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Abstract. There are 69 species of Mangifera distributed worldwide,
and approximately 35-40 of these species are found in tropical Asia.
This widespread distribution naturally affects the functional char-
acteristics of Mangifera species. This research aims to determine
the variation in leaf functional traits of Mangifera species based on
their subgenus (Mangifera and Limus) and the differences in eleva-
tion locations (Bogor Botanical Garden/lowland and Cibodas Bo-
tanical Garden/highland). The leaf’s functional traits were measured
through ten parameters: Fresh Weight (FW), Dry Weight (DW), Leaf
Area (LA), Specific Leaf Weight (SLW), Specific Leaf Area (SLA),
Leaf Dry Matter Content (LDMC), Chlorophyll Content (CC), Sto-
mata Density (SD), Stomata Length (SL), and Stomata Width (SW).
The observational data were analyzed using Pearson Correla-
tion, One-Way ANOVA, and Post Hoc Test with Duncan'’s Multiple
Range Test (DMRT). The results show differences in Mangifera spe-
cies' leaf functional traits between subgenus and locations. It was
observed that DW, LA, SLA, and CC were higher in the subgenus
Mangifera than in the subgenus Limus. The results also show that
the SLW, SLA, LDMC, and CC values are influenced by altitude. The
differences in the functional traits of Mangifera species are driven
by environmental factors that induce phenotypic changes through
plasticity, reflecting their adaptation to different environments.
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INTRODUCTION

The family Anacardiaceae consists
of 81 genera, one of which is the Mangif-
era (POWO, 2024). There are 69 species of
Mangifera distributed worldwide (Sankaran
et al., 2021). Approximately 35 to 40 species
of mangoes spread across tropical Asia (Fau-
zia et al., 2021). Mango and its wild relatives
(Mangifera spp.) are perennial fruit trees wide-
ly distributed in Southeast Asia (Melandani et
al., 2017). Mangifera is mainly distributed in
Tropical Asia, with maximum species diversi-
ty in the Malay Peninsula, Sumatra, Java, and
Borneo (Western Malaysia) (Kostermans &
Bompard, 1993; Polosakan, 2016; Sankaran
et al.,, 2021). The primary centre of origin
of the genus Mangifera is Borneo, whereas
Myanmar (Burma)-Siam-Indochina, the Phil-
ippines, and the Celebes-Banda-Timor group
are considered to be the secondary center of or-
igin of this genus (Kostermans and Bompard,
1993). Eastern India, Assam to Burma, or the
Malayan region, is believed to be the origin
of the cultivated mango (Mangifera indica L.)
(Sankaran et al., 2021). Mangoes were first
domesticated in India over 4,000 years ago
(Mehta, 2017). The domestication of mango
(Mangifera indica) began in the Indo-Burma
region, which includes Northeastern India,
Myanmar, and Bangladesh. Mangoes spread
to other parts of Tropical Asia through ancient
trade and cultural interactions, while their
spread to East Africa and Southeast Asia oc-
curred via maritime routes (Mukherjee, 1972).

The widespread distribution of Mangif-
era across various parts of the world naturally
affects the functional or phenotypic charac-
teristics of the mango plants, reflecting their
adaptation to different growing environments.
The distribution of Mangifera species is heav-
ily influenced by natural factors affecting
their growth, with three main limiting factors:
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soil, climate, and altitude. Mangifera gener-
ally thrives in lowland areas at 0-500 meters
above sea level (masl) and 500-1000 masl.
However, some Mangifera species can sur-
vive at altitudes of 1500-2000 masl, and oth-
ers can live in the lower mountain to highland
areas (Kostermans & Bompard, 1993; Polo-
sakan, 2016). Based on their habitats, most
Mangifera species are distributed in tropical
lowland forest regions. However, some spe-
cies can adapt to extreme conditions, such as
nutrient-poor soils or waterlogged areas (Kos-
termans & Bompard, 1993; Polosakan, 2016)

Mangoes are widely cultivated in Indo-
nesia, exhibiting a diversity of shapes, sizes,
flavors, and leaf shapes. As a result, many
types of mangoes have been produced. Many
of its wild relative species are also found
in Indonesia. This diversity is attributed to
cross-breeding, natural selection, human in-
fluence, and environmental factors. Environ-
mental factors cause variations in each tree's
growth of leaves, stems, roots, and fruits
(Amalia et al., 2022). One of the conservation
sites for mango and its wild relatives is the
Botanical Garden. Botanical Gardens serve as
ex-situ conservation sites for plants. Accord-
ing to Presidential Regulation No. 93 (2011),
a botanical garden is an ex-situ plant conser-
vation area with documented plant collections
organized according to themes, bioregions,
taxonomic classification patterns, or combi-
nations. Bogor Botanical Garden (BBG) and
Cibodas Botanical Garden (CBG) are two
such gardens managed by the National Re-
search and Innovation Agency (BRIN) with
substantial Mangifera collections. These two
botanical gardens are located at different al-
titudes, with BBG classified as a lowland
area and CBG as a highland area. This differ-
ence in altitude naturally affects the charac-
teristics of the Mangifera species collected.

