


ENERGY UTILIZATION PATTERN IN DRYLAND PRODUCTION SYSTEMS OF COTTON AND MAIZE
Abstract
The energy use pattern for unit operations of crop production varies under different agro climatic zones and across various farm categories. This study was conducted to determine the energy utilization pattern for cotton and maize crops for different farm size holdings under dryland conditions. Medium size farm holdings were observed as highest energy utilization for crop production i.e. 1723 MJ ha-1, for cotton and in case of maize 1673 MJ ha-1 and lowest utilization of energy was observed in small farm holdings i.e. 1142 MJ ha-1, 1213 MJ ha-1 for cotton and maize, respectively, due to more use of power sources and inputs. Among field operations, land preparation consumed maximum energy across all categories of farmers and fertilizer was observed as the dominant source of input-energy for cotton (55.1 to 64.1%) and maize (48.7 to 58.8%). Lowest machinery energy ratio and mechanization index values were observed in small farmers when compared with the medium and large farmers. From the study it was observed that crop productivity increases as the energy input increases and energy input increases with increase in farm size. The farmers in the selected clusters still depends on the traditional power sources and implements for majority of operations except few selected operations, which has less capacity to do operations. 
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Introduction
In development of agricultural process over a period of time, energy played a key role in Indian agriculture during which, During the year 1971-72, animate power dominated with 69% share in total available farm power for agricultural operations, whereas mechanical power dominated with 95% share in total farm power availability of 3.04 kW/ha in 2021-22 (Mehta et al., 2023). Energy use patterns of crops differ with the type of machines available, and extent of farm operations, irrigation modalities and inputs uses. Farm operations under various crops consume 37-62% of total energy in the country (Dipankar, 2006). The structure of energy use pattern in Indian agriculture has experienced a marked shift from animate to mechanical sources for four decades due to introduction of various types of machines.
Cotton (Gossypium sp.) and maize (Zea mays L.) are two major important commercial crops playing a key role in farmer’s economy of dryland zones of Telangana State. Over few years the yields of cotton and maize crops have been decreasing, the reasons attributed to decrease in yields of these two crops are inadequate inputs use, untimely field operations, lack of irrigation (70% area under rainfed conditions) and inefficient other crop production technologies. In dryland areas, cotton and maize farmers still use traditional farm implements that have low field capacity and demand more power. Several labor intensive field operations like planting, weeding and harvesting which could be semi-mechanized/mechanized are still being carried out manually and labor shortage is frequent in peak seasons. Any delay in timely completion of these operations leads to yield loss. The energy use pattern for unit production of crop has varied under different agro-climatic zones. The use of energy in crop production depends on the availability of energy sources in particular regions and on the capacity of the farmers (Kalbande and More, 2008). Hence, the investigation on energy use patterns for crop production operations was carried out under different categories.
Materials and Methods
A field survey was conducted to collect data and analyze the source and operation wise direct and indirect energy use in cotton and maize production systems. Accordingly, a survey was conducted in selected cluster of villages, which represented the predominant cultivation practices of cotton and maize. Three categories of farmers were selected for survey purposes based on their farm holding size. The farm categories were small farmers (1 to 2 ha), medium farmers (4 to 10 ha) and large farmers (10 ha and above) as studied by Sanjeeva Reddy et al., (2009). Under each category 10 farmers were selected randomly in each cluster for each crop. Overall, 60 farmers were selected for face to face interview for each crop to collect the relevant data which needed for the study. 
Energy calculation and Analysis
The energy use from direct energy sources (Human, animal and mechanical) and indirect energy sources (FYM, seed, fertilizers and chemicals) were quantified. The Human, Animal and Mechanical energy input (MJ/ha) at every stage in production process were estimated by the following equation (Vivek Khambalkar et al, 2010).
          Labour × Time
Human Energy = -------------------- × LABENF
      Area 

