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Abstract:
Winter wheat at 47 locations in Montana was topdressed with nitrogen (N) in the spring of 1970, 1971,
1972 and 1973.

A stepwise multiple regression technique was utilized to generate a comprehensive N fertilizer
management model to predict potential grain yield, N fertilizer requirements, grain protein with
additions of N fertilizer, grain yield and grain protein without spring N additions and residual soil
NO3-N after harvest.

The data were organized into two groups based on soil NO3-N to 4 ft. Locations having soils which
contained less than 120 Ibs NOg-N/4 ' were designated as group I and remaining locations as group II.
With group I data highly significant equations were generated for the entire N fertilizer management
model. Independent variables for potential yield prediction were growing season rain-fall, evaporation
rates during the first half of the growing season and soil organic matter. Soil NO3-N, potential yield,
evaporation rate during the first half of the growing season and available soil water were the important
factors for predicting N fertilizer requirement. The variables useful in predicting grain protein were
potential yield, soil NO3-N, N fertilizer rate, soil organic matter and growing season rainfall. For
comparison with potential yield, grain yield equations were generated from check plot data; the
important independent variables were soil NO3-N, evaporation rate during the first half of the growing
season, growing season rainfall and soil organic matter. Similarly grain protein was predicted,
important factors were soil NO3-N, growing season rainfall, grain yield and soil temperature at 50 cm.
Equations for the group II data were eractic because of insufficient data for analysis and response to
added N was uncertain. Data from groups I and II were combined and equations developed similar to
group I; only the protein functions were nonsignificant.

A modeling system to predict residual soil NO3-N after harvest was generated. The equations
developed from the check plots were highly significant; the important variables include soil NO3-N,
soil water, soil temperature at 50 cm, evaporation rate and grain protein. Equations generated from 80
to 180 - N treatments were nonsignificant.

The modeling system applies to winter wheat producing areas of Montana where excellent stands of
recommended varieties are present, an alternate' crop-fallow management system is practiced and P
fertilizer is drilled with the seed.
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~ ABSTRACT,

Winter wheat at 47 locations in Montana was topdreésed‘with R
nitrogen (N) in the spring of 1970, 1971, 1972 and 1973.

A stepwise multiple regression technique was utilized to gen-
erate a comprehensive N fertilizer management model to predict ‘
potential grain yleld N fertilizer requirements, grain protein with
additions of N fertilizer, grain yield and grain protein without
spring N additions and residual soil NO4-N after harvest.

The data were organized into two groups based on soil NO3-N
to 4 ft. Locations having soils which contained less than 120
1bs NO4-N/4' were designated as’ group I and remaining locations as
group II. With group I data highly significant equations were
generated for the entire N fertilizer management model. Independent
variables for potential yield prediction wére growing season rain-
faldy evaporation rates during the first half of the growing season
“and..soil organic matter. Soil NO3-N, potential yield, evaporation
rate during the first half of the growing season and available soil
water were the important factors for predicting N fertilizer require-
~ment. The variables useful in predicting grain protein were potential
_yield, soil NO,-N, N fertilizer rate, soil organic matter and growing
_season rainfal For comparison with potential yield, grain yield
equatlons were generated from check plot data; the important inde-
pendent variables were soil NO4-N, evaporation rate during the first
half of the growing season, growing season rainfall and soil organic
matter. Similarly grain protein was predicted; important factors
were soil NO3-N, growing season rainfall, grain yield and soil temper-
ature at 50 cm. Equations for the group II data were eractic because
of insufficient data for -analysis and response to added N was un-
certain. Data from groups I and II were combined and equations
developed similar to group I; only the proteln functions were non-
significant.

A modeling system to predict residual soil NO3-N after harvest
was generated. The equations developed from the check plots were
highly significant; the important variables include soil NO5-N,
soil water, soil temperature at 50 cm, evaporation rate and grain
protein. Equations generated from 80 to 180 - N treatments were
non31gn1f1cant.

The modeling system applies to winter wheat producing areas
of Montana where excellent stands of recommended varieties are-pre-
sent, an alternate crop-fallow management .system is practiced and
P fertilizer is drilled with the seed.




INTRODUCTION

A basic objecfive’of any natural fesou}ce management scheme is .
to maximize sustainea outputs, minimize inputs, ‘and maintéin a high
quality product with a minimum pollutioﬁ hazard. This idea is espe-
cially true of small grain production in which nitrogen (N) feftili;
zation plays ;n important role as an input. In thé past N fertiiiZer
was appliéd_haphazardly or according to single factor soil tests
with little consideration of grain quality, potential yield and
pollution potential. Fprthermore in this day and age it ié vitally
important to manage N fertilizer additions intélligently since N is
in limited supply, and our society has become more aware of food
quality and environmental hazardé.

Obviously, modéls to predict N fertilizer needs and the fate of
applied N are mnecessary to producé‘optimum yields of high quality
winter wheat while minimizing undesirable side éffects. This dis-

sertation is. one attempt to develop such models.




LITERATURE REVIEW

Winter wheat production research has received conéideréblé?qﬁ—
tention since the organization of agricultural experiment éfations
in the late 1800's and early 1900's. The data published are so
immense that one could say "there is no such thing as a compléte
literature review of winter wheat research".

Certainly the conclusions of Collis—Georgg and Davey (8) are
pertinent té this study. They stated "until complete descriptions
of experimeﬁts are available, the quantitative importénce of envi-
ronﬁené and its interaction with fertilizer and éﬁltivation practices
cannot be determined'". Their main criticism of recent field fer-
tilizer experiments was the failure of investigators to iﬁclude a
sufficient number of soil properties and climafic factors as
variables.

Thompson (50) and Schlebubef and Tucker (34) attribute recent
increases in wheat production to increased nitrogen fertilization.
However, the development of higher yiélding varieties, phosphorus
fertilization and more efficient summer fallowing techniques are
also responsible for increased production (4). |

Published models for predicting nitrogen fertilizer require-
‘ments of Wiﬁter wheat are quite variable in their apprﬁach and in
their ﬁtility. Simple linear regression analysis with soil .nitrate
nitrogen (NOS—N) has beén successful in some locals (36). However

Smika et al. (42) reported no relationship whatsoever. Leggett (22)
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reported one of the first syétems which inclﬁded climatic variables
to predict nitrogeﬁ fertilizer‘needs for winter wheat in Wash—
ington stéte. He qsed available soil water plus ekpected rainfall *
to Qetermine maximum yield (¥Ym). Then the yield (¥n) one would.
expect from-the initial soil NO3-N contenF'to the depth of six

feet was calculated.. The yield expected f;om nitrogen (N)Imineral—
ization (recrop yield) was added to Yn also. If Ym > ¥Yn, then ad-
ditional N wésladded at the rate of 3 1b N/bu ((Ym-Yn)/3 = additional
N). 1In North Dékota, Young et al. (54), correlated (R=.7b) avail-
able so0il water at seeding to the depth of 122 cm, étored sdil‘N03—N
fo 61l cm at seeding, precipitation ffom.seeding to five Aays before
harvest, and.number of degree days above 21°C. from five to sixty
days before harveét with reéponse to spring wheat to N fertilizer.
In Oklahoma Eck and Tucker (15) atfempted, with littie success, to
correlate available soil water in the spring, growing season pre--
cipitation, soil organic matter and temperature at maturi?y with
winter wheat response to N fertilizer. Currently in Montang (36)
nomograms aré used for N fertilizer recommendation. ' Available soil
‘water and.soil3N03~N to four feet and expected rainfall are the
vériables tﬁat comprise the system. Kloster and Whittlesey (21)

and Geist et al. (16) both published smail grain yield predictions

based on nitrogen fertilizer rates and other soil and climatic
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factors. Recently Read and Warder (32) utilized a stepwise multiple

regfess%on”program to determine the soil and climatic variables im-
S B ] .

] . v v X
i ! !

portant to rééponse of spriﬁg wheét to fertilizer on stubble land.
They concluded that{an NH,-N soil test was more important than
NO3-N; however, Rz Waisiﬁcreased only by 1 or 27 with theuincluéion
of either NH,-N or N63—N. iGrowing season rainfall was mére im-
portant.than'stored soil.watgr on yield and protein content of un-
fertilized plots, but stored soil water had a greatef influénce than
rainfall on the response of. spring wheat to fertilizer.

Several attempts to quantify the relationship; between winter
wheat yield and seve?al components of the environment~are documenped
in the literature. Eck and Tuckef (15) concluded that rainfall dis-.
tribution was more important than to£al rainfall. Legget (22) used
expected growing season rainfall as a factor in his fertilizer pre-
diction equatién. Lehane and Staple (23) correlated availaﬁle soil |
water and ;ainfall received during the gfowing season with yield.

In another paper (24) they récorded the relationship of spring wheat
yield with rainfall and soil water. Based on research in Célorado,
Nebraska and Montana, Smika et al. (42) repﬁrted grain yields to be
positively correlated with stored soil water at seeding. Bailer and

Robertson (3) related yield components with available soil waﬁer,
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Othef researchers have shown (31, 44, 46) the effects of soil tem-
perature, wind reduction, or shelter belts on the yields of'wheat.

Grain protein content is a very important.quality factor to be .
considered in the formulation of fertilizer management systems for
wheat. This area has received considerable attention in recent times
(16, 19, 37, 40) since the average protein level of Montaha's wheat
has declined considerably during the last 12 years.

McGuire et al. (28) and Sims and Jackson.(4l) published data
that shows positivé relationships between grain protein and N fer-
tilizer and betweén grain protein and soil NO5-N. They did not in-
clude least square analyses in their reports. 1In Australia Taylor
and Gilmore (47) successfully predicted wheat grain protein from rain-
fall and air temperature variables. Alkier et al. (1) related pro-
tein content to soil NO3-N and N fértilizer rate; however, no climatic
variables- were included. Johnson et al. (19) reported a positive
relationship between grain protein and N fertilizer. Smika and Greb
(43) used multiplg linear r%gression analysis to relate grain pro-
tein with soil N03—N to 6 feet, available soil water to 6 feet and
total precipitation 40-55 days before maturity. The relationship
was positive with soil NO3-N and negative with soil water and rain-

fall.
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Nutrient lossés in runoff, particularly N, have been studied
for years.. Daniel et al. (10) in 1938 evaluated NO3-N losses from
different cropping systems aqd concluded NO3-N in rainfall was sig~
nificantly larger than the N03—N lost via surfacg fuhoff from un-
fertilized pldts; In 1945 Midgley and Dunklee (29) reported that
volitalization and runoff are responsible for large losses of N
when manure was spread on frozen soil. Some early data on nutrient
losses from erosion was published by Massey et al. (27) also. So
the problem is:not new but was recognized many years ago when the
Great Plains Program was legislatgd to reduce erosion and farm
production.

During the last decade renewed interest in nutrient losses waé
created by continued use of high fertilizer rates. in some areas of
the United States, and the disposal of enormous quantities of animal
and municipal wastes on land (25).. Of course, attacks by Commoner
(9) blaming agriculture and chemicai fertilizers for pollution of
lakes and streams certainly had their effect.also.

Recent literature has placed nutrient losses‘from runoff in
perspective. White and Williams (53) éompared ngtrignt losses
from prairie énd cultivated‘soils and ‘concluded £hat "losses‘of plant
nutrients in‘soil eroded from cultivated land may be similar to

average losses that would occur naturally if the area were ‘in
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pristine prairie that was periodically subjected to fire".. This con-
clusion agrées with the data of Timmons et al. (48); their vegetation
leaching expefiments inaicate thét vegetation is a potentiaL source
of nutrients.

Klausner et al. (20) réported with the eﬁceptién of heavy ferti-
lized, poorly‘managed soils,‘the total yearly accumulative N dis-
charge in surface runoff did not exceed the amount of N.recéived in
rainfall méasured in a 10 month period. Other researchers (33, 52)
have shown no significant differences in total N loss from fertilized
and unfertilizéd soils; however, NO5-N was significantly higher in
fhe sediment - from fertilized soils. Thomas and Crutchfield_(49)
studied NOij and P in streams that drain predominatel& éultivated
ana forested watersheds. Their data showed vefy little change in
NQ3—N and P concentrations regardless of land use. Moe et éi. (30)
stated thét erosion losses of brganic N ére much more severe thén
fer;ilizer'loss-from.fallow soils,

Obviously nutrient losses via surface runoff are highly variable
(52) and a;é related to soil conditions and plant cover (13, 14, 26).
Furthermore, models to predict nutrient losses are ;acking. Models
to predict_erosion losses from rainfall are available (51). Howéver,

modifications are apparently required before any erosion prediction:
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equation can be adapted to predict erosion losses related to snow

o . ;
i . : ;

mglt'?pd spring runoff.’

Although many experiments on the response of wheat‘to N fér;
tilizer have been éoﬁduﬁted, only a few have resulted in useful
predictive models., Furthermore, &irtually none of the pfevious
studies produceé a comprehensive model for managing N fer;ilizer on
small grain crops. Most published models ;eléte grain yield response
or protein response to N fertilizer with soil and climatiq variables.1
To be of maximum utility a model should predict grain yield poten-
tial, grain yiéld and protein responses to N fertilization, énd
the fate of applied N as it relatgd to a pollution potential. The
primary objective of this study was to_deVeiép such a coﬁprehensiye

modei.

1 Jerry Waller, U.S.D.A. Soil Conservation Service, Bozeman,

Montana. Personal communication.




METHODS AND MATERIALS

Plot Location and Design

Data for this dissertation were géthered from winter wheat fer-
tility plots which were located throughout Montana's winter wheat pro-
ducing area, Tﬁese dapa represent 19, 14, 8 and 6 locations for the
growing season's of 1970, 1971, 1972 and 1973, respectively. Geo-
graphic locatiomns, invéstigators énd soils classification are includéd
in the Appendix Table 1. The field plots were organized in randomized
complete blocks with individual plots running across the rows. In-

: 2
dividual plot sizes were uniform at a locations but ranged from 150 ft

2

to 300 ft~. The following criteria were established for site location!

A. Field should have:
1. Received P fertilizer with the seed or prior to seeding aﬁd'
worked in.
2. Good skand.
3. Limited weed problem, particularly regarding cheat grass, wild
oats and wild buckwheat.
4, Recommended variety of winter wheati
B. Actual plot size should be:
1. Uniform in all visual aspects.

2. No less than 20 ft. from west side of strip.

3. No less than 150 ft. from end of strip.

N
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C. Soil Should be:
1. Montgna benchmark soil‘or a representative soii'of anhéx—
tensive dryland grain acreage for the particular area.

Climate Measurements

Open'paq évaporation and rainfall were measured according to the
methods described by Sims and Jackson (39). Pan evaporat;on was
measured in‘this stu&y to integrate humidity, wind velocity aﬁd air
temperature variablés. This approach was necessary because funds were
unavailable for the equipmént to continuously monitor the climatic
variables.

Soil température was measured at 50 cm with a dial thermometer
during-;he.growing season's of 1970, 1971 and 1972. Indaof—outdoor
thermometérs were employed in 1973Aby placing the outdoor sensor at
a depth of 50 cm in a hole made with an oakfield tube and backfilling
the hole with the soil cores. The sgil depth of 50 cm was choseq
.so the diurnal effects would not be measured and éold soils cén be
delineated from warmer ones. Since the Soil Conservation Service
(8CS) uses soil temperature at 50 cm in their soil‘classifieation
system, then soil survey informatio; can be ﬁtiliZed:to estimate soil
temperatures when the proposéd model_is applied. Climate measurements
were'taken_ét 7 to 14 day intervals througﬁout the growipg.season

(1 May - 15 August).
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Soil Analysis
| Soil wagér was determined by conventional gravimetfic.analysis

using_a‘fprced draft oven at 60-65°C for 48 hours. AﬁailaBle‘soil
water waé estimated Ey the method described by Cole and Mathews (7).
Basically.this,mephod uses soil water content ét harvést as the limi£
of available water rather than soil water at leﬁa; tension. 'fhis
proved to be more significantly related to winter wheat yield.

Soil nitrafe—nitrogen (NO3—N)'was estimated by phenoldisulfonic
acid procedure as described by Bremner (4).' .

Soil organic matter was measured by>the colorimetric method pub-
‘lished by Sims apd Haby (38).

Grain Analysis

The grain was harvested from 80 ft2 or more near the center of
each plot. Sickle mowers and Vogel threshers Were.predominafely
utili;ed fqr cuéfing and threshing; however, at the Northern Research
_Center a combine was used in 1970 and 1971, and a Chain combine was

employed on all 1973 plots.

Grain yields and test weights were determined at about 127
moisture with gravimetric and volumetric equipment. Grain protein

was measured by the Udy dye method 46-16 (2).

1
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Statistical Procedures

3

The multiple regression analysis was accomplishéq'by a stepw%se

regression computer program developed at UCLA (lé).lsééﬁfutatibns,
were made on a'XDS.Sigma 7 computer. The regression analysis and
partial regression‘coéfficients were tested by the. methods of Steel
and Torrie (45). The partial regression'coefficieﬁts were tested
using a single df F against error df; a standard F test was used for
the regression equation.

Methods unique to specific analyses will be discussed in the

Results and Discussion section.




RESULTS AND DIéCUSSION

The foilowing pages copfain multipie regfession models which deal
with the major phases of N fertilizer management relative to winter
wheat. Equations are proposed té predigt po?ential yields based'on
soil properties and climatic factors. The predicted pétential yields
are then entered into N fertilizer requirement prediction models élong
with soil NO3-N and other variables. These models ggnerate.the N
fertilizer rates req;ired to achieve the pdtential yields p?edicted
by the first model. Féllowing these, grain protein content-mq&elg
are presented which forecast protéin contents based on soil NO;-N,
potentiallyields, N fertilizer-rétes and other variables. Next,
models to forecast grain protein contents and-yields withéut the use
 of spring applied N fertilizer are diécuésed. Finally, residual
NO5-N prediétion models are presented that estimated NO3-N in the sur-
face foot of soil after harvest.

Before £he equations are applied, the following criteria must be
met: 1) adequate phosphorus fertilizer shoﬁld'be drilled with the
seed; 2) good stands of recommended winter wheat varieties éhoﬁld
exist; 3) weed control must be accomplished; and 4) equations apply
only to the fallow systeﬁ of farming.

To consummate the "best fit" of the data, the data were split into
two groups based on soil N03—N content in 4 ft of soil. Soils which
had less than 120 ibs of N were placed in Qne group'(designateq as

Group I) while those with NO3-N greater than 120 1bs of N comprise
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the other (designated as Group II). However equaﬁions based on all‘ﬁhe
data are included in the appendix tables 6-19. Group I contains. 38

locations while group II contains 9.

Variable description

Variable designation, description, units, mean énd standard
deviation are listed in Table 1. These are the variables used in
developing potential yield and nitrogen (N) fertilizer requirements
of winter wheat. The data used in computing these statistics are
summarized in Appendix Table 1. The data utilized in the potential
yield, N fertilizef requirements and grain protein predictions are
indicated by underscoring with a dotted line.

Nitrate-nitrogen and soil water were measured from soil samples
collected at each location dﬁring the period 1-15 May. Potential
yield is not ﬁecessarily the maximum yiel& measured at each location.
It is a more conservative measurement of optimum yield obtained With.
an N fertilizer rate that will not create a high’potential for N
water pollution.

Changes in variables X1-X3 fo; check plot prediction equation
are contained in Table 2. In other words Table 2 summarizes yield
"and protein data for the 0-N treatments in Appendix Table 1.

Variables were.entered into the regression analysis based on a

prescribed F value. In subsequent regression equations, the F was set-

L ]




Table 1. Variables used in developing predictive equations for potentiél grain yield, N fertilizer requirements and

grain protein content of winter wheat.

Variable Mean Standard Deviation
Designation Variable Description Units All Loc. Group I Group IT All Loc. Group I Group IT
X1. Grain protein content % 12.46 12,33 13.00 1.39 1.36 1.44
X2 Maximum grain yield Bu/A 37.04 36.71 38.39 8.83 8.24 11.46
X3 N fertilizer rate # N/A 28.51 31,58 15.56 ° 24,49 - 24,33 21.86
X4 . Soil NO3-N in 1' of soil # N/A 30.07 24,60 53,19 23.41 18.96 27.32
X5 Soil NO4-N in 2' of soil # N/A  .52.92 42.60 96:51 36.99 24,97 48.37
X6 Soil NO3-N in 3' of soil # N/A 66.98 52.92, 126,31 44,43 29,62 48,91
X7 Soil NO3-N in 4' of soil # N/A 77.44 59,01 155.26 51.34 32.49 42,99
X8 Soil NO3-N in 5' of soil # N/A 82.11 58.75 180.74 65.50 42,14 53.99
X9 Soil N0O4-N in 6' of soil # N/A 89.17 65.46 189.30 77.40 51.11 91.70
X10 Available soil water in 1' of soil inches 1.64 1.60 1.84 0.86 0.67 1.45
X11 Available soil water in 2' of soil inches 3.43 3.37 3.64 1.36 1.19 2,01
X12 Available soil water in 3' of soil iriches 4.81 4,73 5.13 1.67 1.61 1.98
X13 Available soil water in &' of soil inches 5.84 5.71 6.39 2.03 1.97 2.33
X14 Available soil water in 5' of soil inches 5.97 5.71 7.11 3.22 3.39 2.20
X15 Available soil water in 6' of soil inches 6.13 6.06 6.42 3.90 4.08 3.24
X16 Growing season rainfall (1-15May-1-15 Aug) inches 4.47 4.46 4,51 1.60 1.65 1.31
X17 Ave, soll temp @ 50 cm (1-15May-15-30June) c® 13.86 13.51 15.33 2.53 2.47 2.36
X18 Ave. soil temp @ 50 cm (15-30June-1-15Aug) ce 18.71 18.51 19.56 2.14 2.24 1.45
X19 Evaporation rate (1-15May-15-30June) Cm/day 0.57 0.56 0.62 0.16 0.14 0.22
X20 Evaporation rate (15-30June-1-15Aug) Cm/day 0.65 0.65 0.65 0.14 .0.16 0.09
X21 Soil organic matter ) % 2.42 2.31 2.89 0.88 0.91 0.54

_g'[...
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Table 2. Variables used in developing predictive equatioms for grain yleld and grain protein content of
winter wheat without spting applied N fertilizer.

