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ABSTRACT

A Field experiment was conducted on effect of various levels of potassium application on soil
potassium fractions and sugarcane yield at Regional Agricultural research station, Anakapalle,
Andhra Pradesh. The experiment comprised six treatments and four replications in Randomized
Block Design. The treatments comprised of T1:Control (0 K), T2:50% Recommended dose of
Potassium (60 kg K/ha),T3:75% Recommended dose of Potassium (90 kg K/ha),T4:100%
Recommended dose of Potassium (120 kg K/ha),T5:125% Recommended dose of Potassium (150
kg K/ha) and T6:150% Recommended dose of Potassium (180 kg K/ha). Results revealed that
number of milliable cane, cane yield (t/ha) and sugar yield (t/ha) was found to be significantly high
with treatment receiving 150% recommended dose of fertilizers (79855, 82.12 t/ha and 12.04 t/ha
respectively), however, it was statistically on par with the treatments receiving 125% recommended
dose of potassium fertilizers(79855,82.12 t/ha and 12.04 t/ha respectively) and 100% recommended
dose of potassium fertilizers application (79315,81.86 t/ha and 11.57 t/ha respectively). Increasing
levels of K significantly increased all the K fractions. However, highest value of water soluble K (29.5
mg kg at 0-15 cm dePth and 31.6 mg kg™ at 15-30 cm ) exchangeable K (205 mg kg-1 at 0-15 cm
depth and 228 mg kg~ at 15-30 cm depth) non-exchangeable K (854 mg kg'1 at 0-15 cm depth and
971 mg kg™ at 15-30 cm depth), lattice K (2110and 2381 mg kg™ at 0-15 and 15-30 cm ) and total K
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(3267 and 3718 mg kg”) were recorded with the application of with the application of 150%
recommended dose of potassium application (180 kg ha'1) followed by application of 125%
recommended dose of potassium application (150 kg ha'1) . The sequential order of dominance of
different fractions of K were lattice K>nonexchangeable K> exchangeable K and water soluble K.
The per cent contribution of different fractions of K to total K were followed in the order of lattice K
(64.02 to 74.94% at 0-15 and 15-30 cm depth), non-exchangeabl K (15.46 to 17.79% at 0-15 and
26.4 to 27.43 % 15-30 cm depth), exchangeable K (6.32 to 8.39% and 5.60 to 7.69% at 0-15 and
15-30 cm depth), and water soluble K (0.81-0.90% and 0.69 to 0.85% at 0-15 and 15-30 cm depth)
There exists positive and significant correlation among various K fractions indicating dynamic

equilibrium.
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1. INTRODUCTION

Potassium is the third important essential major
plant nutrient with numerous functions. It plays
vital roles in enzyme activation, water relations
(osmotic regulation), energy relations,
translocation of assimilates, photosynthesis,
protein and starch synthesis and underpinning
agronomic productivity and sustainability [1].
Availability of soil K to plant is controlled by
dynamic interactions among its different chemical
forms [2]. K exists in four forms in soil. The forms
of potassium in soil in the order of their
availability to plants and microbes are soil
solution K, exchangeable K, non-exchangeable K
and mineral K [3,4]. All these forms are in
dynamic equilibrium with each other that affect
the level of soil solution K for plants. Soil solution
K is generally low in quantity and ranges
between 2 to 5 ug mi™. Exchangeable K and non
exchangeable K levels comprise a small portion
of the total K. The bulk of the total K is in mineral
fractions.The components of dynamic
interactions are: water soluble K, which is taken
up directly by plants; exchangeable K, held by
negatively charged sites of clay particles;
nonexchangeable K, which is trapped between
layers of expanding lattice clays; and lattice K, an
integral part of the primary minerals (Srinivasa
Rao et al., [5].

As sugarcane growing farmers are not applying
recommended dose of potassium as like
nitrogen, which is used as over above
recommended dose. Apart from this, relatively
low cost per unit of nitrogen, its widespread
availability, and quick and evident response of
the plant has further accentuated such an
imbalance [6] In this scenario of potassium
depletion, parallel to the continued cropping with
only nitrogen and phosphate, along with no or
inadequate potash application, K requirement of
crops is met from the inherent potassium reserve

(the non exchangeable potassium pool) of soil.
Such depletion may denude the interlayer
potassium of the illitic clay minerals of soils which
are sufficient for the clay lattice to collapse [6]
However, soils of North Coasta Zone of Andhra
Pradesh are medium to high in soil available
potassium content, eventhen sugarcane exhibits
potash deficiency in some situations. Hence,
present study was initiated to find out the
potassium fractions in soils and also to know the
dynamics of potassium fractiosn at different
levels of application of potassium to soil.

