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ABSTRACT. The aim of the study was to assess the profitability of red sweet pepper (Capsicum
annuum L.) production in relation to incurred labor and capital inputs in selected horticultural
farms. The analyzed group consisted of farms producing sweet pepper in traditional cultivation
in the districts of Przysucha and Radom. To determine the correlation between income and
expenditure, in the analyzed farms a multiple Cobb-Douglas production function was ued. Data
were generated using a cost accounting method for estimating the feasibility of production and
it was analyzed by using project evaluation methods, like the Pay Back Period (PBP), Benefit
Cost Ratio (BCR), Net Present Value (NPV) and Internal Rate of Return (IRR). The results of
the estimation of Cobb-Douglas production function parameters show that the dominant posi-
tive impact on the gross return value was the cost of seedlings, irrigation costs and overhead
costs. The conducted analyzes showed that the NPV for the investment is PLN 240,148, with
a B/C ratio of 1.78. On the other hand, the PBP, in this case, amounts to 1.45 crop season and
the IRR reached a level of 22% annually.The sensitivity analysis carried out showed that the
most important factors affecting the profitability of pepper production in field cultivation are
product prices, seed costs, fertilizer costs and human labor costs.

INTRODUCTION

Sweet pepper (Capsicum annuum L.) is one of the most important and most consumed
vegetables in the world due to its pro-health properties [Werner 2021]. Over the past 20
years, the cultivation of red sweet pepper in Poland has been growing steadily. The use of
modern machines and technologies increases the share of pepper in the field system. The
weather conditions during the growing season (amount of rainfall) are an important factor
determining the yield of vegetables grown in the field. What is increasingly important in
increasing the area of vegetable crops is the possibility of mechanizing the agrotechnical
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process. For years, the process of continuous improvement of both cultivation methods and
the development of the breeding process of new varieties intended for cultivation in field
conditions can be observed [Anyszka et al. 2012]. This is important since crop yields and
economic profits are largely dependent on the production technique [Kaiser, Ernst 2014].

It should be mentioned that the profitability of vegetable production significantly depends
on seasonal demand, changes in the price level and characteristics of the production area
[Galinato, Miles 2013]. Cost assessments and financial returns on production allow the
producers to compare the total cost of production, as well as fluctuations in financial return
by production time, project size and the production technique used [Engindeniz, Giil 2009].

Joko Mariyono [2018] in his research on the profitability of small-scale vegetable
production, showed that, as in the case of the research results discussed in the paper, this
production is profitable. Similar conclusions were also reached by Ibrahim Aliyi and
co-authors [2021], who in their research showed that vegetable production is profitable.
Assessments of pepper production in the state of Delta in Nigeria were examined by
Adaigho Dennis and Tibi Kentus [2018], showing that production is profitable and brings
both economic and social benefits to inhabitants by increasing their standard of living.
Mubariz Mamedov and co-authors [2019], while investigating the economic efficiency
of cultivating sweet pepper hybrids in conditions of the steppe zone, showed that the
production of red sweet pepper in underground conditions ensures satisfactory yield and
guarantees profitability of production. It should be mentioned that in the literature, the
profitability of sweet pepper production in protected cultivation is also discussed to a
certain degree, which indicates that it is profitable. However, due to a very large difference
in climatic conditions, it is unreasonable to compare the results in quantitative terms. It is
worth mentioning, however, that they conducted these studies; among others Sreenivasa
Murthy and co-authors [2009], Sanjeev Kumar and co-authors [2018], Haroldo Araujo
and co-authors [2018], Elio Jovicich co-authors [2019].

Thus, the profitability and risk of a venture represent tools that facilitate making
decisions with a relatively certain margin of error [Ponciano et al. 2004, Aratjo et al.
2018]. One of the activities influencing the level of profit from the conducted production
activity is the improvement of farm competitiveness on the market [Bimane 2018].
Unfortunately, in the case of horticultural production, this is not an easy task. It results
from the specificity of the market, i.e., a large fragmentation of production, instability
of vegetables, high variability in terms of quality, and the sensitivity of production to
weather conditions [Got¢biewski, Sobczak 2017]. In addition, farmers can take measures
to reduce production costs while obtaining a product of the same quality. However, it
should be noted that this action is not always possible. At the same time, it is important
to emphasize that for it to be effective, it is necessary to know, in detail, the cost structure
of a given production and the efficiency of using the resources available. In addition, the
economic assessment of production is helpful in making strategic decisions regarding the
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investment process. Considering the above mentioned benefits, the aim of the study was
to analyze the financial profitability of the production of sweet pepper grown in the open.

