Impact of organic farming practices on available nutrients status and biological properties of soils of Udupi District, Karnataka, India


ABSTRCT
A study was conducted in the Department Soil Science, College of Agriculture, Shivamogga, KSNUAHS, Shivamogga to know the impact organic farming practices on available nutrients status and biological properties in soils of Udupi district, Karnataka. Results of the study revealed that an increase in soil pH, organic carbon, available nitrogen, phosphorus, potassium, calcium, magnesium, sulfur and micronutrients (Fe, Mn, Cu and Zn) were recorded in soils under organic farming practices compared to that of soils under inorganic farming practices. Further, relatively higher number total counts (CFU g-1soil) of bacteria, fungi, actinomycetes, phosphate solubilizing bacteria (PSB) and azatobacter were recorded  in soils under organic farming practices compared to the soils under inorganic farming practices. Similarly, an increase in enzymes (Dehydrogenase, Acid phosphatase and Urease) activities were also recorded relatively high in soils under the influence of organic farming practices. An increase in available nutrients status, total microbial counts and enzyme activities in soils under organic farming practices may be attributed an increase in soil pH and organic carbon status in soil due continuous addition of organic manures and also an increase in microbial counts and enzyme activities and this was evidenced by a positive and significant correlation recorded between available nutrient status, microbial activities, soil pH and organic carbon status of soils.
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INTRODUCTION
As we know there are different farming systems such as subsistence, natural, organic and inorganic or intensive cultivation systems are being followed for crop production. Among the above systems, intensive cultivation involving high yielding varieties (HYV), continuous use of high analysis chemical fertilizers and pesticides without any organic manures addition and also over use of water may lead to soil degradation in addition decline in environmental quality. Soil degradation means decline in soil physical properties and increase in soil erosion, decrease in availability secondary and micronutrients status in addition to decrease in microbial activity in soils due to decrease in organic carbon  status in soils. Ultimately, soil will not be in a position to support plants and animals growth and development.  Ram (1998) reported that “intensive cultivation associated with no organic manures resulted in deterioration of soil structure due to reduction in soil organic carbon”. On the contrary, higher organic carbon status which an index of soil health was noticed in soils under influence organic farming practices probably due to continuous addition of organic materials to soils (Adekiye et al., 2020: Dutta et al., 2018 and Srinivasan et al., 2019). Similarly, Brar et al. (2017) stated that soil enzyme activity in soil was enhanced by application of biofertilizers (including Zn solubilizer) and FYM compared to chemical fertilizers. FYM boots soil enzyme activity because it adds organic matter which is essential for survival of microbial communities. USDA study team defined organic farming is a system which excludes synthetic imputes (Chemical fertilizers and pesticides) and rely upon crop rotation, crop and animal resides, off farm organic wastes and mineral grade rocks. Similarly, FAO suggested that “organic agriculture is a unique production   management system which promotes and enhances agro- ecosystem health including biodiversity, biological cycles and biological activity in soils”. Soil microbes, the living part of soil organic matter, function as a transient nutrients sink and are responsible for releasing nutrients from organic matter through decomposition for use by plants (Friedal et al., 2001). Keeping the above back ground, a study was under taken in the Department of Soil Science, College of Agriculture, Shivamogga, KSNUAHS, Shivamogga during 2022-23 in order to know the effect organic farming practices on available nutrients status and microbial activities in soils of Udupi district, Karnataka.
MATERIAL AND METHODS 
Soil samples collections
For the present study, after identifying the farmers who were following organic farming practices in Udupi district of Karnataka, India, 45 composite surface soil samples (0-15 cm depth) were collected from their fields. Simultaneously, 45 composite surface soil samples were also collected from adjacent fields where inorganic farming practices were being followed irrespective of cropping pattern during the period of 2022-23. After processing, the soil samples were analyzed for chemical, available nutrients status and biological properties using standard methods of analysis. 
Methods of analysis of soil Samples
