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ABSTRACT

Dhillon, S K. and Dhillon, K.S., 1990, Kinetics of release of non-exchangeable potassium by cation-
saturated resins from Red (Alfisols), Black ( Vertisols) and Alluvial (Inceplisols) soils of Tndia.
Geoderma, 47: 283-30),

Release of K from seven benchmark soils of India representing Red (Alfisols), Black ( Vertisols)
and Alluvial (Inceptisols) soil groups was investigated using cation exchange resins saturated with
H* Ca®'  Na' and NEL! . Over camulative reaction periods ranging (rom 0.25 (0 2467 h, clficiency
of different cation-saturated resins to replace non-exchangeable K from soils wiis in the order:
H* > Ca?' .~ Na' > NH, . Alluvial and Red soils released, respectively, the highest and the lowest
amounts of K to H' -resin, All other resins were more effective in desorbing K from smectitic Black
sotls than from Alluvial soils, having restrictive interlayer space, or Red soils, containing most of K
in the feldspars. From the plots of cumulative K release versus square root of time, values of surface
Kand internal K were calculated. Proton- and Ca? ' -saturated resins desorbed more internal K from
Black soils, whereas Na' and NI -resins were more efficient in desorbing internal K from illitic
Alluvial soils. Potassium release data could be deseribed by first-order and parabolic rate cquations.
Correlation coctficient and standard crror of estimates obtained from least square regression analysis
showed that the parabolic diffusion cquation could explain better the kinetics of K release, indicating,
that exchiange of K was diffusion-controlicd. Potassittm release data idso conformed to the radial dif-
fusion cquation. Diftusion cocefficients were caleulated for three parts of the reaction, corresponding
1o (1) 0.25-37, ¢2) 37-331 and (3) 331-2467 h, representing K release at a fast, intermediate and
slow rate, respectively. Diffusion coctficients with different resing were in the same sequence as ob-
served for cumulative amounts of K released.

INTRODUCTION

+ When levels of soil solution and exchangeable K are decreased by plant
uptake or Icaching, non-cxchangcable K is released to the exchangeable form.
In a study conducted by Schmitz and Pratt (1953), 88% of the variation in

- maize yield was ascribed to the quantity of non-cxchangeable and exchange-
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®.ble K. Very few attempts have, however, been made to study the kinetics of
non-exchangeable K release from soils (Martin and Sparks, 1983).

Cation exchange resin saturated with protons has been extensively used to
«:1dy the kinetics of K release in soils (Pratt, 1951; Schmitz and Pratt, 1953; ¢
Martin and Sparks, 1983). Although the amount of K extracted with H*- |
resin is comparable with that dissolved by acid treatment, there is less danger
of disintegration of mineral lattice by using resin than with mincral acid so-
“ation (Arvieu and Chaussidon, 1964). Single equilibrium extractions with
a2+. or Na*-saturated resins were, however, found to be unsatisfactory for
determining non-exchangeable K or soil K reserves accessible to plant roots
(Arnold, 1958; Haagsma and Miller, 1963). Talibudeen and Rajendran
(1969) proposed a new technique, called the batch equilibration technique,
and it has been successfully used by a number of workers (Sharma, 1981;
Martin and Sparks, 1983; Bhangu, 1986) to study the naturc of non-ex-
chiangeable K.

The rate of release of non-exchangeable K from micas (Reed and Scott,
1962; Feigenbaum et al., 1981) and from vermiculite (Mortland and Ellis,
1959) is diffusion-controlled. Mortland (1958) found that the rcicasc rate of
K from biotite was of the first order using a batch technique, and zcro order
with a miscible displacement method. Talibudeen et al. (1978) observed that
the rate of release of soil K was linearly proportional to the square root of
time. It was assumed that K in spherical particles was uniformly distributed
and a planar diffusion model was developed for K release from the surface
and from the peripheral layers. .

