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ABSTRACT 

Myanmar is one of the tropical countries and the contribution of forest carbon storage 

in Myanmar significantly takes part in the overall amount of tropical forests. The scientific 

study on carbon storage is a today trend and quite necessary for future forest management. 

More specifically, it is very important to know the diversity and structural drivers that could 

change carbon storage of forest so that we can conserve and manage the forest more 

effectively and sustainability. Due to the research gap in that field, this study addressed the 

research questions: how much carbon can the forests in Bago Yoma Region store?; Do 

species diversity and stand structure affect the carbon storage of forests?; and If so, how 

significantly do these factors affect the carbon storage of forests?. Based on the results, the 

Bago Yoma forests have high potential of carbon storage showing 220.4 ± 10.56 to 266.3 ± 

32.42 Mg C ha
-1

 of above-ground carbon. Tectona grandis Linn.f, Xylia dolabriformis Benth. 

Mitragyna rotundifolia (Roxb.) Kuntze have been found under the list of dominant species 

and significantly contribute to the total carbon storage. The result showed the effect of 

diversity and structure of forest on carbon storage, giving positive evidences between carbon 

storage and the species richness, Shannon diversity, Simpson diversity and ecosystem 

complexity at 99% confidence interval (p < 0.01). It had positive correlations with the basal 

area, the density, the diameter, and height of forests at 99% confidence interval (p < 0.01). 

The distribution of above-ground carbon storage among three strata was as follows: middle 

stratum > upper stratum > lower stratum. This information could be very useful for carbon 

management of forests and sustainable forest management of Myanmar. 

Keywords: Above-ground carbon; density; diversity; species richness; stand structure; strata. 



 

 

ပဲခူးရိုးမသစ်တောများေွင် အပင်မျ ို းစုမံျ ိူ းကွဲနှင့် သစ်တောဖဲွ့စည်းမှုပံုစံေို၏့ 

ကာဗွန်သိုတလှာငန်ိုင်မှုအတပါ် လွှမ်းမုိးဆက်သွယ်မှုအတခခအတနကိ ုတလ့လာခခင်း 

 

ဒေါက်တာအငက်ကင်းခိုင်၊ လကဒ်ောက်ညွှနက်ကားဒေးမှူး၊ သစ်ဒတာဦးစီးဌာန 

ဦးဒနဒအာင်၊ ဒတာအုပ်ကကီး၊ သစ်ဒတာသုဒတသနဌာန 

ဦးဒအာငဒ်ော်မိုး၊ သုဒတသနအောေှ၊ိ သစ်ဒတာသုဒတသနဌာန 

ဒေါက်တာ မူမူဒအာင်၊ သုဒတသနအောေိှ၊ သစ်ဒတာသုဒတသနဌာန 

 

စာေမ်းအကျဉ်း 

 

မမန်မာနိုင်ငံသည် အပူပုိင်းဒေသနိုင်ငံ တစ်နိုင်ငံမြစ်ပပီး မမန်မာ့သစ်ဒတာများ၏ ကာဗနွ် သုိဒလှာင် 

နိုင်မှုသည် ပမာဏများမပားသကဲ့သ့ုိ ကာကွယ် ေိန်းသိမ်းေန်နင့်ှ ောသဦတုဒမပာင်းလဲမှု တိုက်ြျက် 

ဒေးတင်ွ အဓိကအဒေးပါဒသာ အစိတအ်ပိုင်းတစ်ခု မြစ်ပါသည်။ ကာဗနွ်သုိဒလှာင်မှု နှင့် ပတသ်က်၍ 

သုဒတသနမပု ဒလ့လာချက်များကို အဒလးဒပးဒောင်ေွက်လျက်ေိှော မမန်မာနိုင်ငံတွင်လည်း 

ဒခတန်ှင့်အညီ သုဒတသနဒလ့လာချက်များကို မပုလုပ်ဒောင်ေွက်လျက် ေိှောတွင် အပင်မျ ို းစုံ 

မျ ိူ းကွဲနှင့် သစ်ဒတာြဲွ့စည်းမှုပံုစတံို့၏ ကာဗနွ်သုိဒလှာင်နိုင်မှုအဒပါ် လွှမး်မုိးေက်သွယ်မှု 

အဒမခအဒနကုိ ဒလ့လာေနအ်တွက် သုဒတသနမပုလုပ်ေန် လိုအပ်လျက် ေိှပါသည်။ သ့ုိမြစ်ပါ၍ 

ဤစာတမ်းတင်ွ ပဲခူးရိုးမ သစ်ဒတာများတွင် ကာဗနွ်သုိဒလှာင်နိင်ုမှု ပမာဏနှင့် အပင်မျ ို းစုံမျ ိူ းကွဲနှင့် 

သစ်ဒတာြဲွ့စည်းမှုပံုစံတို့၏ ကာဗနွ်သုိဒလှာင်နိုင်မှုအဒပါ် လွှမး်မုိးေက်သွယ်မှုအဒမခအဒနကုိ 

ဒလ့လာသုဒတသနမပုခဲ့ပါသည်။ သုဒတသနေလေ်များအေ ပဲခူးရိုးမသစ်ဒတာများအတင်ွး ကာဗနွ် 



 

 

သုိဒလှာင်နိင်ုမှုသည် တစ်ဟက်တာလျှင် ၂၂၀.၄ ± ၁၀.၅၆ မှ ၂၆၆.၃ ± ၃၂.၄၂ Mg အေိ 

ကာဗနွ်သုိဒလှာင်နိင်ုဒကကာငး် ဒတွ့ေိှေသည်။ ပဲခူးရိုးမသစ်ဒတာအတွင်း ကျွန်း၊ ပျဉ်းကတိုးနှင့် 

ဘင်္ဂပင်များကို အများေံုး ဒတွ့ေိှေပပီး အေိုပါ အပင်များ၏ ကာဗွန် သုိဒလှာင်နိင်ုသည့် ပမာဏမှာ 

သစ်ဒတာတစ်ခုလုံး၏ ကာဗနွ်ပမာဏတွက်ချက်ောတွင် များစွာ အဒေးပါလှပါသည်။ သုဒတသန 

ဒတွ့ေိှချက်များအေ အပင်မျ ို းစုံမျ ိူ းကွဲနှင့် သစ်ဒတာ ြဲွ့စည်းမှုပံုစံသည် ကာဗနွ်သုိဒလှာငန်ိုင်မှုအဒပါ်  

များစွာ လွှမး်မုိး ေက်သွယ်မှုေိှဒကကာငး် ဒတွ့ေိှေပါသည်။ ပဲခူးရိုးမသစ်ဒတာများတွင် အပင်မျ ို းစုံ 

မျ ို းကွဲကကယ်ဝမှုနှင့် complexity တို့ များမပား လာမှုနှင့်အတ ူ သစ်ဒတာ၏ ကာဗနွ်သုိဒလှာင်နိင်ုမှု 

