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ABSTRACT 

Increasing timber production is vital for growing people to meet their demand for 

different purposes. Exotic Acacia auriculiformis A. Cunn. ex Benth., and Eucalyptus 

camaldulensis Dehnh., were planted instead of indigenous Shorea robusta Gaertn., 

in Sakhipur area for increased timber production. Sakhipur is a pioneer area 

where huge exotic species, especially A. auriculiformis, are planted with the 

expectation of better and rapid financial benefits. This study was carried out to 

compare the timber productivity between exotic monoculture of A. auriculiformis 

and E. camaldulensis and naturally growing indigenous S. robusta and planted 

Mangifera indica L. in order to suggest the type of species suitable among the tree 

growers to grow. Indigenous S. robusta plots showed higher average stem density 

(2482 per ha), stem volume (321 m³/ha), and basal area (23 m²/ha) than that of 

exotic species plots. But the tree height (10 m) and DBH (13 cm) of A. 

auriculiformis were highest in the area. Stem density across Acacia, Shorea, 

Eucalyptus and Mangifera plots were significantly different. Gross timber 

production was significantly higher in Acacia and Shorea plots than Eucalyptus and 

Mangifera plots. Local peoples were more interested in planting fast growing 

exotic species instead of indigenous as it offers quicker financial return. 

Monoculture of exotic tree species on agricultural land should be discouraged. 

However, monoculture of exotic tree species can be practiced on degraded, 

fallow, marginal or specified lands for quicker financial benefits. 

 

Key words: Acacia, Basal area, Density, Monoculture, Shorea. 

 

 

1. INTRODUCTION 

Bangladesh had been facing an acute shortage of timber and associated produces 

since the 1970s due to increasing gap between the supply and demand for 

biomass, fuel and fodder. As the consequence, over exploitation is being executed 

in government managed forest lands, village woodlots, scrub jungles and 

homestead forests. In order to bridge the gap between demand and supply of the 

forest produces, a number of tree plantation projects involving both indigenous 

and exotic species were launched by the Bangladesh Forest Department and 

various other local and international development agencies. These projects 
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basically targeted plantations on the available fallow and marginal lands (FAO/UNDP, 1981). Exotic tree species such as A. 

auriculiformis and E. camaldulensis were introduced to those plantation programs because of their wide adaptive capacity and faster 

productivity (De Bell et al., 1985; Ara et al., 1989; Turnbull, 1999; Hossain and Pasha, 2001; Ridenour and Callaway, 2001; Bernhard-

Reversat and Loumeto, 2002; Jagger and Pender, 2003; Hossain, 2003; Forrester et al., 2005; Bristow et al., 2006; Erskine et al., 2006; 

Dogra et al., 2010; Olowoyeye & Ajewole, 2020; Eltahir et al., 2020). Therefore, plantations with exotic tree species are getting more 

popularity than indigenous tree species now a day in both public and private lands. Local peoples are also interested on such 

plantations instead of indigenous species plantation because exotic species plantations provide better financial benefit within a 

short period of time. Afforestation or reforestation programs including block or woodlot plantation with exotic tree species have 

shown success (Ara et al., 1989; Hossain and Pasha, 2001). Exotic species were showed high yield of timber production, tolerate in 

degraded sites and resistant to pest and diseases over indigenous species (Davidson, 1995; Forrester et al., 2005). In contrast, some 

recent studies have depicted possible advantages of indigenous tree species plantation instead of exotic (Hartley, 2002; Lambert et 

al., 2005; Erskine et al., 2006; Piotto et al., 2010; Neupane & Mandal, 2019). Though there is a debate on plantations of exotic versus 

indigenous tree species in light of environmental as well as ecological issues. A. auriculiformis and E. camaldulensis were 

recommended by the Bangladesh Forest Research Institute (BFRI) as promising tree species for the large scale afforestation and 

reforestation (Zashimuddin et al., 1983; Davidson and Das, 1985; Latif et al., 1985; Amin et al., 1996; Hossain et al., 1989, 1994, 

1996b). GOs and NGOs initiatives were found to improve the tree productivity through providing quality planting materials and 

technical support to the tree growers (Rahman 1993; Amin et al., 1996; Hocking et al.1997; Das, 2008). Studies on the growth and 

productivity of A. auriculformis, E. camaldulensis plantations in Bangladesh described with better biomass yield than indigenous 

species (Aryal et al., 1999; Kelty, 2006; Hossain and Hoque, 2013; Dutta S and Hossain MK, 2017). However, studies on the said 

topic in Sakhipur area of Tangail has not been carried out yet. Thus, the objectives of the study were to compare the timber 

productivity between exotic monoculture of A. auriculiformis and E. camaldulensis and naturally growing indigenous S. robusta and 

planted M. indica in order to suggest the type of species suitable among the tree growers to grow. 

