


Comparative Assessment of Drudgery in Direct Paddy Seeder with Two Row and Three Row Rice Transplanting in Peddapalli District of Telangana State

ABSTRACT
Rice is the most important staple food crop of India. In Telangana, during 2022-23, rice is grown in gross area of 1.72 million hectars producing with a productivity of 3.82 tonnes per hectar hectare. Several attempts have been taken by Indian researchers to mechanize this rice transplanting operation by introducing various transplanter. Krishi Vigyan Kendra assessed suitability of operating three and two row transplanter for the farmers of Peddapalli district and to compare it them with direct seeded rice. The study was conducted in during Rabi and Kharif 2023, 2024 with ten respondents. The results found  showed that, BMI value of the respondents ranged from 21.7 to 25.6 kg/m², with a mean BMI of 23.69 kg/m².The². The results also found that there was a significant differencesdifference in heart rate during work, with the highest rate recorded during operation of the OUAT 3-row transplanter (129.8 bpm), followed by the OUAT 2-row transplanter (123.7 bpm), and the direct paddy seeder (113.5 bpm). Whereas, work Workpulse was notably higher for the both 2-row and 3-row transplanters (66.6 bpm and 59.4 bpm, respectively) compared to the direct paddy seeder (42.0 bpm). While, oxygen Oxygen consumption (VO₂) during work was highest for the 3-row transplanter (1.04 L/min), slightly greater than that of the 2-row transplanter (1.00 L/min), and markedly higher than the direct seeder (0.80 L/min). Corresponding energy expenditures followed a similar trend, with the OUAT 3-row transplanter requiring the most energy (22.60 kJ/min), followed by the 2-row transplanter (21.90 kJ/min), and the direct seeder (19.05 kJ/min).The). The overall findings suggest that mechanized transplanters particularly the 3-row model are associated with increased physiological workload compared to the direct paddy seeder. The study also showed that direct seeding, transplanting procedures—particularly those utilizing two- and three-row machines are linked to higher degrees of bodily discomfort. 
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1. INTRODUCTION:
India is one of the world's leading producers and consumers of rice. The most significant staple crop in India is rice, which is produced on 41.92 million hectares, the largest area of any country that grows rice Rice is cultivated on 41.92 million hectares in India, the largest rice area of any country. It  India produces approximately 89.09 million tonnes of rice annually and has a productivity of 2125 kg per hectare. In Telangana, it was rice is a prominent food crop. In 2022–2023, 1.72 million hectares of gross area are  were used to grow rice, yielding 3.82 tons of output per hectare (Director of Economics and Statistics, 2025).
 Generally, rice is  grownis grown under wetland conditions. It may be grown in direct seeded or in transplanted condition. Transplanting of rice seedlings in thetraditionalthe traditional way is laborious, time consuming and causes drudgery. The non-availability of labourerslaborers for transplanting at the appropriate time leads to late planting, which results in poor yields. In paddy cultivation, the planting methods have an impact on the growth and yield besides cost of cultivation and labour requirement. (Yadav et al. 2007)
Further, in manual transplanting usually less number of hills are planted per unit area than recommended to complete the planting quickly resulting in reduced plant population and thus decreased in yields. In such situations, farmers prefer direct seeding by using drum seeder 
which is helpful due to less labour and time requirement, low cost of cultivation due to skipping of nursery raising and transplanting, maintaining recommended plant population and also due to early crop maturity by 7 to 12 days (Goel,et al., 2008).
	In India several attempts have been taken to mechanize this transplanting operation by introducing various transplanters. In  At  OUAT two and three row transplanters have been developed for agriculture workersto reduce their drudgery and to improve the efficiency during transplanting time.(Ojha and Kwatra, 2017)
 This study is conducted to compare the ergo-economical suitability among two row and three row transplanter with traditional manual transplanting and direct seeding. An attempt in this paper has been made by Krishi Vigyan Kendra, Ramagirikhilla to study the suitability of operating three and two row transplanter for the farmers of Peddapalli district and to compare it with direct seeding with a view to get them involved in the mechanical rice transplanting by using the most comfortable one.	Comment by CIAE: Rewrite the paragraph
2. MATERIALS AND METHODS:
	This study was carried out in the KVK, Ramagirkhilla adopted village Kalwacherla village, Ramagiri Mandal, Peddapalli district in Rabi 2023 and Kharif 2024. Ten subjects were selected in the age of 25-45 and their body weight varies from 55-75 KGs. The transplanting operation was done  performed from 10:30 A.M. to 2.00 P.M. and 3.00 P.M. to 5.00 P.M. Before going to field their HR (Heart rate) Heart rate (HR) rest, Body Mass Index (BMI), oxygen uptakes (VO2) and energy expenditure were measured. The operation was done in continuous transplanting for 30 minutes and taking 10 minutes of break.
2.1 Selection of subject and field:
The selected ten subjects aged 25-45 years because at this age maximum strength can be utilized. The soil of the testing plot was sandy soil with a size of plot 10 X ×20 m2 and the test was conducted at about 41- to 440 C temperature and 83-88 % humidity. The details of physical parameters are placed in Table 1. The detail specifications direct seeder, 2 row and 3 row transplanter were placed in Table 2
Tables 1: Physical parameters of samples
	
