
An overview of green manuring crops for their potential impacts in arable crops production


Abstract:
The green manuring (GM) crops are highlighted for their role in impacting nutrition to different arable crops (rice, wheat, maize, sugarcane, cotton). With increase in nutrient requirement in arable crop production, it will be essential to found more and more valid alternative sources of crop nutrition beside regular inorganic fertilizers andorganic manure. The GM crops are group of crops being investigated to a great extent for their impact on growth and yield of cereals and pulses; while their investigation on other different properties yet to be investigated with increase in interest in organic and natural farming. The major GM crops are Sesbania, Dhaincha, sunhemp, cowpea, green gram, cluster bean being used as in-situ green manuring; while gliricidia, neem, Pogamia, Gulmohar and Peltophorum being used as green leaf manuring in India. The article reviewGM crops for their potential and prospects to be a part of organic and natural farming, as a seed crop and their impact on soil biological properties.The GM crops will fit well in present concept of natural farming due its multiple role such as providing mulch materials, acting as fodder, suitable restorative crop for crop diversification/ rotation and it significant impact on soil biodiversity.As a seed crop, this cultivation of GM crops are profitable with possibility to increase net returns with increase in demand of quality seed due to increase in area under organic and natural farming.The biological properties of soil were reported to be significantly and positively affected by GM crops with improvement in soil organic carbon, soil available nitrogen and more root-rhizosphere microbes’ interactions. Considering these three things, it will be worthy to investigate GM crops in different perspectivealong with its effect on crop growth and development.
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Introduction: The arable crop production has significant impact on food and nutritional security and they cannot be replaced; while may be complemented and supplemented with vegetable and fruit crops.The rice, wheat, maize and pearl millet has highest share in total cereals and food-grain production as well as area under cultivation in India (Table 1). The coarse cereals/nutri-cereals have17.1 and 18.5% share in total food-grain and cereals production, respectively (Anonymous, 2025).Besides from their share,they are known for their high mineral content, medicinal values and ecological resilient nature (Ramashia et al., 2019; Hariprasanna,2022; Shahane and Shivay, 2024).The promotion of cereal production, cost effective availability of cereals, ease in their economical and physical access through public distribution system (PDS) in India play important role in retaining their role in food and nutritional security (Verma et al., 2023; Ibrahim et al., 2024). The pulses are important group of arable crops known for their high protein content and acting as important source of protein to majority of population (Havemeier et al., 2017; Robinson et al., 2019). The ecological significance of pulses (legumes) due to their biological nitrogen fixation (BNF)(Kebede et al., 2021), suitability for intercropping and soil restorative nature is well reported(Chimonyo et al., 2023; Akchaya et al., 2025). The crop management practices of cereals and legumes have several concerns (Bhatt et al., 2016; Agarwal and Devra, 2024) which need to be addressed for producing sufficient food of superior quality to meet provisional need of growing human and animal population. The crop nutritional requirement is one among the several concerns of food-grain production with highest share in fertilizer consumption in India and world as well. The combination of organic and inorganic sources of nutrition, use of microbial inoculations and integrated nutrient management are highlighted to a great extent in both cereals and pulses (Davari and Mirzakhani, 2009; Sharma et al., 2019). The inorganic sources are constrained by availability, requirement of subsidy and dependency on import; while organic sources of nutrition are constrained by cost effective availability per unit of nutrients and in-sufficient availability to meet huge demand if inorganic fertilizers were withdrawn. The microbial inoculation are supplementary or complimentary and not a competitive source of nutrition with either organic or inorganic sources of nutrition (Shahane et al., 2017; Shahane et al., 2017a).The integrated nutrient management (INM)is dynamic hence its acceptance/ adoption is subjective to economy, availability of different sources and responsiveness of different sources in terms of crop yield. In this regards it is going to be worthy to find more alternatives of crop nutrition and test them across the situation. The use of untreated minerals (zeolithic farming) (Ramesh and Reddy, 2011), in-situ production and use of organic nutrient inputs and liquid manure (natural farming) (Jain et al., 2021), processing and use of agricultural and agro-industrial waste (Singh et al., 2021), use of soil restorative crops to enhance the soil fertility and use of green and/or brown manuring crops (Lyu et al., 2024) are some of options. Among these options green/ brown manurring crops were selected for detailed discussion in this review.
The green manuring crops are mostly leguminous crops known for their use in green (undecomposed form), high biomass accumulation, BNF and easy decomposition with rapid release of nutrients.The incorporation in green form and less or no time given for their decomposition make them distinct from other organic sources of crop nutrition. These crops are grown as sole crops in-situ called as green manuring, co-culture with main crops known as brown manuirng(Farooq et al., 2021) and incorporation of green foliage and young twigs from the plants grown ex-situ known as green leaf manuring (Ward et al., 2023). The wider range of legumes with varied growth habit (including coppicing ability), short time required to get a needful biomass, positive effect on soil biology make their claim strong as potential alternative options for crop nutrition. Besides that increase in area under organic farming (10.17 million ha) and natural farming (2 lakh ha to 1 million ha.) act as catalyst to increase interest in green manuring crops. The crops to be tested as GM crops in different type of farming is Sesbania (Sesbaniaspaciosa), Dhaincha (Sesbaniaaculata), sunhemp (Crotalaria juncea), cowpea (Vignasinensis), green gram (Vignaradiata) and cluster bean (Symopsistetragonaloba); while gliricidia (Gliricidiasepium), neem (Azadiractaindica), Pogamia (Pongamiaglabra), Gulmohar (Delonixregia) and Peltophorum (Peltophorumferrumgenum) can be grown as ex-situ green leaf manures. The capacity of most of the GM crops to grow with less amendment application and utilization of pre-monsoon rainfall as well as utilization of marginal and non-cultivated area adds to their capacity to stand as valid options of crop nutrition. The scientific literature available and published information are believing the potential of GM crops to meet part of N requirement with different positive effect such as soil amelioration in saline soil (Li et al., 2024), increase in Zn uptake (Costerousse et al., 2021), improvement in soil organic carbon and several positive effect on soil biological properties (Li et al., 2024a); while information on its sole and primary sources of crop nutrition will be expected from the either organic or natural farming. The availability of information on nutritional composition, biomass production potential and impact of location and growing season will act as background for generating valid information about GM crops as sole and competitive source of crop nutrition.The GM crops were also investigated as seed crops with seed and sowing, crops/ variety and phosphorus fertilization as major agronomic investigation variables. The suitability of GM crops as animal feed, very high and significant impact on soil health, providing a valid source of organic mulch material, availability tree species and suitable for inter/ mixed cropping as well as important in crop rotation will make the GM crops as indispensible component of natural farming. The reported range of crops in which GM crops are reported includes rice, wheat, maize, pearl millet, sugarcane, etc.; while in several other cereals, legumes are grown as intercrop followed by retention/ incorporation of their crop residue. The orchards were also being grown with GM crops with intention to reduce weed menace and improve soil fertility (Iderawumi and Kamal, 2022;Gangaiah and Babu, 2016); while their inter-planting is conditioned by economical inferiority as compared to other arable crops inter-planting in orchards.The literature highlighted the role of GM crops in nutrition and crop growth improvement; while its consideration as seed crops, fodder crop and component of organic and natural farming need to need to be reviewed. The article is intended to highlight potentials of GM crops as seed crops with varied response to different cultivation variables, as important component of organic and natural farming, its impact on soil biological properties along with significance of GM crops in crop cultivation.

