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Abstract

Forests over limestone in the tropics have received little attention and limestone forests in Viet-
nam have been overlooked to an even greater extent in terms of tree physiology. In Ba Be National
Park, Vietnam, soil water availability in limestone forests seems to be the most limiting factor in
the dry season. Therefore, in order to enhance the preliminary knowledge of choosing native tree
species for enrichment planting in the restoration zone, characteristics of the 20 native tree spe-
cies to soil water stress were investigated in a limestone forest. One-ha plot each consisting of
twenty-five 20 m x 20 m plots was established in undisturbed forests. All trees = 10 cm DBH were
measured in 20 m x 20 m plots, while twenty-five 5 m x 5 m subplots were established in order to
sample the regeneration of tree species with a DBH < 10 cm. The Scholander apparatus and freez-
ing point osmometry were used in order to measure the leaf water potential (¥,) and leaf osmotic
potential (W) of the 20 native tree species, respectively in this study. 61 species belonging to 34
families of all trees with a DBH = 10 cm were recorded in one ha, while 31 species representing 18
families of trees < 10 cm DBH were identified in 625 m2. The 20 species’ leaf water and osmotic
potential values revealed significant differences among species. The maximum leaf water poten-
tial was not affected by any anticipated sources of variation, while the minimum water potential,
however, showed significant variation to soil water stress. The results in the study area empha-
sized the importance of water factors in influencing tree species distribution; it could be con-
cluded that native species with wide water potential ranges would be better able to withstand
water changes and might be thus good candidates for reforestation (enrichment planting) in li-
mestone areas.
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1. Introduction

Tropical limestone forests and karsts often contain high plant diversity combined with a large degree of endemism
(Vermeulen & Whitten, 1999, Clements et al., 2006). Vietnam’s total natural area is approximately 330,000 kmz,
and three-quarters of Vietnam is composed of hills and mountains originally covered by tropical forests (Trung,
1998). Vegetation on limestone is one of the most diverse ecological systems classified in Vietnam; in this case,
limestone mountains make up about 18% Vietnam’s area (Qin et al., 2012). The studied forest grows on a li-
mestone substrate estimated to be about 1,150,000 ha (FIPI, 1995) where botanical scientists have discovered
many animal species and rare plants (Dung, 2001). Limestone karst ecosystems in Vietnam are important reser-
voirs for biodiversity but are currently experiencing forest degradation due to land use changes and increasing
pressure from the extractive and tourism industries (Furey et al., 2010). Therefore, Vietnam’s forests have se-
verely declined in both in quantity and quality (Dang et al., 2001); many species in Vietnam are therefore at risk
for extinction (Nghia, 2005), and 150 are listed as either vulnerable or critically endangered (IUCN, 2000).
Vietnam’s conservationists feel that these remaining forest blocks, though hard to reach, are threatened by the
local population’s high demand for fuelwood (Dzung et al., 2004), particularly in the mountainous areas. In con-
trast with other natural systems, karst ecosystems cannot be reestablished once damaged (Tuyet, 2001) and re-
cent studies have indicated that their biodiversity goes largely unknown in the face of ongoing forest degrada-
tion.

The terrestrial vegetation of Ba Be National Park is dominated by a tropical forest on limestone (Whitmore,
1984) that is under severe pressure (Dzung et al., 2004). A total of 638 vascular plants belonging to 450 genera
and 140 families were recorded in the park. The flora includes a large number of broad-leaved species, while
coniferous species are rare and only found in high mountain areas; many of the fore species are rare and have
high economic value (e.g., Burretiodendron tonkinense, Chukrasia tabularis, Garcinia fagraeoides, Fokienia
hodginsii, and Nageia fleuryi) (Chan, 2006). 69 of the total tree species identified in the park were endangered
and listed in the Red Data Book of Vietnam (Anon, 1996); of these, 24 were found in the red list of the IUCN in
1997 (Anonymous, 2012). In the park, soil water availability in limestone forests seems to be the most limiting
factor in the dry season but up until now, studies and the understanding concerning these forest’s responses to
environmental stressors such as water and light have not been carried out and information about choosing site
condition for planting native tree species in the restoration zone has not been available yet. Thus, in the present
study the basic information on the floristic composition of an undisturbed tropical forest over limestone was
provided firstly. Our second objective was to examine responses of 20 native tree species to water factors in the
dry season and we predicted that differences in species’ responses to water availability would be reflected in the
distribution of the species relative to the soil water availability. This study will provide data and preliminary
knowledge for predicting the responses of tree species in forests on limestone and will have further silviculture
implications on their distribution in case of choosing site conditions for enrichment planting in restoration zones
of the park.