များမပားလာဒကကာင်း ေင်ေှားစွာ ဒတွ့ေိှေပါ သည်။ ေို့အတူ သစ်ဒတာ၏ မြတပံု်ဧေိယာ  ( sasl 

sees) ၊ လုံးပတ၊် အမမင့်၊ သိပ်သည်းမှု များဒလဒလ ကာဗနွ်သုိဒလှာင်မှု ပုိမုိများမပားသည်ကို 

ဒတွ့ေိှေပါသည်။ အေူးသမြင့် မြတပံု် ဧေိယာသည်  ကာဗနွ်သုိဒလှာင်မှုအဒပါ် ပုိမို လွှမး်မုိးမှုေိှသည့် 

အချက်တစ်ချက် မြစ်ပါသည်။ ေွက်အုပ်အလွှာသံုးလွှာေှိကာဗွန်သုိဒလှာင်နိင်ုမှုကိုဒလ့လာောတွင် 

အလယ်အလွှာတင်ွ အများေံုး ဒတွ့ေှိေသည့်အတွက် သစ်ဒတာ၏ ကာဗနွ်သုိဒလှာင်မှုတွင် ေွက်အုပ် 

အလယ်အလွှာ၏ ြဲွ့စည်း ပံုဒပါ်မူတည်၍ ဒမပာင်းလဲမှု မပုနိုင်သည်ကုိ ဒြာ်ေုတ်ဒတွ့ ေိှေပါသည်။ 

ဒြာ်မပပါ သုဒတသန ဒတွ့ေိှချက်များသည် မမန်မာနိုင်ငံ၏ ဒေေှည်တည်တ့ံဒစဒသာ သစ်ဒတာစီမံ 

အုပခ်ျုပ်မခင်းနှင့် သစ်ဒတာကာဗနွ် စီမံခန့်ခွဲသည့် ကဏ္ဍများကို များစာွအဒောက်အကူ မြစ်ဒစဒသာ 

ဒတွ့ေိှချက် များမြစ်ဒကကာငး် တင်မပအပ်ပါသည်။ 

 

 

 

 



 

 

Carbon Storage and its Links to Diversity and Structural Drivers of Forest in Bago 

Yoma Region, Myanmar 

 

1. Introduction 

The world forests cover about one third of the global land area, and it could be 

considered as a sink or source of carbon (Köhl et al. 2015). Globally, forests stored 650 Pg of 

carbon (Khaine and Woo 2015). Tropical forests alone cover about half of the global forest 

areas and their contribution significantly takes part in the overall amount (Keenan et al. 

2015).  

Myanmar is a tropical country that is located between the latitudes of 9° 28' and 28° 

29' North and the longitudes of 92° 10' and 101° 10' East. The total land area is 67.66 M ha. 

East-to-west Myanmar is 936 km long, and north-to-south the country is 2,051 km long. 

Forests cover about 42.19% of the land, making Myanmar one of the countries with the 

highest forest coverage in the Asia-Pacific region (FAO 2020; Ministry of Natural Resources 

and Environmental Conservation 2020). 

Six types of forests are mainly found throughout the country: tropical evergreen 

forests, tropical deciduous forests, mangrove forests, dry forests, deciduous dipterocarp 

forest, and hill and temperate evergreen forests. Over 2,000 of floristic species are 

distributing in various forest types. Among the six forest types, tropical deciduous forests 

have the largest forest coverage of the country. About 38.26% of the total forest areas is 

covered by tropical deciduous forests. The Bago Yoma region represents the tropical 

deciduous forests of Myanmar. Nearly all species adapted to tropical deciduous forests in 

Myanmar are found in this region. The Bago Yoma region is located between the latitudes of 

16º 50' and 19º 29' North, the longitude of 94º 41' and 97º 13' East. It has been separated into 

two regions called Eastern Bago Yoma and Western Bago Yoma. These regions have been 

known as ideal place for teak, covering 3.87 M ha. Therefore, the carbon storage of forests in 

the Bago Yoma region should be explored in Myanmar.  

The carbon storage of tropical forests in Asia and Oceania regions was about 89 ⁓ 

180 Mg C ha
-1

 whereas the carbon storage of tropical forests in Latin America was 84 ⁓ 160 

Mg C ha
-1

 and those in Sub-Saharan Africa was 44 ⁓ 165 Mg C ha
-1

 (Saatchi et al. 2011). On 

average, the tropical teak dominant forests stored 112.19 Mg C ha
-1

 of above-ground carbon 



 

 

(Juwarkar et al. 2011). In contrast, tropical teak dominant forest in Myanmar stored 185.2 ⁓ 

227.7 Mg C ha
-1

 of above-ground carbon (Oo 2009). In temperate forests, the amount of 

carbon storage showed a range of 42.63 ⁓ 181.88 Mg C ha
-1

 while the amount of carbon 

storage in temperate grassland showed 3.74 ⁓ 9.83 Mg C ha
-1

 (Mendoza-Ponce and Galicia 

2010). Therefore, it can be clearly understood that forests in the planet have a considerable 

amount of carbon storage potential, although capacity will vary among regions.  

Because of wide variations in forest carbon storage have been found throughout 

different climatic regions worldwide, researchers are now striving to study each country or 

region for site-specific information (Toledo et al. 2011; Thompson et al. 2014; Castro-

Izaguirre et al. 2016; Chheng et al. 2016).  

Likewise, it should not be neglected the drivers or overwhelming factors that are 

related to the variation of the storage of carbon. Understanding the main mechanisms that 

effects carbon storage of forests is crucially important to assess and manage for the increase 

of the carbon storage potential of forests (Cai et al. 2016). 

Many studies such as those by Tilman et al. (2001), Zhang et al. (2012), Gamfeldt et 

al. (2013), and Vila et al. (2013), have found that species richness has a positive effect on 

biomass, even with as few as three to eight species. One the other hand, Paquette and Messier 

(2011) found that species diversity only weakly influenced the productivity of temperate 

forests while it strongly influenced that of boreal forests. Only a few studies have focused on 

tropical forests, and it will be necessary to conduct similar studies in the tropics (Poorter et al. 

2015). 

Only a few studies have tested the structural influence of forests on carbon storage. 

Imani et al. (2017) found that forest structure affected the above-ground biomass more 

significantly than species diversity did. Mensah et al. (2016) tested the influence of basal area 

on biomass and carbon storage in forests. A similar study was done by Chaturvedi and 

Raghubanshi (2015). The latter study found that species diversity did not correlate 

significantly with carbon storage. In contrast, species richness, evenness, and basal area did 

significantly correlate with carbon storage. Vayreda et al. (2012) highlighted the fact that 

carbon storage in forests varies with structural variables. For this, further studies should 



 

 

consider the effects of both forest diversity and forest structure on carbon storage, and should 

clarify the factors with the greatest impact on carbon storage in forests.  

Therefore, the following research questions were addressed in this study: 

(1) How much carbon can the forests in Bago Yoma Region store?  

(2) Do species diversity and stand structure affect the above-ground carbon 

storage of forests?  

(3) If so, how significantly do these factors affect the carbon storage of forests?  

