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Abstract: Manual activity in maize seeding shows an awkward posture due to repetitive
movement on walking forward, body lowering, knee bending, squatting, digging, and seed
sowing, which can cause body tiring. These are the symptom of human fatigue or the
ergonomic hazard in an agricultural field, leading to Musculoskeletal Disorders (MSD) if
done repeatedly and extended for a long time. The paper explained the ergonomic evaluation
of seeding risk assessment using two methods; bare hand and lightweight motorized maize
seeder. The evaluated maize seeder was designed with a minimum number of parts to make
the assembly and maintenance requirements easy without affecting the functionality of the
metering device. The maize seeder is easy to operate, light to carry, and convenient to use
with a single-handed griper to improve ergonomics in the field. Using the concept of
gravitational drop and the battery to power the motor, the farmer experiences a slightly bent
body position with a relaxed posture that requires less stressful angles on seeding activity.
Seeding postures on methods were evaluated using Rapid Upper Limb Assessment (RULA)
and Rapid Entire Body Assessment (REBA) to determine the area of bodily discomfort. The
RULA result shows that the ergonomic risk score on manual seeding activity was at score 7,
which is high risk compared to seeding activity using the maize seeder, which results in a
score of 4 that shows a low risk.In comparison, the REBA result shows a high risk on manual
seeding with a score of 11 and a low risk on seeding with a seeder, which is in score 3—
seeding by bare hand, adopting poor posture at the neck, trunk, and wrist twist. The work rate
for seeding maize using the conventional method and seeder was 0.114 m/s and 0.167 m/s,
respectively. The study concludes that using the lightweight motorized maize seeder can
reduce the risks of MSDs due to working in an awkward posture in sowing maize on the field.
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1. Introduction

The cultivation of maize or corn (Zea mays) in Malaysia contributes to the most
significant production of industrial crops, at 79,932 tonnes in 2019, compared to 68,907
tonnes in 2018 (Jabatan Pertanian & Department of Agriculture, 2016). The collective
number of small-scale maize plantations makes a solid contribution to Malaysian maize
production. Maize has two types; one is a cereal used for animal nutrition, and the other is
grown for cob production as fresh human consumption. Sweet corn is one of the varieties of
maize with the highest demand for fresh cob apart from other versatile uses of the entire crop.
Sweet corn has enormous market potential in Malaysia. There are various varieties of sweet
corn cultivated globally. The most highly used in Malaysia were hybrid varieties and open-
pollinated types such as Mas Madu, Manis Madu, and Thai Supersweet (Ali et al., 2003).

Maize cultivation involves many farm activities: bed preparation, seedling, crop
maintenance, irrigation, and cob harvest. Seeding counts as a critical step in maize production
since the successful seedling establishment determines the future harvest (Finch-Savage &
Bassel, 2016). In the conventional practice of maize seeding method, the seed is sown
manually by farmers. Seeding maize requires a farmer to sow 1 or 2 seeds in each hole along
the bed prepared. Conventional activity on seeding is the most inexpensive approach, but it
is a laborious and time-consuming operation for high volume open field crop cultivation.
Apart from the tedious job, manual seeding in the field leads to tiredness and body injuries
to the farmer. Farmer's job is repetitive, arduous, physiologically demanding for a long time,
causing farmers to utilize various body parts intensively. This job creates pain in their limbs
and other body parts due to adopting various postures throughout the plant cultivating activity
(Pal & Dhara, 2018; Vyas, 2015). Several research studies have studied various aspects of
conventional seeding or planting, such as working posture in the field (Granzow et al., 2019;
Granzow et al., 2018; Hodges & Kennedy, 2011). Musculoskeletal disorders (MSD) or
injuries experienced on delivering any job are pervasive in manual agricultural activities
since they involve repetitive poor posture adopting for extended working hours (Walker-
Bone & Palmer, 2002). MSD is related to injuries on muscles, tendons, or nerves that attack
workers with poor posture during working on their jobs. Poor work posture in farming is
indicated when the farmer repeats the whole activity, which involves body moving, lowering
the body, bending, kneeling, squatting, and wrist-twisting that can cause awkward postures
and fatigue pain (Nico et al., 2004). MSD was shown to be widespread among farmers, where
they experience body pain more commonly when they work in a squatting position (Basher
et al., 2015). In the case of maize seeding, the farmer has to carry seeds, dig a hole before
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releasing seed and fill it back with soil to avoid seed taken by pest or animal. These activities
contribute to backache, and if prolonged, it can lead to human fatigue and body disability.
According to OSHA, the physical stress on the human can be reduced by improving the work
environment, enhancing the way of delivering the job, appropriately using tools or equipment
to fit the worker to eliminate or reduce the MSDs when working. Special tools are needed to
assist farmers in sowing seeds to keep the high performance and production in seeding
activity.