 

2. MATERIALS AND METHODS 

Study area  

Sakhipur upazila (sub district) occupies an area of 435 km² including 191 km² forest area. Sakhipur is bounded by Ghatail upazila in 

the north, Bhaluka upazila of Mymensingh district and Sreepur upazila of Gazipur district in the east, Mirzapur upazila and 

Kaliakair upazila of Gazipur district in the south and Basail and Kalihati upazilas in the west. Sakhipur upazila is consisted of 6 

unions, 1 pouroshova, 59 mauza, and 122 villages (BBS, 2012). Sakhipur is situated in 80 km north from Dhaka the capital city of 

Bangladesh. It is located between 24°11´and 24°26´ N latitudes and between 90°04´ and 90°18´ E longitudes (Figure 1).  Sakhipur is a 

part of Madhupur Sal tract due to which its floristic composition and structure along with wildlife diversity are almost the similar 

to that of other parts of this forest tract. The Sal forest of Sakhipur is composed of few scattered and degraded patches. Shorea 

robusta is the dominant tree species of Sal forest which represents 70 - 75% trees of the forest and is associated with other tree 

species (Khan, 1990). In the study area there were a total of 182 plant species of 150 genera of 56 families recorded elsewhere 

(Rahman et al., 2016). 

 

Climate 

Sub-tropical monsoon climate is existed in Sakhipur areas and there are three distinct seasons are existing with, viz., summer 

(March to mid-June), monsoon (mid-June to mid-October) and winter (mid-October to February). Among the climatic factors, 

rainfall, humidity, sunshine penetration, evaporation and evapo-transpiration, canopy structure etc. affect vegetation growth and 

development, woodlots and Shorea trees as well as the associated undergrowth species to varying extents. The climatic data has 

been collected from National Water Resource Database (NWRD) of Center for Environmental and Geographic Information Services 

(CEGIS) and analyzed accordingly.  The mean annual rainfall 1937 mm (ranges from 1126 to 2748 mm) and the mean annual 

temperature 25.86°C (ranges from 20.25°C to 31.48°C). This tropical climate condition is characterized by a distinct rainy season 

from April to October and a strong dry season from November to March. The relative humidity varies between 69% and 86%, the 

duration of sunshine ranges from 5-9 hours and average wind speed were 87 km/hour. Average MSL elevation of the area is 19 

meter (NWRD/CEGIS, 2015). 
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Soil  

Sakhipur area belongs to Madhupur Sal (Shorea robusta) forest region (Nishat et al. 2002). According to Richards and Hassan (1988), 

the soils of this area is acidic (moderate to strong). The topography of this area is characterized by plain land or low hills rising 3.0-

4.5 m above the surrounding paddy fields, locally known as 'chalas', which are intersected by numerous depressions or ‘baids’ 

(Ismail and Miah, 1973). In Sakhipur areas three major types of soil are observed, viz., brown mottled terrace soils, deep red brown 

terrace soils and shallow red brown terrace soil (Richards and Hassan, 1988). About half of the Sal forests land is covered by deep 

red brown terrace soil. The soils are moderately to strongly acidic in reaction with pH 5.0 - 5.5 (UNDP/FAO, 1988). Major physical 

problems of soils of this tract are low organic matter content, low fertility and low moisture holding capacity (Alam, 1995). The 

partly weathered/unweathered Madhupur tract clay is very compact and greatly affects root penetration of crop (Amin et al., 1996). 

