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Changes of Plant Nutrients Concentration in Soils and Trees
of Mangosteen (Garcinia mangostana L.) during

the Fruit Development

Surachart Pechkeo1*, Sayan Sdoodee1 and Chairatna Nilnond2

ABSTRACT

Translucent flesh disorder (TFD) and gamboge disorder (GD) are major problems limiting

marketable yield of mangosteen (Garcinia mangostana L) in Thailand. The imbalance or deficiency of

essential nutrients in soils and plants may cause poor fruit quality. To classify this issues, the pattern of

plant nutrient accumulation and nutrient requirement in soils and mangosteen trees during fruit

development period were investigated. An experiment was established in a mangosteen orchard with 2

main factors: 1) Fruit positions in the canopy of mangosteen trees (outer and inner canopy fruits) and 2)

concentration of plant nutrients in soils and trees. Soil sampling was taken at 2 depths; 0-15 and 15-30

cm from soil surface, around the middle of the tree canopy in blooming and harvesting periods and

analyzed for some important chemical and physical properties. Leaves and fruits sampling were taken

during fruit development period, every 2 weeks from blooming to harvesting, and analyzed in relation

to the changes of soil nutrients. Results indicated that the soil textures varied from sandy loam to sandy

clay loam, and the natural soils in the mangosteen orchard was very extremely acid to moderately acid

(pH 4.86-5.61, soil: water=1: 5). Most of the soils in the mangosteen orchard had very low level essential

nutrients for plant growth. Mangosteen fruit qualities were not significantly different between the outer

and inner canopy fruits. Likewise, most of the plant nutrients accumulation in mangosteen leaf, peel and

flesh were not significantly different between two fruit positions. It was remarkable that nutrient

accumulation in the fruit decreased from blooming to harvesting period. Mangosteen (leaf, peel and

flesh) required higher amounts of N, P, K, Ca and Mg for growth in the early stage of fruit development

period (from bloom to 6th week after bloom) and S and B in the late stage of fruit development period

(from 6th week after bloom) compared with other growth periods. Potassium and Ca contents in the peel

of normal fruits (NF) were higher than TFD and GD fruits, whereas P and Mg contents in the flesh of

TFD fruits were higher than NF and GD fruits.
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INTRODUCTION

Mangosteen (Garcinia mangostana L.)

is an important tropical fruit in southern and

eastern Thailand, and it has high potential for

export. However, high quality fruits for export are

limited by fruit defects such as translucent flesh

disorder (TFD) and gamboge disorder (GD). The

imbalance or deficiency of essential nutrients in

soils and plants may cause TFD and GD fruits.

Lim et al. (2001) reported that N, P, K

and Ca concentrations in longkong leaves tended

to decrease at bloom stage and fruit-setting. In

mangosteen, leaf nutrients transferred to

accumulate in fruits leading to increase in fruit

size and peel thickness (Patarapiyapun, 1995).

Poowarodom et al. (2002) also reported that N, P,

K and Mg concentration in the mangosteen leaf

decreased with increasing leaf age. However, in

durian Ca and B concentration increase and

accumulate in the mature leaf (Ngamsaeng and

Poowarodom, 2003), because Ca and B are

immobile nutrients (Osotsapar, 2000). Fruits

required K during fruit development, therefore, K

in leaves decrease with the progress of fruit

development. From results of nutrients analysis

in mangosteen leaves, Poowarodom et al. (2002)

reported that N, P, K, Ca and Mg concentrations

were 1.33, 0.09, 1.27, 1.01 and 1.05 g/100g (dried

weight), respectively, and Fe, Mn, Cu and Zn

concentrations were 32.05, 90.60, 22.30 and 22.20

mg kg-1, respectively. Department of Agriculture,

Malaysia (2001) reported that P, K, Ca, Mg, Fe

and Na concentrations in mangosteen fruits were

0.013, 0.045, 0.007, 0.013, 0.001 and 0.007 g/

100g, respectively.

To alleviate the problem of fruit defects,

a preliminary study of plant nutrients accumulation

and nutrient requirement in soil and mangosteen

trees during fruit development period was done.

Therefore, the results from this research will form

a basis for fertilizer management in soils and

mangosteen trees.