The study was related to Work-related MSD problems. The conventional method of
maize seeding using bare hands and the new seeding method using the motorized seeder tools
are compared in terms of musculoskeletal hazard assessment and time efficiency. The maize
seeder used in this study was developed by the Malaysian Agricultural Research and
Development Institute (MARDI) to assist farmers in seeding maize in the field (Mail et al.,
2014). The data analysis was performed for four operating postures in both methods of
seeding that were determined to be potentially high risk to the farmers' bodies.

2. Materials and Methods

The study is designed to evaluate the various tasks performed by farmers and the work
posture adopted by them while seeding maize using two methods. The methods involve
seeding maize using a bare hand and a lightweight motorized maize seeder developed by
MARDI. A comparative test is done by evaluating both ways.

2.1 Operator Selection

The experimental subject is a male between 40 and 60 years old, under the 50th
percentile of Malaysian Malaysian adults, 1.686 m (Mohamad et al., 2010).

2.2 Maize Seeding Methods

2.2.1 Conventional seeding by using bare hand

The work postures are collected by taking pictures of the operator while sowing maize
seeds. Two types of seeding conditions are evaluated. The test is done by seeding maize using
a bare hand in a 100 m bed with the distance of planting between seeds is 50 cm. The activity
of manual seeding involves four posture positions of the farmer: walking, squatting, lowering
the body, and standing up. The time is taken for the seeding to complete the whole dedicated
maize plot.

2.2.2 Maize seeding using a lightweight motorized maize seeder

The lightweight motorized maize seeder was developed and tested in Engineering
Research Centre, Malaysian Agricultural Research and Development Institute (MARDI),
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Selangor. The tool was designed for sowing maize seeds in the open field. Creating this
lightweight motorized maize seeder aims to develop an easy device to operate, light to carry,
and convenient to use with a single-handed griper to improve ergonomics in the field. The
size of the seeder is based on the parameter required by the standard size of 95 percentile of
operator sizes. The developed maize seeder is shown in Figure 1, and the details are described
in Table 1.

(@) < (b)

O O,

Figure 1. The lightweight motorized maize seeder: (a) front view; (b) close-up view.

Table 1. Parts of the lightweight motorized maize seeder.

No Part

Rod
Seed container
Metering device
Soil puncher/jaws

Guide

o 0o AW N P

DC motor

The device was designed with a minimum number of parts to make the assembly and
maintenance requirements easy without affecting the functionality of the metering device.
The maize seeder consists of a 1.2 m rod, a 12V battery, motor as an actuator, metering
device, switch, seed container, and hole puncher cum seed dispenser at the lower end of the
seeder. The hole punching mechanism consists of jaws that can penetrate the soil and make
room for maize seed placement. Salient specifications of the maize seeder developments are
shown in Table 2.
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Table 2. Specifications of a lightweight motorized maize seeder.

Features Specifications
Weight (prototype) 1.680kg
Weight (prototype + battery) 2.265kg
Weight (prototype + battery + seed) 2.590kg
Battery 12V, 1.2A
Length 120cm
Seed tank capacity 325¢

The proposed design took into account the anthropometric data developed for
Malaysian adults with mean stature height, 168 cm, five percentile, 157 cm, and 95
percentiles, 180 cm (Mohamad et al., 2010). The seeder is designed with a 120cm length
appropriate for sowing seed use in the field. The farmer needs to hold the seeder and operates
it on elbow height to reduce body discomfort during seeding activity.

The operator requires to carry the maize seeder along the planting rows in a field. The
device is functioning when the battery is connected, and the farmer must punch a hole in the
soil to drop the seed. When the puncher pokes the land, a pair of jaws at the end of the rod
will open, loosen the soil and create a hole. The opening jaws will automatically switch on
the motor, and the metering device starts to sort the seed and drop it into a hole. As the
operator pulls the seeder out of the soil, jaws immediately close and enabling site closure
covering the seed in the hole. The seeder is optimally suited for the effortless insertion of
maize seed. This seeder attests to its time-seeding convenience when planting tens of seeds
in an open field with ease and consistency.