 

2. Objectives 

Based on the research questions, the following main objectives have been explored in 

this study: 

(1) To explore the carbon storage forests in Bago Yoma Region  

(2) To investigate the linkages of species diversity and stand structure to the 

above-ground carbon storage of forests  

 

 

3. Materials and Methods 

 

3.1 Study sites 

The study was conducted in Yedashae (Site 1), Gyobingauk (Site 2) and Nattalin (Site 

3) Townships of Bago Yoma Region of Myanmar. The research survey was taken in Lone 

Yan and Sabyin reserve forests in Yedashe, North Zarmani and Bawbin reserve forests in 

Gyobingauk, Taung Nyo and Bawbin reserve forests in Natalin Townships of Bago Region. 

The sample plots were situated between the latitudes and longitudes of 19° 15′N - 19° 23′N 

and 95° 51′E - 95° 58′E; 18° 15′N - 18° 24′N and 95° 49′E - 95°59′E; and 18° 28′N - 18° 

46′N and 95° 49′E - 95° 57′E in Yedashae (Site 1), Gyobingauk (Site 2) and Nattalin (Site 3) 



 

 

Townships, respectively. Tropical savanna climate was found in this region within an average 

annual precipitation range of 1400 mm to 2000 mm (Department of Meteorology and 

Hydrology of Myanmar). The average annual temperature is ranging from 25.7°C to 27°C. 

The forests are tropical deciduous forests and they are protected as reserve forests.  

 

 

 

Figure 1.  Location of the study area of Bago Yoma Region in Myanmar {Yedashae 

(Site 1), Gyobingauk (Site 2) and Nattalin (Site 3)} 

 

3.2 Sampling procedure, data collection and analysis 

Sampling plots were laid down at each study site using the stratified sampling. A 

preliminary survey was performed in each site before establishing the sample plots. Then the 

forests were stratified depending on the apparent density of forests and the occurrence of 

minor disturbance (Khaine et al. 2017). In each stratum, the sample plots were laid out 



 

 

randomly so that the sample plots covered and represented the individual sites. The size of 

each sample plot was 2,500 m
2
 (50 m × 50 m). The species area curve was performed to be 

representative of the population by the samples (Cain 1938; Cencini et al. 2012). A total of 30 

sample plots were set up in the study area. 

 

Figure 2. Species-area curves of forests 

In each plot, the diameter and height of all trees greater than 5 cm in diameter at 

breast height (dbh) were measured. The layers of tree height were divided into three clusters: 

upper layer (greater than two-third of the top height), middle layer (the interval between the 

height of less than two-third of the top height and the height greater than one-third of the top 

height), and lower layer (less than one-third of the top height) (Lamprecht 1989; Oo 2009).  

The importance value index (IVI) was also calculated to determine the dominant 

species of a forest (Lamprecht 1989; Oo 2009). Undoubtedly, screening of dominant species 

in a forest has been accepted as a core of forest ecology and management. The highest IVI 

value of species in a forest stand points out the most dominant species of that forest. The IVI 

was calculated by the following formula (Lamprecht 1989; Oo 2009): 

IVI = RD + RF + RC 

where,      IVI = important value index 

RD = relative density 

RF = relative frequency 



 

 

RC = relative coverage 

 

In case of species diversity, two commonly accepted diversity indices, namely, 

Shannon index (Shannon and Weaver 1949) and Simpson index (Simpson 1949) were 

calculated. The diversity index could be defined as a mathematical measure of species 

diversity of a forest. The Shannon diversity index give a favor for rare species, while the 

Simpson diversity index give a more outweigh to the common species (Heip et al. 1998; Oo 

2009; Hakkenberg et al. 2016). Both indices are the products of the richness of species and 

the abundance of individual species in a forest. Duncan’s multiple range tests was used to 

express the differences among indices. 

The formula for Shannon’s diversity index is as follows: 

𝐻′ = ∑(𝑃𝑖)(ln𝑃𝑖)

𝑠

𝑖=1

, 

where,      H' = Shannon’s diversity index  

s  = the number of species in the sample 

Pi = the proportion of the total sample belonging to the i
th

 species 

ln = the natural logarithm 

The formula for the Shannon evenness index is as follows: 

E (%) = 100 (H
'
/lnHmax) 

where,       E = the Shannon evenness index in percentage 

H
'
 = Shannon’s diversity index 

Hmax = the number of total species 

The formula for Simpson’s diversity index is as follows: 

𝐷 = ∑  𝑠
𝑖=1 {ni (ni – 1)/N (N – 1)} 

where,      (1 – D) = Simpson’s index of diversity 



 

 

ni = the number of individuals of species i 

s = the number of species in the sample 

N = the total number of individuals in the sample. 

The above-ground carbon storage was calculated using formulas recommended by 

Brown (1997) and FAO (2015): 

Y= exp {-2.134 + 2.530 × ln(D)} 

where, Y = above-ground biomass of forest 

D = diameter of tree 

The carbon conversion factor, 0.47, (IPCC 2006) was used for calculating the carbon storage 

of forests. 

The Holdridge complexity index (HI) is a widely used measure for the determination 

of ecosystem complexity (Lugo et al. 1978; Kalacska et al. 2004). The HI was developed by 

the multiplication of the number of species, density of forest, mean height in meter, basal area 

in square meter, and times (2.5 × 10
-3

) in each forest (0.1ha basis). Cluster analysis in R 

program was used for the classification of forest type based on ecological distance (Bray 

measure) among forests. Agglomerative cluster analysis using the Agnes-algorithm was 

applied for forest type classification. 

Correlation and coordination analysis was done using diversity and structural 

variables as independent variables and carbon storage as dependent variable. The statistical 

analyses were performed using the R program (Version 3.4.2, R Foundation for Statistical 

Computing, Vienna, Austria, 2017) and SPSS statistical software (Version 24, International 

Business Machines Corporation (IBM), United States, 2016). 

 

4. Results and Discussions 

4.1 Species richness and diversity 

Occurrence of species in the study sites of Bago Yoma region was high. A total of 75 



 

 

species (32 families), 73 species (30 families), and 69 species (26 families) were found at 

sites 1, 2 and 3, respectively. The values of the Jackknife species index were 75.65, 73.32, 

69.71. Shannon diversity index ranged from 3.05± 0.25 to 3.20 ± 0.06 and Simpson diversity 

index ranged from 0.95 ± 0.02 to 0.96 ± 0.01. The richer species diversity was found in the 

study area if we compare in degraded forest area in the Bago Yoma region. According to 

Khaine et al. (2019) findings, the Shannon index showed 2.29±0.32 in degraded forests. The 

result was also higher in comparison with Terminalia forest (1.13), Acacia forest (0.43), 

Diospyros forest (1.71) and Dipterocarpus forest (1.18) by Khaing (2014). The result in this 

study was similar with the result of deciduous forests with assistant natural regeneration 

operation in Bago Yoma region (Khaine et al. 2019) and of deciduous forest in Bago Yoma 

region (Oo 2009). However, the richness was approximately 2.5 times lower than that in 

Alaungdaw Kathapha national park in Myanmar (Oo 2009). 

