



Forms and distribution of potassium in soils under paddy (Oryza sativa L.)  cover of Bhadra Command in Karnataka, India


ABSTRACT
In order to know the status of potassium in soils under paddy cover of Bhadra Command in Karnataka, 145 surface soil samples 15 cm dept, were collected from soils of seven taluks coming under Bhadra Command, processed and analyzed for chemical properties, K fractions and their distribution in soils. Results revealed that pH of soils ranged from acidic to alkaline (4.57-9.22) and organic carbon (OC) content was found in the range of 2.10 to 25.80 g kg-1. Available K status in soils varied from 49.06 to 646.87 kg K2O ha-1. Further, out of 145 soil samples, 39.31, 45.52 and 15.17 per cent soils were recorded low, medium and high in available K status, respectively. Different forms of K and their distribution in soils followed the order of Lattice K > Non-exchangeable K > exchangeable K > Water soluble K. Among the fractions of K, lattice K was found as a dominant fraction and its contribution to the total K was 88.30 to 99.75 per cent and also it had a positive and significant correlation with total K. The variation in available K status and distribution of K fractions in soils may be attributed to the variation in soil properties such as soil pH, EC and OC status of soils and fertilizer management practices followed during crop production. Further, it was noticed that total K in soils under paddy cover of Bhadra Command varied from1230 to 30760 mg kg-1(0.12-3.08 %).
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INTRODUCTION
Potassium, as an essential plant nutrient element, plays an important role in plant metabolism. Although it is not a structural component of plant and plant products, it plays a regulatory role in plants such as opening and closing of stomata, transportation of water and nutrients throughout the plants. It is an activator of many enzymes including starch synthesis, nitrate reductase and others. It also reduces crop lodging and imparts resistance to plants against biotic and abiotic stress. Further, it improves crop quality and also it reduces lodging of crops. Plants absorb potassium from soils and its uptake by plants depends on its availability in soils. The available status of potassium in soil is very much influenced by soil properties such as texture or amount of clay and also type of clay minerals, pH, OC, CEC of soils including fertilizers management practices. Soil texture plays an important role in controlling the availability of K and its availability increases with increase in fineness of soil (Pal and Sekhon, 1991). Available K in soils recorded a positive significant correlation with clay and a non-significant positive correlation with pH, OC and CEC of soils (Leelavati et al., 2024).  Further, research findings revealed that available K status in Indian soils showed gradual decline from medium to low status even in black soils. This may be due to low application of potassium by the farmers, imbalanced use of NPK fertilizers and improper method of K application. Further, potassium occurs in different forms such as water soluble, exchangeable, nonexchangeable or fixed and lattice forms and their distribution in soils influenced by soil properties, amount of clay and type of clay minerals in soils and also intensity of weathering of soil (Brar and Sekhon, 1987). Similarly, Sharma et al. (2009) reported that per cent contribution of mineral or lattice K to total K was found to be more than 90 percent and considered as a dominant fraction of K in soils.
Paddy (Oryza sativa L.) one of the major cultivated crops in Bhadra Command of Karnataka without proper fertilizer management particularly in respect of potash fertilizers.  Since there is not much information available in respect of K status of the soils, an investigation was carried out in the Department of Soil Science, College of Agriculture, KSNUAHS, Shivamogga to know the available K status and distribution of K fractions in soils under paddy cover of Bhadra Command in Karnataka 
MATERIAL AND METHODS:
Location of study area is Bhadra Command of Karnataka (Fig. 1) which includes seven taluks coming under three districts,Tarikere taluk of Chikkamagaluru district, Shivamogga and Bhadravathi taluks of Shivamogga district and Channagiri, Honnali, Harihara and Davanagere taluks of Davanagere district. Gross command area from the project is 162,818 hectares, cultivable command is 121,500 hectares and irrigated command and cropped area is 105,570 hectares. For the present study, 145 surface soil samples (0-15 cm depth) were collected from soils under paddy cover of seven taluks. After processing, soil samples were subjected for analysis. Soil pH, electrical conductivity (EC) and organic carbon (OC) status of soils were determined by potentiometric, conductometric and Walkley-Black’s methods (1934) and  (Jackson, 1973). 
Available potassium was estimated by flame photometric method using 1N ammonium acetate as an extractant (Jackson, 1973). Different fractions of K such as water soluble, exchangeable, and non-exchangeable (fixed) and lattice K were determined by the procedure given by Pratt (1982). Total K of soils was determined by digesting the soil samples with hydrofluoric acid (HF) in closed vessel as per the procedure given by Lim and Jackson (1982) and the concentration of K in the digest was determined by flame photometric method (Jackson, 1973). Finally, correlation coefficients (r) were worked out to know the relationship between soil pH, OC, available K and its fractions in soils (Sundararaj et al., 1972)  
 RESULTS AND DISCUSSION
Results presented in Table 1, indicate the chemical properties (pH, EC and OC) and available K status of soils under paddy cover of Bhadra command in Karnataka. Soil reaction (pH) of soils of Tarikere, Shivamogga and Bhadravathi taluks varied from 4.62 to 5.51, 4.57 to 5.28 and 4.79 to 6.08 with a mean of 5.13, 4.80 and 5.33, respectively. pH of soils of above taluks revealed that soils were acidic and  acidic nature of these soils  may be attributed  to the  acid parent material and leaching of bases from these soils due to high rain fall (Rudramurthy et al., 2007). 
Whereas, soils of Channagiri taluk recorded pH in the normal range with a mean of 6.96 except only one sample which recorded pH of 9.22. Similarly, average pH of soils of Honnali and Harihara taluks was recorded as 7.47 and 6.61, respectively indicating the normal pH status. Whereas, pH of soils of Davanagere taluk was recorded in the range of normal to alkaline and 78.57 % samples recorded the pH more than 8.00. The soils under paddy cover of the taluks (Channagiri, Honnali, Harihara and Davanagere) of Davanagere district were recorded in normal to alkaline range and  this  may be attributed to the accumulation bases in soils due to low rainfall (Sing et al., 2010). Soluble salts concentration (EC) in soils (98.62%) of Bhadra Command was found normal (< 1 dSm-1 at 25 oC) except two soil samples which recorded the EC more than 1 dSm-1 at 25oC. However, soils coming under high rainfall area (Tarikere, Shivamogga and Bhadravathi taluks) recorded comparatively low soluble salts (<0.18 dSm-1 at25oC) due leaching losses of salts from soils. Soils of other taluks (Channagiri, Honnali, Harihara and Davanagere) recorded comparatively more soluble salts (0.44 – 0.66 dSm-1 at 25 oC) probably due to low rainfall and restricted drainage condition (Abu-Zahra and Tahboub, 2008 and Sarwar et al., 2010). 
Organic carbon (OC) status of soils under paddy cover of Bhadra Command varied from 2.10 to 25.80 g kg-1. Out of 145 soil samples analyzed, 23(15.86 %), 62(42.76 %) and 60 (41.38 %) samples recorded low, medium and high in organic carbon status (Table 2). In other words 84 per cent soils of command area recorded medium to high status of organic carbon. This may be attributed addition paddy straw to the soils through mechanical harvest of paddy. Similar findings also reported by Babhulkar et al. (2000).
