


Changes in soil chemical and physical properties under long term rice based cropping system in Western Plain Zone of Meerut, India

Abstract 
[bookmark: _GoBack]The present study holds the potential to inform agricultural management strategies, enabling practitioners to optimize soil health, enhance crop productivity, and ensure the long-term viability of rice-based cropping systems. The primary role of soil, concerning its chemical quality for crop production, is the provision of essential nutrients crucial for optimal crop growth. Within the realm of chemical parameters, soil organic carbon (SOC) emerges as a paramount indicator of soil health. The experiment was conducted at the BEDF (APEDA) farm, Sardar Vallabhbhai Patel University of Agriculture & Technology, campus, Meerut (U.P.), India. The study was primarily focused on testing of soil quality of 40 representative samples and the analytical results were supposed to represent the entire field. The treatment means were compared by using the transformed values. The treatment differences were tested by least significant difference at 5 per cent of probability. The obtained results from the study revealed that inclusion of pulses in cropping system improve the physical properties of soil. Although inclusion of pulses did not affect soil texture, bulk density, particle density and porosity significantly as compared to wheat or mustard based cropping systems but aggregate stability, hydraulic conductivity, availability of phosphorus, zinc, iron and organic carbon (%) influenced significantly. Growing of rice- pulses-pulses in cropping system enriched the  sub-soil because wheat and mustard are deep rooted crops so they remove the nutrients from subsoil also therefore sub soils of cereals -pulses-pulses crop rotation  are slightly healthy than surface soil.	Comment by WPS_1701612324: It can be more focused
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Introduction:
Soil serves as a foundational element crucial for the vitality and productivity of both agricultural and natural ecosystems. The assessment of soil quality is indicative of its functional capacity, delineating the extent to which soil can contribute to the well-being of plants, humans, and animals. The quality of soil exerts a profound influence on essential soil functions, encompassing its role as a growth medium for plants, a regulator of water resources, a facilitator of material recycling, and a habitat for diverse soil organisms (Vasu et al., 2016). The deterioration of soil physical quality has profound implications for its chemical and biological properties, underscoring the significance of investigating soil physical quality as a crucial component in sustaining long-term soil health. This necessitates a comprehensive scientific examination to elucidate the intricate relationships and interdependencies among soil physical, chemical, and biological attributes. Such research endeavors are essential for informing strategies that promote the resilience and vitality of soil ecosystems over extended periods. In addition to physical properties, chemical parameters play a pivotal role as indicators in the evaluation of soil quality. The primary role of soil, concerning its chemical quality for crop production, is the provision of essential nutrients crucial for optimal crop growth. Within the realm of chemical parameters, soil organic carbon (SOC) emerges as a paramount indicator of soil health. While plants do not directly assimilate SOC as a nutrient, its cycling assumes significance due to its association with vital nutrients such as nitrogen (N), phosphorus (P), and sulfur (S). Moreover, SOC contributes significantly to the enhancement of soil's chemical, physical, and biological properties, as expounded by Hoyle, Baldock, and Murphy in 2011.
This comprehensive overview provides a scientific perspective on the agro-climatic conditions and agricultural practices characteristic of the Modipuram district in Meerut. The predominant cropping system in this region includes four distinct rice-based cropping systems, namely: Rice-wheat-mung bean (R-W-M), Rice-mustard-mung bean (R-M-M), Rice-lentil-mung bean (R-L-M), and Rice-chickpea-mung bean (R-C-M). In the Kharif season, rice cultivation predominantly involves the agricultural practices of puddling and beushening, essential techniques employed by farmers to optimize rice production. 