	Range
	Mean
	Std. Deviation (SD)

	Age, years
	25-45
	37.90
	6.13

	Weight, Kg
	55-74
	63.54
	6.63

	Height, cm
	155-173
	163.54
	6.17

	BMI, kg/m2
	21.7-25.6
	23.69
	1.19


Table 2: Comparisons between specifications of rice transplanter
	Details
	Specifications

	Name
	Direct paddy seeder
	OUAT 2-row transplanter
	OUAT 3 row transplanter

	Type
	Manual
	Manual using mat type seedling
	Manual using mat type seedling

	Dimension, mm
	2000 x 1500 x 640 mm
	630×600×400
	600×600×940

	Number of rows
	08
	02
	03

	Row spacing 
	20
	24
	24

	Planting depth
	-
	3-4
	3-4

	Cost of transplanting, Rupees
	4000/-
	13000/-
	15000/-



2.2 Instruments Used
Heart rate and oxygen consumption was measured using a smart watch and energy expenditure was derived from VO₂ data. A stop watch was used to record task duration, and Borg’s CR-10 scale was used for assessing body discomfort.
2.3 Procedure of Measurement
Each participant performed transplanting continuously for 30 minutes with a 10-minute rest interval. Heart rate (HR) was recorded at rest and during work. Oxygen consumption (VO₂) VO₂ was measured, and energy expenditure was calculated. 
Total Energy Expenditure (kJ/min) = kilojoules per litre O2 consumed×VO2, where kilojoules per litre of O2 consumed is calculated from the thermal equivalents of oxygen for nonprotein respiratory quotient (RQ).
Discomfort ratings were recorded immediately after the operation for each body part using Borg’s CR-10 scale as shown in Fig 1.
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Fig 1: The body chart discomfort categories using Borg’s CR-10 scale (Reference..?)

[image: ] [image: C:\Users\my\Downloads\IMG_20240701_110707.jpg]picture 1Fig. 2 -Data collection during Drum seeder in paddy
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3. RESULTS AND DISCUSSION:
	The results obtained from the present investigation as well as relevant discussion have been summarized under following heads:
3.1 Physical parameters of samples
	Table 1 presents the descriptive statistics for the demographic and anthropometric characteristics of the study participants. The age of the participants ranged from 25 to 45 years, with a mean age of 37.90 years (Standard Deviation, SD = 6.13), indicating that the sample primarily consisted of mid-aged adults. The body weight ranged from 55 to 74 kg, with a mean of 63.54 kg (SD = 6.63), while height ranged from 155 to 173 cm, with an average of 163.54 cm (SD = 6.17).
The Body Mass Index (BMI) of the participants was calculated based on measured height and weight values. BMI values ranged from 21.7 to 25.6 kg/m², with a mean BMI of 23.69 kg/m² (SD = 1.19), placing the majority of individuals within the normal weight category according to World Health Organization (WHO) classifications. The relatively low standard deviation of BMI indicates a homogeneous sample with respect to body composition. The results were in line with Bhuyan and Mohanty (2017)	Comment by CIAE: Cite uniformly throughout the manuscript
3.2 Ergonomically evaluation of different transplanters with direct paddy seeder:
	Table 3 summarizes the physiological responses of operators using three different paddy transplanting implements: the direct paddy seeder, the 2-row transplanter, and the 3-row transplanter. The parameters assessed include heart rate (HR) at rest and during work, work pulse, oxygen consumption (VO₂) at rest and during work, and energy expenditure.
	Fig 2 showed that resting heart rates were relatively consistent across all treatments, ranging from 70.2 to 70.6 beats per minute (bpm), indicating similar baseline cardiovascular conditions among participants. However, significant differences were observed in heart rate during work, with the highest rate recorded during operation of the 3-row transplanter (129.8 bpm), followed by the 2-row transplanter (123.7 bpm), and the direct paddy seeder (113.5 bpm). Consequently, work pulse (i.e., the difference between working and resting HR) in Fig 3 showed that there was notably higher work pulse for the 2-row and 3-row transplanters (66.6 bpm and 59.4 bpm, respectively) compared to the direct paddy seeder (42.0 bpm).

