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ABSTRACT
Healthy soils are essential for resilient crop production and supporting our ecosystem. Organic farming is a system that can sustain the health of soil, the surrounding ecosystem, and people. Agronomic techniques like the introduction of legumes in organic fields have the capacity to maintain soil fertility, besides fixing more nitrogen in the soil. With this context, the present investigation was undertaken in long-term experimental plots on Vertisol to analyse the soil health in terms of its physical, chemical, and biological properties. The field experiment was carried out at Dharwad, Karnataka in a strip block design with six farming approaches as the vertical factor and five intercropping systems as the horizontal factor, summing up to 30 treatments. The results revealed that soil physical parameters like bulk density and water holding capacity did not show much significant difference between the treatments. However, organic treatments recorded lower bulk density and higher water holding capacity than inorganic and integrated treatments. Soil chemical and biological properties were covincingly influenced byresponded notably to the different farming approaches.methods employed. Significantly higher soil organic carbon, available nutrients, and dehydrogenase activity were noticed in organic treatments, especially 100 per cent organic technique over inorganic techniques like the conventional technique and the 100 per cent inorganic technique. Among intercropping systems, no significant difference was noticed.
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Introduction
Soil health is the capacity of the soil to function as a vital living ecosystem to sustain plants, animals, and humans (NRCS, 2018). Healthy soil areis essential for resilient crop production and supporting our ecosystem. It will positively contribute to soil water retention, support a diversity of organisms vital to decomposition and nutrient cycling, provide crops with essential nutrients, and can maintain soil carbon stocks. But the current situation of dimishingdiminishing agricultural area with compromised soil health and reduced productivity is making this task challenging. The Annual report of ICAR – IISWC (2020) presents that out of the total geographical area of 329 M ha about 120.72 M ha (36.70%) is suffering from various forms of land degradation on arable (104.19 M ha) and non -arable (16.53 M ha). In the degraded arable land, water erosion is the principal contributor (73.27 M ha) followed by chemical degradation (17.45 M ha), wind erosion (12.40 M ha) and physical degradation (1.07 M ha). In vertisol type of soil, salinization, sodicity, physical deterioration from swelling and shrinking of clays, and loss of biological productivity are worsening the soil degradation. This highlights the urgent need of corrective measures.
A renewed emphasis on soil health can result in more efficient crop yields, which will strengthen global food chains and increase food and nutrition security. Maintaining the physical, chemical, and biological properties of soil is needed to keep it healthy, and this is possible through the adoption of different agronomic approaches. The most lauded approach in improving the soil health is organic farming. The techniques likePractices such as crop rotation, inclusionincorporation of legumeleguminous crops, and application of organic manures can aid in stoppinghelp prevent soil health degradation, or and even restore soil healthfertility in previouslyalready degraded soils, because they replenish by enhancing soil organic carbon and preserve undergroundlevels and sustaining below-ground biodiversity. 
However, it is unclear how precisely organic practices affect the condition of the soil. The benefits of organic farming are repeatedly demonstrated by large-scale analyses of soil health that compare organic and conventional farming methods, but these analyses rarely evaluate organic farming methods' individual techniques to determine where these benefits occur or how they might be enhanced.
The current study make an attempt to comparatively evaluate the different organic, integrated, conventional and inorganic farming approaches on soil health in legume based intercropping system.