2. Materials and Methods
2.1. Study Site

The study was carried out in Ba Be National Park (from 22°21' to 22°29'N and from 105°34' to 105°42'E), lo-
cated in Northern Vietnam. The park was established as a protected area in 1977 with a total area of approx-
imately 10,000 ha. At its center is Ba Be Lake, which, with an area of 450 ha, is the largest natural freshwater
mountain lake in all of Vietnam. The local geology and terrain are predominantly limestone under tall mountains
with numerous rugged peaks and deep, steep-sided river valleys (Anonymous, 2012). Ba Be National Park is
characterized by a tropical monsoon climate; its average annual rainfall is 1364 mm, while the average temper-
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ature is 22.5°C. Two main seasons are recorded in the study site; the rainy season lasts from April to September,
and nearly 75% of the annual rainfall is observed during this period; the dry season is from October to March.
The park’s soil is developed on sedimentary rock of silt and clay and is mainly covered by yellow-red ferralit,
the layers of which range from thin to thick. Three main soil types can be found here: 1) humicacrisols, 2) ferralit
alisols, and 3) yellow-red ferralsols with medium to thick soil horizons formed over the shale rock (MARD, 2004;
Anonymous, 2012) (Figure 1).

2.2. Sampling Procedure, Data Collection and Laboratory Experiments

25 sample plots 400 m> (20 m x 20 m) in size were set systematically with a random starting point in an undis-
turbed forest (Figure 2). Sub-plot of 5 m x 5 m (Verissimo et al., 1992) was set up at the center of each 20 x 20
m sample plot to investigate all trees with a DBH < 10 cm (Figure 3). All trees with a DBH > 10 cm were
measured, and their scientific name and DBH recorded in twenty-five 400 m’. Tree species were identified in
the field with specialists’ help. In the case of unidentified specimens, leaves and fruits were taken and identified
by a botanist at the Vietnamese Academy of Forest Sciences. All trees (regeneration) with a DBH < 10 cm were
sampled in twenty-five compartment B.

Field measurements of the leaf water and osmotic potentials were carried out during the middle of the dry
season (in December 2013). The 20 most dominant native tree species based on the importance value index (IVI)
were collected in order to measure water potential. Leaf samples were collected from six randomly selected trees
per species. Fully developed leaves from the branches on each tree’s southward exposure were used to measure
leaf water potential at midday (12-14:30 p.m.) and predawn (3:30-6 a.m.) (Mitlchner, 1997a; Mitl6hner et al.,
1997b). A pressure chamber (Scholander Apparatus) was used, as it has become one of the most widely used
field methods for determining total plant water potential.

In these measurements, a fully expanded leaf exposed to direct sunlight was first chosen for measurement.
Leaf samples measured for leaf water potentials from the same six individuals per species were collected in or-

N

-

Bac Kan Province

0 250 500 1,000
J

L 1 1 1
Kilometers

Figure 1. Map showing the study site in Ba Be National Park, Vietnam.
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Figure 2. Layout of the sampling design in which the size of
each sample plot was 400 m> (20 x 20 m). The interval sample
plot was 50 m.
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B

Figure 3. Compartment B (5 x 5 m) was set up at the center of
each 400 m? sample plot to collect all trees with a DBH < 10
cm.

