


Diversification of rice based cropping system under aerobic rice cultivation in South Gujarat

Abstract
A field experiment was carried out at the Main Rice Research Centre, Navsari Agricultural University, Navsari, Gujarat during 2021-22 to 2023-24 in kharif and rabi seasons to study the diversification of rice based cropping system under aerobic rice cultivation in South Gujarat region. Eight different rice based cropping systems viz., T1: Rice-Sweetcorn, T2: Rice-Cabbage, T3: Rice-Indian bean (vegetable purpose), T4: Rice - Indian bean (seed purpose), T5: Rice - Green gram, T6: Rice-Chickpea T7: Rice-Sorghum and T8: Rice-Mustard were evaluated in randomized block design with four replications. The results showed that different rice based cropping system did not significantly affect rice yield in kharif seasons. However, it gave higher yield in pulses crop as compared to other crop system. Rabi crops significantly differed among them with producing expected yield during experimental period. The significantly higher rice equivalent yield (20.45 t/ha) was obtained with rice-indian bean (vegetable purpose) cropping system as compared to rest of the systems. Among all the cropping systems, rice-indian bean (vegetable purpose) maintain soil chemical properties as compared to other systems. Thus, under aerobic rice cultivation method among different cropping system, rice-indian bean (vegetable purpose) system was found as the efficient, most productive and improved soil chemical properties in South Gujarat.
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Introduction
Rice is a major staple food crop of kharif season and rice based cropping system is a dominant cropping system in south Gujarat. Imminent water crisis, labour scarcity and climate change threaten the sustainability and profitability of traditional transplanted rice further rice require more water during its life span. Water shortage becomes a major problem in near future. Aerobic rice technology has been proposed to reduce water requirement, save labour demand, mitigate greenhouse gas emission and improve environmental sustainability. In context to water scarcity and environmental safety due to global warming, aerobic cultivation may find as sustainable production technology (Jana, 2012). 

There is need to diversify rice based cropping system to enhance the productivity, resilience and soil health. This system involves incorporating vegetables, pulses oilseeds and other cereals either during fallow periods or in place of rice (Kassam et al., 2009).  Its include range of crops which can fix nitrogen in the soil, increase soil fertility, prevent soil erosion and increasing total system productivity. Post-rainy and rabi season can be used to diversify crops, increase farmer income, improve their economic status, market access, productivity, profitability and efficient irrigation water and labour use (Banjara et al., 2021). Crop diversification has been recognised as an effective management system which can enhance the productivity, judicious uses of resources and sustainable agriculture. In this system, different crop with different market values and uses, economic risks can be reduced, stabilize incomes and meet household nutritional needs more effectively (Pingali., 2012). Crop diversity can mitigate weather-related issues and increase farm income by 13 %, requiring policy changes for non-diversified households. (Basantaray et al., 2024). In cropping system under aerobic rice system is understudy, so growing of pulses during post rainy seasons may results in realizing higher productivity and profitability and helps to maintain soil health and productivity. Therefore, this study was carried out to determine the most productive, remunerative cropping system for aerobic rice cultivation system in south Gujarat. 
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A field experiment was conducted during 2021-22 to 2023-24 of kharif and rabi seasons at Main Rice Research Centre, Navsari Agricultural University, Navsari. The experimental soil was vertisol, alkaline in nature, low in available nitrogen, medium in available phosphorus and high in available potassium. The experiment was laid out in randomized block design (RBD) with four replications and consisted 8 treatments with kharif and rabi crops. The cropping systems as follows: T1: Rice-Sweetcorn, T2: Rice – Cabbage, T3: Rice-Indian bean var., GNIB 21 (vegetable purpose), T4: Rice - Indian bean var., GW 2 (seed purpose), T5: Rice - Green gram, T6: Rice-Chickpea, T7: Rice-Sorghum and T8: Rice–Mustard.  In kharif season aerobic rice var. GNR-8 was sown at 30 cm line (row) spacing before onset of monsoon i. e. in last week of May and first week of June and harvested on fortnight of October. The recommended dose of fertilizer for rice is 100-30-0 kg NPK ha-1 and nitrogen was applied in three splits viz., 40 % as basal, 40 % at tillering stage and 20 % at panicle initiation stage after sowing. Full dose of P was applied as basal to the crop. Biocompost @ 5 t/ha applied and incorporated before sowing.  