The device is battery-operated and able to release 1 or 2 seeds at one punch. The
metering device is made of Acrylonitrile Butadiene Styrene (ABS) plastic, while the rod is
made from aluminum. The ABS material is selected due to its hardness and lightweight to
improve ergonomic in fieldwork.

The seed metering device is designed with a rotating plate consists of 10 slots to sort
and place the seed before dropping out into the soil. Every time puncher hits the ground, the
rotating plate rotates, bringing the next slot in the downright position to drop seed through
the jaws. A metering device enables an operator to drop a precise and measured amount of
seeds from a dispenser slot when the control mechanism is engaged. The device can release
a single seed of the open-pollinated type while 1 to 2 pieces of seeds will drop into the hole
when seeding a hybrid type of seed. The main body is installed with the seed container to
store a maximum of 325 g seed suitable for 300 meter? maize plantation.
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The test is done by seeding maize using a seeder in a 200 m bed with the distance of
planting between seeds is 50 cm. Time is taken to complete the whole task of seeding in the
dedicated maize plot.

2.3 Task Risk Assessment

Two methods of seeding maize were evaluated using two types of assessment; the
Rapid Upper Limb Assessment (RULA) and the Rapid Entire Body Assessment (REBA).

2.3.1 Rapid upper limb assessment (RULA)

RULA is a method to estimate the risk in the postural body when delivering job-
related to upper limb discomfort. The results for risk scores obtained for each component of
the risk assessment are recorded. The data processing will result in the scores, risk levels, and
the corrective action that should be done. Dr. Alan Hedge developed the RULA worksheet
to determine risk factors experienced by workers in the upper limb during delivering their
job at a specific time (Gémez-Galan et al., 2020). The RULA consists of three parts of
assessment: the determination of posture on several parts of the body, muscle use in the
activity, and force exertion on the body while working. The repetitiveness and static posture
are also declared in the assessment to calculate the risk assessment score. Table 3 shows the
level of MSD risk for each result of RULA scores.

Table 3. The level of MSD risk for each result of RULA scores.

Score Level of MSD Risk Action

1-2 Negligible Acceptable, no action required

3-4 Low Further investigation, change may be needed
5-6 Medium Further investigation, change required soon

6+ High Implement changes required now
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Figure 2 shows the RULA worksheet and scores to evaluate employee work risk.
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Figure 2. Dr. Alan Hedge designed the RULA worksheet.

2.3.2 Rapid entire body assessment (REBA)

REBA is a tool to evaluate MSD for the entire body in extremities where the risk
factor on upper and lower parts of the body can rapidly evaluate. The inputs of REBA include
the type of body parts movement, force exertions, coupling measurement, and repetition of
the action. REBA is an easy tool to describe the posture and the level of risk (Rizkya et al.,
2018). The REBA risk assessment is evaluated using the software ErgoPlus. Table 4 shows
the level of MSD risk for each result of REBA scores.

Table 4. The level of MSD risk for each result of REBA scores.

Score Level of MSD Risk Action
1 Negligible Acceptable, no action required
2or3 Low change may be needed
4t07 Medium Further investigation, change required soon
8to 10 High Investigate and implement changes
11+ Very high Implement changes
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Figure 3. The REBA worksheet was designed by Dr. Sue Hignett and Dr. Lynn McAtamney.

2.4 Working Posture Evaluation

The study takes part in a maize plot in Serdang, Selangor. The task started with an
observation of maize seeding activity in four prominent body positions. For the conventional
method of seeding, postural body observation is captured when a farmer is in the conditions

below:

HowbdhE

Walking forward (Change position from one position to another place)
Lowering body from walking into a squat position

Seeding operation (hole digging and covering, releasing seed into the soil)
Standing up from squatting to move to another place

Assessment of maize seeding using a lightweight motorized maize seeder is evaluated in the
stage where the farmer is:

1.

2.
3.
4

Walking forward (Change position from one position to another place)
Punching a hole

Pushing a maize seeder to release seed into a hole

Pulling the maize seeder out from the soil
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All parts of the body are evaluated and scored based on the RULA measurement
worksheet.

