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ABSTRACT

Potagsium is an essential element for plant growth and its
importance i{n agriculcure has been well recognized. With
continuous cropping of a soil, exchangeable K levels decrease tu
a ninimum, steady-state level if no K is added. This =iniomum
level is important to bozh modeling soil K cycling and fertilizer
K recommendations, and it has been determined by fleld studies
lasting from 2 to 10 years. Consequently, there 1s a need for
estimation of minimum exchangeable K levels for a wide range of

soil types from soil physical and chemical properties. A
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literature survey provided 19 studies where minimu. exchangeable

K had been measured and regressfon analysis was conducted on this
data to determine predictive relationships. Minimum exchangeable
K is closely relatd to soil clay content (r? frem 0.66 to 0.99),
however, regression constants varied from study to study,
Lmproved corrclations were ohtained betwveen minimum exchangaable
K and clay content when all the soilg (224, r?=0.69) were divided
into 3 groups according to the Fertility Capability Soil
Classification (FCC) System and Soil Taxonomy (r? of 0.86, 0.82,
and 0.68).' Differences in regression constants between groups
were consistent with changes in gofl properties associatsd with K
levels and exchangeability. This analysils provided relationships
to estimate minimium exchangeable K level from soil clay content
for a wide range of goil types, vhicﬂ should aid soil K modeling

and fertilizer K recommendations.

INTRODUCTION

Potassium (K) 15 an essential element for plant growth and
its importance in agriculture ig vell recognized 1-2. Exchange-
able K, as determined by NH4OAC extraction, 1s generally used ar
8 measure of plant available goil K, with several studies showing
& close correlation between exchangeable K and plant uptake of
K 3_8. Other studies, however, have accounted for a greater
amount of the variability in plant uptake of K vhen an estimate

of nonexchangeable K was included with exchangeable K 9-14
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In a study of K uptake by ryegrass by sevan Ohio soils,
Tabatabal and Hunway la, observed that with no fertilizer or
manure additions of K, the decrease in exchangable K after two
years was equivalent to K uptake by ryegrass, for sofls high in
{nitial exchangeable K. For s0ils low in initial exchangeable K,
however, plant uptake of K yesulted in lictle or no change in
exchangabie K. Similarly, Williams and Jenny 15. found that when
initial exchangeuble soil K levels were low, plant uptake of K
was greater than that initially exchangeabla. Consequently,
after exhaustion of the exchangeable K pool by plant uptake, a
ninimum steady-state level {g established, 1f no K ig added. At
this level, plant uptake of K occurs by a shift of K from
nonexchang;able to exchangzable pools, and the rate and amocunt of
nonexchangeable 501l X releage will cheq be determined by crop
uptake. Important in controlling this rate and amount of K
release from the nonexchangeable form, 1g the type of K bearing
mineral present in that goil, Soils that are high in kaclinite,
quartz and other minerals contain little or no exchangeable K,
vhile goils containing vermiculite feldspar and uicas have large
amounts of nonexchangeable K 16.

Knowledge of the minimum exchangeable K value ig important
from both guil ¥ fertility and cycling staudpoints, in terms f
being able to estimate winimum K level which can supply a plant's
needs without K stress and determining the point at which

nonexchangeable K suppliea exchangeable K for plant uptake,

/}3
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Determination of the latter wil] be important {n modeiing the
cycling of goi] K.

Minioum exchangeable K has been determined in the past by
exhaustive cropping of a sotl 17-19. This method canp take
several years, dependent upon exchangeable and nonexchangeable K
levels 1in the soil, Consequently. 4 more rapid method of
determining minimum exchangeable K for g given 501l woul, benefit
501l K fertilicy recommendations and modeling soil K cycling.

Our objective was to determine predictive relationships for
minimum exchangeable K, Values of minimum exchangeable K, sotl
physical, and chemical properties were obtained from publighed
studies and cegression analyses conducted between values of goil

pProperties and minimum exchangeable K.

