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Study of the different forms of soil potassium in Ujjain Tehsil of Ujjain
District of Madhya Pradesh, India.

Abstract

The current research was carried out in the Ujjain tehsil (Ujjain) district of Madhya Pradesh
state, India, with the aim of estimation thedifferent forms of soil potassiumand
differentcharacteristics of the Soil. Throughout the research region, 150surface soil samples with
a depth of 0 to 15 cm were collected. Collected soil samples wereanalyzed for physico-chemical
properties namely texture, pH, Electrical conductivity, organic carbon and different forms of
potassium (K) i.e. Water Soluble Potassium, Exchangeable Potassium, Available Potassium,
Non-exchangeable Potassium, Lattice Potassium and Total Potassium. To observe that the soil
texture of Ujjain district is varied from silty clay to clay,soil pH ranged from 7.01 to 8.15,
electrical conductivity was varied from 0.10 dSm™ to 0.79 dSm™, organic carbon is varied
between 0.30to 0.60 %and The research region's ranges for different forms of potassium i.e.
Water Soluble Potassium,Exchangeable Potassium, Available Potassium, Non-exchangeable
Potassium, Lattice Potassium and total K were 3.10-24.00 mgkg™,118.38-196.12mgkg™,129.95-
206.70 mgkg™,200.0-410.0 mgkg™,7943.75-17515.71 mgkg™ and 8500-18000.0 mgkg™, in that
order. The mean value of WaterSoluble Potassium, Exchangeable Potassium, Available
Potassium, Non-exchangeable Potassium, Lattice Potassium and Total Potassium was 11.47 mg
kg, 148.67 mg kg, 160.11 mg kg™, 330.16 mg kg™, 12478.11 mg kg™ and 12968.96 mg kg™,
respectively.
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Introduction

Potassium is a major constituent of the earth crust comprises on an average 2.6 per cent
(Schroeder, 1978). It isanessential macro nutrient for required of plant growth and development.
It is activation of more than 60 enzymes. It’s play vital role in stomata opening and closing,
osmotic regulation, ionic balance in cell, energy transportation relations control of ionic balance,
energy relation, protein and starch synthesis, improving quality of flowers, fruits and vegetables,
preventing lodging in crops, imparting resistance against environmental stresses such as drought,
cold and frost, improving resistance to pest and diseases (Mengel and Kirkby, 1987).Soil
potassium exists in different forms i.e. water soluble, exchangeable, non-exchangeable and
lattice potassium. Water soluble and exchangeablepotassiumare available to plant. The
exchangeable potassium tends to attain equilibrium rapidly with water soluble potassiumbut it’s



slowly with non-exchangeable potassium. The watersoluble potassium uptake by plants through
diffusion processes.

Potassium is present in soils in various forms and combination. The available potassium
in soil is difficult to ascertain because of its interaction with various intrinsic and extrinsic
properties of soil. The direction of rate of reactions determines the rate of applied K and release
of non-exchangeable K (Singh et al., 2004). A number of extractants have been used from time
to time to assess quantitatively the available K. Potassium plays an important role in increasing
the production and improving the quality of crops and vegetables.

Materials and methods

A study was carried out in 2018 at Ujjain Tehsil, a district of Madhya Pradesh, India. for
the estimation of different forms of soil potassium. Collection of 150 soil samples from different
places in Ujjain district (Madhya Pradesh) from 0-15 cm of surface soil during 2018.Collected
soil samples were air dried in shade and grinded with wooden hammer. These grinded samples
were passed through a 2 mm sieve and stored in polyethylene bags with proper labels for further
analysis of soil to determine various soil parameters. The pH and EC of soil was measured with
the help of a pH meter and electrical conductivity, maintaining the soil, water ratio of 1:2 as
described by Jackson (1967).Soil organic carbon was estimated by Wakley and Black method
(1934). Available nitrogen was estimated by alkaline permanganate method by Subbiah and
Ashija (1956). Available phosphorous of soil samples were extracted by Olsen et al. (1954).
Available potassiumwas determined by NH40Ac (pH 7.0) reagent using flame photometer
(Jackson, 1973), Water soluble potassium was estimated by shaking the soil with distilled water
in 1:5 ratio. The 1.0 N boiling HNOj3 extractable potassium was estimated by using flame
photometer in 1:10 ratio of soil: acid suspension boiled for 10 minutes as described by Wood and
DeTurk (1941). Non-exchangeable potassium was calculated by subtracting available potassium
from 1.0 N boiling HNO; extractable potassium. The amount of potassium in mineral lattice was
calculated by subtracting by 1.0 N boiling HNO3 extractable potassium from total soil potassium.
The statistically data were analyzed as per the procedure given by Panse and Sukhatme (1961).

Results and discussions
Physico-Chemical Properties of Soil

The pH values of soil samples were found in the range of 7.01-8.15 under different fields with
the mean value of 7.61 (Table 1). Electricalconductivity (EC) status of collected soil samples
was found in the range of 0.1-0.79 on average value of 0.28 dSm™. Soil organic carbon status



was found in the range of 0.30-0.60 with the mean value of 0.48 (Tablel). Available Nitrogen
status was found in the range of 139.0-235 kgha*with the mean value of 198.27 kgha™.Available
phosphorous (P) status of soil samples was found in the range of 8.0-25.6 kgha*with mean value
of 15.08 kg ha™. (Table 1).The soil texture of Ujjain district was varied from silty clay to clay.
Sand, silt and clay percent were ranged from 9.15-24.06 %, 24.0-41.55 % and 32.0-55.60 %. The
mean value of sand, silt and clay was 16.34 %, 33.98 % and 48.46 %, respectively. Similar
results were also found by Gehlot et al. (2019).

