Evaluation of organic modules for sustainable production of blackgram (Vigna mungo L. Hepper) and greengram (Vigna radiata L. Wilezek)



ABSTRACTOrganic farming in pulses plays a crucial role, enhancing the crop quality, yield and thereby, reducing production costs and promoting environment sustainability. An organic module was developed, conducting a field trial for six years at AAU-Zonal Research Station, Shillongani, Nagaon, Assam during Kharif 2017 to 2022 with four treatments. Treatments, viz., T1 and T2 were the organic modules (M I and M II), T3 was as per the recommended package of practices (PoP) of Assam Agricultural University and T4 was the absolute control. It was observed that the treatments with PoP (T3) recorded the lowest disease severity and insect-pest pressure and yielded the highest. Interestingly, it was found that the two organic modules were also successful in obtaining good yield and had a significant difference over the control plot. The higher yield under organic module II might be attributed to lower disease severity of both web blight (11.81 and 10.81 %) and Cercospora leaf spot (5.78 and 4.62 %) and, also lower aphid population (12.55 and 15.32) and pod borer damage (15.32 and 9.40) in both blackgram and greengram respectively. It has also contributed in the overall improvement of the soil nutrient status as well as soil microbial population. 
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1. INTRODUCTION
Dependence on inorganic inputs has led to unsustainability in agricultural production system, increasing the need for organic farming in India. Unlike conventional agriculture, organic farming strives for sustainability. It is a holistic system that aims to create a self-regulating ecosystem and a protective environment by focusing its application of natural inputs and lesser usage of pesticides. Paramparagat Krishi Vikas Yojana (PKVY) and Mission Organic Value Chain Development for North East Regions (MOVCD-NER) are the two national schemes that are promoting organic farming since 2015 (Mukherjee et al., 2022). The decline in soil fertility with excessive chemical fertilizer application has increased the interest in organic agriculture (Wani et al., 2017). India is the largest organic producer in the world, having 5.2 million hectares of organic land and 6,50,000 organic producers (Frick and Bonn, 2015).
         	        The principles of organic agriculture mainly include the Principle of Health (a healthy planet that has healthy plants, animals, humans), Principle of Ecology (sustainable natural systems), Principle of Fairness (equity and justice for all living beings) and Principle of Care (for the future generations). North East India is mostly organic by default. According to government figures, of the net cultivated area of 4.3 million hectares, around 30.92 lakh hectares have never seen the use of chemical or inorganic fertilizers in Assam (Das, 2020). Among the north eastern states, Assam is presently in the second position with a contribution of 10.92 % in terms of current organic area and 23.36% in terms of area under conversion to the total organic area of north eastern states (Saikia et al.,2024).
            	          In the organic system, diseases do not cause enough economical damage (Zehnder et al.,2007). It has been observed that mostly late blight, downy mildew and foliar diseases are common in the organic farming of different crops (Rani et al., 2023). Similarly, minimum crop damage has been reported due to pest infestation with a yield loss ranging between 26 and 40 per cent (Oerke, 2006). In conventional farming, synthetic pest control inputs are largely in use. About 3.6 billion kilograms of active substances are globally applied every year, creating huge negative effect on the environment (Preety and Bharucha, 2015). It can also create havoc on natural defenses (Rani et al., 2023). Considering such hazardous effect, bio-pesticides are to be preferred over the chemicals for pest management by using different types of living organisms viz., bio-insecticides, bio-herbicides, bio-fungicides and plant-based formulations. Interestingly, contribution of bio-pesticides in the global market is only 4.2% of the total quantity of pesticides. There are 12 primary bio-pesticides that are mostly registered in India (Saleem et al.,2022). The primary objective of plant protection in organic cultivation is not complete eradication of the pests but keeping the pest population level below the economic damage level, using preventive and biological measures (Golijan-Pantovic and Secanski, 2022).
                    Organic farming has direct influence on the overall soil health sustainability (Biswas et al., 2014). The physical, chemical and biological properties of soil are maintained by proper management of the soil organic matter (Stockdale et al.,2001). The moisture retention capacity is increased with presence of organic matter in soil (Altieri and Nicholls, 2005). Furthermore, the soil fertility and crop production are increased with the combination of crop residue mulching and no-tillage operation. It also controls soil erosion (Biswas et al., 2014). Both the standing crop and succeeding crop are benefitted with application of organic fertilizer (Jannoura et al.,2014). Vermicompost, farmyard manure etc. are rich source of nutrients and organic matter that enhances the microbial activity (Singh, 2003). Organic manures are being widely used these days in the cultivation of pulses. It has a balanced role in the production efficiency of the crop (Avasthe et al., 2016). The cultivation of blackgram (Vigna mungo L.) and greengram (V. radiata L.) is considered as primary source of revenue to the small farmers. The domestic pulses consumption is much greater than production in India. In order to meet the rising demand for pulses globally while limiting the negative environmental effects connected with chemical fertilizers, sustainable and environment friendly agriculture practices are becoming more popular (Thagunna., 2024). 
Blackgram and greengram are the most important largely cultivated pulses grown across the country. Pulses cultivation in India occupies 24.25 million hectares (ha). In 2023-24, India harvested about 27.01 million metric tons (t) of pulses. Blackgram is predominantly cultivated in Assam owing to its suitable agro-climatic conditions. It occupies 57541 ha with a production of 37858 t and productivity of 658 kg/ha. On the other hand, greengram is cultivated is cultivation in an area of 12593 ha with a production of 10461 t and productivity of 830 kg/ha. Blackgram and greengram occupies the major share i.e., 42.5 % of total pulses area (1.65 lakh ha) in Assam. These crops contribute 36.9 % of total pulses production in the state. Out of the several factors, the indiscriminate application of pesticides and fertilizers is one of the major problems for the low sustainable index (Mohapatra et.al., 2013). Due to the growing demand of organic products, the blackgram and greengram farmers have high potential to receive higher profit through its cultivation under organic packages (Chakrabarty et.al., 2022). There have been few reports of study on effect of organic manure application on blackgram and greengram. However, exclusive detail study on organic farming on blackgram and greengram in North-East India is limited. Considering the above factors, there is an urgent need of development of an organic package of blackgram and greengram in Assam. Therefore, the objective of the study was fixed to find out the effect of different organic modules on the insect-pest and disease severity and eventually developing an organic package of these crops  