	Available potassium (K) status in soils of Tarikere, Shivamogga and Bhadravathi taluks of Bhadra Command varied from 49.06 to 268.80, 55.51 to 99.86 and 67.74 to 204.83 kg K2O ha-1 with a mean of 100.45, 73.49 and 143.88 kg K2O ha-1, respectively. Whereas, Channagiri, Honnali, Harhara and Davanagere taluks of davanagere district recorded the available K status in the range of 101.88 to 598.08, 127.15 to 467.31, 112.90 to 423.36 and 92.20 to 646.87 kg K2O ha-1 with a mean of 241.63, 204.53, 247.51 and 343.25 kg K2O ha-1, respectively (Table 3). In general, soils under paddy cover of Bhadra Command recorded available K status in the range of 49.06 to 646.87 kg K2O ha-1. It was noticed from the results that soils of Tarikere, Shivamogga and Bhadravathi taluks recorded comparatively low available K status probably because of leaching loss of bases from soils due to acidic nature (low pH) and high rainfall and this may be supported by a positive and significant correlation(r= 0.504**) recorded between soil pH and available K of soils (Table 4). Similarly, due to low rainfall, normal pH and fineness of soils of Channagiri, Honnali, Harihara and Davanagere recorded relatively more available K status (Leelavathi, 2016; Chauhan, 2001). Further, out of 145 soil samples analyzed, 57(39.31%), 66(45.52%) and 22 (15.17 %) samples were recorded low, medium and high available K status respectively. It suggests that only 15 per cent soils under paddy cover of Bhadra Command recorded high K (>336 in available K2O kg ha-1) status and the remaining 40 and 45 per cent soils of Bhadra Command  recorded low and medium K status, respectively. This may be attributed to the variation in soil properties such as soil pH, clay content and type of clay minerals present in soils (Leelavathi, 2016 and           Shivanna, ,2008) and also addition of paddy straw to the soils through mechanical harvest of the paddy (Babhulkar et al.,2000) 
Forms and distribution of potassium in soils under paddy cover of Bhadra Command in Karnataka are presented in Table 3. Results reveal that water soluble, exchangeable, nonexchangeable or fixed and lattice K fractions were recorded in the range of 5.90 to 64.80, 1.05 to 214.20, 2.45 to 910.10 and 997.80 to 41804.50 mg kg-1 with a mean of 13.73 to 32.05, 11.98 to197.15, 49.82 to 490.29 and 3585 to27491.62 mg kg-1, respectively in soils under paddy cover of Bhadra Command in Karnataka.  It was observed from the results that lattice K was found as a dominant fraction and its contribution to total K was found to be 88.30 to 99.75 per cent. Similarly, 0.03 to 7.03, 0.01 to 4.80 and 0.03 to 2.05 per cent of the total K accounted for non-exchangeable, exchangeable and water soluble K, respectively. Hence, distribution of K fractions in soils under paddy cover of Bhadra Command was in the order of lattice K > non-exchangeable K > exchangeable K > water soluble K. Further, the results presented in Table 4 reveal that water soluble K recorded a positive correlation with all other fractions including total K. Whereas, exchangeable K had a positive correlation with water soluble and non-exchangeable K and negative correlation with lattice and total K of soils. Similarly, non-exchangeable K recorded a negative correlation with lattice and total K content of soils. The lattice K recorded a highly significant correlation with total K content of soils. Since a positive correlation that recorded between water soluble, exchangeable and nonexchangeable K fractions indicate that these three fractions are in a dynamic equilibrium with each other.  Further, the variation in the distribution of different fractions of K in soils may be attributed to texture or amount of clay and type of K bearing minerals, pH, OC, CEC, total K content in soils and also management practices adopted during crop production (Leelavathi, 2016; Sing and Datta, 1986; Dhakad et al, 2017 and Saini and Grewal, 2014).  It was noticed that positive and significant correlations were observed between organic carbon (OC) and fractions of potassium in soils (Table 4).   Similarly, total K in soils under paddy cover of Bhadra Command varied from 1230 to 30760 mg kg-1 (0.12-3.08 %). The variation in total K may be due to variation in organic matter and K bearing clay minerals content in soils as evidenced by a positive and highly significant correlation recorded between total K and OC(r =0.633**) and also between total K and Lattice K of soils(r =0.999**). Similar findings were also reported by Reza et al. (2014), Saini and Grewal, (2014) and Shivanna, (2008).
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                        Fig. 1: Map of Bhadra Command of Karnataka

