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Introduction
The resprouting ability of trees is an important species-
specifi c character for adaptation to natural disturbances 
(Bellingham & Sparrow, 2000). Various studies in tropical 
forests have examined this ability in response to hurri-
canes (Bellingham et al., 1994; Zimmerman et al., 1994; 
Jimenez-Rodríguez et al., 2018), fi re (Paciorek et al., 2000; 
Mlambo & Mapaure, 2006; Lawes et al., 2011; Nguyen 
et al., 2019), and slash-and-burn agriculture (Miller & 
Kauff man, 1998). From the perspective of conservation, 
information on resprouting ability is fundamental to 
practical applications. 

 Human population growth is currently causing 
deforestation pressure in Cambodia. The country has 
att racted the att ention of the REDD+ programme (i.e., 
reducing emissions from deforestation and forest degra-
dation and the role of conservation, sustainable manage-
ment of forests and enhancement of forest carbon stocks 
in developing countries) because it is regarded as a “hot 
spot” for deforestation and forest degradation (FAO, 
2010; FAO, 2020). As a result, quantitative studies have 
been conducted on the sustainability of forest use in 
Cambodia e.g., on wood fuel consumption (Top et al., 
2004a) and the gain-loss approach quantifying carbon 
gains from annual increases and losses in biomass caused 
by natural and anthropogenic processes (Sasaki, 2006; 
Sasaki et al., 2013, 2016; Kiyono et al., 2017). 

 Basic information on forest stands and their regen-
eration is necessary to provide guidelines for sustainable 
forest use in Cambodia (Ito et al., 2016). Such informa-
tion must be presented for individual forest types, 

appropriately stratifi ed by degradation processes. In this 
study, we focused on resprouting ability of a commonly 
logged tree species, Dipterocarpus obtusifolius Teijsm. ex 
Miq. (Dipterocarpaceae). Our aim was to examine the 
sustainability of forest use in an open forest community 
dominated by D. obtusifolius, referred to as sandy dry 
dipterocarp forest. For this purpose, we determined the 
stump size showing resprouting ability for tree species in 
a sandy dry dipterocarp forest in central Cambodia. 

Methods
Our study was conducted in Kampong Thom Province 
(12.8°N, 105.5°E; elevation: 70 m). The climate of the area 
is seasonally tropical, and the months from November 
through April are dry. Mean annual temperature is 27 °C 
and annual rainfall (mean ± SD) is 1542 ± 248 mm (2000–
2010; NIS, 2012). Our study sites were located on exten-
sive quaternary sedimentary rock. The soils present are 
classifi ed as acrisols, but have albic and arenic features 
that suggest a closer relationship with arenosols (Tori-
yama et al., 2007a). 

 Our study forest was a sandy dry dipterocarp forest 
(Ito et al., 2017). Sandy dry dipterocarp forests are 
characterised by a strong dominance of Dipterocarpus 
obtusifolius (Dipterocarpaceae; Khmer: “Tbeng”), which 
favour sandy or gravelly soils or laterites (Smitinand et 
al., 1980). This forest type has been variously referred to 
as “forêt claire à Dipterocarpus obtusifolius” (Vidal, 1960), 
D. obtusifolius on sand or grey soil (“à D. obtusifolius, sur 
sable ou terre grise”; Rollet, 1972), D. obtusifolius commu-
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nity (Baltz er et al., 2001), and D. obtusifolius stand type 
(Hiramatsu et al., 2007). Sandy dry dipterocarp forests 
are most characteristic of areas east of the Mekong River 
in Cambodia in sites with thin sandy soils over laterites 
(Rundel, 1999). In Kampong Thom Province, northeast 
of Tonle Sap Lake, they often occur as scatt ered forest 
patches among evergreen forests in sites with deep sandy 
soils that are subject to seasonal fl ooding (Hiramatsu et 
al., 2007).