   Table 1. Species diversity of forests in the study areas 

Site Shannon 

diversity 

index 

Simpson 

diversity 

index 

Shannon 

evenness 

Species 

richness 

Jackknif

e species 

index 

Site 1 3.05 ± 0.25 
a
 0.95 ± 0.02

 a
 93.65 ± 1.84

 a
 75 75.65

 a*
 

Site 2 3.16 ± 0.24
 a
 0.96 ± 0.02

 a
 94.74 ± 2.26

 a
 73 73.32

 a*
 

Site 3 3.20 ± 0.06
 a
 0.96 ± 0.01

 a
 95.33 ± 1.52

 a
 69 69.71

 a*
 

Mean value ± standard deviation. Different lowercase letters indicate the differences among 

the sites was significant by Duncan’s multiple range tests (DMRT) at p < 0.05.  

Xylia xylocarpa Roxb. Taub, Tectona grandis Linn.f, Protium serrata (Wall. Ex 

Colebr.) Engl., Mitragyna rotundifolia (Roxb.) Kuntze, and Lagerstroemia tomentosa C. Presl 

are the most dominant species in site 1 and Xylia xylocarpa Roxb. Taub., Cordia grandis 

Roxb., M. rotundifolia (Roxb.) Kuntze, Dalbergia cultrata Graham ex Benth., and Lannea 

grandis Engl. are the most dominant species in site 2. In site 3, the most dominant species are 

X. xylocarpa, Terminalia tomentosa (Roxb.) Wight & Arn, M. rotundifolia (Roxb.) Kuntze, 

Tectona grandis Linn.f, and P. serrata (Wall. Ex Colebr.) Engl.. Generally, we accepted that 

Tectona grandis Linn.f, Xylia xylocarpa Roxb. Taub., Mitragyna rotundifolia (Roxb.) Kuntze 



 

 

were under the list of dominant species in Bago Yoma region. The accumulation pattern of 

the diversity of forests can be clearly seen in the following Figure 3.    

 

Figure 3. Accumulation pattern of diversity of forests 

Cluster analysis showed the bray distance showed not a very much differences among 

the sites although site 1had high species richness. High ecosystem complexity occurred at the 

study sites ranging from 23.73 to 25.76. The growth, basal area, species richness, and 

abundance of plants were major factors for the increase or decrease of ecosystem complexity. 

Furthermore, species diversity had a tendency to change the ecosystem complexity because it 

exhibited a positive trend with ecosystem complexity.  



 

 

 

Figure 4. Cluster analysis of forests 

 

4.2 Stand structure 

Maintenance of the diversity and stand structure of living ecosystem is crucial for 

functional ecology (Chiarucci et al. 2011). Therefore, analysis of forest structure plays an 

important role. Based on the results, a high structure inequality was found in the Bago Yoma 

region. This result indicated a full usage of an area than other forests where low structure 

inequality occurred. In addition, positive skewness of size distribution showed indirectly 

indicated that there had enough young plants that can constitute or reach to the larger classes 

of trees, which is very important for the sustainability of forests. 

The quadratic mean diameter of forests from site 1 to site 3 were 40.58 cm, 37.69 cm, 

and 39.40 cm, respectively. Diameter distribution showed positive skewness in all of the 

forest stands (Figure 3). Diameter size classes greater than 100-cm comprised 6.41 m
2 

ha
-1

 

(14.76%) of the total basal area at site 1, 2.06 m
2 

ha
-1 

(5.02%) at site 2, and 0.33 m
2 

ha
-1

 

(0.82%) at site 3. Basal areas of forests were 43.41 ± 2.2, 41.11 ± 2.18, 39.66 ± 2.20 m
2
 ha

−1
 

at sites 1 to 3, respectively, while the densities were 336 ± 36.55, 368 ± 30.03, and 325 ± 

24.30 trees ha
−1

, respectively 
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Figure 5. Diameter distribution of the study sites, (a) site 1, (b) site 2, (c) site 3. 

  

 

As of vertical diagnosis, the basal area was the highest in the middle layer of forests. 

The range of basal area of the middle layer showed 21.92 ± 2.25
 
to 25.66 ± 2.95 m

2 
ha

-1
, an 

average of 23.71 ± 1.88 m
2 

ha
-1

 in the Bago Yoma region. Therefore, the middle layer of 

forests plays a significant role in the management of basal area of the forests. Moreover, the 

Bago Yoma forests have still a potential of forest recruitment because of a large amount of 

trees were occurred in the lower layer of forests.   

          Table 2. Density and basal area of forests in the study area 

Site Parameter Upper layer   Middle layer Lower layer 

Site 1 Density per ha 6.91 ± 5.25
 c,C

 105.82 ± 38.09
 b,B

 222.91 ± 61.58
 a,A

 

 BA per ha (m2) 8.14 ± 8.63
 b,B

 23.55 ± 7.05
 a,A

 11.73 ± 4.02
 b,A

 

Site 2 Density per ha 24.44 ± 9.89
 c,B

 193.33 ± 20.98
 a,A

 150.67 ± 37.09
 b,B

 

 BA per ha (m2) 11.66 ± 3.98
 b,B

 25.66 ± 2.95
 a,A

 3.79 ± 1.12
 c,B

 

Site 3 Density per ha 50.40 ± 8.88
 c,A

 194.40 ± 21.92
 a,A

 80.40 ± 21.94
 b,C

 

 BA per ha (m2) 16.43 ± 2.33
 b,A

 21.92 ± 2.25
 a,A

 1.31 ± 0.27
 c,C

 

Average Density per ha 27.25 ± 21.88
 c
 164.52 ± 50.84

 a
 151.33 ± 71.26

 b
 

 BA per ha (m2) 12.08 ± 4.16
 b
    23.71 ± 1.88

 a
 5.61 ± 5.44

 c
 

Different lowercase letters indicate significant differences among layers, and different 

uppercase letters indicate significant differences among the sites by Duncan’s multiple range 

test at p < 0.05. 

4.3 Structural diversity 

In case of structural diversity, a regular distribution showed that there will be the 

maximum growing spaces and environment for every tree and species while cluster 

distribution showed a reduction in diameter increment of each tree because of competition 

among individuals (Neumann and Starlinger 2001). In this study, individual species in each 

forest seemed to have enough growing spaces and conditions for their growth since all study 



 

 

sites showed regular distributions with an index of 0.95 to 0.54. However, variations among 

sites were occurred due to the difference of climatic factors, latitudinal gradients, elevation 

effects, and soil conditions among sites.  

4.4 Aboveground carbon storage of forests 

Based on the results, the forests in the study sites had a big carbon storage showing 

220.4 ± 10.56 to 266.3 ± 32.42 Mg C ha
-1

 of above-ground carbon. An average amount of 

239.81 ± 23.73 Mg C ha
-1

 of above-ground carbon were stored in the forests. It was an 

indicator that the Bogo Yoma forests have a high potential of carbon storage. Our finding is 

similar with the findings of Oo (2009) conducted in Bago Yoma deciduous forests. 