Mangifera species are divided into
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two subgenera, Limus and Mangifera, based
on their morphological characteristics, with
several sections (Kostermans & Bompard,
1993; Sankaran et al., 2021). Morphological
characteristics, particularly of leaves, are typ-
ically used to distinguish Mangifera species.
However, the functional traits of Mangifera
species leaves have not been extensively
studied. These traits are necessary to under-
stand the relationship between species and
their habitat conditions. Functional traits are
characteristics (morphological, physiological,
biochemical, structural, phenological, or be-
havioral) that represent ecological strategies
and determine how plants respond to envi-
ronmental factors and influence ecosystem
properties (Perez-Harguindeguy et al., 2013;
Nock et al., 2016). Functional traits include
various aspects of the interaction between
plants and their environment. These traits en-
compass how organisms adapt physiological-
ly to the environmental conditions in which
they live, such as temperature, humidity, light,
nutrient availability, and water stress (Nock
et al., 2016). These traits help explain how
plants survive, grow, and reproduce in dif-
ferent environments. Among the plant organs
that can be observed for their functional traits
are leaves. Therefore, analyzing the function-

Figure 1. Research Locati

Botanical Garden
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on: (a) Map of West J

al traits of Mangifera species leaves is nec-
essary to understand their adaptability in di-
verse habitats. This research aims to compare
interspecific leaf functional traits under dif-
ferent subgenus of Mangifera (Mangifera and
Limus) and between two different altitudes.

MATERIALS AND METHODS

Research Location

The observation and data collection
were conducted at the Bogor Botanical
Garden (BBG) and the Cibodas Botanical
Garden (CBG) (Figure 1). BBG is located in
JI. Ir. H. Djuanda No. 13, Paledang, Central
Bogor District, Bogor City, West Java 1612
(Triastinurmiatiningsih et al., 2021). BBG is
215-260 meters above sea level (masl) (Sudiar
et al., 2019). It is one of the oldest botanical
gardens in Southeast Asia, covering an area of
87 hectares and housing approximately 15,000
species of trees and plants (Rachmadiyanto
et al., 2020). Meanwhile, CBG is located in
Cimacan Village, Cipanas District, Cianjur
Regency, West Java on the northern slopes
of Mount Gede Pangrango, at 1,250-1,425
masl. The total area of the Cibodas Botanical
Garden spans 84.99 hectares (Yulianti et al.,
2020).

T

ava Province, (b) Bogor Botanical Garden () Cibodas
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Data Collection and Analysis

There are 19 species of Mangifera in
the BBG, while the CBG contains 4 Mangifera
species. All Mangifera species are classified
into the subgenus Mangifera and Limus. The
subgenus Mangifera consists of Mangifera
gedebe Miq. V1. D. 5 (BBG), Mangifera griffiti
Hook. VII. E. 170 (BBG), Mangifera merrillii
Mukherji. VI.D. 27 (BBG), Mangifera indica
L. XXIV. A. 48 (BBG), Mangifera altissima
Blanco. XIX. F. 2 (BBG), Mangifera similis
Blume. VIL. E. 211 (BBG), Mangifera similis
Blume. IX. C. (CBG), Mangifera torquenda
Kosterm. VII. E. 210 (BBG), Mangifera
applanata Kosterm. VI. B. 108a (BBG),
Mangifera casturi Kosterm. XXIV. B. 57
(BBG), Mangifera oblingifolia Hook. F.
VI. B. 151 (BBG), Mangifera rufocostata
Kosterm. VII. E. 178 (BBG), Mangifera
pedicellata Kosterm. XXIV. A. 156 (BBG),
Mangifera minor Blume. VII. E. 213 (BBG),

GV
Figure 2. Tree, leaf, and stomata of Mangifera (a) Mangifera applanata Kosterm., (b) Mangifera

oblingifolia Hook., (c) Mangifera altissima Blanco., (d), Mangifera macrocarpa Blume.,
(e) Mangifera odorata Gift., (f) Mangifera foetida Lour.
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Mangifera laurina Blume. VII. E. 203 (BBG),
and Mangifera laurina Blume. IX. A (CBQ).
While in the subgenus Limus consists of
Mangifera foetida Lour. VILE.168 (BBG),
Mangifera foetida Lour. VII. E. 206 (BBG),
Mangifera foetida Lour. XX. C. 70 (BBG),
Mangifera pajang Kosterm. VII. E. 222
(BBG), Mangifera ceasia Jack ex Wall. VIIL.
E. 209 (BBQG), Mangifera macrocarpa Blume.
VI. B. 8a (BBG), Mangifera odorata Griff.
XX. C. 68 (BBG), Mangifera odorata Giff.
XVII A. 7 (CBG), Mangifera odorata Giff.
IX. B (CBG), Mangifera foetida Lour. 1X. C.
73 (CBQG). Their leaves were collected using a
pole pruner with 2—5 meters height. For taller
trees, leaves were obtained by climbing the
trees. A total of 10 leaves per sample were
collected for scanning and measurement
of leaf area using Imagel] software, 1 leaf
for stomata observation, and 5 leaves for
chlorophyll content analysis.
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The leaf samples collected are healthy mature
leaves without petioles. Ten functional traits
were measured based on Perez-Harguindeguy
(2013), including: (a) Leaf Area (LA) (cm?):
the leaf surface was scanned using a Plustek
OpticPro A320 scanner, then analyzed using
ImageJ software, (b) Fresh Weight (FW), (c)
Dry Weight (DW), (d) Specific Leaf Area
(SLA) (cm?/g): the ratio of leaf area to dry
leaf weight, in which the fresh weight of the
leaves was measured in the field, then put into
labeled paper bags and oven-dried at 40°C
for 72 hours, (e) Leaf Dry Matter Content
(LDMC) (mg/g): the ratio of dry leaf weight
to fresh leaf weight, (f) Specific Leaf Weight
(SLW) (g/cm?): the ratio of dry leaf weight to
leaf area, (g) Chlorophyll Content (CC) (cci):
each replicate consisted of 5 fresh leaf samples
that were measured for CC using a CCM-200
Plus Chlorophyll Content Meter: at the base,
middle, and tip, (h) Stomata Density (SD)
and (i) Stomata Size: Stomatal measurements
were conducted by coating: the abaxial
surface, near the midrib, with transparent
nail polish and allowed to dry for about 5
minutes. Afterwards, the nail polish imprint
was peeled off using clear tape and placed
on a microscope slide. The stomata imprint
was then observed under a light microscope
(Olympus CX43) at magnifications of 100x
and 400%. Parameters such as stomata density
(SD), length (SL), and width (SW) were
measured using Image Raster 3.0 software.
Some examples of Mangifera in the BBG
and CBG (Figure 2). Statistical tests on
the observation data were conducted using
Pearson Correlation, One-Way ANOVA,
and a Post Hoc Test with Duncan’s Multiple
Range Test (DMRT).
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RESULTS AND DISCUSSION