 The Cambodian Forestry Administration has classi-
fi ed national forest cover into four major types: evergreen, 
semi-evergreen, deciduous, plus a mixture of other forms 
such as forest re-growth, inundated forests, stunted 
forests, mangrove forests and forest plantations (Forestry 
Administration, 2011). Deciduous forests comprising dry 
mixed deciduous forests and dry dipterocarp forests are 
predominant in Cambodia and account for 24.7% of its 
land area (Forestry Administration, 2011). Dry diptero-
carp forests are characterized by a dominance by a small 
number of deciduous species of Dipterocarpaceae, such 
as D. intricatus, D. tuberculatus, Shorea obtusa and S. 
siamensis (Rundel, 1999). They have also been subdivided 
into four forms, each with diff erent combinations of soil 
type and dominant dipterocarp species (Rollet, 1972). 
Although our sandy dry dipterocarp study forest is clas-
sifi ed as one form of dry dipterocarp forest among decid-
uous forests, it has not shown clear deciduousness, only 
displaying irregular and incomplete leaf shedding of 
component tree species (Ito et al., 2007). For example, the 
leaf longevity of D. obtusifolius in the forest often exceeds 
one year (E. Ito & Tith B., unpublished data) and never 
results in a leafl ess crown. 

 Sandy dry dipterocarp forests often exhibit low 
species richness (Hiramatsu et al., 2007; Ito et al., 2017), 
annual growth rates and carbon increments (Ito et al., 
2017). They have open structures with 40–70% canopy 
cover (Rundel, 1999; Hiramatsu et al., 2007; Forestry 
Administration, 2011), are associated with ground fi res 
(Rundel, 1999; Hiramatsu et al., 2007), have nutrient-poor 
sandy soils (Rollet, 1972; Toriyama et al., 2007a,b) and 
experience seasonal fl ooding and drought conditions 
(Rollet, 1972; Rundel, 1999; Baltz er et al., 2001; Araki et al., 
2007). Dipterocarpus obtusifolius predominates and is an 
ecologically plastic and stress tolerant species (Rundel, 
1999). It is also fi re resistant in having the ability to 
resprout after fi re like other deciduous dipterocarps (D. 
tuberculatus, S. obtusa and S. siamensis) (Nguyen et al., 
2019). 

 We established a permanent sample plot (30 × 80 m) 
to investigate stand structure and dynamics in sandy dry 
dipterocarp forest at the study site in 2003 (Hiramatsu et 
al., 2007; Ito et al., 2017). Field surveys were conducted 

in 2003, 2008, 2009, 2010, 2011, and 2012 (pre-logging) 
and in 2014 and 2019 (post-logging) to investigate tree 
growth and demography. Based on a 2012 census under-
taken before illegal logging occurred at the site, the tree 
density and basal area of stems with a diameter at breast 
height (DBH) ≥5 cm were 408 stems ha−1 and 12.3 m2 ha−1, 
respectively (Ito et al., 2017). The plot had one dominant 
dipterocarp species, D. obtusifolius (accounting for 50% of 
stand basal area and 60% of stand tree number), which 
was associated with Gluta laccifera (Pierre) Ding Hou 
(Anacardiaceae, 35% and 6%, respectively) (Hiramatsu et 
al., 2007). The forest lacked auxiliary deciduous species 
such as D. tuberculatus, S. obtusa, S. siamensis, Pterocarpus 
macrocarpus (Fabaceae) and Xylia xylocarpa (Fabaceae), 
which usually occur together in dry dipterocarp or decid-
uous dipterocarp forests (Royal Forest Department, 1962; 
Hiramatsu et al., 2007; Tani et al., 2007; Pin et al., 2013). 
Edaphic limitations are potential factors limiting species 
richness (Hiramatsu et al., 2007) and the ground surface 
was waterlogged several times in the middle of the rainy 
season in 2005 (August through September, Araki et al., 
2007). The ground vegetation includes Xyris complanata 
R.Br. (Xyridaceae) and insectivorous plants (Drosera sp., 
Droseraceae and Nepenthes sp., Nepenthaceae), which 
suggest low-nutrient edaphic conditions (Hiramatsu et 
al., 2007).

