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ABSTRACT

Field studies were carried out in 2014-15 rabi season and 2015 kharif season at central farm of
OUAT, Odisha, India to evaluate different fractions of potassium at different soil depth at different
stages of rice crop. The experiment was laid out in randomized block design with 12 treatments and
4 replications. The study revealed that water soluble K, exchangeable K and non exchangeable K
content was highest in 100%NPK+FYM+Lime.Watersoluble K decreased from tillering to harvesting
for all the treatments in both the seasons. Exchangeable K decreased in rabi season but increased
in kharif season through the stages of growth. Non exchangeable K increased from tillering to
harvesting in both seasons. Lime application has increased three forms of potassium over
100%NPK treatment. There was decrease in potassium content with depth. Potassium content in
kharif season is less than rabi. The correlation between grain yield is highest with non exchangeable
K in rabi and exchangeable K in kharif. The K uptake is best correlated with non exchangeable K in
rabi and water soluble K in kharif season.
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1. INTRODUCTION

Rice (Oryza spp.), a major crop cultivated in
many countries across the globe with an annual
production of 758.9 million tons and average
productivity of 4641.5 kg/ha [1]. In India, rice is
cultivated in 42.5 m ha with production of 165.3
mt and productivity of 3632.9 kg/ha [1] It is
necessary to further enhance productivity of rice
by application of plant nutrients to meet the
consumption demand of ever increasing
population. Sufficient K supply is required for
optimal plant growth and development. because
it is one of the essential macronutrients, which is
important for many physiological processes in
plant cells, like osmo regulation, and enzyme
activation [2]. Modern high-yielding rice varieties
mines higher amount of K than phosphorous (P)
and nitrogen (N) [3]. Potassium is taken in large
amounts by upland rice plants [4]. On the other
hand un balanced use of fertilizers has disturbed
the sustainability of production resulting in
imbalanced consumption ratio of NPK of 5.2:
2.1:1.0 against the desirable ratio of 4:2:1. So
there is report of negative balance of 104 kg K
ha™yr™ in rice- rice system [5]. Sahu [6] has also
observed negative balance of 7-90 kg K ha™'yr*
in different treatments under rice- rice systems in
laterite soil of Odisha. Other studies also show
that intensive cropping cause heavy depletion of
potassium under long-term experiments [7]. But
the effect of negative balance of soil potassium is
not reflected in soil test of NH,OAc extracted
form which is considered as available fraction of
K [8]. According to (Darunsontaya et al. [9] based
on degree of availability, soil potassium can be
classified into four forms that is solution k>
exchangeable k> non exchangeable k> mineral
k. The solution k is the form readily available for
uptake by microbes and plants. The
exchangeable K is electro statically bound to
outer space complex of the surface of clay
minerals and humic  substances. Non
exchangeable K is referred as fixed K, interlayer
K, slowly available K or slowly exchangeable K
[10]. It is held between adjacent layers of the di
octahedral and tri octahedral mica. Availability of
these forms depends on physicochemical
properties of soil [11]. The K content in soil and
its availability to plant is related with distribution
of K forms and equilibrium between them [12].
Since potassium release behavior of soil
depends on soil pH, clay content, nature of clay,
cation exchange capacity, interaction with other
cations,liming,textue,wetting and drying along
with different doses of K application [13,14]. The
suitability of different form as an index of plant
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available K is controversial. Mengel [15] has
reported monocots uptake non exchangeable
form of K. Similar report is there by Srinivas Rao

et al. [16] and Wang et al. [10]. According to
Jena et al. [17] in rice- rice system in
Bhubaneswar, there is release of non

