


Field Performance Evaluation of a Tractor-Operated Oscillating Type Intercultural Weeder for Rice


Abstract
[bookmark: _Hlk221900096]Cone weeders are developed for weeding operation particularly in paddy cultivation. One of the major constraints in using these hand-operated weeders is the physical effort that is needed to push the implement in the slush paddy fields and highly resistant clay soil. To overcome these problems, the design of intercultural equipment with an oscillating mechanism is necessary. This study aims to evaluate the performance of a Tractor-Operated Oscillating Intercultural Weeder for Rice. The selected paddy variety was raised in plastic trays, and the seeds were uniformly sown in trays using an automatic seed sowing machine. At the age of 21 days, rice seedlings were transplanted with a self-propelled riding type 6-row transplanter. The type of soil under which the crop was raised was red sandy loam (sand, silt and clay per cent were 52.79, 24.51 and 22.7, respectively). The row-to-row spacing of transplanted seedlings was 30 cm. The performance evaluation of the developed mini tractor-operated oscillating intercultural equipment was conducted in field conditions. The observations on weeding efficiency, plant damage, field capacity, and performance index were recorded. The performance of the machine was carried out under field conditions at 25 DAT. The weeding efficiency of the machine was observed as 81.39 per cent. The plant damage with machine was observed as 6 per cent. The field capacity and field efficiency of the machine were 0.30 ha h-1 and 79.12 per cent, respectively. The wheel slip of the low-horsepower tractor when operating in a rice field with the machine was found to be 12.8 per cent, which is within the permissible limit. The performance index of the machine was observed to be 104.32. The cost of weeding with a developed machine was Rs. 1703 ha-1 when compared with the manual traditional weeding practice of Rs. 3050 ha-1.
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Introduction
Rice (Oryza sativa L.) is India’s prominent crop, and is the staple food for most of the Indians. India has the world’s largest area under rice cultivation and is one of the largest producers of white rice, accounting for 20 per cent of global production. Transplanting is the major method of rice cultivation in India. Irrespective of the method of paddy crop establishment, weeds are a major impediment to rice production through their ability to compete for resources and their impact on paddy crop yields. Weeds are the main phytosanitary problem in rice, causing losses close to 30% of production (Calha et al., 2023). Weeds are known to account for nearly one-third of yield reduction (Singh et al., 2005; Savary et al., 2005; Rao and Nagamani, 2007).  Uncontrolled weed growth in lowland and upland rice causes yield losses ranging from 12‒81% (Chandel et al., 2025). Thus, weed control is a major prerequisite for improved rice productivity and production. 
In developing countries, it is estimated that the reduction in yield due to weeds alone is 20 to 30 per cent, depending on the crops, weed infestation intensity and location, which might increase up to 50 per cent if adequate crop management practices are not observed (Basavaraj et al., 2016). Mechanical weeding is a chemical-free, environmentally friendly weeding method that has been carried out using mechanical tools, which not only effectively controls the weeds, but also loosens the soil of the field, simultaneously increasing the oxygen content of the soil and thus promoting the crop growth (Jinwu et al., 2017).  As a rapid weed control technology to replace herbicides, mechanical weeding has reduced production costs and labour force, and enhanced weeding efficiency in recent years. With the rapid development of organic agriculture, this weeding method is progressively more favoured by organic rice producers (Liu et al., 2023). 
Cone weeders are developed for weeding operation particularly in paddy cultivation. One of the major constraints in using these hand-operated weeders is the physical effort that is needed to push the implement in the slush paddy fields and highly resistant clay soil. Power weeders using rotary action blades with 3.75-5 kW power capacity, these rotary blade machines have not become popular due to frequent entangling of weeds in between the cutting rotary blades in fluffy soil conditions and intermediate cleaning is required when used under higher moisture content conditions prevail, especially for paddy crops. Moreover, the percentage of plant damage was also found to be high when using these types of weeders. To overcome these problems, the design of intercultural equipment with an oscillating mechanism is necessary, which has the advantage of low draft requirement, uprooting of weeds and burying them underneath the soil without damage to the crop. 
Materials and methods
The measurement of various machine and operational parameters and the procedures followed to determine the efficiency of intercultural operation, weeding efficiency, plant damage and field machine index were described. The selected paddy variety was raised in plastic trays, and the seeds were uniformly sown in trays using an automatic seed sowing machine. At the age of 21 days, rice seedlings were transplanted with a self-propelled riding type 6-row transplanter. The type of soil under which the crop was raised was red sandy loam (sand, silt and clay per cent were 52.79, 24.51 and 22.7, respectively). The row-to-row spacing of transplanted seedlings was 30 cm.
The tractor speed was kept constant at 2.16 km h-1 (0.6 m s-1) by monitoring the throttle lever at constant engine speed throughout the study, and selected variables were kept at different levels. The field in which the machine transplanting operation was taken up was considered for these evaluation trials to identify the most influential level of variables for effective weed control and the least plant damage. The dependent variables considered and the levels selected for the study are described below. The rice crop selected for these trials was 25 days after transplanting.
The performance evaluation of the developed mini tractor-operated oscillating intercultural equipment was conducted in field conditions. The observations on weeding efficiency, plant damage, field capacity, and performance index were recorded.
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[bookmark: _GoBack]Fig. 1. Field operational view of oscillating intercultural equipment
Weeding Efficiency
Weeding efficiency is the ratio between the number of weeds removed by a weeder and the number of weeds present in a unit area before weeding, and expressed as per cent. The number of weeds before and after each test was counted and replicated thrice, and the average was calculated with different stroke lengths at a constant speed.
Weeding Efficiency (%) = 100
Where, W1	=	 Number of weeds before weeding
W2 	=	 Number of weeds after weeding
Plant damage
Plant damage is expressed as a percentage. It is the ratio between the number of damaged plants in a row and the number of plants present in a row before the operation. The number of plants in a 10 m row length was recorded before and after the operation and replicated thrice, and the average was calculated with different stroke lengths at constant speed (Remesean et al., 2007).
Plant damage, (%) = 
 Where, q = Number of plants damaged in a 10 m row length after weeding
 p = Number of plants in a 10 m row length before weeding
Theoretical field capacity
	It is calculated from the rated field coverage that would be obtained if the equipment were performing its function at 100 per cent of the time in forward speed and covered 100 per cent of its rated width. 
 