However, these practices present a significant challenge in maintaining soil physical and chemical quality at desired levels. Puddling and beushening, particularly under wet conditions, contribute to a gradual deterioration of soil quality and productivity over an extended period. Prolonged rice cultivation with consistent puddling to the same depth may lead to the formation of a compacted zone immediately below the plowed layer, as noted in the study conducted by Ba et al. in 2014. The implementation of puddling and beushening during the Kharif season significantly disrupts soil structure, elevates bulk density, diminishes soil porosity (below 50%), and hampers hydraulic conductivity. Consequently, these alterations create an unsuitable soil physical environment for subsequent crops such as wheat, Mustard, and chickpea (Voase et al., 2000). The extensive adoption of an intensive rice-based cropping system, characterized by low farm input and the removal of crop residues from fields, has led to a continuous decline in soil organic carbon (SOC) in these soils. The persistent low SOC levels are attributed to excessive tillage, imbalanced fertilizer use, and the absence of returning crop residues to the soil, ultimately resulting in soil degradation (Lal, 2004). The diminished SOC content negatively impacts the productivity and sustainability of the rice-based cropping system, as SOC is recognized as a major contributor to soil quality.
Under continuous waterlogged conditions in rice fields, electrochemical changes in soils occur, leading to a decrease in redox potential, poor nutrient use efficiency through leaching and denitrification of applied nitrogen, and reduced availability of phosphorus, potassium, and sulfur over time. However, our hypothesis posits that the inclusion of legumes in rice-based cropping systems can enhance the physical and chemical environment of the soil. This improvement is attributed to higher concentrations of microbial biomass, increased microbial population and activity, heightened carbon sequestration capacity, biological nitrogen fixation, phosphorus solubilization, mycorrhizal associations, and improved soil structure (Kumar et al., 2017; Sravan and Murthy, 2018).	Comment by WPS_1701612324: Follow the recently published paper for citing reference
While various studies have explored the impacts of including legumes in cropping systems on soil fertility parameters, physical properties, and chemical properties, particularly organic carbon, comprehensive information on the effects of different rice-based cropping systems, including rice-legume rotations, on individual soil physical and chemical properties, especially in the soils of the hot and humid eastern plateau of India, is currently lacking. With this perspective in mind, our study aims to assess the influence of long-term rice-based cropping systems (Rice-wheat-mung bean (R-W-M), Rice-mustard-mung bean (R-M-M), Rice-lentil-mung bean (R-L-M), and Rice-chickpea-mung bean (R-C-M)) on soil physical and chemical properties in the Western Plain Zone of Meerut, India, and to propose sustainable succeeding crops in conjunction with rice cultivation.
The physical properties under scrutiny encompass a spectrum of soil attributes, including but not limited to texture, structure, and porosity. These parameters are pivotal in determining the soil's capacity for water retention, drainage, and overall suitability as a growth medium for crops. Concurrently, the investigation scrutinizes the chemical properties of the soil, involving analyses of nutrient content, pH levels, and the presence of essential elements critical for plant growth. The longitudinal nature of the study facilitates a nuanced understanding of how these properties evolve and potentially impact the overall health, fertility, and sustainability of the soil in the context of prolonged rice-based cropping systems.
By systematically documenting and analyzing the alterations in both physical and chemical attributes, this research contributes valuable insights to the broader scientific understanding of sustainable agricultural practices. The findings hold the potential to inform agricultural management strategies, enabling practitioners to optimize soil health, enhance crop productivity, and ensure the long-term viability of rice-based cropping systems.
Materials and Methods:
Experimental site and location
