


Evaluation of Technological Interventions in Rainfed Integrated Farming Systems for Small and Marginal Farmers in the Malwa Region of Madhya Pradesh, India
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The integration of natural resources is essential for enhancing productivity and sustainability in rainfed farming systems. Technological interventions play a vital role in improving crop yield, farm income, and employment generation under rainfed conditions. The present study evaluated the impact of technological interventions in Rainfed Integrated Farming Systems (RIFS) among small and marginal farmers in the Malwa region of Madhya Pradesh, India. Farmers were categorized based on farm size and farming system components. Under rainfed conditions, crop and ruminant-based farming systems were evaluated for both small and marginal farmers. Marginal farmers adopting the Crop + Large Ruminant system recorded a 27.33% increase in main crop equivalent yield, additional net returns of ₹15,811 ha⁻¹, and 27 additional man-days of employment compared to traditional practices. Similarly, the Crop + Large Ruminant + Small Ruminant system resulted in a 58.98% increase in yield, ₹44,255 ha⁻¹ higher net returns, and 71 additional man-days of employment. Small farmers adopting the Crop + Large Ruminant system achieved a 35.76% increase in main crop equivalent yield, additional net returns of ₹26,256 ha⁻¹, and 72 additional man-days of employment. The Crop + Large Ruminant + Small Ruminant system further enhanced productivity by 61.26%, generating additional net returns of ₹39,078 ha⁻¹ and 106 additional man-days of employment. The study highlights that crop production alone is insufficient to enhance farm income under rainfed conditions. Integration of ruminant enterprises significantly improves farm productivity, profitability, and livelihood security of small and marginal farmers.
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1 Introduction
The traditional farming systems are self-contained and show resilience to aberrant weather conditions, but are low yielders (Tanwar et al. 2024). In Indian agriculture, most of the farmers are marginal (<1 ha) and small holders (<2 ha) having diverse socio-economic backgrounds. IFS involves the purposeful integration of various farm enterprises—such as crops, livestock, poultry, horticulture, fisheries, beekeeping, and agroforestry (Kumar and Kumar, 2024).
 The integration of various natural resources required for successful rainfed farming system. Technological ignorance and miss management is the main deterrent for enhancing farm and crop productivity in rainfed areas. Various improved technologies for rainfed farming may encourage rainfed farmers to adopt them to get additional income from their fields. Globally, drylands (arid and semi-arid) are one of the important eco-regions and supporting the livelihood of the population. Rainfed agriculture is characterized by erratic rainfall, which makes farmers less likely to invest in nutrients and other production-enhancing inputs. Establishing effective linkages and complementarities between components is essential for developing holistic and sustainable farming systems (Paramesh et al., 2021). The persistent limitations in the rainfed smallholder farming systems of India are labour shortages due to migration, insecure land ownership, and inadequate access to capital for investments, and limited skills and abilities. As a result, actual production often falls short of potential output (van Ginkel et al. 2013). In addition, rainfed agriculture is being affected by extreme weather events due to climate change. Drought has been considered one of the most adverse effects. Long-term rainfall data of India indicate that rainfed areas experience 3–4 drought years every 10 years. Of these, two to three are moderate, and one or two may be of severe intensity (Rao et al. 2015). Reduced food grain productivity, loss to vegetable and fruit crops, fodder scarcity, shortage of drinking water to animals during summer, forced migration of animals, and severe loss to poultry and fishery sectors were registered, threatening the livelihoods of poor rural households. Barekar et al. (2024) observed that horticulture and boundary plantation achieved the maximum benefit-cost (B:C) ratio.   In India, rainfed farming systems are practiced in regions that contrast climate, soil, water resources, and biodiversity. 
An Integrated Farming System (IFS) represents a management approach aimed at efficiently utilizing resources within the farming system to achieve maximum productivity and profitability while maintaining sustainability. The key components for systematic designing of technologies in IFS include characterizing the existing farming systems, identifying production constraints, and enhancing production and profitability through cost-effective, socially acceptable interventions to address these constraints (Innazent et al. 2022). Lal et al. (2023) sited IFS as a “middle path” between organic and conventional Farming. 
With this background, the present study was initiated with the objective of evaluation of the technological intervention in Rainfed Integrated Farming System (RIFS) to enhance income of small and marginal farmers under AICRP for Dryland Agriculture, Indore centre
[bookmark: Conceptual_approach]2 Materials and methods
[bookmark: The_study_areas:_Location_and_biophysica]2.1 Study site description
This study was conducted in Damali village (22.450 N, 75.830 E) of Mhow block in Indore district, Madhya Pradesh, India under All India Coordinated Research Project for Dryland Agriculture during 2023-24. Village area is 82.19 ha with population of 665 persons in 96 households and is having Scheduled Tribes community. Small land holdings, lack of adoption of alternative crop production systems such as community farming, mixed farming and intercropping systems are some weaknesses of the area.
 Resource poor farmers, price variations of inputs in the market, labour problem, and low farm produce retentive capacity of farmers are major problems in area. Soybean is the predominant crop of Kharif in the study area. Other crops cultivated during Kharif are, maize, sorghum, pigeonpea, cotton, greengram, blackgram and groundnut. Chickpea and wheat are the major crops of Rabi season, which are cultivated either in Kharif fallow fields under dryland situation or after harvesting of Kharif crops under irrigated conditions. The soil of the area is shallow black and undulate topography.
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Fig. 1 Map of the study area 

