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ABSTRACT

Poonia, S.R. and Nicderbudde, E.A., 199 Exchange equilibria of potassium in soils, V. Effect of
natural organic matter on K -Ca exchange. Geoderma, 47: 233-242.

Exchange cquilibria of K- Ca were studied in five soil sanmiples (Anglberg surface, ABS: Anglbery,
subsurface, ABSS; Ottenhofen surlace, OHS; Otienhofen surface limid, OHSL; Buchholen surface,
BHS) from the Federal Republic ol Germany. These samples had a wide difference in their clay con-

- ten, clay mineralogy, CEC, K-(ixation capacity, organic maller (OM), specific surface arca, and sur-
face charge density (SCD). Uatreated and 1LO-treated samples were Ca-saturated and equilibrated

. with KCT-CadCl, solutions at a constant chloride concentration of 0,025 A7 1 Y in the equilibrium

. solutions. The experimental results were described, using the Gaines and Thomas, and Babeock and
Duckart thermodynamic approaches, and various selectivity quoticents.

Out of five, two soil samples showed a decrease in the Gapon (K,) and Vansclow (Ky) sclectivity
-quoticnts in the lower K-saturation (i.c., 0-15 exchangeable potassium pereentage, EPP, in ABS; (-
30EPP in ABBS) zone on oxidation of OM. In the remaining three soil samples, K¢, and Ky increased
with H,O,-treatment for the whole exchange isotherms. The Gaines and Thomas standard free energy
-for K-Ca exchange (. 16G:0) decreased in all but one (i.c., ABSS) and Babcock and Duckart (AGa" ) in
.all the soil sumiples on OM oxidation. The values of AGo were less negative than those of AGo’ (or
.comparabic soil samples. The positive or negitive effect of OM on K-preference has been ascribed (o
the “resultant™ of the two opposing phenonena, viz, an inerease in SCD and “low K-spec
tion sites™ (causing a decrease in K-preference ), and an increase in the internal:external surl
10 organo-mineral colloids (causing an increase in K-preference)

adsorp-
aces due

INTRODUCTION

t The role of organic manuring and the contents of natural organic maltter
{OM) in soils on the exchange cquilibria of potassium versus calcium has
been investigated by some workers. Johnston and Addiscott (1971), while
udying the cffect of long-term application of farmyard manure (FYM) on
~-preference of soils, observed that the quantity:intensity (Q/1) parametcrs
f potassium for soil samples taken from the control and the FYM-treated
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plots at Rothamsted and Woburn experiments (UK ) were almost identical.
Goulding and Talibudeen (1984), on the other hand, observed a considera-
ble decrease in K-preference of FYM-treated. soil samples from Broadbalk
and Saxmundham experiments (UK). Sparks and Licbhardt (1982), and
Jardine and Sparks (1984) also found lower K-preference for surface (high
OM) than for sub-soil (low OM ) samples from the same soil profile, and for
untrcated (OM 1.4%) than for NaOCI-DCB-treated soil samples. Contrary
to these results, Mchta et al. (1983) observed a decrease in the K-preference
of a forest soil after H,O, trcatment. Poonia et al. (1986) obscrved an in-
crease in K-preference of soils on FYM application. It is apparent from the
limited investigations cited above that there is a considerable difference in
the role of OM in influencing the K-preference of soils. Based on the results
of FYM application in “three soil samples having almost identical clay min-
eralogy and other physicochemical properties™ from Haryana (India}), Poonia
etal. (1986) postulated that OM plays a dual role in influencing K-spccificity
of soils, viz., a decrease in K-preference due to an increase in surface charge
density (SCD) and non-K-specific organic surfaces, and an increasc in K-
preference due to an increase in internal:external cxchange sites. This paper
reports the results on K-Ca cxchange in relation to oxidation of OM from
“soils widely differing in their clay content, clay mineralogy. K-fixation ca-
pacity, specific surface area, SCD, and OM contents”. The results are ex-
pressed in terms of Gapon (K;) and Vansclow (Ky) selectivity quoticents,
and standard free energy of K—Ca exchange.