Variable : : * Mean B Standard Deviation

Designation Variable Description _Units All Loc. Group I Group II All Loc. Group I Group T
X1 Grain protein content % 11.40 11.13 12.56 1.97 2.03 1.16
X2 Grain yield Bu/A 32.11 31.36 35.30 8.01 7.44 _9.99

- X3 thru X21 are identical to Table 1

T™rTT
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at .05 consquently vayiableé were chosen and regression analysis
performed When in fact the variable may have contributed significantly
dr very little to regression mean square. The data were entered into
a second multiple regression program (18) as a cross-check on the °
primary prograﬁ‘used.

Potential grain yield models

Multiple regression equations for potential yield are summarized
in Tables 3 and 4. -Variabies X10-X21 were designated as independeﬁt.

In Table 3, growing season rainfall (X16) appears to be the most
important and significant variable of the entire list. Available
soil water variables (X11 an& X13) were not included until the final
steps and they Qere both‘nonsignificént. This phenomenon appears con-
fusing at first; however, remember the equations were,developed with
data from fallow management systems and adequate water should have
been. stored prior to see&ing. This is reflected in the low standard
devia;ions for the soil water variables given in Table 1. Evapo-
ration rate (X19) during the early par# of the growing season w;s in-
cluded at the second step and raised RZ aboﬁt lZZ. Soil organic
matter and early season soil temperature (X21 and X17) variables were
included in equations 3 and 4; however, only X21 was signifiéant
when it was included in equation 4. Equation three (3) appears to be
the most useful for predicting potential yield, it will predict

potential yield within‘about 7 bu/A 66% of the time assuming at least




Table 3. Multiple linear regression equation expressing potential grain yield of winter
‘wheat as a function of soil and climatic data (group I data).
7 2/
Equation F SE R
BET oy
1. Y = 25.38 + 2.:54x16 12.63  7.19 . 510
) %%k * %k
2. Y 36.19 + 2.55x16 - 19.28x19 10.14 6.75 . 606
&% * %%
3. ¥ 32.87 + 2.38x16 - 19.72x19 + 1.86x21 . 7.83 6.6L . 639
, %% ' % # %% ’
4, Y 26.30 + 2.27x16 + 0.54x17 - 21.12x19 + 2.12x21 6.30 6.57 658
*k ) * # fek :
5. Y 27.46 - 0.25x13 + 2.35x16 + 0.52x17 - 21.39x19 + 2.25x21 4,95  6.65 «660
. %k * # %k
6., Y 27.52 - 0.39x11 + 2.34x16 + 0.53%17 = 21.43x19 + 2.16x21 4,95. 6.66 . 660

1/ - F ratio due to regression; total df = 37

2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05; ** sign. p = .005

8T -
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3-5 inches of available water is present in 4—6 feet of spil and
plant nutrients are ﬁot limiting. However variables X16 and X19 are
intangible and cannot be precisely known at the outset of spring
growth, It is‘proposed that long term averages from‘official'weather
station records be used for these variables. By using rainfall prob-
ability publications (17) and Caprio's information on evaporation (5)
one could calculate the odds for harvesting a certaiﬁ yield providing
the required plant nutrients are supplied. Then the N fertilizer
recommendation equation can be empldyed'to predict the actual N fer-
tilizer necessary to achieve the estimated yield potential.

Equation 3 is limited because it accounts for about 41% of the
total variation. Obviously the other climatic factors measured did
not incfease thé regression mean square, and only equation 4 producéd
a lower standard error of estimate. Perhaps measurements in total
radiation,-net radiation or more frequent measurements of the var-
iables already .discussed would increase the RZ of the potential
yield equation.

The equations for Group II locations appear a little erratic,
probably due to the low df. Rainfall (X16) was not included .until
equation 4 and was non-significant when it was entered. However it
did become significant when X18 and X10 were also entered in equation

. 5 and 6. Caution should be exercised in attaching significance to
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equation 5 and 6 because the ﬁumber of variableé_igcluded are only
siightly less than fhg total dfi Since soil.NO3—N was uqiform%ly
high in these 9 locations and variation in raiﬁfall was not great,
these variébles would not be expected to’cqntfibute s%gnificantly
to prediction of potential jields. Thus, factoré such as soil tem-
perature, pén evaporation and orgarnic matter content éhould be re-
sponsible for‘some of the variation in yield‘observea at these
locations. .Equations 3-6 in Table 4'substaﬁtiate this argument.
Considering total df involved, standard.errorlof estimate and R,
equation 3 is proposed as the most reliable predictive model for
potential yield of Group II locations.

Nitrogen fertilizer requirement model

Tables.s—lZ contain the equaéion which predict-N fertilizer
requirements of winter wheat for both groups of data; Tables 5-8
represent Group I and Tables 9-12 Group II. Equations were generated
in this analysisvby regressing N fertilizer rate (X¥3) at optimum
yiéld against potential yield'(XZ), soil NO4-N and water at a given
depth, plus.all'the other variables listed in Table 1.

In the equations representing Group I data, 647 of the variation
was accouﬁted for by the inclusion of all the variables at a given
soil depth. This is a considérably high amount of the varation in
yiew of the fact that factors such as variety, seeding rate, drill type

and phosphorus fertilizer material are not included as variables.




Table 4. Multiple linear regression equations expressing potential grain yield of winter

wheat as a function of soil and climatic variables (group II data).

. 7 z/
Equation _F SE R
% T % '
1. Y = - 3.32 + 14.44x21 6.11  "8.95 .683
: * ' # ,
Y = - 44,54 + 2.03x17 + 17.91x21 4,77 8.22 . 784
* % % %
3. Y = - 133.54 + 6.36x17 + 56.53x19 + 13.69x21 7.70 6.11 . 907
- 0% * * .
4, Y = - 134,14 +2.44x16 + 6.07x17 + 63.42x19 + 10.15x21 6.48 5,92 . 931
% % % %k % .
5. Y = 35.84 + 6.62x16 + 5.14x17 - 6.30x18 + 75.14%x19 - 10.17x21 11.71 4.13 . 975
: % % k%
6. Y = 52.17 - 1.23x10 + 6.72x16 + 5.52x17 - 7.13x18 + 80.94x19 -
12.85x21 11.18 3.90 . 985
l/ F ratio due to regression; total df = §.
2/ SE = Standard error of the estimate

7

sign. p = .10; * sign, p = .05; ** sign. p = .005




Table 5. Multiple linear regression equations expressing N fertilizer requirements
of winter wheat as a function of potential yield, soil and climatic
variables (1' soil samples; group I data).

1/ 2/
Equation ' . . F SE R
= » : ’ % .
1. ¥Y=-16.,33 + 1.30x2 - » 8.75 22,12 442
%% * - %%
2. Y= - 8,57 + 1.44x2 - 0.52x4 ' 9.74 20.05 .598
K% % . : ‘ K%k
3. Y=-2.57 + 1.60x2 - 0.45x4 - 5.81x21 7.52 19.68 .632
*% * # *%k
b, Y= -27.16 + 1.80x2 -~ 0.43x4 + 32.97x19 - 6.61x21 6.23- 19.45 .656
*% % % - %k
5. ¥Y=29.74 +1.90%x2 - 0.39x4 - 2.39%x18 + 42.81x19 - 8.05x21 5.76 18.98 .688
kk * % # ~
6., Y =12.32 + 2,00x2 = 0.46x4 — 3.69x18 + 45.26x19 + 33.21x20 -
* ‘ %%
9.26x21 ~ 5.14 18.82 .706
*% % * #
7. Y = 9.50 + 1.96x20 - 0.54x4 + 5.36x10 - 3.85x18 + 43.75x19 +
* : %%k
36.73x20 - 9.68x21 - , : 4.57 18.80 - .718
8., Y =12.24 + 1.93x2 - 0.57x4 + 5.79x10 + 0.81x17 - 4.57x18 +
: : : %%k
42.68x19 + 38.28x20 - 9.51x21 3.90 19.08 = .720

1/ F ratio due to regression; total df = 37
2/ SE = Standard error of the estimate
# sign. p = .10; * sign, p = .05; ** sign. p = .005

A4




Table 6, Multiple linear regression equations expressing N fertilizer requirements
. of winter wheat as a function of potential yield, soil and climatic
variables (2' soil samples; group I data),
. A
Equation - F SE R
o — ~ ra— .
1. Y=-16.33 + 1.30x2 8.75 22,12 442
%k *% . . . k-
2, Y =-5.02 + 1.61x2 - 0.53x5 ; - 16,17 18.03 . .693
% Ak # : ETY
3. Y=-.15,53 + 1.59%2 -~ 0.63x5 + 4.67x11 12.31 17.56 722
% EX # # % .
4., Y = - 45.46 + 1.80x2 — 0.65x5 + 5.09x11 + 38.10x19 10.63 17.03 .750
wode % # # k%
5. Y= -43.96 + 1.88x2 - 0.61x5 + 4.86x1l + 40.31x19 - 2.95x21 8.57 17.11 .757
% % # S
6. Y =-25.93+ 1.93x2 - 0.56x5 + 4.73x11 - 1.14x18 + 44,72x19 -
. k%
3.96x21 ©7.17  17.20 .762
. . ET] ok # . *
7. Y =-25.62 + 2,02x2 - 0.61x5 + 4.86x1l - 2.32x18 + 47.69x19 +
: %k
31.60x20 - 4.99x21 . 6.57 16.98 .778
®% *k #* ) # )
8. Y =-23.16 + 1.92x2 - 0.70x5 + 6.23%x11 + 2.58x17 - 4.40x18 +
* *%
45,52x19 + 35.20x20 - 3.77x21 . _' 6.04 16,84 .790 -
9, Y=-21.09+ 1.77x2 - 0.71x5 + 5.89x11 + 1.40x16 + 2.60x17 -
£
4.54x18 + 42.40x19 + 39.57x20 - 3,76x21 o 5.30 17.01 .794
}/ F ratio due to regression; total df = 37
2/ SE = Standard error of the estimate

sign, p = .10; * sign, p = .05; ** sign. p = .005

=T




Table 7. Multiple linear regression equations expressing N fertilizer requirements

of winter wheat as a function of potential yield, soil and climatic
variables (3' soil samples; group I data).

#

sign, p = ,10; # sign, p = .05; ** sign. p = .005

17 7]
. Equation . . . i F SE R
- &% ) A%
1. Y = 51.35 - 0.37x6 9.39 21.96 455
ET ] ek *%
2. Y= - 3,51+ 1.62x2 - 0.46%6 : . 17.26 17.75 .705
o ok %k # *k
3. Y= - 32,86 + 1.84x2 - 0.47x6 + 38,88x19 13.36 17.20 .736
% &% # %k
4, Y = - 44,41 + 1.82x2 - 0.57x6 + 3.35x12 + 41,48x19 11.22 16.77 .759
Kk &% . # *%
5. Y =-43.32 + 1.91x2 - 0.53x6 + 3.36x12 + 43.83x19 - 3.35x21 9.15 16.78 .767
ok *% ft
6. Y = -52.03 4+ 1.93x2 - 0.56x6 + 3.50x12 + 43.41x19 + 14.52x20 -
. *k
3.39x21 . 7.61 16.90 772
% ®% ) # i .
7. Y=-31.82 + 2,01x2 - 0.53x6 + 3.18x12 - 1.67x18 + 48.83x19 +
%k
26.57x20 - 4.90x21 6.67 16,90 = .780
ET] ET
8., Y =-29.34 + 1.84x2 - 0.54x6 + 2.87x12 + 1.71x16 - 1.83x18 +
# %
45,30x19 + 31.81x20 - 4.84%21 5.84 17.01 .785
k% %
9.. Y= - 28,15+ 1.77x2 - 0.58x6 + 3.48x1l2 + 1,72x16 + 1.55x17 -
# o ok :
3.02x18 + 44.01x19 + 33.17x20 - 4.26x%21 .. 5.17 17.14 .790
2/ SEl= Standard error of the estimate

_sz—
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sign., p = .10; * sign, p = .05; ** sign. p = .005

Table 8. Multiple linear regression equations expressing N fertilizer requirements
of winter wheat as a function of potential yield, soil and climatic
variables (4' soil samples; group I data).
5y, 27
Equation ' F SE -~ R
*k &%k ]
1. Y = 51.88 - 0.34x7 9.63 21.91 .459
% T k% %%
2, Y=~ 3.26 + 1.63x2 - 0.42%7 17.87 17.60 .711
: *k ®%
3. Y= - 32,50+ 1.87x2 - 0.44x7 + 38.73x19 13.82 17.04 L7461
*k k% # *k
4, Y = - 43,26 + 1.86x2 - 0.54x7 + 2.74x13 + 41.63x19 11.44 16.68 .762
. *% % # EX :
5. Y = - 42.53 + 1.92x2 - 0.50x7 + 2.84x13 + 44.13x19 - 3.42x21 9.34 16.68 .770
k% k% # *
6. Y =-53.19 + 1.95x2 - 0.54x7 + 3.09x13 + 43.77x19 + 17.07x20 -
. ok
3.49x21 7.85 16.74 777
*% ExS ) #
7. ¥ =-52,67 + 1.75x2 = 0.56x7 + 2.84x13 + 1.87x16 + 39.26x19 +
. : %%
21.57x20 - 3.18x21 6.79 16.81 .783
k% %%
8. Y = - 35.45 + 1.80x2 ~ 0.53x7 + 2.56x13 + 2.04x16 - 1.39x18 +
# : . ®ik
43.30x19 + 31.50x20 - 4.46x21 5.96 16.91 .788
) &% &% _ i
9. Y= - 28,16 + 1.75x2 -'0.57x7 + 2.95x13 + 2.05x16 + 1.44x17 -
i , *k
2,26x18 + 42.37x19 + 32.56x20 - 4.09x21 5.17 17.14 .791
2/ SE = Standard error of the estimate

_gz_
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Also R2

.tend_tolincrease with samplin depth, in other words, .the
best cofrelations come-fromythe deepéf éoil samples.

The equétions in Tables 6-8 for soil depths 2-4 ft appear to be
almost idenﬁicai with‘reépect to thelbfder of variablevinclusioq.
The values of the partial coefficients are almost the same for com—‘
parable equatioﬁs; of course, the coefficients for.soil, water and
N03—N are smaller with increasing so0il depth indicating a decrease
in effiéiency of extraction of water and'NO3—N by wheat. Equation 4
of all three tables appears to be the best model since‘SE's tended
to increase with the inclusion of more variafles; The soil water
variables Weré almost significant (p=.10) in Tables 7 & é and they were
significant (p=.10) in table 6. This conclusion was documented with
another multiple regression program éalled‘Mini—Rex (18). The programh
calculétes all possible regression equations and sorts out the best
model bgsed on the lowest error mean square (EMS). Equation 4 Wa§
picked by the Mini-Rex program also. Apparently lowest EMS corre-
spoﬁés to the lowest SE predicted by the stepwise program. It was
interesting to note that evaporation rate (X19) was positively cor-
relatéd witﬂ N fertilizer rate while in the potential yield pre-
diction, the correlation was negative., The same value in one instance

would reduce the N fertilizer prediction via a lower potential yield,

and in the other instance show an increased prediction for N
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fertilizer. Both relat;onéhips probably can be expiained, In the
case of the'ﬁofential yield equation, the negative relationship
observed is consiséent with the literature (31) (ie., a high evapo-
rative demand, thus a low yield). On the other hand, the positive
correlation with N fertilizer requirement would indicate a greater
plant dependence ﬁpon stored soil NO3-N and N fertilizer rather
thaq NO3-N mineralized from soil organic matter. The high evapo-~
ration rate would appear to dictate a low séil water content in the
surface soil and thus a decrease in organic matter decomposition,

The equations in Table 5 differ from the othefs; organic matter
was entered much sboner and soil water at a later‘step. The greater
dependenée on organic matter probabiy resulted beéause'the shallow
" soil sampling does not allow for the influence of deep soil NO3-N.
In this’set, equétion 7 appears to be the best model and is
suggested fqr use when oniy surface soil samples are available.
However the models generated by deeper samples account for 10-15%
more variation at any given step. Consequently the models of Tables
6-8 and preferably thosé in Table 8 should be used if deep soil
samples are available.

The equafions developed from the Group II data (tables 9-12) are
much like those which predict potential yield - the models are dif-

ficult to interpret due to the small number of data points (N=9).




Table

Multiple linear regression equations expressing N
of winter wheat as a function of potential yield,
variables (1' soil samples; group II data).

fertilizer requirements
soil and climatic

| i 27
Equation F SE R
1. Y = - 22.87 + 8.52x16 ) 2.45 20,11 .509
2. Y = 37.29 + 8.79x16 - 95.07x20 2.05 19.45  .638
3. Y = 83.30 - 6.26x10 + 7.17x16 - 137.16x20 1.96 18.75  .735
. : B
4. Y = 137.26 - 0.36x4 - 7.53x10 + 5.94x16 — 179.20x20 2.46  16.62  .843
# # # * # #
5. Y = 239.56 — 0.61x4 - 8.97x10 + 7.53x16 - 222.80x20 - 22.30x21 5.81 10.92  .952
. # .
6. Y = 228,49 + 0.30x2 - 0.57x4 - 8.87x10 + 6.71x16 - 209.95x20 -
25.02x21 3.57 12.78  .956
7. Y = 38.73 + 0.66x2 - 0.4bx4 - 7.84x10 + 3.63x16 + 6.69x18 -
198.49x20 - 10.22x21 2.30 14.95

.970

1/ F ratio due to regression; total df = 8
2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05

- 8¢ —




Table 10. Multiple linear regressioﬁ equations expressing N fertilizer requirements

of winter wheat as a function of potential yield, soil and cllmatlc

variables (2' soil samples; group II data).

¥

sign, p = .10; * sign. p = .05

EYANY
Equation : : F SE R
1. Y= 85 61 - 0 21x5 + 9.48x16 - 142,86x%20 : 2.42  17.67 .769
* # # * #
2. Y =-29.36 - 0.32x5 + 9.32x16 + 8.26x18 = 197.92x20 4,78 12.86 .909.
% ' _ % % #
3. Y =23.36 - 0.29x5 - 4,37x11 + 6.42x16 + 7.84x18 - 226.16x20 8.37 9.23 . 966
: ‘ ft
4, Y = - 53.40 + 0.63x2 - 0.23x5 - 4.37x11 + 3.43x16 + 10.06x18 -
# : : o ) .
200.48x%20 S : ) 7.80 8.85 .979
5 Y. = - 132,39 + 0.60x2 - 0.22x5 - 4.31x11 + 2.17x16 + 13.07x18 -
205.82x20 + 10.08x21 5.09 -10.22 .986
1/ F ratio due to regression; total df = 8
2/ SE = Standard érror of the estimate




Table 11. Multiple linear regression equations expressing N fertilizer requirements

of winter wheat as a function of potential yield, soil and climatic

variables (3' soil samples; group II data).

) , _ 17 27
rEqua;ioni ’ .' ) F SE R
1. Y = 124.04 - 6.36x12 + 3.57x16 - 142.41x20 2.51  17.48 .775
: ~ # .
2. Y = 135.90 - 9.42x12 + 3.56x16 + 40.58x19 - 175.27x20 2.32  16.96  .836
# #
3. Y = - 62.66 - 9.61x12 + 1.81x16 + 9.21x17 + 124.98x19 -
# .
153.33%20 . 4,63 12,09  .941
-k #
4. Y = - 181.21 - 1.17x2 - 10.33x12 + 7.05x16 + 16.07x17 + A
# * #
221.63x19 - 186.46%20 : : 9.40  8.09 . .983
. ' #
5. Y = - 225.22 - 1.53x2 - 10.75x12 + 6.90x16 + 18.16x17 .+
# - # '
9.93  9.87

238.94x19 - 191.87x20 + 7.41x21 S . 5.40 -

2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05




" Table

12, Multiple linear regression equations expressing N fertilizer requirements

of winter wheat as a function of potential yield, soil and climatic

variables (4' soil samples; group II data).

