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Influence of nutrient management practices and crop intensification on yield, economic returns, and energy use in conservation agriculture-based rice–maize cropping systems



.
ABSTRACT 

	Aims: This study evaluates the impact of different nutrient management practices on the yield, economics, and energy use efficiency in a conservation agriculture (CA)-based rice–maize cropping system.
Study design:  Split plot Design.
Place and Duration of Study: Indian Council of Agricultural Research-Central Rice Research Institute, Cuttack 753 006, Odisha; 2-year experiment (2022-23 and 2023-24). 
Methodology: Main plot was allotted with four production systems: Conventional + Sole Crop (CSC), Conventional + Inter Crop (CIC), Conservation agriculture + Sole Crop (CASC) and Conservation agriculture + Inter Crop (CAIC); sub-plot with three nutrient management strategy: Recommended dose of fertilizer (RDF) (NR), 25 % N (N25) and 50 % N (N50) based substitution of RDF with farm yard manure (FYM) replicated thrice.
Results: Results showed that 25% N based substitution of RDF with farm yard manure has significantly higher the grain yield, profitability, and energy productivity while reducing the energy input cost compared to sole chemical or 50% N based substitution.
Conclusion: Conservation agriculture combined with optimal nutrient strategies proves effective for sustainable intensification of rice–maize systems.



Keywords: Conservation agriculture, rice–maize cropping system, nutrient management, yield
1. INTRODUCTION
The crop production system is a cornerstone of food security and a key driver of farmers’ income (Badr et al., 2016, Savary et al., 2017). In India and much of South Asia, agriculture is dominated by rice and rice-based cropping systems (Hobbs et al., 1996, Jaiswal et al., 2024). Among these, rice–rice, rice–wheat, and rice–pulses rotations are the most prevalent, accounting for 25% of the total cultivated area in India (NFSM, 2016) and 37% in South Asia (Shahid et al., 2024). However, the predominance of these systems has led to declining land productivity (Shiferaw et al., 2013), reduced nutrient use efficiency, deteriorating soil fertility, and widening yield gaps even among the best-performing cultivars (Dhanda et al., 2022). These challenges underscore the urgent need to re-evaluate and adapt cropping systems and patterns to sustain productivity while maintaining ecological balance (Dey et al., 2024).
The rice–maize cropping system has emerged as a promising rotational strategy in South Asia, offering high productivity potential and improved soil health (Tuti et al., 2022; Haque et al., 2023). Maize, in particular, performs well under changing climatic conditions. In tropical and subtropical climates where winter temperatures exceed 20°C, maize can be cultivated during the dry season in irrigated tracts, compensating for the poor performance of other winter annuals and enhancing overall system productivity (Jat et al., 2020). Maize also has a good yield and crop growth under deficit irrigation conditions (Zou et al., 2021). To further boost productivity, there is a growing emphasis on increasing the intensity of cropping, especially through dry-season maize cultivation (Gupta et al., 2021). This intensification can improve water productivity (Kaushik et al., 2023), create a favorable microclimate for subsequent crops, and reduce soil nutrient depletion by incorporating legumes into the system (Siddique et al., 2012, Parihar et al., 2016; Pathak et al., 2025). Notably, additive series intercropping of maize and groundnut has demonstrated significant benefits for both soil and plant health.
However, sustainability concerns related to intensive conventional tillage and imbalanced nutrient use have highlighted the need for a shift towards conservation Conservation agriculture Agriculture (CA) and integrated Integrated nutrient Nutrient management Management (INM) (Paramesh et al., 2023, Reddy et al., 2025). CA practices such as minimum tillage, crop residue retention, and crop rotation—have been shown to enhance resource use efficiency (Sarker et al., 2022) and reduce energy requirements for intensive cropping by improving energy use efficiency (Jat et al., 2019; Das et al., 2025).
Given the pressing need to optimize crop management practices for the rice–maize system, this study aims to assess the impact of various nutrient management regimes and crop intensification strategies on productivity, profitability, and energy efficiency within a conservation agriculture-based rice–maize cropping system. 	Comment by Shaker Ahmed: Objectives must state direct and clearly
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Figure 1: Pictorial depiction of the objectives of the research article
2. MATERIALS AND METHODS
2.1. Experimental Site
The experiment was conducted at the Institute Research Farm, B block of the ICAR-Central Rice Research Institute, Cuttack, Odisha. It was situated at a height of 24 metres above mean sea level, between the longitudes of 85° 55഻ 48഻഻ E and 85° 56഻ 48഻഻ E and the latitudes of 20° 26഻ 35഻഻ N to 20° 27഻ 35഻഻ N. The experimental site comes under the agro-climatic zone of the East and South East Coastal Plains. It is classified as being in the East Coast Plains and Hills zone by the planning commission, which is India's eleventh agro-climatic zone. 
       [image: https://www.kidzone.ws/geography/india/states/images/orissa.gif]                    [image: https://www.veethi.com/images/maps/districts/orissa/cuttack_district_map.png]   ICAR-CRRI
[image: https://static.vecteezy.com/system/resources/previews/000/379/508/original/direction-vector-icon.jpg]

