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Abstract:

Two hundred twenty-two small grain experiments established on 127 site locations throughout
Montana were selected to study the influence of pertain soil physical properties, soil classification
parameters, soil moisture and temperature, and site and soil profile characteristics on crop response to
applied K fertilizer. From 2 to 5 rates of K, ranging from 0 to 134 kg K/ha, were applied in the
experiments studied. Rates of N and P were held constant within an experiment but varied from one
experiment to another. A total of 48 independent variables in various combinations were inserted into
multiple linear stepwise regression programs. The dependent variables were average and maximum
percent yield response (to added K) as well as actual crop yield. The variable relationships were
analyzed over the whole data set as well as over part of the data file subdivided according to: 1) crop;
2) crop and geographic location; 3) crop, geographic location, and percent response class; and 4) K rate
at which maximum percent response occurred. Over 60 regression analyses were performed. Fifty-one
of the resultant regression equations produced significant R*2 values ranging from the .10 to .005
significance level. The variables entering the regression equations most often (and the number of times
each appeared) were elevation (19), latitude (17), dry consistence of the B horizon (17), dry consistence
of the Cca horizon (15), textural class (15), moisture regime (14), dry consistence of the Ap horizon
(14), and aspect (14). The most consistently correlated (Simple R) variables to the dependent variables
were the K-treatment (rate) variables, mean annual soil temperature, dry consistence of the B horizon,
elevation, slope, and moisture regime. These latter variables were consistently positively correlated to
percent crop response to applied' K. The results of this study indicate that crops grown on the soils
associated with the warmer and drier site locations responded to a greater degree to applied K.
However, low spring soil temperatures were also associated with greater crop response to added K.
Increased crop response to applied K was also associated with the more fine textured soils. Rainfall,
although not consistently correlated (Simple R) to crop response, had a marked influence on the effect
of applied K.
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Tix
* ABSTRACT -

Two hundred twenty-two small grain experiments established ‘on
127 site locations throughout Montana were selected to study the
influence of certain soil physical properties; soil classification
parameters, soil moisture and temperature, and site and soil profile
characteristics on crop ‘response to. applied K.fertilizer. From 2 to
2> rates of K, ranging from O to 134 kg K/ha, were applied in the
experiments studied. . Rates of N and P were held ‘constant within
- an experiment but varied from one experiment to another.' A total of
48 independent variables in various combinations were inserted into
multiple linear stepwise regression programs.. The dependent
variables were average and max1mum percent yield respomse (to added
K) as well as actual crop yield. ' The variable relationships were
analyzed over the whole data set as well as over part of the data
file subdivided according to: 1) cropg 2) crop and geographic
"location; 3) crop, geographic location, ‘and pércent response class;
and 4) K rate at which maximum percent résponse occurred.. Over 60

" . regression analyses were performed. Fifty-one of the resultant

regression equations produced significant R2 values ranging from the
.10 to .005 significance level. The variables entering the regression
equations most often (and the number of times each appeared) Wwere
_elevation (19), latitude (17), dry consistence of the B horizon an,
_ dry consistence of the Cca horizon (15), textural class (15), '
moisture regime (14), dry consistence of the Ap horizon (14), and

"~ aspect (14). The most cbns1stent1y correlated (Simple R) variables

. to the .dependent variables were the K-treatment (rate) variables, mean

_annual soil temperature, dry - consistence of the B horizon, elevatlon,'
slope, and moisture regime. These latter variables were con51stently
positively correlated to percent crop. response to applied' K.  The
results of this study indicate that crops grown on the soils associated
* with the warmer and drier site locations responded to a greater
degree to applied K. However, low spring soil temperatiures were
also associated with greater crop response to added K. Increased
crop response to applied K was also-associated with the ‘more fine
textured soils. - Rainfall, although not consistently correlated
- (Simple R) to crop response, had a marked 1nfluence on the. effect

of applied K. :




Chapter 1
INTRODUCTION

Accurately predicting K-fértilizer recommendations for crops
grown on Montana soils has been a recognized problem for several years.
Research during. the past decade has shown K-response by various crops
to be unpredjctable,'and poofly}relatea t; soil test K ratings.
Althougﬁ a soil may test "High"Ain'extractable K, a yield résponse to
added K frequentl& occurs. Significant crop‘respénse also occurs
" regardless of yield levgl; this suggests fhat K may be yieldélimiting
independent of the statds'of other growing conditions (Skogley, 1976).

A coordinated statewide research effort was begun in 1971 to try
to determine wﬁat factors were.contfibuting to the variability in
K-response. That K-fixation had long been associated with the
presence of micaceous clays (particularly illite) led to a study in
which clay type énd amount of clay were related'td crop~reépoqse
(Phillips, 1973). No significant relationships existed upon which a
K-soil test could be based. Wang (1975) also studied K-fixation
.and relegse potential éf selectgd soils incubated over various time_A
periods. This reséarch showed that after small additions of K, the
level of extractaﬁle K could be greatly igcreaéed; tﬁis‘suggésts that
a type of K-release ﬁechanism is operative in some soils.

Haby (1975) investigated the'possibility of using a more

reliable extraction procedure than the standard NHAOAc extractable
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K-s0il, test. 'Fifteen different extraction techniques were studied'
'on a nide range of s011 types. The'results of this investigation
showed that soil test values could at best only account for 40 percent
of the var1at10n 1n'crop response. This strongly snggests the lack’
of a close functional relationShip betweenbextraétable K.(regardiess

of extraction procednre or method of expressing the results) and K °

availability ‘to plants grown.under the climatic and soils conditions

of Montana. Some system which relates more closeiy to factors
controlllng K ava11ab111ty over t1me w111 need to be’ developed as a

K soil test. Uptake of K by plant roots ‘has’ been shown to be governed

primarily by 1onld1ffu31on, accountrng for a mininum of 80 percent of . -

' the‘K—supply. ’Mass flow and direct rootAcontaCt~can accoﬁnt for no
more than 15-20 percent of the K supply (Barber, 1962; Beckett 1964)
Massee (1973) found a very good correlation between K d1ffu51on 1n.'_
a nariety of soil tYpes and crop response to added K under controlled
~ conditions. » | |

Developing a K soil test based on fdctors that influence K

-diffnsion”presentspa conplex problem;~ Not onIy is K diffusion related

to numerous soil physical properties (e.g.~texture'and structure) - but

also to various climatic -and weather4re1ated factors such as moisture
'aﬁailability and temperature. . These are extremely variable from. year’
to year in Montana, as well as during any one grow1ng season.

Shrader, et al (1957) hypothe51zed that 50115 should possess
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1nherent characterlstlcs whlch 1nfluence crop growth and are def1ned

and/or expressed by the parameters used in soil class1f1cat1on.

Schaff (1979) 1nvest1gated this hypothe51s on a number~of soils which.,

had been used dnring two years of soil~fertility-field researchv.

experiments with winter wheat. The soils'were characteriéed as to

',thelr phys1cal, chemlcal, and cl1mat1c propert1es and then correlated '

to w1nter wheat response to added K—fertilizer.' Var1ab1es w1th the

highest correlation (soil and site combined regression analysis)'with :

percent yeild‘response were: 1) mean annual soil'temperature at'50
cm.; 2) moist cons1stence of the Ap horizonj 3) moist c0n31stence of

the B hor1zon, 4) dry con31stence of the B horlzon and 5) the clay

content of the-Ca hor1zon.x These f1ve var1ables produced ‘an R2 value

of ..88.

‘Ihese,results:were‘very enccuraglng. To further anestigate_
the'hybothesis'that'genetic.SOil characteristics inflﬁence'crop B
_response'td‘added K, the‘present sthdy Was-concelved.. The data base
would he expanded to determine if significant cdrrelations could be
observed.statewide; and fcr addltional crops; SpilS"and'sites were
classified according'to'Soil Taxonomy (U.S.D;A., 1575) at selected .
locations at.previous small grain soil-fertillty.experinents (12l'

. sites); The s01l samples were analyzed by horlzon (Ap, B,:and‘bca)‘
to determ1ne dry cons1stence and bulk den31ty values;: other selected

'soil and 31te'propert;es_Wh1ch could be determined from the SCS.




- s0il series description for a partieularzsite and for which a codiug

scheme could be deviseduwere also iﬁcluded.

The obJectlves of this research prOJect were to 1) determine -

1f known or easlly determlned soil and site characterlstlcs were

31gp1f1cant1y correlated to’ crop response to K fertilizer when a

large number of sites from,past experiments'thrbughout the state was

. 1nc1uded and 2) investigate the fea31b111ty of developlng a system

for predlctlng future crop responses to K—fertlllzer based on’

selected soil and site classification parameters-'




Chapter 2
' LITERATURE REVIEW -

,Crop responées'to applied‘fertiltzers‘and yieldldifferences.

- have been assoc1ated w1th soil type dlfferences (Shrader et al., 1957
101sen,.1977)7 Dass and Shankhayan (1979) reported that the" dry

matter productlon of"wheat and response to added K differed signifie
cantly nhen the crop was grown on different soil4tppes.-zSome of the .-
soil and site propertles which have been reported to be nost 1mportant"

in this regard are discussed below.

‘_‘Soil Texture and Clay Type

._ Liebhardt'and Cotroir (1979) studied 28 Delaware soil series
ranging in teiture‘from'eilt Ioam to loamy sand. Soils higher in sand
content did not need.as much K added to raise the'soil teet-vaines"as
soils higher in eiit and clay. - Von Braunschweig (1980) found'simiiar
effects‘of elay;content upon K=~availability. On coarse textured soils
with clay contente np.to'12 percent,'a K—saturation of the clay
minerals.from 1.7 to‘2.5'mé.'k)percent c15§ waslneoessary.for adequate
p;ant uptake of K. Soiisdwith.clay contents.fron 12 to 25kpercent‘and:
"greater than 25 percent reqnired 1.2 —‘1.7 mg ﬁ/percent clay and l.l—d
1.4.mg-K/percent clay,'respectiﬁely, for'adequate k uptake. Calculating.
these values in ‘terms of mg K/lOO g 3011, it was apparent that the '

o more clay the 3011 contalned, the hlgher the exchangeable K content )




should be for adequate K nutrition.
" The level of K available at the plant root is the critical .

factor gcverning plant'K uptake. This involves a number Of soil

aspects. Potas51um—f1x1ng 5011s may show extreme var1ab111ty in the1r L

-.Krsupply1ng power. In'one-study it was observed that K—fixation values
were relatlvely constant on: the plots w1thout or with low K- fertlllz—'
- atlen; after hlgh K_appllcatlon, flxat1on values fluctuated much:more
(BurkartjandlAmberger,11978). 'Also, the rise in the lerel pf' |
available_K'hy fertilization wasrnegatively'correlatéd'to soil Clayv
content. In a slmilar study; the K concentration of a saturated r
paste extract was inversely related to'soil clay cdntent (Mengel'and
Aksoy, 1971).- These experimental data snpport the concept that the k
concentrat1on of. the s01l solutlon 1nfluences the K-supply for hlants
i‘and that the K concentratlon of the s01l solut1on is 1nfluenced by the
degree'of K saturation of the clay mlnerals.

ln a study of four Ohiq.soils with a Wlde range of K.releaSe
capabllity,'it was .observed that the two soils highest-in-clay and
total K content‘reacted in a significantly different manner tn‘added
K than did .so.i-l's with less clay (Munn.and Mcl.ean,» 1975). ~Init:"L-al
cropping decreased exchangeahle.K in all,Kjtreated soils ellminating
the effect,of K treatments on ekchangeable K. However;.after initial
cropp1ng nhere no K.was added, exchangeable K varied 81xfold from the

‘lowest (least percent clay) to the hlghest (greatest percent clay)
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In'the two‘soilsfhigheét in clay'content;-there-ﬁas-a.téadency.fbr
prior'cropping tc increaae‘K fixation aad reduce the'ﬁlaht.recovery
" of subsequently applled K. | '

. Sparks et al. (1980) reported that soils w1th sandy surface
hor1zons and clayey sub301ls had a. pronounced accumulat1on of K
15 the subsoil 1ayers. The K in the clayey sub301l probably. a result.
of 1each1ng of both applled K and that- of geaetlc or1g1n, was{avallj
'able to plants dependlng upon the ease of roct penetration. :lhe'
abil1ty of the plant to extract subso11 K caused a. lack Qf respoﬁae
to surface app11ed K'. o

Slngh et al. (1957) observed higher K uﬁtake by drylandfwheat"
.:grown on a clay 1oam so1l than on a loamy qand.soil'inﬁa'year orfnbrﬁal
ralnfall.and prof1le storage...Thls difference was attributed to:tﬁe -
higher water storage capac1ty cf the clay loaa soil. It is probable
that the 1ncreased water supply in the clay loam soil is related to a-
‘greater potentlal”fqr K iomn d1ffu31on. .

Particle sige.within the_clay'fraction has been observed to
influence_the rate of-weatﬁering anduK fixationlahd release of clay
minerals. Pbtassium release has been shown'tplbelmore rapid‘as the:
particleiaize becomes smaller. However, at a cértain poiﬁt in"
decombosition at ﬁhicﬁithe diameteriand thickness of the clay particles
_approach equality,:little or'no_K release'islobserved}"Tﬂie-is

probably due to the atable overall charge of the clay aartlcle
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(Sawbney, l§72)f Partiéle size was also related to k—selectivit§ ana
to ease of_coilabse of the frayed edges of the particle. A éreater'
area of collapsed éentfal core relative to the edges of the parfidle
was associatéd with'gre;ter ease of collapse.of the'edges. Beckétt
and Nafady (1967) also associated épécific K sites with_the'edgeévor
peripheral interstices of stacks of ciay plates and the n0n—s§eéific

(Gapon) sites to their planar surfaces.

Soil Structure, Consistence, and- Bulk Density

Soil structure can influence the percentage of tétal soil volume
that can be utilized b& roots. Soil consistence as weil as perme-
ability caﬂ be interrelated with many other physical properties. A
hard df§ consistence commonly.implies'slow per@eability, low pofosity,
and high buik density (Niekerk and Lambrechts; 1977). 1In a étudy of
some Singapore soils, Wells and Leamy (1977) observed thét the
physical proper;ies of the soils'ﬁeré,different and céuld be related
to the nature of fhe parent rock. For infeﬁsive market gardehing, the
moist soll consistence and grade of structure were both &etermined to
be of major importance.

Soil consistence is a soil parameter which measures the force .
réquiréé to crush a soil ped. Consisteﬂce is probably an important
pafametgr'in-that i; is dependent upon various soil physical properties

such as porosity, bulk density, and texture as they interrelate. Cone
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iﬁdex (CI), definedlas.the force'required to push a penetrometer into
the soil divided by the cfoés—sedtional area of the penetrometer cone,
ig a similar type of measurement. In a study to determiqe'those
factérs which influénce the CI-vélue, it was observed that CI for
each texture increased monotonically with decreasing soil water
pressufe, bu; no simplé relatioﬁship between CI and texture was
found (Byrd and .Cassel, 1980). Regresésion equations relating CI
to water conteht, percentage of sand, and the volume of pofes greater
than 150 um in diameter explained 67 - 72 percent of the observed
variation (.0001 probébility lével.)a It was pointed out that
the iﬁboftance of roots in natural systems should not be overlooked
as an influenceAin.determining soil physical properties.

Redd§ et al. (1978) observed that the hydraulic conductivity
and water holding capacity of the soil had increaséd by 25 - 30
percent and 10 - 16 percent, respectively, under all df the cropped
plOtS'(4é kg. K/ha level) at the full flowering stage as coﬁpared to
the coqtrol. The root weight of all crops had also increased by
25-40 ﬁercent.with the increased K application.

Root growth has been shown to be one.of the most important factors
for iﬁp;oving soil structure; bulk density can be used as a Sensiti&e
index of séil structure. This sﬁggests that the higher rates of

hydraulic conductivity (associated with the lower bulk dénsity values)
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’ obgerved ﬁn&er the 42 aﬁd 83 kg. K/ha treatments might be attributeé to
better goot growth.

The relationship between root grthh, bulk dehsit& and soil
- structure has-been shown tohbe important. Schuurman (1971) Qbserﬁed
that root wgights,'nﬁmbers, and rooting depth decreasgd With.increaéing
soil density.' In'é&difion;'uptake'of water aﬁd\minerals, particu1§f1§
P.and X, deéréased; The yield of dry métter of wheat decreased in all
s0il series éxcept oﬁe ;s the bulk &ehsity W;S increﬁséd fromll,OZ
to ]:.52'g/cm3 (Shérma and'Vérma, 1971). A similar trend was also
observed for root growth, graip yield, and uptake of N;'P, and K.

In a related study, the compaction of soil to’create a buik density
greater than 1.40 g/cm3 proved hérmful for plant growth.in all soil
series obsérved (Verma and Sharma, 1972). Thé'harmfui‘éffect'of
compaction waé'again_directly:related'to decfeased nutrient uptake.
It is probable that deéreased nutrient uptake is rélatea to decreased
ion diffusion and increased soil matric potential associated with the
higher bulk densities.

'Soil physical parameters may élso’be important in the way that
they éap modify the biological—chémicai nature of the soil environment.
Samra and GoSWami (1978) found that grain yield inéreaéed up to a
bulk density of 1.6 and 1.75 at th;O:— 15 cm depth and 15 - 30 cm
deptﬁ, feépectively,‘after‘which yiéld dfopped off. The.interaction 

of bulk dehsity.and moisture content was observed to significantly’
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afféct the oxygen diffusion rate. 6xygén diffuéion rate inéreased as
yield increased to a point after thch yield decreased. The same kind.
- of parabolic relationship was observed between buik density and'grain
yield and between soil resistance to penetration and grain yield;

In another study soil Eompaction wés observed to decrease tétal
pordsity and the amount of macropores (> 50 u). However; the améunt
~of 'water holding pores (.20 -. 10 p) and fine cépillary pores'(< ;20.u)
_ increased (Talha et al., 1979). Total dry matterlproducfion of maize -
and barley as well as,Kﬂéonqentratién and uptake was higher at éll |
levels of fértilizgtion in the compacf soil aﬁd inqréased:as K
fertilization level increased._ By compacting the éoil an equilibridm
was reached among water and air-filled pores. ‘The potential existed
for a negative effect on plant.growth during moist years bécause the
plénts would suffer.f;dm an excessive'002/02 ratio (O2 def%giency).

Tillage practices have been found to signiﬁicantly affect K
‘concentrétion and uptake Qf K. These effects have variously béen”
associéted with increased compaction of high moisture_confent (Fisher
et al., lé75),.differences in concentration gradients of K (Drew and
Saker, 1978; Hodgson, et gl., 1977), differences iﬁ moisture content
and depth and abundagce of rooting (Cannell et al., 1980; Drew and
Saker, 1980),‘;nd.differences in physical and chemical propefties

and activity of earthworms (Lal, 1976).
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Soil Moisture

Sharda and Gupta (1975)'point out that soil moisture affects
the growth of plénts by modifying soil aeration, mechanical‘impedance
of‘the soil, the concentrétion of readily soluble nutrients and the
heat conducfivity of the soil. 1In their investigation an increase
in oxygen‘diffusion rate with increasing soil mqisture tension was
indicated. Uptake of nutrients was found to decrease with increased
moisture stress.

The interaction between soil moisture regime and nitrogen
level has been found to Be significant in reSPect-to N; P, and K
uptake (Varma ét.al,,”l976; Varma, 1976).- As soil moisture increased,
the higher rates of nitrogen increased general growth and dry matter
production. Better root growth, in particular, allowed the plants
access to more soil which resulted in ﬁetter water use efficiency.