 We investigated the resprouting ability of individual 
trees that had suff ered illegal cutt ing in and around the 
permanent sample plot. To this end, the heights and 
diameters of the remaining stumps were measured in 
December 2019. Diameter was measured at the upper 
surface of the stumps. We recorded the presence/absence 
of resprouting stems on the stumps, the number of 
resprouting stems, and the place where each resprouting 
stem emerged (basal sprouting from the ground around 
the stump or sprouting from the upper side of the 
stump). Individuals of D. obtusifolius whose main stems 
were broken by the toppling of other trees were also 
investigated. 

 A nominal logistic regression model was used 
to generate prediction equations for the relationship 
between stump size and presence/absence of resprouting 
using a dataset of all tree species and a dataset for D. 
obtusifolius only. One-way ANOVA was used to test for 
diff erences in the height or diameter of resprouting on 
logged stumps for D. obtusifolius. Tukey HSD tests were 
used to distinguish diff erences in the place of resprouting. 
Statistical analysis was conducted using JMP statistical 
software vers. 10.0 (SAS Institute Inc., Cary, NC, USA). 
The threshold for signifi cance applied in all tests was P < 
0.05.
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Results
During the chronological tree census (2003–2019), a total 
of 47 tree individuals were cut or had their stems broken 
by anthropogenic activities (Table 1). Illegal tree cutt ing 
within the plot progressed in stages, as follows. 

 During 2003–2012, there were no cutt ing events in 
our study plot. The site sometimes experienced fi re, but 
no tree (>5 cm DBH) died as a result. Logging occurred 
during the 2012–2014 census. Stumps were found on 
8 February 2014 and we estimate that these were cut 
between December 2013 and January 2014 due to the 
freshness of the logged stumps and because logging in 
the study area usually takes place during the dry season. 
Relatively large individuals of D. obtusifolius and G. 
laccifera (>38 cm DBH) were cut, probably for their timber 
(Table 1). Small trunks (<26 cm DBH) were also cut and 
discarded on site (Table 1). These may have been felled 
for fuel or used to test chainsaw performance. Further 
details on tree cutt ing during this period are reported 
by Ito et al. (2017). During the 2014–2019 census, the 
remaining large individuals of D. obtusifolius and G. 
laccifera were completely cut (Table 1). Most small trees 
were also cut during this period. On 28 February 2019, 
we found that the smaller trees had been gathered in 
one location at the site and estimate that these were cut 
between December 2018 and February 2019. 

 We investigated the resprouting ability of 47 trees. 
These comprised 45 trees that had been logged and two 
D. obtusifolius with broken stems (Table 1). Most of the 
investigated trees were D. obtusifolius (n=36) and the 

remaining species are shown in Table 1. Resprouting was 
observed in 15 trees in total (Table 1), most of which were 
also D. obtusifolius (n=13). The remaining two individuals 
were Calophyllum calaba var. bracteatum (Calophyllaceae) 
and Parinari anamensis (Chrysobalanaceae). Resprouting 
occurred in trees ranging from 4.8 to 26.9 cm in stump 
diameter (Fig. 1). Stump size signifi cantly predicted the 
presence/absence of resprouting in all trees investigated 
(P=0.0006) and D. obtusifolius (P=0.0228). Among 26 indi-
viduals of D. obtusifolius that had a stump diameter less 
than 26.9 cm, 42.3% showed resprouting ability. Nominal 
logistic regression models indicated that >50% of the D. 
obtusifolius stumps with a diameter less than 16.1 cm also 
retained resprouting ability (Fig. 2). 

 The median number of resprouts per tree was 
two, and there was no clear trend for smaller stumps 
to generate a greater number of sprouts. The highest 
number of sprouts on a single stump was 24, followed 
by 13. Dominant–inferior relationships were clear among 
the resprouts however, with only one or two resprouts 
being vigorous. Basal sprouting was found in eight trees, 
and stem sprouting was found in four trees. One excep-
tional individual had a single vigorous resprout which 
occurred on a stem and a total of 12 small resprouts 
which occurred on the base.