The correlation between parameters of
functional leaf traits

The correlation analysis findings
indicate thatnotall the parameters demonstrate
strong correlations (Figure 3). FW, DW, and
LA exhibit strong relationships, with FW
and DW being significantly correlated with
SLW. However, FW and DW do not correlate
with LDMC, CC, and SD. FW negatively
correlates with SLA and does not correlate
negatively with SL and SW, while DW
negatively correlates with SL and SW. LA
and LDMC do not correlate with SD. LA
negatively correlates with SLA, LDMC, SL,
and SW. SLW has a significant correlation
with LDMC and a low correlation with CC.
SLW and CC negatively correlate with SD
but do not correlate with SL and SW. LDMC
does not correlate with CC. LDMC and SD
negatively correlate with SL and SW. CC
correlates with SL but has a low correlation
with SW, while SL has a strong relationship
with SW.

According to the analysis results,
about three parameters in particular stand out
in the measurement of Mangifera's functional
traits, namely: SLW, SLA, and LDMC. In
the subgenus Mangifera, M. similis Blume in
CBG has the highest SLA, M. similis Blume in
BBG has the highest LDMC, and M. altissima
Blanco in BBG has the highest SLW. In the
subgenus Limus, M. macrocarpa Blume in
BBG has the highest SLA, M. foetida Lour in
CBG has the highest LDMC and M. foetida
Lour. W. S in BBG has the highest SLW.
According to Chown et al. (2004), ecologists
have shown that SLA varies depending on
environmental factors. Liu et al. (2017)
explain that climatic factors have a more
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Figure 3. Correlation of variables among Mangifera species

Note: * significant p < 0.05; ** significant p < 0.01; FW= Fresh weight (g); DW= Dry weight (g); LA= Leaf Area
(cm2); SLA= Specific Leaf Area (cm2/g); SLW= Specific Leaf Weight (g/cm2); LDMC= Leaf Dry Matter Con-
tent (mg/g); CC= Chlorophyll content (cci); SD= Stomata Density; SL= Stomata Length; SW= Stomata Width

significant influence on determining SLA.
This is supported by Gong et al. (2011), that
plants growing in water-rich and/or nutrient-
rich environments have higher SLA because
they can obtain sufficient water and/or
nutrients for rapid growth, resulting in thinner
and larger leaves to enhance light capture and
improve their competitive capacity. A high
SLW according to Coley (1983), indicates
that the leaves are heavier and denser, which
is related to resistance against herbivores
and extreme environmental conditions, such
as drought or high temperatures. Plants with
high SLW may have better defense strategies
but are less efficient in photosynthesis.
According to Wright & Westoby (2002),
species with higher dry matter content tend to
have larger leaf areas. Plants with high LDMC
can withstand environmental disturbances,
such as climate change and human activities,
resulting in longer life cycles (Hou et al.,
2022).

In response to biotic and abiotic
stimuli, plants' developmental, physiological,
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morphological, behavioral, and life history
characteristics can alter. Mostly, evolution and
plasticity can lead to phenotypic alterations.
Environmental forces impact evolution
and plasticity, despite the differences in
their phenotypic ranges, recovery rates, and
operational timelines (Yamamichi et al.,
2011). Key drivers affecting phenotypic traits
include CO,, nutrients, light, temperature,
and pests. According to Modolo et al. (2021)
light availability changes the trait-trait and

trait-growth  relationships, consequently
integrating phenotypes. For example, in
high-light  environments,  physiological

traits related to photosynthetic nutrient use
efficiency are strongly associated with growth
(Guimaraes et al., 2018), whereas in low-light
environments, morphological traits related to
light interception are strongly associated with
growth (Liu et al., 2016). Zhang et al. (2024)
stated that leaf nutrient content (nitrogen,
phosphorus) and their stoichiometric ratio
(N/P) as key functional traits can reflect plant
survival strategies and predict ecosystem
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productivity responses to environmental
changes. Meanwhile, according to Duan et
al. (2022) overall, climate is the main driving
factor for variation in leaf functional traits.
A single genotype can give rise to different
phenotypes in response to environmental
changes (Yamamichi et al., 2011). Phenotypic
plasticity is the capacity of an organism to
modify its phenotype in response to changes
in its environment (Jebali et al., 2022).

Comparison of functional leaf traits
between the subgenus Mangifera and
Limus

Kostermans & Boompard (1993)
divided the subgenus Mangifera and Limus
based on the morphological characteristics
of their flowers, including inflorescence
structure, petal shape and size, the number
of fertile stamens, inflorescence type, and
the shape of the floral disc. The subgenus
Mangifera features a floral disc wider than
the ovary's base, resembling a cushion, with
the filament bases remaining unfused. In
contrast, the subgenus Limus has a floral disc
that is narrower than the base of the ovary,
resembling a stalk or sometimes being absent,
with the filament bases often fused into an
annulus (Kostermans & Boompard, 1993).
The subgenus Mangifera generally has larger
oval or elliptical leaves, with a smooth and
glossy surface. In contrast, the subgenus
Limus has smaller leaves with a simpler
shape and a surface that may be rougher.
These differences reflect the adaptation
and specialization of each subgenus to its
respective environment.