2. MATERIALS AND METHODS
Five field trials (i.e. one trial in each year) were conducted at Assam Agricultural University-Zonal Research Station (AAU-ZRS), Shillongani, Assam (GPS: Lat 26.359943° Long 91.630575°) commencing from Kharif 2019 to 2022 to evaluate organic modules for blackgram and greengram production. There were four treatments i.e. two organic modules tested against 100% recommended practices and absolute check (Table 1). Each treatment had six replications and each replication was imposed following a randomized complete block design (RCBD). The experiment was done to study the efficacy of organic modules on yield, incidence of major insect-pests, severity of major diseases, soil microbial population build up and chemical properties. Seeds @ 22.5 kg/ha and 20.0 kg/ha of SBC 40 (blackgram) and SGC 16 (greengram) were sown during first to second week of August in all the years of study, maintaining a spacing of 30 cm x 10 cm in a plot of 5m x 5m size.
Severity of web blight and Cercospora leaf spot were recorded at initiation of disease, respectively on leaves. Disease severity was recorded at 10 days interval after first and second spray from 10 selected plants in each treatment. Six leaves i.e., 2 each from bottom, middle and top from each selected plant were observed and graded based on 1-9 scale given by Gawande and Patil (2003) and Stonehouse (1994). Data on per cent values was angular transformed before statistically analysis using standard procedure (Panse and Sukhatme, 1961).  
	Among insect pests, aphids and pod borer were the major limiting factor. In case of aphids, the number of apterous aphids was counted from the 10 cm terminal shoot portion of the plant starting at pest appearance from five randomly tagged plants of each treated and untreated plot. Two observations were recorded at weekly intervals. While population of pod borer larvae was recorded by counting the number of larvae on five randomly selected plants. The observations were recorded at 10 days interval from both protected and unprotected plots. The number of damaged and healthy pods per five plants were recorded and thereby, the per cent pod damage was calculated. The reduction in insect-pests population, disease severity and the higher seed production recorded during each observation was pooled for all the experiments over absolute control. Market price of Rs. 60 kg-1 seed was taken into account for calculating parameters of economic performance.
Soil samples were augured out before sowing in the first year and after crop harvest in the last year. Soil chemical properties were analyzed with standard procedures (Subbiah and Asija, 1956; Jackson, 1973; Baruah and Borthakur, 1997). Initial and final population of soil microbes viz., fungi, bacteria and actinomycetes were determined using standard plate count methods as described by Martin (1950) for fungi, Allen (1959) for bacteria and actinomycetes. The estimated population of soil microbes was expressed as number of cells x 10n/g of soil.
3. RESULTS AND DISCUSSION
The first two years (2017 and 2018) of study were taken as conversion years for conducting the organic trial. Therefore, the trial data were taken from Kharif 2019 to 2022. 
3.1. Effect on disease severity 
Blackgram
        Web blight caused by Rhizoctonia solani and Cercospora leaf spot caused by Cercospora canescens were the major diseases found in the study. The pooled data of four years (2019 to 2022) showed that treatment T3 with full PoP was the most effective in reducing the disease severity of web blight (11.21 %) with 26.20 percent disease reduction over absolute control. It was followed by T2 (Module II) with 12.81 per cent disease severity (15.67 % disease reduction over absolute control). The treatment T1 (Module I) recorded 13.38 per cent disease severity with 11.92 per cent disease reduction over control. Similar trend was observed in case of Cercospora leaf spot, where treatment T3 with full PoP was the most effective in reducing the disease severity of web blight and Cercospora leaf spot (5.78 %) with 51.78 percent disease reduction over the absolute control. It was followed by T2 (Module II) with 6.83 per cent disease severity (42.56 % disease reduction over absolute control). The treatment T1 (Module I) recorded 7.50 per cent disease severity with 36.92 per cent disease reduction over control (Table 2a). 
Greengram
