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Abstract

The El Nifo—Southern Oscillation (ENSO) is a major driver, of inter-annual climate variability in
Indonesia and has significant implications for agricultural productivity. Mangosteen (Garcinia
mangostana), a perennial tropical fruit and one/of Indonesia’s key export commodity, is highly
sensitive to climate fluctuations. Understanding how. ENSQ affects mangosteen production is critical
for developing climate-informed cultivation strategiesyThis study investigates the impact of ENSO
on mangosteen production dynamies in Indonesia using provincial-scale data from 1997 to 2020,
including the number of harvested plants;yield, and total annual production. The Oceanic Nifio Index
(ONI) was used to classify each year into El Nifio, La Nifia, or Neutral phases. Number of harvested
plants, yield and production during EINifio and La Nifia years were then compared to those of neutral
years to assess ENSO-related impacts. Results show that the impact of ENSO on mangosteen varies
across different regions of Indonesia. Generally, the number of harvested plants increased during El
Nifio years but declined during Lia Nifia years. In contrast, yield is generally lower in both El Nifio
and La Nifia years compared to neutral years in most production centre area except in Bali- Nusa
Tenggara and Maluku- Papua. Overall production increased slightly (1-12%) during El Nifio but
dropped significantly (2-40%) during La Nifa, indicating that excessive rainfall during La Nifia has
a more detrimentaleffect on mangosteen yields than drought during El Nifio. These findings highlight
the importance,of ENSO monitoring as a basis for climate risk management in perennial fruit crops.
Early warning systems and adaptive measures, such as irrigation planning for dry years and drainage
infrastructure for wet years, are essential to mitigate ENSO-related production losses.

Keywords: ENSO, Mangosteen, Climate Variability, Rainfall, Economic Loss,

Highlights
e The effects of ENSO on mangosteen differ across various regions in Indonesia
e Mangosteen yields decline during both El Nifio and La Nifia, with La Nifia except in Bali-
Nusa Tenggara and Maluku- Papua. While annual production increase slightly in El- Nifio
Year (1-12 %) and drop during La-Nifa (2-40%)
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El Nifio increases harvested plant numbers, slightly boosting total production despite lower
yields.

ENSO monitoring and adaptive measures (e.g., irrigation in dry years, drainage in wet
years) are critical to reduce climate-related losses.
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Introduction

The mangosteen (Garcinia mangostana L.) is one of Indonesia’s leading horticultural commodity
with high potential to contribute to national economic development, public health, and rural
livelihoods. It is rich in minerals and vitamins particularly vitamin C (Aizat et al., 2019; Ansori et al.,
2020; Ovalle-Magallanes et al., 2017) and contains xanthones in its rind, which have been identified
for their antioxidant, anti-inflammatory, anticancer, and cardiovascular health benefits (Ansori et al.,
2022; Kalick et al., 2023; Nauman & Johnson, 2022). In 2023, Indonesia exported 42.8 thousand tons
of mangosteen, generating USD 112 thousand in foreign exchange (Ministry of Agriculture, 2024).
This makes mangosteen the second-largest contributor to fruit-based foreign exchange income. Given
its economic and health benefits, sustainable production of mangosteen is crucial to improving
societal well-being.

Despite Indonesia’s favourable agroclimatic conditions .and genetic diversity with 14 registered
cultivars mangosteen productivity remains low, only reaching 5—8 tons/ha, compared to Thailand’s
10 tons/ha (Directorate General of-Horticulture, 2021). Climate is one of the most influential abiotic
factors affecting mangosteen development. (Jaroensutasinee et al., 2023; Raju et al., 2024;
Sayruamyat et al., 2021) . Climate affects flowering, pollination, fruit formation, pest and disease
attacks, as well as fruit production and quality (Apiratikorn et al., 2012; Jaroensutasinee et al., 2023b;
Mansyah, 2009; Ounlertet al., 2017). Studies have shown that climatic variability accounts for nearly
one-third of'plant growth and productivity (Leng et al., 2016; Ray et al., 2015). However, the impacts
of specific climatic phenomena on mangosteen yield and quality remain underexplored (Tengsetasak
et al., 2024). The sustainability of production in Indonesia requires support from various research and
development efforts on mangosteen, particularly in increasing production and controlling pests and
diseases affecting mangosteen (Mansyah et al., 2013).

