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Potassium Release Characteristic of Some Soils of Arecanut Gardens
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ABSTRACT

Potassium release characteristics by repeated extractions with boiling IN HNO, were studied in the

sixteen surface and sub surface soils of three different zones (hilly, coastal and central dry zones) of Karnataka.

Potassium release parameters varied widely in different zones indicating a wide variation in K-supplying capacity

of these soils. Cumulative Potassium Release (CPR), Total Step Potassium (TSK) and Constant Rate Potassium

(CRK) had positive and significant relationship with each other. Both the potassium release parameters and

forms of potassium were positively and significantly correlated with each other. Si gnificant positive correlation

of CPR and TSK with non exchangeable potassium having ‘r’ values (r= 0.992%* and 0.691%% respectively)

may serve as a good index of the K-supplying capacity of these soils.

THE dynamic equilibrium among different forms of
soil potassium viz, water soluble, exchangeable, non-
exchangeable and lattice K indicates that a change in
the magnitude of any form is replenished by the release
of K from other forms. Under intensive cropping,
readily available exchangeable K is removed by crop
and more K would become exchangeable from non-
exchangeable forms. Since areca is a perennial crop,
it requires sustainable supply of K throughout the crop
growth. Therefore an understanding of the K release
behaviour of soils and establishing the relationships
among various K release parameters would help to
draw appropriate K management strategy under such
perennial crops. So, an attempt was made to determine
the K releasing behaviour in some arecanut growing
soils of three different zones of Karnataka.

MATERIAL AND METHODS

Sixteen surface and subsurface soil samples from
~ three different zones (hilly, coastal, and central dry
zones) of Karnataka were collected. Water soluble
potassium was determined by the method proposed
by Dhawan et al. (1968), exchangeable K was
determined by 1IN NH,0Ac (Jackson, 1967). Non-
exchangeable K was determined from the difference
between IN HNO, extractable K and NH,OAc
extractable K (Wood and DeTurk, 1940). Total K was
determined by digesting the soil sample with nitric

acid and perchloric acid (Lim and Jackson, 1982).
Lattice K was determined from the difference between
total K and 1N HNO, extractable K (Wiklander, 1954).
The potassium release parameters were estimated by
the repeated extraction with boiling IN HNO, as
suggested by Haylock (1956),

ResuLts AND DiscussioN

Physico-chemical soil characteristics : The pH
values were acidic in the soils from hilly zone and
coastal zone and neutral to alkaline in the soils from
the central dry zone. The mean values of pH in the
surface and subsurface soils were 5.52 and 5.73 for
the hilly zone, 5.23 and 5.50 for the coastal zone soils
and 7.94 and 7.91 for the coastal zone soils,
respectively.

The average CEC values were comparatively
higher in the soils from central dry zone with mean
values of 25.08 and 27.24 in the surface and subsurface
soils, respectively. The average CEC values in the
surface and subsurface were 18.92 and 18.03 and 16.92
and 16.75 in the soils from hilly zone coastal zone,
respectively.

The clay content of the surface soils from hilly
zone and coastal zone had mean values of 21.87 and
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25.72 per cent, respectively whereas the values were
22.63 and 27.20 per cent for the subsurface soils.
Little higher mean values of clay content were
observed in the soils from central dry zone (31.31 and
32.81%) in the surface and subsurface, respectively.

Forms of K : Different forms of potassium in
soils from different zones were higher in the surface
layer than in the subsurface soils. The soils from
central dry zone recorded higher amount of different
forms-of K compared to soils from hilly zone and

coastal zone. The values of total K, lattice K, non- .

excharigeable K, exchangeable K and water soluble
K ranged from, 2350 to 11250 mg kg'!, 1849 to 9186
mg kg'!, 158 to 1729 mg kg!, 41 to 296 mg kg and 6
to 29 mg kg in the surface soils and from 2200 to
11100 mg kg'', 1796 to 9129 mg kg, 138 to 1695
mg kg, 36 to 247 mg kg! and 9 to 39 mg kg' in the
sub surface soils, respectively.

Potassium release characteristics : The
requirement of potassium for perennial crops like
arecanut from labile pool alone may not give correct
picture. For such crops a long term sustainable supply

of potassium from the reserve pool viz., non™

exchangeable forms have to be assessed as suggested
by Subba Rao (1984). Therefore, potassium release

¢haracteristics of soils, which simulates the K
depletion pattern in arecanut garden, has been )

discussed here.

Cumulative Potassium Release (CPR) : The
cumulative potassium release values (Table I) in
surface soils varied from 326 to 3248 mgkg'. The

- corresponding vatues for subsurface soils varied from -

304 to 3065 mg kg™ (Table II). Much of the total
cumulativé K was released by the end of the third
extraction and subsequent release of potassium was
gradual. Highest value of CPR in central dry zone
may be due to presence of more weatherable K bearing
minerals like illite and associated minerals like
smectite and mica in clay. The soils under study also

recorded relatively higher amounts of non .

exchangeable potassium and clay. Relatively lower
amounts of CPR were noticed in soils of hilly and
‘coastal zone. Boruah et al. (1990) reported that lower

cumulative potassium release from coarse textured
soils of hilly regions than fine textured soils of plains.