Web blight caused by Rhizoctonia solani and Cercospora leaf spot caused by Cercospora canescens were the major disease found in the study. The pooled data of four years (2019 to 2022) showed that treatment T3 with full PoP was the most effective in reducing the disease severity of web blight (10.81 %) with 24.77 percent disease reduction over absolute control. It was followed by T2 (Module II) with 11.57 per cent disease severity (19.49 % disease reduction over absolute control). The treatment T1 (Module I) recorded 11.65 per cent disease severity with 18.93 per cent disease reduction over control. Similar trend was observed in case of Cercospora leaf spot where treatment T3 with full PoP was most effective in reducing the disease severity of Cercospora leaf spot (4.62 %) with 73.09 percent disease reduction over absolute control. It was followed by T2 (Module II) with 8.65 per cent disease severity (49.62 % disease reduction over absolute control). The treatment T1 (Module I) recorded 9.82 per cent disease severity with 42.81 per cent disease reduction over control (Table 3a).
Seed treatment with Trichoderma based bioagent was found to be effective. It helps in overall crop growth by inhibiting the growth of harmful bacteria and fungi, thereby, preventing development of various soil borne diseases (Sharma et.al., 2015). Trichoderma spp. can also enhance seed germination faster with higher tolerance of abiotic stresses, improve nutrient uptake, improve root growth. As a biocontrol agent, it competes with other pathogens for food and nutrition by producing antifungal compounds (Barnett et.al., 2017, Rajendraprasad et.al., 2017 and Singh et.al., 2018). 
Foliar spray with B. megaterium also reduced the disease severity. B. megaterium produces antifungal metabolites that prevents spore germination and development of spore germination. Also, endospore of B. megaterium were reported to be effective in controlling fungal diseases (Chumthong et.al., 2008). A combination approach such as seed treatment and foliar spray with application of B. megaterium strain NBAII-63 has also been reported to significantly reduced the wilt incidence of tomato (Sivakumar et.al., 2014). Hashmi et.al., 2024 reported reduction in Cercospora leaf spot in blackgram with foliar spray with Trichoderma spp., Bacillus subtilis and botanicals.
3.2. Effect on insect-pests population 
Blackgram
The four years pooled data of the aphid population showed that per cent plant affected by aphid was minimum in T3 (12.55), followed by T2 (18.25) and T1 (18.75) with 67.09, 54.14 and 50.83 per cent reduction in aphid population respectively. Similar trend was observed in case of pod borer damage where the per cent pod borer damage was recorded minimum in T3 (11.15), followed by T2 (16.85) and T1 (15.40) with 58.32, 37.01 and 42.47 per cent reduction in pod borer population respectively (Table 2b). 
       Greengram
            The four years pooled data of the aphid population showed that per cent plant affected by aphid was minimum in T3 (15.32), followed by T2 (20.05) and T1 (20.52) with 40.74, 22.44 and 20.62 per cent reduction in aphid population respectively. Similar trend was observed in case of pod borer damage where the per cent pod borer damage was recorded minimum in T3 (9.40), followed by T2 (12.40) and T1 (14.12) with 65.76, 54.83 and 48.56 per cent reduction in pod borer population respectively (Table 3b).
The results obtained in the current study showed that it is possible to manage aphid population with application of NSKE. This eco-friendly insecticide has antifeedant and repellent properties. Due to its less toxicity in beneficial organisms as compared to other harmful chemical pesticides, it has been widely used in agricultural pest control (Brahmachari, 2004; Meena et.al., 2023). Demirel and Yildirim (2008) reported that yellow sticky traps were the most effective at attracting insect pests in order Homoptera. Effectiveness of yellow sticky traps, viz., high densities of parasitoids in order Hymenoptera have been found in yellow sticky traps (Beers, 2012; Bockmann, 2015).
3.3. Yield 