MATERIALS AND METHODS

Four surface (0-15 cm) soil samples and one subsurface (25-40 c¢cm) soil
sample from different locations in Bavaria, Federal Republic of Germany,
viz., Anglberg surface and sub-surface (ABS and ABSS ), Ottenhofen unlimed
and limed (OHS and OHSL), and Buchhofen (BHS), were sclected for this
study. The samples were air-dried and passed through a 0.5 mm sicve. A por-
tion of the samples was treated with H,0, to remove their oxidizable organic
carbon. Some relevant physico-chemical and mineralogical propertics of these
samples before and after H,0, treatment are given in Tables [ and 11,

For K-Ca exchange equilibria studies, salt-frec Ca-saturated soil samples
were prepared by repeated washings with decreasing concentrations of CaCl,
(i.e., 1 to 0.005 M), distilled water and ethanol. A final washing was given
with petroleum ether to obtain friable samples on drying. The samples so pre-
pared were air-dried and ground to pass through a 0.5 mm sicve. The proce-
dure was essentially the same as used by Mehta et al. (1983 ).

Sixteen different solutions, covering the whole range of equivalent ion frac-
tions of potassium, were prepared from KCl + CaCl, at a constant total chlo-
ride concentration of 0.025 M 1-'. The Ca-saturated samples were equili-

i
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mical and mineralogical properties of the soils used

CEC KFC OC  Clay Clay mincralogy of =<2
OFNCaCl) (eM7kpe) (¢M/7kp) (%) (%) (%)

TA 10A 1A 18A
Kaol il Ver Sm

Anglherg (Tvpic Humaguept)

ABS 7.1
ABSI1,0,

ABSS 7.2
ABSSILO, -
Ouenhaofen (1ypic
OHS 5.4
OHISI,0,

OISt 5.7
ONSLILO, -
Buchhofen (1ypic
BEIS 7.3

BUSHLO, -

47.6 691 S.Hy 45 I3 IS 19 51
3.3 5.87 1.04 - - -
51.9 11.52 3.27 47 11 6 12 71
38.5 9.21 0.95 - - - - -
Agriaquoll)
22.3 2.04 278 27 7 28 20 45
15.5 2.28 0.40 P - - - -
228 .92 3.0 27 - - - -
14.2 0.98 0.42 - - - - -
Hapludalf)
24.5 nil 203 23 8 80) 5 7
12.1 nil 0.39

AB = Anglberg; O = Ottenhofen; B = Buchhofen; 8= Surface (0-15 cm ), 8S=subsurface (25~
45 cm) 1L O, = sample after hydrogen peroxide treatment; L= limed; K1FC = K-fixation capac-
ity: Kaol-kaolinite; Hl=illite; Verm = vermiculite; Sm = smectite.

TABLE 11

Effect of FLO; treatment on external (a), total (h) and internal (h—a) surfacc arca (SA), and
surface charge density (SCD), and approximate per cent contribution of oxidizable organic
carbon to CEC (% org. CLC)

Sample code SA (m7/g) - SCD Org. CLEC
(M/m?)x 10" (%)
a h (h—a) (h—a)la
ABS 16.1 169.1 153.4 9.5 2.81 34
ABSI,O, 274 158.7 131.3 4.8 1.97 -
ABSS 30.3 198.7 168.4 5.0 2.62 26
ABSSITLO, 36.6 187.5 150.9 . 4.1 2.05 -
OIS 15.5 109.0 93.5 6.0) 2.0s 31
OHISH O, 20.9 91.0 04.1 2.4 1.70 -
OHISI. 16.8 120.6 109.8 0.5 1.80 37
OHSLELO, 20.6 103.1 76.5 29 1.39 -
BHS 22.8 72.5 49.7 2.2 3.38 51
22.7 76.3 53.7 2.4 1.59 -

