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Abstract

The aim of this study is to compare agroecological and conventional greenhouse tomato cultivation in terms of
investment analysis indicators. The study was conducted in Antalya Province, which ranks first in tomato
production in Tiirkiye. The main material of the study consists of original data collected through a survey from
Jarms engaged in agroecological and conventional greenhouse tomato cultivation. The surveys were conducted
through face-to-face interviews with producers. According to the research results, it was determined that the
average farm size, tomato yield, and tomato sales price of agroecological production farms were higher than those
of conventional production farms. While conventional production farms were more advantageous in terms of initial
establishment costs and operating expenses, agroecological production farms were found to be more advantageous
in terms of investment evaluation criteria (net present value of the investment, internal rate of return, benefit-cost

ratio, break-even point, and payback period) due to higher yields and sales prices.
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INTRODUCTION

Today, concepts such as sustainability, food
security, and environmental protection are
becoming increasingly important in the
agricultural sector. Increasing environmental
pressures, climate change, and soil and water
pollution have led to the questioning of
traditional production methods [2, 7]. In order
to ensure food security, Goal 2 of the United
Nations” 2030 Agenda for Sustainable
Development highlights the urgent need to
implement resilient agricultural practices that
increase the capacity to adapt to climate
change and to achieve a collective transition
to sustainable food production systems [15].
In this context, agroecology emerges as a
production model that integrates ecological
principles into agricultural systems, aiming
for both environmental and economic
sustainability. Agroecology is a scientific
discipline that seeks to explain and study the
functioning of an agroecosystem by utilizing
the biological, biophysical, ecological, social,

cultural, economic, and political mechanisms,
functions, relationships, and designs to
explain and study the functioning of an
agroecosystem. It is an application that
enables more sustainable agriculture without
the use of hazardous chemicals and an
approach that seeks to make agroecological
farming ecologically more sustainable and
socially more just [16]. However, before
recommending the agroecological production
model to farmers, it is important to conduct
investment analyses for agricultural products.
Investment analysis is important for
evaluating the financial feasibility and
sustainability of an investment. For this
purpose, the costs required by the investment
and the benefits it will generate must be
clearly and accurately identified.

Turkey ranks among the world's leading
countries in greenhouse vegetable production
thanks to its climate diversity, extensive
agricultural land, and production
infrastructure. Within Turkey's greenhouse
vegetable production, tomatoes rank first in
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terms of production quantity and economic
contribution. According to FAO data for
2023, Turkey ranks third in the world with
approximately 13.3 million tons of tomato
production, following China and India [4].
According to 2024 data, a significant portion
of tomato production in Turkey takes place in
the province of Antalya. According to 2024
data from the Turkish Statistical Institute
(TSI), Antalya Province accounts for
approximately 18% of Turkey's total tomato
production and approximately 62% of
greenhouse tomato production [13].

This study aims to compare agroecological
and conventional  greenhouse  tomato
cultivation farms in Antalya, Turkey's leading
tomato-producing province, in terms of
investment analysis. For this purpose, basic
indicators such as net present value, internal
rate of return, benefit-cost ratio, break-even
point, and payback period were calculated as
investment evaluation criteria. The farms were
compared based on these evaluation criteria to
determine which production system is more
advantageous. It is expected that the results of
this study will provide useful information to
policymakers, tomato producers,
entrepreneurs  seeking to invest, and
researchers.

MATERIALS AND METHODS

The main material of the study consists of
original data collected through a survey from
farms engaged in agroecological and
conventional greenhouse tomato cultivation in
Antalya Province. The surveys were
conducted through face-to-face interviews
with producers. In addition to the data
collected from producers, similar studies,
reports, and statistics related to the subject
were also utilized. The survey data covers the
2022 production season.

Following consultations with technical staff
from the Antalya Provincial Directorate of
Agriculture and Forestry, the districts of
Aksu, Kumluca, Serik, Demre, Kas, and
Manavgat were selected as the research area
due to their importance in tomato production.
Survey forms appropriate to the purpose of
the research were prepared to collect data
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from producers in the research area. The
survey form included detailed questions about
fixed investment costs, operating costs, and
operating income. Information on cost and
income items is provided in detail in the
tables in the results and discussion section.
The farms were divided into two groups based
on their production systems: agroecological
and conventional. Thirty-five producers
engaged in agroecological production and 45
producers engaged in conventional production
were interviewed. The data collected from the
producers through the survey method were
transferred to a computer environment, and
calculations were performed using Microsoft
Excel and SPSS programs and tables were
created and interpreted.

