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ABSTRACT: Melons are horticultural crops grown in tropical regions with strong
market potential, as it is highly demanded by consumers and offers substantial economic
value. Nowadays, melons are widely cultivated in greenhouses using hydroponic systems
to adapt to climate change. Since the climate change has become a major challenge to
agricultural sector, it is important to assess the sustainability of an innovation, in this study,
melon cultivation in a greenhouse. The sustainability of a business can be predicted
through economic analysis and sensitivity analysis. This study aimed to analyze the
economic aspects of cultivating “Sweet Aprilia” melons in a 400m2 greenhouse (GH) with
a capacity of 1,000 melons. This study also aimed to determine the sensitivity or how
businesses respond to changes in production costs and selling prices of melons. The
research was conducted in Semarang, Central Java. The fertilizer used was an AB mix
fertilizer formulated according to the needs of the plants. Each plant was cultivated to
produce only two melons to optimize the nutritional intake for each melon, with the PPM
adjusted to the needs of the melons. The feasibility and sensitivity analysis were Net
Present Value (NPV), Payback Period (PP), Profitability Index (PI), and Internal Rate of
Return (IRR). The results showed that a greenhouse containing 602 premium Sweet
Aprilia melon plants requires an initial investment of IDR 80,000,000 with an economic
life of 5 years. The cost of melon sold (CMS) was IDR 9,967, the BEP was 440 units, and
the production cost was IDR 9,966,600. Revenue was IDR 17,500,000, so the income was
IDR 7,533,400. This study produced an NPV of 54.67, PP of 2 years, 7 months, 16 days,
PI was 1.68, and IRR was 37.03. The findings highlight that the melon business in a GH
is feasible to be carried out with a cultivation process for 4 planting periods per year.
Despite rising production costs and declining selling prices, melon business is projected

to maintain a positive respond by continuing to generate profits for the business.

1. INTRODUCTION

The global population is expected to keep growing over the next 50 years, including the population growth in Indonesia that
was projected to reached 328,93 million people by 2050 [1], [2]. This reality poses a significant challenge for agricultural
production to meet the needs of a growing population while adhering to achieve the goal no 2 of Sustainable Development
Goals (SDGs) or “end hunger, achieve food security and improved nutrition and promote sustainable agricnlture”. Food availability, diversity,
and sustainability are some of the aspects that needs to be fulfilled to achieve food security [3][4]. One approach to achieve
food security is by increasing production and consumption within the horticultural sector. Melons (Cucumis melo 1.) play an
important role in Indonesia’s horticultural sector. Central Java is the second largest producer of Melon after East Java in
Indonesia. Melon production experiences fluctuations but demonstrates an upward trend, driven by growing recognition of its
nutritional and economic benefits. Climate change contributes to the decline in melon production, leading to several adverse
effects, including a rise in pest and disease infestations. Additionally, prolonged dry seasons drive up production costs. To date,

melons have been cultivated in greenhouses using hydroponic system. Greenhouses can prevent insects and fungi from
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mitigating climate change and offers significant advantages over traditional outdoor cultivation methods. A greenhouse shields
crops from adverse weather conditions and provides a controlled environment suitable for plant growth by regulating its internal
microclimate [5]. The primary goal of hydroponic melon cultivation is to deliver safe, high-quality melons that support
consumer health. Hydroponic method offers the advantage of producing melons with a consistently sweet and fresh flavour all

year round [6].

Melon cultivation in greenhouse offers vatious potential advantages for human health through improvements in food safety,
melon’s nutritional quality and the consistency of fresh melon availability. Controlled environments of greenhouse allow farmers
to regulate essential production factors, including temperature, humidity, irrigation, plant density, and nutrient supply, which
may affect in more consistent melon development and nutritional quality. Recent study has shown that melon cultivated under
greenhouse system can produce fruits with enhanced concentrations of phenolic and flavonoids, thereby improving their
nutraceutical potential [7]. According to food safety perspective, greenhouse cultivation may also reduce crop exposure to
adverse weather conditions. The physical protection of greenhouse system can potentially decrease pest pressure and reduce
farmer’s dependence on chemical pesticides when appropriate cultivation and integrated pest management are implemented
[8]. Evidence from Indonesian melon cultivation shows that greenhouse implementation has the potential to reduce chemical

fertilizer and pesticide use, although reduction may vary according to farm management practices [9].

