# = ammonium nitrate (AN)
+ = anhydrous ammonia (NHS)

LY
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due to form of N was not significant, an interaction occurred between
form of N and rate of K for this variable (Figure 1). ‘

(2) RO83 site: Grain yield followed the trend set in'1982 (R082
above); however, the difference was not significant. This is probably
due at least in part to the fact that respc;nses to fertilization overall
were not as dramatic in 1983 as a result of the abﬁormal rainfall dis-
tribution discussed earlier. Wheat percentage protein was significantly
higher when anhydrous ammonia was the form of N, and flour percentage
ash was lower. Loaf volume was significantly affected by rate of K. A
significant interaction was found for wheat pfotein between form of N
and rate of K (Figure 2).l The ammonium nitrate ‘treatment prociuced a
lower percenfage protein, which then incxjeés’ed with added K. This
interaction is consistent with the finding of Rufty (‘1952), that NH,

inhibits uptake of NO and that K reduced the inhibition. .

25
(3) J082 site: Grain yields at this site were dramatically‘ in-
creased through the use of fertilizer. waever, there was no significant
yield difference due to form of N applied ('i"able 9), although results do
follow.the trend of higher yield with ammonium nitrate as compared to
anhydrous. “Seven of eight of the quality response variables were-
affected by form of N. Anhydrous ammonia produced sigﬂificantly higher'
levels of wheat and flouf protein. Accordingly, the. farinograph peak
and stability times and loaf volume were”'also improved when anhydrous a
anmonia was the form of N. In contrast to the result at R083, percent-
age ash was higher when anhydrous.ammonia was the form of N. - iTest

weight was significantly lower with anhydrous ammonia, as opposed to .

ammonium nitrate, in agreement with the result from RO82. - Grain yield
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Rate of K, kg/ha

Figure 1. Interaction on percent ash in flour at R082 between
form of N and rate of K treatments.
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14 8r
0 14.0
Rate of K, kg/ha
Figure 2. Interaction on wheat percent protein at R083 between

form of N and rate of K treatments.



Table 9. Yield and grain quality.variables for 1982 and 1983

sites as affected by form of N and rate of K.

Chouteau County

*= 3 L R
7] *
1l 1l W #

+
1

not significant
ammonium nitrate (AN)
= anhydrous ammonia (NH

= significant at P < 0.10
significant at P < 0.05

3)

- J082 ) : ]

Flour  Flour Farin Farin Test Wheat Flour Loaf

. Yield Yield Ash Peqk Stgb - Wt Prot Prot Vol

"(kg/ha) (%) (%) (min) (min) (1b/bu) (%) (%) " (c9)

At 1976 69.4 0.429 2.5 8.2 11.50 . 61.33 8.562  700.

NH3(+? 1909 69.5 ~  0.455 8.3 ' 16.0 13.61  60.52  11.76 846.
LSO~ .ns ns 0.0113%%  1.021%%  4.247%%  0.93%%  (,34%%  (,506%% - 4], 1#%
0kg  1898a  69.8 0.448ab 5.7 13.6 12.55°  60.62a  10.55 b 813, b
25 2031 b 69.5 0.450 b 5.6. 11.1 12.65  61.00 b 10.25 ab  768.ab
50 .1921ab  69.1 0.435a 5.2 12.4 12.35  61.00b  9.825a - 756.ab
100 - 19192  69.4  0.435a 5.0 113 12.67 - 61.08 b * 10.02 ab 755.a
LSD 110 ns 0.0128%* - ns ns ns 0.38%  0.675%  58.2%%

6¢




Table 9--Continued

o Jo082 , o B
Flour Flour Farin Farin Test Wheat Flour Loaf
Yield Yield Ash Peak. Stab Wt Prot Prot Vol
(kg/ha) (%) (% (min) (min) (1b/bu) (%) - (%) (cc)
) 1299 62.1 0.534 9.8 17.3 - 15.45  61.44- 14,20 954,
NH, ™) 1134 635 0.549 10.9 19.7 16.87  60.01  15.66 967.
LSD . 140%* " ns ns ns ns ©0.85%*  0.52%%  1.14%  ps
0 kg ‘ 1171 63.2 0.613 b 9.3 18.9 16.40 60.42 14.85 952.
25 1298 63.6 0.560ab 10.7 ©18.1 16.05 * -60.58 15.35 948,
50 1201 _‘ 62.5 0.502a 10.9 18.5 16.20 60.93 14.67 954,
100 1195 61.7 0.490a 10.4 18.4 16.00 60.97 14.85 988.
LSD ns ns 7 0.1074% ns ns ns ns né ) ns
* = significant at P < 0,10

R&

ns

£
1

+
i}

not significant

significant at P < 0.05

ammonium nitrate (AN) -
anhydrous ammonia (NH3)

0g
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at this site showed significant differences due to the rate‘of K. The
yield was highest with the first increﬁent of added K, a trend which
also applied at the other spring wheat sites when yield as affected by
rate of K is analyzed as the second factor with form of N, although the
differences were not significant.  Four of the quality response
.variables were affectéd. by rate of K, flour ash had the greatest
response with the 25 kg/ha addition, both flour prdﬁein and loaf volume
were greatest with no added K, while'test.weight was lowest. Another
significant interaction occurred between form of N énd rate of K for
flour percentage ash (Figure 3), although the nature of the‘interactioﬁs
seems to be different (Figures 1 and 3).

(4) J083 site: Grain yields were quite low at this site, due in
part to low rainfall amount and poor distribution, and limited stored
moisture at seeding. However, yield was again greater with the ammonium
nitrate form of N. Wheat and flour protein, and test weight were the
only quallty response variables to show 51gn1f1cant differences due to
" form of N. The protein levels were hlgher, while test weight was lower
when the form of N was anhydrous ammonia, in agreement with results from
other sites. The only variable which showed significant differences due
to rate of K was flour percentage ash. A significant interaction Was
found for test weight between form of N and rate of K (Figure 4);

The apparent superiority for yield of ammonium nitrate as a source
of N is difficult to explain. Several authors (Leikam et al., 1983;
Cochran et al., i978; Reinertsen et al., 1984) have reported that kpif—
ing anhydrous ammonia was superior to other forms of N. However,

Warncke and Barber (1973) reported that corn seedlings- appearéd to
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Rate of K, kg/ha

Figure 3. Interaction on percent ash in flour at J082 between
form of N and rate of K treatments.
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Rate of K, Kkg/ha

Figure 4. Interaction on test weight at J083 between form
of N and rate of K treatments.
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prefer a balance of ammonium and nitrate ions, when 'évailable. There—‘
fore, the apparent superiority of ammonium nitrate may be a result of
the presence of both forms of N, as compared to only ammonium, at least
during the early part of the growing season.

Overall, protein in the flour and wheat was consi's‘tently greater
with the anhydroué ammonia, while test weight was lo;ver. In general,
farinograph times are longer for flour milled from the wheat produced on
the anhydrous. When rate of K is the second factof in the form ‘of N
comparison, flour percentage ash is consistently lower with the ‘le‘nrger

rates of K application.

x

Placement of phosphorus.

(1) RO82 site: Grain yield was increased significantly when P was
-knifedl(Table 10). Flour -protein and farinograph stability time were
significantly greater when P was banded with the s.eed,' as compared to
knifing. In contrast, loaf volume was improved when P was kniféd.
Flour yield and test weight were b.oth significantly greater when P was
knifed. Flour yield, farinograph stability and flogr' protein showed
significant differences due to rate of K analyzed as the second factor.
However, the increases and/or decreases of a variable(s) did not occur
consistently for the same rate(s) of K. Significant interaction was ob-
served for flour yield between placement of P and rate of X (Figure 5).

(2) R083 site: Although grain yield response to fertilizef was
limited at this site, due to climatic conditions previou;ly_ discussed,
grain yield was significantly higher when P was knifed as c‘:ompéi‘gd to

banded. Flour protein content was greater when P was knifed, in contrast




Table 10. Yield and grain qualitf variables for 1982 and 1983 Teton County
: sites as affected by placement of P and rate of K.

, R082 «
Flour Flour Farin Farin Test .  Wheat Flour " Loaf
Yield = Yield Ash Peak Stab Wt Prot Prot Vol
(kg/ha) (%) %) (min) (min) (1b/bu) (%) (%) (cc)
pband (") 3174 67.0 0.476 6.1 10.4 60.56  11.73  10.61 -  774.
pnif) 4086 - - 70.1 0.503 5.7 - 8.7 - 61.87.  11.57  '10.39 797.
1LSD 504%% 0.62%% 0.0244% ns " . 1.455% 0.87%%* ns 0.22% 22.6%
0 kg 3560 69.3 b - 0.487 6.0 8.5a  61.10  11.55  10.25a  778.
50 3765 67.8a 0.497 5.6 9.5ab 61.33 11.65 10.52ab 802.
100 3444 68.5ab 0.500 6.3 11.3 b 61.20 11.70 10.57ab 792.
%50 3750 68f5ab 0.472 5.5 8.7ab 61f25 11.70 10.65 b 771.
‘ ILSD ns 0.88%% ns - ns 2.569%% ns ns 0,38%* ns

significant at P < 0.10

.
#* = significant at P < 0.05
ns = not significart

# = banded with the seed

+ =

knifed at 15 cm depth

qe




Table 10--Continued

RO83
: - Flour Flour Farin Farin . Test Wheat Flour Loaf
Yield Yield Ash Pegk Stgb Wt Prot Prot Vol .
(kg/ha) (%) (%) (min) (min) (1b/bu) (%) (%) (cc)
pband") 2881 67.9 0.435 = 7.4 12.3 14.41  60.06  12.25 795.
pknif(Y) 3880 . 68.0 0.422 8.5 13.1 14.23  60.62  12.73 832.
LSD - 485%% ns ns ns ns ns . ns 0.46% 34,3%%
0kg 3174 68.3 0.420 6.9 12.7 14.40  60.40  12.75b  812.
25 3277 68.1 0.447 7.9 13.1 14.42  60.45  12.08a  804.
50 3246 67.8 0.420 8.4 12.9 14.25 - 60.20  12.80 b  812.
100 - 3666 67.5 0.427 8.6 12.0 14.20.  60.33  12.32ab  827..
LSD ’ﬁs ns ns - ns ﬁs ns’ ns 0.65% ° ns
® =

significant at P < 0.10

*% = significant at P < 0.05
ns = not significant

# = banded with the seed

+ = knifed at 15 cm depth

9¢
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Pband
Pknif
Rate of
Figure 5. Interaction of flour percent yield at R082 between

placement of P and rate of K treatments.
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to results from R082. Loaf volume was also greater when P was knifed.
Flour protein showed significant differences due to fate of K, but the
iﬂteraction was not significant.

(3) J082 site: Knifing of P produced higher grain yield as
compared to banding with the seed (Table 11). Bofh flour yield and loaf
volume were greater when P was knifed, with agrees with the results at
R082. Flour percentage asﬁ was lower when P was knifed.“ Five of eight
grain quality response variables (flour yield, flour ash, farinograph
peak and stability, and loaf volume) showed - significant differences due
to rate of K. However, the effects are not cohsistént from variable to
variable. Interactions between placement of P and rate.of K (Figures 6
and 7) were significant for flour ash and farinograph peak.

(4) J083 sigb: Flour yield, flour ash' and loaf volume all were
greater when P was banded with thé-seed as compared to knifed. Test
Weight was less when the P was banded. Rate of K had'é significant
positive effect on loaf volume, for which a significant interaction
between placement of P and rate of K was- observed (Figure 8).