In this study, some basic indicators were
calculated to evaluate the investments made
by farms engaged in agroecological and
conventional greenhouse tomato cultivation.
These indicators consist of the investment's
net present value, internal rate of return,
benefit-cost ratio, break-even point, and
payback period.

Net present value (NPV)

The difference between income and expenses
(net cash flow) over the course of the
investment's economic life must be discounted
at a particular rate and returned to the
investment's initial year (base year) in order to
calculate the net present value of an
investment in agroecological and conventional
greenhouse tomato cultivation. For an
investment to be implemented, its net present
value must be at least positive. The net
present values of agroecological and
conventional greenhouse tomato investments
have been calculated using the formula
provided below [11, 17].

n

NCF

NPV = Z—
(1+7r)°

t=0 (D)

NPV= net present worth
NCF= net cash flow
t=0, 1, 2, ...., n (time)
n= number of years

r= discount rate
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The discount rate used in the formula is
determined based on the real interest rate in
the capital market or the opportunity cost of
capital. For countries at an intermediate level
of development, a discount rate of 6-9% may
be considered. In this study, a discount rate of
9% has been considered [17].

Internal rate of return (IRR)

The internal rate of return indicates the
profitability ratio of the capital used for any
investment. For an investment to be
implemented, the internal rate of return must
be equal to or higher than the opportunity cost
of capital [17]. For the internal rate of return,
the discount rate that sets the investment's
total net cash flow to zero is determined.
Consequently, the discount rate that brings the
investment's benefit and cost difference down
to zero is known as the internal rate of return.
The following formula was used to determine
the internal rate of return for both
conventional and agroecological greenhouse
tomato production operations [6].

IRR = Z

IRR= internal rate of return
NCF= net cash flow

t=0, 1, 2, 3,...., n (time)

n= number of years
r=discount rate

1—1 @)

Finding the discount rate that makes the
investment's total net cash flow equal to zero
is difficult. As a result, there is no formula
that can be used to determine the internal rate
of return all at once. We must use a
methodical trial-and-error  approach to
determine the discount rate that brings the
entire net cash flow to zero.

The most challenging part of the trial-and-
error method is making the initial estimate. If
the estimate is far from the final result, the
correct discount rate can be calculated using
proper interpolation (interpolation is the
process of finding the desired value between
two values). Several trials are required to find
two rates that are sufficiently close to each
other. A positive net cash flow is produced by

one of these two rates, and a negative net cash
flow is produced by the other.

The following formula is used to calculate the
correct discount rate through interpolation [6].

IRR = Lower discount rate + Difference betwen discountrates *

Present worth of incremental net benefit
stream at the lower discount rate
sum of the present worths of the incremental net benefit
streams at the two discountrates, signs ignored (3)

Benefit-to-cost ratio (B/C)

One of the fundamental metrics in investment
research is the benefit-cost ratio. It is typically
used to assess different investment options
and demonstrates the economic viability of a
project. The present value of an investment's
costs divided by the present value of its
revenues during its economic life is known as
the benefit-cost ratio. The benefit-cost ratio
must be greater than one or equal to one in
order for an investment to be considered
acceptable. The following formula is used to
determine the benefit-cost ratio.

[6].
B.
20 e
B/c=—0(lz,”-)
Z t=0 (1+7r)t (4)

B/C= benefit-cost ratio
Bt= benefit in each year
Ct=cost in each year
t=1, 2, ..., n (time)

n= number of years

i= discount rate

Break-even point (BEP)

The minimum capacity needed for a farm to
be profitable after all expenses have been paid
is known as the break-even point. The break-
even point in farms is calculated using the
following formula [17].