Soil reaction (pH), electrical conductivity (EC) and organic carbon (OC) were analyzed using potentiometric, conductometric and walkley- Black’s (1934) methods, respectively as described by Jackson (1973). Similarly, available N and P were determined by Sbbaiah and Asija distillation method (1956) and colorimetric method involving Bray’s extractant-1, respectively (Jackson, 1973). Available K, and exchangeable Ca and Mg were estimated by flame photometric and EDTA titration methods, respectively using NN ammonium acetate as an extractant (Jackson, 1973). Available sulfur was determined by turbidimetry using 0.15% CaCl2 as an extractant (Jackson, 973). Available Fe, Mn, Cu and Zn were extracted from soils using DTPA extractant (Lindsay and Norwell, 1978) and the concentration of Fe, Mn, Cu and Zn in the extract was determined by atomic absorption spectrophotometric method under suitable conditions (Page, et.al., 1982). 
For microbial studies, 10 soil samples were selected from each farming practices (organic and inorganic) and they were used for total microbial counts and enzyme activities. Total microbial counts were estimated by dilution and plate counts technique and number of colonies (CFU) per gram soil was calculated (Skinner et.al., 1952). Isolation of free living N fixing azotobacter was counted as per the method described by Waksman (1962). Similarly, Phosphate Solubilizing Bacteria (PSB) were isolated and counted as per the method outlined by Sperber (1958). Enzyme activities such as Dehydrogenase, acid phosphatase and urease were determined by following the methods as described by Casida et al.(1964), Eivazi and Tabatabai(1977) and Tabatabai and Bremner (1970), respectively. 
Finally, data obtained in respect of chemical properties, available nutrients status, microbial counts and enzyme activities was subjected for statistical analysis in order to know the relationship between soil properties and nutrients status of soils (Sundararaj,           et al., 1972). Hence, correlation coefficients(r) were recorded between the chemical, nutrients status and microbial properties of soils.
RESULTS AND DISCUSSION
Soil reaction (pH) of soils under the influence of organic farming practices varied from 4.50 to 6.18 with an average of 5.18. Whereas, soils under influence of inorganic farming practices were recorded the pH in the range of 4.11 to 5.98 with a mean of 4.89 (Table 1). Results indicated that soils under organic farming practices recorded slightly higher pH compared to those soils under the influence of inorganic farming practices. An increase in pH of soil under organic farming practices may be attributed to the release of bases(Ca and Mg) during decomposition of added organic matter and replacement exchangeable Al and H from exchange complex of soils by released bases(Lal et al., 2000, Sarwar et al., 2010 and Dhamak, 2020). Soils under both organic and inorganic farming practice recorded normal EC values (< 1 dSm-1 at 25 oC) and did not affected by organic and inorganic farming practices because of leaching loss of bases due to high rainfall (Panghate et al., 2020 and Madhusudhan et al., 2022).
Organic carbon is a measure organic matter status in soil, varied from 0. 42 to 1.66 per cent with a mean of 1.00 per cent in soils under the influence of organic farming practices compared to its status ranged from 0.30 to 1.40 per cent with mean of 0.79 per cent in soils under inorganic farming practices (Table 1). Slightly higher organic carbon(OC) status of the soils under influence organic farming practices probably due to continuous addition of organic materials to soils (Adekiye et al., 2020: Dutta et al., 2018 and Srinivasan et al., 2019). 
Relatively higher available N status was recorded in soils under influence of organic farming practices and it ranged from 211.98 to 360.50 kg ha-1 with a mean of 303.50 kg ha-1 compared to that of soils under influence of inorganic framing practices (177.60 to 342.50 kg ha-1 with a mean of 283.97 kg ha-1). Higher available N status in soils under organic farming practices may be due to continuous addition of organic matter and also  an  increase  in microbial activity in soils and it was evidenced by a  positive and significant correlation recorded(Table 5) between available N and organic carbon status in soils(r = 0.857**). The similar findings were also reported by Meena et al. (2020) and Kumar et al. (2022). Similarly, soils under influence of organic farming practices recorded slightly higher available P2O5 (8.69 to 99.16 kg ha-1 with a mean of 31.72 kg   ha-1) compared to that of soils under inorganic farming practices (4.12 to 80.50 kg ha-1 with an average of 25.58 kg ha-1). An increase in available P2O5 status in soils under organic farming practices may be attributed to increase in pH and reduction in P fixation by Fe and Al due to addition of organic matter and also P mineralization as a result of increased microbial activity in soils (Ramesh, 2001; Ganapathi et al. (2008) and Peter, (2011). Even available K2O was found to be higher in soils under organic farming practices (91.32 to 411.39 kg ha-1 with a mean of 201.81 kg ha-1) compared to that of soils under inorganic farming practices where it was ranged from 81.57 to 380.08 kg ha-1 with a mean of 167.94 kg ha-1. The higher amount of available K in soils under organic farming practices probably due addition of organic matter, release of bases during its decomposition due to increased biological activity and also synthesis humus during decomposition organic matter which in turn may reduce the leaching loss of bases from soils (Adeleye et al., 2010). 