Fig 2 5: Heart rate (Rest and work) for three tranplanterstransplanters 
[image: ]
Fig 3 6: Work Pulse by three tranplanterstransplanters
Fig 4 depicted that oxygen consumption (VO₂) during work was highest for the 3-row transplanter (1.04 L/min), slightly greater than that of the 2-row transplanter (1.00 L/min), and markedly higher than the direct seeder (0.80 L/min). Corresponding energy expenditures followed a similar trend was showed in Fig 5, with the 3-row transplanter requiring the most energy (22.60 kJ/min), followed by the 2-row transplanter (21.90 kJ/min), and the direct seeder (19.05 kJ/min).	Comment by CIAE: Correct accordingly	Comment by CIAE: Avoid repetitions, use symbols only

Fig 4 7: Oxygen consumption by using three transplanters

Fig 5 8: Energy consumption during usage of three transplanters	Comment by CIAE: Use simple graph with proper labeling
Overall, the findings suggest that mechanized transplanters—particularly the 3-row model—are associated with increased physiological workload compared to the direct paddy seeder.  The significantly higher heart rate, oxygen consumption and energy expenditure recorded during transplanter operations reflect increased muscular effort under muddy field condition. The high temperature and humidity during field operations likely exacerbated thermal strain, contributing to elevated heart rate and oxygen uptake.
3.3 Body parts discomfort across different paddy establishment methods using Borg’s CR-10 scale
	The mean discomfort scores and standard deviations for various body regions associated with the use of Direct Paddy Seeder, Two-Row Transplanter, and Three-Row Transplanter are presented in Table 3. 
Table 3: Body parts discomfort of operators Borg’s CR-10 scale