In summary, the importaﬁce for grain yield of placing P in a posi-
tion which allows greater availability to the growing plant is supported
by these data. Although protein usually deéreaSes as yield increases,
both yield and protein were.incregsed at 5082 with knifed P,

The results between these locations do not provide consistent
evidence for the supefiority for baking quality of knifing P. Also,
responses to rate of K weren't consistent: increases and/or decreases

in the variables measured, though significant, did not -occur on a




knifed at 15 cm depth -

Table 11. Yield and grain quality variables for 1982 and 1983 Chouteau County
sites as affected by placement of P and rate of K.
) ) _J082 4 _ 7
Flour Flour Farin Farin Test Wheat Flour Loaf
Yield Yield Ash Pegk Stgb ) Wt Prot Prot Vol
_(kg/ha) (%) (%) (min) (min) (Ib/bu) (% (%) (cc)
pband ) 1909 69.5 0.455 8.3 16.0 13.61  60.52  11.76 846.
Pknif(+) 2212 71.1 0.438 8.2 14.4 14.25 60,39 11.57 804,
LSD 112%* 0.48%*  (,0089%*  ns ns ns - ns ns 40.4%%
0 kg 1989 70.8 b 0.453 bec 7.5a " 14.0a 13.65 60.27 11.77 855. b
25 2104  70.4ab  0.455 ¢  8.0ab  14.1a  14.15  60.45  11.82.  835.ab
50 2049 70.3ab Q.440ab 8.5ab ) 18.4 b 13.85 60.80 11.40 801.a
100 . 2099 69.8a 0.437a 9.1b 14.2a 14.07 60.30 11.67 810.ab
LSD ns - 0.69%%  0.0126%%  1.610%%  3.86%  ns ns ns 45.8%
* o= siénifiéant at P < 0.10
#% = significant at P < 0.05
ns = hot significant .
# = banded with the seed
+ =




Table 11--Continued

banded with the seed

knifed at 15 cm depth

B J082
Flour Flour - Farin Farin Test Wheat Flour Loaf
Yield . Yield Ash Pez?.k Stz_a.b, Wt Prot Prot Vol
(kg/ha) (% (%) (min) (min) (1b/bu) (% % (co)
pband (") 1134 63.5 0.549 10.8 19.6 16.87  60.01  15.66 966.
Pknif(+) 1101 60.3 0.479 10.1 18.5 16.85 60.74 15.60 951.
LSD ns 2.57%%  0,0647%%  ns ns ns 0.61*  ns 13.9%
0 kg 1041 62.1. 0.547 9.6 19.0 17.37 60.15 15.65 %1.a
25 1163 62.9 0.515 10.4 16.6 - 16.48 60.40 15.68 931.a
50 1097 61.9 0.490 10.8 18.5 16.50 -60.65 15._45,_ 962. b
100 1167 '60.6  0.502 11.2 22.2 17.10  60.30  15.75  1001. c
LSD ns. ns ns ‘ns ns ns ns ns 19.6%*
* = gignificant at P < 0.10
*% = gignificant at P < 0.05
ns = not significant

0¥
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Pband

Pknif

Rate of K, kg/ha

Figure 6. Interaction on flour ash at J082 between placement
of P and rate of K treatments.
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c
@ Pband
LL
Pknif
Rate of
Figure 7. Interaction on farinograph peak at J082 between

placement of P and rate of K treatments.
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920 ! 1

25 50
Rate of K, kg/ha

100

Figure 8. Interaction on loaf volume at J083 between placement
of P and rate of K treatments.
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consistent basis at a given rate(s) of K, when rate of K was analyzed as

the second factor statistically in the placement of P comparison.

Placement of Potassium.

(1) RO082 site: Surface placement’ of K, as compared to knifing,
produced greater percentage protein in both the wheat and fiour (Table
12). Accordingly, the farinograph peak time was greater with surface -
application. However, in a reversal, the farinograph stability was over .
a minute longer for the samples receiving knifed K rather than banded.
Flour percentage ash was greater when K was surface a.ppl'ied. Four
variables showed éignifiéant differences for the rate of K c;onlpérison:
wheat and flour protein, farinograph stability, and flour yield. Of
these, the first three mentioned showed improvement upon the addition of
K, although the patterns are not consistent after tﬁe 50 kg/ha addition.-
Flour yield showed significant decrease with the 50 kg/ha. adciitioh of K.
Two significant interactions occurred between placement and rate of K
(Figures 9 and 10). )

(2) RO083 site: Knifed application of K at this site was superior
to banded 'for both flour protein and farinograph ﬁeak. This trend is
also obsex"ved“ for wheat protein, test weight, loaf volume, and stabil- .
ity, although the 'differences were mnot significant. . Rates of K
significantly affected flour pro£ein and loéf volumé.

(3) J082 site: Flour yield and loaf volume both were increaséd
significantly when X was knifed (Table 13). Rate of K affected both
flour yield and\ flour percentage ash. The effects were consistent,
showing a decline with the first increment, then increasing with greater

rates.




'Table 12. Yiel& and grain quality variables for 1982 and 1983 Teton County

sites as affected by placement and rate of K.

RO82

Flour Flourr Farin Farin Tesf Wheat Flour Loaf

Yield Yield Ash Peak —Stgb Wt Prot = Prot Vol

(kg/ha) (%) (%). (min) (min) (1b/bu) (%) “(%) (co)

ksurf() 4086 70.0 0.503 5.7 8.7 61.87  11.57 " 10.39 797.

it 3013 69.5 0.451 ~ 5.1 9.7  61.76 ° 11.31  10.17 781.
LSD ns  ° s 0.0358%%  0.505%%  0.770% ns 0.17%%  0.18%%  ps

0 kg 4095 70.8 b 0.492 5.4 7.8a  61.85  11.30a  10.07a  771.

50 " 3069 68.92  0.470 5.2 9.2b  61.48  11.57b 10.45b  790.

100 3905 69.8ab  0.477 5.6 10.4b  62.00 - 11.47ab- 10.22ab  798.

150 4028 69.8ab  0.467 - 5.2 9.4 b  61.95  11.42ab 10.37 b  79.
LSD ns 0.99%% ns ns 1.089% ns 0.25%% 0.26%=% ns

* = significant at P < 0.10
*% = significant at P < 0.05

ns = not significant ’
# = applied in a band on the soil surface
+ =

knifed at 15 cm depth

Sy




Table 12--Continued

| RO83 | ‘
Flour Flour Farin Farin = Test Wheat Flour Loaf
Yield Yield Ash Peak Stab wt Prot Prot Vol
(kg/ha) . (%) (%) (min) (min)~ (1b/bu) (%) (%) (cc)
| ksurf() 3381 68.1 0.408 6.9 11.5 13.99  59.95  12.18 812.
| kit 3800 68.0 0.422 8.5 13.1 - 14.23  60.62  12.73 832.
LSD ns ns ns 1.141%% ns ns ns 0.40%%  ns
0 kg 3562 6874 0.410 7.5 1.3 14.35  60.27  12.85b  802.a
25 3600 -67.9 0.422 8.5 12.6 14.07 60.08 12.15a 821.ab
50 4 3398 67.9 0.410 7.2 12.9 - 13.92 ‘60.15 12.95 b 832.ab
100 3803  68.0  0.420 7.6 12.3° - 14.07  60.65  11.85a  835. b
" 1SD . ns ns ns ns ns ns ns 0.57#% _ 32.g%
* = significant at P < 0.10
*% = gignificant at P < 0.05
ns = not significant
# = applied in a band on the soil surface
+ = knifed at 15 cm depth

o




Figure 9.

Ksurf

Kknif ——

Rate of K, kg/ha

Interaction on flour yield at R082
between placement and rate of K
treatments.

Ksurf

Kknif — —

0 50 100 150
Rate of K, kg/ha

Figure 10. |Interaction on farinograph peak at
R0O82 between placement and rate of
K treatments.



Table 13. Yield and grain quality variables for 1982 and 1983 Chouteau County
sites as affected by placement and rate of K.

_ J082 ‘
) Flour Flour Farin Farin Test Wheat Flour Loaf
Yield Yield Ash Peak Stab Wt " Prot Prot Vol
(kg/ha) (%) G C(min)  (min)  (b/bw (%) ) (cc)
ksure() 2212 711 0.437 8.2 14.3  14.25  60.39  11.57 804,
Kknif(Y 2104 70.5 0.437 8.7 14.0 13.97  61.09 11.29 “855.
LSD - ns 0.53*% s ns ns ns ns ns 29 2%
0 kg 2041 - 71.1b  0.435ab - 7.6 12.6 14.02  60.65 11.52 830.
25 2271 70.3a  0.432a - 8.0 12.3 14.20  60.80 11.28 840.
50 2191 71.1b  0.440ab 8.8 17.6 14.13 60.93  11.32 822.
100° 2129 70.6ab  0.443 b .. 9.5 14.2 14.10 60.58 11.60 826,
LSD ns 0.60%#  0.0083% . ns ns ns ns ns ns
% = significant at P < 0.10

significant at P < 0.05

not significant

applied in a band on the soil surface
knifed at 15 cm depth

8y




Table 13--Continued

J082.
Flour Flour Farin Farin Test Wheat Flour Loaf
Yield Yield Ash Pegk Stqb Wt Prot Prot Vol
(kg/ha) (%) (%) (min) (min) (1b/bu) (%) . (%) (cc)
ksurf() 899 60.8 0.520 9.2 15.4 17.05  60.16  16.18 954,
it (D 1101 60.3  -0.478 10.1 18.5 16.85  60.74  15.60 951.
1LSD 89** ns 0.0358% ns ns ns ns ns ns
0 kg 982 61.4 0.515 10.4 18.0 17.05 60.75 15.93 957.
25 1024 60.4 . 0.482° 9.8 15.3 16.40 60.48.  15.55 937.-
50 T 962 60.4 0.497 9.3 16.9 . 16:95 60.33 15.97 941,
100 1031 60.0 - 0.502 9.2 '17.5 17.40 60.25 16.10° 975.
LSD - ns’ 'ns ns ns ‘ns ns ns ns ns
* = gignificant at P < 0.10
%% = significant at P < 0.05
ns = not significént
# = applied in a band on the soil surface
+ = knifed at 15 cm depth

69
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(4) J083 site: Grain yield was higher when K was knifed as com--
pared to surface application. Flour‘peréentage,ash was the only quality
parameter at this éiﬁe for which a sigﬁificant effect was observed for
placement of K. The flour ash was higher when K was surface é@plied, as
compared to knifed. There was no response at this site to rate of K.

To summurrize,‘ few responses were observed at these sites to K
fertilizer management, with the exception of R082. Protein in the flour
and grain was generally greater when K was ;urface applied, althoughxall
differences were not significant. Test h@ight was genefally‘ greater
when K was knifed. It would apﬁear that especially'hunder dréught
conditions (1983 1ocatioﬁs), knifed K produced longer farinogféph times,

indicating greatef dough strength, although the differences were small.

Seed and Seedling Vigor

Form of nitrogen. Speed of emergence index at the RO083 site

'r;sponded to rate of K with the greatest Vigor at the highest rate of X
(Table 14). There weré no sigﬂificant &ifferencés dué to form of”N at
this site. At the J082 site the highest speed‘of emergence index occur-
red at the 50 kg/ha rate of K. Form of N‘did not produce an effect oh
either variable at this site. A sigﬁificant interaction occurred for
speed of emergence index between form of N and rate of K (Figure -11).
‘Speed of emergence index at the J083 site was significantly .greater when
anhydrous ammonia was the form of N. Rate of K also affectea speed of
emergence indéx at this sife, with the greatest vigor ‘at 0 kg/ha.‘

Figure 12 shows the significant interaction between form of N and rate

of K for speed of emergence index.
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Table 14. Seed vigor variables for spring wheat sites as affected by
form of N and rate of K. .
rogz (") R083
-~ D wt/ D wt/
Plant : Plant
Fertilizer SEI . (mg)- SEI (mg)
AN(E%) | 26.59 " 0.49 19.37 0.74
NH; 26.13. 0.45 17.78 . 0.74
LSD ns ns ns ns
0 kg K 28.04 . 0.48 18.63ab 0.70
25 © 25.30 0.44 16.87a "~ 0.78
50 26.26 0.46 17.94ab 0.72
100 25.85 0.49 20.87 b 0.75
LSD ns ns 3.31%% ns
J082 J083
D wt/ D Wt/
, ' Plant - Plant
Fertilizer SEI (mg) SEI - : (mg)
AN(E%) 29.89 0.51 14.85 0.62
NH; 27.82 0.50 18.59 0.64
LSD ns ‘ ns 3,28% ns
0 kg K 25.06a 0.49 18.71 b 0.66
25 28.71ab 0.51 16.56ab 0.63
50 32.68 b 0.52 13.80a 0.61
100 28.96ab 0.52- 17.82ab 0.62
LSD 4.71%% ns 4.64% . ns
# = significant at P < 0.10 -
*% = significant at P < 0.05
ns = not significant .
# = Rates of K for R082 were 0, 50, 100, and 150 kg/ha.
+ = ammonium nitrate- (AN)
@ = anhydrous ammonia (NHS)
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Rate of K, Kkg/ha

Figure 11. Interaction on speed of emergence index at J082
between form of N and rate of K treatments.
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Rate of K, Kkg/ha

Figure 12. Interaction on speed of emergence index at J083
between form of N and rate of K treatments.



54

Placement of phosphorus.

(1) RO082 site: Although there were no responses of seedling vigor
to placement of P at this site, speed of emergence ipdex‘was greatest
for the grain frém this site dat the two lowest rates_éf K application.
(Table 15).