. In the present investigation kinetics of release of non-cxchangeable K from
saven surface samples representative of Red, Black and Alluvial soils of India
have been investigated by using the batch equilibration technique with resins
saturated with H*, Ca?*, Na* and NH{ ions. All seven soil samples were
sequentially extracted twenty times (for different time intervals) with each
of the four cation-saturated resins. First-order and parabolic kinetic equa-
tions have been employed to describe the release of non-exchangeable K from
the three soils groups which represent more than 75% of the total land area of
India. Since Dhillon et al. (1989) have already reported the kinetics of K
release from these soils during sequential extraction with 0.01 M chloride so-
lution of Ba2*+, Ca2*, NHZ and Na*, the objective of this paper is to compare
the K release pattern observed with resins and electrolytes.

EXPERIMENTAL
Soils

" Surface samples of seven benchmark series representing the Red (Alfisols),
Black (Vertisols) and Alluvial (Inceptisols) soils of India were collected.
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“HThese were air-dried and passed through a 2-mm sicve. Descriptions of the
roils along with some physico-chemical characteristics are given in Table L
*_aolinite, smectite and illite were the dominant clay mincrals present in the
Red, Black and Alluvial soils, respectively.

Preparation of cation saturated resing

A cation exchange resin (Dowex 50 WX 8 size > 500 gm) with exchange
capacity 5 meq. g~' (on dry weight basis) was used in this study. The resin
was immersed in 1 M HCI (resin:solution ratio 1:5) for 48 h and washed
successfully with 0.1 M HCI and dcionized water until it was chloride-free.
Proton saturated resin was kept immersed in deionized water before use. To
prepare Ca?*-, Na*- or NHJ -saturated resins, the H!' saturated resin was
successively washed with 1 M and 0.1 M solutions of chloride of the respec-
tive cations. Finally, the resin saturated with Ca? ', Na ' or NH; was washed
with dcionized water to remove the Cl— ions. Cation-saturated resins were
kept immersed in deionized water. The wet resin was spread on a filter paper
sheet placed in a sieve. After the excess water was drained, 2 g of resin was
placed in a centrifuge tube.

Extraction of K with cation-saturated resins

Release of soil Kby H*-, Ca*"-, Nat- and NH} -saturated resins was stud-
ied by following the batch equilibration technique described by Talibudeen
et al. (1978). One gram of sieved (<250 um) air-dry soil was placed in a
plastic centrifuge tubc and wetted overnight with 0.5 ml of deionized water.
Resin saturated with H*, Ca?*, Na* or NHf (2 g) along with 10 ml of
deionized water was also added to the centrifuge tube. The soil-resin—water

" mixture was gently and continuously agitated for intervals ranging from 0.25
to 720 h (0.25,0.5, 1.0, 1.5, 2.75. 6, 10, 15, 24, 30, 48, 72, 120, 144, 192, 240,
360, 480 and 720 h). Each soil sample was thus run for a total period ranging
from 0.25 to 2467 h. The reaction took place at 25°C.

At the end of cach reaction period, a fine spray of 25 ml deionized water
was used to rapidly ( <5 min) scparate the resin from the soil on a 500 gm
sieve. The resulting soil suspension was centrifuged at 15000 rpm for 10 min.
The supernatant solution was separated and its K concentration was csti-
mated by flame photometry. Another 2-g portion of the fresh cation-saturated
resin was then added to the centrifuged soil and the mixture resuspended in
dcionized water as described above to initiate the next reaction period. The
scparated resin was leached at the ratc of 810 ml h ' with 80 ml of I M
T HLCL A control portion of cach cation-saturated resin was weighed out (in
duplicate) at the start of each reaction period and leached in the same way to
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determine the K content. Thcsc were used to correct the estimated K content
of the resin.

RESULTS AND DISCUSSION

- Relative efficiency of cation-saturated resing

Cumuliitive K released by different cation-saturated resins was in the or-
der: H' -resin> Ca” ' -resin = Na ' -resin -« NI -resin (‘Table ). Proton-sat-
urated resin released significantly higher amounts of K from the Alluvial and
Black soils than from the Red soils, Calcium-saturated resin was more effec-
tive in releasing K from the Black and Red soils as compared with the Alluvial
soils. Sodium-resin released relatively less amounts of K from the Red soils
than from the Black and Alluvial soils, whereas the amounts of K released by
NH. -saturated resin from different soils was in the scquence: Black >
Alluvial > Red.

