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Abstract: We investigated the effect of soil moisture content and forest canopy openness on
the establishment of Dipterocarpus turbinatus saplings in Lawachara National Park (LNP) of
Bangladesh. LNP is a tropical semi-evergreen forest and managed by protected area comanagement approach. We established 50 sample plots (plot size 20 × 20 m): 25 plots in each of
the buffer and core zones by a stratified random sampling procedure. Results showed that
sapling density, soil moisture content and canopy openness significantly varied between buffer
and core zones (P < 0.001). Soil moisture positively affected the sapling density in the buffer
zone (N = 25, r = 0.63, P < 0.01) where as in the core zone, soil moisture had no significant
effect. Canopy openness was negatively related to sapling density of D. turbinatus in the core
zone (N = 25, r = 0.52, P < 0.01) but had no significant effect in the buffer zone. These findings
suggest that soil canopy openness is a determinant of sapling establishment in the core zone
where as in the buffer zone, soil moisture content is crucial for D. turbinatus regeneration. The
results have implications for the conservation and management of such a critically endangered
species under protected area management in Bangladesh.
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Introduction
Regeneration is the process of building a forest
by which trees and forests survive, replace or reestablish (Cremer 1990). Unlike homogeneous
plantations, management of natural forests largely
depends on successful natural regeneration of
valuable species. The practice of natural regeneration over many decades had contributed a store
of knowledge of silvicultural practices in forest
management (Nair 1961; Nair 1986). Many known
and unknown factors affect the natural regeneration processes in forests (Singh et al. 1997;
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Swarupanandan & Sasidharan 1992), including
both physicochemical and biotic factors (Singh et
al. 1997). Among these factors natural regeneration is more likely regulated by canopy openness
(Piiroinen et al. 2013; Zhang et al. 2013) and soil
moisture content (Lieberman & Li 1992; Marod et
al. 2002; McLaren & McDonald 2003a, b) in many
of the forests. Although there is a growing body of
literature about the physical and biological factors
of natural regeneration in general, the effect of
these factors on a particular species like Garjan,
Dipterocarpus turbinatus C.F. Gaertn., is still
inadequate.
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Garjan is an important timber-yielding species
generally recorded in Bangladesh, Myanmar, India
and Malaya Peninsula (Champion 1936). Study of
natural regeneration of this species is particularly
important because this species shows different
functional traits in terms of light requirements at
the different stages of its life cycle (Zabala 1989).
At the early stages of the development, it can
tolerate partial shade, but at later stages, it turns
into a light demanding pioneer species (Zabala
1989), suggesting that forest canopy openness may
have significant effect on the natural regeneration
of this species. Water availability may also limit
seed germination (Hosseini et al. 2009; Schütz et
al. 2002) and early seedling establishment of many
species in tropical forests, making soil moisture an
important parameter determining the survival of
seedlings (Swarupanandan & Sasidharan 1992).
Nevertheless, how D. turbinatus saplings respond
to soil moisture content and forest canopy openness in tropical forests is poorly understood. More
particularly, such study is notably absent in
Bangladesh where this species is found in almost
all the forest types, including tropical semievergreen, tropical wet evergreen and tropical
moist deciduous forests.
The
forest
management
paradigm
in
Bangladesh has recently shifted from a traditional
management approach to community-based forest
management under protected area management
scheme (Ahmed 2008). The framework of protected
area management includes delineation of forest
core zone from buffer zone (Fig. 1). Forest dwelling
local people are permitted to extract minor forest
products only from the buffer zone and, hence, the
buffer zone is relatively disturbed with less canopy
density. On the other hand, the core zone has been
left intact in order to conserve the native forest
species and maximize ecosystem services. Lawachara National Park (LNP) is an important nature
reserve and one of the 34 protected areas of
Bangladesh. The park harbors around 20 % of the
threatened species listed in the red databook of
vascular plants of Bangladesh (Khan et al. 2001;
Uddin & Hasan 2010). Among all species found in
LNP, D. turbinatus is of particular importance
since it is listed as critically endangered in the
IUCN red list of threatened species (Ashton 1998).
Successful natural regeneration may offer a viable
population of this species and is of utmost importance for its conservation. However, the natural
regeneration dynamics of D. turbinatus was not
studied before in this protected forest area.
Although most of the physical and biological