Different parameters exist between
the subgenus Mangifera and Limus (Figure 4).
The result observed that DW, LA, SLA, and
CC were higher in the subgenus Mangifera.
In contrast, FW, LDMC, SLW, SD, SL, and
SW were higher in the subgenus Limus.

Jurnal Biodjati 10(1): 40-54, May 2025

Leaf Functional traits of the subgenus
Mangifera and Limus

The subgenus Mangifera has diverse
leaf functional traits (Table 1) M. oblongifolia
Hook. has the heaviest FW, while M. gedebe
Miq. has the lowest. The range value of
leaf FW for subgenus Mangifera species
is 1.25-7.64 g. M. oblongifolia Hook. has
the heaviest DW, while M. gedebe Miq. has
the lowest. The range value of leaf DW for
subgenus Mangifera species is 0.57-2.38 g.
M. oblongifolia Hook. has the largest LA,
while M. minor Blume. has the smallest.
The range value of leaf LA for subgenus
Mangifera species is 55.132-274.334 cm?*. M.
similis Blume. in CBG has the highest SLA,
while M. altissima Blanco. has the lowest.
The range value of leaf SLA for subgenus
Mangifera species is 50.005-118.536. M.
similis Blume. in BBG has the highest
LDMC, while M. similis Blume. in CBG has
the lowest. The range value of leaf LDMC
for subgenus Mangifera species is 0.33-
0.57. M. altissima Blanco. has the highest
SLW, while M. similis Blume. in CBG has
the lowest. The range value of leaf SLW for
subgenus Mangifera species is 0.008 - 0.2.
M. pedicellata Kosterm. has the highest CC,
while M. similis Blume. in CBG has the
lowest. The range value of CC for subgenus
Mangifera species is 19.68 - 85.02 cci. M.
altissima Blanco. has the highest SD, while
M. merrillii Mukherji has the lowest. The
range value of SD for subgenus Mangifera
species is 699.06 - 1444.97. M. rufocostata
Kosterm. has the longest SL, while M.
gedebe Migq. is the shortest. The range value
of leaf SL for subgenus Mangifera species is
13.57-23.09um. M. rufocostata Kosterm. has
the widest SW, while M. laurina Blume. in
CBG has the narrowest. The range value of
leaf SW for subgenus Mangifera species is
13.47 - 21.57 pm.
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Figure 4. Boxplots of comparison of functional characters in various Mangifera species between
subgenus Mangifera and Limus. Boxplots with significantly different colors at the p = 0.05 level
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Table 1. Average differences in functional character values of Mangifera species within the subgenus Mangifera. Numbers followed by the same letter in the same column
are not significantly different at p = 0.05.

Species FW DW LA SLA SLW LDMC CcC SD SL SW
Mangifera gedebe Miq. (BBG) 1.25% 0.57* 56.06° 98.66¢ 0.0103% 0.46%% 26.3% 1322.28 13.57° 13.89°
Mangifera griffiti Hook. (BBG) 3.68f 1.74% 138.96¢f 79.694% 0.0126¢ 0.48¢ 56.02¢f 699.06¢ 17.73% 17.18"
Mangifera merrillii Mukherji. (BBG) 1.892bcd 0.95% 69.33% 72.10¢ 0.0137¢" 0.51 72.14¢ 992.90° 18.378 16.39
Mangifera indica L. (BBG) 1.81%c¢ 0.92%® 77.85%¢ 86.19¢ 0.0118¢% 0.51% 72.588 1067.97¢ 18.53° 17.42¢
Mangifera altissima Blanco. (BBG) 3.73% 1.88¢ 94,31 bcde 50.01° 0.0200' 0.501 58.06¢ 1090.56* 18.20¢ 17.89¢
Mangifera similis Blume. (BBG) 4.168 2.38f 147.38% 61.88° 0.0162! 0.57" 41.8¢ 1126.95° 16.17f 15.319
Mangifera similis Blume. (CBG) 2.9]cdef 0.96% 110.83bcdef 118.53! 0.0086* 0.33* 19.68* 1004.258 15.26¢ 14.99<
Mangifera torquenda Kosterm. (BBG) 3.01%f% 1.33% 121.48%f 91.54f 0.0109< 0.44b<4 36.66" 1116.08 16.49' 16.01
Mangifera applanata Kosterm. (BBG) 2.33ebcde 1.01® 69.86% 69.06" 0.0145" 0.43 65.04% 737.11¢ 23.09" 21.57%
Mangifera casturi Kosterm. (BBG) 2, 8bedef 1.17% 131.34%f% 113.37™ 0.0088* 0.41° 39.62¢d 1003.14¢ 17.28¢ 15.95%
Mangifera oblingifolia Hook. F. (BBG) 737" 3.50¢ 264.51" 75.67< 0.0132 0.47'% 45,64 914.31% 16.48" 15.58¢"
Mangifera rufocostata Kosterm. (BBG) 3.44¢% 1.794 93.04bcde 52.98° 0.0193 0.528 71.88¢ 748.62% 17.33 17.52!
Mangifera pedicellata Kosterm. (BBG) 3.66% 1.62¢d 159.678 97.818 0.0102¢ 0.44bede 85.02" 1099.41% 20.45¢ 17.13¢
Mangifera minor Blume. (BBG) 1.26* 0.59* 55.13* 92.87% 0.0108< 0.47°def 28.66® 872.74" 17.68° 17.30°f
Mangifera laurina Blume. (BBG) 2.39abede 1.21% 95.8670cde 78.41¢ 0.0126°% 0.51% 60.54 1056.84 15.71¢ 16.12¢"
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There are diverse leaf functional traits
among subgenus Limus (Table 2). M. pajang
Kosterm. in BBG has the heaviest FW, while
M. foetida Lour. in CBG is the lowest. The
range value of leaf FW for subgenus Limus
species is 0.57 g—9.04 g. M. pajang Kosterm.
in BBG has the heaviest DW, while M. foetida
Lour. in CBG is the lowest. The range value
of leaf DW for subgenus Limus species is
0.32 g—4.79 g. M. pajang Kosterm. in BBG
has the largest LA, while M. foetida Lour.
in CBG is the smallest. The range value of
LA for subgenus Limus species is 32.367
— 25491 cm? M. macrocarpa Blume. in
BBG has the highest SLA, while M. pajang
Kosterm. in BBG has the lowest. The range
value of SLA for subgenus Limus species is
53.403 — 111.819. M. foetida Lour. in CBG
has the highest LDMC, while M. ceasia Jack
ex Wall. in BBG has the lowest. The range
value of LDMC for subgenus Limus species
is 0.44 — 0.56. M. foetida Lour. W. S in BBG
has the highest SLW, while M. macrocarpa
Blume. in BBG is the lowest. The range value
of SLW for subgenus Limus species is 0.09
— 0.19. M. odorata Giff. native range Jambi
in CBG has the highest CC, while M. foetida
Lour. in CBG is the lowest. The range value
of CC for subgenus Limus species is 18.04
— 56.84 cci. M. odorata Griff. in BBG has
the highest SD parameter, while M. foetida
Lour. in CBG is the lowest. The range value
of SD for subgenus Limus species is 824.85
—1262.19. M. pajang Kosterm. in BBG has
the longest SL, while M. odorata Giff. native
range Java in CBG is the shortest. The range
value of SL for subgenus Limus species is

