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ABSTRACT

West Sumatera is one of the largest mangosteen production centers in Indonesia. After the 2019 harvest season,
there were variations in fruit production and quality which indicated symptoms of zinc (Zn) deficiency. This
study evaluates the status of Zn for increasing the production and quality of mangosteen fruit Ratu Kamang
cv. The study was conducting using the observation method in Lima Puluh Kota, West Sumatera from January
to December 2020. This study used ten mangosteen trees aged 23 years in three locations selected purposively.
Parameters observed included soil properties, leaf nutrients, number of fruits; fruit, rind, aril and seed weights,
percentage of fruit scars (FS) and percentage of fruit contaminated with yellow sap (YSC). The relationship
between Zn concentration in leaves and fruit production and quality was analyzed using Pearson’s correlation
and regression models. The results showed that Zn played a role in increasing the production and quality of man-
gosteen fruit at certain concentration ranges in the leaves. Zinc concentrations of 23.45-30.00 mg/kg play a role in
increasing production, while Zn concentrations of 26.29-30.29 mg/kg play a role in increasing quality. The lowest
incidence of FS and YSC was found in trees with Zn concentration in the leaves between 30.00-32.00 mg/kg. Zinc
concentration in the leaves of 30.00 mg/kg was the critical concentration in increasing the production and quality
of mangosteen fruit under local cultivation conditions. Zinc has an antagonistic relationship to iron (Fe) and cop-
per (Cu) in leaf tissue.
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1 Introduction

Mangosteen (Garcinia mangostana L.) is the queen of fruits, which is endemic in tropical countries
including Malaysia, Thailand, Indonesia [1], India, Myanmar, the Philippines and Sri Lanka [2]. Apart
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from being consumed as fresh fruit, mangosteen also has high pharmacological potential. Mangosteen rind
contains abundant poly-phenolic compounds such as anthocyanins, tannins, xanthones and phenolic acids as
antioxidants [3]. Besides, the compounds contained in mangosteen rind also have pharmacological activities
such as antimicrobial, antimalarial, anti-inflammatory, antidiabetic [4], antiviral, analgesic, antihistamine,
anti-obesity, antidepressant, anti-fungal, antimutagenic, antitumor, anticancer and antiproliferative [5]. The
results of many investigations showed that the crude extract of mangosteen rind was able to reduce
cholesterol and malondialdehyde levels [6], suppress type II diabetes, stress, liver and kidney injury [7],
and effectively suppress carcinogenesis with a pleiotropic mechanism [8].

The commodity is one of the potential export fruits from Indonesia. Its planting centers are spread in
several areas, such as West Java, West Sumatera, North Sumatera, Riau, East Java, East Kalimantan,
Central Kalimantan and Bali [9]. West Sumatra is the province that produces the second largest
mangosteen after West Java, with 28,833 t in 2019 [10]. However, mangosteen production is still
experiencing many problems both in quantity and quality [11]. Mangosteen productivity in Indonesia
ranges from 30-70 kg/tree and is still below other mangosteen-producing countries >100 kg/tree.
Meanwhile, the quality of mangosteen for export is very low because the yellow sap reaches 20% and the
fruit spots are 25% so only 10% is exportable from the total production [12]. Generally, mangosteen
production is carried out in compound gardens, agroforestry, and home yards that have not been managed
with optimal cultivation techniques [13]. The low production and quality of mangosteen can be caused by
deficiencies of macronutrients [14] and soil physical properties. However, excessive application of
fertilizers containing N, P, K, and Ca has the potential to reduce the availability of several micronutrients,
especially zinc (Zn) [15], which plays an important role in plant growth and fruit production [16].

Zinc is an important micronutrient in plant growth, development and defense [17,18]. Zinc plays a role
in regulating many enzymes, photosynthesis, protein metabolism, carbohydrate biosynthesis [19],
maintenance of cell membrane integrity, auxin synthesis, and pollen formation [20]. Zinc acts as a major
factor in abiotic defense by inducing enzymes involved in chlorophyll synthesis, maintaining stability for
membrane permeability and integrity, and reducing the production of reactive oxygen species (ROS) [21].
Zinc is a key factor in reducing the formation of ROS and defending cells against ROS attacks [22]. Zinc
can suppress drought stress by improving plant water relations, cell membrane stability, osmolyte
accumulation, stomatal regulation, and water absorption [19]. Zinc deficiency in plants causes a decrease
in physical function, reduces production and productivity, and reduces product quality [23]. Zinc
deficiency also causes reduced catkin length, inhibits flowering and reduces the development and number
of fruits [24].

