



Comparative Study of Power Tiller Operated Machines for Small Holders Farming in Conservation Agriculture
Abstract

Timeliness is very crucial in all farm operations in general and in seeding and planting in particular. Slightly delay in sowing operation may lead to tremendous loss in production, productivity and sometimes quality of the grains followed by plant health. Power tiller operated machineries play very vital role for small scale farming system as the average holding size is close to one hectare and more than 86% of India’s farming community are small and marginal farmers. Practice of conservation agriculture with natural resource management has made the use of power tiller or hand tractors very essential for small holders farming. The power tiller with matching implements is cost effective source of farm power and it also enables farmers to diversify cropping pattern and increase in yield of crops. Present efforts were carried out to study the performance of various types of power tiller operated machines for different farm operations in conservation agriculture starting from seedbed preparation to crop harvesting for various crops like wheat, paddy, maize, gram, soybean, pigeon pea, sunflower, groundnut etc. Comparative field performance parameters such as field capacity, field efficiency, operating cost etc. and machine parameters have been presented in this paper.
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Introduction

“India is the world’s seventh largest country covering an area of 328 Mha in which 156.4 Mha is arable and about 140 Mha is actually cultivated” (FAO, 2018). “According to agriculture census: 2015-16, small and marginal farmers with less than 2 ha of land, account for 86.2% (126 Mha) of the total 146.4 M operational land holdings in India” (DoAC & FW, 2019). “Of these 126 M operational land holdings, 68.5% belong to only marginal farmers with less than 1 ha of land which means Indian agriculture is dominated by small holders. The average size of land holdings has come down continuously from 2.28 hectares in 1970-71 to 1.08 hectares in 2015-16 and increasing fragmentation of land is major concern of Indian agriculture” (MoAFW, 2019). The land holding patterns of India as well as West Bengal are presented in Table 1 and 2, respectively. As a result, large tracts of productive land are left either uncultivated or used at very low productivity levels due to lack of capital. This makes the adoption of new technologies difficult, and this has adverse impacts on both farm productivity as well as farmers’ incomes. Therefore, the viability of marginal and small farmers is a major challenge for Indian agriculture.
“In view of the scarcity of labourers for timely farm operations, the demand of power tillers is increasing year after year for carrying out various agricultural operations especially for small holder farming community” (Mahapatra and Chattopadhyay, 2018). “However, the popularity of power tillers among the Indian farmers has not reached the level expected at the time of their introduction into Indian agriculture. One of the main reasons for low adoption of power tiller is the drudgery involved in its operation. The problem is aggravated while walking behind the machine in puddled soil during rotapuddling operation in rice fields” (Tiwari and Gite, 2002). Since the power tiller is a manually operated walking type machine, its work performance depends not only on the machine but also on the operator. With additional fittings to the power tiller, it was capable of performing operations right from primary tillage to transportation of crops. Power tiller can render all these services for many types of crop production for those farmers who need a mechanical source of power for smaller farm operations.

“Conservation Agriculture (CA) is a system avoiding or minimizing soil mechanical disturbance (no-till) combined with soil cover and crop diversification is considered a sustainable agro-ecological approach to resource-conserving agricultural production. The CA represents a set of linked principles that encourage the formulation of locally adapted practices, approaches and methods” (Hoque et al., 2016). “It is a resource-saving agricultural production system that aims to attain production intensification and competitive yields while enhancing the natural resources” (FAO, 2019). “Evidence worldwide shows that the widespread adoption of CA practices is unlikely without the right equipment: specialized equipment suitable for seeding in untilled and mulched soils and for controlling and managing cover crops and crop residues must be readily available and affordable. A number of low-cost no-till seed drills have been developed using chisel furrow openers or discs and, depending on the residue conditions, cutting discs for clearing the path for the furrow openers. Farmers spent at most 47 days ha-1 producing maize under CA systems compared to 65 days ha-1 spent under conventional tillage practices” (Ngwira et al., 2012).. “The yield was better under CA as compared to conventional tillage practice. Power tiller operated seeders, zero till-seeders, strip till-seeders and bed planter had been tested in the farmer’s field and crop yields were found more than farmer’s conventional practice” (Sarkar et al., 2012). The field performances of these small seeders were found satisfactory as compared to farmer’s conventional practice.
Kumar and Varshaney (2003) developed the power tiller operated ridger, leveler and two-row seed drill along-with their hitching system and performance evaluation was carried out in terms of field efficiency, field capacity, draft, fuel consumption and slippage. The field capacity was varied from 0.053 to 0.089 ha h-1 for ridger and seed drill, for leveler 0.7 to 0.12 ha h-1 with corresponding field efficiency of 68.72 to 76.71%, 70.98 to 78.75% and 76.63 to 88.24%, respectively, at forward speed 2.0 to 3.0 km h-1. The draft was found 35.33 to 42.11 kgf and 21.89 to 30.44 kgf for ridger and leveller, respectively, wheel slippage was varied from 15.62 to 18.33% and fuel consumption were also estimated as 1.35 to 1.5 l h-1 for ridger, leveler and seed drill, respectively. Several attachments such as cage wheel, plough, potato digger, cultivator, seed cum fertilizer drill etc. were made on a power tiller because this machine provides enormous amount of power at a low cost (Kumar et al., 2018). The light weight of power tiller is a favourable factor for working in wet and dry land conditions. 
“Field performance of power tiller was evaluated during ploughing and rototilling farm operations. Effective field capacity, field efficiency, fuel consumption, speeds of operation, depth and width of cut were evaluated” (Adamu et al., 2014).  “The field efficiency obtained was 47% and 48% for ploughing and rototilling with effective field capacity of 0.04 ha h-1 and 0.06 ha h-1, respectively. The fuel consumption was 1.3 l h-1 and 1.6 l h-1 for ploughing and rotovating at a depth of 9 cm and 5.5 cm when the soil moisture contents were 6.3 and 8%, respectively. The performance of power tiller operated potato digger was evaluated for harvesting potato at 40 cm x 60 cm spacing in the field for forward speed of 1.0 km h-1 and compared with manual digging. The effective field capacity and field efficiency were found to be 0.105 ha h-1 and 77%, respectively” (Kumar et al., 2017). The developed digger was found very economical as it reduced cost by 60% over manual digging using spade. 
Table 1: Land holding patterns in India (NABARD, 2018)
	Category 
	Land size 
	Land holders 

