


Effect of different rice based cropping system on performance of soil health and other indices in the western plain zone of Meerut, India

Abstract
Cropping systems can influence various soil properties, with the extent and nature of these effects depending on factors such as crop rotation, nutrient management, and tillage practices. The rice–wheat cropping system is predominant in the Meerut region, the inclusion of legume and alternative cereal crops within this system may significantly influence various indicators of soil health, thereby affecting key soil functional processes. A comprehensive evaluation was conducted to assess the impact of various rice-based cropping systems on soil health and productivity indices. Soil health cards were developed for each system by analyzing key physical (bulk density and aggregate stability) and chemical (pH, available Fe, P, K, Zn, and organic carbon) parameters at two soil depths: 0–15 cm and 15–30 cm. Across all systems, soil health ratings ranged from low to medium. Surface soils generally showed better physical and organic matter conditions, while subsoils exhibited pronounced chemical limitations, particularly with respect to pH and available iron. Among the systems evaluated, rice–wheat–mung bean exhibited the highest surface soil health score (58.62), supported by favorable physical traits and high organic carbon. However, subsoil health declined sharply due to extremely low pH, Fe, and organic matter content. Conversely, the rice–white chickpea–mung bean system showed the highest subsoil score (59.00), with improved nutrient availability at depth despite persistent Fe and pH deficiencies. In terms of productivity indices, the rice–lentil–mung bean system outperformed all others, registering the highest system land use efficiency (87.43%), rice equivalent yield (112.71 q/ha), and system productivity (0.31 kg/ha/day). This was followed closely by the rice–white chickpea–mung bean system. The rice–mustard–mung bean system, despite its strong physical soil characteristics, recorded the lowest land use efficiency (76.75%) and relatively poor productivity indicators. In conclusion, while soil health constraints, particularly related to pH and micronutrients, persist across systems, diversified legume-inclusive rotations like rice–lentil–mung bean and rice–white chickpea–mung bean offer both improved soil resilience and higher productivity, making them promising models for sustainable intensification of rice-based cropping systems.
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Introduction
Crop diversification is a key principle for achieving environmentally and economically sustainable and resilient agricultural systems (Mohanty et al., 2025). Agricultural soils act as a vital living ecosystem that sustains plants, animals, and humans by providing nutrients, storing C, reducing greenhouse gas emissions, supporting microbial activity and diversity, and cycling and storing water (Dey et al., 2024; Rosenberg et al., 2025). Soil quality, or soil health, is defined as the capacity of a specific type of soil to function within natural ecosystem boundaries in a manner that sustains plant and animal productivity, maintains or improves water and air quality, and supports human health and habitation (Karlen et al., 1997). Crop diversification in rice-based cropping systems has been recognised as an effective strategy for fulfilling the objectives of enhancing productivity for food security, judicious uses of resources and sustainable agriculture for the marginalized group of farmers. It shows a lot of promise for alleviating the problems of food and nutritional insecurity, imbalance fertilization, irregular farm income, weather aberrations and hazardous emissions of gases that are polluting the environment. Crop diversification through the inclusion of highly remunerative crops through broadening of the base of the cropping system utilizes various techniques, such as inter-cropping and other efficient management practices (Upadhaya et al., 2022). Cropping systems can influence various soil properties, with the extent and nature of these effects depending on factors such as crop rotation, nutrient management, and tillage practices (Masto et al., 2007; Masto et al., 2008). Over time, cropping systems can lead to soil quality degradation, improvement, or maintenance, depending on management practices (Jokela et al., 2009). Crop rotations that include grain legumes are well-established strategies for sustaining soil fertility due to the nitrogen-fixing capacity of legumes (Peoples et al., 1995; Giller, 2001; Crews and Peoples, 2004). Additionally, legume–cereal rotations have been associated with reduced pest and disease incidence (Francis and Clegg, 1990), improved soil structure (Peoples and Craswell, 1992), increased phosphorus availability through the release of enzymes and organic acids in the legume rhizosphere (Schlecht et al., 2006), and enhanced mycorrhizal colonization (Harinikumar and Bagyaraj, 1988). Given that the rice-wheat cropping system is predominant in the Meerut region, the inclusion of legume and alternative cereal crops within this system may significantly influence various indicators of soil health, thereby affecting key soil functional processes. The underlying hypothesis of this study is that different cropping systems will lead to measurable changes in the overall Soil Quality Index (SQI), enabling the identification of the most effective system for maintaining or enhancing soil quality. In this context, the present study was conducted to evaluate the impact of diverse cropping systems on soil health.
