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Abstract
Power tiller-operated machines may play an important part in paddy cultivation for small-scale farming systems because the average holding size is close to 1 ha and more than 86% of India's farming population is small and marginal farmers. A power tiller-operated strip-till multi-crop planter is currently being designed and tested in an attempt to mechanise paddy farming in small-holder agricultural communities.  Production and productivity might be raised by lowering cultivation costs and improving input usage efficiency by raising the degree of mechanisation through the adoption of suitable matching implements for paddy cultivation in small farming communities. For smallholder farming that focusses on paddy cultivation, efforts are being undertaken to employ conservation tillage techniques using power tiller-operated corresponding equipment.  The developed planter was tested using three different tillage practices: conventional tillage (CT), strip tillage (ST), and zero tillage (ZT). Strip-tilling operations utilised three types of rotary blades: L-type, J-type, and C-type. The created machine was assessed in terms of field capacity, fuel consumption, draft, seed germination, and crop production.  Average paddy yield in CT was maximum (2672 kg ha-1) followed by ST (2556 kg ha-1) and ZT (2442 kg ha-1). The cost of cultivation was maximum for CT followed by ZT and ST. 
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1. Introduction
“Rice (Oryza sativa L.) is one of the most important food crops in the world, and staple food for more than 60% of the global population” (Kaur and Singh, 2017; Kumar and Karmakar, 2025). In India, rice is the important food crop covering about one-fourth of the total cropped area and providing food to about half of the Indian population (Sankaralingam, 2020). The total rice cropped area is 161.5 million hectares in the world. In India, rice is grown on an area of 43.5 m ha with a total production of 105.5 mt and productivity of 2.4 t/ha (Tiwari et al., 2020). “Transplanted paddy require low seed rate (50 kg ha-1) as compared to other methods like drilling (100 kg ha-1) and broadcasting (130 kg ha-1)” (Kumar and Thomas, 2019). “Basically in India establishment of rice depends on the availability of moisture, climatic condition, age of the variety, availability of inputs & human labour. Rice is a labour-intensive crop and requires about 80-90 labour days per acre” (Nadaf et al., 2023). Timely availability of labour and water for various activities of rice is becoming a problem.
Mechanization for paddy cultivation is done for different farm operations right from field preparation, direct seeding, transplanting to harvesting and threshing by using various tractor drawn implements. Marginal and small land holders are not able to adopt mechanization due to lack of appropriate power tiller matching implements and also lack of awareness to use power tillers effectively. Kumar and Karmakar (2024) studied the performance of various power tiller operated matching implements for different farm operations in conservation agriculture for various crops. The mechanization level of India depicts that the farm power availability has crossed 2.6 kW ha-1 (Rathinavel et al., 2024). “Power tiller operated machines may play vital role for small scale farming system as the average holding size is close to 1 ha and more than 86% of India’s farming community are small and marginal categories” (Kumar and Karmakar, 2025a).  
Sahu and Verma (2016) tested “a seed metering device at three inclination angle 50⁰, 45⁰ and 40⁰ at three rotor speed 15, 23 and 28 rpm at the forward speed of 4.5 km h-1 for three varieties of paddy. Average spacing obtained at plate inclination angle of 50°, 45° and 40° were (19.13, 14.13 and 8.86 cm), (20.13, 15.03 and 10.03 cm) and (19.23, 14.6 and 9.46 cm), respectively for all three varieties at different rotor speed. Metering device inclined at 45° gave the best seed spacing with all varieties of paddy seeds. Optimum seed rate of all three varieties of paddy was about 13.3 kg ha-1 at 45° inclination angle and lower rotor rpm. Multiple index 8.7% was highest at 40° inclination with higher rotor speed. The least multiple index 4.0 % was observed at 45° inclination and minimum rpm of seed plate”.
Sahu et al. (2019) conducted an experiment for testing the metering device with inclination angle of 50°, 60°, 70° and gear ratios of 1:1, 1.31:1, 1.57:1 and 1.94:1 respectively in the laboratory. The results showed that the seed rate increases with decreasing the angle of inclination and gear ratio for all varieties of paddy. Seed rate was found about 20 – 25 kg ha-1 at 60° and gear ratio 1.57:1 and 1.94:1 for all varieties of paddy with negligible seed damage. Test showed that 50° and 60° inclination angle and gear ratio 1.57:1 and 1.94:1 at forward speed of 4.5 km h-1 was selected for field testing. 
Kumar and Thomas (2019a) conducted an experiment to analyse the four bar linkage mechanism of a power tiller operated 8-row rice transplanter. Position analysis, velocity analysis and acceleration analysis were done from both analytical as well as graphical methods. The acceleration and velocity of transplanting finger at different crank angles were evaluated. The maximum acceleration and velocity were found to be 3866.5 cm s-2 and 280.32 cm s-1 respectively, at 125 rpm crank speed. The angle of fixed link with the horizontal was 37.41⁰. Total distance travelled by the finger in the vertical direction was found to be 20.05 cm. 
 Kumar and Thomas (2019) conducted “an experiment to develop a manually operated 2-row rice transplanter with a modified four-bar linkage mechanism of power tiller operated 8-row rice transplanter. The average hill-to-hill spacing, depth of planting, no. of seedlings per hill and height of seedlings were found to be 21.68 cm, 6.98 cm, 3.68 and 20.21 cm, respectively. The missing hills and floating hills were found to be 8.54% and 3.66%, respectively. The actual field capacity and the efficiency of the developed rice transplanter were found to be 0.14 ha day-1 (8 hrs) and 85.5%, respectively”.
Modi et al. (2022) developed a tractor operated mat type nursery seeder for the preparation of mat type nursery for mechanized transplanting of paddy with paddy transplanter. It was observed that mat type nursery seeder saves 60-65% cost and 90-95% labour as compared to the traditional method of nursery raising.
Maklavani et al. (2025) investigated that “agricultural mechanization can enhance the technical efficiency, energy consumption, and environmental sustainability of paddy cultivation compared to conventional farming practices. Results showed that mechanized farming systems gives higher productivity and lower energy use, while also reducing environmental impacts such as greenhouse gas emissions, water consumption, and soil erosion”.
2. Materials and Methods
2.1 Development of strip-till multi-crop planter
Power tiller operated strip-till multi-crop planter was developed which consists of furrow opener, seed and fertilizer boxes, seed metering mechanisms, seed and fertilizer tubes, ground drive wheel, furrow covering unit, strip-tilling unit, chain & sprockets, set of bevel gears etc. The power tiller VST Shakti 130DI was used as the prime mover.  


