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Abstract. This study aims to determine the total cost, revenue, income,
profit, and risk of red chili farming in rice fields in Kapanewon Galur, Kulon
Progo Regency. Location determination was done intentionally (purposive
method). Sampling was done using a census technique with a total of 55 red
chili farmers. Data was analyzed using cost, revenue, income, profit, and
risk analysis based on the Coefficient of Variation. Based on the results of
the study, the costs, revenues and income in the red chili farmer
intercropping system were greater than the intercropping system, while for
profit, the monoculture planting system was greater than the intercropping
system. The level of risk in the cost of red chili farming with a monoculture
planting system is higher than the intercropping system, while the risk in
income is the opposite. The study not only advances the understanding of
the risks in horticultural systems between monoculture and intercropping
cropping systems but also offers practical guidance to improve agricultural
decision-making related to those cropping systems. These findings can
inform local governments and extension services to develop training
programs aimed at farmers, in order to implement the correct use of inputs
to minimize cost risks in the tumpeng sari planting system. In addition, this
study provides a framework to design recommendations for monoculture
planting systems because based on the results of the study, this system has
the opportunity to get higher profits due to lower input costs.

1 Introduction

Indonesia is a developing country endowed with abundant natural resources, and the majority
of its population depends on agriculture for their livelihoods [1, 2]. Agriculture remains the
backbone of Indonesia’s rural economy, providing employment, income, and food security
to millions of smallholders. However, this sector faces persistent challenges, including land-
use conversion, fluctuations in input prices, and climate variability, all of which threaten
production stability and farmers’ welfare. Within this context, the horticultural subsector
plays a crucial role due to its high economic value and contribution to income diversification
among smallholders [3].

* Corresponding author: francy@umy.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).


mailto:francy@umy.ac.id

BIO Web of Conferences 199, 04008 (2025) https://doi.org/10.1051/bioconf/202519904008
SAGE-Grace 2025

Among horticultural commodities, red chili (Capsicum annuum L.) holds strategic
importance as both a household staple and an industrial raw material. Despite its high
economic potential, chili production in Indonesia remains volatile due to pest infestations,
price instability, and seasonal production cycles. Red chili is a flexible crop that can be
cultivated in both lowland and highland regions [4]. However, its cultivation is highly
dependent on natural conditions such as rainfall and temperature, making it particularly
vulnerable to climatic anomalies. Consequently, farmers often face unpredictable weather,
pest outbreaks caused by Plant Pest Organisms (PPO), and unstable market prices—all of
which contribute to production and market risks that can result in significant income
fluctuations [5].

Kapanewon Galur, located in Kulon Progo Regency, Yogyakarta Special Region, is one
of the major rice-field farming areas where red chili is cultivated under monoculture and
intercropping systems. Intercropping, especially with shallots, has been widely promoted to
increase productivity, improve resource-use efficiency, and enhance ecological stability [6,
7]. In this region, farmers practicing intercropping usually plant red chili approximately 30
days after planting shallots. Shallots are shallow-rooted crops with slow growth and limited
shading ability; thus, their productivity depends heavily on soil moisture, nutrient
availability, and weed control.

In monoculture systems, pest control tends to be more straightforward since farmers focus
on a single crop. However, this approach often involves higher pesticide use, as pest
populations develop more rapidly in uniform cropping systems [5]. In contrast, intercropping
systems that integrate red chili, and shallots can enhance natural pest suppressio, reducing
the need for chemical pesticides. Shallots are known to have allelopathic properties, which
help repel aphids and other pests that attack chili plants, thereby promoting a more
sustainable form of pest management [7, 8].

Given these agronomic and economic dynamics, this study aims to analyze and compare
the costs, revenues, profits, and risks associated with red chili farming under monoculture
and intercropping systems in rice-field environments in Kapanewon Galur, Kulon Progo
Regency. Previous studies have mainly emphasized profitability and technical efficiency [9],
leaving a gap in understanding how different cropping systems simultaneously influence
income performance and risk exposure.