BHSILO,

a=cxternal (Argon adsorption method ), h=total (cthylene glycol monoethyl ether method):

(h—a)=internal
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brated with these solutions at a 1: 25 soil-solution ratio for 24 h and analysed
for K and Ca in solution and adsorbed phascs as described earlier (Mchta et
al., 1983). From these data, calculations were made for Gapon selectivity
quotient (K;). Vanselow selectivity quotient (Ky) and “‘approximate” free
~nergies of K-Ca exchange (4Go, Gaines and Thomas, 1953; 4Go’, Babcock

" and Duckart, 1980), as follows:

For the exchange reaction:

' CaX,+2K=2K X+Ca

Ko = N (@)
Neo  ax
=(NK)2 aCa‘
N NCn (aK)2
(Mx)? aca
Ky =————"
v M, (aK)2

1 1
InK=1+ L InKy, dNy = L InKy dMy

4Go=—RTInk
AGo' = -~ RT InK'

where N and M stand for the equivalent and mole fractions of cations in the
adsorbed phase, respectively, and a for activities (M 1-') in the equilibrium
solution. T is absolute (Kelvin, K) temperature and R is gas constant (8.314
J/K/M). The experiment was conducted at room temperature (i.e., 298 +2

. K). K'=2KY,, with K as the value of Ky at M 0.5. The maximum experi-
. mental K-saturation did not exceed 70% of CEC in any of the samples tested.
. As the computation of InK needs integration of InKy or InK, for the whole
. range of K-Ca exchange isotherm (i.e., Nx or Mx:0-1), a best fit regression

i

vas drawn between EPP versus InK or InKy, using a third-degree polynomial

“equation. The coefficient of determination for the regression relationship so

obtained was very high (i.e., r2=0.97 t0 0.99).
RESULTS AND DISCUSSION

The experimental results on the Gapon (K;) and Vanselow (Ky ) sclectiv-
ity quotients for K-Ca exchange in relation to organic matter at the minimum
and maximum experimental exchangeable potassium percentages (EPPs) are
given in Table II1.

The values of K for the surface soil sample from Anglberg (ABS) de-
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TABLE 1}
Gapon (K;) and Vansclow (Ky) selectivity quotients at the minimum («¢) and maximum (D)

experinmiental K-saturations, and standard free enerpy of K-Ca exchange by the Gaines and
Thomas (4(/0) and Babcock and Duckart (AGo’ ) approaches

Sample code A (1/M)"? Ky (I/M) Ao AGo
(kI/MY (kI/M)
a h a/h h alh
ABS 22.6 (01L.5) 1.48 (52.5) 15.3 2021 273 740 —~4.98 - 0.04
ABSH,0O, 9.0 (0.6) 2,93 (70.3) 3.0 38 6.02 53 —-6.96 —9.49
ABSS 2072.0(0.9) 2.27(59.7) 957.0 10" 521 10" - 10.69 +10.76
ABSIH,O), 25.0 (1.0) 2.85(07.5) 8.0 2456 6.32 389 —9.96 —12.81
OoHsS 12,2 (0.8) 2.31 (69.5) 5.3 586 3.85 152 —-5.00 -7.02
OHSI1,0, 234 (1.3) 2.40(66.8) 9.8 2130 4.61 462 —-7.18 —-10.22
OHSL 10.0 (0.7) 0.77 (55.0) 13.0 392 0.64 568 —-1.35 -5.70
OHSILH,0, 182 (1.1) 1.33(70.3) 137 1296  1.24 1045 —5.58 —11.22
BEIS T.0(0.8) 0.25(22.2) 280 191 0.160 119 +7.97 -
BHSILO), 16.4 (1.5) 0.09 (44.6) 238 1041 0.74 1407 —-1.20 —4.82