	Body Parts
	Direct paddy seeder
	Two row transplanter
	Three row transplanter

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Neck and Head
	2.35
	0.41

	4.5

	0.53
	5.60
	0.49

	Shoulder
	6.3
	0.95
	8.6

	0.97
	8.7
	0.97

	Upper back
	3.8
	0.63
	8.2
	0.79
	8.4
	0.78

	Arms and Hands
	8.4

	0.52

	9.3

	0.95
	9.0
	0.86

	Low back
	5
	0.82
	6.5
	0.53
	7.0
	0.67

	Buttocks
	4.1
	0.74
	6.4
	0.52
	6.7
	0.52

	Thighs
	7
	0.67
	8.4
	0.70
	8.6
	0.52

	Knees
	8.2
	0.79
	8.6
	0.52
	8.8
	0.63

	Calf (leg below knee)
	7.1
	0.57
	7.5
	0.53
	8.0
	0.80

	Ankles and joints
	8.8
	0.63
	9.1
	0.74
	9.7
	0.72

	Total body parts
	6.105
	2.2
	7.71

	1.50

	8.05
	1.24





3.3.1 Neck and Head
	Discomfort in the neck and head region was reported to be lowest during the operation of the Direct Paddy Seeder (Mean = 2.35, SD = 0.41), while it increased significantly in the Two-Row Transplanter (Mean = 4.50, SD = 0.53) and Three-Row Transplanter (Mean = 5.60, SD = 0.49). This suggests that transplanting activities, especially in semi-mechanized forms, may impose sustained forward head postures, increasing cervical load and discomfort.
3.3.2 Shoulders and Upper Back
	The shoulder region demonstrated a notable increase in discomfort levels, from a mean of 6.30 (SD = 0.95) in direct seeding to 8.60 (SD = 0.97) and 8.70 (SD = 0.97) in two- and three-row transplanting, respectively. Similarly, discomfort in the upper back rose from 3.80 (SD = 0.63) in direct seeding to 8.40 (SD = 0.78) in the three-row transplanter. These increases can be attributed to repetitive arm movements and static muscle exertion required in manual and semi-mechanized transplanting, which place significant strain on the deltoid and trapezius muscle groups.
3.3.3 Arms and Hands
	Discomfort in the arms and hands was consistently high across all methods, with the Two-Row Transplanter showing the highest mean score of 9.30 (SD = 0.95). This reflects the high frequency of manual handling and gripping movements in seedling placement, especially in transplanting operations, which result in cumulative muscular fatigue in the upper extremities.
3.3.4 Lower Back and Buttocks
	Discomfort in the lower back increased from 5.00 (SD = 0.82) in the direct seeder to 6.50 and 7.00 in the two- and three-row transplanters, respectively. This rise is indicative of greater lumbar stress, likely due to prolonged stooping and trunk flexion postures in transplanting tasks. Similarly, discomfort in the buttocks rose from 4.10 (SD = 0.74) to 6.70 (SD = 0.52), further highlighting the physical burden associated with semi-static or awkward sitting/kneeling postures during transplanting.
3.3.5 Lower Limbs: Thighs, Knees, Calves, and Ankles
	Workers reported substantial discomfort in the lower extremities, particularly the knees and ankles, across all three methods. The Three-Row Transplanter showed the highest discomfort levels in the ankles and joints (Mean = 9.70, SD = 0.72), followed by the knees (Mean = 8.80, SD = 0.63) and thighs (Mean = 8.60, SD = 0.52). This pattern suggests that transplanting methods require more time in semi-squatting and kneeling postures, thereby increasing static and dynamic muscular strain in the lower limbs.
3.3.6 Total Body Discomfort
	The overall average body discomfort score was 6.11 (SD = 2.20) for the Direct Paddy Seeder, 7.71 (SD = 1.50) for the Two-Row Transplanter, and 8.05 (SD = 1.24) for the Three-Row Transplanter. The trend reflects a clear increase in perceived physical strain with the use of more complex transplanting machinery, despite the assumption that mechanization might reduce physical workload. The higher discomfort in mechanized transplanting may result from insufficient ergonomic design, inadequate operator adjustment, or extended postural constraints during operation. 
	The usage of two- and three-row transplanters included prolonged stooping, forward bending, and semi-squatting postures, according to discomfort ratings for both the upper and lower bodies. The constant pushing and pulling of the transplanter handles causes static loading of the deltoid and trapezius muscles, which explains the tension on the shoulder and upper back. These outcomes are consistent with those of Inthiyaz et al. (2021), who observed that limited mobility and uncomfortable hand posture during transplantation led to higher shoulder and back discomfort.
	The greater discomfort in the lower back and buttocks is attributed to prolonged trunk flexion and insufficient body support while maneuvering in muddy fields. In a same vein, frequent semi-squatting, kneeling, and uneven ground pressure—all prevalent ergonomic risks in transplanting tasks—are the cause of high knee and ankle discomfort scores. Compared to direct seeding, which permits a more erect working posture, semi-mechanized transplanting increases static strain on the lower limbs, according to studies by Bhuyan and Mohanty (2017).
3.4 Implications for Ergonomics Strategy
	The findings underscore the need for ergonomic redesign of transplanting machinery to minimize musculoskeletal stress, particularly in the lower back, upper limbs, and lower extremities. While mechanization aims to improve productivity and reduce labor demand, it must also consider the operator’s physical well-being. The results suggest that direct seeding is ergonomically superior, imposing relatively lower discomfort across all body parts. Transplanting methods, particularly multi-row machines, may benefit from improved seating support, adjustable working angles, and integrated rest periods to mitigate the cumulative effects of prolonged strain.
4. CONCLUSION:
	In summary, this study reveals that transplanting operations, especially those involving two- and three-row machines, are associated with higher body discomfort levels compared to direct seeding. Targeted ergonomic interventions and worker-centric machinery modifications are essential to promote occupational health, enhance work efficiency, and ensure sustainable mechanized paddy cultivation.
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Heart rate (Rest and work) for three tranplanters
HR rest (beats/min)	
Direct Paddy Seeder	OUAT 2-row Transplanter	OUAT 3-row Transplanter	70.2	70.400000000000006	70.599999999999994	HR work (beats/min)	
Direct Paddy Seeder	OUAT 2-row Transplanter	OUAT 3-row Transplanter	113.5	123.7	129.80000000000001	



Oxygen consumption by using three tranplanters
VO2 rest (l/min)	
Direct Paddy Seeder	OUAT 2-row Transplanter	OUAT 3-row Transplanter	0.19000000000000003	0.2	0.2	VO2 work (l/min)	
Direct Paddy Seeder	OUAT 2-row Transplanter	OUAT 3-row Transplanter	0.8	1	1.04	




Energy consumption (KJ/min)	



Direct Paddy Seeder	OUAT 2-row Transplanter	OUAT 3-row Transplanter	19.05	21.9	22.6	
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