(2) RO083 'site: Dry weight per planf showed significant differ-
ences due to rate of K. However, this response is not consistent with
the response,at R082. | | f

(3 J082 site: A sigqificant increase occurred in dry weight ﬁer
plant due to knifing of P at this‘sité. It was also the onl? site for
which. percentage: profein significantly responded to placement of’ P
(compare Table 9). Both percenfage protein and dry weight per plant
were greater when P was knifed as compared to banded with the seed.
This agrees with findings in thé literature that grain protein'and vigor
are positively correlated (Ayres et al., 1976§ Schweizer and Ries,
1969). Both seed vigor variables at this site responded positively to
rate of~K'application. As before, these responses bear little resemb-
lance to others observed. Sigﬁificanf interaction occurred on épeed of
emergence index between placement of‘P ;nd rate of K (Figure 13). H

(4) J083 site: There were no significant responses at this site
to either of these comparisons. Significant interactioﬁ occurred
between placement of P and rate of K 'for ] speed of emergence index

(Figure 14).

Placement of potassium. . There were no significant Tesponses at the’

spring wheat sites to placement of K (Table 16). Although three of the
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Seed vigor variables for spring wheat sites as affected by

Table 15.
placement of P and rate of K.
rog2 (") RO83
D Wt/ . D Wt/
) ‘ Plant Plant
Fertilizer SEI (mg) - SEI (mg)
Pband%é% 26.13 0.45 17.78 0.74
Pknif 27.09 0.43 ©19.13 0.79
LSD ns ns ns ns
0 kg K 28.38 b 0.46 20.10 0.71a
25 28.05 b 0.42 17.79 0.84 b
50 25.59%ab 0.45 18.45 0.71a
100 24 .42a 0.44 17.47 0.80ab
LSD 3.57% ns ns 0.1166%%
J082 7 J083
D wt/ D Wt/
Plant Plant
Fertilizer SEI - (mg) SEI (mg)
Pbandg'é% 27.82 0.50 18.59 0.64
Pknif 28.04 0.60 17.23 0.68
LSD ns 0.0631#* ns ns
0 kg K . 24.15a 0.54ab 17.94 0.62
25 30.66 b 0.61 b 16.93 0.67
50 28.65ab . 0.53ab 19.88 0.68
100 28.27ab 0.52a 16.89 0.67
1SD 5. 04% 0.0738% ns - ns
*# = significant at P < 0.10
%% = significant at P < 0.05
ns = not significant . .
# = Rates of K for RO82 were 0, 50, 100 and 150 kg/ha
+ = banded with the seed
@ = knifed at 15 cm depth
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Pband

Pknif

Figure 13. Interaction on speed of emergency index at J082
between placement of P and rate of K treatments.
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Pband
Pknif
16 -
Rate of
Figure 14. Interaction on speed of emergence index at J083

between placement of P and rate of K treatments.



Table 16.
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Seed vigor variables for spring wheat sites as affected by
placement and rate of K.

RO82(#)

knifed at 15 cm depth

RO83
D Wt/ D Wt/
_ Plant Plant
Fertilizer SEI (mg) SEI (mg)
Ksurfgg% 27.09 0.43 ©19.43 0.78
Kknif 26.94 0.48 19.13 0.79
LSD ns ns ns ns
0 kg K 27.15 0.43 19.57 0.76a
.25 28.95 0.44 18.81 '0.88 b
50 26.06 0.48- 20.57 0.72a
100 25.90 0.46 18.16 0.80ab
LSD ns ns ns 0.1132%%
J082 7 J083
D Wt/ D Wt/
. Plant Plant
Fertilizer SEI (mg) SEI (mg)
Ksurfgg% 28.04 0.59 15.10 0.63
Kknif 28.97 - 0.60 17.23 0.68 .
LSD ns ns ns. . ns
0 kg K 28.27 0.57ab 19.83 b 0.59%
25 30.53 0.62ab 13.44a 0.64ab
50 26.68 0.65D 17.23ab 0.64ab -
100 28.55 0.55a 14.17ab 0.75 b -
LSD ns : 0.0851* 6.27%% 0.1490%%
* = significant at P < 0.10
%% = significant at P < 0.05
ns = not significant
# = Rates of K for R082 were 0, 50, 100, and 150 kg/ha.
+ = gpplied in a band on the soil surface |
@ =
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four sites showed a significant response for one or both of these vari-
ables to rate of K, these effects were not consistent, even within a
site. A significant interaction opcurred at J082 betwéen-placement and

rate of K for dry weight per piant (Figure 15):

Mineral Composition

Form of nitrogen.

(1) R082 site: No significant responses occurred in mineral
content at this site to form of N. However, percentage Mg increased and
contents of Zn, Cu, andlfj‘e decreased significantly with added K “(Table_
17). ' |

(2) R083 site: Potassium and P‘resp‘onded to form of N. For both
of these nutrients, the level was) higher when ammonium nitrate was the
form of N, as compared to anhydrous ammonia. Zinc concentration was
greater in the grain grown using ammonium nitrate. Potassium, Mg, ‘and
Cu were significantly increased by rate of K. ‘

(3) Josz site: Calcium and P in the grain weré signifiéantly
affected by form of N (Table 18). Percentage Ca was greater when
anhydrous ammonia was the form of N, while percentage P was greater when
ammonium nitrate was used. Both Zn and Cu were highér when anhydrous
ammonia was the form of N. Calcium, P, Cu, an Fe responded significantly
to rate of K at this site.

(‘4) J083 site: Calcium, Mg, Mn, and Fe were highercwhen anhydrous
anmioniay was the form of N. ThlS trend applied to every mtrient
measured at this site, although the differences are not all significant.

Six of eight nutrients (K, Ca, Mg, P, Zn, and Mn) showed significant
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Ksurf

Kknif

<D .65

Rate of K

Figure 15. Interaction on dry weight per plant at J082
between placement and rate of K treatments.



Table 17.

Mineral composition of -spring wheat from the 1982 and 1983 Teton County

sites as affected by form of N and rate of K.

.anhydrous ammonia (NHS)

_ R082 _
% 7 ____ppm .
Fertilizer K Ca Mg P Zn Cu- Mn Fe
AN(+) 0.209 0.022 0.060 0.318 20.9 5.1 20.7 39.5
e, ) 0.219 0.025  0.065 0.333 21.2 5.3 213 39.4
. LSD . ns ns ns ns ns . ns ns ns
0 kg K 0.201 0.022 0.058a 0.312 . 22,6 b 5.6 b 20.4 45.2 b
50 . . 0.211 0.022 0.062ab 0.328 20.7ab 5.1ab 21.2 39.1ab
100 0.217 0.024 ~ 0.062ab .0.323 20.0a 5.1ab 20.6 37.3ab
150 0.227 0.024 - 0.067 b 0.339 20.9ab 4,9 21.7 36.3a
LSD ns ns 0.0082% ns 2.50%% 0,610%% ns 8.45%
- % = significant at P < 0,10
#% = gignificant at P < 0.05
ns = not -significant
+ = gmnonium nitrate (AN)

19




Table 17--Continued

R083 -
, % _ ppm___

Fertilizer K Ca~“ Mg P Zn Cu Mn Fe
Nt 0.204 10.024  0.069 0.353 - 20.5 3.9 32.5  53.4
e () 0.195 0.024  0.067 0.336 17.9 4.0 33.8 51.0
LSD 0.0060%* ns ns 0.0145%* 2.47% ns ns ns
0 kg K 0.196ab 0.024  0.066a 0.338  21.4 3.7a 32.0  57.9
25 0.19%a 0.024  0.067ab  0.342 .  18.7 4.0ab 32.5  47.7
50 0.203b . 0.023 . 0.068ab  0.349 18.3 4.2 b 34,0 49.3
100 0.204 b - 0.024  -0.070b  0.349 18.3 4.1ab 34.1  54.0
LSD 0.0085%* ns 0.0038* ns. ns 0.394% ns ns

* = significant at P < 0:10

**% = 'sjgnificant at P'< 0.05

ns = not significant

+ = agmmonium nitrate (AN)

# =

anhydrous ammonia (NHS)




Table 18. Mineral composition of spring wheat from the 1982 and 1983 Chouteau County
sites as affected by form of N and rate of K.

J082__ ]
R v 4 ppm

Fertilizer - K Ca Mg P ~In Cu Mn Fe
a o 0.106 0.010 0.072 0.399 30.3 4. 44.1 52.6
NH3C#) 0.199 0.014  0.072 0.350 35.7 4, 46.6  52.3
LSD ns 0.0023%* s 0.0237%% 2.78%% 0.365%% . - ns ns
0 kg X 0.203 0.010a  0.073 0.383ab 33.2 4.7 b 45.7 58.4 b
50 "0.202 0.011ab 0.074 0.388 b’ 34.2 4.6ab 45.8 §3.1ab
100 0.197 0.014 b 0.071 0.375ab 33.6 4.7 b 45.6  52.9ab
150 0.187 0.011lab 0.681 0.350a "30.9- 4.1a  44.3 45.7a
1LSD ns 0.0032%%* ns 0.0336%% ns 0.517%% ns 11.12%%

# = significant at P < 0.10

*% = gignificant at P < 0.05

ns = not significant

+ = ammonium nitrate (AN)

# =

anhydrous ammonia (NH)

£9




Table 18--Continued

E3

ns = not significant

+
I

il

significant at P < 0.10
significant at P < 0.05

ammonium nitrate (AN)

anhydrous ammonia (NH3)

J083:
. % - - = ppm

Fertilizer K Ca Mg P Zn Cu Mn Fe

Nt 0.183 ° 0.014  0.083 0.495 71.5 4.2 6.0 70.9

e () 0.187 0.016 - 0.088 0.512 75,2 4.6 49.6  79.6

LSD ns .0.0014*  0.0042% ns ns ns 2.27%%  7.26%%

0 kg K 0.192 b 0.014ab 0.087ab  0.516 b 74.1ab 4.9 48.5ab  75.7 _
25 - 0.175a 0.013a ' 0.080a  0.47% 69.8a 4.1 45.7a " 72.4 2
50 0.184ab  0.017 b 0.086ab  0.498ab 76.8b 4.3 47.8ab  80.0
100 0.18 b  0.016ab 0.088b  0.522 b 72.88b 4.3 9.3 b 72.7

LSD 0.0127#%  0.0025%% 0,0073%%  0.0321%* 5.85% ns 3.21  ms

X =
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differences due to rate of K. In each case, the level was lowest with
the 25 kg/ha addition of K. Significant interaction occurred between

form of N and rate of K for Fe (Figure 16).

Placement of phosphorus.

(1) RO82 site: Copper was higher when P was banded with the seed,
as compared to knifed (Table 19). The ofher nutrient concentrations at
this site follow this trend, but the differences were not significant.
Percentage Mg was significantly increased by rate of K.

(2) RO83 site: Percentage of’K and Mg were greatef when P was
épplied‘:hl a band with the seed. Potassium, Mg, P, Cu, Mn, and Fe
responded to rate 6f K at this site. The lowest level for each of these
minerals was with either no K or with the smallest (25 kg/ha) addition.

(3) J082 site: Percentage P, In, and Mn were greater when P was
knifed, as compared to banded (Table 20). Calcium and Cu levels
responded significantly fo rate of K, although the responses were not
similar. Significant inieraction occurred between placement of.P and
rate of K for Fe (Figure 17). |

(4) J083 site: Copper was the only nu£rient at this location
which responded significantly to placement of'P. The level of Cu in the
grain was much higher when P was‘ban&ed; Percentage Ca and P showed
significant response to rate of K, although the responses were not
similar. Figures 18 and 19 shoi theysignificapt intera;?ions between

" placement of P and rate of K for perceﬁtage K and Cu content.




66

Rate of

Figure 16. |Interaction on ppm Fe at J083 between form
of N and rate of K treatments.



Table 19. Mineral composition of spring wheat from the 1982 and 1983 Teton County
sites as affected by placement .of P and rate of K.