Where, 	TIME		=	Operating time, h
		AREA		=	Operating area, ha
		LABENF	=	Labour energy factor, MJ/h
Energy for bullock (MJ/ha) = Energy co-efficient of bullock × time (h/ha)
 						TW×CED
Mechanical Energy = --------------- × h × RU ×AFU × PEU
UL 
Where, TW	=	Total weight of the specific machine, kg
	CED	=	Cumulative energy demand for machinery, MJ/kg
	UL	=	Wear-out life of machinery, h
	h	=	Specific working hours per run, h/ha
	RU	=	Runs, number of applications in the field operations considered
	AFU	=	Average fuel use for working hour, l/h
	PEU 	= 	Specific energy value per liter of fuel, MJ/l

The indirect energy per unit area for other production inputs such as fertilizer, pesticides and seed was expressed as,
ED = RATE x MATENF
Energy use efficiency: The comparison of how efficiently different crops convert input energy into output energy is called energy use efficiency and defined as the ratio of output energy to input energy (Prasanna Kumar et al, 2013).
                 			Crop yield (kg)
Energy productivity (kg/MJ) = ----------------------------
    Input energy (MJ) 
Output energy (MJ) 
Energy ratio = --------------------------------
Input energy (MJ) 
Machinery Energy Ratio (Machine Index)
The machinery energy ratio is an index which represents the fraction of the total energy inputs through the various tools and implements used in different operations for cultivation practices of a particular crop. The machinery energy ratio was determined using equation described by Adrian et al. (2007).
Me(a, i)
MER = ----------------------------
Te(a, i)
    
Where, MER is the ratio of the machinery energy to the total energy input
Me(a, i) is the energy input through the various machines/implements
Te(a, i)  is the total energy input (from human labour, animals, machine/hand tools, seed, and farmyard manures) for the production of crop ‘i’ in the production unit ‘a’.
Mechanization Index
Mechanization index is an index based on the ratio of the cost of use of machinery to the total animate and machinery cost for the estimation of the mechanization. The mechanization index based on the matrix of use of animate and machinery energy inputs was determined as suggested by Singh (2006) and is given below.

CEMi 
MER = ----------------------------
          CEHi + CEAi + CEMi
Where, 	Imi	= 	Mechanization index of the ith crop, 	
		CEMi	= 	Cost of use of machinery ith crop, 
		CEHi	= 	Cost of use of Human labour ith crop	
		CEAi	= 	Cost of use of bullock pair ith crop
Results and Discussions
Operation-wise and Source-wise Energy Utilization (MJ ha-1) for Cotton 
The operations wise energy utilization data collected for cotton was shown in Figure 1.  In the field operational activities, land preparation consumed maximum percentage of total operational energy across all farm categories, in which medium farmers spent highest energy 1723 MJ ha-1 followed by large farmers 1421 MJ ha-1 and small farmers 1142 MJ ha-1, which include mainly machinery and animate power sources usage (Table 1). After land preparation, the next highest energy consuming operation was interculture and weeding, whose quantity ranged from 23.9% to 31.8% of the total operational energy. Plant protection was observed as lowest energy consuming operation in all categories of farmers in which large, medium and small farmers were recorded 97, 84 and 114 MJ ha-1, respectively.
Energy, MJ/ha

Figure 1. Operation wise energy expenditure (MJ ha-1) for cotton crop
Table 1. Operation wise energy expenditure (MJ ha-1) for cotton and maize crop
	Farm category
	Farm operation
	

	
	Land preparation
	Sowing
	Interculture & weeding
	Plant protection
	harvesting
	Stalk uprooting/ Threshing
	FYM application
	Total energy