Figure 2: The location of the research institute in India map	Comment by Shaker Ahmed: It's best to use one larger image to better illustrate the location of the experiment.
The climate is hot and humid constitute of 78 and 53 rainy days make up the yearly rainfall of 1334.4 mm, 945.2 mm respectively during 2022 and 2023 of which 80–85% originates from the south–west monsoon. Summertime brings a maximum monthly mean temperature of 37.27 °C, while wintertime brings a lowest monthly mean temperature decrease of 16 °C. The relative humidity remained very high almost throughout the year with a mean maximum of 91.6% and minimum of 64%. The soil, on which the experiment was carried out, was sandy loam in texture with good drainage facility. Mechanical composition and physio-chemical properties of the soil are presented in Table. 1.
Table 1: The initial Physio-chemical properties of the soil from experimental site
	Sl. No.
	Particulars
	Value
	Class

	A.
	Physical properties
	

	1.
	Mechanical composition
	

	
	Sand (%)
	54.9
	

	
	Silt (%)
	25.05
	

	
	Clay (%)
	20.05
	

	2.
	Texture class
	
	Sandy loam

	3.
	Bulk density
(Mg m-3)
	1.41
	

	B.
	Chemical properties
	

	1.
	Organic Carbon (%)
	0.56
	Medium

	2.
	Available N (kg ha-1)
	210
	Medium

	3.
	Available P2O5
(kg ha-1)
	22.23
	Medium

	4.
	Available K2O  (kg ha-1)
	150
	Medium

	5.
	Soil reaction
(pH)
	6.30
	Slightly Acidic

	6.
	EC (dsm-1)
	0.42
	Normal


2.2. Experiment details laidout
[bookmark: _Hlk213587472]The experiment was laid out using split plot design with 12 treatments in a fixed plot field. In the main plot 4 treatment combinations of Direct seeded rice (DSR) followed by sole crop Maize, DSR followed by intercropping Maize + Groundnut, zero till (ZT) rice followed with sole crop maize with 30% residue retention and ZT rice followed by Maize + Groundnut intercropping with 30% residue retention. In the sub-plots three nutrient management treatments were taken up, RDF, 25% N based substitution of RDF with FYM (N25) and 50% N based substitution of RDF with FYM (N50). The experiment was replicated thrice and all the treatments were applied randomly. 
2.3 Crop management
[bookmark: _Hlk213588135]Rice The date of sowing was 10.06.2022 and 10.06.2023 for two seasons,  rice which  and was harvested on 18.10.2022 and 20.10.2023 for two seasons respectively. For mMaize the sowing was done during 15.12.2022 and 15.12.2023 and harvested on 30.03.2023 and 30.03.2024 for two seasons respectively. A medium duration (130-135 days) variety of rice (CR Dhan 314) and maize hybrid (4226) having 105 to 110 days’ crop duration was taken as test variety. The experiment field was prepared as per the different tillage practice treatments. Under conventional tillage, the field was ploughed twice with a power tiller followed by planking. Rice seed was treated with carbendazim @ 2.5 g kg-1 seed and sown in each plot. Seeds were covered with a thin layer of the soil and a seed rate @ 40 kg ha-1.  Rest of the cultural practices were followed as per requirement. The cultural practices in maize were followed as recommended for zero till maize and conventional maize with groundnut as intercrop.	Comment by Shaker Ahmed: I think it's best to move this paragraph first.
2.4 Treatment allocation
The plot with conservation agriculture treatment no additional tillage practice was implemented in the zero tillage condition 30% crop residue was kept after rice harvest in wet season. The treatment allocation along with crop management practices is discussed in Table.2.