MATERIALS AND METHODS

The experimental site
The experiment was established in the

mangosteen orchard at Hat Yai district, Songkhla

province, southern Thailand; (7°00’08”N,

100°30’28”E) (Figure 1) during March to July

2003. Five 13-year old mangosteen trees were

selected for taking fruits and leaf samples whereas

soil samples were taken from the area covered by

these plants’ canopy.

Soil management
PVC pipes (5 cm diameter and 1 m

length) were installed in soils at the middle of the

tree canopy, then soil moistures were measured at

2 depths (30 and 60 cm from soil surface) by using

a depth moisture gauge (Troxler model 4300).

Composite soil sampling (4 cores/tree) were taken

at 2 depths; 0-15 and 15-30 cm, from soil surface

around the middle of the tree canopy at the

blooming and harvesting periods. The soils were

air-dried, passed through a 2-mm sieve and

analyzed for some chemical and physical

properties as follows: soil texture (hydrometer)

(Gee and Bauder, 1986), soil reaction (soil pH)

(soil: water=1: 5) (Mclean, 1982), soil electrical

conductivity (EC) (soil: water =1: 5) (Rhoades,

1982), soil organic matter (OM) (rapid wet

oxidation of Walkley and Black) (Nelson and

Sommers, 1982), total N (Kjeldahl) (Dennis,

1982), exchangeable cations; Ca, Mg and K (1M

ammonium acetate pH 7.0) (Thomas, 1982),

available P (Bray 2) (Olsen and Sommers, 1982),

available S [0.01 M Ca(H2PO4)2] (Tabatabai,

1982) and available B (azomethine-H) (Aitken, et

al., 1987).

Plant management
Five leaves and 5 fruits/time/tree were

taken during fruit development period, every 2

weeks from blooming to harvesting. Mangosteen

leaves and fruits (peels and fleshes) were cleaned
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by deionized water, oven-dried at 68-80°C for 24-

48 hours, passed through a 1-mm sieve and

analyzed for total N (Kjeldahl), total P and S

(HNO3/HClO4), total K, Ca and Mg (wet

digestion) and total B (azomethine-H)

(Maneepong, 1994; Onthong, 2002). Fruit quality

assessed was fresh fruit weight, fruit diameter, peel

thickness, peel moisture, flesh moisture, flesh

firmness, total soluble solid (TSS) and titratable

acidity (TA) of outer and inner canopy fruits.

RESULTS AND DISCUSSION

Soil properties
Soil texture (0-30 cm) was sandy loam

to sandy clay loam. The percentage of soil moisture

values during fruit development period were

32.32-38.55 and 36.09-42.73 at 30 and 60 cm from

soil surface, respectively (Figure 2). Soils were

very extremely acid to moderately acid with soil

pH (soil: water=1: 5) ranged from 4.86-5.61. Soil

Figure 1 The experimental site at Hat Yai district, Songkhla province, southern Thailand.
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pH was decreasing at harvesting period (Figure

3A) as reported by Nilnond et al. (1995) and

Pechkeo (1999) that mangosteen soils in southern

Thailand had soil pH ranged from 3.50-5.72. Both

EC and OM were reduced in harvesting period,

and very low for EC (0.04-0.12 dS m-1) (Figure

3B), moderately for OM (15.37-28.64 g kg-1)

(Figure 3C) (Division of Land Use Planning,

Department of Land Development, 1992). Total

N (0.58-1.36 g kg-1) (Figure 3D), exchangeable

Ca (0.66-6.11 cmolc kg-1) (Figure 3G),

exchangeable Mg (0.12-0.79 cmolc kg-1 (Figure

3H), available S (0.17-0.38 mg kg-1) (Figure 3I)

and available B (0.06-0.34 mg kg-1) (Figure 3J) in

soils were decreased in harvesting period, except

available P (1.80-14.80 mg kg-1) (Figure 3E) and

exchangeable K (0.21-1.15 cmolc kg-1) (Figure

3F). In fact, the level of essential nutrients in
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Figure 2 Changes of soil moisture during fruit development period.