Values in () in columns 2 and 3 are the mipimum and the maximum experimental exchingea-
ble potassium percentages, respectively.

crcascd from 22.6 at the minimum cxperimental K-saturation (EPP 0.5) to
1.48 (1/M)"* at the maximum cxperimental K-saturation (EPP 52.5). The
corresponding decrease in K(; for the same sample aflter H,0, treatment
(ABSH,0,) was from 9 (EPP 0.6) 10 2.93 (EPP 70.3). The subsurface sam-
ple from the same location (ABSS) showed a decrease in K¢; from the excep- .
tionally high valuc of 2172 (EPP 0.9) t0 2.27 (EPP 59.7) before H,0, treat-
ment and from 25 (EPP 1) to 2.85 (EPP 67.5) after H,0O, treatment
(ABSSH;0;). The valuc of K; for the unlimed (OHS) and limed (OHSL)
samples from Ottenhofen, and a sample from Buchhofen (BIIS), on the other
hand, increased after peroxidation treatment throughout the entire range off
K-saturation. The increase in K; on H,0, treatment was from 2.2 to 23.4,
10 to 18.2, and 7 to 16.4 at the lowest, and from 2.31 10 2.4, 0.77 10 1.33, and
0.25 to 0.69 at the highest experimental K-saturations in OIS, OHSI., and
BHS soil samples, respectively. With the increase in LEPP, the value of K;
decreased in all the samples. The decrease ranged from 3.1 (ABSH,0,) to
957-fold (ABBS). the decrease in K(; with the increase in K-saturation of
untreated samples from Anglberg was much steeper (15.3 to 957 fold) than
thosc treated with H,0, (3.1 (o 8.8-fold). In the other three pairs of soil sam-
plcs, the difference in the steepness of decrcase in K¢; with the K-saturation
of untreated and H,0,-trcated samplces, however, was inconsistent and much
narrower.

The dependence of K on K-saturation of two representative untreated and
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H,0,-treated soil pairs for the “whole experimental EPP range” is depicted
in Fig. 1. The results for the other soil samples arc omitted for brevity. The
figure shows that Kg-values for the ABS were larger than thosc for the
ABSH,0, sample in the first {5% of K-saturation (EPP 0-15). Beyond this
K-saturation level, the values of K; for the ABSH,0, sample, however, be-
came larger. For ABSS (not shown in the figure ), K;-values were larger than
those for the ABSSH,O, sample for a still greater part of the exchange iso-
therm (i.e., EPP 0--30). Contrary to these, the values of K; for BHS (and
OTS, OTSL, not shown in the figure) were smaller than those for the
BHSH,0, (and OTSH,0,, OTSLH,0,) sample throughout the experimental
K-saturation. It may be noted from Table 11 that the contribution of OM to
CEC was only 26% in ABSS (showing a ncgative effect of H,O, treatments
on K; in 0-30 EPP) as against 51% in BHS (showing maximum positive
effect of H,O, treatment on K; throughout the experimental K-saturation).

24 ANGLBERG (ABS)
21k © UNTREATED
A H,0, TREATED

K (L/M)0-3

BUCHHOFEN (BHS}

Kg (L/MPS

1 J
80 nn

Fig. . Dependence of K on K-saturation of two unireated and H.Orzzizd v.ils
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¢ The valuces for Ky at the minimum experimental K-saturation decrcased
 from 2031 to 318 in ABS, and from - 10° 0 2456 I M ' in ABSS on peroxi-
F dation treatment, Contrary to this, Ky for OBS, OBSL.. and BHS samples in-
g creased from 568 to 2130, 392 10 1296, and 191 to 1041 | M~ !, respectively,
Lon H,O, treatment. Like K. the valucs for Ky at the maximum experimental
F K-saturation were relatively larger for the H,0,-treated samples from all lo-
cations. In view of the difference in the nature of cquations, the increasc or
¢ decreasc in the magnitude of sclectivity quotients in response to organic car-
- bon oxidation or K-saturation levels, however, was more pronounced on K,
| than K. As against a decrease of 3.1 (o 957-Told in K. Ky decrease by 53 to
> 10°-fold with the increase in K-saturation.