RECULTS AND DISCUSSION

Tae published studies used in thig analysis are shown in
Table 1. Several studies have reported chat minimum exchangeable
K value {5 related to clay content of a goil 14, 19'22— The
regression equationg for the relationship betveen minimum
exchangeable K and clay content for these studies are presented
in Table 1, Although minimum exchangeable K and clay content
were clogely related in all studies (r? frog 0.66 to 0.99), the
intercept value of the regresaion equation varied from study to
study (-15.10 to 39.10). Slope values of the ragregsion

equation, however, were fairly similar (3.36 to 1.01, wvith a mean
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Table |. Relatfonship betveen min{sum exchangeable X (ug Ty

I) and clay content (I).

’

605

Locccton Solls Land a Regresston Equacion r? Refarence
use auaber
Puerto Rico Inceptisols Pangola graes 7 .08 ¢ 2,58 Clay 0,94 23
Puerto Rico Ultisole & Oxisole Pangola grass 15 6.67 + 1,10 Clay 0.85 27
Pureco Rico Mollisols Pangola grase 5 24.08 ¢ 1,)] Clay 0.86 28
Chana Varteble Savanah L forest t& 59.10 + 0,75 Clay 0.66 29
Nev York Variable Clover ? .0.40 + }.9) Clay 0.79 12
Alabama Actdic kaolinitic Coteon/vetch/corn 6 2.95 + 2.7) Clay 0.93 30
Delavare Variable Sudangress & corn 29 -0.86 + 1.0l Clay 0.67 i
Arkananas Lov K saturation Oste 7 <15.10 + 1,37 Clay 0.89 )]}
Otcova Variabdlae Oats L alfalfa 0] -10,9) + ),0! Clay 0.92 21
Canada V-rlabh’ fallov & potaious it =2,22 + 2,35 Clay 0,88 18
Oncario Yarfadle Clover ) [.15 + 3,36 Clay 0.99 19
Peru VYarfable Cate té6 14.87 + 1,51 Clay 0,89 ?
Alabams VYariable Sudangress/cumtps/ 8 2.92 + 1,16 Clay 0,87 32
sun(lovers/peanuts
Oregon Varfable Clover 20 ).8& + ).10 Clay 0.92 12
lova Clactal cfl) Alfelfs 1) - 14,95 ¢ 2,5 Clay 0.88 N
+ Loses
Scotland Variable Ryegrass 8 16,45 ¢ 2.49 Clay 0,72 b1}
India Allrvial Nafze/covpes/vhest 10 16,25 + 2,41 Clay 0.88 35
{ovs Yartable Ryegtass 7 ~2.00 + 1,14 Clay 0.9 14
Nigeria Sandy Lsolintcic Cashev plantacfon 17 «1.70 ¢+ 1,76 Clay 0.9) 36

value of 1.98 $0.81),

When all these goils were coabined,

minimum exchangeable K was related to clay content, with an r?

value of 0.69.

The soils in Table | were grouped according to the concept

of the k modifier used in the Fertility Capability Soil

Classification (FCC) System of Buol 23

using only the classification of the 8soile that could be made

and Sanchez et al. 24

J~
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from the data published by the authors. The FCC 1s a‘'technical
system for grouping soils according to the kinds of problems they
present for agricultural management of soil physical and chemical
properties, emphasizing quantifiable topsoll parameters as well
as subsoil properties directly related to plant growth 24. The
system consists of thres categorical levels; type (topsoil
texture); substrata type (subsuil texture); and 15 modifiers, one
of which i{s k. The k modifer (low soil K reserves) represents
constraints on plant growth due to K stress when one of the
following triteria is met: < 10X weatherable minerals (ie. mica,
feldspar, and ferromagnesium minerals) in the silt and sand
fraction within 50 cm of the soil surface, (a property that is
known 1f the soil has been properly classified in a siliceous
family, Quartzi subgroup), exchangeable K ¢ 0.2 meq/100g or K
€22 of the sum of the baées, if the bases <10 meq/100g ﬁsoil
measurements often reported {n fertility studies).