factors remain more or less uniform in small forest
areas (Tyagi et al. 2013), in case of larger areas,
like LNP (1250 ha), it is hypothesized that they
will vary significantly. Importantly, variation in
light availability and soil moisture content should
be obvious between buffer and core forest zones
because of variation of canopy density and
intensity of disturbances (Fischer & Lindenmayer
2007; Gehlhausen et al. 2000). Nevertheless, how
saplings of D. turbinatus respond to this variation
between buffer and core zones is very poorly
understood. The current study is, therefore, aimed
at investigating the effects of soil moisture content
and forest canopy openness on the natural
regeneration of D. turbinatus both in the core and
buffer zones of LNP, Bangladesh. The main
research questions included: (a) How do soil
moisture content, forest canopy openness and
sapling density of D. turbinatus vary between the
core and buffer zones of LNP? (b) Does soil
moisture affect natural regeneration of D. turbinatus in the core and buffer zones of LNP? (c)
What is the effect of forest canopy openness on the
natural regeneration of D. turbinatus in the core
and buffer zones of LNP?

Buffer zone

Core zone
Buffer zone

Buffer zone

Buffer zone

Fig. 1. Thematic diagram of the protected area
management in Lawachara National Park, Moulvibazar District, Bangladesh, indicating the delineating
boundary of core and buffer zones.

Materials and methods
Study site
The study was conducted in LNP, one of the
largest protected areas in Bangladesh (24° 30΄-24˚
32΄ N and 91° 37΄- 91° 39΄ E) (Fig. 2). The total
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Fig. 2. Maps of the study site: A = Map
Map of Bangladesh, including map of South Asia; B = Map of Bangladesh
showing Moulvibazar District; C = Forest interior; and D = Map
ap of Lawachara National Park in Moulvibazar
District.

area of the national park is 1,250 ha and located
within the 2,740 ha West Bhanugach Reserved
Forest under Moulvibazar Forest Division (FSP
2000). LNP was declared as a national park by the
Bangladesh government on July 7, 1996 under the
Wildlife Amendment Act of 1974 (Canonizado &
Rahman 1998; Riadh 2007). It is reported that the
park has been subjected to a large scale logging in
1920 and, then, replanted with both native and
exotic species (Feeroz
Feeroz & Islam 2000), making it a
mixture of old growth natural and secondary
forests. Vegetation types include semi-evergreen
semi

forest containing both deciduous canopy and ever
evergreen understory (Ahsan 2000). Topography is
undulating with hillocks of 10 - 50 m (Riadh 2007)
that interspersed with numerous streams flowing
through the forest. The soils range from alluvial
brown sandy clay loam to clay loam dating from the
Pliocene epoch (Ahmad 1970; Hossain et al. 1989).
The site experienced a moist tropical climate
(Uddin & Hassan 2010) with long wet (April
(AprilOctober) and relatively short dry (November
(NovemberMarch) seasons (Fig. 3). The rainfall and tempe
temperature data of nearby weather station (24° 30΄ N
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Fig. 3. Climate diagram based on data recorded at
nearby weather station (9 km away from study site)
during 1950 to 2011 and 1948 to 2010 for rainfall and
temperature, respectively.

and 91° 39΄ E) were obtained from South Asian
Association for Regional Cooperation Meteorological Research Centre (SMRC).