  

Selection of research plots  

Research plots were selected from Sakhipur area through purposive stratified random sampling. The strategies for selection of 

research plots were comprised of (i) data of Bangladesh Forest Department on the exotic tree plantation in Madhupur Sal tract, (ii) 

field reconnaissance survey, (iii) record of previous studies in Madhupur Sal tract, (iii) data on the availability of large plantations 

of at least one exotic species (e.g. A. auriculformis), (iv) consideration of the existence of homogeneous factors and (v) relevance with 

this study objectives. Based on the diverse ecological habitats, topography, species composition and vegetation cover of the forest 

areas of Sakhipur, a total of 12 research plots were selected for this study. These 12 research plots were located in Sakhipur both in 

private and public land composed of three plots of each of A. auriculiformis, S. robusta, E. camaldulensis and M. indica. The size of 

each research plot was 36 m x 36 m. A. auriculiformis plantations occupied the major share and E. camadulensis and S. macrophylla 

plantations represented very small share in the study area. 

 

Data collection and analysis  

Forest stand tree productivity denotes capacity of the stand to grow trees (m³/ha/year) and a standard stand should be relatively 

uniform in species composition or age and managed as a single unit for tree production. The status of tree productivity in each of 

the Acacia, Eucalyptus, Shorea and Mangifera research plots was estimated through calculating the number of trees, density, DBH, 

height, stem volume and basal area. Shorea tree age was estimated through consulting with Forester and local people. Stem 

diameter at breast height (DBH) more than 5 cm was considered as tree. Every individual tree was identified and recorded 

accordingly from each sample plot. 

 

 

 
Figure 1. Location of the study area, Sakhipur upazila, Tangail district (Source:  Banglapedia) 

 

Tangail district 

Study area 

http://en.banglapedia.org/
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Diameter of all individual tree was measured from each sample plot using diameter tape. Tree height was measured using 

range finder in each sample plot. Tree volume was calculated using the diameter and height data. Basal Area per hectare were 

calculated using the diameter data for each individual tree. One-way ANOVA (DMRT) was used to test for significant differences 

(P<0.05) for marginal means of variables. Besides, data were also managed and analyzed through SPSS and MS office software. 

 

3. RESULTS AND DISCUSSION 

Tree density  

Tree density in Acacia plots ranged between 697 and 1818 ha-1, in Eucalyptus plots 515 and 674 ha-1, in Shorea plots 1515 and 3477 ha-1 

and in Mangifera plots 424 and 962 ha-1. The average age of the trees ranged between eight to nine years (Table 1). 

  

Table 1. Tree composition of twelve research plots 

Plot  Plot name Plantation year Average age of trees (years) Tree density (ha-1) 

1 Acacia 2002 9 697 

2 Acacia  2003 8 1371 

3 Acacia  2003 8 1818 

4 Eucalyptus  2003 8 515 

5 Eucalyptus  2002 9 606 

6 Eucalyptus  2002 9 674 

7 Shorea* - 8 to 9 1515 

8 Shorea* - 8 to 9 2454 

9 Shorea* - 8 to 9 3477 

10 Mangifera 2003 8 424 

11 Mangifera 2003 8 924 

12 Mangifera 2003 8 962 

* Shorea  grown up naturally, it is not planted                                                    

 

The highest mean tree density (1626 ha-1) was recorded from indigenous tree plots and the lowest (947 ha-1) from exotic tree plots 

of ±9 years old plantation. The highest value of average tree density (2482 ha-1) was found in Shorea plots followed by Acacia, 

Mangifera and Eucalyptus plots (1295, 770 and 598 ha-1 respectively) (Table 2). Based on the data found on tree density of four types 

of plots, the following trend can be recognized- Shorea > Acacia > Mangifera > Eucalyptus plots. In case of E. camaldulensis plots, field 

observation showed that, illegal felling and lack of proper management resulted in the occurrence of minimum number of trees in 

contrast to large number of trees in S. robusta plots due to natural condition of the habitats. Practically, in this area the double 

plantation spacing (4 m x 4 m) was maintained in case of edible fruit yielding M. indica trees due to which less number of tree stem 

occurred in M. indica plots. 

 

Table 2. Average tree density, height, DBH, basal area and gross tree stem volume in exotic and indigenous plots 

Type of plots Density/ha Height 

(m) 

DBH  

(cm) 

Basal area 

(m²/ha.) 