exchangeable K under acidic environment by
application of NPK+FYM . The NH,OAc- K has
poor correlation with K balance in 15 year long-
term study, whereas HNO; extracted K has a
significant correlation with k balance [17].
Contribution of subsurface k to crop uptake is
observed by Srinivasa Rao et al. [18]. Research
result by scientists also reveals that there is
significant change of K fractions due to
submergence in rice soil [19,20]. Crop demands
for K varies with crop growth behavior, nutrient
needs at different stages and crop productivity
levels. Therefore judicious application of potassic
fertilizer is required for sustainable crop
production [21]. To maintain sustainability and
achieves increasing demand of rice production
integration of organic and inorganic fertilizer is
needed as suggested by Datta & Singh [22]. For
the decision on optimum potassium application
module, knowledge on different K fractions in
soil, the periodic uptake, accumulation of K to
different tissues in a rice plant should receive
urgent attention. So it is pertinent to assess
depth wise distribution of K fractions at different
stages of growth of rice crop. Long-term fertilizer
experiments are very useful to generate
knowledge on K dynamics in soil and its
availability to crops. With this objective, the
present research was taken in a 10 year long
term fertilizer experiment field in an inceptisol
where integration of organic, inorganic,
micronutrient  fertilizers, lime  application
treatments were  imposed under rice-rice
cropping system to study change in
different fractions of soil K at different
growth stages of rice crop during kharif and rabi
season.

2. MATERIALS AND METHODS
2.1 Description of Experimental Site

The study was conducted during 2014-15 rabi
and 2015 kharif in the experimental field of All
India Coordinated Research Project (AICRP) on
LTFE of ICAR at OUAT, Bhubaneswar, India
(20°17' N, 85°49' E and 30 m above mean sea
level) which was started since 2005-06. The
location of the experimental site is characterized
as sub-humid subtropical climate with dry season
from October to June and wet season from July
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to September. The soil of the experimental site
was sandy loam in texture, having 71% sand12%
sit and 17% clay, acidic (pH 5.8) EC-
0.12ds/m,0C-4.3g/kg, available NPK 187, 19.4,
43.4 kg/ha respectively belonging to family mixed
hyperthermic vertic ustocrept in comparison to
other inceptisol in the same locality as reported
by Mohapatra [23] was sandy loam texture with
pH 5.87,EC-0.2ds/m,0C-3.9 g/kg, available N-
170.0, available P-21.0 and available K-57.95
kg/ha.

2.2 Treatment Details

Rice cultivar Swarna (MTU 7029) was grown
under flooded condition in both kharif and Lalat in
rabi season of every year. Twelve treatments
viz., T;=100%PK, T2=100%NPK, T3=150%
NPKT4=100%NPK+Zn,Ts=100%NPK+FYM, T¢=1
00%NPK+Lime+FYM, T,=100%NPK+B+Zn,
Tg=100% NPK+S+Zn, Tg=100%N, T;,=100%NP,
T,11=100%NPK+Lime and Ti,= control(without
any fertilizer) were applied. 100% N @ 80 kg ha-
1 of N in the form of urea, 100% NP @ 80 kg ha-
1 of N and 40 kg ha-1 of P,Os in the form of DAP
and urea, 100% NPK@ 80:40:40 kg ha-1 of
N:P,05:K,0 in the form of DAP, urea and MOP;
FYM was applied at the time of puddling @ 5t
ha-1. Nitrogen was applied in three splits i.e.
25% as basal, 50% at 18 days after transplanting
and 25% at panicle initiation stage. Total P was
applied as basal and K was applied 50% as
basal and 50% at panicle initiation stage. Rice
seedlings were transplanted at a spacing of 20
cm x 10 cm with 2-3 seedlings per hill.
Necessary intercultural, water management and
plant protection measures were undertaken in
general until the crop was matured for
harvesting. The experiment was laid out in
randomized block design (RBD) with four
replications.

2.3 Collection and Preparation of Soil
Sample from Field

The soil samples from each experimental plot
was collected at a depth of 0-15cm, 15-30cm and
30-45cm at three different growth stages of crop
i.e. maximum tillering, panicle initiation(PI) and at
harvest. The samples were collected both in rabi
(2014-2015) and kharif (2015) season to
determine the potassium fractions. All the soil
samples were air dried, grinded and passed
through a 2 mm sieve. Different forms of
potassium were determined following standard
procedure.
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2.4 Water Soluble-K: Kanwar & Greweal
[24]

5 gm of air dried soil sample was taken into a
250 ml conical flask and 25 ml of distilled water
was added and shaken for 1hour in a mechanical
shaker. The soil suspension was filtered through
the filter paper (No. 42).K was determined by
flame photometer

2.5 Ammonium Acetate Extractable K:
Pratt [25]

5 gm soil was taken in a 250 ml conical flask.25
ml of neutral 1 N NH;OAc was added followed by
shaking for 5 minute. It was filtered by whatman
filter paper Nol, the potassium reading was
taken in flame photometer against standard.