The largest mangosteen production center in West Sumatera is at Regency of Lima Puluh Kota [25]. The
production of the commodity in the regency was 20,980.90 t in 2020, and the main production center is
Bukik Barisan District [26]. Information gathered from local farmers that after the 2019 harvest season
there was a variation in productivity and a decrease in fruit quality in several locations. Observations
showed that there were several trees showing symptoms of shrunken leaves and short petiole segments,
indicating Zn deficiency symptoms. The most visible symptoms of Zn deficiency were shortening of the
internodes (rosette) and decreased leaf size (small leaves), while severe Zn deficiency caused high-
contrast chlorosis (mothed leaves) and dead shoots (die-back) [3]. Farmers carry out plant nutrient
management by providing organic fertilizer from poultry manure, NPK fertilizer and dolomite, which is
applied once a year after harvest. Zinc deficiency in plants occurs in various soil types [23], especially
when the soil pH is high, organic matter in the soil is high, in calcareous soils with high bicarbonate
concentration, and in soils that are planted intensively [27]. Currently, there is not enough information
available about the correlation of Zn deficiency to decreased production and quality of mangosteen fruit.
The purpose of this study was to evaluate the status of Zn for increasing the productivity and quality of
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mangosteen fruit. The novelty of this research is finding out the critical concentration of Zn that contributes to
increasing the production and quality of mangosteen fruit as a reference in developing a sustainable
mangosteen plant nutrient management strategy.

2 Materials and Methods

2.1 Description of Study Area

The study was conducted in three locations, namely Nagari Banja Laweh 1 (NBL 1), Nagari Banja
Laweh 2 (NBL 2) and Maek (Mk), Bukik Barisan District, Lima Puluh Kota Regency, West Sumatera,
Indonesia, from January to December 2020. This district is located at 00°13'25"S, 100°13'56"E, and the
three locations are at an altitude of 532.73, 546.12, 260 m above sea level, respectively. The topography
of the land belongs to the slightly sloping category with a slope of 10%—15% and is dominated by Ultisol
soil types. The average rainfall throughout 2020 in Lima Puluh Kota is classified as the wet season
(average monthly rainfall >200 mm), the lowest rainfall occurs in August (133 mm) and the highest in
April (454.5 mm) [28]. Farmers control plant nutrition levels by applying organic fertilizer from animal
waste (30 kg/tree), NPK fertilizer (0.05-0.10 kg/tree), and dolomite (3 kg/tree) once a year after harvest.
Farmers has never been applied Zn fertilization at the study area. Mangosteen is planted at various
distances, including 6 m x 6 m, 8 m X § m, § m x 10 m, and 10 m x 10 m. The spacing adapts to the
local topography. This planting distance is adjusted to the local topography. Mangosteen plants in the
research area range in height from 13-20 m and have an average age of >20 years.

2.2 Research Procedures

This research was conducted using the observation method. The determination of plant samples was
purposive in each location. The 23-year-old mangosteen Ratu Kamang cv trees are used as the object of
this study. The plant material utilized in this study is a public domain cultivar rather than a commercial
variety. The most productive period for mangosteen fruit is when it is 20—30-year-old [29]. At each site,
10 sample trees with the same tree height (15 m), the same spacing (8 x 10 m), and grown at the same
elevation were selected. The soil, leaf and fruit samples were taken from each tree.

Soil samples were taken compositely at a depth of 0—30 cm and 30—60 cm around the root zone with a
radius of 3 m from the base of the stem of each sampled tree, respectively. The soil samples were then dried
and ground into two sizes, namely 2 mm for soil physical analysis and <2 mm for soil chemical analysis (pH,
organic C, total nitrogen (N), phosphor (P), kalium (K), Zn, Cu, Fe and manganese (Mn). Soil sample
analysis was carried out following the instructions for soil, water, and plant analysis by Marles [30]. The
pH was measured based on the potential of the comparison electrode (AgCl). Ash concentration was
obtained by saponification at 550°C—600°C. Total N was analyzed by the Kjeldahl method. C-organic
was oxidized with dichromate and measured by spectrometry. The determination of P, K, Zn, Cu, Fe and
Mn were wet oxidized with HNO5; and HCIO4. P was measured spectrophotometrically, K was measured
by atomic absorption flamefotometer, while Zn, Cu, Fe and Mn were measured by atomic absorption
spectrometer. The chemical compounds employed in the study were produced by Merck KGaA, located
in Darmstadt, Germany.

The leaf samples used were fully developed terminal leaves. For each tree, 16 leaves were taken from the
bottom, middle and top of the crown from four sides. Leaf samples were cleaned of adhering dust and dried in
an oven at 65°C for 48 h. The dried leaf samples were then crushed and prepared for analysis of their nutrient
concentration. The nutrients measured included Zn, Fe, Cu and Mn. Analysis of leaf samples was carried out
following instructions for soil, water, and plant analysis by Marles [30].