The infiuenée of increasing moisture levels on N, P, and K uptaké_

has been similarly observed in two other studies (Bajpali and Mertia,
1977; Fedak and Mack, 1977). Increasing moisture levels-incréaséd
ash content of the grain and straw, increased grain and ﬁrotein yield,
and debreaséd grain protein content.

Hoyt and Rice (i977) foﬁnd.that efficiency of moistufe use was
generally more than daubled by the fertilizer and fértilizer plus
'manure treatments_&ersus the control (no applied fertilizer or manure).

‘Petinov et al. (1977) also observed that the higher the level of N, P,




13
.and K, the mére_pronounced the positive response of the plants to soil
ﬁoisture. |
Soil moistufe, as it fluctuates, méy also affect é#éhaﬁge‘
relations and, thérefore, soil solutian concentrations of K. Raney
and Hoover (1946) reﬁorted that alternate wetting and drying‘of some
soils caused a rapid fixation of K in a non—réplaheaﬁle forﬁ and that
very little fixation of this kind took place undef the soils kept
continually moist. However, Scott and Smith (1957) found that the
exchangeable K in the surface and subsoil was doubled upon drying
"and that K.uptake By plants was always less on soils‘kept continuglly
" moist than from soils that had been dried and rewetted. Potassium
uptake, in particular, from the noﬁ—exchaggeable- K fractiom, wés
impaired by a dry .soil medium (Méngel aﬁd‘Wiechens, i979). The release
rate of non-exchangeable K was more important for crop production

than the level of exchangeable soil K. Beckett and Nafady (1967) also

observed that the rate of release of . K from a non-labile pool decredsed .

as the non-labile pool became exhausted.
Soil moié;ure will influence the concentratiorn of ions in the
soil solution both by the effect of dilution and by the relative

effect on ions of different charge. Karlen et al. (1978) found that

as soil moisture was increased, Ca and Mg concentrations in leaf tissues

were depressed while K concentrations increased or remained unchanged.

It was felt that this differential change in cation composition of -
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wheat grown uﬁ&erjﬁet éoil conditions could be explained by'éhangeé
in~ioﬁ;activities_in accord with Donnan :Equilibrium Theoryf'_This 
. tﬁé?ry shoWé.th;t Eheiaﬁaiiability of monovalent ions inc;easéS‘while
'fthe aﬁailgbiiigfvgf divaleht'ions dééfééées’aé soils béédﬁe ﬁorel
neafly saturated with water.

‘There is muéh.éviaénég that K cénéentra;iqns'in soil éolutioﬁs
are decféasea‘anéifhat K.absorptionion‘exéhangeisités is:increéseq
By_liming. ‘Theseé Ca:Kliﬁteraétions explained’ thé'decregéed yieid “
.éf potatoes in a study conducted at Rothamsfed tBolton, 1977); iaﬁkoﬁic
and Nemeth (1978, observed fhat.owiﬁg‘to K and P.fgrtilization, the:Ca
concentra;i?n of the soil éélution increased asezresult 6f exchange
procésses in‘thé soil. éimple iéglconégntféfions‘Were detérmined“ '
to be more suifabie than the ﬁotentialslfér:défiﬁing ﬁutfient dynéﬁigs
-changgd by féfti;izer application.’

. The céﬁcentratioh of cations in édiqtion and pH have also been
shown't6 iﬁfluenbe K‘rglgaSe'from'mjcaéeOQS clays; _Mafkéd compieméﬁtary
ion effects.on K and Ca.digplécement occuréed when. the EXChénge was
from pH—debendent charges.. Aﬁ 50 ﬁeréent K saﬁﬁration'(70 pefcent éa),
éémpléﬁentéry ion éffé¢ts were_small; However, at 10 ﬁercént k
satufatibn_(QO percent'Ca), fHe différén; cémpleﬁentarylcationé*ﬁauSéa
more than.a foﬁrfold differeﬁce in thé»K'displééed from illite“

‘ (McLean and Bitteﬁtourt,.1974). Mattson (1973) fouﬁd that ghe ﬁbfake::

of P and K was lowest, and thé uptake of Ga.highesp toward the,drylénd.
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of the treated soils. . Again, the implication here is that moisture

is important in that it modifies both the relative ionic ‘concentrations

and ion diffusiof.

Soil Temperature

At any one moment, temperature varles from 5011 h0r1zon to 5011

‘horizon. It fluctuates with the hour of the: day and with the season
of the year, and the fluctuations may be large or small aocording to

‘the environment. Seasonal fluctuations in soil temperature are

afrected.by 1atitude, soil moisture, groundwater, air movement near

the ground, clouds, rain, and grOund'coner. The influence'of 1at£tude'
is-doninant over most of the United States. Daily-fluctuations ere o
affected by all of these except latltude; ‘and the 1nf1uence of" molsture
is dominant (Smlth and Newhall, 1964) IThe importance“of slope andlf

aspect can also be very pronounced on adjacent 501ls, espec1ally in

the higher latitudes.

Daily changes in air temperature have a significant effect on.the

temnerature of surface-soil horizons to a depth of about 50 cm. This

is partlcularly so- in 50115 of dry cllmates where m01sture can be

- exceedlngly important in redu01ng fluctuatlons in soil temperature.~

Oliveira et al. (1979), in attempting'to estimate soil temperature at”’
2 cmrfrom air temperatures, found that ‘on rainy days the‘measured

soil temperaturezwas always lower than the ‘estimated ‘'soil- temperature

-becauseithefrainwater cooled the-soil_surface more rapidly than-the air.
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Willis and Power (1975) point out that water viscosity and sur-
face tension are inversely relgted to temperature, and relative
hydraulic conductivity increases as témperature increases. A dry
soil will freeze more quickly and to a gfeater depth than'a wet soil,
and thawing 6f thé‘dry soil occurs much more rapidly in the spring.

~As the so0il profile cools or warms,‘the water_table drops or

rises in response to the known fact that a cold soil holds more water
than a warm soil and loses water mofé slowly. Frost may remain in.
the soil profile for a significaﬁt time after the surface has thawed,
thus forcing plant roots to grow into soil colder than the surface.

Soil temperature_has been ;hown to significantly affec£ K-uptake
and the K-requirement. Boatwright et a;.-(1976) found that fertiliza-
tion of spring Qheat with N, P, and X appeared fo partially alleviatg
the detrimental effect of low sﬁrface soil tempefatﬁres. In a
similar study, N, P, and K concentrétions Qere observed to be higher
in grain.froﬁ plants grown under reduced soil aeration aﬁd 25° C soil
temperature than in grain produced at lower éoilifémperatures
(Labanéuskas et al., 1975).

Wicke (1973) also observed that the K requirement w#s greatest
at the lower soil temperature and that the response to added K was
_ smaller ét high root-zone temperatures thaﬁ at low root-zone
feﬁperatures. Kabli and Toop (1970) found that high soil'temperaturg

(23.9° C and higher) could be contributing to the problem of K~induced_
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Mg Aeficieﬁcy by increasing Fhe potassiﬁm uﬁtakgv
'-‘Méck (1971) cénfirmé‘éhis in hié rgport on yields.af.ﬁromegTASQ;
An increase in qoncéﬁf;a;ion of‘the‘méjor nutrients (N,:P, K) in thé
plapts.céingided With fﬁé gregter.herbage growth on the warm soil..
The chaqges iﬁ‘uppake-f&rtN; P, aﬁdik'per 1° ¢ chgngé qf;seasongl
tempeéature.ﬁere 8.7,210.4, ‘and 7¥1'pgrcent,.reéﬁecti§e1§, and

the associated QlO values Wefe.1;5, 1.6, and 1.4 at 9.2° C.

- Temperature influences may also be related to different exchénge‘

reigtiéns which exisé among potassium-bearing micas. The:heatiﬂé.oﬂ
véridus‘micas causgdbmarked differences in Kﬁéxchangéability.'Aithoﬁgh
the makimﬁm degree.of K exchénge,was‘génerally unaltered by heating,:.
. major changes iﬁ.thé'réte of exchénge éccurred (Scbtt; et al., 1972).
HeatﬂtreatédlmﬁScoﬁite‘shéwéd.a marked increase in thesrate of
eichange,-wﬁefeéé biptite and lepidoﬁélane éﬁowéd a decreaée in thé

rate of K release.
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MATERTALS AND METHODS

: Selection.and Location'of Plot Sites’

Between 1968 and iQSO,Knuﬁerpus field‘soii fertility'résearch
_stﬁdies were céndqctéd_by'Ménpana‘Agricﬁltural Experiment Station .
researqhers;_Extehsion Servicg Soil‘Scienpisté, and USDA—ARS‘
scientisfs in Mon;ana,‘ Resulté of feceqt feseérqh:suggestéd that
these si;es\cduld,provide valuaBlévinférmafiog‘forra;veioping‘;:sysfem
féf predictingtcrof fespbﬁse té K fertilizer.:‘Bééause crop yiéld |

and response daté_wete already-available‘from previously conducted

research, only the site and soil characteristics (which aré basically

constant- over the years)‘needed to be obtained. To do this, only

those research sites. which included small grains (winter wheat, spring

wheat, barley,.ané,oéfé) as the experimehtél c;op and upon which
Vérious.rétes‘of K fertilizér weré appliéd as a variable in_the
experiment were selected. The total numbér of sites sampled-based:
on these criferia was 127. ﬁecause many of tﬁe sites ﬁad_several ;
éxpefimeﬁtal plbts estabiished;on them'oﬁer tﬁe'yéars;fthe.site data
could be applied to more than one §et of experimental data (i;eﬂ‘yield
.daté, etc:).. For this reason, the total numbéf of éxpériﬁenfs,(cases)
includeﬁ in thislgfudy Qag 222,

,in most cases site location was detetrmined from the legal

C- descriptioné,as'reportédfby the various researchers in the Montana -
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Agricultugal Experiment Staﬁion Annuéi:Reporf. Actual loéatioﬁ in
the field of phe{oid ﬁlot.siteé was acéomflished'with-tﬁe aid of -
.somédne Whé %as‘direqtly iﬁvolvéd in the ;esearéﬁ.ﬁhen.thg plo; yés‘

established hnd/bf'wi;hfthe‘help.of the éooﬁerators_theﬁselves. In

‘all cases, care was taken tb'insure_that the sample taken was in close..

prokimity to the old fertility plot site to inSure:the'same soil
typé‘(sefies,lgvel). See ‘Appendix I for site nﬁ@bers, cooperators,

legal descriptions, and soil series names:

Fertility Ploé Sampling

Soil saﬁbles wéré'taken as near Ehe}cenfer of the:old fertility:
plot as could be.determined. ‘A Giddings pfobezﬁééfﬁsed to take'é&ii
samples to a depth of approximately-fpur feet. The core. sample ﬁaé
'tﬁen divided iﬁto pléwllayer (Ap) horiZoﬁ, B'horizbn{ based on

structural and textural differences induced by clay accumulation, .

and a Cca horizon, as determined by reaction with dilute hydrochloric

acid. Samples'ffom egch horizon.at eachﬁsite were then placed in_a‘
- sampling bag'labelied as to co;perafor, years in:which fhé pldt.was:f
‘used, and horizon name and depth. |

| In seVe;éi gaées, 5ecaﬁse,of-the'ﬁe;hod of sampling, éoil-tyge
differences;:of previous erosion, if was ﬁot poésible:to distinguish
" three di;;inct horiéoﬁs. 'Iﬁ a few éaseé,'the préééﬁcé of-é Cca

horizon was not detected to the maximum depth of sampling.
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Percent slope and aspect of the plot area were also recorded.
Aspect was introduced into the analysis by the following coding
scheme in which a number from 1 to 8 was assigned to correspond with
the general site aspect (Figure 1).

N(0°)

315-360°=

Coding Scheme

I
\dc\'w /s
N\

270-315°
225-270° =

for Aspect

’ N
180-225° =|135-180°
4

Figure 1.

Dry Consistence and Bulk Density Determination

Traditionally, dry consistence in the field is determined by
placing a soil ped between the thumb and forefinger (and/or between
the hands) and exerting a force sufficient to crush the ped. On the

basis of the force applied, one of six semi-quantitative values is

assigned, ranging from loose to extremely hard.
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To obtain a more quantitativeAfless subjectiue)‘measure‘of dry
consistence, a pocket penetrometer (CL 700; -Soiltest, Inc.) with B

the foot attached was used to determlne ‘the point of fallure or force

_required togcrush-the ped, Five peds from each horizon at each site

were sampled and the dry consistence measurements recorded in kg/cm .
In addition to the latter measurements, the thickness of each ped
was measured and'recorded, This was done to subsequently determine

if a significant relationship. existed between ped thickness and the’

.consistence measurement. itself. If necessary, corrections could then

be made latér for those horizons with éither small or large average

ped thicknesses. However, care was takeh to try to eliminate-this'

_ potential problem by selectlng f1ve peds of similar range in size for

each hor1zon at each 31te.. Ped thlcknesses ranged from 10 =~ 25 mm..
If the force requlred to crush the ped exceeded 4 5 kg/cmg (maximum
Value on the penetrometer scale), a value of 5.0 was recorded. .
Bulk density determination was accomplished by uslng the clod
method (Black 1965) Saran was used as the water seal'or'coating
medium. This method was chosen because in many cases an intactvcore
was not preserved-through haﬁdllng. IThree large-sized peds'were' |

Sampled-from each horizon for.each site. The average bulk den31ty

" of the three peds sampled was entered .as the value used in. the

statistical analysis.
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Determination of Sqil Series

- .The Soillseries p?esenf at1a sitg‘was détergined iq one of.twd'-
ways. The séil series name was obtained in many casgs,froﬁ the ?
resea£phér a§ reporﬁéd iﬁ‘tﬁé_Ménpana Agricultprgl Experiment"Statién
Annual kepofﬁr,Aif not givén,‘theﬁ'thé Iegéludéscriptiqn of th;'
fgrtility,piot was used iﬁ éonjuq;tiOn'with %he éppropfigté Soil_-

Conservation Service county soil survey to determine the soil.series

 present.at a site. Not all counties in Montana have ‘been mapped, -

so the soil series present at some sites is not known. The inclusion

of the variables derived from the soil series description was not

~

possible for these sites (See Appendix II). "

Variables Determined from the Soil Series Desér}ptioﬁ and Taxonomic

Classifiqation

Thé‘soil claésifigation #ﬁd profile dgééription system (U_S.D.A.,f
":1951;-U:S.D.A., 1975) used'in the.Unitéd-Stateé makes use of so0il

| physical criteria as well as climatic parameters té distingﬁishAone
. s0il type_f?qm aanher. .In ﬁhe present spudy, some qf.the variables

used in the statistical analysis were;derived from these physical

and climatic criteria. These include: 1) mean annual'sbil tempera-

ture (MAST); 2) soil structure; 3) textural class; &) tekpural family;

. 5) temperdture regime; and 6) moisture regime.

Mean annual soil temperature was introduced as ‘a variable in the
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.analysié by éalculatihg‘the average of the range of values presentéd

in fhe‘soil series description for a given site. If a specific tempera-
ture was obtainable as the MAST in the soil series deséfiption; then
that va;ue was used in the analysis.

Soil structure, textural class, textural family, temperature
regime, aﬁd.moisture regiﬁe were all introduced as variabléé in the
regression analysis éccordiné to various coaing schemes. The coding
schemes were devised!so that the ﬁumber sequence would reflect a:.
logical order. For éxample, textural family determination was coded
from coarse-textured to fine~textured; structural,gradé was-éqdédl
ffom weak to strong.

Moisture regime determination for a given éoil‘series was
derived from the classification of that series at Fhe subgroup.level.
A soil with a cryic temperature regime was assumed to posseés a
udic.moisture regime‘iﬁ that tﬁe ustic moisture regime could not
technically apply ét the subgroup level of classification (U.S.D.A.,
1975).1 A soil with a frigid temperature was. considered to have
an ustic moisture regime unless the ‘subgroup modifier indicated
some other moisture regime (intergrade). Any soil series-in this
study classified as an aridisol always pdsséssed'an ustic intergrade
in the subgroup modifier. See Table 1 and Table 2, respectively, for
moisture regime and temperature regime pqdiné schemes.

Soil structure was introduced as a three-digit variable in the
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Table 1

- deihg_SCHeme for Moisture Regimg

. :Moiétﬁ;e Regime - I Coded Value

Udic L L .1 -
Ustic - - " . o 2
Ustic - aridic’ 3

CAridic - ustic . ; - 4

Table 2

Codihg Scheme for Température Regime

'Temperafufg Regime o Coded Value

- Cryie - v ‘ . ) , - 1
Frigid =~ - .. . S

' Mesic - . - : -3 .
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“ aﬁalysié-;ompéséd of-three‘codedll4aigif numbers‘for grade, size,. .
| an@»type,‘rgsbectively (Table 3).-
| ‘Table 3‘

Coding Scheme for Structure

Coded - _ - Coded EERDR ,jCoded‘

Grade - . Value - Size , Valﬁg ' T&bé " Value
Weak © 1 °©  Fine 1. . rplaty 1
Moderate o2 Meditm . 2 P?ismatic'_ 2
: Stfoné ._j' 3 vCoarsé . -3 Columnar - j
Angﬁiar
" blocky 4
Sub—angula; : .
blocky . _ 5
Gr;nulér _ : 6
Massive 7

Single grain 8

'Tex;ural cléss always refers to th§t tegturé'dominant at the sur-
face of a givén éoii éérieé and‘is'that texturé'usuaily éssociated’witﬁ
‘the soil series name. Textural family is' that parameter associated’
with the copprol-gection of a partiéular‘sqil'sgriesfat the famiiy
‘level of qlassificatibﬁ (Hoyking, 1979;AU_S.D;A., 1975).° Tagie'éjand
-Table 5_coﬁtaiﬁ the-éoaing schemes for téxtutél class ;nd'£éx£ufai/

family, respectively. Soil series names and their respective moisture
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Table 4

Coding -Scheme for Textural Class

Textural Class. S ' o 4 Coded Value
Fine—éand& loam ' 1
_ Loam 2
. §ilt loam -3
Silty clay loam 4
Cclay loam 5
Clay 6
Table 5.
Coding Scheme for Textufal Family -
Textural Family o ' ' "Codeﬁ Value
'Coarse—loémy-: 1
Fine-loamy 2
‘Fine—silfy 3
Finé—montmorilloﬁiﬁ;c ; 4
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and temperature regimes, as well as textural classifications can

be fouﬂd in Appendix II.

Variables Determined from the-Mbntaﬁa-Agiicﬁltural Experiment Station

Annual Reports

Variables obtained from the annual repqrts that were used in the

statistical analysis included: 1) type of crop; 3) year of thé

expériment; 3) yield data; 4)'K—ra£es appliéd; 5) rainfall}‘é) soil -

temperature data; and .7).soil moisture data.

The coding scheme for crop type'is given in Table 6.

Table 6 - .

Coding Scheme for .Crop- Type

Crop Type. . . Coded Value .
Winter Whéat - Ny : 1
Spring Wheat . ' o ' )
Barley . oo 3
‘Oats - o - S

"Year" was introduced as a variable in the analysis by‘recording

" the last-two-digits'of the year the experiméﬁt was éonducted. Yield

datakagZha) were obtained from. the annual réports only for'those_'
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treatments in which nitrogen and phosphorus were considered to be
adequate and in which the N and P rates were constant across the
variousAfates of K, Thus, N and P rates wére constant within an
experiment foi.thé yield data récorded but were variabie from one
experiment to anotﬁer.