17 27
Equation . F SE R

1. Y =97.07 - 4.12x13 + 5,82x16 - 126.17x20 | 2.03 18.56 741
2. Y= 124,03~ 9.6ﬁx13.+ 6.32x16 + 72.76x19 - 186.14ﬁx20 3.02 ‘15.42 .867
é. Y = - 45.53 - 8.9zx13 + 5.17x16 + 7.49x17 + 135.5ﬁx19 -

160.3§x20 4,11 12.74 934
L. Y = - 135.51 - 0.84x2 - 9.00x13 +9.23x16 + 12.40x17 +

202.95x19 - 180.15x20 . 3.60 12.73  .957
5. Y =-252.19 - 1.95x2 - 11.57x13 + 8.68x16 + 18.38x17 +

264.39x19 - 210.61x20 +'23,57x21 7.94° 8.22 991
2/ SE = Standard error of the estimate

¥

sign. p = .10; * sign. p = .05

- 1€ - .
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In other words, increased reliability would be gained if data were
gathered from more locations that have soil N0O3-N contents greater
than 120 1bs of N in 4' of soil,

"These equations show that soil NO3—N and potential yield data are
of less value for predicting fertilizer response when soil NO3~N is
high as compared to when it is low (<120 # N/ac). Soil NO3-N variables
were not entered in the deeper sampling depths (tabies 11—12). Note
that soil water factors are negatively related to feftilizer require-
ments rather than the expgcted positive relationéhip. dne poésible
explanation is that increased mineralization of organic nitrogen could
have resulted from the higher soil water content. If this negative
relationship_ié related to mineralization of organié N and to nitri-
fication it probably reflects microbial activities during the previous
fallow period as well as during the cropping period.

The Group II N fertilizer rate prediction -equations and potential
yield equations are lesé reliable than Fhose of Group I due to the.low
number of Qbéervations involved. However, the equations with 4 or
less variables which were statistically significant should be useful
in predicting ﬁ fertilizer rates for these higher producing soils.

The equations should -be viewed as tools for use in achieving fhat

increment of yield which will increase yields from near optimum to
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the optimum as opposed to the Group I equations which shéul& bé
viewed as tools for use in aéhieving major yield increases on soils
produqipg.mgdiocre yields thereby moviné'their yields to optimum
levels. |

Protein prediction models

These mddels will enable a 'producer to estimate protein content
if the wheat is'fertiliZed according to the scheﬁe proposed in the
previous pages. Then late applications of N to boost grain protein.
coula be applied, according to thé methods of Sims and Jacksoﬁ (40).

iThe protein prediction equations were déveloped frém the data in
Table-l by regressing grain protein (X3) on potentiél yieid, N
fertilizer rate, soil NOS—N, the water variaBles and the remaining
”élimatic and soil factoré (X1l6 - X21).

Tébles 13-16 contain the eqﬁétions'fo? Group I data. The signs
of the regression coefficients of ail the factors in these equations
are consistent with previously reported data (6, 28, 40, 41). A
decrease in protein with increasing wafer is evident. Also it was
interesting'to note thét soil NO3~N and N from fertilizer aré prac-
ticallf equivalent in terms of pro&ucing grain protein (ie., witness
the similarity. in magnitude of the coefficients of X3 to X7). Again
the equations baséd'on the deeper samples produce the beét cor-

relations.




Table 13. Multiple linear regression equations expressing grain protein as a function

~of potential yield, N fertilizer, soil and climatic variables (1' soil
samples; group I data). -

F

. 17 27
Equation - : . F SE R
"k _ - : ok _
1. Y =15.24 - 0.08x2 . _ 10.67 1.21 478
C k% # , ki :
2, Y = 14,75 - 0.09x2 + 0.,41x21 7.38 1.18 «545
_ *% . ®% :
3. Y =14.63 - 0.09%x2 + 0.01x4 + 0.34x21 5.55 1.17 .573
Fok # ' %k ’
4., Y =14.66 - 0.11x2 + 0.01x3 + 0.02x4 + 0.40x21 . . 4,51 1.16° .595
: k& : : . # *

5. .Y = 13.36 - 0.12x2'%+ 0.01x3 + 0.02x4 + 0.07x18 + 0.45x21 3.69 1.17 .604, | .
= . ' # . : L
6. Y =12.93 - 0.11x2 + 0.01x3 + 0.02x4 - 0.14x17 + 0.19x18 + |

# ) . * .
0.41x21 ' A - 3.27 1.17 .622 .
. %k ”
7. Y =12.90 - 0.11x2 + 0.01x3 + 0.02x4 + 0.12x10 - 0.13x17 + .
. , . : % .
0.18x18 + 0.40x21 2.74 1.18 .625
%% :
8. Y =12.88 - 0.10x2 + 0.01x3 + 0.02x4 + 0.16x10 - 0.06x16 -
) E ' _ ‘ * :
0.12x17 + 0.17x8 + 0.41x21 . 2.36 1.20 .628
1/ F fatio due to regression; total df = 37
2/ SE = Standard error of the estimate

sign. p = .10; * sign. p = .05; *% sign. p-= .005




.Table 14, Multiple linear regression equations expressing grain protein as a function

of potential yield, N fertilizeér, soil and climatic variables (2' soil

samples; group I data).

R .

#

sign. p = .10; * sign. p = .05; **% sign. p = .005

. 1/ 2/
Equation _F SE
ETS - : Sk
1. Y= 14.67 - 0.09%x2 + 0.01x5 + 0.29x21 .5.48 '1.17 571
_ *% # . ®k
2. Y=14.70 - 0.12x2 + 0.02x3 + 0.02x5 + 0.33x21 4.71 1.15 .603
: %k # %
3. Y=14.77 - 0.11x2 + 0.02x3 + 0.02x5 - 0.11x16 + 0.33x21 3.85 1.16 .613
- %% *
4, Y = 15.26 - 0.11x2 + 0.02x3 + 0.02x5 - 0.11x16 - 0.04x17 +
N %
0.29x21 3.16 1.17 .616
*% i#
5. Y = 13.67 - 0.11x2 + 0.02x3 + 0.02x5 = 0.12x16 - 0.1l6x17 +
. ' . N
0.17x18 + 0.31x21 2,95 1.17 .638
% _ ft
6. Y = 13.86 - 0.11x2 + 0.02x3 + 0.02x5 - 0.11x16 .~ 0.16x17 +
*
0.17x18 - 0.42x19 + 0.32x21 2.51 1.18 .639
1/ F ratio due to regression; total df = 37 -
2/ SE = Standard error of the estimate




Table 15, Multiple linear regression equations‘expressing grain pfotein ds a function
of potential yield, N fertilizer, soil and climatic variables (3' soil
samples; group I data).

_ L : ‘ 1/ 2/
: Equation . ) F - SE - R
S *% FF *% ) .
1. Y = 14.87 = 0.09x2 + 0.01x6 - ' 7.81  1.17 .556
: *% # . . T k%
2. Y =14.92'- 0.11x2 + 0.02x3 + 0.02x6 6.03 1.15 .589
&% # “Hk -
3, Y ='14.65 - 0.12x2 + 0.02x3 + 0.02x6 + 0.32x21 5.10 1.14 .618
*% # BT . . *%
4, Y = 14,72 - 0.11x2 + 0.02x3 + 0.02x6 - 0.13x16 + 0.31x21 4.26 1.14 .632
: #% # * }
5. Y =15.27 - 0.11x2 + 0.02x3 + 0.02x6 - 0.13x16 - 0.04x17 +
* .
0.27x21 ' " 3,51 1.15 ° .636. -
] . %% _# *
6. Y = 13.92 - 0.11x2 + 0.02x3 + 0.02x6 - 0.14x16 - 0.14x17 +
. %
0.14x18 + 0.29x21 ' ' 3.15 1.15 .651
) &% # *x -
7. Y = 14.21 - 0.12x2 + 0.02x3 + 0.02x6 - 0.13x16 - 0.14x17 +
* .
0.15x18 - 0.63x19 + 0.31x21 ‘ ‘ 2.70  1.17 .653
% # # ~
8. Y = 14.47 - 0.12x2 + 0.02x3 + 0.02x6 - 0.06x12 - 0.12x16 -
*
0.15x17 + 0.15x18 - 0.70x19 + 0.31x21 : 2.34 1.18 .665

1/ F ratio due to regression; totalndf = 37
2/ SE = Standard error of the estimate
# ~sign. p = .10; * sign., p = .05; ** gign, p = ,005

_gg_




Table 16. Multiple linear regression equations expressing grain protein as a function

of potential yield, N fertilizer, soil and climatic variables (4' soil
samples; group I data). ' .

F

. , 1/ 2/
Equation ) ) ~F SE ‘R.
- e % ) - *x
1. Y =14.86 - 0.09x2 + 0.01x7 : 7.90 1.16 .558
. %k £ ®%
2. Y = 14.91 - 0.12x2 + 0.02x3 + 0.02x7 . 6.18 1.14 .594
. o . * ' o %% )
3. Y = 14.65 - 0.12x2 + 0.02x3 + 0.02x7 + 0.31x21 5.19 1.13 .621
) ’ %% # . % : %k :
4, Y = 14.73 - 0.11x2 + 0.02%3 + 0.02x7 - 0.15x16 + 0.30x21 4.41 1.13 .639
e %k # *
'_5; Y =15.34 - 0.11x2 + 0.02x3 + 0.02x7 - 0.15x16 - 0.05x17 +
. ' *

. 0.25x21 _ ' ' 3.65  1.14 643
- g *%k # * ; ‘ : '
6. Y= 14,20 - 0.11x2 + 0.02x3 + 0.02x7 - 0,15x16 - 0,13x17 +

_ . . . o . . .
'0.11x18 + 0.27x21 : . 3:19 1.15 .653
x%k # _ % .
7. Y é,l4.66 - 0.11x2 + 0.02x3 + 0.02x7 - 0.08x13 -~ 0.15x16 -
. , *
‘0.16x17 + 0.12x18 + 0.26x21 2.78  1.16 .659
%k # % ‘ o A
8, Y =15.02 - 0.12x2 + 0.02x3 + 0,02x7 - 0.09x13 - 0.13x16 -
: *
0.15x17 + 0.13x18 - 0.70x19 + 0.29%x21 2.42 . 1,18 .662
1/ F ratio due to regression; total df = 37
2/ SE =-Standard error of the estimdte

sign, p = .10; * sign, p = .05; *% sign. p = .QOS
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Apparent;y potent;al yield is the most important facpor of the
entire lot; it Wés entered first on all four tables. This Qas ex—
pected from the classical yield-protein content relationships verified
many times in the literatﬁre and récentl& reemphasized for Montana by
Sims and Jackson (40; 41). However, soil NO3-N, organic matter, and
N fertilizer are also iﬁportant. This fact is reflected by their
appearance with potential yield in equivalerit equatiodns for:all four
depths of soil sampling.

Probably the best model is equation 4 f;f the 3 ft or &4 ft depth
(tables 15 and 16). These equationé contain rainfall (X16) in ad-
dition to the factors mentioned in the preceeding paragraph. But
only about 417 of fhe-variatioﬁ in'protein is accounted for aithough
the equatioﬁs will prédict protein within 1.2 percentage points 66% of
the time., Precision was lost by the inclusion of soil water and
the other climatic factors (ie., SE was actually increased).

Apbendix Tables 2-5 contain the prétein'pfedictiqn equations for
the Group II locationé. None of the equations were siénificant even
at the 10% level. These results were neither surprising nor alarming.
These soils producéd grain of rather high protein content by winter
wheat standards (table 1) and thus acceptable protein 1quls (although
not optimuﬁ)‘aré’automatically ﬁfedictéd by plaéing a soil in Group

II. Furthermore, the protein prediction models based on all locations
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in the study (Appendix Tables 11-13). can suffice until data'are col-
lected from more locations having high soil NO;-N contents.

Grain yield models

Data from O—ﬁ treatments, summarized in Table 2, were used in
generating the models in tables 17-21; all soil ard climatic variables
were included. ‘By comparing the wheat yields predicted by these
equations with thoselih table 3, one can estimate the response'due to:
N fertilizer to predict a ﬁet return (if any) from N fertilization.

By lookiné at ‘equations genera;ed from Gfoup I locations (tables
17-20), aggin it is evident that deep soil samples pro&uce the best
correlations, aﬁd the equations in Tables 18-20 are préétically the-
same with respect to variablé inclusion. Equation 4 of Tablesjfg—ZO
appears to be the best model, because inclusion of more Qariables
tends to diiute the effec£ of the four factors.already included.
This is gvidént as the standard error of estimate goes through.a
minimdm at equation 4 in all cases. Furthermo;e, the signs of these
models are consistent with classical theory. It is interesting to
note, after close examination of equation 4 of Tables 18-20, that
an inch of raihfall-predicts about 1.25 bu; of wheat/A and tha£
one hun&red 1bs of NO53~N in 4' will predict only 5 or 6 bu. . Also
a hot, dry spring will tend to lower the yield (witness the magnitude

and sign of X19). The negative relationship of the soil water




Table 17. Multiple linear regression equations expressing grain yield as a function
of soil and climatic variables (1' soil samples, group I data).

- : Y 2]
Equation : ) ' F SE R
T * Lo : ’ o . *
1. Y =.24.06 +.3.16x21 o ' 6.34: 6.95  ,387
) * * . . : . ’ . .- *% :
2. Y =35.60 - 21.01x19 + 3.28x21 : ‘ 7.72 6.40 .553
. *® * *® *%
3. Y = 30.49 + 1.35x16 - 20.97x19 + 2.87x21 _ 7.37 6 .04 .628
) * *% x. k%
4, Y = 24.46 + 1.26x16 + 0.49x17 - 22,26x19 + 2.09x21 5.96 6.00 .648
. ) . % * % ek ,
5. Y = 24.72 + 0.04x4 + 1.29x16 + 0.40x17 - 21.47x19 + 2.81x21 4.81 6 .04 .655
i ' . % :
6. Y= 26.29 + 0.05x4 + 1.18x16 + 0.54x17 - 21,29x19 - 5.82x20 +
% .. *%
2.99x21 | e 4,05 6.08 .663
. # it
7. Y = 24.44 .4+ 0.06x4 + 1.15x16 + 0.39x17 + 0.26x18 - 21.51x19 -
* . E
7.16x20 + 3.05x21 : - 3.38 6.17 664

1/ F ratio due to regression; total df = 37
2/ SE = Standard error of the estimate S
# sign. p = .10; * sign. p = .05; ** sign. p = .005

_07;




Table 18. Multiple linear regression equations expressing grain yield as a function

- of soil and climatic variables (2' soil samples, group I data).

( YA
. Equation ) ) F SE R .
o *- T o S . . * -
i. Y = 26.37 + 0.12x%5 S : o o ) o - '6.59 6.93 .393
) ' % * o : - . T
2, Y= 37.60 + 0.11x5 - 19.80x19 i 7.28 6.43 .542
* # % ' *k
3. Y =32.83 + 0.09%x5 + 1.28x16 - 19.93x19 6.65 6.16 .608
. * # ks :
4, Y =29,89 + 0.06x5 + 1.19x16 - 20.57x19 + 2.19x21 6.19 5.95 .655
# ® B k% :
5., Y =232,08+ 0.,08x5 - 0.85x11 + 1.30x16 - 21.16x19 + 2.08x21 5.07 5.97 .665
_ # # * '
6., Y = 34.58 + 0.09x5 - 0.86x11 + 1.20x16 - 20.79x19 - 4.31x20 +
# ~ %k
2.08x21 4.20 6.03 . .670
*
7. Y= 29;24 + 0.09%5 - 0.81x11 + 1.10x16 + 0.43x18 -~ 21.83x19 -
# : *
7.72x20 + 2.42x21 3.62 6.08 677
1/ F_ratio.due to regression; total df = 37
2/. SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05; ** sign. p = .005

_"Ei7..




Table 19. Multiple linear regression equations expressing grain yield as a function

. of soil and climatic variables (3' soil samples, group I data).

_ - T
. Equation ] ) F SE R
1. Y = 26.04 + 0.10x6 S . _ 6.88  6.91 .400
- e % ®% -
Y = 37.53 + 0.10x6 - 20.59x19 ] 7.89 6.35 .557
% # * *&
3. Y = 33.01 + 0.08x6 + 1.22x16 - 20,.58x19 6.93 6.11 - .616
# - % N %%k ' .
4, Y = 30.04 + 0.06x6 + 1,15x16 - 20,99x19 + 2.13x21 6.36 5.92 .660
R # k% # *&
5., Y =31.72 + 0.07x6 - 0.53x12 + 1,23x16 - 21.46x19 + 2,13x21 5.12 5.96 .667 \
# ‘ # *
6. Y = 34,50 + 0.08x6 - 0.55%x12 + 1.13x16 ~ 21.18x19 - 4.62x20 + e
C# %% !
2.14x21 - . - 4.26 6.02 .672
i %
7. Y = 30.83 + 0.07x6 - 0.36x12 + 1L.03x16 + 0.34x17 - 21.77x19 -
#- ' -k
- 6.40x20 + 2.47x21 3.64 6.07 .678
il/ F ratio due to regression; total df = 37
g/ SE = Standard error of the estimate
it

sign. p = .10; * sign. p = .05; %% sign. p = .005 .




Table 20. Multiple linear regression equations expressing grain yield as a function

of soil and climatic variables (4' soil samples, group I data).

1/ 2/
Equation - F SE R
% ' _ . _ : ® B —
1. Y = 25.79 + 0.09x7 - - SR - 7.38.  6.87 413
' U % : . . . o *k . . :
2. Y = 37.25 + 0.10x7 - 20.51x19 , 8.21  6.31  .565
* # * %%
3. Y =33.02 +0.08x7 + 1.17x16 - 20.50x19 . 7.00 - 6.10 .618"
, i . * # k% '
4., Y = 30.09 +.0.05%x7 + 1.12x16 - 20.93x19 + 2.11x21 6.37 5.91 .660
* E/: k% .
5. Y=32.73 + 0.06x7 + 1.01x16 - 20.63x19 - 4.49%20 + 2.11x21 5.09 5.97 .665
* o
6. Y = 29.00 + 0.05x7 + 0.93x16 + 0.43x17 - 21.59%19 - 6.80x20 +
- # k% . .
1 2.52x21 : : o 4,34  5.99 .676
. ) * .
7. Y = 30.34 + 0.06x7 - 0.20x13 + 0.97x16 + 0,.37x17 - 21.69x19 -
B *
6.75x20 + 2.49x21 3.62 6.08 6.77
1/ "F ratio due to'regression; total df = 37
2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05; **% sign. p = .005 -
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variablee is cdﬁfusing, but their effect is insignificant even at
the 107% level. Placing physical significance on the.ﬁarieble coef-
ficients shouid be exercised with caution since the eqﬁations do mot
include all the factors which contribute to yield. |
| Equatidns:for Group II locations are in Table 21, The utility
of these models beyond equation 2 is questionable; witness the posi-
tive cqrrelafion of eveporaﬁion rate (X19) and the negative relation-
sh1p of organic matter (X21). Soil NO3-N variables were noesignifi— |
cant as expected and soil water variables were not entered in any of
the equations. "In addition, deep sampllng d1d not add further signif-
icance to sdillNO3—N or soil water. However soil temperature during
the latter. half of fhe growing season (X18) was the first variable.
entered), and.it predicts lower yields with warmer sqils. These are
the only models where soil temperature variables were. entered in the
first steps‘of the analy31s. More locations with hlgh soil NO3-N
contents need to be monitored and then analyzed to produce reliable
equations:

Grain protein'prediction models

Tables 22-29 contain the equations developed from 0-N treatment
data for Groups I and II. These equations were generated from Table
2 data by regressing grain protein versus soil and environmental

variables.




21, Multiple linear regression equations expressing grain yield as a function of

Table
soil and climatic variables (group II data).
1/ 2/
Equation ) 'F SE R
, * N o Sk - .
1. Y = 143,24 -'5,52x18 . . ' 12,34 6,43 ° ,799
T % . . . . A '
2. Y = 134,61 + 2.58x16 - 5.67x18 9.06 -5.75  .867
. % * .
3. Y = 113.85 + 3.24x16 - 5,19x18 + 11.55x19 6.72 5.64 .895
% % # # *
4, Y = 246.96 + 7.50x16 - 10.55x18 + 35.17x19 - 21.08x21 9.98 4,26 .953
* # * . % :
5. Y = 162.99 + 6.29x16 + 2.55x17 - 9.19x18 + 54.82x19 - . .-
# ' *
17.04x21 , 123,24 2.59 .987
* # . * E3 .
6. Y = 162.05 + 6.34x16 + 2.70x17 - 9.60x18 + 56.02x19 +
- # *
12.13x20 - 17.81x21 ’ . 21.56 2,47 .992
‘ # o #
7. Y = - 24,82 + 0.18x4 + 3.95x16 + 6.14x17 - 6.23x18 + _
* # % o
-81.34x19 + 32.36x20 - 3.64x21 _ , . 338.28 0.59 1.000 .
8. Y = 82.47 + 0.05x5 + 4.80x16 + 4.52x17 - 8.56x18 + '

67.22x19 + 27,79x20‘- 12.13x21  13.66 2,87  .995

_g'}]—




Table 21. Continued.