Table.2 Crop management practices as per the treatment
	Management practice
	Rice
	Maize
	Maize + Groundnut

	Tillage
	Conventional
	No
	Conventional
	No
	Conventional
	No

	Residue retention
	No residue
	No residue
	No crop residue
	30% Rice crop residue as stubble
	No crop residue
	30% Rice crop residue as stubble

	Sowing method
	Direct seeding with 20 cm row spacing
	Direct seeding with 60 x15 cm spacing
	Direct seeding maize with 60x15 cm spacing and in between rows groundnut sowing with 10 cm plant spacing

	Nutrient management

	NR (RDF)
	80:40:40 (NPK)
	150:50:50 (NPK)
	150:50:50+10:20:20 (NPK)

	N25
	25% N based substitution with FYM

	N50
	50% N based substitution with FYM


2.4. Data Collection recording and analysis
2.4.1 Grain and straw yield 
After the harvesting of rice, the net plot samples were tied in bundles and weighed to get the total biomass yield. The bundles were threshed treatment wise using electric paddy thresher and winnowed to get the cleaned rice grains. The grain and straw yield were then recorded separately for each treatment and was expressed in t ha-1. In maize the collected cobs from each net plot were shelled and weighed using electronic balance. The grain yield obtained from each net plot were then converted to t ha-1. The net plot maize stalks were cut from ground level and sundried before taking their weight. Stalk yield was also expressed in t ha-1. 
2.4.2 System productivity 
System productivity of rice-maize and rice-maize + groundnut cropping systems were calculated in terms of rice equivalent yield followed by summation of component rice equivalent yields with rice yields. The rice equivalent yield (REY) of component crops other than rice was calculated by using the following formulae; 
REY of maize= Yield of maize ×MSP of maize …………………………………. (1)
MSP of rice	Comment by Shaker Ahmed: These symbols must be defined.
 Equations must be numbered.
REY of groundnut= Yield of groundnut ×MSP of groundnut…………………………….(2)
MSP of rice
System yield= Wet season rice yield+ Dry season maize and intercrop groundnut REY………………(3)
2.4.3 Economic analysis 
The economic analysis in terms of gross return, net return and benefit: cost ratio (B:C ratio) was calculated according to the existing rate of inputs and output. The cost of cultivation, gross and net return of cropping system was determined by adding the inputs and outputs respective values under individual crops. Return was calculated with help of following formula:
Gross return = value of the grain + value of straw/Stover…………………………(4)
Net return = Gross return – Total cost …………………………………..(5)
Benefit: Cost ratio = Net return/Total variable cost………………………..(6)
2.4.4 Energy analysis 
Energy inputs were estimated in Mega Joule (MJ) ha-1 with reference to the standard values described by Mittal et al. (1985) Mittal and Dhawan (1989), Mittal et al. (1992), and Nassiri and Singh (2009), were taken into considerations. These inputs were taken to each treatment of rice and maize crop. The standard energy coefficient for seed and straw of rice and maize were multiplied with their respective yields and summed up to obtain total energy output. Energy use efficiency and energy productivity were computed as per the following formula:
Net energy (MJ) = Energy output (MJ ha-1) – Energy input (MJ ha-1)...................................(7)

	Energy ratio  =
	Energy output (MJ ha-1)
	

	
	
Energy input (MJ ha-1)
	……………………………………….(8)



2.4.5 Statistical analysis
The statistical analysis of data collected on different parameters of rice and maize was conducted in split plot design, with two main plot and three sub plot treatments, as described by Gomez and Gomez (1984). Standard error of means (SEm) and critical difference (C.D.) at 5 per cent level were calculated for each character studied to evaluate difference between means. 
3. results and discussion
3.1. Grain and Biomass Yield
Among the production systems under observation in rice the highest grain yield (Fig. 3) was recorded in Conv. + Intercrop (5.04 t ha-1, 5.10 t ha-1) during both years of experiment respectively which was 7% and 9% higher than sole crop yield. The highest straw yield was recorded in Conv. + Intercrop (9.27 t ha-1 in 2022-23 and 9.56 t ha-1 in 2023-24), which was more than 10% than the sole crop treatment. It is evident that conventional + Intercrop consistently gave the highest rice grain, straw, and biomass yields among production systems (Radheshyam et al., 2025). When the effects of nutrient management system on grain yield was observed the highest grain yield was observed under N25 (5.29 t ha-1 in 2022-23 and 5.43 t ha-1 in 2023-24), which was significantly higher than NR and N50 by around 14%. The highest straw yield was recorded under N25 (9.14 t ha-1 in 2022-23 and 9.57 t ha-1 in 2023-24), which was more than 15% higher than other treatments. The soil system is a reserve of nutrients and sources of application changes the form of availability of those nutrients to plant. In this case may be due to better residual effect of intercrop and more labile nutrient pool the direct seeded rice with intercrop and 25% partial N substitution outperformed the other treatment effects (Deekshitha et al., 2021).