Green manuring crops as seed crop: 
The cultivation of GM crops as seed crops is seed demand driven which expected to increase with more awareness about them and with increase inarea under organic and natural farming (Table 2). At the same time, returns, suitability of post-rainy season condition in southern India (Venkanna et al., 2013; Reddy et al., 2015; Srinivasa Rao et al., 2021), suitability as a break crop or as a catch crop and as inter-planting in orchards (Ozbolat et al. 2023; Yuan et al., 2023) are other factors affecting cultivation of GM crops as seed crop.The major prospects for green manure as seed crop includes testing of different green manuring crops across production system viz., organic and natural farming, varietal evaluation of GM crops, testing GM as intercrop crops in different crops and orchard combinations. Besides that,testing of response to phosphorus application, seed and sowing specification, performance in saline and alkaline soil and response in different growing seasons are the other thrust areas need to be investigated.The impact of GM crops on soil was well reported as GM crops; while as seed crop information is still lacking. The production system based investigation offer a major scope for GM seed crop investigation for organic, natural farming and conservation agriculture. Testing of GM crops in acidic soil for their productive potential is also one non-stressed area of research which can be considered for investigation. The degree of understanding about the residual effect of seed crops as well as resource use efficiencies in seed crops of GM have huge scope. The green gram, clusterbean and cowpea are well investigated as seed crops due to their food and feed values; while Sesbania, and sunhemp are need to investigated.