The soil groupings were;

Group ! - Quartzipsamments; other sandy, siliceous, families
(any soil order);: and loamy, siliceous Arenic and
Grossarenic Paleudults (S k, FCC group).

Group 2 - Other Paleudults; Paleustults; and Paleaquults (L
k, SL k, LC k, and Ck, FCC groups).

Group 3 - other goils (those not receiving the I'CC k

modifier).
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In general, Group | has a sandy particle size to a 50-cm
depth or more and has 10X weatherable minerals, Group 2 has

10X weatherable minerals but has a finer texture in the surface
50 cm than Group 1, and Group 3 contains 10X weatherable
minerals in most cases.

The mean, maximum and minimum values of clay content and
minimum exchangeable K for each group of soils is presented in
Table 2. Clay content of Group 3 was significantly greater (ac
the 1% level) than for Groups | and 2. Minimum exchangeable K of
the soils in éroups 2 and 3 was sigéificantly greater (at the 1X
level) than Group ! (Table 2). These differences are consistent
wvith the criceria used above in obtaining these groups.
Significant correlations (at the 0.17 level) were obtained
between clay content and minimum exchangeable X for each soil
group (Figs. 1, 2, and 3). 89%, 82%, and 68% of the variation in
minimum exchangeable K was account;d for by clay content for
Groups 1, 2 and 3, respectively, even though the data were
obtained from several different studies. A greater variation in
minimum exchangeable K was explained by clay content for each
soil group except Group 3, which did not change, than for all the
soils combined (r*=0.69).

Although no consistent difference in regrersion slope value
was apparent between goil groups, the intercept increased for
Groups 1 (-1,297), 2 (4.432), and 3 (20.032). The regresaion

intercept in Figuves 1, 2 and 3 {s the minimum exchaageable K
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Table 2. Mean, max{mum, and minimum clay content and oinimum
exchangeable K for the three soil groups,

Property So{l group
I (n=55) 2 (n=66) J (n=102)
+
Clay content, X Mean 1l a 18 a 28 b
Maximum 27 50 70
Minimum S 4 S
+
Minimum Mean 18 a, Sl b 58 b
exchaggeabie X,
wg kg Maximum 49 119 138
Minimum 5 10 21

+ Means across soil groups followed by tlie same letter are not
significantly different at the 1 level, as determined by an
unpaired t testc.

value at zero clay content and 1g cﬁus, an indication of the K
supplying power of the non-clay components for each group of
soils. The increase in intercept from Group 1 to 3 1is consistent
with the criteria used to group the soilg, Such that in Group 1,
the major Proportion of exchangeable K 1s associated with the
clay fraction. For Groups 2 and 3, there 1g apparently an
increase in the amount of silt-gized particles containing
veatherable minerals. Thig increase 1n intercept value aad cloge
correlation between clay and minimum exchangeable K (Figs. 1,

2, and 3), therefore, justifies the soil grouping and criteria
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Figure 1. Relationship between clay content and minimum
exchangeable K for the 55 Group ! soils,

used above, especially considering the wide range of soil types
and experimental studies used in the analysis.

It is apparent, therefore, that although different
Tegression equations were obtained between clay and minimum
exchangeable K for the different studies (Table 1), the

relationship was similar for soils of similar taxonomy and soil
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Figure 2. Relationship between clay content and minimum
exchangeable K for the 66 Group 2 soils,

physical and chemical properties. Consequently, the FCC System
cau be used to better define the relationship between soil
properties and fertility measurements vhich are a function of
Soil Taxonomy 25. As a result, the minioum exchangeable K value
of a given s0il can be estimated from clay content for properly
classified goils of widely differing properties and geographic
location., Thesge relationships will have uge in @wodeling the
cycling of soil K, in determining the ievel at vhich the movement
of K from nonexchangeable to exchangeable K pools occurs to

supply plant available K., In addition, prediction of minimum
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Figure 3. Relationship between clay content and minimum
exchangeable K for the 102 Group 3 soils.

exchangeable K from simple goil properties will allow
determination of critical soil K levels, in terms of plant

availability, and thus, aid in fert{lizer K recommendations.,
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