		The experiment was conducted at the BEDF (APEDA) farm, Sardar Vallabhbhai Patel University of Agriculture & Technology, campus, Meerut (U.P.) which is located at a latitude 290 5’20” N, longitude 770 42′ 9”E, altitude 90m Elevation. Meerut lies in the heart of Western Uttar Pradesh.
Climate and weather:
	The climate of this region is semi-arid and sub-tropical climate characterized by hot summers and severe cold winters. The mean maximum temperature was noticed in June, which is the hottest month of the year, ranges from 40o to 45oC while very low temperature (4C) accompanied by frost may be experienced in Dec.-Jan. The winters are cool, frost generally occurs towards the end of December and may continue till the end of January.  The mean annual rainfall of the Meerut is about 840 mm, of which nearly 80 per cent is received in the monsoon period from June to September and the remaining in the period between October to May. Mean relative humidity attains the maximum value (85 to 90% or even more) during the monsoon season and the minimum (30 to 45%) during the summer months. The total rainfall received during crop period was 652.20 mm out of this 99.39 % was received during July to September.
Laboratory Ananlysis:
Soil pH and electrical conductivity (EC) were determined using a 1:2.5 soil-to-water ratio, following the method described by Richards in 1954. Organic carbon (OC) content was ascertained using Walkley Black's wet digestion method, as outlined by Walkley and Black in 1934. Soil cation exchange capacity (CEC) was estimated using the 1 N ammonium acetate (pH 7.0) method (Kumar et al., 2018). Available nitrogen (N) was determined by employing an alkaline potassium permanganate (KMnO4) solution and measuring the liberated ammonia, following the method described by Subbiah and Asija in 1956. The available phosphorus (P) content was determined using the Olsen method with a 0.5 M NaHCO3 extractant (Olsen et al., 1954). Available potassium (K) was measured using the neutral ammonium acetate method with a flame photometer, according to Jackson in 1973. The available micronutrient cations, specifically iron (Fe) and zinc (Zn), were extracted using the DTPA-CaCl2 extractant at pH 7.3, as proposed by Lindsay and Norvell in 1978, and quantified using Atomic Absorption Spectrophotometry (AAS). In the assessment of physical properties, the particle-size distribution was determined through the International Pipette method, as outlined by Jackson in 1973. Bulk density (BD) and particle density (PD) were estimated in accordance with method no. 39 from USDA Handbook no. 60 (Richards, 1954). Soil porosity was computed using the data obtained for BD and PD. The water-holding capacity (WHC) was measured using the Keen Raczkowski box method, as described by Kumar et al. in 2018. Saturated hydraulic conductivity of the soil was determined employing the constant head method (Klute, 1986). Aggregate size distribution was evaluated using the Yodar modified wet sieving method, referred to as the mean weight diameter (MWD), as described by Yoder in 1936.
Soil sample collection and processing:
The Experiment deals with the analysis of soil samples of APEDA farm. The study was primarily focused on testing of soil quality of 40 representative samples and the analytical results were supposed to represent the entire field. The surface contaminated soil material were removed using spade or khurpi (Gupta, 2007) and for V shaped holes were dug for collecting a uniform representative sample from two depth i.e. 0-15cm and 15-30cm. The soil samples, after being air-dried under shade, underwent processing and sieving to attain a particle size passing through a 2 mm sieve, and subsequently, they were analyzed for various soil physical and chemical properties. A subset of the sample, specifically the fraction smaller than 2 mm, was further ground to a particle size that could pass through a 0.2 mm (80 meshes) sieve, as stipulated by the method outlined by Jackson in 1973. This finely ground fraction was then utilized for the determination of organic carbon content Top of Formin the laboratory of Department of soil science and Agricultural Chemistry, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut	Comment by WPS_1701612324: e
Statistical Analysis:
The data obtained were subjected to statistical analysis as outlined by (Gomez and Gomez, 1984). The treatment means were compared by using the transformed values. The treatment differences were tested by least significant difference at 5 per cent of probability.
