


Residual Effect of Different Farming Practices on Soil Biochemical Properties under Wheat cultivation
   

ABSTRACT
Field experiment was conducted to study residual effect of farming practices soil biochemical properties under wheat cultivation at Agronomy Farm, College of Agriculture, Pune during kharif, 2024. Research was conducted as a sequence cropping of soybean-wheat which was started during 2022-23. Randomized Block Design (RBD) with four replications with five treatments namely conventional practices (T1), GRDF (T2), organic farming (T3), zero budget natural farming (T4) and climate resilient farming (T5). The results revealed that, the chemical properties like pH and EC were not significantly influenced under different farming practices after harvest of wheat. However, the organic farming registered significantly higher organic carbon (0.75 %) which is closely followed by climate resilient farming (0.74) and GRDF (0.71 %) which were par with each other. Calcium carbonate content 9.33 % was a significantly lower under organic farmers than other farming practices. observed in organic farming (9.33%) and GRDF (9.37 %).  The highest available nitrogen (191.18 kg ha-1), available phosphorus (28.36 kg ha-1), available potassium (484.95 kg ha-1) and available sulphur (18.75 kg ha-1) recorded in climate resilient farming. While, soil available micronutrient were higher under organic farming viz., Fe (6.53 mg kg-1), Mn (3.49 mg kg-1), Zn (2.98 mg kg-1) and Cu (3.71 mg kg-1) respectively. The organic farming practice found beneficial in respect to microbial population such as Bacteria, fungi and actinomycetes with value (207.21 x 106 cfu g-1 soil, 23.91 x 105 cfu g-1 soil and 48.20 x 104 cfu g-1 soil) and enzymatic activities, urease (33.16 µg NH4 + -N g-1 soil 24hr-1), dehydrogenase (15.26 µg TPF g-1 soil 24 hr-1), acid phosphatase (13.24 µg PNP g-1 2 hr-1) and alkaline phosphatase (14.76 µg PNP g-1 2 hr-1). Organic and climate-resilient farming sustain soil health and fertility, ensuring productive and eco-friendly wheat cultivation.
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1. Introduction 
The achievement of food security is utmost importance for countries in maintaining sustainable development, as outlined in the Sustainable Development Goals (SDGs). Sustainable agricultural practices play a vital role in ensuring long-term soil health and productivity, which are essential for consistent food production. In India, an extensive array of farming systems are practiced, influenced by regional climates, soil characteristics, and traditional agricultural knowledge. Global agriculture witnessed a major shift in the 1960s as a result of the Green Revolution, that started in the 1940s. It introduced industrial agricultural methods, chemical fertilizers, and pesticides, as well as high-yielding varieties (HYVs) of crops, especially rice and wheat. Food production improved dramatically as a result of these inventions, particularly in emerging nations like India where food security was a major worry. Without sustainable approaches, the short term gains in yield may lead to long-term soil degradation and food insecurity in country. But even while the Green Revolution was successful in addressing the pressing issues of productivity and hunger, it also had undesired effects. Soil health has been declining over time due to excessive monoculture, on-going usage of pesticides and a lack of attention to ecological balance raising concerns regarding the long-term viability of such farming practices. (Bhattacharya et al.,2015) 
