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ABSTRACT

Environmental damage will disrupt the ecosystem to support life. Unsustainable
agriculture can be a source of environmental degradation. Conventional agriculture
may have an effect on the environment, thus the participation of various parties
in sustainable agriculture is needed. Organic agriculture is developed as an
environmentally friendly agricultural cultivation with many benefits. Compared to
the attention on occupational health, safety and environmental problems, economic
motives receive less attention. This study aims to calculate the costs arising from the
health impacts of vegetable cultivation. There were 314 respondents interviewed in this
study. There were significant differences in the sickness complaints felt by respondents;
organic farmer groups have the potential to incur health costs of Rp. 30,333.33, while
the conventional group is higher, with a cost of Rp. 103.303.57 (US$ 7.38). Organic
farming has a better impact because it uses natural ingredients and is not bad for
health. The potential losses arising from health cases also show a high and significant
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number (p <0.001).
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INTRODUCTION

The environment may affect the level of human
health. Improper environmental modification may cause
deaths, since damage in the environment disrupts life-
supporting ecosystems. Agriculture is also a source of
ecological damage if mismanaged (Seufert et al. 2012).
There are environmental damages from the overuse of
chemicals in agriculture (Bruinsma 2003). Conventional
farming is considered more manageable, but synthetic
chemical inputs in traditional farming activities can
interfere with biodiversity, soil fertility, ecosystems, and
health (Gabriel et al. 2013).

With limited knowledge of conventional agricultural
impacts, stakeholders must participate in various
sustainable farming activities (Cole et al. 2011). The
importance of farmer education and training to ensure safe
pesticide use (Aktar et al. 2009), so the appropriate policy
is required to contribute to the impact of its environment.
When appropriately managed, conventional farming can
also have good benefits (Gomiero et al. 2011).

In the future, farmers will improve their agricultural
development and environmental interests (Hansen et al.
2006). Sustainable agriculture can help farmers maintain
the environment (Ryan et al. 2003, Kassam et al. 2009).
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Crop pest resistance to chemicals disrupt the ecological
system, so it is necessary to immediately change the
agricultural system (Horrigan et al. 2002) to achieve
adequate and sustainable agriculture (Beddington et al.
2012).

Organic farming is developed as an environmentally
friendly agricultural practice with many benefits
(Bengtsson et al. 2005, Hole et al. 2005), such as
preserving species, natural richness and improving soil
fertility (Leifeld and Fuhrer 2010), reducing greenhouse
gases emissions (Gomiero et al. 2008), preserving the
sustainability of agricultural environments (Seufert
2012) and preservation of biodiversity (Foley et al. 2005,
Mondelaers et al. 2009). Organic agriculture has lower
inputs than conventional. Under good condition and
proper land management, organic agriculture can have a
higher yield, based on the system and from environmental
and economic assessments (Seufert 2012). Conventional
farming can be more sustainable and environmentally
safe by adopting some traditional organic farming
technology (Pimentel 2005).

Compared to occupational health and safety,
environmental issues (Marshall and Toffel 2005), do not



Journal of Environmental Science and Management Vol. 24 No. 1 (June 2021) 37

consider economic motives (Lobley et al. 2009).
Risk analysis, the basis to determine the impact of
land management, is needed in conducting economic
assessments of horticultural plantations (Holmes et al.
2009). Olabisi et al. (2015), found out that there are
constraints in the availability of organic supplements
and local markets for organic products, in addition to
insufficientland toretainharvest. Comparing conventional
and organic agricultural advantages vary due to various
techniques and plants (Charyulu and Biswas 2010).

Convincing farmers to switch from conventional
farming patterns to organic farming is not easy. This
include the farmers’ awareness about the magnitude
of health risks when using chemical pesticides (Lima
and Vianello 2011). Farmers’ understanding of long-
term impacts is also necessary, as well as many other
complications. Conventional agriculture has a high
potential contribution to eutrophication, therefore it
is necessary to pay attention to other environmentally
friendly agricultural practices in increasing soil fertility
(Oligquino-Abasolo and Zamora 2016).

Indonesia is an agricultural country where farmers
are using conventional methods, such as using synthetic
chemicals to pest problems and soil fertility. One reason
for this is that farmers are more oriented towards fast and
abundant harvests.

This study utilized a new and simple method that
can show the difference in health costs in organic and
conventional horticulture farming.

MATERIALS AND METHODS

This research is a quantitative descriptive study with
a cross-sectional design which interviewed farmers
in Getasan sub-district, Semarang, Indonesia (Figure
1). This study aimed to examine vegetable agricultural
cultivation in terms of its health value and economic
benefits.