2.2 Selection of farmers 
In village Damali the percentage of ST population is 100%. In total village population male population is 55% and sex ratio is 867, having 46.28% literacy rate. For the study, farmers were selected for intervention and non-intervention purpose. Selection criteria was land holding and available resources with farmers. 
List 1- Farming system and Farmer category in Rainfed Farming situation
	Farming Situation
	Farming system*
	Farmer category
	No. farmers selected

	
	
	
	With Interventions
	Without Interventions

	Rainfed
situation

	CLR
	Marginal
	3
	3

	
	CLR + SR
	Marginal
	2
	2

	
	CLR
	Small
	3
	3

	
	CLR + SR
	Small
	2
	2

	Grand Total
	10
	10


CLR: Crop + Large Ruminant, SR: Small Ruminant
[bookmark: Location]2.3 Constraints and Interventions
List 2- Constraints in the existing system and Interventions administered
	Module
	Existing system
	Constraints in existing system
	Technological interventions envisaged

	NRM module
	Sole soybean

	Not adopted in-situ moisture conservation practices 
	· Summer deep plough
· Interculture  operation (Dora) 

	Crop module
	Sole soybean
Local varieties
	Not adopted improved varieties and other crops

	· Introduced improved varieties of Soybean (JS 2034), Maize        (Kanak), Pigeon pea  (Pusa 992 ), Chickpea  (RVG-201), Wheat  (HI 1544)
· Foliar spray at flowering stage of water soluble NPK (19:19:19)
· Insecticide (Profenophos)
· Seed treatment: Rhizobium (5 g/kg of seed), Azotobecter (5 g/kg of seed)  and PSB (4 g/kg seeds) 

	Livestock module
	Rearing of desi breed
	Balanced nutrition is not being practiced
	· Improved ration balancing by Vaccination
· Hi-min- Multi mineral nutrient mixture


	Fodder module
	· Local fodder  
	Not adopted improved varieties
	· Improved fodder variety of Sorghum (MP chari)

	Capacity building
	Traditional practices
	Lack of knowledge on improved crop management practices
	· Need based training to farmers on improved cultivation practices, fodder cultivation, animal nutrition and health and NRM modules



Main crop is Soybean and Main Crop Equivalent Yield (MCEY) is calculate by using following formula:
MCEY = Yield of crop X (Rate of crop / Rate of Soybean crop)
Different farming systems adopted for study are as follows:
 Crop based Farming system- Based on the constraints identified, introduced integrated crop management practices i.e. improved variety/crop, soil nutrient, in situ moisture management practices, and energy efficient and cost effective mechanization.
Crop-Large ruminant based Farming system- For large ruminants (cattle, milch animals)   - Interventions include feed/fodder supplement strategies and even on-farm fodder/forage production practices and periodical health care including vaccination.
Crop-Small ruminants based Farming system- For small ruminants (sheep, goat)   - Interventions include feed/fodder supplement strategies and even on-farm fodder/forage production practices and periodical health care including vaccination.
3 Results and Discussion
In the study area, soybean, pigeon pea, chickpea, and maize emerged as the primary field crops. The introduction of high-yield variety seeds and the identification of location-specific crops and cropping systems interventions are proposed to tackle the encountered constraints. A notable constraint encountered was the low milk yield in dairy cattle, primarily attributed to the lack of improved breeds and poor quality of fodder and feed. The integration of natural resources is essential for success of production system in rainfed farming. Technological interventions are the key for enhancing farm and crop productivity in rainfed areas. Many developed technologies for rainfed farming may encourage rainfed farmers to adopt them to get additional income. It is clear that the rainfed integrated farming system is the most promising enterprise for the small and marginal farmers particularly who has less farm holding.
	Table 1: Performance of interventions for rainfed farming situation, marginal farmers and   Crop + Large Ruminant system.


