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In the coastal sand dune forests of North Central Vietnam, vegetation has been seriously damaged by war and 
overexploitation. To recover ecosystem functions, including sand stabilisation under harsh environments, exotic species 
like Acacia spp. have been planted as a monoculture. However, the long-term sustainability of this practice remains 
unclear. To assess the long-term effectiveness of revegetation with Acacia spp., this study aims to understand the 
differences and similarities in ecological characteristics of remnant natural forests and Acacia plantations on the coastal 
sand dune of North Central Vietnam by comparing understory vegetation structure and environmental conditions. We 
investigated the understory vegetation (height < 130 cm) in a total of 54 quadrants (1 m × 1 m), including nine natural 
forests and nine Acacia plantations. We compared diversity indices by mixed ANOVA and examined the differences in 
the understory vegetation structure between the two forest types through PERMANOVA. We also determined some 
abiotic environmental factors (e.g. light and soil water availability, and soil pH). We identified 951 individuals, with 792 
found in natural forests and 159 in plantations. The species found in natural forests were well-distributed among Liana 
phanerophytes (Lp), Microphanerophytes (Mi), Mega-Mesophanerophytes (MM), and Cryptophytes (Cr). In contrast, 
species found in plantations were predominantly Cr, Hemicryptophytes (Hm), and MM. All diversity indices were 
significantly higher in natural forests (P < 0.05), and the NMDS analysis confirmed significant differences in the understory 
vegetation structure between natural forests and plantations. Only soil pH was significantly lower in natural forests (P 
< 0.05), while none of the environmental factors had a statistically significant impact on the variations in understory 
vegetation structure. Our results indicate that succession by native tree species does not seem to occur naturally in 
Acacia plantations. Hence, to restore and sustainably develop coastal sand dune forests in North Central Vietnam, it is 
essential to establish a scientifically based strategy for managing and protecting the remaining natural remnant forest 
areas. 

Keywords: natural forest; Acacia plantation; coastal sand dunes forest; diversity; understory vegetation; life forms; 
environmental factor

Abstract

INTRODUCTION

Coastal sand dune forests are crucial ecosystems that 
serve both ecological and socio-economic functions. 

They stabilise sand dunes, mitigate the impacts of natural 
disasters such as storms and floods, and provide vital 
ecosystem services that support biodiversity and local 
livelihoods (Acosta et al. 2009, Tanaka et al. 2009, Arens 
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et al. 2013). Despite their importance, these forests are 
increasingly threatened by anthropogenic pressures, 
including habitat degradation, overexploitation, and 
pollution, which have led to significant biodiversity loss 
and declining ecosystem resilience (O’Shea and Kirkpatrick 
2000, Dolan and  Walker  2006, Lotze et al. 2006, Lu et al. 
2018). 

Vegetation in coastal sand dune environments must 
adapt to harsh abiotic conditions such as sand burial, 
strong winds, salt spray, nutrient-poor soils, and high 
temperatures. These challenges have led to the evolution 
of specialised morphological and physiological traits in 
native dune plant species that enhance their survival and 
contribute to ecosystem stability and complexity (Maun 
2009, Torca et al. 2019, Tordoni et al. 2018, 2019, 2021). 
Environmental heterogeneity, particularly in soil moisture, 
salinity, and microclimatic conditions, further shapes local 
species composition, resulting in diverse plant communities 
adapted to dynamic and stressful environments (Hesp 
1991, Spanò et al. 2013, Bonari et al. 2017, Ciccarelli et al. 
2023).

Out of the members of coastal sand dune systems, 
understory vegetation plays a key role in maintaining 
ecological functions, facilitating tree regeneration, 
stabilising soils, cycling nutrients, and supporting 
biodiversity (MacLean and Wein, 1977, Allen et al. 2002, 
Kerns et al. 2006, Griffiths et al. 2007). The composition 
and diversity of understory communities often reflect 
the structure of the overstory and the surrounding 
environmental conditions (Barbier et al. 2008, Hu et al. 
2013, De Lombaerde et al. 2021). Understanding these 
relationships is particularly important in restoration 
contexts.