Study species
We studied the effect of two physical factors on
the establishment of D. turbinatus saplings in the
core and buffer zones of LNP under protected area
management. Dipterocarpus turbinatus is a slowgrowing, lofty, ever-green
green hardwood tree attaining
upto 50 m in height and 159 cm in diameter at
breast height (DBH) with a clean, cylindrical bole
and elevated crown. The species prefers clay to
clayey loam soils on plain land and sandy loam to
coarse sand on hillyground. This species cannot
tolerate extreme soil pH. Preferred soil pH varied
from 4.9 to 5.8. In Bangladesh, D. turbinatus is
found scattered in the tropical wet evergreen forests
and tropical semi-evergreen
evergreen forests of Chittagong,
Chittagong
ittagong Hill Tracts, Cox’s Bazar and Sylhet
(Champion 1936) in association with D. gracilis,
Chukrassia tabularis A. Juss., Hopea odorata
Roxb., Salmalia insignis Schott & Endl.,
Endl. etc. At
the early stages, the species behave as a shade
tolerant species, butt with the subsequent developdevelop
ment it prefers strong light like a pioneer species
(Zabala 1989). Flowers appear from January
through March and occasionally up to April.
Fruiting occurs in May and June (Gamble 1922;
Troup 1921). Fruits ripen and fall from the
t
tree
around the middle of May to the middle of June.
Seeds have a hygroscopic, spongy, thick, domedome
shaped part of the pericarp located just above the
embryo (Banik 1980).

Sampling procedure
A total of 50 quadrat sample plots (plot size =
20 × 20 m) were established in the Garjan stands
of LNP. Most of the D. turbinatus stands were
established in 1920 throughout the forest after a
large scale felling (Feeroz
Feeroz & Islam 2000), making
this forest an intimate mixture of old growth
natural and secondary fore
forest stands of valuable
species. After declaring as protected areas in 1996,
D. turbinatus stands were distributed both in the
buffer and core zones. Although there was no well
welldefined boundary between buffer and core zones,
we considered up to 400 m from th
the edge of the
forest towards the interior of the forest as buffer
zone. We randomly sampled 25 stands from the
buffer zone (outer part) and 25 stands from the
core zone (inner part) of the forest. The number of
D. turbinatus saplings was counted in each p
plot.
The number of saplings counted in each plot was
converted to number of saplings ha-1 by
multiplying the plot size (400 m2) by 250. An
individual, which attained a height of > 1 - 2 m
and a diameter at breast height (DBH) of < 5 cm
was considered as a sapling.

Fig. 4. Layout of a sample plot. The four point stars
indicate the locations of soil sampling and measure
measurement of canopy openness.

Measurement of canopy openness
Canopy openness was measured by using a
canopy densiometer (Paul E. Lemon, Forest
Densiometers, 2413 N. Kenmore St., Arlington,
Virginia, USA). In each 20 × 20 m plot, the canopy
openness was measured at four locations on the
ground (Fig. 4). At each location, four measure
measurements were taken at four directions. Therefore, a
total of 16 measurements
asurements were taken in each plot
and then averaged to get the final canopy openness
of each plot.
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r = 0.63, p < 0.01

r = 0.16, p < 0.42

Fig. 5. Relationship between sapling density of D. turbinatus and the physical factors: (a) soil moisture
content; and (b) canopy openness in the buffer zone of Lawachara National Park, Bangladesh.

Soil sampling and measurement of soil
moisture content
Soil samples were taken from four locations of
each plot (Fig. 4) at 30 cm depth by using a soil
auger (2.5 cm diameter). Four soil sub-samples
sub
were, then, thoroughly mixed up to make a
composite soil sample for each plot. The moist soil
samples were first sieved through 10 mm mesh
sieve to
o remove gravel, small stones and coarse
roots and, then, passed through 2 mm sieve. The
samples were weighed before air-drying
air
and
transported to the Laboratory of Forestry and
Environmental Science, Shahjalal University of
Science and Technology, Bangladesh,
esh, for determidetermi
nation of soil moisture content. Soil moisture
content was measured following the method
developed by SAA (1977). Soil samples were oven
dried at 105 °C for 24 h. Moisture content of the
soil was determined from the difference of initial
and
nd final readings. These results were then
multiplied by 100 and divided by the weight of
dried soil to get the moisture content in
percentage. The following formula was used:
Soil moisture content (%)={(W2-W3)/(W3
W3)/(W3-W1)}×100
where, W1 = Weight of Petri dish (g); W2 = Weight
of moist soil + Petri dish (g); and W3 = Weight of
dried soil + Petri dish (g).
The major advantage of this method over
digital moisture meter is the accuracy of the
measurement since it involves direct measurement

of soil moisture content.