R082
- = - - % - : - ppm = = =
Fertilizer X Ca- Mg P Zn Cu Mn ~ Fe
Pband(+) 0.219 0.024 0.065 0.333 21.2 5.3 21.3 39.4
Cpkie() 0.212 0.025  0.065 -  0.330 20.1 4.7 2.2 37.6
LSD- ns - ns ns ns . ns 0.309%% ns ns
0 kg K 0.218 0.024 0.066ab 0.343 . 21.5 5.1 21.2 39.2
50 . 0.213 - 0.023 0.064ab 0.322 20.2 4.9 20.9 40.6
100 0.211 0.024 0.062a 0.322 20.6 5.2 21.4 38.6
150 0.220 A 0.023 0.067 b 0.339 20.3 4.9 21.5 35.7
LSD B ~ns . ns 0.0046%* ° ns ' ns ns ns ns
% = gignificant at P < 0.10
*% = significant at P < 0.05 _
ns = not‘significant
+ = banded with the seed 7

knifed at 15 cm depth

I




Table 19--Continued

ROS3
% , _____ppm _ _

Fertilizer X Ca Mg P Zn Cu Mn Fe
Pband(+)‘ 0.195 0.024 0.067 - 0.336 17.9 4.0 - 33.8 51.0
Pif™)  0.191 0.024  0.064 0.345 17.8 4.1 34.6  45.8
LSD 0.0037% ns 0.0025%%* ns ns ns ns ns
0 kg K 10.188a 0.024  0.064a 0.3292 17.4 3.7a 33.0a  43.7a
25 0.188a 0.023 0.064a 0.328a 17.5 3.8ab 33.2ab 44.4a
50 0.199 b 0.025 '0.067ab '0.372,b 18.0 4,4 b 35.5 b 47;4ab
100 0.198 b 0.024 0.069 b 0.334ab 18.5 4,2ab 35.2ab . 58.4 b
LSD 0.0063%%" -ns 0.0035%* 0.0416% . ns 0,585%% 2.35% 12.78%%

% = gignificant at P < 0.10

%% = gignificant at P < 0.05

ns = not significant

(8

banded with the

seed

Knifed at 15 cm depth. 

89




Table 20. Mineral composition of spring wheat from the 1982 and 1983 Chouteau County
sites as affected by placement of P and rate of K.

, J082 -
‘ y - . v . ppm _
Fertilizer K : Ca Mg - P . In Cu Mn Fe
pband () 0.199° 0.014  0.07L - 0.350 - 35.7 4.8 46.6 52.3
pknif(™ - 0.198 0.0z  0.072 - 0.38 39.9 4.7 51.6 53.6
LSD ns ns - ns 0.0337%. o 2.82%% ns ‘ 3.43%% ns
0 kg K 0.199 0.011a 0.072 " 0.358 3].8 4.8ab 48.7 52.1
25 0.204 0.011a "0.074 0.371 37.9 4,8ab 49.6 - 50.2
50 0.197 0.016 b 0.073 10.389 38.8 4,9 b 49.4 54.7
. 100 ‘ 0.194 0.012ab 0.069 0.348 -36.4 - " 4.2a - - 48,5 54.9
LSD ns . 0.0049%% ns . ns ns 0.557%% ns ns
* = significant at P < 0.10
*% = gignificant at P < 0.05
not significant

-
w
1

banded with the seed
knifed at 15 cm depth




Table 20--Continued

~J083 7
5 ppml i
Fertilizer K Ca Mg P Zn - CQu © Mn Fe
Pband ) 0.187 0.016 0.088 0.512 75.2 4.6 49.6 79.5
plnif () 0.182 0.015  0.088 0.507 73.5 2.9 47.7 72.8
LSD ns . ns. ns ns ‘ ns 0.816** ns ns
0 kg X 0.186 0.014a  0.090 0.523 b 72.1 3.7 47.5 75.1
25 0.179 0.014a  0.085 "0.488a 72.1 3.5 47.6 72.0°
50 0.183 0.017 b 0.087 0.505ab 76.4 . 3.8  48.8 76.6
100 0.188 0.016ab  0.090 0.523 b 76.7 - 3.9 50.6 81.0
1SD ns 0.0025%% "ns 0.0223%% ns ‘ns. ns ns
® =

signifiéant at P < 0.10

®#% = gignificant at P < 0.05

ns

not significant
banded with the seed

# = knifed at 15 cm depth
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Pband

Pknif — —

Rate of K, kg/ha

Figure 17. Interaction on ppm Fe at J082 between placement
of P and rate of K treatments.



Figure 18.

Pband

Pknif - -

Rate of K, kg/ha

Interaction on percent K at J083
between placement of P and rate of
K treatments.

pom  Ow

Figure 19.

Pband
5.0
Pknif-—-———- -
4.0
3.0
0 25 50 100

Rate of K, kg/ha

Interaction on ppm Cu at J083
between placement of P and rate of
K treatments.
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Placement of potassium.

(1) R082 site? All macronutrients analyzed were in significantly
higher concentration when K was knifed as compared to surface'appliéd
(Table 21). Potassium in the grain was signifiégntly affected by rate
of K application, showing fhe highest concentration with the lowest (50
kg K/ha) addition.

(2) RO083.site: Manganese level in the grain was higher when K was
knifed. Phosphorus and Fe were influenced by rate of K, although the
responses were not consistent. Several significant interacfions between
placement‘and rate of K occurréed at this site. Théy were for Ca, Mg;
Zn,'Mn,‘and Fe (Figures 20, 21, 22, 23, and 24,‘respecti§eiy). .

(3) J082 site: No responses occurred at this site to placement of
K (Table 22); Iron in the grain responded, héwéver, to rate of K. Sig;
nificant interaction occurred between placement and.‘rate of K for
percentage K (Figure 25). |

(4) J083 site: Surface application of K had a significant posi-
tive effect on Mn in the grain. This trend applies for the other
micronutrients measured; although the differences are not significant.

No response occurred to rate of K.
Barley

Soil Test Results and €limatic Data

Soil test results and climatic data are presented in Table 23 for
the 1982 and 1983 Cascade County sites (PN82 and PN83). The levels of N

and P fertilizers applied were chosen based in part on the soil test.




Table 21. Mineral composition of spring wheat from the 1982 and 1983 Teton County
sites as affected by placement and rate of K.

ARosz
_ % - - ppm

Fertilizer K Ca Mg P in  CQu Mn Fe

ksurf(Y) 0.212 0.025  0.064 0.330  20.1 4.7 2.2 37.6

kait) 0226 © 0.024  0.068  0.342 21.7 4.8 20,2, 44.9

ISD - 0.0080%%  0.0011%*% 0.0025%  0.0103% ns ns 1is ns .
0kg K 0.221ab 0.024  0.066 £ 0.333 21.5 4.6 . 20.5 36.4
50 0.222b  0.024  0.066 0,341 20.9 4.8 20.4 43.2
" 100 1 0.212a 0.023 - 0.064 0.336 20.3. 4.8 21.1 45.2

150 0.219ab 0.023°  0.067 0.333 21.1 4.8 20.9.  40.3

LSD 0.0094% ns ns ns ns ns ns ns

* = gignificant at P < 0.10

*% = significant at P < 0.05

not significant

= gpplied in a ban& on the soil surface
knifed at'15 cm depth

+ B
(700
I 1]




Table 21--Continued

applied in a band on the soil surface
knifed at 15 cm depth

R083 .
% _ , ___ _ppm

Fertilizer K Ca Mg P Zn Cu Mn Fe |
ksurf) 0.101 0.025  0.064 0.322 18.2 4.0 3.2 48.5
kaif™  0.101 0.024  0.065 . 0.345 17.8 4.0 34.7  45.8
‘LSD _ns ns . ns ‘ns :ns ns 1.27* ns
0 kg K 0.189 0.024 0.064 0.323ab "17.6 4.0 | 33.4 38=3a-.
25 0.194 .0.026 0.066 0.330ab 18.5 3.9 33.7 49.7ab
50 0.195 0.025 0.065 0.364 b 18.2 - ° 4:2 34.4 48.2ab
100 0.186 0.024 0.062 0.317a 17.8 4.1 34.3 52.5 b
LSD ns ns ns ~ 0.0418% ns ns ns . 12.80%%

% = significant at P < 0.10 ’

*% = gignificant at P < 0.05-

ns = not significant

SL
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Ksurf

Kknif w

Rate of K, Kkg/ha

Figure 20. Interaction on percent Ca at R082 between
placement and rate of K treatments.
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Ksurf
Kknif -
Rate of K, kg/ha
Figure 21. Interaction on percent Mg at R083 between

placement and rate of K treatments.
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Ksurf

Kknif

Rate of K, kg/ha

Figure 22. Interaction on ppm Zn at R083 between
placement and rate of K treatments.
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Ksurf

Kknif — —

Rate of K, kg/ha

Figure 23. Interaction on ppm Mn at R0O83 between
placement and rate of K treatments.
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/ Ksurf

Kknif — —

Rate of K, kg/ha

Figure 24. Interaction on ppm Fe at R083 between
placement and rate of K treatments.



Table 22. Mineral composition of spring wheat from the 1982 and 1983 Chouteau County

sites as affected by placement and rate of K.

J082
_ _ k: _ _ ppm .

Fertilizer K Ca Mg P Zn Cu Mn Fe
ksurf() - 0.198 0.012  0.072 0.383 39.8 4.6 51.5 53.6
Kknif(#) 0.200 0.011 0.072 0.369 39.5 4.6 50.8 57.7
1SD ns ns - ns ns ns ns ns ns °
fO kg K ' 0.203 0.011 0.073 0.365 39.5 4.6 50.1 57.7 b
25 0.199 0.010 =~ 0.072 0.373 38.9 4.6 ' 50.7 50.4a
50 0.196 0.012 0.072 0.398; 40.6 4.8 52.2 53.9ab
100 0.199 0.011 A0.07l 0.369 39.6 4,5 51.7 60.6 b
1.SD ns ns ns ns ns ns ns 7.14

* = éignificant at P < 0.10

*% = significant at P < 0.05

ns = not significant '

+ =

applied in a band on the soil surface
knifed at 15 cm depth "

18




Table 22--Continued

E

ns

significant at P < 0.10
significant at P < 0.05

not significant - -

applied in a band on the soil surface
knifed at 15 cm depth

J083
5 ___ppm
Fertilizer K Ca Mg P Zn Cu Mn Fe
Ksurf(+) 0.181 © 0.014 0.088 0.512 75.8 3.1 50.9 75.2
Kinif () 0.182 0.015 . 0.088 0.507 73.5 2.9 47.7 72.8
LSD ns ns ns hs ns ns 2.98% ns
0 kg K 0.183 0.015 0.089 0.515 72.4 2.9 46.7 71.0
25 0.180 0.015 0.087 0.500 75.8 '2.8 49.7 - 72.0
50 '0;179 0.015 - 0,089 - 0.506 71.8 3.2 50.1 76.5
100 0.183 0.015 0.088 0.518 78.5 3.1 50.7 76.4
1.SD ns ns " ns ns - ns ns ns ns
R =
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Ksurf

Kknif

Rate of K, kg/ha

Figure 25. Interaction on percent K at J082 between
placement and rate of K treatments.
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Table 23. Soil test results and climatic data for barley sites.

Location
PN82 ' PN83
(a)‘ Soil Test Results
NO3-N = 0-15cm - .5
ppm .= 15-30 -- 6
P = 0-15cm 22 30
ppm = 15-30 12 10
K = 0-15cm 1363 750
ppm = 15-30 583 - 325
pH = (0-15cm ~ 7.8 7.8
15-30 ' . 7.8 7.8
EC = 0-15cm 0.7 0.7
mmhos = 15-30 0.8 0.8
oM = 0-15cm 2.8 2.9
% = 15-30 2.5 2.4
(b) Gréwing Season Precipitation (cm)
April . | . -- 0.66
May : _ o -9.22 3.40°
June ‘ | . 7.85 7.70
July 1.68 9.60
Total . . 18.75 21.36
(c) Monthly Average Temperatufe (F)
April (max) -- 55.2
(min) -- 28.2
May  (max) . 59.5 63.4
(min) 37.3 38.0
June (max) - ‘ L 716 72.1
(min) i 48.8 48.0
July (max) ‘ 80.7 80.1
. 51.5

(min) 52.8




The rate of N selected for the 1982 site was 180 kg N/ha, based on good
soil moisture and high yield potential, as no anal?sis was performed in
1982, In practice, 216 kg N/ha were applied due to slower tractor
ground speed than intendéd. In 1983, 120 kg N/ha were applied. 1In
1982, the liquid ammoniqm nitrate solution was banded with the seed, and
in 1983 it was banded on the surface, in order to reduce the salt load
near the seed. In 1982, 25 kg P/ha were applied to insure‘adequaté b.
In 1983, 20 kg P/ha were applied.

The rainfall distribution between £he twé years was considerably
different, although the total rainfall was not. Rainfall distribution
" was relatively normal in 1982, with good moisture at seeding. Unfor-
tunately, a hailstorm struck several days before harvest, causing an
estimated 30% loss, and an increase in variability at this site. In
1983, drought-like conditions prevailed early in the season, with
heavier rains coming in Juiy, too late to have sub;tantial impact on
yield. However, the site had good soil moisture at seeding, which

helped to offset the effects of the early dry period.

Yield, Test Weight and Protein

~ Form of nitrogen.

(1) PN82 site: Barley protein content and test weight both
responded significantly to form of N (Table 24). Percentage protein wa§
higher when anhydrous ammonia was ﬁsed, as compared to ammonium nitrate,
while test weight was lower. No response occurred due to rate of K

analyzed as the second factor.