Materials and methods:
Experimental site and location
The experiment was conducted at the BEDF (APEDA) farm of SardarVallabhbhai Patel University of Agriculture and Technology, located in Meerut, Uttar Pradesh. The experimental site is situated at a latitude of 29°05′20″ N, longitude of 77°42′09″ E, and an elevation of 90 meters above mean sea level. Meerut is located in the central region of Western Uttar Pradesh.
Climate and weather:
	The climate of the study region is classified as semi-arid and subtropical, characterized by hot summers and cold winters. The highest mean maximum temperatures occur in June, the hottest month of the year, ranging between 40°C and 45°C. In contrast, the lowest temperatures, often accompanied by frost, are recorded during December and January, with minimum values reaching approximately 4°C. Frost is typically observed from late December through the end of January.
The average annual rainfall in Meerut is approximately 840 mm, with nearly 80% of the total precipitation occurring during the southwest monsoon season (June to September). The remaining rainfall is distributed between October and May. Relative humidity is highest during the monsoon period, ranging from 85% to over 90%, while it decreases significantly during the summer months, ranging from 30% to 45%. During the crop growing period, total recorded rainfall was 652.20 mm, of which 99.39% occurred between July and September.
Laboratory Analysis:
Soil pH and electrical conductivity (EC) were measured using a 1:2.5 soil-to-water suspension. Organic carbon (OC) content was determined using the Walkley and Black wet oxidation method (Walkley and Black, 1934). Cation exchange capacity (CEC) was estimated using 1 N ammonium acetate at pH 7.0, as outlined by Kumar et al. (2018). Available nitrogen (N) was assessed using the alkaline potassium permanganate (KMnO₄) method, based on the quantification of ammonia released during the reaction, as described by Subbiah and Asija (1956). Available phosphorus (P) was extracted using 0.5 M sodium bicarbonate (NaHCO₃) according to the Olsen method (Olsen et al., 1954), while available potassium (K) was determined using neutral ammonium acetate and quantified via flame photometry, as per Jackson (1973). Micronutrients, specifically available iron (Fe) and zinc (Zn), were extracted using a DTPA-CaCl₂ solution at pH 7.3 (Lindsay and Norvell, 1978) and measured using Atomic Absorption Spectrophotometry (AAS). For physical properties, particle-size distribution was determined using the International Pipette method (Jackson, 1973). Bulk density (BD) and particle density (PD) were measured according to Method No. 39 in USDA Handbook No. 60 (Richards, 1954), and soil porosity was subsequently calculated using BD and PD values. Water-holding capacity (WHC) was estimated using the Keen Raczkowski box method (Kumar et al., 2018). Saturated hydraulic conductivity was determined by the constant head method, as described by Klute (1986). Aggregate size distribution was assessed using the modified wet sieving method, and mean weight diameter (MWD) was calculated according to the procedure of Yoder (1936).
Soil sample collection and processing:
The experiment involved the analysis of soil samples collected from the APEDA farm at SardarVallabhbhai Patel University of Agriculture and Technology, Meerut. The study focused on evaluating the soil quality using 40 representative samples, which were intended to characterize the entire field. Prior to sampling, surface contaminants were removed using a spade, following the procedure described by Gupta (2007). Uniform and representative soil samples were collected by excavating V-shaped pits at two soil depths: 0–15 cm (surface layer) and 15–30 cm (subsurface layer).
The collected soil samples were air-dried in the shade, then processed and sieved to obtain material passing through a 2 mm mesh for physical and chemical analysis. A portion of each sample, specifically the <2 mm fraction, was further ground to pass through a 0.2 mm (80 mesh) sieve, following the methodology outlined by Jackson (1973). This finely ground material was used for the determination of organic carbon content. All laboratory analyses were conducted in the Department of Soil Science and Agricultural Chemistry at SardarVallabhbhai Patel University of Agriculture and Technology, Meerut.