Green manuirng crops in natural and organic farming:
In organic and more recently natural farming, nutrient management and stress management (insect-pest, diseases and weed) are major point of discussion with respect to identifying the potential options, their economics relevance and feasibility analysis. The higher prices of organic manure per unit of nutrients, lack of reliable and quality material supply and different myths about organic sources of nutrition is concern in nutrient management in organic farming(OF) and natural farming (NF) (Narayanan and Narayanan, 2005; Pandey and Singh, 2012; Timsina, 2018). Besides that, increasing demand with increasing area under cultivation and government policy for promotion of both type of farming with building institutional support and decreasing animal draft with increasing mecahnization further widen the gap between demand and supply of organic manures. In this scenario, the green manuring crop in particular and legume in general are viewed as potential solution (Figure 1). The high biomass production in short time, less requirement of fertilizers/ manures, rapid decomposition rate with narrow C:N ratio, BNF with positive and significant interaction with soil microbes, wider range with multiple uses and complementary interactions with other components of OF and NF are positive side. In negative side, loss of season (45-60 days), higher biotic stresses and lack of competitiveness with other crops in terms of productivity need to be considered. Utilization of off-season rainfall, uncultivated area and marginal land, utilization of residual fertility and acing as break crop in crop rotation are potential considerations for incorporating GM crops in OF/NF. The intercropping is most investigated area for legumes (Duchene et al., 2017; Jensen et al., 2020) considering their complementary interaction with most of crops form different family and capacity to cover the risk of crop failure. This can be easily incorporated in OF/NF with both economic and ecological impact. At the same time, there is lees investigation of GM crops in organic and natural production system for different inputs and management practices, hence on the same line of modern agrochemical based production system, GM crops should be investigated for in both OF and NF.The GM organic seeds will be another area to be explored with commercial angle as area under organic and natural farming is increasing which increase demand for organic seed of GM crops. The regional market need to be considered for such organic seed production; while international demand also needs to be investigated. The soil biological health is most important aspect in both OF and NF. The soil biological parameter such as microbial biomass carbon, dehydrogenase activity, microbial biomass nitrogen, alkaline phosphatase activity, population count of bacteria, fungi and actinomycetesare reported to be increased with green manuring crops (Naz et al., 2023; Li et al., 2024a); while improvement of these soil biological properties in OF and NF as well as their implication in crop growth and yield improvement need to be investigated. The additional biomass generated from GM crops in OF and NF can be used for preparation of enriched GM crop based manures which can be found place in preparation of potting mixture which is having demand in urban and peri-urban areas.The GM crops such as gliricidia (Gliricidiasepium), neem (Azadiractaindica), pogamia (Pongamiaglabra), gulmohar (Delonixregia) and peltophorum (Peltophorumferrumgenum) will add to the tree components of NF with dual role of providing fodder and green leaf manure. These crops will also act as wind breaks and also grown on undulating a topography and soil with marginal fertility. The coppicing ability of these plants make them valid choice of tree component in OF and NF.Infact the impact of GM in OF and NFshould be investigated in long run and in cropping system mode to highlight main and residual effect of GM crops grown as both seed crop and manuring crop. Inter-cropping of GM with main crops either for seed production or for incorporation will be is another area of investigation in both OF and NF which need investigation as well.Being new production system, there is huge scientific investigation potential in NF with GM as point of investigation.