In this study, the respondent farmers were defined as
landowners and farmers. A total of 314 respondents were
interviewed. Ninety respondents belonged to the organic
farming group. The respondents were drawn from the
villages with farmers who promote the Organic Village
Movement led by the Tranggulasi and Bangkit Merbabu
from Batur Village and Citra Muda from Kopeng Village.
For the group practicing conventional farming, 224
respondents were taken from other villages.

Interviews were conducted to obtain information about

conditions in the field such as agricultural farming used,
costs incurred for production (costs; labor, fertilizers,
pest control, irrigation, production facilities), crop
yields, and complaints disease. The data were processed
by statistical tests using non-parametric 2 independent
sample, Mann-Whitney. Data collection was conducted
in 2019.

The study’s variables include; Production Costs-
costs incurred during the farming process from clearing
the land to sell crops in one harvest time. Fees are
grouped as follows: labor costs, fertilizer costs, plant
protection costs, seed costs, irrigation costs, and the cost
of production facilities (Adhikari 2009, Mehmood et al.
2011). Health Costs- used to calculate the health benefits
obtained in horticultural farming; the basis for calculating
health costs used is the previous year. By identifying
sickness complaints (Quijano and Rengam 1999) and
using standard medical expenses, the average Social
Security Administrative Body (Badan Penyelenggara
Jaminan Sosia/ BPJS) medical cost is US$ 4.29 The
number of days not working could potentially cause
losses and calculate the cost of externalities. Cost-Benefit
Ratio (CBR) compares the benefits gained with the cost
incurred by incorporating the health cost elements. The
CBR calculation is done to see how much net income the
farm receives for every IDR of net expenditure. The CBR
method indicates that farming cultivation is acceptable if
the CBR has a value of more than 1. (Ndeketeya et al.
2014, Adongo et al. 2016, Rajput and Kothari 2017).

PVbenefit

BCR =
PVcost

where ; Pvbenefit = agricultural benefit,
Pvcost = Production cost + health cost

RESULTS AND DISCUSSION

Getasan District is one of the vegetable-producing
areas in Semarang Regency. Vegetable is the main
agricultural commodity of organic farmer groups. The
study is limited to the vegetable commodity rather than
fruits.

Farming is the main occupation, while a small number
are engaged in other jobs in the formal and informal
sectors. Most farmers are men, with the youngest is is 20
years old, while the oldest is 77 years old. The average
age of a farmer is 43 years, and the length of time of an
occupation being a farmer is from 5 years to 68 years.
The area of fertile land owned by respondents is at least
1,000 m? and a maximum of 11,000 m?, with an average
fertile land area of 2,804.46 m>.
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Figure 1. Studiy area in Getasan District, Semarang Regency, Province of Central Java, Indonesia 2019 (Source:
District Government of Semarang, scale: 1:130000).
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The farmers’ activities regarding vegetable farming
have no special difference in implementation compared
to mnon-organic vegetable farmers. Farmers begin
by plowing to clear the land, followed by fertilizer
application, mulching, perforation, planting, trellising,
pest management, wijil (early harvest) and harvest.

Irrigation is done by taking water from the upland
areas. This helps reduce costs incurred in irrigation, aside
from procurement of pipes and maintenance to repair
leaks. The farmers take advantage of the existing land
contour and gravity, because not all regions have water
sources, such as wells and springs.

Based on the survey, farmers cultivate only with
one type of commodity. However, others also grow
alternative crops, by using cropping patterns adapted to
the kind of entity.

Production Cost

Comparing the two types of cultivation in the study
area showed the difference, where the production costs
for conventional agriculture are higher than organic.

The cost of irrigation of conventional (US$ 0.52) and
organic (US$ 0.50) is almost the same. The difference
between the cost of fertilizers and pest control was US$
1.85 and 0.27, where the difference is very significant
(p<0.001). From this, it can be seen how much each
productivity of the two types of agricultural cultivation
by dividing the yield with production costs. Conventional
agricultural products has lower productivity (2.35) than
organic (2.64). Likewise, for land productivity, organic
agriculture was higher (US$ 188.15) than conventional,
which was only US$ 172.92 100 m (Table 1).

Theaverage total production cost peryear forevery 100
m? spent on organic horticultural agriculture (6 US$ 9.79

is lower than conventional agriculture (US$ 72.66).
Although the test did not show a significant number (p
= 0.199), it can be seen only that there is a difference.
This difference is influenced by fertilizers and pest
management of plant diseases, which have significant
figures. Other studies have found no significant difference
in the cost per hectare in the two agricultural models, even
though the production cost structure shows considerable
deviations (Urfi et al. 2011). Sudheer (2013) found out
that organic farming is more profitable for farmers in
terms of costs and returns than chemical agriculture. E/in
and Fox (2019) showed that the cost of organic farming
per hectare is higher than conventional, the results are
also more significant, the value of organic profits is still
better.