Rates of 'applied K varied from.experimént to experiment. In some
cases, only two rates of K were applied (e.g. O and 56 kg K/hé); In
a number of cases, five rates of K were applied.' In all cases, the
number ‘of yield variables correspondéd to the‘number of rate vafigbies.
The control was always the same at 0 kg K/ha.

Rainfall (cm.) was introduced as a single variable in the analysis.
The Qalue recorded was that of total rainfall reported during the
growing season with no regard being given to the distribution.

Température data taken throﬁghout the growing season were used
in calculating an average monthly temperature'for'April, May, June,
and July. Four variables were thﬁs introduced into‘the anai?sis.

| Spring soil moisture ﬁas introducéd éo the ;nalysis in-the form

of seven variables.. These variébles represented the toﬁal moisture.-
content to 183 cm. (V43) as ﬁeli as the moisture content of the
soil profile taken in 30 cm. incrementg from the surface to 183 cm.
" (6 variables - V44 through V49). At a later déte,.sixe more variables
were introduced from these data as a médification of the six variables

just mentioned. Whereas the first six variables (V44 through V49)
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measured soil moisture within a given 30 cm. increment, the latter six
variables (V52 through V57) measured the cumulative soil moisture from
the surfacé to a specified depth (e.g. 0-30cm., 0-60cm., 0-90cm,etc.).

Temperature, moisture, and rainfall data were missing from the
annual reports in many cases, complicating the statistical analysis.
Because of the missing data for these variables, care must be taken
in interpreting tﬁe significance of some of the regression reéults;
particulérly those in which the dependent variable was a yield
variable (V6.through V10). More will be said about this problem
in the section on statistical methods. Table 7, which ﬁresents all
of the variables used in the analysis, also details the severity of.

missing data for each variable.

Determination of Latitude, Elevation, and Geographical Location

Latitude and elevation of each site were both determined by
obtaining the appropriate topographical map which coﬁld be used in
conjﬁnction with the legal description of a particulap site. Latitude
was introduced into the analysis as a four-digit number reéorded to
the nearest minute. Elevation, in most cases, was determined * 7.5
meters. |

Geographical location was an arbitrarily derived variable used
in the analysis. TIts derivation originated from tﬂe desire to

separate the plot sites according to the area of the state of Montana
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in which they were established. These areas were defirned on the
basis of the proximity of the sites to one another and qccording'to
knowh‘growing season differences, such as usual:time of harveét and
general climatic conditions; Féur areas weré tﬁﬁs delineated and a
number (1-4) used as the assigned codediﬁalue for the variable

(Figure 2).

Determination of Percent K Response

For thése e#periments with five treatménts of applied K'fgrtiiizer
including the control (0 kg K/ha), a duadratic multiple regression
analysis was used to pbtain the calculated maximum percent K response.
This method of percent response determination was deécribed by Schaff

(1979). The equation obtained from the regression analysis is as

follows:
§ =a+b, X+ b; X2
1 72
where;
Y = calculated maximum yield
a= interéept of the Y axis; X = 0
b1 = linear regression coefficient
b2 = quadratic regression coefficient

X = rate of applied K fertilizer
If the derivative of the original equation is calculated, the

rate of K fertilizer needed for maximum yield can be determined. The
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equation becomes:
Y = by + 2 b2 X
By settingY¥= 0 and solving for X:
2 b2 X+ bl = 0

= -p /2
X bl/b

2

where; X = rate of K-ferﬁilizer to_dbtain maximum yield response.

By substituting-fhis value of’X into the Qriginal equation,'one
can then solve for mﬁxiﬁum yield (&). Aféer the ﬁakimum &iéld is
determined, then a éimple fatio (%/a)ﬂpro&ides Y, or the percent
change in yiéld (response).. |

For those sites with only 2, 3, or 4 treatments of K fertiiizer
including the control (0 kg/hé K), a second method was used té |
calculate percent K response. This method was used as an alternative
because quadrafic mﬁltiple regressién énalysis becomes mofe meéningless
as the number of points to which 'a curve is adjusted decreases. In
other words, a perfect-fit quadratic curve ﬁill aiwayé résult.iﬁ
iqstances of the presence of only three points.

This secona method of determining percent K response ié less
involved. .The yield at'each rate of K apﬁlication (other than the
control) was divided by the yield at the control rate (0 Eg K/ha).
Tﬁese percent response values were then added together and divided by
the number of valueg S0 determined: This value conveys the average

percent K response.
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The following equation describes the procedure. Assume an
experiment in which 0, 22, and 48 kg/ha added K were the treatments

used, then:

Y vy \]
(Yzz) +<§4‘9- £2= LR
0 Yo/ .

where: Y, . = yield at 22 kg/ha K

22
Y,q = vield at 48 kg/ha K
Y, = yield of the control
AKres = average percent K response

These two methods of percent K response determination were

assumed to provide similar values and were used as the same dependent

variable (V42) in tﬁe subsequent multiple stepwige linear regression

analysis.
A third determination of percent K response utilized a method
similar to the second. 1In this case, the greatest yield value for a

given experiment (other than the control yield) was divided by the

" yield value of thé control. This value was termed "maximum percent

K response.”" This method was used over all of the experiments (222)
and the results introduced into the analysis as a second dependent
variable (V50). Appendix I1T presents site number, experimént number ,
average percent k response, maximum percent K response, and the.K réteJ

corresponding to maximum percent K response.
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Statistical Methods

The variébleé used in the analysis (Table 7) were inserted into
an SPSS multiﬁie stepwise linear regreésion program (Nie et al., 1975).
This regression program was chosen bgéause it contained an option which
céuld manage cases with missing data for a given variable. Therefore,
a case (experiment) with missing déta for certain variables was not
completely eliminated from the analysis; and the data base was pre-
served for those variables for which data'were present.

Because of the large amount of missing spring soil moisture,
soil temperature, and'rginfall data, for example,.the data base would
have been reduced drastically had not this approach been taken.
However, because this.approach was chosen, care must be taken in
interpreting the resplts with regard to variables for which Oply
minimum data existed.

The.analysis of R2‘values and the interpretation of significant
F—valges should be based on the numbef of sites with complete data.
Results including variables with missing values will tend to. inflate
the R2 value for the equation; the degrées of freedom ﬁsed in‘de;er—
mining the significance of the F—value‘will aiso tend tb'be inflated.
.Fo£ example, if data a?e missing for a given variable at '"n" number
of éites, then the RZ for that variable is based oh the total number

. Lo . . 2
of sites minus "n." The overall regression equation R” value, however,

is based on the total number of sites analyéed. More restrictive
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Table 7. Variables used in Multiple Stepwise Linear
Regression Analysis
Variable Cases with
Number Variable Name Units Card # Format Missing Data
1 Site a number (1-127) T2+ 3 F 3.0 0
2 Site-Experiment

Separat ion Number a number (15?) 1:2,.& 3 F1l.0 0
3 Crop Coded Value*“ Veds &3 F1.0 0
4 Year a number (68-80) 1,2, &3 F2.0 0
51/ Card Number a number (1-3) 152, .31 F 10 0
GT/ Yield 1 Kg/ha 1 F 4.0 0
7{, Yield 2 Kg/ha 1 F 4.0 0
81/ Yield 3 Kg/ha 1 F 4.0 16
9?/ Yield 4 Kg/ha 1 F 4.0 135
10~ Yield 5 Kg/ha 1 F 4.0 119
11 K-Trt. 1 Kg/ha 1 F 1.0 0
12 K=Trt. 2 Kg/ha 1 F 2.0 0
13 K=Te¢E, '3 Kg/ha 1 F 3.0 16
14 K-Trt. 4 Kg/ha 1 F 2.0 135
15 R-Trt. 5 Kg/ha 1 F 3.0 119
16 Dry Consistence A Kg/cm 1 ¥ 2 0
17 Dry Consistence B Kg/cm2 1 ¥.2.1 20
18 Dry consistence Cca Kg/cg 1 Faa 4
19 Bulk Density A g/cm 1 F-3.2 0
20 Bulk Density B g/cm3 1 F 3.2 20
21 Bulk Density Cca g/cm 2 1 F 3.2 4
22 Structure A Coded value 1 F 3.0 42
23 Structure B Coded value; 1 F 3.0 56
24 Structure Cca Coded value; 1 F 3.0 42
25 Textural class Coded values 1 F 2.0 36
26 Textural family Coded vnlueil 1 F 2.0 37
27 Geographic Location Coded value~ 1 F 1.0 0
28 Thickness of B cm 1 F 2.0 20
29 Depth to Ca cm 1 F 2.0 4
30 Elevation meters 2 F 4.0 0
31 Slope percent / 2 F 2.1 0
32 Aspect Coded value~ 2 F 2.0 10

33 Latitude degrees (°)
and minutes (') 2 ¥ &2 0

34 Mean annual soil

Temperature (MAST) °c 2/ 2 4 7 | 36
35 Temperature Regime Coded value™ 2 F 1.0 0
36 Temperature (April) c 2 F 2.0 194
37 Temperature (May) 2C 2 F 2.0 179
38 Temperature (June) *C 2 F 2.0 176
39 Temperature (July) ~C 2 F 2.0 177
40 Rainfall cm. 2/ 2 ra.1 150
411/ Water Regime Coded value™ 2 F 2.0 37
42- Average % K response percent 2 F 3.0 0
43 Total Spring Soil H, O cm. 2 F 4.1 94
44 Spring Soil “20 (0-30) cm. 2 F 3.1 99
45 Spring Soil H20 (30-60) cm. 2 F 3.1 99
46 Spring Soil H2O (60-90) cm. 2 F 3.1 100
47 Spring Soil H20 (90-122) cm. 2 P 3.1 107
48 Spring Soil H20 (122-152) cm. 2 Fidsd 145
491/ Spring Soil H. 0 (152-183) cm. 2 ) D 172
50~ Maximum % K r;aponse percent 3 F 3.0 0
51 K-rate for max. response kg/ha 3 F 3.0 0
52 Spring Soil H20 (0-30) cm. 3 F 4.0 99
53 Spring Soil H20 (0-60) cm. 3 F 4.0 99
54 Spring Soil H20 (0-90) cm. 3 F 4.0 99
55 Spring Soil HZO (0-122) cm. 3 F 4.0 99
56 Spring Soil “20 (0-152 cm. 3 F 4.0 99
57 Spring Soil HZO (0-183) cm. 3 F 4.0 99

1/

~ Used as a dependent variable in the regression analysis.

2/

=~ Coded value; See Tables 1-7 for coding schemes used to introduce the variables into the
analysis.
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options of analysis were used later in thelinvestigation to try to
remedy this situation and to insure statistical validity in the
results. These are.described in the Results and Discussioﬁ section.

Due to the fact that .over 60'separate regressions were ponducted
and because of the large number of independent variables, the number
of variables allowed to enter the equation, the F~value, and tolerance
level weré set at 5, 1.0, and .10, reépécti%eif. This waé d;ne'in
order to restrict Fﬁe'length of the resulting regression eqﬁation.
and to give some assurance of the'significangé of the results. The
level of statistical siépificance was determined from standard

F-tables (Steel and Torrie, 1960).




Chapter 4
RESULTS AND DISCUSSION

Two preliminary ihvestigationg were perforﬁed ﬁfiqf to the
multiple regression analyses which involved yield and percent résponse
as the depenéent &afiables. _Firsi, an analysis of variénqe (ANOV)
was conducted:with-Bulk density as the dependent'Qariable. The
bulk density'Vaiues were grouped both on sité and horizons within
a site. This analysis was done to determine if statistically signifi-
cant differencés between plot locations existed for one of the
variaqies (bulk density5 that would be uéed later as an independent
variable in the regression analyses.

.The ANOV produced an F—valué.of 9.15 when comparing one site td
another. At 1 and 126 degrees of ffeedom,-these results are |
significant at the iOOS éignificahce level. An F-value of .20
resulted when comparing horizon.bhlk.dénSities at a given‘sitei At

1 and 2_degfees of freedom, this was not statistically significant.

These results establish that horizon differences at a site are not

apparent, but that differences in bulk density between sites are.
pronounced.

The second preliﬁinary investigation Was.conducted to establish
if péd thickness was an important factor infiuenning the dry
consistence measurements. This was done to eStablisH whether or not

corrections in the dry consistence values would have to be made for
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horizons with either low or high mean values for ped thickness.

A regression analysis was performed using consistencé values as

-the dependent variaﬁle and ped thicknéss_as,the indépendent variaBle.

The F-value pfdduced'from this regression was 130.8, significaﬁt at

thé .005 level. ' However, the RZ value resulting from the regieSéidn

equation was only .07. These results indicate that ped thickness’

does influence the consistence measurement but that it does not -
'éccbunt_for a very large  amount of the observed variability. If'thé

pocket penetrometer was to’ be used in the field to measure consistence,

uniform péd thickness would be desirable. Because care was taken to

" .select ped sizes of a comparable range of thicknesses for each
horizon and because other factors obviously influénce the consistence -

values, it was determined ﬁhat correction of the dry consisteﬁcé

data because of ped thickness was not —necessary.

The discussion of results which follows in'this chapter is

~organized by the order in which the régression analyées were run. In

.each régressioﬁ anélysis,'dafa were organized différently to reveal

independent variable relétionships-with diffefent dependént Variabies;
Divisioms of‘the data file.by crop, géographical ldcation-(see Figure
2), percent responsé cléss} and by K-rate at which maximum response -
occﬁrred aréfexpléined.at the beginnihg'ofleach~disg&ssion seciién

dealing with a.specific group of regreésion“eqhatiqns(- Each group of

regression equations was organized and separateéd on-the basis.of how
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the data file divisions were made.
Each regreséion table presented in the following discussion“
sections was organized in a.similar manner. In the column located
on the extreme left of -each table (refer to Table 8, pg 41), the .

) regfession'numbef and the dependent variable and .the independent T

variables used in the_analyéis were given,‘ Also, when it_applied,:.

the part of the data file included in the regression analysis was

identified in this column. The cbding schemes used- for crop (Table

6, pg. 27) and geog;aphiqal location (Figure 2, pg. 31) were used

‘.t6 identify the .part of the data file in which the regression.
'équétfdn épplied. The division"of'ﬁhé data=intqlper¢ent”réspénse
classes an& according.té K;fate at which ﬁaximum resﬁonse occurred
(V51), when apﬁiic;ble, wé?e also designafed in~£he eiﬁréme igft‘

hand column of the table. Also included in this column in some.

instances are the number of cases (experiments) to which the regression

equation applies.

A complete list of the variables used in the analyses cah,Be 2

found in'Table,7 (pé-ﬁBS)ﬁ It will need to be referréd to iﬂ

interpreting the regression analysis.resﬁltsAﬁresentéd in Table 8

through Table 17 and the summary tables (Table 18 through 20).
Because of the large number of variables used in this study,
some‘limitations'were applied to each regression analysis. One of |

these limitations was to allow only a set number of variables to
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'enter each regreséion‘equation.:xln regréssién No. 1 through No. 14, =
tén variébles'wefe allowed to entér'phé equétion. In regression.No.
iS’through No. 51;.a maximuﬁ'of_five'variablés'heré‘allqwed to en;ef
AtHe équation.__It was felt thét thié li%itation'Would s£iil ailéﬁ for
identification of all iﬁpof;ant_relatiénéhipsl-

.Table No. li, Regfessipn No. ;5 (pg- 60),‘can be uséd,as an
example of hqw'tﬁe acfuél rgéféssiénsequatiéﬁ'woﬁldIﬁé constructed
from thé‘table'uéing étgp ngmber, éénstant; and beta véiues. fhisj
‘equation wouid.£ead: . '

+ 145X, + 164X, + 147K -

.Y - 78.82 - .186 X ;

1

Y = maximum percent ‘yield résponse (V50).;

X, = value Qf'VZS

l -
X2 = value of Vl7
X3 = value of V30
'XA =”va"].ue-_'of V19

Regressions No. 1 - No. 5: . Yield as the Depéndent Variable

The folldwing-régression analyses were conducted using VO6.‘"_".

‘through V10 (actual crop yield at the vérious.K ratéé)'as the depénd-

et variaslgs. Iﬁ'this grpup of‘énalyéés,:tén.vériaﬁlés wefé‘;116Wéd
'ffo engéf eaéhiof'ghe regression'equations: The"iﬁdepeﬁdent v;;iéﬁieé‘
for‘each analysis were the same and‘includea thgsé:variables.which :

were iisted in .thHe table of the regression %esults’(Téble 8). The"




TaBle 8. Regre551on No. 1 - No. 5; Actual Crop Yield (V06-V10) as the
i : Dependent Variable; Data File not Subdivided; Independent
* Variables not Restricted.

10 - Soil H,0

‘(152%183) V49 . .. -l145 . -.04 0 .38  .005

Regression ' Step Variable Variable Constant Beta’ Simple R2 F-sig.
No. . . into eq. = Name: Number . .- R~ . "level”
_Depéﬁdent 1 . Struc.’B- V23 . .16l .41 17 005
Var. V06 . 2 . MAST V34 T .353 .39 ~21 . .005
. Independent  *3 - Crop : V03 _ ~.217. -.27 .24 005

Vars. VO1, 4 © Dry Con. A - V16 - . -.100 16 .26 .- .005
V03, V04, 5. ‘Temp.cls. . V35  2450.19 -.248 -.01 . .28 . .005

Vi1, V16, 6 Temp.(May) V37 - -.288 - -.04. .30 .005

. to V41, V43 7° Dry Con. C V18 - » .235 . .13. - .31 .005.

. to V49: °© - 8 . Bulk Den.C - V21- ~© =.160 .03 .33 . .005

‘ . 9 . Rainfall V40 L .121 C.21 .34 .005 .
10 Soil H.,0 . S - ‘ e
C . (90- 152) V&7 133 7 .06 .35 .005°
2 _ , L _ : ) o

Dependent- 1 =~ Struc. B . V23. .o 2129 W43 .18 .005 . -
‘Var. V07 2 ° Dry Con. A V16 -~ . -.201 - .20- .22 ..005
Independent- - 3 - Crop : V03 C =172 -.29 . .26 © .005
Vars. V01, 4 . MAST V34 - 288 239 .29 .005

' V03, V04, 5  K-trt. 2 vl2 °2306.73. --.181. . -,22 .30 .005
Vi2, V16 to 6 . Thickness. . . . T

" V41, V43 to - of B . V28 ' .095 .13 .32 .005.
V49 - © 7. Soil H,0 - a - : - j

_ (0- 35) V44 : 303 160 L34, .005
8 .. Temp.(May) V37 - =.300 -.09- - .36 .005
9 Temp. cls. - V35 .. -.167 . - .04 . .37 %005




Table 8, Contlnued Regression No. 1 - No. 5; Actual Crop Yield (V06-V10) as
the Dependent Variable; Data File not Subd1v1ded Independent Variables

not Restrlcted

A

Regression = Step. Vériable. Variable Constant Beta Simple Rg F-sig.
No. . into eq. ~ Name Number B, s R Tevel
3 o A - . z
Dependent 1 Bulk Den.A V19 : -.611 . -.44 .19 .005
Var. V08 2  Struc. B- . V23 . CoW172 .30 .30 - .005 .
Independent 3 Crop Vo3 .- -.251 -.26 - .36 005 .
Vars. V01, 4. - Rainfall =~ V40" ' .238 .22 - .40 .005
V03, V04, 5 Dry Con.A V16 . -=1386.72 .210 -.10 W42 . 1,005
V13, V16 to 6- ° Temp. (June) V38 . -.191 . .03 44 .005
VAL, V43 to 7  MAST - V34 - .234 .29 .46 7,005
V49 : '8 Tex. cls. - .V25- - k -.181 413 47 .005
9 Year Vo4 - - _ .231 4 .48 .005.
10 Site . V01 -.165° . -.03 .49 . .005.
B - : - C - : : "
Dependent 1.~ K-trt-#% V14 - R .77y .84 .70 .005
Var. V09 2 - Bulk Den.A V19 S -¢251 -.18 - .76  .005
. Independent 3 Water Reg. V4l ©.089 . .16 .77 .005 -
Vars. V01, A Dry Con.A . V16 | y - .103 - .01 .78 .. :005
V03, V04, 5 Temp.(June) V38 4285.93 -.080 -.32. .79 .005 -
V14, V16 to 6 - Site Soovor . T 150 .04 - .79 .005
V41, V43 to 7 Geog. loc. V27, . =.093, . =15 ,80 -.005
V49 8- Struc.C V24 . - : 062 - .02 :80 - .005
- 9 - Dry Con.B V17 S .061 - '-.01 .81. .005°

Year - vo4 . - . -.074 .06 .81 .005 -




Table 8, Continued. 'RegrgsSion No 1. - No. 5; Actual Crop Yield (V06-V10) as
the Dependent Variable; Data File not Subdivided; Independent Variable

not Restricted.

