Chemical Properties of Soil Influenced by Rice-Based Cropping System under Irrigated
Conditions
 
Abstract
Soil is one of the most vital natural resources, playing a fundamental role in agricultural productivity and long-term food security. The physico-chemical properties of soil are strongly influenced by both the nature of the parent material and the prevailing management practices, including cropping systems. Identification of suitable and sustainable cropping systems is therefore essential for maintaining soil fertility and ensuring the long-term stability of agricultural production. In this context, a field investigation was conducted at the Kuthulia Farm of Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Rewa, Madhya Pradesh, to evaluate the influence of different rice-based cropping systems on soil chemical properties. The experiment was carried out under the All India Coordinated Research Project on Farming Systems during the Kharif and Rabi seasons over four consecutive years (2008–09 to 2011–12). Ten rice-based cropping systems were evaluated, namely rice–wheat, rice–chickpea, rice–berseem (fodder + seed), rice–potato–wheat, rice–garlic, rice–toria–onion, rice–lentil, rice–green pea–wheat, rice–chickpea–linseed, and rice–mustard. The experimental soil was classified as silty clay loam with a neutral reaction (pH 7.25). The initial soil fertility status indicated a medium level of organic carbon (0.56%), low available nitrogen (224 kg ha⁻¹), low available phosphorus (8.2 kg ha⁻¹), and high available potassium (315 kg ha⁻¹). The results revealed that soil pH and electrical conductivity decreased under all rice-based cropping systems compared with the initial values, suggesting a modest improvement in soil reaction under continuous cultivation. Soil organic carbon content increased by 3.57 to 30.35% over the initial level across different cropping systems. The greatest improvement in organic carbon was observed in the rice–potato–wheat system, followed by rice–chickpea, rice–green pea–wheat, and rice–lentil sequences, indicating the beneficial effect of diversified cropping and inclusion of legumes on soil organic matter accumulation. In contrast, available nitrogen declined substantially, with reductions of approximately 60–65% compared with the initial soil status, indicating considerable nitrogen removal by crops and the need for improved nutrient management strategies. Available phosphorus increased markedly, ranging from 14.83 to 234.87% above the initial level. The highest increase in available phosphorus (234.87%) was recorded under the rice–berseem and rice–lentil systems, followed by rice–chickpea and rice–mustard, which may be attributed to improved phosphorus mobilisation and recycling under legume-based systems. Available potassium content declined by 34.39 to 51.56% compared with the initial status across the different cropping systems, reflecting substantial potassium uptake by crops over the experimental period. Overall, the study demonstrates that diversified rice-based cropping systems can influence soil chemical properties in different ways and play an important role in maintaining soil chemical health under irrigated conditions. These findings emphasise the need for balanced nutrient management and appropriate crop diversification strategies to sustain soil fertility and long-term productivity in rice-based agroecosystems.