Results presented in Table 2 indicate the available secondary and micronutrients status in soils as influenced by organic and inorganic farming practices. It was noticed from the results that soils under organic farming practices recorded slightly higher exchangeable Ca and Mg status (1.70 to5.30 cmol(p+) kg-1  with mean of 3.11 cmol(p+) kg-1) compared to that of soils under inorganic farming practices(and 0.30 to 3.90 cmol(p+) kg-1  with a mean of and 1.28 cmol(p+) kg-1).  An increase in exchangeable Ca and Mg in soils under organic farming practices may be attributed to the continuous addition organic matter and its decomposition due to increased microbial activity resulted in release of bases in soils (Srikanth et al., 2000). Similarly, available  sulphur(S) was also recorded slightly higher (4.65 to 18.74 mg kg-1 with a mean of 28.89 mg kg-1) in soils under organic farming practices compared to that of soils under inorganic farming practices (3.65 to 16.41 mg kg-1 with a mean of 9.20 mg kg-1). This is probably because of increased soil pH and microbial activity in soils due to addition organic matter as evidenced by positive and significant correlations (r) recorded between available S and pH and available S and organic carbon content of soils (Table 5). Similar research findings were also reported by Vijaya et al.(2010) and Gajanana et al., (2005).
Available micronutrients or DTPA extractable Fe, Mn, Cu and Zn status in soils under organic farming practices was found high with an average of 23.90, 11.88, 2.42 and 2.60 mg kg-1, respectively compared to that of soils under the influence of inorganic farming practices (an average value of 20.66, 9.36, 1.53 and 1.69 mg kg-1, respectively). An increase in micronutrients status in soils under organic farming practices may be attributed to continuous addition organic matter which acts as source of these nutrients and also chelating agents which are released during decomposition of organic matter responsible for increasing the solubility, mobility and availability micronutrients in soils.  This may be supported by a positive and significant correlation recorded between DTPA extractable Fe, Mn, Cu and Zn, pH and organic carbon status in soils (Table 5). Similar findings were also reported by Chidanandappa (2004), Moharana et al. (2017) and Gayakwad et al. (2021).
Results presented in Table 3 indicate the influence of organic and inorganic farming practices on microbial counts in soils of Udupi district, Karnataka.  From the results it was noticed that high number of  average total counts(CFU) of bacteria, fungi, actnomycetes, PSB and azatobacter of 21.20 x10-6, 15.60 x 10-4, 3.90 x 10-3,  13.20 x10-6 and 15.80 x10-6 g-1 of soil were recorded in soils under the influence of organic farming practices, respectively compared to that of 14.50 x 10-6, 12.80 x 10-4, 2.50 x 10-3, 8.40 x 10-6 and 11.10 x 10-6 g-1 soil of inorganic farming practices, respectively. High numbers of total microbial counts in soils under the organic farming practices may be due to continuous addition organic matter to the soils which acts as food and energy source for microorganisms  and  it was evidenced by positive and significant correlations recorded between the microbial counts, soil pH and OC contents of soils (Table 5). Similar research findings were also reported by Kulkarni et al. (2020) and Choudhary et al. (2022). Even activities of enzymes such as dehydrogenase, acid phosphatase and urease were recorded high in soils under organic farming cultivation compared to those soils under the influence of inorganic farming practices (Table 4). Higher enzyme activities in soils under organic farming practices may be attributed to the continuous addition organic matter to the soils which served as substrate for enzymes and also an increase in pH of these soils. This could be supported by positive and significant correlations(r) observed between organic carbon (OC), pH and enzyme activities in soils (Table 5). Similar research findings were also reported by Jahnavi, et al. (2018), Rajput et al.(2019) and Dutta et al.(2018).
Table 1.  Chemical properties and available NPK status in soils as influenced by organic and inorganic farming practices in Udupi district,  Karnataka
	