MATERIAL AND METHODS

The studies are a pilot and include farms that produce sweet pepper following
traditional cultivation patterns. In the districts of Przysucha and Radom. The research was
carried out in 45 farms specializing in the production of sweet pepper in field cultivation.
The selection of farms was purposive. During the selection of process, farm technical
background, farm size and production specialization were considered. Farms differing in
the number of sweet pepper cultivation seasons were selected for the research. In addition,
the sample was selected to be diversified in terms of the age of the owner and education.
This was to investigate whether these changes affect the way of farming and then whether
they translate into the obtained financial results of production. However, there was no
correlation in this regard, therefore the data in this cross-section was not analyzed at the
next stage. Due to small differences in the structure of outlays in individual farms, results
were averaged. 97% of the crop was sold to collection points. The level of costs was
determined based on data provided by farms thanks to a questionnaire, taking data from
the last four seasons into account. The method of completing the questionnaire form, in
which farmers indicated costs incurred and sales revenues, was inspected annually. The
level of purchase prices was averaged based on data obtained from farmers and quotations
of the authors’ own prices. The data was analyzed, interpreted and compiled using Micro
Excel, Gretl and SPSS software.

To calculate the profitability of production, a simple profit equation was used, the
function of which took the following form:

Z,=PxQ T, (1)

where: Z, — gross return (PLN/kg), P, — main product price (PLN), O, — number of
main products (kg), 7’ — total costs.

To evaluate production efficiency, the Cobb-Douglas [1928] multiple regression
function [Gujarati 1995, Aigner et al. 1977] was used, which is commonly used in studies
of the impact of the level of inputs on the production volume. The model was specified as:

a
Y = aoxXlalx ngx...xX]]x&‘

@

where: Y — production value (PLN/m?), o — equation’s constant, X, — explanatory
variable, a, — estimated coefficients of explanatory variables, ¢ — random component.
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The study used a function composed of 10 variables.

To estimate the parameters of the Cobb-Douglas function using the KMNK method,
it was transformed to a linear form. The Cobb-Douglas production function, after
linearization, took the following form:

InY = Inay + InX;* + InX;? + InX3® + InX,* + InX3 + InXg® + InX,” + InXg® +
InXy® + InX;3° + ¢ A
where:

Y — production’s value (PLN/ha),

a — logarithm of the equation’s constant,

a, ... a,— the coefficient of the corresponding variable,

X, — general cultivation costs (PLN/ha),

X, —seed costs (PLN/ha),

X, — mineral fertilizer costs (PLN/ha),

X, — organic fertilizer costs (PLN/ha),

X, — costs of plant protection products (PLN/ha),

X, — depreciation costs of cultivation equipment (PLN/ha),
X, — human labor costs (PLN/ha),

X, — selling costs (PLN/ha),

X, — irrigation costs (PLN/ha),

X, — other direct costs (PLN/ha).

The following profitability ratios were used to assess the economic profitability of
pepper production investment: Net Present Value (NPV), Internal Rate of Return (IRR),
Benefit Cost Ratio (B/C), Payback Period (PBP). Except for PBP, which is an undiscounted
measure, all others, BCR, NPV and IRR, are discounted measures of project worthiness
[Berry etal. 1979, Gittinger 1982, Murthy et al. 2009]. Parameter estimation was conducted
using the financial model. For these studies, the assumed discount rate was 10%. The
study assumed forecasting the project for 10 years, on an area of 1 hectare. Depreciation
rates appropriate for individual fixed assets were applied. Due to the growing season, one
growing season was assumed in each cash flow year. In the investment profitability analysis,
the theoretical assumption was adopted that the farm is just starting its production activity,
having technical facilities in the year of starting the investment (i.e., machinery park, but it
was assumed that the farm did not have an irrigation system), other equipment necessary
for production had to be purchased. To assess the economic profitability of investments in
the first four years of the cash flow analysis, actual data were used. In subsequent years,
the data were appropriately extrapolated. In addition, the study performed a sensitivity
analysis using the internal rate of return for a given species to determine whether it
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is sensitive to changes in the level of production costs or product price. This analysis
provided information about the possible effects of changes in the factors influencing the
effectiveness of the project, and thus allows to abstract critical factors.