In blackgram, the highest seed yield was recorded in T3 (11.94 q ha-1), followed by T2 (10.65 q ha-1) and T1 (9.46 q ha-1) with 46.31, 39.81 and 32.24 per cent increase in yield over absolute control, respectively. Similarly, in greengram, T3 recorded highest seed yield (11.25 q ha-1), followed by T2 (10.10 q ha-1) and T1 (9.15 q ha-1) with 48.44, 46.99 and 36.61 per cent increase in yield over absolute control, respectively (Table 4). Similar results were earlier reported which recorded higher growth and yield of legumes with seed treatment of Rhizobium (Kumar et.al., 2023; Sadiq et.al., 2023 and Nasir et.al. 2019). Soil application of vermicompost also enhanced seed yield of blackgram and greengram as we know that vermicomposting is a key component of organic farming systems. Its use helps to maintain the sustainability of organic practices by reducing the need for synthetic inputs and enhancing soil fertility (Ceritoglu et.al., 2018; Alshehrei & Ameen, 2021). It also increases the tolerance capacity to pest and disease, making it a suitable option over chemical pesticides in various organic packages (Pandey et.al., 2022; Oyega and Bhaskar, 2023)
3.4. Soil nutrient status
	The study on soil pH, organic carbon (%), available N, P2O5 and K2O (kg ha-1) recorded increasing trend over last six years. The per cent increase in pH over initial was recorded as 3.4, 3.4 0 and 1.8 in T1, T2, T3 and T4 respectively (Fig 1a), whereas, organic carbon showed 2.1 and 3.3 per cent increase and -3.4 and -3.3 per cent decrease over initial in T1, T2, T3 and T4 respectively (Fig 1b). The available N (kg ha-1) recorded increase over initial as 3.3, 4.6 and 4.1 per cent in T1, T2 and T3 respectively, whereas, T4 showed decrease over initial (-2.8 %) (Fig 1c),whereas in case of available P2O5 (kg ha-1) there was 2.1 and 3.4 per cent increase over initial in T1 and T2 and, -0.4 and -9.8 per cent decrease over initial in T3 and T4 respectively (Fig 1d). In case of available K2O (kg ha-1) there was 0.56, 1.1 and 0.8 per cent increase and -2.2 per cent decrease over initial in T1, T2, T3 and T4 respectively (Fig 1e). 
	Kumar and Patil (2023) recorded significantly higher soil available phosphorus and uptake by blackgram through seed treatment with the application of vermicompost + ghanajeevamrutha @ 100% RDP + Rhizobium + PSB. Similar result was reported by Sasmal et.al. (2024) in greengram where integrated application of 50% RDF + FYM @ 2 t/ha + Rhizobium inoculation @ 200 g/10 kg of seed recorded significantly higher N, P & K content of seed over the treatments containing 100% RDF. Adoption of organic farming methods significantly improves the soil quality and the environmental health through exclusion of chemical fertilizer and pesticide applications and continuously added organic supplies (Nghia et al., 2025).
3.5. Soil microbial population
	Soil microbial enumeration was done in 2017 before seed sowing (initial) and final year of experimentation (2022) after harvest of the crop. There was gradual increase in microbial population over the year with the application of FYM and vermicompost. Over last six years, the per cent increase fungal (38.24, 42.11, 25.93 and 17.39 %) (Fig 2a), bacterial (45.28, 49.09, 3.57 and 10.37 %) (Fig 2b) and actinomycetes population (29.41, 42.10, 7.69 and 8.33 %) (Fig 2c) was estimated in T1, T2, T3 and T4 respectively. Various studies have recorded higher microbial population in vermicompost compared to untreated soil (Kalita et.al., 2016, Joshi et.al., 2015 and Srilakshmi et al., 2011). 
             Soil biological process management plays a key role in sustainable development. There is a direct positive correlation of the organic compound with the microbial population (Mandal, 2013). Microbial populations, dehydrogenase activities and biomass carbon are reported to be significantly higher in organic cultivation, thereby enhancing the soil fertility and productivity (Mastiholi et al., 2024). 
4. Conclusion
The effect of different organic treatments was found to be quite promising in all the experimental trials. The positive performance of the validated organic package was clearly evident in the study. Although organic agriculture is environment-friendly, climate resilient and it provides pesticide free food, there is lower yield compared to conventional agriculture in short term. However, lower pest and disease pressure in organic farming would enhance ecosystem productivity and sustainability in long term. It is therefore, necessary to promote organic agriculture with a bold spirit and develop systematic marketing facility; effective weed, insect-pest & disease management.
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Table 1: Treatments detail
	Treatments
	Treatments detail

