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ABSTRACT

The use of a push system planting tool to plant corn seeds requires a lot of energy because workers act as controllers,
so it often creates a physical and mental workload. Workloads that are too heavy and exceed work capacity can cause
fatigue. This fatigue will eventually cause pain. Therefore, the purpose of this study was to study the physical workload
of operators in operating corn seed planting equipment. The parameters of the research observed were the worker's pulse
before and after work, oxygen consumption, and the operator's physical workload. The results showed that the worker's
pulse can describe the workload as a manifestation of muscle movement when doing work. The greater the muscle
activity, the greater the fluctuation of the pulse movement that occurs. The operator's workload is in the light to medium
category. Oxygen consumption of workers is influenced by the intensity of the work done. Based on oxygen
consumption data, it is known that the workload of this corn seed planting tool is still relatively low because workers
still feel comfortable and safe while doing planting work.
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1. INTRODUCTION

The process of planting corn seeds can be done easily
if you use equipment that is suitable for the
anthropometric conditions of the workers [1]. To create
comfortable and safe working conditions, planting
equipment should be designed based on the size of the
worker's body posture and land conditions [2][3]. Some
indicators of success in designing corn seed planting
equipment are that farmers feel comfortable using the
tool, can increase efficiency, and reduce labor [4].

Planting corn seeds is generally done by inserting the
seeds into the planting hole at a certain depth [5]. If done
using a planting tool, it requires a lot of energy because
in its operation the worker acts as a source of power and
controller, so that it often causes physical burden [6].
Working conditions like this require high energy to carry
out the work of planting corn seeds and it is even more
difficult if this work is carried out continuously without
sufficient rest time [7]. Operators only take breaks by
stealing time off during work [8]. This can cause a high
workload. As a result, operator fatigue arises which can
cause performance to decrease [9].
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Physical work can be connoted with heavy work
because these activities require strong human physical
effort during the work period [10]. For physical work,
energy consumption is the main factor that can be used
as a benchmark for determining the weight or lightness
of a job [11]. Physical work will result in energy
expenditure associated with energy consumption. Energy
consumption during work is usually determined by
measuring the pulse rate [12].

Pulse rate is used to measure the dynamic workload
of workers as a manifestation of muscle movement. The
greater the muscle activity, the greater the fluctuation of
the pulse movement that occurs [13]. Vice versa.
According to [14], workload can be measured by pulse
before and after work. In addition, pulse rate can also be
used to estimate the physical condition or degree of
physical fitness of workers. Pulse rate can also be used to
measure a person's level of fatigue [15]. Another way that
can be done to measure a person's pulse at work is using
electromyography (EMG) [16].

The oxygen consumed by a person is influenced by
the intensity of the work done [17]. This oxygen
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consumption is related to physical work capacity (PWC).
According to [18], PWC describes the maximum amount
of oxygen that can be consumed by workers at any time.
A high percentage of PWC in a particular job will
indicate the physical workload experienced [19].

The problem that is often experienced by farmers
while planting corn using planting tools is that farmers
have to walk while pushing this planting tool with a load
of up to 7-10 kg [20]. This problem seems simple, but if
it is done on a large area and for a long time, it can cause
fatigue. Thus, the purpose of this study was to study the
level of operator workload in operating corn seed
planting equipment.

2. MATERIALS AND METHODS
2.1. Materials and tools

The material used in this research was Bisi variety
corn seeds. The equipment used was a corn seed planting
tool (Figure 1). While the research measuring
instruments are digital tachometers, digital scales,
stopwatches, measuring tapes, and roll meters.

Figure 1 Isomeric view of the double row seed planter
machine

Information:

1) Furrow opener

2) Planter hopper

3) Seed metering device

4) Drive wheels

5) The planter’s handle

2.2. Research Parameters

The research parameters observed were pulse before
and after work, oxygen consumption, and the operator's
physical workload.