2. MATERIALS AND METHODS

A Field experiment was conducted on effect of
various levels of potassium application on soil
potassium fractions and sugarcane yield at
Regional Agricultural research station,
Anakapalle, Andhra Pradesh. The experiment
comprised six treatments and four replications in
Randomized Block Design. The treatments
comprised of T1:Control (0 K), T2:50%
Recommended dose of Potassium (60 kg
K/ha),T3:75% Recommended dose of Potassium
(90 kg K/ha),T4:100% Recommended dose of
Potassium (120 kg K/ha),T5:125%
Recommended dose of Potassium (150 kg K/ha)
and T6:150% Recommended dose of Potassium
(180 kg Kr/ha). The recommended dose of
fertilizers for sugarcane in North Coastal Zone is
112-100-120 kg NPK per ha. In this experiment
all the treatments received recommended dose
of nitrogen and phosphorus. Nitrogen applied as
urea in three splits at 30,60,90 days after
planting and phosphorus in single application as
SSP in basal. Potassium was applied in two
splits at 30 and 90 days after planting as Muriate
of Potash. Soil samples were collected after
harvest of the crop at two different depth of 0-15
cm and 15-30 cm from all the treatment plots.
The samples were shade dried pounded and
sieved under 2mm sieve. The processed
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samples were well mixed and stored in clean
cloth bags with proper labels for subsequent
analysis. Various forms of potassium were
determined by flame photometer. Water soluble
K Extracted by shaking soil and water
suspension (1:5) for 1 hour and K determined on
Flame Photometer [7] Exchangeable K extracted
by using 1N neutral ammonium acetate, K on
exchangeable complex determined with flame
photometer [8] Non-exchangeable K determined
by treating with 1 N HNO; in 1: 10 ratio and
boiling for 10 minutes and K estimated with the
help of flame photometer as described by Wood
and Deturk, [9] Lattice K was calculated by
subtracting the sum of above three fractions from
the total potassium content [10] Total K extracted
by HF digestion method [11] Before harvest
sugarcane samples were collected for juice
quality analysis.

3. RESULTS AND DISCUSSION

Data from Table 1 revealed that number of
milliable cane (NMC), cane yield (t/ha) and sugar
yield (t/ha) was found to be significantly high with
treatment receiving 150% recommended dose of
fertilizers (79855, 82.12 t/ha and 12.04 t/ha
respectively), however, it was statistically on par
with  the treatments receiving 125%
recommended dose of potassium fertilizers
(79855, 82.12 t/ha and 12.04 t/ha respectively)
and 100% recommended dose of potassium
fertilizers(79315,81.86 t/ha and 11.57 t/ha
respectively). However as compared to control,
where no potassium fertilizers were applied the
cane yield was reduced by nearly 25% of the
recommended dose of fertilizers. Similar results
were also found by Prasad et al. (1996), on the
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other hand, found in a sandy loam calcareous
soil of North Bihar that cane yield was increased
from 50 t ha™' without K fertilization to 74.5 t ha™
with only 60 kg K ha™".

Observed increase in the cane vyield is in
accordance with the essential role played by K in
the processes namely, photosynthesis, water
relationships and requirements for K in at least
60 different enzyme systems within the plant.
Results showing the benefits of K on crop yield
have also been reported by Khosa[12] and Singh
etal. [13].

The increase in NMC over control was high in
treatment with 50% Potassium application,
however the vyield increase was only 7.15%. It
may be due to the insufficiency of potassium to
increase cane weight after formative stage.
However, there after 25% increase in potassium
application improved cane yield only up to 100 %
recommended dose, there after the increase in
cane yield was marginal. Hence, over and
above application of recommended dose of
potassium may not be economical for sugarcane
crop.

3.1 Cane Quality Parameters

Cane Quality Parameters like purity, CCS (%)
and per cent sucrose content are used for
evaluation of the juice quality of the sugarcane.
The sucrose percent is the concentration (in g of
solute per 100 g of solution) of a solution of pure
sucrose in water having the same optical rotation
as the sample at a specified temperature. purity,
CCS (%) and per cent sucrose content increased
with increase in levels of potassium over

Table1. Effect of Potassium fertilization on cane yield and sugar yield of sugarcane

Treatments NMC per Ha Cane Yield(t/ha) Sugar Yield (t/ha)
T1:Control 59209 62.94 7.71
T2:50% Recommended dose of 65938 67.44 9.05
Potassium

T3:75% Recommended dose of 71411 73.31 10.78
Potassium

T4:100% Recommended dose of 76094 79.59 11.01
Potassium

T5:125% Recommended dose of 79315 81.86 11.57
Potassium

T6:150% Recommended dose of 79855 82.12 12.04
Potassium

Mean 72637 75.04 10.55
C.D (0.05) 6892 6.81 1.07
C.V (%) 12.25 11.18 8.26
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% Increase in NMC
with difference in

