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ABSTRACT

In this study, the relationship between the increasing banana production in the Mediterranean region of Tiirkiye
and the performance of Water User Associations (WUAs) is investigated. The increase in banana production due
to economic incentives and nutrient demand has triggered a complex nexus of challenges and opportunities in
the context of water resource management. The effect of banana production areas on performance of WUAs has
not been studied in the region in terms of statistical evaluation. Principle component analysis sheds light on
several critical dimensions, including irrigation water use, methods, management, operation and maintenance
costs, production value, and water supply ratio, all of which are affected by the expansion of banana cultivation.
The findings underline the urgency of adaptive strategies and sustainable practices within the scope of WUAs to
meet the growing demand for irrigation water, promote water-efficient technologies, and mitigate economic and
environmental consequences. As a result of the research, it has been observed that increasing banana production
areas ensures more efficient use of water, improves performances related to production value, and reduces

operating, maintenance, and management costs per unit service area.

1. Introduction

The Mediterranean region, with its different climates and
geographical features (Lionello et al., 2006), has long been the cradle of
agricultural innovations and adaptations (Abd-Elmabod et al., 2020).
Among the many crops grown in this region, banana has emerged as an
important player in the field of agriculture (Sgroi et al., 2023). The in-
crease in banana production in the Mediterranean countries (Pinar et al.,
2021) has not only provided economic opportunities, but also created
significant challenges, especially in the fields of water resource man-
agement and irrigation efficiency.

The Mediterranean basin covers a rich tissue of agricultural practices
in which ancient traditions are in harmony with modern technologies.
Agriculture in this region covers a wide range of ecosystems, from arid
coastal plains to fertile valleys, and each of them offers unique oppor-
tunities and challenges for planting crop cultivation (Pathirana and
Carimi, 2022). The Mediterranean diet, lauded for its health benefits,
relies heavily on locally produced fruits and vegetables, with bananas
increasingly becoming a staple ingredient. Banana cultivation, although
relatively new in the Mediterranean (Fox, 2019), has experienced a
significant expansion, changing the agricultural landscape.
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Originating from Southeast Asia, bananas found their way to the
Mediterranean region during the colonial period (Hancock, 2022).
However, in recent years, there has been a significant increase in banana
production due to factors such as global demand, advanced varieties,
and favourable agricultural climate conditions (Olumba and Onunka,
2020). This increase in banana cultivation has led to an increased
dependence on irrigation, the transformation of traditional agricultural
practices, and the emergence of multifaceted challenges.

Banana production is important in 130 countries around the world.
The main producers of banana producers are India, China, Philippines,
and Ecuador; these are the biggest exporters, which provide about 50%
of banana fruit to the other countries (Evans and Ballen, 2020; FAO-
STAT, 2017). Tiirkiye is one of the countries where bananas are pro-
duced and has a share of 0.02% of worldwide banana production, tries to
increase their banana production. The banana harvest area in Tiirkiye
was forecasted to be 9733 ha in 2025 (Eyduran et al., 2020). Banana is
mostly cultivated in Anamur, Bozyazi, Alanya, and Gazipasa besides
some towns of Adana, Hatay, Mugla, and Manisa. Climate is an impor-
tant factor in choosing the crop and its production value.

Irrigation has been the lifeblood of Mediterranean agriculture for
thousands of years. The irregular precipitation pattern of the region and
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the hot, dry summer months make irrigation indispensable for crop
production (Crovella et al., 2022). Historically, various irrigation sys-
tems were developed, including flaps, aqueducts, and terracing, to
efficiently use and distribute water. In the modern era, advanced irri-
gation technologies have been adopted to increase agricultural pro-
ductivity (Pérez-Blanco et al., 2020). However, the sustainability and
performance of irrigation systems are now under scrutiny due to the
intensification of agriculture, including banana cultivation.