2.3. Research Procedure

a) Pulse rate measurement is done 5 times for each
operator for 3 working days. The pulse before and after
planting was measured by measuring the pulse in the
wrist arteries with the 10 beat method using the
following formula:

10 pulse

Pulse = X 60 (1)

times
b) Measuring energy consumption to determine the
relationship between energy and pulse rate using the
quadratic regression equation ():

(Y) = 1.80411 - 0.0229038 X+ 4.71733 A x 10" X?
)

¢) Calculating physical workload based on the increase in
work pulse rate compared to the maximum pulse rate
using the formula [21]:

cvL = XKML 100 3)
DNyqx—DNI

Where, CVL = Cardiovascular Load (%), DNK = work
pulse (pulse/min), DNI = resting pulse (pulse/min), and
DNinax = maximum pulse (pulse/min).

d) Determine the classification of the physical workload
following Table 1 [22].

Table 1 Classification of physical workload

Range (%) Classification
<30 No fatigue
30 - 60 Repair needed
60 - 80 Work in short time
80 - 100 Immediate action needed
>100 No activity allowed

2.4. Data Analysis

The data needed are pulse rate, energy consumption,
and the operator's physical workload. These data are
displayed in the form of tables and graphs to determine
the relationship between research parameters and the
operator's physical workload during work [23].

3. RESULTS AND DISCUSSION
3.1. Pulse measurement

The results of measuring the worker's pulse are
presented in Table 2. This pulse rate can describe the
operator's workload as a manifestation of muscle
movement when doing work. The data in Table 2 shows
that the greater the muscle activity, the greater the
fluctuation of the pulse movement that occurs. According
to Teo [24], the workload can be known based on the
pulse of the worker. This pulse rate can also be used to
measure the level of worker fatigue. In addition, pulse
rate can also be used to estimate a person's physical
condition or degree of physical fitness.

Table 2 The results of measuring the operator's pulse
before and after work

10 Pulse 10 Pulse after
Operator Day to- before Work Work
(seconds) (seconds)
6.34 4.23
1 3 6.83 4.46
6.12 4.78
6.87 4.11
2 2 6.84 4.67
6.77 5.12
6.11 4.67
3 3 6.23 4.82
6.34 4.86
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The results of calculating the operator's pulse rate
using equation (1) obtained the worker's pulse for every
minute, as presented in Table 3.

Table 3 The results of calculating the operator's pulse
rate before and after work

Maxi
mum Pulse
Ope | Day Pulse rate |Pulse rate pulse rate
before work |after work
rator | to- . . rate (pulse/
(pulse/min) [pulse/min) (pulse/ | min)
min)
94.64 141.84 167 47.21
1 3 87.85 134.53 167 46.68
98.04 125.52 167 27.48
87.34 145.99 175 58.65
2 3 87.72 128.48 175 40.76
88.63 117.19 175 28.56
98.20 128.48 190 30.28
3 3 96.31 124.48 190 28.17
94.64 123.46 190 28.82

Measurement of pulse rate is also used to determine
the operator's workload both before and after work. Pulse
rate is measured by measuring the speed of the pulse in
the radial artery of the wrist. In addition, measurement of
pulse during work is a method for determining the
classification of workload based on the increase in the
work pulse compared to the maximum pulse rate.
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Figure 2 Labor position se corn planter

3.2. Oxygen Consumption

Someone who is doing physical work will result in
energy expenditure related to oxygen consumption. The
relationship between energy and pulse rate can be used to
calculate the oxygen consumption of each worker. The
results of the pulse rate calculation using the 10 beats
method obtained a recapitulation of workers' oxygen
consumption as presented in Table 4. Based on the table
it is known that the oxygen consumed by workers is
influenced by the intensity of the work performed.
Oxygen consumption can be used to determine the
physical work capacity of workers (PWC). According to
[25], PWC describes the maximum amount of oxygen
that can be consumed by workers every minute [26]. A
high percentage of PWC can indicate the physical burden
experienced by workers is also high.