Incremental Cost
Benefit Ratio

% Increase in Cane
Yield with difference in

Potassium Potassium in

application Potassium application
T1:Control
T2:50% Recommended 11.36 7.15 8.68
dose of Potassium
T3:75% Recommended 8.30 8.70 22.66
dose of Potassium
T4:100% Recommended 6.56 8.57 24.24
dose of Potassium
T5:125% Recommended 4.23 2.85 8.76
dose of Potassium
T6:150% Recommended 0.68 0.32 1.00

dose of Potassium

Table2. Effect of Potassium fertilization on cane juice quality parameters

Treatments Sucrose (%) CCS (%) Purity (%)
T1:Control 18.04 12.25 84.63
T2:50% Recommended dose of Potassium 18.30 13.42 85.82
T3:75% Recommended dose of Potassium 18.58 13.72 86.29
T4:100% Recommended dose of Potassium  18.69 13.83 86.54
T5:125% Recommended dose of Potassium  19.11 14.13 86.84
T6:150% Recommended dose of Potassium  19.62 14.66 87.11
18.72 13.67 86.21

respective lower doses. While, analyzing the
juice quality parameters of sugarcane juice, it
was found that, the juice sucrose per cent and
purity was found to be high with the treatment
receiving 150% Recommended dose of
Potassium (19.62% and 87.11% respectively).
However, there was no statistically difference
between the treatments receiving levels of
potassium fertilizers on juice sucrose content and
juice purity (%).

3.2 Water Soluble K

Water soluble K content at harvest ranged
between 16.5 to 29.5 mg kg at 0-15 cm depth
and 17.9 to 31.6 mg kg'1 at 15-30 cm depth.
Water soluble K increased with the increase in
the rate of potassium application. The higher
content of water soluble K (29.5 and 31.6 mg kg'1
at 0-15 and 15-30 cm) was noted with the
application of 150% recommended dose of
potassium application (180 kg ha™) followed by
application of 125% recommended dose of
potassium application (150 kg ha™) which was
24.9 and 26.7 mg kg'1 at 0-15 and 15-30 cm and
22.4 and 24.5 mg kg'1 at 0-15 and 15-30 cm. The
lowest value of water soluble K (16.5 and 17.9

mg kg'1at 0-15 and 15-30 cm) was recorded with
the treatment of Control (0 K). Increase in water
soluble K might be due to increase in
concentration of K in solution due to increased
rate of potassium application. The contribution of
water soluble K to total K ranged between 0.81 to
0.90% and 0.69 to 0.85% at 0-15 and 15-30 cm
respectively indicating almost least contribution
in comparison with other K fractions. Similar
results were reported by Gajbhiye [14], Shrinivas
Rao et al. [5] and Jadhao et al. [15] they reported
that various fertilizer treatments comprising K
levels significantly increased the various forms of
potassium.

3.3 Exchangeable K

Exchangeable K content at harvest ranged
between 168-205 mg k9'1 at 0-15 cm depth and
176 to 228 mg kg at 15-30 cm depth.
Exchangeable K increased with the increase in
the rate of potassium application. The higher
content of water soluble K (205 and 228 mg kg'1
at 0-15 and 15-30 cm) was noted with the
application of 150% recommended dose of
potassium application (180 kg ha™) followed
by application of 125% recommended dose of
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Table 3. Effect of Potassium fertilization on different fractions of potassium at harvest stage of
sugarcane crop

Treatments Depth Water Exchangeable Avaialble Non- Fixed Total K
(cm) Soluble K (ppm) K (ppm) Exchangeable K (ppm)
K (ppm) K (ppm) (PPm)
Control 0-15 16.5 129 146 315 1377 1838
15-30 17.9 145 163 461 1654 2591
50% RDK 0-15 19.3 174 194 514 1468 2175
15-30 20.5 184 205 674 1951 2829
75% RDK 0-15 20.7 186 208 580 1511 2298
15-30 21.6 221 243 756 2037 3036
100% RDK  0-15 224 220 242 692 1731 2666
15-30 245 241 266 825 2207 3297
125% RDK  0-15 249 257 282 722 2097 3101
15-30 26.7 269 296 963 2137 3396
150 % RDK 0-15 295 274 304 854 2110 3267
15-30 31.6 286 318 1020 2381 3718

potassium appllcatlon (150 kg ha™) which was
198 and 225 mg kg at 0-15 and 15-30 cm and
194 and 213 mg kg™ at 0-15 and 15-30 cm. The
lowest value of Exchangeable K (168 and 172
mg kg at 0-15 and 15-30 cm) was recorded with
the treatment of Control (0 K).The increasing
levels of K application might have been the
reason for the higher concentration of
exchangeable K. The contribution  of
exchangeable K to total K ranged between
6.32% to 8.39% and 5.60 to 7.69 % at0-15 and
15-30 cm which was slightly higher as compared
to water soluble K. Similar results were reported
by Kadrekar[16], More and
Gawali[17],Jawanjal[18] [12] and Jadhao et al.
[15] they reported that various fertilizer
treatments significantly increased exchangeable
K.