Given that climate change has emerged as a significant challenge for the agricultural sector, evaluating the sustainability of
melon cultivation in a greenhouse is essential. With the continuous rise in food demand driven by population growth, enhancing
agricultural production and ensuring its long-term sustainability is necessary. Business sustainability can be assessed through
both economic and sensitivity analyses [10] [11][12]. Economic analysis is important in the greenhouse cultivation of agricultural
corps. In business development, financial feasibility plays a critical role in determining the continuation of an investment. A
business is considered viable when it is capable of generating sufficient returns for both investors and the entrepreneur [13].
Moreover, business sustainability is inherently linked to the sensitivity of its feasibility. Sensitivity analysis serves to predict how
a business responds to variations in key parameters, thereby indicating its capacity to endure under specific conditions.
Consequently, conducting sensitivity analysis on factors influencing business feasibility is essential for ensuring continuity and
minimizing the risk of failure [14]. Parameters that can change and influence the feasibility of a business include production

costs and the selling price of a product.

Previous research findings indicate that melon cultivation in a greenhouse demonstrates strong potential for business feasibility
[15], [16], [17]. However, limited research has integrated business feasibility analysis with sensitivity analysis for melon
cultivation in a greenhouse, particularly considering rising production costs and declining selling prices. This analysis aimed to
evaluate the economic feasibility and potential profitability of melon production in controlled greenhouse environment. By
examining factors such as initial investment, operational costs, yield projections, and market demand, this study provides
valuable insights for farmers and investors considering greenhouse melon cultivation in Indonesia. This study aimed to conduct

an economic and sensitivity analysis of melon cultivation in a greenhouse.
2. MATERIALS AND METHODS
2.1 Location Site

This study was conducted in a melon greenhouse (GH) in Mijen, Semarang City, Central Java, Indonesia. The melon GH
measures 10 X 40 m and can hold up to 602 polybags. The research was conducted on May 12th until July 17th, 2025 for
around two months. The GH is made of bamboo with a UV-protected plastic roof and insect netting. The melon variety grown
in GH is “Sweet Aprilia”. The GH used a drip irrigation system to water the melon plants. Each melon plant was managed to
yield only two melons, ensuring optimal nutrient allocation for each fruit, with the PPM adjusted according to the melons’
requirements. The fertilizer used was AB Mix with the composition shown in Table 1. The study was conducted from the day
after cultivation (DAC 0 — DAC 65).

Fertilizer

The synthetic nutrient commonly used in hydroponic cultivation is known as AB Mix. AB Mix is a nutrient solution composed
of two parts: solution A, which provides macronutrients, and solution B, which supplies micronutrients [18]. The melon

cultivation in this research used was an AB mix fertilizer, which was made and formulated as shown in table 1 and Table 2.
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Table 1. Composition of AB mix used in Greenhouse

No | Items Percentage (%)
1 N-NO3 18.6

2 N-NH4 0.8

3 P 8.5

4 K 42.5

5 Ca 14.2

6 Mg 4.3

7 S 9.9

Table 2. PPM content of Fertilizer

No Items PPM content
1 Fe 4

2 B 0.5

3 Mn 0.5

4 Zn 0.19
5 Cu 0.19
6 Mo 0.05
7 Na 0.018
8 Cl 0.65
9 Ni 0.015
10 Co 0.015
1 1 0.05
12 \% 0.001
13 Ag 0.001
14 Bio 2.5

Figure 1. Melon Greenhouse
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2.2 Data Collection

The primary data was obtained by observing 602 melon plants in a greenhouse during the 65 to 70 days cultivation period. The
harvest is estimated to reach approximately 1,200 fruits, as each melon plant is cultivated to produce only two melons. Following
the harvest, the greenhouse undergoes sterilization for one to two weeks to ensure the subsequent cultivation is free from
potential disease. Consequently, a single greenhouse can accommodate four production cycles annually. Meanwhile, secondary

data was obtained from trusted sources related to this research.
2.3 Analytical Methods
Cost of production (IDR)

Production costs are all expenses incurred to cultivate melons in a greenhouse. Production costs are calculated starting from
GH depreciation and operating costs. These operating costs included the expenditures for seeds, water, electricity, insecticide
and fungicide, fertilizer, labor and other production related costs. GH depreciation is derived from the greenhouse investment
cost or the initial expense to established a bamboo greenhouse including a greenhouse and supporting tools for hydroponic
melon cultivation. This investment was depreciated over their respective economic lives and incorporated into the annual
production cost. The cost of melon produced (CMP) and the break-even point (BEP). The economic performance of melon
production in greenhouse was evaluated by calculating the Revenue, Income, and the feasibility ratio including Net Present

Value, Payback Period, Internal Rate of Return and sensitivity analysis.
Revenue (IDR)

Revenue is calculated by multiplying the total weight of harvested melons (kg) by the selling price per kilogram of melons. The
selling price per kilogram is IDR 25,000. The total weight of harvested melons was based on the number of plants cultivated
per production cycle and the expected survival rate.