Statistical analyses
We performed an independent sample tt-test to
compare the soil moisture content, canopy
openness and sapling density of D. turbinatus
between core and buffer zones. A simple Pearson
correlation test was performed to show the
relationship between each ecological parameter
and the sapling density in either forest zone. Soil
moisture content and the canopy openness data
were square root-transformed
ansformed and the sapling
density was log transformed to normalize the
distribution of residuals. All the analyses were
performed by using SPSS version 19.0 (IBM
Corporation 2010).

Results
Density of saplings
A total of 440 saplings were recorded from
overall
rall 50 sample plots in the buffer and core
zones. The number of saplings in each plot ranged
from 5 to 19 in the buffer and 0 to 13 in the core
zones. The average sapling density of D. turbinatus was 271 ha-1 and 169 ha-1 in the buffer and
core zones, respectively.

Variation between buffer and core zones in
three ecological parameters
There was a significant difference in canopy
openness, soil moisture content and sapling density
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Table 1. Comparison of parameters used to compare the buffer and core zones of Lawachara National Park,
Bangladesh.
Parameters
Canopy openness (%)

Forest zone

Mean

Standard Error of
the Mean

Buffer zone

25

36.84

1.894

Core zone

25

6.73

0.6777

Soil moisture content (%) Buffer zone
Sapling density ha-1

N

25

9.85

0.712

Core zone

25

22.71

0.338

Buffer zone

25

10.84

0.756

Core zone

25

6.76

0.686

t-value

Degrees of
freedom

Level of
significance

14.97

48

P < 0.001

-12.86

48

P < 0.001

4.08

48

P < 0.001

Fig. 6. Relationship between sapling density of D. turbinatus and the physical factors (a) soil moisture content
and (b) canopy openness in the core zone of Lawachara National Park, Bangladesh.

of D. turbinatus between the buffer and core zones
of the forests (Table 1). In the core zone, the
canopy was much denser than that of the buffer
zone (t = 14.97, P < 0.001). On the other hand, the
core zone contained relatively higher soil moisture
content than the buffer zone (t = -12.86,
12.86, P < 0.001
and the variation was highly significant (t = 4.08,
P < 0.001). The mean percentage of canopy
openness and soil moisture content in the core zone
were 6.73 ± 0.68 and 22.71 ± 0.39, respectively. In
contrast, the average canopy openness and soil
moisture content in the buffer zone were 36.85 ±
1.89 and 9.85 ± 0.71, respectively (Table 1).

Effects of soil moisture
isture and canopy openness in
the buffer and core zones
Soil moisture content in the buffer zone ranged
from 5 to 18 % whereas forest canopy openness
ranged from 20 to 50 % along the plots. Soil
moisture content was significantly related to the

natural regeneration of D. turbinatus at LNP (N =
25, r = 0.63, P < 0.01). The number of saplings
increased with increasing soil moisture content in
the buffer zone. On the other hand, forest canopy
openness was not significantly related to natural
regeneration of D. turbinatus in the buffer zone (N
= 25, r = 0.17, P = 0.42) (Fig. 5).
In the core zone, soil moisture content ranged
from 19.7 to 26.6 % whereas forest canopy open
openness varied from 1.5 to 13.6 % along the plots. No
relationship was found between soil moisture
content and sapling density of D. turbinatus in the
core zone (N = 25, r = 0.04, P = 0.85). However,
canopy openness was significantly related to the
sapling density of D. turbinatus (N = 25, r = 0.52, P
< 0.01). The number of saplings decreased with
increasing canopy openness in the core zone (Fig. 6).