Development of scoring function graph 
A scoring function graph for physical and chemical properties of soil was developed for different cropping system under study for the rating of the soil health as per guidelines suggested by Cornell Soil Health Assessment Training Manual, Cornell University, College of Agriculture and Life Science, USA. 100 score was given to the value of the corresponding property at the ideal limit and zero score was given to the  value  which was at critical limit of bulk density identified by USDA-NRCS.

Results:
1. Performance of different rice-based cropping systems on soil health
Soil health cards were prepared for different rice-based cropping systems at both the depths. Soil health data presented in the Tables below shows that soil health rating was found in a range of low to medium scores under all the cropping systems. Soil health as per different cropping systems has been presented here under:

a) Rice-wheat-mung bean
Data presented in Table 1 indicate that the rice-wheat–mung bean cropping system resulted in a medium overall soil health rating (58.62) at the surface soil layer (0–15 cm). While this system exhibited high ratings for physical properties such as bulk density (BD) and aggregate stability (100 and 90, respectively), certain chemical indicators—specifically soil pH and available iron (Fe)—were rated low. In contrast, available phosphorus (P) and potassium (K) were rated in the medium range (65 and 52, respectively), whereas zinc (Zn) and organic carbon (OC) were found to be high (80 and 82, respectively).
At the 15–30 cm soil depth, the overall soil health score decreased to a low level (47.25), as shown in Table 2. Both pH and available Fe were rated very low (0). Aggregate stability declined compared to the surface layer and fell into the medium category (53), while BD remained high (80). Nutrient availability varied, with available P, K, and Zn falling within medium to high ranges (90, 53, and 90, respectively); however, OC content was notably low (12), indicating potential limitations in subsoil organic matter content.
b) Rice-mustard-mung bean
Data presented in Table 3 indicate that the rice–mustard–mung bean cropping system resulted in a medium overall soil health rating (57.62) at the surface soil layer. Physical properties such as bulk density (BD) and aggregate stability were rated high (98 and 98, respectively), indicating favorable structural conditions. Organic carbon (OC) content was also high (100), reflecting good organic matter status. However, soil pH and available iron (Fe) received a rating of zero, indicating poor chemical conditions for these parameters. Available phosphorus (P) was rated low (25), while available potassium (K) and zinc (Zn) were rated in the medium range (68 and 72, respectively).
As shown in Table 4, subsoil (15–30 cm) under the rice–mustard–mung bean system exhibited a low overall soil health score (49.82). The soil pH at this depth was 8.3, resulting in a rating of zero. Similarly, available Fe and Zn also received zero ratings, indicating deficiencies. However, physical properties improved at this depth, with aggregate stability and BD rated high (97 and 100, respectively). Nutrient availability varied, with available P scoring high (99), while available K was rated moderate (49), suggesting differential nutrient retention and mobility in the subsoil.