RESULTS AND DISSCUSION:
Soil Chemical Quality:
Organic carbon 
The experimental results indicate a substantial enhancement in soil organic carbon content through diversification of the rice-wheat cropping system. Among the various cropping systems studied, the rice–mustard-mung bean system exhibited the greatest improvement in organic carbon content at a depth of 0-15cm, registering a value of 0.93%, significantly higher than other systems. Following closely, the rice–lentil-mung bean system showed a notable organic carbon increase at 0.85%, differing significantly from systems involving rice-white chickpea-mung bean (0.78%), rice-black chickpea-mung bean (0.70%), and rice-wheat-mung bean (0.62%). The latter, specifically rice-wheat-mung bean, demonstrated the lowest organic carbon content among the systems.
Similar trends were observed in the sub-soil organic carbon content, where the rice–mustard-mung bean system recorded the highest value at 0.54%, significantly surpassing other cropping systems. Conversely, the rice-wheat-mung bean system exhibited the minimum sub-soil organic carbon content at 0.15%, significantly lower than the other systems. These findings underscore the positive impact of diversification, particularly highlighting the efficacy of the rice–mustard-mung bean cropping system in enhancing both surface and sub-soil organic carbon levels.
Available  Nitrogen
The analysis of soil nitrogen availability (kg/ha) at a depth of 0-15 cm across various cropping systems indicates significant variations. The cropping system incorporating rabi mustard consistently exhibited higher soil nitrogen levels compared to other systems during the experimentation period. Specifically, the rice-mustard-mung bean system displayed the highest available nitrogen content at 278.47 kg/ha, on par with the lentil-based system and significantly surpassing black chickpea, white chickpea, and wheat-based systems. The descending order of available nitrogen in soil was rice-lentil-mung bean (258.4 kg), rice-black chickpea-mung bean (247.1 kg), rice-white chickpea-mung bean (235.82 kg), and rice-wheat-mung bean (210.70 kg), with the lowest recorded in the latter system.
Similar trends were observed in the sub-soil at a depth of 15-30 cm. Cropping systems with rabi mustard consistently resulted in higher available nitrogen in the soil during the experimentation years. The rice-mustard-mung bean system exhibited the highest available nitrogen content at 239.59 kg/ha. In descending order, available nitrogen in soil was recorded as rice-lentil-mung bean (234.57 kg), rice-black chickpea-mung bean (220.7 kg), rice-white chickpea-mung bean (217.01 kg), and rice-wheat-mung bean (184.39 kg). Statistical analysis confirmed that the available nitrogen content in the soil under the mustard-based cropping system was statistically on par with lentil and significantly higher than black chickpea and white chickpea systems. Notably, the wheat-based cropping system consistently displayed the lowest available nitrogen content, differing significantly from all other systems. The diminished availability of nitrogen in these conditions could be attributed to potential volatilization losses. The risk of volatilization losses is particularly pronounced in cropping systems with substantial residues, warm and sunny days following application, and when the surface soil pH exceeds 7.0, especially in light-textured soils (Bundy, LG, 2001; Graeme Schwenka, NSW, DPI, 2014). The observed nitrogen content was notably higher in surface horizons and exhibited a systematic decline with increasing soil depth. This trend may be linked to the accumulation of plant residues, debris, and the rhizosphere. These observations align with the findings reported by (Selvaraj and Naidu in 2012).
Additionally, it was observed that the incorporation of oilseed crops during the rabi season resulted in the highest available nitrogen. This phenomenon is likely attributed to the larger root biomass of the component crops, which possesses a wider C:N ratio. In contrast, the cultivation of pulses (such as lentils, black chickpeas, or white chickpeas) in crop sequences during the rabi season led to higher available nitrogen compared to rotations involving wheat but less than those based on oilseed crops.