Indonesia’s climate is strongly influenced by interannual variability, particularly the El Nifio—
Southern Oscillation (ENSO) (Aldrian & Susanto, 2003; Arrigo & Wilson, 2008; Hendrawan et al.,
2019; Hidayat & Ando, 2018) and Indian Ocean Dipole (I0OD) (Mulyana, 2002; Nur’'utami & Hidayat,

3
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2016). ENSO refers to the recurring pattern of climate variability in the eastern Pacific Ocean,
marked by sea surface temperature anomalies (SSTA) and changes in sea level. The warming of sea
surface temperatures indicates an El Nifio event, while the cooling signifies a La Nifa event. El Nifio
typically delays the onset of the rainy season and extends the dry season in Indonesia ((El Ramija et
al., 2021; Hidayati & Chrisendo, 2010; Iskandar et al., 2019; Karuniasa & Pambudi, 2022; Nugraheni
et al., 2024a; Sidauruk et al., 2023). Conversely, La Nifia tends to bring an earlier onset of the rainy
season and a shorter dry season (Alhadid & Budi Nugroho, 2024; Endah Ardhi Ningrum Abdullah et
al., n.d.; Harahap et al., 2023; Hidayat et al., 2018; Nugraheni et al., 2024by Supariet al., 2018)
ENSO has been shown to affect flowering periods and harvest dynamics in tropical fruit crops,
including mangosteen (Sarvina & Sari, 2018) (Apiratikorn et al.f2014). Withiincreasing occurrences
of extreme ENSO events due to climate change (Chen etaal., 2024; Xie et al., 2022), understanding
their impact on mangosteen production is essential for developing adaptive agricultural strategies.
This study aims to assess the influence of interannual climate variability focusing on ENSO on the
production dynamics of mangosteen in Indonesia. The findings are expected to support climate-smart
mangosteen farming through the' development of cultivation calendars and adaptive agronomic

planning.

Materials and methods

This study uses mangosteen production data, specifically the number of haversted plant and yield all
provinces across regions in Indonesia for the period 1997-2020. The data were obtained from the
Central Bureau of Statistics (BPS), compiled in the Indonesian Fruit and Vegetable Statistics Book.
The ENSO indicator used in this study was the Oceanic Nifio Index (ONI), covering the same period
as the available production data. This data was obtained from the National Oceanic and Atmospheric

Administration (NOAA) and downloaded from the website http://www.cpc.ncep.noaa.gov/products/.

The ONI represents a three-month running average of sea surface temperature (SST) anomalies in the
Nifio 3.4 region (5°N-5°S, 120°~170°W). Sea surface temperature in the Nifo 3.4 region is a widely

4
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recognized indicator of variability that significantly affects Indonesia (Hidayat et al., 2018; Surmaini
et al., 2015)). The ONI data is used to identify years of La Nifia and El Nifio years.

The data on the harvested plants and yield were grouped according to the years of Neutral, El Nifio,
and La Nina events. This method has been widely used to examine the influence of ENSO on
agricultural commodity production (Cirino et al., 2015; Cobon et al., 2016; Ramirezrodrigues et al.,
2014; Sarvina & Sari, 2018) . This approach is known as the anomaly approach. The ENSO years
selected include El Nifio and La Nifia events with moderate, strong, and very strong intensities. For
each year, the average values were calculated. The number of harvested plants and yield during El
Nifio and La Nifia years were compared to those in neutral years, providing information on the
increase or decrease in production during El Nifio and La Nifia compared to neutral conditions.
Furthermore, the increases and decreases in the number of harvested plants and yield were mapped
spatially to identify the regions experiencing the greatest changes.in production thus identifying the

most impacted areas.