Fruit samples were taken when the fruit was physiologically ripe with an index maturity level of 2,
according to Palapol et al. [31]. The number of fruits is counted on each tree to determine the
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productivity per tree. A total of 100 fruit samples were taken from each tree to determine the average weight
per fruit, rind weight, aril weight, seed weight, percentage of fruit scar (FS) and percentage of fruit
contaminated with yellow sap (YSC). Fruit productivity per tree is calculated by multiplying the average
fruit weight by the number of fruits per tree.

2.3 Data Analysis

Data were analyzed using the IBM SPSS Statistics 22.0, IBM Corp., Armong, NY, USA. Statistical
testing of the data obtained at a 5% level of significance was performed using analysis of variance (F-
test). Pearson’s correlation was carried out between nutrient concentration in leaves and production
parameters. Meanwhile, the relationship between Zn concentration in leaves and fruit production and
quality parameters was analyzed using a regression model.

3 Results

3.1 Soil Properties

The soil texture at the three locations was included in the category of clay at NBL 1 and Mk, and sandy
clay at NBL 2. The texture at the two depths 0—30 cm, and 30-60 cm is the same. Soil pH at the three
locations was lower at the depth of 30-60 cm. The soil in NBL 2 locations was classified as very acidic,
while at location NBL 1 and Mk, they were classified as acidic at a depth of 0—30 cm and very acidic at
a depth of 30-60 cm. Soil C-organic concentration was also lower at a depth of 30—-60 cm in the three
locations. At a depth of 0—30 cm, it was classified as moderate at locations NBL 1 and NBL 2, and high
at location Mk, while at a depth of 30—60 cm it was classified as low at the three locations. Likewise, the
nutrients concentration was generally lower at a depth of 30—60 cm except for K, which is higher at
location Mk and Fe at location NBL 2 and Mk. The macronutrient concentration in the two layers of soil
at the three locations was included in the criteria of low—medium (N), very low—very high (P), and low
(K). While the criteria for micronutrients are very low—low (Zn), high (Cu), and medium—very high (Fe
and Mn). Soil properties at the three locations are presented in Table 1.

Table 1: Soil properties in the root zone of the mangosteen trees at NBL 1, NBL 2 and Mk in Bukik Barisan,
Lima Puluh Kota, West Sumatera, 2020

Soil layer (cm) Parameters NBL 1 NBL 2 Mk
0-30 Texture Clay Sandy clay Clay
* Sand (%) 38 49 42
* Silt (%) 18 13 16
* Clay (%) 44 38 42
pH H,O 4.46 (A) 4.30 (VA) 5.14 (A)
C-organic (%) 221 (M) 2.76 (M) 3.22 (H)
N (%) 0.28 (M) 0.32 (M) 0.36 (M)
C/N 7.89 (L) 8.63 (L) 8.94 (L)
P,0s Bray 1 (mg/kg) 5.50 (L) 67.02 (VH) 205.72 (VH)
K (cmol(+)/kg) 0.04 (L) 0.03 (L) 0.03 (L)
Zn (mg/kg) 0.65 (L) 0.30 (VL) 0.93 (L)
Cu (mg/kg) 2.54 (H) 2.33 (H) 2.24 (H)

(Continued)
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Table 1 (continued)
Soil layer (cm) Parameters NBL 1 NBL 2 Mk
Fe (mg/kg) 27.27 (H) 56.84 (VH) 13.69 (M)
Mn (mg/kg) 190.96 (VH) 7.42 (M) 4.56 (M)
30-60 Texture Clay Sandy clay Clay
* Sand (%) 34 47 40
* Silt (%) 18 13 15
* Clay (%) 48 40 45
pH H,O 4.30 (VA) 4.09 (VA) 4.38 (VA)
C-organic (%) 1.20 (L) 1.64 (L) 1.63 (L)
N (%) 0.19 (L) 0.23 (M) 0.22 (M)
C/N 6.32 (L) 7.13 (L) 7.41 (L)
P,05 Bray 1 (mg/kg) 1.42 (VL) 5.62 (L) 5.73 (L)
K (cmol(+)/kg) 0.03 (L) 0.03 (L) 0.05 (L)
Zn (mg/kg) 0.35 (VL) 0.24 (VL) 0.26 (VL)
Cu (mg/kg) 2.38 (H) 2.28 (H) 2.23 (H)
Fe (mg/kg) 10.01 (M) 73.67 (VH) 56.13 (VH)
Mn (mg/kg) 46.90 (VH) 2.50 (L) 3.10 (L)

