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ABSTRACT 

	
Aims: The field experiment was framed to estimate the energy input-output, energy use efficiency, net energy gain and other energy indices for the main and allied components of rainfed integrated farming system.
Place and Duration of Study: The present experiment was carried out in 1 ha area at AICRP for Dryland Agriculture Research, Dr. PDKV Akola during 2022-2023. 
Methodology: Assessment of energy use patterns of different enterprises on the basis of resource inputs and outputs converted from physical to energy unit (MJ) through various published conversion coefficients. 
Results: The appropriate combination of different components, the total energy input of integrated rainfed farming model was calculated to be 13.42 GJ and total energy output obtained as 69.23 GJ, and resulted in energy use efficiency ratio as 4.75.  The crop cultivation contributes about 51.34 % to total energy input, which was 6.89 GJ followed by livestock and horticulture respectively. The chickpea + coriander (4:1) cropping system exhibited the highest total energy input among the various cropping systems, due to electricity consumption for irrigation. Fertilizer, diesel and labour energy inputs comprise more to total energy input in cropping system while labour input energy contributed to highest in livestock components. The direct energy sources are to be found more in livestock components as 2.82 followed by crops and field crops recorded highest indirect energy is 4.12. Similarly, renewable and non-renewable energy sources were utilized in goat rearing and field crops as 3.81 GJ and 7.48 GJ, respectively. The energy use efficiency ratio was estimated, highest in Alternate land use system (13.46) and lowest from horticulture (0.47).  This might be due to horticulture and poultry livestock are of least energy efficient agricultural production systems, because horticulture produced negative energy mileage. The energy use efficiency ratio for the main output has shown that field crops and alternate land use systems yielded better energy productivity. The net energy gain was recorded maximum from field crops. The human energy profitability analysis revealed that crop cultivation was most profitable in terms of energy and produced HEP ratio as 88.85 followed by ALU and compost, respectively.
Conclusion: Energy budgeting in agricultural production systems is essential to identify the best practices based on the performance of system evaluated by various energy indices. The present study revealed that integration field crops, horticultural crops and livestock, compost, kitchen garden and farm pond in different combinations can be promoted and adopted in Western Plateau and Hills of India.
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1. INTRODUCTION 

Energy is required to meet basic human needs, from food production to diverse economic activities. The IEA (International Energy Agency, 2010) predicts that global energy demand will increase by 50% in 2035. The agriculture sector is also overwhelmed by increasing energy needs, which leads to increased costs to generate food from agriculture, resulting in increased food prices, cascading to poverty and hunger, and compromising food security, particularly in underdeveloped countries (Waseem et al., 2022). In India, agriculture and allied sectors employ approximately 40 % of the country’s total workforce (Thomas and Satheesha, 2021). In 1970-71, agricultural workers and draught animals contributed significantly to energy use in agriculture, accounting for 15% and 45%, respectively, while electricity and fossil energy provided 40%. Over the next 35 years, this distribution shifted dramatically, with electricity and fossil energy now contributing 86% of the total energy, while the combined share of agricultural workers and draught animals has dropped to just 6% and 8%, respectively (Singh & Dave, 2023). Due to the high level of population growth, economic and technological development, urbanization and climate change, energy demand is also increasing at a rapid pace. In recent years, anthropogenic activities and intensive farming techniques have significantly disrupted natural agroecosystems. The excessive use of synthetic fertilizers, pesticides, fossil fuels, and water has resulted in agricultural system degradation and inefficiencies. (Babu et al. 2023). The expansion of agricultural production necessitates additional energy to power equipment and machinery, support the manufacturing process, and generate chemicals and fertilizers. The agriculture sector's lack of environmental sustainability has resulted in a significant increase in energy use and concomitant environmental damage. (Huang, et. al. 2013). It is expected that the population of the world will be increased to 9 billion in 2040, which means the use of fertilizers will further increase many folds to meet the growing demand for food hence increasing the demand for energy for the agriculture sector. Efficient utilization of energy is critically important to decrease energy consumption and achieve sustainability in energy management practices. Globally, 30% demand for energy is from the agriculture and food sectors.  Energy in agriculture can be used directly or indirectly. Direct energy includes energy consumed directly in various agricultural activities, for instance, to operate tools and machinery for different farm activities, vehicles used for transportation, and drying and refrigeration equipment. (Zhou et al. 2023).  Future farms should be self-reliant, using renewable energy and efficient nutrient recycling to offset high energy costs and mitigate climate change. Enhancing energy efficiency in agriculture is a key strategy to reduce commercial energy demand and support sustainable development. (Liu et. Al., 021). Energy budgeting is crucial for developing an eco-friendly industrial system. To improve the effectiveness of current agricultural equipment on farms in a specific location, the farming system must first be defined to encompass the diversity of farming systems (Fadvi et al. 2011). Numerous studies have found that while energy productivity and use efficiency show a negative trend, yield and economic indicators improved linearly as fertility levels raised. (Tuti et al. 2012). To achieve sustainable development goals, research must be focused on the nexus of food, water, and energy to achieving energy balance and economic viability (Majeed et al., 2023).  The energy input and energy output were influenced by the integration of different enterprises in integrated farming system models. Adoption of Rainfed integrated farming system (RIFS) will result in improved energy utilization, all type of ecosystem services and multiple benefits to the farmers (Palsaniya, et al. 2024) and minimizing risk (Chorey et al. 2025) by nexus of various resources. 
Therefore, the present study was undertaken to estimate the energy input and output of the integration of crops with horticulture, alternate land use systems and livestock integrated farming system model, and to measure its energy use efficiency.
2. material and methods 
The present experiment was carried out in 1 ha area at AICRP for Dryland Agriculture Research, Dr. PDKV Akola during 2022-2023. The location specific integrating field crops, horticultural crops and livestock, compost, kitchen garden and farm pond in different combinations. The distribution of component was Crop (0.60 ha.) + Horticulture (0.15 ha.) + Alternate land use systems (0.15 ha.) + Livestock (0.03 ha.) + Compost (0.02 ha.) + Kitchen garden (0.02) + Farm Pond (0.03 ha.) + Boundary plantation. (Table 1). The  RIFS model was developed by considering the small and marginal farmers in the rainfed ecologies. The field experiment was set up to estimate the energy input-output, energy use efficiency, net energy gain and other energy indices for the different agricultural components. 
Table 1.  Information of different component in RIFS model
	Area
(ha.)
	Area   allocated      
        (%)
	Season