Influence of green manuring crops on soil biological properties: 
The positive effect of GM crops on soil chemical properties specially soil nitrogen and organic carbon content was highlighted to a great extent considering their major role in improving crop productivity and soil health (Table 3); while the impact on different soil properties is of secondary importance. Liu  et al. (2025)in their four year study reported that, in green manure- double rice cropping system improvement in soil quality index, carbon acquisition enzyme activity, nitrogen acquisition enzyme activity and microbial biomass carbon in 0-20 cm soil depth over fallow- double rice cropping system indicating role of GM on soil biological properties improvement. In Xu et al.(2023)reported that, incorporation of green manuring crops increased microbial biomass carbon by 29.8 – 72.9 %, urease activity by 35.6 – 142.6 %, β- glocosidase activity by 65.9 – 172.9 % and increase bacterial community diversity. In another five year study in eastern Himalayan region, Ansari et al. (2022) reported that, green manuring of green gram, cowpea and Sesbania recorded higher activities different soil microbial enzymes viz., acid phosphatase activity, alkaline phosphatase activity, dehydrogenase activity, β- glucosidase activity and arylsulfatase activity over control (no green manuring) in three cropping system (maize-pea, groundnut-pea and maize+groundnut-pea); while among the GM crops Sesbania found highest values among all GM crops and found significantly superior over control. This indicates the role of GM crops in improving soil microbial properties. In another ten year study Ozbolat et al. (2023) found that combination of reduced tillage and GM (Avenasativa and Visiasativa) in almond orchard significantly improvement in bacterial community diversity which are reported to be explained by total soil organic carbon, pH, total nitrogen and particulate organic carbon.Similarly in litchi orchard improvement in abundance of several microbial genera such as Bradyrhizobium, Serratia and Bacillus was reported with GMofDesmodiumovalifolium and Stylosanthesguianensis(Yuan et al., 2023).In rice- rice system inclusion of GM crops (milk vetch, rapeseed and ryegrass) during fallow period reported to significantly increase urease activity, acid phosphatase activity and phosphodiesterase activity with highest  values being rice-rice-milk vetch cropping system (Qaswar et al., 2019).