	Taluk
	No. of samples collected
	
	pH
	EC
(dSm-1 at 25 oC)
	OC
(g kg-1)
	Available K2O
(kg ha-1)

	Tarikere
	14
	Range
	4.62-5.51
	0.13-0.26
	4.80-19.20
	49.06-268.80

	
	
	Mean
	5.13
	0.18
	13.33
	100.45

	Shivamogga
	12
	Range
	4.57-5.28
	0.14-0.22
	9.60-16.80
	55.51-99.86

	
	
	Mean
	4.80
	0.17
	12.45
	73.49

	Bhadravathi
	24
	Range
	4.79- 6.08
	0.10-0.24
	3.60-25.80
	67.74-204.83

	
	
	Mean
	5.33
	0.14
	10.71
	143.88

	Channagiri
	28
	Range
	5.62-9.22
	0.32-1.25
	3.00-13.50
	101.88-598.08

	
	
	Mean
	6.96
	0.53
	8.32
	241.63

	Honnali
	30
	Range
	6.40-8.39
	0.32-0.78
	2.10-9.30
	127.15-467.31

	
	
	Mean
	7.47
	0.53
	5.91
	204.53

	Harihara
	23
	Range
	5.81-7.17
	0.22-0.92
	6.60-23.60
	112.90-423.36

	
	
	Mean
	6.61
	0.44
	14.67
	247.51

	Davanagere
	14
	Range
	6.14-8.62
	0.29-1.24
	4.80-9.90
	92.20-646.87

	
	
	Mean
	8.00
	0.66
	7.80
	343.25

	Bhadra Command
	145
	Range
	4.57-9.22
	0.10-1.25
	2.10-25.80
	49.06-646.87


Table 1. Chemical properties and available potassium status of soils under paddy cover of different taluks of Bhadra Command, Karnataka


Note:  Channagiri taluk – Except only one sample which recorded the pH of 9.22, others 
           recorded the pH in the normal range

           Davanagere taluk- Out of 14 samples, 11 samples recorded the pH > 8.00 and 
           three samples recorded the pH in normal range


Table 2. Organic carbon (OC) and available potassium status of soils under paddy cover of different taluks of Bhadra Command, Karnataka
	Taluk
	No. of samples collected
	Organic carbon status
	Available K status

	
	
	Low
	Medium
	High
	Low
	Medium
	High

	Tarikere
	14
	3 (21.42)
	5 
(35.71)
	6 (42.86)
	12 (85.71)
	2
 (14.29)
	-

	Shivamogga
	12
	1 
(8.33)
	9 
(75.00)
	2 (16.67)
	12 (100)
	-
	-

	Bhadravathi
	24
	1 
(4.16)
	10 (41.67)
	13 (54.17)
	12 (50.00)
	12 (50.00)
	-

	Channagiri
	28
	1 (3.58)
	9 (32.14)
	18 (64.29)
	12 (42.86)
	7 (25.00)
	9 (32.14)

	Honnali
	30
	10 (33.33)
	14 (46.67)
	6 (20.00)
	4 (13.33)
	25 (83.34)
	1 (3.33)

	Harihara
	23
	6 (26.09)
	10 (43.48)
	7 (30.43)
	2 (13.04)
	14 (60.87)
	6 (26.09)

	Davanagere
	14
	1 (7.14)
	5 (35.71)
	8 (57.14)
	2 (14.28)
	6 (42.86)
	6 (42.86)

	Bhadra Command
	145
	23 (15.86)
	62 (42.76)
	60 (41.38)
	57 (39.31)
	66 (45.52)
	22 (15.17)



[Figures in parenthesis indicate % distribution status]
Ratings of organic carbon and available K status
OC: Low (< 5 g kg-1), Medium (5-7.5 g kg-1) and High (> 7.5 g kg-1)

Available K2O: Low (<141 kg ha-1), Medium (141 - 336 kg ha-1), and 
                        High (>336 kg ha-1),

Table 3. Forms and distribution of potassium (mg kg-1) in soils under paddy cover of different taluks in Bhadra Command, Karnataka
	Taluk
	
	Water soluble K
	Exchangeable K
	Non exchangeable K
	Lattice K
	Total K

	Tarikere
	Range
	9.65-19.65
(0.04-0.16)
	1.10-84.20
(0.01-0.41)
	23.00-845.80
(0.09-6.63)
	11888.20-30636.40
(93.17-99.75)
	12170-30760

	
	Mean
	13.73
	21.05
	135.32
	17799.19
	17969.29

	Bhadravathi
	Range
	10.00-64.80
(0.04-0.24)
	1.05-66.20
(0.01-0.26)
	50.60-644.10
(0.19-2.42)
	12883.080-41804.50
(97.37-99.67)
	13200-22050