Table 24. Grain yield, test weight, and protein for barley sites as affected by
: form of N and rate of K.

PN82 ' PN83

Grain Test ’ Grain Test
_ Yield- Prot Wt Yield - Prot Wt
Fertilizer (kg/ha) - ®) (lb/bg) (kg/ha) . (%) (1b/bu) .
none (™) . 1325 - 11.70 51.80 1163 10.90 51.60
ant® 2015 . 12.52 52.17 1865 11.28 51.52
NHS(@) 1753 13.42 50.72 2367 11.35 - 51.17
LSD ns : 0.29%% 0.73*%% (274%% ns ns
0kg X -~ 1853 12.90  51.65 1976 11.20 50.90
25 ) 1611 12.95 51.00 2086 11.00 50_.95
50 2047 - 13.05 51.45 2258 - 11.30 51.75
100 2025 " 13.00 51.70 ) 2142 ’ 11.75 51.80
LSD » ns ) ns ns ns ns ns

% = significant at P < 0.10; ** = sign'ificant at P < 0.05; 'ns = not significant
+ = check plots with no fertilization ‘

= ammonium nitrate (AN) -
e = a:phydrous ammonia (NHS)

98
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(2) 'PNSSjsite; Anhydrous ammonia produced a higher yield than did |
ammonium nitrate. Aithough the differences in test weight and protein
are slight, due to form of N, they follow the trends set in 1982. Again,

rate of K as the second factor produced no response.

Placement oflphosphorus.

1) PNSZ site: Both yield and protein content of barley responded
to placement of P fertilizer (Table 25). Yield was higher when P was
knifed, while percentage protein was greater when P was banded with the
seed. There were no responses at this site to rate of K analyzed'as a
seéond factor. |

. (2) DPN83 site: Barley.yield was significantly greater when P was
banded, contrary to the result from«PN82." Test weight was also greater
with P applied ‘in a band with the geed, There were no significant

responses to rate of K.

Placement . of potassium. At the PN83 site, knifed application of K

produced significantly greater percentage protein and test weight in
~barley (Table 26). Barley yield, protein, and test weight did not -

respond to rate of K at either site.

Seedling Vigor

Form of nitrogen. Only dry weight per plant at PN82 responded to

form of N (Table 27). Ammonium nitrate produced a higher dry weight per
plant than &iﬂ énhy&rous ammonia. Seed vigor did not Tespohd to rate of |

K analyzed as a seécond factor in the form of N comparison.




Table 25. Grain yield, test weight, and protein for barley sites as affected by
placement of P and rate of K.

PNSZ , , PN83
_ . Grain Test Grain Test
' Yield Prot Wt Yield - Prot Wt
Fertilizer (kg/ha) (%) - (1b/bu) (kg/ha) (%) (1b/bu)
none ) 1325 11.70 51.80 - 1163 - 10.90° 51.60
.~ Phand () 1753 13.42 50.72 2367 11.35° 51.17
Pnif(®) " 2258 13.18 51.12 2142 11.52 49.83
LSD : 280%* 0.23%% ns 204%% ‘ns 1.07%*
0 kg K. 2111 13.45 51.25 2138 11.75 -50.05
25 . 1832 13.25 1 50.75 2337 11.25 50.70
50 1998 13.25 ©50.50 . 2266 11.20 50.90
100 ' 2081 13.25 51.20 2276 . 11.55  50.35
ISD ns ns ns - ns ns _ns

% = significant at P < 0.10; ** = significant at P < 0.05; =ns = not significant
+ = check plots with no fertilization

# = banded with the seed

@ = knifed at 15 cm depth
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Table 26. Grain yield, test weight, and protein for barley sites as affected by
placement and rate of K.

PN82 _ ' PN83

Grain Test ) Grain Test

Yield . Prot Wt : Yield Prot Wt
Fertilizer (kg/ha) (%) ' (Ib/bu) - (kg/ha) €3] (Ib/bu)
none (™) . 1325 11.70 . . 51.80 1163 10.90 - 5L.60
Ksure ) 2258 13.18 51.12 2142 11.52 . 49.83
Kiknif(®)- 2223 13.12 51,52 . 2597 12.00 51.45.
LSD ns - ns ns. - 201%% ns 0.96%%
0 kg X . 2183 13.20 - 51.70 - 2371 12.10  ~  50.35
25 : 2176 13.25 51.30 2377 11.65 51.30
50 2422 13.20 50.90 . 2395 11.80 50.15
100 2181 12.95 51.40 2333 11.50 50.75
LSD , __ ns ns & ns ns . ns. - . ns

% = significant at P < 0.10; ** = éignificant at P < 0.05; ns = not significant .
= check plots with no fertilization ' \
= gpplied in a band on the soil surface

@ = knifed at 15 cm depth ‘

68
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Table 27. Seed vigor variables for spring barley sites as affected by
form of N and rate of K. ’ ‘

PNg2 PN83
D wt/ D Wt/
Plant Plant
Fertilizer SEI (mg) - SEI o (mg)
) 26.67 0.69 18.49 - 0.54
'NHs(#) . 28.09 0.62 17.08 0,55
LSD _ns 0.0597## . ns ns
0 kg X 28.85 0.67 18.21 0.52
25 27.40 0.63 17.39 0.57
50 - 27.61 0.67 18.76 0.56
100 25.66 0.63 16.77 0.54
. LSD - ns ns . ns ns .
* = significant at P-< 0.10
*% = significant at P < 0.05
ns = not significant
+ = ammonium nitrate (AN)
# =

~anhydrous ammonia (NHS)

Placement of phosphorus. Speed of emergence index or dry weight

.per plant did not respond to placemeﬁt of P at either site (Table 28).

At the 1982 site, however, both variables respbnded to rate of K appli-
¢ation. The pattern of response of the two variables is somewhat simi-
lar, with the highest -vigor observed with no added K and 50 kg K/hé

added. The lowest vigor_occurred at the .25 kg K/ha addition.

Placement of potassium. Seed vigor did not respond to placement

of X, but both résponsé variables at the PN82 site showed significant
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effect due to rate of K (Table 29). However, the response of these

variables did not follow a consistent pattern.

Table 28. Seed vigor variables for spring barley sites as affected by
"placement of P and rate of K.

PN82 PN83
D Wt/ D wt/
. : Plant - Plant
Fertilizer SET © (mg) SEI (mg)
pband () 28.09 0.62 | 17.08 " 0.55
Pknif (") -~ 28.66 0.66 1807 10,50
LSD ns ns . ns - ns
0 kg X 129.93 b 0.68 b 16.20 0.55
25 " 25.56a 0.60a 17.86 0.53
50 29.27ab 0.68 b 17.62 0.47
100 28.69ab 0.6la 18.61 - 0.56
LSD 3.97#* 0.0661% ns ns
% = significant at P < 0.10 -
*% = gignificant at P < 0.05
ns = not significant . !
+ = banded with the seed
# = knifed at 15 cm depth

Mineral Compos itiof_l

Form of nitrogen.

(1) PN82 site: Per,centag‘e' Ca in the barley was "great‘eﬂr when
anhydrous ammonia was the form of N, as compared to ammonium nitrate
(Table 30). Two micronutrients, Zn and Mn ,' were increased by form of N.

Magnesium, Zn, and Fe were affeéted significantly by rate of K and
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showed identical responses. Interactions occurred at this site for In .

and Fe between form of N and rate of K (Eigurés 26 and 27).

Table 29. Seed vigor variables for spring barley sites as affected by
placement of K and rate of K.

PN82 . PN83
D wt/ . ~ D Wt/
’ - Plant . Plant
Fertilizer . SEI (mg) .. SEI . (mg)
ksurs (") - 28.64 0.66. 18.07 - 0.50
kit (") . 27.70 . 0.69 18.15 1 0.52
LSD ns ns ns : ns
0 kg K 30.94 b - 0.69 b 17.42 0.54
25 24.45a 0.65a 18.06 ~0.53
50 . 29.89b 0.72 ¢ 17.26° . 0.44 -
100 27.40ab - 0.64a 19.69 0.54
LSD 4.42%% 0.0090% ns - ns
* = significant at P < 0.10
*% = significant at P < 0.05
ns = not significant '
+ = applied in a band on the soil surface
¥ =

knifed at 15 cm depth

(2) PN83 site: None of the minerals in the grain from this site
were different in concentration due to form of N. Zinc and Fe levels in
the barley were both affected by rate of K. The pattern of each response
was similar. -Significant interactions occurred between form of N and

rate of K for percentage P and Fe (Figurés 28 and 29).




Mineral composition of barley from the 1982 and 1983 Cascade County

Table 30. ]
sites as affected by form of N and rate of K.
PN82
. 3 , - __ppm .
Fertilizer K " Ca Mg P Zn Cu Mn Fe
) 0.243  0.020  0.071 0.388  27.1 0.9 15.9 547
et () 0.250 0.022  0.070 0.384 31.9 1.0 17.3 546
LSD ns - 0.0011** ns = ns 2.98%% ‘1S 0.90*%*  ns
0 kg K 0.247 . - 0.021 0.070ab 0.389 29.1ab 10.7 16.9 54.9ab
25 0.258 0.021 0.074 b 0.399 . 32.9b 11.3 16.6 58.3 b
50 0.238 - 0.020  0.070ab 0.394 ' 28.8ab 10.9 .16.5 - 53.8ab
100 0.243 - 0.020 ° 0.068a 0.383 . - 27.1a 10.8 16.4 51.7a
LSD ns ns 0.0048%* - ns - 4.22%% ns ns 5.58%%
* = significant at P < 0.10

. n ]

significant at P < 0.05

not significant

ammonium nitrate (AN)

anhydrous ammonia (NH3)

£6




Table 30--Continued

anhydrous ammonia (NH3)

, PN83
' 5 , , ppm . ,
Fertilizer . K Ca* Mg - P Zn Cu Mn Fe
AN(+) 0.246 0.026 0.071 0.455 43.5 8.7 18.5 61.6
i, () 0.238 0.026  0.071 0.457 37.2 8.6 19.0 56.7
LSD - ns ns ns ns ns ns ns ns
.0 kg K 0.244 0.026 0.071 0.454 . 34.1a 8.1 17.9 56.2a

25 0.244 0.026 0.073 0.465 41.0ab 9.1 19.3 57.5a
50 0.242 - 0.025 0.071 0.456 48.6 b 9.1 19.00- - 65.1b
100 0.237 0.027 0.070 0.449 . 37.9ab 8.4 18.7 57.9ab
LSD ns ns ‘ns | ns 12,12%% ns ns 7.46%

* = gignificant at P < 0.10

*% = gignificant at P < 0.05

ns = not significant

+ = ammonium nitrate (AN)

6
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Rate of K, kg/ha
Figure 26. Interaction on ppm Zn at PN82 Figure 27. Interaction on ppm Fe at PN82
between form of N and rate of K between foim of N and rate of K

treatments. treatments.



Rate of K, kg/ha

Figure 28. Interaction on percent P at PN83 Figure 29. Interaction on ppm Fe at PN83
between form of N and rate of K between form of N and rate of K

treatments. treatments.
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Placement of phosphorus.

(1) PN82 site: Percentage Mg was the only nutrient affected by
placement of P (Table 31). Magnesium concentration was significantly
greater when P was ‘knifed as ;ompared to banded_ with v;che seed. - Rate of
K produced significant effects on K and Fe in the barley. A pattern of
response with increasing K application was very similar-between these
two nutrients. Significant intefaction occurred between ‘placement of P
and rate of X for ppm Fe (Figure 30).

(2) PN83 site: Knifed application of P increased Ca, Zn, Cu, and
Fe in the barley. Each of thé, other nutrients studied responded the
same, although thé differences were not significan:c. Zinc and Fe were

significantly affected by rate of K.

Placement of potassium.

(1) PN82 sife: Magnesium in barley from this site was higher when
K was -surface applied (Table 32). Rate-of K significantly affected the
K, Cu, énd Fe levels in the grain, The pattern of response was similar
for Cu and Fe. Sigﬂificant ‘interact'ions occurred for K, P, and Fe
between placement and rate of K (Figufes 31, .32, and 33, ‘respectively) .

(2) | PN83 site: Surface application of K produced significanfly
higher 1eveis of Ca and Cu in the barley. Each of the other nutrients
analyzed were similarly 'affected, although the differences were not
significént. Calcium, Zn, and Fe 1eveis in the barley were affected .by

rate of X.