[bookmark: _Hlk205038011]The Green Revolution boosted food production and ensured food security in countries like India. However, excessive monoculture and pesticide use in conventional practices have degraded soil health, raising concerns about its long-term sustainability. To enhance agricultural productivity while minimizing negative with minimal environmental effects impact, various farming modern methods and agricultural technologies have been developed. These modern approaches include organic farming, conservation agriculture, precision farming, agroforestry and zero budget natural farming. Zero Budget Natural Farming bio-inputs such as Jeevamrit, Beejamrit, and Panchgavya promote a substantial rise in microbial diversity and earthworm presence thereby enhancing soil nutrient dynamics, plant immunity and overall yield performance. (Ray, et al., 2020) and (Maduka and Udensi, 2019). Residual impacts enhance nutrient-use efficiency and soil microbial activity, reducing input losses. They also promote organic matter buildup and soil fertility, ensuring sustainable crop yields. Also, Integrated Nutrient Management is a combination of organic and inorganic inputs shows there is compelling evidence that INM practice has the potential to be a novel and environmentally responsible approach to sustainable agriculture on a global scale. (Meena and Vishnuvardhan, 2021). Another sustainable techniques, such as climate-smart agriculture (CSA) technology, aim to boost yields by reorienting and modifying the existing system to accommodate changing climate circumstances.(Hammond et al., 2017 and Sain et al., 2017). This research therefore, highlights the critical need for sustainable agricultural practices to ensure food security while simultaneously preserving soil health in India.
Materials and Methods
The field experiment was carried out at Agronomy Division, College of Agriculture, Pune. A Randomized Block Design (RBD) consisting four replications with five treatments. The field experiment comprised following treatments. The research was conducted as a sequence cropping of soybean-wheat which was started during 2022-23. This is second cropping sequence on same site. On the same site and same plots, wheat crop was sown using various treatments after harvest of soybean. Soil nutrient levels after the previous soybean harvest were taken as the initial nutrient status of soil for this study. The five treatments are as follows:
· Conventional Practice (T1): Application of chemical fertilizers 45:115:00 kg ha-1 N, P2O5 and K2O, foliar spray of urea @ 1% at flag leaf stage, burning of wheat straw at harvest.
· General recommended dose of fertilizer (T2): Application of Recommended dose of fertilizer (120:60:40 kg ha-1 N, P2O5 and K2O), Application of FYM @ 10 t ha-1, Seed treatment of biofertilizers consortium (Azotobactor + Phosphate solubilizing bacteria + potash solubilizing bacteria) @ 25ml per 1 kg seed, Foliar spray of 19:19:19 @ 2% at 55 and 70 days after sowing.
· Organic farming (T3): In situ decomposition of soybean leaf litter and straw after harvest and primary tillage operations, Application of FYM @ 10 t ha-1 and vermicompost @ 8 t ha-1, Seed treatment of biofertilizers consortium (Azotobactor + Phosphate solubilizing bacteria + potash solubilizing bacteria) @ 25ml per 1 kg seed.
· Zero budget natural farming (T4): Soil application of Ghanjeevamrit @ 2000 kg ha-1 during field preparation, Mixed cropping with broadcasting of Lucerne @ 10 kg ha-1, Seed treatment of Beejamrit, Mulching of soybean crop residues, Application of Jeevamrit @ 500 L ha-1 along with irrigation water after sowing, Foliar application of Jeevamrit at 30, 51, 72, 93 DAS @ 12.5, 19, 25, 7.5 L ha-1
· Climate resilient farming (T5): Sowing of wheat on Broad bed furrow (BBF), Application of chemical fertilizers as per STCR target 45 q ha-1, Seed treatment of biofertilizers consortium (Azotobactor + Phosphate solubilizing bacteria + Potash solubilizing bacteria) @ 25ml per 1 kg seed., Mulching of soybean straw (retained residues of previous crop) and leaf litter., In situ decomposition of leaf litter and straw after harvest of wheat followed by green manuring of dhaincha
The proximate analysis of farmyard manure, vermicompost, PROM, Ghanajeevamrit, Jeevamrut and Beejamrit was done and the details of the analysis are presented in Table 1. The soil samples were collected from each plot after harvest of wheat for chemical analysis.
Table 1. Proximate analysis of organic sources of nutrients 
	Parameters
	FYM
	Vermicompost
	Jeevamrit
	Beejamrit
	Ghanajeevamrit