Antina et al.

15.12 — 20.45um. M. odorata Griff. in BBG
has the widest SW, while M. odorata Giff.
native range Java in CBG is the narrowest.
The range value of SW for subgenus Limus
species is 15.1 — 17.52um.

Genetic factors, environmental
conditions, and the interaction between them
influence the differences in leaf functional
traits between the subgenus Mangifera
and Limus. Genetic factors include species
differences, genetic variation, and plant life
strategies that determine growth rates and
environmental adaptation. Pereira & Des
Marais (2019) state that plant functional traits
have a strong genetic basis and are crucial
in plant-environment interactions. Genetic
variation affects functional traits such as
stomatal patterns, water use efficiency,
and tolerance to environmental stress.
Additionally, the evolution of plant functional
traits is shaped by natural selection pressures
from environmental factors, including climate
change, resource availability, light intensity,
soil nutrients, temperature, and biotic
pressures, all contributing to functional trait
variation. This is also supported by Hothansl
et al. (2021), who found that variations in
leaf traits, such as leaf area, are influenced by
environmental factors such as light availability
and nutrient supply. Phenotypic plasticity,
the outcome of the interplay between genetic
and environmental factors, enables plants to
modify their traits in response to environmental
changes. Different functional leaf traits result
from how plants develop and adapt within an
ecosystem, which is determined by combining
several elements.
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Table 2. Average differences in functional character values of Mangifera species within subgenus Limus. Numbers followed
by the same letter in the same column are not significantly different at p =0.05

Spesies Fw bW LA SLA SLW LDMC CC SD SL SW

Mangifera foetida Lour. S.K (BBG) 3.53¢ 1.83¢  100.81¢ 55.41* 0.018  0.52¢ 3298 879.49" 17.44° 16.58
Mangifera foetida Lour. W.S (BBG) 444 2.11% 11424° 53.83* 0.018  047° 483 954.41°c 14.51¢ 14.75%
Mangifera foetida Lour. W.J (BBG) 3.67°  1.72¢ 109.67° 64.77* 0.016* 0.46®  50.2% 971.23% 16.45"7 16.04°
Mangifera pajang Kosterm. (BBG) 9.04° 479" 25491¢ 53.40° 0.019¢ 0.53< 44.58° 144497 15.90¢ 15.17¢
Mangifera ceasia Jack ex Wall. (BBG) ~ 5.58¢ 245 168394 70.24° 0.014c  0.44° 46.4°  843.11° 18.63* 18.60°
Mangifera macrocarpa Blume. (BBG)  1.41®  0.63®®  69.16° 111.827 0.009*  0.44*  31.4% 1262.55¢ 17.44° 17.53¢
Mangifera odorata Griff. (BBG) 1.85° 0.94>  59.45% 6248 0.016° 0.51° 4748 1081.25" 16.35¢ 15.86°
Mangifera odorata Gift. (CBG)* 2.19° 1.21%  67.33° 5639 0.018  0.55% 30.42° 1182.98¢ 15.12* 15.10°
Mangifera odorata Giff. (CBG)® 1.34®  0.65° 57.71® 89.52¢ 0.011° 048  56.84¢ 863.21* 16.22°¢ 15.58"
Mangifera foetida Lour (CBG) 0.58 0.32¢ 32.36*  100.42¢ 0.010®  0.56°  18.04* 824.85* 17.85° 16.85°
Comparison of Functional Traits of Blume., M. foetida Lour., and M. odorata

Mangifera Species found in both Lowland
and Highland Areas

Each species has different functional
trait differences in lowland and highland
(Table 3). Based on the differences in the
average values of functional traits of the same
Mangifera species at the lowland (BBG) and
the highland (CBG), it is found that for M.
similis Blume, the average values of FW, LA,
SL, and SW do not significant differences
except DW, SLW, SLA, LDMC, CC, and
SD. The average values of DW and LA of
M. laurina Blume. did, not show significant
differences except DW, SLW, SLA, LDMC,
CC,SD, SL, and SW. In M. foetida Lour., only
the average value of SL is not a significant
difference. Meanwhile, in M. odorata Griff.,
the average values of DW, LA, SLW, SLA,
LDMC, and CC are insignificant, except for
SD, SL, and SW.

