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Abstract
   Planting dragon fruit requires high financial investments, mainly in terms of fertilization. However, there is a lack of studies focusing 
on the financial efficiency of the crop in balance with organic fertility management. The objective of the work was to establish the 
relationship between organic fertilization using cattle manure and the efficiency and economic viability of planting dragon fruit 
in semi-arid regions. The study was carried out in an experimental area of dragon fruit fertilized with different doses of organic 
fertilizer (0, 5.33, 10.66, 21.33 and 49.33 kg/plant) at the Federal Rural University of Pernambuco, in the semi-arid region of the state. 
from Pernambuco, Brazil. Various indicators such as productivity, total revenue, average price, fixed costs, variable costs, average 
costs, gross margin, net margin and break-even point were evaluated. Additionally, key financial indicators like net present value, 
internal rate of return, profitability rate and payback time were analyzed, followed by a sensitivity analysis. The initial investment for 
an organic dragon fruit plantation varied mainly based on the fertilizer doses, ranging from R$44,615.93 at dose 0 to R$47,081.43 
at dose 49.33 kg/plant. Short-term financial returns were not observed for doses 0.00, 5.33, 10.66 and 21.33 kg/plant. Planting was 
deemed efficient only at a dose of 49.33 kg/plant and with a return on investment of 3 years and 4 months. The sensitivity analysis 
demonstrated that the planting of organic dragon fruit is highly sensitive to changes in the price per kilo of fruit, being considered 
unfeasible under these conditions. The dose of 49.33 kg/plant of cattle manure was the most recommended dose for producing a 
pitaya plantation that is efficient and economically viable. This study marks the pioneering exploration of the impact of organic 
fertilizer on the economic viability of a dragon fruit plantation.
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Introduction
Experiencing significant global production expansion, dragon 

fruit (Hylocereus undatus) is a tropical fruit that belongs to the 
climbing cacti (Cactaceae) family, with numerous nutritional ben-
efits for human health [30]. It is cultivated in both endemic regions 
and diverse climates different from its origin. However, from an 
economic standpoint, it demands a substantial initial investment 
[13]. Estimates an investment of R$52,619.02 per hectare for the 

first year of irrigated dragon fruit planting, with the most signifi-
cant costs attributed to takes, irrigation, and seedlings. In intensive 
production systems using fertilizers and other chemical inputs, 
costs may escalate R$69,991.19, according to [20]. Nonetheless, 
the fruit´s price per kilo holds potential for profitability in the mar-
ket, varying with the cyclic nature of its supply and demand dynam-
ics. According to [14], during high-supply months, producers sell 
the fruit for R$7.00 to R$10.00 per kilo, but in the off-season, with 
reduced supply, prices can reach R$30.00 per kilo.
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A projection by [21]. anticipates that by 2024, global gross reve-
nue from dragon fruit production will total $14.73 billion. Notably, 
Brazil yielded 2,924 tons of dragon fruit in 2022 [10]. This produ-
ction could increase by 4.40% by 2029, according to the Dragon 
Fruit Growth Trends and Forecast Report [21]. In the Northeast 
region, according to the Brazilian Institute of Geography and Sta-
tistics (IBGE) [17], reported 9.12 tons of dragon fruit production 
in 2017, accounting for national production. Thus, the production 
progress is notable, and there are challenges to overcome to pro-
duce more with high quality, financial efficiency, and guaranteed 
economic returns.

The adoption of organic production systems are critical in pro-
moting economic sustainability, with potential to drive social and 
environmental advancements within local rural properties [11]. 
Using chemical fertilizers, synthetic pesticides, and other external 
inputs has gradually contributed to the advancement of climate 
change impacts, soil degradation, food insecurity, and natural re-
source depletion [12]. Therefore, it is necessary to adopt sustai-
nable agricultural practices that ensure more efficient production 
both in nutritional value and financial returns.

Several studies have already demonstrated the relationship 
between fertilization with natural sources and the economic susta-
inability of crops, indicating even the ideal doses and combinations 
of organic fertilizers that enhance yields, net income, and maximum 
economic efficiency of crops [2,18,32,33]. However, for dragon fruit 
cultivation in semi-arid regions, which responds well to natural fer-
tilizer sources [16]. Nevertheless, there remains a knowledge gap 
concerning organic production´s impact on economic viability for 
dragon fruit producers in semi-arid regions, despite the surge in 
demand for this fruit. It is evident that, with appropriate fertiliza-
tion, productivity yields will increase, and economic benefits are 
expected.