Regression  Step Variable Variable Constant Beta ~ Simple . R2 . F-sig.
~ No. = ) into eq. Name -  Number - R . level
-5 S ~ . o :
Dependent 1 K-trt.5 V15 . .664 .69 .48 .005
Var. V10 2 Bulk Den. A V19 - . ~.468 -.42 .68 .005
_Independent 3 Water Reg. V4l ' ) .180 - .29 .70 .005
Vars. V01, & Aspect ©V32- © . =.080 - “01 - .72 ..005
V03, V04, 5 . Rainfall - V40 3932.32 - .135 .03 .73 -.005
. V15, V16 to -6 Temp.(May) V37 -.278 - =.05. .73 005
V41, V43 to 7 Dry Con.A. V16 R 2 -.09 74 . L005.
T V49 8 ~ Soil H20- B o o . R ~ .
' (152-183) V49 R 7 07 .75 .005
9 ‘Soil H,0 ’ o : B - "
(90-f22) - V47 , .267 19 .76 .005
10 . Soil H,0 : . ) ' .
.10 .76 .005

o3 w0 a1

€y
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analyses were.coudubted over the entire data set so that the results
-were haaed ou 222 baéea; the totallnuuber of experiﬁents.included in
this study.

' Regression'Nol 4 and No.,jr(aotual crop ydeld‘as'the deoeudeut
variable) broduced the higheat Rzlvalues, .81 and .76, respéctivel&.
The F—significauce 1erei of the reauits was .005 at each step dn
éli five of thelregression equations.' This was souewhat”aurprising.
and -probably mlsleadlng : It.waaApointed out in the.Materiala and
Methods sectlon that R2 values and:F—aignificance levels tend to.be‘
" inflated by 1no1ud1ug variahles wdth‘hissing'data into the'regression'
analysis. The uariables for which this‘waa partioularly true were-

-those assoc1ated w1th the seasonal temperature data (V36 V37 V28

V39), rainfall data (V40), and sprlng 3011 m01sture data (V43 through -

v49). Although other variables whlch appeared in the regression
equatlons also had missing data, the sever1t§ was not as pronOunced"
(SeeiTable 7 for.the.nuuber of°ﬁi$aiug‘cases for each variable;
'Simple‘QOrrelationa CSimple‘R),'however;:for each of the variables
_inAthe-equatton‘indicated valid relationshipadto the dependent ;ariahle.
It is importaut to note the strong positiue correlation between!
atructure of the B horizon (V23) and yield ih regreaaion No..laiNo;
2, and ﬁo. 3,':Thrs indioated.that higher yielda_were associated.uith
“the more-strongly struetured.SOils;- Ihickhess ot the-B.horiaon'V:

(V28) was also positively correlated with,yield in regression No. 2.
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Mean annﬁéi soil temperature (MASTj was positively'correlated
to yield in regression No. 1, No. 2, and No. 3. .This suggested
that lowef soil temperatprés agsociated with some soils ma&uhaQe been
yield-limiting.
Yield (V09 and V10) in regression No. 4 and No. 5 showed a
s£rong positive correlation to the rate of applied K (V14 and V15,

respectively); This indicates that availability of native soil K and/

- or low rates of applied K are not adequate in many cases.

Dry consistence of the Ap horizon (V16) was the only variable
to appear in all five of the regression equations. Its correlation
(Simple R) to yield ranged from slightly ﬁositive to slightly

negative. However, bulk density of the Ap horizon (V19) showed a

. consistently strong negative correlapion to yield in regression No.

3, No. 4; and No. 5. .The literature generallj supported this

observation in that inéreased bulk densities were aésociated with

decreased root penetration and nﬁtrienp uptake. In the surface

horizon (Ap) high bulk densities may also have been associated with '

increased difficuity of seedling emergence.
Rainfall (V40) was positively associated with yield iﬁ regression
No. 1, No. 3; and No. 5; yet moisture reéime (Vél); which was coded
wet to‘dry, was aiso positively correlated to &ield ih-regression
No. 4 and No. 5. This latter relationship of moiSturé regimg‘ta

yield seems to be in agfeement with the positive association between
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MAST and yield.

'In regression No. 51, MAST and moisture régime were highly
positively qprrelated to one another. The warmer soils (> MAST)
would be expec;ed to,bé associated with the drief moisture regimes
in tbat soil moisture wﬁuld have exeréed a prqfound buffering
influence on soil_tempgrature.

Teﬁperature in May (V37) in regression No. 1, No. 3, and No. 5
as well as temperature in June (V38) in regression No. 4 showgd'g
strong negative correlation with yield. This at first‘seemed to.
ha&e gontradicted the relationship between MAST and yiéld. However,
the value of the MAST was determined from long-term femperatue data
and so was an average. That low 'early grdwing season.temperétures
are correléted with greater yields could be explained by the
fact that low soil temperatures have beeﬁ associated Qi;h gréater
stored soillmoistdre;

Cr&p differences -existed with regard to yield. This Qas shown
by the fact-that’crop (V03) was an important vafiable-ih regresison
No. 1, No. 2, and No. 3.  Varietal andiqrop differences with reéard
to nutrient uptake may,ﬁe dué to differences in root membrane.
activity; the selectivity for certain ion absorption may be an
inherited trait (Mattson, 1974). Lal and Sharma (1974) found that
tw§ varieties of dwarf wheat differed significantly in their ability

to extract.N, P, and K.. Their experimental results were consistent
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over three levels of Soilvmdisture and five rates of applied N.

Regressions No. 6 - No. 10: Average Percent Yield Response (V42) as

. the Dependént Variable.

The regfessién'anaiysés were pefqumed éeparately-for:each crop
(fegreésioﬁ-No..6 fqr winter wheaf, No. 7 for spring Whéat, No.‘8‘
for barley and No. 10 for Wintg; wheat) ;nd combined ovér:ali qrdps
._(régression No. 9). The éa;a subfile’fbrlbaté_wés not anal&éed |
separa£é1y'fhroughout the\regreséidn'analysis‘because there were
'oqu four expérimeﬁts with'oats as the expérimentél éfqp.

 Regression No. 6 and No: 10 differ only'in-j that V0L and V04

(site éﬁa:year) were - removed aé-iﬁdépenaent variébles'in'régression'

No. 10. The removal of VOl and V04 from regressiom No. 10 ‘and

subsequent- regression analyses was done because it was decided that

"no exﬁlicip meaninéfpl information: could be &erived from theif‘
 'inc1usion in the régreési&n-quation;

: 'Cfop (V03) was also reﬁoved as an indgpeﬁdent_variablé from
these and'subsequeﬁt regreésion anaiysés.as the dété wgré éiﬁided
and'aﬁaiyzed'éccording to crop.

| The highes£.32 vaiﬁes ﬁeré obtéiped for spring_wheat'and‘bariéy
(regression ﬁo. 7 and’No; 8). :Thé R2 values ﬁé:é .57 gnd'.45,
fespedtively{ IHoﬁévér,lfhe’highestff%significgnce‘leyel‘(;bOS):

was attained for winter wheat (regression No. 6 and No. 10) andnin_




Table 9. Regressions No. 6- - No. 10; Average Percent Response (V42) as the Dependent

Variable; Data File Subdivided on Crop; Independent Variables not Restricted,

Regression  Step Variable Variable Constant  Beta Simple R2 F-sig.
No. into eq. Name Number ’ R level
6 -
Dependent 1 Latitude V27 .241 .26 .07 . .005
Var. V42 z Rainfall V40 .210 .20 .08 .005
Independent 3 Dry Con.B V17 .313 .14 .10 .005
Vars. V01, 4 Bulk Den.B V20 -.244 .04 11 .005
V04, V11 to 5 Site Vo1l 93.03 -.285 -.01 .13 .005
V41, V43 to 6 Struc.A V22 .285 .13 14 .005
V49 7 Struc.B V23 -.196 .06 .15 .005
Subfiles: 8 Slope V3l -.099 -.04 .16 .005
Divided on 9 Temp. (May) V37 -.207 .01 .17 .005,
crop; winter 10 K-trt.2 V12 .264 .09 .19 .005
wheat (133 ) ' :
cases)
7
Dependent 1 Latitude -V33 -.163 -.23 .05 —_—
Var. V42 2 Soil H,0 :
Indeperdent (30-80) V45 -1.461 -.15 N0 p—
Vars. V01, 3 ‘Dry Con.A V16 -.566 -.16 .14 _—
V04, Vil to 4 Slope. v3l 713 .06 . .20 —
V4l, V43 to 5 Bulk Den.C V21 284.78 -.380 -.14 “25 —
V49 6 - Thickness '
Subfiles: : of B V28 .458 .10 .31 .10
Divided on 7 Rainfall V40 -1.058 -.17 .33 .10
crop; spring 8 K-trt.4 V1i4 .916 .04 .39 .10
wheat (36 9 Bulk Den.A V19 .627 -.10 .48 .025
cases) 0. Soil H,O0
‘ (90-f22) 47 ;885  -.09 .57 .01

8y




Table 9, Continued. Regressions No. 6 - No. 10; Average Percent Response (V42) as the
Dependent Variable; Data File Subdivided on Crop; Independent Variable not

. Restricted. - ) X 2
Regression Step Variable- Variable Constant Beta Simple R F-sig.
No. .into eq. Name Number . . R . level

) - — . ‘ ‘
Dependent 1 K-trt.3 V13 . 540 .29 .08 .05
Var. V42 2 K-trt.5 vi5 : .380 .26 .15 .025
Independent 3 Temp. (July) V39 .486 A3 - .25 .005
Vars. V01, 4 - Dry Con.B - V17 _ .151 .05 .29 .005
V04, V1l to .5 Elevation V30 221.47 .238 - .10 .31 . .01
V41, V43 to 6 Year Vo4 -.347 -.17 .34 .01
V49 7 Site Vol .235 -.19 .38 .005

* Subfiles: 8 Aspect V32 -.173 .07 .39 .01
Divided on 9 Soil H,0 ' .
crop; barley (122-152) V48 -.547 -.10 41 .01
(49 cases) 10 Soil'HzO . ' . ‘
(152~183) V49 ' 471 .10 .45 .01

R - : P
Dependent 1 K-trt.5 V15 .371 .13 .02 “.10
Var. V42 2 K-trt.3 . V13 .254 11 .06 .005 -
Independent 3 Dry Con.B V17 <241 .11 .08 .005
Vars. V01, 4 ~ Sodil H,O i . L
V04, V11 to L (0-30) Vb4 A .376 .08 .09  .005
V41, V43 to . 5 Soil H,0 ' ,
V49 (90-122) w47 141.19  -.486 .04 12 .005
Subfiles: 6 Year V04 -.165 -.03 .14 .005 .
Divided on 7 Bulk Den.B V20 -.157 - .08 14 -.005
crop: over- 8 " Soil H,0 : :
all (222 . (60-80) V46 632 .02 .15 .005
cases) 9 Soil H,0 ' } -

' (30-80) V45 2.483  .002 .16 - .005

10 Temp. (July) V39 T .091 .04 . .17 .005.

6%




o Table 9 Contlnued Regre551ons No. 6 - No. 10; Average Percent Respense (V42) as the
Dependent Variable; Date File Subdivided on Crop; Independent Varlable not

0s

Restrlcted
Regression Step -Variable Variable ‘Constant . Beta Simple Rz F-sig.
No, ‘inte -eq. Name .~ Number _ T - T R : ) level
.10 . o _ ' - _
Dependent 1 Geog. loc. - V27 ot 2162 .19 . .04 .05
Var. V42 2 Dry Con.B V17 : .356 19 - .06 . .025
‘Independent 3 - "Bulk Den.B V20 . : -.167 .08 © .08 .01
Vars. - V11l to &4 * Depth to Ca V29 ' S =Jd21 -.07; .09 .025
V41, V43 to 5 Soil H,0 . ' : o o SN
V49. . (0- 36) - V44 © 92,99 -7 .079 = :15 .10 .025
Subfiles: 6 . Temp.(May) V37 ' -.997 .02 .11 .025
Divided on 7 Temp. (June) V38 . ' .738 .09 . ,15 . .00S5 .
winter wheat. 8 . Soil, H20 L . . . o L
(133 cases) , (1525183) V49 ' o ©oe=.320 -.06° - .16 -.005
9 Soil H,0. - R - :
- . (122-152) V48 — . .335 "-.008 © .18 .005

CI0 0 R-trt.2 Vi2 S L1929 .005




51

the case .of thé overall regression ahalysis (regression No. 9).
‘Agaiﬁ, it is.sﬁressed that when yariables with missing data are
included in the analysis thé R2 and F values are probably inflated.
Spring soil moisture (V43 to V49), rainfall (V40), and temperature
(V36 to V39) variables appeared in all the regreésion equations.
The presence of these variables in the regression equafions meant
tﬁey were subject to misinterpretations.‘
It was somewhat contradictory that rainfall (VaO) was positively
correlated to pefcent yield response in regression No. 6 and nega-
tively correlated in regression No. 7. This difference cou;d

possibly be explained by assuming that the addition of water to the

lsoil may have produced wvariable iﬁfluenées on crop response fo added

K under differént soil conditions. TIf the ;oil was dry so that no
K diffusion could take place, then rainfall should have had é
positive influence on érpﬁ responsé; Under adequate soil moisture
conditions in which diffusion of native-K to the plant root is
sufficient, the general cooler climatic condifions (cloud . cover, -
etc.) associated witﬁ rainfall may.péssib]y have acted to depress
crop response to added K. Diséributidndf fainfall and soil ﬁerme—
ability may also have been important factors in the explanation of
these results. |

"Both dry consistence of the B horizoﬁ (V17) and bulk density

of the B horizon (V20) were positively éorrelated to percent
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.response in all cases- in Which‘they appeared in the regression
"equations, -‘High bulk densities are usually associated with less

plant available water. This is due to the increased matric poténtial. o

If high‘bﬁlk densities were restficting diffuéion of dativé~K;

‘one would have expected the observed positivp'cqrrelatibn between -

.bulk densityland crdp respbnsé tb-added K. Dry éonéistenqg probablj

increases as clay content increases. The B hqrizoh is the major -

zone of ciay accumulation: The highef'CEC values associated With'

‘increasing clay content (espécially considering that 2:1 clays are

doﬁinaﬁf‘in Moniané soilé) may'élsé be éssociafed ﬁith;restriétiﬁg‘
diffuéion"of native K. These»resuits-were.iﬁ A¢COra With obsé%v&#iéné'“ :
présehtéd‘in fhg Literature Reﬁigﬁ section. |
In thelone‘Casevin whicﬁ tﬁiékness Qf-tﬁé B hofizénikVéB) was * ..
included in the régressipp equation (regression No. 75, itlﬁas: |

also‘positively correlated to crop'responée. Structure of the B

~horizon (V23) was also positively cotrrelated to winter wheat response
-(regression No. 6). This relationéhip between sfrongly structured

.so0ils and positive crop response to added K ﬁay be due to the fact

that strongly structured soils are usually associated with soils

. that have an abundance of clay and experience a definite drylﬁeriod

during ény given year. Both of'thése factors would tepd'to cause
slower or more tortuous diffusion of K in the sofl.

The K-rate variables (V12, V13, VlS)Swere positively correlated
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to crop ;esponse_iﬁ regression.No. 6 through MNo. 10. -This again
suggested that, in man? cases, the.availability of native Klwas not
adequate.

Although éﬁbsoil moisfure was somewhat variable in its cérrela-
tion to croplresponse; spring ;oil mqistgre in the surfaée 30 cwm,
(V44) was positively correlated with crop response’ (regression No.
9 and No. 10). This indicated that adedﬁate'sufface soil moisture
may have been a prereduisite in order for added K to have had a
positive“effect.

The strong negatiﬁe correlation of latitude (V33) to crop
response is of interest in regression No. 7. Soilé in the higher
latitudeé generally warm up more slowly in the spring: Thé
potassium requirement of small grains is high éariy in the growing
season. If temperature was the limiting factor, a ﬁositiye
correlatiop betwéen latitude and crop response would be expected.,
However, other factors may have influenced.the effect of latitude.
Perhaps.lo% temberature was still fhe limiting factor in that the
effeéts-of applied K were nét'realized_in the colder soils. Also,
higher rates of K application méy ﬁave béen required iﬁ colder

soils to provide a crop yield increase.

‘Regressions No. 11 -~ No. 14; Maximum Percent Yield Response (VSO)

as the Dependent Variable.

These regression analyses were conducted separately for each




Table 10. Regressions No. 11 - No. 14; Maximum Percent Response (V50) as the Dependent
: Variable; Data File Subdivided on Crop; Indépendent Variable VO1-V15 Not Included.

Variable

Regression Step Variable Constant  Beta Simple . R2  F-sig.
. No. ' into eq. Name Number : R ' level

11 1 _Rainfall V40 .182 .20 .04 .025
Dependent 2 Elevation V30 .093 .16 .06 .025
Var. V50 3 K-rate for ' B
Independent max. res. V51 .189 .14 .08 .025
Vars. V16 4 Struc. B -V23 " -.155 -.10 .10 01
to V41, V43 5 . Soil H,0 - ) : -
to V49, V51 ~(90—%22) V47 101.48 -.158 ~.04 .12 .005
Subfiles: 6 Thickness
Divided on of B V28 -.116 © =-.17 14 .005
crop; winter 7 . Dry Con.B V17 221 .08 .15 .01
wheat 8- Bulk Den.B V20 -.168 =.02 .15 .01 g
(133 cases) 9 Temp . (May) V37 . -.802 .03 .16 - .01

' 0 Temp. (June) V38 .789 .10 .19 .005

12 .
Dependent 1 ‘Temp. (June) V38 -1.803 -.29 .08 .10
Var. V50 2 Slope V3l -.011 .26 .21 .025
Independent 3 "Elevation V30 -.245 -.20" .28 .025
Vars. V16 4 Water Reg. V41 1.508 .15 .31 .025
to V41, V43 5 Tex.cls. V25 184.17 -1.436 -.08 .39 .01
to V49, V51 6 Dry Con.A V16 ) .837 .03 .46~ .005
Subfiles: 7 Bulk Den.A V19 -.805 -.15 .55 .005
Divided on 8 K-rate for . ' '
crop: spring max. res. V51 . 306 .20 .61 .005
wheat . 9 Temp. (July) V39 1.671 -.28 .64 .005
(36 cases) 0 Soil H, 0" : '
. (30—%0) V45 -.176 -.10 .66 .005




"Table 10, Continued. - Regressions No. 11 - No. 14; Maximum Percent Response (V50) as fhe
Dependent Variable; Data File Subdivided on Crop; Independent Varlable vV01-v15 -

Not Included.