Income

Income is the subtraction of revenue from production costs. Income = revenue — cost of production
m =TR —TC

Feasibility analysis

The feasibility analysis was conducted over a 5-yeat economic life (corresponding to the GH's lifespan). Each year is assumed
to have four periods of planting. The feasibility analysis used Net Present Value (NPV), Payback Period (PP), Profitability Index
(PI), and Internal Rate of Return (IRR).

Ner Present Value (NPV)
NPV was calculated to evaluate the business's profitability over multiple years, considering the fluctuations in currency value.

n
Bt_Ct

NPV = —_—
it
o] 1+15

Decision rule for NPV is as follows:

Negative NPV (NPV < 0) means that the business was not feasible if the costs were greater than the benefits.
Positive NPV (NPV > 0) means that the business was feasible if the benefits were greater that the costs.
Payback Period (PP)

PP is used to analyze financial feasibility by determine the time needed to return the investment through the business. A business
is feasible if the payback period is less than the business’s economic lifespan. PP formula is as follows:
(initial invesment)
- (net cash)

X 1year
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Internal Rate of Return (IRR)

IRR = Bt —Ct 0
B & (1 +IRR)t

Where:

Bt = income of year t

Ct = expenditure or cost of year t

i = interest rate

t = year of ongoing business

n = year

Decision rule for IRR is as follows:

If IRR > interest rate, the business is feasible

If IRR < interest rate, the business is not feasible
Sensitivity analysis

In this study, sensitivity analysis was performed using the switching value method to examine how changes in production costs,
selling prices, and the combination of production cost and selling price affect business feasibility indicators (NPV, PP, PI, IRR).
Sensitivity analysis was conducted by assuming a 10% increase in production costs, a 10% decrease in melon selling prices and
a 10% increase in production costs and a 10% decrease in melon prices.

3. RESULTS AND DISCUSSION
3.1 Results

This research conducted intensive monitoring of melon cultivation in a greenhouse. The greenhouse monitoring involves the
continuous monitoring of temperature, water supply, and fertilizer supply inside a greenhouse. Melon (Cucumis melo 1..) is one
of the most significant horticultural crops, rich in carbohydrates and essential nutrients [19]. As the plants and fruits growing
bigger the needs of water was also increasing. Melon, a water-loving crop, is highly sensitive to soil moisture, and water
availability directly impact on fertilizer efficiency [20]. As shown in Table 3. total water used to cultivate melon was 111,882
liter. In hydroponic systems, watering volume is a crucial factor, as sufficient water and nutrient availability are vital for attaining
optimal plant quality [21]. It is necessary to maintain a consistent watering volume of each melon plant until harvest for the
growth and quality of melons [22].

Table 3. Amount of Water

No | Day after cultivation (DAC) | Total (liter)

1 0-10 DAC 6,762

2 11-20 DAC 13,320

3 21-30 DAC 20,400

4 | 31-65 DAC 71,400
Total 111,882

Temperature is among the most critical factors influencing the greenhouse climate. The GH was constructed of bamboo with
a UV-protected plastic roof and insect netting to make it easier to control the temperature required by melon plants. Transparent
material roof helps on balancing nighttime temperatures by raising the ambient temperature in the greenhouse [23]. GH
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temperature throughout 65 days of melon cultivation is as shown in Table 4. The temperature in the greenhouse was around
of 25°C — 42°C with the highest mean of 38°C. The temperature was higher than the required temperature for melon cultivation
that was around 25°C — 30°C [24].

Table 4. Temperature of Greenhouse

No | Day after cultivation (DAC) | Min (°C) | Mean (°C) | Max (°C)
1 0-10 DAC 25 38 42
2 11-20 DAC 25 36 42
3 21-30 DAC 25 36 40
4 31-65 DAC 25 37 42

The preparation of AB Mix solutions was carried out by adding 5 ml of stock A and stock B into 1 litter of water, then stirring
thoroughly. The amount of AB mix solution given to the melon plants throughout 65 day of melon cultivation is as presented
in table 5. The application of AB Mix fertilizer continues to increase in line with the cultivation days, this is because the melon
plants are getting bigger and need more nutrients intake, especially for the fruit. A previous study showed that melon plants
start to generate fruit ranging from day 28 to 35 after cultivation [25]. Therefore, increasing the provision of AB Mix fertilizer
is very important to support the development of large and high-quality melon fruit. The generative stage, particularly fruit
weight, is greatly affected by the plant’s absorption of macronutrients (N, P, K, Ca, Mg, and S) and micronutrients (Cu, Zn, Fe,
B, Mo, Mn, Cl) [26], [27].