The intersection of banana production and irrigation (Bridgit and
Thomas, 2023) is characterized by a complex network of interdepen-
dence. Since banana is a water-intensive plant (Swafo and Dlamini,
2023), it has increased the demand for irrigation water in regions where
water resources are mostly limited and exposed to competitive uses. This
situation has led to the need for more efficient water management
practices and sustainable irrigation methods (Santana Junior et al.,
2021) to ensure both agricultural productivity and the protection of
water resources. The complex nature of this connection requires a closer
examination of the basic dimensions.

Efficient water use in banana cultivation is of vital importance not
only in terms of optimizing yield, but also in terms of minimizing
environmental impacts. The adoption of precision irrigation methods,
such as drip or sprinkler systems, can significantly improve the effi-
ciency of water use (Sekaran et al., 2020; Panigrahi et al., 2021; Yadav
et al., 2022). However, the extent to which these technologies are
adopted and their effects on banana production need to be investigated
in depth.

Banana production in the Mediterranean has socio-economic impli-
cations that extend beyond agricultural production. It provides
employment opportunities, provides income for rural communities, and
contributes to export earnings. Conversely, dependence on irrigation for
banana cultivation can strain local water resources, potentially leading
to conflicts over water allocation and emphasizing the need for equitable
water distribution.

The increase in banana production in the irrigated Mediterranean
agriculture (Arslan and Kartal, 2023; Atilgan et al., 2023) has raised
concerns about the environmental footprint. Land use changes associ-
ated with excessive water use, the application of agricultural chemicals,
and banana cultivation can have negative effects on soil health, water
quality, and biodiversity. Sustainable agricultural practices and envi-
ronmental protections (Waseem et al., 2020) are vital to reducing these
impacts.

Water User Associations (WUAs) play a pivotal role in Mediterranean
irrigated agriculture (Zema et al., 2020; Gonzdlez-Pavon et al., 2020;
Alcon et al., 2022), particularly in regions where tropical fruits are
cultivated (Arslan and Kartal, 2023). These associations are essential in
promoting efficient water management practices that are critical for
sustaining the water-intensive cultivation of crops like tropical fruits.
The primary purpose of WUAs in this context is to facilitate collective
decision-making among water users, which includes farmers, agricul-
tural cooperatives, and other stakeholders (Arslan et al., 2023). By
fostering collaboration and communication, WUAs enable the equitable
distribution of available water resources, a crucial factor in ensuring the
viability of agricultural production.

Moreover, WUAs contribute to sustainable water management by
promoting responsible water use practices and the reduction of wastage.
They often develop rules and regulations to ensure fair water distribu-
tion, maintenance of infrastructure, and monitoring of water con-
sumption. In regions where water resources are limited, effective water
management is imperative not only for agricultural production but also
for mitigating the environmental impacts associated with excessive
water extraction. WUAs help balance the demands of tropical fruit
cultivation with the broader ecosystem’s need for water, thereby
addressing sustainability concerns. WUAs can foster knowledge sharing
and capacity building among farmers, providing training and educa-
tional resources to enhance water-efficient farming techniques. By
disseminating best practices and offering guidance on irrigation
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scheduling and water-saving technologies, WUAs can empower agri-
cultural communities to adapt to the challenges of a changing climate
and evolving water resource constraints.

Performance indicators are essential tools in evaluating the effec-
tiveness and functionality of WUAs within the context of water resource
management (Bastiaanssen and Bos, 1999; Rodriguez-Diaz et al., 2008;
Ntantos and Karpouzos, 2010; Seyedzadeh et al., 2022). These in-
dicators, whether quantitative or qualitative, are used to systematically
assess the performance of WUAs and their ability to fulfil their desig-
nated roles. The need for performance indicators arises from several
factors. Firstly, they provide a standardized framework for measuring
and comparing the achievements and shortcomings of different WUAs,
enabling stakeholders, including government agencies and funding or-
ganizations, to make informed decisions and allocate resources effi-
ciently. Secondly, these indicators promote transparency and
accountability within WUAs, ensuring that their actions are aligned with
the expectations of the communities they serve. Lastly, performance
indicators facilitate continuous improvement by offering feedback that
can guide adaptive management strategies, helping WUAs evolve and
enhance their capacity to address the dynamic challenges associated
with water resource management.