The rabi crops were sown in between last week of November and first week of December and harvested upto March during all the years of experimentation. The recommended fertilizer dose (NPK kg/ha) and spacing (cm) for rabi crops were: Sweetcorn:120-60-60 and 60 x 20, Cabbage: 200-75-37.5 and 30 x 60, Indian bean: 40-40-00 and 30 x 10, Green gram and chickpea:20-40-00 and 30 x 10, Sorghum: 80-40-00 and 45 x 10 and mustard:50-50-00 and 45 x 15. The nutrients were applied through the fertilizers like urea, single super phosphate and muriate of potash. Full dose of P and K and half dose of N were applied as basal dose before sowing/planting of the crops and the remaining N was applied in split doses as per recommendations in the region for various crops. 

The other cultural operation and irrigations were given as common practices as per the recommendation for the rice and rabi crops. The yield of all crops was converted into rice equivalent yield on the price basis to compare the crop sequence productivity. The soil chemical properties (organic carbon, pH and EC) were determined using the Walkley and Black (1934) technique, a glass electrode pH meter and a conductivity bridge (Jackson, 1973). The available N and P was determined using the Alkaline potassium permanganate method (Subbiah and Asija, 1956) and Olsen’s method (Olsen et al., 1954). The data were statistically analysed using analysis of variance (ANOVA) for randomized block design following the standard procedure as suggested by Panse and Sukhatme (1985).   

Results and Discussion
Rice growth, yield and its attributes
The pooled results of yield and its attributes of rice are presented in Table 1. The results revealed that the different rice based system significantly influenced only the plant height while panicle/m2 and test weight were not significantly influenced. Almost all the cropping sequence remained at par with each other except T1 and T2 sequences. Grain and straw yield of rice were not significantly influenced due to different rice based systems. Khedwal et al., (2023) reported that rice output falls when cereals such as maize, fodder sugarbeet and maize are included in the cropping system.  However, it found higher with pulse crop as compared to other crop system. Inclusion of a pulse crop in the rice-based cropping system may have advantages well beyond the N addition through biological nitrogen fixation, sparing soil N and supporting succeeding rice crop. 

Rabi crops yield:
The yield of rabi crops is given in table 2. The data indicated that all the crops performed well and consistent. The average yield recorded for sweet corn was 14476 kg/ha; cabbage-12688 kg/ha; indian bean (veg.)-3054 kg/ha; indian bean (seed) - 613 kg/ha; greengram-1050 kg/ha; chickpea-1460 kg/ha; sorghum-2887 kg/ha and mustard-1777 kg/ha.

Rice equivalent yield:
This is being crop sequence study, rice equivalent yield (REY) was calculated and the results obtained are presented in table 2. The results indicated that rice-indian bean (vegetable purpose) (T3) recorded significantly higher rice equivalent yield (20.45 t/ha) as compared to rest of the sequences. This might be due to the higher yield and high selling price of the of Indian bean which may helped to enhance the REY of the system. Singh et al. (2011) also reported that a vegetable-dominated cropping system produced considerably higher system productivity compared with other systems. Legum crops have a deep root system and ability to recycle nutrients, improved soil structure, add nutrients by biological nitrogen fixation or by leaf fall and better nutrient use efficiency which results in higher system productivity (Ladha and Kundu, 1997 and Dwevedi et al., 2003).

Soil properties:
After harvest of rice -first year and at the end of crop sequences, soil pH and EC was not significantly influenced due to different cropping sequences (Table 3). However, soil pH and EC were found lower at the end of crop sequence. Porter et al., (1995) reported that there is imbalance in the carbon and nitrogen cycles due to soil acidification in rice- pulse cropping system. Soil organic carbon and available nutrients were increased at the end of the crop sequence (Table 4). Soil organic carbon % were found significantly improved with pulse crops and sorghum. Kumar et al., (2008) also observed that inclusion of leguminous crop in crop system improves the soil organic carbon, availability of nitrogen and phosphorus in the soil.  Inclusions of legumes crops maintaining soil available nutrients and soil organic carbon in rice based cropping systems (Jat et al. 2012). Crop diversification and crop rotation have essential impact of soil health and quality in agriculture (Vukicevich et al., 2016). 
	Based on overall findings, it can be concluded that sowing of aerobic rice followed with diversified rice based cropping systems under South Gujarat, rice-indian bean (vegetable purpose) cropping system gave higher rice equivalent yield and net return along with improvement in soil properties.




