To address this gap, the present study investigates four independent variables—total
farming costs, total revenue, net profit, and risk coefficients (cost risk and income risk)—
representing key dimensions of farm performance and exposure to uncertainty. The
dependent variable is the type of farming system (monoculture or intercropping), used to
assess how production structures influence economic outcomes and risk behavior. This
research contributes to both theory and practice by providing empirical evidence on the
economic trade-offs between efficiency and resilience in smallholder horticultural systems,
offering actionable insights for policymakers and extension institutions in promoting
sustainable and risk-aware agricultural strategies.

2 Method

Farming Risk Analysis conducted on the Ngudi Rukun, Ngudi Rahayu, Sedyo Maju, and
Mersudi Makmur farmer groups conducted in December 2024 in Kapanewon Galur, Kulon
Progo Regency, Special Region of Yogyakarta Province. Data collection activities were
carried out on red chili farmers in rice fields that implement the system monoculture and
intercropping planting totaling 55 people, divided into 28 farmers with a monoculture
planting system and 27 farmers with an intercropping system. The farming risks in this study
are cost risk and income risk.

The data collected in this study came from two main sources. Primary data were obtained
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through direct observation and interviews with red chili farmers in rice fields in Kapanewon
Galur using a questionnaire as a tool. Meanwhile, secondary data as supporting primary data
obtained from various literature and government institutions such as BPS (Central Statistics
Agency) and BPP (Agricultural Extension Agency). The data analysis methods applied in
this study are:

2.1 Total cost

Farming costs are an important factor in determining economic stability, both national and
red chili farmers. Farming costs are calculated from the total expenditure of farmers, both
implicitly or from within the farmer's family and explicitly or from outside the farmer (13).
To find out the total cost, it can be found from the amount of explicit costs and implicit costs.

To calculate and analyze the total cost, you can use the formula:
TC = TEC + TIC )

Information:
TC : Total Cost (Total cost) red chili (IDR)
TEC  : Total Explicit Cost (Total explicit cost) (IDR)
TIC : Total Implicit Cost (Total implicit cost) (IDR)

2.2 Revenue

Revenue is the value of production obtained in a certain period of time and is the result of
multiplying the total amount of red chili production by the price per kg of production (14).
To calculate and analyze revenue, you can use the formula:

TR=P.Q @)
Information:
TR : Total Revenue (total revenue)
P : Price (product selling price)

AND  : Quantity (Number of products) in a certain planting period

2.3 Income

Income in farming is the difference between income and total costs incurred in one
planting season. To calculate and analyze farm income, you can use the formula:

NR =TR- TEC 3)
Information:
No. : Net Revenue (Net farm income)
TR : Total Revenue (Total receipts)

TEC : Total Explicit Cost (Total explicit costs)

2.4 Profit

Profits in farming can be known by subtracting total income from total cost. To calculate and
analyze profit in farming, you can use the formula:

P=TR-TC 4)
Information:
P : Profit
TR : Total Revenue (total income)
TC : Total cost (total cost)
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2.5 Farming Risks

Farming Risk is the possibility of an undesirable loss that can be anticipated or predicted in
farming activities. Red chili farming in each season has its own risks and problems that
farmers must face [10]. Red chili farming risk is the factor that most influences economic
stability, both the national economy and the economy for red chili farmers. With the risk in
farming, it results in uncertainty in farming activities. This uncertainty in harvest results can
arise due to several factors, such as natural factors and pest and disease attacks.

Farming risks consist of cost risks and income risks. Cost risks and income risks can be
formulated as follows:

Cost Risk = 2 Q)
¢ o
Income Risk = - (6)
Y
Information:
CV : Coefficient of variation
G : Standard deviation

C  : Average Cost of Red Chili (IDR)
AND: Average Income of Red Chili Farmers (IDR)
Farming risk assessment can be calculated using the standard deviation formula, which can

be written as follows:
_ [
o= — (7

Information:

o : Standard deviation value or standard deviation
xi  : Standard deviation value or standard deviation
X :Average value of red chili cost or income

n : Number of red chili farmers sampled

Risk assessment using variance and standard deviation values is an absolute measure and
does not consider risk in its correlation with expected results (expected return) (16). Farming
risks can be categorized into two, namely cost risk and income risk. In the rainy season, the
risks of both production and price increase greatly (17).