3.4 Non-exchangeable K

Non- exchangeable K content ranged between
459 to 854 mg kg at 0-15 cm depth and 568 to
971 mg kg' at 15-30 cm depth. Non-
exchangeable K increased with the increased
rate of potassium application. The higher content
of nonexchangeable K (854 and 971 mg kg at
0-15 and 15-30 cm ) was with the application of
150 % recommended dose of potassium
application (180 kg ha™ ) followed by application
of 125% recommended dose of potassium
appllcatlon (150 kg ha-1) which was 722 and 963
mg kg at 0-15 and 15-30 cm and 692 and 825
mg kg at 0-15 and 15-30 cm.The lowest value
of Non Exchangeable K (459 and 568 mg kg at
0-15 and 15-30 cm) was recorded with the
treatment of Control (0 K) .The increasing levels
of K application might have been the reason for
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the higher concentration of non exchangeable K.
The contribution of non-exchangeable K to total
K indicate that, this form of K appreciably
contributed to total pool indicating fixation of K in
the interlayer, which suggest need of application
of organics, which helps in release of K. Similar
results were also observed by Bhalerao and
Pharande[19], Talashikar et al. [20] and Jadhao
et al. [15] they reported that various fertilizer
treatments significantly increased non-
exchangeable K.

3.5 Lattice K

Lattice K content at harvest ranged between
1377 to 2110 and 1654 to 2381 mg kg-1 at 0-15
and 15-30 cm. Lattice K increased with the
increase in the rate of potassium application.
However, The hrgher content of lattice K
(2110 and 2381 mg kg at 0-15 and 15-30 cm)
was with the application of 150 % recommended
dose of potassium application (180 kg ha™ )
followed by application of 125 % recommended
dose of potassium application (150 kg ha™)
which was 2097 and 2137 mg kg at O 15 and
15-30 cm and 1731 and 2207 mg kg at 0-15
and 15-30 cm. The lowest value of lattice K
(1377 and 1654 mg kg at 0-15 and 15-30 cm)
was recorded with the treatment of Control (0 K)
.The contribution of lattice K to total K was found
to be 64.02 to 74.94 % indicating lattice or
mineral K is the dominant K fractions, which
contributed substantially to total K. Similar results

were also observed by Bhalerao and
Pharande[19], Talashikar et al. [20] and
Jadhao et al. [15] who reported that various

fertilizer treatments significantly increased lattice
K.



3.6 Total K

Total K content ranged between 1838 to
3267 and 2591 to 3718 mg kg-1 at 0-15 and 15-
30 cm. Total K increased with the increase in the
rate of potassium application. The higher
content of total K (3267 and 3718 mg kg-1 at O-
15 and 15-30 cm) was with the application of 150
% recommended dose of potassium
application (180 kg ha™) followed by application
of 125% recommended dose of potassium
application (150 kg ha”) which was 3396 and
3701 mg kg'1 at 0-15 and 15-30 cm and 3297
and 2666 mg kg~ at 0-15 and 15-30 cm. The
lowest value of total K (1838 and 2591 mg kg'1 at
0-15 and 15-30 cm) was recorded with the
treatment of Control (0 K).Similar results were
also observed by Bhalerao and
Pharande[19], Talashikar et al. [20] and
Jadhao et al. [15] who reported that various
fertilizer treatments significantly increased total
K.

However, the sequential order of dominance of
different fractions of K were

3.7 Lattice K>Nonexchangeable
K>Exchangeable K and Water Soluble
K

Relationship among soil K fractions Different K
fractions were positively and significantly
correlated with each other indicating dynamic
equilibrium among various fractions of K [21]
Higher degree of correlation of was noted among
lattice-K and total K (r=0.983**) followed by non-
exchangeable K and total K (r=0.951**)
indicating lattice K and non-exchangeable K is
that pool, which is closely associated with total
K.[22,23].

4. CONCLUSION

From the present study, it can be concluded that,
application of 150 % recommended dose of
potassium application (150 kg/ha) increase all
the K fractions, over rest of the treatments.
Thus, the sequential order of dominance of
different fractions of K were lattice K
(LK) > non-exchangeable K (NEK) >
exchangeable K (Ex. K) > water soluble K
(WS K). There exists a significant and
positive correlation among different forms of K.

The cane and sugar yield also increased
with  increase in level of potassium
application.
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