	
	
	Kharif
	Rabi
	Summer

	a. Crop Components 

	0.60
	60%
	Cotton, green gram, soybean, pigeonpea
	Chickpea, coriander, linseed 
	-

	b. Alternate land use system (15%)

	0.15
	15%
	Ber, Cowpea, cluster bean, fodder sorghum

	c. Fruit Crops (15%)

	       0.15
	15%
	Custard apple, Hanuman phal 

	d. Livestock (3%)

	      0.03
	3%
	Goat + Poultry

	e. Compost Unit (2%)

	      0.02
	             2%
	Compost

	f. Farm Pond (3%)

	      0.03
	             3%
	-

	g. Kitchen Garden (2%)

	      0.02
	             2%
	Gourds, Brinjal, Okra

	h. Bund Plantation

	Farm bund
	-
	Glyricidia, and Moringa 

	     1.00
	          100%
	                         -



The procedure for auditing energy budgeting is as follows:
To determine the total energy input and output, a variety of inputs were taken into account, including labor, fossil fuels, electricity, feed, seed, organic and inorganic fertilizers, chemicals, machinery, water, and other resources needed for crop and livestock cultivation. The yield was measured as grains, fruits, vegetables, fodder, meat, manure, and other products and by-products. The dried mass in the alternate land use system was used to determine the energy output for the dry fodder crops. Various farm machineries were used for different purposes therefore, their energy was estimated based on distributed weight utilized. Distributed weight was derived as [ (machinery unit weight/ (economic life*365 (366 for leap year) *8))] (Soni et al. 2013). To calculate energy consumption of 5 HP submersible pump during irrigation as input was derived as [ (Wt. of the engine (kg) / Life span (hrs.)] × MJ × hours of operation. (Mittal et al. (1985). The resource inputs and outputs converted from physical to energy unit (MJ) through various published conversion coefficients (Table 2, 3). The recommended dose of fertilizers and chemicals were applied as per university package of practices. The land preparation for all crops was done with a tractor drawn plough, cultivator, rotavator and manually. The record was maintained for each input in different agricultural components and once the crop was grown up, harvested yields of main and by-products of each component were measured and recorded.
Energy indices were to be carried out for study 
1. Energy use efficiency ratio (EUE)= Total energy output (TE out)/Total energy input (TE in) 
2. Net energy gain (NEG)= Total energy output – Total energy input 
3. Energy profitability (EP)= Net energy gain / Total energy input
4. Direct energy (DE)= Labor +Fuel +Electricity
5. Indirect energy (IE)= Seed +Feed +Fertilizers +Chemicals +Machineries +Water
6. Renewable energy (RE)=Labor + Organic Fertilizers + Feed
7. Nonrenewable energy (NRE)= Fuel + Electricity+ Seed +Fertilizers +Chemicals + Machinery
8. Human energy profitability (HEP)= Total output energy/ Labor energy input