Material and methods
The experiment was conducted at the University of Agricultural Sciences, Dharwad (Karnataka) during kharif season of 2021. The soil of the experiment plot was vertisol and clayey in texture with alkaline in reaction, medium in organic carbon content (4.86 g kg-1), low in available nitrogen (252 kg ha-1), high in phosphorus (31 kg ha-1) and available potassium content (377 kg ha-1). The research was laid out in strip plot design with two replication comprising of 30 treatment combinations. The vertical factor consisted of six farming approaches [F1: 100 % organic practice, F2: 50 % organic + seed treatment with beejamruta + application of ghana jeevamruta + foliar spray of jeevamruta, F3: 50 % organic + 50 % inorganic practice, F4: 25 % organic + 25 % inorganic + seed treatment with beejamruta + application of ghana jeevamruta + foliar spray of jeevamruta, F5: 100 % inorganic practice and F6: Conventional practice (RPP)] and horizontal factor consisted of five intercropping systems at 1:2 row ratio [CS1: Pigeonpea + greengram, CS2: Pigeonpea + soybean, CS3: Pigeonpea + groundnut (1:2)]. The crops were sown in the field with plot size of 5.4 m × 14 m with spacing of 90 cm × 30 cm for main crop and 30 cm × 10 cm for intercrops. The recommended dose of FYM for main crops @ 5 t ha-1 was applied 15 days before sowing of the crops and incorporated into the soil and neem cake was applied @ 250 kg ha-1 to all treatments except those under 100 per cent inorganic practice. In all farming practices, the seeds of pigeonpea, greengram, groundnut and soybean were inoculated with Rhizobium and cotton seeds were inoculated with Azospirillium @ 500 g ha-1 and PSB for all crops @ 500 g ha-1 except inorganic practice. The seed treatment with beejamruta, soil application of ghana jeevamruta @ 1 t ha-1 and foliar spray of jeevamruta 25 % @ 500 l ha-1 per time (3.8 litres plot-1) , twice at the time of flowering and pod filling or boll development stage was practiced in FP2 and FP4 treatments. The recommended dose of fertilizer was applied to each crop based on the population i.e, 100 % to main crops (pigeonpea - 25:50:0 kg N, P2O, K2O ha-1 and cotton - 40:25:25 kg N, P2O5, K2O ha-1) and 66 % to intercrop (16.5:33:0 kg N, P2O, K2O ha-1 - grengram; 26.4:52.8:16.5 kg N, P2O, K2O ha-1 - soybean and 11.88:30:16.5 kg N, P2O, K2O ha-1 - groundnut) through various organic (50 % through vermicompost and 50 % through enriched compost) and inorganic sources based on  respective to treatments. 
After the harvest of the crops the various chemical and biological properties were estimated to evaluate the soil health.

Results and Discussion:
It was observed that soil physical parameters like bulk density and water holding capacity did not vary significantly. However, organic treatments F1 and F2 recorded greater numerical values than integrated and inorganic treatments. The F1CS3 (5.93 g kg-1) and F1CS1 (5.85 g kg-1) recorded significantly higher soil organic carbon over inorganic as well as integrated practices (Table 1). This was because of long term application of nutrients through organic sources which led to improvement in soil properties. Addition of nutrients through organic materials coupled with improved soil structure has helped in buildup of organic matter in the soil with lesser oxidation of SOC. The results are in confirmation with that of Vidyavathi et al. (2012) and Aher et al. (2019) as they reported that organic farming practice had greater soil organic carbon than chemical farming and integrated farming practice. Among various farming approaches FP1 recorded significantly higher dehydrogenase activity (37.77 µg of TPF formed g-1day-1) than rest other treatments and FP2 and FP4 recorded on par results. However, no significant difference was observed with respect to cropping system and interaction effect. 
It was observed that there was no significancesignificant variation between the treatments with respect to nitrogen and potassium content. Whereas, with respect to phosphorus and sulphur, F1CS3 (39 kg and 25.50 ha-1 respectively) recorded higher availability F5CS1 (24 and 14 kg ha-1 respectively) and the rest organic treatments under F1 and F2 recorded on par results (Table 2). This increase was almost 27 and 30 per cent higher to inorganic practice and this might be attributed to an increase in microbial activity due to the addition of organic manure and biofertilizer, which enhanced the activity of enzymes playing a key role in transformation, recycling and availability of plant nutrients in the soil, which further caused the conversion of organically bound nutrients to inorganic form. Similar results were obtained by Nagar et al. (2013), Lal et al. (2016), and Saraswathi et al. (2022).

Conclusion:
From the above study it can be concluded that, following 100 % organic approach and 50 % organic + seed treatment with beejamruta + application of ghana jeevamruta + foliar spray of jeevamruta approach with pigeonpea intercropped with either groundnut or greengram aid in mainting soil health. Next best treatments would be integratesintegrated approaches.





















Table 1: Soil physical, chemical and biological properties as influenced by different farming approaches in pigeonpea based cropping system


	
	Bulk density 
(g cm-3)
	WHC (%)
	SOC
 (g kg-1)
	Dehydrogenase activity
(µg of TPF formed g-1day-1)

	Farming practices (F)

	F1
	1.21a
	67.06a
	5.67a
	37.77a

	F2
	1.22a
	66.20a
	5.02ab
	35.91ab

	F3
	1.27a
	64.84a
	4.64b
	33.86b

	F4
	1.26a
	65.78a
	4.82b
	35.86ab

	F5
	1.30a
	62.18a
	4.30b
	29.91bc

	F6
	1.27a
	64.49a
	4.49b
	32.42b

	Cropping systems (CS)

	CS1
	1.25 a
	65.42a
	4.88 a
	34.88 a

	CS2
	1.26 a
	64.29 a
	4.65 a
	34.34 a

	CS3
	1.24a
	65.83 a
	4.97 a
	35.24 a

	Interaction (F×CS)