In North Central Vietnam, coastal sand dune forests have 
been severely degraded over the past decades due to the 
combined effects of war, deforestation, and unsustainable 
land use (Cam 2011, Hoang and Thao 2015, Sterling et 
al. 2006, Wittmann et al. 2019). Restoration efforts have 
historically relied on fast-growing exotic species, such as 
Acacia crassicarpa and Casuarina equisetifolia, which were 
introduced to stabilise dunes and reestablish vegetation 
cover (Nambiar et al. 2015, Pasieczni and McDonald 2016, 
Wittmann et al. 2019). While these species have proven 
effective in the short term due to their rapid growth, ability 
to stabilise degraded soils, and economic value, they may 
not support the long-term recovery of native biodiversity 
or complex ecosystem processes (Avis 1989, Peperkorn et 
al. 2005, Buffa et al. 2021). 

Recently, there has been growing interest in using native 
plant species to improve ecological outcomes in coastal 
forest restoration (Thao 2016, Hien et al. 2022, Pistorius et 
al. 2023). However, knowledge gaps remain regarding the 
comparative ecological characteristics of natural forests 
and exotic plantations in these systems. This study aims to 
assess and compare the species composition, understory 
diversity, and environmental conditions between natural 
coastal sand dune forests and Acacia plantations in North 
Central Vietnam. The findings are intended to inform 
future restoration strategies that prioritise both ecological 
functionality and biodiversity conservation. 

MATERIALS AND METHODS

Study Site
The study was conducted in inland, fixed coastal sand 

dune areas located in three provinces of North Central 
Vietnam: Thua Thien Hue, Quang Tri, and Quang Binh. 
These inland dune forests are characterised by dry, less-
flooded conditions. The average distance is approximately 
4 km from the coastline (Figure 1, Table 1). In the natural 
forest (NF) sites, vegetation is composed of scattered 
patches of woody species interspersed with open sand 
areas, forming what is locally referred to as secondary 
shrub communities on coastal sand (Figure 2a). The 
dominant species belong to families Myrtaceae, Lauraceae, 
Clusiaceae, Dipteracapaceae and Euphorbiaceae (Thao 
2016, Wittmann et al. 2019, Thao 2021). These forests 
have a relatively simple structure, with a canopy height 
ranging from 5 to 12 meters (Thao 2016, Thao 2021).  The 
Acacia plantation (AP) sites were located adjacent to the 
natural forest areas and included both state-managed 
coastal protection forests and privately owned plantations 
(Figure 2b). The plantation stands ranged from 9 to 17 
years in age and were dominated by two exotic species: 
Acacia crassicarpa and Acacia hybrid (A. auriculiformis × A. 
mangium), both commonly used in reforestation programs 
in Vietnam. (Table 1).

The climate in this area is predominantly tropical 
monsoon, characterised by two distinct seasons: a rainy 
season from September to December and a dry season 
from January to September. The mean annual temperature 
is approximately 25°C, but the temperature at the ground 
surface in sandy areas can reach over 60°C (Hoa et al. 2010, 
Thao 2016). This extreme heat presents a critical factor 
influencing the germination, growth and development 
of vegetation (Hoang and Thao 2015, Thao 2016). Mean 
annual precipitation is approximately 3,000 mm, and about 
40% of all annual precipitation falls between October and 
December (Bach and Hien 2004, Thao 2016, Canh et al. 
2019). The topography of the region is relatively flat, with 
an altitude ranging from 7 to 31 meters above sea level 
(Table 1).

Disturbance history differed between forest types. 
Natural forests are relatively protected with limited recent 
disturbance, whereas plantation forests, established on 
degraded lands, are actively managed through thinning 
and understory clearing (Nambiar et al. 2015, Thao 2021) 
(Figure 3 a,b).