While the existing literature provides insights into the water man-
agement challenges in Mediterranean regions and the role of WUAs,
there is a notable gap in the specific examination of how the prolifera-
tion of tropical fruit crops, such as bananas, influences water resource
management within these associations. Few studies have explored the
nuanced interactions between crop patterns, particularly the shift to-
wards water-intensive tropical fruits, and the adaptive strategies adop-
ted by WUAs to cope with increasing water demand in Tiirkiye (Arslan,
2022; Arslan and Kartal, 2023). As the Mediterranean climate continues
to face water scarcity issues aggravated by climate change, under-
standing the implications of changing crop patterns on water manage-
ment strategies is essential for ensuring the resilience and sustainability
of agricultural practices in the region. Therefore, further research is
needed to delve into the intricacies of this dynamic relationship and to
provide actionable insights for policymakers, water authorities, and
farmers alike.

This study aims to explores the relationship between banana pro-
duction and irrigation performance in Mediterranean region of Tiirkiye.
It also aims to achieve the following research goals by aiming to reveal
the challenges and opportunities posed by the expansion of banana
cultivation in the irrigated regions within 3 WUAs. In pursuit of these
goals, this research aiming to offer a comprehensive insight into the
interplay between banana production and performance, shedding light
on the challenges and opportunities related to sustainable agricultural
development in this dynamic region.

2. Material and method
2.1. Case study

Anamur, Bozyazi, and Alanya Water User Associations were chosen
as material to assess the relation between banana production and per-
formance indicators. The data on WUAs was obtained as the annual
reports between 2006 and 2021 from State Hyraulic Works (DSI-Devlet
Su Isleri). The region is mostly under Mediterranean Climate (mild
winters and hot summers), however, a sub-tropical climate (extremely
hot and humid) is dominant in the study area, which is the coastline
between Alanya and Anamur. In the area, bananas can be cultivated in
the fields and greenhouses. The location of selected WUAs within the
region is given in Fig. 1.

The main characteristics of WUAs are given in Table 1. Irrigation
methods used and main crops data belong to recent years. Banana
production in irrigated areas has increased year by year. Farmers tend to
cultivate crops according to their production value a year before in the
region (DSI, 2022); therefore, bananas become more popular in the
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Fig. 1. Study area.

Table 1
Main characteristics of selected WUAs.
WUAs Anamur Bozyaz1 Alanya
Service area 3027 1370 1100
(ha)
Water Gravity Gravity Gravity+pumped
diversion
Irrigation Drip (40%), Sprinkler (70%), Surface (76%), drip
method sprinkler (58%) drip (16%) (24%)
used
Main crops Banana (54%), Banana (70%), Citrus (56%),
(2021 strawberry (23%) vegetables (15%) Banana (37%)
Water Dragon river Sini river Dim river

resource

region year by year. Drip irrigation technology as well as
micro-sprinkler irrigation have been adopted by producers for banana
cultivation. Farmers more tend to adapt new technologies to increase
tropical fruits.

3. Performance indicators

The selected performance indicators showing the performance of
water user associations are given in Table 2. The service area shows the
total command area of the WUA, and the irrigated area shows the area of
irrigation service given. Irrigation ratio shows the ratio of irrigated area
to responsible WUA. The ratio may differ according to precipitation
conditions in the region. Annual water consumption per unit irrigated
area is an important indicator for rapid assessment of the WUA. Another
water supply ratio which is unitless, illustrates if the WUA uses more
than the total water requirement (evaporation/water efficiency of the
system) or not. Evaporation in the field is calculated with the help of
CROPWAT by technicians working in the WUA responsible to DSI.
Annual operation and maintenance (OM) cost per unit service area may
give information on cost modernization, repair, cleaning, distribution of
water to farmers expenses etc. Another similar indicator is the annual
management, operation and maintenance (MOM) costs per unit area
helps researchers to understand the share of management on per unit
service area. Annual OM and MOM cost per unit of irrigation water are
also indicators that some researchers have been working on and gives
information on expenses of per unit water. OQutput is the annual pro-
duction value in the irrigated area, is mostly related with crop pattern.
The currency changed from Turkish Lira to Euro according to Turkish
Central Bank data for each year. And banana production area is the
indicator which is the main topic of the study effects on the other in-
dicators. The selection of these indicators is primarily driven by the
increase in banana production, impacting various aspects such as water
usage, MOM, and production value. This influence underscores the
significance of these chosen indicators in our assessment.

