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Abstract 

The objective of this study was to investigate the differences in climatic factors and fruit quality 

between on- and off-season production periods. Climate, soil, and mangosteen measurements were 

all studied during on- and off-season production. We chose 40 mangosteen trees and observed 
flowering and fruit set rates over two production periods. The results showed that the number of 

flowers per branch, the number of fruits per branch, the circumference of fruits, and the fruit 

weight were higher during the on-season mangosteen production period than during the off-season 
mangosteen production period. However, the number of edible pulp segments, peel thickness, 

percentage of translucent flesh, and fruit gumminess were lower in the on-season mangosteen 

production period than in the off-season mangosteen production period. The percentage of fruit 
scars did not differ between the on- and off-season mangosteen production periods. When 

compared to the on-season mangosteen production period, there was lower relative humidity, soil 

moisture at 120 cm depth, and leaf wetness at 15 cm above ground during the off-season 
mangosteen production period; however, there was higher air temperature, soil moisture, and soil 

temperature at all four depth levels. 
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1- Introduction 

Mangosteen (Garcinia mangostana L.) is a major fruit crop in Thailand, with an increase in export value of over 88 

billion USD since 2012 [1]. Thailand is the largest grower of mangosteens, with a planting crop area of over 70,900 ha 

and production of 351,760 tons/year [2]. Mangosteens have a short harvesting season, which results in oversupply, a 

heavy marketing burden, and a decrease in fruit prices. Growers are highly desired to extend the season of mangosteen 

production because the price of mangosteens in the off-season is always higher than that in the on-season. Therefore, 

to increase income for growers and meet the demand for year-round exportation, approaches for flowering induction of 

mangosteens are in demand. 

The pattern of reproductive phenology in mangosteens correlates with several abiotic and biotic factors. Many 

studies have shown that mangosteen reproductive phenology (i.e., flowering and fruiting) is associated with climatic 

conditions (e.g., rainfall, temperature, radiation levels, and photoperiod), height above sea level, availability of shade, 

and geographical locations [2–8]. Drought-inducing flowering has been reported in several plant species, including 

citrus fruits [9], durian [10, 11], lime [12], longan [13], loguat [14], mango [15], and mangosteen [5, 16, 17]. Many 

studies have reported that drought-inducing flowering in mangosteens with 15-30 dry days for flower bud formation 

and flowering, occurs naturally after the dry period [2, 3, 5, 17-19]. Stress from drought causes carbohydrates to 

accumulate in the leaves [20]. However, the stresses resulting from the drought that affect flowering in mangosteens 

have not been thoroughly investigated. 
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Precision agriculture using sensors to monitor soil, plants, and weather conditions enables growers of mangosteens 

to induce flowering during the off-season mangosteen production. This requires monitoring and control strategies for 

soil moisture conditions, changing weather patterns, and plant physiological conditions. Production of off-season 

mangosteens is possible in drought-inducing flowering studies. High-quality fruits for export are limited by fruit 

defects such as small fruit size, translucent flesh disorder, and gamboge disorder [21]. However, there are limited 

studies on off-season mangosteen production and fruit quality. This study is the first to investigate the climatic factors 

affecting the mangosteen flowering period and fruit quality during the on- and off-season production periods. The two 

main objectives of this study were (1) to investigate climatic factor differences between the on- and off-season periods 

and (2) to investigate fruit quality differences between the on- and off-season periods. The results of this study will 

help us gain a better understanding of how to induce off-season mangosteen production and improve fruit quality. The 

flowchart of the research methodology that was used to achieve the study's aims is shown in Figure 1. 

 

Figure 1. Research methodology on climatic factors and mangosteen fruit quality between on and off-season productions 

2- Materials and Methods 

2-1- Study Area 

This study was conducted at a mangosteen orchard (latitude 8.357614°N, longitude 99.861444°E) in Lansaka 

District, Nakhon Si Thammarat Province, and Southern Thailand (Figures 2-a and 2-b). This mangosteen orchard has 

20–30-year-old mangosteen trees, with approximately 100 trees in an area of 1.6 ha. 