c) Rice-lentil-mung bean 
Data presented in Table 5 indicate that the rice–lentil–mung bean cropping system resulted in a low overall soil health score (46) at the surface soil layer. Despite high ratings for physical properties such as bulk density (BD) and aggregate stability (98 and 100, respectively), the system exhibited poor performance in several chemical indicators. Available phosphorus (P), zinc (Zn), iron (Fe), and soil pH all received a score of zero, indicating deficiencies or unfavorable conditions. In contrast, available potassium (K) was rated medium (70), and organic carbon (OC) content was high (100), reflecting a strong organic matter presence.
According to Table 6, subsoil (15–30 cm) under the rice–lentil–mung bean system also showed a low soil health rating (51). Soil pH, as well as available Fe and Zn, were rated zero, indicating persistent chemical limitations. However, physical properties remained favorable, with BD rated at 60 and aggregate stability high at 95. Nutrient availability varied: available P and K were high (100 and 77, respectively), OC was rated medium (61), while Fe and Zn remained critically low (0), highlighting continued micronutrient deficiencies at this depth.
d) Rice- black chick pea-mung bean
Data presented in Table 7 indicate that the rice–black chickpea–mung bean cropping system resulted in a medium overall soil health score (55.5) at the surface soil layer. Physical indicators, including bulk density (BD) and aggregate stability, were rated high (100 and 93, respectively), indicating good soil structural conditions. Organic carbon (OC) content was also high (95), suggesting adequate organic matter levels. However, chemical parameters such as soil pH and available iron (Fe) received a score of zero, indicating suboptimal conditions. Available phosphorus (P), potassium (K), and zinc (Zn) were rated low to medium (20, 66, and 65, respectively).
As shown in Table 8, subsoil (15–30 cm) under the rice–black chickpea–mung bean system also exhibited a medium overall soil health score (55). Soil pH and available Fe continued to show poor ratings (0), reflecting ongoing chemical constraints. Physical properties remained favorable, with aggregate stability and BD rated high (78 and 77, respectively). Nutrient availability improved at this depth, with available P, K, and Zn scoring 96, 59, and 82, respectively. However, OC content was moderate, with a score of 40, indicating a decline in organic matter compared to the surface layer.



e) Rice- white chick pea-mung bean 
Data presented in Table 9 indicate that the rice–white chickpea–mung bean cropping system resulted in a medium overall soil health score (55.60) at the surface soil layer. Physical properties were rated high, with bulk density (BD) and aggregate stability scoring 100 and 99, respectively. Organic carbon (OC) content was also high (100), reflecting favorable organic matter conditions. However, soil pH and available iron (Fe) received scores of zero, indicating chemical limitations. Among the nutrients, available phosphorus (P) scored zero, while potassium (K) and zinc (Zn) were rated medium (68 and 78, respectively).
According to Table 10, subsoil (15–30 cm) under the rice–white chickpea–mung bean system also showed a medium soil health score (59). Physical indicators remained strong, with BD and aggregate stability scoring 74 and 93, respectively. Nutrient availability improved in the subsoil, with available P, K, and Zn rated high (97, 65, and 98, respectively). Organic carbon content was moderate (45). However, similar to the surface layer, pH and available Fe remained low (0), indicating continued chemical constraints in the subsurface layer.













Table 1: Effect of rice-wheat-mung bean cropping system on soil health at 0-15cm 		depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-wheat-mung bean
Depth- 0-15 cm
Soil textural Class= Sandy Clay loam 
(56 sand,20% silt and 24% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.47
	100 (H)

	
	Aggregate Stability (%)
	54
	90 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	36.96
	65 (M)

	
	K (kg ha-1)
	221.76
	52 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	0.85
	80 (H)

	
	
	Fe
	30.67
	0 (L)

	Biological 
	Organic carbon (%)
	0.62
	82 (H)

	Overall quality Score ( out of 100)=                                                  58.62(M)              
Geographical Location: latitude 290 5’20” N, longitude 770 42′ 9”E, altitude 390m Elevation.



Table 2: Effect of rice- wheat-mung bean cropping system on soil health at 15-30 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-wheat-mung bean
Depth-15-30 cm
Soil textural Class= Sandy Clay loam 
(50% sand,22% silt and 28% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.58
	80 (H)

	
	Aggregate Stability (%)
	33
	53 (M)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	20.60
	90 (H)

	
	K (kg ha-1)
	209.49
	53 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	0.70
	90 (H)

	
	
	Fe
	27.31
	0 (L)

	Biological 
	Organic carbon (%)
	0.15
	12 (L)

	Overall quality Score ( out of 100)=   47.25(L)                      
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.




Table 3: Effect of rice- mustard-mung bean cropping system on soil health at  0-15cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-mustard-mung bean
Depth-0-15 cm 
Soil textural Class= Sandy Clay loam 
(54% sand,22% silt and 24% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.35
	98 (H)

	
	Aggregate Stability (%)
	75
	98 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	39.35
	25 (L)

	
	K (kg ha-1)
	229.60
	68 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	0.91
	72 (M)

	
	
	Fe
	33.38
	0 (L)

	Biological 
	Organic carbon (%)
	0.93
	100 (L)

	Overall quality Score ( out of 100)=                                                      57.62(M)                 
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.