3. Results and Discussion

The data collected from the observation of seeding maize using hand and lightweight
motorized maize seeder were analyzed. The work rate for seeding maize using the
conventional method and seeder was 0.114 m/s and 0.167 m/s, respectively. There are 200
holes in a 100 m bed. The time for manually seeding activity is 31 minutes while seeding
maize using a motorized seeder consumed shorter than manual seeding. The time taken for
seeding maize using a seeder is 17 minutes. For this study, both subjects are male; 44 years
old with stature height 1.67 m for sowing seed using bare hand, and 55 years old 1.70 m for
subject sowing seed using a maize seeder.

3.1 Maize Seeding Postural Body Assessment Using RULA Method
3.1.1 Conventional seeding assessment of RULA method

The RULA analysis of conventional maize seeding by the farmer is shown in Table
5. Four activities done during manual seeding are identified; walking forward, bending and
lowering the body, squatting (for hole digging, seeding, and hole covering), and standing up
from squatting. The observation clearly showed that an hour's activity on seeding contributes
to awkward postures experience to the farmer. Based on the result, five body parts create
discomfort for the farmer when seeding maize using traditional methods such as the neck,
trunk, arm, wrist, and leg. Figure 4-6 shows the postural body of a farmer using a bare hand
in the conventional method of maize seedling.

20° - 60"

20° 20°
(@) (b) (©) (d) ()

Figure 4. Awkward working posture while walking forward (a) farmer is walking with back flexion (b)
trunk posture (c) neck posture (d) upper arm posture (e) lower arm posture.
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10°-20° g
60° +
‘ i 20° - 45° ° . 60°

(@) (b) (©) (d) (®)
Figure 5. Awkward working posture while lowering the body to squat and standing up from squatting (a)
farmer is going to squat (b) trunk posture (c) neck posture (d) upper arm posture (e) lower arm posture.

\

Figure 6. Awkward working posture while digging a hole, seeding and covering the hole (a) farmer is in
squat position (b) trunk posture (c) neck posture (d) upper arm posture (e) wrist posture.

Table 5 shows the RULA score for farmer assessment results for activities involves
in seeding. The score and calculation of posture A, posture B, wrist & arm and neck, trunk
& leg refer to the RULA worksheet developed by Dr. Alan Hedge.

Table 5. RULA Farmer assessment result for awkward working posture during maize seedling.

Score / Activity Walking Lowering body to Hole (_jlggmg a_nd Standing up from
forward squat covering/ seeding the squat

Upper arm 1 2 3 2
Lower arm 1 2 1 2

Wrist 2 2 2 2
Wrist twist 1 1 2 1
Posture A 2 3 7 3
Muscle use 1 1 1 1
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Score / Activity Walking Lowering body to Hole (_jlggmg gnd Standing up from
forward squat covering/ seeding the squat
Force Load 2 2 2 2
Wrist & Arm 5 6 7 6
Neck 3 2 3 2
Trunk 3 4 3 4
Legs 1 1 1 1
Posture B 4 5 4 5
Muscle use 1 1 1 1
Force Load 0 0 0 1
Neck, trunk & 5 6 5 6
leg
RULA 6 7 7 7
Risk level Medium High High High
Action Further Implement changes  Implement changes Implement changes
investigation, required now required now required now
change required
soon

3.1.2 Maize seeding assessment using a lightweight motorized seeder by RULA method

‘ " 20°
N

~C¢1))

60° - 100° 15°-15°
(@) (b) (©) (d) )

Figure 7. Awkward working posture while punching a hole using the seeder (a) farmer is pushing seeder
vertically (b) trunk posture (c) neck posture (d) lower arm posture (e) wrist.
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(a)
Figure 8. Awkward working posture while releasing seed using the seeder (a) farmer is pushing seeder
horizontally (b) trunk posture (c) neck posture (d) lower arm posture (e) wrist twist.

(d) (€)

(@) (b) (© (d) O
Figure 9. Awkward working posture while closing a hole using the seeder (a) farmer is pulling the seeder out
from the soil (b) trunk posture (c) neck posture (d) upper arm posture (e) lower arm posture.

Table 6. RULA Farmer assessment results for awkward working posture while seeding maize using a
lightweight motorized maize seeder.