2-2- Mangosteen Biology 

Mangosteen (Garcinia mangostana L.) is a tropical tree native to Southeast Asia, mainly in Malaysia, Myanmar, 

Thailand, Cambodia, Vietnam, and the Sunda Islands [2]. Mangosteen has no genetic variation, because it propagates 

apomictically. Mangosteen has high orchard establishment costs owing to its long juvenile period and slow growth 

[22]. Vital mangosteen production occurs in Southeast Asia, particularly in Thailand. Thailand has the highest 

mangosteen planting crop area, estimated at 4,000 ha in 1965, which has increased to over 70,900 ha by 2021, with a 

total yield of 351,760 tons/year. Mangosteens grow successfully on various types of soils [23, 24], but they grow well 

in porous sandy loam to sandy clay loam soil that is high in organic matter and well drained [21, 24, 25]. Soils in 

mangosteen orchard in the Southern Thailand were moderate to highly acid with soil pH ranged from 3.50-5.72 and 

had the P, K and Ca concentrations about 2.45-61.69 md kg-1, 0.10-0.26 and 0.09-2.43 cmolc kg-1 [21, 26]. Under dry 

conditions, mangosteens require irrigation and mulch [27].  
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(a)   (b)  

Figure 2. (a) Thailand map with Nakhon Si Thammarat Province in shaded color and (b) Nakhon Si Thammarat Province 

map with Mangosteen orchard location in a red dot 

Mangosteen trees have a pyramidal shape with symmetrical branches are 10-25 m in height [22]. The trees begin to 

bear fruits 10-12 years after the seedling. The diameter of the mangosteen fruit is 5.08-7.62 cm with a thick reddish-

purple rind that covers white, soft, juicy, sweet, aromatic, and edible segmented pulps [28, 29]. Mangosteen fruits 

weighing greater than 80 g/fruit with a fresh green calyx, unbroken peduncle, no insect damage, no translucent flesh 

disorder, and no gamboge disorder are indices of market-able quality mangosteen. Mangosteen trees grow and produce 

fruits at 25-35°C, above 80% relative humidity, and above 1,270 mm annual rainfall; however, growth is retarded at 

temperatures below 20°C, and sunburn occurs at temperatures above 38-40°C [2, 30]. Mangosteens in Thailand are 

cultivated in two regions: eastern and southern. In the eastern region, the on-season period begins in September and is 

harvested from April to June [17, 22]. Mangosteens in the southern region begin flowering in March and are harvested 

annually from July to September. In some years, mangosteens in the southern region produce off-season flowering in 

September, and are harvested in January-February. The quality of the fruit produced differs depending on the season 

and growing conditions [31]. Mangosteen production in Thailand may increase in years with longer drought periods 

[17]. 

2-3- Data Collection 

An automatic weather station and two soil stations (Davis Vantage Pro 2 Plus Model) were installed to collect 

weather and soil data, consisting of maximum and minimum air temperatures, relative humidity, amount of rainfall, 

soil moisture, soil temperature, and leaf wetness. Weather and soil data were recorded online in real time every 15 min 

from March 2020-February to 2021. Soil moisture was measured using watermark soil moisture sensors installed in the 

soil at specific root depths. Watermark soil moisture sensors are electronic resistance sensors that measure soil 

moisture on a scale of 0 (saturated soil) to 200 cb (dried soil). Soil moisture and temperature sensors were deployed at 

four measurement depths: 15, 45, 90, and 120 cm.  

The leaf wetness sensors were electronic resistance sensors that measured the presence of surface moisture on the 

foliage and calculated the duration of wetness. When moisture is present, the sensors detect an electrical resistance 

change between the gold-plated elements of the grid on a scale of 0 (completely dry) to 15 (saturated wet). Leaf 

wetness sensors were deployed at two heights: (1) 15 cm above the ground floor to measure leaf wetness at the floor 

level and (2) 160 cm above the ground floor to measure leaf wetness within the mangosteen canopy.  

Climatic factors, soil factors, and mangosteen measurements were studied during two mangosteen production 

periods: (1) on-season production (March-August 2020) and (2) off-season production (August 2020-February 2021). 