According to Aryani et al. (2022),
the altitude of plants habitat influences the
differences of their functional traits due to
the variety of air temperature, humidity, and
light intensity. e Silva (2024), mentions that
plants found in lowland areas have high SLA
values. In M. similis Blume., M. laurina

Jurnal Biodjati 10(1): 40-54, May 2025

Griff., the average SLA values are higher
in highland (CBG) compared to lowland
(BBG). For M. odorata Griff., there were
no significant differences in SLA between
lowland and highland, indicating that this
trait is less plastic in this species. According
to Jahdi & Bussotti (2020) and Guo et al.
(2018), the high SLA values in highland
areas are caused by lower temperatures, more
intense solar radiation, and shorter growing
periods, which can drive plants to increase
SLA to maximize the absorption of light for
photosynthesis. Higher SLA allows leaves to
be thinner with a larger surface area relative to
their mass, supporting efficient light capture
and growth. Highland plants often adapt to
stressful conditions such as strong winds
and low soil moisture. Increased SLA may
reflect a strategy to enhance photosynthetic
efficiency under limiting environmental
conditions (Pan et al., 2013). Highland plants
with higher SLA may exhibit high phenotypic
plasticity, producing thin leaves with high
SLA in response to environmental conditions
such as increased temperature or changes in
light.
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Table 3. Differences in the average functional character values of Mangifera species were found in Bogor Botanical
Gardens (BBG) and Cibodas Botanical Gardens (CBG).

. . Mean  Mean Mean Mean  Mean Mean Mean Mean  Mean  Mean
Species Location
DW LA SLW SLA LDMC CccC SD SL SW
BBG 4156 2381 147385 0.016 61.884  0.574 41.8 748.62  17.33 17.52
Mangifera CBG 2911 0.958  110.830  0.008 118.536  0.326 19.68  1004.25 15.26 15.00
similis statistic  p>0.05 p<0.01 p>0.05 p<0.0l p<0.01 p<0.01 p<0.0l p<0.0l p>0.05 p>0.05
BBG 2.393 1.207 95.855 0.013 78411  0.511 60.54  971.24 1645 16.04
Mangifera CBG 1.687  0.803 85.067  0.009 107.189  0.476 4408 1182.87 13.73 13.47
laurina statistic  p>0.05 p<0.05 p>0.05 p<0.01 p<0.01 p<0.05 p<0.05 p<0.01 p<0.01 p<0.01
BBG 3.880 1.886  108.241  4.059  58.003  0.487 4383  1066.02 17.33 16.23
Mangifera CBG 0.579 0317 32.368  0.010 100.417  0.564 18.04 82485 17.85 16.85
Joetida statistic  p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p>0.05 p<0.05
BBG 1.851 0.943 59.448  0.016 62482  0.510 4748 1262.55 17.44 17.56
Mangifera CBG 1.764 0928 62.525 0.015 72957  0.518 43.63  1023.1  15.67 15.34
odorata statistic  p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.0l p<0.01 p<0.01
The diversity of leaf functional traits in CONCLUSION
Mangifera species found in lowland (BBG)
and highland (CBG) areas can serve as criteria The widespread distribution  of

for selecting parent plants for Mangifera
plant breeding. Plant breeding is a method
that utilizes the genetic potential of plants to
produce, select, and improve superior plant
phenotypes to develop superior plant varieties
(Singh et al., 2018). Plant breeding aims to
identify and develop superior individuals and
families. M. indica L. and M. odorata Giff.
in CBG exhibit similar functional traits, thus
these species could be recommended for plant
breeding. The similar functional traits of M.
indica L. and M. odorata Giff. in CBG can
guide the breeding of new varieties; however,
the compatibility between varieties needs
further study, as differences in chromosome
numbers and genome sizes may prevent direct
genetic exchange between chromosomes.

Antina et al.

Mangifera species affects their functional and
phenotypic characteristics, reflecting their
adaptation to different environments. There is
a significant diversity in the functional traits
of Mangifera species within the subgenus
Mangifera and Limus due to the environmental
factors that drive changes in phenotypic
traits through plasticity and evolution. In the
subgenus Mangifera, M. similis Blume in
CBG has the highest SLA, M. similis Blume
in BBG has the highest LDMC, and M.
altissima Blanco. has the highest SLW. In the
subgenus Limus, M. macrocarpa Blume has
the highest SLA, M. foetida Lour in CBG has
the highest LDMC, and M. foetida Lour. W.
S in BBG has the highest SLW. It was found
that the values of DW, LA, SLA, and CC are
higher in the Mangifera subgenus compared
to the Limus subgenus. The research also
shows that the values of SLW, SLA, LDMC,
and CC are influenced by altitude. The
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diversity of functional traits in Mangifera
species leaves found in lowland and highland
areas can serve as criteria for selecting parent
plants for cultivation breeding programs.

AUTHOR CONTRIBUTION

F.A. methodology, collected samples,
data analysis, curation, and writing the original
draft. K. conceptualization, methodology, data
analysisandcuration,investigation,supervised
all the process. V.K. conceptualization
designed the research, methodology, and
data curation, wrote the original draft,
reviewed a manuscript, and supervised
all the processes. W.R. conceptualization
designed the research, and data analysis,
reviewed a manuscript, and supervised
all the processes. S.N. conceptualization,
methodology, and data analysis.

ACKNOWLEDGMENTS

The author expresses gratitude
to the Undergraduate Biology Education
Study Program, Faculty of Teacher
Training and Education, University of
Bengkulu, Research Center for Applied
Botany, National Research and Innovation
Agency (BRIN), and ELSA BRIN services.