According to Oo's (2009) study, the forests in Bago Yoma region stored 227.7 Mg C ha
-1

. 

Our result (239.81 ± 23.73 Mg C ha
-1

) is higher than those results in degraded forests in Bago 

Yoma region showing 58.76±4.33 Mg C ha
-1

. In comparison of our results with other 

findings in mixed temperate forests and birch forests by Cai et al. (2016), it was significantly 

higher than those results in mixed temperate forests (120.3 Mg C ha
-1

) and birch forests (78.5 

Mg C ha
-1

).   

 

Figure 6. Aboveground carbon storage of forests in the study areas 

Among three strata, the above-ground carbon storage of the middle stratum was the 

highest at all study sites (by DMRT, p < 0.05). The average storage of carbon was 94.07± 

11.11
 
Mg C ha

-1
 in the upper stratum, 127.08 ± 14.97 Mg C ha

-1 
in the middle stratum and 



 

 

18.66 ± 17.77
 
Mg C ha

-1 
in the lower stratum. The high carbon storage was found in the 

middle stratum because of its high basal area and followed up density. 

            Table 3. Aboveground carbon distribution of forests across different strata  

Site Upper stratum          

(Mg C ha
-1

) 

Middle stratum       

(Mg C ha
-1

) 

Lower stratum      

(Mg C ha
-1

) 

Site 1 90.85 ± 87.21
 ab,A

 136.95 ± 40.20
 a,A

 38.47 ± 17.79
 b,A

 

Site 2 84.92 ± 27.62
 b,A

 134.44 ± 16.60
 a,A

 13.38 ± 4.29
 c,B

 

Site 3 106.43 ± 16.71
 a,A

 109.85 ± 11.35
 a,B

   4.13 ± 0.87
 b,C

 

Average 94.07± 11.11
 b
 127.08 ± 14.97

 a
 18.66 ± 17.77

 c
 

Mean carbon storage ± standard deviation. Different lowercase letters indicate significant 

differences among layers, and different uppercase letters indicate significant differences 

among the sites by Duncan’s multiple range test at p < 0.05. 

The five most dominant species contribute 42.41% of the total aboveground carbon 

storage of forests. Among five most dominant species at site 1, the first most dominant 

species, Xylia xylocarpa Roxb. Taub., contained 17.66% (47.04 Mg C ha
-1

) of the total 

above-ground carbon. Not surprisingly, this was the highest percentage among the five 

dominant species (Table 4). The second and third most dominant species, Tectona grandis 

Linn.f and Protium serrata (Wall. Ex Colebr.) Engl., contained 7.85% (20.90 Mg C ha
-1

), and 

7.45% (19.83 Mg C ha
-1

) of the total above-ground carbon, respectively. Together, the top 

three dominant species contained 32.96% of the total above-ground carbon. 

     

     Table 4. Carbon distribution of dominant species in the total carbon of forests 

Dominant species PD Biomass 

(Mg ha
-1

) 

AC         

(Mg C ha
-1

) 

TAC     

(Mg C ha
-1

) 

PCD 

(%) 

Site 1    266.3  

Xylia xylocarpa Roxb. Taub. 1
st
 

dominant 

100.07 47.04 
 

17.66 

Tectona grandis Linn.f 2
nd

 

dominant 

44.48 20.90 
 

7.85 



 

 

Protium serrata (Wall. Ex 

Colebr.) Engl. 

3
rd

 

dominant 

42.19 19.83  7.45 

Mitragyna rotundifolia 

(Roxb.) Kuntze 

4
th 

dominant 

29.72 13.97  5.25 

Lagerstroemia tomentosa C. 

Presl 

5
th
 

dominant 

23.81 11.19  4.20 

  TD  240.27    112.93  42.41 

Site 2    232.7  

Xylia xylocarpa Roxb. Taub. 1
st 

dominant 

34.51 16.22    6.97 

Cordia grandis Roxb. 2
nd

 

dominant 

22.43 10.54    4.53 

Mitragyna rotundifolia 

(Roxb.) Kuntze 

3
rd

 

dominant 

14.26 6.70    2.88 

Dalbergia cultrata Graham 

ex Benth. 

4
th
 

dominant 

12.94 6.08    2.61 

Lannea grandis Engl. 5
th
 

dominant 

23.19 10.90    4.68 

  TD  107.33 50.44  21.68 

 

 

 

     Table 4 (continued). 

Dominant species PD Biomass 

(Mg ha
-1

) 

AC         

(Mg C ha
-1

) 

TAC    

(Mg C ha
-1

) 

PCD 

(%) 

Site 3    221.81  

Xylia xylocarpa Roxb. Taub. 1
st
 

dominant 

63.70 29.94  13.58 

Terminalia tomentosa (Roxb.) 2
nd

 33.95 15.96    7.24 



 

 

Wight & Arn dominant 

Mitragyna rotundifolia 

(Roxb.) Kuntze 

3
rd

 

dominant 

18.36 8.63    3.92 

Tectona grandis Linn.f 4
th 

dominant 

28.01 13.17   5.98 

Protium serrata (Wall. Ex 

Colebr.) Engl. 

5
th
 

dominant 

25.92 12.18   5.53 

  TD  169.93 79.87  36.24 

 

At site 2, the above-ground carbon storage of the five most dominant species was 

50.44 Mg C ha
-1

, which was 21.68% of the total above-ground carbon storage (Table 4). The 

first most dominant species of site 2, Xylia xylocarpa Roxb. Taub., contained 6.97% (16.22 

Mg C ha
-1

) of the total above-ground carbon. The first most dominant species at site 2 was 

the same as that of site 1, although its proportion of above-ground carbon storage was lower 

at site 2 than at site 1. The second most dominant species, Cordia grandis Roxb., possessed 

4.53% of the total above-ground carbon. The third most dominant species, Mitragyna 

rotundifolia (Roxb.), covered 2.88% of the total above-ground carbon. Together, the three 

dominant species at site 2 contained 14.38% of the total above-ground carbon. 

The above-ground carbon storage of the five most dominant species at site 3 

displayed 36.24% (79.87 Mg C ha
-1

) of the total above-ground carbon (Table 4). In this site, 

the first most dominant species (Xylia xylocarpa Roxb. Taub.) stored significantly more 

carbon (29.94 Mg C ha
-1

) than the other species, with 13.58% of the total above-ground 

carbon. The second most dominant species, Terminalia tomentosa (Roxb.) Wight & Arn, 

stored 15.96 Mg C ha
-1

 (7.24% of total above-ground carbon), whereas the third most 

dominant species, Mitragyna rotundifolia (Roxb.) Kuntze, stored 8.63 Mg C ha
-1

 (3.92% of 

total above-ground carbon). The three species covered 24.74% of the total above-ground 

carbon. 

 

 

 



 

 

 

4.5 Linkages of diversity and structure to carbon storage of forests 

The carbon storage was strongly correlated with the diversity as well as the structure 

of the forest (Table 5). The positive correlation was found between the carbon storage and the 

diversity of forests such as the ecosystem complexity, the species richness, Shannon 

diversity, Simpson diversity, and Shannon evenness at 99% confidence interval (p < 0.01).  