Against this backdrop, this study aims to explore the association 
between organic cow manure fertilization and dragon fruit cultiva-
tion’s efficiency and economic viability in semi-arid regions.

Materials and Methods
Study area characterization

This study was developed from an experiment conducted in the 
experimental red pitahaya orchard (Hylocereus polyrhizus) of the 
Serra Talhada Academic Unit (UAST) belonging to the Federal Rural 
University of Pernambuco (UFRPE), Pernambuco, Brazil (Figure 1).

Figure 1:  Map showing the location of the town of Serra Talhada, PE. Author: Ferreira, N. L (2024).
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Figure 2:  Experimental layout of the pitahaya field with the distribution of treatments. Source: Santos (2024).

The experiment consisted of evaluating five different doses of 
organic fertilizer for growing red pitahaya in the soil and climatic 
conditions of the Brazilian semi-arid region. The doses included: 
dose 0 (0.00 kg of cattle manure/plant), dose 1 (5.33 kg of cattle 

manure/plant), dose 2 (10.66 kg of cattle manure/plant), dose 3 
(21.33 kg of cattle manure/plant) and dose 4 (49.33 kg of cattle 
manure/plant). The study employed a randomized block design 
comprising 25 plots, hosting a total of 100 plants spread over 
600m2 (Figure 2).

According to the Kӧ¨ppen classification, the region has a BSw’h’ 
climate, characterized as hot and dry semi-arid. It is located at an 
altitude of 435 m, with an average annual temperature exceeding 
25°C, average global radiation of 17.74 MJ/m, average relative hu-
midity of 64.85%, and average annual rainfall recorded at 653 mm 
[7].

Economic characterization
In this work, we utilized on a deterministic budgeting approa-

ch, which does not involve probabilistic estimations regarding ac-
hieving specific outcomes. This methodology overlooks medium to 
long- term risks [5]. Then, we assumed five possible risk scenarios 
through the stochastic budget methodology, which is recommen-
ded to deal with the randomness and uncertainty of dragon fruit 
cultivation [24].

Budget data collection
Initially, we researched the prices for all the materials, mac-

hinery, inputs, and services needed to set up an organic dragon 
fruit plantation, considering everything from soil preparation to 
the final productivity of the plantation, based on the average pro-
ductivity of the experiment over three years. Informal interviews 

were also conducted with local fruit producers in the study region 
to learn about price, productivity, and other relevant characteristics 
specific to local cultivation.

Determination of accounting criteria
We considered a 1.5% tax for losses and returns of goods, 5% 

depreciation for all machinery, and 20% for the ‘pro-labore’ app-
lied by the National Institute of Social Security (INSS) according to 
decree no. 3,048/99 [8]. The opportunity cost of capital conside-
red data already collected by [23] in his research with dragon fruit 
producers in Pernambuco and the opportunity cost of land on the 
value of 1 hectare of land in the state of Pernambuco. A profit tax of 
27.5% according to Law No. 13,149 of 21 July 2015 [9]. 

Indicators of economic efficiency
The productivity of the cultivation was assessed using data al-

ready collected from the experimental area in years 1 (2021/2022) 
and 2 (2022/2023) of the system’s installation. Year 3 (2024/2025), 
was designated as the period when dragon fruit production stabi-
lizes. We estimated productivity from the previous year’s data and 
extrapolated all values to 1 hectare. We calculated the total revenue 
by multiplying the kilograms of fruit produced by the average price 
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of R$22.00 per kg established for this study. Based on the typical 
pricing that local producers utilize, the average price is R$22.00, 
which ranges from R$15.00 per kg during periods of high fruit ava-
ilability to R$29.00 per kg during lower supply.

The total fixed and variable costs are considered the costs of 
system installation, charges, labor costs, equipment depreciation, 
and system upkeep. The total cost represents the variance betwe-
en of the total fixed and variable costs. The gross margin is the 
difference between the total revenue and the total variable costs, 
while the net margin is the difference between the total revenue 
and the total costs. Profitability is determined by dividing the net 
margin by total revenue, and the break-even point (%) is the divi-
sion of the average fixed cost by subtracting the sales price from 
the average variable cost. To obtain the break-even point in kg of 
production, we multiply the break-even point in percentage with 
the system’s annual productivity.