Regression Step '~ Variable " Variable Constant Beta Simple R2 F-sig.
No. into eq. Name Number . R level
13 , . -
Dependent 1 K-trt.5 V15 491 .40 .16 .005
Var. V50 2 K-trt.3 V13 .389 .31 .26 ..005 -
Independent 3 Elevation V30 <460 .19 .32 .005
Vars. V11 4 K-trt.2 V12 .326 -.04 A1 .005
to V41, V43 5 K-rate for :
to V49, V51 max. res. - V51 -155.51 .207 .33 .45 - ,005
Subfiles: 6 - Temp.(June) V38 ' . .242 .01 49 005
Divided on 7 Geog. loc. .V27 .220 -.19 .49 .005
crop: barley 8 Latitude . V33 .219 .13 .50 .005 -
(49 cases) - 9 Soil H,0
(122-52) V48 ~.373 04 .51 - .005
10 Soil H,0
(152-183) w49 .355 .25 .53 .005
14
Dependent 1 K-rate for ) :
Var. V50 max. res. ., V51 .251 - .21 04 .005
Independent 2 Struc. B V23 -.154 . -.12 .06 .005
Vars V16 to 3 Elevation V30 .295 A1 .08 .005
V41, V43 to 4 Rainfall V40 .130 .07 .09 .005 -
V49, V51 5 Soil H,0 . .
Subfiles: (90-%22)  v47°  -50.16  -.196 04 .10 .005
‘Divided on 6 Soil H20
crop: overall (152-183) V49 .116 .03 W11 .005
(222 cases) 7 Dry Con.C V18 .104 .03 .11 .005
8 ‘Latitude V33 .233 =.01 .12 .005
9 Geog. Loc. v27 .151 -.03 12 .005
10 Thickness ) . )
of B. V28 -.051 -.08 .13 .005

119
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cron'astin thé previous section (reéression,Nq. 11 for wiﬁtpr’wheat,,'
:'No. 12 for. spring wheat, and. No. 13 for barley). .Reéfessidn No. 14
_was the combined'ové;élllregres;ion éhd co?respondea,to ?ggreésion
: No. 9 in_the previous gféup of regressions. Th§ inclﬁsion'of.V51
(éherKnrate at which méximum'response'océurred) into these‘fegressioh
analyses ﬁas done because thé dependeht va£iable (VSO) was the one
with which it was aséociété&. ‘Théjéthgr K-rate vériébies were
excluded frém the;élregféssions exceﬁt:for in regression No. 13,

Regreséion No. 12'(sprihg Qheat) and Né; l3i(bar1é&) produced
the highest R2 values, .66 and .53, reSpectively.. These‘Qalués
were highertthéﬁ the cdffesbonding fegfeséiqn.Rz values in the prior
) group (regrgssiqﬁ‘No. 7 énd No. 8). ihe F—significance levels of
- these regressions were also ﬁigher overall, each rggréégioﬁ équatioﬁ_.m
being significant at the .005 le&el. Cére mus; be taken-in iﬁter%,
preting the significance Qf.these-reSuits-as the R2 and f—valueé were
probably:inflatéd due tQ'thelindlusidn df variables with missing data
. into the analyéis.  waevef, results indicated a good p@tentiai for
"utilizing Cefféin.of thgée iﬁdependengnva?iabies fo prediét‘croﬁ
reéponse to‘k fértilizer. | |

The K-rate vaﬁiaBles‘(VSI,.VIB, V15) again showed a préhéunced
positive corrélatian‘to the dependent Vériable.' Variable 51 (K rate.
at which"makimpm.reSpoﬁse occurréd’ Was.postively correiétéd in all

© four regressions. Variable 15 and V13 (bigh and moderate rates of
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K applicatlon) in regre681on No. 13 had Slmple R values of 40 and

.31, respect1ve1y, w1th the dependent varlable (VSO)

Rainfall was pos1t1vely correlated to maximum percent response

in both cases in which it appeared in the regression equation

'(regress1on No. 11 and No. 14). ~Elevation (V30) was'also positively
-correlated to percent response in three of the four regresslon

Tequations. Elevatlon ‘may have been an 1mportant factor w1th regard

to'crop'response'to added K in the.way_that it may.have mod1f1ed
the climatic environnent;f Elevatibn.nay have influenced soil
noisture and soilhtemperature in that wind,‘rain,_and'storm'patternsr
may- have been affected;:'

Aperage'temperature in May (V37) and Jnne'(V38) were only
slightly positiveiy correlated to percent response in regression

No. ll and No C13. There was a much stronger negative correlation

between V38 and average temperature in July (V39) in regresqlon

.No. 12L

Soil temperature prohably,influenced crop response to added K

differently depending on other éxisting soil conditions. A positive

correlation would be expected to exist between‘soil temperature and

crop response under conditions of adequate soil moisture. Increasing

soil temperature in this case would have probably increased ion-:

_d1ffus1on of applied K On‘the other hand, a negative correlatloh

’would have exlsted between soil temperature and Crop . response
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(particularly later ;n the growing season) 1if soil moistﬁre wés'
inadequate,l In this case, greatér soil temﬁegaturesﬂcduld have Beeﬁ:
"associated with drying of the soii profiiezso that_diffﬁéion was
. reduced. Aﬁpther éépect‘of soil Fempefaturé is that diffusioq Qé;i

_ . . ‘ _ . . A
K would normally increase ﬁith'iqcfeasing temperature, allowing
nétive soil K to:Be-mére_availablé,“thﬁé-&ec%easing thé respénse ﬁd

o {

: suppiemental K. ;i*‘;;

‘Sprihg-épil'moisfure (V45, V47, V48,’V49)1Waé'Egg'ﬁonsisténtlf;
correlated:tp'croﬁﬁréspoﬁsé, ' The greatéét.cofrglation,.whi#hxﬁas'
;25 between &eep soil.moiéturé-(V49) and.méximﬁm percent resﬁﬁnse;,
appeéred in régression No.113;:AA1thoﬁgh snfiné soil’moisfure
variables éppeéred in ali of the regression equétions,'they generally
entered foWard the end of the equafiqn_and iﬁcreased,the 32 valueé
vefy little.

Structure of the B hérizon (v23) was négatiyely correléfédlésl
“crop response in-regfession No. ll‘an No. 14."This,contradicted
ré;uits'from previoﬁs.fegreséion groubs.' Tt was. difficult to
explain. the effect of soil'éfructgré 6n'¢rqp'reépohées,‘espécially
consiaering thé wéy in which the séil structure Qariaﬁles were 3
aerivéd énd'coded. 'First; ig was imﬁpséiﬁie to knéw if grade, si;e,
or typg of stfucﬁuye was the éominant ipflpence'on.crop respénéef
Secqnd; begéﬁsé the strﬁééhré variables wéré derivéd‘from'the‘SCé

'y

oil series description, it was possible that the coding scheme was

)]
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misleading for'these.particular soil'sites.A Horizon'depths and.
designations in’the‘soil series description usually did not -
correspond to the method of hnrizon.namlngvand sampling. that was-
done 1n the. field during this study. - Also, the soil series
description usually deseribed horiéon soil structures in'terms ef a -
range of structures (e.g. moderate medium.angular blocky te_strong
medium prismatic). It was doubtful that .a meaningful interpretation'
could be derived from the structurevvariables as they were'used in.

‘ these'analyses. Fdr.these reasons, strueture.as'an:independenF o
- variable‘Was removed from subseguent analyses._'

Adams ' and hild? (lQ?ﬁ)fadded some insight into this. problem.

They studied'the variabilitv in'lh'morphologieallsoil preperties'in
a s01l mapplng unit mapped as one soil ser1es. Maximum variability
_Was observed in structure grade and size and wet con81stence. ‘Data
'showing the Variability within soil mapping'units should.he.ineluded
in all soil'SUrveys to.give.users a better understanding or the
limits of their ability'to generalize. Th1s may be very 1mportant
when making fertlllzer recommendatlons for areas where 11m1ted |

sampling has led to generalized soil mapping.

Regressions No. 15 =~ No. 193 VSO or V42 as the Dependent Varlable.'
‘ Regression No. 15. through No. 19 were d1fferent from the prev1ous

regressions in that the‘three structure variables,.the average




Table 11. Regression No. 15 - No. 19; Maximum (V50) and Average (V42) Percent Response as
the Depéndent Variables; Data File Subdivided on Crop; VOl - V15 and Soil
Temperature, Rainfgll, and Soil Moisture Variables Not Included as Independent

- 09

Variables.

Regression  Step Variable . Variable Constant Beta Simple R2 F-sig.
- No: ' into eq. Name = Number o R level

. 15 . .

Dependent 1 Thickness - : :

Var. V50 of B V28 . -.186 -.17 .03 .05

Subfiles: 2 Dry Con.B V17 ' .145 .08 ..05 .05

.Divided on = 3 Elevation V30 .. . 73.82 .164 .16 .07 .05

crop: Winter 4 Bulk Den.A V19 .147 .12 .09 .025

Wheat (133) - -

Independent

Var.V16 to V21,

V25, V26, V28

to V35, v4l

16 _ oo . :

Dependent 1. Dry Con.B V17 .436 .19 .03 .05

Var. V42 2 Bulk Den.B V20 153.89 -.312 .08 .06 .025

Subfiles: 3 Latitude V33 -.122 -.15 . .07 .025

Divided on
crop: Winter
wheat (133)
Independent
Vars. V16 to
V21, V25, V26,

. V28 to V35,
V4l




Table 11, Contlnued. " Regression No. 15- No. 19; Maximum (V50) and Average (V52) Percent
‘Response as. the Dependent Varlables, Data File Subdivided on Crop; V0Ol - V15 and’
Soil Temperature, Ralnfall and 8011 M01sture Varlables Not Included as lndependent

Varlables
Regression Step Variable . ' Variable Constant Beta  Simple R2 © F-sig.
No. - into eq. Name . Number I R level
Y - ' : . ‘ . . : o
_ Dependent 1 Slope vt . 276 .26 .07 ===
Var V50 - 2 Elevation - V30 o -.003 -.20 W12 =
Subfiles: 3. . - Water Reg. =~ V41 .  94.62 1.256 .15 . .19 .10
Divided on 4 Tex. cls. , V25 S -1.086  -.08" - .28 .05
crop; Spring 5 Dry Con.A Ve - . ‘ .330 .03 - .36 .025-:
wheat (36) ' Lo .
Independnet.
Vars. V16 .to
V21, V25, V26,
V28 to V35,
V41 -
8. : .
‘Dependent . 1. = Thickness ~ : U T _
Var. 42 - of B T V28 - . .485 ~32 - ,10 .10
Subfiles: 2 -~ Aspect . V32 : -.511 -.31 - .26 . .01
Divided om 3 Water Reg. = V4l - 99.46 .293 .12 .32 .01
~ crop: Spring 4 Slope - V31 S .219 03 .36 .01
- Wheat (36) : B ' Lo - o -
Independent .

Vars: V16 -to
v21l, V25, V26,
V28 to V35,
V4l

19




Table 11, Contlnued. Regre331on No. 15~ No. 19; Max1mum (V50) and Average (V42) Percent
Response as the Dependent Variables; Data File Subdivided on Crop; V01 - V15

,and Soil- Temperature, Ralnfall, and 8011 Moisture Varlables Not Included as ..
-+ Independent Varlables.

Begression Step - Variable Variable - Comstant . Beta Simﬁle Rz .F-sig.
- . No. - into eq. _Name - . Number - : - ‘ "R level
19 : ' T . c ' : S
Dependent 1 . Dry Con B V17 ' : .100 - .11 .01 .10
' Var. V42, 2 Latitude V33 '145.09 ©-.094 . -.11 . .02 .10
Subfiles:, - ' ' : ‘ ’ . o '

Divided on
crop; overall
(222)

. Independent -

Vars: V16 to
V21; V25, V26,
V28 to V35, V41

29
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monthly tempéfaturé data, the spring soil moisture data, and the

-rainfall data were excluded from the analyses.“This was doneﬂto

try to increase the statistical validity'of the subsequenf regpeésibnl.

equations, due to extensive missing data in each of these parameters.

Regression No. 15 and No. 16 differ only in thaf the dependent

-variabie:waé'VSO‘

and V42 (average .

(maximum percent K response) in the first. case

percent K response) in the second case for winter

wheat. The R2 and F-significance level indicated very little

difference in using V50 or V42 as the -dependent variables. Only

. four variables in the first case and three in the second were. signifi-

' céhtly (é ;-Jldj
' éf‘the B héfizén
both quationé{

f;ﬁr of.theﬁla£e
_equations and in”

consistence were

t

relatgd'to.érop.yieid responses. Dry qonsigféﬂce*.-
(Vlf),‘however, was the‘qnly variaﬁlé.éoﬁmon to
Offthé seven variables included in both équations;
rglate& to'B horizon charaétéristics. In'bofh
regreséion No. 19.as Qell, bulk density-énd:dry

positively correlated to pé;cént yield response.

Increased_Bulk density probably resuited-in a reduction of plant

available water,

reduced root proliferation, and restriction of

native K diffusion. Higher values of dry éoﬁsistence can be

associated with decreased root penetration and utilization of

nétive‘K;'SO'thaf a positive resnonse to added K tesulted.

A'higher'Rz

value (.36) was obtained frdﬁ-thé'spring wheat

sites tregressibp Ne. 17 and No. 18)1 Bdt;.ih regressidﬁ No. 18
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the F~value was more- h1ghly signiticantzk;Ol) than that for
regreqs1on No, 17 ( 025) w1th VSO as the dependent varlable
Thlckness of ‘the B horizon (V28) was pos1t1vely‘correlated.to
crop'response.in regression No. 18 and negativelp”correlated in
regresslon No. 15. Again; the effect of the thickress of the B

horizonfon'crop.response to -added K ‘may have been determined

.by other-factors.which'modified its effect (e.g. clay content,

" stored soil moisture).

Water regimé.was positively,correlated to crop response in

' _both cases in which it appeared in the.regression equation. This

suggests that the-soil types which are normally associated-with the.

‘dr1er s1tes tend to show a greater ¢rop response to added K

Elevat1on was p051t1ve1y correlated to crop response in

.. regression No.- 15 and~negat1vely correlated in regression. No. 17.

This indicated that elevation, by itself, was not a good parameter -
for predicting crop response. Its effect on crop response was

probably realizeéd by the way in which it interrelated with other-

‘factors.

The neégative correlation of latitude'tolcrop response in

" regression No.'l6 and No. 19 suggests that temperature in:the-more
"northern latitudes may be - 11m1t1ng crop response to added K. Slope

was p031t1ve1y correlated ro crop response in regress1on No. l7~and

No. 18. Areas: w1th greater slopes are usually assoc1ated w1th drler

T emaraaap e e
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sites in that groundwater tends to move downslope. If the site’
aspect was oriented to the sputh,.thié drying éffect associated .

with greater ' slope wouid.be maximized.

Regressions No. 20 - No. 31: V50 or. V42 as the Dependént'Variébiéﬁs

Geographic locaﬁiqﬁ (v27) apﬁéaréd'aé a variaﬁle iﬁ_sevefal éf
‘the pye&iouély discuséed_régression g;oups. .It_wéé not c1éar,
However;‘because.of the coding scheme émploygd, exactl& for wﬁat.
reason this variable Qas iﬁportant to crop‘reéponsé; In’order ;6
try to dééefmine this "‘reason'", tﬁe dafa'féf'thg present set of
regfessions ﬁés divi&edyané analyzed both ip tgfms_of crop type
I(V03)~aﬁd geogrgphic'iocatioﬁ (V27); - ..:,; . |

;Tﬁe fégféSsion eqﬁé;ions‘foyythié analysis We?e gfouped‘in
paits‘so ;hat’gach pair cdngernéd'theféame data set'(identifiéd

in the regreésioﬁ.tables);, The only‘differenéé‘was that in.the -

- first case of a-given pair theé dependent variable was maximum percent

résponse (V50), and in the second case it ‘was average percent
response (V42).
Regreésion'No.'BO and No. 31 yielded the highest R? valués{'

‘.86.and.:72,'respeétiﬁely} For regression No. 30" (maximum percent

. response as the -dependent variable) the F-statistic was more highly

'éignificanﬁ”at the .01 level. Both equations concérned‘bafley
experiments in the southeastern part of Montana. - Generally these

soils tend to. be warmer during the growing séason, and this is the




Table 12, Regression No. 20 - No. 31; Maximum (V50) and Average (V42) Percent

Response as the Dependent Variables; Data File Subdivided on Crop

and Geographic Location; Independent Variables Restricted as in Table 11.

Regression #15

Regression “Step 'Variable Variable Constant  Beta Simple RZ- F-cig.
No. into eq.. Name. Number R. level
20 .
Dependent 1. Bulk Den.C V21 -.319 -.37- 14 .025
Var. V50 2 Aspect V32 -.267 -.17 .18 .025
Subfiles: -3 Dry Con-.A V16 168.73 -.274 -.01 .21 .025
Divided on: 4 Depth to Ca V29 -.251 -.33 .25 .025
Crop -1°
Geog. loc.-1
(44)
Independent .
Vars: - same as
Regression #15
21 :
Dependent. 1 Bulk Den.C V21 -.317. -.35 .12 - .025
Var. V42 .2 Dry Con.A V16 : -.431 -.14 .17 .025
Subfiles: 3 Aspect V32 159.27 -.185 -.09 .22 .025
Divided on: 4 Depth to Ca V29 ‘ -.287 -.26 .25 .05
Crop - 1 5 Dry Con.B V17 .221 .12 .29 025
Geog. loc.-1 :
(44)
Independent
Vars: - same as
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Table 12,-C6ntiﬁued. Regression No. 20 - No. 31; Maximum (VSO)-and,Average (V42)-
Percent Response ‘as the Deperdent Variables; Data File Subdivided on Crop
and. Geographic Location; Independent Variables Restricted as in Table 11.

2

L9

Regression ‘TStep "Variable . Variable Comstant Beta Simple - R". F-sig.

No. A into eq. Name = - Number : R. ~ level
22 _ - : S , 3 _ -

. Dependent 1 ° Latitude V33 . : - 434 .33 T ell L ———
Var. V50 2 . Dry Con.C. . V18 o -.764 . -.32 . .27 .05
Subfiles: 3 Bulk Den.A V19 -306.00 -~ =-.899  -.30 bb 01
Divided on: 4 " Aspect . V32 . —-.657° -.27 .73 - .005
Crop-2 5 " Water Reg. ' V4l L -.431 .13 .79 © .005
Geog.loc.-1 ' - : : K SRR
(25)

.. Independent
Vars: same as

"Regression {15
23 _ . , - . _ .