Gross tree stem 

volume (m³/ha) 

A. Auriculiformis  

 
1295 10 13 16 263 

E. camaldulensis 

 
598 9 10 5 109 

Exotic plots  
947 10 12 11 186 

S. robusta  

 
2482 7 11 23 321 

M. indica 

 
770 4 9 5 34 
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Indigenous plots 

 
1626 6 10 14 178 

 

The data on tree/stem density provided by this study are higher than the records of Das and Sarker (2014) on S. mahagoni and 

Acacia plots, Combalicer et al. (2011) on A. auriculiformis, Chaturvedi and Raghubanshi (2014) on S. robusta. Besides, the data on 

tree/stem density provided by this study are lower than those reported by Kabir and Webb (2005) on A. auriculiformis and E. 

camaldulensis, Islam et al. (2013) on Acacia, Tyynela (2001) on Eucalyptus camaldulensis, Jalota and Sangha (2000) on Eucalyptus and 

Sapkota et al. (2009) and Rahman (2009) on S.  robusta. The data of Kumar et al. (2006) on S. robusta is consistent with this study. 

Field observations indicated that, number of trees per ha may vary due to illegal felling, protection level, encroachment, natural 

disaster (cyclone/storm), site condition, human interference, gap filling through saplings, and removal of undergrowth regeneration 

etc.  

 

Tree height  

The mean tree height recorded for exotic and indigenous tree plots were 10±1 m and 6±2 m respectively in ±9 years old plantation. 

The highest mean tree height 10±3 m was found in Acacia plots, which was followed by 9±3 m, 7±2 m and 4±2 m recorded for 

Eucalyptus, Shorea and Mangifera plots respectively (Table 2). The data collected on the tree height from four types of plots showed 

the following sequence- Acacia > Eucalyptus > Shorea > Mangifera plots. The data on tree/stem density provided by this study are 

higher than the records of Bhat et al. (2001) on A. auriculiformis, Ali (2009) on A. auriculiformis and E. camaldulensis Rahman (2009) on 

S. robusta. The data on tree/stem density provided by this study are lower than the records of Das and Sarker (2014) and Combalicer 

et al. (2011)’s on A. auriculiformis, Das and Sarker (2014) on S. mahagoni, Kabir and Webb (2005) on A. auriculiformis and E. 

camaldulensis. The finding of Islam et al. (2013) on A. auriculiformis and Das (2000) on S. robusta is consistent to the records of this 

study. The higher tree height as well as tree growth performance may vary due to age of stand, site suitability, tending operation, 

site protection measures, undergrowth, micro-climate, soil and edaphic factors.  

 

Tree diameter  

The mean tree DBH per tree was calculated as 12±2 cm and 10±1 cm for exotic and indigenous tree plots respectively in ±9 years old 

plantation. The highest mean DBH 13±2 cm was calculated for Acacia plots, followed by 11±2 cm and 10±5 cm for Shorea and 

Eucalyptus plots whereas the lowest value 9±3 cm was calculated for Mangifera plots (Table 2). The collected data related to the tree 

DBH of four types of tree plots showed the following sequence- Acacia> Shorea> Eucalyptus> Mangifera plots. The data on tree/stem 

density provided by this study are higher than the records of Bhat et al. (2001) on A. auriculiformis. The data on tree/stem density 

provided by this study are lower than those reported by Ali (2009) on A. auriculiformis and E. camaldulensis and Islam et al. (2013) on 

A. auriculiformis and Das (2000) on S. robusta. The data of Combalicer et al. (2011) on A. auriculiformis and Tyynela (2001) on E. 

camaldulensis and Rahman (2009) on S. robusta is consistent with this study. The growth performance of trees might be varied due to 

tending operation, undergrowth vegetation, protection level, age of stand and edaphic factors. With an increase of the DBH the 

relative abundance of tree decreased in the research plots. The abundance of trees of higher diameter class increased with their 

wilderness and protection level.  

 

Tree basal area  

The mean tree basal area (BA) 14±13 m² and 11±8 m² per ha were calculated respectively for indigenous and exotic tree plots of ±9 

years old plantation. The mean basal areas for Shorea, Acacia, Eucalyptus and Mangifera plots were calculated as 23±3 m², 16±5 m², 

5±6 m² and 5±3 m² per ha respectively (Table 2). The data on tree/stem density provided by this study are higher than the records of 

Chaturvedi and Raghubanshi (2014) and Sapkota et al. (2009) on S. robusta. The data on tree/stem density provided by this study are 

lower than those reported by Das and Sarker (2014) and Combalicer et al. (2011) on A. auriculiformis and Kumar et al. (2006), Gupta 

and Kumar (2014) on S. robusta. The data of Tyynela (2001) on E. camaldulensis and Rahman (2009) and Sapkota et al. (2009) on S. 

robusta is consistent with this study. Lower tree volume as well as basal area was found in Eucalyptus and Mangifera plots because 

plant density of Eucalyptus and Mangifera in these plots was decreased due to plantation strategies and human disturbances. 