Table 2. Equivalent energy of different inputs used for energy analysis in integrated farming system model
	Sr. No.
	Particular
	Unit
	Equivalent energy (MJ)

	A.
	Human Labour
	
	

	1.
	Adult man
	Man-hours
	1.96

	
	Woman
	Woman –hours
	1.57

	B.
	Fossil fuel
	
	

	1
	Diesel
	Litre
	56.31

	2
	Petrol
	Litre
	48.23

	3
	Electricity
	KWh
	3.6*

	4
	Water
	Litre
	1.02

	C.
	Machinery
	
	

	5
	Electric motor
	Kg
	64.80

	6
	Farm machinery
	Kg
	62.70

	7
	Prime movers other than electric motors (including self-propelled machines)
	Kg
	64.80

	D.
	Fertilizers
	
	

	8
	Nitrogen (N)
	Kg
	60.60

	9
	Phosphorus (P2O5)
	Kg
	11.1

	10
	Potassium (K2O)
	Kg
	6.7

	11
	Superior chemicals
	Kg
	120

	12
	Inferior chemicals
	Kg
	10.0

	E.
	Organic Manures
	
	

	13
	FYM
	Kg
	0.3

	14
	Poultry manure
	Kg
	0.3

	15
	Goat manure
	Kg
	0.3

	16
	Vermicompost
	Kg
	0.5

	F.
	Seed inputs
	
	

	17
	Cereals
	Kg
	14.70

	18
	Pulses
	Kg
	14.70

	19
	Oilseeds
	Kg
	25

	G.
	Animal Feed
	
	

	20
	Concentrates
	Kg
	6.30

	21
	Mineral mixture
	Kg
	2.00


                                                         Source:(Singh & Mittal 1992) and (Gopalan et al. 1971)



Table 3: Equivalent energy of different outputs used for energy analysis in integrated farming system model
	Sr. No.
	Particular
	Unit
	Equivalent energy (MJ)

	A.
	Main Products

	1
	Greengram, Pigeonpea, Soybean
	kg (dry mass)
	14.7

	2
	cotton seed, linseed
	kg (dry mass)
	25.0

	B.
	Vegetables

	3
	Cluster beans and Cowpea
	Kg
	1.6

	4
	Drumstick
	Kg
	0.8

	C.
	Fibre Crops

	5.
	Cotton
	kg (dry)
	11.8

	D.
	Fodder Crops
	Kg (dry)
	18.00

	E.
	Animal Products

	6
	Goat Meat
	Kg
	8.12

	7
	Poultry meat
	Kg
	10.33

	F.
	By-products

	8
	Straw, vines
	kg (dry)
	12.5

	10
	Leaves, vines and straw from vegetables
	kg (dry)
	10.0

	11
	cotton seed
	kg (dry)
	25.0

	12
	Fibre crop seed other than cotton and fuel crop seed
	kg (dry)
	10.0

	13
	Glyricidia
	Kg(dry)
	2.30*


   Source:(Singh & Mittal, 1992; Gopalan et al., 1971; Ozkan et al., 2004; Lal et al., 2003) 



[bookmark: _GoBack]3. results and discussion

RESULTS AND DISCUSSION
Energy budgeting investigates the relationship between input and output efficiency in various farming systems. The increasing efficiency of components in the IFS model directly indicates improved crop or system performance. The total energy input in the current integrated farming system model was calculated to be 13.42 GJ, whereas total energy output, net energy gain and energy profitability and energy use efficiency ratio were recorded to be 69.23 GJ, 55.29 GJ, 6.14 GJ and 4.75 GJ/GJ respectively. Among different components, lesser input energy requirement and producing higher output energy is a deciding factor for making any integration. A similar finding was reported by Kumar et al., (2019) in their analysis of the energy efficiency of the crop-livestock-poultry system within the Integrated Farming System (IFS) model, where an energy efficiency ratio of 2.27 was observed. Additionally, Paramesh et al. evaluated the energy efficiency of crop-livestock-aquaculture integration in west coast of India found that energy efficiency, net energy gain, and energy profitability of 2.63, 103311 MJ and 1.63 MJ, respectively.