2.2 Performance evaluation of the developed multi-crop planter
The performance of the developed strip-till multi-crop planter was evaluated in the laboratory as well as in the field with paddy of variety GB1.
2.2.1 Experimental site
Field investigations were carried out during the cropping season of 2022-23 at Instructional Farm of Bidhan Chandra Krishi Viswavidyalaya (BCKV), Nadia, West Bengal, India. The research work was a part of the PhD research project named “Power Tiller Operated Strip-till Multi-crop Planter for Conservation Agriculture”. The homogeneous soil of the field was clay loam type. The design of experiment was split plot with three replications and the whole experiments were carried out in accordance to the design. The crop was cultivated according to three different tillage practices viz. conventional tillage (CT), strip tillage (ST) and zero tillage (ZT). 
2.2.2 Experimental details
The entire field of area 26 x 62 m2 was divided equally into three main plots of 8 x 62 m2 area comprising of 3 different tillage practices as conventional tillage (CT), strip tillage (ST) and zero tillage (ZT). The paddy (GB1) was sown in Kharif season. For field preparation, various tractor drawn tillage implements were used in CT and ST whereas no tillage was done in case of ZT. The crop was sown with the developed power tiller operated strip-till multi-crop planter.  
2.2.3 Crop establishment technique
The developed power tiller operated strip-till multi-crop planter was used for sowing of paddy in CT and ZT without strip tilling and in ST with strip tilling. The VST Shakti 130DI was selected as the matching prime mover for the development of strip-till multi-crop planter. The row to row and plant to plant spacing were 20 cm and 15 cm, respectively. Inclined plate type seed metering mechanism was used to maintain seed to seed spacing of the crop. The metering plates were designed on the basis of engineering properties of paddy (GB1) seeds. Separate seed boxes were used for rows and row to row spacing was adjustable. The number of rows of the power tiller operated multi-crop planter for paddy were four.  
The multi-crop planter was calibrated before sowing operation in the field. The inclined type seed metering plates with cells made on the periphery of the circular plates was used for paddy seeds. 
	The recommended dose of fertilizer (RDF, kg ha-1) was (N:P2O5:K2O) 50:20:20 for paddy. Urea (46 % N), Di-ammonium Phosphate (DAP) (18 % N and 46 % P2O5) and Muriate of Potash (MOP) (60 % K2O) were used to apply to meet N:P2O5:K2O dose. The amount of nitrogen (N) was calculated from Urea (46 % N) and DAP (18 % N) to meet out required dose. The amount of P2O5 and K2O were calculated from DAP (46 % P2O5) and MOP (60 % K2O), respectively to meet out the required dose. 
3. Results and discussion
The performance of the developed power tiller operated strip-till multi-crop planter was evaluated in both laboratory and field conditions with paddy (GB1) seeds. The machine was calibrated five times with a fixed number of revolutions of ground drive wheel (5, 10, 15, 20, and 25). The average seed rate was found to be 16.42 kg ha-1. 
The sand bed method was used to evaluate the performance of the machine in the laboratory. The average seed to seed spacing, number of multiples, missing hills and visible damage were found as 15.40 cm, 4.48%, 1.99% and 1.49%, respectively. The field performance of the developed planter was undertaken in terms of field capacity, draft, fuel consumption, seed germination and crop yields.
3.1 Effective field capacity
The average EFC at 1.5 km h-1 forward speed for paddy sowing was 0.105 ha h-1. And when forward speed increased to 2.5 km h-1, the average EFC increased to 0.161 ha h-1 as shown in Fig. 1 (a). The percent increase in EFC from 1.5 km h-1 to 2.5 km h-1 forward speed was 53.33%. With the increase in operating depth, the average EFC was increased for C-type rotary blade. The average EFC for L-type blade was minimum at 5 cm operating depth and maximum at 6 cm operating depth. The average EFC for J-type rotary blade was minimum at 4 cm operating depth and maximum at 5 cm operating depth as illustrated in Fig. 1 (b). This was due to minimum time losses during turning, adjustment, seed refilling etc.
3.2 Fuel consumption
It was observed that the fuel consumption decreases with increase in forward speed of the machine for all types of rotary blades used in strip-tilling. The fuel consumptions at 1.5 km h-1 forward speed for paddy were 13.29, 13.09 and 12.48 L ha-1 for L-type, J-type and C-type rotary blades, respectively. With increase in forward speed to 2.5 km h-1, the fuel consumptions were 12.21, 12.11 and 11.78 L ha-1 for L-type, J-type and C-type rotary blades, respectively as shown in Fig. 2 (a). The average fuel consumption at 1.5 km h-1 forward speed was 12.96 L ha-1. With increase in forward speed to 2.5 km h-1, the average fuel consumption decreased to 12.03 L ha-1. The percentage decrease in fuel consumption with increase in forward speed from 1.5 to 2.5 km h-1 was 7.18%. It was observed that with increase in operating depth from 4 to 6 cm, the average fuel consumption was decreased for L-type and C-type rotary blades and for J-type rotary blade, it was minimum at 5 cm operating depth and maximum at 6 cm operating depth as illustrated in Fig.2(b).
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	(b)