Understory Vegetation Census and Environmental Con-
dition

In three provinces of Central Vietnam, a total of 18 plots 
(15 × 15 m) were established, including nine plots in natural 
forests (NF) and nine in Acacia plantations (AP) (Table 1). In 
each plot, we established 3 subplots (1 × 1 m), resulting in 
a total of 54 subplots (27 in NF and 27 in AP) (Figure 4a,b). 
In NF, subplots were located directly beneath the canopy 
of dominant native tree species, selected to represent 
typical closed-canopy conditions within the plot (Table 
1). Similarly, in AP, the subplots were established under 
the canopy of Acacia spp. Subplots were placed at least 
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Plot Location
Distance from 

coastline
(km)

Altitude  
(m) Main overstory species Stand type (NF) or Age (AP)

N
at

ur
al

 fo
re

st
 (N

F)

Q
ua

ng
 B

in
h

1 17°12′8.46"N 
106°53′18.28"E 3.3 21

Vatica mangachapoi  
Syzygium corticosum 
Lithocarpus concetricus

Secondary forest

2 17°12′8.42"N 
106°53′20.04"E 3.2 19 Lithocarpus concetricus 

Vatica mangachapoi Secondary forest

3 17°12′8.12" 
106°53′13.89" 3.3 31 Lithocarpus concetricus 

Vatica mangachapoi Secondary forest

Q
ua

ng
 T

ri

1 17°6′45.81"N 
107°2′26.92"E 1.6 14

Lithocarpus concetricus 
Syzygium corticosum 
Myrsine linearis

Secondary forest

2 17°6′54.06" N 
107°2′22.27" E 1.4 12 Syzygium corticosu  

Myrsine linearis Secondary forest

3 17°6' 58.52"N 
107°2' 20.64"E 1.4 10 Syzygium corticosu  

Myrsine linearis Secondary forest

Th
ua

 T
hi

en
 H

ue

1 16°38′27.49" N 
107°22′16.02" E 9.8 11

Syzygium corticosu  
Myrsine linearis 
Vatica mangachapoi

Secondary forest

2 16°38′20.08" N 
107°22′13.26" E 10.1 7 Syzygium corticosu 

Lithocarpus concetricus Secondary forest

3 16°43′0" N 
107°21′51.63" E 3.8 10

Syzygium zeylanicum 
Syzygium corticosu 
Myrsine linearis 
Syzygium corticosu

Secondary forest

Ac
ac

ia
 p

la
nt

ati
on

 (A
P)

Q
ua

ng
 B

in
h 1 17°12′13.6" N 

106°53′22.17" E 3.1 18 Acacia hybrid 10

2 17°7′5.93"N 
107°2′30.53"E 3.0 15 Acacia hybrid 9

3 17°7′7.39"N 
107°2′56.68"E 2.9 22 Acacia hybrid 10

Q
ua

ng
 T

ri

1 17°6′45.81"N 
107°2′26.92"E 1.3 15 Acacia hybrid 9

2 17°6′54.06" N 
107°2′22.27" E 1.0 8 Acacia hybrid 10

3 17°6' 58.52"N 
107°2' 20.64"E 0.5 10 Acacia hybrid 14

Th
ua

 T
hi

en
 H

ue 1 16°38′27.49" N 
107°22′16.02" E 10.5 10 Acacia crassicarpa 17

2 16°38′20.08" N 
107°22′13.26" E 8.4 8 Acacia crassicarpa 14

3 16°43′0" N 
107°21′51.63" E 3.2 10 Acacia crassicarpa 12

Table 1. General information of the study plots in natural forests and Acacia plantations.

1 meter away from large gaps, treefalls, or forest edges 
to ensure representation of typical understory conditions 
under canopy cover. All understory plant individuals 
(height < 130 cm) within each subplot were identified and 
counted during the field survey. 

To address environmental factors that affect 
understory vegetation, we also determined some abiotic 
environmental factors. First, we measured the thickness of 
the organic soil layer and the soil volumetric water content 
of the mineral soil layer by using a portable sensor (ML3, 

http://dx.doi.org/10.1007/s11187-003-6463-7
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Delta-T Devices, Cambridge, UK), at the centre and four 
corners of each subplot. Understory light availability was 
quantified by estimating canopy cover using hemispherical 
photographs taken at 1 m height at the centre of each 
subplot. We measured the pH (KCl) of surface mineral 
soil (0–10cm) using electrodes (sensION+ PH3 GLP, Hach, 
USA) in a 1:5 soil-water suspension. We also determined 
the distance from each plot to the nearest coastline using 
aerial imagery. Distances were calculated from the GPS 
coordinates of the plots to a digitised shoreline derived 
from high-resolution aerial photographs (Google Earth, 
2023) within QGIS. The shortest Euclidean distance (in 
meters) was measured after reprojecting the data to 
the UTM coordinate system. These field surveys were 
conducted from July to August 2023.