Financial viability indicators
To calculate the NPV (net present value), which determines the 

value of the cash flow at the present date, we used equation (1) 
below

Where: -I = capital investment at date zero;
𝐹𝐶𝑡 = return at date t of the cash flow; n = project analysis pe-

riod;
K = discount rate or minimum rate of attractiveness.

Making NPV= 0 in equation (1) gives the internal rate of return 
(IRR) in equation (2);

Profitability is the product of the division between total profit 
and total revenue, and finally, payback time represents the time 
needed to recover the capital invested.

Sensitivity analysis
We established five possible scenarios for the sensitivity analy-

sis based on the most economically viable fertilizer dose. Accor-
ding to [31], sensitivity analysis is a way of projecting possible 

scenarios that can contextualize an actual situation, considering 
variations in the crop’s production, price, and marketing. For this 
analysis, we considered the NPV, break-even point, and payback 
time indicators according to the following scenarios
•	 Scenario 1: Ideal scenario: Represents the optimal conditi-

ons.
•	 Scenario 2: Productivity Reduction (10%): Reflects a 10% 

decrease in productivity. 
•	 Scenario 3: Price Reduction (77%): considers a 77% price re-

duction based on regional pricing standards. 
•	 Scenario 4: Installation Cost Increase with Masonry Piles: Illus-

trates an augmentation in installation costs involving masonry 
piles. 

•	 Scenario 5: Combined Impact: Encompasses a 10% reducti-
on in production, a 77% decrease in commercialization price, 
and increase in installation costs.

Results and Discussion
The costs of planting pitahaya in year 0, i.e., establishing the 

seedlings and initial management, varied according to the dose of 
organic fertilizer applied (Table 1). While installation, equipment, 
and phytosanitary control were constant regardless of the dose, 
adding organic fertilizer generated additional costs for planting, al-
beit only 2% when fertilizing at a dose of 49.33 kg/plant.

It is because producers can access organic fertilizer sources, 
such as cattle manure, which is often available on the property or 
supplied through partnerships between producers. On the market, 
a kilo of tanned cattle manure is worth pennies. However, chemical 
fertilizers cost up to 23% more in a conventional production sys-
tem than in an organic system [4].

Although the costs of setting up and maintaining the pitahaya 
plantation in year 0 varied only as a result of fertilization, when 
analyzing the income statement up to the 15th year of planting (Ta-
ble 2), when the pitahaya reaches its maximum useful life, negative 
cash flows can be seen for all doses of fertilization, with a profit 
only at the dose of 49.33 kg/plant,   already in year 1 of producti-
on and with a noticeable increase in subsequent cash flows. Cash 
flows are reliable indicators of the financial situation of a commer-
cial system [15]. 
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Costs/Doses 0 1 2 3 4
Installation 36.534,16 36.534,16 36.534,16 36.534,16 36.534,16
Equipment 1.482,01 1.482,01 1.482,01 1.482,01 1.482,01

Fertilization 0,00 266,39 532,79 1.066,07 2.465,50
Phytosanitary control 6.599,76 6.599,76 6.599,76 6.599,76 6.599,76

Total 44.615,93 44.882,32 45.148,72 45.682,00 47.081,43

Table 1: Operating costs of a 1 ha plantation of red pitahaya with different doses of organic fertilizer, 0 (0.00 kg of cattle manure/plant), 
1 (5.33 kg of cattle manure/plant), 2 (10.66 kg of cattle manure/plant), 3 (21.33 kg of cattle manure/plant) and 4 (49.33 kg of cattle 

manure/plant).

Years/Doses 0 1 2 3 4
0 -74.537,39 -75.157,37 -75.690,17 -76.756,73 -79.508,09
1 -36.454,17 -35.617,05 -35.724,76 -34.736,60 7.506,42
2 -37.127,02 -34.301,36 -34.418,23 -28.761,04 70.979,78

3 a15 -37.799,86 -32.452,87 -32.046,13 -20.653,34 138.028,12

Table 2: Income statement for a red pitahaya plantation under different fertilizer doses from year 0 to 15 of production. 0 (0.00 kg of 
cattle manure/plant), 1 (5.33 kg of cattle manure/plant), 2 (10.66 kg of cattle manure/plant), 3 (21.33 kg of cattle manure/plant) and 4 

(49.33 kg of cattle manure/plant).