Fig. 1 Effective field capacity at different forward speed and operating depth for different rotary blades
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Fig. 2 Fuel consumption of the machine at different forward speed and operating depth for different rotary blades


3.3 Wheel slip
It was observed that the average slip percentage of power tiller wheel was 8.96±1.97% in paddy cultivation. The slip percentage was decreased with increase in forward speed as shown in Fig..3(a). The average slip at 1.5 km h-1 forward speed was 9.92% for paddy sowing. At 2.5 km h-1 forward speed, the average slip percentage was 7.51%. When the forward speed increased from 1.5 km h-1 to 2.5 km h-1, the slip percentage was decreased by 24.29%. It was also found that slip percentage decreases with increase in operating depth as illustrated in Fig..3(b). The average slip percentage at 4 cm operating depth was 9.92%. At 6 cm operating depth, the average slip percentage was 7.54%. It was seen that the maximum slip percentage was for L-type rotary blade. The slip percentage for L-type blade was 10.47%. The minimum slip percentage was 6.27% for C-type blade at 6 cm operating depth. 
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Fig. 3 Slip at different forward speed and operating depth for different rotary blades

3.4 Draft
The draft of the machine was increased with increase in operating depth and forward speed for all types of rotary blades as illustrated in Fig. 4 (a & b). The drafts at 1.5 km h-1 forward speed were 167, 160 and 160 N for L-type, J-type and C-type rotary blades, respectively. With increase in forward speed to 2.5 km h-1, the drafts were 230, 277 and 237 N for L-type, J-type and C-type rotary blades, respectively. With increase in operating depth from 4 cm to 6 cm, the draft increases for all types of rotary blades used. The maximum draft (318 N) was found at 6 cm operating depth for J-type rotary blade and minimum draft (133 N) was found at 4 cm operating depth for L-type rotary blade.
    