der to calculate the leaf osmotic potential. For midday leaf osmotic potential measurements, 5 - 10 g of fresh
leaves were weighed using a balance under field conditions. After balancing the weights, the leaf samples were
dried in a stainless steel pan over a gas stove, a vitally important process necessary in order to avoid leaf enzy-
matic changes. 3 - 5 small branches per species were collected to measure the saturated osmotic potential. The
branches absorbed water and re-saturated overnight; the saturated leaf samples were then cut from the branches,
balanced, dried under field conditions, labelled, and stored for further analysis. Further processing began with
kiln-drying leaf samples in an oven (Memmert, Schwabach, Germany) at 103°C until mass constancy (~12 h) in
the lab at the Georg-August University of Gottingen. Laboratory experiments were performed to measure the
plant osmotic potentials cryoscopically using a semi-micro osmometer (Knauer, Germany). For the osmotic po-
tential measurement, each 1 g (=1 g) of leaf powder was diluted with demineralized water (dilution x 7), stored
in a water bath at 55°C for 24 hours, and centrifuged at 4000 rpm for 15 - 20 minutes to separate the solute and
residue. A 0.15 ml solution for each sample was cryoscoped. Results from the freezing points were recalculated
using the following equations developed by Kreeb (1990):

¥ = 0,1013{0.021(4 ) —12.06AJ, and ¥, £C =¥ _,0°C(1+£C/273)

where: A, = the depression at freezing point; ¥, 0°C = the osmotic potential at 0°C, and ¥, £'C = the osmotic

potential at °C.
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2.3. Data Analysis

Tree abundance per ha was calculated with the count of all trees with a DBH > 10 cm from 25 sample plots of
400 m?; the basal area of the trees was calculated by using the following equation: BA = m” = 3.142 x
(DBH/200)?, where BA = tree basal area (m?) and r = radius (cm). The total basal area of one ha was calculated
by the sum of the BA of all trees > 10 cm DBH in the 25 plots. The species richness was easily taken by count-
ing the number of species occurring in all plots (Rana & Gairola, 2009). The Shannon-Wiener index as men-
tioned by Shannon (1948) was used to assess species diversity. The evenness index was determined in accor-
dance with Pielou (1966). The midday and predawn values of the selected tree species were compared separately
in graphs for a particular sampling site. A 45° bisecting line approach as detailed by Slatyer (1957) was created
on the graph to mark the threshold value of tree species’ water stress. The Kruskal-Wallis test was used to com-
pare the mean values of midday and predawn leaf water potentials among 20 native tree species. The relation-
ships between the leaf water potential at midday and leaf osmotic potential at saturated of these 20 species were
analyzed using an individual treatment and via regression analysis using linear. All statistical analyses were
performed with Statistica, Version 12.

3. Results and Discussion
3.1. Main Characteristics of Forest Type

One-ha tropical forests over limestone yielded a total of 630 stems with 61 tree species belonging to 34 families
all adult trees, while 31 species representing 18 families of regeneration were identified in 625 m®. The Even-
ness index of the former was 81%, while it was 77% for the latter. The Shannon-Wiener index of trees with a DBH
>10cmand <10 cm was 3.33 and 2.65, respectively (Table 1). Tree abundance of this study was in keeping with
other studies carried out in limestone forests all over the world such as 644 individuals ha' (DBH 10 > cm)
were counted in such forests in Gunung Mulu National Park, Malaysia (Proctor et al., 1983). Our findings were
lower than results from limestone forests in the Ayawasi area in Indonesia, where the tree abundance ranged
from 960 to 1390 stems-ha ' (DBH > 10 cm) (Polak, 2000). However, the tree abundance of the three forest
types in this study was higher than in either a tropical forest over limestone (210 - 390 stems ha ') with a DBH >
10 cm in Visayas, the Philippines (Peque & Holscher, 2014) or a lowland limestone forest on Seram Island, In-
donesia (438 stems > 10 cm DBH) (Ranlund, 2011). Tree species richness in this study showed similar trends as
in the undisturbed stands of a tropical wet evergreen forest in Arunachal Pradesh, Eastern Himalayas, India
(Bhuyan et al., 2003). Concerning regeneration, each family was represented by 1 - 3 species. Moraceae was had
the highest number of abundance; it was followed by Annonaceae and Rutaceae (data not shown in Table 1).
Our findings demonstrated similar patterns of population structure as were observed for the regeneration of a
dominant family in the limestone forest of three sites in Xuan Son, Cuc Phuong, and Pu Mat national parks in
North Vietnam (Toai, 2012).