RESULTS

In Poland, the production of sweet pepper in field cultivation has developed on a large
scale in recent years. Sweet pepper in field cultivation is grown in the Lublin region, in
Sandomierz and in Radom. According to the estimates of the Central Statistical Office,
the share of sweet pepper cultivation area in the total cultivation area of field cultivation
vegetables is at a level of approx. 0.7%.

The results of the analyzes showed that the gross return (PLN/kg) of pepper in field
cultivation is on average PLN 28,863 per ha. The results of the estimation of the parameters
of the logarithmic form of the Cobb-Douglas production function of pepper production
under cover are presented in Table 1. They show that the dominant positive impact on
the gross return value was exerted by seed costs (the value of the model coefficient 5.142
means that this factor increased by 1%, while maintaining other factors at the same
level will increase the production value by 5.142%, general costs of farming (the value
of the model coefficient of 2.142, which suggests that an increase in these costs by 1%,
will increase the production value by 2.142%) and labor costs (the value of the model
coefficient 1.425, which suggests that a 1% increase in labor costs will increase the value
of production by 1.425%). The costs of mineral fertilizers also turned out to be significant
(the value of the model coefficient of 1.027, which suggests that an increase in these costs
by 1%, will increase the production value by 1.027%) and the costs of irrigation (the value

Table 1. Estimation parameters of the Cobb-Douglas type function

Variables Function’s parameter p-value

X, 2.142 3.8 07k
X, 5.142 47806k
X, 1.027 2.2 05k
X, 1.425 2.4 07 4*
X, 1.002 200065

const -2.997 2.99¢-06% 4 *
R? 0.994

*** Statistically significant parameters on a level of 1%
Source: own calculations
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Table 2. Economic efficiency factors in the production of red sweet pepper
in field cultivation

Indicator Value

Payback Period (PBP) (crop season) 1.45
Net Present Value (NPV) [PLN/ha/10 years] 240,148
Benefit Cost Ratio (B/C) 1.78
Internal Rate of Return (IRR) [%] 22

Source: own calculations

of the model coefficient 1.002, which suggests that an increase in these costs by 1%, will
increase the production value by 1.002%). The other variables that were used to build
the model turned out to be statistically insignificant. The R? coefficient was 0.994, which
indicates that approximately 99.4% of the changes in gross profit were explained by the
independent variables used in the model.

The conducted analyzes showed that the NPV for the ten-year period at a discount rate
amounts to PLN 240,148, with the (B/C) ratio of 1.78, which suggests that the project is
effective from an economic point of view. The payback period in this case is 1.45 crop
season (it should be noted that the purchase of machinery was not considered because
it was assumed that the farm is equipped with it). The internal rate of return reached a
level of 22% per year, which suggests that the production of pepper in the field is both
feasible and profitable. However, it should be noted that this analysis does not consider
extraordinary situations such as, for example, a drastic drop in the price of pepper resulting
from a large supply of the product or low demand, a decrease in the size and quality of
the crop due to unfavorable weather conditions or a reduction in the yield or its quality
resulting from the intensification of the occurrence of pests or pathogens.

The performed sensitivity analysis showed that the most important factors influencing
the profitability of pepper production in field cultivation are product prices, seed costs,
fertilizer costs and human labor costs.

CONCLUSIONS

This study examines the influence of selected factors on the profitability of red pepper
production in field cultivation. The results of the Cobb-Douglas production function
parameter estimation show that the dominant positive impact on the gross return value
was exerted by seed costs, mineral fertilizer costs, labor costs, irrigation costs and general
cultivation costs (this is mainly due to the level of fuel prices). The remaining variables
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that were used to build the model turned out to be statistically insignificant. The conducted
analyzes showed that the NPV for the investment is PLN 240,148, with a B/C ratio of
1.78. On the other hand, the PBP in this case amounts to 1.45 crop season and the IRR
reached a level of 22% annually. The performed sensitivity analysis showed that the most
important factors influencing the profitability of pepper production in field cultivation are
product prices, seed costs, fertilizer costs and human labor costs. Despite many studies
on the profitability of vegetable production in the literature, there is much less analysis
concerning the cultivation of sweet pepper, especially in European countries. Our results,
which lead to the conclusion of profitable pepper production, generally align with the
literature.