	(a)
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Fig. 4 Draft of the machine at different forward speed and operating depth for different rotary blades
3.5 Germination of seeds
The average germination of paddy seeds was observed for strip tillage operation with different input parameters as illustrated in Fig..5. It was observed that the average seed germination of paddy were 84.01±2.21%, 83.57±2.84% and 84.81±1.23%, respectively for L-type, J-type and C-type rotary blade tilled plots.
   
	(a)
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Fig. 5 Seed germination at different forward speed and operating depth for three types of rotary blades
It was seen from the Fig..5(a) that with increase in forward speed from 1.5 km h-1 to 2.5 km h-1, the seed germination was more or less same for all rotary blades. With increase in operating depth from 4 cm to 6 cm, the seed germination was almost same at 4 cm and 6 cm operating depth for all types of rotary blade but at 5 cm operating depth, the seed germination was minimum for J-type of rotary blade as shown in Fig. 5(b).
3.6 Yield of paddy 
The average yield variation of paddy under strip tillage plots with forward speeds and operating depths are presented in Fig..6. It is observed from Fig. 6 (a) that the average yield of paddy was maximum (2628 kg ha-1) under strip tilled plot operated by L-type rotary blade at 1.5 km h-1 forward speed and minimum (2286 kg ha-1) operated by J-type rotary blade at 2.5 km h-1 forward speed.
From Fig..6 (b), it was seen that the average yield of paddy was maximum (2804 kg ha-1) under strip tilled plot operated by L-type rotary blade at 4 cm operating depth and minimum (2149 kg ha-1) operated by J-type rotary blade at 5 cm operating depth.
The average yield of paddy under strip tillage operation for various input parameters and the yield under conventional tillage and zero tillage are presented in Fig..7. From Fig. .7(a), it was seen that the average paddy yield was maximum for conventional tillage plots (2672 kg ha-1) followed by strip tilled plots (2556 kg ha-1) operated at 1.5 km h-1 forward speed and zero tilled plot (2442 kg ha-1).
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Fig..6 Paddy yield variation with (a) forward speed and (b) operating depth for different rotary blades
From Fig..7(b), it was observed that the average paddy yield of all the strip tilled plots operated at 4 cm operating depth was maximum (2658 kg ha-1) followed by 6 cm (2442 kg ha-1) and 5 cm (2406 kg ha-1) operating depth. 
Similarly, from Fig..7(c), it was seen that the average paddy yield of all the strip tilled plots operated by L-type rotary blade was maximum (2575 kg ha-1) followed by C-type (2543 kg ha-1) and J-type (2389 kg ha-1) rotary blade.
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(c)
Fig..7 Paddy yield variation of strip tilled plot with (a) forward speed (b) operating depth and (c) type of rotary blade and comparison with yield under zero tillage and conventional tillage


3.7 Cost of production for paddy
From Fig..8, it was found that the cultivation cost of paddy was maximum under CT (58230 INR ha-1) followed by ZT (46559 INR ha-1) and ST (45784 INR ha-1). The gross return was observed as maximum for CT (85130 INR ha-1) and minimum for ZT (77802 INR ha-1) whereas net return was maximum for ST (33936 INR ha-1) and minimum for CT (26899 INR ha-1). The cultivation cost under CT was maximum due to higher operational charge and electricity charge used during irrigation. On the other hand, the gross return and net return were maximum under strip tillage because of lower input resources used for cultivation and higher crop production. The B:C ratio were observed as 0.74, 0.67 and 0.46 for ST, ZT and CT, respectively (Table 1). 

Fig. 8 Graph showing the Cost of cultivation and returns under different tillage practices for paddy
Table 1 Cost of cultivation and returns under different tillage practices
	Crop
	Tillage
	Cost of cultivation, INR ha-1
	Gross return, INR ha-1
	Net return, INR ha-1
	B:C ratio

	Paddy
(GB1)
	ST
	45784.27
	79720.73
	33936.46
	0.74

	
	ZT
	46558.93
	77802.12
	31243.19
	0.67

	
	CT
	58230.48
	85129.92
	26899.44
	0.46



4. Conclusions:
Sowing of seeds is a very crucial and time bound farm operation for better crop production and productivity. With the considerations of small and marginal farm holders, and the advantages of strip tillage (ST) over conventional tillage (CT) and zero tillage (ZT), the present work was carried out to develop a power tiller operated strip-till multi-crop planter for conservation agriculture. Conventional tillage requires large amount of energy as well as high operating cost. The operating time from tillage to sowing is also high in CT as compared to combined tillage and ZT. The loss of natural resources from CT could be minimized with the adoption of reduced tillage or combined tillage. The study shows that power tiller operated strip-till multi-crop planter can be used effectively to compensate conventional and zero tillage practices especially for small and marginal farm holdings.  
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Paddy