Effect of green manuring on succeeding crop growth:
In a three year study conducted to evaluate the effect of berseem (Trifoliumalexandrinum) andSesbaniarostrata in rice-wheat cropping system, the increase in rice grain yield by 1.52 t ha-1 (3.70 versus 2.18 t ha-1) with GM + 50 % recommended dose of nutrient application (100 % = 120:90:60 kg N: P2O5:K2O ha-1) over absolute control was reported (Naz et al., 2023). In another four year study conducted with maze as main crop and Orychophragmus violaceus as GM crops showed that, application of 70 % and 85 % recommended dose of nutrients (RDN) (100 % = 225: 49: 94 kg N:P:K ha-1) recorded comparable maize grain yield as that of 100 % RDN (Yang et al., 2018). Besides that, improvement in dry matter accumulation, nitrogen uptake and potassium uptake with GM was also observed in same study indicating role of GM in crop nutrition. The amount of nitrogen added by GM crops was varies between 21.5 to 94.0 kg ha-1 in treatment having GM alone. Beside that significant increase in organic matter, total nitrogen and Olsen P was observed with GM. In a study conducted to understand the role of different factors in adoption of green manuring in rice in Far province of Iran, 375 farmers were selected from 10,158 rice farmers (Valizadeh et al., 2023). They found that, moral norms, attitude towards green manuirng, perceived behavioural control and trialability of green manure are the four major factors significantly and positively affecting the acceptance of green manuirng in rice cultivation. Replacing GM concept with short duration dual purpose summer will also contributes to improvement in yield and crop nutrition as cited in Jat et al. (2014). The increase in rice-wheat cropping productivity was recorded with cowpea (11.76 t/ha versus 10.36 t ha-1) which is higher by 1.4 t/ha over fallow. This is also reported to significantly improve the partial factor productivity and crop recovery efficiency; while agronomic use efficiency and physiological efficiency remained non-significant. Mandi et al. (2022) reported that incorporation green manuring crops (Sesbaniaaculeata and Crotolariajuncea) before rice leads to improvement in micronutrient concentration in rice (11 % Zn and 18 % Fe in basmati rice grain) and wheat (21 % Zn and 12 % Fe in wheat grain). Irin et al. (2019) reported that fresh biomass production of Sesbania aculeate and Crotolariajuncea was 28.12 and 35.0 t ha-1, respectively which is higher than green gram (22.33 t ha-1), black gram (25.66 t ha-1) and Mimosa pudica (21.0 t ha-1) after 50 days of sowing. This high biomass production will add significant carbon, act as important source of nutrients and improve and soil fertility in long run. Sandhya rani et al. (2022) reported that, sunhemp, dhaincha and green gram produce 15.63 t/ha, 17.78 and 14.28 t ha-1 of fresh biomass respectively which was incorporated in maize. The treatment involving application of 100 % recommended dose of nutrients (200, 60 and 50 kg ha-1 of N, P2O5 and K2O, respectively with incorporation of dhaincha yield 6.52 t ha-1 grain yield and Rs. 65, 615 as net returns ha-1 which was significantly higher than application of recommended dose of nutrients (5.58 t ha-1 and Rs. 52,825 ha-1, respectively). Mangaraj et al. (2022) reported that, Dhaincha grown and incorporated at 42-45 days grown in rice-green gram cropping system contains 3.44 and 3.56 % N, 0.74 and 0.82 % P and 1.12 and 1.25 % K respectively in first and second year of study; while incorporation along with 50 % RDF (30, 15 and 15 kg ha-1 N, P2O5 and K2O, respectively) leads to increase in rice grain yield by 199 and 111 kg ha-1 in 1st and 2nd year, respectively over application of 100 % recommended dose of fertilizer (RDF). Same for green gram grown after rice harvest was 10 and 19 kg ha-1, respectively in 1st and 2nd year. They also found positive nutrient balance of N, P and K after rice-green gram cropping system involving incorporation of dhaincha green manuring.
Besides yield improvement due to GM, the brown manuring (BM) will also have added advantage of weed management along with yield improvement. Singh et al. (2007) reported that grain yield with Sesbania brown manuring (4.33 and 4.66 t ha-1 in 1st and 2nd year) was significantly higher and increased by 0.57 and 0.63 t ha-1, respectively and similar increase was also reported in straw yield increase. The net returns was increased by 59 and 65 US $ ha-1 in first and second year, respectively.  Besides that, biomass of grassy and broad leaf weeds (BLW) measured at 30, 45 and 75 DAS was found significantly lower with Sesbania brown manuring over control. The effect is more on reducing the BLW than grassy weeds. In another study highest grain and straw yield was recorded with butachlor 1.25 kg a.i. ha-1 + BM+ 2,4-D @ 0.5 kg/ha at 25 DAS which is comparable to farmer practice of three time weeding at 15, 30 and 50 DAS. The net returns (Rs. 21,954 versus Rs.15,993) and B:C ratio (1.30 versus 0.68) was higher with BM than farmers practice in first year and same results are observed in second year. They also reported that reduction in grasses, sedges and broad leaf weed population as well as improvement in weed control efficiency at 45 day after sowing (DAS) were observed with BM even though the different was not significant over farmers practice in both year of investigation (Maity and Mukherjee, 2009).    
Conclusion:
The green manuring crops has positive, significant and consistent impact on soil, plant and water in different crops production such as rice, wheat, maize, sugarcane and cotton. The Sesbania and sunhemp being most commonly seed GM crops; while green gram and cowpea being grown as intercrop followed by their residue incorporation. The impact of green manuring crops on soil organic carbon, biological nitrogen fixation and soil microbial enzyme activities is needs to be highlighted at present due to degradation of soil with excessive use of agrochemical. Besides that, opportunities in green manuringcrops such as seed production and scaling as most important nutrient sources in organic farming and natural farming will be very important in diversified arable crop production.