Total Step Potassium (TSK) . Step K provides
an estimate of availability of K from the non™
exchangeable and mineral lattice sources (Haylock,
1956). The total amount of step K in the soils of
different zones of southern Karnataka ranged from 310
to 2960 mg kg in surface and from 288 to 2823 mg
kg ! in subsurface soils. The values obtained are slightly
higher than those reported by Pal et al. (2000). Total
step K was found to be less in subsurface than in
surface soils suggesting that the stepwise removal of
labile K was more than surface soil. According to
Haylock (1956), all the soils recorded are high in total
step K (more than 19 mg 100 g'') and hence may not
respond to applied potassium. = The higher value of
step K was found in soils of central dry zone which
could be attributed to the presence of abundant potash
bearing mineral illite and associated minerals like

- micas in clay fraction, contrast to soils of hilly and

coastal zone.

Constant Rate Potassium (CRK) : The constant
rate potassium (CRK) is a measure of K is difficulty
available to crops from the mineral lattice sources
(Haylock, 1956). The results indicate that CRK was
obtained between 7 and 12 extractions in soils of hilly,
coastal and central dry zone respectively. CRK is not

“much varied between surface and subsurface soils.

The highest CRK value was noticed in Vasanthanagar
soil of central dry zone, which may be due to the
dominance of potassiur rich minerals, and also due
to high clay content. This suggests that the soil may
supply higher amount of K from lattice source for a
longer period. The lowest CRK observed in case of
Belur of hilly zone indicating very low in sustainable
supply of potassium to arecanut since CRK was less
than 0.2 cmol (p*) kg in subsurface soils than in
surface, which could be attributed to relatively higher
organic carbon, intense weathering and faster
potassium removal from tep soil. Brijlal ez al. (1998}
also reported similar observations in surface and
subsurface soils. '

Correlation studies : All the forms of potassium
were positively and significantly correlated with each
other (Table III), sug gesting the existence of dynamic
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equilibrium among the different pools of X in soil.
This would mean that depletion of K concentration in
one pool is replenished from the other pools of soil K.
Similar observations were also made by Das er al.
(1997).

. Potassium release characteristics showed positive
and significant correlation (Table III) among
themselves and with forms of potassium. These results

are in conformity with the works of Pal et al. (2000)
for laterite soils of Cuttack district, Orissa. Boruah et
al. (1990} also showed similar results. The
correlation between potassium release characteristics
and soil properties revealed positive and significant
correlation with pH, clay, CEC and ECEC (Table IV).
Deshmukh and Khera (1992) also reported similar
results from their studies.

Tasre III

Correlation co-efficient among different forms and release characteristics of K at surface and
subsurface soils

Subsurface (0 - 20 cm)

- WS-K Ex-K NE-K Lattice-K  Total-X CPR CRK Step-K
WS-K 1.000
Ex-K 0.733** 1000
NE-K 0.778%*%  0.761%* 1.000
LK 0.700%*  0.576* 0.947+*  1.000
Total-K 0.732%*  (1.637%* 0.968**  0,996%*  1.000
CPR  0.770%*=  (Q.750%* 0.992%%  0935%*  0959%*  |.000
CRK 0.789%*  (.762%* 0.950%%  0.878**  0.905%  0.948%*  [.000
Step-K 0.771%%  (.750%* 0.991**  0.933**  0958**  0.999%*F  0.941**  1.000
Subsurface (20 — 40 cm)
WSK  ExK NE-K Lattice-K  Total-K CPR - CRK Step-K
WS-K 1.000
Ex-K  0.543*  1.000
NE-K 0.637%*  0.832%*  1.000
L-K 0.581*x  0.672* 0.939%*  1.000
Total-K 0.614%* . (.734%x* 0.969%*%  0.994*%*  1.000
CPR 0.669%*% (. 784** 0.977%%  0921*  0949% 1,000
CRK 0.109%  (,79]** 0.975%+  0.928*%*  0.950%**  (0.999%* 1,000
Step-K 0.675%* 0,780 0.975%*  0.921**  0.949*x  (.999* 0.964*%  1.000

* Significant at 5% **  Significant at 1%
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TaBLE IV

Correlation coefficients of release characteristic of K with soil properties

Subsurface (0 — 20 cm)

Forms of K pH oC Clay  Exchange  ECEC CEC
acidity
Cumulative Potassium Release (CPR)  0.820%*  -0.106 0.772%% 0306  0.931%*  0.80]**
Constant Rate Potassium (CRK) 0.827+  0.107 0.762%*%  -0.229  0.892%*f  0,764**
Total Step Potassium (TSK) 0.816%%  -0.185 0.765%% 0307  0.928%%  0.797**
Subsurface (20 — 40 cm)
Cumulative Potassium Release (CPR)}  0.859%*  -0.118 0.693*%  -0.45]1  0.921%*  (,695%*
Constant Rate Potassium (CRK) 0.840%* 0,127 0.763%*  -0.481  0.935%*  .7]5%x
Total Step Potassium (TSK) 0.855%%  -0.121 0.685%% 0445  0.815%%  (.692**

* Significant at 5%
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