L-type	4	5	6	12.960350877192985	12.733973375087947	12.481818181818182	J-type	4	5	6	12.410517187007251	12.352470395948657	12.927505878894769	C-type	4	5	6	12.338299535785131	12.231030862769353	11.863243491118439	Operating depth, cm


Fuel consumption, L ha-1




L-type	1.5	2	2.5	10.44	10.15	8.27	J-type	1.5	2	2.5	9.33	8.73	6.93	C-type	1.5	2	2.5	10	8.5	7.33	Forward Speed, km h-1


Slip, %




L-type	4	5	6	10.47	10.3	8.44	J-type	4	5	6	8.8699999999999992	8.82	7.91	C-type	4	5	6	10.43	9.1300000000000008	6.27	Operating depth, cm


Slip, %




L-type	1.5	2	2.5	167	197	230	J-type	1.5	2	2.5	160	223	277	C-type	1.5	2	2.5	160	207	237	Forward speed, km h-1


Draft, N




L-type	4	5	6	133	198	262	J-type	4	5	6	157	185	318	C-type	4	5	6	143	200	260	Operating depth, cm


Draft, N




L-type	1.5	2	2.5	85.766666666666666	84.190000000000012	82.073333333333338	J-type	1.5	2	2.5	84.779999999999987	83.416666666666671	82.506666666666661	C-type	1.5	2	2.5	85.40666666666668	84.12	84.916666666666671	Forward speed, km h-1


Seed germination, %




L-type	4	5	6	85.89	83.470000000000013	82.67	J-type	4	5	6	85.39	80.3	85.013333333333335	C-type	4	5	6	85.780000000000015	84.436666666666667	84.226666666666674	Operating depth, cm


Seed germination, %




L-type	1.5	2	2.5	2628.3333333333335	2604.6666666666665	2491.3333333333335	J-type	1.5	2	2.5	2483.6666666666665	2398	2286.3333333333335	C-type	1.5	2	2.5	2556	2500	2571.6666666666665	Forward speed, km h-1


Yield, kg ha-1




L-type	4	5	6	2804	2517.3333333333335	2403	J-type	4	5	6	2572.6666666666665	2149.3333333333335	2446	C-type	4	5	6	2598.3333333333335	2552.3333333333335	2477	Operating depth, cm


Yield, kg ha-1




Paddy

1.5	2	2.5	CT	ZT	2556	2500.8888888888887	2449.7777777777778	2672	2442	Forward speed, km h-1


Yield, kg ha-1



Paddy

4	5	6	CT	ZT	2658.3333333333335	2406.3333333333335	2442	2672	2442	Operating depth, cm


Yield, kg ha-1



Paddy

L-type	J-type	C-type	CT	ZT	2574.7777777777778	2389.3333333333335	2542.5555555555557	2672	2442	Type of rotary blade


Yield, kg ha-1



Cost of cultivation	ST	ZT	CT	45784.27	46558.93	58230.479999999996	Gross return	ST	ZT	CT	79720.729200000002	77802.12	85129.919999999998	Net return	ST	ZT	CT	33936.459200000005	31243.189999999995	26899.440000000002	Crop cultivation under different tillage


Cost, INR ha-1




L-type	1.5	2	2.5	9.9333333333333329E-2	0.12333333333333334	0.151	J-type	1.5	2	2.5	0.10833333333333334	0.13433333333333333	0.158	C-type	1.5	2	2.5	0.10866666666666668	0.13633333333333333	0.17400000000000002	Forward speed, km h-1


EFC, ha h-1




L-type	4	5	6	0.12433333333333334	0.12133333333333333	0.128	J-type	4	5	6	0.13166666666666668	0.13733333333333334	0.13166666666666668	C-type	4	5	6	0.13833333333333334	0.13899999999999998	0.14166666666666666	Operating depth, cm


EFC, ha h-1




Paddy

L-type	1.5	2	2.5	13.294137022397893	12.673994490358126	12.208010921343094	J-type	1.5	2	2.5	13.088624338624337	12.493444055944055	12.108425067282283	C-type	1.5	2	2.5	12.48075494570215	12.176502444931799	11.775316499038977	Forward speed, km h-1


Fuel consumption, L ha-1