Available  Phosphorus	Comment by WPS_1701612324: In each parameters please refer the table or figure
Differences in available phosphorus in soil were observed among various rice-based cropping systems. Surface soil analysis at the end of the experimentation period revealed that rice-lentil-mung bean had the significantly highest available phosphorus content (50.67 kg/ha), surpassing all other rice-based systems. In contrast, rice-wheat-mung bean exhibited the lowest available phosphorus (36.96 kg/ha), statistically comparable to rice-mustard-mung bean (39.35 kg/ha) and significantly lower than rice-white chickpea-mung bean (49.40 kg/ha) and rice-black chickpea-mung bean (42.26 kg/ha).
Similar trends were observed at a depth of 15-30 cm, where rice-lentil-mung bean again recorded the highest available phosphorus (29.46 kg/ha), significantly higher than rice-wheat-mung bean (20.60 kg/ha) and rice-mustard-mung bean (21.96 kg/ha). It was statistically on par with rice-white chickpea-mung bean (29.13 kg/ha) and rice-black chickpea-mung bean (28.50 kg/ha). These findings highlight the influence of different rice-based cropping systems on soil phosphorus availability at both surface and sub-soil depths. The elevated phosphorus levels in the surface layer may be attributed to the capacity of legumes to solubilize soil phosphate through the release of root exudates. Roots of many leguminous plants secrete carboxylic acids, which effectively solubilize otherwise insoluble phosphates, including those of calcium and iron (Nuruzzaman et al., 2005). This phenomenon is further enhanced by the supplementation of phosphorus through external sources such as fertilizers.
Available K
Variations in available potassium in soil were evident across different rice-based cropping systems. Surface soil analysis revealed that rice-lentil-mung bean had the highest available potassium content (254.24 kg/ha), statistically comparable to rice-black chickpea-mung bean (247.52 kg/ha) and significantly different from rice-white chickpea-mung bean (238.56 kg/ha), rice-mustard-mung bean (229.6 kg/ha), and rice-wheat-mung bean (221.76 kg/ha). The lowest available soil potassium (221.76 kg/ha) found in rice-wheat-mung bean was statistically similar to rice-mustard-mung bean and significantly lower than the remaining cropping systems.
A similar trend in potassium availability was observed at a depth of 15-30 cm. The highest value was found in rice-lentil-mung bean (244.16 kg/ha), statistically comparable to rice-black chickpea-mung bean (238.56 kg/ha) and rice-white chickpea-mung bean (241.92 kg/ha), and significantly higher than rice-mustard-mung bean (217.28 kg/ha) and rice-wheat-mung bean (209.49 kg/ha). These findings underscore the impact of different rice-based cropping systems on soil potassium availability, both at the surface and sub-soil depths. The observed higher content of available potassium in the surface horizons, along with a declining trend with increasing depth, can be attributed to several factors. These include intensified weathering processes, the release of labile potassium from organic residues, the application of potash fertilizers, and the upward translocation of potassium from lower soil depths facilitated by capillary rise of groundwater (Geetha Sireesha and Naidu, 2013b).
Availabe Zinc
 	In the analysis of available zinc content in surface soil, the highest value was observed in the rice-lentil-mung bean system (1.45 ppm), significantly surpassing other cropping systems such as rice-black chickpea-mung bean (0.95 ppm), rice-white chickpea-mung bean (0.93 ppm), rice-mustard-mung bean (0.91 ppm), and rice-wheat-mung bean (0.85 ppm).
A similar trend was observed in sub-surface soil, where rice-lentil-mung bean exhibited the highest available zinc content (1.35 ppm), followed by rice-black chickpea-mung bean (0.70 ppm), rice-white chickpea-mung bean (0.67 ppm), rice-mustard-mung bean (0.60 ppm), and rice-wheat-mung bean (0.60 ppm). The available zinc content in rabi mustard was significantly higher than in the remaining cropping systems, while rice-wheat-mung bean, rice-mustard-mung bean, and rice-white chickpea-mung bean showed statistical similarity in sub-surface soil zinc availability. A higher availability of zinc was observed in the cropping system involving cereals followed by pulses, with the second-highest zinc content found in the cereals-oilseed-pulses cropping system. Conversely, the wheat-based cropping system exhibited the lowest availability of zinc. This variation can be attributed to the benefits of nutrient recycling and the addition of greater biomass in the former systems. (Malik and Singh, 1995) highlighted the presence of multi-nutrient deficiencies, including zinc, in rice-wheat crop rotations.
Top of Form
Available iron 
In the analysis of available iron content in surface soil, the highest value (38.87 ppm) was observed in the rice-lentil-mung bean system, significantly surpassing all other cropping systems. The minimum available iron content (30.67 ppm), statistically similar to rice-mustard-mung bean (33.38 ppm), and significantly lower than the remaining cropping systems, was found in rice-wheat-mung bean.
In the sub-surface soil, the maximum available iron content (34.23 ppm) in rice-lentil-mung bean was statistically on par with rice-white chickpea-mung bean (33.87 ppm), rice-black chickpea-mung bean (33.86 ppm), rice-mustard-mung bean (31.72 ppm), and significantly higher than rice-wheat-mung bean (27.31 ppm). These findings highlight the influence of different cropping systems on available iron levels in both surface and sub-surface soils. The continuous adoption of the rice-wheat system may contribute to the degradation of soil structure and health, leading to the accumulation of multi-nutrient deficiencies such as sulfur (S), zinc (Zn), boron (B), molybdenum (Mo), and iron (Fe). Several other researchers have reported similar observations, including (Malik and Singh, 1995), (Malik,1996), and (Pingali and Heisey, 1996).
The higher availability of iron (Fe) in the cereals-pulses-pulses rotation can be attributed to the fact that the roots of most legumes release carboxylic acids, which effectively solubilize phosphate ions from bound forms such as calcium and iron phosphate. This process results in a higher availability of these ions in the soil.
Table 1 : Effect of different rice based cropping system on the availability Nutrients	