EVANEY
Equation _ ' F SE R
9. Y = 129.47 + 0.03x6 + 5 76x16 +3, 83xl7 - 9.68x18 +
63.06x19 + 20. 90x20 - 16.01x21 . 15.17  2.73 .995
10. Y = 173,22~ 0,487 + 6.23x16 + 2.59x17 - 9.83x18 + ‘
58.17x19 + 8.29x20 - 17.92x21 | 11.82  3.09  .994

1/ F ratio due to regression; total df = 8
2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05

_917_




Table 22. Multiple linear regression equations expressing grain protein .of

winter wheat as a function of yield, soil and climatic variables (1' soil

samples; group I data).

1/ 2/
. Equation F SE R
. # . A '
1. Y = 10.37 + 0.03x4 : 3.24 1.98 .287
# i #
2. Y =11.85 + 0.03x4 - 0.33x16 3.23 1.92 .395
#. # : -
3. Y =11.07 + 0.03x4 - 0.38x16 + 0.49x21 2.82 1.90 J447
# # S
4, Y =12.42 - 0.08x2 + 0.03x4 - 0.27x16 + 0.67x21 2.82 1.86 .505
' . # # ' .
5. Y=9,85 - 0.08x2 + 0.,03x4 - 0.29x16 + 0.14x18 + 0.73x21 2.45 1.86 .526
#
6. Y =9,10 - 0.07x2 + 0,03x4 - 0.27x16 - 0.28%17 + 0.37x18 +
: # f o
0.66x%21 2.39 1.84 562
, o : #
7. Y =8.84 - 0.07%x2 + 0.04x4 - 0.31x16 - 0.30x17 + 0.48x18 -
# i ' f#
2.36x20 + 0.75x21 2.14 1.85 577
8. Y'=8.75 - 0.07x2 + 0.04x4 + 0.22x11 - 0,33x16 — 0.28x17 +
# o # o - T : .
0.47x18 - 2.24%x20 + 0.74x21 - 1.84 1.87 .580
1/ F ratio due to regression; total_df_= 3f
2/ SE = Standard error of the estimate

¥

sign. p'= .10; * sign. p = .05

— L{7—




Table 23, Multiple linear regression equations expressing grain protein of

winter wheat as a function of yield, soil and climatic variables (2' soil
samples; group I data).

'17 .

- i/ 2]
"Equation . I C . F. SE R
1. Y =9.74 + 0.03x5 . - ' : " 6.33 1.90 .387
%% * %k
2, Y =11.56 + 0.04x5 ~ 0.47x16. ) 7.02 1.77 .535
# %k i ‘ L
3, ¥Y=13.21 - 0.08x2 + 0.05x5 - 0.37x16 . 6.01 1.72 .589
# %k # .
4, Y =15.18 - 0.08x2 + 0.05%x5 -~ 0.36x16 - 0.16x17 o 2,03 "1.70. .616
# %k # SF ’ ®% ’
5. Y =12.30 - 0.07x2 + 0.05x5 - 0.36x16 - 0.37x17 + 0.30x18 4.65 -1.66 .649 .L
# &% # * . ‘ ©
6., Y =12.44 - 0.08x2 + 0.06x5 - 0.42x16 - 0.41x17 + 0.41x18 - T
%k
2.56x20 . . ' 4.10 1.66 .665
% fk % _ # #
7. Y =-11.46 - 0.09x2 + 0.05x5 - 0.43x16 ~ 0.37x17 + 0.44x18 -
3 R .
3.10x20 + 0.43x21 ‘ 3.74 1.65 .683
8. Y =.12.05 - 0;O9x2 + 0.06x5 - 0.21x11 - 0.40x16 - 0.43x17 +
o _ . : . ‘ o % o
0.48x18 - 3.16x20 + 0.38x21 _ - 3.29 1.66 .690
1/ F ratio due to regression; total df = 37
2/ SE = Standard error of the estimate

sign. p = .10; * sign. p = .05; ** sign. p = .005




Table 24, Multiple linear regressionAequations expressing grain protein of

winter wheat as a function of yield, soil and climatic variables (3' soil
samples; group I data).

VY

Equation - _ . . F . SE R .
. g . . * _
1. Y = 9.53 + 0.03x6 . . .. 8,55 . 1.85 .438
) %k % *% )
2., Y = 11.40 + 0.04x6 - 0.50x16 , 9.35 1.69  .590
% Kk % ) Kk
3. Y =13.20 - 0.08x2 + 0.04x6 - 0.40x16 ' : 8.22 1.62 . .648
* %% % ' %%
4, Y =15.24 - 0.09x2 + 0.05x6 - 0.39x16 - 0.16x17 6.92 1.59 .675
# ek % # K% :
5. Y =13.02 - 0.08x2 + 0.05x6 - 0.39x16 - 0.33x17 + 0.23x18 5.92 1.58 .693
% *% * T :
6. Y =13.16 - 0.08x2 + 0.05x6 - 0.44x16 - 0.35x17 + 0.32x18 -
2.33x20 5.14 1.57 .706
. L% *% * # # - '
7. Y =12.27 - 0.09x2 + 0.05x6 -.0.45x16 - 0.32x17 + 0.36x18 -
: %%
2.84x20 + 0.37x21 : 4.58 1.57 .719
: * sk % # :
8. Y =13.14 - 0.10x2 + 0.05x6 - 0.18x12 - 0.42x16 - 0.38x17 + .
t - a . ’ .o %k _ _
0.38x18 - 2.79x20 + 0.34x21 4.07 1.58 727
1/ F ratio due to regression; total df = 37 .
2/ SE = Standard error of the estimate A
# sign..p ='.10; * sign. p = .05; ** gign. p = .005 )




Table 25, Multiple linear regression equations expressing grain protein of

winter wheat as a function of yield, soil and climatic variables (4' soil
samples; group I data). :

¥

1/ 2/
Equation - : : _ F - SE . R
. _ x i o il . x . T
1. Y = 9.48 + 0.03x7 SR I © 8.88 1,85 . .445.
, ‘ o %k %% . .
2, Y =11.39 + 0.04x7 - 0.53x16 - -10.19 1.66 .607
% % % #k
3. Y =13.27 - 0.09%2 + 0.04x7 - 0.42x16 9.12 1.58 .668
% o % : - %%
4, Y = 15.41 - 0.09x2 + 0.05x%x7 - 0.42x16 - 0.17x17 . 7.76  ~ 1.55 .696
_ % X% % o 4 Kk )
5. Y =13.73 - 0.09x2 + 0.05x7 - 0.42x16 - 0.29x17 + 0.17x18 6.35 1.55 .706 .
) * f% % #
6. Y =13.90 - 0.09x2 + 0.05x7 - 0.47x16 - 0.31x17 + 0.26x18 - :
%k : :
2,18x20 ‘ 5.47 1.55 717
% % %
7. Y = 13.04 - 0.10x2 + 0.05x7 - 0.47x16 - 0.29x17 + 0.29x18 -
. _ . . %%
2.62x20 + 0.33x21 , ' ‘ 4,79  1.55 727
_ -k » o _ -k # )
8, Y =13.94 - 0,10x2 + 0.05x7 = 0.16x13 - 0.44x16 - 0.34x17 +
. X - _ ‘ A %% :
0.31x18 - 2.68x20 + 0.31x21 _ - 4.25 1.56 - .735
1/ F ratio due to regression; total df = 37
2/ SE = Standard error of the estimate

sign. p = .10; * sign. p = .05; ** sign. p = .005

_Og_.




Table 26, Multiple linear regression equations expressing grain protein of
winter wheat as a function of yield, soil and climatic variables (1' soil

samples; group II data).

1/ 2/
] Equation ’ o S . .. F SE R
1. Y.=11.53 + 0.02%4 .~ = . - S 1.81 1.1 454
2, Y =12.09 + 0.02x4 - 0.31x10 _ 1.65~‘ 1.08 . ..596
3. Y =10.78 + 0.03x2 + 0.02x4 - 0.33x10 1.19 1.12 .645
4., Y = 12.43 + 0.06x2 + 0.02x4 - 0.38x10 - 0.85x21 0.90 1.19 .689 -
5. Y =19.84 + 0.05x2 + 0.02x4 - 0.42x10 - 0.27x18 - 1.31x21 0.59 1.34 .704
6. Y = 28.72 + 0.0lx2 + 0.0lx4 - 0.40x10 + 0.28x16 — 0.63x18 -
1.95x21 - o 0 0.39 1.58 734
% o * & B
7. Y = 146.44 - 0.34x2 - 0.03x4 - 0.56x10 + 3:.58x16 - 5.40x18 +
* * . - , \ #
16.08x19 - 13.87x21 116.74 0.11 .999
1/ F ratio due to regressibn; total df = 37
2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05; ** sign. p = .005

- ¢ -




Table 27. Multiple linear regression equations expressing grain protein of
winter wheat as a function of yield, soil and climatic variables (2' soil
samples; group II data).
i/ 2/
_ Equatiqn F SE R -
1. ¥ ='13.22 -~ 0.18k1l ¢ .78 1.18  .317
2, Y =12,64 + 0.01x5 - 0.22x11 74 1.20 GLb44
3. Y =14.96 + 0.01x5 - 0.24x11 - 0.12x18 46 1.30 .466
4, Y = 30.22 + 0.01x5 - 0.33x11 - 0.63x18 - 1.68x21 .6é 1.27 .636
5. Y =32,71 + 0.61x5 - 0.29x11 + 0.21x16 - 0.75x18 - 2.09x21 46 1.42 .660
6. Y =172.20 - 0.01x5-- 0.22x11 + 1.34x16 - 0.64x17 - 1.81x18 -
6.59x21 .92 1.20 +857
7. Y =100.91 - 0.10x2 - 0.02x5 - 0.14x11 + 2.10x16 .- 0.89x17 -
2.77x18 - 8.49x21 | .72 1.33 914

F ratio due to regression; total df = 37
SE = Standard error of the estimate

._.'Zg_




Table 28. Multiple linear regreséion equationé expressing grain protein of
winter wheat as a function of yield, soil and climatic variables (3' soil

samples; group II data).
| | Y 2/
qugtion-n T SE - R
1. Y = 13.51 - 0.19x12 .79 1.18 ' .318
2, Y =15.91 - 0.22x12 - 0.11x18 40 1.26 .34
3. Y =29.79 - 0.27x12 - 0.59x18 - 1.49x21 .65  1.24  .530
4. Y = 40.93 - 0.43x12 —_0.23x17‘4 0.83x18 - 2.27x21 .66 1.27  .630.
5. Y = 65.07 = 0.33x12 + 0.97x16 - 0.56x17 - 1.61x18 - 5.24x21 ©1.39 1.06  .836
6. Y = 73.47 - 0.01x6 - 0.23x12 + 1.35x16 - 0.77x17 - 1.72x18 -
6.53x21 - 1.44 1,00  .901

7. ¥ =93.01 - 0.09x2 - 0.02x6 - 0.11x12 + 1.95x16 - 0.9 =

- 2.37x18 - 7.63x21 1.69  0.92  .960
1/ F ratio due to regression; total df = 37'j

SE = Standa

rd error of the estimate

_sg._




Table 29, Multiple linear regression equations expressing grain protein of

winter wheat as a function of yield, soil and climatic variables (4' soil
- samples; group II data).

T ove =

L o 1/ 2/

] : EggatiOn . S : : ‘ T F - SE . ’ RlJ
1. ¥ =13.60 - 0.16x13 - - - o7 84 1.7 327
2. Y =17.86 - 0.23x13 — 0.20x18 o .53 1.23 387
3. Y = 26.50 - 0.21x13 - 0.49x18 - 1.03x21 - .50  1.29  .480
4. Y = 37.84 - 0.40%13 - 0.26x17 - 0.73x18 - 1.59x21 .56 1.31°  .598
5. Y = 62.80 - 0.30x13 + 0.98x16 - 0.59x17 ~ 1.53x18 - 4.75x21  1.21  1.09  .818
6. ¥ = 63.00 - 0.01x7 - 0.19x13 + 1.18x16 - 0.71x17 ~ 1.38x18 -

5.13x21 E .90  1.20  .855
7. Y = 91.10 - 0.18x2 - 0.04x7 + 0.12x13 + 2.26x16 - 1.05x17 - |

2.16x18 - 6.63x21 | . 3.60 .64  .981
l/‘ F ratio dué to regression; totél df = 57

SE = Standard error of the estimate
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The mddéls éan be utilized to estimate protein without sﬁring
"N tofdressing.

Again the Group I equationé show the value of deep_sdil samples
compared tofsu;face soil sémples. The variables expected to be the
most import;nf (yield, soil N03—N and rainfall) were entered in the
analysis dﬁrihg the first three steps of Tables 23 through 25.
Equation 5 Qf.tﬁese tables appear; to be the most uéeful.

It is nofeworthy that 10 1bs Of‘N03—N.Will prédiét an increase
of about 0.4 of a peréent of protein while a 10 bﬁ/A increase in wheat
yield will'pre@ict a decrease in protein content of about 0.17% and oné
inch of rain will predict a decrease in protein conternt qf'approx-
imately 0.5%. ‘The Group II equations in Tables 26;2§.are of con-
siderably iess value~for protein prediction for the same réasons
as given for tﬁé Group II'équations resulting from the data from
fertilized élots.‘ Only equation 7 in Table 26 was statisticaliy
significant and it is not reliable as the numbér of factors is only -
one. less than total df. Furthermore it would not lend itself to
prac;ical application. In view of these-results;‘protein prediction
for Group ii %oils not receiving spring N topdressing, would best Bef
accomplished using equations baséd on-all locations  (Appendix

Tables 16—19).
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Residual NO,-N models

Equations for predicting residual NO3-N in 1' of soil were ‘
generated fofpfertilizer treatments of 80 1lbs of N in 1972, 180 1lbs
of N in 1970 and 1971 and O 1bs of N from 1970, 71 and 72.. fhese
equations éoﬁpléd with séme means of predicting erosion such as the
universal éoil.;oss equation could be used to estimate what addi-
tional amognts 6f N03—N would enter a waﬁer—way viq'surface runoff.

“Such a model should.predict residual NO3-N in 0-1' of soil
without the ﬁse of N fertilizer and then predict in a . similar manner,
a value for residual NO3-N when N fertilizer is incorporated into
the managemept'systeﬁ. The difference between thé two predictions
would be the'amount of NO4-N directly attributable to N fertilization
" which would be:available for water pollution via surface runoff.

Carry—d&ef N03—N or NO3-N that would be available for the next
cfop céuld'bé estimated also; however, N03—ﬁ that would be mineral-
ized could nof_be estimatéd with these models,

Data.for analysis are indicated in Appendix Table 1 where soil
N03—N after harvest is reported for the O0-N treatment and the 180
or.80 - N treatment. Not all locations were includéd because soil
samples wére not available. Independent variables“included X16
through X21, X13, X4 and X7 from Table 1. In addition yield and

protein data from the O and high - N treatments were included as
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independent V§riables. -Of'these additionél variébles, protein pin—N
p;ots.and_yield of the 80—N plots were the only ones entered in the
' steﬁwise analysis. Thesehare &eéignated X22 and X23, respectively.

Table 30.cgntains 5 equations which predict résidﬁa% NO4-N
after a crop 0f winter Wheat without spring application of,N‘ferti—
lizer. These eduations'are based on soil NO3-N contents in one foot
of soil. Any of these equations will predict residual NO3-N with
acceptable~SE'§; however, equation 4 appears to be the best modél; If .
inforﬁation to estimate soil temperature and evapﬁra;ion is éyail-
able, then'equétions 3 and 4 would give the best ﬁrediction. It is
apparént that soil N03—N in 4' is.not as useful iﬁ predictiﬁg resid-
ual N03—N as éoil N03—N in i' (see table 31); this relationship is
.probably due ﬁo decreasing acti;ity of wheat roots‘in the 4 £t zone.
The models. in Table 31 do not have readily measurable parameters in
the first two steps (ie., soil temberature and evaporation rates would.
have to be_eééimated). Equations 4 and 5 do contain soil water and
soil NO3—Niyariables however, |

One tﬁiné that m;y be a litfle confusing is the positive rela-

»

tionship between soil water (X13) and tesidual NO,~N. A negative

3
relationshiﬁ was expectéd (ie. more water therefore greater. yield -
thus more NO3—N uptake by wheat). However, the positive relation-

ship may indicate more NOB—N being mineralized.




Table 30. Multiple regression equations expressing residual NO N in 1' of soil as

a function of soil and climatic variables (1' soil samples) without N

topdressing.
2/ 1/
___'Equation T ¥ SE R .
21, ¥ =10.73 - 0.17x4 ‘ . - - 8.52 5.54  .,528
: %k * ) *k ' :
2, Y= 3.01 - 0.20x4 + 1.41x13 : 8.10 5.02 .660
*k % . . * *%
3, Y =121,08 - 0.17x4 + 1.47x13 - 1.02x18 8.75 4.50 753
- *% * R *_ * - . *%
Y = 15,17 - 0.20x4 + 1,13x13 ~ 1.18x18 + 1.11x22 9.74 4,02 .820
%% % ’ * . * . *% )
5. Y= 15.89 - 0.18x4 + 1.10x13 - 1.04x18 - 9.03x20 + 1.31x22 9.11 3.84 847
1/ SE = Standard error of the estimate
2/ Values of F; Total df = 23
*

sign. p = .05; #*%.sign. p = .005

..85'_




Table 31. Multiple regression equations expressing residual NO4-N in 1' of soil as

a function of soil and climatic variables (4' soil samples) without N

topdressing.
. 2/ 1/
Equation . S - F - SE R.
. % N O o - % : _
1. Y =22.77 - 1.12x17 - ) 6.23 5.77 . 470
_ % . %
2. Y =27.22 - 0.94x17 - 11.04x%20 . 4,71 " 5.55 +556
* * ‘ % , : Kk
3. Y = 19,30 - 1.18x17 - 17.13x20 + 1.46x22 _ 6.54 4,87 .704
. % % To% %
4, Y =16.66 + 0.61x13 - 1,10x17 - 17.24x20 + 1.26x22 5.17 - 4.86 .722
' # % # ' * * k&
5. Y= 2.04 - 0.09x7 + 1.56x13 - 0.78x17 - 14.82x20 + 2.14x22 5.61 4.51 .780
1/ SE = Standard error estimate .
2/ Values of F; Total df = 24
#

sign. p = .10; #* sign, p = .05; *%* sign. p =..005

_6g—
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Tables 32 'and 33 contain the two models which pre&ict residual -
N03-N after.héfvesting a winter wheat crop that had been fertilized
with 180 and 80 1lbs of N, respectively. In Table 32 soil NO3-N in
4% is signifi;antly’related,to residual NO3—N at the 107 level; how-
ever, the mﬁltiple R is quite low. Application of'thié relationship
is impracticél'at the present time.(ie., application. of 180 1bs of N
is not needed wiﬁh present wheat varieties and management systems).
The models-iﬁ Table 33 show a highly significant félation;hip betweep
yield and residual NO3-N. Oniy six locations in one'fear Qere avail-
able for analysis; therefore, until more data are aﬁailable, use of
these_equatibﬁs shouid,be restricted. Th;s limited analysié does
demopstrat;, though, what can be accomplished if more analysis of
residual N03—N is accomplished in future.expgrimehts. Data from

lower rates of N fertilizer should be.gathered also.
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Table 32. Multiple regression equation expressing residual N03-N"
in 1! of soil as a function of soil and climatic variables
(180 - N treatments).

- 77 7
Equation : . F SE - R
. # - #
1. Y = 18.85 + 0.36x7 a 3.26 28,74 41
. e
2, Y=

30.31 + 0.50x7 - 9.62x21 - ' 2.27 28.54 48

1/ SE = Standard error of the estimate
2/ Values of F; total df = 17
# sign. p.= .10; * sign. p = .05
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Table 33. Multiple regression equation expressing residual NO3-N

in 1% of soil as a function of soil and climatic variables:
(80 - N treatments).

; YAV
Equation : F SE R
. *% _ x5
1. Y = 41.28 - 0.91x23 49,35 1.60 .96
' ) *k *
2, Y= 39,91 - 1.01x23 + 10,26%x19 32.27 1.42 .98
1/ SE = Sténdard error of\the estimate
2/ Values of F; total df = 5
*

sign. p = .05; *% gign, p = .005 .




SUMMARY AND CONCLUSIONS
Data frbm fofty seven winter ﬁheaﬁ fertilit& locations repre- -
senting the alternate winter wheat;fallow producing areas of Montana
énd the groﬁing-seasons of 1970, 197}, 1972 and i973 ﬁgre analyzed
by a stepwise multiple regression téqhniéue to generafe a compre-
hensive N fertilizer>management scheme. The follo@ing syste@s are
propbsed for soils having less than 120 1lbs of NO3-N in a depth
of four ft. Vériableé are entered with decreasingiorder of
influence.
1. Potent&al Yiela (Bu/A) = i
32,87 + 2.38x16 - 19.72x19 + 1.86x21 R = .64
2. N Fertilizer Requirement (1bs. N/A) = s
_ 43.26 - 0.54x7 + 1.86x2 + 41.63x19 + 2.74x13 R = .76
3. ~ Grain Protein (%) = | | |
. ) . Hk.
14,73 - 0.11x2 + 0.02x7 + 0.02x3 + 0.30x21 - 0715xl6 R = .64
Where: X2 = Potential yield predicted by equation 1
X3 =N fertiiizertiequirement predicted by equation 2
X7 = Soil_Nd3-N (lbé N/Ac) (0-4%)
X13 é'ANailable soil watér (inches) (0-4') .
X16:= Rainfall (inches) (1-15 May thru l—iS Aug.)