Table 4 Results of workers' oxygen consumption
recapitulation.

Pulse Oxygen
Opoerrat 13;1_}/ before wc?rk Consumption

(pulse/min) (kcal/h)
47.21 1.77
1 1 46.68 1.76
27.48 1.53
58.65 2.08
2 2 40.76 1.65
28.56 1.54
30.28 1.54
3 3 28.17 1.53
28.82 1.54

Research data show that PWC decreases as workers
age. The data obtained show that workers aged 53 years
have lower PWC than workers aged 35 years. The same
thing has been reported by Bugajska et al. [27], that the
PWC of older workers is smaller than that of young
workers. Our results also show the importance of PWC
on workability. This is evidenced by the positive
correlation between oxygen consumption and work
ability. Based on the results of this test, it can be
explained that work capacity decreases with increasing
age of workers.

Several research results have also reported that the
age of workers has a significant effect on work capacity
[28]. Younger workers tend to have a higher work
capacity than older workers. Workers in poorer health are
more likely to retire early or move to less physically
demanding jobs. The effect of age is often compromised
with muscle strength due to the tendency of individuals
to be lighter, healthier, stronger, with relatively stronger
physical, muscular, and cardiorespiratory fitness [29].

3.3. Physical Workload Analysis



Operator Workload Analysis of Corn Seed Planting Equipment in Corn Planting 535

The results of measuring the physical workload using
the pulse method are presented in Figure 2. Based on the
figure, it is known that this type of work is classified as a
low level of physical workload because workers do not
experience fatigue during the work of planting corn seeds
using planting tools.

m Pulse before work
B Pulse after work
Work pulse

150 -
130 ~
110 ~
90 -
70 1
50 -
30 A

Pulse/minute

111 2 2 2 3 3 3

Work day
Figure 3 Physical workload for each operator

The workload analysis obtained from this study is still
relatively comfortable and safe. If workers still feel
comfortable in doing their jobs according to [30], it can
improve performance, be more efficient, and cost less.
From an ergonomics point of view, the demands of
workload and work capacity must always be balanced to
achieve optimal work performance. The workload should
not be too low (underload) and should not be too
excessive (overload) because both can cause saturation

[6].

Workload is a burden that must be accepted by
workers in completing work related to physiological
conditions, such as noise, vibration (vibration), and the
environment. If such working conditions are bad enough,
there will be work stress with physical symptoms, such
as high blood pressure, diarrhea, constipation [31]. The
workload of farmers in using this planting tool is still in
the light category. However, this cropping tool still needs
to be redesigned for better refinement.

4. CONCLUSION

The worker's pulse indicates the workload as a
manifestation of muscle movement during work. The
greater the muscle activity, the greater the fluctuation of
the pulse movement that occurs. The operator's workload
is in the light to medium category. The worker's oxygen
consumption is influenced by the intensity of the work
done. The workload of this corn seed planting tool is still
relatively low because workers still feel comfortable and
safe while using the corn seed planting tool.

REFERENCES

(1]

(2]

(3]

(6]

(7]

(8]

(9]

Ansar, Sukmawaty, R. Sabani and Murad,
"Implementation of Corn Seed Planter of Double
Rows Push Type in Gumantar Village, North
Lombok Regency-NTB," Jurnal Abdi Mas TPB,
vol. 2, no. 2, pp. 32-37, 2020.

L. Yang, X. T. He, T. Cui, D. X. Zhang, S. Shi, R.
Zhang and W. Mantao, "Development of
mechatronic driving system for seed meters
equipped on conventional precision corn planter,”
YInt J Agric & Biol Eng, vol. §,no. 5, pp. 1-9,2015.

Ansar; Nazaruddin; Azis, A A, "Numerical
Analysis to Predict Temperature Distribution of
Passion Fruit Seeds during Drying," Transaction of
ASABE, vol. 64, no. 6, pp. 2103-2109, 2021.