Adequate organic fertilization plays a crucial role in enhancing 
fruit production, resulting in higher yields and improved economic 
efficiency [3]. With an increase in the dose of organic fertilizer in 
the pitahaya plantation, productivity tends to increase and, sub-
sequently leading to an increase in total revenue (Table 3), which, 

according to [25] underscores the advantages of adopting organic 
practices in pitahaya production. Fixed and variable costs are in-
dependent of productivity, considering management, equipment, 
interest, taxes, and other factors inherent to pitahaya production, 
which also interfere with total costs and can lead to negative pro-
fitability.

Indicators 0 1 2 3 4
Productivity (Kg/ha) 44,608 293,20 311,97 837,71 10.586,07

Total revenue (R$/ha)
Total fixed costs (R$/ha)

Total variable costs (R$/ha)

981,38
27.202,06
11.564,46

6.450,40
27.202,06
11.604,46

6.863,34
27.202,06
11.604,46

18.429,62
27.202,06
11.604,46

232.893,54
27.202,06
52.331,42

Total costs (R$/ha) 38.766,52 38.806,52 38.806,52 38.806,52 79.533,48
Gross margin -10.583,08 -5.154,06 -4.741,12 6.825,16 180.562,12

Net margin -37.785,14 -32.356,12 -31.943,18 -20.376,90 153.360,06
Profitability -3.850,20 -501,61 -465,42 -110,57 65,84

break-even point (kg of production) -114,65 -1.547,44 -1.789,91 3.338,73 1.588,53

Table 3: Economic efficiency indicators for a 1 ha red pitahaya plantation with different doses of organic fertilizer in the third year of 
production. 0 (0.00 kg of cattle manure/plant), 1 (5.33 kg of cattle manure/plant), 2 (10.66 kg of cattle manure/plant), 3 (21.33 kg of 

cattle manure/plant) and 4 (49.33 kg of cattle manure/plant).
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When the gross margin, equivalent to the return after subtrac-
ting variable costs from gross revenue, and the net margin, related 
to the result after deducting all production costs, are more signifi-
cant than zero, the system is paying for itself and will survive.

However, only the plantation fertilized with 49.33 kg/plant 
showed a gross and net margin greater than zero, demonstrating 
that with this dose alone, the plantation would be economically 
efficient and thus pay for itself in the long term, showing 65.84 
% profitability. With only 1,588.53 kg of fruit produced, the gross 
revenue would equal the system’s maintenance costs in year 3, 
around 15% of production, thus breaking even (Table 3).

Furthermore, the NPV of each system based on fertilizer doses 
revealed unfavorable results for the 0 and 21.33 kg/plant doses of 
organic fertilizer. In contrast, 5.33, 10.66, and 49.33 kg/plant doses 
of organic fertilizer were positive, demonstrating the viability and 
profitability of the business [34]. However, the IRR is higher when 
using the maximum dose of 49.33 kg/plant of organic fertilizer for 
growing pitahaya, around 44%, which makes the NPV of the invest-
ment analyzed equal to zero [19]. In addition, the producer would 
get a return of 2.88 R$ for every 1.00 R$ invested. Pitahaya planta-
tions fertilized with doses of 5.33 and 10.66 kg/plant require ap-
proximately a decade to payback the initial investment, while with 
the dose of 49.33 kg/plant, the payback time would be just three 
years and four months (Table 4).

Indicators 0 1 2 3 4
Net present value (R$) -347.318,33 2.201,89 505,63 -43.357,82 264.227,74

Internal rate of return (%) - 16 16 7 44
Profitability rate (R$) -1,14 1,01 1,00 0,74 2,88

Payback time - 10 years 10 years - 3 years and 4 months

Table 4: Economic viability of a 1-ha plantation of red pitahaya with different doses of organic fertilizer. 0 (0.00 kg of cattle manure/
plant), 1 (5.33 kg of cattle manure/plant), 2 (10.66 kg of cattle manure/plant), 3 (21.33 kg of cattle manure/plant) and 4 (49.33 kg of 

cattle manure/plant).