3.2. Plant Water Relations of the Native Tree Species

The water potential at predawn/midday values for the 20 native tree species are shown in Table 2 and Figure 4.

Table 1. Main characteristics of undisturbed limestone forest in Ba Be National Park, Vietnam.

Categories
Attributes
Tree with a DBH > 10 cm (adult trees) Tree with a DBH < 10 cm (regeneration)
Tree abundance 630 (n/ha) 483 (n/625 m?)
No. of species (n/ha) 61 31
No. of families (n/ha) 34 18
Basal area (m*/ha) 37.38
Evenness index (%) 81 77
Shannon-Wiener index (H') 3.33 2.65
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Figure 4. Midday and predawn leaf water potentials ¥, (MPa) of the 20 native tree species collected in the undisturbed li-
mestone forest in Ba Be National Park, Vietnam.

Table 2. The leaf water potentials of the 20 native tree species collected in the undisturbed limestone forest in Ba Be Nation-

al Park, Vietnam.

Leaf water potential ¥,, [MPa]

Species
Minimum Midday Mean + SD Predawn Mean + SD
Gironniera subaequalis =25 -2.2+0.10 -0.8+£0.02
Glycosmis cymosa -3.0 -2.2+0.20 -0.6+0.02
Streblus macrophyllus -0.9 -0.7+0.05 -0.4+0.03
Chukrasia tabularis -2.1 -1.6£0.10 —0.5+0.05
Homalium myriandrum -2.9 -2.2+0.20 -0.8+0.05
Canthium dicoccum 2.2 -1.9+0.06 -0.5+0.03
Litsea monopetala -0.9 -0.8+0.03 -0.4+0.02
Goniothalamus macrocalyx -2.0 -1.6+0.10 -0.3+0.02
Streblus ilicifolius -32 -2.7+0.20 -0.4+0.03
Diospyros susarticulata -34 -3.1+0.10 -1.7+0.09
Turpinia montana -1.3 -1.0+0.10 -0.5+0.03
Vitex trifolia 2.4 -2.2+0.07 -0.5+0.03
Garcinia fagraeoides -2.1 -1.7+0.08 -0.5+0.03
Hydnocarpus ilicifolia 2.2 -2.0+0.07 -0.6+0.02
Burretiodendron hsienmu -2.8 -2.2+0.20 -0.6+0.10
Aglaia gigantea -1.1 -0.9+0.08 -0.4+0.04
Syzygium wightianum -1.9 -1.4+0.10 -0.5+0.04
Sterculia nobilis -12 -0.9+0.10 -0.3+0.02
Deutzianthus tonkinensis -1.0 -0.9+0.04 -0.5+0.03
Alphonsea philastreana -2.6 -2.5+0.06 —0.7+0.03
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A significant response pattern was observed among these 20 native species at midday and predawn (p < 0.05).
Among all species, the lowest water potentials were found at midday but even here significant differences were
found among the 20 species, the exceptions being Chukrasia tabularis, Canthium dicoccum, Goniothalamus
macrocalyx, Syzygium wightianum, Hydnocarpus ilicifolia, and Garcinia fagraeoides. Diospyros susarticulata
had both the lowest midday (—3.1 + 0.1 MPa) and predawn (—1.7 £ 0.09 MPa) values, followed by Streblus ili-
cifolius, and Alphonsea philastreana. Streblus macrophyllus, Litsea monopetala, Turpinia Montana, Aglaia gi-
gantean, Sterculia nobilis, and Deutzianthus tonkinensis demonstrated maximum leaf water potentials varying
from —0.7 to —1.0 MPa. The paired t-test between the midday and predawn water potentials showed significant
differences in night recovery from the midday water stress for all species.