Table 1. Share of different cereal and pulse crops in food-grain and total cereals production in India.
	

	S. No.
	crop
	Area under cultivation (million ha.)
	Production (Million metric tonnes)
	Share in cereals production (%)
	Share in food-grain production (%)
	Share in area under cereals (%)
	Share in area under food-grains (%) 

	1.
	Rice
	47.8 
	137.8
	44.7
	41.5
	45.7
	36.2

	2.
	Wheat
	31.8
	113.3
	36.8
	34.1
	30.4
	24.1

	3.
	Maize 
	11.2
	37.7
	12.2
	11.3
	10.7
	8.5

	4.
	Pearl millet 
	6.4
	10.7 
	3.5
	3.2
	6.1
	4.8

	5.
	Coarse cereals/ nutri-cereals 
	24.9
	56.9 
	18.5
	17.1
	23.8
	18.8

	6.
	Pulses 
	27.5
	24.3
	-
	7.3
	-
	20.8


(Anonymous, 2025)

Table 2. Seed yield and returns from cultivation of Sesbaniaand sunhemp as seed crop.
	

	S. No. 
	Seed yield (kg/ha)
	Biological yield/ straw yield (kg/ha) 
	Gross returns 
	Net returns (Rs. × 103/ha)
	B:C ratio
	References  

	Sesbania

	1.
	1080 
	14800
	-
	2,580
	1.13
	Dhaka et al. (2015)

	2.
	583 – 560 
	-
	14,850 – 33,795 
	6889 – 24191
	0.92 – 2.52 
	Reddy et al. (2015) 

	3.
	1742 – 2123 
	-
	43,555–53,057 
	31405 – 40522 
	2.5 – 3.2 
	Venkanna et al. (2013)

	4.
	468 – 509 
	-
	-
	-
	-
	Dhedhi et al. (2017)

	5.
	1040 – 1039 
	13680 – 14980 
	
	13200 – 17470 
	1.51 – 1.71 
	Singh and Gangaiah (2012)

	6.
	457 – 788 
	-
	12570 – 14236 
	421 – 701 
	1.03 – 1.05 
	Bhuker et al. (2019)

	7.
	641
	
	28845
	15345
	1.14
	Srinivasa Rao et al. (2021)

	8.
	439 – 543 
	-
	-
	-
	-
	Rajesh et al. (2017)

	9.
	510 – 820 
	-
	-
	-
	-
	Kathiresan and Duraisamy (2001)

	10.
	1120 – 1320 
	-
	-
	4800 - 7200
	1.48 – 1.73 
	Kumar et al. (2006)

	11.
	601- 1030 
	-
	-
	-
	-
	Dwibedi 2021

	12.
	1040
	-
	-
	2020 – 2340 
	1.10 – 1.12 
	Dhaka et al. (2014)

	13.
	1392 – 1539 
	-
	-
	39124 – 43667 
	2.85 – 3.52 
	Parlawar et al. (2001)

	14.
	1045
	8190
	73198
	56709
	4.43
	Shinde et al. (2020)

	15.
	797 – 1191 
	5006 – 7878 
	6295 – 90460 
	30475 – 60640 
	2.02 – 3.03 
	Swarnkar et al. (2023)

	Sunhemp

	
	Seed yield (kg/ha)
	Biological yield/ straw yield (kg/ha) 
	Gross returns 
	Net returns (Rs. × 103/ha)
	B:C ratio
	References  

	1.
	1180 – 1580 kg ha-1
	Stalk yield 5500 – 7878 kg ha-1
	-
	-
	-
	Tripathi et al. (2013)

	2.
	1179 kg ha-1
	
	53055
	38055
	2.54
	Tejeswara Rao et al. (2022)

	3.
	1140 – 2160 kg ha-1
	-
	-
	-
	-
	Rajendra Kumar et al. (2024) 




Table 3. Effect of green manuring crops on yield, net returns and soil organic carbon and available nitrogen in different crops and cropping system.
	