BEP =

P—-VC Q)
BEP: break-even point (ton/farm)
FC: total fixed costs (€/farm)
P: tomato price (€/ton)
VC: Total variable cost per unit (€/ton)
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Payback period (PP)

How long it will take for an investment to pay
for itself is indicated by the payback period.
The ratio of the investment's capital to its
expected value is used to determine the
payback period. The following formula is
used to calculate the payback period [12].

I
P=—-r
NCF + D (6)

PP: payback period (year)

I: total investment amount (€/farm)
NCF= yearly net cash flow (€/farm)
D: Depreciations (€/farm)

RESULTS AND DISCUSSIONS

Any investment, regardless of its purpose,
requires  certain  expenditures.  These
expenditures are important for the planning,
implementation, and evaluation of the
investment. In this study, expenditures were
analyzed by grouping them into fixed
investment and operating costs. Fixed
investment costs include all investment costs
required until the operational phase of an
investment. These costs form the assets of the
investment and are subject to wear and tear
and obsolescence in the future (tools -

equipment, vehicles, buildings, etc.) [17].
Fixed investment costs in agroecological and
conventional greenhouse tomato production
farms are presented in Table 1. As seen in the
Table 1, total fixed investment costs in
agroecological production are higher than in
conventional production. Fixed investment
costs per farm are calculated as 548,939.78 €
in agroecological production and 152,913.16
€ in conventional production. The reason for
the higher fixed investment costs in
agroecological production is due to both the
use of more modern techniques and the higher
average farm size. In both agroecological and
conventional production, a large portion of the
fixed investment costs was accounted for by
greenhouse construction costs. The share of
greenhouse construction costs was determined
to be 86.83% in agroecological production
and 74.98% in conventional production. After
greenhouse construction costs, equipment and
machinery costs rank second. The share of
machinery and equipment costs in total fixed
investment costs was found to be 7.93% in
agroecological production farms and 15.14%
in conventional farms. The shares of
transportation vehicles and survey and project
costs in fixed investment costs were lower in
both production systems.

Table 1. Fixed investment costs by production systems (€/farm)

Fixed investment Production systems
cost elements Agroecological Conventional

€/farm €/farm %
Survey and project 6,161.58 1,914.56 1.25
costs
Greenhouse 476,641.94 86.83 114,660.83 74.98
construction
Tools-equipment 43,526.66 7.93 23,150.30 15.14
Vehicles 6,621.07 1.21 8,733.69 5.71
Unexpected costs 15,988.54 291 4,453.78 291
(3%)
Total 548,939.78 100.00 152,913.16 100.00

Source: Own calculation.

Operating costs include costs incurred after
the investment is put into operation [12].
Therefore, these costs arise when production
begins. Operating costs for the farms
examined are presented in Table 2. As seen in
the table, operating costs per farms in
agroecological production were found to be

288

higher than in conventional production.
Operating costs in agroecological production
were determined as 172,956.04 €/farm and in
conventional production as 61,906.05 €/farm.
The top three expense categories in
agroecological ~ production are labor,
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depreciation (greenhouse and machinery), and
land rent.

Their shares are 21.26%, 19.30%, and
17.97%, respectively. In  conventional
production, the top three expenses are land
rent, depreciation, and labor. In conventional
production, the share of land rent is 25.72%,
depreciation is 17.69%, and labor is 16.89%.
In both production systems, these expenses

Table 2. Operating costs by production systems (€/farm)

account for approximately 60% of total
operating costs.

Among other operating costs, the shares of
fertilizers,  seedlings, and  agricultural
pesticides were determined as 11.82%, 7.18%,
and 4.89%, respectively, in agroecological
production, and 11.10%, 7.96%, and 5.92%,
respectively, in conventional production.