Each mangosteen production period was divided into two observational periods: (1) the dry period and (2) the 

flowering period. In the on-season of mangosteen production, the dry period occurred during 1-24 March 2020 (25 

days), the flowering period during 1-30 April 2020, and the harvesting period from 15 July-18 August 2020. In the off-

season of mangosteen production, the dry period occurred from 20 August-14 September 2020 (26 days), the flowering 

period from 1-30 October 2020, and the harvesting period from 1-25 February 2021. Climatic data were collected 

during the study period (March 1, 2020, to February 28, 2021). 
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We randomly selected 40 mangosteen trees and measured their diameters at breast height (1.5 m above ground) and 

crown width in four directions (north, south, east, and west). We randomly selected ten branches per tree from the 40 

selected trees, with a total of 400 branches. We counted the number of flowers per branch, number of fruits per branch, 

starting date of the flowering period, starting date of the harvesting period, harvesting duration, and flower blooming to 

harvest duration during the on- and off-season mangosteen production periods. After the mangosteen fruits were 

mature, we randomly selected ten fruits per tree, with a total of 400 fruits per mangosteen production, to measure fruit 

weight, fruit circumference, and peel thickness. Fruits were cut when they reached the edible ripening stage. The 

number of edible pulp segments per fruit was determined. The percentage of fruit gumming, translucent flesh, and fruit 

scars was calculated as a percentage in the on-season and off-season mangosteen production periods. 

2-4- Data Analysis 

T-tests were used to analyze (1) the mean climatic and soil factor differences between the on- and off-season 

mangosteen production periods and between the dry and flowering periods within each mangosteen production period, 

and (2) the mean mangosteen parameter differences between the on- and off-season mangosteen production periods. 

One-way ANOVA tests with post-hoc Bonferroni adjustments were used to test soil temperature and soil moisture. 

3- Results 

3-1- Mangosteen Parameters between On- and Off-Season Mangosteen Production Periods 

The mangosteen trees had an average (±SD) DBH of 56.18±10.93 cm and an average (±SD) crown width of 

3.41±0.44 m. During the on-season mangosteen production period, the flowering period occurred from 1-30 April 

2020 and the harvesting period was from 15 July-18 August 2020, with a harvesting duration of 35 days and a 

flowering to harvesting duration of 105 days. During the off-season mangosteen production period, the flowering 

period occurred during 1-30 October 2020 and fruits were harvested from 1-25 February 2021, with a harvesting 

duration of 25 days and a flowering to harvesting duration of 123 days. In the on-season mangosteen production 

period, the number of flowers per branch, number of fruits per branch, circumference of fruits, and fruit weight were 

higher than in the off-season mangosteen production period; however, the number of edible pulp segments, peel 

thickness, percentage of translucent flesh, and percentage of fruit gumming were lower in the on-season than in the 

off-season mangosteen production period (Figures 3-a to 3-h). There were no differences in the percentage of fruit 

scars between the on- and off-season mangosteen production periods (Figure 3-i). 

3-2- Weather Data in the Mangosteen Orchard 

The average (±SD) monthly rainfall was 152.18±123.91 mm with an annual rainfall of 1,826.2 mm. The maximum 

and minimum monthly rainfall was observed in November 2020 and February 2021, respectively. The average (±SD) 

relative humidity and air temperature were 86.11±12.19% and 26.88±3.4°C, respectively. 

3-3- Soil Temperature and Moisture at Four Depth Levels 

Comparing soil temperature at the four depth levels, the soil temperature was highest at the 120 cm depth (15 cm 

depth: 26.47±1.22°C; 45 cm depth: 26.64±0.73°C; 90 cm depth: 26.62±0.59°C; 120 cm depth: 26.71±0.56°C; one-way 

ANOVA with Bonferroni posthoc tests: F3,135472 = 47.252, P < 0.001). Comparing soil moisture at the four depth 

levels, the soil moisture was the driest at a depth of 15 cm depth (49.91±60.10 cb), followed by 45 cm (38.67±44.78 

cb), 120 cm (35.76±33.98 cb), and 90 cm (2.93±2.28 cb) (one-way ANOVA with Bonferroni post hoc tests: F3,135472 = 

6351.083, P < 0.001). Leaf wetness at 160 cm above ground (4.34±6.46) was higher than that at 15 cm above ground 

(3.29±5.60) (t-test: t66273.307 = -20.080, P < 0.001). 