	T1 (Module I)

	· Seed inoculation with biofertilizer (Rhizobium & PSB each @ 50 g kg-1) 
· Soil application of enriched Trichoderma viride based biopesticide (Biogreen-5) @ 2.5 kg ha-1 (incubate 1:50) 
· FYM @ 2 t ha-1 + rock phosphate @ 30 kg ha-1 
· Two foliar sprays with Bacillus megaterium formulation @ 5 ml l-1 at the appearance of the disease and at 15 days after first spray
· Need based foliar spray of NSKE @ 5%
· Installation of bird perch @ 40 nos. ha-1  
· Installation of yellow sticky trap (0.3m x 0.2m) @ 20 nos. ha-1  

	T2 (Module II)
	· Seed inoculation with Trichoderma viride based biopesticide (Biogreen-5) @ 10 g kg-1 and biofertilizer (Rhizobium & PSB each @ 50g kg-1
· Soil application with vermicompost @ 1 t ha-1 + rock phosphate @ 30 kg ha-1 
· Foliar spray with Bacillus megaterium @ 5 ml l-1 at the appearance of the disease and at 15 days after first spray 
· Need based foliar spray of NSKE @ 5%
·  Installation of bird perch @ 40 nos. ha-1  
· Installation of yellow sticky trap (0.3 m x 0.2 m) @ 20 nos. ha-1  

	T3 
[package of practices (PoP)]



	A. Diseases: Leaf spot (Cercospora spp.): As soon as disease appears spray copper oxychloride @ 0.3% (1.8 – 2.0 kg/ha in 600-700 lit of water) at an interval of 7-10 days. Alternatively, carbendazim @ 0.05% (300-350 g in 600-700 lit of water/ha) at an interval of 12-15 days should be sprayed.
B.  Web Blight (Rhizoctonia solani): On appearance of this disease, carbendazim @ 0.05% (300 350 g in 600-700 lit of water/ha) should be sprayed. Rhizoctonia solani induced damping off, root rot and seedling blight can be effectively managed by seed treatment with slurry method using commercial formulations of Trichoderma spp. @ 5 g/kg of seeds.
C.   Insect Pests: i) Against aphids, jassids, flea beetle, pod borers, pod bugs and leaf folder, spray malathion 50 EC @ 1.0 – 1.5 lit/ha in 500-700 lit of water.