 There was a signifi cant diff erence in the height of 
logged stumps with basal sprouting and those with stem 
sprouting for D. obtusifolius (ANOVA, P=0.0043, Fig. 3), 
but no signifi cant diff erence was found in stump diam-
eter between the two. The addition of the explanatory 

Table 1 Selective tree cutt ing during 2012–2014 and 2014–2019 in the permanent sample plot in central Cambodia. Numerical 
values in square brackets represent resprouting trees. Stem diameter (cm) is given as mean and range in parentheses.

Tree species
(Family)

Cutt ing period
Total
n

2012–2014 2014–2019
n Stem diameter n Stem diameter

Dipterocarpus obtusifolius Teijsm. ex Miq. 
(Dipterocarpaceae) 6 [3] 23.8 (11.4–42.3)

[16.5 (11.4–26.0)] 30 [10] 25.4 (7.6–55.5)
[20.9 (4.8–26.9)] 36 [13]

Gluta laccifera (Pierre) Ding Hou               
(Anacardiaceae)

3 [0] 57.4 (54.3–61.8)
[—] 2 [0] 65.1 (63.3–66.8)

[—] 5 [0]

Calophyllum calaba L. var. bracteatum (Wight) 
P.F. Stevens (Calophyllaceae) 1 [1] 9.5

[9.5] 0 [0] —
[—] 1 [1]

Parinari anamensis Hance (Chrysobalanaceae) 1 [1] 4.9
[4.9] 3 [0] 26.7 (7.2–46.0)

[—] 4 [1]

Syzygium oblatum (Roxb.) Wall. ex A.M. Cowan 
& Cowan (Myrtaceae) 0 [0] —

[—] 1 [0] 31.2
[—] 1 [0]

Total 11 [5] 36 [10] 47 [15]
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factors of stump height and interaction of stump size and 
height did not signifi cantly improve the nominal logistic 
regression models predicting the presence/absence of 
resprouting. 

 The distribution of diameters for D. obtusifolius shifted 
markedly during our censuses (Fig. 4). What began as a 
relatively fl at distribution (Figs. 4A, 4B) changed to an 

Fig. 1 Relationship between diameter and height of logged 
stumps. Abbreviations indicate the presence/absence of 
resprouting stems. Species other than Dipterocarpus obtusi-
folius are Gl=Gluta laccifera, C=Calophyllum calaba var. brac-
teatum, Pa=Parinari anamensis, So=Syzygium oblatum.

 

Fig. 2 Estimated probability of resprouting according to the 
stump diameter using nominal logistic regression. Dashed 
and straight lines indicate estimates for all species and D. 
obtusifolius, respectively. 

Fig. 3 Height of logged stumps by location of resprouting 
stem of Dipterocarpus obtusifolius. Data are presented as box-
and-whisker plots (median, 25% and 75% quartiles, range). 
Columns labelled with diff erent lett ers diff er signifi cantly.

Fig. 4 Frequency distribution of DBH of Dipterocarpus 
obtusifolius in study plot: A) 2012 pre-logging census; B) 2014 
post-timber logging census; C) 2019 post-fi rewood logging 
census. Black and white columns indicate individuals with 
confi rmed and unconfi rmed fl owering and/or fruiting, 
respectively, prior to the 2009 census. 
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L-shaped distribution (Fig. 4c). Tree density and basal 
area also decreased greatly, from 258 trees ha−1 and 6.5 
m2 ha−1 during the 2012 census to 208 trees ha−1 and 1.7 m2 
ha−1 during the 2019 census (Fig. 4). 

 Recruitment of D. obtusifolius occurred during the 
2014−2019 censuses at a rate of 29 trees per plot. This was 
clearly greater than the recruitment of six trees per plot 
in the 11 years covered by the 2003−2014 censuses. Of the 
29 recruitments observed in 2014−2019, only fi ve were 
derived from resprouting. 