	pH
	7.49
	6.91
	4.92
	8.02
	7.8

	EC (dS m-1)
	1.66
	2.12
	2.01
	3.11
	2.7

	Total C (%)
	18.51
	30.79
	0.22
	0.13
	34.5

	Total N (%)
	0.69
	1.48
	0.32
	0.16
	0.97

	Total P (%)
	0.39
	0.79
	0.09
	0.11
	0.49

	Total K (%)
	0.38
	0.81
	0.59
	0.48
	0.99

	Total S (%)
	0.61
	0.45
	-
	-
	-

	Fe (mg kg-1)
	186
	35.7
	7.79
	18.7
	228

	Mn (mg kg-1)
	35.7
	65.7
	0.98
	3.27
	39.7

	Zn (mg kg-1)
	14.8
	18.3
	0.58
	12.9
	14.6

	Cu (mg kg-1)
	4.39
	15.2
	0.51
	0.49
	4.49

	C:N ratio
	        32.1
	21:1
	0.7:1
	0.8:1
	35.56:1


 Note:  1. Conventional practices: The nutrient doses and management practices were decided based on information collected from farmers through a structured questionnaire survey conducted in the study area.
2. GRDF : The nutrient application was based on the recommended package of practices for wheat under Integrated Nutrient Management (INM), as suggested by MPKV University.
Results and Discussion
Impact of farming practices on soil chemical properties (Table 2)
Soil pH (Table 2)
The results on soil pH after the harvest of wheat revealed that a numerically lower pH was recorded in treatment T2 (GRDF) at 8.42, followed by T3 (Organic farming) with a value of 8.43. The highest pH was noted in T4 Zero Budget Natural Farming) at 8.57, which was slightly higher than conventional practice (8.56). Similarly, after wheat harvest, the pH ranged from 8.42 (T2) to 8.59 (T4).  All values were remained statistically non-significant.
Electrical conductivity (Table 2)
It was observed from results the lower electrical conductivity registered in climate resilient farming (0.19 dS m-1) after the harvest of wheat. It was followed by zero-budget natural farming (0.21 dS m-1). All the values were statistically non significant. The numerically higher EC (0.26 dS m-1) observed in treatment T1 (Conventional practice). The soil pH and EC remained slightly stable under application of organic inputs but also showed slightly decline values. This states that even moderate application of organic inputs can gradually acidify alkaline soils and reduce salt concentration- mostly due to organic acids production occurs during decomposition of organic matter. This supports the idea that organic inputs under INM practices contribute to improvements in soil chemical health without causing abrupt changes. The similar findings reported by Rasool et al. (2011). 
Organic Carbon (Table 2)
The data on organic carbon of soil after the harvest of wheat revealed that treatment organic farming (0.75 %) registered significantly higher which were statistically at par with climate resilient farming (0.74 %) and GRDF (0.71 %). The conventional practice (0.52 %) and zero budget natural farming (0.53%) recorded significantly lower organic carbon. The higher organic carbon content in organic farming might be due to the regular addition of organic materials such as FYM, vermicompost, and crop residues which directly contribute to the soil organic matter pool. These inputs slowly degrade, releasing carbon compounds that boost microbial biomass and soil structure. These results are in close conformity with the findings of Mohd. Yaseen, (2021) and Kumara, (2016).
Calcium carbonate (Table 2)
The calcium carbonate content in soil after the harvest of wheat registered significantly lower in treatment organic farming (9.33 %) and GRDF (9.37 %) which were statistically at par with each other. The highest calcium carbonate content in soil observed in conventional practice (9.71 %) and zero budget natural farming (9.61 %) and were statistically at par with each other. The considerable input of biomass brought about by extended cultivation and the addition of organic matter through integrated nutrient management approaches may be responsible for the soil's noticeable lower free calcium carbonate levels. The decomposition of organic wastes produces organic acids, which react with calcium carbonate to release carbon dioxide and lower its concentration in the soil. This is probably the cause of this decline in CaCO₃. The similar findings reported by Kharche, 2013.
Soil physical and biochemical properties were found to vary significantly with lithology, slope, and land use, with shrub land soils showing higher stability, organic carbon, total nitrogen, and available phosphorus compared to grass land and cultivated land soils (Kahsay et al., 2023)
Table 2. Impact of farming practices on soil chemical properties after harvest of wheat
	Tr. No.
	Farming Practices
	pH
	EC (dS m-1)
	OC (%)
	CaCO3 (%)

	
	
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest

	T1
	 Conventional                  
  practice
	8.54
	8.56
	0.25
	0.26
	0.52
	0.52
	9.74
	9.71