X19

Evaporation rate (cm/day) (1-15 May thru 15-30 June)
X21 = Soil organic matter (%)

%% . significant correlation p = .005
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Equation 1 pfédicts potential grain yiel& from soil~and climatic
yariables;‘adequhte nﬁtrients and 3-5 inches of a§ailab1e soil
water are the;b;sic assumptions, Then the potential yield prediction -
is entered in equations with soil N03—N'and a N fertilizer rate is
predicted to achieve the potential yield. Next poténtial yield and

N fertilizer rate are enteréd with othef soil and'climatic factors

to predict the gréin protein. These equations will énable a winter
wheat producer Eo estimété hi; production, N fertilizef requirements.‘
and grain ﬁfétein. If the protein iS.10W then late applicatiomns

of N dufing the heading stage of crop growth can_be.utilized to boost
protein.

Models for predicting production and protein'Without N ferti-
lizér additioné aré listed below.
4. Grain Yield (bu/A) =

S : , _ %o

30.09 + 0.05x7 - 20.93x19 + 1.12x16 + 2.11x31 R = .66

‘5. Grain Protein (%) =
%

13,73 +.0.05x7 - 0.42x16 - 0.09x2 - 0.29x17 + 0.17x18 R = .71

Where: X2 Grain yield predicted by equation 4

X7 = Soil NO3-N (0-4') (lbs N/A)
X16 = Rainfall (inches) (1-15 May - 1-15 Aug)
X17 =

Ave. soil temperature @ 50 em (C°) (1-15 May -

15-30 June)
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X18 = Ave. soil temperature @ 50 cm (C°) (15-30 June —
1-15 Aug)

X19 = Evaporation Rate (Cm/day) (1—15 May - 15-30 June)

X21 = Soil organic matter (%)

*R signifiéant correlation p;= . 005

These models are available for coﬁparison With equations 1 and 3;
consequently the effect of N ferfilizerVOn yield and protein can be
estimated."‘

The rainfall variable has a larger influence on Rz than avail-
able soil water in all yield and protein prediction ﬁodels. Howevef,
stored soil water was entered into the N fertilizer requirement
“model. Consequenfly‘a weakness in the syspem'exists in that long
term averages for rainfall and pan evaporation will have to be
utilized in equétion 1, rather than physicai measurements, before
equations 2 and 3 can be used. Some additional reliability can be
attached to th; rainfall factor through-employment of rainfall
probability'tables.. When the soil surveys are compleﬁe,_soil tem—
.perature daté-(ll) will become more available for application in
equation 5.

For soils having N037N-contents greater than 120 lbs. N/4', the
N manageﬁent-;cheme is more égmple# because response to togdressed

N fertilizer is less likely and erratic; also, sufficient data for
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modeling are lacking. However reSpbnée to N additiogs have been
observed (see appendix table 1); therefore, the equations generated
from fhe data from all locations could be usefu; in a scheme similar
to the one regoﬁmended for soils having NOB—N.contenté'léss than
120 1bs. N/4‘f These models are located in appendix tables 6-19.
Models for predicting residual soil NO4-N (péét harvest N03—ﬁ)
were generatéd,for 0 N, 80 1b N/Ac, and 180 1b N/Ac treatments.
However, the practicality,of the 180 1b N/Ac equations is question-
éble at thé.présent time as that N rate far exceeds the.requiyement
. of most dryland winter wheat'soils. Also, qnly six'locations'of
the 80 1b N/Ac'treatments-were available for analysi;} Consequentiy,
'extreme caétion should bé exercised in the application of equations
developed from éO and 180 N treatments. However these models do-
demonstrate what can be done if fertilizer plots are sampled after
har?est. Soil NO3-N available for the next crop and N-pollution
pdtential.;an be estimated as a function of_N fertilizer rate. In“
addiéion, the laﬁter estimate céﬁld be réadily épplied'in conjunction
with the universal soil loss equafion. With increasing pressure
from envifoﬁﬁeﬁtalists and N fertilizer shortage; perhaps post harvest
soil NO5-N data should be a high priority reéearch objective in con-

Jjunction with all soil fertility research plots.
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6. Residual soil NO3-N of 80 1b. N/Ac-trts (1bs. N/A; 0-1" of soil) =
39.91 - 1.01x23 + lQ.26xl9 R = .98
7. Residual soil NO3
30.31 + 0.50%7 - 9.62x21 R = .48

-N of 180 1b. N/Ac trts (lbs. N/A; 0-1' of soil) =

8. Besiduéi‘soi; NO4-N of "0-N trts (1bs. N/A; Ofl"of soil) =
15.89 - '0.18x4 + 1.10x13 - 1.04x18 - 9.03%20 + 1.31x22" R = .85
Wherei‘.X4 = Soil NO3-N (1bs. N/A) (0-1' of soil)
X7 = soil NO;-N (1bs. N/A) (0-1' of soil) .
Xl3.= Available soil water (inches) (0-4' of soil)
X18 = Ave. soil temperature @ 50 cm. (C°) (15-30 June -
| ‘l;iS Aug) . |
Xi9.= Pan evaporation rate (Cm/day) (1-15 May - 15-30 June)
X20 = Pan evaporation rate (Cm/day).(15—30.Juné - 1-15 Aug)
X21 - Soil organic matter (%) . |
X22 = Grain protein of 0 N plots (%)
XZS.; érain yiel& of 80 1b. N/Ac plots (Bu/A)
Again it should be emphasized that placing physical significance _
on variabie coefficients of any model should be exeféised with caution

since the equations usually do not include all the variables that are

important;
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Appendix Table'l; Data used in the stepwise multivariate analysis.

Location: Ft. Benton - 1973

Variety: Cheyenne

Investigator:-

Fertilizer w/seed:

Sims & Jacksoﬁ '

Test Weight

Treatment Yield Protein
(1bs N/Ac) (Bu/Ac) (%) . (1bs/Bu)
0 35.6 *% 11.3 * 61.1 *
30 41.0 12.5 61.0
60 41.8 12.9 60.3
* Sign. (P. = .05)
*% Sign. (P = .01)
Soil depth (feet) - 0-1  0-2 0-3 0=t 0-5 0-6
Avail Soil Water (in) 0.8 2.1 3.3 4.4 3.5 0.0
Soil NO3-N (1bs/Ac) 6.0 15.7 39.0 54.6 61.9 69.9

. Organic mattef (0-6" of soil); 2.1%
Rainfall (in): 3.2

ST1(CO): 10

STy (C%: 20

Soil Type:.'Gerber

EVq (cm/day):
EVy (em/day):

Classification: Vertic Argiborolls; fine, montmorilldénitic




- 78 -

Appendix Table 1. Continued.

Location: Coffee Creek - 1973 Investigator: Sims & Jackson
Variety: Itana Fertilizer w/seed: 75# 18-46-0
Treatment Yield Protein - Test Weight
(1lbs N/Ac) (Bu/Ac)’ (%) . (1bs/Bu)

0 30.1 12,2 % 63.2

30 33.7 13.3 63.1

60 34.5 14.1 62.3
* Sign. (P = .05)
#% Gign. (P = .01)
Soil depth (feet) 0-1 2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.7 .6 5.7 7.2 - -
Soil NQ,~N (lbs/Ac) 3.3 .0 8.0 11,0 - -

Organic matter (0-6" of soil): 3.5%

Rainfall (in): - 4.3
STy (CO): 11

ST,(C%): 18

Soil Type: Danvers

EV. (cm/day) :
EVZ(cm/day):

Classification: Typic Argiborolls; fine, montmorillonitic
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Appendix Table 1. Continued.

Location: Brédy -~ 1973 Investigatofi Sims & Jackson '
Variety: Winalta - Fertilizer w/seed: 50# 18-46-0
Treatment o Yield - Protein : Test Wéight
(1bs N/Ac) ' (Bu/Ac} (%) (1bs/Bu)’
0 25.0 13.6 * 60.6

30 24.1 : 15.2 60.5

60 23.3 16.3 60.4
*# Sign. (P = .05)
*%  Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5. 0-6
Avail Soil Water (in) 1.2 3.4 4.9 5.6 6.6 7.6
Soil NO.-N (1bs/Ac) 29.3 37.7 42 .4 49,1 74.0 126.5

,Organic matter (0—6" of soil): 2.2%

Rainfall (in): .1.9 "EVq(cm/day): 0.83
sT1(C%): 13 . - EVy (cm/day): 0.83
STp(C%): 21

Soil Type: Marias clay

Classification: Ustertic Torriorthents; fine, montmorillonitic,
calcareous, frigid




- 80 -
Appendix Table 1. Continﬁed.

Location: Chinook - 1973 Investigator: Sims & Jackson

Variety: Winalta - Fertilizer w/seed: 50# 11-48-0
Treatment . Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) | @* - (1bs/Bu)

0 S 23,3 #% 11.5 62.7

30 . 30.6 12.2 62.5

60 35.5 . 13.7 : ' 62.1
* Sign. (P = .05)
%% Sign. (P = .01)
% . X
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 0.8 2.6 3.5 4.0 - -
Soil NO,-N (1bs/Ac) 7.4 17.1 26.2  34.2 - -

Organic mat;ef,(0—6" of soil): 1.9%

Rainfall (in): 5.1 ° EVq(cm/day): 0.65
ST1(CO): 12 _ ’ . EVZ(cm/day): 0.62
STo(CO): 20 _ :

Soil Type:' Williams loam

Classification: Typic. Argiborolls, fine-loamy, mixed
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Continued.

Location: 'Broadview - 1973

Variety: Cheyenne
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Investigator: -Sims & Jackson

Fertilizer w/seed: 45# 18-46-0

Treatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) . : (1bs/Bu)

0 24.5 14.4 * 59.1 *

30 24.3 15.8 58.4

60 28.8 16.5 58.1
% Sign. (P = .05)
*% Sign. (P = .0L1)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.7 3.5 4.5 4.6 - -

4.9 14.9

Soil N03-N (1bs/Ac)

Organic matter (0-6" of soil): 1.9%

Rainfall (in)
ST1(C%): 12
ST,(C%): 17

2.3

Soil Type: Bainville clay loam

EVi(em/day): 0.56
EV) (cm/day): 0.56.

Classification: Ustic Torriorthents; fine-silty, mixed (calcareous), -
mesic : .
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Appendix Table 1. Continued.

Location: Bboflegger Trail ~ 1973

Investigator:

Sims & Jackson

Variety: Cheyenne Fertiiizer w/seed: 8 gal., 30-10-0
Treatment Yield -Protein ~ Test Weight
(1bs N/Ac) (Bu/Ac) ¢3) (1bs/Bu)

0 30.1 10.8 *#* 60.4 *

30 30.0 12.3 60.2

60 30.3 13.8 59.5
* Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 - 0-6
Avail Soil Water (in) 1.9 4.4 7.0 8.7 9.9 11.0
Soil NO,-N (1lbs/Ac) 46.5 92.1 168.3 204.5 243.0 282.7

Organic matter. (0-6" of soil): 2.97%
Rainfall (im): 2.5

ST1(CO%): 11

ST, (C%): 20

Soil Type: Unknown

Classificationt Unknown

‘EVi(cm/day):
EVy (cm/day) :
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Appendix Table-1, Continued.

Location: Coffee Creek —.1972 Investigator: Sims & Jackson .
Variety: Wiﬁalta ' B ~ Fertilizer w/seed: 70# .18-46-0
Treatment Yield Protein ’ Test Weight
(1bs N/Ac) (Bu/Ac) - (%) (1lbs/Bu)

0 23.3 13.4 %% 59.6

20 23.0 14,1 59.3

40 23.9 15.1 59.2

80 23.3 15.5 59.1
%  Sign. (P = .05)
*% Sign., (P = .01)
Soil depth. (feet) 0-1 0-2 0-3 0-4  0-5 0-6
Avail Soil Water (in) 0.7 2,4 3.5 . 4.5 4.9 5.1
Soil NO3-N (lbs/Ac) 21.7 38.9 50.0 54.6 57.3 57.3

Organic mafter (0-6" of soil): 3.3%

Rainfall (in): 1.9 ' . EV(cm/day): 0.67
STy (C%): 13.5 . : EV2(cm/day): 0.67
ST, (C%): 18" ’

Soil Type: Danvers

Classification: Typic Argiborolls; fine, montmorillonitic




- 84 -
Appendix Table 1. Continued.
Location: qutleggef Trail - 1972

Variety: Cheyenne

Investigator: Sims & Jackson

Fertilizer w/seed: 8 gal

10--34~0

Treatment Yield Protein - Test Weight
(1bs N/Ac) (Bu/Ac) (%) - (1bs/Bu)

0 22.8 11,2 *% 57.7

20 22.9 12.7 57.7

40 23.2 13.4 57.5

80 23,7 14.3 57.3
#  Sign. (P = .05)
*% Sign. (P = .0l)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 0.9 1.8 2.2 2.9 3.6 5.0
Soil NO4-N (lbs/Ac) 26,4 29.1 32.4 32.4 37.1 50.8
Organic matter (0-6" of soil): 2.6 %
Rainfall (in): 1.3 EVy(cm/day): 0.69
ST1.(C%): 12.5 EVo(cm/day): 0.69

ST9(C%): 17
Soil Type: Unknown

Classificétion: Unknown
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Appendix Table 1. Continued.

Location: Brady - 1972 _ Investigator: Sims & Jackson
Variety: Winalta Fertilizer w/seed: ' 50# 11-48-0
Treatment Yield ‘ Protein Test Weight
(1bs N/Ac) . (Bu/Ac) (%) (1bs/Bu)

0 22,6 ** 7.5 x% 60.3

20 o 27.3 8.0 _ 60.4

40 . 29.8 8.8 ' 60.1

80 ' 35.1 . 10.5 59.1
*  Sign. (P = .05)
*% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.9 3.6 5.2 6.6 7.6 . 9.5
Soil NO,-N (1lbs/Ac) 5.2 ° 11.2 13.2 14,5 17.8 - 28.5

Organic matter (0-6" of soil): 2,2%

Rainfall (in): 2.8 ' EVl(cm/day): 0.56
sT1(C%): 11 .. _ : EVZ(cm/day): 10.56
STz(CO): 16.5 :

Soil Type:  Marias clay

Classification: Ustertic Torriorthents; fine, montmorillonitic,
calcareous, frigid ‘




- 86 -
Appendix Table 1. Continued.

Location: Volborg - 1972 Investigator: Sims & Jackson

Variety: Winalta Fertilizer w/seed: 50# 18-46-0
Treatment : Yield ' Protein Test Weight
(1bs N/Ae) - - (Bu/Ac) (%) (1bs/Bu)

0 25.4 % 10.4 %% _ - 62,5 %

20 29.8 10.9 62.3

40 S 33.4 11.7 . 61.8

80 32.9 14.0 | 61.2
*  gign. (P = .05)
*% Sign. (P = ,01)
Soil depth (feet) - 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.6 3.4 4.6 5.7 6.8 7.4
Soil NO3-N (lbs/Ac) 7.2 17.4 33.4 44,5 52.5 58.5

Organic matter (0-6" of soil): 2.2%-

Rainfall (in):- 5.0 ' EVy(em/day): 0.48
STy (CO): 15 : " EVgo(em/day): 0.48
ST9(C%): 18- '

: 80 - N 0-N
NO3-N after harvest (0-1") #N/A 12.0 - 18.6

Sdil Type: Vana-Remmit fine sandy loam

Classification: Ustollic Camborthids; coarse-loamy, mixed, mesic
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Appendix Tab;e.l. Continued.

Location: Broadview -~ 1972 . Investigator: Sims & Jackson
Variety: Cheyenne Fertilizer w/seed: - 45# 18-46-0
Treatment . Yield Protein Test Weight
(1bs N/Ac) - (Bu/Ac) - (B 7 (1bs/Bu)
0 - 29.6 ** 7.3 ®% 59.1 %%

20 | 35.8 7.3 ' 59.1

40 38.8 9.1 ' 59.9

80 ' . 42,2 11.3 59.7
% Sign. (P.= .05)
*% Sign. (P = .01)
Soil depth (feet) 0-1  0-2  0-3 0-4 0-5 0-6
Avail Soil Water (in) . 0.5 1.6 3.1 3.6 - -
Soil NOa-N (1lbs/Ac) 10.0 13.3 17.0 .20.6. C - -

. Organic matté; (0-6" of soil): 1.7%

3
Soil Type: - Bainville clay loam

Rainfall (in): 4.4 "~ EV;(cm/day): 0.57
ST,(C%): 11.5. ' , EV)(cm/day): 0.57
ST,(C%): 14 - : '

- : 80 - N _0-N
NO,-N after harvest (0-1') {#N/A - 4.0 5.0

Classification: Ustic Torriorthents; fine-silty, mixed (célqareous),'
: mesic S )
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Appendix Table 1. Continued.
Location: Joliet - 1972,

Variety: Warrior (recrop).

Investigator:

Fertilizer w/seed:

Sims & Jackson

60# 18-46-~0

Treatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) (1bs/Bu)
0 BT A 8.6 59.5

20 : 25.6 8.9 59.5

40 28.2 9.8 59.7

80 . 34.8 13.2 58,5
_______ s
* Sign. (P = .05)
%% Sign., (P = .01)
Soil depth (feet) L 0-1  0-2 0-3 © _ 0-4 0-5 0-6
Avail Soil Water (in) 1.8 3.4 3.8 3.9 - -
Soil NOq-N (1lbs/Ac) 1.3 2.6 4.0 4.0 - -

Organic maﬁﬁer (0-6" of soil): 1.9%

Rainfall (in):. 5.5
ST1(C%): 13
STp(C%): 18

NO,-N after harvest (0-1') #N/A

3

Soil Type: Nerrow clay loam

Classification:

EVl(cm/day): 0.65
EVy(cm/day): 0.65 .

80 - N 0 -N
10.0 6.4

Borollic Paleargids; fine, montmorillonitic
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Appendix Table 1. Continued.

Location: Cut Bank - 1972 Investigator: Sims & Jackson
Variety: Winalta Fertilizer w/seed: 45# 18-46-0
Treatment Yield Protein Test Weight
(1bs N/Ac) . (Bu/Ac) (%) (1bs/Bu)
0 26.4 10.4 #** 64.5

20 22.8 12.0 64.1

40 27.3 12.7 64.0

80 25.0 14,4 63.6
% Sign. (P = .05)
#% Sign. (P -= .01)
Soil depth (feet) 0-1 0-2  0-3 0-4 0-5 0-6
Avail Soil Water (in) 0.7 1.9 3.1 4.2 5.6 6.7
Soil NO,-N (lbs/Ac) . 10.5 15.8 16.5 16.5 17.8 17.8

Organic matter (0-6" of soil): .2.5%

Rainfall (in): 5.2 -  EVi(cm/day): 0.38
ST1(CO): 10 : EV; (cm/day): 0.38
ST2(C%): 15° :

| B . , 80 - N 0 - N
NO3-N after_hafvest (0-1') #N/A : 19.0 10.8

Soil Type: Unknown

Classification: Unknown
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Appendix Téble 1. Continued.

Location: Chinook ~ 1972 C . Investigator: Sims & Jackson .
Variety: Winalta Fertilizer w/seed: -50# 11-48-0
Treatment Yield Protein Test Weight
(1lbs N/Ac) ' (Bu/Ac) 3] (1bs/Bu)

0 ' 30.4 * 9.4 %% 60,5 *

20 35.4 10.7 : 60.5

40 . . 36.3 11.7 ’ 60.7

80 35.7 13.3 60.0
% Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) - 0-1 0-2 0-3 0-4 - 0-5 0-6
Avail Soil Water (in) 0.8 - 2.5 4.1 5.6 6.8 8.3

9.9 24,4 30.4 33.7 38.7 51.9

Soil NO,-N (lbs/Ac)
Organic matter (0-6" of soil): 2.1%

Rainfall (in): 3.9 " EVq(cm/day): 0.55

ST1(C%): 12.5 ' . _.EVo(cm/day): 0.39
ST, (C%): 16.5

o 80 - N 0-N
NO3-N after harvest (0-1") #N/A ' 6.0 19.6

Soil Type: Williams loam

Classificatibn: Typic Argiborolls; fine—léamy, mixed
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Location: Brady - 1971
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Invéstigator: R. L. Wilson

- Fertilizer w/ééed:

Variety:
Treatment' Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) ¢3) (1bs/Bu)
0 32.5 10.4 62.2

20 "36.1 10.7 62.7

40 35.3 11.8 61.7

60 39.2 12.7 61.0

80 37.3 13.5 61.1

100 39.3 13.8 60.7

140 39.6 15.0 60.5

180 39.5 15.7 60.3
*  Sign. (P = .05)
%% Sign., (P = ,01)
Soil depth (feet) 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 4.0 5.5 6.5 7.0 7.5
Soil NO,-N (1lbs/Ac) 33.6 36.4 41.2 67.2 105.2

Organic matterl(0-6" of soil): 2.0%

Rainfall (in): 2.9
STl(CO): 11
ST (CO): 15

Soil Type: Marias clay

EV] (cm/day): 0.54
EVo(cm/day): 0.39

Classification: Ustertic Torriorthents; fine, montmorillomitic,
calcareous, frigid ‘
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Appendix Table 1. Continued.