Punching hole Seeding (Pushing Pulling seeder

Score / Activity Walking forward  (Pushing seeder  seeder horizontally (Releasing
vertically) to release seed) seeder)

Upper arm 1 1 1 1
Lower arm 1 1 1 1
Wrist 2 2 2 2
Wrist twist 1 1 2 2
Posture A 2 2 2 2
Muscle use 1 1 1 1
Force Load 2 2 2 2
Wrist & Arm 5 5 5 5
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Punching hole

Seeding (Pushing

Pulling seeder

Score / Activity Walking forward  (Pushing seeder  seeder horizontally (Releasing
vertically) to release seed) seeder)
Neck 2 3 3 2
Trunk 2 2 2 2
Legs 1 1 1 1
Posture B 2 3 3 2
Muscle use 1 1 1 1
Force Load 0 1 0 0
Neck, trunk & leg 3 5 4 3
RULA 4 6 5 4
Risk level Low Medium Medium Low
Action Further Further Further Further

investigation,
change may be
needed

investigation,
change required
soon

investigation,
change required
soon

investigation,
change may be
needed

3.2 Maize Seeding Postural Body Assessment Using REBA Method

3.2.1 Conventional seeding and seeding using lightweight maize seeder assessment by REBA

method

The REBA risk assessment evaluated using ErgoPlus software is shown in Figure 10.

Conventional seeding risk
assessment

i
L‘.‘R

REBA
score

11

Maize seeding using
lightweight motorized seeder
risk assessment

Pl
L{.

1l

REBA
score

3

R

Figure 10. Awkward working posture while seeding maize in the field risk assessment using REBA.
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4. Discussions

The study shows that conventional seeding is a high risk to the musculoskeletal health
of farmers. Two observational ergonomic risk assessments, RULA and REBA, show that
manual seeding in the field has a high degree risk of MSD, with some varied results between
RULA and REBA score reflecting the focus of each body part and measurement of risk
assessment. Both subjects have slightly the same height have different body postures on
delivering tasks for two seeding methods. Operators with five percentile and 95 percentile
stature height may have different body postures when dealing with maize seeders. Working
with repeated standing and squatting at the field is considered a bad posture for the human
being. Manual activity in maize seeding adopting movement, lowering the body, knee
bending, digging, and seed sowing can cause awkward postures due to heavy exertion on the
body. From Figure 10, REBA analysis on manual seeding highly affects the trunk, leg, and
wrist muscle. Excessive leg and trunk use are vital to stand and squat to sow seed into the
soil. Due to this activity, farmers experience body discomfort and tiredness due to prolonged
awkward posture and rapid movement changes with high repetitions of the tasks. The
farmer's wrist also obviously shows a high risk of MSD due to the parts used to dig, sow
seeds, and compact soil to complete the seeding activity. The farmer also experiences neck
and lower arm discomfort due to repetitive use of these body parts to bend and allow the
sowing process to be done.

Compared to the result of seeding maize using a lightweight motorized maize seeder,
the evaluation of risk assessment shows that this device can reduce the MSDs of the farmer.
From the REBA analysis shows in Figure 10, the use of the seeder only affects the muscle
on the arms and wrist. This is due to the use of light force to push and pull the seeder into
and out from the soil to release seeds. The other parts of the body show no harm in adopting
the seeder while seeding. Using the concept of gravitational drop and the battery to power
the motor, the farmer experiences a slightly bent body position with a relaxed posture that
requires less stressful angles on seeding activity.

Based on the risk assessment result, it is proposed to seed maize using the motorized
maize seeder. Using this device, the operator's posture can be more upright and no longer
bent and position the trunk in a neutral region. The maize seeder is easy to use, requiring a
bit of manual pressure to create a hole. The seeder is powered by a battery and suitable for
multiple plantings were squatting and kneeling while seeding can be avoided. This device
makes maize planting easier and consistent than a conventional bare hand of digging and is
optimally suited for the effortless insertion of maize seed. As all know, farmer for small-scale
cultivation primarily refers to older adults. They will highly require a device to assist them
in seeding as it will enable them to dig holes and drop a seed without having to kneel and
bend over their body. Thus, the lightweight motorized maize seeder is suitable and
recommended to be used in the field for small-scale maize cultivation.
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5. Conclusions

This research concludes that the lightweight motorized maize seeder is capable of
reducing the MSD risk on farmers. The farmer is particularly at high risk of getting backache
and lower limb pain while seeding maize using bare hands without tool assistance. The
REBA and RULA score assessment results are displayed in detail for each body limb segment
in real-time. The use of lightweight motorized maize seeds in replacing the bare hand reduces
the ergonomic risk in seeding maize activities from the original REBA score 11. The RULA
score is seven, down to the REBA score three RULA score of 4.

Conflicts of Interest: The authors declare no conflict of interest.
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