	T2
	 GRDF
	8.43
	8.42
	0.24
	0.24
	0.70
	0.71
	9.40
	9.37

	T3
	 Organic farming
	8.46
	8.43
	0.24
	0.25
	0.73
	0.75
	9.35
	9.33

	T4
	 Zero budget natural            
 farming
	8.57
	8.59
	0.20
	0.21
	0.52
	0.53
	9.62
	9.61

	T5
	 Climate resilient     
 farming
	8.45
	8.44
	0.18
	0.19
	0.72
	0.74
	9.48
	9.46

	                         SE(m) ±
	-
	0.04
	-
	0.02
	-
	0.02
	-
	0.05

	                       CD (0.05)
	-
	NS
	-
	NS
	-
	0.07
	-
	0.16



Impact of farming practices on availability of soil macronutrients after harvest of wheat  (Table 3) 
Nitrogen (Table 3) 
The data with respect to available nitrogen after harvest of wheat (Table 3) revealed that the significantly higher soil available nitrogen content was recorded under climate resilient farming (191.18 kg ha-1), which was statistically at par with GRDF (185.11 kg ha-1). It was followed by organic farming (180.23 kg ha-1). The zero budget natural farming (125.93 kg ha-1) recorded was significantly lower soil available nitrogen content. This indicates that integrated nutrient strategies which combine both synthetic and organic inputs have the potential to maintain long-term nitrogen availability in the soil. Similarly, the no-tillage and residue retention in a soybean-wheat combination increased soil mineral after wheat harvest in Central Indian Vertisols. These strategies decreased soil disturbance, preserved residue-derived nitrogen, and increased microbial activity in the rhizosphere. This ultimately contributed towards increase in available nitrogen in soil. Raghuwansi et al. (2024)
Phosphorus (Table 3) 
The data related to soil available phosphorus after harvest of wheat (Table 3) revealed that climate resilient farming (28.36 kg ha⁻¹) reported significantly higher available phosphorus which was at par with treatment GRDF (26.38 kg ha⁻¹). The significantly lower available phosphorus recorded in zero budget natural farming (7.65 kg ha⁻¹). The higher available phosphorus content is climate resilient farming and GRDF could be due to this practices often blend organic manures with mineral P fertilizers and PSB biofertilizer i.e. INM practice. INM enhances soil nutrient and biological activity thereby improving P availability. As phosphorus solubilizing microbes often release organic acids and phosphatases, making soil P more available. Also, organic matter helps to reduce P fixation by aluminum or iron rather keep them more available for plant uptake. Similar findings reported by Jahan et al. (2025) and Ali et al. (2023)
Potassium (Table 3) 
Among the treatments, the treatment climate resilient farming reported significantly higher available potassium (484.95 kg ha⁻¹) which is at par with the treatment organic farming (481.78 kg ha⁻¹). The significantly lower available potassium recorded in zero budget natural farming (369.25 kg ha⁻¹). The organic farming and climate resilient farming attributed to higher available potassium may be due to integration of farmyard manure (FYM) with recommended potassium fertilizers significantly improve available soil potassium over the time. This is due to both the direct K distribution from FYM and fertilizers. Also, organic amendments including vermicompost and FYM enhanced potassium dynamics by improving retention, exchangeable k fractions and solubilization of potassium. The similar finding reported by Loura et al. (2022) and Krushna et al. (2022).
Table 3. Impact of farming practices on soil available macronutrient after harvest of wheat
	Tr. No.
	Farming Practices
	Available macronutrient (kg ha-1)

	
	
	N
	P
	K

	
	
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest

	T1
	 Conventional                  
  practice
	145.33
	157.52
	23.48
	24.20
	436.62
	443.73

	T2
	 GRDF
	177.57
	185.11
	24.17
	26.38
	447.86
	462.10

	T3
	 Organic farming
	174.11
	180.23
	22.19
	24.98
	470.77
	481.78

	T4
	 Zero budget natural            
 farming
	119.34
	125.93
	8.60
	7.65
	372.16
	369.25

	T5
	 Climate resilient     
 farming
	181.40
	191.18
	26.31
	28.36
	474.00
	484.95