Fig. 3: Bar graph showing the yield performance of rice during both the years of experiment under conservation agriculture and nutrient management practices

The yield parameters of maize (Fig. 4) show that CA + Intercrop produced the highest cob yield in 2022-23 (6.79 t ha-1), but the values were very close to other treatments in 2023-24, showing no significant difference. Conv. + Sole crop showed a slight increase in 2023-24 (7.37 t ha-1), but the differences in cob yield between treatments were not significant across both years. The stover yield was highest in Conv.+ Sole crop which was at par with CA+ Sole crop during 2022-23 and it was highest in Conv.+ Intercrop (5.81 t ha-1) in 2023-24. The yield of maize was seen to be not consistently outperformed by Conservation agriculture with intercropping over other systems in yield parameters (Gathala et al., 2015; Marahatta et al., 2025). This may be due to improper residue decomposition in zero tillage condition during both years as residue disintegration plays a vital role in availability of nutrients like K and other micro-nutrients (Singh et al., 2018). N25 produced the highest cob yield (7.25 t ha-1) in 2022-23 and showed a slight increase in 2023-24 (8.13 t ha-1). The difference was not significant across treatments. N50 showed lower cob yield compared to N25 in both years, suggesting that the application of N25 was more effective for cob yield. N25 produced the highest stover yield (7.63 t ha-1 in 2022-23 and 5.85 t ha-1in 2023-24). N25 produced the highest biomass in 2022-23 (14.89 t ha-1), but the biomass in 2023-24 showed a decline to 13.98 t ha-1. Therefore, N25 (25% N substitution with FYM) was the best nutrient management practice, significantly boosting all yield parameters. 

Fig. 4: Bar graph showing the yield performance of maize during both the years of experiment under conservation agriculture and nutrient management practices

3.2 System productivity
The maximum system productivity (Table 3.) was achieved by Conv. + Intercrop, with 13.60 t ha-1 (2022-23) and 13.93 t ha-1 (2023-24).  System yields for CA + Intercrop were comparable, ranging from 13.27 t ha-1 in 2022-2023 to 13.57 t ha-1 in 2023-2024.  In contrast, CA + Sole crop demonstrated a system yield of 18% (2022-23) and 16% (2023-24) lower than CA + Intercrop during the experiment's years. Conv. + Sole crop produced a system yield that was 22% (2022-23) and 16% (2023-24) lower than Conv. + Intercrop. CA + Intercrop systems produced yields nearly equivalent to the best-performing conventional systems, suggesting that conservation agriculture practices can maintain high productivity while potentially offering additional sustainability benefits (DAS et al., 2025). Intercropping systems, particularly under conventional management, provided the highest overall productivity, outperforming sole cropping systems by a significant margin (Hoque et al.; Panneerselvam et al., 2023)).  
The highest system production was achieved with N25 nutrient management, yielding 13.40 t ha-1 (2022-23) and 14.29 t ha-1 (2023-24).  In both experiment years, the system yields of NR and N50 were comparable.  Production systems and nutrient management techniques did not significantly affect dry season crop or system yield in any of the two years. The N25 regime was optimal for system productivity, but increasing or decreasing nutrient inputs beyond this did not further enhance yields, indicating a threshold effect for nutrient response (Gora et al., 2024). The lack of significant interaction between production system and nutrient management means that their effects on yield are additive rather than synergistic or antagonistic. Yield was impacted by the production system and nutrient management techniques separately, without any interaction.
	Table no 3.: Effect of different production systems and nutrient management practices on Rice equivalent yield of the system