	
	Mean
	32.05
	21.47
	202.78
	27491.62
	27747.92

	Shivamogga
	Range
	7.45-20.50
(0.07-0.22)
	2.00-23.25
(0.02-0.16)
	42.15-103.40
(0.28-0.87)
	8835.00-16561.80
(98.83-99.48)
	8940-16670

	
	Mean
	15.36
	11.98
	77.85
	12288.14
	12393.33

	Channagiri
	Range
	8.30-47.35
(0.03-0.50)
	8.05-214.20
(0.06-1.92)
	170.80-612.5
(0.85-4.43)
	7185.70-28823.30
(94.05-99.02)
	7500-29110


	
	Mean
	21.38
	73.54
	366.77
	11850.09
	12311.79

	Honnali
	Range
	5.90-37.65
(0.16-2.05)
	22.95-173.85
(0.50-4.80)
	2.45-155.85
(0.03-5.67)
	997.80-11958.10
(88.30-99.16)
	1230-12060

	
	Mean
	15.85
	60.24
	49.82
	3585.43
	3711.33

	Harihara
	Range
	6.70-49.85
(0.05-0.67)
	14.75-140.45
(0.11-1.39)
	24.20-910.10
(0.18-7.03)
	5222.70-16917.40
(91.77- 99.40)
	5330-17810

	
	Mean
	18.00
	73.01
	490.29
	10596.77
	11179.30

	Davanagere
	Range
	7.20-45.90
(0.13-0.47)
	16.15-197.15
(0.21-2.94)
	9.70-381.65
(0.20-3.53)
	5022.40-18739.90
(93.14-98.83)
	5100-19130

	
	Mean
	27.83
	197.15
	191.82
	10769.06
	11088.57



Figures in parenthesis indicate % contribution of K forms to the total K in soils
                                                      [mg kg-1]                               [mg kg-1]
Exchangeable K cmol(p+) kg-1 = -------------  ,     % Total K = ----------------    
                                                         390                                      10000


Table 4. Correlation coefficients (r) recorded between available K, forms of K and soil properties
	
	pH
	OC
	Avail. K
	WS-K
	Exch. K
	 Non exch. K
	Lattice K
	Total K

	pH
	1.000
	
	
	
	
	
	
	

	OC
	-0.513**
	1.000
	
	
	
	
	
	

	Avail. K
	0.504**
	-0.148*
	1.000
	
	
	
	
	

	WS-K
	0.057
	0.225**
	0.307**
	1.000
	
	
	
	

	Exch. K
	0.514**
	0.212**
	0.970**
	0.068
	1.000
	
	
	

	Non exch. K
	0.136
	0.222**
	0.235**
	0.005
	0.247**
	1.000
	
	

	Lattice K
	-0.537**
	0.620**
	-0.180*
	0.395**
	-0.289**
	-0.167*
	1.000
	

	Total
	-0.533**
	0.633**
	-0.167*
	0.399**
	-0.276**
	-0.126
	0.999**
	1.000



[WS-K = Water soluble K, Exch. K= Exchangeable K, 
  Non exch. K= Non exchangeable K]

*Significant at 5%
**Significant at 1%

Conclusion 
Finally, it may be concluded that available K status in soils under paddy cover of Bhadra Command varied from 49.06 to 646.87 kg K2O ha-1. Further, out of 145 soil samples analyzed, 39.31, 45.52 and 15.17 per cent soils recorded low, medium and high in available K status, respectively. Different forms of K and their distribution in soils followed the order of lattice K > non-exchangeable K > exchangeable K > water soluble K. Among the above fractions of K, lattice K was found as a dominant fraction and its contribution to the total K was 88.30 to 99.75 per cent and also a positive and significant correlation observed between total K and lattice K. The variation in available K status and also distribution of K forms may be attributed to the variation in soil properties such as soil pH, EC and organic carbon (OC) status. It may be also due to the variation in clay content and fertilizer management practices followed during crop production.
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