	Organic farming practices
	
Inorganic farming practices


	
	Range
	Mean
	Range
	Mean

	pH
	4.50 - 6.18
	5.18
	4.11 - 5.98
	4.89

	EC(dSm-1 at 25 o C)
	0.02 - 0.23
	0.05
	0.01 - 0.32
	0.06

	Organic carbon (%)
	0.42 - 1.66
	1.00
	0.30 - 1.40
	0.79

	N (kg ha-1)
	211.98 - 36.50
	303.50
	177.60 - 342.50
	283.97

	P2O5(kg ha-1)
	8.69 - 99.16
	31.72
	4.12 - 80.50
	25.58

	K2O(kg ha-1)
	91.32 - 411.39
	201.81
	81.57 - 380.08
	167.94

	
Percent distribution of available NPK status in soils


	
	Organic farming practices
	
Inorganic farming practices


	
	Low
	Medium
	High
	Low
	Medium
	High

	N
	11.11
	88.89
	0.00
	31.11
	68.89
	0.00

	P2O5
	46.67
	42.22
	11.11
	51.11
	42.22
	6.67

	K2O
	33.33
	62.22
	4.44
	44.44
	53.33
	2.22









Table 2.  Available secondary and micronutrients (DTPA extractable micronutrients) status in soils as influenced by organic and inorganic  Farming practices in Udupi district, Karnataka
            
	
Nutrients
	Organic farming practices
	Inorganic farming practices

	
	Range
	Mean
	% distribution status
	Range
	Mean
	% distribution status

	
	
	
	Deficient
	Sufficient
	
	
	Deficient
	Sufficient

	Ca(cmol(P+) kg-1)
	1.70 - 5.30
	  3.11
	28.89
	71.11
	1.40 - 5.00
	 2.77
	37.78
	62.22

	Mg(cmol(P+) kg-1)
	0.30 - 3.90
	  1.28
	15.56
	84.44
	0.30 - 3.20
	 1.03
	33.33
	66.67

	S(mg kg-1)
	4.65 - 18.74
	12.18
	28.89
	71.11
	3.65 - 16.41
	 9.20
	35.56
	64.44

	Fe(mg kg-1)
	9.52 - 33.82
	23.90
	-
	100
	7.62 - 28.76
	20.66
	-
	100

	Mn(mg kg-1)
	4.31 - 24.96
	11.88
	-
	100
	1.21 - 21.94
	  9.36
	-
	100

	Cu(mg kg-1)
	1.12 - 4.44
	  2.42
	-
	100
	0.73 - 2.72
	  1.53
	-
	100

	Zn(mg kg-1)
	1.54 - 4.04
	  2.60
	-
	100
	0.63 - 3.62
	  1.69
	2.22
	97.78


 





Table 3. Microbial counts in soils of Udupi district, Karnataka as influenced by organic and inorganic farming practices
	Organic farming practices

	Soil sample No
	pH
	OC 
(%)
	Bacteria
No. x 10-6 g-1 soil
	Fungi
No. x 10-4 g-1 soil
	Actinomycetes
No. x 10-3 g-1 soil
	PSB
No. x 10-6 g-1 soil
	Azotobater
No. x 10-6 g-1 soil

	1
	5.01
	0.42
	15.00
	16.00
	3.00
	11.00
	14.00

	2
	5.58
	0.69
	19.00
	15.00
	3.00
	15.00
	18.00

	3
	4.80
	0.96
	17.00
	18.00
	2.00
	13.00
	16.00

	4
	5.60
	0.54
	26.00
	17.00
	4.00
	16.00
	18.00

	5
	5.45
	1.56
	30.00
	14.00
	5.00
	14.00
	19.00

	6
	5.60
	1.36
	28.00
	13.00
	7.00
	15.00
	17.00

	7
	5.43
	0.89
	23.00
	15.00
	6.00
	13.00
	15.00

	8
	4.79
	1.66
	18.00
	24.00
	3.00
	11.00
	13.00

	9
	4.83
	1.26
	20.00
	14.00
	4.00
	14.00
	16.00

	10
	4.70
	0.75
	16.00
	10.00
	2.00
	10.00
	12.00

	Mean
	5.18
	1.01
	21.20
	15.60
	3.90
	13.20
	15.80

	Inorganic farming practices

	Soil sample No.
	pH
	OC 
(%)
	Bacteria
No. x 10-6 g-1 soil
	Fungi
No. x 10-4 g-1 soil
	Actinomycetes
[No. x 10-3 g-1 soil]
	PSB
No. x 10-6 g-1 soil
	Azotobater
No. x 10-6 g-1 soil