	Treatments
	Dry season crop(t/ha)
	System yield(t/ha)

	
	2022-23
	2023-24
	2022-23
	2023-24

	Production system(PS)
	
	
	
	

	Conv.+ Sole crop
	5.92
	7.06
	10.60
	11.69

	Conv.+ Intercrop
	8.56
	8.83
	13.60
	13.93

	CA+ Sole crop
	6.05
	6.66
	10.77
	11.38

	CA+ Intercrop
	8.54
	8.73
	13.27
	13.57

	SEm±
	0.455
	0.613
	0.463
	0.591

	CD (P= .05)
	1.574
	
	1.601
	2.045

	Nutrient management(N)
	
	
	
	

	NR
	6.28
	7.57
	10.84
	12.03

	N25
	8.11
	8.87
	13.40
	14.29

	N50
	7.41
	7.02
	11.94
	11.61

	SEm±
	0.284
	0.367
	0.260
	0.398

	CD (P= .05)
	0.829
	1.071
	0.758
	1.163

	Interaction(CD value)
	
	
	
	

	PS*N
	NS
	NS
	NS
	NS

	N*PS
	NS
	NS
	NS
	NS

	Conv.: Conventional; CA: Conservation agriculture; NR:RDF, N25:25% N Substitution, N50:50% N Substitution


3.3 System Energetics 
The net energy of the system under the impact of production systems shows that it was highest under Conventional + Intercrop followed by CA+ Intercrop (Fig. 5(a)) with 418.45 MJ and 394.8 MJ respectively. Among nutrient management treatments the net energy was found highest in N25 (Fig. 5(b)) which was 8% higher than NR and 6% than N50.The energy ratio indicates that among the production systems (Fig. 6(a)) the Conv. +Intercropping is the most energy efficient than the others and among the nutrient management (Fig. 6(b)) practices the most efficient is N25. The interaction effect of production system and nutrient management was also found significant (Table 4) with highest net energy as well as energy ratio in Conv. +Intercropping with N25 during both years of experiment.
The "Conventional + Intercrop" system attained higher net energy and energy ratio, indicating that direct seeding in rice followed by intercropping with groundnut in maize are more energy-efficient than conservation agriculture or sole maize cropping. This is due to reduction of energy use in tillage and land preparation in direct seeded condition which compensates the reduction in zero till condition due to zero till machineries. (Saad et al., 2016; Kumar et al., 2021). The N25 treatment provided the best energy returns, suggesting that 25% partial nitrogen substitution optimizes energy use efficiency better than complete chemical or 50% organic source (Pelech et al., 2021). This aligns with broader findings that increase energy input without proportionate yield gains, in complete inorganic or organic thus lowering energy efficiency. The combined effect of production system and nutrient management is crucial (Materi et al., 2021). 

Fig. 5 (a)                                                           Fig. 5 (b)
Fig. 5 (a) and (b) depicting the effect of Production system and nutrient management over Net energy of the Rice-Maize cropping system
 
Fig. 6 (a)                                                              Fig. 6 (b)
Fig. 6 (a) and (b) depicting the energy ratio of Rice-maize cropping system under Production system and Nutrient management practices.
	Table no 4 Interaction effect of different production systems and nutrient management practices on the net energy and energy ratio of the rice-maize cropping system