Figure 3 Average values of some soil chemical properties at the experimantal site. [(A) Soil pH (B)

Soil EC (C) Organic matter (D) Total nitrogen (E) Available phosphorus (F) Exchangeable

potassium (G) Exchangeable calcium (H) Exchangeable magnesium (I) Available sulphur

and (J) Available boron].
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mangosteen soils were low for plant growth, while

the chemical fertilizers had applied in soils in the

last harvesting period. Heavy rain might caused

nutrients leaching from soils (Moncharoen, 2002)

and the strongly acid soils condition were

unsupported some of essential nutrients to

dissolved into the available forms for plant growth

(Department of Soil Science, 1998). Phosphorus

was the high accumulate nutrient in soils because

it was the hardly moved nutrient and was

continuously added to the soils every year. The

nutrients content in mangosteen soils as reported

by Nilnond et al. (1995) and Pechkeo (1999) that

mangosteen soils in southern Thailand were P, K,

Ca, Mg, S and B concentrations about 2.45-61.69

mg kg-1, 0.10-0.26, 0.09-2.43, 0.05-0.50 cmolc

kg-1, 1.85-15.32 and 0.16-0.84 mg kg-1, respectively.

Fruit qualities in the field
Average yield in the Normal (NF), TFD

and GD fruits were 64.25±28.29, 12.25±5.85 and

2.50±0.71 fruits/tree, respectively. Fresh fruit

weight, fruit diameter, peel and flesh moisture,

flesh firmness, TSS and TA of mangosteen fruits

at harvesting period (Table 1 and 2) were not

significantly different compared between outer and

inner canopy fruits. The comparison of fruit quality

between NF or TFD or GD fruits and among them,

of outer and inner canopy fruits were not

significantly different, except flesh water content

of inner canopy fruits and flesh firmness of outer

canopy fruits.

Plant nutrient concentrations in leaves
The results in Figure 4 showed that plant

nutrient concentrations in leaves of outer and inner

canopy were not significantly different except Ca

(at 6th week of fruit development) and B (at

harvesting period). In the leaf, mangosteen tree

required highest amounts of N, P, K and S for fruit

growth at the 10th week of fruit development and

at the harvesting period (Figure 4A, 4B, 4C and

4F); Ca and B in the 4th-6th week of fruit

development (Figure 4D and 4G) as compared
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Figure 4 Concentration of plant nutrients in mangosteen leaves during fruit development period.

[(A) Total nitrogen (B) Total phosphorus (C) Total potassium (D) Total calcium (E) Total

magnesium (F) Total sulphur and (G) Total boron].
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P, K, Ca, Mg and S for fruit growth in the 2th week

of fruit development period (Figure 5A-5F) and

were likely to decrease accumulation at harvesting

period. B in the peel was highest during the 10th

week of fruit development period to harvesting

period (Figure 5G) as compared with other fruit

growth periods. During the fruit development

period, N and S concentrations in the peel of outer

canopy fruits were likely to be higher than those

of the inner canopy fruits, which were different

from P, Mg and B. N, P, K, Ca and Mg

concentrations in peels were agreed with the report

of Sdoodee and Limpun-Udom (2002).

Plant nutrient concentrations in fleshes
The results in Figure 6 showed that plant

nutrient concentrations in fleshes were not

significantly different between to outer and inner

canopy fruits, except Ca in the 4th and 10th week

of fruit development and B in the 8th week of fruit

development. Plant nutrient accumulation in

fleshes were likely to decrease from 4th week of

fruit development period to harvesting period. In

with other fruit growth periods. During the fruit

development period, N, P and S concentrations in

outer canopy leaves were likely to be higher than

inner canopy leaves, but different from K, Ca and

Mg. In addition, results of plant nutrient analysis

in mangosteen leaves by Poowarodom et al.,

(2002); Chomsontae and Poowarodom (2003)

showed that N and Mg concentrations were similar

with the results in this study. However, Ca

concentration was higher, P and K concentration

were lower, comparing with the results in this

study. It was remarkable that S concentration was

lower than those of the other plants (Sutthipradith,

1993).

Plant nutrient concentrations in peels
The results in Figure 5 showed that plant

nutrient concentrations in peels were not

significantly different between outer and inner

canopy fruits, except N and B in the 10th week of

fruit development and Ca in the 10th week of fruit

development and harvesting period. In the peel,

mangosteen tree required highest amounts of N,
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Figure 5 Concentration of plant nutrients in mangosteen peels during fruit development period. [(A)

Total nitrogen (B) Total phosphorus (C) Total potassium (D) Total calcium (E) Total

magnesium (F) Total sulphur and (G) Total boron].
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Figure 6 Concentration of plant nutrients in mangosteen fleshes during fruit development period.