- Dependent 1 Aspect - . v32. . . -.829- .. -.40 .16 .05
Var. V42 2 _Bulk Den.A V19 , -.037° -.01 . .28 . .025

" Subfiles: 3 " Dry Con.C vis 121.34° -.749 -.31 - .39- °.025
Divided on: & Depth to Ca - v28 o .781 © .07 . .54 .005
Crop -2 -5 - Slope v3l .347 ©  -.02 - .60 .005
Geog.loc.-1 : o S - | :
(25)

Independent

Vars.: same-as
Regression #15




.- Var. V42
. Subfiles:
Divided on:

Table 12, Continued. Regression No. 20 - No. 31; Maximum (V50) énd Average (V42)
. Percent Response as the Dependent Variables; Data File Subdivided on Crop
and Geographic Location; Independent Variables Restricted as in Table 11.

,Regréssion Step Variable' Variable Constant Beta  Simp1e’ R™ - F-sig.
‘No. into_ eq. Name _ Number ' .. . R _ . level

24 .o . A . B .
Dependent 1 Bulk Den.C - V21 © .655 - .32 .10 —_——

Subfiles: 3. Aspect o v32 _ .231 .08 .26 . .10
Divided on: ‘ ' S S

Crop - 1,2,3

Geog. loc.-3

(26) '

Independent

Vars.: same as

Regression #15-

Var. V50 2 Latitude - V33 - 978.91 -.434 -.07 . .21 10

89

25 : : A
Dependent MAST V34 : .745 .30. .08 ———
Tex.Fam. V26 AT74 .13 - .25 .05
Bulk Den.A V19 ' .231 .11 . .30 .05

Slope ' V3l -39.99 .331 .07 .33 .10

MW

crop - 1,2,3°
Geog. loc. - 3
(26) -
Independent
Vars: same as
Regression #15




"Table 12, Continued. Regﬁession No.. 20 -~ No. 31; Maximum (V50) and Average (VZZ)
. Percent' Response as- the. Dependent Variables; Data File Subdivided on Crop
and Geogrqphic Location; TIndependent Variables Restricted as in Table 11.

Regression Step Variable Variable Constant Beta Slmplg . RT - F-sig.

No. .. . into eq. Name "Number . o R C level -

26 . . T CIL S : ‘
Dependent - 1 . ° Elevation .  V30. = | ' '.385 .23 .05 .05
Var. V50 2 Tex. cls. V25 - 93.93 | '-.265 - =.002 .07 .10
Subfiles: 3 ' Dry Con.B V17 S 156 .03 .09 . .10
Divided on: ° E :

“Crop - 1,3
Geog. loc. -4

-7

- Independent
Vars: same as

" Regression #15

27
- Dependent
" Vars. V42
Subfiles:
‘Divided on:
Crop_r 1,3
Geog. loc.-4
(77)
-Independent
Vars: same as
Regression #15

Elevation V30 ' ‘ 448 .15 .02 ———
Tex. els. - V25 - ... =.355 -.05 .05 ===
Dry Cou.B ~ V17 . =71.15 .358  -.14 .11 .05
Latitude . V33 - ©.151 -.06  .13- .05

S~ WNR
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Table 12, Continued. .Regression No. 20 - No. 31} Maximum (V50) and_AQerage'(V42)_'
Percent Response as the Dependent Variables; Date File Subdivided on Crop
and Geographic Location; Independent Variables Restricted as in Table 11.

o

Regression Stép . Variable Vériable . Constant Beta Simﬁle' R™ 'F-sig;
No. © dinto eq. . Name - Number _ . . R . -level

28 : . - g . .
Dependent =~ 1 .° Elevation . -V30 - 421 W24 .06 .10
Vars. V50 2 Tex. cls. =~ V25 . 92,79  -.307 -.01 . .08 .10
Subfiles: 3 ~ Dry Con.B V17 - y . .208 .05 .11 .10
Divided on:- S ‘
Crop - 1

- Geog.loc.~4
(64) '
Independent.
Vars: same as
Regression #15

0L

29 .
Dependent
Var. V42 -
Subfiles:
Divided on:
Crop - 1
Geog. loc., - 4

" Elevation’ V30 396 .17 .03 ——m-
Dry-Con.B V17 89.54 - .336 15 - .06 S
Tex. cls. V25 o =374 -.04 .13 . .05

BN =

w

- (64)

Independent
 Vars: same as
Regression #15 .




Table 12, Continued. Regression No. 20 - No. .31; Maximum (V50) and Average (V42)
Percent Response as the Dependent Variables; Data File Subdivided on Crop
and Geographic Location; Independent Variables Restricted as in Table 11.

Regression Step Variable =~  Variable-  Constant . Beta Simple R2 o F-sig.
No.. into ‘eq. . © Name . Number ' : . R level -
30 ' : o - _ o . E _
Dependent 1. - Latitude =~ =~ V33 ' , '.603 .63 .39 .025 .
* Var. V50 2 Aspect V32 © - -.392 -.52 .64 .01
Subfiles: ~© 3 Depth to Ca V29 -403.72 .555 40 0 .73 .01
Divided on: & ‘ Tex. cls. V25 . : .392. .06 .80 .Q;
Crop - 3 5 . Bulk Den.B V20 - - - =.258 -.11 .86 .01
Geog. loc.-4 : B J : :
(13)
Independent
Vars: same as
Regression #15
31 o - . . ..
Dependent 1 Depth to Ca v29 . . .181- 47 .22 ——
Var. V42 2 Temp. Reg. V35 . -.954  -.43 .40 ©.10
Subfiles: 3 Latitude V33 " 98.30 -.014 .37 .57 .05
. Divided on: & . Dry Con.B V17 : .500 41 .63 - .10
Crop - 3 -5 - Water Reg. V4l .845 .03 .72 - .10
Geog. loc. -4 ‘ I :
(13) o
" Independent

Vars: same as -
-Regression #15-

1
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only part of Montana that has aoil.typea ﬁith a mesic temperature‘
regime.

Depth’ to the ca (V29) was pos1t1veiy correlated to crop response'
in these eduatlons. ‘Thls 1nd1cated that as the horlzon of calc1um
accumulation apprdached-the Surface, there was a decreased respcnsen
to applied K. 'Perhaps the greater.calcicm concentration associated
_Withla ca horizon was idterfering ip soﬁe way with k uptake. The |
literature aupports'this as a,poésibility.

Elevation‘(V30)'was:a'very importantdvariable in this group of
regression eqcations. It was p031t1ve1y caorrelated to crop response
in regression No. 26 through No. 29 Wh1ch deal W1th winter wheat
and barley and winter.wheat aloﬁe'in gqurappic location 41 Because
eleVatron did not enter'reéressiod‘No. éd‘and No. 31.(barley aione);
this effect can be attributed to .the ﬁinter wheat sitesj The |
possibleleffecta of elevation'haVe already been discussed.

‘Textural class (V25) entered the'regreséion eduatioda five
times (regression No;‘26'thrqugh-No. 36). No?consisteﬁt ccrreiation
to crop response appeared‘tb exist,‘
| Dry‘consistence.of the B'hdfizdn (V17) was positively correlated
to crop respodse in all cases in whicH it appeared in an.eduation;
it dlso appeared most often.ln the regre331on equatlcna. Hoheper,
dry con31stence and bulk den31ty of the Ap (V16 .and V19) and Cca

horizons (V18 and’ V21) were most often negatlvely correlated to crop
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responsg,‘Tﬁié negative correlation of the-Ap horizon to crop
résponsé ?ould have involved the péssibility that textural differ-
eﬂces at tﬁe.surface of a soil could have governed the effectiveness
of bréadégst.application éf K." Hard dry consistence and high bulk
'densitieé ﬁé§ not have‘alloﬁed'penetration of suffacewapplied K;‘ |

| .Aspect'(V32) alsé appeared in sixtof the régression'equétioné
and waé negatively correlated to crop résponse in ali céses-except
one. Tﬁe interppétgtion of the effect of a;?ecf on crop respoﬁée
ﬁas difficult because of thé:coding scheme dévised. The effec#lof
aspéc£ Qés no doﬁﬁt ;elate@ to how it modifiéd.the effect of slope
and-incidénde df iﬁcémihg‘radiation (soil température); ‘If ghiéi
was the rela;ibnshié that eiisted, then one &oulﬂnﬁave'exbectgd a
positive-correlatién between aspect and crop response if mo;t of')
the expe?imental sites ﬁertaining to the régressipn equation had
northéast to séuthgast exposures, _One.would have expected the
oppqsite correlation if most of the eﬁpefimental sites had ﬁorthwes;
to séughwast exposures. This was due to‘the'éoding scheme gmplo&ed
(sée Figure'}).

Regréssion No. 22 and No. 23 (spriné wheat in geogféphic

location 1) producéd the most highly signif;cant results (:005
‘level). Tt is‘intefesting to note that'tﬁe equations have only
-three Vafiébles in cdmmon.aﬁd they appear iﬁ a differeﬁt order.  This

points out that the nature of the dependent variable exerts some kind.




74
of unexplainable influence on the factors which relate to the

variability in crop response.

Regressions No. 32 - No. 43: Average Percent Response (V42) as the

Dependent Variable.

Some of the percent respdnsé (V42) data clearly indicated thaf
a negative responée to.added K occurred. In some cases there was
clearly a strong positive response to applied K. 1In érder to
determine what factors mighf be respoﬁéible for this variation in
respoﬁse to added K; tﬂe data file for the présent_set of regressions
was divided not onily by'érop type and geographié location but also
be response class (VéZ).- Three response!claéses were createq on
the following basis: Subfile 1) 95 percent response and less =
negatiﬁe response}j Subfile 2) 96 - 105 percent resﬁonse = né résppnse;
Subfile 3) 106 percént response and greater = positive response;

Regreséion No. 41, ﬁhich described the analysis of the spring
wheat experiments im geographic locations 1, 2, and 3 in the "no
response' class, yieldea the highesf R2 value (.93). This was
signifigaﬁt at the ;Oos'level. Regression No. 33 ﬁroduced-an R2
value of .20, also significant at the .005 level. Thié latter
equation described the analysis for all crops in subfile 2 (no
response) over 511 of the geographic locatioqé.

Respounse élass 2 (no respounse) Qas described by regressions No.

33, No. 36, No..39, and No. 41. All of the regression equations




Table 13. Regressionm No. 32 - No. 43; Average Percent Response (V42) as the Dependent
Variable; Data File Subdivided on Crop, Geographic Location, and Percent
Response Class; Independent Variables as in Table 1l. ’

74

Regression ~-Step Variable . Variable Constant Beta Simple - R2 - F-sig.
No. into eq. Name Number : . R level
32 - : .

Dependent 1 Depth to Ca V29 L.171 24 .06 ——
Var. V42 2 Latitude - V33 -.503 -.16 .09 —
Subfiles: 3 Tex. Fam. V26 231.56 -.340 -.13 .15 .10
Divided on: 4 Aspect T V32 . .240 .14 .18 .10
Crop - 1,2,3|5 Elevation V30 | -.234  -.08 22 .10
Geog.loc-1,2,3,4 ‘ ‘ ' o

_Z-res. - 1
(45)
Independent

. Varz: same as
Regression #15

33 : _ . .

Dependent 1 Elevation - V30 : .202 .32 .10 .005
Var. V42 2 Slope V3l .239 .23 .13 .005
Subfiles: 3 " Dry Con.C. vig. - 97.05 .148 11 216~ .005
Divided on: & Water Reg. V4l 1 -.295 -.11 .18 .005
Crop, 1,2,3, 5 " Tex. cls. V25 .253 .11 .20 .005
4. Geog. : ’
loc. - 1,2,3,4
% res.-2
(85)
Independent

Vars: Same as
Regression #15




Table 13, Continued. Regression No. 32 - No. 43; Average Percent Response (V42) as the
Dependent Variable; Data File Subdivided on Crop, Geographic Location, and
Percent Response Class; Independent Variables as in Table 11. ’

2

Vars:Same as’
Regression #15

Regression  Step Variable Variable Constant Beta  Simple R F-gig.
No. into eq. Name Number R ‘ level
34 ‘

Dependent 1 Tex. cls. V25 .536 .13 .02 —
Var. V42 2 Tex. Fam. V26 -.493 .06 .04 —_——
Subfiles: 3 Water Reg. V4l .116:59 .553 .13 06—
Divided on: 4 MAST V34 : =448 .02 .10 .10
Crop-1,2,3 5 Dry Con.C V18 .278 A1 .12 .10
‘Geog.Loc~ 6 Bulk Den.C v2l -.198 -.05 .15 .05
1,2,3,4

% res.-3

(89), |

Independent
Vars: Same as
Regression #15

35 . . .

Dependent 1 Elevation V30 -.571 -.43 .19 .05
Var. V42 2 Aspect V32 ) -.366 -.31 .25 .05
Subfiles: 3 Bulk- Den.A vi9 119.31 ~-.251 ~.14 .35 .05
Divided on 4 Temp.Reg. V35 -.318 ~.05 .39 .05
Crop-1 5 Water Reg. V4l .230 .09 - .43 .10
Geog.Loc.’ :

1,2,3,4

Zres. -1

(24)

Independent

" 9L




Table 13, Continued. Regression No., 32 - No. 43; Average Percent Respomse (V42) as the
Dependent Variable; Data File Subdivided on Crop, Geographic Location, and
Percent Response Class; Independent Variables as in Table 11.

Regression Step Variable "Variable Constant Beta Simple R2 F-sig.
No. into egq. Name Number R ' level

36 . o :
Dependent . 1 Depth to Ca V29 -.292 -.23 .05 .10
Var. V42 2 Latitude V33 -.303 -.22 .09 .10
Subfiles: 3 Water Reg. V4l 143.01 -.279 -.15 .13 .10
Divided on: 4 Dry Con.C V18 .240 .02 .16 .10
Crop - 1 5 Dry Con.A V16 -.187 -.06 .19 .10
Geog.loc.-1,2,3,4
% res,=2
(57) .
Independent ' . a ~

Vars: Same as
" Regression #15

37 . .

Dependent 1 Water Reg. V4l .581 .20 .04 ——
Var. V42 2 MAST V34 ~.514 .07 .08 ——
Subfiles 3 Dry Con.B V17 153.41 .219 .19 .13 .10
Divided on: 4 Bulk Den.A V19 ' .201 19 .17 .10
Crop -1 5 Latitude - V33 ‘ -.201 -.15 .19 .10
- Geog. loc.- : , :
.1,2,3,4

7 res.-3

(52)

Independent Vars:
Same as Regression #15




Table 13, Continued. Regréssion No. 32 - No. 43; Average Percent Response (V42) as the

Dependent Variable; Data File Subdivided on Crop, Geographic Location, and

Percent Response Class; Independent Variables as in Table 11.

Independent Vars:
Same as Regression #15

Regression Step Variable Variable Constant Beta  Simple R2 F-sig.
" No. into eq. Name " Number - : R level
38 ‘ '
Dependent 1 Dry Con.B V17 .534 <45 .20 .10
Var. V42 2 Tex. Fam. V26 .008  -.40 .30 .10
Subfiles: 3 Dry Con.A vié 123.95 -.247 -.08 .41 .10
Divided on: 4 Dry Con.C V18 -.546 -.13 47 .10
Crop-1 5 Tex.cls. V25 -.703 © -.32 .55 .10
Geog.loc.-1 '
7% res.-3
(18)
Independent Vars: .
- Same as Regression #15
39
Dependent 1 Latitude V33 -.615 -.27 .08 ——
Var. V42 2 - Dry Comn.A - V16 -.432 -.18 .16 .10
Subfiles: 3 Water Reg. V41 253.04 -.334 -.14 .25 .05
. Divided on: 4 Dry Con.C V18 -.255 -.03 .30 .05
Crop - 1 ' o ’
Geog. loc.-4
% res.-2
(31)

8L




iable 13, Continued. Regression No. 32 - No..43;.Avefage Perceﬁt Response (V42) as the
Dependent Variable; Data File Subdivided on Crop, Geographic Location, and
Percent Response Class; Independent Variables as in Table 11.

‘Regression  Step - Variable - "Variable Constant Beta ' Simple .RZ F-sig.
No: into eq. Name - . Number : R . _level
40 ' ) e . :
Dependent. . 1 “Dfy Con.C =~ V18 ' . .521 .27 © .07 e
Var. V42 2 - Latitude V33 , .888 .15 11 _—
Subfiles: 3. Dry Con.B V17 -972.77 1.599 - .13 .16 ———
. .Divided on: 4 ‘Elevation V30 - 1.728 . .04 .28 o -
.Crop - 1 5 Tex. cls. V25 . ' -1.400. .05 48 . 025
Geog.loc.-4- - ' .
% res.-3 ) . . : : . _ : -
(27)

. Independ. Vars;'f e
Same as Regression #15 -

41 - - . : _
Dependent 1 ‘Dry Con.C vi8 - .649 - .78 . .61 .005
Var. V42 2 _ Elevation = V30 . . 246 .75 .79 . .005-
Subfiles: 3 ~ ° Bulk Den.B V20 - 96.33 -.589  -.31 .89 - - .005
Divided on: 4 " Bulk Den.C = V21 - 2319 . .34 .91 - .005

Crop - 2 5 Water Reg. V4l 157 =33 . .93 - .005
Geog.loc.-1,2,3 : - '
- % res. ~ 2
- (16) ‘
Independent Vars.:
Same as Regression -#15

6L




Table 13, Continued.

Percent Response Class; Independent Variables as in Table 11.

Regression No. 32 = No. 43; Average Percent Response (V42) as the
Dependent Variable; Data File Subdivided on Crop, Geographic Location, and

Geog. loc.-1
Z res. - 3
- (16)

‘Independ. Vars.:

Same as Regression #15

Regression Step Variable Variable Constant Beta  Simple R2 F-sig.
No. into eq. ' Name Number ' R level
42
Dependant 1 Depth to Ca V29 -.482 -.51 .26 .01
Var. V42 2 Elevation V30 99.33 .359 .34 .34 .01
Subfiles: 3 Aspect V32 .307 .22 .43 .01
Divided on:
Crop -3 i
Geog.loc.-1,3,4
% res.~3
(25)
Independ. Vars.:
Sames -as Regression #15
43 :
Dependent 1 Thickness :
Var. V42 of B - V28 130.08 '-.551 -.55 .30 -05
Subfiles: - : -
Divided on:
Crop - 3

o8
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'intluAéd dry.éonsistencg of the Ceca hbri;on,(ViB) aﬁd moisture
:regime (V4i). Moistﬁr; fegimé was consistehtiy negétiveiy.gorreléted'
'éo crop_réquhée. - This sﬁggests.that adde& k may ﬁot préduce as
great’gﬁresponse on soils that normally ére.of the drier régimes.