CONFLICT OF INTEREST

The authors declare that there
are no conflicts of interest regarding the
publication of this manuscript. The research
was conducted and reported with full
adherence to ethical standards and without
any financial or personal conflicts that could
have influenced the results or interpretation.

Jurnal Biodjati 10(1): 40-54, May 2025

REFERENCES

Amalia, M. S., Herawati, W., & Yani, E.
(2022). Keanekaragaman Kaultivar
Mangga (Mangifera indica L.) di
Kabupaten Tangerang. BioEksakta:
Jurnal llmiah Biologi Unsoed 4: 91-98.
DOI: 10.20884/1.bioe.2022.4.2.4720.

Aryani, R. D., Basuki, I. F., Budisan-
toso, I., & Widyastuti, A. (2022).
Pengaruh  Ketinggian  Tempat t
erthadap Pertumbuhan dan Hasil
Tanam  Cabai  Rawit  (Capsi-
cum  frutescens L.).  Agripri-
ma: Journal of Applied
Agricultural Sciences 6(2): 202-211.
DOI: 10.25047/agriprima.v4i2.375.

Chown, S. L., Gaston, K. J., & Robinson, D.
(2004). Macrophysiology: large-scale
patterns in physiological traits and their
ecological implications. Functional
ecology, 18(2): 159-167. DOIL.10.1111/
j.0269-8463.2004.00825.x

Coley, P. D. (1983). Herbivory and defen-
sive characteristics of tree species in
a lowland tropical forest. Ecology,
64(1): 18-25. DOI.10.2307/1942495

Duan, X., Jia, Z., Li, J., & Wu, S. (2022).
The influencing factors of leaf func-
tional traits variation of Pinus
densiflora Sieb. et Zucc. Global
Ecology and Conservation, 38: €02177.
DOI:10.1016/j.gecco0.2022.e02177

e Silva, J. C., Potts, B. M., & Prober, S. M.
(2024). Performance-based inference
of selection on stomatal length and spe-
cific leaf area varies with climate-of-or-
igin of the forest tree, FEucalyptus
ovata. Perspectives in Plant Ecology,
Evolution and Systematics 62: 125765.
DOI:  10.1016/j.ppees.2023.125765.

Fauzia, S., Hardiasyah, H., & Mahrudin,
M. (2021). Keanekaragaman Jenis
Mangifera Di Bantaran Sungai Desa
Beringin Kencana Kecamatan Tabun-
ganen Kalimantan Selatan. Oryza
(Jurnal Pendidikan Biologi), 10(2):

52



Jurnal Biodjati 10(1):40-54, May 2025

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

26-34. DOI: 10.33627/0z.v1012.625.
Gong, X. Y., Chen, Q., Lin, S., Brueck, H.,
Dittert, K., Taube, F., & Schnyder, H.
(2011). Tradeoffs between nitrogen-and
water-use efficiency in dominant spe-
cies of the semiarid steppe of Inner
Mongolia. Plant and Soil, 340: 227-
238. DOI 10.1007/s11104-010-0525-9
Guimaraes, Z. T. M., dos Santos, V. A. H.
F., Nogueira, W. L. P, Martins, N.
0. A., & Ferreira, M. J. (2018). Leaf
traits explaining the growth of tree
species planted in a Central Amazo-
nian disturbed area. Forest Ecolo-
gv and Management, 430: 618— 628.
DOI:10.1016/j. foreco.2018.08.048
Guo, Z., Lin, H., Chen, S., & Yang, Q. (2018).
Altitudinal patterns of leaf traits and
leaf allometry in bamboo Pleioblastus
amarus. Frontiers in plant science 9:
1110. DOI: 10.3389/fpls.2018.01110.
Hothansl, F., ChaconMadrigal, E., Brinn-
strom, A., Dieckmann, U., & Franklin,
O. (2021). Mechanisms driving plant
functional trait variation in a tropical
forest. Ecology and Evolution 11(9):
3856-3870. DOI: 10.1002/ece3.7256
Hou, G., Zhou, T., Sun, J., Zong, N., Shi, P.,
Yu,J., ... & Zhang, Y. (2022). Function-
al identity of leaf dry matter content
regulates community stability in the
northern Tibetan grasslands. Science
of the Total Environment, 838: 156150.
DOI.10.1016/j.scitotenv.2022.156150
Jahdi, R., Arabi, M., & Bussotti, F. (2020).
Effect of environmental gradients on
leaf morphological traits in the Fan-
doghlo forest region (NW Iran). iFor-
est-Biogeosciences and Forestry 13(6):
523.  DOI:  10.3832/ifor3391-013.
Jebali, A., Sanchez, M. R., Hanschen, E. R.,
Starkenburg, S. R., & Corcoran, A. A.
(2022). Trait drift in microalgae and
applications for strain improvement.
Biotechnology Advances 60: 108034.
DOLI: 10.1016/j.bio-
techadv.2022.108034.

Antina et al.

Kostermans, A.J.G.H., & Bompard, J.N.
(1993). The Manggoes: Their Bota-
ny, Nomenclature, Horticulture and
Utilization. IBPGR Academic Press
Harcourte Brace & Company. London.

Liu, M., Wang, Z., Li, S., Lii, X., Wang, X.,
& Han, X. (2017). Changes in specif-
ic leaf area of dominant plants in tem-
perate grasslands along a 2500-km
transect in northern China. Scientific
Reports, 7(1): 10780. DOI.10.1038/
$s41598-017-11133-zChown

Liu, X., Swenson, N. G., Lin, D., Mi, X.,
Umana, M. N., Schimid, B., & Ma,
K. (2016). Linking individual- lev-
el functional traits to tree growth in
a subtropical forest. Ecology, 97:
2396— 2405. DOI: 10.1002/ ecy.1445

Mehta, 1. (2017). History of Man-
go- ‘King of Fruit’. [Internation-
al Journal of Engineering Sci-
ence Invention (IJESI) 6(7): 20-24.