 

Tree stem volume  

The average gross tree volume in research plots calculated for exotic and indigenous tree plots were 186±109 cm³ and 178±203 cm³ 

per ha respectively in ±9 years old plantation. The maximum value of the average gross tree volume 321±25 m³ per ha was recorded 

from Shorea plots and followed by 263±43 m³ per ha and 109±132 m³ per ha were recorded from Acacia and Eucalyptus plots 



DISCOVERY l ANALYSIS ARTICLE 

© 2022 Discovery Scientific Society. All Rights Reserved. ISSN 2278–5469  EISSN 2278–5450 l OPEN ACCESS 

P
ag

e1
3

0
 

respectively, whereas the minimum value 34±21 m³ per ha was recorded from Mangifera plots (Table 2). Hence, the data regarding 

the average gross tree stem volume the selected plots showed the following sequence- Shorea > Acacia > Eucalyptus > Mangifera plots. 

The data on tree/stem density provided by this study are lower than those reported by Jalota and Sangha (2000) and Kabir and 

Webb (2005) on E. camaldulensis. The data of Kabir and Webb (2005) and Islam et al. (2013) on A. auriculiformis is consistent with this 

study. 

Variable tree stem volumes per ha in respect to the findings of other studies might be related to the stand age, management 

system and extent of anthropogenic pressure etc. The additional reasons of finding the minimum number of Eucalyptus trees were 

illegal felling, whereas, less number of tree per plot and less tree stem volume produced per ha in Mangifera plots were due to 

application of the orchard type plantation strategy. Both exotic and indigenous tree species were found capable to survive in the 

poor or degraded site conditions and to perform production of satisfactory amount of tree volume as well as tree biomass 

production. However, Shorea trees produced highest stem volume followed by Acacia and others. The tree density, stem volume and 

basal area coverage in indigenous tree plots were found comparatively higher than those of exotic tree plots due to less human 

interference, less illegal felling and conservation management initiatives. Stand productivity, i.e. tree basal area is nevertheless 

highly correlated with tree volume and biomass and is used as the measure of plantation productivity widely. In the indigenous 

tree plots, the Shorea plots were comparatively higher in stem density, stem volume, basal area coverage than the exotic species 

plots that might be due to the natural condition of the habitats and relatively less anthropogenic pressure. In the exotic tree plots, 

stem density, volume and basal area coverage decreased due to human interference, cattle grazing, illegal felling, lack of technical 

knowledge and inadequate care etc. and this finding is supported by Das (2008). The wood production varies due to different status 

of education, awareness, soil fertility, fertilizer application, quality planting material, protection or fencing, irrigation, pruning, 

thinning, gap filling, plantation technique and management (Kabir and Webb, 2005 and Ali, 2009). According to the views of the 

respondents, plot tree coverage and productivity were decreased due to over-exploitation, branch cutting, illicit cutting of trees, 

poor protection, fuel wood and leaf collection, soil erosion, poor silvicultural management (tending operation), land use changes, 

encroachment etc. 

 

4. CONCLUSION 

In Sakhipur area, the mass people were reported getting notable financial benefits within ±10 years through cultivating the fast 

growing exotic tree species. The tree growers favored the planting of exotic tree species because of wide adaptability of the species, 

well and fast growing, and both in dry and moist lands. In this relation, the tree growers of the study area were planting a lot of fast 

growing exotic tree species there in comparison to indigenous. However, the trees of a single species A. auriculiformis occupied the 

major percentage of plantation in village forest and farmlands and those of E. camadulensis and S. macrophylla constituted the poor 

percentage. The government strategies and policies on the massive plantation of exotic species for timber and fuel wood production 

need to be reviewed based on ecological and socio-economic insights. Besides monoculture, experiments on mixed tree cropping for 

timber production with short rotation of agroforestry products such as nuts, fruits, honey, herbs, firewood should be conducted.  
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