The results of this study indicate the need for further research on the profitability of red
pepper production in field cultivation to formulate recommendations aimed at optimizing
pepper production, which will translate into increasing and stabilizing income from
cultivation activities. In addition, it should be noted that national statistics do not provide
data on the production of pepper, hence this issue should be addressed.

BIBLIOGRAPHY

Aigner Dennis, Charles Albert Lovell, Peter Schmidt. 1977. Formulation and estimation of
stochastic frontier function models. Journal of Econometrics 6 (1): 21-37.

Aliyi Ibrahim, Abduselam Faris, Assefa Ayele, Alemayehu Oljirra, Mulubrihan Bayessa. 2021.
Profitability and market performance of smallholder vegetable production: evidence from
Ethiopia. Heliyon 7 (9): 1-12. DOI: 10.1016/j.heliyon.2021.e08008.

Anyszka Zbigniew, Joanna Golian, Matgorzata Kohut. 2012. Comparison of the effective-
ness of different weed control methods in field cultivated pepper (Capsicum annum L.).
Progress in Plant Protection 52 (4): 879-884.

Araujo Haroldo Ferreira, Leal Pulo, Betin Pamela Santaguita, Nunes Eduardo. 2018. Economic
profitability indicators of minitomatoes organic production in greenhouses. Horticultura
Brasileira 36: 246-252. DOI: 10.1590/S0102-053620180217.

Berry Peter, John Hopkins, Chester Bird Baker. 1979. Financial management in agriculture.
Danville, Illinois: The Interstate Printers & Publishers, Inc, USA.

Biimane Inga. 2018. The methodology of the statement of comprehensive income and its
impact on profitability: the case of Latvia. Entrepreneurship and Sustainability 6 (1):
77-86. DOI: 10.9770/jesi.2018.6.1(6).

Cobb Charles, Paul Douglas. 1928. A theory of production. American Economic Review 18:
139-156.

Dennis Adaigho, Tibi Kentus. 2018. Assessment of pepper production and socio econom-
ics of pepper farmers in Delta State, Nigeria. Asian Journal of Agricultural Extension,
Economics & Sociology 28 (2): 1-7. DOI: 10.9734/AJAEES/2018/44598.



PROFITABILITY OF RED SWEET PEPPER (CAPSICUM ANNUUM L.) PRODUCTION... 121

Engindeniz Sait, Ayse Giil. 2009. Economic analysis of soilless and soil-based greenhouse
cucumber production in Turkey. Scientia Agricola 66: 606-614. DOI: 10.1590/S0103-
90162009000500004.

Galinato Suzette Pedroso, Carol Miles. 2013. Economic profitability of growing lettuce and
tomato in Western Washington under high tunnel and open-field production systems.
HortTechnology 23 (4): 453-461. DOI: 10.21273/HORTTECH.23.4.453.

Gittinger Price. 1982. Economic analysis of agricultural project. Baltimore, USA: The John
Hopkins University Press.

Gotlebiewski Jarostaw, Wioleta Sobczak. 2017. Wholesale markets for fruit and vegetables.
Warsaw: Publishing House SGGW.

Gujarati Damodar. 1995. Basic econometrics. Third Edition. New York: McGraw Hill
Kogakusha.

GUS (Central Statistical Office — CSO). 2017. Crop production in 2017. Warsaw: GUS.

Jovicich Elio, John J. Van Sickle, Daniel J. Cantliffe, Peter J. Stoffella. 2005. Greenhouse-
grown colored peppers: A profitable alternative for vegetable production in Florida?
HortTechnology 15 (2): 355-369. DOI: 10.21273/HORTTECH.15.2.0355.