	T4
	Absolute control


	
	










Table 2a: Disease severity (%) of blackgram
	Treatments
	Per cent disease severity

	
	Web blight
	Cercospora Leaf Spot

	
	2019
	2020
	2021
	2022
	Pooled Mean
	Per cent reduction over absolute control
	2019
	2020
	2021
	2022
	Pooled
Mean
	Per cent reduction over absolute control

	T1
	13.32b
	13.48 b
	13.45 b
	13.18 b
	13.38 b
	11.92
	7.22 b
	7.90 b
	7.53 b
	7.35 b
	7.50 b
	36.92

	T2
	12.47b
	12.95 b
	12.67 b
	13.13 b
	12.81 b
	15.67
	6.95 b
	7.0 b
	6.78 b
	6.58 b
	6.83 b
	42.56

	T3

	11.4a
	11.10 a
	11.05 a
	11.27 a
	11.21 a
	26.20
	5.93 a
	5.92 a
	5.77 a
	5.50 a
	5.78 a
	51.78

	T4
	15.06c
	15.02 c
	15.25 c
	15.43 c
	15.19 c
	-
	11.57 c
	11.73 c
	11.77 c
	12.43 c
	11.89 c
	-

	SEm±
	0.73
	0.53
	0.56
	0.77
	0.11
	
	0.50
	0.62
	0.46
	0.67
	0.15
	

	CD (0.05)
	2.22
	1.61
	1.70
	2.35
	0.35
	
	1.53
	1.88
	1.41
	2.05
	0.49
	



Means followed by the same letter shown in superscript (s) do not differ significantly




Table 2b: Insect-pest damage (%) of blackgram
	Treatments
	Insect-pests

	
	Per cent plant affected by aphid
	Per cent pod borer damage

	
	2019
	2020
	2021
	2022
	Pooled
Mean
	Per cent reduction over absolute control
	2019
	2020
	2021
	2022
	Pooled
Mean
	Per cent reduction over absolute control

	T1
	20.5b
	21.6 b
	18.3 b
	14.6 b
	18.8 b
	50.83
	17.2 b
	16.9 b
	15.7 b
	11.8 b
	15.40 b
	42.47

	T2
	18.4b
	22.7 b
	19.0 b
	12.9 b
	18.3 b
	52.14
	19.6 b
	21.3 b
	15.0 b
	11.5 b
	16.85 b
	37.01

	T3

	14.9a
	13.9 a
	11.6 a
	9.8 a
	12.6 a
	67.09
	11.8 a
	13.8 a
	10.2 a
	8.8 a
	11.15 a
	58.32

	T4
	43.0c
	47.9 c
	35.4 c
	26.2 c
	38.1 c
	-
	28.7 c
	31.2 c
	26.5 c
	20.6 c
	26.75 c
	-

	SEm±
	0.87
	1.20
	0.82
	0.70
	1.73
	
	0.84
	1.01
	0.70
	0.83
	0.74
	

	CD (0.05)
	2.65
	3.66
	2.50
	2.12
	5.61
	
	2.55
	3.06
	2.14
	2.54
	2.41
	



Means followed by the same letter shown in superscript (s) do not differ significantly



Table 3a: Disease severity (%) of greengram
	Treatments
	Per cent disease severity

	
	Web blight
	Cercospora Leaf Spot

	
	2019
	2020
	2021
	2022
	Pooled
Mean
	Per cent reduction over absolute control
	2019
	2020
	2021
	2022
	Pooled Mean
	Per cent reduction over absolute control

	T1
	12.2 b
	11.3 b
	12.9 b
	10.2 b
	11.65 b
	18.93
	9.2 b
	10.8 b
	9.7 b
	9.6 b
	9.82 b
	42.81