Resin saturated with H!' jons released more cumulative K than even boil-
ing I N HNO;-extractable K (Table ). Possibly it was duc to the hydrogen
bond transfer through watcr. The final step of substitution may be the cx-
change of H{ O for K'. Additionally, H'' jons also dissolve K mincrals and
it scems to be adominant mechanism for release of K from soils by H ' -resin
(Feigenbaum and Shainberg, 1975). In the presence of 1 -resin, the pll of
the system decreases. It Ieads to dissolution of octahedral sheets, thereby re-
leasing K, and leaves behind silica relics (Fanning and Keramidas, 1977).

TABLE I

Cumulative amounts of K released (ecmolb kg ') in different cation-saturated resins from Red, Black
and Alluvial soils

Soil H ' -resin Ca’t aesin Na '’ -resin NI, -resin .
Red sonls :

Tymagondalu (s) 4.70 299 1.%8 1.83 0.75
Patancheru (sl) S.58 273 2.3 1.92 8.00
Mcean 847 S04 TR0 20000 188 1 0.05

Rlack souly

Teligi (¢) 7.43 308 2.35 2.23 13.00
Kasireddipalli (sicl) 7.9% .89 200 2.05 13,50
Mean ' ST 7.71 1028 2994010 2481013 2,24 1 0.1 -~
Alluvial soils

Nabha (1) 9.35 2.40 2.4 1.97 110
Kanjli (1) 976 242 . Al 2.14 1170
Tulewal (1s) 4,84 240 . 209 2.00 7.20

Mcean t 87 798 L 1.58 2.4310.02 2411018 2.061+0.05 -
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The proton-saturated resin rcleased greater amounts of K from Alluvial and
Black soils than from Red soils. Alluvial soils having a total K in the range of
39.7-47.7 cmol kg~' and illitc as a dominant clay mincral, relcased K with
H*-resin through exchange and/or dissolution of mincral K. In Black soils,
duc to the swelling nature of smectites, displacing cations casily penetrated
into the interlayer space and released K. Red soils, however, had the highest
amount of total K (av. 64 cmol kg~'); the major portion of it was ducto K
feldspars which, compared with micas, are resistant to dissolution through
the H*-resin. Also, the dominant mincral in these soils was kaolinitc which
has a low K content. The low pH of the Red soils also did not favour the K*-
H*/H7 O exchange as much as in soils with high pH.

Resins saturated with Ca2*, Na* and NHJ release K through the exchange
process only. Ammonium-saturated resin releascd greater amounts of ex-
changeable K in the initial stages of rcaction. But cumulative amounts of K
released by NH{ -resin were smaller than those released by all other resins.
During NH -K* exchange, the lattice would collapse after the NHZ entered
the interlayer space, releasing a relatively lesser amount of K (Scott and Smith,
1966). Cumulative K released by the NHZ -resin was in the scquence:
Black > Alluvial > Red soils. Due to higher polarizability of NH7 than K*,
NH7 is preferred by the exchange surface (Sparks and Huang, 1985). Am-
monium, being similar in size, can replace K which is held spccifically at edges
or wedge zones. These specific sites are greater in Black and Alluvial soils
containing 2: 1 type clay minerals, than in Red soils, having kaolinite as the
dominant clay mineral.

Cumulatively, the Ca*-resin released larger-amounts of K from Black and
Red soils as compared with Alluvial soils (Table 11). For Ca?*, duc to its size
and hydration energy (Rich, 1964), it is difficult to exchange with K*, butin
Black soils, due to the swelling nature of smectite, no such hindrance should
be observed. Thus, the highest amount of K was released from Black soils.
Red soils, having low pH and kaolinite as thc dominant clay mincral, had a
preference for Ca®* and, thus, released a significantly greater amount of K
than Alluvial soils. Due to the larger size, hydration energy and valence of the
Ca2* ion, it was difficult for the Ca?*-resin to relcase interlayer K from tightly
held sheets of micas, present in Alluvial soils. Further, due to the common
ion effect the Ca?*-resin was less effective in releasing K from Alluvial soils
which were calcareous in nature. Sodium resin released higher amounts of K

from Black and Alluvial soils than from Red soils (Table I1). It may againbe :
ascribed to the swelling-type nature of Black soils and to their high cation
exchange capacity. In Alluvial soils the major portion of K is due to mica-
ceous minerals and this interlayer K would be more accessiblc to replacement

by Na* (Scott and Smith, 1966).