	Marginal
	< 1 ha 
	86 %

	Small 
	1.0 – 2.0 ha 
	

	Semi-medium 
	2.0 – 4.0 ha 
	13.4 %

	Medium 
	4.0 – 10.0 ha 
	

	Large 
	> 10.0 ha 
	0.6 %


Table 2: Land holding patterns in West Bengal (NABARD, 2018)
	Category
	Operational Holding 
	Operational Area

	
	Nos.
	%
	ha
	%

	Marginal                           (0.4-1 ha)
	50,03,485 
	76.42 
	23,99,073 
	42.93 

	Small                             (1-2 ha)
	11,00,701 
	16.81 
	16,23,724 
	29.06 

	Semi-medium                  (2- 4 ha)
	3,81,610 
	5.83 
	10,46,417 
	18.73 

	Medium                       (4-10 ha)
	60,326 
	0.92 
	3,16,459 
	5.66 

	Large                     (>10 ha)
	1152 
	0.02 
	2,02,554 
	3.62 


2. Materials and Methods
The power tiller operated different types of matching agricultural implements have been developed in India and though out the world for different farm operations such as land development and seedbed preparation, seeding and planting, intercultural operations, plant protection, crop harvesting and other related operations for crop cultivation. These matching implements play very crucial role for crop cultivation in India where majority of the farmers have small and marginal land holdings. Under present study, the matching implements for different farm operations have been selected for the study. The performance parameters such as field capacity, field efficiency, fuel consumption during operation, operating cost etc. have been studied and compared.  
2.1 Implements for land development and seedbed preparation

The performance parameters of the selected implements are shown in Table 3. These implements are very useful for timely and effective farm operations for small and marginal farm holdings. Rotary tiller is considered as an integral part of the power tiller. The rotary tiller is an excellent equipment to prepare land for wet and dry cultivation and intercultural operation in garden and crops with large row spacing. Rotary tillers have proved an ideal device for uprooting, shredding and mixing of sugarcane stumps and interculture in forest plantation. Power tiller operated disc plough is suitable for primary tillage for soil turning in heavy and medium soils. The working width and depth of the plough are 300 mm and 100 mm, respectively.  
Table 3: Performance parameters of the implements used for land development and seedbed preparation (Pradhan et al., 2015; Tripathy et al., 2020)
	Implements
	Working
	Field capacity, ha h-1
	Field eff., %
	Operating cost, 

INR ha-1
	Fuel cons., l h-1

	Cultivator
	Seedbed preparation
	0.12
	70
	540.0
	1.2

	Two share plough
	Soil tilling which has deep roots, shrubs and weeds
	0.06
	68
	510.0
	1.5

	Disc plough
	Seedbed preparation
	0.05
	65
	550.0
	1.5

	Rotary tiller
	Seedbed preparation
	0.12
	70
	480.0
	1.0

	Ridge maker
	Making ridges for row crops
	0.07
	72
	560.0
	1.5

	Plastic mulch laying machine
	Laying plastic film on the prepared soil.
	0.10
	70
	3780.0
	1.2