Location: Homestead - 1971 Investigator:' R. L. Wilébn‘
Variety: - : Fertilizer w/seed:
Treatment ,' ’ ' Yield Protein C Test Weight
(1bs N/Ac) (Bu/Ac) (%) ' (1bs/Bu)
0 - 44,0 13.3 B 61.4
20 . ' 46.0 13.3 _ -, 60.9
40 46.4 14.2 60.5
60 : 42.0 14.3 60.9
80 : 42 .4 : 14.8 60.5
100 : 41.5 15.0 60.4
140 41.5 15.2 60.5
180 . . 40.0 15.5 60.4
* Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1  0-2  0-3 0-4 0-5  0-6
Avail Soll Water (in) 2,5 3.9 5.5 6.6 7.8 9.1
Soil NO3-N (ibs/Ac) - 35,2 .61.7 75.7 82.4 85.7 90.4

Organic matter (0-6" of soil): 3.8%

Rainfall (in): 4.4 . EV;(cm/day): 0.48
$T1(C%): 10 S EVy (cm/day): 0.31
STy (CO): 15. :

< Soil Type:- Williams heavy loam

Classification: Typic Argiborolls; fine-loamy, mixed




Appendix Table 1. 'Continued,

Location: Brusett - 1971
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Investigator: R. L. Wilson

Variety: Fertilizer w/seed:
Treatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) ) (1bs/Bu)
0 32.7 15.1 60.5
20 33.1 15.4 60.2
40 - 34.2 15.4 59.8
60 , - 38.7 15.4 59.8
80 o 34.2 15.6 59.9
100 33.8 15.9 59.7
140 ‘ 35.5 16.1 59.6
180 ' 36.3 16.0 ° 60.5
* Sign. (P = ..05)
*% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 2.4 5.0 7.9 10.1 11.8 13.3
Soil NOq-N (lbs/Ac) = 68.4 83.6 98.8. 116.0 134.0 146.0
Organic matter (0-6" of soil): - 3.1%

Rainfail (in): 4.3
ST1(CO): 11
ST,(Co): 17

Soil Type: ¢herry

0.45
0.85

EV](cm/day):
EVy(cm/day):

Classification: Aridic Haploborolls; fine—silty,'mixed
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Appendix Table 1. Continued.

Location: Amsterdam - 1971 - Investigator: J. R. Sims
(Bates) '
Variety: Winalta Fertilizer w/seed: 100# 18-46-0
Treatment Yield - Protein Test Weight
_(1bs N/Ac) , (Bu/Ac) ‘ (%) (1bs/Bu)
|
| 0 : 39.5 * 9.2 *% 64.4 *
| 20 45.0 10.2 64.0
40 49.2 10.7 64.0
’_ 60 o 50.8 11.4 62.9
y 80 50.0 12.8 62.1
100 o 44 .4 , 14.0 61.9
| 140 . : 46.2 15.1 61.1
| ! 180 45.8 15.5 61.1
|
[ * S8ign. (P = .05)
*% Gign. (P = .01)
! - , .
'Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
| Avail Soil Water (im) 3.0 5.8 6.8 7.7 8.5 9.5
i Soil NO4-N (1lbs/Ac) 56.1 70.6 74.2  76.6 79.6 81.4
Organic matter (0-6" of soil): 2.2%
Rainfall (in):- 5.1 ' : EVl(cm/day): 0.33
ST1(C%): 13 EV, (cm/day): 0.78
STp(CO): 19 .
. : 180 - N 0 - N
/ NO5-N after harvest (0-1") #N/A. 6.4 . 0.0

Soil Type: Amsterdam silt loam

Classification: Typic nyoborolls; fine—siity,‘mixed
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Appeﬁdix Tabié 1. Continued.

Locétion: Wibaux - 1971 investigator: ‘J. R. Sims
. Variety: Froid ) Fertilizer w/seed: 80# 11-48-0
Treatment _' Yield - - Protein Test Weighf
(1bs N/Ac) ’ (Bu/Ac) . (%) : (1bs/Bu)
0 . 31.8 13.2 - , 61.7
20 39.9 : 13.5° . 61.6
40 37.4 14.3 60.7
60 40.6 _ 14,1 61.6
80 40.6 , 15.2 : 60.1
100 42,6 : 15.3 60.7
140 S 41.4 14.9 .o 61.5
180 . ~45.3 . - 14.8 ‘ 61.7
* Sign., (P = .05)
#% Sign. (P = .OL)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 0.8 1.7 2,2 2.9 4,2 6.1
"Soil NO3-N (1bs/Ac) 43,1 75.7 84.9 90.0 98.6 113.3

Organic mattef-(0—6" of soil): 3.8%

Rainfall (in): 4.2 " EVi(cm/day): 0.45
ST1(C%): 18 .- EVy (cm/day): 0.78
STo(C%): 20.5 :

: . 180 - N 0-N
NO5-N after harvest (0-1") #N/A . . 72.5 L2

Soil Type: Morton silt loam

Classification: Typic-Argiborollé; fine, loamy; mixed
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Appendix Table 1. Continued,

Location: Columbus - 1971 ' Investigator: J. R. Sims
Variety: i . Fertilizer w/seed: 100# 18-46-0
Treatment ‘ — Yield Protein . Test Weighf
(1bs N/Ac) : (Bu/Ac) (%) (1bs/Bu)
0 ' 38.0 9.3 % 63.1 **
20 45.5 ' 11.0 62.8
40 41.3 10.4 63.1
60 , . 46.0 11.2 62.4
80 - 46.8 12.2 62.8
100 o 40.8 13.9 62.4
140 - 46.1 14.6 62.0
180 . 41.2 . 15.6 62.5
% Sign. (P = .05)
%% Sign., (P = .01)
Soil depth (feet) - 0-1 0-2 0-3 0-4 0-5 . 0-6
Avail Soill Water (dn) 2.1 4.8 6.9 . 8.0 9.0 - 9.8
Soil NO3-N (lbs/Ac) 66.9 ° 84,1 100.1 109.9 119.7 - 131.3

Organic matter (0-6" of soil): 2.47%

Rainfall (in)< 6.9 : . -EVy (cm/day): 0.55
STl(Co): 17 . EVp(cm/day): 0.63
- STy (CO):. 21
' L 180 - N 0~ N
NO,-N after harvest (0-1") #N/A 4.7 0.0

3

Soil Type: Nerrow clay loam

Classification: Borollic Paleargids; fine, montmorillonitic
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Appendix Table 1.  Continued.

Location: Amsterdam - 1971

Investigator: J. R. Sims

STy (CO): 18 .

Soil Type: Amsterdam silt loam

Classification: Typic Cryoborolls; fine-silty, mixed

(Dyk)
Variety: Fertilizer w/seed:
Treatment K Yield Protein L Test Weight
(1bs N/Ac) " (Bu/Ac) 3 ) (1bs/Bu)
0 37,4 %« 11:4 * 62.4 *
20 . 37.3 12.6 .o 62.4
40 41.2 12.8 61.7
60 - 40.0 13.9° 61.7
80 o . 44,2 14.8 61.3
100 - 41.4 14.7 . 61.7
140 . . 37.7 15.6 61.3
180 - 37.0 15.7 60.7
%  Sign, (PA= ;05)
%% Sign. (P'= .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
-Avail Soil Water (din) 2.6 6.2 7.7 8.7 9.5 10.5
Soil NO3-N (1bs/Ac) 41.6 50.7 51,9 52,5 55,5 60.9
Ofganic matter (0-6" of soil): 1.3%
Rainfall (in): -4.0 EVj (cm/day): 0.40
ST1(C%): 13 EVj (em/day):
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Appendix Tablé.l{ Continued.
Location: Forsyth - 1971

Variety: Cheyenne

Investigator: J. R. Sims

Fertilizer w/seed: 80# 18-46-0

Rainfall (in): 4.4

ST1(C%): 20

ST2(CO): 22,5

NO4-N aftef_hérvest (0-1") #N/A
Soil Type: -Chama silt loam

~Classification:

Treatment Yield . Protein Test Weight
(1bs N/Ac) (Bu/Ac) %) (1bs/Bu)
0 . 39.6 *% 9.5 %% 62.8 %%
20 : 43,3 10.7 63.1
40 ' 45.3 11.0 63.3
60 44,2 12.2 62.7
80 . 46.8 13.2 63.1
100 47.9 14.9 61.6
140 45.9 15.0 61.9
180 45.9 15.7 61.5
% Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water .(in) 0.8 1.6 - 2.4 . 3.4 3.7 C -
Soil NO3-N:(1bs/Ac) 14.5 -26.4 31.7 39.4 59.7 -
. Organic matter (0-6" of soil): 1.1%

EVi(cm/day): 0.45

EVy (cm/day): 0.45
180 ~ N - 0-N
64.8 2.0

Typic Haploborolls; fine-silty, mixed
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Appendix Table 1. Continued.

Location: Rosebud - 1971

" Investigator:  J. R. Sims

Fertilizer w/seed:

Variety:
Treatment Yield Protein . Test Weight
(1bs N/Ac) (Bu/Ac) (%) \ (1bs/Bu)
0 39.5 #* 10.1 %% - 63.1 %
20 43.3 10.3 64.1
40 45.8 11.8 63.7
60 45.8 12.8 - 63.7
80 50.0 13.8 63.6
100 46.4 14.4 63.3
140 44 .4 14.8° 63.3
180 46.1 15.3 63.1
* Sign. (P = .05)
#% Gign. (P = .01)
Soil depth (feet) 0-1 - 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.6 3.5 4.6 5.5 6.2 6.6
Soil NOq-N (1lbs/Ac) 17.2 41.0 51.0 56.8 61.8 66.5
Organic matter (0-6" of soil): 1.2%
Rainfall (inif 3.6 EVi(cm/day): 0.45
ST1(Co): 19 EV) (cm/day): 1.00
ST2(C%): 23.5-
180 - XN 0-N
42,7 0.0

NO3-N after, harvest (0-1') #N/A

Soil Type: _Chama silt loam

Classification: Typic Haploborolls; fine-silty, mixed
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Location: Joliet - 1971 Investigator: J. R, Sims
Variety: Warrior Fertilizer w/seed: 50# 34-0-0
Tréatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) %) (1bs/Bu)
0 38.2 8.4 %% 61,3 #*
20 39.6 9.2 61.1
40 45,3 10.1 61.1
60 39.0 11.7 59.3
80 39.0 14,2 58.4
100 43.5 13.0 58.9
140 35.6 15.5 55.1
180 36.8 15.5 54,8
* Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (din) 2.0 3.1 4.3 5.8 - -
Soil NO3-N (lbs/Ac) 18.9 32.5 42.7 52.4 - -
Organic matter (0-6" of soil): 2.2%

Rainfall (dn): 5.2
ST1(CO): 17
STp(C0): 20.5

NO3~N after ﬁarvest (0-1") #N/A

Soil Type:

Nerrow clay loam

EVl(cm/day): 0.75
EV,(cm/day): 0.75

Classification: Borollic Haplargids; fine, montmorillonitic
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Appendix Table 1. Continued.

Location: Broadview - 1971 Investigator: .J. R. Sims.
Variety: Cheyenne Fertilizer w/seed: 50# 18-46-0
Treatment Yield Protein- - Test Weight
(1bs N/Ac) : (Bu/Ac) %) (1bs/Bu)
0 o 32.6 9.8 #% T 62,1 k% .
20 33.5 11.9 : 61.9
40 38.2 ' 12.3 : 62.3
60 ‘ 34.2 13.6 . : 61.2
80 37.7 13.4 - _ 61.5
100 36.3 15.4 . 59.7
140 : 36.3 15.1° : 60.5
180 ' 32.5 15.4 ' 60.8
%  Sign. (? = ,05)
%% Sign. (P = .01) |
* Soil depth (feet) 0-1 0-2 0-3 . 0-4  0-5 0-6 -
Avail Soil Water (in) 1.3 2.9 4.0 4.0
Soil NOq-N (1lbs/Ac) - 34,9 - 39.8 41.7 41.7 .

Organic'maffer (0—6" of soil): 2.0%

Rainfall ‘(in): 1.7 | EVy.(cm/day): 0.40

ST{(c®): 13 - ' EVy (cm/day): 0.90
ST7(CO): 17.5 :

: ' 180 =N 0 -N
NO3-N after harvest (0-1') #N/A 23.3 0.0

Soil Type: Bainville clay loam

Classification: Ustic Torriorthents; fine-silty, mixed (calcareous),
mesic ’




- 102 -

Appendix Table 1, Continued.

‘Location: Broédus - 1971 Investigator: -J. R. Sims
Variety: : Fertilizer w/seed! 45# 18-46-0
Treatment Yield - frotein .‘ Test Weight.
(1bs N/Ac). (Bu/Ac) - (2 ' (1bs/Bu)
0 _ 29.0 12.0 59.9
20 33.4 : 11.4 . 61.2
40 31.2 13.8 57.9
60 : 32.8 14.6 : 57.1
80 . ’ 31.4 15.1 ' 56.7
100 - 30.6 14.8 58.7
140 ; 29.4 15.8 55.7
180 ' 34.0 B 15.5 56.8

* Sign. (P = .05)
%% Sign. (P = .01)

Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 2.0 4,1 5.1 - 5.9 7.1 7.8
Soil NO3-N (1bs/Ac) 28.7  54.3 °100.5 148.2 205.1 237.5

Organic matter (0~6" of soil): 2.7%
Rainfall (in):'.6.1 : " EVy(cm/day): 0.35
ST{(CO): 18 ' : . EV2(cm/day): . 0.81
ST2(CO): " 21 - .

Soii Type: Heldt siity clay loam

Classification:' Ustollic Camborthids; fine, montmorillonitic, mesic
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Appendix Table 1. Continued.

Location: Pryor - 1971 - Investigator: J. R. Sims
Variety: Winalta ' " Fertilizer w/seed:
Treatment ‘ Yield Protein Test Weight
(1bs N/Ac) . . (Bu/Ac) (%) E (1bs/Bu)
0 20.1 15.3 %% 58.3
20 22.0 16.5 57.9
40 24.8 16.7 57.5
60 20.5 : 18.1 : , 57.3
80 L 21.7 18.5 - ' 56.8
100 ) 20.8 18.9 ' 56.7
140 . . 23.0 18.2 58.0
7 18.0 57.5

180 22,

* Sign. (P =..05)

%% Sign, (P = .0Ll)

Soil depth (feet) 0-1 0-2 - 0-3  0-4 0-5 0-6
Avail Soil Water (in) 2.1 3.8 4.8 5.7

Soil NO,-N (lbs/Ac) 57.2  95.2 1i3.7 118.3

Organic matter (0-6" of soil): 1.8%

Rainfall (in): 2.7 ©° EVy(cm/day):- 0.57
STl(CO): 17.5 : EV?(cm/day): 0.92
Soil Type: Coburn silty clay loam

Classification: Abrhptic Argiborolls; fine, montmorillonitic
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Appendix Table 1. Continued.

. Location: Rapelje -~ 1971 Investigator: J. R. Sims
Variety: ‘ Fertilizer w/seed: 35# 16-20-0.
Treatment - Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) - (1bs/Bu)

0 55.1 13.1 61.6

20 56.6 13.4 61.9

40 55.0 14.3 61.7

60 55.1- 14,6 61.9

80 : 47.6. 15.0 60.5

- 100 ' , 55.9 i5.1 61.3

140 . - 57.9 15.3 61.7

~ 180 _ 52.7 15.5 60.8
% Sign. (P = .05)
%% Sign., (P = .01)

" Soil depth (feet) 0~-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 2.0 3.3 5.5 7.3 8.7
Soil NO -N (1bs/Ac) 65.3 113.3 123.5 130.7 144.1

Organic matter (0-6" of soil): 3.6%

Rainfall (in): 5.4 EVq (cm/day): 0.65

ST1(C%): 15 - o EV,(cm/day): 0.65
STo(CO): 17 »

: . 180 - N 0-N
NO3-N after harvest (0-1') #N/A _ 44,6 5.7

Soil Type: Berry clay loam

Classification: Borollic Paleargids; fine, montmorillonitic
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Appendix Table 1. Continued.

~Location: Homestead - 1970 Investigator: R. L. Wilson

Variety: Fertilizer w/seed: 100# 11-48-0
Treatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) 3] . '(lbs/Bq)
0 E 26.6 12.6
20 30.8 13.1
40 31.4 12.8
60 32,0 14.0
80 ' 31.2 14.9
. 100 E 30.9 15.4 °
140 : 28.7 15.1
3 16.8

180 31.

*  Sign. (P =..05)

*% Sign. (P = .01)
Soil depth (feet) . 0-1 0-2 0-3 0-4 0-5  0-6
Avail Soil Water (in) 2.4 4.4 - 5.5 7.2 7.7 7.9

Soil N0,-N (1lbs/Ac) 85.8 196.7 224.9 247.8 287.8 324.6
Organic matter (0-6" of soil): 2.9% -
Rainfall (iﬁj: 5.8 . . ' EVq (em/day): 0.55
ST (C%): .14.5 ~ ’ . EV, (cm/day): -0.55
STZ(CO): 20.5 ' .
Soil Type: Williams heavy loam

Classification:- Typic Argiborolls; fine-loamy, mixed family.
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Appendix Table 1. Continued.

Location: Bfady - 1970 Investigator:. R. L. Wilson
Variety: . Fertilizer w/seed: 50# 18-46-0
Treatmeﬁt : © Yield Protein Test Weight
(1lbs N/Ac) (Bu/Ac) ' (%) (1bs/Bu)
0 31.5 12.1

20 . 34,7 12.3

40 . 37.6 13.6

60 38.5 14.9

80 ' . 36.7 -~ 15,2

100 - 35.7 15.3

140 39.2 . 15.8

180 ' 39.8 " 15.4
* Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3°  0-4 0-5 0-6
Avail Soil Water (in) 1.0 2.2 3.6 4.4 4.6 4.7
Soil NO,-N (1bs/Ac) 65.7 86.6 104.5 121.5 138.3 164.3

. Organic matter (0-6" of soil): 2.8%

Rainfall (in): 3.9 EVl(cm/day): 0.37
ST1(c%): 18 . , : .EV, (cm/day): 0.54
ST9(CO): 19

Soil Type: _Mérias clay

Classification: Ustertic Torriorthents; fine, montmorillonitic,
" calcareous, frigid




™

Appendix Tablé l.- Continued.

Location: Jordan - 1970
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Investigator:l R. L. Wilson

Rainfall (in): 3.8
STl(C_O) : 15
STo(CO): 21

Soil Type: -Devon, thin solum °

(Stanton)
Variety: ' Fertilizer w/seed: 30# 18-46-0
Treatment . Yield Protein Test Weight
(1bs N/Ac) ' (Bu/Ac) (%) (1bs/Bu)
0 25,5 15.1
20 27.2 15.0
40 . 25.5 15.5
60 26.6 16.0
80 ) 27.1 16.7
100 28.8 17.2
140 . T 26.4 17.1
180 , 25.5 17.1
*  Sign, (P-= .05)
*% Sign, (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0~4 0-5.  0-6
Avail Soil Water (in) 0.0 1.8 . 3.3. 3.7 4.7 5.1
Soil NO3~-N (lbs/Ac) 90.6 124.9 139.2 149.7 161.8 171.5
Organic matter (0-6" of soil): 2.1% -

EVy(cm/day): 0.53
EVy(cm/day): 0.71

Classification:. Aridic‘Argibordlls; fine~loamy, mixed
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Investigator:

R. L. Wilson

Variety: Fertilizer w/seed: 40# 18-46-0
Tréatment Yield ' Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) (1bs/Bu)
0 32.6 12.1
20 34.2 13.2
40 33.5 13.3
60 36.9 13.1
80 . 37.6 14.5
100 31.3 14.5
140 34,9 15.1
180 ' 33.3 15.2
%  Sign. (P = .05)
*% Sign. (P = .01) -
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 5.2 8.1 10.8 10.8 - -
Soil NO,-N (1lbs/Ac) 60.4 110.4 131.6 145,1 156.2 166.2
Organic matter (0-6" of soil): 2.2%

Rainfall (in): - 3.3
ST{(CO): 17.5
STy (CO): 20

Soil Type: Vida loam

EV; (cm/day):
EVZ(cm/day):

Classificationﬁ Typic Argiborolls; fine-loamy, mixed

0.49
.0.58
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Appendix Table 1. Continued.