	Cotton crop

	Large
	1421
	146
	1052
	97
	605
	478
	594
	4392

	Medium
	1723
	146
	1034
	84
	417
	453
	883
	4739

	Small
	1142
	165
	1107
	114
	582
	35
	327
	3472

	Maize crop

	Large
	1673
	356
	612
	96
	565
	1065
	736
	5103

	Medium
	1378
	510
	669
	123
	495
	822
	687
	4685

	Small
	1213
	296
	718
	104
	525
	1195
	370
	4422



The source wise energy use pattern in cotton cultivation under different categories of farmers is shown in Figure 2 and Table 2. The major dominant energy spent input source was fertilizers irrespective of different categories of farmers and its contribution in total energy in selected categories of farmers ranged from 55.1 to 64.1% followed by mechanical energy the next highest in the range of 8.9 to 17.3%. As the source wise energy uses were concerned, medium farmers used highest chemical fertilizers 9859 MJ ha-1, mechanical energy 3005 MJ ha-1 and farmyard manure (FYM) 2249 MJ ha-1. The two lowest energy expended operations reported were input seed and chemicals to control pest and diseases in cotton crop across all the categories of farmers. Fertilizer was the dominant source of energy in all size farms and clusters, but it increased with increase in farm size to some extent, which is mainly due to investment capacity of the farmers and lack of awareness among them about the recommended package of practices. Therefore, it is essential to educate the farmers about use of recommended packages of practices to reduce energy and ultimately the cost. Sanjeeva Reddy et al., (2009) and Avinash Wakode et al., (2013) determined energy expenditure patterns in dryland groundnut, cotton and cotton production respectively and reported similar observations.
Energy, MJ/ha

Figure 2. Source wise energy expenditure (MJ ha-1) for cotton crop
Table 2. Source wise energy expenditure (MJ ha-1) for cotton and maize crop
	Farm category
	Source wise energy
	

	
	Human energy
	Bullock energy
	Mechanical energy
	FYM
	Seed
	Fertilizers
	Chemicals
	Total energy

	Cotton

	Large
	1480
	492
	2420
	1623
	68
	8016
	432
	14531

	Medium
	1244
	490
	3005
	2249
	70
	9859
	381
	17298

	Small
	1515
	778
	1179
	808
	72
	8488
	400
	13239

	Maize

	Large
	1161
	248
	3694
	1919
	272
	7258
	328
	14881

	Medium
	1050
	319
	3316
	1558
	272
	9774
	324
	16613

	Small
	1361
	538
	2524
	1103
	272
	7634
	299
	13730



Operation-wise and Source-wise Energy Utilization Pattern (MJ ha-1) for Maize 

The operations wise energy utilization data collected for maize was shown in Figure 3 and Table 1. In the field operational activities, land preparation consumed maximum total operational energy across all farm categories, in which large farmers spent 1673 MJ ha-1 followed by medium farmers 1378 MJ ha-1 and small farmers 1213 MJ ha-1, which include mainly of machinery and animate power sources. After land preparation, the next highest energy consumed operation was threshing, whose quantity ranged from 17.5 to 27.0% of the total operational energy. Farmyard manure (FYM) application was observed as lowest energy consumption operation in all categories of farmers; large, medium and small farmers were recorded 736, 687 and 370 MJ ha-1, respectively. 
Figure 3. Operation wise energy expenditure (MJ ha-1) for cotton and maize crop
The operations wise energy utilization data collected for maize was shown in Figure 4 and Table 1. In maize crop also, major dominant input source reported was fertilizers irrespective of different categories of farmers and its contribution in total energy in selected categories of farmers ranged from 48.7 to 58.8 % followed by the next highest was mechanical energy in the range of 18.3 to 24.8%. As the sources wise energy uses were concerned, medium farmers used highest chemical fertilizers 9774 MJ ha-1 and large farmers highest mechanical energy 3694 MJ ha-1 and farmyard manure (FYM) 1919 MJ ha-1. The two lowest energy expenditure operations reported were input seed and chemicals to control pest and weed growth in maize crop across all the categories of farmers.

Figure 4. Source wise energy expenditure (MJ ha-1) for cotton and maize cropEnergy, MJ/ha