Discussion
A wide range of variation was found in the
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three parameters (soil moisture content, forest
canopy openness and sapling density of D.
turbinatus) in LNP. Soil moisture content was
higher in the core than buffer zones. Because soil
moisture content is highly correlated to the soil
organic matter content in the arid environment
(Wang et al. 2013), the higher moisture content in
the core zone reported here might be attributed to
the higher water holding capacity of its soil
resulting from the continuous and undisturbed
litter layer and, consequently, higher organic
matter content in the soil. On the other hand, a
continuous litter layer is apparently absent in the
buffer zone due to mainly high magnitude of
anthropogenic disturbances.
Forest canopy openness differed in the two
forest zones of the study site. Higher vegetation
density and presence of dominant trees result in
lower canopy openness in the core zone. In contrast,
vegetation density in the buffer zone is lower than
the core zone, making the buffer zone a relatively
open area (Biswal et al. 2013; Mehring & StollKleemann 2013; Sahoo & Davidar 2013). However,
lower sapling density of D. turbinatus was observed
in the core zone. The likely drivers of this result
might be the increased competition from both larger
trees and denser undergrowth vegetation. The
allelopathic impact of undergrowth may also be
attributed to this lower sapling density because
there is experimental evidence in favor of
allelopathic inhibition of woody plant seedlings by
herbaceous growth (Ahmed et al. 2007).
Soil moisture content affected D. turbinatus
regeneration in the buffer zone, whereas the
canopy openness was not significantly related to
the sapling density of D. turbinatus. Because D.
turbinatus shows different light preference traits
throughout its life cycle and can tolerate partial
shade at the early stage (Zabala 1989), light may
not be a determinant of seedling recruitment and
survival of its saplings, particularly in the buffer
zone where there is adequate light on the forest
floor. This theory is reflected in our result suggesting that canopy openness is not a critical factor
for the survival of saplings of D. turbinatus. Soil
moisture content might influence the natural
regeneration of dipterocarp species in tropical
forests (Boyce & Bakshi 1959; Gautam et al. 2007;
Hole 1914, 1921; Seth & Bhatnagar 1960).
Relatively low soil moisture content and the
positive association between sapling density of D.
turbinatus and soil moisture content in the buffer
zone of our study sites entails that soil moisture
content is a critical factor for a viable population of
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this species.
In the core zone of LNP, soil moisture content
did not affect the regeneration of D. turbinatus.
The likely reason of this result might be the
availability of sufficient soil moisture throughout
the core zone. Instead, forest canopy openness
influenced natural regeneration of D. turbinatus.
Canopy openness may influence seedling growth
and survival either directly (Choudhury et al.
2014; Piiroinen et al. 2013; Zhang et al. 2013) or
indirectly through affecting the physical environment (Beckage & Clark 2003; Dey & Macdonald
2001). The negative association between sapling
density and canopy openness in our study, however, might be attributed to the colonization of
undergrowth species. Tropical forest environment
promotes colonization and dominance by perennial
shrubs, vines and grasses which are lightdemanding, early successional and typical of open
habitats (Badruddin et al.1990; Chandrasekaran &
Swamy 1995; Whitmore 1991). Increased colonization of these aggressive weeds is likely
attributed to inhibit seed germination, survival
and establishment of D. turbinatus seedlings in
LNP.

Conclusions
The core zone and the buffer zone were quite
different in terms of soil moisture content, canopy
openness and sapling density of D. turbinatus. The
frequency and intensity of anthropogenic disturbances might be the main underlying causes of
these differences. The soils are not capable of
holding sufficient moisture as a consequence of
lower litter content in the buffer zone, making soil
moisture content a crucial factor for the establishment of D. turbinatus saplings in the buffer zone.
On the other hand, increase canopy openness
limited the establishment of D. turbinatus by
stimulating the growth of herbaceous growth and,
the subsequent competition for similar resources.
These findings demonstrated that different silvicultural practices should be employed in the
different forest zones depending on the ecological
requirements of species in a particular zone of a
protected forest area. Future research should
include more environmental parameters, including
soil nutrients to infer firm conclusions about the
responses of D. turbinatus seedlings in the
protected areas.
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