Kaiser Cheryl, Matt Ernst. 2014. High tunnel strawberries. Center for Crop Diversification,
University of Kentucky College of Agriculture, Food and Environment, https://www.
uky.edu/ccd/sites/www.uky.edu.ccd/files/hightunnelstrawberries.pdf, access: 11.07.2021.

Kumar Sanjeev, Narendra Singh, Dattatray Chaudhari. 2018. Profitability of capsicum
cultivation under protected Narendra condition. Chemical Science Review and Letters 7
(28): 900-904.

Mamedov Mubariz, Sergey Gavrish, Olga Pyshnaya. 2019. Economic efficiency of growing
domestic hybrids of sweet peppers in the steppe zone conditions. IOP Conference Series:
Earth and Environmental Science 395:1-4. DOI: 10.1088/1755-1315/395/1/012082.

Mariyono Joko. 2018. Profitability and determinants of smallholder commercial veg-
etable production. International Journal of Vegetable Science 24 (3): 274-288. DOI:
10.1080/19315260.2017.1413698.

Murthy Sreenivasa, B. Prabhakar, Shankara Hebbar, V. Srinivas, Mahadevaiah Prabhakar.
2009. Economic feasibility of vegetable production under srinivas polyhouse: A case study
of capsicum and tomato. Journal of Horticultural Sciences 4 (2): 148-152.

Ponciano Niraldo Jose, Paulo Marcelo Souza, Henrique Tome de Costa Mata, Joana Rita
Vieira, Ivan Ferreira Morgado. 2004. Analise de viabilidade econdmica e de risco da
fruticultura na regido norte fluminense. Revista de Economia e Sociologia Rural 42:
615-635. DOI: 10.1590/S0103-20032004000400005.

Werner Justyna. 2021. Capsaicinoids — properties and mechanisms of pro-health action. [W]
Analytical methods in the determination of bioactive compounds and elements in food,
ed. Magdalena Jeszka-Skowron, Agnieszka Zgota-Grzeskowiak, Tomasz Grzeskowiak,
Akula Ramakrishna, 193-225. Springer.



122 WIOLETA SOBCZAK, ANNA SOBCZAK

*k ok

RENTOWNOSC PRODUKCIJI PAPRYKI ROCZNEJ
(CAPSICUM ANNUUM L.) W UPRAWIE POLOWEJ]

Stowa kluczowe: rentowno$¢ produkcji, papryka stodka, produkcja polowa, efektywnosé
ekonomiczna, czynniki produkcji

ABSTRAKT

Celem badan byta ocena optacalnos$ci produkeji papryki (Capsicum annuum L.)
w odniesieniu do poniesionych naktadéw pracy i kapitalu w wybranych gospodarstwach
ogrodniczych. Analizowang grupe stanowity gospodarstwa zajmujace si¢ produkcja papryki
stodkiej w uprawie tradycyjnej na terenie powiatu przysuskiego i radomskiego. W celu
okreslenia wspotzaleznosci pomiedzy warto$cig produkcji a poniesionymi naktadami
w analizowanych gospodarstwach zastosowano funkcj¢ regresji wielokrotnej Cobba-Douglasa.
Dane wygenerowano przy zastosowaniu metody rachunku kosztow i przeanalizowano
przy uzyciu metod oceny projektu, takich jak: okres zwrotu z inwestycji (PBP), wskaznik
efektywnosci ekonomicznej (BCR), warto$¢ biezgca netto (NPV) i wewngtrzna stopa
zwrotu (IRR). Wyniki estymacji parametréw funkcji produkcji Cobba-Douglasa wskazuja,
ze dominujacy dodatni wplyw na warto$¢ zwrotu brutto mialy koszty: nasion, nawozoéw
mineralnych, pracy, nawadniania oraz ogolnouprawowe. Przeprowadzone analizy wykazaty,
ze NPV dla inwestycji przyjmuje wartos¢ 240,148 zt, ze wskaznikiem B/C 1,78. Natomiast
PBP w tym przypadku wynosit 1,45 sezonu zbiorow, a IRR osiagneto poziom 22% rocznie.
Przeprowadzona analiza wrazliwosci wykazata, ze najistotniejszymi czynnikami wptywajacymi
na optacalno$¢ produkcji papryki w uprawie gruntowej sg ceny produktu oraz koszty nasion,
nawozow i pracy ludzkiej.
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