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Abstract: A field experiment was conducted to evaluate the influence of organic farming practices on soil health and 
crop performance of Soybean (Glycine max).  The crop cultivar JS-335 of soybean was grown with 30:26.2:16.6 kg 
ha-1 (NPK) recommended dose of fertilizers under three management practices viz., organic, chemical and integrated 
(50:50) in randomized block design, replicated three times. Soil organic carbon, available N, P and K, microbial  
enzymatic activities, total biomass, seed yield and harvest index (HI) were analyzed during the study. It was observed that 
soil organic carbon (11.3 g kg-1), available N (125 mg kg-1), P (49.7 mg kg-1) and soil enzyme activities viz., dehydrogenase 
(DHA) (98.20 µ grams TPF/g soil/24 h) and alkaline phosphatase (178.2 µ grams p-nitro phenol/g soil/h) were found 
significantly higher in the plot managed organically while available K (320.1 mg kg-1) was not significant with respect 
to chemical and integrated practices. The total biomass (1927 kg ha-1) and seed yield (601 kg ha-1) of soybean was 
found highest in organic farming practices followed by integrated and chemical practices. Very poor microbial activities 
were observed in chemically managed plots. Thus, the study demonstrated that the organic farming practice improved soil 
health and performance of soybean crop.    
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INTRODUCTION 

Soybean is the most important grain legume crop in the 

world in terms of its use in human foods and livestock 

feeds. In rainy season (July-October), it is the predominant 

crop in deep Vertisols of Central India (Panwar et al., 

2010). Yields of the soybean crop will decrease when 

essential nutrients are deficient. Chemical fertilizers 

play an important role to meet nutrient requirement of 

the crop but their continuous use on lands will have 

deleterious effects on physical, chemical and biological 

properties of soil, which in turn reflects on yield 

(Sarkar et al., 1997). Judicious application of nutrient 

especially organic manures not only improves the  

productivity (Sushila and Giri, 2000) but also make 

cultivation sustainable (Tiwari et al., 2002) because it 

is the basic source of soil organic matter. Soil organic 

matter plays pivotal roles in several processes of the 

soil ecosystem including nutrient cycling, soil structure 

formation, carbon sequestration, water retention and 

energy supply to microorganisms (Lakaria et al., 

2011). Soil organic matter is the single most important 

constituent that influences the soil fertility, soil formation, 

soil biology, physical and chemical properties of soil 

which in turn reflects in to crop yield (Walker et al., 

2004). The long term sustainability and overall productivity 

of crop are directly related to the maintenance of soil 
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organic matter (Swaroop et al., 2000). The replacement 

of ancient organic farming due to dynamic developments 

since generations resulted in decline or stagnation in 

crop yields is being reported from one part or the 

other. India is no exception in this regard (Bhandari et 

al., 2002 and Ladha et al., 2003). Organic farming 

systems rely on the management of soil organic matter 

to enhance the chemical, biological and physical properties 

of soil (Ramesh et al., 2005) The improved soil biological 

activity is also known to play a key role in suppressing 

weed pest and diseases (IFOAM, 1998). Greatest challenge 

in 21st century is to feed the ever increasing population 

along with the improvement and maintenance of soil 

health and environmental quality. The present experiment 

was conducted with an objective to evaluate the influence 

of organic farming practices on soil health and  

performance of Soybean (Glycine max) crop.  

MATERIALS AND METHODS 

The field experiment was conducted during rainy season 

(July-October) for two consecutive years of 2011 and 

2012 at the research farm of Indian Institute of Soil 

Science (IISS), Bhopal. The soil of experimental site is 

clayey in texture (Typic Heplustert), medium in organic 

carbon, slightly alkaline and non saline with low available 

nitrogen (N), medium phosphorous (P) and high potassium 

(K) contents (Table 1). The experiment consists of 
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three treatments viz., organic, chemical and integrated 

(50:50) in randomized block design, replicated three 

times. The crop cultivar JS-335 of soybean was grown 

with 30:26.2:16.6 kg ha-1 (NPK) recommended dose of 

fertilizers. In organic farming practice (OFP), nutrients 

were applied as cattle dung manure on nitrogen (N) 

equivalent basis and nutrient requirement of soybean 

crop.  
The nutrient composition of cattle dung manure  

applied in the experiment is shown in table 2. Phosphorous 

requirement of soybean was supplemented through 

rock phosphate. To control weed and pests hand weeding 

and spray of Neam oil (Azardiractin 0.03%) was carried 

out at 30, 45 and 60 days after sowing (DAS) of soybean. 