Results

The uneven distribution,of mangosteen production in Indonesia highlights a concentration in Java
and Sumatra, with limited expansion to other regions. This spatial limitation is compounded by the
predominance of traditional cultivation practices, where mangosteen is often grown in home gardens
with minimalinputs and ‘without standardized agronomic management, resulting in generally low
yields and quality. Figure 1 illustrates the number of harvested mangosteen plants across major
islands during different ENSO phases. Analytical results indicate that La Nifia events are associated
with a reduction in the number of harvested plants across most islands, reflecting possible negative
impacts of excess rainfall or prolonged wet conditions on flowering and fruiting processes. However,
Maluku and Papua deviate from this trend, showing a notable increase in productive trees during La
Nifia, which may be attributed to differing agroecological conditions or adaptive local cultivation

practices.
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In contrast, El Nifio years generally correspond with a higher number of productive trees compared

to Neutral years, potentially due to drier conditions favouring flowering induction in mangosteen,

which is known to respond positively to stress prior to fruiting. The only exception is Sumatra, where

a slight decline in number harvested plant was recorded during El Nifio years, suggesting regional

variability in mangosteen response to climatic stressors. These findings underscore the importance of

understanding regional responses to ENSO wvariability for improving adaptive, strategies in

mangosteen cultivation across Indonesia.
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Figure 1. The number of Harvested Plants per Island/group Island

La_Nina

The yield of mangosteen during Neutral, El Nifio, and La Nifia years in Indonesia is presented in a

boxplot in Figure 2. The highest mangosteen yield in Indonesia is found in Java and Sumatra, ranging

between 60—70 kg/tree, while the lowest productivity is found in Kalimantan, Maluku, and Papua, at

below 50 kg/tree. This indicates that in eastern Indonesia, the crop has not yet been cultivated
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optimally. There is still significant potential to increase productivity, thus further research and studies
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Figure 2. Boxplot of g0 yield (kg/tree) per island during each ENSO phase
The dif p yield increase and number of harvested plants during El Nifio and La Nifia

events affect gosteen production patterns. Changes in mangosteen production during El Nifio and
La Nifa years are presented in Figure 3, which shows that, in general, mangosteen production in
Indonesia increased during El Nifio years, except in Sumatra. Conversely, during La Nifia years,

production generally decreased, except in Maluku and Papua. During El Nifo years, production

increased by approximately 1-12%, while during La Nifia years, production declined by 2—40%.
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Figure 3. Changes in mangosteen production during El Nino and La Nifia years

The distribution map of production changes during La Nifa and El Nifio years by province is
presented in Figure 4. During La Nifa years, it is observed that most provinces in Java, Kalimantan,
and Sumatra experienced a decline in production. These regions are the main mangosteen production
centers in the country thus production declines in these areas can trigger substantial national level
supply. fluctiations. The tegions with the largest decline in production during La Nifa years are
Kalimantan; Sumatra, and Java. The regions where production increased during El Nifio years are

Java, Bali, and Nusa Tenggara.
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169  Figure 4. Map of change of mangosteen production during La- Nina (a) and EI- Nino (b)

170

171 Figure 5 illustrates the spatial distribution of yield changes during El Nifio and La Nifa years. In
172 general, areas experiencing yield declines during El Nifio years include most parts of Sumatra, Java,
173  and Kalimantan. In contrast, during La Nifia years, yield reductions predominantly occurred in
174  Central and Eastern Java, Eastern and Central Sumatra, Eastern and Western Kalimantan, Southern

175  Sulawesi, and Papua.
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Figure 5. Map of change Mangostee g La Nina and EI Nifio years

urin no, neutral, and La Nifia years are presented in Figure 6. The
5 for iflo (very strong), 2013 for neutral, and 2010 for La Nifia (moderate).