Note: Primer Data, 2020; NBL 1 = Nagari Banja Laweh 1; NBL 2 = Nagari Banja Laweh 2; Mk = Maek; A = acid (4.5-5.5); VA = very acid (<4.5); C-
organic (%): L =1-2; M =2-3; H=3-5; N (%): L =0.1-0.2; M = 0.21-0.50; H = 0.51-0.75; C/N: L = 5-10; M = 11-15; H = 16-25; P,0Os Bray 1
(mg/kg): VL =<4; L = 5-7; VH =>15; K (cmol(+)/kg): L = 0.030-0.053; Zn (mg/kg): VL = <0.5; L = 0.5-1.0; Cu (mg/kg): H=>0.2; Fe (mg/kg);
M =5-19; H=20-53; VH=>53; Mn (mg/kg): L = 1-3; M =4-9; VH =>23; VL = very low; L = low; M = medium; H = high; VH = very high; The
criteria for assessing the results of soil analysis refer to Eviati et al. [32].

3.2 Productivity of Mangosteen Fruits and Increasing Percentage

The results showed that the mangosteen trees in NBL 1 produced the highest number fruit and were
significantly different from the other two locations. The total number of fruits in NBL 1, NBL 2 and Mk
were 880, 638 and 591, respectively. Fruit weight ranged from 111.8-120.6 g and did not differ
significantly between locations. While fruit productivity ranges from 71.6-89.5 kg/tree. The highest
productivity was obtained in NBL 1 of 89.5 kg/tree and the lowest in NBL 2 of 71.6 kg/tree. The
difference in mangosteen fruit productivity between NBL1 and the other two locations ranged from
24.21%-24.97%. The number of fruits, average fruit weight, and fruit productivity at the three locations
are presented in Fig. 1.

3.3 The Correlation between Zn Concentration in Leaves with Mangosteen Fruit Productivity

The data presented in Table 2 shows the mean nutrient concentrations (Zn, Fe, Cu, and Mn) in the leaves
of three different samples (NBL 1, NBL 2, and Mk), along with the standard deviations for each nutrient.
Zinc concentration varies across the samples, with NBL 1 showing the highest concentration, followed
closely by NBL 2 and Mk having the lowest. Fe concentration shows significant variation, with Mk
having the highest concentration, significantly higher than both NBL 1 and NBL 2. Cu concentrations are
quite similar across all samples, with no significant differences. Mn concentration shows variability
among the nutrients, with Mk having the highest concentration, followed by NBL 2 and NBL 1 having
the lowest.
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Figure 1: The number of fruits, fruit weight and fruits productivity of mangosteen trees in NBL 1, NBL
2 and Mk in Bukik Barisan, Lima Puluh Kota, West Sumatera, 2020. Numbers followed by the same
letter were not significantly different from the F-test at the 5% level

Table 2: The mean nutrient concentrations in the leaves in NBL 1, NBL 2 and Mk in Bukik Barisan, Lima
Puluh Kota, West Sumatera, 2020

Locations Micronutrient levels in leaves (mg/kg)

Zn Fe Cu Mn
NBL 1 33.50 a 13.50 b 13.10 a 937.60 b
NBL 2 31.90 ab 16.60 b 11.00 a 1403.40 a
Mk 2690 b 2420 a 12.90 a 1588.20 a
SD 5.70 6.75 2.18 426.79

Note: Primer Data, 2020; NBL 1 = Nagari Banja Laweh 1; NBL 2 = Nagari Banja Laweh 2; Mk = Maek. Numbers followed by the same letter in the
same column were not significantly different from the F-test at the 5% level.

The concentration of Zn and Cu in the leaves is positively correlated with the number and production of
fruit, while Fe and Mn are negatively correlated. Conversely, Zn and Cu have a negative correlation with
YSC and FS, while Fe and Mn have a positive correlation. Fe and Mn are positively correlated with all
production parameters except quantity and fruit production. The correlation between the concentration of
micronutrients in the leaves with production and quality parameters is presented in Table 3.

Table 3: The correlation between micronutrient concentration in leaves with production and quality of

mangosteen fruit parameters in NBL 1, NBL 2 and Mk in Bukik Barisan, Lima Puluh Kota, West
Sumatera, 2020

Production and quality parameters Micronutrient levels in leaves (mg/kg)

/n Cu Fe Mn
Total fruit 0.701%** 0.269 —0.570** —0.685%*
Fruit weight —0.611** 0.418* 0.333 0.400*

(Continued)
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Table 3 (continued)

Production and quality parameters

Micronutrient levels in leaves (mg/kg)

Zn Cu Fe Mn
Production 0.369* 0.547** —0.383* —0.478**
Rind weight —0.464** 0.447* 0.184 0.271
Aril weight —0.713%* 0.341 0.471%* 0.510**
Seed weight —0.774** -0.073 0.508** 0.586**
YSC —0.422* —0.528** 0.566** 0.375%
FS —0.575%* —0.418* 0.533%* 0.609**

Note: *, **: significant correlation at 5% and 1%, respectively; YSC = yellow sap contamination; FS = fruit scar.