Operating costs Production systems
elements Agroecological Conventional

€/farm €/farm %
Seedling 12,422.40 7.18 4,924.88 7.96
Fertilizer 20,442.53 11.82 6,871.85 11.10
Pesticide 8,460.71 4.89 3,665.63 5.92
Bumble bee 631.79 0.37 253.77 0.41
Heating 9,957.65 5.76 1,848.95 2.99
Water 23.74 0.01 121.38 0.20
Electricity 2,297.18 1.33 607.78 0.98
Labour 36,765.03 21.26 10,456.13 16.89
Rope 1,080.40 0.62 186.54 0.30
Cocopeat 113.54 0.07 - -
Shadow powder 495.45 0.29 117.25 0.19
Beneficial insects 132.03 0.08 - -
(natural enemies)
Insurance 2,074.85 1.20 600.60 0.97
Certification 434.48 0.25 - -
Packaging 2,501.55 1.45 - -
Fuel 1,754.83 1.01 1,197.68 1.93
Machinery repair 511.13 0.30 405.20 0.65
and maintenance
Greenhouse repair 3,369.96 1.95 1,976.44 3.19
maintenance
Machinery 9,545.19 5.52 5,216.62 8.43
depreciation
Greenhouse 23,832.10 13.78 5,733.04 9.26
depreciation
Land rent 31,071.95 17.97 15,919.21 25.72
Unexpected costs 5,037.55 291 1,803.09 291
(3%)
Total 172,956.04 100.00 61,906.05 100.00

Source: Own calculation.

The cash flow in Table 3 was prepared to
track the movement of funds used for
investments over the economic life of the
investment in the examined farms. The cash
flow table includes revenues, expenses, and
net cash flow values. Expenses represent cash
outflows, revenues represent cash inflows,
and net cash flow indicates the difference
between cash inflows and outflows. Knowing
the annual cash flow values is necessary to
understand the size of the investment deficit

during the investment and implementation
periods and to determine the need for
medium- and long-term credit accordingly.
Cash flow is an indicator of the value of an
investment for the farm making the
investment [12, 17]. The cash flow table for
the farms wunder review was prepared
considering a 20-year economic life. The first
year of the investment was accepted as the
base year and is shown as year 0 in the table.
The income group includes tomato sales,

289




Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 25, Issue 4, 2025
PRINT ISSN 2284-7995, E-ISSN 2285-3952

subsidies, and salvage value, while the
expense section includes fixed investment and
operating costs. The difference between
income and expenses is indicated as net cash
flow. In agroecological and conventional
production, net cash flow was found to be
negative in the Oth year. This is because the

incurred in this year. Therefore, beginning in
the first year, the net cash flow has increased.
Salvage value enters the picture in the
twentieth year, which is the end of the
investment's economic life. Examining the
data in the table, it can be shown that
agroecological production farms have greater

Oth year is the year in which the investment net cash flow values than traditional
was made, and fixed investment costs are  production farms (Table 3).
Table 3. Net cash flow by production systems (€/farm)
Years

Year 0 Year 1-19 Year 20
Agroecological
1. Revenues
Tomato sale 373,684.20 373,684.20 373,684.20
Supports 551.61 551.61 551.61
Salvage value - - 54,893.98
Total 374,235.81 374,235.81 429,129.79
2. Costs
Fixed investment costs 548,939.78 - -
Operating costs 139,578.75 139,578.75 139,578.75
Total 688,518.53 139,578.75 139,578.75
3. Net cash flow -314,282.72 234,657.06 289,551.04
Conventional
1. Revenues
Tomato sale 97,320.13 97,320.12639 97,320.13
Supports 74.55 74.55 74.55
Salvage value - - 15,291.32
Total 97,394.68 97,394.68 112,686.00
2. Costs
Fixed investment costs 152,913.16 - -
Operating costs 50,956.39 50,956.39 50,956.39
Total 203,869.55 50,956.39 50,956.39
3. Net cash flow -106,474.87 46,438.30 61,729.61

Source: Own calculation.

The difference between the total of the
discounted revenues over the investment's
economic life, computed at a specific discount
rate, and the total of the discounted expenses
is known as the net present value [14]. The net
present values of the investment calculated
according to production systems are presented
in Table 4.

Investments in agroecological agriculture
have a larger net present value than those in
traditional production, as the table illustrates.
For agroecological agriculture, the net present
value of investment per farm is 1,837,438.09
€, while for conventional production, it is
320,135.75€. Greater yields and tomato sales
prices in comparison to conventional
production are the reasons for the greater net
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present value of investment in agroecological
production (Table 4).
Any investment is considered acceptable if the
net present value determined for it, is greater
than zero [14]. The investments made in both
production systems might therefore be
considered appropriate.