Life Forms Classification
The classification of plant life forms was based on 

the Raunkiaer (1934): Phanerophytes (Ph) and Mega-
Mesophanerophytes (MM), comprising medium- to large-
sized woody species (>8 m in height); Microphanerophytes 
(Mi), consisting of small trees (2–8 m); Nanophanerophytes 
(Na), including shrubs and small trees (25 cm–8 m); Liana 
phanerophytes (Lp), Chamaephytes (Ch), Hemicryptophytes 
(Hm), and Cryptophytes (Cr).

Diversity Indices
For each subplot, we calculated four diversity indices: 

Species richness, Shannon, evenness, and Menhinick 
(Shannon 1948, Pielou 1975, Magurran 2004, Morris et al. 
2014), using the formulas below:

a) b)

Figure 1. The study areas are located in (a) three provinces: (b) Quang Tri, (c) Quang Binh, and (d) Thua Thien Hue in central Vietnam.

c) d)

http://dx.doi.org/10.1007/s11187-003-6463-7
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Figure 2. Study sites: (a) natural forest and (b) Acacia plantation.

a) b)

Species richness (S) = Number of species
Shannon index (H’) = -∑pi ln pi
Evenness index = H’/ ln(S)
Mehinick index = S/√n 
where pi is the proportion of individuals belonging 

to species i, and n is the total number of individuals in a 
subplot.

Statistical Analyses
All analyses were conducted using R version 4.3.3 (R Core 

Team, 2023), and statistical significance was set at P < 0.05.
Species richness in relation to sampling effort was 

assessed using sample-based rarefaction and species 
accumulation curves (packages vegan and rareNMtests) 
(Chao et al. 2014, Oksanen et al. 2022, Cayuela and Gotelli 
2014). Asymptotic species richness (Total Estimated Species, 
TES) was estimated using both non-parametric methods 
(specpool) and nonlinear Michaelis–Menten models fitted 

to accumulation curves with random method and 100 
permutations (specaccum) (Soberón and Llorente, 1993, 
Gotelli and Colwell, 2001, Colwell et al. 2012, Zou et al. 
2023). The statistical significances of TES and B were tested 
using t values in the Wald test.

Differences in diversity indices and environmental 
variables between forest types were tested using mixed 
one-way ANOVA (aov), with subplots nested within plots 
as random effects, and differences in life-form composition 
were assessed using chi-squared tests (chisq.test) (package 
stats). 

Differences in community composition among groups 
were analysed using PERMANOVA (adonis) based on Bray–
Curtis and Jaccard dissimilarity matrices, after confirming 
the homogeneity of understory vegetation composition 
data between forest types by PERMDISP (betadisper) 
(package vegan). The NMDS analysis (metaMDS) was used 
for the visualisation (package vegan). 

Figure 3. Disturbance caused by human activities: (a) constructions built in natural forest (NF); (b) harvesting of Acacia plantation (AP) 
after 7–10 years.

a) b)

http://dx.doi.org/10.1007/s11187-003-6463-7
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Figure 5. Species accumulation and rarefaction curves of understory vegetation in natural forest (NF) and Acacia plantation (AP).
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Figure 4. Understory vegetation in 1 m × 1 m subplots: (a) natural forest (NF); (b) Acacia plantation (AP).

a) b)

RESULTS

We recorded a total of 951 plant individuals across 
54 subplots, comprising various life forms such as 
Liana phanerophytes (Lp), Microphanerophytes (Mi), 
Mega-Mesophanerophytes (MM), Cryptophytes (Cr), 
Nanophanerophytes (Na), Chamaephytes (Ch), and 
Hemicryptophytes (Hm). These individuals represent a 
total of 39 species, 35 genera, and 26 families (Table 2). 