3-4- Dry Periods in the On- and Off-Season Mangosteen Production Periods 

Comparing the dry periods between the on- and off-season mangosteen production periods, there was lower relative 

humidity, soil moisture at 120 cm depth, and leaf wet-ness at 15 cm above ground during the off-season mangosteen 

production period; however, there was higher air temperature, soil moisture, and soil temperature at all four depth 

levels during the off-season than the on-season mangosteen production period (t-test: relative humidity: t4648.053 = 

3.006, P < 0.001; soil moisture at 120 cm depth: t1381 = 62.859, P < 0.001; leaf wetness: t4173 = 2.451, P < 0.05; air 

temperature: t4604.443 = -7.847, P < 0.001; soil moisture at 15 cm depth: t4793.613 = -64.076, P < 0.001, 45 cm depth: t4794 

= -63.265, P < 0.001, 90 cm depth: t4280.013 = -305.264, P < 0.001; soil temperature at 15 cm depth: t2661.017 = -49.148, P 

< 0.001, 45 cm depth: t4794 = -60.265, P < 0.001, 90 cm depth: t4280.013 = -98.038, P < 0.001, 120 cm depth: t2447.316 = -

95.391, P < 0.001; Table 1). There was no difference in the amount of daily rainfall and leaf wetness at 160 cm above 

the ground between the on- and off-season mangosteen production periods (t-test: daily rainfall: t47 = -0.086, ns; leaf 

wetness: t3293.212 = -1.817, ns; Table 1). 
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Figure 3. Mangosteen parameters in the on-season and off-season mangosteen production periods. (a) Number of flowers per branch, (b) Number of fruits per branch, (c) Circumference of 

fruits (cm) (d) Number of edible pulp segments, (e) Fruit weight (g), (f) Peel thickness (mm), (g) Translucent flesh (%), (h) Fruit gumming (%) and (i) Fruit scar (%). (*P < 0.05, **P < 0.01, 

***P < 0.001) 
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Table 1. Climatic and soil factors between the dry and flowering periods of the on-season and off-season mangosteen 

production periods (*P < 0.05, **P < 0.001) 

Parameters 
On-season mangosteen production period Off-season mangosteen production period 

Dry period Flowering period t-test Dry period Flowering period t-test 

Air temperature (°C) 27.05 ± 4.057 27.53 ± 4.08 t4590.830 = -4.018** 27.92 ± 3.58 26.33 ± 3.02 t4851.991 = 16.918** 

Daily rainfall (mm) 0.809 ± 2.205 3.346 ± 13.494 t47 = -0.89 0.869 ± 2.666 7.608 ± 13.26 t25.865 = -2.493* 

Relative humidity (%) 81.60 ± 14.55 83.53 ± 13.74 t4606 = -4.633** 80.39 ± 13.16 90.65 ± 9.56 t4557.843 = -31.488** 

Soil temperature at 

15 cm depth (°C) 
26.01 ± 0.84 27.20 ± 1.26 t4006.802 = -37.931** 26.90 ± 0.25 25.66 ± 1.019 t2782.048 = 59.171** 

45 cm depth (°C) 26.12 ± 0.37 27.06 ± 0.53 t4113.241 = -70.537** 26.73 ± 0.34 26.09 ± 0.92 t3143.592 = 32.731** 

90 cm depth (°C) 26.13 ± 0.329 26.95 ± 0.347 t4590.045 = -82.180** 26.96 ± 0.25 26.19 ± 0.94 t2845.231 = 39.454** 

120 cm depth (°C) 26.26 ± 0.266 27.03 ± 0.292 t3020.705 = -69.304** 27.07 ± 0.22 26.46 ± 0.96 t2760.075 = 30.616** 

Soil moisture at 

15 cm depth (cb) 
82.38 ± 40.66 40.73 ± 29.41 t4192.509 = 39.758** 160.43 ± 43.70 0.87 ± 1.72 t2501.686 = 182.267** 

45 cm depth (cb) 44.49 ± 23.31 35.43 ± 15.46 t3997.353 = 15.496** 88.00 ± 24.24 1.04 ± 0.23 t2494.443 = 179.184** 

90 cm depth (cb) 0.00 ± 0.00 2.43 ± 1.22 t2302 = -95.534** 23.02 ±3.77 4.75 ± 1.39 t3158.318 = 227.373** 