Keywords: Cropping system, Nitrogen, Phosphorus, Potash, Organic carbon, Soil fertility.
Introduction 
[bookmark: _GoBack]Rice and wheat are the principal food grain crops of Madhya Pradesh and play a crucial role in ensuring food and nutritional security for both the state and the country. In Madhya Pradesh, rice is cultivated on approximately 15.59 lakh hectares with a total production of about 14.62 lakh tonnes, while wheat occupies nearly 42.75 lakh hectares with an annual production of approximately 78.47 lakh tonnes. Together, these two cereals account for a major share of the state’s food grain output and form the backbone of the regional agricultural economy. The rice–wheat cropping system is one of the most dominant and widely practised cropping systems in India, covering nearly 10.5 million hectares. Approximately 33% of the total rice-growing area and about 42% of the wheat-growing area in the country are under this rotation. Owing to its stability and assured productivity under irrigated conditions, the rice–wheat sequence has become the cornerstone of cereal-based production systems in many regions of India. However, the intensive cultivation of rice and wheat demands substantial external inputs, particularly fertilisers. It has been estimated that nearly 63% of the total fertiliser consumption in the country is utilised for rice and wheat cultivation alone (Kurmvanshi et al., 2018). While this system has significantly contributed to national food security, the heavy reliance on fertiliser inputs and continuous monocropping has raised concerns regarding long-term soil health and sustainability. Consequently, diversification of rice–wheat systems with alternative crops is increasingly recognised as a necessary strategy for maintaining soil fertility and sustaining agricultural productivity (Ahirwal et al., 2025). Despite the agronomic importance of rice and wheat in Madhya Pradesh, their productivity remains comparatively low, with average yields of approximately 11.94 q ha⁻¹ for rice and 20 q ha⁻¹ for wheat. The relatively poor productivity is primarily attributed to the widespread cultivation of local or low-yielding varieties, erratic and uneven distribution of monsoon rainfall, and the frequent occurrence of prolonged dry spells during the growing season. In addition, the phenomenon of soil sickness associated with the continuous cultivation of rice and wheat has increasingly been observed (Stevenson, 1967; Kharub et al., 2003). Both rice and wheat are nutrient-exhaustive crops, and their uninterrupted cultivation has resulted in a gradual decline in soil productivity and nutrient reserves over time.
In the Rewa region of Madhya Pradesh, rice–wheat, rice–chickpea, and rice–lentil cropping sequences constitute the dominant production systems adopted by farmers. These systems are widely practised because of their relatively stable yields, ease of management, and lower labour requirements (Kumar et al., 2001). However, the long-term and continuous adoption of these cropping sequences without adequate diversification has led to several agronomic and ecological constraints. These include the proliferation of specific and dominant weed flora, depletion of soil nutrients in particular soil layers, and the progressive development of soil sickness. Furthermore, the repeated cultivation of similar crop species has encouraged the persistence and build-up of insect pests and diseases with comparable host preferences. Collectively, these factors have contributed to a gradual decline in the efficiency, sustainability, and overall productivity of the existing cropping systems (Katyal, 2003; Kumar and Yadav, 2005).
Continuous rice-wheat cultivation led to a number of issues, including deteriorating soil structure, the accumulation of pests like weeds, a decline in factor production, the emergence of nutritional deficiencies, a decline in profitability, etc. A thorough and cooperative effort was required to address all of these problems and gather all of the essential resources for raising productivity. Due to the rice-wheat cropping system's high nutrient exhaustion, the ongoing rotation of these crops has reduced the soil's natural fertility, resulting in a number of nutrient deficiencies (Krishnakumar et al., 2005; Yadav et al., 2009). 
Diversification of the rice–wheat cropping system, particularly during the rabi season, is essential for improving system productivity, profitability, and long-term sustainability. Inclusion of high-value crops such as chickpea, linseed, mustard, berseem, potato, lentil, garlic, pea, and other compatible crops within rice-based sequences offers considerable potential for enhancing farm income while maintaining soil health. Such diversified cropping systems are considered more remunerative and environmentally sustainable than the conventional rice–wheat sequence.
Rice-based cropping systems that include leguminous crops are especially important because of their ability to improve soil fertility through biological nitrogen fixation and enhanced nutrient recycling. The incorporation of pulses in crop rotations can contribute significantly to soil nitrogen enrichment and overall soil productivity. Proper agronomic management of diversified cropping systems can further enhance crop yields and enable the expansion of pulse cultivation over larger areas (Sekhon et al., 2007).
Therefore, the present investigation was conducted to find out how various cropping systems based on rice influence the characteristics of the soil. Reducing soil pH, increasing soil fertility, improving soil structure, porosity and Water Holding Capacity (WHC), increasing soil Organic Matter (OM) content and reducing the need for nitrogenous fertilizers for rice cultivation are all possible benefits of integrating rice with multiple cropping systems. Maintaining soil health and sustaining long-term agricultural productivity can be significantly improved by such sustainable cropping systems with rice based cropping system.

MATERIALS AND METHODS
[bookmark: _Hlk220760946]The present field investigation was conducted at the Kuthulia Farm of Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Rewa, Madhya Pradesh. The experiment was undertaken under the All India Coordinated Research Project on Farming Systems during the Kharif and Rabi seasons over four consecutive years from 2008–09 to 2011–12.