	

S. No.
	Crop
	Green / brown manuring crop
	Grain yield increase ,(kg/ha)
	Straw yield increase (kg/ha)
	Increase in soil organic carbon/ Soil organic matter (%)  
	Increase in net returns (Rs./ha)
	Increase in Soil Avai. N (kg/ha)
	References 

	1.
	Wheat 
	Dhanicha
	983
	296
	1.25 % 
	-
	-
	Gautam et al. (2021)

	2.
	Wheat 
	Sunhemp
	1315
	613 
	0.39 %
	-
	-
	

	3.
	Rice -  wheat cropping system 
	Dhaincha
	Rice: 820 kg/ha and wheat: 630 kg/ha. 
	-
	Rice: 0.15 g/kg and wheat: 0.38 g/kg. 
	-
	-
	Mandal et al. (2003)

	4.
	Rice-wheat cropping system 
	Dhaincha
	Rice: 520 kg/ha and wheat: 390 kg/ha.
	-
	-
	-
	-
	Sharma et al. (2023) 

	5.
	Maize
	Dhaincha
	1270 kg/ha
	940 kg/ha
	0.11 % OC
	12,692  Rs./ha 
	-
	Sandhya Rani et al. (2022) 

	6.
	Rice
	Sunhemp
	640 kg/ha
	1970 kg/ha (Biological yield) 
	0.1% OC
	10,797 Rs./ha
	44 kg/ha
	Kumar et al. (2011) 

	7.
	Rice 
	Dhaincha
	160 kg/ha
	160 kg/ha
	0.98 g/kg SOC
	2,754 Rs./ha 
	7.26 kg/ha
	Udgata et al. (2020) 

	8.
	Maize based cropping system (groundnut-pea; maize-pea and groundnut+maize-pea) (After five year)   
	Green gram, Dhaincha and sesbania
	1000 kg/ha (MEY)
	-
	2.4 t/ha (TOC)
	-
	For avail. N: 36.9 kg/ha and DTPA extrac. Zn: 0.8 ppm
	Ansari et al. (2022 and 2022a) 

	9.
	Cotton
	Dhaincha Vs. Cowpea intercrop in cotton 
	314 kg seed cotton/ ha.
	-
	-
	15,555 Rs./ha. 
	
	Singh et al. (2022) 

	10.
	Rice
	Dhaincha
	285.5 kg/ha
	94.5 kg/ha 
	-
	-
	-
	Mangaraj et al. (2022) 

	11.
	Rice-Baby corn
	Dhaincha
	Rice: 1880 kg/ha and baby corn: 410 kg/ha
	Rice: 2430 kg/ha and baby corn: 6330  kg/ha  
	
	1488 US$/ha
	-
	Kumar et al. (2022) 

	12.
	Rice
	Rice bean 
	350 kg/ha
	-
	-
	4660 Rs./ha 
	-
	Raddy et al. (2021)

	13.
	Rice
	Sesbania aculeate and Crotalaria juncea
	1.56 t ha-1 due to S. aculata and 1.34 t ha-1 due to C. juncea
	264 g m-2 due to S. aculata and 230 g m-2 due to C. juncea(total above gorund biomass at 110 DAS)
	0.02 % due to S. aculata and 0.08 % due to C. juncea




	-

	0.018 % due to S. aculata and 0.014 % due to C. juncea
	Islam et al. (2019) 
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Figure 1. Potential role and prospects of green manuring crops in natural and organic farming
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