In terms of forest structure, the carbon storage had positive correlations with the basal 

area, the density, the diameter, and height of forests at 99% confidence interval (p < 0.01). In 

particular, the ecosystem complexity (r = 0.906, p < 0.01), the species richness (r = 0.786, p < 

0.01)and the Shannon diversity (r = 0.742, p < 0.01) affected more strongly to the carbon 

storage of forests when considering the effect of diversity, while the basal area (r = 0.966, p < 

0.01), the diameter (r = 0.831, p < 0.01) and height (r = 0.871, p < 0.01) affected more 

strongly to carbon storage of forests when considering the effect of forest structure. 

Table 5. Pearson correlation coefficients among diversity, structural drivers and 

carbon storage. 

Parameter Carbon storage 

Ecosystem complexity 0.906** 

Species richness 0.786** 

Shannon diversity 0.742** 

Simpson diversity 0.592** 

Shannon evenness 0.465** 

Basal area 0.966** 

Density 0.640** 

Diameter 0.831** 

Height 0.871** 

** Correlation is considered significant at 0.01 level. 



 

 

According to the results, species richness was positively correlated with above-ground 

productivity. This resembles the findings of Cai et al. (2016) in successional temperate 

forests, Potvin et al. (2011) in Panama forests, and Nadrowski et al. (2010) and Zhang et al. 

(2012) of the global reviews. Another similar finding was found in South African forest, 

where species richness was positively correlated with carbon and biomass in regions where 

the annual rainfall ranged from 600 mm to 1,800 mm (Mensah et al. 2016). 

To better understand the factors that affect carbon storage in the tropical forests of 

Myanmar, we tested the effects of density, species richness, diversity, and structural variables 

on carbon storage. Our results suggest that the carbon storage potential of tropical forests is 

strongly influenced by species diversity (including species richness) and by forest structure. 

Of the forest structural parameters, basal area was the most influential factor, followed by 

height and diameter (p < 0.01).  

Poorter et al. (2015), who conducted a study in Neotropical forests from Mexico to 

Bolivia, demonstrated that tree density and tree size strongly affected above-ground biomass. 

However, based on the findings of this study, the effect of tree density was not as strong as 

the effects of basal area and tree size in tropical forests of Myanmar. This may be due to the 

tree density is much greater in small-diameter classes of forest. And the second reason is the 

carbon storage of forests is directly affected by the growth of trees.  

Many studies have ignored the effects of ecosystem complexity on carbon storage. 

Based on the results, ecosystem complexity varies with the growth of forests. Consequently, 

it may potentially influence the carbon storage of forest. In fact, an effect of ecosystem 

complexity on the carbon storage of forests was discovered in this study. The results clearly 

show that ecosystem complexity correlated with carbon storage more highly than richness, 

diversity, or structural parameters (with the exception of basal area) did (p < 0.01). Therefore, 

ecosystem complexity must be considered when the goal is to enhance carbon storage in 

tropical forests. The correspondence analysis expressed a clear correlation between species 

distribution, abundance, basal area, ecosystem complexity and carbon. The first and second 

axes showed 59% of the total fitted variation. 



 

 

 

Figure 7. Correspondence analysis of species variables in relation to different drivers. 

The letters expressed in the figure are the abbreviations of species names (Annex). 

5. Conclusion 

Bago Yoma forests are rich in species occurring 69 to 75 species in the study sites. 

Shannon diversity index of forests ranged from 3.05± 0.25 to 3.20 ± 0.06 and Simpson 

diversity index ranged from 0.95 ± 0.02 to 0.96 ± 0.01. In addition, high ecosystem 

complexity occurred at the study sites ranging from 23.73 to 25.76.  

Basal areas of forests were from 39.66 ± 2.20 to 43.41 ± 2.2 m
2
 ha

−1
. All the results 

pointed out the Bago Yoma forests have high potential of carbon storage expressing 220.4 ± 

10.56 to 266.3 ± 32.42 Mg C ha
-1

 of above-ground carbon. Tectona grandis Linn.f, Xylia 

xylocarpa Roxb. Taub., Mitragyna rotundifolia (Roxb.) Kuntze have been found under the 

list of dominant species and significantly contribute to the total carbon storage. The result 

showed the effect of diversity and structure of forest on carbon storage, giving positive 

evidences between carbon storage and the species richness, Shannon diversity, Simpson 



 

 

diversity and ecosystem complexity at 99% confidence interval (p < 0.01). It had positive 

correlations with the basal area, the density, the diameter, and height of forests at 99% 

confidence interval (p < 0.01). The distribution of above-ground carbon storage among three 

strata was as follows: middle stratum > upper stratum > lower stratum. This information 

could be very useful for carbon management of forests and sustainable forest management of 

Myanmar. 

6. References 

Cai H, Di X, Chang SX, Jin G. 2016. Stand diversity and species richness affect carbon 

storage and net primary productivity in early and late successional temperate forests 

differently. Ecol Res. 31:525–533. 

Cain SA. 1938. The species-area curve. Am Midl Nat. 19:573–581. 

Castro-Izaguirre N, Chi X, Baruffol M, Tang Z, Ma K, Schmid B, Niklaus PA. 2016. Tree 

diversity enhances stand carbon storage but not leaf area in a subtropical forest. PLoS 

ONE 11: e0167771. 

Cencini M, Pigolotti S, Muñoz MA. 2012. What ecological factors shape species-area curves 

in neutral models? PloS ONE 7:e38232. 

Chaturvedi RK, Raghubanshi AS. 2015. Assessment of carbon density and accumulation in 

mono- and multi-specific stands in Teak and Sal forests of a tropical dry region in India. 

For Ecol Manage. 339:11–21. 

Chheng K, Sasaki N, Mizoue N, Khorn S, Kao D, Lowe A. 2016. Assessment of carbon 

stocks of semi-evergreen forests in Cambodia. Glob Ecol Conserv. 5:34–47. 

Chiarucci A, Bacaro G, Scheiner SM. 2011. Old and new challenges in using species 

diversity 

FAO. 2020. Global forest resources assessment 2020: Desk reference. Food and Agriculture 

Organization of the United Nations, Rome, Italy. 

Gamfeldt L, Snäll T, Bagchi R, Jonsson M, Gustafsson L, Kjellander P, Ruiz-Jaen MC, 

Fröberg M, Stendahl J, Philipson CD, Mikusiński G, Andersson E, Westerlund B, Andrén 



 

 

H, Moberg F, Moen J, Bengtsson J. 2013. Higher levels of multiple ecosystem services 

are found in forests with more tree species. Nat Commun. 4:1340. 

Hakkenberg CR, Song C, Peet RK, White PS. 2016. Forest structure as a predictor of tree 

species diversity in the North Carolina Piedmont. J Veg Sci. 27:1151–1163.  

Heip CH, Herman PM, Soetaert K. 1998. Indices of diversity and evenness. Oceanis 24:61–

88.  