	Scraper cum leveller
	Land development
	0.09
	72
	350.0
	1.5

	Bench terracer cum leveller
	Land levelling, terracing and bund forming 
	0.12
	80
	640.0
	1.5


2.2 Implements for seeding and planting

The performance parameters of the selected implements are given in Table 4. These implements are very useful for timely sowing of seeds and effective utilization of costly input materials. Power tiller operated till-plant machine can perform the rotatilling as well as sowing of various seeds and application of fertilizer simultaneously. The operator can sit on the seed box without any inconvenience. The machine can be operated in all types of soils. The planting system consists of seed-cum-fertilizer box, pedal operated lifting and lowering arrangement, shoe type furrow openers and fluted roller metering mechanism. The machine is suitable for seedbed preparation and drilling of medium size seeds and fertilizer application simultaneously. 
Power tiller operated seed-cum-fertilizer drill can sow the seeds of wheat, paddy, bengalgram, greengram, blackgram, pigeonpea, soybean and similar seeds (Verma and Gupta, 2016). The machine can be operated in heavy and light soils. It consists of shoe type furrow openers with separate seed and fertilizer delivery fluted roller metering mechanism and linkage actuation by quadrant and latch for lifting and lowering of the furrow openers for adjustment of depth of seed and fertilizer placement. This machine was suitable for sowing seeds in five rows of wheat, four rows of bengalgram, three rows of soybean & sorghum and two rows of pigeon-pea crops.
Power tiller operated multi-crop planter consists of vertical rotor type seed metering mechanism, fluted roller type fertilizer metering mechanism and chisel type furrow openers. The machine was provided with individual hoppers for individual furrow openers. Provision has been made for the adjustment of depth of seed and fertilizer placement, spacing of furrow openers and fertilizer rate. Rotors with different sizes of cells are provided to meter various types of seeds. The machine can be used for the application of granular fertilizer and sowing of crops like groundnut, maize, pigeon pea, sorghum, wheat etc.        
Table 4: Performance parameters of the implements used for seeding and planting (Kumar and Varshney, 2003; Hoque et al., 2016)
	Implements
	Working
	Field capacity, ha h-1
	Field eff., %
	Operating cost,

INR ha-1
	Fuel cons.,

l h-1

	Seed cum fertilizer drill
	Seeding of wheat, soybean, bengal gram, sorghum etc. in medium and heavy soil
	0.22
	64
	2150.0
	1.1

	Multi-crop planter
	Sowing of seeds like groundnut, maize, pigeon pea, sorghum etc.
	0.10
	68
	2840.0
	0.9

	Zero till drill
	Drilling seeds directly in the field without tilling the soil
	0.09
	72
	4200.0
	0.85

	Till plant machine
	Drilling seeds in heavy, medium and light soils.
	0.10
	62
	1500.0
	1.25


2.3 Implements for intercultural operations

The performance parameters of the selected implements are given in Table 5. Power tiller operated sweep cultivator was used for intercultural operation in the standing crops having row spacing of 30 cm or more. The cultivator was able to perform first two intercultural operations at desired depth near the plants without any damage to the plants of the crop. Normally sweeps of 15 cm are used for first intercultural operation while sweeps of 10 cm are used for second intercultural operation. Weeding efficiency of 50 to 60% was recorded while operating the machine in soybean and sorghum crops sown at the row spacing of 45 cm. Power tiller operated five tyne weeder consists of five shovels mounted on the shanks on two gangs. Arrangement had been provided to adjust the spacing of the tynes from 15 - 30 cm. In order to use the weeder in the crops with narrow row spacing, one pair of cage wheels of 10 cm width had been provided. 
Table 5: Performance parameters of the implements used for intercultural operations (Jyothi et al., 2021; Kumar et al., 2018)
	Implements
	Working
	Field capacity, ha h-1
	Field eff., %
	Operating cost,

INR ha-1
	Fuel cons.,

l h-1

	Sweep cultivator
	Intercultural operations in wider spacing crops
	0.20
	80
	800.0
	0.85

	Power weeder
	Intercultural operations
	0.12
	65
	1000.0
	0.7

	Shorter rotary tiller
	Intercultural operations and loosening the soil.
	0.09
	62
	850.0
	1.5

	Five tyne cultivator
	Intercultural operations
	0.15
	60
	820.0
	1.0


2.4 Implements for crop harvesting
The performance parameters of the selected implements are given in Table 6. Power tiller operated vertical conveyor reaper is suitable for harvesting of the cereal crops. There is provision of power cut off to stop the reaper cutter bar without stopping the engine. Power tiller operated soybean harvester is suitable for harvesting soybean, bengal-gram, green-gram and black gram crops. Average harvesting losses were measured from 2 to 4% depending upon the maturity of the crop. 
Table 6: Performance parameters of the implements used for harvesting (Kumar et al., 2018)
	Implements
	Working
	Field capacity, ha h-1
	Field eff., %
	Operating cost,