Table 2
Calculation of selected performance indicators (Zema et al., 2015; Alcon et al.,
2017; Kartal et al., 2020; Alcon et al., 2020).

Indicator Abbreviation ~ Formula
Irrigation ratio (%) IR irrgated area
——————x100
Service area
Annual volume of water ~ watService annual volume of water diverted
per unit service area service area
(m® hal)
Annual volume of water ~ watlrrigated annual volume of water diverted
per unit irrigated area irrigated area
(m® ha™)
Water supply ratio WSR annual volume of water diverted
total water requirement of irrigated crops
Annual OM cost per unit  serviceOM annual OM cost
service area (€ ha™) service area
Annual MOM cost per serviceMOM annual MOM cost
unit service area (€ ha” service area
P
Annual OM cost per unit ~ waterOM annual OM cost
irrigation water (€ m’ annual volume of water diverted
%
Annual MOM cost per waterMOM annual MOM cost
unit irrigation water annual volume of water diverted
(€m?
Output per unit outputArea annual output
irrigated area (€ ha™) irrigated area
Output per unit outputWater annual output
irrigation water (€ m’ annual volume of water diverted
%)
Banana production area  bananaArea banana production area .40
(%) irrigated area

4. Statistical assessment

Principle component analysis (PCA) and a correlation matrix were
used to investigate the data in terms of statistical relations between
banana production and the other performance indicators using statisti-
cal package programs. The data were evaluated all together for all WUAs
for statistical evaluations (Ozdamar, 2010; Alpar, 2017) to assess of the
performance indicators. PCA was conducted following the procedure
outlined by Corcoles et al., (2010) and Zema et al. (2015). The steps
included standardizing the performance indicators to achieve a zero
mean and unit variance in the original data matrix, computing the
correlation matrix to assess correlations between the indicators, deter-
mining the percentage of variance explained, and selecting the principal
components (PCs). The Varimax rotation method (Richman, 1986;
Ozdamar, 2010; Zema et al., 2015) was then run to compute the rotated
component matrix, as it is widely used for its ability to reduce the
variance of data projections onto the rotated axes. Finally, we selected
the principal components that accounted for at least 70% of the original
variance in the study.
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5. Result and discussion
5.1. Result

Banana production area has increased in all WUAs by 2021. After
2013, Bozyazi WUA has increased its banana production area more than
50% and Anamur catch the same level in 2020. The result illustrates that
banana production increase its popularity in crop pattern chosen by the
farmers within WUA’ irrigated areas. Banana production in Anamur,
Bozyazi and Alanya WUA in years were given in Fig. 2.

Summary statistics of performance indicators for the study period are
given in Table 3. The irrigation ratio shows the area which irrigated with
WUAs’ facilities. In the study period (2006-2021), not-irrigated areas
show there is no demand for water in the way that precipitation is
considered enough for the crops by farmers.

The annual volume of irrigation water per unit service area (wat-
Service) shows if WUA irrigates all area by itself. However, the annual
volume of irrigation water per unit irrigated area (watlrrigated) illus-
trates the water distributed by WUA itself. The mean value of watlrri-
gated was found to be 14280.71 m> ha! on during the study period. The
value reached a maximum value of 37627.91 m® ha! and the min value
of 6421.31 m® ha™! showed the irrigation supply inconsistency among
WUAs. The mean WSR (1.51) indicates water used more than crop water
requirement, Bozyazi WUA had the maximum value (6.24) of WSR that
shows irrigation water was supplied about 6 times more than crop water
requirement. The indicator value decreased by banana production area
increased within the years together with irrigation ratio for the WUA.