Table 5. Number of fertilizer (AB mix)

No | Day after cultivation (DAC) | Total (liter)
1 0-10 DAC 55
2 11-20 DAC 110
3 21-30 DAC 160
4 31-65 DAC 506
Total 831

1.6
1.4

1.2

0
0
0
o
o M
26 30 35 40 45 50 55

Figure 2. Melon fruit growth (DAC)
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Figure 3. Melon “Sweet Aprilia” was harvested
3.4 Discussion
Investment

The GH is constructed of bamboo and measures 10 X 40 m from east to west. The plants are irrigated using drip irrigation,
and the polybags use cocopeat as the medium. Total construction cost of GH was IDR. 80,000,000. Investment in hydroponic
melon cultivation includes the need to build a greenhouse and supporting tools for hydroponic melon cultivation [28], [29].

Economic Analysis

The cost production analysis of “Sweet Aprilia” Melon cultivation in a greenhouse was presented in Table 6. This study
calculated fixed and variable cost as cost of production. Fixed cost consisted of greenhouse depreciation. While the variable
costincluded the cost of seed, fertilizer, labour, pesticides (insecticide, fungicide, and leave fertilizer), electricity, water and other
cost. This is supported by previous study [30], [31], which states that variable cost in melon cultivation especially in greenhouse
included the cost of materials such as fertilizers, fungicides, insecticides, and single-use equipment required for one planting
cycle. The component with largest component in total cost production is worker cost, contributed for almost half of the total
cost or around 43.34%. This finding aligns with previous study which found that labour costs represented the largest proportion
of the total cost in agricultural corps cultivation [32], [33]. The cost of labour was the highest because labour is an important
resource in the agricultural sector. Agricultural industry depends heavily on a substantial workforce to operate and produce
food as well as other agricultural products [34]. The second highest cost of variable cost was fertilizer cost. Contrary to the cost
of labour and fertilizer as the two highest cost, the electricity cost was the lowest of variable cost in this study. Electricity cost
contributed 2.51% of the total cost or around IDR 250,000. The electricity was only used to operate the water pump to irrigate
the plants and to light the greenhouse at nighttime. Electricity is a supporting aspect in greenhouse operations [35]. The
breakeven point (BEP) unit for melon cultivation in a greenhouse in Semarang is 440 units, meaning that the business
experience neither profit nor loss when producing or harvesting 440 melons.

Table 6. Cost of Production melon sold

Ttems Number | Price Total %
Seed (IDR) 1000 1,170 1,170,000 11.74
Fertilizer cost (IDR) 831 3,600 2,991,600 | 30.02
Worker cost IDR) 1 4,320,000 4,320,000 | 43.34
Insecticide, Fungicide, leave fertilizer cost (IDR) | 1 300,000 300,000 | 3.01
Electricity cost (IDR) 1 250,000 250,000 | 2.51
Water cost (IDR) 1 335,000 335,000 | 3.36
Others cost IDR 1 600,000 600.000 | 6.02
Total 9.966.600 | 100.00
Number of melon (units) 1,000
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Cost of Melon sold (IDR) 9,967

BEP (units) 440

Each plant produced two fresh melons to optimize nutrients intake and the growth. Melon harvested weight averaging between
1.2 to 1.8 kg in weight as shown in Figure 3, with a harvest success rate of 75%, resulting in a total yield of 756 premium melons.
Fruit weight is influenced by several factors, including light, temperature, nutrient availability, and pest attacks [36]. Assuming
that the total production is 700 kg per harvest season, with a selling price of IDR 25,000 per kilogram. The study found that
the revenue, production cost, and income as presented in table 7. The revenue was obtained from number of melons harvested
(kg) sold multiply with the selling price per kilogram and resulted in total revenue of IDR 17,500,000. Revenue is calculated by
subtracting the total production costs from the total receipts generated during the production process [37]. The income of

melon cultivation was derived from revenue subtracting with production cost or around IDR 7,533,400 per harvest season.