Table 1: Effect of diversified rice based system on rice yield and its attributes (Pooled)
	Treatments
	Plant height at harvest (cm)
	Panicles/m2
	Test weight (g)
	Grain yield (kg/ha)
	Straw yield (kg/ha)

	T1: Rice-Sweetcorn
	105.11
	214
	25.99
	4873
	6176

	T2: Rice-Cabbage
	107.18
	216
	26.06
	4795
	6351

	T3: Rice-Indian bean (veg.)
	111.38
	223
	25.97
	5140
	6278

	T4: Rice-Indian bean (seed)
	115.78
	222
	26.09
	5202
	6210

	T5: Rice-Green gram
	118.43
	226
	27.05
	5179
	6393

	T6: Rice-Chickpea
	120.96
	231
	27.06
	5290
	6439

	T7: Rice-Sorghum
	111.61
	219
	26.56
	4923
	6026

	T8: Rice-Mustard
	112.01
	217
	26.76
	4919
	6100

	S.Em. ±
	4.34
	7.72
	0.87
	209
	254

	C.D. at 5%
	12.27
	NS
	NS
	NS
	NS









Table 2: Effect of diversified rice based system on rabi crop yield and rice equivalent yield (Pooled)
	Treatments
	Cob/head/grain/pod/seed yield (kg/ha)
	Straw/ stover/ fodder yield (kg/ha)
	Rice equivalent yield (t/ha)

	T1: Rice-Sweetcorn 
	14476
	21715
	18.40

	T2: Rice-Cabbage 
	12688
	20853
	16.52

	T3: Rice-Indian bean (veg.) 
	3054
	3658
	20.45

	T4: Rice-Indian bean (seed) 
	613
	3765
	9.11

	T5: Rice-Green gram 
	1050
	2176
	11.77

	T6: Rice-Chickpea 
	1460
	2153
	11.72

	T7: Rice-Sorghum 
	2887
	7532
	11.10

	T8: Rice-Mustard 
	1777
	2907
	13.72

	S. Em. ±
	-
	-
	0.36 

	C.D. at 5%
	-
	-
	1.02 












Table 3: Soil pH and EC after harvest of different crops

	Treatment
	After harvest of first year rice (2021-22)
	At the end of crop sequence (2023-24)

	
	Soil pH2.5
	Soil EC (dS/m)
	Soil pH2.5
	Soil EC (dS/m)

	T1: Rice-Sweetcorn 
	7.96
	0.52
	7.79
	0.49

	T2: Rice-Cabbage 
	8.00
	0.54
	7.63
	0.51

	T3: Rice-Indian bean (veg.) 
	7.98
	0.48
	7.69
	0.47

	T4: Rice-Indian bean (seed) 
	7.98
	0.49
	7.56
	0.49

	T5: Rice-Green gram 
	7.96
	0.48
	7.69
	0.50

	T6: Rice-Chickpea 
	7.95
	0.49
	7.71
	0.51

	T7: Rice-Sorghum 
	8.02
	0.54
	7.93
	0.54

	T8: Rice-Mustard 
	8.11
	0.55
	7.88
	0.54

	S. Em. ±
	0.25
	0.02
	0.25
	0.02

	C.D. at 5%
	NS
	NS
	NS
	NS











Table 4: Soil OC % and available nutrients after harvest of different crops

	Treatment
	After harvest of first year rice (2021-22)
	At the end of crop sequence (2023-24)

	
	Soil OC %
	Available nitrogen (kg/ha)
	Available phosphorus (kg/ha)
	Soil OC %
	Available nitrogen (kg/ha)
	Available phosphorus (kg/ha)

	T1: Rice-Sweetcorn 
	0.50
	219.13
	41.22
	0.50
	282.26
	42.70

	T2: Rice-Cabbage 
	0.50
	216.25
	39.07
	0.49
	284.12
	43.44

	T3: Rice-Indian bean (veg.) 
	0.52
	237.13
	43.64
	0.57
	286.15
	46.14

	T4: Rice-Indian bean (seed) 
	0.51
	234.73
	42.46
	0.57
	277.66
	45.02

	T5: Rice-Green gram 
	0.50
	230.26
	41.00
	0.56
	284.96
	43.68

	T6: Rice-Chickpea 
	0.50
	228.07
	42.10
	0.55
	282.08
	44.81

	T7: Rice-Sorghum 
	0.49
	218.53
	41.64
	0.51
	280.88
	43.25

	T8: Rice-Mustard 
	0.48
	221.15
	40.74
	0.49
	283.85
	43.58

	S. Em. ±
	0.02
	11.10
	1.66
	0.02
	12.77
	1.38

	C.D. at 5%
	NS
	NS
	NS
	0.06
	NS
	NS
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