In chemical farming practice (CFP), nutrients were 

supplied through the chemical fertilizers and recommended 

pesticides were used to control the pests. In integrated 

farming practice (IFP), 50% of nutrients were supplied 

through organic manures and other 50% were supplied 

through the chemical fertilizers. Plants were protected 

by adopting the integrated pest management practices. 

Soybean was sown at a spacing of 45 × 5 cm in the 

first week of July and harvested in the second week of 

October. The data was analyzed statistically and treatment 

means were compared using LSD techniques at 5% 

probability appropriate for RBD (Gomez and Gomez, 

1984). 

Soil samples were collected at harvest (October 2011 

and 2012) from soil 0-15 cm from three spots in each 

plot. Soil was composited for each replicate, air dried, 

and ground to pass a 2-mm sieve prior to analysis. Organic 

carbon was determined by the Walkley and Black 

(1934) procedure outlined in Prasad (1998). Available 

nitrogen in soil samples were determined by adapting 

the alkaline permanganate method of Subbiah and 

Asija (1956). Available P was determined colorimetrically 

after the extraction of 1 g soil with 20 ml 0.5 M sodium 

bicarbonate (NaHCO3) for a half hour (Olsen et al., 

1954). Exchangable potassium was determined using a 

flame photometer following soil extraction with 1N 

ammonium acetate (COOCH3NH4) (Hanway and Heidel, 

1952). Soil enzyme activity viz., dehydrogenase 

(Casida et al., 1964) and phosphatase (Tabatabai and 

Bremner, 1969) were estimated to find out the biological 

activity of the soil. 

RESULTS AND DISCUSSION 

Soil organic carbon: Soil organic carbon was significantly 

greater in the organic farming practice (OFP) (11.3 mg 

kg-1) than in the chemical farming practice (CFP) and 

integrated farming practice (IFP) plots (Table 3). 

Regular organic additions (manures and root biomass) 

have the largest effect in soil organic matter (Khaleel 

et al., 1981; Badanur et al., 1990). Tiwari et al. (2002) 

and Kaur et al. (2005) reported increased soil organic 

carbon in organic and /or integrated management system 

compared to chemical management practice. The soil 

organic carbon was greater in organic and integrated 

Soil characteristics 
Soil depth  

(0-15 cm) 

pH 7.86 

EC (dS m-1) 0.52 

Organic C (g kg-1) 5.31 

Available N (mg kg-1) 68.84 

Available P (mg kg-1) 12.77 

Available K (mg kg-1) 265.14 

DHA (μg TPFg-124 hrs-1) 52.62 

Alkaline phospatase  

(μg PNPg-12 hrs-1) 
83.21 

Table 1. Characteristics of experimental soil. 

Table 2. Nutrient composition of cattle dung manure applied 

in the experiment. 

Parameter Value 

pH 7.54 

EC (dS m-1) 1.73 

Moisture (%) 38.67 

Total organic carbon (g kg-1) 195.55 

Total Nitrogen (g kg-1) 8.56 

Total Phosphorus (g kg-1) 4.37 

Total Potassium (g kg-1) 10.67 

farming practices, which attributed to more carbon 

going to soil via organic manure addition (Table 2).  

Manna et al. (2007); Ramesh et al. (2009) and Panwar 

et al. (2010) reported higher soil organic carbon in the 

treatments receiving organic nutrients over a long term 

period. Chang et al. (2014) suggested organic amendment 

for improving soil organic carbon.   

Available N, P and K : Soil available N, P and K were 

increased with the application of organic manures  

compared to that of chemical fertilizers. The OFP  

recorded significantly greater available N (125 mg kg-

1) than IFP (101.8 mg kg-1) and CFP (100.9 mg kg-1) 

(Table 3). The organic inputs are important source of 

plant nutrient, especially N, and the supply of N from 

applied manures makes an important contribution to 

the nitrogen demand of growing crops (Abbasi et al., 

2007). Similarly, Tiwari et al. (2002)  reported the 

higher available N in treatments receiving organic inputs. 

Soil available P was highest in OFP (49.7 mg kg-1) 

compared to IFP and CFP. Addition of organic manures 

influences P enrichment in soil (Johnston and Poulton, 

1997). The increase in available P might be due to the 

organic acids, which were released during microbial 

decomposition of organic matter, which helped in the 

solubility of native phosphate (Bhardwaj and Omanwar, 

1994). The available K was 320.1 mg kg-1, 314.7 mg 

kg-1 and 314.3 mg kg-1 in OFP, IFP and CFP respectively. 