The mean annual cost of operation and maintenance (serviceOM) is
151.77 € ha! and the mean annual total cost per unit service area
(serviceMOM) is 522.85 € ha™l. The mean operation and maintenance
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Table 3

Summary statistics of indicators.
Indicator Mean St. Dev. Min Max
IR 67.71 11.30 52.41 97.30
watService 9482.92 4323.83 4722.83 26726.13
watlrrigated 14280.79 6421.31 5942.62 37627.91
WSR 1.51 1.25 0.50 6.24
serviceOM 151.77 130.38 20.62 758.70
serviceMOM 522.85 204.58 250.63 1346.72
waterOM 0.02 0.02 0.002 0.08
waterMOM 0.07 0.03 0.01 0.14
outputArea 1714.19 890.50 405.98 3994.97
outputWater 0.13 0.07 0.02 0.28
bananaArea 35.52 19.97 2.00 78.00

cost per unit irrigation water (waterOM) and the mean total cost per unit
irrigation water (waterMOM) were found to be 0.02 € m™and 0.07 € m’
3, respectively.

The mean output per unit irrigated area (outputArea) and the mean
output per unit irrigation water (outputWater) were found to be 1714.19
€ha™ and 0.13 € m™, respectively. The banana production increased the
production value in irrigated areas in all WUAs. The mean banana
production in all WUAs was 35.52% and the maximum rate reached the
level approximately 78% in Bozyazi WUA.

6. Statistical evaluation
The correlation among indicators is given in Table 4. A negative

significant correlation was found between banana production area and
water supply ratio (r: —0.61; p < 0.01). Banana production is also

Years

B Anamur
1] Bozyazl
M Alanya

T T T T
10 20 30 40

1 T T
0 &0 70 a0

o

Banana production in irrigated area (%)

Fig. 2. Banana production area in irrigated area.
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Table 4
Correlation among indicators.
IR watService watlrrigated WSR serviceOM serviceMOM waterOM waterMOM outputArea outputWater bananaArea

R 1 13 -.26 .09 .08 .33* .107 .26 42" -.09 -.28
watService 1 92" 83" -19 -21 -41" 65" .03 -46"" .27
watlrrigated 1 75" -22 -.33% 44" -73" .21 41" -14
WSR 1 -15 -22 -.32% 53" -.24 -56"" -61"
serviceOM 1 82" 93" 60" -.30% -.24 -10
serviceMOM 1 77" 78" -.32% -.07 -.31%
waterOM 1 78" 39" -18 -.06
waterMOM 1 -.36* 17 -.16
outputArea 1 73" 65"
outputWater 1 52"
bananaArea 1

* Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level.

correlated with output per unit irrigated area (r: 0.65; p < 0.05) and
output per unit irrigation water (r: 0.52; p < 0.05).

To test if the data set is applicable for principal component analysis,
Kaiser-Meyer-Olkin (KMO) test was run, and the p-value was found to be
less than 0.01. The eigenvalues of the correlation matrix show the per-
centages of the variance, see Table 1 in supplementary material. given in
Table. The cumulative percentage of the first two components is 71.10%
which was selected to explain variance. According to Ozdamar (2010)
and Alpar (2017), values of the percentage of variance are above 67%
are acceptable.

In principle component analysis, first two components’ coefficients
were given in Table 2 in supplementary material. According to the first
two components, the biplot graph was extracted and given in Fig. 3.