Dry consistencé of the Cca horizon was-péSitiveLyiéorrelatea'to
»drop response in three:of_thé four regressidns; In régréssion ﬁo.
41,'bulk density of the Céa horizon was also positively,correiated
to crop response. Perhapé this indicafés thét ip-soiis with more
easilf'péﬁetréble,subséiis, a requnsé to added K iélﬁot.likeiy'to
occur. Tﬁié mayibe duéAto.the fact that nat;ﬁe soil k was-utiiiz?d
more.réadily,froﬁ‘thersubsoil horizons. |

Latitudé (V53) was negatively correlatéd to crép respbpse.in '
regresSién No. 36 and No. 39. _Iﬁg‘feason_fhét the "no fespoﬁse"'
qlass.is-hggatiéely correélated to latitude is. open for specglétion.
It could be that.the effect of 1atitg&e waszgemperature felated._ At
any rate, it was infefesting_tha£ lafitudé‘wés ﬁbfe negatively
. correlated in the-“no response® ci@ss (régression‘No;'36 and No.'39)
and negativé response class (regression No. 32) and pbsitively
éprfelated in the positivg.respon;é classh(regréssioﬁ Noé 46),

Another treﬁd.appearéd with respect to the'deptﬁ to the Cca
horizon (V29). In the negatiye response ciass.(regression-ﬁo. 32),
V29.was strongly positively correlated to crqﬁ response. .Ho@eVer,'in

the no response class (regression No. 36) and positive fesponse class
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(regression No.42), theré was a.strdng'negétive correlation between
crop response and depth to the Cca. This relationship suggested
that added K fertilizer was more likely to cause a positive résponse'

under conditions of high CaC0 accumulation nearer to the soil

3

surface,

The positive résponse_class was despribed by regressiob No. 34,
No. 37, No. 38, No. 40, No. 42,.and No. 43. 1In this class, moisture
regime (V41) and MAST (V34) were both positively correlated téAcrop
response. This again indicated that soils which fended to'be warmer
and drier throughout the year showed a greater positive'résﬁonse to
added K. . |

Textural ciass (V25) and texgural family (V26) appeared to be
inconsistently correlated to crop response between regression
equations in response class 3 (e.g. régféssion No. 34 vs. No. 38).,
"However, both variébles.were consistently correlated within a
regression eqdation; This perhaps indicated that bther factors were
responsible for modifying the effects of texture and that crop
responée was dependent- on these other factors as well, ‘Dry consis-—
tence of the B horizon (V17) was again positivély_corrélated té crop
response in all three regression equations (No. 37, No. 38, and No.
40) in which it appeared. The implication;'of this relationshiﬁ
have already been discussed.

Regression No. 43 included only one significant variable (V28).
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Thickness of the B horizon was strongly negatively correlated to
crop (barley) response, and this variable alone accounted for 30

percent of the observed variation in response.

Repressions No. 44 - No. 47: Maximum Responsé (V50) as the Dependent

Variable.

The data file for fegressiéns No. 44 through No; 47 was divided
according to the K rate at which the maximum crop response occurred.
This was done to investigate Wﬁether different faétérs-were‘important
to response depending on rate 6f applied K.

~ The data sﬁbfiles were created as follows : Subfile 1) 11~39
kg K/ha; Subfile 2) 45-67 kg K/ha; Subfile 3) 81-96 kg K/ha; Subfile
4) 112-128 kg K/ha; and Subfile 55,134 kg K/ha. None‘of the.rééresf
sion equations corresponded to subfile 2 ﬁﬂﬁcb included only‘those
experiments in which ma#imuﬁ percent response was attained at 45-67
kg K/ha apﬁlied K) sipce no significant results were obtained. .

The'regres;ion equation (No. 47) dealing with -the highést rate
of added X produced the highest Rz.value (.40). The highest'F—.
significance level (.025) in this equation was actually achieved ig
step 4 (R2 = ,36). ’Regréssion No. 45 and ﬁo. 46, which dealt with
Subfile 3 and subfile 4, respectively, as gxplained above, also were
:significant at the ,025 level.

Textural class (V25) appeared in‘three of the,four_régressiqn




Table 14. Regression No. 44 - No. 47; Maximum Percent Response (V50) as the Dependent
Variable; Data File Subdivided on K-rate at Which Maximum Response Occurred
(V51); Independent Variables as in Table 11.

R2

Regression Step Variable Variable Constant Beta Simple F-sig.
No. into eq. Name Number level
44 -
Dependent 1 Elevation V30 453 .34 12 .05
Var. V50 2 Dry Con.C - V18 . 115 .05 .18 .025
Subfiles: 3 Thickness '
Divided on of B V28 37.26 -.354 -.26 .21~ .05
V51 (81) 4 Tex. cls. V25 -.274 .06 .25 .05
cases: 43 5 Bulk Den.C..- V21 . 242 .15 .27 .05
Independent
Vars: V16 to
v2i, V25, V26,
V28 to V35, V4l
45 . ) o
Dependent 1 Latitude V33 .631 .31 .10 .05
Var. V50 2 Tex.cls. V25 s .592 05 .16 .05
Subfiles: 3 Aspect - V32 -323.36  -.305 -.14 .22 .05
Divided on 4 Bulk Den.C V21 ~312 12 .28 .025 -
V51 (83) 5 Dry Con.A V16 ' .203 .03 .31 .025
cases: :41 ' s
Independent

Vars: V16 to
V21, V25, V26,
V28 to V35, V4l

v8




Table 14, Continued. Regression No. 44 - No. 47; Maximum Percent Response (V50) as the
Dependent Variable; Data File Subdivided on K-rate at Which Maximum Response
Occurred (V51); Independent Variables as in.Table 11.

Regression Step Variable Variable Constant Beta Simple R? F-sig.
No. into eq. Name Number R level
46 . ) :

Dependent 1 Water Reg. V4l 242 .38 .15 .025
Var. V50 2 Temp. Reg. V35 -.020 .003 .20 .025
Subfiles: 3 Aspect V32 101.50 .208 .19 .23 .025°
Divided on 4 Tex. Fam. V26 .349 .36 .26 .025
V51 (84) 5 Dry Con.C V18 -.290 -.15 .30 .025
cases: 42-

Independnet

Vars: V16 to
V21, V25, V26,
V28 ° to V35, V4l

47
Dependent 1
Var. V50 2
Subfiles: 3
Divided on 4
V51. (S5) . 5
cases: 29
Independent
Vars: V16 to
V21, v25, V26,
V28 .to V35, V4l

Latitude
Tex. cls.
Tex. fam.

Temp. Reg.

Slope

V33
V25
V26
V35
V31l

-29.70

.270
.282
-1.
.224
.205

036

.27

.21

-.03
.14
.02

.07
217
.33
.36
.40

.10
.025
.025
.05

c8
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équétidns and was most sf;ongly.?ositiVely-corfelated-tb érpp
" ‘response at thé}higheéf.r%fé.of apﬁlied‘K. IT;Xturél-family (626)
was also stroﬁglyipos;tiyély éorreléted to croé_féspohse in ﬁegressiqn
-No. 46 wﬁicﬁ wés aléo'c;ncerned'with'the highe;‘fates.éf applied‘K;
This_indicateé that‘phérmofe-finély téitured soils show é more
positive response fq ﬁigh:rates 6f applied-Ka.

| Bulk density and dr§ cénsistence.of the Cca horizon apéearéd in
regression No. 44, No. 45 and No. 46. Both of these variables seemed
to'bg more positively'cérrélated to'crop réspbnse at the lower rates;.'
of'app;ied K. " In fegfession No. 46 (higher'K raté clégs), dry,'
consiéteﬁqé of ghe Cca’ was négativeiy gorrelate& to resﬁonse,. This
sﬁggests that‘pefhaps'thé‘ISWer ra#és of applied K havé more of a
bositive effect on résppnse as:phe sﬁbéoil-horizons become more
impenetr;bie.

:'Tempérafuré‘regime (v35) and moisture regime'(Vél) appeafed in
the'regféséiﬁniéquétiépgw(Nb; 46 and.No;’47):at'the'ﬂigher rates 6f: 
'applied k. The éénéfalzpdsitiVe correlation of these variables to
" crop respohse‘indiégtés tﬁat the highgr rétes of K ére'méré éfféc;ive '
on the Warmer:apd drier soil'typeé. . |

Aspeét'(VBZ)-appearedAin regression_No.yés'and No. 46 (héximum-
percént respoﬁse aé fhefdependeﬁt variable) as an important variable.
It was negatively éorrelatéd.go ;fbp reéponse'in'one pase and

positively correlated in fhg“opher. The problem, as discussed '
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earlier, with regard to the coding scheme for‘éspect, could explain
this phénomeﬁon.
It should be pointed out that one cléss or rate of applied.
K did not dominate the determination of the maximum response
variable (VSO). This indicates that factors such as soil type and/or

soil conditions may dictate the most effective rate of K application.

Regression No. 483 Average Percent Response (V42) as £he Dependent
Variable, |

The fact tha; much of the growing season temperature data, rain-
fall data, and spring soil moisture data were ﬁissing, indicated
that statistical validity of previous results in which’ they were
included in the regression equation was questionable.. To detérmine
a more accurate interpretation of the impqrtance of these variables
to crop response, a rggression analysis option was used to include
only those cases which héd a complete set of data for these variables.
Oniy growing season temperature data .(V37, V38; V39), rainfall (V40),
aﬁd cumulative sﬁring soil moisture to 122 em. (V52), V53), V54,
V55) were included as independenL variables in the analyses.,

The results showed that only average temperéture in May (V37)
and rainfall (V4b) entered the regreséion equation. Tempefatﬁre in
Méy by itséif produced an R2 vaiue of .17 and ﬁag gtrongiy negativel&
correlated to crop response: 'This indicated that low soii temperatures -

. early in the growing season may have limited uptake of native K. One




Table 15. Regression No. 48; Average Percent Response (V42) as the Dependent Variable;
Data File Restricted to Include Only Cases With Complete Data; Independent
Variables Restricted to Soil Temperature, Rainfall, and Cumulative Soil
Moisture Variables. .

Regression  Step Variable "Variable Constant Beta Simple R2 F-sig.
No. into eq. Name Number ‘ R level

- 48
Dependant 1 Temp . (May) V37 -.467 -.42 .17 .01
Var. V42 2 Rainfall V40 126.37 -.172 . -.03 .20 .025
Subfiles: ’ : ' ; :
Allicases:
41
Independent
Vars: V37 to
V40, V52 to
V55

. 88,
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would probably have observed a positivé response to added K if
this was the case, These results were in accord with observatidns;

discussed earlier by Boatwright et al. (1976).

Regressions No. 49 or No, 50; Maximum (V50) and Aﬁerage (V42) .

'fercent”Reépoﬁse aésthe Dependent Variable,
The éame regressibn analysis was pefférmed_with a different
dependent variable in each case (V50 and V42, fespectively). The
‘set of independént variables was the same in both cases. The
iﬁdependent variable set included all of those variables used. in
regression No, 48 with the addition of those variables (V16 to V21,
. ;
V25, VZG, and’V28 to V35) used in the majority of the regression
analyses, A more statiétically vaiid regression analysis opfion
was‘again used to only include those cases for which there was a
éompiete data .set for the variables included,

Dry consistence of the Cca horizon (VlB),_temperatufe in May
(V37), and rainfall (V40) appeared in both fégression'equations.
Both equations were significant at the .05 levei. The R2 values for
both equations were Similaf'at .33 and ,34, respectively.’

All of the variables that entered'the two equations which we£e
related to soil ﬁhysical ﬁ%operties, dry.coﬁsistence of the Cca
horizon, bulk density of the Ap horizon,,te%turél family, and
thickness of the B horiéon (V18,.V19, V26, and V28, respectively)

were all positively correlated to percent response. These results




" ‘Table 16. ‘Regression No. 49 and No.‘50; Maximum (V50) and Average (V42) Pefcent_Response
as the Dependent Variables; Data File Restricted to Include Only Cases With
- Complete Data; Independent Variables as .in Table 11 and Table 15 Combined.

06

V21, V25, V26,
V28 to V35, .

V37 to V40,

V41, V52 to
V55 :

(0-96)

Regression " Step Variable Variable Constant Beta Simple "R2‘ F-sig.
Nb. S into eq. - Name - Number - s R. - level
9 S - R .
Dependent 1 ~ Dry Con.C. - V18 w317. . .37 .13 .05
Var. V50 2 - Bulk Den.A . V19 ' .367 .11 A7 - .10
Subfilés: 3 . Rainfall . V40 . 53.12 -.315 -.05 .23 .10
~‘Alljcases: 32 - 4 - Thickness e : '
Independent’ B of B V28 .278 .29 .29 . .05
Vars.- V16 to. 5 Temp. (May) . V37 . -.240 -.33 .33, .05
. V21, V25, V26, - . ‘
V28 to V35,
V37.to V40,
- V41, V52 to
" V55 '
- 50 . e - L . . -
_ Dependent 1 Dry Con.C V18 596 W41 .17 -.025
Var. V42 2 Tex. Fam. V26 : - =-.380 J11 .22 .05"
‘Subfiles:. 3 Temp . (May) V37, 102.36  -.223 —.41° .26 .05
. Alljcasesi 32 4 Rainfall V40 o ~.364°  -.03 .30. .05
Independent 5 Soil H,0 - o
Vars. - V16 to V54 244 120 .34 .05
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suggest that as clay content increases (associated with hard
consistence of the_Céa, greater thickness of the B horizon, and a
positive cqrrelation.to textural family as coded coarse to fine),
a more positive response to added K results.

The negative correlation of temperature in May.(V37) to perqeﬁt
responsé waslconsistent with regreéssion No. 48 and has been dis-
cussed. The'fact'that cumulative soil moisture to 90 cm. (V54)
appeared in regression No. 50 indicated that soil moisture was

importépt with regard to crop response to added K. The positive

. correlation of this moisture variable to response suggests that

without adequate moisture diffusion of appiied K to the plant root
will not occur. Raiﬁfall, another moisture variable, was not
clearly correlated to crop response; but its appearance in both
equations pfoved that it did account for some of the variability

in response to added K.

Regression No. 51: MAST (V34) as the Dependent Variable.

Schaff (1979) determined that MAST was the most important’
variable in reiating to percent change in yield of winter wheat to
apﬁlied K fertilizer;' This factor alomne accounted for 56 percent
of the 6bserved variability in percent change in yield.

Because of the impdrtance of this variable in Schaff's.regression

analyses, it was of interest to try to determine why MAST did not




Table 17.

Regresslon No. 51; MAST (V34) as the Dependent Varlable, Data F11e Subdivided
on Crop; Independent Varlables Restricted as in Table 1l. -
Regression Step Variable variable Constant Beta Simple 'RZ F-sig.
No. into eq. Name ‘Number R level
51 . : '
Dependent 1 Water Reg. Va4l .511 .82 .68 .005
Var. V34 2 Latitude V33 -.133 -.51 .73 .005
Subfiles: 3 Tex. Fam V26 15.56 .299 .65 “.75 .005
Divided on: 4 - Temp. Reg. V35 .243 .47 .77 .005
Crop - 1 5 Dry Con. C V18 -.162 .03 .79 .005
Cases 3133 :
Independent

Vars. Same

as Regression

#15

z6
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appear more ofteniin the regression equations in this study.
Regression No, 51 was %erformed with MAST (V34) as the'dépendent
variable.. The independent variable set was that utilized in the
majbrity of the regfession analyses, in dfher words, éhap set which
excluded variables with a large amount of missing data.

MAST was highl& positvely correlated with moisture regime (V4l),
textufal_family (V26), and temperature regime (V35). It was also
highly negatively correlated to latitude (V33). The regression
equation sﬁowéd that these four variables alone accounted for 77
percent of thé observed variability in MAST (.005 significance,
level). Because of this relationship, it was not surprising that
MAST did not appear more often in the fegression equations. Other
.independent variables, partiéularly water regime (V4l), probably

accounted for the same varjability in crop response as MAST.

Regression Equations — Summary

Table 18 summarizes tﬁe corrglatiohs (Simple R) of éach
independent variéble used in the regression equations with tﬁe'
dependent. variables, which are yield (V06 to VlO).and average  (V42)
and maximum (V50) percent-résponse. Table 18 alsd summarizes fhé
relative oyerall impor£ance of each independent variable, based oﬁ
the number of times that each of them enters a regféssion equation
and the frequency of entry (number'of times included as an independeﬁt

variable divided by the number of times of entry into the equation).




9%,

(0-90):

Table 18. Overall Correlatlons of the Independent Variables with the
Dependent Variables - Yield (V06 - V10) and Maximum (V50) .
. and Average (V42) Percent Yleld Response._
. L . No. of Regressions No. Times Variable Entry Frequency
‘Variable Variable. Simple R  Simple R included as a . Entered L. into Regression
Name Number -~ . (+) - (=) Variable * Regression.. Equation. (%) -
. Site Vol 1 3 9 4 44
- Crop Vo3 3 5 3 .. 60
Year V04 2 . 2 9 : B ) ) 44
-K-rate 2 V12 2 -2 7 : [ 57
K-rate 3 V13 3 : 7 3 43
K~rate 4 Vi4- 2 7 2 29
K-rate 5 V15 4 : 7 . [ 57
Dry Con. A V16 6 8 50 A 14 . 28
Dry Con. B V17 16 1- 50 ' . 17 34
Dry Con. Cca V18 10 .5 50 . 15 B 30
Bulk Den. A VI9 . 4 8 50 12 ’ - 24
Bulk Den. B. V20. T4 3 50 7 14 -
Bulk Den.Cca V21 5 4 50 9 . . 18
Struc. A v22 . 1 . 15 1 ' 7
Struc. B v23 . 4 2 15 6 40
Struc. Cca- V24 1 15 1 7
"Tex. cls, v2s 9 6 - 50 15 30
Tex. Fam. V26 4 3 50" . 7 14
Geog. Loc. .V27 C 2 3 15 - 5 ‘33
Thickness B V28 4 5 50 9 18
Depth to Ca V29 4 5 50 9 18
Elevation V30 15 4 50 19 38
Slope V31l 270 2 ‘50 .9 18
Aspect V32 6 8 50 14 28
Latitude V33 7. 10 50 - 17 34
MAST V34 6 49 6. 12
Temp. Regime V35 3 3 .50 6 12
Temp. (May) V37 3 ‘6 18 9 50
Temp. (June) V38 4 2 18 6 33
Temp. {(July) V39 2 1 18 3 ‘17 |
Rainfall =~ V40 ° - 6 - 4 18 10 56
Water Regime V41 11 4 50 15 .30
Soil H20 .
(0-30) Va4 3 1 15 4 27
Soil H20 i
(30-60) V45 - 1 2 15 3 20
Soil H,0 .
(60- 90; . V46 1 15 1 7
Soil H,p . :
,(90- 123) V47 2 4 15 6 40
.Soil H,0
“az2-1%2)  was 1 2 15 3 20
Soil H,0 :
(152-183) V49 | 4 2 15 6 40
K-rate of V51 4 4 4 100
Max. Response _ -
Soil H20 .
i V54 1 3 -1 . 33
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The- varlables enterlng the regress1on equatlons.most often were
.elevation (V30 -~ 19 t1mes), 1at1tude (V33) and dry cons1stence of the
B hor1zon (V17 - 17 t1mes), dry cons1stence of the Ceca horlzon (V18),'
textural class (V25), and dry consistence of the Ap hor1zon (V16)
,and aspect (V32 - 14 t1mes) . The most cons1stent1y,corre1eted
.'varlables in the regre581on equations were the K-4ate veriables
(V13, V14, V15, v51), MAST (V34), dry cons1stence of the B horlzon

N (Vl7), e1evat10n (V30), slope (V3l),'and m01sture reglme (V41)

' The K-rate varlables were con31stent1y positively correlated to-
crop response, rndicating'that'applied k generally'caused increesed
,yields. MAST and'moisture regime Were.aiso consistently positively_
.correlated to crop response,‘suggesting that,apblied K Wes generally"
~ more effectiVe_onisoil types associatedrwith the warner:and drier
sites.