	T2
	12.9b
	11.8 b
	11.5 b
	10.1 b
	11.57 b
	19.49
	7.7 b
	9.2 b
	8.6 b
	9.1 b
	8.65 b
	49.62

	T3

	10.9a
	12.9 a
	10.2 a
	9.3 a
	10.81 a
	24.77
	3.9 a
	4.3 a
	4.0 a
	6.3 a
	4.62 a
	73.09

	T4
	16.2c
	12.9 c
	15.2 c
	13.2 c
	14.37 c
	-
	16.3 c
	19.8 c
	17.4 c
	15.2 c
	17.17 c

	-

	SEm±
	0.69
	0.63
	0.46
	0.64
	0.55
	
	0.51
	0.52
	0.59
	0.84
	0.58
	

	CD (0.05)
	2.09
	NS
	1.39
	1.95
	1.77
	
	1.57
	1.57
	1.80
	2.55
	1.87
	



Means followed by the same letter shown in superscript (s) do not differ significantly




Table 3b: Insect-pest damage (%) of greengram
	Treatments
	Insect-pests

	
	Per cent plant affected by aphid
	Per cent pod borer damage

	
	2019
	2020
	2021
	2022
	Pooled Mean
	Per cent reduction over absolute control
	2019
	2020
	2021
	2022
	Pooled Mean
	Per cent reduction over absolute control

	T1
	22.0 b
	23.4 b
	21.5 b
	15.2 b
	20.52 b
	20.62
	15.0 b
	16.2 b
	13.4 b
	11.9 b
	14.12 b
	48.56

	T2
	21.6 b
	22.9 b
	19.7 b
	16.0 b
	20.05 b
	22.44
	13.9 b
	14.3 b
	11.0 b
	10.4 b
	12.40b
	54.83

	T3

	18.5 a
	17.2 a
	15.0 a
	10.6 a
	15.32 a
	40.74
	11.3 a
	10.2 a
	8.8 a
	7.3 a
	9.40 a
	65.76

	T4
	27.1c
	29.2 c
	26.3 c
	20.8 c
	25.85 c
	-
	29.6 c
	31.6 c
	27.0 c
	21.6 c
	27.45 c
	-

	SEm±
	0.77
	0.66
	0.48
	0.66
	0.40
	
	0.75
	0.68
	0.61
	0.49
	0.70
	

	CD (0.05)
	2.35
	2.00
	1.47
	2.04
	1.28
	
	2.29
	2.08
	1.87
	1.48
	2.28
	



Means followed by the same letter shown in superscript (s) do not differ significantly



Table 4: Grain yield (q/ha) of blackgram and greengram
	Treatments
	Blackgram
	Greengram

	
	2019
	2020
	2021
	2022
	Mean
	Per cent increase in yield over absolute control
	2019
	2020
	2021
	2022
	Mean
	Per cent increase in yield over absolute control

	T1
	9.00 b
	8.33 b
	10.67 b
	9.83 b
	9.46 b
	32.24
	8.11 b
	8.00 b
	9.67 b
	10.83 b
	9.15 b
	36.61


	T2
	10.33b
	9.75 b
	11.50 b
	11.00 b
	10.65 b
	39.81
	8.90 b
	9.25 b
	10.33 b
	11.91 b
	10.10 b
	46.99


	T3

	12.50a
	10.50 a
	13.00 a
	11.75a
	11.94a
	46.31
	10.67 a
	10.33 a
	11.50 a
	12.50 a
	11.25 a
	48.44

	T4
	4.89c
	6.33c
	7.91c
	6.50c
	6.41c
	-
	3.75 c
	5.50 c
	6.93 c
	7.00 c
	5.80 c
	-


	SEm±
	0.53
	0.49
	0.96
	0.69
	0.32
	
	0.57
	0.64
	0.66
	0.59
	0.25
	


	CD (5 %)
	1.61
	1.49
	2.90
	2.10
	1.03
	
	1.72
	1.96
	2.02
	1.79
	0.83
	




Means followed by the same letter shown in superscript (s) do not differ significantly