	Cropping system
	Available N
	Available P
	Available K
	Available Zn
	Available Fe

	
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30

	Rice-wheat-mung bean
	210.70
	184.39
	36.96
	20.60
	221.76
	209.49
	0.85
	0.60
	30.67
	27.31

	Rice-mustard- mung bean 
	278.47
	239.59
	39.35
	21.96
	229.60
	217.28
	0.91
	0.60
	33.38
	31.72

	Rice-lentil- mung bean 
	258.40
	234.57
	50.67
	29.46
	254.24
	244.16
	1.45
	1.35
	38.87
	34.23

	Rice-black chick pea- mung bean
	247.10
	220.70
	42.26
	28.50
	247.52
	238.56
	0.95
	0.70
	35.01
	33.86

	Rice-white chick pea –mung bean 
	235.82
	217.01
	49.40
	29.13
	238.56
	241.92
	0.93
	0.67
	35.85
	33.87

	SEm±
	6.85
	6.02
	1.16
	0.66
	6.708
	6.37
	0.02
	0.02
	0.95
	0.86

	CD	Comment by WPS_1701612324: (P = .05) follow the guideline
	21.49
	18.79
	3.63
	2.06
	20.89
	19.87
	0.08
	0.06
	2.97
	2.70




Fig 1 : Different rice based cropping system on the availability Nutrients
pH
The soil pH at the APEDA farm remained consistently within the alkaline range, with non-significant variations observed under different rice-based cropping systems at both depths. At 0-15 cm, the highest pH (8.43) was noted in the rice-lentil-mung bean system, while the lowest (8.25) was recorded in rice-mustard-mung bean. This trend persisted at 15-30 cm, where the highest pH (8.36) was observed under rice-lentil-mung bean, and the lowest (8.15) was found in rice-mustard-mung bean. No significant differences were noted among cropping systems at either depth, indicating stable alkaline soil conditions across the various rice-based cropping systems. The pH of the soil remained unaffected by the cropping sequence, although a slight reduction was observed in sequences that included legumes. The relatively high pH levels in the soils could be attributed to the presence of a high degree of base saturation. This observation aligns with similar findings reported by (Ramesh et al. 2003).Top of Form
Electrical conductivity
The highest electrical conductivity (EC) of 0.194 dSm⁻¹ was observed in the rice-lentil-mung bean cropping system, while the lowest value (0.175 dSm⁻¹) was recorded in rice-mustard-mung bean at the surface soil level. However, there were no statistically significant differences in EC among the various cropping systems.
Similarly, at a depth of 15-30 cm, the observed trend mirrored that of the surface soil. The highest EC (0.188 dSm⁻¹) was measured in the rice-lentil-mung bean system, while the lowest value (0.169 dSm⁻¹) was found in rice-mustard-mung bean. Again, no statistically significant differences were noted among the cropping systems at this subsurface depth.
Physical Quality of Soil:
Bulk density
The bulk density of surface soil varied among different cropping systems, with the highest value recorded for rice-wheat-mung bean (1.47 Mg/m³), followed by rice-black chickpea-mung bean (1.43 Mg/m³), rice-white chickpea-mung bean (1.42 Mg/m³), rice-lentil-mung bean (1.38 Mg/m³), and the lowest observed in rice-mustard-mung bean (1.35 Mg/m³). Statistical analysis revealed that the bulk density of the various rice-based cropping systems did not exhibit significant differences during the experimentation period. The results are in agreements with the findings of  Suchi Gangwar (2014).
A similar trend was observed at a depth of 15-30 cm, with the highest bulk density (1.58 Mg/m³) recorded in rice-wheat-mung bean, followed by rice-black chickpea-mung bean (1.54 Mg/m³), rice-white chickpea-mung bean (1.52 Mg/m³), rice-lentil-mung bean (1.51 Mg/m³), and the lowest bulk density observed in rice-mustard-mung bean (1.47 Mg/m³). No significant differences were recorded among the cropping systems at this subsurface depth.
Top of Form
 Particle density
The analysis of particle density in different rice-based cropping systems indicated a general trend of higher particle density in systems involving rabi mustard, particularly at a depth of 0-15 cm. The highest particle density was observed in rice-mustard-mung bean (2.56 Mg/m³), followed by rice-lentil-mung bean (2.54 Mg/m³), rice-black chickpea-mung bean (2.52 Mg/m³), rice-white chickpea-mung bean (2.52 Mg/m³), and rice-wheat-mung bean (2.50 Mg/m³). However, there were no significant differences in particle density among the various rice-based cropping systems at this depth.
At a depth of 15-30 cm, the highest particle density was recorded for rice-wheat-mung bean (2.59 Mg/m³), followed by rice-black chickpea-mung bean (2.57 Mg/m³), rice-white chickpea-mung bean (2.57 Mg/m³), rice-lentil-mung bean (2.56 Mg/m³), and the lowest particle density was found in rice-mustard-mung bean (2.55 Mg/m³). Similar to the surface soil, no significant differences in particle density were observed among the cropping systems in the sub-surface soil.