The species accumulation and rarefaction curves 
showed that the observed species richness increased 
steadily with the number of subplots, and reached 32 
species in NF, but that in AP plateaued much earlier and 
stabilised at 14 species (Figure 5). The total estimated 
species (TES) values were 38.8 in NF and 21.5 in AP, and 
the shape parameters (B) were 6.5 in NF and 15.2 in AP, 
with relatively low standard errors (Table 3).

Species abundance and life form composition differed 
significantly between forest types. The natural forest (NF) 
contained 792 individuals (83.27% of the total), while 
only 159 individuals (16.73%) were found in the Acacia 
plantation (AP). In NF, the dominant life form was Lp, 
accounting for 49.21% (468 individuals), followed by Mi 
(17.42%), MM (10.73%), Cr (7.2%), Na (4.04%), Ch (1.26%), 
and Hm (0.25%). In contrast, AP showed a different 
composition, with Cr being the most abundant (36.48%), 
followed by Hm (28.93%), MM (21.38%), Lp (5.04%), Na 
(4.4%), Ch (2.52%) and Mi (1.26%) (Figure 6).

The mean values for species richness, Shannon, 
evenness, and Menhinick indices in NF were 5.70, 1.17, 
0.32 and 1.24, respectively. In AP, they were 1.63, 0.26, 
0.09 and 0.75, respectively. These indices were significantly 
lower in AP compared to NF (P < 0.05) (Figure 7a-d). 

http://dx.doi.org/10.1007/s11187-003-6463-7
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Table 2. Species and number of individuals of understory vegetation in two forest types.

Family  Species Life form
AP NF

QB QT TTH QB QT TTH
Ferns

Pteridaceae Acrostichum aureum Cr 0 0 0 0 2 0

  Magnoliids
  Annonaceae Fissistigma poilanei Mi 0 0 0 0 0 1

Annonaceae Polyathia cerasoides Mi 0 0 0 2 0 0
Lauraceae Lindera caudata Mi 0 0 0 0 2 24

Monocots
Asparagaceae Ophiopogon japonicus Cr 0 0 0 6 1 0

Asphodelaceae Dianella ensifolia Cr 0 0 0 15 13 5
Comelinaceae Cyanotis burmanniana Ch 0 4 0 7 1 2

Cyperaceae Cyperus radians Hm 0 38 8 0 1 1
Pandanaceae Pandamus tectorius Na 1 0 0 0 0 0

Poaceae Eriachne chinensis Cr 3 10 19 2 5 5
Poaceae Paspalum viginatum Cr 0 15 0 0 0 0
Poaceae Spinifex littoreus Cr 10 1 0 0 0 0

Smilacaceae Smilax glabra Lp 0 0 0 0 0 2
Eudicots

Apocynaceae Alyxia pseudosinensis Lp 0 0 2 32 85 311

Apocynaceae Strophanthus divaricatus Na 0 0 0 7 0 0
Dilleniaceae Tetracera scandens Lp 3 0 0 3 16 11

Dipterocarpaceae Vatica mangachapoi Mi 0 0 0 2 0 0
Euphorbiaceae Croton touramensis Mi 0 0 0 20 60 0

Fabaceae Acacia crassicarpa MM 0 0 33 0 0 0
Fabaceae Acacia mangium MM 0 1 0 0 0 0
Fagaceae Castonopsis indica MM 0 0 0 1 0 0
Fagaceae Lithocarpus concentricus MM 0 0 0 0 0 2

Myrtaceae Syzygium corticosum MM 0 0 0 12 12 32
Myrtaceae Syzygium cumini Mi 0 0 0 0 1 2
Myrtaceae Syzygium czeylanticum MM 0 0 0 0 12 8
Oleaceae Jasminum subtriplinerve Lp 0 0 0 0 2 3

Phyllanthaceae Breynia fruticosa Na 0 1 0 0 0 0
Phyllanthaceae Cleistanthus concinnus Mi 0 0 0 0 1 0
Phyllanthaceae Phyllanthus fasciculatus Na 0 0 0 7 1 0
Phyllanthaceae Phyllanthus thaii Na 0 0 0 0 0 3