A comparison of the cumulative amounts of K released in various cation- :
saturated resins (at 211 h) with those released in clectrolytes with similar |

;

L
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cations at 240 h (Dhillon et al., 1989) revealed that the cfficicncy of various
resins over respective clectrolytes varied from 138 10 564, 57 to 310 and 166
t0 991% in casc of Ca?', NIL{ and Na', respectively. Efficiency of all the
resins was high in coarse-textured soils of the Tyamagondalu and ‘Tulewal
serics, and it may be attributed to the high content of micas in the sand and
silt fractions ol thesc soils.

Surface and internal K

Plots of cumulative K relcased versus square root of time (Fig. 1) were
curvilincar throughout the period of extraction, indicating that cquilibrium
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 Fig. 1. Cumulative amounts of K released with time in different cation-saturated resins.
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. was not cstablished even after 2467 h. In contrast, Martin and Sparks (1983)
. obtained an cquilibrium alter 960 h with 11! -resin. ‘The soils used in this study,
. however, continued to release K throughout the reaction period, although at
- relatively slower rates. <ig. | shows plots of cumulative K released by differ-
L ent cation saturated resins versus 1*° for Nabha loam (an Alluvial soil). Plots
. for all other soils were similar in shape and consisted of two parts. The first
¢ non-lincar part indicated rapid K release from the surface sites. The second
 linear part represented K release from interlayer sites. When the lincar part
of the plot was extrapolated to the ordinate, it gave the amount ol surface
exchangcable K (‘Talibudeen and Weir, 1972). The difference between cu-
L mulative K released and surface K was used to calculate the internal K (‘Table
- 111). -
- The proton-saturated resin released significantly greater amounts of sur-
face K from all the soils as comparcd with other resins. As discussed carlier,
this was possibly duc to release through dissolution of K minerals. With the
Ca?*-, NIl - and Na ' -saturated resins, Black soils containing relatively larger
amounts of ammonium acctate extractable K (Table 1), rcleased a greater
amount of surface K comparcd with the Red and Altuvial soils. From smec-
titic Black soils, compared with Na' and NH, saturated resins, ' - and
Ca®! saturated resins released significantly greater amounts of internal K,
The proton-saturated resin was more cifective in releasing internal K from
E Black and Alluvial soils than from Red soils. This could be due to the domi-
t nant presence of K in feldspars in Red soils, which are resistant to acid dis-
 solution.” Sodium- and NH, -saturated resins released significantly greater
t amounts of internal K from illitic Alluvial soils as compared with Red and
 Black soils. Possibly, Na* was able to release K from partially closed shecets
of micas present more in Alluvial soils (Scott and Smith, 1966). The higher
Fefficicncy of Na' to release interlayer K from Alluvial soils than from other
¥soil groups was also obscrved during extraction of soil K with 0.3 M Na'TPB
L(Dhillon ¢t al., unpubl. data).