The observations of the present study on energy used by different categories of farmers under selected dryland crops agreed with the findings reported by Sanjeeva Reddy et al., (2009) and Avinash Wakode et al., (2013). In the present study, the energy utilization from animate power sources (animal and human) decreased with increase in farm size in contrary to mechanical energy utilization increased with increase in farm size. It means that, with increase in farm size, draft animal energy was replaced by mechanical energy indicating that large farmers were more dependent on mechanical sources than small farmers. This is mainly because large farmers cannot maintain animals due to scarcity of labour to work in agricultural related activities. On the other hand, small farmers cannot offer to use machines in crop production. Similar observations were reported by Prasanna Kumar et al., (2013).
Energy Ratio, Energy Productivity for Cotton and Maize
The energy use efficiencies for cotton and maize production systems were presented in Table 3. For cotton, highest output energies were observed with medium farmers 66602 MJ ha-1, when compared with large farmers 62633 MJ ha-1 and small farmers 55769 MJ ha-1. The highest energy use efficiency was observed with large farmers at about 4.31 and lowest was 3.85 in case of medium farmers. The energy productivity did not show much variation between different categories of farmers, because productivity increased with increase in energy within the optimum yield range. Although, medium farmers used a higher amount of input energy than large and small farmers, it did not result in higher energy productivity. The energy productivity ranged from 0.15 and 0.17 kg MJ-1 in cotton. 
In maize production, the highest output energy was found in medium farmers 77079 MJ ha-1 and similar trend as that of cotton was observed in maize also. The energy use efficiency was observed among three categories of farmers was ranged from 4.54 to 4.85. The reason for low energy ratio for medium farmers compared to small and large farmers was due to less output energy, more input energy and lesser yield per unit area. The farmers of these clusters are completely dependent on the rainfall and inputs; it indicated that the yield depends upon the climatic characteristics and inputs used pattern for the crop. From the study, the yield was increased with increase in input energy and energy ratio was increased with increase in farm size and similar observations were reported by Singh (2013) and Shahin et al., (2008).
Table 3.  Energy use efficiency in cotton and maize production system
	
	Cotton
	Maize

	
	Large
	Medium
	Small
	Large
	Medium
	Small

	Input energy MJ/ha
	14531
	17298
	13239
	14881
	16613
	13730

	Output energy MJ/ha
	62633
	66602
	55769
	72099
	77079
	62325

	Yield, kg/ha
	2506
	2664
	2231
	4905
	5244
	4246

	Energy use efficiency
	4.31
	3.85
	4.21
	4.85
	4.64
	4.54

	Specific energy, MJ/kg
	5.80
	6.49
	5.93
	3.03
	3.17
	3.23

	Energy productivity, kg/MJ
	0.17
	0.15
	0.17
	0.33
	0.32
	0.31

	Net energy return, MJ/ha
	48102
	49304
	42530
	57218
	60466
	48595



Machinery Energy Ratio and Mechanization Index 
Machinery energy ratio and mechanization index were mainly dependent upon the availability of power sources and their extent of utilization pattern in crop production. The values of these indices for both crops were given in Table 4. The highest machine energy ratio was observed in medium farmers 0.43 and 0.52 for cotton and maize, respectively. The small farmers were reported as lowest machinery energy ratio in both the crops.  Overall, machinery energy ratio values decreased with decrease in land holding size, indicating that, the large and medium farmers can use machinery energy in the range of 16.6 to 17.3 % of input energy in cotton and 19.9 to 24.8% in maize. 
The highest machine energy ratio was observed in medium farmers 0.36 and 0.39 for cotton and maize, respectively. Like machinery energy ratio, differences were observed between small farmers and other categories of farmers. In both crops, small farmers were the lowest machinery energy utilized category for crop production. It indicated that small farmers had hindrance to the use of machinery in the clusters in comparison to large and medium farmers. In these clusters, no appropriate implement/self-propelled machinery was observed for various field operations except land preparation and transport of FYM, inputs, agricultural produce etc. For all other operations like sowing, intercultural & weeding and harvesting were carried out by hand labour, which also affected mechanization index. Mechanization index values indicated that these clusters were poorly mechanization, which causes stagnation in crop productivity. 





Table 4. Machinery energy ratio (MER) and mechanization index (MI)
	
	Cotton
	Maize

	
	large
	medium
	Small
	large
	medium
	Small

	Machine Energy ratio
	0.40
	0.43
	0.26
	0.51
	0.52
	0.44

	Mechanization index
	0.29
	0.36
	0.17
	0.38
	0.39
	0.23



Conclusions
Cotton and maize crops are predominantly grown in dry land agriculture and productivity levels of these two crops are very low due to inadequate use of inputs and inefficient crop production technologies. From the study it was observed that crop productivity increases as the energy input increases and energy input increases with increase in farm size. The farmers in the selected clusters still depend on the traditional power sources and implements for majority of operations except few selected operations, which has less capacity to do operations. Though the farmers are aware of the availability of improved machinery, they cannot use them due to cost considerations and low scale of operations for crop production in these clusters.
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