O. Ghaderpour, S. Rafiee, M. Sharifi and S. H.
Mousavi-Avval, "Quantifying the environmental
impacts of alfalfa production in different farming
systems," Sustainable Energy Technologies and
Assessments, vol. 27, pp. 109-118, 2018.

S. S. Virk, W. M. Porter, C. Li, C. Rains, J. L.
Snider and J. R. Whitaker , "On-farm evaluation of
planter downforce in varying soil textures within

grower fields," Precision Agriculture, vol. 22, p.
777-799, 2021.

Ansar; Murad; Sukmawaty; Khalil, R; Ulumuddin,
A, "Design and Performance Test of Corn Seeds
Planter of Double Row Push System on Land
without Tillage," Journal of Agricultural and
Biosystem Engineering, vol. 9, no. 1, pp. 48-56,
2021.

D. A. Wirawan, G. Haryono and Y. E. Susilowati,
"the Influence of Number of Plants Per Hole and
Planting Distance to Peanut Plant Results (Arachis
hypogea, L.) Var. Kancil," Jurnal llmu Pertanian
Tropika dan Subtropika, vol. 3, no. 1, pp. 5-8,
2018.

Sukmawaty, Murad, Ansar, H. Kurniawan and Z.
Fitri, "Analysis of heat energy in the drying process
of Moringa Oleifera leaves using a greenhouse
effect dryer (ERK)," IOP Conference Series: Earth
and Environmental Sciencethis, vol. 913, no. 1, p.
012036, 2021.

Ansar, Nazaruddin, & Azis, "Effect of vacuum
freeze-drying condition and maltodextrin on the
physical and sensory characteristics of passion fruit
(Passiflora edulis sims) extract," in International
Symposium on  Agriculture And  Biosystem
Enginnering, Makassar, 2019.



536 Ansar et al.

[10] Ansar, Sukmawaty, Murad, M. Ulfa and A. D.
Azis, "Using of exhaust gas heat from a condenser
to increase the vacuum freeze-drying rate," Results
in Engineering, vol. 13, p. 100317, 2022.

[11] Ansar, Sukmawaty, S. H. Abdullah, Nazaruddin
and E. Safitri, "Physical and chemical properties of
mixture fuels (MF) between palm sap (arenga
pinnata merr) bioethanol and premium," ACS
Omega, vol. 75, no. 1, pp. 1-9, 2020.

[12] Ansar; Nazaruddin; Azis, A D; Fudholi, A,
"Enhancement of bioethanol production from palm
sap (Arenga pinnata (Wurmb) Merr) through
optimization of Saccharomyces cerevisiae as an
inoculum," Journal of Materials Research and
Technology, vol. 14, pp. 548-554, 2021.

[13] M. A. Zaidi, N. Amjad, H. S. Mahmood and S. S.
Shah, "Performance evaluation of pneumatic
planter for peas planting," Pakistan Journal of
Agricultual Sciences, vol. 56, no. 1, pp. 237-244,
2019.

[14] A. Bruggen, "An empirical investigation of the
relationship between workload and performance,”
Management Decision, vol. 53, no. 10, pp. 2377-
2389, 2015.

[15] N. Ghasemzadeh and A. M. Zafari, "A Brief
Journey into the History of the Arterial Pulse,"
Cardiology Research and Practice, vol. 5, no. 2, p.
14, 2011.

[16] H. Xiantao, D. Youqiang, Z. Dongxing, Y. Li, C.
Tao and Z. Xiangjun, "Development of a variable-
rate seeding control system for corn planters Part I:
Design and laboratory experiment," Computers
and Electronics in Agriculture, vol. 1620, pp. 318-
327,2019.

[17] M. S. Svendsen, P. G. Bushnell, E. F. Christensen
and J. F. Steffensen, "Sources of variation in
oxygen consumption of aquatic animals
demonstrated by simulated constant oxygen
consumption and respirometers of different sizes,"
Journal of Fish Biology, vol. 88, no. 1, pp. 51-64,
2016.