The higher COOCH3NH4-extractable (exchangeable) 

K was observed in the OFP and IFP plots than in the 

CFP plots but it was not significant. Greater K in organic 
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Table 3. Soil characteristics under different management practices (Mean of 2 years). 

Soil characteristics Organic Integrated Inorganic Mean 

Organic C (g kg-1) 11.3 7.1 5.4 7.9 

Available N (mg kg-1) 125.0 101.8 100.9 109.2 

Available P (mg kg-1) 49.7 35.2 16.5 33.8 

Available K (mg kg-1) 314.7 314.3 320.1 316.4 

Dehydrogenase activity (µg TPF g-1 day-1) 98.2 64.4 52.6 71.7 

Alkaline phosphatase activity (µg PNPg-12 hr-1) 178.2 161.3 144.8 161.4 

Notes. LSD (P < 0.05) for organic C: management, 0.39; N: management, 2.62; P: management, 13.29; K: management NS; 

DHA: management, 14.96; alkaline phosphatase activity: management, 19.99. 

Table 4. Crop productivity under different management practices (Mean of 2 years). 

Parameter Organic Integrated Inorganic Mean 

Seed yield (kg ha-1) 601 498 426 508 

Total biomass (kg ha-1) 1927 1807 1587 1774 

Harvest index (HI) (%) 31.19 27.56 26.84 28.53 

Notes. LSD (P < 0.05) for seed yield: management, 30.86; total biomass: management, 92.13; harvest index: management, 

3.06. 

farming practice has been reported earlier by Reganold 

(1988) and Bulluck et al. (2002) compared to systems 

receiving mineral fertilizers alone. Panwar et al. 

(2010) reported higher soil available N, P and K in 

the plots receiving cattle dung manure applied on 

nitrogen equivalent basis. The beneficial effect of 

FYM on available K is because, besides acting as a 

source of K, it also release organic collides with 

grater cation exchange sites that attract K from the 

non exchangeable pool and applied K, which ulti-

mately favor the available K (Majumdar et al., 

2005).  

Soil enzyme activity: Soil dehydrogenase and alkaline 

phosphatase activity are dependable on organic carbon 

content of soil and significantly correlated (Chu et 

al., 2007). Organic farming practice found the 

higher enzyme activities for both dehydrogenase 

(98.2µg TPF g-1 day-1) and alkaline phosphatase 

(178.2 µg PNPg-12hr-1) than integrated and chemical 

farming practices (Table 3). Lower dehydrogenase 

activity in soil may be caused by direct toxicity and 

reduced pH because of ammonium based fertilizers 

(Hopkins and Shiel, 1996). Soil enzymes play key 

biochemical functions in the overall process of  

organic matter decomposition in the soil system 

(Burns, 1983; Sinsabaugh et al., 1991) and their 

activities in the soil are closely related to the  

organic matter content (Beyer et al., 1993). The  

application of organic manure results in higher  

enzyme activity and a positive co-relationship exists 

between organic manure addition and soil enzyme  

activities (Manjaiah and Singh, 2001). Okur et al. 

(2009) and Bowles et al. (2014) reported higher soil 

enzyme activities under organic farming as compared to 

the intensively managed farming system.  

Seed yield: Soybean seed yield, total biomass and harvest 

index (HI) was significantly greater in the organic 

farming practice (OFP) than in the chemical farming 

practice (CFP) and integrated farming practice (IFP) 

plots (Table 4). The OFP and IFP recorded  

significantly higher yield than chemical farming 

practice. The higher yield was attributed to the 

higher organic carbon (Walker et al., 2004) and 

available macronutrients viz., N, P and K. Organic 

farming practice involves judicious application of 

nutrient which improved the productivity (Sushila 

and Giri, 2000). Significant increase in the yield of 

maize (Ali et al. 2014; Bekeko, 2014), rice (Tedesse 

et al. 2013) and wheat (Saini and Kumar, 2014) with 

the application of organic nutrients has already been 

reported. 

Conclusion 

Organic farming systems rely on the management of 

soil organic matter which has greater influence on soil 

fertility, soil biology, physical and chemical properties of 

soil which in turn reflects in to crop yield and sustainability 

of system. In present investigation, besides the superior 

performance of rain-fed soybean crop, organic farming 

practice reported significantly higher organic carbon,  

available macronutrients and biological activities in the 

soil. 
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