Where, FCT	=	Theoretical field capacity, ha h-1
Wt	=	Working width, m
S	=	Forward speed, km h-1
Effective field capacity
It is the actual area covered by the machine based on its total time consumed and actual working width under field conditions. It is expressed in terms of area covered per unit time of operation. It can be calculated by a formula,
 
Where, FCE	=	Effective field capacity, ha h-1	
A	= 	Area covered by weeder, m2 
T	=	Total time taken, h
Field efficiency
It is the ratio of the actual or effective field capacity to the theoretical field capacity. It can be calculated by a formula,
 
Where, FE	=	Field efficiency, %
FCE	=	Effective field capacity, ha h-1
FCT	=	Theoretical field capacity, ha h-1
Wheel slip
Wheel slip was measured by measuring the distance covered by the intercultural equipment in grassy land and paddy field in 10 revolutions of the traction wheel using the following formula (Behera et al., 2009). 

Where, lo = Distance (m) of travel with the number of revolutions of wheels on grassy land. 
n = Number of revolutions of wheels for a distance l (m) at the time of weeding.
Performance index of the weeder
Performance of the weeder was assessed through the performance index (PI) by using the following relation as suggested by Srinivas et al. (2010):
PI = 
Where, FC	=	 Field capacity, ha h-1,
PD 	= 	Plant damage, per cent, 
WE 	= 	Weeding efficiency, per cent, and
              P 	=   	Power, HP
Cost economics of oscillating intercultural equipment 
	The tractor-operated oscillating intercultural equipment developed was evaluated for its field performance for the estimation of the cost of operation in Rs. h-1. To calculate the cost of operations, some assumptions were taken for fixed and operational costs. The cost of operation was based on the prevailing market rates during the season and location. 
Results and Discussions
The developed oscillating intercultural equipment was evaluated under field conditions.
Bulk density
The soil bulk density in the experimental field was measured randomly at different locations from 0-50 and 50-100 mm depths by means of a core sampler, and the bulk density was calculated as mass per unit volume. The bulk density of the experiment field varied in the range of 1.40 to 1.51 g cm-3. 
Standing water level
The standing water levels were measured randomly at different locations of the experimental plot by means of a steel scale. For the entire experiment, the standing water level was maintained in the range of 45-50 mm. 
Row to row spacing
The row-to-row spacing was set as 30 cm. The rice seedlings were transplanted by the mechanical transplanter at the age of 21days.
Plant Height
	The rice plants' heights were observed in the range of 26.70 to 27.60 cm and 47.50 to 52.30 cm at 20 and 40 DAT, respectively. The plant height differences among the highest and lowest values of replications were also very low, which was also supported by the coefficient of variation statistical parameter. The overall plant height mean values at 20 and 40 DAT were 27.21 and 49.34 cm, respectively.
Rice hill girth
Before designing any tool that works between the crop rows, one should have an understanding of the extent of space occupied by the plant hills in crops like rice. To know the extent of spread of rice plant hills at the base, the NDLR-7 rice variety hill diameter measurements were noted using a vernier calliper. The rice plant hill girth diameter varied in the range of 2.5 to 3.25 cm and 5.40 to 6.50 cm at 20 and 40 DAT, respectively. The hill diameter differences among the highest and lowest values of replications were also very low. 
Weeding efficiency
The weeding efficiency of oscillating intercultural equipment with optimised values was determined as per the procedure. The observed values of weeding efficiency were presented in Table 1. The recorded values of weeding efficiency at different randomised locations ranged from 78.38 to 83.56 per cent. The mean value of weeding efficiency observed was 81.39 per cent. 
Table 1. Weeding efficiency with optimised variables
	S. No.
	Weeding efficiency, %