INR ha-1
	Fuel cons.,

l h-1

	Groundnut digger
	Digging of groundnut crops
	0.05
	78
	1375.0
	1.0

	Potato digger
	Digging potato crops
	0.12
	72
	1350.0
	1.0

	Front mounted reaper
	Crop harvesting
	0.22
	68
	1000.0
	0.9

	Soybean harvester
	Harvesting soybean crop
	0.12
	74
	1070.0
	0.7

	Onion harvester
	Harvesting onion bulb
	0.06
	82
	920.0
	1.2


3. Results and Discussion

To enhance the utility of the power tillers, numbers of matching implements have been developed by various organizations in India for various farm operations and other utility. The field performance parameters of different types of matching implements have been compared in this study. The performance parameters of the implements are given in Tables 3 to 6. 
3.1 Field capacity: The effective field capacity of power tiller operated matching implements varied from 0.04 – 0.15 ha h-1 for land development and seedbed preparation implements; 0.08 – 0.25 ha h-1 for seeding and planting implements; 0.07 – 0.25 ha h-1 for weeding and interculture implements and 0.05 – 0.25 ha h-1 for harvesting implements. The average field capacity of the implements in different farm operations are shown in Fig. 1. The variations in field capacity of different matching implements in different farm operations is not only due to power tiller and matching implements but also due to operator performance because power tiller is operated by the operator walking behind the two wheel tractor.
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Fig. 1 Average field capacity of the implements in different agricultural operations 
3.2 Field efficiency: The field efficiency of power tiller operated implements varied from 65 – 80% for land development & seed bed preparation; 62 – 72% for seeding & planting; 60 – 80% for intercultural implements and 68 – 82% for harvesting implements. The average field efficiency of the implements in different farm operations are shown in Fig. 2. The variations in field efficiencies for power tiller operated matching implements may be due to variations in various factors such as time losses, operator’s fatigue etc.  
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Fig. 2 Average field efficiency of the implements in different agricultural operations 

3.3 Fuel consumption: The specific fuel consumption of power tiller during operation of different matching implements for various farm works varies from 1.0 – 2.0 l h-1 for land development and seedbed preparation; 0.9 – 1.25 l h-1 for seeding and planting operation; 0.7 – 2.0 l h-1 for weeding and intercultural operation and 0.7 – 1.0 l h-1 for crop harvesting operation. The average fuel consumption of the implements in different farm operations are shown in Fig. 3. The variations in specific fuel consumption during different farm operations with various matching farm implements is due to variations in load requirement for effective operation of the respective implements and also due to variations in effective performance of the operator.
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Fig. 3 Average fuel consumption of the implements in different farm operations 

3.4 Operating cost: Cost of operation of power tiller operated plastic mulch laying machine was INR 3781 ha-1 as compared to INR 12600 ha-1 in case of manual mulch laying. So, there was a saving of INR 8819 ha-1 in power tiller operated plastic mulch laying machine as compared to manual mulch laying (Tripathy et al., 2020). Power tiller operated auger digger can save the cost of operation upto 50% as compared to conventional system of digging holes. The average field efficiency of the implements in different farm operations are shown in Fig. 4.
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Fig. 4 Average operating cost of the implements in different agricultural operations 

4. Conclusions

Power tillers are multi-utility devices which are ideal for small and marginal farms, which account for nearly 86% of total landholdings. Lower rates of interest and easy availability of credit for purchase of power tillers to these small and marginal farmers would be helpful. The Department of Agriculture, Cooperation and Farmers Welfare may take up this issue suitably with the Department of Financial Services for lowering the rates of interest to at least 7% and simplifying the norms for extending institutional credit.

The country has limited land resources available for agricultural operations. We have to sustain around 16.5% of world population with only 2.4% of total land areas. Considering, ever increasing rate of population growth, there is urgent need to enhance agriculture productivity per unit of land available in the country. Agricultural mechanization is one of important ways to enhance the agricultural productivity per unit of land and thereby, increasing agriculture production for ever increasing population. Agricultural mechanization helps to enhance agriculture intensity by reducing manual labour and faster preparation of field after the harvesting. Availability of sophisticated, qualitative and suitable agriculture machineries and implementation according to the requirements of Indian farmers, therefore, become imperative for enhancing agricultural mechanization in the country. Further, considering the fragmented and small land holdings in the country, there is need to make available small farm equipments and machineries at reasonable prices to the farmers. In this scenario, power tiller with its small size, convenience, less power requirements and low prices become ideal agriculture equipment to promote agriculture mechanization in the country.
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