[(A) Total nitrogen (B) Total phosphorus (C) Total potassium (D) Total calcium (E) Total

magnesium (F) Total sulphur and (G) Total boron].

the flesh, mangosteen tree required highest

amounts of N, P, K, Ca and Mg for fruit growth in

the 4th week of fruit development period (Figure

6A-6E); S and B in the 6th-10th week of fruit

development period (Figure 6F and 6G) as

compared with other fruit growth periods. In the

fruit development period, Ca, Mg and B

concentrations of the flesh in inner canopy fruits

were likely to be higher than outer canopy fruits,

in contrast with P and S. N, P, Ca and Mg

concentrations in fleshes were in line with the

report of Sdoodee and Limpun-Udom (2002).

Concentration of plant nutrients in peel of NF,
TFD and GD fruits

From Figure 7, plant nutrients

concentrations in peel of NF, TFD and GD fruits

were not significantly different when compared

between outer and inner canopy fruits, except Ca

in peel of NF fruits. In NF fruits, P and S

concentrations (outer canopy peel) and K and Ca

concentrations (inner canopy peel) were likely to

be higher than those of TFD and GD fruits,

respectively (Figure 7B, 7F, 7C and 7D). N

concentration (outer canopy fruits) and B (inner

canopy fruits) of NF fruits were likely to be higher

than GD and TFD fruits, respectively.

In addition, N, K, Ca and B concentrations in peel

of NF fruits were accumulated higher than those

of TFD fruits as reported by Sdoodee and Limpun-

Udom (2002).

Concentration of plant nutrients in flesh of NF,
TFD and GD fruits

From Figure 8, most plant nutrients

concentration in fleshes of NF, TFD and GD of

the outer and inner canopy fruits were not

significantly different except S in flesh of NF

fruits. In NF fruits, N, P and K concentrations

(outer canopy flesh) and N, Ca, Mg, S and B

concentrations (inner canopy flesh) were likely to

be higher than TFD and GD fruit, respectively

(Figure 8A-8G). The results were similar to N, K

and Mg concentrations in flesh of TFD fruits which

accumulated higher than NF fruits Sdoodee and

Limpun-Udom (2002).
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Plant nutrient concentrations during fruit
development period

During the development of mangosteen

fruits, it was found that the requirements of N, P,

K, Ca and Mg in the leaf, peel and flesh of

mangosteen (Figure 4, 5 and 6) were higher at the

1st half of fruit development period (bloom to 6th

week of fruit development) comparing with the

other periods. While the requirement of S and B

were high in the 2nd half of fruit development

period (6th week of fruit development to harvest)

compared to other growth periods. Poowarodom

et al. (2002) reported that N, P and K

concentrations in mangosteen leaves decreased

with leaf age. Calcium and B were phloem

immobile nutrients, therefore, they were not

directly transferred from leaves to fruits

(Osotsapar, 2000). In addition, fruits required
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amount of K during fruit development, leaf K

concentration decrease with leaf age (Chomsontae

and Poowarodom, 2003). Marschner (1995)

suggested that K is a supporter for increasing peel

and flesh  Ca and B concentration on transferring

through xylem.

CONCLUSIONS

The mangosteen soils were very

extremely acid to moderately acid, and the most

of essential nutrients in soils were low for plant

growth. Mangosteen fruit qualities of the outer and

inner canopy were not significantly different. Most

plant nutrient accumulations in mangosteen leaf,

peel and flesh were not significantly different when

compared between outer and inner canopy, and

accumulation decreased from blooming to

harvesting period. In the leaf, peel and flesh of

mangosteen required higher amounts of N, P, K,

Ca and Mg for growth at the 1st half of fruit

development period (bloom to 6th week of fruit

development) and S and B in the 2nd half of fruit

development period (6th week of fruit development

to harvest) as compared with other growth periods.

Potassium and Ca contents in the peel of NF fruits

were higher than TFD and GD fruits, whereas P

and Mg contents in the flesh of TFD fruits were

higher than NF and GD fruits.
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