_Sio@e‘was:adso.conertently positiuely'correlated-toAcrop
response.l This"reietionship may be_related to morsture availaoijity,.-
'(drier sites) or to a slope-aspect interaction in'Which the incidence
of 1ncom1ng radratlon may “have affected 3011 temperature trends.

0verall dry consistence and. bulk dens1ty throughout the s01l
"proflle seemed to be very 1mportant-w1th regard to crop response'to
:added K.. Dry con51stence of the B norrzon (V17)1Was the most’

important factor relating to cron_response'and.was also the most
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consistently correlated Variable (Simple R) to crop response..‘Dry-
consistence ot the B and Cca.horiaons are generally positiVeiy_
correlated to Crop response whereas d£§ consistence and bulk density~
.of_the A horizon:appear slight1§ negativeiy correlated to crop
" response. | | -

Ifgone‘assumes‘that increased dry consistence'naluesAcan be\
associated nith_greater.clay contents.and decreased ease.of K
diffusion{ root_penetration, and exploitationvof natine soil'K
reserves, then thelpositive correiation between ¢rop response and
the harder subsoil horizons seems reasonable.-:The fact that buik.
density and dry COnsistence_of the'Ap horizon'appeared nore
) negatlvely correlated to crop response perhaps suggests that the
effectlveness of applied K (usually broadcast) was limited by
compacted surface horizohs which would have retarded diffusion of
.applied K into the soil profile. .

i Table_19 summariaes the responses to applied K hpzcrop and
geographic‘location for all of the experiments included’in this
" study. Although oats showed the hlghest percentage of experlments
with a positive response to app11ed K, there were only four '
experrmentsvwhlch_used oats as the experlmental crop. The other
“‘three crOps‘areisimilar in the‘perCentage of experiments of each
Whlch responded positively to applied K,

W1nter wheat experlments in geographlc 1ocat10n 4 had the




Table 19.

L6

Summary of Small Grain Response to Applied K Fertilizer, Montana Statewide
Study, 1968-1980.
No. No. with % No. with % Range of Ged. Average
) of Positive Positive Negative  Negative Z K Loc. Z K~
Crop Experiments K-Response Response K-Response Response - Response (V27) Response
Wint 81-122 1 . 102
inter ' : 85-121- 2 101
Wheat 133 90 68 43 32 ) 88-117 .3 101
83-153 4 106
Sori 80-115" 1 100
pring 110 2 110
Wheat 36 22 61 14 39 96-120 3 106
‘ 4
61-146 1 . 106
2
Barley - 49 . 31 63 18 37 90-118 3 104
' 89-118 ‘ 4 104
102-109 106-
108-110 109
Oats . 4 0 0

100

S
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Table 20. Number of Experiments at the Various Rates of Applied K
at Which Maximum Percent K Response Occurred.

Rate at Which

Maximum K-Response Numbef of -
Occurred -(V51) - . Experiments
- kg K/ha - -

11 : 3

13 _ , 2
22 A 12
27 . . 2
28 22
34 !
39 ’ 1
45 | - 37
48 - . - 11
54 2
56 11
57 .
67 o 2
81 | 2
90 . 32
9 o 7
112 ' : 32
115 '

128 : 1
134 29

222
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highest aVerage percent K response t106 percent) for that érop.’
Spring Wheat showed a higher average peréent response in.geographic
-'1ocation 3 (106 percent) than in geographic location 1 (100 pefceﬁt).
Barley showed_a.greatgr average percent résponse‘in geographic
1ocatiop 1 (106 percent) yet also showed a much greater variﬁbility~‘
in response in this area (61 - 146 percent). |

Table 20 shows the number of experiments which produced maximum
percent K‘résponse at eaéh réte of aéplied K. It was intefesting fo
no?e that in about half of the experiments the crops response@ to
their maximum at applied K rate of 90 kg K/ha and abo?e. This is
conclusive evidence that in many cases availability of native soil
K is not adequate for_the nutrition of sméll grains. It further points
‘out that crop responsés to added K fertilizeré may not be measuréd
in m;ny field experiments due to'inadequate rates of application

in the experiments.




Chapter 5

SUMMARY AND CONCLUSIONS

From 1968 to 1980, numerous small grain soil fertility éxperiments
in which applied K fertilizer freatments were involved were establish-
ed around éhe State of Montana.. Two hundred twenty—-two of these
experiments established on 127 differgnt site location; were selected
to study the iﬁfluencé of soil profile and site'characterisfics and
soil classification'paraﬁe;ers on yield and crop respénse to applied
K fertilizer. From two to five rates of K, ranging from O (control)
. to 134 Kg K/ha, were applied in ﬁhe experiments studied,

Sites wefe classified as to their soil series'using the legal
description of_the site along with fhe appropriate SCS county soil
survey, or by using tﬁe series name assoéiated with an experiment
as reported in the Montana Agricultural Experiment Station Annual
Report. Eight variables (classification parameters) were included
in the regression an#lyses as determined from the SCS éoil series
description.

Soil samﬁles fromleach of three horizons identified as the Aﬁ,
B, and Cca horizons were taken at each of:the 127 éi;es.' ny
consistence and bulk densify measurements were obtained for each
soil horizon sample. Site characteristics including siope; aspéct;
elevation and latitude were also recorded and introducéd as variables
in the regression analyses.

Spring soil moisture data, rainfall data, and soil temperature
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data were 6btained from the Montana Agricultural Experiment Station
Annual Repért and introduced as variables in the regréssion analyses.
HoWevér, many of the experiments did not include soil moisture and
temperature data.

A total of 48 independent variables iﬁ varying.combinations

were inserted into multiple linear stepwise regression programs with

'actual crop yield or pefcent change in yield as the'dependent

variable.. Percent change in yield was determined both as an

‘average and maximum percent figure.

Over 6d regression analyses were performed with Varying_gombin— ‘
ations of independent and dependeﬁt variéblesJ The data file was
divided in many cases so that the regression eduations usually only
pertained to a selected ﬁart of the data file. The data file was
subdivided according to: 1) crop (winter wheat, spring wheat, barley,
and oats); 2) crop and four geographic locatioﬂs (see Figure 2); '
3)nérop, geographic iocation and percent fesponse'class (see Results
and Discussion sectioﬁ - page>74 undé; Regressigns No. 32 - No. 43);
and 4) k rafe at which maximum response occurred (V51). Fift?—ohe of
these regression eqﬁations produced significant results ranging from
.10 to .005 significance level. The;e.regression equationé afe
presenteé‘in the Results and Discussion Secéion of this thesis in
Table No. 8 through Table No. 17. |

'Regression_equations No. 1 through No. 5, which utilized actual
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crop yield as the dependent variable and included ten variables each,
all produced R2 values significant at the .005 level.
Regression‘equations'No. 6 throﬁgh No. 10 (average percent
response és the aependent variable):and regression equations No. 11
through No. l5z(maximum percent response as the dependent variable)
glso ingluded pen'variables each; and the regreséion:equations also
all produced R2 values significant at the .005 level. Theléignificance
of thése results is probably inflated due to the inclusion of spring
soil moisture, rainfall, and éoil temperature variables which had
extensive amounts of missing data. Regression No. 4 and No. 5
(actﬁal crop &ield as the dependent variable) are of special interest,
though, in that the first two variables into the eAua;ion (K-treatment
and bulk density of the Ap horizon) by themselves producéd Rz values
of .76 and .68, respectively.
| Regression No. 15 through No. 17 are similar in that the same
restricted sét of independent variables was uéed in these analyses.
The set of independent variables was restricted in that soil moisture
(V43 = V49 and V52 -~ V55), soil tgmperature (V36 ~ V39) ana raiﬁfall
(V40) variables were removeq from the analyses_dué to thé large |
amount of missing data for these variables. The dependent variables
used in these analyses were either the average (v42) or‘maximum (véo)
percent response, The most significant results‘(.OOS level) wére

produced by regression equations: No. 22, which measured the
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relationship of maximum -percent response of spring wheat in
geograpﬁic'location ll/; No. 23, which measured the relationship

of averagé percent response of spring wheat in geographic location
1; No. 33, which measured the relationship of average percent
response in experiments which included all four crops over all four
geographic locations and that had average percent response values

between 96 and 105; and No. 41, which measured the relationship of

- average percent response in experiments which dealt with winter

wheat in geographic locations 1, 2, and 3 that had average percent

response values between 96 and 105. These regression equations

‘produced B> values of .79, .60, .20, and .93, respectively, with

five variables included in each equation. The only variable to
appear in all of these equations was dry consistence of the Cca
horizon (V18).

Regressioﬁ No. 49 and No. 50 (V50 and V42 as the dependent
variable, respectively) were produced with a restricted regreésion
program ‘option in which only those cases (experiments) with a
complete data set were included in the anal&sis. The independent
variable set was agéin expanded to include soil température, rain~
fall, and cumulatiﬁe spring soil moisture variables, These regression

equations produced R2 values of ,33 and .34 respectively (.05

1/

—'See Figuré 2,
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significance ievel). Dry consistence.of the Cca horizon (V18),
rainfall (V40), and average soil temperaturé in May (V37) were the
only variables to appear in both regression equations.

Elevation (V30) entered the regression equations more than any
.other variable and was most often positively correlated to crop
response to applied K.. The effect of elevation on crop response may
be related to its inflﬁepce on climatic factors such as moisture and
temperaturé, but ascertaining its importance at this point is merely
speculétive.

Dry consisteﬁce of the B horizon (V17) is consistently positively
correlated to crop response to added K. This relationship may have
to do with the decréased ability of roots to penetrate into subsoil
horizons with a hard dry consistence  or for native soil K to readily
diffuse to crop roots. If this is so, then the plant's ability_tq
utilize native soil K Would be limited and a response to added K
would be likely. |

Consistence is no doubt a measurement that integrates the
effeéts of otﬁer factors such as clay content, clay type, and bulk
density: It will be important in the future to quantitatively
determine exactly how these various factors interact to influeﬁce the
consistence measuremeqt.

Schaff (1979) determined that clay content of the ca horizon

was one of the five most important factors influencing winter wheat
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response to added K. The importance of the dry consistence of the
lCca horizon (Vi8) in the present study corroborates his observation
'gnd gives credence to the idea that clay content and consistencé are
directly related to Oné another,

The relationship of soil structure to crop response ﬁo added K
is not cleérly defined in this study. However, the structure 6f“
the B horizon (V23) appears to be véry important with regard to
yield varia]';':i;lity° In fegression No. 1, No. 2 anq No. 3, it is
strongly positiveli correlated to actual crop yield, whiéh was the
dependent variable in these regression equations. .

Because of the.coding scheme used for the soil structure
variables, it was difficult to ascertain the exact effep; of soil
structure on yield; but the indication was that greater yields were
associated with the stronger, more coarsely structured éoils. Perhaps
this effect was rela#ed to better root penetration and exploitation
‘of the soil environment along fhe planes of separation between
adjacent peds associated with well structured soils.

1Other soil classification parameters accounted for much of the
variability in crop response to added K. Moisture regime and mean
annual ;oil temperatﬁre were two classification parameters that.were
consistently positively éorrelated to crop- response. That is, the
warmer and drier soils were associated with greater response to

added K, Temperature regime was also an important soil .classification
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parameter that appeared in the regression equations, but it was not
as consistently correlaféd to crop response.

Textural ciass and textural fami}y both were significantly
related to crop response to applied K in a number of the reéreséion
equations. The general trend was for the fine teitured soils to
‘respond to a greater degree than the more éoarse textured soils.
This was consistent with most of .the literatufe which indicated that
as clay content of the soil increased, more totai soil K was
required for adequaté supply to the plant to be maintained.

The above soil classification parameters may bekeasily determined
in the field or from a soil éeries description. The indication was
that all or some of these parameters could be incorporated into a
reliable K soil test procedure. |

~Thé K rate variables were the most consistently correlated
variables to crop respoﬁse. The high pbsitive corrélation of K
‘rate to crop respoﬁse indicated that, in many soils, adequate
availability of native soil K did not.exist. Howevef, approximately
one~third of the total number of experiments in this study either
showed no response or a negéti&e respoﬁse to applied K.. In some
 cases the nggative response was pronounced: This spggesfed that
for a given set of exigting soil conditiqﬁs, thére was an optimum
rate of K which should Be applied to achieve maximum crop requnséi

Tf the availability of native soil K was adequate, it is possible
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" that added K may have interfered with the uptake of some other nutrient.
It is impér;ant to know when and where this type of adverse effect is
1ike1y to‘occur. |

Schaff (1979) found a poéitive'correlatibn between the con-
centration‘of extractablg Ca++ in both the 1lst and 2nd horizons and
percent yield‘response. It was the most highly related chemical factor
to percent yield response of winter wheat to K fer#iiizer. In the
present study, depth to the Cca horizon (V29) was an important factor
relating to crop response‘té applied-K. It is possible that the
calcium.concentgation in the soil solution may have.affeéted diffusion
of soil K by influencing the ionic concentration of K.

A high calcium concentration may have interfered with other pri-
mary nﬁtrients also. Phosphorus, for example is considered to be more
limiting for small grains than potassium. Calcium is known to convert
phosphorué into forms unavailable to plants and, thus, c&uld indirectly
influence plan£ k needs.as well. This indirect influence may be related
to decreased demand and uptake of K with decreased phosphorus avail-
ability.

Rainfall during the growing season was also important with
regard to crop response to applied K. Raiﬁfall was not consistently
correla;ed to yield response because its influence was probably

modified by other existing-soii conditions, such as amounf‘of

spring soil moisture. The time and distribution of rainfall was also
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probably important and could explain variations in response to
applied K. These considerations were not part of this study.

Soil temperature and moisture were 1mportant with regard to crop .
response to added K. Temperature in May (V37) was most often negative-
ly correlated to crop response, suggesting that low spring temperatures
controlled and probably retarded diffusion of native soil K to the
plant root. Added K would have increased the seil solution K con~

centration and increased K diffusion under these circumstances.

Rather than soil moisture or temperature being the primary
influence on crop response by itself, it was probably an inter-
action of these two factors which pa?tially governed the effect of
added K. An-abundaﬁce of soil moisture would tena to prolOngllow
spring soil temperatures by increasing the Specifie heat of the
soil. On the other Band, the absence of adequate soil.weter Would.
allow the positive effect of temperature on diffusion to be realized.
yet may have adversely affected the K concentration in the soil
solution and 1imited K diffusion. |

This study has shown the importance of soil temperature. and
moieture upon crop response to added K. However, significance of
these relationships were limited by the fact that,meny of the
experiments did not include soil.moisture, rainfall, and soil
temperature data collection. All‘future experiments should include

the collection of these data as part of the standard experimental
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procedure. These factors are critical to dryland agriculture in
Montana, and indications are that these factors hiéhly influeﬁce crop
response to added K fertilizer.
| The éffects of soil moisture and temperature on crop response

will undoubtedl& also be influenced by soil texture and other
soil physical propertieé. Clay content, clay type, and bulk deﬁsity
are known to influence ion diffusion in soils. It is the interaction
of all of these factors which will ultimately determine crop response
to added K. |

It is essential that future studies be directed toward
quantitatively determiﬁing the nature of these intefrelatiohships.
The relative impoftanée of eaéh of these faétors will vary, and each
of them could probably bg considered to be liﬁiting K diffusioﬁ and
‘crop respoﬁse depending on a given §§£'bf soii.conditidns. The
regréssion eduétions substantiate this conclusion in‘that the
correlation (simple R) between crop response and theée climatic and,
physicél fﬁctors varied from one yegréssion to andther in many éases.:.

Tt is impgrtant to realize that fhis Qtudy.was,limited in
that many factors Which'could_affect crop respomnse to édded K were
not considered or included'as variablesf .Managgment techniqﬁeé,
for example, may have a direct influence on crop rgsponsé; Thg.féct1
that bulk density of the Ap horizon was an important variable in ‘

many of the regression equations supgested that compaction problems
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on some soils_may have;existed as a resuitﬂof time, am0unt,:and kind
'of{cnltivation employed; ‘Alsoi time of fertilizer applieation'“
(spring vs. fall)‘and seeding.date are.two important-nariables wniéh :
were not considered in'tﬁis study.'z.' ' S T

Raychaudhuri (1976) ‘found that in. hlgh potass1um—f1x1ng1301ls,
) recovery of app11ed K by the crop was apprec1ab1y lower from broad- '
cast than from ‘band appllcatlon. Appllcat;on of K in twoe or three'
_split‘doses:nas found'tofoe'superior'to'a srngle basalodressing,
 depend£ng on'tne soil téxture'and predominant clay tyne;‘ Method and
time of.K-fertiiizer application, as well as type of K fertilizer
' apnlied (e.g;vKC1"ns; K 4), were varlables ‘not included in thlSi‘
study.

Kowalenko and Ross (1980) observed that the presence of K

depresses NH flxatlon and that flxed ammonium establlshed ‘some

4

klnd of equ111br1um w1th exchangeable NH4 over tine;' It.is known
‘that NH4 and K act srmllarly in the soil env1ronment under’ certaln
-circumstances. This‘is dne to'the'fact‘that the.ions are‘of equal
.valenee and approximate ion‘size. Tne.type‘and'amonnt ot N ferti~d
iizerJWas nardable'from-one enperiment to another in this-studj,.".
and ' the influence of this difference was unknown. | |

- Mttean (1976) nade some‘interesting observations wdth regard to.
K‘fixation.andvrelease;A’PotaSSium release, which beeame progresSively

smaller invmagnitude with time,‘was-eventuaily exceeded greatly by
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the éépacity of the clay'to fix added.K iﬁ non-exchangeable form.

He believed both processes occurred simﬁltane&usly, and- it was not
always known which predo@inated for a given soil. Therefore, there
was always uncertainty as to how to take them into account when making
a K recommendation based on soil tests. He concluded that it was
particularly'the fine_tektured alluvial or'lakebed'soils with a
predominancé of micaééous illitic clay that varied the most in K
feleése and fixation, deﬁending on the deérée of originai weathering
and recent cropping qénditions.

The weathering of clay paréicles probably varies from year to
~year in Montana in that soil moisture, snow cover, and the deptﬁ to
which a soil freezes vary. Temperature effects have béen shown to
be important with regard to K‘fixation and feléésel A better uﬁder;
.standing of theée mechanisms will enhance the predictability of crob
responsé to aaded K.

Willis and Power'k197$) point out that soil temperature has a
dominant influence on plant growth, both directly ané indirectly.
Whether temperature hés a direqt or indirect effect is, howéver, a
moot question, particularly because we are primarily interested in
some yiéld'function; and the plant acts as an integrator of many
individual factors.

Diffusion ié the p;imary mechanism by which K reaches the plaﬁt

root. Diffusion of K in the soil environment is no doubt governed
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by the interaction of many important factors. This study has
established that known or easily determined soil and site charactei—
i;tics are significantly correlated to cfop response to K fertiliéer
and do indeed influence the process of diffusion.

The results of this study ipdicgte that'many‘of the significant
variables could be incorporatea for use in a K sbil test. The
parameters which accounted for much of the variation in crop
response to applied.K fertilizer can be easily determined in the
field, from a soil series description, or from a soil sample taken
for limited laboratory analysis.

Moisture content and soil temperature are known tp influencé
diffusion. The way'in which site charécteristics (e.g.'slope and
aspect) and soil physical properties, such as bulk density, con-
sistence, strﬁcture, and téxture, modify the influence'of moisturg
and temperature will allow for better unders£anding.the soil

environment in which K diffusion must occur.
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