The results of the regression analysis revealed that a relative fruit production value of 50% was obtained
if the Zn concentration was 23.45 mg/kg. If the Zn concentration in the leaf ranges from 23.45-30.00 mg/kg,
then the relative fruit production is between 50%—75%. Relative fruit production of 100% is achieved if the
Zn concentration in the leaves was 30 mg/kg. Meanwhile, the relative production of fruit decreased if the Zn

concentration in the leaves was >30 mg/kg (Fig. 2).
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Figure 2: Relationship of leaf Zn concentration with relative production and total fruits per tree of

mangosteen fruits
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The total number of fruits per tree increased to 932 with a Zn concentration in the leaves of 37.38 mg/kg
from trees with a Zn concentration in the leaves of 21.53 mg/kg with a total of 389 fruits. When the Zn
concentration in the leaves increased to 47.84 mg/kg, the total number of fruits decreased to 379 fruits
(Fig. 2).

3.4 The Correlation between Zn Levels in Leaves and Mangosteen Fruit Quality

The weight components of the mangosteen fruit were the weight of the rind, arils and seeds. Fruit weight
(flesh) has a positive correlation with rind and aril weight. The rind, aril and seed weight at the three locations
ranged from 56.31-88.11 g, 18.90-45.01 g and 1.91-2.94 g, respectively (Fig. 3).

y=0.4115x-12.565
R2=0.8697

Aril weight (g)

60 80 100 120 140 160
Fruit weight (g)

100

y=0.5745x+9.216
R2=0.9016

Rind weight (g)

70 85 100 115 130 145
Fruit weight (g)

> » o

y =-0.0423x +3.6586
R2=0.5996

Seed weight (g)

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Fruit weight (g)

Figure 3: The correlation between fruit weight with rind, aril and seed weight of mangosteen fruit
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The highest aril weight was 45.01 g at a Zn concentration of 30.29 mg/kg and the lowest aril weight was
18.90 g at a Zn concentration of 47.84 mg/kg. If the Zn concentration exceeds 30.29 mg/kg, the aril weight
tends to decrease. The relationship between Zn concentration in leaves and fruit rind weight follows the same
pattern as the correlation between Zn concentration in leaves and fruit production. The highest rind weight
was 86.11 g with a Zn concentration of 26.29 mg/kg, while the lowest rind weight was 56.31 g with a Zn
concentration of 47.84 mg/kg (Fig. 4).

Aril weight (g)
D
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Figure 4: The correlation between Zn concentration in leaves with rind weight and aril weight of
mangosteen fruit

3.5 The Correlation between Zn Concentration in Leaves with the Incidence of YSC and FS

The percentage of FS reached 80.86% in trees with Zn concentration <30 mg/kg and decreased to around
36.66%—-37.77% at Zn levels between 30-32 mg/kg. The percentage of FS increased again at Zn levels
>32 mg/kg, reaching 58.02%. The same pattern was also found in YSC, at leaf Zn levels <30 mg/kg, the
incidence of YSC ranged from 1.60%—4.64%, then decreased at Zn levels between 30-32 mg/kg and
increased again up to 2.40% at Zn concentration >32 mg/kg. The correlation between Zn levels in leaves
and the incidence of FS and YSC is presented in Fig. 5.

3.6 The Correlation of Zn with Fe, Cu and Mn
The Zn concentration in the leaves was significantly inversely proportional to the Fe and Mn levels. The
increase in Zn concentration was followed by a decrease in Fe and Mn levels. In contrast to the relationship
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between Zn and Cu, Zn levels between 20—30 mg/kg were followed by an increase in Cu levels, but Zn levels
>30 mg/kg were followed by a decrease in Cu levels. The correlation between Zn and Fe, Cu and Mn levels is

presented in Fig. 6.
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Figure 5: The correlation between Zn concentration in leaves and the incidence of FS and YSC in mangosteen

fruit
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Figure 6: (Continued)
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Figure 6: The correlation of Zn with Fe, Cu and Mn

4 Discussion

4.1 Soil Properties

The proportion of sand and clay was almost similar between that in 0-30 cm depth with that at 30-60 cm
depth, so that the soil in the research site was classified as sandy clay soil. The increase in clay concentration
was associated with an increase in acidity with increasing soil depth. Negatively charged clay will bind to H"
cations, so an increase in clay concentration will increase H' concentration and soil acidity. However, the
high clay concentration at a depth of 30-60 cm was thought to inhibit nutrient translocation. P,Os
accumulation with fertilizers and organic matter decomposition were limited to the topsoil, so the P,Os
concentration was lower at a depth of 30-60 cm.