2.6 Exchangeable K: Jackson [26]

It was calculated by subtracting the water soluble
potassium from ammonium acetate potassium

2.7 Non Exchangeable K: Boiling Nitric
Acid Extraction Method: Pratt [25]

2.5 g of soil sample was taken, 25 ml of 1N
HNO; was added to it. The suspension was
boiled exactly for 10 min. The flask was removed
and the contents were filtered in a 100 ml
volumetric flask. The soil was washed 4 times
with 15 ml portions of 0.1N HNO;. Volume was
made up. K was determined by a flame
photometer using K standards prepared using
0.IN HNO;. Ammonium acetate extracted
potassium was subtracted from 1N HNO;
potassium to get non-exchangeable potassium.

2.8 Collection Plant

Sample

and Analysis of

To study the K uptake by rice plants, four rice
plants from each treatment plants were collected
randomly at maximum tillering stage (25 days
after transplanting) and panicle initiation stage
(60 days after transplanting) and at harvest (90
days after transplanting). The collected plant
samples were dried under Sun, then inside oven
at 70 = 5°C. The dried samples were weighted,
chopped to small pieces and preserved for
chemical analysis. Plant samples (0.5 g
grain/straw) were transferred into digestion flask.
10 mL of di-acid mixture (HNO3z:HCIO, = 9:4)
was added into the flask. After leaving for a
while, the flask was heated at a temperature



Nayak and Rout; IRIPAC, 21(22): 17-30, 2020; Article no.IRJIPAC.62554

slowly raised at 150°C. Heating was stopped
when the dense white fumes of HCIO, occurred.
After words the contents were transferred to a 50
mL volumetric flask. Potassium reading was
taken by flame photometer against standard.

2.9 Statistical Analysis

Simple correlations were worked out between
different forms of potassium by standard
statistical method by Gomez and Gomez [27].

3. RESULTS AND DISCUSSION
3.1 Water Soluble K

The water-soluble K at 0-15 soil at tillering stage
of rabi season varied from 17.7- 30.24 kg/ha in
different treatments (Fig 1.a). Similarly the T7
and T8 treated plots shows that effect of sulphur
and boron is same for water soluble K content in
the soil. Singh et al. [13] has reported similar
result of non significant effect of sulphur and zinc
on available K status of soil in rice crop. At PI
stage there is less ws K content in all the
treatment than tillering stage. There is difference
among treatments which is significant except T1
& T2. At the harvesting stage, the highest
amount is recorded in 100% NPK+FYM+lime
treated plot. The higher amount of water soluble
K in FYM treatment may be due to addition of K
through organic matter [28].

At a soil depth of 15 to 30 cm (Fig 1.b) the ws K
content varies from 13.8 to 29.6 kg/ha which is
less than upper layer. During PI stage, the ws K
varies from 12.7 kg/ha to 27.9 kg/ha. At the
harvesting stage of crop at 15 to 30 cm layer
water soluble k is less than Pl stage in all the
treatments.

The ws K at 30 to 45cm soil layer is less than
upper 0-15 and 15-30 cm layer (Fig. 1.c). There
is significant difference between treatments
except for T; & T,, T7 & Tg which are at par. The
higher amount of ws K in FYM treated plot in all
the depths is due to less k fixation by FYM [29].
Similar result is also reported by Jatav et al. [30].

During kharif season (Fig. 1.d) the ws K is 14.9
kg /ha to 31.83 kg/ha at tillering, 15.03 to 28.43
kg/ha at Pl and 13.43-27.30 kg/ha at harvesting
stage of rice crop in upper layer. The values
indicate the potassium content is less in kharif
season than rabi season. This may be due to fact
that oxidation of Fe*? to Fe** takes place during
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rabi leading to desorption of K* ions to maintain
electrical neutrality in crystal lattice of minerals in
dry season. It helps in more concentration of K"
in soil solution [31]. The trend between
treatments is same as that of rabi season.

The K content 15 to 30 cm (Fig. 1.e) is less than
upper layer. There is more ws K by lime
application over 100%NPK alone. This is due to
presence of ca’? in lime replaces more
potassium from exchangeable source and brings
it to solution [20].