Discussion 
Following the selective logging recorded during our 2014 
census (Ito et al., 2017), considerable cutt ing of small-
diameter trees occurred during the 2014–2019 censuses 
(Table 1). The former was possibly for timber, whereas 
the latt er was probably for fi rewood. Dipterocarpus obtusi-
folius is preferred for fuel wood (Top et al., 2004b; San 
et al., 2012) and was targeted among the smaller trees. 
These were also gathered in one location, presumably to 
dry and lighten the wood prior to transport. 

 Consistent with previous studies in continental 
Southeast Asia (Baker et al., 2009) and a meta-analysis 
of literature (Vesk, 2006), we found that resprouting 
was much more common in smaller stems (Figs. 1,2). 
Although sandy dry dipterocarp forest is often aff ected 
by fi res (Rundel, 1999; Hiramatsu et al., 2007), the 
maximum diameter of resprouting stumps in our study 
was 26.9 cm (Fig. 1), whereas Baker et al. (2009) docu-
mented resprouting after fi re in trees whose diameters 
ranged from 1 to 50 cm. Top et al. (2004b) reported that 
the maximum diameter of trees used for fuel wood in 
our study area was 30 cm and our data suggests that the 
probability of D. obtusifolius resprouting at this diam-
eter is 21% (Fig. 2). However, caution is required here 
because we were not able to directly confi rm resprouting 
for stumps with diameters greater than 26.9 cm (Fig. 1). 
In addition, the height of logged stumps did not infl u-
ence the presence/absence of resprouting (Fig. 3). This 
suggests that resprouting ability may not be enhanced 
by managing felling heights. 

 Sist et al. (2003) recommended a procedure for sett ing 
cutt ing limits based on tree DBH during the reproduc-
tion stage of target species. In the case of D. obtusifolius, 
DBH at 50% and 90% of tree reproduction have been 
estimated as 18.8 cm (95% CI=16.2–23.9 cm) and 27.1 
cm (95% CI=22.7–42.5 cm) respectively (Ito et al., 2016). 
Offi  cial guidelines state a cutt ing limit of 45 cm DBH for 
D. obtusifolius (MAFF, 2005). If logging at our study site 
adhered to these guidelines, a reproductive tree popula-

tion could have persisted in the forest. However, given 
that trees cut during the 2014–2019 censuses averaged 
21.5 cm DBH, it is likely that the size criterion for fuel-
wood cutt ing was too low to meet the recommendation 
of Sist et al. (2003). For instance, substantial densities of 
reproductive trees were recorded during the 2009 census 
in our study plots (83 stems ha−1; Ito et al., 2017), but 
almost all reproductive trees were subsequently logged 
by 2019 (Fig. 4c) and the remainder were relatively small 
(ca. 16 cm in diameter; see also Fig. 4c). As such, a large 
supply of seeds cannot be expected in the near future and 
if further cutt ing were to occur before the current popu-
lation of young trees begin reproduction, regeneration 
from seedlings would be very diffi  cult. 

 A relatively high recruitment rate was observed 
during 2014−2019. This was likely due to a stock of 
juvenile trees with diameters less than 5 cm rather than 
resprouting caused by tree-cutt ing. Only 1–2 stems 
typically sprout from a logged stump and some small-
diameter trees did not show resprouting ability (Fig. 1, 
2). As a consequence, it is likely too optimistic to expect 
that resprouting could compensate for clear-cutt ing and 
thereby regenerate the forest. Top et al. (2004b) suggested 
that agricultural expansion may be the main cause of 
deforestation in Kampong Thom Province, rather than 
fuel wood extraction. However, the scatt ered sandy dry 
dipterocarp forests in the province are not a high priority 
for agricultural development because they are estab-
lished on seasonally fl ooded and low-nutrient lands 
(Toriyama et al., 2007a). As such, fuel wood extraction 
may pose the largest threat to sustainable use of sandy 
dry dipterocarp forests in the province. 
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