3.3. Plant Osmotic Potentials for the Native Tree Species

Results in relation to the leaf osmotic potential for the 20 native tree species are given in Table 3 and the rela-
tionship between the leaf water potential at midday and leaf osmotic potential at saturated is indicated in Figure 5.
All species responded to soil water stress and exhibited their lowest osmotic potential values (from —1.4 to —3.3
MPa among species) at midday. Of these 20 species, Syzygium wightianum had the lowest midday (—3.3 MPa)
and saturated (—3.1 MPa) osmotic potential values, while Canthium dicoccum, Turpinia Montana, and Deut-
zianthus tonkinensis had the highest midday (—1.4 MPa) and saturated (—1.3 MPa) osmotic potentials. Litsea
monopetala, Sterculia nobilis, Garcinia fagraeoides, and Vitex trifolia responded with relatively high midday
and saturated osmotic potential values. Significant differences in the osmotic potentials were found for all spe-
cies measured at midday (p < 0.05); however, Chukrasia tabularis, Goniothalamus macrocalyx, Diospyros su-
sarticulata, Aglaia gigantean, Burretiodendron hsienmu, and Hydnocarpus ilicifolia showed no significant dif-
ferences in their midday osmotic values.

Table 3. The leaf osmotic potential of the 20 native tree species collected in the undisturbed limestone forest in Ba Be Na-
tional Park, Vietnam.

Leaf osmotic potential ¥, [MPa]

Species
Midday Mean + SD Saturated Mean + SD
Gironniera subaequalis -2.6+0.02 -2.2+0.07
Glycosmis cymosa —-2.4+0.08 -2.2+0.08
Streblus macrophyllus -2.5+0.07 -2.3+0.07
Chukrasia tabularis -2.0+0.06 -1.9+0.04
Homalium myriandrum -2.4+0.05 -2.2+0.05
Canthium dicoccum -1.4£0.05 -1.3+£0.07
Litsea monopetala -1.6+0.04 -1.4+0.05
Goniothalamus macrocalyx —-2.3+0.08 -2.2+0.09
Streblus ilicifolius -2.8+0.04 -2.6+0.08
Diospyros susarticulata -2.24+0.05 -2.0+0.07
Turpinia montana -1.4+0.05 -1.3+0.03
Vitex trifolia -1.8+0.09 -1.5+£0.09
Garcinia fagraeoides -1.9+0.05 -1.8+£0.06
Hydnocarpus ilicifolia -2.24+0.04 -2.0+0.07
Burretiodendron hsienmu -2.3+0.20 -1.9+0.10
Aglaia gigantea -2.0+0.05 -1.8+0.03
Syzygium wightianum -3.3+0.06 -3.1+£0.04
Sterculia nobilis -1.7£0.05 -1.4+0.04
Deutzianthus tonkinensis -1.4+0.03 -1.3+0.03
Alphonsea philastreana -3.1£0.04 —2.8£0.07




L. V. Binh et al.

¢ Gironniera
B Glycosmis cymosa
-4 A Streblus macrophyllus

=-0.26x - 3.517 . g
sz -0 8;3 P <0.05) < Chukrasia tabularis

¥ Homalium myriandrum
® Canthium dicoccum

g
?_, -3 © - Litsea monopetala
E bk *: é ~ Goniothalamus
] i ' a e s
E A = .f B o * * Streblus ilicifolius
g ol tA “.:; “ X B u Diospyros susarticulata
3 < R - m N Turpinia montana
E - @ Vitex trifolia
é v :.. ¢ Garcinia fagraeoides
f;j ! ° Hydnocarpus ilicifolia
g + Burretiodendron hsienmu
© Aglaia gigantea
Syzygium wightianum
0! Sterculia nobilis
0 -1 -2 -3 -4 Deutzianthus tonkinensis
Water potential at midday (MPa) Alphonsea philastreana

Figure 5. The relationship between the leaf water potential at midday and leaf osmotic potential
at saturated of 20 native trees species collected in the undisturbed limestone forest during the dry
season, 2013 in Ba Be National Park, Vietnam.