3 Results and Discussion

3.1 Red Chili Farming Cost Analysis

Cost analysis is used to determine the amount of income, revenue, and profit from red chili
farming in paddy fields in Kapanewon Galur, Kulon Progo Regency.

3.1.1 Total Farming Costs

Total cost is the total cost derived from the combination of explicit costs (seedling costs,
fertilizer costs, pesticide costs, equipment depreciation costs, land rental costs, and other
costs) and implicit costs (domestic labor costs and own capital interest costs) incurred by red
chili farmers in paddy fields in Kapanewon Galur, Kulon Progo Regency. The total costs
incurred by red chili farmers in monoculture and intercropping paddy fields in Kapanewon
Galur, Kulon Progo Regency can be seen in the following table 1:
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Table 1. Total Cost of Monoculture Red Chili Farming and Intercropping with Shallot in Rice Fields
in Kapanewon Galur, Kulon Progo Regency.

Cost Monoculture (IDR) Intercropping (IDR)
Explicit
Agricultural Production Facilities 4.472.808 10.242.207
Depreciation 308.012 332.728
Miscellaneous expense 1.429.886 2.268.103
labor Fees 4.322.400 8.069.055
Land Rental Fee 918.367 1.216.931
Loan Fees 773.921 9.460.296
Amount 12.225.394 31.589.320
Implicit
Labor 6.133.962 11.663.355
Equity Interest 229.029 442.580
Land Rental Fees 571.429 237.037
Amount 6.934.420 12.342.972
Total cost 19.159.814 43.932.292

3.2 Red Chili Farming Cost Analysis

3.2.1 Total Farming Costs

The total cost of red chili farming consists of both explicit and implicit components, including
expenditures on inputs, labor, and land use. Based on Table 2, intercropping farmers incurred
a higher total cost (IDR 43,932,292) compared to monoculture farmers (IDR 19,159,814).
This finding suggests that managing multiple crops simultaneously increases operational
complexity and labor requirements, particularly during harvesting and maintenance stages.

These results are consistent with the findings of Sanchez, Kamau, Grazioli, and Jones
(2022), who reported that diversified farming systems often require higher input intensity
even though they enhance ecological and productive efficiency. Similarly, Royun Nuha et al.
(2023) modeled chili (Capsicum annuum L.) growth and showed that nutrient and water
management practices significantly influence production costs. Ratna et al. (2024) further
demonstrated that high-yielding chili genotypes with frequent harvests can increase short-
term labor and material costs [4, 9, 11].

The total cost of red chili farming in Kapanewon Galur, Kulon Progo Regency, which is
IDR. 63,092,106, is higher than red chili farming in Maparah Village, Panjalu District,
Ciamis Regency, which is IDR. 57,515,062 (18). However, red chili farming in Kapanewon
Galur, Kulon Progo Regency in terms of total farming costs is not higher than red chili
farming in Central Java Province, which is IDR. 87,586,000 [10].

3.2.2 Revenue

Revenue is the value of production obtained in a certain period of time and is the result of
multiplying the total production of red chilies by the price per kg of red chilies. Revenue
from monoculture and intercropping of rice fields in Kapanewon Galur, Kulon Progo
Regency can be seen in the following table 2.
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Table 2. Income from Red Chili Farming on Monoculture and Intercropping with Red Onions in Rice
Fields in Kapanewon Galur, Kulon Progo Regency.

Reception Monoculture Intercropping
Red chili pepper
Production (Kg) 1.460,67 2.021,37
Price (IDR/kg) 20.851 20.853
Red Chili Revenue 30.456.430 41.963.951
Red onion 0,00 8.444.444
Red Onion Revenue 0,00 8.444.444
Total Revenue 30.456.430 50.408.395

According to Table 3, the total revenue of intercropping farmers (IDR 50,408,395)
exceeded that of monoculture farmers (IDR 30,456,430). This difference is attributed to
income diversification through the addition of shallots as a secondary crop. Such findings
align with the results of Li et al. (2023), who observed that intercropping enhances total land-
use efficiency and productivity by combining crops with complementary growth patterns and
emphasized that Capsicum yield performance depends heavily on optimized management
strategies, which can improve revenue potential [6].