E First-order kinetics

Data pertaining to relcase of K by different resins by the bateh equilibra-
Etion technique were fitted to a first-order kincetic equation (Sparks and Car-
Eski, 1985) as given below:

Lo— OO =In O = Kt (1)

» ', is the total amount of K that could be released at equilibrium and
was calculated from the intercept of the plot of ¢ vs. 1/1; Cyis amount of K
released at time fand A is desorption rate constant. Plots of In (C, — () vs.
it were nonlincar during the initial 22 h. Howcever, later on, the relationship
hecame lincar giving two scparate lines with different slopes: (1) from 22 to
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Fig. 2. First-order kinctics of K desorption from Nabha loam in different cation-saturated resing
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Fig. 3. First-order kinetics of K desorption from Nabha loam in different cation-saturated resi

(211-2467 h).
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' 211 h (Fig. 2), and (2) from 211 to 2467 h of rcaction period (Fig. 3). The

first-order plots shown in Figs. 2 and 3 are for Nabha loam. Plots for all other

- soils were similar in shape. The nonlincar relationship in the carly stages of

the reaction may be attributed to fast K releasc from casily accessible sites on
the external planar surfaces. The first lincar relationship (22-211 h) was ob-
tained duc to release of K at an intermediate rate from peripheral edge sites.
Releasc of K from the interlayer exchange sites (Bolt et al., 1963) was respon-
sible for the second lincar relationship.

The desorption rate constants were calculated from the slopes of two lincar
portions according to the method of Jardine and Sparks (1984). Thesc are
listed in Table 1V. The rate constants obtained in the present study are con-
sistent with those reported by Argyriadis ct al. (1978) and Martin and Sparks
(1983). With H*-, Ca**- and Na' -resins, for the first part of the reaction
Tyamagondalu sand had a higher first-order rate constant than Patanchecru
sandy loam (Table 1V). Within the Black soils, Teligi clay had higher rate

. constants than Kasireddipalli silty clay loam for the H*-, Ca?*- and NH, -
* resins. Possibly the free calcium carbonate in the Teligi clay contained oc-

cluded K which was released by these cation-saturated resins. In general, av-
erage rate constants for K relcase by the H™*-resin were higher for Alluvial
soils followed by Red and Black soils. This may be attributed to the domi-
nance of illitc in the clay fraction of the Alluvial soils. Sparks et al. (1980)
reportcd that desorption rate cocfficients decreased as clay content increascd
in the soils. First-order rate constants for desorption of K from some Alluvial
soils by the H *-resin were higher in coarsc-textured than in fine-textured soils
(Bhangu, 1986). Sharma (1981) attributed the higher rate constants in

TABLElV

First order rate constants ( X 10 “*) for desorption of K from Red, Black and Alluvial soils by different
resins

Soils 1! -resin Ca?*-resin Na*-resin N} -resin
(i)* (ii) (i) (ii) (i) (ii) (i) (ii)
| Red soils
Tyamagondalu (s) 0.99 0.26 1.23 0.48 1.15 0.36 1.05 0.33
Patancheru (si) 0.90 0.30 i.14 0.46 1.07 0.39 1.21 0.36

Black soily
Teligi (¢) 0.47 0.23 1.18 0.46 0.92 0.24 1.41 0.30

. Kasircddipalli (sicl) 0.36 0.25 1.07 0.37 111 0.36 1.07 0.38

Alluvial soils

0.95 0.57 1.27 0.49 0.69 0.31 1.12 0.52
1.09 0.54 0.96 0.51 0.75 0.43 0.92 0.30
1.04 0.24 0.98 0.44 0.97 0.40 1.0l 0.40

{i)=22-211 h; (ii)=211-2467 h.
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coarsc-textured Alluvial soils to the presence of the rcadily weatherable K-

bearing biotite mineral. In the present investigation, though both the soil §
groups (Alluvial and Black) contained large amounts of finc fractions
(silt+clay), the magnitude of the ratc constants was defined by the mineral-;
ogical make-up of the soils. With Ca?' - and Na "-saturated resins, first-order
desorption rate constants for different soils were in thc sequence:
Red > Black > Alluvial. Smectitic Black soils having a large number of wedge
zones, released K faster to the NHZ -resin during the first part of the rcaction
(Table IV). Sparks and Carski (1985) have already reported that the kinetics
of K exchange on kaolinite and smectitc are usually quite rapid. For the sec- |
ond part (211-2467 h) of the reaction, Black soils exhibited the lowest mag-
nitudes of desorption rate constants for all the resins, since in the initial 211
h these swelling-type soils had lost a substantial portion (68 to 74% of total
cumulative K released) of K as compared with Red and Alluvial soils (54 to |
66%).