Primulaceae Rapanea linearis Mi 0 0 2 5 2 3
Rhizophoraceae Carallia brachiata MM 0 0 0 1 0 1

Rubiaceae Ixora coccinea Na 0 0 0 10 0 4
Rubiaceae Morinda parvifolia Lp 2 1 0 3 0 0
Rubiaceae Psychotria montana Cr 0 0 0 0 1 2
Rutaceae Severinia monophylla Na 3 2 0 0 0 0
Salicaceae Scolopia spinoda Mi 0 0 0 0 0 12

Sapindaceae Lepisanthes tetraphylla MM 0 0 0 0 3 1
Simaroubaceae Eurycoma longifolia Mi 0 0 0 0 0 1

                                 Total 22 73 64 135 221 436

Table 3. Total estimated species (TES) and model parameters for understory plant communities in NF and AP.

Forest Type TES (SE) B (SE) Residual SE t value of TES t value of B

NF 38.8 (0.4) 6.5 (0.2) 0.5 98.3*** 31.3***

AP 21.5 (0.3) 15.2 (0.4) 0.2 73.2*** 35.1***

letters on the t values indicate the result of Wald test (ns, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001)

http://dx.doi.org/10.1007/s11187-003-6463-7
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Figure 6. The proportion of each life form of understory vegetation in the natural forests and Acacia plantations. Letters in the figure 
indicate the result of χ2 test (ns, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001).
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Figure 7. Diversity indices of understory vegetation in the natural forests and Acacia plantations: (a) Richness index; (b) Shannon index: 
(c) Evenness index; and (d) Menhinick index. Letters in the figure indicate the results of Mixed one-way ANOVA (ns, not significant; *, P 
< 0.05; **, P < 0.01; ***, P < 0.001).

Natural forest	 Acacia plantation Natural forest	 Acacia plantation

A: Richness index

C: Eveness index

B: Shannon index

D: Menchinick index
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Figure 8. Environmental factors in the natural forests and Acacia plantations: (a) Canopy coverage; (b) surface mineral soil water 
content; (c) thickness of the organic soil layer; (d) distance from the coastline; and (e) soil pH. Letters in the figure indicate the results 
of Mixed one-way ANOVA (ns, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001).
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a clear spatial separation of the understory vegetation 
composition between NF and AP (Figure 9). The results of 
PERMDISP indicated no significant differences in dispersion 
between groups for either Bray–Curtis (P = 0.07) or Jaccard 
distances (P = 0.09), and the PERMANOVA analysis revealed 
significant differences in understory species composition 
between forest types based on both Bray–Curtis (R² = 0.29, 
F = 6.46, P = 0.001) and Jaccard distances (R² = 0.21, F = 
4.22, P = 0.001), however, no environmental factor was 
found to affect the differences in understory vegetation 
composition on the two-dimensional NMDS diagram.
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Figure 9. Non-metric Multidimensional Scaling (NMDS) plot showing the understory vegetation structure of the study plots with (a) 
Bray–Curtis distance and with (b) Jaccard distance. Letters in the figure indicate the location and forest type of study plots (QB: Quang 
Binh, QT: Quang Tri, TTH: Thua Thien Hue, NF: natural forest, AP: Acacia plantation).

The mean values for canopy coverage (%), soil 
volumetric water content (%), thickness of organic soil 
layer (cm) and distance from the coastline (km) in NF 
were 86.5, 3.3, 3.2, and 3.9 respectively, and those in AP 
were 76.1, 4.1, 2.6, and 3.9 in AP respectively (Figure 8a-
d). These environmental factors did not show a significant 
difference between NF and AP (P > 0.05). By contrast, pH 
(KCl) was significantly lower in NF (3.0) than in AP (3.3) 
(Figure 8e) (P < 0.05). 