Before dwelling on results for the thermodynamic paramecters, it is impor-
tant to mention that in view of the existence of different site-types, the abso-
lute values of 4Go (covering the entire range of exchange curves) and AGo’
(considering the exchange preference at 0.5 mole raction of adsorbed K) do
not provide the actual information regarding the highly interesting 0—10%
range of exchangeable potassium. Nevertheless, as the purposc for this study
was to cvaluate the influence of OM on K-preference of different soils, the
“relative™ values of thermodynamic parameters for the untreated and 11,0,-
treated soil samples serve the intended purpose. Further, as the adsorbed and
solution phases in the experimental sct-up were not in their “standard™ statces,
the free energics of K—Ca exchange are referred 1o as “approximate” rather
than “standard™ frce cnergies.

The “approximate” free energics of K-Ca exchange, as calculated by Gainces
and Thomas (1953) (o) and Babcock and Duckart (1980) (4Go’) ap-
proaches, are given in Table 11. The results show that cxcept for the surface
samplc from Anglberg (ABS), the values of AGo decreased (i.e., became more
negative ) with 1,0, treatment; suggesting an increase in the preference of
soils for K on peroxidation treatment. The change in AGGo on H,0, treatment
of different soils ranged from 0.74 (ABSS) 10 —9.17 (BUS) kI M~ (176 10
=2191 cal M '), In genceral, the relative preference of different soil samples
for potassium was in order ABSS = OI11S > ABS = OHSL > BIIS. Except for
the BHS sample, the values of 4G o were negative for all the untreated as well
as H,O,-treated samples. ‘The value of AGo was minimum (—10.69kJM ')
for the ABSS and maximum (7.97 kJ M ') for the BHS sample.

As the maximum experimental K-saturation for the BIS sample was - ().5
My, AGo" could not be calculated for the same. Oxidation of organic matter
caused a decrease in AGo . The decrease in  Go” on 11,0, treatment ranged
from 2.05 (ABSS) to 5.5 (OHSL)Y kJ A/ ' In general, the values of G o’
were smaller (1.e.. more negative) than those of . 1Go for the compirable sam-
£ ples. The results showed that the caleulated values of the “approximate” free
energy of K—Ca exchange for these soils by the Babeock and Duckart ap-
roach were more negative than those by the Gains and Thomas approach.
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The differences between 4Go and 4Go’ ranged from as low as 0.06 (ABSS)
to as high as 5.32 (OHSLH,0,) kJ M ~', depending upon the nature of the;
variation of Ky at different K-saturation levcls. b

The trend of 4Go in relation to organic matter for the ABSS soil sample:
(i.e., a decrease in K-preference on oxidation of OM) is similar to that re-:"
ported by Mehta et al. (1983) and Poonia ct al. (1986) for some soils from |
Haryana (India). For other soil samples (i.c., ABS, OHS, OHSL and BHS),

oXidation treatment ), however, was in agrcement to that reported by Gould-
ingand Talibudeen (1984 ) for some soils of the Broadbalk and Saxmundham
experiments (UK), and by Jardine and Sparks (1984) for Evesboro soil |
(USA)..