120 cm depth (cb) 24.81 ± 14.68 39.55 ± 6.420 t1771.581 = -34.967** 0.00 ± 0.00 1.33 ± 7.59 t2495 = -8.789** 

Leaf wetness at 
15 cm above ground 

1.77 ± 4.744 9.07 ± 7.073 t3955.334 = -38.941** 1.42 ± 4.19 5.22 ± 6.09 t4636.595 = -21.950** 

160 cm above 

ground 
1.61± 4.596 1.65 ± 3.968 t3086.612 = 2.265* 1.87 ± 4.581 6.99 ± 7.05 t4064.937 = -33.954** 

3-5- Dry and Flowering Periods in the On- and Off-Season Mangosteen Production Periods 

Comparing the dry periods between the on- and off-season mangosteen production periods, there was lower relative 

humidity, soil moisture at 120 cm depth, and leaf wet-ness at 15 cm above ground during the off-season mangosteen 

production period; however, there was higher air temperature, soil moisture, and soil temperature at all four depth 

levels during the off-season than the on-season mangosteen production period (t-test: relative humidity: t4648.053 = 

3.006, P < 0.001; soil moisture at 120 cm depth: t1381 = 62.859, P < 0.001; leaf wetness: t4173 = 2.451, P < 0.05; air 

temperature: t4604.443 = -7.847, P < 0.001; soil moisture at 15 cm depth: t4793.613 = -64.076, P < 0.001, 45 cm depth: t4794 

= -63.265, P < 0.001, 90 cm depth: t4280.013 = -305.264, P < 0.001; soil temperature at 15 cm depth: t2661.017 = -49.148, P 

< 0.001, 45 cm depth: t4794 = -60.265, P < 0.001, 90 cm depth: t4280.013 = -98.038, P < 0.001, 120 cm depth: t2447.316 = -

95.391, P < 0.001; Table 1). There was no difference in the amount of daily rainfall and leaf wetness at 160 cm above 

the ground between the on- and off-season mangosteen production periods (t-test: daily rainfall: t47 = -0.086, ns; leaf 

wetness: t3293.212 = -1.817, ns; Table 1). 

3-5-1- On-Season Mangosteen Production Period 

During the dry period, there was lower relative humidity, air temperature, soil moisture at the 90 and 120 cm 

depths, soil temperature at all four depth levels, and leaf wetness at both levels; however, there was higher soil 

moisture at the 15 and 45 cm depths than during the flowering period (Table 1). No differences were observed in the 

amount of daily rainfall. 

3-5-2- Off-Season Mangosteen Production Period 

During the dry period, there was a lower amount of daily rainfall, relative humidity, soil moisture at 120 cm depth, 

and leaf wetness at both levels. However, there was a higher air temperature, soil moisture at 15, 45, and 90 cm depth, 

and soil temperature at all four depth levels than during the flowering period (Table 1). 

4- Discussion 

4-1- Fruit Quality between the On- and Off-Season Mangosteen Production Periods 

Our results showed that mangosteen fruits in both the on- and off-season production periods had similar fruit sizes, 

peel thickness, and number of edible pulp segments, as in previous studies. Previous studies have reported that 

mangosteens have an average fruit weight of 75-150 g, fruit circumference of 15.95-23.92 cm, peel thickness of 6-10 

mm, and the number of edible pulp segments of 4-8 segments. Fruit weight varies depending on the age of the tree 

(i.e., younger trees produce a smaller fruit size than older trees) and its geographical location (e.g., mangosteens from 

the south of the Philippines are larger than those of the Malay Peninsula) [2, 29]. 
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Many studies have reported that off-season mangosteens can be produced by the induction of off-season flowering 

with a dry period of 15-30 days [2, 3, 5, 17-19, 32]. Drought-inducing flowering with the involvement of inhibitor 

hormones is essential for floral initiation. Adequate water supply during floral maturation is required for good growth 

[3]. Our results showed that fruit development that occurred during off-season flowering occurred under suboptimal 

growth conditions. This can lead to poor fruit set, poor fruit development, and severe cracking. Previous studies have 

reported low-quality off-season flowering in longan (Dimocarpus longan Lour.) [33, 34], and lychee (Litchi chinensis 