Soil texture is important for Zn adsorption, clay soil has a higher Zn adsorption capacity than sandy soil
[33]. The high clay concentration in the subsoil causes low soil porosity which prevents the addition of C-
organic, resulting in low C-organic concentration in the 30-60 cm soil layer. Accessible Zn increases with
increasing organic matter in the soil so low organic matter concentrations in the soil cause Zn deficiency [20].
Plants obtain Zn in ionic form in the soil solution. Soil properties such as pH, cation exchange capacity
(CEC), texture and soil organic matter (SOM) concentration have a major effect on Zn adsorption [34].
Increasing the level of SOM in the soil will increase the amount of organic Zn fraction in the soil, which
ultimately changes the solubility of Zn. However, SOM is affected by pH, CEC and specific surface area,
which varies between soils, thereby affecting the availability of Zn in the soil [35]. Zinc forms soluble
complexes with chloride (CI7), phosphate (ZnHPOy), nitrate (NO5™) and sulfate (SO,%") ions, but neutral
sulfate (ZnSO,4) and phosphate most importantly contribute to the total zinc concentration in solution
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[36]. The total concentration and activity of Zn in the soil solution increases with increasing Zn concentration
in the soil and increasing soil acidity, whereas it decreases with increasing C-organic and clay particle
concentration [37]. This phenomenon indicates that the Zn concentration in the soil at the three locations
is in the very low-low category. Nandal et al. [38] state that the recommended concentration of Zn in the
soil is between 0.6—1.2 mg/kg.

4.2 Productivity of Mangosteen Fruits

Soil properties play an important role in mangosteen productivity. Mangosteen plants grow well in soils
that are moderately heavy to light, deep and moist but well-drained, slightly acidic and rich in organic matter
[39] but can also survive in sandy loam or clay soils containing organic matter [40]. The total productivity of
mangosteen fruit per tree in the three locations did not reach 100 kg/tree, but it was higher than the
productivity of mangosteen fruit in Thailand, which was 55 kg/tree in the season and 30 kg/tree in the
low season [41]. Weather conditions affect the productivity of mangosteen fruit, when the weather is
favorable, mangosteen fruit production will increase. The flowering phase requires relatively dry
conditions followed by rainfall for fruit formation and development. The wet season throughout the year
in the Lima Puluh Kota is thought to influence the lack of flowering. Several types of fruit, such as
mango and longan, require drying time to reduce vegetative growth and stimulate flowering [42]. Clay
loam texture and nutrient concentration at NBL 1 location were more suitable for the growth and
development of mangosteen plants so fruit productivity was higher than the other two locations.

4.3 The Correlation between Zn Concentration in Leaves with Mangosteen Fruit Productivity

The correlation between the Zn concentration in the leaves and the number of fruits and other production
components showed that the adequacy of Zn was related to the number of fruits and productivity. Fruit, rind,
aril and seed weights were negatively correlated with leaf Zn concentrations as indicated by a decrease in
metrics with too high Zn concentration. This showed that Zn needed to increase the number of
mangosteen fruit within certain concentration limits in the leaves.

Foliar spraying with 250 mL of ZnSO4 (0.5%) in 10 L of water fortnightly until deficiency symptoms
disappear is the best dose per unit area on plants showing deficiency symptoms [43]. Spraying mango trees
with 1 g/L nano-zinc before flowering can increase yield and fruit quality and increase resistance to
malformations [44]. Foliar spraying with 0.6% ZnSO, four months before harvest can reduce pre-harvest
fruit de-cline, increase production and quality of kinnow fruit [45]. An increase in the number of fruits
per bunch, the percentage of fruit formation, individual fruit weight, number of fruits per plant and fruit
yield per plant was seen after Zn spraying on tomato plants [46]. Spraying 100 mg/kg ZnO-NPs can
increase the quantity and quality of tomatoes in the greenhouse [47]. Spraying Zn or boron (B) or a
combination of both effectively increased flowering and fruit set of mandarins [48]. Zinc application by
foliar spraying supports the establishment of nutrient management techniques in fruit production [49].