Water User Associations are not located close to the vector end-
points. The WUAs closest to the vector endpoint can be associated with
Bozyazi and Anamur, with watService and watlrrigated. The Alanya
WUA is grouped together primarily due to similarities in OM and MOM
related indicators. Anamur and Bozyazi WUAs exhibit similarities in
some years when examining the waterlrrigated and outputArea in-
dicators. Lines drawn from observations (indicators) to any variable at a
90-degree angle provide information about the proximity (or distance)
of the indicators at the relevant variable angle. The angle between
BananaArea, outputArea, and outputWater indicates a positive corre-
lation among these three indicators. Therefore, considering that the
banana production value is high, an increase in outputArea is positively
influenced by the increase in BananaArea. On the other hand, the out-
putWater indicator, while positively correlated with BananaArea, is also

related to the amount of water consumed. The angle between bana-
naArea and WSR being close to 180 degrees indicates a negative cor-
relation. Since the average value of WUAs is greater than 1 in all years,
this situation is considered positive.

7. Discussion

In the study, we present the implementation of performance in-
dicators on the irrigation schemes managed by WUAs in a part of the
Mediterranean region of Tiirkiye, where banana production areas are
increasing due to the particularly high production value of bananas. In
the study area, overall IR has changed from 67.71% to 97.30%. The
values show lower performance when compared with the mean Turkish
WUAs’ IR which is about 70% (DSI, 2022). IR is a ratio that show the
service given to farmers and is used to evaluate the efficiency and
effectiveness of irrigation schemes. An IR of under 100% doesn’t mean
all plants are not receiving enough water thanks to precipitation or in-
dividual unground water usage.

Banana evapotranspiration is about 9000-12000 m® hal for all
production periods (Agritech, 2023). Water requirements differ from
plans; however, average watlrrigated is above the peak irrigation
requirement. The Mediterranean climate necessitates extensive irriga-
tion to support agricultural activities especially where tropical fruits are
cultivated. The mean water supply ratio (WSR), which is higher than 1
(the optimum value) is another indicator showing water was used more
than the water requirement. Achieving this optimum ratio and reduce
value of watlrrigated can be accomplished through a combination of

. 4 :
04 02 0.0 0.2 0.4 0.6 (e
8 — . " * 2 (Bozyazi)
] . Alanya
6 ’\XSR 04 3 (Alanya) .
7 / 95% Confidence Ellipse for 1
watService coriioctl 95% Confidence Ellipse for 2
- \
8 | watlrrig\ated. serviceMOM 02 95% Confidence Ellipse for 3
2 ‘ waterOM —® | oadings
:\5 1 aterMOM
g 0 0.0
g 4
o 2
8 1 0.2
4 -
B4 | 04
il outputArea 3 /
-8 ; bananaAr&l’*mnpmvvater
210 : | 0.6
-5 0 5 10

PC1 (40.9%)

Fig. 3. PCA biplot graph.
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technological, agronomic, and policy measures. For example, a WUA
uses irrigation water more than 6 times, mangers can focus on the rea-
sons and focus on the problems that can be solved by farmer-oriented
management. The education of the farmers is always a key factor
adapting the new technologies which can help reduce water usage. The
aspect of the value of IR under 100% and the value of WSR above 1 show
that water is used excessively, and the mean value of watlrrigated
support the phenomenon in the region. Water pricing mechanisms and
regulatory frameworks can also incentivize water-saving practices and
discourage excessive use. In some countries, irrigation water can be sold
with a price gradually increasing to save water by farmers their self.

Statistical analysis reveals a compelling relationship between the
increase in banana production and the increased irrigation water use in
Irrigation Associations. Since banana cultivation is water-intensive by
nature (Ayenew, 2007), it puts significant pressure on existing water
resources in the region (van Asten et al., 2011). The findings show that
WUASs need to adapt to this increasing demand quickly by implementing
efficient water allocation strategies and exploring alternative water
sources to ensure fair distribution (Jeyabaskaran and Uma, 2020).