Table 31. Mineral composition of barley from the 1982 and 1983 Cascade County
sites as affected by placement of P and rate of K.

banded with the

seed

knifed at 15 cm depth

PN82 )
: , R ppm
. Fertilizer- K Ca Mg P Zn Cu Mn Fe

Pband(+) 0.250 0.021 0.069 0.384 31.8 11.0 17.3 54.6
plnif(f) "~ 0.253 0.022  -0.074 0.399 34.9 10.5 16.6 57.1
1.SD ‘ - 1ns ns 0.0037%% ns ns ns ns ns
0kg K -  0.252ab 0.022 0.073 0.394 31.5 10.4 - 17.2 49.3a
25 0.260 b 0.022 0.074 0.396 34,1 10.4 16.3 60.9 b
50 - 0.255 b 0.022 0.072 0.394 "36.3 11.2 17.5 65.7 b
10Q 0.240a 0.021 0.070 ©0.382 ‘ 31.7 11.1 16.7 51.6a
LSD 0.0139%% ns ns ns ns ns ns 8.10%%*

* = significant at P < 0.10 -

%% = gignificant at P < 0.05

ns = not significant
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Table 31--Continued

PN83
% ‘ , ppm ,

Fertilizer K Ca Mg P . In Cu Mn Fe
Pband(+) . 0.238 . 0.026 0.071 . 0.457 37.2 8.6 19.0 56.7
paif) 0,257 0.029  0.077 0.484 47.1 10.0.. 20.1  65.1
LSD - ns 0.0029% ns ns . 8.69% 1.447%% ns 6.53%%
0 kg K 0.237 "0.026 0.071 0.452 - 41.9ab 8.6 18.9 56.3a
25 - 0.242 0.027 0.073 0.462 47.7 b 9.6 . 19.8 63.3ab -
50 0.266 0.030  0.079 0.497 46.2 b 9.5 19.5°  65.3 b
100 0.245 0.027 0.073 1 0.472 33.0a 9.7 20.0 59.8ab
LSD ns " s ns - ns 12.20% ns’ ns 7.65%

o*
n

significant at P < 0.10
*% = gjgnificant at P < 0.05

ns = not significant
¢ banded with the seed .

knifed at 15 cm depth

+
i
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Pband

Rate of K, kg/ha

Figure 30. Interaction on ppm Fe at PN82 between placement
of P and rate of K treatments.



Table 32. Mineral composition of barley from the 1982 and 1983 Cascade County
sites as affected by placement and rate of K.

PN82
| I _ pm

Fertilizer K - Ca Mg P n - Cu Mn Fe
ksurt() 0,253 0.022.  0.074 0.399 34.9 10.5 16.6 . 59.1
wmit™ 0247 0.0z  0.069 0.389 370 1.1 16.2 559
LSD ns ns 0.0037%% ns - ns ns ns ns

0 kg K 0.244ab 0.021 0.072 0.387 " .. 41.3 10.5ab  16.3 55.9ab
25 . 0.258b . 0.022  0.073 0.405 . 29.7 10.0a 15.7 54.4a
50  0.256ab- " 0.022  0.072  0.3%  40.6 -  1l.5b 17.0 . 65.3b
-100 . 0.243a  0.022 0.070° 0.387 32,5  11.3ab  16.7 54.4a
1D 0.0131% ns ns ‘ns ns  ©  1.32% ns 9.38%

* = gignificant at P < 0.10
*% = significant at P < 0.05
ns = not significant

applied in a band on the soil surface
knifed at 15 cm depth .
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Table 32--Continued

PN83 .
% 7 ppm ’

Fertilizer K Ca - Mg P “Zn . Cu Mn Fe
Ksurf(+) 0.257 : 0.029 0.077 0.484 47.1 10.0 20.1 65.1
Kimif)  0.238 0.026  0.071 0.455 40.1 8.4 19.6 . 60.4
LSD - ns 0.0029% ns ‘ ns ‘ns 0.641*%** ns ns
0 kg K 0.235 0.026a  0.071 0.447 " " 43.3ab 9.2 19.9 57.2a
25 '0.241 0.027ab 0.073 0.460 53.1b 9.5 19.6 -~ +65.9 bc
50 0.270 0.031 b 0.081 0.505 . 40.2a 9.0 20.3 69.6 c
100 0.244 0.026ab 0.072 . 0.467 - 38.0a 9.3 19.7 58.3ab
LSD ns 0.0042%  ms- ns 12,51% ns - ns  8.43%%

* = significant at P < 0.10

*% = gignificant at P < 0.05

ns = not significant

+ = applied in a band on the soil surface

# = knifed at 15 cm depth
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Figure 31.

Ksurf

Kknif

Rate of K, kg/ha

Interaction on percent K at PN82
between placement and rate of K
treatments.

Ksurf

Kknif —

Rate of K, kg/ha

Figure 32. Interaction on percent P at PN82
between placement and rate of K
treatments.
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Ksurf

Kknif -

ppm Fe

Figure 33.

Rate of K, kg/ha

Interaction on ppm Fe at PN82 between
placement and rate of K treatments.
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Winter Wheat , N

Soil Test Reéults and Ciimatic Data

Soil test results and climatic data for the 1983 Lake (VV83) and
Flathead (WG83) County sites are presented in Table 33. The levels of N
and P fertilizers applied were based in part on soil test results. ‘Both
of these sites had good soil.nutrient status. For both sites, the rates
of application were 100 kg N/ha and 30 kg P/ha. The iiquid’emmohiwn
nitrate solution was banded on the surface.

The amount and distribution of.rainfall at these' sites was\much
better than other 1983 sites previously discussed. Soil moisture at
seeding was high and winter moisture storage was good. As a result of
these excellent m01sture conditions and good fertlllty, highest yields

for these sites were very good.

Yield, Test Weight and Protein

Form of nitrogen. Yield and test weight at the WG83 site were

greater ‘when ammonium nitrate was the form of N, while grain protein was
lower (Table 34). These varlables did not respond to rate of K. Yields
" of winter.wheat, as with sprlng wheat, trended higher with ammonium

nitrate, although not all responses were significant.

Placement of phosphorus. Yield responded significantly at the VV83

site to rate of K, although there was'no fesponse to placement of P
(Table 35). However, at the WG83 site, test weight was greater. when P
was knifed as compered to banded and there were no responses to rate of

K.
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Table.33. Soil test results and climatic data for winter wheat sites.

Location
V83 WG83
(a) Soil Test Results
NOz-N = 0-15cm ' ‘ 55 . 33
ppm = 15-30 ‘ .10 ' - 13
P = 0-15cm : 12.3 1842
ppm = 15-30 . 2.4 - 3.1
K = 0-15cm o 478 . . 374
ppm = 15-30 432 238
pH = 0-15cm 5.8 6.6
15-30 7.0 7.9
EC = 0-15cm 0.9 0.8
mmhos = 15-30 0.6 0.9
OM = 0-15cm 5.1 5.3
% = 15-30 2.8 3.4
(b) Growing Season Precipitation (cm) “
April . 2.36 5.54
May - 4.70 1.98.
June ~ - 8.48 . 7.85
July | . 5.73 5,23
- Total S 21.27 L 20.60
(©) Monthly Average Temperature (F) |
April (max) o 57.2 55.9
(min) 34,7 + 28.6
May  (max) |  68.4 66.3
(min) - . 42.7 36.6
June (max) . 73.1 i 69.8
(min) . 48.0 o 44.7
July (max) 76.0 73.8
(min) 50,3 48.5




Table 34. Grain yield, test weight, and protein for winter wheat sites as affected by

form of N and rate of K.

V83 o WG83
Grain Test Grain Test
. Yield Prot Wt Yield Prot Wt
Fertilizer (kg/ha) %) (1b/bu) (kg/ha) (%) (1b/bu)
none () 4321 8.90 61.00 5150 7.70 58.80
Q) | . :
AN 5457 9.27 60.40 6657 8.10 57.90
NHS(@) 5423 9.75 60.42 6423 8.75 55.10 °
LSD ns ns ns 232%% 0.61** 1.50%=*
Okg K - 5119 9.55 60.60 6460 8.80 ~ 55.60
25 - 5629 10.05 -60.65 6477 8.30 . 57.05
50 - 5671 9.30 60.35 © 6558 8.35 57.25
100 5340 9,15 60.05 6666 8.25 56.10
LSD ns ns ns ns ns ns
* = significant at P < 0.10; ** = significant at P < 0.05; ns = not significant
+ = check plots with no fertilizatién
# = ammonium nitrate (AN)
@' =

anhydrous ammonia (NHB)

LOT




Table 35. Grain yield, test weight, and protein for winter wheat s_iteé as affected by

placement of P and rate of K.

) VV83 WG83 7
- Grain Test Grain Test
: Yield Prot Wt Yield . Prot Wt
Fertilizer (kg/ha) (% (1b/bu) (kg/ha) (%) (1b/bu)
none ) 431 8.90 61.00 . 5150 7.70 58.80
pand () 5432 9.75 60.42 6423 8.75 55.10
Pknif(@) . - - 5716 - 10.25 60.65 6693 9.17 56.70
'LSD ns ns- ns - ns ns 1.56%%
0 kg K 5236a  10.05 60.65 6426 8,95 55.10
25 : 5349ab 10.40 60.70 6324 9.30 55.45
50 6015 b 10.00 60.30 6565 8.75 56.45
100 5678ab 9.55 60.50 6917 8.85 5660
LSD 7  698%% ns ns hs ns ns
% = significant at P < 0.10; ** = significant.at P < 0.05; ns = not significant
+ = check plots with no fertilization
- # = banded with the seed
@ = knifed at 15 cm depth

80T
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Placement of potassium. At the VV83 site, grain protein was great-

er when K was surface applied, as compared to knifed (Table 36). Both
yield and test weight respoﬁded’to rate of K at this _sité, but 'these
responses. ﬁere not consis.tent. The data sﬁggesf that yields are greater
and test weights lower when K is knifed, although ali of the differences
are not significant. The differences were not large enough to conclude

an advantage for yield of knifed K.

Seedling Vigor

Form of nitrogen. Speed of ’émergence index .at. the VV83 site

responded significantly to rate of K, with increased speed of emergence
at 50 kg K/ha (Table 37), although there were no responses to form of N.
At the WGB3 site ,‘ both variables responded to rate of K, but the

responses were not consistent. Form of N did not produce any effect.

Placement of phosphorus. Speed of emergence inde); responded sig-

nificantly to rate of K at the 1983 Lake County site (VV83) (Table 38).

{

There were no other significant responses. \

Placement of potassium. Dry weight per plant at the ‘VV83 site was
greater when K was knifeci as. compared to surface application (Table 39),
while at the WG83 site theré‘ were no responses to placement"of K. Dry -
weight per plant responded significantly to rate of K application at the

WG83 site.




Table 36. Grain yield, test weight, and protein for winter wheat sites as affected by

placement and rate of K.

WGB3

(4
il

VV83 ,
Grain Test ~ Grain Test
. , Yield Prot - Wt . Yield Prot Wt
'Fertilizer (kg/ha) (%) (1b/bu) (kg/ha) (%) (1b/bu)
none () 4321 8.90 61.00 5150 7.70 58.80
ksurelt) 5716, 10.25. 60.65 6693 9.17 56.70
Kinif (&) 5866 9.97 60.58 7364 8.97 56.73
LSD ns 0.22% ns ns ns ns
0 kg K ' © 5652ab 10.15 60.85 - c 6643 9.25 56.40
25 5652ab 10.10 60.50ab 6536 9.30 56.35
50 6465 b '10.00 60.35a 8112 8.70 56.90
100 ' 5393a 10.20 60.75 bc 6822 9.05 57.20
LSD- 876% 1is 0.32%% ns ns ns
* = significant at P < 0.10; ** = significant at P < 0.05; ns = not significant
+ = check plots with no fertilization
= applied in a band on the soil surface
knifed at 15 cm depth

011
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Table 37. Seed vigor variables for winter wheat sites as affected by
form of N and rate of K.