	1
	4.82
	0.30
	12.00
	14.00
	2.00
	7.00
	10.00

	2
	4.91
	0.60
	15.00
	13.00
	2.00
	9.00
	12.00

	3
	4.60
	0.78
	13.00
	15.00
	1.00
	8.00
	11.00

	4
	5.51
	0.42
	19.00
	12.00
	3.00
	10.00
	14.00

	5
	4.82
	1.25
	22.00
	11.00
	3.00
	8.00
	11.00

	6
	5.50
	0.96
	20.00
	10.00
	5.00
	12.00
	15.00

	7
	4.60
	0.72
	11.00
	13.00
	4.00
	8.00
	9.00

	8
	4.60
	1.40
	14.00
	19.00
	2.00
	9.00
	13.00

	9
	4.20
	1.14
	10.00
	13.00
	1.00
	6.00
	9.00

	10
	4.67
	0.52
	9.00
	8.00
	2.00
	7.00
	7.00

	Mean
	4.82
	0.81
	14.50
	12.80
	2.50
	8.40
	11.10





Table 4. Enzyme activities in soils of Udupi district as influenced by organic and inorganic farming practices
	Soil sample No.
	Organic farming practices
	
Inorganic farming practices


	
	pH
	OC
(%)
	Dehydrogenase
(µg PNP g-1 of soil day-1)
	Acid Phosphatase
(µg PNP g-1 of soil hr-1)
	Urease
(µg released g-1 soil hr-1)
	pH
	OC (%)
	Dehydrogenase
(µg PNP g-1 of soil day-1)
	Acid Phosphatase
(µg PNP g-1 of soil hr-1)
	Urease
(µg released g-1 soil hr-1)

	1
	5.01
	0.42
	28.02
	1.20
	110.50
	4.82
	0.30
	19.35
	0.61
	94.50

	2
	5.58
	0.69
	31.11
	1.53
	129.00
	4.91
	0.60
	23.05
	0.84
	109.00

	3
	4.80
	0.96
	26.21
	1.90
	117.50
	4.60
	0.78
	18.90
	0.96
	99.00

	4
	5.60
	0.54
	25.40
	1.34
	137.00
	5.51
	0.42
	17.43
	0.82
	113.00

	5
	5.45
	1.56
	35.95
	2.57
	189.50
	4.82
	1.25
	26.76
	1.30
	135.50

	6
	5.60
	1.36
	34.24
	2.37
	175.00
	5.50
	0.96
	22.23
	1.10
	124.00

	7
	5.43
	0.89
	27.46
	1.73
	143.50
	4.60
	0.72
	23.95
	0.92
	129.00

	8
	4.79
	1.66
	32.25
	2.10
	167.00
	4.60
	1.40
	28.12
	1.23
	143.50

	9
	4.83
	1.26
	28.56
	1.50
	138.00
	4.20
	1.14
	20.17
	0.81
	111.00

	10
	4.70
	0.75
	19.24
	1.20
	102.50
	4.67
	0.52
	18.12
	0.73
	89.00

	Mean
	5.18
	1.01
	28.84
	1.74
	140.95
	4.82
	0.81
	21.81
	0.93
	114.75





[bookmark: _GoBack]Table 5. Correlation Coefficients(r) recorded between available nutrients status, Microbial properties and chemical properties of soil 
	Available nutrients and Chemical properties of soils
	
Microbial properties and Chemical properties of soils


	
	pH
	EC
	OC
	
	pH
	EC
	OC

	N
	0.150
	0.047
	0.857**
	Bacteria
	0.750**
	0.104
	0.316

	P
	0.150
	-0.111
	-0.334**
	Fungi
	-0.044
	-0.202
	0.350

	K
	0.388**
	0.273**
	0.011
	Actnomycetes
	0.686**
	0.089
	0.219

	Ca
	0.573**
	0.052
	-0.157
	PSB
	0.725**
	0.085
	0.137

	Mg
	0.575**
	0.061
	0.328**
	Azatobater
	0.756**
	0.079
	0.186

	S
	0.288**
	0.079
	0.276**
	Dehydrogenase
	0.376
	0.142
	0.612**

	Fe
	-0.335**
	-0.089
	0.222*
	Acid Phosphatase
	0.408
	0.387
	0.624**

	Mn
	0.183
	0.018
	0.293**
	Urease
	0.458
	0.233
	0.720**

	Cu
	0.041
	-0.105
	0.276**
	
Note: * significant at 5 %
           ** significant at 1 %



Conclusion
From the present study, it was concluded that organic farming practices increased soil fertility, biological activity and also increased soil organic carbon status compared to inorganic farming practices. Organic carbon status of soils can be considered as an index of soil quality or soil health. Hence, organic farming practices improve available nutrients status and biological activity in soils by enhancing microbial diversity, increasing enzyme activity, and boosting soil organic matter (SOM) content. 
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