	Treatments
	Net energy (103 MJ)
	Energy ratio

	Main plot
	Sub plot
	2022-23
	2023-24
	2022-23
	2023-24

	Conv.+ Sole crop
 
 
	NR
	310.3d
	313.5d
	10.3c
	10.4c

	
	N25
	408.0b
	424.7b
	14.2b
	14.8b

	
	N50
	334.1c
	322.3d
	12.8b
	12.4b

	Conv.+ Intercrop
 
 
	NR
	369.0c
	431.4b
	11.2c
	12.8b

	
	N25
	474.8a
	473.0a
	15.0a
	14.9a

	
	N50
	396.4c
	366.1c
	15.1a
	14.0b

	CA+ Sole crop
 
 
	NR
	289.5e
	310.7e
	9.7d
	10.3c

	
	N25
	402.5b
	367.7c
	14.0b
	12.8b

	
	N50
	339.1c
	316.4d
	12.9b
	12.1b

	CA+ Intercrop
 
 
	NR
	351.2c
	377.6c
	10.6c
	11.3c

	
	N25
	431.2b
	410.0b
	13.7b
	13.0b

	
	N50
	384.9c
	413.9b
	14.6b
	15.6a



3.4 System Economic analyses s
Conv. + Intercrop showed the highest gross return in both years (Table 5) whereas, CA + Sole crop exhibited a moderate gross return compared to other systems (Table 5). Conv. + Intercrop had the highest net return in both years, CA + Sole crop had a relatively lower net return compared to other systems though, still better than Conv. + Sole crop. CA + Intercrop had the highest BCR in 2022-23 (2.84) and 2023-24 (2.53), indicating that this system provides the best returns for the costs incurred, followed closely by Conv. + Intercrop. CA + Sole crop showed a good BCR (2.49 in 2022-23 and 2.55 in 2023-24), even though it had lower gross returns compared to intercropping systems. The results indicate that in terms of total return, net return and profit the CA with intercrop has statistically performed at par with direct seeded crop with intercrop from the system profitability analysed (Pandey et al., 2025). This may be due to lower cost of production in CA based system which balanced the higher cost in intercrop with greater yield in intercrop and close values in direct seeding. This is as per several findings where direct seeding and CA has shown good profitability (Yadav et al., 2016; Jat et al., 2020).
N25 nutrient management resulted in the highest gross return in both years (Table.5) followed by N50 in 2023-24. NR had lower returns compared to other nutrient management practices. N25 resulted in the highest net return and highest BCR making it the most efficient nutrient management practice in terms of returns per cost. N50 had the lowest BCR in 2023-24 (1.88). There was a significant interaction observed for net return in 2023-24, where combinations of production system and nutrient management (Conv. + Intercrop with N25) resulted in higher net returns. No significant interaction was observed for gross return, cost of cultivation, or BCR. Among the nutrient management the lower yield in chemical in comparison to integrated nutrient management and higher input cost in 50% organic substitution during both the cropping seasons lead to low net return and profitability. Thus with a good balance of cost and price N25 resulted in maximum profitability (Samant et al., 2023).
Table no 5 Impact of different production systems and nutrient management practices on the system economics of the rice-maize cropping system
	Treatments
	Gross return (Th Rs/ha)
	Net return(Th Rs/ha)
	BCR

	
	2022-23
	2023-24
	2022-23
	2023-24
	2022-23
	2023-24

	Production system(PS)
	
	
	
	
	
	 

	Conv.+ Sole crop
	249.99
	286.05
	164.24
	198.25
	1.92
	2.14

	Conv.+ Intercrop
	344.14
	372.01
	244.62
	269.64
	2.46
	2.21

	CA+ Sole crop
	251.64
	276.78
	179.57
	202.67
	2.49
	2.55

	CA+ Intercrop
	328.35
	364.45
	242.55
	275.80
	2.84
	2.53

	SEm±
	10.94
	11.66
	10.95
	11.66
	0.13
	0.13

	CD (P= .05)
	37.86
	40.34
	37.89
	40.35
	0.44
	0.45

	Nutrient management(N)
	
	
	
	
	
	 

	NR
	265.78
	311.32
	186.42
	229.52
	2.35
	2.47

	N25
	326.71
	363.30
	240.75
	274.86
	2.80
	2.73

	N50
	288.08
	299.86
	196.07
	205.38
	2.13
	1.88

	SEm±
	6.26
	9.16
	6.27
	9.16
	0.08
	0.1

	CD (P= .05)
	18.27
	26.74
	18.29
	26.74
	0.23
	0.29

	Interaction(CD value)
	
	
	
	
	
	 

	PS*N
	NS
	NS
	NS
	NS
	NS
	NS

	N*PS
	NS
	NS
	NS
	NS
	NS
	NS



4. Conclusion
Conventional + Intercrop remains the most productive, energy efficient and profitable system but CA + Intercrop offers nearly equivalent yields and may provide additional sustainability benefits in the long run. N25 nutrient management is optimal for maximum yield. Intercropping is consistently superior to sole cropping in terms of system productivity and profitability as well as energetics. Therefore, it is recommended to adopt the rice maize cropping system under direct seeding with intercropping with legume such as groundnut for enhanced sustainability of the system. Cereal – legume integration in intensified cropping system helps in maintaining the ecological balance along with crop productivity.
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