	                              SE(m) ±
	-
	4.14
	-
	0.77
	-
	5.42

	                               CD (0.05)
	-
	12.76
	-
	2.36
	-
	16.70



Impact of farming practices on availability of soil micronutrients after harvest of        
wheat (Table 4) 
The farming practices significantly influenced the availability of soil micronutrient in soil after harvest of wheat. Among the treatments, the treatment organic farming registered the higher available iron (6.53 mg kg-1) while the lower soil available iron recorded in treatment zero budget natural farming (5.35 mg kg-1). In case of availability of manganese, the higher available manganese recorded in organic farming (3.49 mg kg-1) while, zero budget natural farming registered significantly lower soil available manganese (2.85 mg kg-1). The significantly higher available zinc recorded in organic farming (2.98 mg kg-1) which were at par with GRDF (2.91 mg kg-1) and climate resilient farming (2.87 mg kg-1). Among the treatments, the treatment organic farming (3.71 mg kg-1) registered significantly higher available copper which were at par with GRDF (3.63 mg kg-1) and climate resilient farming (3.61 mg kg-1). The lower available copper recorded in zero budget natural farming (3.53 mg kg-1). The increasing concentration of micronutrients such as iron (Fe), manganese (Mn), zinc (Zn), and copper (Cu) in soils during organic farming can be attributed to a variety of causes.  Organic farming often includes the use of inputs such as farmyard manure (FYM) and vermicompost, which serve to increase soil organic matter and boost microbial populations.  These microorganisms are vital for converting and mobilizing micronutrients into plant-absorbable forms. Vermicompost, in example, is naturally rich in micronutrients and enhances their availability through microbial-mediated solubilization.  In contrast, lower levels observed in zero budget natural farming and conventional practices may be due to inadequate replenishment or nutrient inputs. Anand et al. (2019)
Table 4. Impact of farming practices on soil available micronutrient after harvest of wheat
	Tr. No.
	Farming Practices
	Available micronutrient (kg ha-1)

	
	
	Fe
	Mn
	Zn
	Cu

	
	
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest

	T1
	 Conventional                  
  practice
	5.36
	5.41
	2.92
	2.93
	2.40
	2.45
	3.42
	3.48

	T2
	 GRDF
	5.61
	5.68
	2.95
	2.97
	2.85
	2.91
	3.57
	3.63

	T3
	 Organic farming
	6.47
	6.53
	3.37
	3.49
	2.92
	2.98
	3.61
	3.71

	T4
	 Zero budget natural            
 farming
	5.30
	5.35
	2.78
	2.85
	2.22
	2.26
	3.46
	3.53

	T5
	 Climate resilient     
 farming
	5.65
	5.71
	2.85
	2.96
	2.81
	2.87
	3.52
	3.61

	                           SE(m) ±
	-
	0.03
	-
	0.20
	-
	0.06
	-
	0.04

	                           CD (0.05)
	-
	0.11
	-
	0.62
	-
	0.17
	-
	0.11



Impact of farming practices on Biological Properties of Soil
a) Microbial population
The different farming practices showed a promising influence on microbial population in soil after harvest of wheat. The higher bacterial population recorded in organic farming (207.21 x 106 cfu g-1 soil) which was at par with treatment climate resilient farming (203.43 x 106 cfu g-1 soil). As for the fungi population, the higher population registered in organic farming (23.91 x 105 cfu g-1 soil) over rest of treatments. Similarly, the higher actinomycetes population recorded in organic farming (48.20 x 104 cfu g-1 soil) which was at par with the treatment climate resilient farming (46.76 x 104 cfu g-1 soil). The consistently lower microbial population (bacteria, fungi and actinomycetes) recorded in conventional practice. The higher microbial population in organic farming might be due to addition of organic matter to the soil gives necessary carbon and energy to microbial populations.  This, together with the use of beneficial microbial inoculants, increases overall soil microorganism activity and biomass.  As a result, organic farming approaches increased soil microbial biomass carbon, likely creating a favorable environment for microbial multiplication, which improved nutrient availability and soil productivity. The application of organic manures considerably increases the population of soil microbes such as bacteria, fungus, and actinomycetes.  This is because organic matter gives important nutrients to plants via mineralization, which is directly impacted by the pace of microbial activity. The similar findings reported by Dongare et al. (2018) and (Jagadeesha et al., 2019).
Table 5. Impact of farming practices microbial population after harvest of wheat
	Treat.
No.
	Farming practices
	Bacteria
(x 106 cfu g-1 soil)
	Fungi
(x 105 cfu g-1 soil)
	Actinomycetes
(x 104 cfu g-1 soil)