The lowest water and osmotic potential values of all studied species suggest that these species have an advan-
tage in drought -and salinity-affected areas. This finding was in agreement with similar results such as in a ripa-
rian forest, Northeast Vietnam (Anh, 20006); in the evergreen moist forest of Diepwalle South Africa (Mitlohner,
1998); at a savanna-scrub ecotone, Ethiopia (Gebrekirstos et al., 2014), and in Central Myanmar (Khaing, 2013).
However, Abrams’ (1988) observations indicated that the leaf osmotic potentials at full turgor of several North
American tree species ranged from —1.5 to —3.2 MPa under dry conditions. Scholander et al. (1965) found that
the initial osmotic potentials of Avicennia nitida and Laguncularia racemosa in a mangrove forest were ap-
proximately —4.5 MPa and —5.3 MPa, respectively. The osmotic potentials recorded in this study were lower
than results observed by Mitlohner et al. (1997b) in Binh Chau Natural Reserve, Vietnam; those authors indi-
cated that the values of the midday osmotic potential of 13 species in evergreen and deciduous forests varied
from —0.5 to —2.1 MPa.

The 20 native tree species show their differences in osmotic potential because each tree species reaction in
different ways to water stress. No correlation between the predawn leaf water potential and leaf osmotic poten-
tial at saturated was found for all native tree species under field conditions, with an exception for Syzygium
wightiamum (R* = 0.85, p < 0.05). The results in this study were accordant with Abrams’ 1990 conclusion that
no correlation between predawn water potential and leaf osmotic potential at full tugor of several Oak species
under field condition, and Parker et al. (1982) for Q. alba trees species.

Water stress tolerance usually involves the development of low osmotic potentials which characterize many
plant species found in more arid environments. When the soil dries, live cells may adjust their water potential by
osmotically accumulating active compounds to decrease their osmotic and water potentials (Lambers et al.,
2008). However, low osmotic potential values are indicators of soil salinity associated with drought tolerance
(Mitlohner & Kopp, 2007). In this study, all 20 tree species demonstrated the lowest osmotic values around
midday, when soil water availability was low and solute concentration was assumed to be higher. In actuality,
the low osmotic values could be due to either solute concentration (as a result of cell dehydration) or solute ac-
cumulation (in response to stress) (Morgan, 1984). Because osmotic adjustment often takes several days or
weeks to develop, the diurnal fluctuations in osmotic potential may be largely due to changes in tissue water
content (Abrams, 1988). The results showed that the decrease in osmotic potential at midday is consistent with
the decrease in the leaf water content; however, the diurnal osmotic potential change in this study is minimal,
which may indicate that active osmotic adjustment is an important adaptation to drought or salinity (Munns, 1988).
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From the results, it is clear that higher leaf osmotic adjustments have higher dry matter and/or grain yield under
water-limited conditions (Morgan & Condon, 1986).

3.4. Species and Site Characterization

The ecological niche preference of specific species is shown in Table 4 as a reference of soil water availability
and the solute concentration in the root zone. These species, including Diospyros susarticulata, Burretiodendron
hsienmu, Glycosmis cymosa, Homalium myriandrum, Gironniera subaequalis, Alphonsea philastreana, and
Hydnocarpus ilicifolia, demonstrated high adaptability to soil water and osmotic stress. Moreover, they had lower
osmotic and water potential values than did the other 13 of the 20 studied species. Of these, the first three species
in particular are drought-tolerant species that usually grow in soil developed on limestone mountains (Chinh et al.,
1996). These characteristics may explain their distribution in limestone areas where there is significant water
stress during the dry season.