	F1CS1
	1.20 a
	68.50 a
	5.85ab
	38.00 a

	F1CS2
	1.22 a
	66.15 a
	5.33b-e
	38.11a

	F1CS3
	1.23 a
	66.15a
	5.93a
	38.75a

	F2CS1
	1.22a
	66.60 a
	5.18c-f
	37.29 a

	F2CS2
	1.21 a
	67.20 a
	4.85e-i
	36.47 a

	F2CS3
	1.23 a
	64.90 a
	5.10 d-g
	37.47 a

	F3CS1
	1.26 a
	64.10 a
	4.65 f-k
	35.18 a

	F3CS2
	1.28 a
	61.30 a
	4.52g-k
	34.18 a

	F3CS3
	1.26 a
	66.00 a
	4.83e-j
	36.32 a

	F4CS1
	1.25 a
	65.80 a
	4.88e-i
	36.46 a

	F4CS2
	1.25 a
	62.30 a
	4.62f-k
	34.96 a

	F4CS3
	1.29 a
	69.60 a
	5.03d-h
	36.12 a

	F5CS1
	1.31 a
	60.90 a
	4.20 jk
	29.75a

	F5CS2
	1.31 a
	61.80 a
	4.13k
	28.76 a

	F5CS3
	1.30 a
	64.10 a
	4.35i-k
	30.77a

	F6CS1
	1.25 a
	66.60 a
	4.50 g-k
	32.59a

	F6CS2
	1.31 a
	67.00 a
	4.45h-k
	33.54 a

	F6CS3
	1.24 a
	64.25 a
	4.58f-k
	32.04a

	Initial
	-
	-
	4.86
	35.42

	SoV
	S.Em ±
	S.Em ±
	S.Em ±
	S.Em ±

	F
	0.01
	0.83
	0.09
	1.05

	CS
	0.01
	1.14
	0.09
	0.62

	 F × CS
	0.05
	5.51
	0.18
	3.50






Table 2: Nitrogen, Phosphorus, Potassium as influenced by different farming approaches in pigeonpea based cropping system


	
	Nitrogen
(kg ha-1)
	Phosphorus
(kg ha-1)
	Potassium
(kg ha-1)
	Sulphur
(kg ha-1)

	Farming practices (F)

	F1
	256a
	37a
	387a
	23.30a

	F2
	249ab
	35ab
	372a
	22.5ab

	F3
	239ab
	35ab
	367a
	19.00ab

	F4
	242ab
	30b
	370a
	20.40ab

	F5
	230bc
	27bc
	354a
	16.40b

	F6
	237b
	29bc
	361a
	18.6ab

	Cropping systems (CS)

	CS1
	242a
	32a
	370 a
	19.58a

	CS2
	243a
	31a
	367 a
	19.92a

	CS3
	243a
	33a
	372 a
	21.25a

	Interaction (F×CS)

	F1CS1
	250 a
	34.00a-f
	373a
	23.50ab

	F1CS2
	256 a
	37.00a-d
	384a
	22.50a-d

	F1CS3
	259 a
	39.00a
	398a
	25.50a

	F2CS1
	258 a
	38.50ab
	381a
	22.50a-d

	F2CS2
	242 a
	32.00a-f
	364a
	22.00a-e

	F2CS3
	255 a
	38.50ab
	351a
	22.50a-d

	F3CS1
	236 a
	35.50a-e
	384a
	19.50c-h

	F3CS2
	240 a
	34.50a-f
	355a
	18.50e-h

	F3CS3
	236 a
	35.50a-e
	385a
	21.50b-f

	F4CS1
	248 a
	29.00a-f
	371a
	19.50c-h

	F4CS2
	250 a
	27.50b-f
	371a
	21.00b-g

	F4CS3
	240 a
	29.50a-f
	373a
	21.50b-f

	F5CS1
	228 a
	24.00f
	364a
	14.00j

	F5CS2
	229 a
	28.50a-f
	349a
	15.00ij

	F5CS3
	233 a
	27.00c-f
	362a
	18.00f-i

	F6CS1
	234 a
	30.00a-f
	348a
	18.50e-h

	F6CS2
	245 a
	28.50a-f
	381a
	20.50b-g

	F6CS3
	234 a
	30.00a-f
	365a
	18.50e-h

	SoV
	S.Em ±
	S.Em ±
	S.Em ±
	S.Em ±

	F
	1.29
	1.36
	5.36
	0.44

	CS
	2.66
	1.46
	4.87
	0.76

	 F × CS
	16.92
	3.28
	18.12
	1.03
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