Location: Vida - 1970 _ investigator: R. L. Wilson
Variety: Fertilizer w/seed: 40# 18-46-0
Treatment Yield Protein Test Weight
(lbs N/Ac) -~ (Bu/Ac) 7 3] ' ) (1bs/Bu)
0 33.6 12.2
20 33.5 13.5
40 37.1 13.9
60 32.4 - 14.5
80 | 34,4 15.0
100 34.9 15.3
140 38.8 15.6
180 | 35.0 15.7
%  Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) . 0-1 0-2 0-3 0-4 0-5 ~ 0-6
Avail Soil Water (in) 2.4 4.2 7.3 8.8 10.1 11.4
Soil NO4-N (lbs/Ac) 45.6 71.3 - 90.5 105.9 125.2 '146.3

Organic matter (0-6" of soil): 2.8%

‘Rainfall (in): 4.1 EVq(cm/day): 0.61
ST1(C%): 14.5 ' EVZ(cm/day): 0,61
ST,(C%): 19 : . :

Soil Type: Vida loam

Classification: Typic Argiborolls; fine-loamy, mixed
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Appendix Table 1. Continued.

Location: Jordan - 1970 " . Investigator: R. L. Wilson
(Coulter) -

'Variety: Fertilizer w/seed: 30# 18-46-0
Treatment Yield Protein Test Weight
(1bs N/Ae) - (Bu/Ac) (%) 7 (1bs/Bu)

0 33.0 12.4
20 37.7 13.0
40 37.0 13.9
60 . 37.9 14.5
80 . 37.8 15.4
100 ’ 35.2 16.4
140 - 35.2 16.6
180 . 33.9 17.0
*  Sign. (P = .05)
*% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) - . 2.0 3.8 6.1 . 7.3 8.6 =~ 8.6
Soil NO3-N (lbs/Ac) .53.5 78.7 90.0. 95.8 104.1 117.9

Organic matter. (0-6" of soil): 3.6%

Rainfall (in): " 3.9 . . EVy (cm/day): 0.87
ST1(C%): 14.5 _ : EV,(cm/day): 0.80
ST, (CO9): 20 |

Soil Type: Cherry

Classification: Aridic Haploborolls; fine-silty, mixed
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Appendix Table 1. Continued.

Location: N -'of Cut Bank - 1970 Investigator: H. A. R. Houlton
Variety: Winaléa Fertilizer w/seed: 704 18-46-0
Treatment ' Yield - Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) : (1bs/Bu)
0 | 36.3 11.0 64.5
20 - 35.7 10.7 64.3
40 ' 38.2 12,2 : 64.3
60 . 38.7 13.1 - 64.1
80 39.5 13.4 64.4
100 : 41.7 4.0 63.7
140 - - 40.5 14.2 63.9
180 » 42.8 15.7 63.6
% Sign., (P-= .05)
#% Sign. (P = .0L)
Soil depth (feet) 0-1 ~ 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.3 2.5 3.6 4.6 5.3 -
Soil NO4;-N (1lbs/Ac) 28.0 38.3 42.1 44,9 . 48.3 -

Organic matter (0-6" of soil): 3.1%

Rainfall (in): 5.3 , _ . EVy (cm/day): 0.58
ST1(C%): 11 EV) (cm/day): - 0.58
STz'(CO) s 15 .

Soil- Type: Kevin clay loam

Classification: Aridic Haploborolls; fine-loamy, mixed




Appendix Table. 1. Continued.
Location: . Kremlin - 1970

Variety:' Winalta
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Investigator: H. A. R. Houlton

Fertilizer w/seed: 75§ 11—48;0

STo(CO): 19

Soil Type:- Illiad loam

Treatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) (1bs/Bu)
0 . 28.8 12.0 61.6
20 ' 30.0 12.7 . 61.6
40 33.0 13.7 : 61.6
60 31.7 4.1 61.7
80 ; 31.6 14.9 61.6
100 30.9 14.9 61.3
140 T 30.5 15.4 61.1
180. - 30.4 15.6 61.3
# Sign. (P = ,05)
#%  Sign., (P = ,0l)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.5 2.2 2.6 . 3.0 3.5 ~-
Soil NO9-N (1lbs/Ac) . 10.1 16.2 20.8 27.1 32.7 -
Organic matter (0-6" of soil): 1.4%
Rainfall (in): 5.2 EV](cm/day): 0.81
ST1(CO): 14 EVz(cm/day): 0.56

Classification: Aridic Argiborolls; fine-loamy, mixed
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Appendix Table 1. Contipued.

Location: Wagner - 1970 Investigator: H. A. R. Houlton
Variety: - Winalta Fertilizer w/seed: 40# 11-48-0
Treatment - Yield Protein Test Weight
(1lbs N/Ac) , (Bu/Ac) (%) : (1bs/Bu)
0 . T 45.5 12.3 , 62.6
20 - 52,1 13.7 | . 63.6
40 _ 53.7 14.5 . 62.1
60 . 58.6 _ 14.9 - 61.0
80 I 56.5 . 14.3 62.2
100 .. 58.0 15.2 _ 61.6
140 . 57.6 15.2 . 61.5
180 56.2" 15.7 . . 61.9
%  sign. (P = .05)
%% Sign. (P ='.0l)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0~-6
Avail Soil Water (in) 1.3 2.5 4.2 5.7 6.7 . -
Soil NO3-N (1bs/Ac) 20.3 55.7 87.1 121.3 164.7 -

Organic'matter'(0—6" of soil): 3.1%

Rainfall (in): 5.9 ' EVy (cm/day): * 0.76
ST1(CO): 16 : "EVg (em/day): 0.60
STy (Co): 20 ’

Soil Type: ScoBey loam

Classification: Aridic Argiborolls; fine, montmorillomitic
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Appendix Table 1. Continued.

Location: - Broadview - 1970 Investigator: J. R. Sims
Variety: Cheyenne Fertilizer w/seed: 35# 18-46-0
Treatment Yield "~ Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) (1bs/Bu)
0 : 33.0 , 9.3 ** . 62,4
20 S 37.0 9.6 62.9
40 44,3 11.3 62.6
60 . 40.1 12.6 : 61.3
80 o 32.7 -13.4 ' 60,7
100 _ 34.2 14.9 59.6
140 C 30.3 15.7 58.3
180 . 39.7 16.0 60.1
% Sign. (P = .05)
*% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) - 1.0 3.2 5.5 5.5 - -
Soil NO3-N (lbs/Ac) - 49,9 57.6 65.3 65.3 - -

Orgénic matter’ (0-6" of éoil): 2.0%

Rainfall (in): 6.7 . EV](cm/day): 0.52

ST1(Co): 13 ) EV,(cm/day): 0.67
ST, (CO): 16,5 o

’ o N 180 - N 0 - N
NO;-N after harvest (0-1') #N/A ‘ 50.0 6.7

Soil Type: -Bainville clay loam

Classification: Ustic Torriorthents; fine-silty, mixed (calcareous),
mesic
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Appendix Table 1. Continued.

Location: Fort Ellis - 1970 ' Investigator: J. R. Sims
Variety: : Fertilizer w/seed:
Treatment - Yield Protein ' Test'Weight
(lbs N/Ac) - . (Bu/Ac) 3 (1bs/Bu)
0 53.8 '10.1 a 64.1
20 : 57.1 10.3 64.4
40 58.7 10.6 64.4
60 o " - 56.8 11.3 . 64.4
80 - 50.8 11.7 64.2
100 T 56.6 ~11.3 _ 64.4
140 _ 54,8 12.6 - 64.4
180 54.7 12.9 64.0
; % Sign. (P = .05)
*% Sign. (P =_.01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 1.3, 2.6 4,2 6.0 7.6 - 9.0

Soil NO3-N (lbs/Ac) 19.9 71.8 94,6 103.9 120.4 115.7
Organic matter (0-6" of soil): 4.9%

Rainfall (in): 7.6 . EV{ (cm/day): 0.51

ST1(CO): 12 ' _ ) o , EVo (em/day): 0.68
STy (CO): 17 ° - S ,

' ‘ " 180 - N 0-N
N03—N after harvest (0-1') #N/A 22.8 - 2.0

Soil Type: Bozeman silt loam

Classificatibn: Argic Pachic Cryoborrolls; fine-silty, mixed
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Appendix Table 1. Continued.

Location: Willow Creek - 1970 Investigator: J. R. Sims

Variety: ’ Fertilizer w/seed:
Treatment. o Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) : (1bs/Bu)
0 22.8 12.3 61.5 *
20 22.8 13.2 61.7
40 24.2 13.8 60.8
60 24.9 13.5 61.2
80 21.2 14.5 ‘ 61l.1
100 : 29.0 | 14.2 . 60.9
140 24.9 ' 151 ‘ : 60.7
180 26.9 15.0 B 60.8
% Sign; (P = .05)
%% Sign. (P = ,01)
Soil depth (feet) 0-1 0-2  -0-3 .0-4 ° 0-5 0-6
Avail Soil Water (in) 1.0 2.4 . 2.6 2.6 - -

Soil NO3-N (lbs/Ac) 13.5 41.9 52.5 52.5 = -

Organic matter (0-6" of soil): 1.47%

Rainfall (in): 4.0 . EV] (cm/day): 0.63
STy (C%): 13" "EVy (cm/day):- 0.49
STZ(CO): 19 ' ‘

Soil Type: Un-named loam

Classification: Typic Cryoborolls; fine-silty, mixed
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Appendix Table 1. Continued.

Location: Raplje - 1970 Investigator: J, R. Sims
Variety: - Fertilizer w/seed:
Treatment . .Yield ~ Protein Test Weight
(1bs N/Ac) _ (Bu/Ac) (Z) (1bs/Bu)
0 41.8 12,9 =* 64.0 *
20 41.9 12.3 63.8
40 45.4 12.5 63.4
60 38.9 12.9 63.3
80 N - 43.0 . 13.2 63.5
100 - 41.1 13.2 63.3
140 ' 39.0 13.7 62.7
180 37.4 . 14.2 62.5
* Sign. (P = .05)
%% Sign., (P = :.01)
Soil depth (feet) 0-1 0-2 0-3 0-4 _ |o-5 0-6
Avail Soil Water (in) 1.9. 4.4 6.9 9.5 9.5 9.5
Soil NO4-N (1bs/Ac) 15,4 34.6 57.2 128.5 175.7 192.2

Organic matter (0—6" of soil): 3.7

Rainfall (in): 3.9 ‘ EVy (cm/day): 0.86
ST1(C°): 13 EVy (em/day): 0.66
ST,(C0): 17.5 . .

g . 180 - N 0-N
NO3-N after harvest (Ojl') #N/A : - 82.3 14.8

Soil Type: Berry clay loam

Classification: Borollic Paleargids; fine, montmorillonitic




Appendix Table 1. Continued.

Location: Pryor - 1970
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 Investigator: J. R. Sims

Variety: -Winalta Fertilizer w/éeed} 50# 18-46-0
Treatment Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) (%) (1bs/Bu)
0 _ 27.9 11.2 ** 64,1 %

20 31.4 11.5 64.3

40 34.3 12.5 64.1

60 37.1 12,9 63.6

80 38.9 13.7 63.4

100 38.4 13.5 63.3

140 36,6 14,6 62.9

180 35.5 15.2 61.6
% Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 2.4 4.6 6.0 7.1 - 8.0 9.0
Soil NOg~N (1lbs/Ac) 12,2 49,8 67.0 73.1 79.7 86.3
Organic matter (0-6" of soil): 3.0%
Rainfall (in): 8.7 EVi(cm/day): 0.71
STl(CO): 13.5 EVy(cm/day): 0.59
STy (c%): 19 : )

| . 180 - N 0-N-

NO3—N after harvest (0-1') #N/A 73.2 . 12.0
Soil Type: Coburn éilty clay

loam

Classification: Abruptic Argiborolls; fine, montmorillonitic
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Appendix Table 1. Continued.

Location: Volborg.— 1970

Investigator:

J. R. Sims

Variety: Fertilizer w/seed: 80# 18-46-0
Treatment , Yield Protein Test Weight
(1bs N/Ac) (Bu/Ac) 03] (1bs/Bu)
0 38.1 12,2
20 39.3 13.2
40 . 36.7 13.9
60 44,9 14 .5
- 80 37.1 15.2
- 100 . 41.7 15.1
140 | '36.7 4.6
180 38.0 15.4
*  Sign. (P = .05)
%% gign. (P = .01)
Soil depth (feet) . 0-1 0-2 0-3 0-4° 0-5°  0-6
Avail Soil Water (in) 2.4 5.0 6.7 9.0 11.4 12.9
Soil NO3-N (1lbs/Ac) 28.4 77.2 83.2 106.2 143.8 191.6
Organic matter (0-6" of soil): 3.0%

Rainfall (in)éA 7.2

ST;(C%): 14.5

ST,(CO): 19.5

NO3-N after hérvest“(o—l') #N/A

Soll Type: " Farland silt loam-

'EVy (cm/day): 0.47
EVy(cm/day): 0.73

180 - N 0 - N-

99.1 J11.2

Classification: Typic Argiborolls; fine-silty, mixed
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Appendix Table 1. Continued.

Location: Amsterdam - 1970 Investigator: J. R. Sims
Variety: . Pertilizer w/seed:
Treatment a Yield < Protein : Test Weight
(1bs -N/Ac) (Bu/Ac) ) (1bs/Bu)
0 35.8 13,9 * 60.6
20 38.0 13.6 61.0
40 36.0 14.7 59.7
60 39.4 14.5 .61.0
80 T 34.6 15.2 59.8
100 36.9 14.7 ' 61.0
140 ' 36.4 14.6 60.3
180 : 40.4 : 15.0 ‘ 61.2
* sign. (B = .05)
#% gign., (P = .01)
Soil depth (feet) . 0-1 0-2 0-3 0-4 '0-5 0-6
Avail Soil Water (in) 2,0 4.1 6.2 8.0 10.3 11.6
Soil NO4~N (1lbs/Ac) 7.9 47.5 98.1 105.0 108.6 112.2

Organic matter (0-6".of soil): 2.0%

Rainfall (im): 4.5 - EVl(cm/day): 0.65
ST;(C%): 13 ' EVy(cm/day): 0.65
STy (CO): 18 L :

_ _ , 180 -N '~ 0-N
N03-N after harvest (0-1'") #N/A ©92.4 . 18.0

Soil Type:. Amsterdam silt loam

Classification: Typic Cryoborolls; fine—silfy, mixed
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Appendix Table 1. Continued.

Location: Hardin - 1970

Investigator: J. R. Sims

(Torske)
Variety: Fertilizer w/seed:
Treatmenf R Yield Protein Test Weight
(1bs N/Ac) - (Bu/Ac) (%) = (1bs/Bu)
0 : 26,0 * 10.7 =% 62.1 **
20 ) 32.0 10.9 - 61.9
40 - 30.1 12.4 60.4
60 _ - 33.2 15.3 58.9
80 310 14.9 57.7
100 . 33.0 15.9 57.5
140 : 28.4 17.0 55.7
180 29.0 17.0 55.4
% Sign. (P = .05) ‘
*% Sign., (P = .01)
Soil depth (feet)- 0-1  0-2  0-3 0-4 0-5 0-6
Avail Soil Water (in) 2.3 5.2 - 7.1 8.3 9.6 11.0
Soil NO9-N (lbs/Ac) 19.2 50.7 75.0 90.6 106.6 136.2

drganic matter (0-6" of soil): 2.0%
Rainfall (in): 5.2

ST1(CO): 15

STo(C%): 21.5

Soil Type: Gilt edge silty clay loam

EVy (em/day): 0.58

EVj (cm/day): 0.78

Classification: Ustollic Natrargids; fine, montmorillonitic, mesic
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Appendix Table 1. Continued.

Location: Hardin - 1970 Investigator: J. R. Sims
(Relly)
Variety: Fertilizer w/seed:
Treatment . Yield Protein i Test Weight
(1bs N/Ac) (Bu/Ac) (7) (1bs/Bu)
0 ' 23,4 %% 11.4 #% . 63.6 *%
20 32.0 i1.3 : 63.4
40 ) - 33.2 2.1 62.7
60 . . 35.2 ‘ 12.9 61.6
80 B _ 34.9 ‘ 13.3 61.0
100 36.4 13.9 61.3
140 . 35.3 14,6 60.4
180 34,2 . 15.0 © 60,1
*  Sign. (P = .05)
%% Sign., (P = ,01)
Soil depth (feet) 0-1 0-2 0-3 0-4 0-5 0-6
Avail Soil Water (in) 2.0 3.7 . 5.3 6.6 - -
'Soil NO3-N (lbs/Ac) 16.7 42.7 51.5 58.1 - -

Organic matter (0-6" of soil): 1.5%

Rainfall (in): 5.9 . " EVq(cm/day): 0.62
ST1(C%): 15 - - . EVz(cm/day): 0.68
ST, (CO): 21 . - a

Soil Type: Keiser silty clay loam

Classification: Ustollic Haplargids; fine-silty, mixed, mesic
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Appendik Table 1. Continuéd.

Location: Joliet — 1970 Investigator: J. R. Sims
Variety: Warrior Fertilizer w/seed: 50# 18-46-0
' Treatment . Yield Protein ‘ Test Weight
(1bs N/Ac) (Bu/Ac) (¢9) (1bs/Bu)
0 35.9 7.9 #% 61,2 *
20 41,4 8.3 61.9
40 : 45.0 9.7 62.4
.60 45.3 : 10.4 . 62.0
8C 40.3 11.3 ’ 59.5
100 43.1 12.5 : 59.1
140 . 39.9 14.6 56.0
180 ~ 39,0 14.9 58.0
% Sign. (P = .05)
%% Sign. (P = .01)
Soil depth (feet) 0-1 © 0-2  0-3 0=t 0-5 0-6
Avail Soil Water (in) 1.7 4.0 5.0 5.1 ¢ - -
Soil NO3-N (1lbs/Ac) 7.2 35.9 43.6 43.6 ~ -

Organic matter (0-6" of soil): 2.4%

Rainfall (in): 5.0 . _ EVl(cmlﬁay): 0.50
ST;(CO): 14 - . . EVy(cm/day): 0.65
ST,(C0): 19.5 | k

’ 180 - N . 0~-N
NO5-N after harvest (0-17) #N/A 0 17.6 6.0

Soil Type: Nerrow clay loam

Classification: Borollic Haplargids; fine, montmorillonitic




Appendix Table 2. Multiple linear regression equations expressing grain protein of
winter wheat as a function of potential yield, N fertilizer, soil and’
climatic variables (1' soil samples; group II data).

» L 2/
-Equation . o P SE R

1. Y = 12.56 +.0.03%3 I 157 139 .429

2, Y = 11.33 + 0.04x3 + 0.02x4 : 148 1.36 .575

3. ¥ =9.09 + 0.05x2 + 0.03x3 + .03 C 130 1.3 .662

4, Y =9.63 + 0.07x2 + 0.02x3 + 0.03x4 - 0.33x10 L1390 1.39 .733
5. ¥ = 16.19 + 0.04x2 + 0.001x3 + 0.02x4 - 0.58x10 - 7.15x20 0.89  1.49 773 o
6. Y = 31.11 + 0.11x2 - 0.05x3 - 0.02x4 - 1.14x10 = 11.43%20 - | S
. . |

2.61x21 _ 1.59  1.20  .909

7. ¥ = 45.40 + 0.11x2 - 0.11x3 — 0.06x4 — 1.6x10 + 0.75x16 - |

31.49x20 - 4.13x21- : | 3.86 0.77 .982

l/ F ratio due to regression; total df = 8
2/ SE = Standard error of the estimate




-Appendix Table 3., Multiple linear regression equations expressihg grain protein of
winter wheat as a function of potential yield, N fertilizer, 5011 and
climatic variables (2' soil samples; group II data).

2/

,Equation' - : , F SE R~
1. Y =.13.41 + 0.02x3 - 0.20x10 o .98 1.4 499
) 2. Y < 22.38 = 0.01x3 = 0.53x11 - 11.34x20 | 1.64 ° 1.29  .704
3. Y =24.31 = 0.01x3 - 0.56x11 - 11.90%20 - 0.50x21 - 1.13  1.40  .728
4., Y = 25.73 + 0.09x2 - 0.03x3 - 0.64x1l - 12.67x20 - 1.76x21 1.39  1.29  .835

5. Y = 15.00 + 0.12x2 - 0.06x3 — 0.72x11 + 0.54x18 - 16.58x20 —
1.07x21 . 0.91  1.49  .856

6. Y = - 7.89 + 0.22x2 - 0.21x3 - 0.04x5 - 1.40x1l + 2,72x18 -

48.59x20 + 0.87x21 ' - 2.44 0.96 .972

-..1/ F ratio due to régression; total df = 8
SE = Standard error of the estimate '

I
~
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Appendix Table 4. Multiple linear regression equations expressing grain protein of
winter wheat as a function of potential yield, N fertilizer, soil and
climatic variables (3' soil samples; group II data).