The exchange sites on organic surfaces are known to adsorb divalent cat-
ions (Ca and Mg) more strongly than monovalent cations (K and Na). This
is mainly through the local chemical bonds (i.e., liganding of divalent cat-
ions) and the Coulombic cffects (i.e., preference for divalent cations due to
high surface charge density, SCD, of organic soil colloids; diffusc doublc layer,
DDL, theory: Bolt, 1955; Poonia and Talibudcen, 1977). This would meana
decrease in K-preference in response to OM. Yet it is important to mention
that the generalized trend of K-specificity in different clays is: il- |
lite> vermiculite> smectite, which on the basis of SCD of these clays is in !
contradiction to the DDL thcory. This is, however, mainly duc to the geo-
metric effects which are not accounted for by the DDL cquation. While ana-
lysing the K-adsorption curves of Winsun illite, Van Schouwenburg and
Schuffelen (1963) and Bolt et al. (1963 ) could arbitrarily divide the adsorp-
tion sites into three categories, viz., planar sites (normal preference sites for
K), edge sites (very high preference sites for K), and interlattice sites (high
binding cnergy or K-fixing sites).

Besides providing local chemical bonding and Coulombic cffccts to diva-
lent cations, organic matter is known to affcct the geometry of microaggre-
gates of soils in such a way as to increasc the proportion of the inter-
nal:external surfaces (Williams ct al., 1967). This in turn would lead to a
possible increase in the edge-interlattice sites which, as described above, are
highly preferential for K-ions (Van Schouwenburg and Schuffelen, 1963).
Both the above mentioned opposing phenomena operate simultancously. The
experimentally observed K-preference of soil in relation to organic matter
would thus be a resultant of these effect. The relationship between the per
cent contribution of H,0;-oxidizable OM to CEC and the change in AGo on
oxidation of OM, as shown in Fig. 2, substantiates this contention. The re-
sults showed that when the contribution of OM to CEC was around 26%, the
oxidation of OM with H,0, treatment did not change the 4Go. When this
contribution exceeded 26%, the values of AGo became more negative on oxi-
dation of soil OM. Contrary to this, when the contribution of OM to CEC was *
less than 26%, the values of AGo became less negative. i
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Fig. 2. Relationship of H,O-oxidizable OM to CEC and charge in . 1Go on oxidation of OM.

The results in Table 11 clearly show that the OM has a strong effect on the
b SCD and internal: external surfaces of soils. With the oxidation of OM, four
*out of five soil samples showced a sharp decrease in the internal:external sur-
 faces, and all the five samples in SCD, The BHS sample, showing no ceffect on

"its internal:external surfaces, showed maximum decrease in its SCD (i.c.,
>50%). The increase in the K-preference on peroxidation treatment was
maximum in this sample, which coincided with the “maximum decrease” in
its SCD, and “maximum contribution of OM” to its CEC (i.c., >50%). A
close look on the results showed that, in genceral, the positive effect of OM on
K-spccificity at low K-saturation was quite conspicuous in soils which have
relatively high “K-fixation capacity™. In the studics of Goulding and Talibu-
decn (1984), who obscrved a negative effect of organic manuring on the K-
specificity of soils, CEC values of the FYM-treated soil samples were 37 to
59% higher than those of untreated ones. Contrary 1o this, in the studics of
Mehta ct al. (1983) and Poonia ct al. (1986), where the effect of OM on K-
specificity of soils was positive, the contribution of OM to CEC of the soil
samples tested did not exceed 15%. These results are thus in conformity with
the present findings.

From the results discussed above, it may be inferred that the effect of OM
on K-specificity of soils is the “resultant” of two opposing phenomena, viz.,
an increase in the SCD and “low K-spccific cxchange sites” (causing a dc-
creasc in K-specificity), and an increase in internal: external surfaces (caus-
ing an increase in K-specificity ). When the contribution of OM is less than
one-fourth of the CEC of a soil, it is likely to increase the K-specificity, par-
ticularly in the low K-saturation zone. In cases where the contribution of OM
to CEC of a soil is more than one-fourth, it is likely to decrease the K-speci-
ficity. Further, at a comparable contribution of OM 1o CEC, its positive cffect
towards K-specificity is likcly to be more pronounced in soils which have “high
K-fixation capacity” than thosc with “nil” or “low K-fixation capacity™.
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