The application of Zn to soil and leaves only fulfills 30%—40% of plant needs, while the rest is partially
absorbed in colloidal clay and, becomes immobile and partly escapes into the environment due to soil and
edaphic factors. ZnSO, application of 0.2%—0.5% can withstand temporary deficiency if there is a severe Zn
deficiency in the leaves [36]. Zinc in the soil is more relevant for affecting uptake by plants than ZnSQOy, so it
is necessary to pay attention to the dynamics of Zn in the soil so that it is effective in fertilizing management
[50]. Makarenko et al. [51] stated that soils in Ukraine are characterized by a low level of transition of Zn
from soil to crop production with an average transition coefficient of 0.10, which is thought to be due to
the low Zn concentration. One of the effective efforts to regulate the mechanism of Zn inflow into the
soil and increase its mobility is the fertilization system, especially Zn, which is contained in phosphorus
fertilizers. Management of soil fertility with NPK minerals, organic fertilizers and Zn can increase the
supply of Zn and promote the Zn cycle in cropping systems. However, geospatial variations in initial Zn
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concentration and Zn requirements per individual plant need to be considered together with a cost-benefit
analysis of input costs [52]. Therefore, in areas with high adsorption capacity, high Zn fertilizer
application is required, while soils with low absorption capacity require lower Zn fertilizer to minimize
Zn accumulation and reduce production input. This model will help calculate the amount of potential Zn
available in the soil and can be used to develop recommendations for Zn fertilization in stages in various
soil conditions [15].

4.4 The Correlation between Zn Concentration in Leaves with Mangosteen Fruit Quality

Fruit quality is related to the Zn concentration in the leaves as indicated by the relationship between the
Zn concentration in the leaves and the weight of the fruit arils and rind. The correlation of Zn concentration in
leaves to fruit quality showed the same pattern as the correlation to relative fruit production. Zinc was needed
to improve the quality of mangosteen fruit within certain concentration limits in the leaves, namely 26.29—
30.29 mg/kg.

Some studies showed that Zn has a significant effect on fruit quality. Application of Zn fertilizer at the
appropriate dose can significantly improve fruit quality [53]. Application of 0.6% ZnSO,4 on leaves can
increase fruit weight, percentage of sap, total dissolved solids, ascorbic acid and sugar concentration, total
antioxidant (TAO) and total phenolic concentration (TPC) in mandarin kinnow fruit [43]. Foliar spraying
with 200 mg/kg ZnSO4 was most effective in improving the quality of tomato fruit [54]. Zinc application
significantly increased fruit size, rind thickness, fruit weight at harvest and after ripening, total soluble
solids (TSS), flesh color, aroma and taste in mangoes [55]. Tahir et al. [56] stated that Zn was the main
limiting factor for citrus production, and spraying Zn on the leaves significantly increased the growth,
yield, production and quality of oranges.

Kumari et al. [57] stated that post-flowering Zn and B spraying played an important role in improving
the quality of pineapples. The combined application of Zn and B can reduce mineral deficiencies in the leaves
and more efficiently improve the quality of mangoes (taste, aroma, texture, aroma) than individual
applications [58]. Applications of Zn and B to leaves have been shown to be more effective in increasing
the production and quality of citrus fruits than applications to soil [59]. However, fruit quality is also
strongly influenced by the supply of Zn and Mn in the soil. Plants treated with high concentrations of Zn
and Mn can cause a reduction in total dissolved solids concentration in fruit, fruit diameter and
chlorophyll and carotene concentration in leaves [60]. Likewise, unsuitable cultivation conditions such as
poor drainage and mineral deficiencies, especially Zn and calcium (Ca), can affect fruit quality [61].

4.5 The Correlation between Zn Concentration in Leaves with the Incidence of FS and YSC

Fruit scars on the mangosteen fruit are shown by the fruit rind, which is silvery, pale, discolored to
yellow or brown, scars that are elongated and hardened and scars that cover the entire surface of the fruit
[62]. Fruit scar and YSC on the rind of the mangosteen fruit can be caused by damage to the rind due to
insect bites or punctures and friction of the fruit rind during high winds. Weeks 3—10 after the fall of the
calyx is a critical phase of the mangosteen fruit against thrips [63]. Most FS symptoms appeared in fruit
aged 2 and 3 weeks after anthesis (WAA), and a thrips density of 10.6 individuals could cause scar
symptoms in mangosteen fruits aged 2 WAA [64]. Kaur et al. [65] reported that the scars on kinnow
mandarins were caused by thrips and mites. Fruit scars caused by thrips averaged 20% for all citrus
species and citrus varieties in Tunisia [66]. Likewise, scars on guava fruit are caused by thrips and mites,
but the damage only occurs in the epidermis of the pericarp of the fruit, which becomes brown and
thickens [67]. Bagging, sanitation, neon yellow sticky traps, and a combination of sanitation and neon
yellow sticky traps effectively reduced the intensity and percentage of scars on mangosteen fruit [68].