Table 7. Income analysis

No | Items Number

1 Revenue (IDR) 17,500,000

2 Production cost (IDR) 9,966,600

3 Income (IDR) 7,533,400
Total melon harvested (heads) | 756

Feasibility Analysis

The feasibility analysis was conducted to assess the potential success and sustainability of the greenhouse melon business. Key
tools used in this analysis were Net Present Value (NPV), Payback Period (PP), Profitability Index (PI) and Internal Rate of
Return (IRR), as presented in Table 8. The initial investment was IDR 80,000,000 to constructed a 400 square meter bamboo
greenhouse with a UV-protected plastic roof, insect netting, polybag and cocopeat as the medium, and drip irrigation system.
Investment in hydroponic melon cultivation includes the need to build a greenhouse and supporting tools for hydroponic
melon cultivation [29] [28]. This study showed that the Net Present Value (NPV) was 54.67. NPV value > 0 which means that
the net income from melon cultivation in a greenhouse is greater than the total production costs incurred. This finding aligns
with previous study which showed that melon cultivation in a greenhouse is feasible to be carried out [6], [28]; the payback
period was 2 years, 7 months 16 days means that the return on investment for melon cultivation in greenhouse is less than the
economic lifespan of 5 years. This research has a relatively faster payback period when compared with the economic lifespan
and the findings of previous researches that need around 5 years for the investment to return [38], [39]; the profitability index
(PI) of melon cultivation in a greenhouse in this study was 1.68. The profitability index represents the ratio between the total
present value of net receipts and the present value of investment expenditures over the investment’s lifespan. The PI value
greater than 1 indicates feasibility [6]; the IRR was 37.03% or greater than the prevailing bank interest rate of 12%. If the
calculated IRR exceeds the discount rate, the investment can be considered worthwhile [5], [40]. All the economic feasibility

indicator NPV, PP, PI, and IRR) showed that the melon cultivation in a greenhouse is economically feasible to run.

Table 8. Feasibility analysis

No | Item Number

1 Investment (IDR) 80,000,000

2 Net Present Value (NPV) | 54.67

3 Payback period 2 years, 7 months 16 days
4 Profitability index (PI) 1.68

5 IRR (%) 37.03
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Sensitivity Analysis

Sensitivity analysis was carried out to determine how changes may affect the results of feasibility indicator like NPV, PP, PI,
and IRR. Due to possible changes in essential aspect such as increasing in production cost and decreasing in melon selling price,
this analysis is necessary in order to evaluate the business [13]. The sensitivity analysis of melon cultivation in a greenhouse in
Semarang is as shown in Table 9, with three different conditions. The study found that a 10% increase in production costs, a
10% decrease in selling prices, and a combination of these two conditions caused a decrease in the feasibility indicators.
However, melon cultivation in a greenhouse remains feasible because the NPV > 0, PP is smaller than the economic life, PI is
greater than 1, and IRR > than the interest rate [6], [28], [40]. This result was aligned with the previous study by [13], [39] which
found that melon cultivation in greenhouse is still feasible even though there were changes in cost production and selling price.

Table 9 Sensitivity analysis

No Item Increasing  10% of | Reducing 10% of | Increasing 10% of production cost
production cost melon price and reducing 10% of melon price

1 Net Present Value (NPV) | 41.84 29.01 16.18

2 Payback period 2 years, 11 months and | 3 years, 4 months, | 3 years,11 months, 8 days
12 days 4 days

3 Profitability index (PI) 1.52 1.36 1.20

4 IRR (%) 31.50 25.80 19.88

Despite the economic performance analysed in this research, several uncertainties should be considered when interpreting the
study results. The feasibility of melon production in a greenhouse might be influenced by the fluctuation in melon market prices
and changes in the expense of essential production inputs, such as seeds, fertilizers, pesticides, water and labour. In addition,
greenhouse maintenance cost may vary over time depending on the condition of the greenhouse and local environmental
weather. Although greenhouse production provides a more controllable cultivation environment, melon productivity may still
be affected by other aspects such as differences in temperature, irrigation, nutrient management, humidity, as well as disease
and pest incidence. Furthermore, the economic and cultivation performance estimated in this research may vary across
greenhouse location and production seasons. The differences in climate condition, labour cost, market condition, greenhouse
system, management practice, and access to inputs may affect production cost, yields and profitability of a business. Hence, the
results should be interpreted within the context of the assumptions and cultivation conditions considered in this research and

should not necessarily be generalized to all melon production using greenhouse system.
4. CONCLUSION

Based on the research results, it shows that the melon business with a GH size of 10x40 m is profitable. All the economic
feasibility indicator (NPV, PP, PI, and IRR) showed that the melon cultivation in a greenhouse is economically feasible to run
for 4 planting periods per year. Sensitivity analysis shows a 10% increase in production costs, a 10% decrease in melon prices
and a combination of a 10% increase in production costs and a 10% decrease in melon prices still provide profits for the melon
business. Despite rising production costs and declining selling prices, melon business is projected to maintain a positive respond
by continuing to generate profits for the business.
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