Sonn.) [33, 35-37] due to weather-inducing stress, such as cold, dry, or abrupt temperature fluctuations, during the 

early stage of fruit development. This resulted in reduced fruit growth potential, excessive fruit drop, severe cracking, 

and off-season fruit periods. In addition, mangosteen may have high productivity during the on-season production 

period, which may result in low photosynthesis, causing low assimilation and affecting the source-sink relationship 

during the off-season production period [38]. An inadequate supply of photosynthesis can cause low total sugar 

content of leaves on shoots, leading to high flower and young fruit shedding with small fruit sizes [39]. 

The major problems limiting the marketable yield of mangosteen in Thailand are translucent flesh disorder and 

gamboge disorder [21]. Our results showed that translucent flesh disorder and gamboge disorder during off-season 

fruiting were higher than those during on-season fruiting. Apiratikorn et al. [5] also reported that translucent flesh 

disorder during off-season mangosteen fruiting was higher than that during on-season fruiting in Phathalung Province, 

Southern Thailand. Severe cracking of mangosteen fruits can cause translucent flesh and gamboge disorders. Fruit 

cracking occurs when the aril expands rapidly, causing a sudden increase in internal stress, which results in pericarp 

breakdown [40]. In this study, the off-season mangosteen trees began flowering in October and early fruit development 

was exposed to drought in December, while aril growth in later stages occurred at much warmer and drier temperatures 

in January-early February. Compared to the on-season fruits, the off-season fruits had a less developed pericarp, which 

was reflected by the significantly reduced fresh weight and fruit size. However, the number of seeds, which was 

reflected by the significant increase in the number of edible pulp segments, was higher than that in on-season 

mangosteens. This suggests that mangosteen trees are preferentially mobilized to satisfy seed development.  

The three main factors that can trigger flower development in mangosteens are water stress duration, apical bud 

age, and plant vigor [41]. Our results showed that off-season mangosteen trees had a lower number of flowers and 

fruits per branch than on-season mangosteen trees. Suboptimal conditions during off-season mangosteen production 

may lead to water stress, causing breakage of mangosteen latex vessels and latex glands throughout the tree (i.e., 

flowers, leaves, and branches). Breakage of latex vessels and glands at the shoot apex leads to a lower number of 

flowers and fruits per branch [3]. This indicated that off-season mangosteen trees had more limited resources for fruit 

growth, which resulted in smaller fruit size, lower blossoms, and higher fruit drop. 

4-2- Climatic Factors between the On- and Off-Season Mangosteen Production Periods 

Our results showed that the dry period of the on-season mangosteen production period occurred from 1–24 March 

2020 (25 days) and the dry period of the off-season mangosteen production period occurred from 20 August–14 

September 2020 (26 days). Our results support those of previous studies showing that mangosteen trees under natural 

conditions require a short dry season (15–30 days) to stimulate flowering, followed by irrigation or rainfall [2, 3, 5, 18, 

19]. Apiratikorn et al. [5] studied mangosteens in southern Thailand and reported that a drought period of 21 days 

induced mangosteen flowering in Phathalung Province. We studied a mangosteen orchard located in Nakhon Si 

Thammarat Province, which borders Phathalung Province, and obtained similar findings (i.e., 25–26 days of dry period 

before flowering). Salakpetch et al. [3] reported that mangosteen orchards located in Chantaburi Province, eastern 

Thailand, had a drought period ranging from 7 to 25 days to induce mangosteen flowering. Under severe water stress 

conditions, floral buds emerged 25 days after irrigation with a large amount of water to rehydrate the buds and resume 

growth and development. 

Bourdeaut & Moreuil [42] reported that the ideal relative humidity for mangosteen orchards is 80% or higher. Our 

results showed that the average relative humidity ranged between 80.39-90.65%, which was greater than 80%. In 

addition, our results showed that during the on-season production period, the fluctuation between the maximum and 

minimum relative humidity was wider than that during the off-season mangosteen production period. Kennedy et al. 

[43] reported that a high relative humidity of 90% may be responsible for the conversion of residual food reserves into 

flower primordia in mango trees. 