	
	
	Initial 
	After harvest
	Initial 
	After harvest
	Initial 
	After harvest

	T1
	  Conventional                  
  practice
	114.84
	118.75
	9.33
	10.36
	23.17
	26.36

	T2
	  GRDF
	179.62
	198.50
	17.25
	20.73
	35.46
	42.45

	T3
	  Organic farming
	185.56
	207.21
	20.09
	23.91
	39.38
	48.20

	T4
	 Zero budget natural            
 farming
	174.19
	180.47
	15.73
	18.58
	34.40
	41.70

	T5
	 Climate resilient     
 farming
	183.58
	203.43
	16.88
	19.64
	39.11
	46.76

	                               SE(m) ±
	-
	1.90
	-
	0.40
	-
	1.64

	                             CD (0.05)
	-
	5.86
	-
	1.22
	-
	5.05



a) Enzymatic activity (Table 6)
The enzymatic activities were significantly influenced by different farming practices. Among the treatments, the higher urease activity after harvest of wheat recorded in organic farming (33.16 µg NH4 + -N g-1 soil 24hr-1). Similarly, higher dehydrogenase activity recorded in organic farming (15.26 µg TPF g-1 soil 24 hr-1). However, it was at par with treatment GRDF (13.73 µg TPF g-1 soil 24 hr-1) and climate resilient farming (13.55 µg TPF g-1 soil 24 hr-1). As far acid phosphatase, the higher activity noted in organic farming (13.24 µg PNP g-1 2hr-1) which was at par with climate resilient farming (11.64 µg PNP g-1 2hr-1). The higher alkaline phosphatase activity registered in organic farming (14.76 µg PNP g-1 2hr-1) which was at par with GRDF (13.73 µg PNP g-1 2hr-1). The conventional practices recorded consistently lower enzymatic activities. Soil enzymes are integral to the decomposition of organic matter, this finding highlights the importance of organic approaches. The application of balanced fertilizers along with organic manures enhanced soil organic matter, which in turn boosted enzyme activity. The study observed a positive correlation between the application of organic manure and elevated soil enzyme activity. Similar findings reported by Aher et al. (2015) and Narashimamoorthy et al. (2024).


Table 6. Impact of farming practices on enzymatic activities of soil after harvest of wheat
	Treat.
No.
	Farming practices
	Urease
(µg NH4+ -N g-1 soil 24hr-1)
	Dehydrogenase
(µg TPF g)1 soil 24 hr-1)
	
Acid phosphatase
(µg PNP
g-1 2hr-1)

	Alkaline phosphatase
(µg PNP g-1
2hr-1)


	
	
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest
	Initial
	After harvest

	T1
	 Conventional
 practice
	20.11
	20.49
	7.20
	7.71
	5.78
	5.82
	7.34
	7.97

	T2
	 GRDF
	23.39
	27.66
	12.56
	13.73
	9.85
	10.45
	12.87
	13.73

	T3
	 Organic
 farming
	27.33
	33.16
	13.83
	15.26
	12
	13.24
	13.51
	14.76

	T4
	 Zero budget
 natural farming
	18.19
	20.02
	8.34
	9.27
	7.31
	8.27
	10.15
	11.47

	T5
	 Climate
resilient farming
	26.48
	30.99
	12.19
	13.55
	10.91
	11.64
	12.00
	13.23

	                 SE(m) ±
	-
	0.62
	-
	0.52
	-
	0.55
	-
	0.42

	               CD (0.05)
	-
	1.91
	-
	1.61
	-
	1.70
	-
	1.28



Conclusion
The study concluded that, climate resilient farming with Soil Test Crop Response approach of fertilizer application proved most effective related to chemical properties. However, the application of organic manures viz. FYM and vermicompost in organic farming was found to be highly effective, as it improved biological properties of soil by increasing its organic matter and nutrient content thereby enhances soil health.
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