Table 4: Effect of rice- mustard-mung bean cropping system on soil health at 15-30 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-mustard-mung bean
Depth-15-30 cm 
Soil textural Class= Sandy Clay loam 
(56% sand,26% silt and 26% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.47
	100 (H)

	
	Aggregate Stability (%)
	74
	97(H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	21.96
	99 (H)

	
	K (kg ha-1)
	217.28
	49 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	1.35
	0 (L)

	
	
	Fe
	34.23
	0 (L)

	Biological 
	Organic carbon (%)
	0.54
	71 (H)

	Overall quality Score ( out of 100)=         49.62 (L)
Geographical Location: latitude 290 5’20” N, longitude 770 42′ 9”E , altitude  390m Elevation.






Table 5: Effect of rice- lentil-mung bean cropping system on soil health at 0-15 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-lentil-mung bean
Depth-0-15 cm
Soil textural Class= Sandy Clay loam 
(58% sand,22% silt and 22% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.38
	98 (H)

	
	Aggregate Stability (%)
	73
	100(H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	50.67
	0 (L)

	
	K (kg ha-1)
	254.24
	70 (H)

	
	Micro nutrients (mg kg-1)
	Zn
	1.45
	0 (L)

	
	
	Fe
	38.87
	0 (L)

	Biological 
	Organic carbon (%)
	0.85
	100 (H)

	Overall quality Score ( out of 100)=       46( L)
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.



Table 6: Effect of rice- lentil-mung bean cropping system on soil health at 15-30 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-lentil-mung bean
Depth-15-30 cm 
Soil textural Class= Sandy Clay loam 
(54% sand,24% silt and 22% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.51
	75 (H)

	
	Aggregate Stability (%)
	70
	95 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	29.46
	100 (H)

	
	K (kg ha-1)
	244.16
	77(H)

	
	Micro nutrients (mg kg-1)
	Zn
	1.35
	0 (L)

	
	
	Fe
	34.33
	0 (L)

	Biological 
	Organic carbon (%)
	0.46
	61 (M)

	Overall quality Score ( out of 100)=                                                    51 ( L)
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.




Table 7: Effect of rice- black chick pea-mung bean cropping system on soil health at 0-15cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-black chick pea-mung bean
Depth-0-15 cm
Soil textural Class= Sandy Clay loam 
(48% sand,26% silt and 26% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.43
	77 (H)

	
	Aggregate Stability (%)
	59
	93 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	42.26
	20 (L)

	
	K (kg ha-1)
	247.52
	66 (M)

	
	Micro nutrients (mg kg-1)
	Zn

	0.95
	65 (M)

	
	
	Fe

	35.01
	0 (L)

	Biological 
	Organic carbon (%)
	0.70
	95 (H)

	Overall quality Score ( out of 100)=                                                    55 ( M)
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.



Table 8: Effect of rice- black chick pea-mung bean cropping system on soil health at 15-30 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-black chick pea-mung bean
Depth-15-30 cm
Soil textural Class= Sandy Clay loam 
(48% sand,22% silt and 30% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.54
	100 (H)

	
	Aggregate Stability (%)
	50
	78 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	28.50
	96 (H)

	
	K (kg ha-1)
	238.56
	59 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	0.70
	82 (H)

	
	
	Fe
	33.86
	0 (L)

	Biological 
	Organic carbon (%)
	0.31
	40 (M)

	Overall quality Score ( out of 100)=                                                     56.87(M)
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.



Table 9: Effect of rice-white chick pea-mung bean cropping system on soil health at 0-15 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-white chick pea-mung bean
Depth- 0-15 cm 
Soil textural Class= Sandy Clay loam 
(50% sand,20% silt and 30% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.42
	100 (H)

	
	Aggregate Stability (%)
	74
	99 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	49.40
	0

	
	K (kg ha-1)
	238.56
	68 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	0.93
	78(H)

	
	
	Fe
	35.85
	0 (L)

	Biological 
	Organic carbon (%)
	0.78
	100 (H)

	Overall quality Score ( out of 100)=            55.60 ( M)
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.