In Southeast Asia, mangosteen production varies depending on the amount of annual rainfall in different 

geographical locations and seasons. Mangosteens require well-distributed annual rainfall exceeding 1,270 mm with ten 

consecutive wet months [2, 32, 44–46]. Excessive rainfall during flowering prevents fruit setting and favors the 

development of pests and diseases [17, 47, 48]. The distribution patterns of rain had a direct effect on the flowering of 

mangosteen trees. Factors affecting the flowering period include a decrease in rainfall by approximately 1-2 months 

before flowering because the mangosteens' dormancy occurs during the dry season to absorb the accumulation needed 

for flowering and fruiting [49]. Mangosteen trees are water-resistant but not drought-resistant; therefore, water deficit 

stress should be avoided, and watering is necessary during the dry period. The percentage of soil moisture during the 
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off-season production period was also drier during the off-season because of low rainfall. Naik [50] reported that the 

dry period helped the shoot obtain the desired rest period for the successful initiation of flower buds. Regarding the 

direct effect of cloudy weather and excessive rainfall during the flowering period, Singh reported that these factors 

lead to favorable conditions for pests and diseases that damage the crop. Mango trees require a dry period for flower 

bud formation, and flowering occurs naturally after dry and cool seasons [51]. 

Our results showed that the maximum air temperature in the off-season mangosteen production period during 2020 

ranged from 28.5–36.2 °C. These temperature regimes were probably conducive to flowering and fruit setting during 

the off-season production period. Mangosteens thrive best in the temperature range of 25–35 °C [42, 46], but a 

temperature range of 15-20 °C results in slow growth and is not recommended for planting mangosteen trees. 

4-3- Soil Temperature and Moisture at Four Depth Levels 

Many studies have reported that drought can induce flowering in several plant species, including durian [10, 11], 

mango [15], citrus fruits [9], longan [13], lime [12], loguat [14], and mangosteen [17]. A drought period lowers soil 

moisture and increases soil temperature. Our results showed that the fluctuation between the maximum and minimum 

soil moisture was widest at a depth of 15 cm. Sdoodee et al. [49] studied soil moisture in a mangosteen orchard at six 

depths (10, 20, 30, 40, 60, and 100 cm) and reported similar findings, where the soil moisture at a depth of 10–40 cm 

showed the highest variability, but at depths of 60 and 100 cm, the soil moisture content had the lowest variability. 

This high fluctuation could be because the soil at a depth of 15 cm was the topsoil, which was directly affected by air 

temperature, sunlight, wind, and high respiration from living organisms, including earthworms, plant roots, fungi, and 

bacteria. 

Similar to the findings of Singh et al. [52], our results showed that soil temperature increased as depth increased. 

Soil temperature is strongly influenced by ambient temperature, which has a strong effect on the vegetative and 

reproductive growth of mangoes [53]. These results indicate that environmental control over shoot growth of mango 

trees may, in part, be related to soil temperature. 

5- Conclusion 

Thailand is the leading mangosteen producer and exporter, shipping to Taiwan, Hong Kong, Japan, China, the US, 

and Canada. Climate-related factors affect mangosteen flowering and fruit quality during the on- and off-season 

production periods. For the on-season period, the flowering period occurred from 1–30 April 2020, and the harvesting 

period was from 15 July to 18 August 2020, with a harvesting duration of 35 days and a flowering-to-harvesting 

duration of 105 days. For the off-season period, the flowering period occurred from 1-30 October 2020, and the fruits 

were harvested during 1-25 February 2021, with a harvesting duration of 25 days and a flowering to harvesting 

duration of 123 days. In the on-season mangosteen production period, the number of flowers per branch, number of 

fruits per branch, circumference of fruits, and fruit weight were higher than those in the off-season mangosteen 

production period. However, the number of edible pulp segments, peel thickness, percentage of translucent flesh, and 

percentage of fruit gumming were lower during the on-season than during the off-season mangosteen production 

period. No differences were observed in the percentage of fruit scars between the on- and off-season mangosteen 

production periods. During the off-season mangosteen production period, there was lower relative humidity, soil 

moisture at 120 cm depth, and leaf wetness at 15 cm above ground; however, there was higher air temperature, soil 

moisture, and soil temperature at all four depth levels when compared to the on-season mangosteen production period. 
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