Conventional agriculture showed a higher cost figure,
although it is not significant. This is because only the
variable costs of fertilizer use and pest management for
organic farming are lower. This is in line with the study
by Forster et al. (2013), Pergola et al. (2013),
and Sgroi et al. (2015), which mentioned that high
production costswill affect organic profits. In terms of
production costs, organic horticultural agriculture is still
recommended. However, it is not significantly different
but it can be categorized lower because of natural
ingredients and does not depend on industrial products.

Complaints of Sickness

Theuse of chemicals in conventional farming may have
health effects to the farmers. Conventional horticultural
cultivation has a higher risk to health (Ye et al. 2013).
Rakesh et al. (2013) and Nganchamung et al. (2017)
also stated that the use of chemicals in agriculture have
implications on health and the environment. It contributes
to the potential poisoning in humans (Oliguino-Abasolo
and Zamora 2016). Farmers are also routinely exposed
to more effective pesticides than consumers. Exposure

Table 1. Comparison of productivity cultivation of vegetables in Getasan District, Semarang Regency every 100 m?2,

Cost Conventional Agriculture Mean® Organic Agriculture Mean®* p-Value
Labor costs 46.95 46.75 0.753
Fertilizer costs 7.24 5.39 <0.001*
Plant protection costs 1.69 1.42 <0.001*
Seed costs 4.96 3.92 0.746
Irrigation costs 0.52 0.50 0.772
Production facilities cost 11.30 11.80 0.077
Production costs 72.66 69.79 0.199
Yield 172.92 188.15 0.058
Gross margin 98.57 105.72 0.221
Productivity 2.35 2.64 <0.001*

*significant at 95% level of confidence (P<0.05); “US$
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occurs during preparation, spraying, and the cleaning of
spraying equipment (Damalas and Koutroubas 2016).
Spraying pesticides is dangerous because it increases the
adverse effects on users and the environment (Damalas
2015) if not applied properly. In addition to being
dangerous to farmers, pesticides can also pose a risk
to consumers of non-organic products due to chemical
residues (Reyes et al. 2017). Despite the toxicity,
environmental, and health risks it causes, pesticides are
essential components of modern agriculture (Colosio et
al. 2013).

One of the data related to the effect of agricultural
cultivation is its impact on farmers’ health. In this study,
the health impact was limited to complaints of sickness
from respondents related to the diseases reported last
year no medical examinations were conducted. Of
the 314 respondents, 173 had complaints about their
condition. Among them were 143 farmers who were
into conventional horticulture and 30 farmers who were
practicing organic methods. Considering that no medical
examinations were, the respondents’ claims of sickness
are purely subjective (Table 2).

Thirty respondents (33.3%) out of 90 respondents
from the organic farmers group felt subjective complaints,
including abdominal pain, chest pain, diarrhea,
dizziness, excessive sweating, headaches, muscle
aches (cramps), confusion, staggering, weak body, and
muscle spasms. Whereas for the conventional group,
143 (63.8%) of 224 respondents felt the same complaint,
coupled with complaints of blurred eyes, nausea
and vomiting, anddifficulty concentrating (Table 3).

There are significant differences in the complaints
in the past year such as dizziness (p<0.001), excessive
sweating (p<0.001), headache (p=0.001), muscle aches
(p<0.001), nausea and vomiting (p=0.025), and muscle
spasms (p= 0.036). This shows that organic farming has
a lower negative impact because of natural ingredients
and does not have adverse effects on health (Rakesh et al.
2013, Nganchamung et al. 2017).

Health Cost of Organic and Conventional Horticulture

Health Costs

Health costs are used to calculate health benefits
obtained in horticultural agriculture The basis for
calculating the health costs the data from the previous
year. The standard medical costs for subjective
complaints used is the BPJS outpatient median rate of
USS$ 4.29, while the number of days off that could cause
losses is used to calculate externality costs. The health
costs and potential losses of the organic respondent group
were significantly lower (p-value <0.001) compared to
conventional farmer groups (Table 4).

Farmers who are vulnerable tend to incur high
economic costs from exposure depending on geographic
location, number, and frequency of pesticide use.
Organic farmer groups have the potential to lose 2.17
USS$ while the conventional group is more significant,
with a potential loss of US$ 7.38.

Potential losses arising from health cases (subjective
complaints) also showed a high and significant number
(p<0.001). This potential arises because farmers cannot
perform their activities to sustain their agricultural
production. Farmers will be forced to hire others to work
on their land.

Environment-friendly and sustainable organic
farming can be achieved through the use of natural inputs
to produce quality food. Thus, the agricultural produce
are chemical-free and will further promote a healthier
living. This study showed that organic farming has
alower health risk than conventional agriculture, with
ap-value <0.001 (4sfawi et al. 2020). Health problems
hampered the productivity of the farmers and many were
forced to take more rest than do agricultural activities.
Individuals exposed tend to bear high economic costs
from chemical exposure. Depending on geographic
location, the amount and frequency of pesticide use
varies, as farmers are willing to pay between 53% and
79% more than the price of existing pesticides to protect
their health and the environment (Atreya et al. 2012).