Parabolic rate law

Data pertaining to K release by different cation-saturated resins was also
fitted to the parabolic rate equation as given by Sparks and Carski (1985):

C,/Cs = Rt"3+ constant : (2)

where C_, is the amount of K that could be relcased at equilibrium; C, is
amount of K released at time 7 and R is an overall diffusion constant. Plots of
C,/C.. vs. square root of time (Fig. 4) gave a nonlincar rclationship upto
approximately 91 h of the reaction period. For the later period (upto 2467h)
a lincar relationship was obtained. The initial curvilinear relationship due to
release of K from the external planer surface sites, suggested that fiim diffu-
sion was the rate-controlling process ( Helfferich, 1962). Jardine and Sparks
(1984) attributed the nonlinear relationship for the desorption of K to the
strong preference of Ca?™* for readily accessible exchange sites on the planar
surfacc. The later linear part of the parabolic plot was attributed to K release
from difficultly accessible sites which were intraparticle-diffusion-controlled.

The values of parabolic ratc constants obtained in the present study (Table
V) are in linc with those reported by Martin and Sparks ({983). For all the
cation-saturated resins, except Nat-resin, parabolic rate constants were in
the order: Alluvial> Red > Black. Lowest magnitude of parabolic rate con-
stants in Black soils may be attributed to higher clay content. The smaller
particics generally relcase K' through cation exchange reactions at a slower
rate than coarser particles (Von Reichenbach and Rich, 1969; Rich, 1972).
Within Alluvial soils, except for the coarse-textured Tulewal loamy sand soil,
parabolic rate constants werc highest with the H"-resin. In Red and Black
soils, parabolic rate constants were higher with the Ca’ f-resin. In the swell-
ing-type Black soils where sizc of cation was not of much consideration, and
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Fig. 4. Parabolic plots for K desorption from Nabha loam in diffcrent cation-saturated resins.

in low-pH kaolinitic Red soils divalent Ca®" was preferred more by the cx-
change surface compared with other monovalent cations. Though the cumu-
lative amounts of K relcased from Black soils to all the resins werc consider-
ably high (Table I1), the relatively lower values of first-order rate constants
and parabolic rate constants reveal that substantial amounts of K from Black
soils were released during the first 22 h of the reaction, represented by a non-
lincar portion of the plots. Chutc and Quirk (1967) ascribed this fast release
of K to mass action cxchange.

To determine whether the first-order or the parabolic rate cquation de-
scribed better the refease of K, a feast square regression analysis was carricd
out. The correlation cocfficient (r) and thc standard error of the estimatc
(SE) werc calculated for cach equation. In almost all the soils, the parabolic
equation described the kinetics of K release better than the first-order kinctic
cquation, indicating the diffusion-controlled cxchange. However, the para-
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TABLE VY

Parabolic rate constants ( X 10~*) for desorption of K from Red, Black and Alluvial soils by different
resins

Soils H*-resin Ca?*-resin Na*-resin NI1} -resin
(i) (ii) (i) (ii) (i) (ii) (i) (ii)

Red soils

Tyamagondalu (s) 15.8 7.1 19.2 9.3 17.2 8.1 16.5 1.7

Patancheru (sl) 16.0 8.3 17.3 8.9 17.3 8.8 17.0 7.4

Black soils ‘

Teligi (c) 10.9 84 16.2 8.1 12.2 5.7 16.2 5.8

Kasireddipalli (sicl) 9.8 9.1 14.6 7.3 13.7 6.5 13.2 6.7

Alluvial soils

Nabha (1) 19.6 1.9 19.5 9.1 13.6 9.0 18.4 9.7

Kanjli (1) 21.3 1.4 17.0 10.2 15.0 10.2 15.3 7.9

Tulewal (Is) 16.7 7.1 17.5 10.0 17.5 9.5 18.2 10.0

For legend sce Table 1V.