V83 N WG83
D Wt/ . D Wt/
| _Plant Plant
Fertilizer SEI (mg) - SEI . (mg)
v, 23.37 0.28 18.71 ° 0.22
NH 21.06 0.25 18.29 0.21
LD - ns ns ns ns
0 kg K 21.03a 0.26 19.19ab 0.24 b
25 20.55a 0.27 16.33a 0.22ab
50 26.90 b 0.29 ° 17.53a 0.21ab
100 120.38a 0.25 . 20.96 b 0.20a
LSD 5.81% ns B33 0,0273%
% = significant at P < 0.10 . ** = significant at P.< 0.05 |

not significant + = ammonium nitrate (AN)
anhydrous ammonia (NH3) '

=]
73 ]
nmunn

Table 38. Seed vigor variables for winter wheat sites as affected by
placement of P and rate of K. '

VV83 , WGB3
D Wt/ - . D Wt/
. Plant , - Plant
Fertilizer ' SEI (mg) . .SEI ) (mg)
Pband (13 21.06 0.25 18.23 0.21
Pknif | 19.96 0.25 - 18.56 ‘ 0.22
LSD ' ns ns ©'ns : " ns
0 kg K 21.14ab 0.27 19.83 0.21
25 16.66a 0.24 17.61 0.23
50 . 24.85Db 0.26 ‘ 16.84 0.21
100 19.39ab 0.26 . 19,31 | 0.21
LSD ‘ 6.01%% ns "~ ns - - ms
* = significant at P < 0.10 V’ *% = significant at P < 0.05
ns = not significant . + = banded with the seed
# =

knifed at 15 cm depth
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Table 39. Seed vigor variables for winter wheat sites as affected by
placement and rate of K.

VV83 WG83
D Wt/ . | D Wt/
‘ ~ Plant _ . Plant
Fertilizer SEI (mg) ~ SEI (mg)
Ksurfld 19.96 0.26 18.56 0.22
Kknif 23.76 -0.30 . 20.23 0.23
LSD ns 0.0349% . ©s ns
0 kg K 24..80 0.28 ©20.59 0.22ab
25 20.98 0.26 . . 17.87 . 0.24 b
50 , 21.89 0.27 19.67 0.20a
100 ' .19.77 0.29 19.44 0.24 b
LSD ... ms ' mns s . ‘ 0.0328%%
% =,sighificant'at P < 0.10 *% = significant at P < 0.05
ns = not significant
+ = agpplied in a band on the soil surface
# = knifed at 15 cm depth

Mineral Composition

Form of nitrogen.

(1) VV83 site: Zinc was the only variable which responded to form

of N (Table 40). The 1ere1 of Zn in the grain was higher when anhydrous

. ammonia as the form of N, as compared to ammonium nitrate. None of the

minerals responded to rate ofiK at this site.

~(2) WG83 site: Calcium, Zn, Mn, and Fe were higher when anhydrous
ammonia was the form of ‘N, which is in agreement with the result from
the VV83 site. These same nutrients responded to rate or K, although
the responses were not as consistent. Significant interaction occurred

for Fe between form of N and rate of K (Figpre 34).




Table 40. Mineral composition of winter wheat as affected by form of N and rate of K.

significant at P < 0.10
= significant at P < 0.05

not significant

ammonium nitrate (AN)

anhydrous ammonia (NHS)

V83 ]

% , - ‘ .___Ppm _ »
Fertilizer K Ca Mg P Zn Cu- Mn Fe
AN(+) 0'.’157 0.012 0.062 0.275 23.1 3.2 . 31.7 - 46.9
NHS(#) 0.152 0.012  0.061 0.271 25.5 3.1 - 33.3 - 50.6
LSD ns ns ns ns 2.04%% ns NS ns
0 kg K 0.158 ©0.013 0.065 0.281 25.5. 2.9 32.3 48.6
25 0.154 0.012 0.061 0.267 24.6 3.2 33.3 ° 47.9
50 0.154 0.012  0.061 0.269 . 23.8 3.3 32.5  49.2
100 0.152. 0.011 - 0.059 0.275 23.1 3.1 . 31.8 49.3
LSD ns ns ns ns ns ns ns ns

*

¢1t




Table 40--Continued

WG83 ,

. % 7 I ppm_ ,
Fertilizer K - Ca. . Mg p In Cu Mn Fe
AN 0.192 0.018  0.047 0.320 137 1.9 27.9  38.5
NHB(#) 0.1905 0.020  0.047 0.324 16.9 2.1 3.8 50.0
LSD ) ns 0.0012% ns ns 2.90%% ns T 2.67%%  6,90%%
0 kg K 0.192 0.021b  0.049 0.331 '18.3 b 2.1 30.1ab  41.4a
25 0.194 0.020ab  0.049 0.326 14.4ab 2.2 30.2ab  38.5a
50 _ 0.186 0.018a  0.046 0.315 © 14.1a 1.8 27.8a  40.9
100 0.191 0.019ab 0.045 ~  0.316 14.5ab 1.9 51.2b  56.0 b
1SD ns 0.0020%%  ns ©ns  4.10%% - ns 3.12%  O.76%%

¥IT

significant at P < 0.10

5 =

#% = significant at P < 0.05
ns = not significant

+ = ammonium nitrate (AN)'

# = anhydrous ammonia (NHSj
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ppm Fe

Jc; 7 5 5ﬂo | ”1cn>_o
Rate of K, kg/ha

Figure 34. Interaction on ppm Fe at WG83 between
form of N and rate of K treatments.
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Placement of phosphorus.

(1) VV83 site: Manganese was higher whén P was knifed (Table 41)
as compared to banded with the seed. The other nutrients tended to
follow this frend, although the differences were not significant. Per-
centage Mg and ppm Zn responded significantly to rate of K.

(2) WG83 site: Banded application of P produced a significantly.
higher level of Fe in the grain than did knifed application. Concentra-
tions of P, Zn, and Fe responded signifiéantly to rate of K. Significant
interaction occurred between plééement of P and réte of K for ﬁe (Figure

35).

Placement of potassium.

(1) VV83 site: Concentration of Cu in the grain was greater when
K was surface applied (Table 42). Magnesium and Cu levels were affgcted
significantly by rate of K.

(2) WG83 site: Mineral composition was nof affected at thi; site
due to placement of K. Rate of K significantly increased Cu in the
grain. Figure 36 presents the significant interaction Qbserved for pﬁm

Zn between placement of K and rate of K.




Table 41. Mineral composition' of winter wheat as affected by placement of P and rate of K.

knifed at 15 cm depth

VV83 o
: S - ppm
Fertilizer K Ca ' Mg P Zn Cu - Mn Fe
" Pband () 0.152 . 0.012  0.061 . 0.271 25.4 3.1 33.3  50.6
prnie(")  0.158 - 0.012  0.063 0.288 27.1 3.2 36.4  54.7
LSD X ns ns ns " ns ns ns - 2.55%% g
0 kg K 0.160 0.013  0.066 b  0.288 28.4 b 3.0 T 34.1  53.9
25 0.150 0.011  0.060a 0.262 - 26.1ab 3.1 349 52,2 5
50 0.158 .. 0.013  0.06lab  0.281 25.9ab 3.3 35.7  54.9
100 0.153 @~ °0.012  0.06lab  0.287 24.7a 3.2 34.5  49.7
LSD ns ns 0 .'0053* ns 3.05% ns ns ns
% = significant at P < 0.10
%% = significant at P < 0.05
ns = not significant
+ = banded with the seed




Table 41--Continued

B _ WG83
) - ‘: - % = = ppm —

Fertilizer K Ca Mg P Zn Cu Mn Fe
pband(") _ 0.190 0.020  0.047 0.324 16.9 2.1 1.8 50.0
plni€(F) 0.190 0.023  0.053 0.318 15.2 1.8 31,1 40.8
LSD ns ns ns ns nsl ‘ns ns 6,23%%
0 kg K 0.191 0.022 0.052 0.326ab 19.1 b 1.8 32.2 45.7a
25 0.189 0.024 0.053 0.310a 14.6a 2.2 31.3 39.3a
50 0.190 0.019 - 0.049 0.328 b 15.1a 1.7 29.6 41.6a
100 0.191 - 10.020 0.046 0.320ab 15.5ab 2.0 - 32.6 54.8 b
LSD ns ns ns 0.0175% 3.08%% g ns 08.82%% -

% = significant at P < 0.10

*% = significant at P < 0.05

ns = not significant

+ = banded with. the seed

knifed at 15 cm depth

8TT
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Pband

Pknif "

Rate of K, kg/ha

Figure 35. Interaction on ppm Fe at WG83 between placement
of P and rate of K treatments.



Table 42. Mineral composition of winter wheat as affected by placement and rate of K.

V83

. - 5 _ ppm .
Fertilizer K Ca Mg P Zn Cu Mn Fe
Ksurf(H 0.158 0.012 - 0.063 0.288 271 3.2 36.4  54.7
knif®) " 0.155 0.013  0.062 0.277 26.2 2.9 35,9 $6.1
LSD ns ns , ns ns ns 0.228%% ns ns
0kg K - 0.156 0.012  0.065b  0.283 28.0 3.0ab 36.0.  53.5
25 0,157 0.012  0:.062ab  0.273 26.7 3.2 b 36.1  55.8
50 0.158 0.012  0.06la 0.201 . 25.4 316 .36.2  57.4
100 0.155 0.014  0.063ab  0.283 " 26.6 2.8a 36.3  54.8
LSD ns ns ' 0.0037%* ns ns 0.322** ns ns

* = significant.at P < 0.10

#% = significant at P < 0.05

.ns = not significant

+ = applied in a band on the soil surface

knifed at 15 cm depth

0zt




Table 42--Continued

applied in a band on the soil surface
knifed at 15 cm depth 7

WG83
‘ % _ppm . _
Fertilizer K Ca Mg P in Cu Mn Fe
" Ksure(™H) 0.190° 0.023  0.052 . 0.318 15.2 1.8 31.1  40.8
it ") 0.188 0.020 0.049 0.309 14.7 2.1 29.6 39.6 -
LSD ns ns ns ns ns ns ns ‘ns .
0 kg K 0.192 0.022 0.053 0.320 '15.4 1.8ab . 31.4 42.6
25 0.188 0.024  0.053 0.307 14.8 1.7a 29.9 38.2
- 50 0.186 0.020° 0.049 0.308 14.4 1.9ab 29.3 40.1
100 0.190 0.019 0.049 0.317 15.3 2.2b . 30.8 39.9
LSD ns ns 7 ns ns ns 0.422% fis ns
* - = significant at P < 0.10
%% = significant at P < 0.05
ns = not significant - '
+ =

TZ1




Ksurf

Kknif [ |

Rate of K, kg/ha

Figure 36. Interaction on ppm Zn at WG83 between
placement and rate of K treatments.
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. SUMMARY AND CONCLUSIONS

Improved production levels and gtain quality are two avenues open
to farmers for increased income. While there is a Wealth. of reseatrch
information dealing with the relationship between fertilizer managementy
and production levels, this iis not the case for grain quality. The
relationship between fertilizer ‘management and grain _tlua}lity ‘is.
important not only for producers, but also for consumers, espet:ially
professionals such as millers and _dietiti;ns. The objective of this work
was to investigate and identify relationships of grain baking quality,
seedling vigor, and mineral composition to form of N, pJ.acémerlt ‘of P,
placement of K, and rate of K fertilizers.

A series of eight t'ield experiments was conducted duriné which the
grain for the ''quality" determinations was produced. Fertilizers were
applied so that the de51red comparlsons could be tested anhydrous
ammonia was compared to 11qu1d ammonium nitrate solutlon, commercial
grade phosphoric acid was applied‘, at one rate, either knifed through
the anhydrous shanks or banded with the seed; liquid suspension KCl, at
various rates, was either knifed or applied in a band on the surface.

Shortly after hary‘est, the grain produced in the 'series of field
trials was weighed, and test weight and protein were determined. After
a period of storage," greenhouse experiments were conducted using the

harvested grain .from the various fertilizer treatments to determine

seedling vigor, the grain was analyzed for mineral contents, and hard
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red spring wheat from four~of‘the field trials“was analyzed for\milling
and baking quality. A summary of the number of‘sires where increases in
response variables were recorded due to the main fertilizer treatments
is presented in Table 43L Large differences did not occur at-every sife
for every variable. The responses which were observed were not over-
whelming. Therefore, in discussing and summarizing these results,
trends which were consistent but not significant are considered. . |

Yields were generally hlgher for the winter and sprlng wheats when
ammonium nitrate was the form of N. All three grain types trended
toward hlgher protein contents with anhydrous ammonia. For’the wheats,
knlflng P tended to produce both higher ylelds and greater' protein
contents, supporting the theory that this nutrlent)should be placed so
that it is "ﬁositionally available." For winter wheat in this- study,
knifing K tended to proauce higher yield’énd lower protein levels. Rate
of K produced few effects on yields, protein contents, or teStwweightsm

Fertilizer treatments produced several responses in the milling and
baking quality variables observed in this work. Proteiﬁ in the fleur
and the v%heert was consistently greater' with anhydrous enunonia, while
test weight was lower. ‘Longer farinograph times were'realized with
grain from the anhydrous ammonia treatmeﬁts, indicating greater dough
strength. Surface appllcatlon of K tended to produce greater protein in
the flour and wheat, although not all differences were significant.
Test weights were generally higher.with knifed K."Strength of dough was
improved through knife@ application:of'K‘és evidenced by -longer farino-
graph times, especially under drought conditions. Flour ash7abpeared

to be consistently lower when rates of K were high. Loaf volumes were
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Table 43. Summary of statistically significant results, by site.
(Total number of sites was eight except where noted.)