3.2 Exchangeable K

Exchangeable K at different growth stage at 0-15
cm is presented in Fig. 2.a. It is the lowest of
89.0 kg/ha in the control and highest of 119.1 kg
/ha in 10% NPK+FYM treated plot. During PI
stage the content is 72.6 kg/ha to 94.3 kg/ha and
at harvesting stage it varies from 62.1 to 91.3
kg/ha. At harvesting time the highest amount of
91.3 kg/ha is noticed in Tg treatment which is at
par with T3 & Ts treated plot.

The exchangeable K content in 15 to 30 cm layer
(Fig. 2.b) is less than upper soil layer. It varies
from 82.9 to 110.2 kg/ha at tillering, 68.8 to 87.9
kg /ha at Pl and 58.5 to 88.0 kg/ha at harvesting
stage.

The decrease in exchangeable k in sub surface
layer is noticed in all the treatments including the
one where no potassium was applied (NP, N and
Control plots).This is similar to finding of Jadhao
et al [29] where the scientist has reported more
exchangeable k on sub surface soil than surface
for N, NP and control treatment only in sorghum-
wheat system. But in this experiment the result
indicates that rice crop take up potassium from
subsurface layer so that the exchangeable K
content is less in subsurface than surface layer
even in control, N and NP treatment.

The Fig. 2.c shows exchangeable K content at
30 - 45 cm soil layer during rabi season. The
exchangeable K content is less than upper layer
at respective growth stage.

The exchangeable K content during kharif
season is presented in Figs. 2.d,e & f. in different
layers at different growth stages. At the surface
layer it is 72.6 to 87.8 at tillering, 65.0 to 95.4
kg/ha at Pl and 71.3 to 88.5 kg/ha at harvest
stage.
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0-15 cm rabi
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Fig. 1.a. Water soluble K at 0-15 cm layer at different stages of rabi2014-15 season

15-30 cm rabi
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m Tillering | 18.9 | 18.1 | 28.2 | 19.2 | 27.7 | 29.6 | 18.4 | 19.8 | 15.8 | 17.8 | 22.9 | 13.8
m Pl 20.5| 20 |26.7(20.7|26.3|279|18.8|17.7|13.6|15.7|21.1|12.7
W Harvest | 17.9 |17.2| 26 |18.1|23.4(25.2|17.5|185|12.7| 15 |18.2|115

Fig. 1.b. Water soluble K at 15-30 cm layer at different stages of rabi 2014-15 season

30-45 cm rabi
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Fig. 1.c. Water soluble K at 30-45 cm layer of rabi 2014-15 season
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0-15cm kharif
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Fig. 1.d. Water soluble K at 0-15 cm layer at different stages of kharif 2015 season

15-30cm kharif
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Fig. 1.e. Water soluble K at 15-30 cm layer at different stages of kharif 2015 season

30-45 cm kharif
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Fig. 1.f. Water soluble K at 30-45 cm layer at different stages of kharif 2015 season
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0-15 cm rabi
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Fig. 2.a. Exchangeable K at 0-15 cm layer at different stages of rabi 2014-15 season
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Fig. 2.b. Exchangeable K at 15-30 cm layer at different stages of rabi 2014-15 season

30-45 cm rabi
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Fig. 2.c. Exchangeable K at 30-45 cm layer at different stages of rabi2014-15 season
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0-15 cm kharif
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Fig. 2.d. Exchangeable K at 0-15 cm layer at different stages of kharif 2015 season

At a soil layer of 15-30 cm, the exchangeable K
content varies from 55.5 to 74.7 kg/ha, 51.4 to
80.7 kg/ha and 51.7 to 69.2 kg/ha at tillering, PI
and harvest stage respectively.

In 30-45 cm layer during kharif season, (Fig 2.f.)
the data reveals that the exchangeable K varies
from 50.0 kg/ha (Ty) to 69.4kg/ha in Tg at
tillering, 46.0(T1,) to 74.1(Te) at Pl and 48.4(T1,)
to 62.5(Ts) at harvesting stage. In general the
increase in exchangeable K by FYM application
as compared to NPK due to more amount of soil
organic carbon which gives additional potassium
[32]. FYM also provides more cation exchange
sites for maximum accumulation of this form [33].
The more amount of exchangeable K by lime

application over NPK is due to occupancy of
ca'? in exchange sites which facilitates
conversion of non exchangeable form to
exchangeable form [20].