Additionally, Paut, Garreau, Ollivier, Sabatier, and Tchamitchian (2024) found that
horticultural intercropping systems globally yield higher gross outputs per unit area. Ratna et
al. (2024) also confirmed that selecting adaptive chili genotypes for different seasons can
further stabilize yield and improve income. The income from red chili farming in Kapanewon
Galur, Kulon Progo Regency, amounting to IDR. 30,456,430, is not higher than that from red
chili farming in Swarna Dwipa Village, Semende District, Muara Enim and in Kalianda
District, South Lampung Regency, which is more than IDR. 50,000,000 [4].

Income in farming is the difference between income and total costs incurred in one red
chili planting season. Income from monoculture and intercropping red chili farming in paddy
fields in Kapanewon Galur, Kulon Progo Regency can be seen in the following table:

Table 3. Income from Monoculture Red Chili Farming and Intercropping with Red Onions in Rice
Fields in Kapanewon Galur, Kulon Progo Regency.

Income Monoculture Intercropping
Revenues (IDR) 30.456.430 50.408.395
Total Explicit Cost (IDR) 12.225.394 31.589.320
Income 11.451.473 18.819.075

The income from red chili farming using an intercropping system is higher than that from
a monoculture system, even though the costs incurred for red chili farming using an
intercropping system are more than 2x higher.

The income from red chili farming in Kapanewon Galur, Kulon Progo Regency, which is
IDR. 11,451,473 in the monoculture planting system is lower than the income from red chili
farming in Marpah Village, Panjalu District, Ciamis Regency, which is IDR. 103,495,391
and in Kerinci Regency, Jambi Province, which is IDR. 96,454,711 [12].

3.2.3 Profit

As presented in Table 5, monoculture farming achieved higher profits (IDR 11,296,616) than
intercropping (IDR 6,476,103), despite lower total revenue. This outcome suggests that
intercropping’s higher costs offset the additional income generated by the secondary crop.
Sanchez et al. (2022) observed that although diversified systems can improve gross
income, their short-term profitability often declines due to higher input intensity, also
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reported that unless input use and labor management are optimized, chili-based intercropping
systems may yield lower net returns. Nonetheless, such systems offer long-term benefits in
soil fertility and pest suppression, which are not immediately reflected in short-term profit

[9].

Table 5. Benefits of Monoculture Red Chili Farming and Intercropping with Red Onions in Rice
Fields in Kapanewon Galur, Kulon Progo Regency.

Benefits Monoculture Intercropping
Revenue (IDR) 30.456.430 50.408.395
Total Cost (IDR) 19.159.814 43.932.292
Profit 11.296.616 6.476.103

It can be seen that the profits obtained by red chili farmers in rice fields who apply the
monoculture planting system are higher than those using the intercropping system. This is
because the total cost of red chili farmers in rice fields who apply the intercropping system
is higher because it comes from two types of plant commodities.

The profits from red chili farming in Kapanewon Galur, Kulon Progo Regency are lower
compared to the profits from red chili farming in Swarna Dwipa Village, Semende Darat
Tengah District, Muara Enim Regency and in Cigalontang District, Tasikmalaya Regency.

[2][4].

3.3 Farming Risk Analysis

Farming Risk is the possibility of an undesirable loss that can be expected or predicted in
farming activities. The risk analysis of monoculture and intercropping of red chili farming in
paddy fields in Kapanewon Galur, Kulon Progo Regency contained in this study is a cost risk
analysis and an income risk analysis

3.3.1 Cost Risk

The coefficient of variation (CV) for total costs in Table 6 indicates that monoculture farming
exhibits higher cost risk (CV = 0.52) compared to intercropping (CV = 0.21). This implies
that monoculture farmers face greater uncertainty in production expenses, particularly due to
pest and weather fluctuations.

This pattern is consistent with findings by Huss, Holmes, and Blubaugh (2022), who
noted that intercropping reduces pest pressure and pesticide costs, leading to lower input
variability, also demonstrated that diversified nutrient and irrigation management in
Capsicum production can stabilize cost patterns. Globally, Paut et al. (2024) showed that
intercropping practices increase system resilience by spreading agronomic risks across
multiple crops [7].

Table 6. Cost Risks in Monoculture Red Chili Farming and Intercropping with Red Onions in Rice
Fields in Kapanewon Galur, Kulon Progo Regency.