The experimental site is located in the north-eastern region of Madhya Pradesh at 24°30′ N latitude and 81°15′ E longitude, with an altitude of approximately 365.7 m above mean sea level. The region represents a typical rice-based cropping zone of the Vindhyan plateau, making it suitable for evaluating the long-term effects of diversified rice-based cropping systems on soil properties under irrigated conditions. The region has a sub-tropical climate characterized by hot, dry summers and cold winters. During the crop seasons, the maximum and minimum temperatures recorded were 42.57 °C in June and 3.74 °C in December, respectively. The average annual rainfall of the area is about 1140 mm. The experimental site was representative of the major rice-growing areas of the region, where transplanted rice is cultivated during the kharif season followed by a range of rabi crops. The rabi crops included wheat, chickpea, berseem, potato, garlic, linseed, lentil, mustard, pea, and chickpea + linseed grown in sequence with rice under irrigated conditions. These cropping patterns reflect the commonly adopted rice-based production systems of the region. Prior to the initiation of the experiment, composite soil samples were collected from the experimental field at a depth of 0–15 cm to determine the initial fertility status. The experimental field had a uniform topography, which ensured minimal variability due to slope or drainage conditions. The soil was classified as silty clay loam in texture with a neutral reaction (pH 7.25). The initial soil fertility status indicated a medium level of organic carbon (0.56%), low available nitrogen and phosphorus contents, and a high level of available potassium (315 kg ha⁻¹). These baseline characteristics provided a suitable foundation for evaluating the long-term effects of different rice-based cropping systems on soil fertility and chemical properties. The row spacing adopted for different crops was as follows: rice (20 cm), wheat (20 cm), gram (30 cm), berseem (broadcast), potato (60 cm), garlic (20 cm), linseed (30 cm), lentil (30 cm), pea (30 cm), toria (30 cm), onion (20 cm), gram + linseed (3:1 ratio, 30 cm), and mustard (30 cm). The field experiment was laid out in a randomized block design (RBD) with four replications. The chemical properties of the soil were estimated using standard methods and are presented in Table 1, while the details of cropping systems are given in Table 2.


Table 1: Physio-chemical properties of the experimental field

	Properties
	Constituent
	Composition
	Method used

	Physical
	Sand (%)
	19
	International Pipette Method (Jackson, 1962)

	
	Silt (%)
	49
	International Pipette Method (Jackson, 1962)

	
	Clay (%)
	32
	International Pipette Method (Jackson, 1962)

	Chemical
	pH
	7.25
	pH meter method (Jackson, 1967)

	
	Electrical conductivity (dS m⁻¹)
	0.46
	Conductivity bridge method (Black, 1965)

	
	Organic carbon (%)
	0.56
	Walkley and Black rapid titration method (Walkley & Black, 1934)

	
	Available nitrogen (kg ha⁻¹)
	224
	Alkaline KMnO₄ method (Subbiah & Asija, 1956)

	
	Available phosphorus (P₂O₅ kg ha⁻¹)
	8.2
	Olsen’s sodium bicarbonate extraction method (Olsen et al., 1954)

	
	Available potassium (K₂O kg ha⁻¹)
	315
	Flame photometer method (Chapman & Pratt, 1961)





Table 2: Major cropping sequence with varieties and fertilizer dose
	Treatments
	Fertilizers dose NPK kg/ha

	T1
	Rice (Danteshwari) - Wheat (GW-273)
	K - 120:60:40
R - 120:60:40

	T2
	Rice (Danteshwari)  - Chick Pea (JG-322)
	K - 120:60:40
R - 20:60:20

	T3
	Rice (Danteshwari)  - Berseem (JB-1) fodder + seed
	K – 120:60:40
R – 20:60:20

	T4
	Rice (Danteshwari)  - Potato (KufriChandramukhi)- Wheat (HD-2864)
	K – 120:60:40
P – 120:100:100
R – 100:60:40