In 20 tro 1 Nifio event led to a significant reduction in rainfall across Indonesia, with

Differences in rain

selected years a

most regions reeeiving less than 2000 mm of annual rainfall. In contrast, during the moderate La Nifia
year of 2010, increased rainfall was observed, resulting in wetter conditions across much of the

country.
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number of harvested plants in regions like Java, Bali, and Nusa Tenggara, leading to a national
production rise of about 4.3%, although Sumatra sees a slight decline. In contrast, La Nifa causes a
decrease in harvested plants and yield in major producing regions, particularly Java, Sumatra, and
Kalimantan, resulting in a 24.5% national production drop. Regional patterns vary: Maluku and Papua

show increased productive trees during La Nifia and higher productivity during El Nifio, while Bali

Indonesian Rainfall during La- Nina Year 2010
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data.chc.ucsb.edu/products/CHIRPS-2.0/)

nificantly influence production: during El Nifio, there is a general increase in the
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and Nusa Tenggara experience increased productivity in both El Nifio and La Nifa years. Spatial
analysis confirms La Nifna’s widespread negative impact and El Nifio’s more localized yet potentially
beneficial effects.

Mangosteen requires a dry period to induce flowering (Lu & Chacko, 2000; Ounlert et al., 2017;
Salakpetch & Nagao, 2006) . Water stress can trigger flowering by altering the hormonal balance
within the plant, such as changes in gibberellin, cytokinin, and abscisic acid (ABA) levels, as well as
an increase in the carbon-to-nitrogen ratio in the shoots. Water stress suppresses vegetative growth,
and an adequate dry period stimulates floral induction (Anisworth, 2006). Rainfall for optimal growth
totals 1,500-2,500 mm per year, with 7-10 wet months (rainfall'>100 mm/month) and 2—4 dry
months (rainfall <50 mm/month) (Nuraini et al., 2022)

Insufficient dry periods caused by high rainfall intensity, such as during La Nifia events disrupt the
flowering induction process. This disruption is one of the main factors contributing to the decline in
the number of harvested plants of mangosteen during La Nifiayears. This finding is consistent with
field research conducted by (Nidyasari et al., 2018), which reported that mangosteen trees failed to
flower and produce fruit due to ‘excessive. rainfall, reaching 301-400 mm/month. A decrease in
rainfall and a delayed onset of the rainy season disrupts production. During El Nifo years, the dry
period is sufficiently long torinduce flowering, which leads to a higher number of harvested plants
compared to neutral years:

A different patterngs observed in Maluku and Papua, where the number of harvested plants is
higher during La Nifia years compared to El Nifio years. This can be explained by the fact that Maluku
has a rainfall pattern that is the opposite of the general rainfall pattern in most parts of Indonesia
(Aldrian and Susanto, 2003). Meanwhile, in Sumatra, the number of harvested plants during El Nifio
years is lower than in neutral years, possibly because rainfall in this region is influenced not only by
ENSO but also by the IOD (Nur’utami & Hidayat, 2016))

During both El Nifio and La Nifia years, a decline in yield occurred across all major mangosteen-

producing regions, such as Sumatra and Java. The same pattern was also observed in Kalimantan,

12
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Maluku, and Papua. In El Nifio years, although the number of harvested plants was higher compared
to neutral years, the continuous decrease in rainfall disrupted flowering and fruit development. After
flower formation, adequate irrigation is needed to ensure that the flowers develop into fruit. Since
rainfall during El Nifio years is lower than normal, Water scarcity due to drought can significantly
impede the physiological processes involved in fruit growth and development, resulting in reduced
fruit size and diminished yield. This is consistent with the findings of Jaroensutitas Asinee (2023)
and Salakpetch et al. (2006), which showed that off-season mangosteen fruits, (developing under
warmer and drier conditions, had less developed pericarps, resulting in significantly lower fresh
weight and smaller fruit size. Off-season trees also produced fewer flowers and fruits per branch,
indicating limited resources for fruit development and leading to smaller fruits, fewer blossoms, and
increased fruit drop.