Fig 1a: pH at initial and final harvest of crop

Fig 1b: Organic carbon (%) at initial and final harvest of crop

Fig 1c: Available N (kg/ha) at initial and final harvest of crop

Fig 1d: Available P2O5 (kg/ha) at initial and final harvest of crop

Fig 1e: Available K2O (kg/ha) at initial and final harvest of crop

Fig 2a: Fungal population at initial and final harvest of crop

Fig 2b: Bacterial population at initial and final harvest of crop


Fig 2c: Actinomycetes population at initial and final harvest of crop
























ph

pH	
T1	T2	T3	T4	0	5.6	5.6	5.6	5.6	pH	
T1	T2	T3	T4	0	5.8	5.8	5.6	5.7	pH	Per cent increase over initial	
T1	T2	T3	T4	3.4	3.4	0	1.8	


Organic Carbon (%)

OC (%)	Initial (2017)	
T1	T2	T3	T4	0.92	0.92	0.88	0.9	OC (%)	Final (2022)	
T1	T2	T3	T4	0.94	0.95	0.85	0.87	OC (%)	Per cent increase/decrease over initial	
T1	T2	T3	T4	2.1	3.3	-3.4	-3.3	


Av N (kg/ha)

Av N (kg/ha) 	Initial (2017)	
T1	T2	T3	T4	279.7	279.7	278.39999999999998	278.39999999999998	Av N (kg/ha) 	Final (2022)	
T1	T2	T3	T4	289	292.5	289.89999999999998	270.60000000000002	Av N (kg/ha) 	Per cent increase/decrease over initial	
T1	T2	T3	T4	3.3	4.5999999999999996	4.0999999999999996	-2.8	


Av P2O5 (kg/ha) 

Av P2O5	(kg/ha) 	Initial (2017)	
T1	T2	T3	T4	23.4	23.4	22.8	22.5	Av P2O5	(kg/ha) 	Final (2022)	
T1	T2	T3	T4	23.9	24.2	22.9	21.1	Av P2O5	(kg/ha) 	Per cent increase/decrease over initial	
T1	T2	T3	T4	2.1	3.4	-0.4	-9.8000000000000007	


Av K2O (Kg/ha)

Av K2O	(kg/ha) 	Initial (2017)	
T1	T2	T3	T4	140	140	137.80000000000001	138	Av K2O	(kg/ha) 	Final (2022)	
T1	T2	T3	T4	140.80000000000001	141.5	138.9	135	Av K2O	(kg/ha) 	Per cent increase/decrease over initial	
T1	T2	T3	T4	0.56000000000000005	1.1000000000000001	0.8	-2.2000000000000002	


Microbial population

Fungi (x104 cfu g-1 of soil) 	Initial (2017)	
M I 	M II 	C (PoP) 	C (Abs control) 	21	22	20	19	Fungi (x104 cfu g-1 of soil) 	Final (2022) 	
M I 	M II 	C (PoP) 	C (Abs control) 	34	38	27	23	Fungi (x104 cfu g-1 of soil) 	Per cent increase over initial	
M I 	M II 	C (PoP) 	C (Abs control) 	38.24	42.11	25.93	17.39	


Microbial population

Bacteria 	(x107 cfu g-1 of soil) 	Initial (2017)	
M I 	M II 	C (PoP) 	C (Abs control) 	29	28	27	26	Bacteria 	(x107 cfu g-1 of soil) 	Final (2022) 	
M I 	M II 	C (PoP) 	C (Abs control) 	53	55	28	29	Bacteria 	(x107 cfu g-1 of soil) 	Per cent increase over initial	
M I 	M II 	C (PoP) 	C (Abs control) 	45.28	49.09	3.57	10.37	


Microbial Population

Actinomycetes 	(x104 cfu g-1 of soil) 	Initial (2017)	
M I 	M II 	C (PoP) 	C (Abs control) 	12	11	13	12	Actinomycetes 	(x104 cfu g-1 of soil) 	Final (2022) 	
M I 	M II 	C (PoP) 	C (Abs control) 	17	19	12	15	Actinomycetes 	(x104 cfu g-1 of soil) 	Per cent increase over initial	
M I 	M II 	C (PoP) 	C (Abs control) 	29.41	42.1	7.69	8.33	