Yellow latex contamination occurs when the latex contaminates the surface of the fruit rind or arils due
to the rupture of the yellow latex ducts. The rupture of the yellow sap duct is related to the presence of Ca in
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the fruit pericarp. Giving Ca from both dolomite (CaMg(COs),) and calcite (CaO) can reduce YSC in aril and
mangosteen rind [69]. Treatment of calcium chloride (CaCl,) in the vegetative phase can be an effective way
to reduce the incidence of YSC in mangosteen fruit [70]. The blooming phase is the best time for Ca
application because the critical period for Ca uptake occurs between the first week and the fourth week
after flowering. Application of Ca at anthesis and four WAA can reduce YSC in arils and fruit rind [71].
Application of 90 g of sub-micron dolomite per plant can increase Ca levels in mangosteen leaves and
reduce YSC by up to 19.78% [72]. Treatment of Ca 4.8 kg/tree during flower blooming can increase the
Capectate concentration in the pericarp, which causes a decrease in YSC in the segments, arils and rind
of the mangosteen fruit [73]. Application of dolomite at doses of 2, 3, 4, 5, and 6 kg/tree can reduce YSC
in arils, while at a dose of 5 kg/tree it can reduce YSC on mangosteen rind [74]. However, Zn negatively
interacts with Ca because it competes at the same adsorption point on both the particles and the root
surface [75], so Zn application is recommended through spraying on leaves.

The correlation of Zn concentration in leaves to the incidence of FS and YSC was the same as the
correlation to the relative production and quality of mangosteen fruit. The incidence of FS and YSC was
low in plants with Zn concentration in the leaves between 30.00-32.00 mg/kg. Several studies reported
that Zn plays a role in protecting plants from attackers by direct Zn toxicity or by increasing Zn triggers
for organic defense [76]. Zinc has the potential to be toxic to organisms at concentrations that exceed
physiological limits and can affect insect reproduction [77]. Zinc can also reduce the symptoms of pests
and diseases in plants [78]. The application of Zn to leaves can increase the total phenolic concentration,
antioxidant activity and sugar concentration, especially when the application is carried out before
flowering [79]. Plant phenols are a group of defensive compounds that play a major role in plant
resistance to insects, microorganisms and plant competitors [80]. Changes in phenol levels are a strategy
for plant defense against pest attacks [81]. Based on the range of Zn concentration in the leaves which
affects the relative increase in production, quality and the incidence of FS and YSC, the Zn concentration
in the leaves of 30.00 mg/kg was the critical concentration in increasing the production and quality of
mangosteen fruit under local cultivation conditions. This information can be used as a reference in
conducting regular monitoring in mangosteen development areas with the same agroecology as an effort
to improve efficient and sustainable fertilization management.

4.6 The Correlation of Zn with Fe, Cu and Mn

The analysis showed that there was an antagonistic relationship between Zn, Fe and Cu in leaf tissue. If
Zn is applied at high enough levels it will compete with other micronutrients, thereby limiting its uptake by
plant roots which can lead to deficiency [82]. Excess Zn is often found in growing media that competes with
P, Fe, Mn and Cu uptake and can cause Zn deficiency in plant tissues. High concentrations of Cu in the soil
solution will reduce Zn availability to plants due to competition at the same site into plant roots. Zinc
deficiency causes Fe deficiency, due to inhibition of transfer from the roots to the shoot system [83].
Martias et al. [84] state that there is a negative correlation between Mn in soil and leaves and mangosteen
fruit quality, where the critical value of Mn in mangosteen leaves is around 425 mg/kg in the soil ranging
from 22-24 mg/kg.

In pistachio, the concentration of Cu is strongly influenced by the application of Zn, as well as the
concentrations of Fe and Mn. Zn application has a negative effect on Cu concentrations in plant tissues
[85]. Copper concentrations in leaves and stems decreased significantly in Zn-treated plants compared to
control plants, but Cu concentrations in roots increased with increasing Zn concentrations. The addition
of 10 mg/kg Zn to the soil will reduce Cu concentrations in leaves and stems by 18%. Ramzan et al. [86]
found that the application of Zn could reduce Cu concentrations due to its antagonistic effect on rice and
wheat plants. Therefore, the application of a complete and balanced fertilizer containing all micronutrients
is recommended.
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5 Conclusions

The Zn concentration in the soil at the three locations was in the very low-low category. Mangosteen
fruit productivity at NBL 1 location was higher than the other two locations because it has a clay texture
and relatively more suitable nutrient concentration for the growth and development of mangosteen plants.
Zinc levels play a role in increasing the production and quality of mangosteen fruit at a certain
concentration range in the leaves. Zinc concentration in the leaves of 30.00 mg/kg is the critical
concentration in increasing the production and quality of mangosteen fruit under local cultivation
conditions. Zinc has an antagonistic relationship to Fe and Cu in leaf tissue, so to reduce antagonism
between other micronutrients, it is recommended to use a balanced micronutrient fertilizer as needed. The
suggested recommendation for mangosteen plants in Indonesia is the surface application using Zn fertilizers.
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