. R iy 2]
Equation : e : - .. F SE R
1. Y = 15.20 + 0.02x3 ~ 3.95x20 : o 1 0.92  1.46 484
2. Y =22.57 - 0.01x3 - 0.49x12 - 10.70x20 - 1.27  1.37  .657
3. Y = 26.81 - 0.03x3 - 0.93x12 + 3.65x19.- 16.79x20 . L34 133,757

4, Y = 15.45 - 0.09x3 - 1.54x12 + 0.93x17 + 14.66x19 - 25.43x20 1.71 1.20 .861

5. Y= 0.59 - 0.15x3 + 2.04x12 + 1,54x17 + 0.51x18 + 23.33x19 -

I
-
>
35.44%20 : ' 2.15 1.06 .930 |
6. Y = - 54,00 - 0.29x3 - 3.03x12 + 2.99x17 + 2.21x18 + 38.78x19 -
58.05x20 + 3.95x21 ‘ 4.35 0.73 .984

1/  F ratio due to regression; total df = 8
2/ SE = Standard error of the estimate’




Appendix Table 5. Multiple linear regression equations expressing grain protein of
winter wheat as a function of potential yield, N fertilizer, soil and
climatic variables (4' soil samples; group II data).

S : 1/ 2/
Equation - : S L . F SE~ " R
1. Y= 14.03 + 0.02x3 - 0.01x7 - o 1.02- - 1.44  .503
2. Y =17.48 + 0.02x3 - 0.01x7 - 4.80x20 - S -~ 0.81  1.50  .571
3. Y = 21.72 - 0.00x3 - 0.01x7 - 0.27x13 - 8.52x20 0.78  1.53  .662
L. Y = 29.22 - 0.03x3 - 0.0lx7 - 0.97x13 + 6.69x19 — 18.50x20 1.38  1.30  .835
5. ¥ = 30.93 - 0.07x3 - 0.01x7 - 1.18x13 + 0.60x16 + 9.22x19 -
24,09x%20 ' 1.95  1.10  .924
6. Y = 37.68 - 0.16x2 - 0.07x3 - 0.04x7 - 1.12x13 + 1.60x16 +

14.02x19 - 30.73x20 : 6.41 0.60 .989

1/ F ratio due to regression; total df = 8.
SE = Standard error of the estimate

N
N
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Appendix Table 6. Multiple linear equations expressing potentiél grain yield of winter
wheat as a function of soil and climatic .variables (all locatioms).

1/ 2/
Equation F SE - R
. *k o *h : :
1. Y =-24.80 + 2.74x16 14.18  7.78 .490
: k% - # ' %k .
2. Y =19,78 + 2.49x16 + 2.53x21 9.46 . 7.55 .548
K% : * k%
3. 'Y = 24.01 + 2.42%16 - 7.74x19 + 2.,74x%21 6.72 7.54 .565
k% : _ % o k%
4. Y = 19.94 + 2.34x16 + 0.30x17 - 7.56x19 + 2.83x21 5.08  7.59 - .571
- *% # k% .
5. Y = 27.80 + 2.33x16 + 0.81x17 - 0.83x18 - 5.68x19 + 2.63x21 4,29 7.58 . 586
: . k% -
6. Y = 27.19 + 0.23x12 + 2.30x16 + 0.85x17 - 0.86x18 - 5.85x19 +
# Co k% ,
2.,54x%21 3.52 7.66 .588
LI _
7. Y =27.11 + 0.28x13 + 2.27x16 + 0.88x17 - 0.88x18 + 6.03x19 +
. , k%
2.43%21 3.54  7.65  .589
1/ F ratio due to regression; total df = 46
2/ SE.-= Standard error of the estimate

¥

sign. p.= .,10; * sign, p = .05; *%* sign., p = ,005

- 82T -




Appendix Table 7. Multiple linear regression equations expressing N fertilizer re-
quirements of winter wheat as a function of potential yield, 3011
and climatic variables (1' soil samples; all locations).

17 2] .
, Equation ‘ e F SE R.
R & T ; - * j
C1. Y = 12.97 + 1.12x2 .- N . '8.76 - 22.66 . .404
% k% : *% .
2. Y =0.22 + 1.10x2 - 0.41x4 . 10.28  20.67 .564
4 X% * * %%
3. Y =7.3Y + 1.36x2 - 0.34x4 - 7.77x21 8.89 19,90 .619
k% ' ) * * Tk :
4, Y = 29.89 + 1.36x2 - 0.31x4 - 1.18x18 - 8.35x21 . 6.80 19.97 627
% % * %%
5. Y = 30.26 + 1.21x2 - 0.31x4 + 1.75x16 - 1.31x18 - 8.46x21 5.52  20.06 .634
T % %
6. Y = 30.83 + 1.21x2 - 0.31x4 + 1.90x16 - 1.62x18 + 8.30x20 -
* . P .
8.78x21 ‘ . 4,52 20.28 .636
* * - -
7. Y = 31.66 + 1.21x2 - 0.31x4 - 0.84x10 + 1.94x16 - 1.61x18 +
* . %%

7.80x20 - 8.71x21 ' 3.79 20.52 .638

F ratio due to regression; total df = 46
SE = Standard error of the estimate
sign. p = .05; #*%* gign, p = .005

%N =
~~

- 6CT -
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Appendix Table 8. Multiple linear regression equations expressing N fertilizer re-
quirements of winter wheat as a function of potential yield, soil
and climatic variables (2' soil samples; all locations).

1/ 2/
Equation F SE R
. R *% . k%
1. Y = 43.52 - 0.28x%5 10.11  22.38 428
X * E3
2, Y =1,22 4+ 1,15x2 - 0.29x%5 12.16  20.10 .597
%k * i %%
3. Y = 6.58 + 1.36x2 - 0.24x5 - 6.50x21 9.49  19.65 .631
% k% - # %%
b, Y = 3,9 + 1.,12x2. - 0.26x5 + 2.64x16 - 6.29x21 7.60 19.53 .648
% * i %%k .
5. Y =17.49 + 1.12x2 - 0.24x5 + 2.67x16 - 0.72x18 - 6.78x21 6.01 19.71 .650
* *
6. Y = 15.54 + 1,14x2 - 0.24x5 + 2.69x16 - 0.79x18 + 5,18x19 -
# *%
7.04x21 4,91  19.93 .651

1/ F ratio due to regression; total df = 46
zy SE = Standard error of the estimate ‘ ‘
# sign, p = ,10; * sign, p = .05; ** sign. p = .005

- 0€T -




Appendix Table 9. Multiple linear regression equations expressing N fertilizer re-
quirements of winter wheat as a function of potential yield, soil
and climatic variables (3' soil samples; all locations).

. — 7 2/
Equation ) . F SE - R
ELE T _ T B _ . ®% .
1. Y = 45.08 - 0.25x6 . - o 11.34 22.13 . .449
_ *% %% *%
2. Y=2,92 4+ 1,15x2 - 0.25x6 ) 13.04 19.84 .610
. H% % %k
3. Y= 7.49 + 1.34x2 - 0.21x6 - 6.00x21 9.85 19.50 .638
* *% o : *k
4, Y=4,87 +1.10x2 - 0.22x6 + 2.66x16 - 5.76x%x21 ‘ 7.89 19.37 .655
% %% %%
5. Y =-0.68 + 1.13x2 - 0.22x6 + 2.67x16 + 9.07x19 - 6.08x21 6.24 19.55 .658 !
T % * . 5
6. Y =5,45+ 1.16x2 - 0.21x6 + 2,70x16 - 0.50x17 + 8.83x19 - =
%k ) !
6.50x21 5.12 19.75 .659
7. Y=10.42 + 1.18x2 - 0.20x6 - 1.01x12 + 2.76x1l6 - 0.71x17 +
- %%
9.82x19 - 6.55x21 4.34. 19,94 .662
l/ F ratio due to regression§ total df = 46
2/ SE = Standard error of the estimate
*# sgign. p = .05; #*% gign. p = .005




" Appendix Table 10.

and climatic variables (4' soil samples; all locations).

‘Multiple linear regression equations expressing N fertilizer re-
quirements of winter wheat as a function of potential yield, soil

sign. p = .05; **% sign, p = .005

7
] Equation F SE R
*K EX :
1. Y = 45.33 - 0.22x7 11.77  22.05 455
%%k %% ek ’
2. Y=2,26 + 1.18x2 - 0.23x7 14.00 19.58 624
) % %%k %% :
3. Y=6.33+ 1.35x2 - 0.19x7 - 5.36x21 10.21  19.36 .645
. %%k . *%&
4, Y = 3.58 + 1.11x2 - 0.20x7 + 2.69x16 - 5.09x21 8.20 19.21 662
% %% ) *%
5. Y =-4.09 +El.15x27— 0.21x7 + 2.72x16 + 12,64x19 - 5.46x21 6.56 19.33 .667
. * %
6. Y =¢2.13 + 1.17x2 - 0.19x7 - 0.98x13 + 2.81x16 + 14.07x19 -
i . *%
5.15x21 5.44 19,49 .671
% %
7. Y= 7.45+ 1,212 - 0.17x7 - 1.31x13 + 2.88x16 - 0.73x17 +
' ' - *%
13.9x19 - 5.71x21 i © 4,62 19.66 674
1/ F ratib due to regression; total df = 46
2/ SE = Standard error of the estimate
%
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Appendix Table 11,

Multiple linear regression equations expressing grain protein of

winter wheat as a function of potential yield, N fertilizer, soil

and climatic variables (1' soil samples; all locations).

F

sign. p = .10

\ Y 27
Equation F SE R
o # ) ## .
1.. Y = 13.99 - 0.04x2 . .33 . .35 .262
: # ' L/ 2 #
2. Y = 13.50 - 0.04x2 + 0.02x4 4T .32 .367
# #
3. Y =13.22 - 0.05x2 + 0.01x4 + 0.31x21 .86 .31 .408
#
4, Y = 13.16 - 0.06x2 + 0.01x3 + 0.02x4 + 0.38x21 .31 .32 425
5. Y = 13,25 = 0.06x2 + 0.01x3 + 0.01x4 - 0.09x16 + 0,39x21 .90 .33 433
‘ # #
6. Y =12.80 < 0.05x2 + 0.01x3 + 0.02x4 - 0.09x16 + 0.71x19 +
0.35x21 . ‘ .60 .34 440
# # :
7. Y =12.88 - 0.05x2 + 0.01x3 4+ 0.02x4 - 0.12x10 - 0.08x16 +
0.75x19 + 0.36x21 .38 .35 446
8. Y = 12,23 - 0.05x2 '+ 0.01x3 + 0.02x4 - 0.12x10 - 0.09x16 +
0.04x18 + 0.66x19 + 0.38x21 .20 .36 449
1/ F ratio due to regression; total df = 46
2/ SE = Standard error of the estimate
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Appendix Table 12. Multiple linear regression equations expressing grain protein of
winter wheat as a function of potential yield, N fertilizer, soil
and climatic variables (2' soil samples; all locations).

Y 2]
Equation F SE R
- 7 7 7

1. Y = 13.50 - 0.05x2 + 0.40x21 3.19  1.33 .356
2. Y = 13.32 - 0.0ﬁx2 + 0.01x5 + 0.30x21 - 2,54 1.32 .388
3. 'Y= 13.2? - 0.0ﬁxZ + 0.01x3 + 0.01x5 + 0.35x21 2.03. 1.33 .402
4. Y = 13.28 - o.oﬁkz + 0.01x3 +0.01x5 - 0.13x16 + 0.36x21 1.76  1.33 420

5. Y = 13.60 - 0.0ﬁxZ + 0.01x3 + 0.01x5 - 0.08x1l - 0.12x16 +
0.35x21 _ ‘ ' 1.49 1.35 427

6. Y = 13.28 - 0.0ﬁxZ + 0.01x3 + 0.01x5 - 0.08x11 - 0.12x16 +
0.51x19 + 0.33x21 _ | 1.27 1.36 431

7. Y =13.02 - 0.05x2 + 0.01x3 + 0.01x5 - 0.01x1l - 0.12x16 +
10.50x19 + 0.43x20 + 0.32x21 . 1.09  1.38  .433

2/ SE = Standard error of the estimate
# sign. p = .10

1/ TF'ratio due to regression; total df = 46

s
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Appendix Table 13, Multiple linear regression equations expressing grain protein of
: winter wheat as a function of potential yield, N fertilizer, soil
and climatic variables (3' soil samples; all locations).

| T
' Equation SRR _ g F _SE R
1. Y= 13.36 - o.oﬁxz + 0.004x6 + 0.33x21 . | 231 133 373
2. ¥ = 13.45 - 0.0ﬁxZ + 0.004x6 - 0.09x16 + 0.31x21 ' 1.81  1.34  .384
3. Y = 13.41 - o.oﬁxz +°0.01x3 + 0.01x6 - 0.11x16 + 0.36x21 .  1.55  1.35  .399
4. Y = 12.99 - 0.06x2 + 0.01x3 + 0.01x6 - 0.12x16 + 0.03x17 +
0.40x21 o o 1.29  1.36  .403
5. Y =12.79 - 0.05%2 + 0.01x3 + 0.01x6 - 0.12x16 + 0.04x17 +
0.32x19 + 0.38x21 | 1.09  1.38  .405

1/ T ratio due to regression; total df = 46
2/ SE = Standard error of the estimate
# sign. p = .10
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Appendix Table 14, Multiple linear regression equations expressing-grain protein of
winter wheat as a function of potential yield, N fertilizer, soil
and climatic variables (4' soil samples; all locationms).

1/ 2/
Equation- a _ F SE R
1. Y =.13.39 - o.oﬁxz + 0.003x7 + 0.32x21 | | 2.29  1.33 ".'371_
2. Y = 13.48 - 0‘.0ﬁx2 + 0.003x7 - 0.09x16 + 0.31x21 1.79  1.34  .382
3. Y = 13.46 - 0.0§x2 + 0.01x3 + 0.01x7 - 0.12x16 + 0.35x21 1.54  1.35  .397
4. Y =13.03 - o.ozxz + 0.01x3 + 0.01x7 - 0.12x16 + 0.03x17 +
. 0.39x21 ‘ _ 1.28  1.36 401 :

- 9¢T1

1/ F ratio due to regression; total df = 46
2/ SE = Standard error of the estimate
# sign. p = .10 -




Appeﬁdix Table 15. Multiplé linear regression equations expressing grain yield of winter
wheat as a function of soil and climatic variables without spring
applied N fertilizer (all locatiomns).

- 5 27
Equation : F SE R
% T
1. ¥ =22.15 + 4.,12x21 ’ - 11.47 7.24 .451
# *% X *%
2. Y =17.20 + 1.33x16 + 3.70x21 8.13 7.01 .520 -
# *% - k% . :
3. Y =21. 78 + 1.25x16 - 8.37x19 + 3.94x21 . 6.03 6.96 544
) # ®% ®% ]
4, Y =17.86 + 1.18x16 + 0.28x17 - 8.20x19 + 4.02x21 4,58, 7.00 .551 1
# Kk . % . .
5. Y = 24.49 + 1.17x16 + 0.72x17 - 0.70x18 - 6.61x19 + 3.85x21 3.84 7.01 .565 t:
. ~
6. Y =23.99 + 0.69x10 + 1.13x16 + 0.71x17 - 0.71x18 - 6.72x19 + |
*% < %
3.76x21 ' ) 3.20 7.07 .570
7. ¥ =23.76 + 0.41x11 + 1.13x16 + 0.76x17 - 0.76x18 - 6.55x19 + a2
*% %
3.79x21 .. . 3.19 7.07 .569
8. Y =22.60 + 0.69x12 + 1.07x16 + 0.85x17 - 0.80x18 - 7.13x19 + ’ :
* *

3.58x21 3.40 7.00 .581
9, ¥ = 22.44"+ 0.83x13 + 0.99x16 + 0.9x17 - 0.85x18 - 7.65x19 +
*

3.28x21 ) . ; 3.67 6.91 .596

1/ F ratio due to regression; total df = 46
2/ SE = Standard error of the estimate
# sign. p = -.10; * sign, p = .05; **% sign. p = .005




Appendix Table 16. Multiple linear regression equations expressing grain protein of
' winter wheat as a function of yield, soil and climatic variables
without spring applied N fertilizer (1' soil samples; all locationms).

72
Equation . . ‘ 7 F SE R
B * , B - _ *
1. Y = 10.42 + 0.03z4 : - : ©7.94  "1.84  ,387
2. Y = 11.62 + o.ozxa - 0.27x16 5.3§ 1.81  .443
3. Y = 10.76 + 0.03xh - 0.3§x16 + 0.50x21 - 4,57  1.78  .492
G, Y = 11.54 = 0.05%2 + 0.03x4 = 0.25x16 + 0.6ﬁx21 , 3.82 1.77  .517
5. Y = 9.08 - 0.04x2 + 0.0§x4'— 0.28x16 + 0.13x18 + 0.73x21 3.22 1.77  .534 Ny
6. Y = 8.76 - 0.04x2 + 0.0:x4 - 0.27x16 - 0.10x17 + 0.21x18 + o, %
0.7;x21 ‘ : 2.75  1.78  .541
7. Y = 8.69 - 0.04x2 + 0.0§x4 - 0.28x16 - 0.11x17 + 0.25x18 —
_1.00x20 + 0.74x21 *-v' - 2.32 1.80  .544
8. Y = 8.5  0.04x2 + 0.03x4 - 0.28x16 - 0.10x17 + 0.24x18 +
0.43x19 - 0.97x20 + 0.7ﬁx21 : | - 2.oﬁ 1.82  .545
1/ F ratio due to régréssion; total df = 46 - : ,

2/ SE = Standard error of the estimate
# sign. p = .10; * sign. p = .05




Appendix Table 17.

Multiple linear regression equations expressing grain protein of
winter wheat as a function of yield, soil and climatic variables

without spring applied N fertilizer (2' soil samples; all locations).

1/ 2/
.Equation F SE R
P8 ' *% o
Y = 10.23 + 0.02x5 9.36 1.81 415
k% % T . .
2. Y =11.72 + 0.02x5 - 0.36x16 7.48 1.74 .504
% % _ %%
3. Y=11.04 + 0.02x5 - 0.39x16 + 0.39x21 5.59 1.73 .530
® # foi
4, Y =11.80 - 0.04x2 + 0.02x5 -~ 0:.33x16 + 0.55x21 ) 4.59 "1.72 .551
_ ' * # # *
5. Y = 10.29 - 0.04x2 + 0.02x5 - 0.34x16 + 0.08x18 + 0.60x21 3.69 1.73 .557 L
% i W
6. Y = 10.05 - 0.04x2 + 0.02%5 - Q.33x16 - 0.08x17 .+ 0.15x18 + T
% .
0.58x21 3.06 1.75 561
. % #
7. Y =10.30 - 0.04x2 + 0.02x5 - 0.09x11 - 0.33x16 - 0,10x17 +
%
0.15x18 + 0.56x%21 2.60 - 1.77 564
1/ F ratio due to regressiom; total df = 46
2/ SE = Standard error of the estimate

¥

sign. p = .10; * sign. p = .05; *% sign. p = .005




Appendix Table 18, Multiple linear regression equations expressing grain protein of
winter wheat as a function of yield, soil and climatic variables

without spring applied N fertilizer (3' soil samples; all locatioms).

T

sign. p = .10; * sign. p = .05; ** sign. p = .005

5y, 77
_ Equation F SE R
1. Y = 10.13 + 0.02x6 9.89  1.80 425
_ &% % *% '
2. 'Y = 11.61 + 0.02x6 - 0.36x16 7.77 1.73 .511
_ % % %%
3. Y =11.01 + 0.02x6 - 0.38x16 + 0.36x21 5.67 1.73 +532
%* # *%
Y =11.75 - 0.04x2 + 0.02x6 - 0.33x16 + 0.52x21 4,63 1.72 .553
* # %
5. Y = 10.64 - 0.04x2 + 0.02x6 ~ 0.33x16 + 0.06x18 + 0.56x21 3.67 1.74 .556
' ® #
6. Y = 10.48 - 0.04x2 + 0.02x6 - 0.33x16 - 0.05x17 + 0.10x18 +
- : &
0.55x21 3.00 1.76 .557
!J F ratio due to regression; total df = 46
2/ SE = Standard error of the estimate
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Appendix Table 19. Multiple linear regression equations expressing grain protein of
. . winter wheat as a function of yield, soil and climatic variables
without spring applied N fertilizer (4' soil samples; all locationms).

- 1/ 2/
Equation ) ] : : F SE .R
- % - R % _
1. Y = 10.12 + 0.02x7 . ' 10.22 1.80  .430
T3 * ET
2. Y = 11.62 + 0.02x7 - 0.37x16 . - 8.11 1.72  .519
* * ’ . &%
3. Y = 11.11 + 0.02x7 - 0.39x16 + 0.32x21 5.73 1.72 .534
, . * # *%
4, Y = 11.88 - 0.04x2 + 0.02x7 - 0.33x16 + 0.48x21 4,72 1.71 V557
_ * # ‘ ) . %
5, Y = 11.04 - 0.04x2 + 0.02x7 - 0.33x16 + 0.04x18 + 0.51x21 3.71 1.73 .558 L
' % ' # . ’ P~
6. Y = 10.89 - 0.04x2 + 0.02x7 - 0.33x16 - 0.04x17 + 0.08x18 + T
%
0.50x21 _ 3.04. 1.75 .559
% # : .
7. Y =11.06 - 0.04x2 + 0.02x7 - 0.33x16 - 0.05x17 + 0.08x18 -

0.41x19 + 0.51x21 . 2.55 1.77 .560

1/ F ratio due to fegreséion; total. df = 46
gj SE = Standard error of the estimate
# sign. p= .10; * sign. p = ,05; **% gign, p = .005
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