	Components of farming system
	Area (ha)
	Details of interventions
	Main crop equivalent yield (kg)
	Net returns (₹)
	EG
(man-days)

	1.
NRM
+
Crop
	Soybean
	0.4
	Summer deep ploughing,
Inter-culture  operation (Dora)
Improved variety- JS 20-34
	588
	15696
	40

	2.
Crop
	Maize
	0.05
	Improved variety -Kanak,
	90
	2830
	8

	
	Chickpea
	0.5
	Improved variety-RVG-201
Foliar spay of water soluble NPK (19:19:19)
Seed treatment: Rhizobium  and PSB
	370
	7275
	50

	3.
Fodder module
	Sorghum
	0.05
	Improved variety - MP Chari
	34
	840
	10

	4. Livestock
	Animals
01 cow
	Shed area
09 m2
	Vaccination,
Hi-min- Multi mineral nutrient mixture

	861
	28262
	56

	RIFS productivity
	1943
	54903
	164

	farming system without interventions
	1526
	39092
	137

	Additional benefit
	15811
	27



The interventions and inputs were uniformly provided to all farmers within a particular farming system, thus avoiding farmer-to-farmer variation. For technologies interventions farmers of different categories selected. In rainfed situation, crop and ruminant (large and small) farming system were adopted for small and marginal farmers. Marginal farmers obtained 27.33 % higher main crop equivalent yield, net returns of ₹ 15811 ha-1 and employment generation (27 man days) with technological interventions over traditional practices for Crop + Large Ruminant system (Table 1). 
On the basis of mean data, Table 1 is indicating that Soybean (0.4ha), Maize (0.05 ha) and fodder sorghum (0.05 ha) were grown during Kharif season. In Rabi farmer sown chickpea in 0.5 ha. As an animal component 01 cow (large ruminant) was kept during study period by the farmer. From Table 1 we can observed that 861 MCEY was obtained from livestock component, which is maximum among all component. If natural resource management (NRM) associated with crop component then only getting higher yield. Net return of rupees 28262 is maximum among all component which was gained from livestock component.  
	Table 2: Performance of interventions for rainfed farming situation,   marginal farmers and Crop + Large ruminant + Small ruminant system.

	Components of farming system
	Area (ha)
	Details of interventions
	Main crop equivalent yield (kg)
	Net returns (₹)
	EG
(man-days)

	1.
NRM
+
Crop
	Soybean
	0.4
	Summer deep ploughing,
Inter-culture  operation (Dora)
Improved variety- JS 20-34
	600
	16200
	38

	2.
Crop
	Maize
	0.05
	Improved variety -Kanak,
	89
	2785
	9

	
	Chickpea
	0.5
	Improved variety-RVG-201
Foliar spay of water soluble NPK (19:19:19)
Seed treatment: Rhizobium  and PSB
	348
	6375
	48

	3.
Fodder module
	Sorghum
	0.05
	Improved variety - MP Chari
	33
	795
	11

	4. Livestock
	Animals
2 cow,
1Buffalo
1 goat
	Shed area  28 m2
	Vaccination,
Hi-min- Multi mineral nutrient mixture

	2957
	87000
	95

	RIFS productivity
	4027
	113155
	201

	farming system without interventions
	2533
	68900
	130

	Additional benefit
	44255
	71



Table 2 is clearly showed that under this category, 2957 MCEY was obtained from livestock component, which is maximum among all component. As an animal component 02 cow and 01 buffalo (large ruminant) and 01 goat as small ruminant were kept during study period by the farmer. If natural resource management (NRM) associated with crop component then only getting higher yield. Net return of rupees 87000 is maximum among all component which was gained from livestock component.  During study period, Soybean (0.4ha), Maize (0.05 ha) and fodder sorghum (0.05 ha) were grown during Kharif season. In Rabi farmer sown chickpea in 0.5 ha. From Table 2 we can observed that employment generation (95 man days) is also higher with livestock. Table 2 revealed that under Crop + Large ruminant + Small ruminant system, marginal farmers obtained 58.98 % higher main crop equivalent yield, net returns of ₹ 44255 ha-1 and employment generation (71 man days). 
Table 3 revealed that on the basis of mean data, Soybean (01ha), Maize (0.15 ha) and fodder sorghum (0.10 ha) were grown during Kharif season. In Rabi farmer sown chickpea in 1.25 ha. As an animal component 01 cow (large ruminant) kept during study period by the farmer. From Table 3, we can observed that 829 MCEY was obtained from livestock component, which is lower than crop component because only one cow was with farmer. If natural resource management (NRM) associated with crop component then higher yield (1510 MCEY) can be obtained. Net return of rupees 40920 is maximum among all component which was gained from Crop + NRM component.  Employment generation can be increase by adding livestock component.
Small farmers obtained 35.76 % higher main crop equivalent yield, net returns of ₹ 26256 ha-1 and employment generation (72 man days) with Crop + Large ruminant system (Table 3).
	Table 3: Performance of interventions for rainfed farming situation,   small farmers and Crop + Large ruminant system.