Imani G, Boyemba F, Lewis S, Nabahungu NL, Calders K, Zapfack L, Riera B, Balegamire 

C, Cuni-Sanchez A. 2017. Height-diameter allometry and aboveground biomass in 

tropical montane forests: Insights from the Albertine Rift in Africa. PloS ONE 

12:e0179653. 

Juwarkar A, Varghese A, Singh S, Aher V, Thawale P. 2011. Carbon sequestration potential 

in aboveground biomass of nature reserve forest of central India. Res Rev. 2:80–86. 

Kalacska M, Sanchez-Azofeifa GA, Calvo-Alvarado JC, Quesada M, Rivard B, Janzen DH. 

2004. Species composition, similarity and diversity in three successional stages of a 

seasonally dry tropical forest. For Ecol Manage. 200:227–247. 

Keenan RJ, Reams GA, Achard F, de Freitas JV, Grainger A, Lindquist E. 2015. Dynamics 

of global forest area: Results from the FAO global forest resources assessment 2015. For 

Ecol Manag. 352:9–20. 

Khaine I, Woo SY. 2015. An overview of interrelationship between climate change and 

forests. For Sci Tech. 11:11–18.  

Khaine I, Woo SY, Kang HD, Kwak MJ, Je SM, You H, Lee TY, Jang JH, Lee HK, Lee ED, 

Yang L, Kim HN, Lee JK, Kim J. 2017. Species diversity, stand structure, and species 

distribution across a precipitation gradient in tropical forests in Myanmar. Forests 8(282). 

doi:10.3390/f8080282. 

Köhl M, Lasco R, Cifuentes M, Jonsson Ö, Korhonen KT, Mundhenk P, de Jesus Navar J, 

Stinson G. 2015. Changes in forest production, biomass and carbon: Results from the 

2015 UN FAO global forest resource assessment. For Ecol Manage. 352:21–34. 



 

 

Lamprecht H. 1989. Silviculture in the tropics. Tropical forest ecosystems and their tree 

species-possibilities and methods for their long-term utilization. 

Lugo AE, Gonzalez-Liboy JA, Cintron B, Dugger K. 1978. Structure, productivity, and 

transpiration of a subtropical dry forest in Puerto Rico. Biotropica 10:278–291. 

Mendoza-Ponce A, Galicia L. 2010. Aboveground and belowground biomass and carbon 

pools in highland temperate forest landscape in Central Mexico. Forestry 83:497–506. 

Ministry of Natural Resources and Environmental Coservation 2020. Forestry in Myanmar. 

Ministry of Natural resources and Environmental Coservation, Nay Pyi Taw, Myanmar. 

Mensah S, Veldtman R, Seifert T. 2017. Allometric models for height and aboveground 

biomass of dominant tree species in South African Misbelt forests. Southern Forests: a 

Journal of Forest Science 79:19–30. 

Nadrowski K, Wirth C, Scherer-Lorenzen M. 2010. Is forest diversity driving ecosystem 

function and service? Curr Opin Environ Sustainability 2:75–79. 

Neumann M, Starlinger F. 2001. The significance of different indices for stand structure and 

diversity in forests. For Ecol Manage. 145:91–106. 

Oo T. 2009. Carbon sequestration of tropical deciduous forests and forest plantations in 

Myanmar. A Dissertation for the Degree of Doctor of Philosophy. Seoul National 

University, Seoul.  

Paquette A, Messier C. 2011. The effect of biodiversity on tree productivity: from temperate 

to boreal forests. Global Ecol Biogeogr. 20:170–180. 

Poorter L, Sande M, Thompson J, Arets E, Alarcón A, Álvarez‐ Sánchez J, Ascarrunz N, 

Balvanera P, Barajas‐ Guzmán G, Boit A. 2015. Diversity enhance carbon storage in 

tropical forests. Global Ecol Biogeogr. 24:1314–1328. 

Potvin C, Mancilla L, Buchmann N, Monteza J, Moore T, Murphy M, Oelmann Y, Scherer-

Lorenzen M, Turner BL, Wilcke W. 2011. An ecosystem approach to biodiversity effects: 

carbon pools in a tropical tree plantation. For Ecol Manage. 261:1614–1624. 

Saatchi SS, Harris NL, Brown S, Lefsky M, Mitchard ETA, Salas W, Zutta BR, Buermann 



 

 

W, Lewis SL, Hagen S, Petrova S, White L, Silman M. 2011. Benchmark map of forest 

carbon stocks in tropical regions across three continents. Proc Natl Acad Sci. 108:9899–

9904. 

Shannon CE, Weaver WJ. 1949. The mathematical theory of communication. University of 

Illinois Press: Urbana and Chicago.  

Simpson EH. 1949. Measurement of diversity. Nature 163:688.  

Thompson ID, Okabe K, Parrotta JA, Brockerhoff E, Jactel H, Forrester DI, Taki H. 2014. 

Biodiversity and ecosystem services: lessons from nature to improve management of 

planted forests for REDD-plus. Biodivers Conserv. 23:2613–2635. 

Toledo M, Poorter L, Pena-Claros M, Alarcon A, Balcazar J, Leano C, Licona C, Lianque O, 

Vroomans V, Zuidema P, Bongers F. 2011a. Climate is a stronger driver of tree and forest 

growth rates than soil and disturbance. J Ecol. 99:254–264. 

Tilman D, Reich PB, Knops J, Wedin D, Mielke T, Lechman C. 2001. Diversity and 

productivity in a long-term grassland experiment. Science 294:843–845. 

Vayreda J, Martinez‐ Vilalta J, Gracia M, Retana J. 2012. Recent climate changes interact 

with stand structure and management to determine changes in tree carbon stocks in 

Spanish forests. Glob Chang Biol. 18:1028–1041. 

Vilà M, Carrillo-Gavilán A, Vayreda J, Bugmann H, Fridman J, Grodzki W, Haase J, 

Kunstler G, Schelhaas M, Trasobares A. 2013. Disentangling biodiversity and climatic 

determinants of wood production. PLoS ONE 8:e53530. 

Zhang Y, Chen HY, Reich PB. 2012. Forest productivity increases with evenness, species 

richness and trait variation: a global meta-analysis. J Ecol. 100:742–749. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex. Species name and their abbreviations of the study sites. 