Different forms of potassium
Water soluble potassium

Status of soil water soluble K in Ujjain tehsil of district Ujjain (Table 2.) was found in the range
of 3.1-24.0 mgkg™ under different fields with the mean of 11.43 mgkg™. Maximum value of
water soluble K in soil (24 mg kg™*) was observed in 89" field (Table 2). The minimum value of
water soluble K in soil 3.1 mg kgwas noticed in 59" field (Table 2). Results on the same line
with different soil types have also been reported by Dixit et al. (1993) and Yadav and Meena
(2009).

Exchangeable K

Status of surface soil samples was found in the range of 118.38-196.12 mg kg™ with the average
value of 148.67 mg kg*(Table2), contributed 1.15 % of total K. Pharande and Sonar (1996)
alsoreported the similar findings related to exchangeable K and total K. The variation in
exchangeable potassium content among the soil samples may be attributed to differential release
of potassium from non-exchangeable and lattice potassium as well as variation in labile pool due
to potassium fertilization.

Available K

Status of soil samples collected from Ujjain tehsil was found in the range of 129.95-206.70mgkg
'with the mean value of 160.11 mgkg™(Table 2).This form contributes 1.24 % of total K in
surface soil. Shilpa et al. (2007) also reported that available K contributed 1.97 % towards total
K in soils.

Non-exchangeable K

Non-exchangeable K status of surface soil samples collected from Ujjain tehsil of district Ujjain
(Table 2) was found in the range of 200-410 mgkg™ with the mean value of 330.16 mgkg™(Table
2).Non-exchangeable contributed 2.59 % towards total K. Anupama et al (2018) also reported
305.08 mg kg of non-exchangeable K in soils of Ujjain tehsil.

Lattice K



Status of lattice K inUjjain tehsil was found in range of 7943.75-17515.71 mgkg“under different
field with mean value 12478.11mgkg”(Table 2).These contributed 96.25 % of total K.
Choudhry and Prasad (1997) also reported that Lattice K contributed 92.3 % towards total K in
soils.

Total K

Status of total K content in soil samples collected from Ujjain tehsil was found in the range of
8500-18000 mgkg ‘with the mean value 12968.96mgkg™(Table 2).These results are in agreement
with the findings of Dinagaranet al. (2006) and Jatav et al. (2006).

Table 1. Statistical summary of selected soil properties

Soil Unit Minimum Maximum Mean Std. Ccv
properties Deviation

pH 7.01 8.15 7.61 0.23 2.99
EC dsm™ 0.10 0.79 0.28 0.15 51.92
SOC % 0.30 0.60 0.48 0.07 14.00
N Kg ha' 139.00 235.00 198.27 19.49 9.83
P Kg ha™ 8.00 25.60 15.08 3.96 26.25
Sand % 9.15 24.06 16.34 3.57 21.86
Silt % 24 41.5 33.98 3.25 9.55
Clay % 32.05 55.60 48.46 3.37 6.78

Note. EC = electrical conductivity; SOC = soil organic carbon; SD = standard deviation;
CV = coefficient of variation,.



Table 2 Status of different forms of potassium (mg kg™) in soils of Ujjain Tehsil

Sample No. W.S.K Ex. K Avail. K Non-ex. K Lattice K Total K
(mgkg™) (mg kg™ (mg kg™ (mg kg™) (mg kg™ (mg kg™

1 10.1 196.1 206.2 350 7943.8 8500

2 125 158.4 170.9 325 10004 10500

3 8.2 145.7 154 220 9626 10000
4 8 168.7 176.7 345 9601.2 10123

5 7.9 130.4 138.3 350 8957.6 9446

6 8.5 130.7 139.2 389 8927.7 9456

7 23.6 136.1 159.8 400 9225.2 9785

8 20 144.7 164.7 365 9335.3 9865

9 18 141.8 159.8 345 9366.2 9871

10 3.2 154.7 158 378 9122 9658

11 5.2 163.5 168.7 225 9231.3 9625

12 4.6 160.1 164.7 370 9339.3 9874

13 5.5 152.5 158 342 9375 9875
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140 195 139.8 159.3 359 14768 15286

141 15.0 142.1 157.1 369 14843 15369
142 12.0 147.8 159.8 387 14822 15369
143 10.2 134.8 145.0 345 16042 16532
144 13.0 1325 1455 347 15831 16324
145 12.0 134.8 146.8 345 15850 16342
146 15.0 129.2 144.2 368 16229 16741
147 14.0 133.3 147.3 342 16363 16852
148 12.5 123.2 135.7 341 16486 16963
149 10.0 126.1 136.1 320 16076 16532
150 12.0 1241 136.1 310 16007 16453
Min. 3.1 118.38 129.95 200 7943.75 8500

Max. 24 196.12 206.70 410 17515.71 18000

Mean 11.43 148.67 160.07 330.16 12478.11 12968.96




Conclusion

Soils of Ujjain tehsil was slightly alkaline in reaction and safe limit of EC. Most of the fields
were low in organic carbon and available nitrogen. Low to medium status of available
phosphorous was observed in surface soils under different fields of Ujjain tehsil. The texture of
the soils of Ujjain tehsil varied from silty clay to clay. The mean values of percent sand, silt and
clay were 16.34, 33.98, and 48.46 per cent in the surface soil samples. More than half of the soil
samples were in medium range of water soluble K, exchangeable K and non- exchangeable K
content.
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