[18] E. Habibi, H. Dehghan, M. Zeinodini, H. Yousefi
and A. Hasanzadeh, "A Study on Work Ability
Index and Physical Work Capacity on the Base of
Fax Equation VO(2) Max in Male Nursing
Hospital Staff in Isfahan, Iran," International

Journal of Preventive Medicine, vol. 3, no. 11, pp.
776-782,2012.

[19] X. L. Xue, L. H. Li, C. L. Xu, E. Q. Liand Y. J.
Wang, "Optimizeddesign and experimentof a fully
automated potted cotton seedling transplanting
mechanism," International Journal of Agricultural
and Biological Engineering, vol. 13,n0.4, pp. 111-
117, 2020.

[20] A. Yazgi , "Effect of seed tubes on corn planter
performance," Applied Engineering in Agriculture,
vol. 32, no. 6, pp. 783-790, 2016.

[21] G. Gallicchio, T. Finkenzeller, G. Sattlecker, S.
Lindinger and K. Hoedlmoser, "Shooting under
cardiovascular load: Electroencephalographic
activity in preparation for biathlon shooting,"
International Journal of Psychophysiology, vol.
109, no. 2, p. 92-99.

[22] I. Ketut Widana, N. Wayan Sumetri, 1. Ketut
Sutapa and W. Suryasa, "Engineering System of
Research Master Plan for Better Cardiovascular
and Musculoskeletal Health Quality," Computer
Applications in Engineering Education, pp. 1-12,
2020.

[23] Ansar; Nazaruddin; Azis, A D, "New frozen
product development from strawberries (Fragaria
Ananassa Duch.)," Heliyon, vol. 6, no. 9, p.
e05118, 2020.

[24]J. Teo, "Early Detection of Silent Hypoxia in
Covid-19 Pneumonia Using Smartphone Pulse
Oximetry," Journal of Medical Systems, vol. 44,
no. 3, p. 134, 2020.

[25] G. P. Kenny, J. E. Yardley, L. Martineau and O.
Jay, "Physical work capacity in older adults:
Implications for the aging worker," American
Journal of Industrial Medicine, vol. 51, no. 8, p.
610-625, 2008.

[26] G. Flensner, A. M. Landtblom and O. S6derhamn,
"Work capacity and health-related quality of life
among individuals with multiple sclerosis reduced
by fatigue: a cross-sectional study," BMC Public
Health, vol. 13, no. 1, p. 224, 2013.

[27] J. Bugajska, T. Makowiec-Dabrowska, A. Jegier
and A. Marszatek, "Physical work capacity (VO2
max) and work ability (WAI) of active employees
(men and women) in Poland," International
Congress Series, vol. 1280, p. 156—160, 2005.



Operator Workload Analysis of Corn Seed Planting Equipment in Corn Planting 537

[28] X. Zhang, R. B. Lin, J. Wang, B. Wang, B. Liang,
T. Yildirim and B. Chen, "Optimization of the Pore
Structures of MOFs for Record High Hydrogen
Volumetric ~ Working  Capacity," Advanced
Materials, vol. 6, no. 2, p. 1907995, 2020.

[29] G. D. Robert, A. G. Fletcher and P. Mike, "Oxygen
consumption dynamics in steady-state tumour
modelsR. Soc. open sci.," Royal Society Open
Science, vol. 1, no. 1, p. 1140080, 2014.

[30] J. Fan and A. P. Smith, "The Impact of Workload
and Fatigue on Performance," Communications in
Computer and Information Science, vol. 726, no. 2,
pp. 54-62, 2017.

[31] M. P. de Looze, T. Bosch, F. Krause, S. Konrad and
L. W. O’Sullivan, "Exoskeletons for industrial
application and their potential effects on physical

work load," Ergonomics, vol. 59, no. 5, pp. 671-
681, 2016.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter’s Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright

holder.