The discount rate that sets an investment's net
present value to zero is known as the internal
rate of return. Consequently, the internal rate
of return of an investment is the discount rate
that is equal to the sum of the discounted
revenues and the sum of the discounted
expenses [5, 14]. Excel's internal rate of return
tool was used to determine the internal rates
of return for conventional and agroecological
agriculture.
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Table 4. Investment's net present value by production systems (€/farm)

Production Year (€rff°;jlln§05ts reste)lt::lles Net cash flow Discount n]ztlscc;)slilnttleo(iv
systems (€/farm) (€/farm) factor (%) (€/farm)
0 688,518.53 374,235.811 -314,282.72 1.00 -314,282.72
1-19 139,578.75 374,235.811 234,657.06 8.95 2,100,180.72
20 139,578.75 429,129.79 289,551.04 0.178 51,540.09
Total - - - NPV 1,837,438.09
0 203,869.55 97,394.68 -10,6474.87 1.00 -106,474.87
1-19 50,956.39 97,394.68 46,438.30 8.95 415,622.75
20 50,956.39 112,685.99 61,729.61 0.178 10,987.87
Total - - - NPV 320,135.75

Source: Own calculation.

Table 5 displays the computed internal rates
of return. The results show that agroecological
agriculture has a better internal rate of return.
Agroecological production had an internal
rate of return of 74.66%, whereas
conventional production had an internal rate
of return of 43.59%. An investment is feasible
if the internal rate of return is equal to or
greater than the opportunity cost of capital.
The opportunity cost of capital for Tiirkiye in
2022 is 15.75%, which is the current interest
rate. We can conclude that investments in
both production systems are feasible because
the internal rate of return of the farms is
higher than this rate.

Table 5. Internal rate of return by production systems
(%)

Production systems Internal rate of return
(%)

Agroecological 74.66

Conventional 43.59

Source: Own calculation.

The present value of cash inflows produced
by an investment during its economic life
divided by the present value of cash outflows
is known as the benefit-cost ratio [5]. For an
investment to be considered feasible, the B/C
ratio must be greater than 1 [14]. The benefit-
cost ratios calculated for the studied farms are
presented in Table 6. According to the
analysis, it was determined that the benefit-
cost ratio in agroecological production is
higher than in conventional production. The

benefit-cost ratio was found to be 1.94 for
agroecological production and 1.48 for
conventional production. Since B/C > 1 in
both production systems, we can conclude
that the investments are feasible.

The point at which a farm's total income and
total costs are equal is known as the break-
even point. The farm is currently neither
profitable nor losing money. The minimum
capacity at which a farm must function is
indicated by its break-even point. Table 7
displays the break-even points for the farms
under investigation.

According to the table, the break-even point is
reached when an average of 141.14 tons of
production is achieved per farm in the
agroecological production system and 99.13
tons of production is achieved per farm in the
conventional production system. When
comparing capacity utilization rates, it is
observed that agroecological production farms
reach their break-even points when utilizing
25.88% of their capacity, while conventional
production farms reach their break-even
points when utilizing 57.78% of their
capacity. Based on these results, we can
conclude that agroecological production farms
reach their break-even points earlier than
conventional production farms. The higher the
break-even point of any investment, the
greater the risk of the investment. From this
perspective, we can say that agroecological
production is more advantageous than
conventional production.
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Table 6. Benefit-cost ratio by production systems

Production Total costs Total Discount Discounted Discounted
Year revenues cost revenue B/C
systems (€/farm) (€/farm) factor (%) (€/farm) (€/farm)
0 688,518.53 | 374,235.81 1.00 688,518.53 374,235.81 1.94
Agroccological 1-19 139,578.75 | 374,235.81 8.950 1,249,243.75 | 3,349,447.93
20 139,578.75 | 429,129.79 0.178 24,845.02 76,385.10
Total - - NVP 1,962,607.29 | 3,800,068.85
0 203,869.55 | 97,394.68 1.00 203,869.55 97,394.68 1.48
Conventional 1-19 50,956.39 97,394.68 8.950 456,064.74 871,692.14
20 50,956.39 | 112,686.00 0.178 9,070.24 20,058.11
Total - - NVP 669,004.53 989,144.92
Source: Own calculation.
Table 7. Break-even point by production systems
Production systems
Agroecological Conventional
Tomato land size (ha/farm) 2.68 1.11
Yield (ton/ha) 203.86 154.56
Production (ton/farm) 546.34 171.56
Fixed costs (€/farm) 79,961.90 42,363.10
Tomato sale (€/ton) 683.91 567.05
Variable costs (€/farm) 64,720.67 23,980.04
Variable costs (€/ ton) 118.45 139.72
Break-even point (ton/farm) 141.41 99.13
Break-even point (%) 25.88 57.78

Source: Own calculation.