	T5
	Rice (Danteshwari)  -Garlic (G-1)
	K – 120:60:40
R - 100:75:50

	T6
	Rice (Danteshwari)  -Toria (T9)- Onion (AFR)
	K - 120:60:40
T – 60:30:20
O -120:60:40

	T7
	Rice (Danteshwari)  - Lentil (JL - 1)
	K - 120:60:40
R - 20:60:20

	T8
	Rice (Danteshwari)  - Pea (Arkel)-Wheat (HD-2864)
	K – 120:60:40
P - 20:60:20
W-120:60:40

	T9
	Rice (Danteshwari)  - Chick Pea + Linseed (JL-23 in 3:1)
	K – 120:60:40
R - 20:60:20

	T10
	Rice (Danteshwari)  - Mustard (Pusa Bold)
	K - 120:60:40
R – 120:60:40



Result and Discussion
The results are presented in Table 3. Soil samples were collected after the harvest of the rabi crops and analysed for key soil chemical properties, including soil pH, electrical conductivity (EC), organic carbon, and available nitrogen, phosphorus, and potassium. The results indicated that soil pH decreased under all cropping systems compared with the initial soil status, suggesting a gradual improvement in soil reaction under continuous cultivation. Similarly, electrical conductivity values declined under the different cropping systems, indicating no adverse accumulation of soluble salts during the experimental period. Soil organic carbon content increased by 3.57 to 30.35% over the initial status under different cropping systems. The highest organic carbon content (0.73%) was recorded under the rice–potato–wheat cropping system, followed by rice–pea–wheat (0.69%), rice–chickpea (0.67%), and rice–lentil and rice–garlic (0.65%). The increase in organic carbon may be attributed to greater biomass addition and improved residue incorporation under diversified cropping systems, particularly those including legumes and high-residue crops. In contrast, available nitrogen content declined substantially, with reductions of approximately 60–65% under the different cropping systems compared with the initial soil status, indicating considerable nitrogen removal by crops during the experimental period. Available phosphorus content increased markedly, ranging from 114.63 to 234.87% over the initial status under the different cropping systems. The substantial increase in available phosphorus may be attributed to fertiliser application, improved phosphorus mobilisation, and enhanced nutrient cycling under diversified rice-based cropping sequences. It might due to be built of phosphorus was mainly attributed to low initial available phosphorus in soils. The applied quality of recommended phosphorous dose was sufficient to support the crops and also improved available phosphorous content Singh et al. (2002). The highest increase in available phosphorus content (234.87%) was recorded under the rice–berseem and rice–lentil cropping systems, followed by rice–chickpea and rice–mustard sequences. The marked improvement in available phosphorus under legume-based systems may be attributed to enhanced nutrient cycling, root-mediated mobilisation of soil phosphorus, and residual effects of fertiliser application. In contrast, available potassium content declined by 34.39 to 51.56% compared with the initial soil status under the different cropping systems. A similar trend of significant potassium depletion under intensive cropping systems has been reported by Kumar et al. (2008) and Singh et al. (2008). The maximum reduction in available potassium was observed under the rice–lentil and rice–berseem cropping systems, indicating substantial potassium removal by crops without proportional replenishment through fertilisation. Leguminous crops have been widely recognised for their role in improving soil fertility and promoting nutrient cycling within cropping systems. Saha et al. (2022) reported that legumes are particularly valuable for diversifying cereal-based monocropping into cereal–legume sequences, thereby enhancing nutrient turnover and soil fertility. Similarly, Kanwarkamla (2000) emphasised that legume crops are often regarded as soil fertility enhancers rather than solely as grain-producing crops, primarily because of their ability to meet a substantial portion of their nitrogen requirement through biological nitrogen fixation. The inclusion of legumes in rice-based cropping systems therefore represents an effective strategy for improving soil fertility and sustaining long-term productivity. Ram et al. (2024) revealed that legume-based diversification, particularly the rice–berseem system with, achieved the highest nutrient availability, outperforming cereal-based systems. Layek et al. (2021) outcome study revealed that crop such as greengram, blackgram, lentil and pea was found more promising for improving soil health. Similar results have also been reported by Saroch et al. (2005).