Table 10: Effect of rice- white chick pea-mung bean cropping system on soil health at 15-30 cm depth
	Soil Health Report
Name of Grower – APEDA farm   
Location : SVPUAT Meerut
Crops Grown- Rice-white chick pea-mung bean 
Depth-15-30 cm 
Soil textural Class= Sandy Clay loam 
(51% sand,20% silt and 36% clay)

	Group
	Indicator 
	Value 
	Rating

	Physical
	BD (  Mgm-3)
	1.52
	74 (H)

	
	Aggregate Stability (%)
	71
	93 (H)

	Chemical
	pH
	8.3
	0 (L)

	
	P (kg ha-1)
	29.13
	97 (H)

	
	K (kg ha-1)
	241.92
	65 (M)

	
	Micro nutrients (mg kg-1)
	Zn
	0.67
	98 (H)

	
	
	Fe
	33.87
	0 (L)

	Biological 
	Organic carbon (%)
	0.39
	45 (M)

	Overall quality Score ( out of 100)=                                                     59 (M)
Geographical Location: latitude 290 5’20” N , longitude 770 42′ 9”E , altitude  390m Elevation.


2. Effect of different rice based cropping system on performance of various indices:
a. System land use efficiency (%):
	Among this cropping system, the highest land use efficiency (LUE) was recorded in rice-lentil-mung bean (87.43%) which occupied the field for a maximum number of days followed by rice-white chickpea-mung bean (86.61%),  rice-black chickpea- mung bean (85.52%), rice-wheat-mung bean (85.20%) while lowest in rice - mustard – mung bean (76.75%) where the field was occupied for less number of days than rice-lentil- mung bean as shown in Table 11.
b. System rice equivalent yield (q/ha):
Among this cropping system, the highest rice equivalent yield (q/ha)was recorded in rice-lentil-mung bean (112.71q/ha) followed by rice-white chick pea-mung bean (110.28q/ha), rice-black chick pea-mung bean (105.57q/ha), rice- wheat- mung bean (99.07 q/ha) while lowest in rice - mustard - mung/urd bean (98.57 q/ha) as shown in Table 11. 
c. System Productivity (kg/ha/day):
The data as shown in Table 11revealed that rice-lentil-mung bean cropping system recorded greater production efficiency in terms of kg/ha/day (0.31) followed by rice-white chickpea- mung bean (0.30 kg/ha/day),  rice- black chickpea -mung bean (0.28 kg/ha/day) and lowest productivity was recorded in rice-wheat-mung bean(0.27 kg/ha/day) and rice-mustard-mung bean (0.27 kg/ha/day).

[bookmark: _GoBack]Table 11. System wise performance indices:

	Cropping system
	System land use efficiency (%)
	System rice equivalent
yield (q/ha)
	System productivity
(kg/ha/day)