Porosity
In the evaluation of different cropping systems at a depth of 0-15 cm, the highest porosity was observed in rice-mustard-mung bean (48%), followed by rice-lentil-mung bean (46%), rice-black chickpea-mung bean (44%), rice-white chickpea-mung bean (44%), and the lowest porosity was recorded in rice-wheat-mung bean (42%).
A similar trend was observed at a depth of 15-30 cm, where the maximum porosity was noted in rice-mustard-mung bean (43%), followed by rice-lentil-mung bean (42%), rice-black chickpea-mung bean (41%), rice-white chickpea-mung bean (41%), and the lowest porosity was observed in rice-wheat-mung bean (39%). These findings illustrate the porosity variations among different cropping systems, both at the surface and sub-surface soil depths.

Aggregate stability
The assessment of soil aggregate stability at a depth of 0-15 cm revealed the highest values in rice-mustard-mung bean (75%), which were statistically comparable to rice-white chickpea-mung bean (74%) and rice-lentil-mung bean (73%). These values were significantly higher than those observed in rice-black chickpea-mung bean (59%) and rice-wheat-mung bean (54%).
A similar trend was observed at a depth of 15-30 cm, where the highest aggregate stability was recorded in rice-mustard-mung bean (74%), statistically on par with rice-white chickpea-mung bean (71%) and rice-lentil-mung bean (70%). These values significantly differed from those observed in rice-black chickpea-mung bean (50%) and rice-wheat-mung bean (33%). These findings underscore the variations in soil aggregate stability among different cropping systems at both surface and sub-surface depths.
Hydraulic conductivity
Hydraulic conductivity in the soil exhibits significant variations among different rice-based cropping systems. At a depth of 0-15 cm, the highest recorded hydraulic conductivity was observed in rice-mustard-mung bean (1.58 mm/hr), which differed significantly from rice-black chickpea-mung bean (1.46 mm/hr), rice-white chickpea-mung bean (1.41 mm/hr), rice-lentil-mung bean (1.35 mm/hr), and rice-wheat-mung bean (1.20 mm/hr).
Similarly, at a depth of 15-30 cm, the highest hydraulic conductivity was recorded in rice-mustard-mung bean (1.09 mm/hr), which was statistically comparable to rice-black chickpea-mung bean (1.07 mm/hr), rice-white chickpea-mung bean (1.06 mm/hr), rice-lentil-mung bean (1.04 mm/hr), and rice-wheat-mung bean (1.02 mm/hr). These findings highlight the distinct hydraulic conductivity characteristics among different cropping systems at both soil depths.Top of Form
Table 2 : Different rice based cropping system on different Physical Properties of soil
	Cropping system
	Bulk density (Mg/m3)
	Particle density (Mg/m3)
	Porosity (%)
	Aggregate stability (%)
	Hydraulic conductivity (mm/hr)

	
	0-15 cm
	15-30
cm
	0-15 cm
	15-30 cm
	0-15
Cm
	15-30 cm
	0-15 cm
	15-30 cm
	0-15 cm
	15-30 cm

	Rice-wheat-mung bean
	1.47
	1.58
	2.50
	2.59
	42
	39
	54
	33
	1.20
	1.02

	Rice-mustard- mung bean
	1.35
	1.47
	2.56
	2.55
	48
	43
	75
	74
	1.58
	1.09

	Rice-lentil- mung bean 
	1.38
	1.51
	2.54
	2.56
	46
	42
	73
	70
	1.35
	1.04

	Rice-black chick pea- mung bean
	1.43
	1.54
	2.52
	2.57
	44
	41
	59
	50
	1.46
	1.07

	Rice-white chick pea –mung bean
	1.42
	1.52
	2.52
	2.57
	44
	41
	74
	71
	1.41
	1.06

	SEm±
	0.042
	0.046
	0.074
	0.076
	1.292
	1.186
	1.82
	1.51
	0.04
	0.03

	CD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	5.69
	4.70
	0.12
	0.08


Fig 2 : Effect of different rice based cropping system on different Physical Properties of soil

Fig 3 : Effect of different rice based cropping system on different cropping system