The Two-dimensional NMDS analysis was successful 
with a stress value of 0.08. The NMDS diagram showed 

http://dx.doi.org/10.1007/s11187-003-6463-7
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DISCUSSION 

Our study demonstrated that there were significant 
differences in understory plant community structure, 
diversity, and composition between natural forests (NF) and 
Acacia plantations (AP) in coastal sand dune ecosystems in 
North Central Vietnam (Figures 6–9, Tables 2, 4). Although 
the calculated rarefaction curves in both plots were 
relatively stabilised at the maximum number of subplots 
(Figure 5), understory species found in this study accounted 
for 82.5 % in NF and 66.7% in AP against the total estimated 
species (Table 3), suggesting that the species diversity at 
the regional scale may partly be underestimated in our 
census effort, especially for APs. However, the estimated 
species diversity from the rarefaction curves critically 
differed between the two forest types (Table 3), and this 
tendency can be well-reproduced by various diversity 
indices (Figure 7). The overall plant diversity in this study 
(Figure 7, Table 2) was consistent with previous studies in 
this region (Hoang and Thao 2015, Thao et al. 2015, Thao 
2020, 2021, 2022, 2024). 

The significantly higher values of species richness, 
Shannon diversity, evenness, and Menhinick index in NF 
highlight the superior ecological quality and complexity 
of the natural forest environment (Figure 7). The mean 
richness of 5.70 species per subplot in NF, compared to 
only 1.63 in AP, underscores a dramatic reduction in species 
coexistence under plantation conditions. Significant 
differences in the Shannon index (1.17 in NF vs 0.26 in 
AP) and evenness (0.32 vs 0.09) show that not only is the 
number of species greater in NF, but also their relative 
abundances are more balanced (Thao 2016, Thao 2022). 
In contrast, the low evenness in AP reflects a community 
dominated by a few species with limited diversity, a 
pattern often associated with simplified systems such as 
monocultures (Bremer and Farley 2010, Pawson et al. 
2013). 

The quantitative difference was accompanied by 
contrasting life form compositions (Figure 6). The 
dominance of Lp in NF (49.21%) reflects a structural 
characteristic commonly observed in tropical coastal sand 
dune forests where lianas represent an important life 
form contributing substantially to overall plant community 
composition (Black et al. 2010, Castanho et al. 2012, Chun 
& Choi 2012, White et al. 2024). The presence of a diverse 
spectrum of life forms, including Mi, MM, Cr, and Na, 
further highlights the structural complexity and ecological 
heterogeneity of NF. Studies of sand dune forests in other 
regions also reported that natural forests supported greater 
species diversity due to their structural complexity and 
ecological characteristics (Hesp 1991, Maun 2009, Acosta 
et al. 2009, Tordoni et al. 2021). In contrast, abundant 
life forms in AP (Cr and Hm) (Figure 6) were indicative of 
disturbance and early successional dynamics (Zou et al., 
2023) and reflected the simplified structure and reduced 
diversity typical of afforested plantations (Brockerhoff et 
al. 2008, Kayes et al. 2010). Our findings support research 
that has shown that monoculture plantations often fail 
to replicate the natural heterogeneity and biodiversity of 
native forests (Provoost et al. 2011). 

These differences in plant community structure between 
NF and AP were clearly reflected in the results of the NMDS 
analysis (Figure 9) and PERMANOVA, particularly in terms 
of species composition and abundance. These findings are 
consistent with previous studies on understory vegetation 
in coastal sand dune forests dominated by Acacia species, 
which reported negative impacts of Acacia on the diversity 
and abundance of understory species (Lorenzo et al. 2010, 
Rascher et al. 2011a, Fuentes et al. 2011, Le Maitre et al. 
2011, González et al. 2012). Moreover, the PERMDISP test 
indicated that the differences observed were not due to 
heterogeneity in within-group dispersion (P > 0.05), thereby 
validating that the differences detected by PERMANOVA 
reflect genuine shifts in community centroids rather than 
differences in variance among plots (Ecklu-Mensah et 
al. 2023). This distinction is critical in ensuring that the 
observed patterns are driven by ecological differences 
between forest types, rather than by variability within 
them.