Description Monoculture Intercropping
Standard Deviation 10.052.543 9.251.738
Average Cost 19.159.814 43.932.292
Cost Risk 0,52 0,21

It is known that red chili farming in paddy fields that implements a monoculture planting
system 1is riskier in terms of costs compared to red chili farming in paddy fields that
implements an intercropping system. Red chili farming in paddy fields with a monoculture
planting system is riskier in terms of costs because the monoculture planting system tends to
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depend on one type of plant, which can increase the risk of losses due to fluctuations in the
price of production inputs, both from seeds, pesticides, and fertilizers. In addition, red chili
plant diseases originating from fungi can also affect the risk of costs for farmers, this is
because farmers have to spend more to buy fungicides.

Red chili farming activities in Sukalaksana Village, Banyuresmi District, Garut Regency
are riskier in terms of costs, namely 1.25 compared to monoculture and intercropping red
chili farming activities in rice fields in Kapanewon Galur, Kulon Progo Regency [13].

3.3.2 Income Risk

Income risk is the possibility of losses caused by production that can be predicted or
anticipated, an increase in the price of production inputs and the rise and fall of the selling
price of red chili at the farmer level [14]. The income risk in monoculture red chili farming
and intercropping of rice fields in Kapanewon Galur, Kulon Progo Regency can be seen in
the following table:

Table 7. Income Risk in Monoculture and Intercropping of Red Chili and Red Onion Farming in
Paddy Fields in Kapanewon Galur, Kulon Progo Regency.

Description Monoculture Intercropping
Standard Deviation 8.845.012 15.903.004
Average Income 11.451.473 18.819.075
Income Risk 0,77 0,84

Income variability analysis reveals that intercropping has a slightly higher income CV
(0.84) than monoculture (0.77). This suggests that, while intercropping increases total output,
it also exposes farmers to multiple market price risks.

Royun Nuha et al (2023) found that red chili prices in Indonesia experience strong
seasonal volatility, amplifying income fluctuations when combined with secondary crops of
uncorrelated prices. Widhianti, Masruroh, and Darmawan (2025) similarly concluded that
chili farmers’ income resilience depends on effective market access and price stabilization
mechanisms. Harkness et al. (2021) also showed that agricultural diversification stabilizes
income over the long term but may raise short-term variability due to differing commodity
price trends [15, 11].

Red chili farming activities in Sukalaksana Village, Banyuresmi District, Garut Regency
are riskier in terms of income, namely 2.11 compared to monoculture and intercropping red
chili farming activities in rice fields in Kapanewon Galur, Kulon Progo Regency.

4 Conclusion and Suggestion

This study examined and compared the economic performance and risk levels of red chili
(Capsicum annuum L.) farming under monoculture and intercropping systems in rice fields
of Kapanewon Galur, Kulon Progo Regency. The findings indicate that intercropping
systems required higher production costs but generated greater gross revenue than
monoculture systems. However, monoculture farming provided higher net profit per cycle
due to lower input and labor expenses. The risk analysis revealed that monoculture farmers
faced greater cost risk, while intercropping farmers experienced slightly higher income
variability. These results highlight a trade-off between short-term profitability and long-term
resilience, suggesting that diversification through intercropping enhances sustainability and
reduces vulnerability to production shocks.

Despite its useful insights, this study has certain limitations. The analysis was conducted
in a single sub-district and covered only one planting season, which may restrict the
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generalization of findings to other regions or time periods. The research also relied on cross-
sectional data and did not account for dynamic factors such as weather variability, pest
incidence, and market fluctuations. Moreover, ecological and environmental benefits of
intercropping—such as soil fertility improvement or pest suppression—were not
quantitatively assessed.

In light of these findings, several recommendations can be made. Policymakers should
develop targeted support programs and financing schemes that promote efficient and risk-
resilient intercropping systems. Extension services are encouraged to strengthen farmer
capacity through training in cost management, integrated pest control, and farm budgeting.
Future research should adopt multi-season or panel data approaches and integrate ecological
and climate-resilience indicators to better capture the long-term impacts of cropping
diversification on both economic performance and sustainability.
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