Fig 1 :  Changes in soil pH and electrical conductivity (EC) under different rice-based cropping systems
Conclusion 
Based on the results obtained from the investigation, it may be concluded that the performance of rice was superior under the rice–berseem cropping system, followed by rice–mustard, rice–chickpea, rice–lentil, and rice–potato cropping sequences. These diversified rice-based cropping systems demonstrated favourable effects on soil chemical properties, including improvements in soil organic carbon and nutrient availability. The findings suggest that the inclusion of fodder and leguminous crops within rice-based sequences contributes to improved soil fertility and enhanced system sustainability. Among the evaluated cropping systems, rice–berseem proved to be the most beneficial in terms of overall crop performance and soil chemical health. Therefore, diversified rice-based cropping systems, particularly those incorporating legumes and fodder crops, may be considered sustainable and suitable alternatives for maintaining soil productivity and long-term agricultural sustainability in the Rewa region of Madhya Pradesh.

Future Scope 
	In rice based cropping system, which integrates rice with legumes, oilseeds, fodder and other integrates cropping system can provide several benefits. The presence of rice-berseem cropping system followed by rice-mustard, rice-chickpea, rice-lentil and rice-potato cropping system are positively effect on chemical properties of soil may have the potential to enhance soil fertility. Improve soil conditions.







Table: 3 Effect of different cropping systems on soil chemical properties after four years
	Treatment
	Soil pH
	Soil EC
mhos/cm2
	OC %
	Available N Kg/ha
	Available P2O5 kg/ha
	Available
K2O kg/ha

	T1 Rice (Danteshwari)– Wheat (GW-273)
	6.69
	0.10
	0.61
(108.92%)
	80
(35.71%)
	16.12
(196.58%)
	171.95
(54.58%)

	T2 Rice (Danteshwari) - Chick pea (JG- 322)
	6.75
	0.10
	0.67
(119.64%)
	80
(35.71%)
	18.81
(229.39%)
	170.80
(54.22%)

	T3 Rice(Danteshwari)  - Berseem (JB-1) (fodder+seed)
	6.76
	0.15
	0.58
(103.57%)
	90
(40.17%)
	19.26
(234.87%)
	160.35
(50.90%)

	T4 Rice (Danteshwari) –Potato(KufriChandramudhi)-Wheat (HD-2864)
	6.68
	0.12
	0.73
(130.35%)
	75
(33.48%)
	12.99
(158.41%)
	206.70
(65.61%)

	T5 Rice(Danteshwari) - Garlic (G-1)
	6.73
	0.20
	0.65
(116.07%)
	80
(35.71%)
	12.09
(147.43%)
	164.00
(52.06%)

	T6 Rice(Danteshwari)-Toria (T9)-Onion (AFR)
	6.75
	0.10
	0.61
(108.92%)
	80
(35.71%)
	14.33
(174.75%)
	177.10
(56.19%)

	T7 Rice (Danteshwari)- Lentil (JL-1)
	6.74
	0.13
	0.65
(116.07%)
	80
(35.71%)
	19.26
(234.87%)
	152.60
(48.44%)

	T8 Rice(Danteshwari)  - Pea (Arkel)-Wheat (HD-2864)
	6.82
	0.11
	0.69
(123.21%)
	80
(35.71%)
	9.40
(114.63%)
	182.75
(58.01%)

	T9 Rice(Danteshwari)- Chickpea+Linseed (JL-23 in 3:1)
	6.59
	0.21
	0.61
(108.92%)
	80
(35.71%)
	12.54
(152.92%)
	192.55
(61.12%)

	T10 Rice(Danteshwari)  - Mustard (Pusa bold)
	6.80
	0.23
	0.61
(108.92%)
	80
(35.71%)
	16.57
(202.07%)
	175.05
(55.57%)

	Total initial value
	7.25
	0.46
	0.56
	224 kg
	8.2 kg.
	315 kg.
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