CONCLUSIONS:
	The obtained results from the study revealed that inclusion of pulses in cropping system improve the physical properties of soil. Although inclusion of pulses did not affect soil texture, bulk density, particle density and porosity significantly as compared to wheat or mustard based cropping systems but aggregate stability, hydraulic conductivity, availability of phosphorus, zinc, iron and organic carbon (%) influenced significantly. Growing of rice- pulses-pulses  in cropping system  enriched the  sub-soil because wheat and mustard are deep rooted crops so they remove the nutrients from subsoil also therefore sub soils of cereals -pulses-pulses crop rotation  are slightly healthy than surface soil . Study also indicates that continuous adoption of cereals -pulses-pulses cropping system may have added excess amount of available P, Zn and Fe in soil specially when phosphatic fertilizers were applied regularly.  
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Rice-wheat-mung bean	0-15	15-30	0-15	15-30	0-15	15-30	Available N	Available P	Available K	210.7	184.39	36.96	20.6	221.76	209.49	Rice-mustard- mung bean 	0-15	15-30	0-15	15-30	0-15	15-30	Available N	Available P	Available K	278.47	239.59	39.35	21.96	229.6	217.28	Rice-lentil- mung bean 	0-15	15-30	0-15	15-30	0-15	15-30	Available N	Available P	Available K	258.4	234.57	50.67	29.46	254.24	244.16	Rice-black chick pea- mung bean	0-15	15-30	0-15	15-30	0-15	15-30	Available N	Available P	Available K	247.1	220.7	42.26	28.5	247.52	238.56	Rice-white chick pea –mung bean 	0-15	15-30	0-15	15-30	0-15	15-30	Available N	Available P	Available K	235.82	217.01	49.4	29.13	238.56	241.92	



0-15 cm	15-30	0-15 cm	15-30 cm	0-15 cm	15-30 cm	Bulk density (Mg/m3)	Particle density (Mg/m3)	Hydraulic conductivity (mm/hr)	0	Rice-wheat-mung bean	0-15 cm	15-30	0-15 cm	15-30 cm	0-15 cm	15-30 cm	Bulk density (Mg/m3)	Particle density (Mg/m3)	Hydraulic conductivity (mm/hr)	1.47	1.58	2.5	2.59	1.2	1.02	Rice-mustard- mung bean	0-15 cm	15-30	0-15 cm	15-30 cm	0-15 cm	15-30 cm	Bulk density (Mg/m3)	Particle density (Mg/m3)	Hydraulic conductivity (mm/hr)	1.35	1.47	2.56	2.55	1.58	1.09	Rice-lentil- mung bean 	0-15 cm	15-30	0-15 cm	15-30 cm	0-15 cm	15-30 cm	Bulk density (Mg/m3)	Particle density (Mg/m3)	Hydraulic conductivity (mm/hr)	1.38	1.51	2.54	2.56	1.35	1.04	Rice-black chick pea- mung bean	0-15 cm	15-30	0-15 cm	15-30 cm	0-15 cm	15-30 cm	Bulk density (Mg/m3)	Particle density (Mg/m3)	Hydraulic conductivity (mm/hr)	1.43	1.54	2.52	2.57	1.46	1.07	Rice-white chick pea –mung bean	0-15 cm	15-30	0-15 cm	15-30 cm	0-15 cm	15-30 cm	Bulk density (Mg/m3)	Particle density (Mg/m3)	Hydraulic conductivity (mm/hr)	1.42	1.52	2.52	2.57	1.41	1.06	



Porosity (%) 0-15	Rice-wheat-mung bean	Rice-mustard- mung bean	Rice-lentil- mung bean 	Rice-black chick pea- mung bean	Rice-white chick pea –mung bean	0	42	48	46	44	44	Porosity (%) 15-30 cm	Rice-wheat-mung bean	Rice-mustard- mung bean	Rice-lentil- mung bean 	Rice-black chick pea- mung bean	Rice-white chick pea –mung bean	39	43	42	41	41	Aggregate stability (%) 0-15 cm	Rice-wheat-mung bean	Rice-mustard- mung bean	Rice-lentil- mung bean 	Rice-black chick pea- mung bean	Rice-white chick pea –mung bean	54	75	73	59	74	Aggregate stability (%) 15-30 cm	Rice-wheat-mung bean	Rice-mustard- mung bean	Rice-lentil- mung bean 	Rice-black chick pea- mung bean	Rice-white chick pea –mung bean	33	74	70	50	71	