The payback period indicates how long it
takes to recover the investment costs for an
investment. For an investor, knowing how
long it will take to recover the investment is
important. The shorter this period, the more
attractive the investment becomes. The
payback periods for investments in production
systems are presented in Table 8. According
to the analysis, it was determined that the
payback  periods for investments in

agroecological production are shorter than
those in conventional production. The
payback period was found to be 2.05 years for
agroecological production and 2.66 years for
conventional production. Based on these
results, farms engaged in agroecological
production can recover their investment costs
in 2.05 years, while those engaged in
conventional production can recover them in
2.66 years.

Table 8. Payback period of investment by production systems (year)

Production systems
Agroecological Conventional
Fixed investment amount (€/farm) 548,939.78 152,913.16
Annual net cash flow (€/farm) 234,657.06 46,438.30
Depreciations (€/farm) 33,377.29 10,949.66
Payback period (year) 2.05 2.66

Source: Own calculation.

Other researchers have conducted various
studies on this subject. By computing the
benefit-cost ratio, net present value, internal
rate of return, and payback period, Aragjo et
al. (2018) assessed the economic viability of
growing organic cherry tomatoes in
greenhouses with high (climate-controlled),
medium (movable screen), and low (fixed
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screen) technology levels. They reported that
organic cherry tomato cultivation in soil-
based greenhouses at the medium technology
level has higher financial profitability [3].
Negrisoli et al. (2015) analyzed the economic
feasibility of grape-type tomato production in
Brazil. They determined the payback period,
internal rate of return, and net present value of
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the investment. Their results suggested that
grape-type tomatoes are profitable and that
based on these factors instead of conventional
production, investments should be focused on
grape-type tomatoes [9].

In a Mediterranean-style two-year organic
greenhouse rotation program for green beans,
tomatoes, and strawberries, Mohamad et al.
(2018) assessed the financial impacts of
agroecological techniques. The study found
that agroecological practices using animal
manure and compost showed better economic
performance compared to the traditional
organic system [8]. In a review of almost 50
studies, the Food and  Agriculture
Organization (FAO) came to the conclusion
that organic systems are generally more
profitable than non-organic systems, with the
main reasons for this difference repowered as
higher pricing and cheaper production costs
[8].

Although there were notable variations among
nations and farm types, Offermann and
Nieberg (2000) reviewed data from 18
countries and found that the majority of
organic systems produced higher earnings
than those of conventional systems [10].
Achieng (2016) examined the economic
impact of Integrated Pest Management (IPM)
on tomatoes in Kenya. The study indicated
that the investment in IPM thrips technology
is both financially feasible and leads to
outcomes that maximize social welfare [1].

CONCLUSIONS

In conclusion, it was determined that the
initial investment and operating costs of
agroecological greenhouse tomato cultivation
farms are higher than those of conventional
production farms. However, due to higher
yields and prices, agroecological production
farms were found to be more advantageous in
terms of investment evaluation criteria such as
net present value of investment, internal rate
of return, benefit-cost ratio, break-even point,
and payback period. Calculating these
indicators is important as they demonstrate
how economically efficient, profitable, and
sustainable an investment is. Agroecological
production is a production model that is more

environmentally sensitive, sustainable,
reduces chemical input use, and preserves
biological diversity compared to traditional
production. Therefore, the question of
whether agroecological production systems
are more profitable than other systems has
attracted the attention of many researchers. In
this context, we believe that our study
contributes to demonstrating the feasibility of
this modern agricultural concept, which is
more environmentally respectful and less
dependent on synthetic inputs.
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