Aglaia gigantean, Garcinia fagraeoides, Chukrasia tabularis, Goniothalamus macrocalyx, Syzygium wigh-
tianum, Streblus ilicifolius, and Streblus macrophyllus exhibited high predawn leaf water potentials but low leaf
osmotic potentials; they may have easy access to water and high solute concentrations and as such were higher in
species dominance in the study sites. As evidenced by the highest predawn leaf water and osmotic potential val-
ues, Canthium dicoccum, Deutzianthus tonkinensis, Sterculia nobilis, Turpinia montana, Vitex trifolia, and Litsea
monopetala preferred to grow on deep and moist soil. The values of their predawn and osmotic potentials did not
explain their drought tolerance, but rather, their preference for deep and well-drained soils (Chinh et al., 1996).

Table 4. The classification of temperament classes based on the species adaptability to soil water deficit (predawn W¥,) and
osmotic stress (saturated V') in limestone forests in Ba Be National Park, Vietnam. “x” means tree species belonging to dif-
ferent groups of soil water deficit (predawn W,,) and osmotic stress (saturated V).

Scientific name High¥,, LowY¥, High¥, LowY, Ecological niche preference’
Canthium dicoccum X - X - Deep soils
Deutzianthus tonkinensis X - X - Moisture-demanding; found on limestone hills
Sterculia nobilis X - X - Wet and moist soil at the base of limestone mountains
Litsea monopetala X - X - Fertile, sandy, deep, and well-drained soils
Vitex trifolia X - X - Sandy clay, wet, and humid soils
Turpinia montana X - X - Deep and humid soils
Diospyros susarticulata ) X ) < Soils developed on limestone mountains:
a drought-tolerant tree
Burretiodendron hsienmu - X - X Soils devzl((;;r)slcllg(})lrtl_g)rlr;erztn()tn;;lountains,
Glycosmis cymosa ) < ) < Sandy, fertile, well-drained soils;
a drought-tolerant tree
Homalium myriandrum - X - X Soils developed from limestone and basalt
Gironniera subaequalis - X - X Deep, wet, and well-drained soils
Alphonsea philastreana - X - X Deep, loamy, fertile, and well-drained soils
Hydnocarpus ilicifolia - X - X Clay or rocky-clay soil on limestone
Aglaia gigantea X - - X Deep, clay, medium-humid, and well-drained soils
Garcinia fagracoides . ) ) X Soils developed on limestone mountains;
a drought-tolerant tree
Chukrasia tabularis X - - X Soils devzl(;[: sgg(})l?_giiztzl te;;lountains;
Goniothalamus macrocalyx X - - X Slightly acidic and fertile soils
Streblus macrophyllus X - - X Humid soils
Streblus lciols x : : x Wel-drained sofs on rocky mountans
Syzygium wightianum X - - X Soils on hills and low mountains; resistant to drought

*(Chinh et al., 1996).
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4. Conclusion

In Ba Be National Park, soil water availability in limestone forests seems to be the most limiting factor in the
dry season. The Scholander apparatus and freezing point osmometry were used in order to measure plant water
(¥, and osmotic (¥,) potentials, respectively in this study. All 20 native tree species’ responses to water soil
availability varied among and within them; the maximum leaf water potential was not affected by any antic-
ipated sources of variation; the minimum water potential of indigenous species, however, showed significant
variation to soil water stress. The results emphasized the importance of water factors in influencing tree species
distribution. The differences in water relations obtained among the 20 native tree species reflected their niche
preferences. In terms of silviculture aspect, the results have implications on their distribution in case of choosing
site conditions for enrichment planting in restoration zones. Choosing and utilizing the most suitable plant spe-
cies to grow in the limestone stand and repair severely degraded forests are the primary options for developing
and maintaining the limestone forest. Native tree species (including Diospyros susarticulata, Burretiodendron
hsienmu, Glycosmis cymosa, Homalium myriandrum, Gironniera subaequalis, Alphonsea philastreana, Streblus
ilicifolius, Garcinia fagraeoides and Hydnocarpus ilicifolia) highly adaptable to soil water stress should be taken
into account when designing reforestation strategies in Ba Be National Park and may be thus good candidates
for reforestation in limestone areas.
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