Melandani, L. P., Kriswiyanti, E., & Defiani,
M. R. (2017). Analisis kekerabatan be-
berapa tanaman mangga (Mangifera
spp.) berdasarkan karakteristik mor-
fologi dan anatomi daun. Simbiosis 1(7).

Modolo, G. S., Dos Santos, V. A. H. F.,, &
Ferreira, M. J. (2021). Testing for func-
tional significance of traits: effect of the
light environment in tropical tree sap-
lings. Ecology and Evolution, 11(11):
6480-6492. DOI: 10.1002/ece3.7499

Mukherjee, S.K. (1972). Origin of
mango (Mangifera indi-
ca). Econ Bot 26: 260-264.
DOLI: 10.1007/BF02861039.

Nock, C. A., Vogt, R. J., & Beisner, B. E.
(2016). Functional traits. eLS, 1-8.
DOLI: 10.1002/9780470015902.
a 0 0 2 6 2 8 2 .

Pan, S, Liu, C., Zhang, W., Xu, S., Wang, N.,
Li, Y., ...& Wang, G. (2013). The scaling
relationships between leaf mass and leaf
area of vascular plant species change
with altitude. PloS one 8(10), €76872.
DOI:  10.1371/journal.pone.0076872.

53



Jurnal Biodjati 10(1): 40-54, May 2025

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

Peraturan  Presiden = Republik  Indo-
nesia.  (2011). Tentang  Kebun
Raya (Nomor 93 TAHUN 2011).
Perez-Harguindeguy, N., Diaz, S., Garnier, E.,
Lavorel, S., Poorter, H., Jaureguiberry,
P., & Cornelissen, J. H. C. (2013). New
handbook for standardised measurement
of plant functional traits worldwide.
Australian Journal of Botany 61(3):
167-234. DOI: 10.1071/BT12225.
Pereira, G., C & Des Marais, D., L. (2019).
The Genetic Basis of Plant Func-
tional Traits and the Evolution of
Plant-Environment Interactions.
International Journal of Plant Sciences
181(1): 56-74. DOI: 10.1086/706190
Polosakan, R. (2016). Sebaran jenis-
jenis  Mangifera di  Indonesia.
ETHOS:  Jurnal  Penelitian  dan
Pengabdian kepada Masyarakat, 93-
98. DOI: 10.29313/ethos.v010.1664.
POWO (2024). Plants of the World On-
line. Facilitated by the Royal Bo-
tanic  Gardens, Kew. Retrieved
from https://powo.science.kew.org/
Rachmadiyanto, A. N., Wanda, I. F., Rinan-
dio, D. S., & Magandhi, M. (2020).
Evaluasi kesuburan tanah pada berbagai
tutupan lahan di Kebun Raya Bogor.
Buletin Kebun Raya 23(2): 114-125.
DOI: 10.14203/bkr.v23i2.263.
Sankaran, M., Dinesh, M. R., Abirami, K.,
& Murugan, C. (2021). Botany of
mango. The Mango Genome, 13-30.
DOI: 10.1007/978-3-030-47829-2.
Singh, R. P, Singh, P. K., Gupta, R., &
Singh, R. L. (2018). Biotechnologi-
cal tools for enhancing sustainable
production. In  Biotechnology for
Sustainable  Agriculture. Woodhead
Publishing. 19-66. DOI:10.1016/
B978-0-12-812160-3.00002-7.

Jurnal Biodjati 10(1): 40-54, May 2025

Sudiar, N. Y., Koesmaryono, Y., Perdinan, P.,
& Arifin, H. S. (2019). Karakteristik
dan Kenyamanan Iklim Lokasi Wisa-
ta Berbasis Alam di Eco-Park Ancol,
Kebun Raya Bogor dan Kebun Raya
Cibodas. EnviroScienteae 15(2): 240-
248. DOI: 10.20527/es.v15i2.6967.

Triastinurmiatiningsih, T., Astuti, . P, &
Saskia, B. (2021). Fenologi Pem-
bungaan Dua Varietas Jambu Air
(Syzygium  boerlagei) di  Kebun
Raya Bogor. LenteraBio: Berkala
Ilmiah Biologi, 10(2): 153—-158. DOI:
10.26740/lenterabio.v10n2.p153-158

Warschefsky, E.J., L.L. Klein, M.H. Frank,
D.H. Chitwood, J.P. Londo, E.J.B. von
Wettberg, & A.J. Miller. (2015). Root-
stocks: Diversity, Domestication, and
Impacts on Shoot Phenotypes. Trends
in Plant Science 21(5): 418-437.
DOI: 10.1016/j.tplants. 2015.11.008.

Wright, 1. J., & Westoby, M. (2002).
Leaf dry matter content and
leaf area: a global relationship.
Functional Ecology, 16(1): 1-10.

Yamamichi, M., Yoshida, T., & Sasaki, A.
(2011). Comparing the effects of rap-
id evolution and phenotypic plasticity
on predator-prey dynamics. Am. Nat.
178: 287-304. DOI: 10.1086/661241.

Yulianti, S. D., Adriani, H., & Syahadat,
R. M. (2020). Evaluasi Daya Tarik
Wisata di Kebun Raya Cibodas da-
lam Sudut Pandang Kualitas Visual.
Jurnal Lanskap Indonesia 12(1): 33-40.

Zhang, X., Yu, M., Su, J., Xu, J., Zhang, X.,
Shang, J., & Gao, J. (2024). Leaf nutri-
ent traits of planted forests demonstrate
a heightened sensitivity to environmen-
tal changes compared to natural forests.
Frontiersin Plant Science, 15: 1372530.
DOI:10.3389/fpls.2024.1372530

54