In La Nifia years, the decline in production was due not'only to the lower number of harvested plants
caused by the lack of dry stress but also to the high rainfall, which can lead to flower and fruit drop,
thereby affecting mangosteen yields. Furthermore, mangosteen is a plant that does not tolerate
waterlogging. The roots of the mangosteéen plant lack root hairs, which are crucial for efficient
absorption of water and nutrients. Additionally, the plant exhibits a low photosynthetic rate and a
slow rate of cell division‘at the shoot meristem (Wiebel et al., 1992). These physiological limitations
make mangosteen highly-sensitive to environmental stress. Consequently, both drought and excess
water can severely hinderits growth and reduce fruit production.

Mangosteen Yield in‘the Bali and Nusa Tenggara regions shows a different pattern compared to other
areas, where yield during neutral years is lower than in El Nifio and La Nifia years. Bali and Nusa
Tenggara have relatively low rainfall compared to other regions in Indonesia. The climate types in
West Nusa Tenggara (NTB) and East Nusa Tenggara (NTT) include C3, D3, D4, and E4 (Oldeman
et al., 1980; Susanti et al., 2021; Tasiyah et al., 2024). During La Nifia years, increased rainfall may

contribute to higher yield. Meanwhile, the rise in yield during El Nifio years is likely since the

13
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decrease in rainfall does not occur during the flowering and fruit development stages. However, this
hypothesis requires further investigation using more detailed data.

The changes in total mangosteen production shown in Figure 3 indicate that during La Nifia years,
there was a significant decline in production, especially in key mangosteen-producing regions such
as Sumatra and Java. During El Nifio years, production increased despite lower yield compared to
neutral years, due to a higher number of harvested plants in those years. However, the increase during
El Nifio was lower than the decrease during La Nifna. According to the Directorate of Horticultural
(2025), in 2010 when Indonesia’s climate was disrupted by a moderate intensity. La“Nina, the
production of vegetables and fruits was severely affected, leading to shortages. that triggered price
hikes. Fruit production declined by 35-75%, while vegetable production fell\to only 20-25% of
normal levels.

The impact of reduced mangosteen production in key producing areas disrupts the supply needed to
meet market demand. This impact can be seen, for example, in the sharp decline in Indonesia’s
mangosteen export volume in 2021 and 2022 because of the Triple Dip La Nifa, a rare climatic
phenomenon characterized by the continuation or recurrence of La Nifa conditions over three
successive years, which lasted from mid-2020 to early 2023 (Figure 7). The export volume in 2021
declined by nearly 50% compared to that in 2020. This clearly demonstrates that ENSO had a

significant economic impact.on the mangosteen trade system in Indonesia.
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Figure 7. Export volume and value of Manggosteen fo 2019- 2023 (source : Ministry of Agriculture

Republic Indonesia, 2024) and NOAA, 2025)

The results of this study suggest that the ENSO index at moderate to strong intensities can serve as
an early warning tool for policymakers in developing preventive measures for mangosteen cultivation
management. ENSO forecasts issued by various global climate research institutions can be used as
essential references for cultivation planning. Several adaptive measures can be considered, including
the provision of irrigation systems during El Nifio years to mitigate drought risks, and the construction
of adequate drainage systems during La Nina years to prevent excessive water accumulation that

could damage crops. In addition, it is important to develop technologies that allow artificial drought
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stress induction during wetter years, enabling flower initiation to still occur. During high rainfall La
Nifia years, the application of hormones or enzymes that strengthen flowers and fruits is also
necessary to prevent drop caused by extreme weather conditions. For instance, (Lerslerwong et al.,

2013) can extend harvest period by chemical control.

Conclusions

ENSO has been shown to significantly affect rainfall patterns in Indonesia. El Nino events are
associated with reduced rainfall, while La Nifia events tend to increase rainfall across the region.
ENSO influences the dynamics of mangosteen production In Indonesia.The number of harvested
plant decreases during La Nifia years and increases during El Nifio years in mostregions of Indonesia
except Sumatera. In general, productivity during both El Nifio and\La Nifia years is lower compared
to neutral years except Bali- Nusa Tenggara and Makuku-Papua. Annual total production tends to
increase during El Nifio years and decrease during La Nina years, with the decline in production

during La Nifa being greater than that during El Nifio.
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