However, when carrying out a study that identifies financial ef-
ficiency and economic viability indicators, one must bear in mind 
the absence of risks related to planting. It makes it necessary to 
assess unforeseen factors, considering more significant uncertain-
ties and investment risks [6]. According to [26], it is essential to 
consider heterogeneity when analyzing company profits and cash 
flows. In this sense, and considering the dose of 49.33 kg/plant of 
organic fertilizer as the most efficient and economically viable, we 
evaluated five scenarios to determine the sensitivity of this plan-
ting to possible risks associated with production (Table 5).

The initial investment for a pitahaya plantation poses a signi-
ficant challenge, especially for small producers. If the farmer has 
stakes on his property, the initial implementation cost will be re-
duced [13] by up to 10.58%. Many producers, especially family 
farmers, leverage existing resources like Algaroba (Prosopis julif-
lora), Angico (Anadenanthera macrocarpa (Benth.) Brenan.), and 
other trees that are usually found in the vicinity of their properties, 

making installation easier and reducing costs [27]. In a cost-effecti-
ve scenario, the producer could achieve an NPV of 324,220.74 R$, a 
break-even point of 1,596.62 kg/ha, witnessing a return on invest-
ment of 2 years and four months (scenario 1). However, even with 
the higher investment using masonry piles, around R$126,441.17, 
and five months longer for the return on investment (scenario 4), 
the producer would achieve an NPV of R$760,499.26 with the same 
break-even point. In addition to not causing losses to the producer, 
the initial cost of this type of support is an input with a useful life 
of 15 to 20 years [22].

A 10 percent reduction in productivity likely influenced by 
climate change, would not impede the economic viability of the 
plantation, albeit with a lower NPV (272,603.45 R$), a higher PE 
(1,601.53 kg/ha), and a return on the initial investment in 2 ye-
ars and six months (scenario 2). This scenario would be possible 
mainly due to climate change, one of the main factors interfering 
with pitahaya fruit production and increasing the vulnerability of 
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Scenarios NPV PE (Kg) Payback
1 324.220,74 1.596,62 2 years and 4 months
2 272.603,45 1.601,53 2 years and 6 months
3 -91.153,59 8.033,08 Not viable
4 760.499,26 1.596,62 2 years and 9 months
5 -174.260,11 8.202,30 Not viable

Table 5: Sensitivity analysis of a 1 ha red pitahaya plantation under different scenarios. NPV: net present value; PE: break-even point.

agricultural businesses [1,34], in a study on the financial viability 
of an irrigation system in tomato production in Egypt, observed 
that the reduction in productivity and cost increase do not affect 
the system’s financial viability.

However, the project becomes unviable when the fruit’s price 
decreases, reflected in the gross revenue from commercializati-
on. Shallow sales values can result in negative NPVs rendering the 
production system unviable [3,28]. We observed this result when 
analyzing a scenario with a 77% price reduction (scenario 3), the 
prospect of reduced productivity and price, and an increase in 
costs (scenario 5).

Conclusion
This study marks a pioneering exploration of the interplay 

between organic fertilizer and the financial viability of planting 
pitahaya in a semi-arid climate. Under the conditions studied, the 
dose of 49.33 kg/plant of organic fertilizer emerged as an econom-
ically efficient and financially viable, offering a quicker return on 
investment in less time and at lower costs compared to conventi-
onal fertilization.

The sensitivity analysis sheds light on the volatility surroun-
ding economic viability in possible scenarios. This work is the 
first study to show that pitahaya production is sensitive to price 
fluctuations influenced by abundant fruit at specific production 
times, leading producers to significantly reduce the value of a kilo 
of pitahaya. However, this phenomenon underscores the need for 
in-depth investigation, as the reduced price of a kilo of fruit is ad-
vantageous for the consumer but means losses for the producer, 
who may not maintain production. This pricing pattern may be in-
dicative of producers in the Pajeú region of Pernambuco, given that 
pitahaya production is nascent in the region and that producers 
lack specialized support for optimizing their plantation´s financial 
infrastructure. 

An alternative avenue for enhancing production outlets, finan-
cial returns, and operational efficiency could involve fostering col-
laborations among local producers through associations or coop-
eratives, as well as forging partnerships with municipal bodies and 
governmental departments. 

This study sets the stage for future research endeavors focused 
on the financial dynamics of organic pitahaya cultivation in semi-a-
rid environments, providing a foundation for further exploration 
and insights into this emerging agricultural sector
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