Number of Sites Which Showed
Significant Increase Due to

Variable AN NH3 Pband Pknif Ksurf Kknif
Yield .~ 3 1 1 ' 4 -
Grain Protein - 5 1 , - 2
Test Weight 5 - 1 3 - 1
Flour Yield* - - 1 2 - 1
Flour Ash* 4 1 1 2 - 1 -
Flour Protein* - 3 1 1 1 1
Farin Peak* - 2 - - 1 1
Farin Stability# -1 - - 1
Loaf Volume* - 1 3 - 1
SEI - 1 - - - -
Dry Wt per Plant 1 - - 1 - - 1
| Phosphorus 2 - - 1 - e
Calcium - 4 - 1 1 1
Magnesium - 1 1 1 1 1
Potassium 1 - 1 o - - 1
Iron - 2 1 1 - -
Zinc S | 3 - 2 - -
Copper -~ 1 2 1 2 -
Manganese | - 2 - 2 1 1

*These variables were determined at only four sites.
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greater when rates of K were high. However, most often, when rate of K
influenced yield and/or quality, the largest influence occdrred‘at the
first or second increment of K addition, with reversal of the'éffect at
higher rates of K.

The three main fertilizer management variables generally produced
no effects oﬁ seedling Vigor. However, for all three grain types, rate
of K had significant effects on seedling vigor. Seedling vigor of
barley was high with no added K or 50 kg/ha, with low values at the 25
kg/ha addition, and often at the 100 kg/ha addition. ‘

Mineral compositioﬁ was generéll&‘not affected by the main’ ferti-
lizer management comparisoﬁé, fbr‘fhe‘two‘typeé of wheat. However, for
barley, generaily higher mineral contents were associated with knifed
application of P and surfgce’application of K. Calcium levels in the
grains were significantly Higher‘at four of the eight locations when
anhydrous ammonia was the form of N. Mineral composition of all three
grain types wefé affected by rates of K. Iron concentrations were often
affected by K rates. In addition, 10 of 21 significant interactions on
mineral content between rate of K and a main comparison were for Fe
concentration.

Based on these résults, a relationship exists between fertilizer
management practices (N source, P placement, and K‘placément) and yields
of small grains in Montana, although for these sites a relationship was
not consistently detected between rate of K application and yields.
Nitrogen source, K placement, anq K rate affect hard red whéat baking
quality, and more research is warranted, espécially for the effects

of X, and the importance of fertilizer '"balance' when K is added, as
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indicated by the observed reversals of the effects of K at higher rates
of addition. Rates of']( application appear to have a strong rela-
tionship with the vigor of subsequént seeds. More research will be-
necessary for full understanding of this relationship, as well as for
the relationship between réte of K‘and.mineral contents. Relatiohships
occurred fér barley between mineral content and plaéement of'P]aﬁd K
~ fertilizers. ' Although theée' relationships may not be economically °
important for malting purposes, they are worthy of more research in

comnection with feed barley.
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APPENDIX A

COMPLETE ORIGINAL FIELD EXPERIMENT TREATMENTS
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Table 44, Original field experiment treatment combinations.

R082

. J082
Trmt Rate? Sourceb ) Placement® R::Lte‘d Source Placement
No. K N P K K N P’ K
1 -- 0 0 0 -- 0 0 0
2 -- 0. Band 0 -- 0 Band 0
3 100 0 0 Band 50 0 0 Band
4 100 0 Band Band 50 0 . Band Band
5 -- AN 0 0 -- AN 0 0 .
6 100 AN 0 Band 50 AN 0 Band
7 100 AN Knif Band 50 AN - Knif Band
8 K2504 AN Band Band K2504 AN Band Band
9 0 AN Band Band 0 AN Band Band
10 50 , 25
11 100 l 50 - i l
12 150 .V v ~100 ( $ 4
13 0 AN Band Surf 0 AN Band Surf
14 50 , 25 o
15 100 1 l - 50 l l.
16 150 v - 100 v
17 0 NH3 Band Band 0 NH3 Band Band
18 50 25 C
19 100 l ,l l 50 l l l
20 150 100
21 0 NH3 Band Surf 0 NH, Band Surf -
22 50 , , 25 ‘
23 100 l l ! ‘ 50  l l l
24 150 A \'4 100
25 0 NH3 Band . Knif 0 NH3 Band Knif
26 50 : 25 ‘
27 100 l l 50 l l
28 150 0 v 100 ' v
29 0 NH3 Knif Band 0 NHS‘ Knif -Band.
30 50 ‘ - 25, - ,
31 100 l l l 50 l _ I |
32 150 V. 100 v v
33 0 NH3 Knif Surf 0 NH3 Knif Surf’
34 50 - 25 o
35 100 ’i l l 50 i ) l'
36 150 ‘ 100 - v
37 0 NH3 "Knif Knif 0 NH3 Knif Knif
38 50 K 25
39 100 l l l 50 l l l
40 150 \ 100 A
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J083
Trmt Rate® Sourceb Placement” Rate Source Placement
No. K N P K K N . P K
1 -- 0 0 0 -- 0 0 0
2 -- NH3 0 0 -- 'NHj 0 0
3 - 0 Knif 0 -= 07 Knif 0
4 50 0 0 Knif 25 0 0 Knif
5 50 NH3 Knif Knif 25 NH3 Xnif Knif
.6 50 NH3 0 Knif 25 NH3 0 Knif
7 50 0 Knif . Knif 25 0 Knif Knif
8 50 NH3 Knif Knif 25 NH3 Knif Knif
9 K2504 NI-I3 Knif Knif K2504 NH3 Knif Knif .
10 50 NH3 Knif Knif 25 NH3 Knif Xnif
11 50 NH3 Knif Band 25 NH Knif Band
12 100 NEES Knif Band 50 N  Knif . Band
13 0 AN Band  Knif - 0 AN Band - Knif
14 25 I j 25 | o '
I N
16 100 100 ‘ )
17 0 AN Knif Knif 0 AN "Knif Knif
18 25 | 25 ‘
19 50 l l 50 l L l
20 100 v 100
21 0 NH3 Band Surf 0 - NH3 Band Surf
22 25 ‘ 25 S .
23 50 l l 50 L l i
24 100 v 100
25 0 NHS Band Knif 0 NH3 Band Knif
26 25 | 25 - ‘
27 50 l l ‘ 50 l l l
28 100 v 100
29 0 _ NH3‘ Knif Surf 0 NH3 "Knif Surf
30 25 , 25
f T T BT L]
32 100 100 \
33 0 NH3 Knif . Knif 0 NH3 Knif Knif
34 25 25 , ,
35 50 l l l 50 l ‘ l l
36 100 100

. o - v e - o= s am amiEm e lem b e e m = = e e v Sm s Em Em ew v e e hm e e e G Gm e e v A e e M e el e e -
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PNS2 PNS3
a R C :
Trmt Rate™ Source Placement Rate Source Placement
No. K N P K K N p K
1 - 0 - 0 0 - 0 0 0
2 - 0 Band 0 - MH, 0 0
3 50 0 0  Band - 0 Knif 0
4 50 0 Band Band 50 0 0 Knif
5 - AN 0 0 50 NH Knif Knif
6 50 AN 0  Band 50 NHg 0 Knif
7. 50 AN Knif Band 50 0 Knif Knif
8 K2S04 AN Band  Band 50 NH Knif Knif
9 0 AN Band Band  K2504 NHS  Knif Knif
10 25 50 NER Knif Knif
11 50 _l 50 NHO ~ Knif Band
12 100 v 100 NH>  Knif Band
13 0 AN Band  Surf 0 AN Band Surf
14 25 . 25 | |
15 50 l l 50 l l L
16 100 ‘ ' v 100 ,
17 0 NH, Band Band 0 AN ‘Knif Surf
18 25 | 25 ‘
19 50 l l l 50 ‘l L l
20 100 | 100
21 0 M% Band Surf 0] M% Band = Surf
22 25 | 25 o
23 50 . l l 50 l l l
24 100 v 100 ‘
25 0 M, Band Knif 0 M,  Band Knif
26 25 ‘ 25
27 50 i l 50 l l L
28 100 . v 100 .
29 0 NH3 Knif Band 0 NH3 Knif Surf
30 25 25 |
31 50 | l l 50 l l l
32 100 v 100 n
33 0 N, Knif Surf 0 NI, Knif Knif
34 25 | 25 R |
35 50 l l 50 l - l l
36 100 v 100 _
37 0 N Knif Knif - -- -- --
38 25 - - -- --
39 50 , l - - .- --
40 100 v ' -- -- -- --
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WGB3

VV83
Trmt Rate® Sourceb PlacementC Rated Source Placement
No. K N P K K N P X
1 -- 0 0 0 -- 0 0 0
2 -~ 0 Knif 0 -- .0 Knif 0
3 50 0 0 Knif 50 0 0 Knif
4- 50 0 Knif Knif 50 0 Knif Knif
5 -- AN 0 0 - . AN 0 0
6 50 AN 0, Knif 50 AN 0 Knif
7 50 AN 0  Knif 50 AN 0 Knif -
8 K2504 AN Knif Knif K2S04 AN Knif Knif
9 0 AN Band Band 0 AN Band Band
10 25 ‘ ' 25
11 50 l l l 50 l | l
12 100 100 v
13 0 AN Band Surf 0 AN Band Surf
14 25 25
15 50 l l i 50 l ’ L
16 100 v o 100 v
17 0 NH3 Band Band 0 NH3 Band Band
18 25 ; ) 25
2 BN
20 100 v . 100
21 0 NH3 Band Surf 0 NH3 Band Surf
22 25 25
23 50 l l ‘ l 50 L l l
24 100 -100
25 0 NH3 Band . Knif 0 NH3 Band Knif
26 .25 : I 25 ‘
S B B
28 100 § ’ - 100
29 .0 M% Knif Band - 0 M% - Knif Band.
30 25 S ‘ : 25 ‘
31 50 'l l l 50 i .l l
32 100 v . ) 100 ‘
33 0 NH3 Knif Surf 0 NH3 Knif Surf
34 25 . 25 ;
35 50 l L l 50 l l l
" 36 100 ‘ 100

dpates of potassium are in kg/ha:

b

AN = ammonium nitrate; NH3 = anhydrous ammonia.

CBand = banded with the seed; Knif = knifed; Surf = applied in a
band on the surface. ‘

dRates of X for ROS2 were 0, 50, 100, and 150
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APPENDIX B

DISEASE RATINGS

4
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Table 45. Take-All root rot disease ratings for spring wheat from the
1982 and 1983 Teton County sites as influenced by selected-
fertilizer treatments. )

Disease Ratinga

Fertilizer Treatment® RO82 R083

0 -0 -0 2.26 a" -2.41 bcde
NH3 -0 -0 2.41 ab 2.71 ‘e
NH3 - Pband - 0 - 2.07 ‘abc

0 - Pband - 0 - . 3.00 ab -—--

0 -0 - Kband ‘ .~ 2.68 ab L=
NH3 - Pband - Kknif ‘ ---- . 2.41 bcde
NH3 - Pband - Ksurf - Ssurf 3.27 b 2.62 de
AN” - Pband - 0 2.68 ab ‘ ———-

AN - Pband - Kband (50) 3.18 ab - : ----

"AN - Pband - Kband (100) 2.82 ab ----

AN - Pband - Kband (150) 2.52 ab~ ----

NH3 - Pband - 0 ) 2.98 ab ----

NH3 - Pband - Kband (50) 2.72 ab ----

NH3 - Pband - Kband (100) 2.89 ab -—--

NH3 - Pband - Kband (150) 3.02 ab -

NH3 - Pknif - Ksurf (25) ---- - 2.29 abcde
NH3 - Pknif - Ksurf (50) ---- 2.22 abcd
NH3 - Pknif - Ksurf (100) ---- 2.50 cde
NH3 - Pknif - Kknif (25) . ---- 2.59 de
NH3‘- Pknif - Kknif (50) - 2.00 ab
NH3 - Pknif - Kknif (100) -——— 1.91 a

aRatings are made based on degree of discoloration and malformation
of subcrown internode, with 1 = no evidénce of disease and 5 = complete-
ly diseased. -

bRates of fertilizer were 80 kg n/ha and 20 kg P/ha in 1982 and 120
kg N/ha and 20 kg P/ha 'in 1983. Band = banded with the seed; knif =
knifed; surf = applied in a band on the surface.

*Values followed by the same letter are not significantly different
at the 5% level.
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