Although significant differences in vegetation 
composition and diversity were observed between two 
forest types, most environmental variables (thickness of 
the organic soil layer, surface mineral soil water content, 
canopy coverage, and distance from the coastline) did 
not differ significantly between forest types (Figure 8). 
Consequently, no environmental factor explains the 
variation in plant community structures (Figure 8). This 
suggests that abiotic conditions at the regional scale are 
relatively homogeneous across the study area, and that 
the observed differences in plant community structure 
are primarily driven by forest type and associated biotic 
processes rather than environmental gradients (Vandvik 
et al. 2020). On the other hand, the vegetative organs of 
Acacia trees (leaf, bark, and twigs) are known to release 
chemical compounds that inhibit the germination and 
growth of other plant species (Lorenzo et al. 2011, Ismail 
and Metali, 2014). Such allelopathic effects might be one 
of the possible factors that explain why vegetation under 
Acacia plantations tends to be less diverse compared 
to other forest types (Le Maitre et al. 2011, Lorenzo et 
al. 2011, González et al. 2012). Only soil pH (KCl) was 
significantly lower in NF (3.0) than in AP (3.3) (Figure 8). 
Isermann (2005) reported that the species richness of sand 
dune vegetation in northern Germany showed a peak at 
the site with intermediate soil pH when they compared 
species diversity between areas with soil pH ranging from 
3.97 to 7.75. Therefore, the significantly higher soil pH in 
the Acacia plantation can potentially promote plant species 
diversity. The soil pH values in this study were relatively 
low and strongly acidic (pH < 4.0) in both forest types, as 
compared to the previous works in the sand dune forest 
of the North Central Coast of Vietnam (Hoa et al. 2004, 
Son et al. 2023). Even though the difference in pH values 
is extremely small, it may affect plant species diversity in 
the strongly acidic soil conditions. In addition, the lower 
species diversity observed in Acacia plantations may 
be attributed to differences in seed sources, along with 
intensive management and simplified canopy structure, 
which can limit understory species establishment (Lorenzo 
et al. 2011, Ismail and Metali 2014, Nambiar et al. 2015).

http://dx.doi.org/10.1007/s11187-003-6463-7
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Currently, several research projects and investment 
initiatives are focused on rehabilitating and enhancing the 
coastal sand dune forests of North Central Vietnam using 
native species instead of Acacia (Wittmann et al. 2019, Hien 
et al. 2022, Pistorius et al. 2023). Globally, many coastal sand 
regions have successfully implemented restoration efforts 
using native tree species, highlighting the effectiveness of 
this approach in promoting biodiversity and ecosystem 
resilience (Page 2005, Griffiths et al. 2007, Williams 2007, 
Emily 2023). Besides, to enhance biodiversity and ecological 
functionality in plantations, management practices should 
prioritise mixed-species planting and promote natural 
regeneration (Anbarashan et al. 2017, Gao et al. 2018). 
Our results indicate that succession by native tree species 
does not seem to occur naturally in Acacia plantations. 
Hence, to restore and sustainably develop coastal sand 
forests in North Central Vietnam, it is essential to establish 
a scientifically based strategy for managing and protecting 
the remaining natural remnant forest areas. A long-term 
plan should focus on reforestation activities, prioritising 
the use of native tree species to conserve biodiversity and 
maintain ecosystem stability.

CONCLUSIONS 

This study elucidated the fundamental differences 
in the understory vegetation structure between natural 
and plantation forests in the coastal sand dunes forest in 
Central Vietnam. These differences were clearly reflected 
in the species composition, species richness, and life forms, 
with distinct variations highlighted by biodiversity indices 
and NMDS modelling. The environmental factors did not 
directly influence the structural differences between 
the two forest types; allelopathic effects from the leaves 
of certain acacia species have been shown to negatively 
impact the germination capacity of understory species. 
The results of this study affirm the significant ecological 

value disparity between natural forests (NFs) and Acacia 
plantations (APs). NFs play a crucial role in maintaining and 
developing a stable and sustainable understory ecosystem, 
whereas APs tend to have negative effects on understory 
diversity and ecosystem stability. These findings provide 
a critical foundation for developing and implementing 
strategies for the restoration and enhancement of 
ecosystems in natural forest areas.
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