	1.
	83.08

	2.
	81.94

	3.
	78.38

	4.
	79.71

	5.
	81.69

	6.
	83.56

	Average
	81.39



Plant damage
The plant damage of the oscillating intercultural equipment operated with optimised parameters was determined following the standard procedure. The observed plant damage values recorded at different locations are presented in Table 2. The plant damage ranged from 4 to 8 per cent, with an average plant damage of 6 per cent. The relatively low level of plant damage indicates safe operation of the equipment under optimised operating conditions.
Table 2. Plant damage with optimised variable
	S. No.
	Plant damage, %

	1.
	6.00

	2.
	8.00

	3.
	6.00

	4.
	4.00

	5.
	6.00

	6.
	6.00

	Average
	6.00



Theoretical field capacity
During the experiment, the forward speed of the tractor was maintained constant at 2.16 km h⁻¹, and the effective working width of the oscillating intercultural weeder was 1.8 m. Since theoretical field capacity does not account for field losses, it is always greater than the effective field capacity.

				  =   0.388 ha h-1
Field efficiency
Field efficiency is the ratio of effective field capacity to theoretical field capacity, expressed as per cent. Field efficiency was calculated by using below formula.


					= 79.12 %
The developed oscillating intercultural weeder theoretical and field capacity were 0.388 and 0.30 ha h-1, respectively. The obtained field efficiency of 79.12% is comparable with the values reported for tractor-operated intercultural weeders in paddy fields under similar operating conditions, indicating satisfactory field performance of the developed oscillating intercultural weeder. The recorded values of effective field capacity were presented in Table 3.
Table 3. Observation values of effective field capacity
	Observations
	Area, m2
	Effective field capacity, ha h-1
	Field efficiency, %

	1.
	400
	0.300
	77.16

	2.
	400
	0.304
	82.33

	3.
	400
	0.296
	78.01

	Average
	400
	0.300
	79.12



Wheel slippage
The wheel slip of the tractor–operated oscillating intercultural weeder was determined by measuring the distance travelled by the traction wheel for a fixed number of revolutions under different surface conditions. On grassy land, the machine covered a distance of 39 m for 10 revolutions of the traction wheel, whereas in the paddy field, the distance covered for the same 10 revolutions was 34 m. Wheel slip was calculated using the following formula:

			

       = 12.8 %
The slippage of the wheel was observed as 12.8 per cent, which is in permissible limit.
Performance index of the weeder
The overall performance of the weeder was calculated using the performance index (PI) formula as suggested by Srinivas et al. (2010).
PI = 
   = 
   = 104.32
In the present study, the effective field capacity of the weeder was 0.3 ha/h, plant damage was limited to 6%, and weeding efficiency was 81.39%, indicating effective weed removal with minimum damage. The wheel slip of the low-horsepower tractor when operating in a rice field with the machine was found to be 12.8 per cent, which is within the permissible limit. The performance index of the machine was observed to be 104.32.
The technical specification of oscillating intercultural equipment and the evaluated parameter are given in Table 4. 
Table 4. Specifications of oscillating intercultural equipment
	S. No.
	Particular
	Specification

	1.
	Name of machine
	Oscillating intercultural equipment

	2.
	Power source
	Mini-tractor operated

	3.
	Overall length of machine, mm
	2500

	4.
	Overall height of machine, mm
	800

	5.
	No. of weeding tynes
	6

	6.
	Effective field capacity, ha/h
	0.30

	7.
	Weeding efficiency, %
	81.39

	8.
	Plant damage, %
	6

	9.
	Field efficiency, %
	79.12

	10.
	Wheel slippage
	12.8%

	11.
	Stroke length, mm
	60

	12.
	Chain length, mm 
	150

	13.
	Chain thickness, mm
	5



Cost economics of oscillating intercultural machine 
The mini tractor-operated oscillating intercultural machine developed was evaluated for its field performance, and the cost of operation was worked out and compared with the traditional method of weeding. The cost of weeding with a developed machine was Rs. 1703 ha-1 when compared with the manual traditional weeding practice of Rs. 3050 ha-1. There was a saving of Rs. 1347 ha-1 over the traditional method of weeding. 
Conclusions
The weeding efficiency of the machine was observed as 81.39 per cent. The plant damage with machine was observed as 6 per cent. The field capacity and field efficiency of the machine were 0.30 ha h-1 and 79.12 per cent, respectively. The wheels of the low-horsepower tractor slip when operating in a rice field, with the machine being found to be 12.8 per cent, which is in permissible limit. The performance index of the machine was observed to be 104.32. The cost of weeding with a developed machine was Rs. 1703 ha-1 when compared with the manual traditional weeding practice of Rs. 3050 ha-1. The developed machine was found satisfactory for the intercultural operation in rice.
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