	Rice-wheat-mung bean
	85.20
	99.07
	0.27

	Rice-mustard-mung bean
	76.75
	98.57
	0.27

	Rice-lentil-mung bean
	87.43
	112.71
	0.31

	Rice-black chick pea
-mung bean
	85.52
	105.57
	0.28

	Rice-white chick pea
-mung bean
	86.61
	110.28
	0.30









Discussion:
Effect of different rice-based cropping systems on performance 
A. Impact of Different rice-based cropping systems on soil health
The data revealed that the textural class of soils across all cropping systems at the APEDA farm was classified as sandy clay loam, indicating that cropping systems had no discernible effect on soil texture. Analysis of soil health card data from various rice-based cropping systems showed that physical properties such as bulk density and aggregate stability ranged from medium to high. Similarly, the availability of phosphorus (P), potassium (K), and organic carbon (OC) also fell within the medium to high range. However, the overall Soil Quality Index (SQI) remained in the medium category. This may be attributed to the presence of alkaline soil pH and excessive concentrations of iron (Fe), which can have toxic effects and negatively influence overall soil health.
Soil health assessments at both soil depths (0–15 cm and 15–30 cm) across all cropping systems reinforced the understanding that soil health is a holistic function of physical, chemical, and biological properties, rather than any one or two of these components in isolation.
In the rice-wheat–mung bean and rice–mustard–mung bean systems, the surface soil was rated as medium in health (~55), whereas the subsoil showed lower health scores (~46.62). In contrast, cropping systems involving cereals and pulses—such as rice–lentil–mung bean, rice–white chickpea–mung bean, and rice–black chickpea–mung bean—demonstrated slightly improved subsoil health relative to the surface layer. This improvement is likely due to increased biomass input from leguminous crops, which contribute organic matter and enhance nutrient cycling.
The rice-wheat–mung bean and rice–mustard–mung bean systems were found to reduce subsoil health by approximately 9–15%, while cereal–pulse–pulse systems showed a 3–10% improvement in subsoil health compared to surface soil. This contrast may be explained by the deep-rooted nature of wheat and mustard, which extract more nutrients from deeper soil layers, in contrast to the relatively shallow root systems of pulses. Moreover, the accumulation of available P and Fe in the surface soil under cereal–pulse–pulse systems may have negative effects on soil health due to potential nutrient imbalances or toxicities. Conversely, greater nutrient removal from the surface layer in rice-wheat and rice–mustard systems may contribute to the observed decline in topsoil quality. Similar observations have been reported by Ae et al. (1991), highlighting the influence of root depth and nutrient dynamics on soil health across different cropping systems.

B. Effect of different rice based cropping systems on the performance of various indices:
Land use efficiency (%):
Among this cropping system, the highest land use efficiency (LUE) was recorded in rice-lentil-mung bean (87.43%) which occupied the field for a maximum number of days followed by rice-white chickpea-mung bean,  rice-black chickpea-mung bean (85.52%), rice-wheat-mung bean (85.20%) while lowest in rice - mustard – mung bean (76.75%) where field was occupied for  less number of days than rice-lentil- mung bean.
Rice equivalent yield (q/ha):
Among this cropping system, the highest rice equivalent yield (q/ha)was recorded in rice-lentil-mung bean (112.71q/ha) followed by rice-white chick pea-mung bean (110.28q/ha), rice-black chick pea-mung bean (105.57q/ha), rice- wheat- mung bean (99.07 q/ha) while lowest in rice - mustard - mung/urd bean (98.57 q/ha). Singh and Verma (1998) working at Ghazipur in eastern Uttar Pradesh, reported that legume-based copping sequences showed higher rice equivalent yield than other cropping sequences except rice-wheat.
Productivity (kg/ha/day):
Rice-lentil-mung bean cropping system recorded the greatest production efficiency in terms of kg/ha/day (0.31) followed by rice-white chickpea- mung bean (0.30 kg/ha/day), rice-black chickpea -mung bean (0.28 kg/ha/day) and lowest productivity was recorded in rice-wheat-mung bean(0.27 kg/ha/day) and rice-mustard-mung bean (0.27 kg/ha/day).A similar trend was also reported by Vermaet. al. (2003).

Conclusion:
Based on the findings of the present study, the rice–pulse–pulse cropping system demonstrates higher system land use efficiency (%), system productivity (kg/ha/day), and rice equivalent yield (q/ha) compared to other systems. This makes it a promising option for maximizing resource use and productivity. Moreover, the inclusion of legumes contributes positively to soil fertility through biological nitrogen fixation and phosphate solubilization via root exudates, particularly carboxylic acids, which mobilize phosphorus from insoluble forms such as calcium and iron phosphates.
However, the continuous cultivation of rice–pulse–pulse systems may pose risks to soil health over the long term due to the potential accumulation of available phosphorus (P) and iron (Fe) to levels that could become toxic to crops. To mitigate this risk and maintain long-term soil sustainability, it is recommended to alternate the rice–pulse–pulse system with a rice-wheat/oilseed–pulse system every two years. Such rotational diversification can help balance nutrient dynamics, enhance soil health, and improve overall farm profitability.
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