Table 2. Complaints of sickness from respondents during the previous year in the cultivation of vegetables in Getasan

District, Semarang Regency, n = 314.

Variable Conventional n=224 Organic n=90 p-Value
Frequency | Percentage | Frequency | Percentage
Sickness complaints
There are no complaints 81 36.2 60 66.7 <0.001*
There is a complaint 143 63.8 30 333 <0.001*
TOTAL 224 100.0 90 100.0
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Table 3. Complaints of sickness from respondents in the previous year based on the type of complaint in the cultivation
of vegetables in Getasan District, Semarang Regency, n = 314.

Sickness Complaints Conventional n=224 Organic n=90 p-Value
yes no yes no

Stomach ache 20 204 4 86 0.177
Blurred Eyes 15 209 0 90 0.012*
Chest pain 10 214 2 88 0.350
Diarrhea 11 213 3 87 0.541
Dizziness 66 158 8 82 <0.001*
Excessive sweating 37 187 1 89 <0.001*
Headache 55 169 7 83 0.001*
Muscle aches or cramps 65 159 3 87 <0.001*
Nausea and Vomiting 12 212 0 90 0.025*
Confusion 21 203 5 85 0.268
Tottering 17 207 2 88 0.072
Difficulty in concentrating 7 217 0 90 0.900
Weak Body 38 186 7 83 0.036*
Muscle spasms 25 199 4 86 0.063

*significant at 95% level of confidence (P<0.05)

Table 4. Cost of treatment for subjective complaints in cultivating of vegetables by the respondents in Getasan District,

Semarang Regency, n = 314.

Variable Conventional Agriculture Mean* | Organic Agriculture Mean® | p-Value
Sickness complaints in the previous year 1.78 0.51 <0.001*
Sickness complaint costs in the previous year 7.63 2.19 <0.001%*
the number of days off, in the previous year 1.59 0.47 <0.001*
Potential losses in the previous year 7.38 2.17 <0.001*
Health cost 15.01 4.36 <0.001*

*significant at 95% level of confidence (P<0.05); *US$

Table 5. The benefit-cost ratio in horticultural agriculture of farmers in Getasan District, Semarang Regency.

Variable Conventional Agriculture Mean® | Organic Agriculture Mean® | p-Value
Production costs 172.66 69.79 0,199
Health cost 15.01 4.36 <0.001%*
Production + Health cost 87.67 74.15 0,648
Yield 172.92 188.15 0,058
Gross margin 98.57 105.72 0,221

*significant at 95% level of confidence (P<0.05); *US$

Cost Analysis

Based on medical expenses over the past year, the
cost ratio compared to the benefits gained in managing
agricultural land from both organic and conventional
farming obtained the BCR of 1.43 and 1.12, respectively,
and with a p <0.001 (Table 5).

Although both farming methods have values above
1 (worth doing), organic farming has better discounts.
Mohammad (2014) stated that the organic investment
value is better than conventional. Other studies stated
that organic farming will be better if the product prices
are sold at a premium (Crowder and Reganold 2015).
Organic farming offers better benefits (Asfawi et al.
2019).

CONCLUSION AND RECOMMENDATIONS

Organic farming has lower health risks than

conventional agriculture because of the use of natural
materials that are safe for health and the environment.
A comprehensive program is needed to create awareness
of overcoming health and environmental problems in
managing pesticides. It is highly recommended for
conventional farmers to shift to organic farming methods
because it will be more beneficial in the environment and
farmers’ health. Conventional farmers can gradually shift
from conventional agricultural cultivation to organic,
starting with organic pesticides.

This research can be used as input to determine
additional policies related to organic agriculture
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development. An essential factor that allow organic
farming to contribute to food security is the attitude of
the decision-makers towards organic farming. Organic
agriculture and certification are receiving increased
attention in many parts of the world. The conversion of
organic fertilizers and pesticides will save health costs
by up to 45%. Fertilizer subsidies can be diverted to
organic farming, considering that organic farming can
only show results in the third planting period (Hou et
al. 2016). This can convince the farmers to change
their agricultural cultivation model from conventional
to organic. Incentives for independent organic farming
pioneers can motivate farmers to share their knowledge,
especially in organic horticulture farming.

Encouraging the movement to consume healthy
products without chemicals can be used to support
changes in agricultural cultivation patterns from
conventional to organic. More people choose to consume
healthy vegetable products without chemicals, which
will also stimulate farmers to switch.

This research recommends the policymakers be more
directed to organic farming because it is safer for the
health of farmers and the environment. One example is
providing subsidies for farmers who are willing to move
from conventional to organic horticultural farming.
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