Sr. no. Scientific name Abbreviation 

 1 Tectona grandis Linn.f Tecg 

 2 Xylia xylocarpa Roxb. Taub. Xylx 

 3 Acacia catechu (L.f.) Willd. Acae 

 4 Acacia leucophloea (Roxb.) Willd Acal 



 

 

 5 Adina cordifolia (Roxb.) Brandis Adic 

 6 Albizzia chinensis (Osbeck) Merr. Albc 

 7 Albizzia lebbek (L.) Benth. Albl 

 8 Albizzia lucida (Roxb.) Benth. Alblu 

 9 Albizzia odoratissima (L.f.) Benth. Albo 

10 Albizzia procera (Roxb.) Benth Albp 

11 Anogeissus acuminata (Roxb. Ex Candolle) Anoa 

12 Anthocephalus cadamba (Roxb.) Miq. Antc 

13 Aporosa villosa (Lindl.) Baill. Apov 

14 Artocarpus calophyla Kurz. Artc 

15 Bauhinia acuminata L. Baua 

16 Bauhinia racemosa Lam. Baur 

17 Bauhinia variegata L. Bauv 

18 Berrya spp. Bers 

19 Bridelia retusa (L.) Spreng. Brir 

20 Buchanania lanzan Spreng. Baul 

21 Cassia fistula L. Casf 

22 Cassia renigera Wall. Ex Benth Casr 

23 Chukrasia tabularis M.Roem. Chut 

24 Cleidion speciflorum Merr. Cles 

25 Cordia dichotoma G.Forst. Cord 

26 Cordia grandis Roxb. Corg 

27 Cratoxylon neriifolium Kurz Cran 

28 Croton oblongifolius Roxb. Croo 

29 Dalbergia cultrata Graham ex Benth. Dalc 

30 Dalbergia fusca Pierre Dalf 

31 Dalbergia kurzii Prain Dalk 

32 Dalbergia oliveri Gamble ex Prain Dalo 

33 Dalbergia ovata Grah. Ec Benth. Dalov 

34 Derris robusta (Roxb. Ex DC.) Benth Derr 

35 Dichrostachys cinera Wight et Am. Dicc 

36 Dillenia pentagyna Roxb. Dilp 

37 Diospyros burmanica Kurz Diob 

38 Dipterocarpus tuberculatus Roxb. Dipt 

39 Dipterocarpus grandifloras Blanco Dips 

40 Dolichandrone serrulata (Wall. Ex DC.) Seem. Dols 

41 Duabanga grandiflora (Roxb. Ex DC.) Walpers Duag 

42 Emblica officinalis Gaertn. Embo 

43 Eriolaena candollei Wall. Eric 



 

 

44 Erythrina suberosa Roxb. Erys 

45 Eugenia spp. Eugs 

46 Ficus spp. Fics 

47 Ficus glomerata Roxb. Ficg 

48 Ficus roxburghii Wall. Ficr 

49 Firmiana colorata Roxb. Firc 

50 Flacourtia cataphracta Roxb. Ex Willd. Flac 

51 Gardenia erythroclada Kurz Gare 

52 Gardenia turgida Roxb. Gart 

53 Garuga pinnata Roxb. Garp 

54 Gmelina arborea Roxb. Gmea 

55 Grewia tiliaefolia Vahl. Gret 

56 Haplophragma adenophyllum (Wall. Ex G.Don) Dop Hapa 

57 Holarrhena antidysenterica (Linn.) Wall. Hola 

58 Holoptelea integrifolia (Roxb.) Planch Holi 

59 Homalium tomentosum (Vent.) Benth. Homt 

60 Hymenodictyon excelsum (Roxb.) Wall. Hyme 

61 Kydia calcine Roxb. Kydc 

62 Lagerstroemia calyculata Kurz Lagc 

63 Lagerstroemia parviflora Roxb. Lagp 

64 Lagerstroemia speciosa (L.) Pers. Lags 

65 Lagerstroemia tomentosa C. Presl Lagt 

66 Lagerstroemia venusta Wall. Lagv 

67 Lagerstroemia villosa Wall. Ex Kurz Lagvi 

68 Lannea grandis Engl. Lang 

69 Limonia acidissima L. Lima 

70 Linociera terniflora Wall. Lint 

71 Litsaea monopetalla (Roxb.) Pers. Litm 

72 Macaranga denticulata Muell. Arg. Macd 

73 Mangifera caloneura Kurz Manc 

74 Mangifera indica L. Mani 

75 Manglietia insignis Wall. Manin 

76 Markhamia stipulata (Wall.) Seem. Mars 

77 Melanorrhoea usitata Wall. Melu 

78 Miliusa velutina (Dunal) Hook. F. & Thomson Milv 

79 Millettia brandisiana Kurz Milb 

80 Millettia pendula Benth. Milp 

81 Mitragyna purvifolia (Roxb.) Korth. Mitp 

82 Mitragyna rotundifolia (Roxb.) Kuntze Mitr 



 

 

83 Morinda tinctoria Roxb. Mort 

84 Neonauclea excelsa (Blume) Merr. Neoe 

85 Oroxylum indicum (L.) Benth. Ex Kurz Oroi 

86 Parashorea stellata Kurz Pars 

87 Pentace griffithii King Peng 

88 Premna latifolia Roxb. Prel 

89 Premna pyramidata Wall. Ex Schauer Prep 

90 Protium serrata (Wall. Ex Colebr.) Engl. Pros 

91 Pterocymbium tinctorium Merr. Ptet 

92 Pterospermum acerifolium (L.) Willd. Ptea 

93 Pterospermum semisagittum Kuntze Ptes 

94 Quercus brandisiana Kurz Queb 

95 Randia uliginosa (Retz.) Poir. Ranu 

96 Rinorea bengalensis (Wall.) Kuntze Rinb 

97 Azadirachta indica A. Juss. Oths 

98 Salmalia insignis (Wall.) Schott & Endl Sali 

99 Salmalia malabarica (DC.) Schott & Endl Salm 

100 Sapindus spp. Saps 

101 Sapium insigne (Royle) Trimen Sapi 

102 Schima noronhae Reinw. ex Blume Schn 

103 Schleichera oleosa (Lour.) Oken Scho 

104 Semicarpus anacardium L.f. Sema 

105 Shorea oblongifolia Thw. Shoo 

106 Sideroxylon tomentosum Roxb. Sidt 

107 Spondias pinnata (L. f.) Kurz Spop 

108 Sterculia spp. Stes 

109 Stereospermum fimbriatum Wall. ex G. Don Stef 

110 Stereospermum personatum (Hassk.) Chatterjee Step 

111 Strychnos nux-blanda A.W. Hill Strn 

112 Swintonia floribunda Griff. Swif 

113 Terminalia belerica (Gaertn.) Roxb. Terb 

114 Terminalia chebula Retz. Terc 

115 Terminalia pyrifolia Kurz Terp 

116 Terminalia tomentosa (Roxb.) Wight & Arn Tert 

117 Tetrameles nudiflora R.Br. Tetn 

118 Vitex pubescens Vahl Vitp 

119 Wendlandia glabrata DC. Weng 

120 Xerospermum noronhianum (Blume) Blume Xern 

121 Archidendron jiringa (Jack) I.C.Nielsen Arcj 



 

 

122 Pittosporum nepaulensis DC. Pitn 

123 Rhus paniculata Wall. Rhup 

124 Carissa carandas Linn. Carc 

125 Boscia variabilis Collett & Hemsl. Bosv 

126 Polyalthia simiarum Benth. & Hook. f. ex Hook. f. Pols 

127 Dalbergia paniculata Roxb. Dalp 

128 Gardenia obtusifolia Roxb. Garo 

129 Zizyphus mauritiana Lam. Zizm 

130 Croton joufra Roxb. Croj 

 

 

 