The results highlight a remarkable change in irrigation methods
within WUAs as banana production increases. Traditional irrigation
methods are increasingly being replaced by more efficient techniques
such as drip or sprinkler systems. These modern methods not only save
water, but also increase crop yields (Arslan and Kartal, 2023). Setting up
modern technology in irrigated areas is not efficient without
farmer-oriented management. The study results underline the role of
WUAs in facilitating the transition to sustainable irrigation practices to
challenge increasing water demand (Kartal and Arslan, 2021; Kartal
et al., 2023).

Banana cultivation can affect other agricultural activities and eco-
systems by straining local water resources. In order to ensure sustain-
ability and prevent overuse of water resources, WUAs should actively
assess and manage these changes in the water supply ratio. It is vital to
balance the needs of different crops and sectors (Zema et al., 2020;
Rathod and Gavali, 2021).

The swift expansion of crops with high water demand poses a
formidable challenge (Kourgialas and Dokou, 2021) for WUAs, neces-
sitating a heightened focus on enhancing the efficiency of irrigation
water management in dry areas such as Mediterranean Region. For
instance, banana production in certain regions of Tiirkiye (Arslan and
Kartal, 2023), requires substantial water resources, and as the cultiva-
tion area expands, it exerts increased pressure on local water sources. In
response, WUAs find themselves compelled to implement measures that
transcend the boundaries of specific crops, emphasizing the critical
importance of devising comprehensive strategies to manage water re-
sources efficiently. Farmer-oriented adaptation strategies play an
important role in terms of using modern irrigation techniques. Where
WUAs (Ouassanouan et al., 2022) are not developed and farmers
(Banerjee, 2015; Dono et al., 2016) are not willing to adapt new tech-
nologies are not recommended areas for cultivation of high-water de-
mand crops. The case of banana production in Tiirkiye exemplifies a
larger trend wherein the rapid expansion of water-intensive crops de-
mands a holistic approach to irrigation water management, urging
WUASs to adapt and innovate to ensure long-term sustainability.

The recommendation against the widespread adoption of high-water
demand crops stems from the inherent strain they impose on water re-
sources, often leading to environmental degradation and exacerbating
water scarcity issues (Noto et al., 2023). Such crops not only place stress
on local ecosystems but also challenge the resilience of communities
dependent on the same water sources for various purposes. Considering
increasing concerns about global water scarcity (Neira et al., 2023), it
becomes imperative to discourage the cultivation of crops with high
water demand. Instead, promoting the cultivation of more
water-efficient crops, implementing advanced irrigation technologies,
and encouraging sustainable agricultural practices contribute to a more
resilient and resource-conscious agricultural landscape (Vadez et al.,
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2023).

8. Conclusion

The main aim of the study was to investigate the relation of banana
production increase and performance indicator nexus in Mediterranean
region of Tiirkiye and 3 WUAs where the fruit production has been
dramatically increasing were chosen as material. As a result, the
developing banana production in the Mediterranean region of Tiirkiye
has revealed a multifaceted dynamic that has far-reaching effects on the
performance of Water User Associations. The study illuminates the
complex interaction between banana cultivation and Water User Asso-
ciations in critical dimensions, including irrigation water use, manage-
ment, operation, maintenance costs, production value, and water supply
ratio. In the study years, it is observed that inconsistent water distri-
bution may indicate management problems to achieve adaptation of
water scarcity in the region. However, usage of modern irrigation
technologies such as drip and sprinkler were increased by banana pro-
duction area increase. The indicator values prove that irrigation water
was used excessively and may indicate management and operation and
farmers’ irrigation application problems. Future projections of banana
production show the tropical fruits such as banana, avocado, mango etc.
gains its popularity in the region due to production value and climate
adaptation. Thus, there is a need efficient agricultural water manage-
ment to protect sustainable agriculture. For example, farmers, using
modern technologies such as drip and sprinkler irrigation methods, need
to adapt measuring systems to save water or new water pricing methods
that increasing double when reach out of peak water requirement level.
Demand for bananas continues to grow, and the study highlight the vital
importance of adaptation of tropical fruits by WUAs can be achieved by
farmer-oriented irrigation management programs in the region.
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