bolic rate equation allows to compute only an overall diffusion constant (R).
To calculate diffusion coefficients, K release data were fitted to a model as
described by Chute and Quirk (1967). This model is based on radial diffu-
sion in a cylinder in which the concentration of potassium on the cylindrical
surface is constant and the concentration of potassium throughout the cylin- .
der is initially uniform. It is assumed that the diffusion of potassium through
the upper and lower faces of the cylinder (corresponding to external cleavage
faces) is negligible. Radial diffusion equation as simplified by Chute and Quirk
(1967) is:

(M/My)(1/1)=(4/n*)(D/a*)*%t =5~ (D/a?) (3)

where M, is the quantity of K which had left the cylinder in time 1; M, is the °
corresponding quantity of K after an infinite time; D is the diffusion coeffi- |
cient and a is the radius of the cylinder. A plot of (M,/M..,) (1/1) vs. t7%5
should give a straight line with a slope (4/2°%%) (D/a?)"’ from which the ;
diffusion coefficient D can be calculated. In the present study, C_, values for
different soils for the H*-resin only (Table II) have been taken as M. This ’
M, as per cent of total K, was 11-13, 48-87 and 18-25 in Red, Black and ;
Alluvial soils, respectively. The radius of the cylinder, a, was calculated from
the weighted mean diameter of 0-2 um and 2-20 um size particles only, as-
suming that the “diameter: thickness’ ratio of the particle was 10: 1 (Sharma, '
1981). .

When data were plotted according to eq. 3 three separate lincar relation-
ships having different slopes were obtained for reaction periods of 0.25-37, }
37-331 and 331-2467 h (Fig. 5). Talibudeen et al. (1978) had referred to .




RELEASE OFF NON-EXCHANGEABLE POTASSIUM BY CATION-SATURATED RESINS

SIYL9Y-LEE

o

*SUIS3] PIIRINIBS-UONIE) 1UAIYIP U Weof eyqeN wosj uondiossp 3 10§ ., (1) 'sa (1/1) (/') Jo s10id °¢ 814

Tx,0t

(say‘y)

S0-

- \\

Sy 1EE- LE

[

i ol 8C 90 70 0

0l
o4
0t \o\
07 Sy LE-ST°0
Omx.\m_ ©ouIsas -NIz
w uisas - DN

uisal - ,0)
utsads H

0O x « Q

e

02

0% .W
~

03§
<

08 ot

001

ozt

0yLx 01



208 $.K. DHILLON AND K.S. DHILLON ]

these three linear parts as representing simultaneous rates of K release from

the surface of the soil complex (the fastest process), the weathered periphery
and the micaccous matrix. These workers further suggested that “surface” K
would virtually ccase to contribute afier 24 h and *‘peripheral™ K after 35
days. From the slopes of these lincar parts, the diffusion cocflicients D were

~alculated and these varied from 1.58X 10 2°102.65x 10 "', 3.11x10"2't0
54210 " and 7.75% 107710 2.26 X 10 " cm?/s lor the first, second and
third phase, respectively. As rcleasc of K proceeded, the rate of diffusion was
slowed down.

With the H*-resin, diffusion coefficients were highest for Alluvial soils
(cxcept the Tulewal loamy sand) followed by Black and Red soils. Red soils
though containing the highest amount of total K, recorded the lowest diffu-
sion coefficients because a major portion of K in thesce soils was present as K

. feldspars. Resins saturated with Ca?'  Na ' and NH,} rcleased K only through

thc mechanism of exchange. For the first part of the reaction (0.25-37 h),

' which represented release of K from the external planar surface of the ex-

change complex, diffusion coefficients were higher for Black soils than for

- Alluvial and Red soils. Black soils were fine in texture and posscssed high
- cation exchange capacity. For release of K during the second and third parts
. of the reaction, diffusion cocfficients showed in the scquence Allu-

vial > Black> Red. The Tulewal soil was, however, an exception due to its
coarse texture. In general, diffusion coefficients with different resins as re-
corded for the test soils showed the sequence: H*-resin> Ca”*-resin > Na*-
resin> NH/ -resin, which is also the order of absolute amounts of K released
by these resins.
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