	Components of farming system
	Area (ha)
	Details of interventions
	Main crop equivalent yield (kg)
	Net returns (₹)
	EG
 (man-days)

	1.
NRM
+
Crop
	Soybean
	1.00
	Summer deep ploughing,
Inter-culture  operation (Dora)
Improved variety- JS 20-34
	1510
	40920
	52

	2.
Crop
	Maize
	0.15
	Improved variety -Kanak,
	270
	8490
	21

	
	Chickpea
	1.25
	Improved variety-RVG-201
Foliar spay of water soluble NPK (19:19:19) Seed treatment: Rhizobium  and PSB
	971
	20156
	72

	3.
Fodder module
	Sorghum
	0.10
	Improved variety - MP Chari
	68
	1650
	17

	4. Livestock
	Animals
01 cow
	Shed area
09 m2
	Vaccination,
Hi-min- Multi mineral nutrient mixture

	829
	26700
	62

	RIFS productivity
	3648
	97916
	224

	farming system without interventions
	2687
	71660
	152

	                                                                                      Additional benefit
	26256
	72



Under Crop + Large ruminant + Small ruminant system, small farmers obtained 61.26 % higher main crop equivalent yield, net returns of ₹ 39078 ha-1 and employment generation (106 man days) with technological interventions over traditional practices (Table 4). On the basis of mean data, Soybean (01ha), Maize (0.15 ha) and fodder sorghum (0.10 ha) were grown during Kharif season. In Rabi farmer sown chickpea in 1.25 ha. As an animal component 02 cow (large ruminant) and 01 goat as small ruminant were kept during study period by the farmer. From Table 4 we can observed that 1714 MCEY was obtained from livestock component, which is maximum among all component. If natural resource management (NRM) associated with crop component then only getting higher yield. Net return of rupees 49900 is maximum among all component which was gained from livestock component.  Crop component chickpea gave 17063 rupees from 1.25 ha. Employment generation (90 man days) is also higher in this category. 
	Table 4: Performance of interventions for rainfed farming situation,   Small farmers and Crop + Large ruminant + Small ruminant system.

	Components of farming system
	Area (ha)
	Details of interventions
	Main crop equivalent yield (kg)
	Net returns (₹)
	EG
(man-days)

	1.
NRM
+
Crop
	Soybean
	1.00
	Summer deep ploughing,
Inter-culture  operation (Dora)
Improved variety- JS 20-34
	1400
	36300
	58

	2.
Crop
	Maize
	0.15
	Improved variety -Kanak,
	267
	8355
	30

	
	Chickpea
	1.25
	Improved variety-RVG-201
Foliar spay of water soluble NPK (19:19:19) Seed treatment: Rhizobium  and PSB
	897
	17063
	78

	3.
Fodder module
	Sorghum
	0.10
	Improved variety - MP chari
	68
	1650
	20

	4. Livestock
	Animals
02 cow,
01 Goat
	Shed area  22 m2
	Vaccination,
Hi-min- Multi mineral nutrient mixture

	1714
	49900
	90

	RIFS productivity
	4346
	113268
	276

	farming system without interventions
	2695
	74190
	170

	Additional benefit
	39078
	106



Such integration has been shown to increase
Mubarak et al. (2023) also found that integration of resources can increases net returns up to 499% compared to conventional systems.  Only crop component cannot increase the income of marginal farmers. The integration of improved small ruminants and backyard poultry, alongside the adoption of advanced technology for existing livestock, was the prime for income from the livestock sector (Kochewad et al. 2017).  Ruminants played very important role to enhance productivity under rainfed condition. It is clear that integration of field crops, horticultural crops and livestock, compost, kitchen garden and farm pond in different combinations can be promoted to improve productivity. Singh et al. (2024) also found that this system is especially relevant for small and marginal farmers, offering a pathway to improve livelihoods while conserving natural resources.
4 Conclusion
This study highlights the interventions, such as improved seed varieties, diversified cropping systems and livestock health management facilitate substantial increases in farmers' net income. Moreover, these interventions could be replicated in different districts with similar agroecological conditions. Only crop component cannot increase the income of marginal farmers. Ruminants played very important role to enhance productivity under rainfed condition. These findings emphasize the critical importance for researchers, policymakers, and extension workers. Data collection from the non-interventions farmers were difficult and can be consider as limitation. In future, the study can be conducted for farmers having irrigated and partially irrigated condition.
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