Table 4 : Energy indices studied in Integrated farming system
	Energy indices
 
	2022-23

	
	CP
	HC

	ALU
	LK
	CP
	KG
	BPL

	TE input (GJ)
	6.89
	1.1
	0.935
	4.24
	0.095
	0.15
	0.062

	TE output (GJ)
	50.71
	0.52
	12.59
	4.37
	0.54
	0.291
	0.21

	TE output main (GJ)
	22.03
	0.52
	8.18
	3.81
	0.54
	0.133
	0.21

	EER
	7.35
	0.47
	13.46
	1.03
	5.68
	1.94
	3.38

	EERm (main output)
	2.99
	0.47
	8.74
	0.89
	5.68
	0.88
	3.38

	NEG
	43.36
	-0.58
	11.65
	0.13
	0.445
	0.141
	0.15

	EP
	6.29
	-0.52
	12.45
	0.03
	4.68
	0.94
	0.71

	DE
	2.77
	0.17
	0.37
	2.82
	0.094
	0.047
	0.062

	ID
	4.12
	0.93
	0.56
	1.42
	0.001
	0.103
	-

	RE
	0.62
	0.09
	0.211
	3.81
	0.094
	0.077
	0.062

	NRE
	7.48
	1.00
	0.724
	0.43
	-
	0.073
	-

	HEP
	80.85
	5.20
	59.67
	1.80
	11.48
	3.09
	3.40



The Chickpea + coriander cropping system exhibited the highest total energy input among the various systems, predominantly attributed to electricity consumption for irrigation. In the kharif cropping, alternate land use, and horticultural systems, fertilizers were found to contribute the largest share of total energy inputs, ranging from 30% to 60%. Chaudhary et al., (2017) reported the higher consumption of indirect energy in terms of nitrogen fertilizers, machinery, and electricity under paddy cultivation. To enhance the energy efficiency of the Integrated Farming System (IFS) model, the incorporation of organic fertilizers, such as compost, as an allied component, along with the adoption of advanced irrigation technologies and precision agriculture practices, is essential (Jackson et al., 2010). The rearing of livestock, kitchen gardening, and compost production demanded a greater share of labor energy in the total energy consumption. Notably, in the case of livestock, the data indicated that the direct energy input was higher compared to other components. The analysis revealed that nitrogen fertilizer, diesel, irrigation and labour energy inputs shared together more than 30% of total energy input in the IFS model. 
The share of direct and indirect energy inputs in this model was estimated as 47 % and 53 %, respectively, as per most of research finding direct energy contributed more than indirect energy to total energy, same happen in case of these Integrated farming system model. In terms of the energy efficiency ratio (EER), the highest EER was observed in the alternate land use system (13.46), followed by the crop system (7.35), while the lowest EER was recorded in the livestock (1.03) and horticultural (0.47) systems. This disparity can be attributed to the lower efficiency of livestock systems, primarily due to the substantial energy required for the maintenance of animal muscle, tissues, and bones (Taki et al. 2012). 
Regarding the horticulture components, the output equivalent value has lowest in custard apple that reflect into EER. The alternate land use system has the highest EER because dry fodder has a high output equivalent value that contributed to higher output value and low total energy input requirements. Furthermore, horticultural crops have shown a negative energy gain due to less output value. Among different agricultural production sub-systems, labor energy input was recorded maximum in goat, followed by field crops and Alternate land use system.  
The renewable and non-renewable energy inputs were recorded as 31.46 % and 68.53 %, respectively. The analysis of main and allied components revealed that, except for livestock, all other components required more nonrenewable energy. This might be due to the fact that rearing livestock requires daily maintenance, and to achieve this, renewable energy is used in the form of labor and feed. In terms of human energy profitability (HEP), the crop components unit provided the maximum HEP (80.87), followed by the alternate land use system (59.66), while the livestock component resulted in the least HEP (1.95). This occurred because the feed conversion ratio in livestock was lower.  
Assessment of energy use patterns in crop production is necessary to efficiently use available natural resources, properly manage/conserve energy, and minimize losses during different unit operations. The present study revealed that energy budgeting of integrated rainfed farming system in Western Plateau and Hills of India an energy efficient model and can be promoted and adopted in Western Plateau and Hills of India. 
Conclusions: In intensive farming, agricultural practices have affected ecosystem services. It can be assessed simply on degradation of natural resources such as soil and water. In the current situation, climate change intensifies natural resource degradation. Energy budgeting in agricultural production systems is essential to identify the best practices based on the performance of system evaluated by various energy indices. The present study revealed that integration field crops, horticultural crops and livestock, compost, kitchen garden and farm pond in different combinations can be promoted and adopted in Western Plateau and Hills of India. 
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Figure 1 : Equivalent output value of main and by-products (M J)  from different agricultural components under the RIFS model

Output main (M J)	
Crop	Horticulture	ALU	Livestock	Compost	Kitchen Garden 	Boundary plantation 	22024	523	8179	3929	540	133	123	By-product (M J)	
Crop	Horticulture	ALU	Livestock	Compost	Kitchen Garden 	Boundary plantation 	28686	4410	444.9	158	