3.3 Non Exchangeable K

The amount of non exchangeable K (3.a) shows
that at surface layer of rabi season, Tgtreatment
which includes FYM and lime in addition to NPK
recorded highest amount of non exchangeable K.
The nitrogen treated plot (Tg) shows less non
exchangeable potassium than nitrogen and
phosphorus treated plot (Ti0).This result
corroborates to the finding of Nayak et al. [34].

15-30 cm kharif
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= Harvest | 55 64.2 | 669 | 609 | 64.3 | 65.2 | 59.7 | 61.9 | 54.1 | 54.8 | 66.5 | 51.7

Fig. 2.e. Exchangeable K at 15-30 cm layer at different stages of kharif 2015 season
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30-45cm kharif
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Fig. 2.f. Exchangeable K at 30-45 cm layer at different stages of kharif 2015 season

The non exchangeable K in soil layer of 15-30
cm during rabi season is presented in Fig. 3.b.

At the lower layer of 30-45 cm the non
exchangeable K content is less than other layer
(Fig. 3.c). The data of vertical distribution shows
there is a decrease in non exchangeable K
content with respect to increase in depth. It is
due to more weathering process in surface soil
[35].

stages during kharif season. It is 170.9 to 252
kg/ha at tillering, 173.7 to 262.8 at Pl and 198.8
to 283.2 kg/ha at harvesting stage in upper layer.
The value for 15 to 30 cm and 30 to 45 cm layer
is less as compared to upper surface layer.
Similar finding is also observed by Nayak et al
[34].Increase in non exchangeable K in lime
applied plots may be explained due to
precipitation of hydroxyl aluminium and iron
polymers and also due to expansion and
weathering of clay lattice which releases lattice

The Figs. 3.d, e & f. depicts the non clay as non exchangeable K [20]
exchangeable k content at different growth
0-15 cm rabi
© 350
=
E 300
~ 250
<
a 200
% 150
£ 100
x
v 50
c
2 0
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12
m Tillering | 202.6 | 202.6 | 243.5|233.9 [ 252.6 | 280.3 | 236.1 | 235.6 | 198.6 | 199.2 | 237.9| 181.1
m Pl 202.8|190.6 | 250.6| 219 |261.9|280.5|199.4|192.3|182.6|186.2|249.6(184.5
= Harvest [ 239.3|239.8 | 265.5|248.8|285.7|291.2 | 247 |250.4|237.8|244.2|279.5|218.6

Fig. 3.a. Non exchangeable K at 0-15 cm layer at different stages of rabi2014-15 season
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15-30 cm rabi

s

B 300

< 250

Y

S 200

3 150

g 100

3

S 50

S 0
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= Harvest | 224.5|225.7 | 251.9 | 220.3 | 270.3 | 285.3 | 232.7 | 235.8 | 222.2 [ 220.9 | 265.7 | 201.1

Fig. 3.b. Non exchangeable K at 15-30 cm layer at different stages of rabi2014-15 season

£ 30-45cm rabi
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= Harvest | 211.1 | 212.5|239.4 | 206.8 | 260.4 | 258.6 | 219.1 | 222.9 | 211.6 | 209.9 | 252.5 | 189.2

Fig. 3.c. Non exchangeable K at 30-45 cm layer at different stages of rabi2014-15 season

0-15 cm kharif
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Fig. 3.d. Non exchangeable K at 0-15 cm layer at different stages of kharif 2015 season
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15-30 cm kharif
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Fig. 3.e. Non exchangeable K at 15-30 cm layer at different stages of kharif 2015 season

3.4 Correlation among k Forms, Yield and
Update

The simple correlation among K fractions at a
different layer, grain yield and potassium uptake
is presented in Tables 1 and 2. The highest
correlation Coefficient at 0 to 15 cm layer with
the grain yield in rabi season is for non
exchangeable K(r=0.795).. For 15 to 30 cm the
highest r=0.774 between ws K and grain yield.
Similarly for 30 to 45 cm layer (r=0.812) between
ws K and grain yield. The results revealed that in
rabi season at surface layer non exchangeable K
has immediate beneficial effect on crop yield,
where as in 15 to 30 cm and 30-45 cm layer ws
K is more influencing to yield. Similarly in kharif
season the exchangeable K(r=0.809), ws K(r=
0.832) and exchangeable K(r=0.821) at 0-15, 15-
30, 30-45 cm layer respectively have immediate
beneficial effect for rice grain vyield. The
potassium uptake by rabi influenced by non
exchangeable K form of potassium at 0 to 15 cm
and 15 to 30 cm where as ws K is important at
30 to 45 cm soil layer. In kharif rice, K uptake by
grain is immediately influenced by exchangeable

K at surface layer, but ws K is beneficial at 15-30
and 30-45 depth. The correlation of rice yield
with K fractions is reported by different
researchers which differ in opinion. This may be
due to potassium release behavior of soils differ
depending on situation. Sharma et al. [36] has
reported exchangeable K having highest
correlation with kharif rice yield and uptake. Our
result also similar for kharif season at surface
layer The research result of Mohapatra [23] also
shows that available K at 15 to 30 cm soil layer
strongly correlated with kharif grain vyield
whereas reserve k at surface and subsurface
layer correlates with grain yield in rabi season.
Divya et al. [37] has reported at surface layer, the
uptake is highly correlated with  non
exchangeable K (r=0.86) and in subsurface layer
exchangeable K(r= 0.900 has highest correlation.
In the present experiment there is highest ‘r’ for
non exchangeable K in rabi and highest ‘r’ for
exchangeable K in kharif. Karwade et al. [38] has
found that exchangeable form of K has highest
correlation with grain yield of paddy followed by
water soluble k, but there is no correlation
between non exchangeable K and paddy yield.

Table 1. Correlation coefficient between potassium fractions and grain yield of rice

K fractions Rabi season Kharif season

0-15cm 15-30cm  30-45cm  0-15cm  15-30cm  30-45cm
WSK 0.706* 0.774* 0.812* 0.699* 0.832** 0.769**
Exchangeable K 0.760** 0.748** 0.718** 0.809** 0.810** 0.821**
Non exchangeable K 0.795** 0.724** 0.722** 0.776** 0.578* 0.635*
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Table 2. Correlation coefficient between p

otassium fractions and K uptake by grain

K fractions Rabi season Kharif season
0-15cm 15-30cm 30-45cm 0-15cm 15-30cm  30-45cm
WSK 0.709** 0.770** 0.821* 0.833* 0.947** 0.910**
Exchangeable K 0.766** 0.761** 0.717** 0.901** 0.842* 0.761**
Non exchangeable K 0.842** 0.786** 0.790** 0.744* 0.765** 0.822**
* Significance at P=0.05
** Significance at P=0.01
30-45 cm kharif
300
&
S 250
=~
X 200
@
‘] 150
(5]
(@)
$ 100
ey
(&)
> 50
[
S 0
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12
m Tillering | 190.2 ({209.3 | 215.6 | 205 |228.2| 241 |209.8|210.1|161.7|170.9|199.9|159.1
m Pl 173 |185.2|205.8|172.7|238.4|247.5|173.3|180.4|177.5(177.1|201.8 | 159.5
Harvest | 174.9| 189 | 224 |189.2(202.6| 206 | 180 [181.5| 131 |126.4|191.6|149.6

Fig. 3.f. Non exchangeable K at 30-45 cm layer at different stages of kharif 2015 season

4. CONCLUSION

The present experiment result indicates that by
continuous application of organic and inorganic
fertilizer application in an inceptisol in subtropical
rice rice system over a period of 20 crop cycles,
the water soluble, exchangeable and non
exchangeable K increased by application of FYM
along with lime in addition to full dose of NPK.
The rice plant utilizes non exchangeable form of
potassium even from subsurface zone. In rabi
season at surface layer non exchangeable k has
highest correlation with crop yield, where as in 15
to 30 cm and 30-45 cm layer ws k is more
influencing to yield. But in kharif season the
exchangeable K(r=0.809, 0.821), better
correlates with grain yield at 0-15 and 30-45
layer whereas ws k(r= 0.832) have immediate
beneficial effect on rice yield.
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