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 This research studies the ecological service in Bru Tribe’s Spiritual forest, by focusing 
upon the  biomass, carbon sequestration and carbon dioxide absorption of plant in Bru 
community’s Spiritual forest in Baan Naloa village, Sakon Nakhon Province, 
Thailand.The plants survey were undertaken in 115 sampling plots of 10x10 m., trees 

(DBH > 4.5 cm and height > 1.30 m) were identified and measured.The results found 
that Spiritual forest which is classified as dry evergreen forest, has 149 of tree species 
and most of tree species found are commonly vegetation presence in Dry evergreen 
forest. The type with the highest importance value index is Tabak Dong 
(Langerstroemia ovalifolia Kurz). The total biomass was 493.86 tons/ha, equivalent to 

246.93 tons carbon/ha and 906.23 tons carbon dioxide /ha. The Comparison of 
biomass accumulation and carbon sequestration to similar forest type in conservation 
areas of the government and national parks, the latency of these Spiritual forest  
ecosystem are considered as mid to high in latency. This Spiritual forest that was born 
from the ways and knowledge of indigenous people should be promoted and supported 
as an important alternative in the plant conservation and carbon dioxide reduction. 
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INTRODUCTION 
 

The industrial revolution of the world is the results of advancement in science and technology which is 
based on the philosophy of science and Newtonian Mechanism [5]. Although, humanity can develop technology 
to get to planet Mars and also built modern equipment to meet their needs, thus the impact of materialism causes 
environmental crisis to the earth in many ways such as destruction of natural resources, the loss of several native 
plant species, pollution and global climate change [9]. Climate change is a prominent sign of human-driven 
changes to the global environment that the Earth is warming. Carbon dioxide (CO2) is the most important 
greenhouse gas, have been responsible for most of warming,  after the industrial revolution. Scientists predict 
that around 30% of all anthropogenic CO2 emissions are absorbed by forest [10]. Forests play an integral part in 
stabilizing rising atmospheric carbon dioxide (CO2) concentrations through the absorption of CO2 and the 
sequestration of carbon (C) in living tree biomass [15]. However, the decline and destruction of primary forest, 
which is the source of most plants, has been going on continuously ever since the industrial revolution began 
[18]. These environmental problems create awareness, bringing about the review and proposal of new  
development to remedy and protect world ecology which results to Deep Ecology concept and sustainable 
development with the attempt to rehabilitate indigenous people’s civilization in various regions as a means to 
protect ecology and culture [22,12]. There are indigenous civilizations in various provinces that regard the earth 
as a living being [18] and see them as being one with another [5]. The Native Americans in North America [12] 
and the Tai tribe in Vietnam [1] are some examples of tribes that have these viewpoints. The suggestion by the 
UNEP (United Nations Environment Programme) regarding the significance of culture and spiritual value upon 
the environment of indigenous people marked the acceptance and recognition of spiritual value and the 
ecosystem which affects the enduring development of indigenous people all across the world [28], and there 
have even been attempts at the United Nations meeting, to raise these indigenous knowledge to become the 
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international standard of maintaining the environment [12].Spiritual forest of Bru tribe in Thailand that was 
occurred from native Asian wisdom are the important of plants and biological conservation. However, there has 
been very little concrete and scientific study of the potentially of the Spiritual forests in terms of ecological 
benefits, plant values especially the carbon sequestration and CO2 absorption. Therefore, this study is focusing 
on the biomass, carbon sequestration and CO2 absorption of plant in  Bru tribe’s Spiritual forest in Thailand.     

    
Objective of the Study: 

To study species diversity and the potential of carbon sequestration and carbon dioxide absorption of plant 
in Bru tribe’s spiritual forest in Thailand.  

 
1. Study area: 

The location of the study was be the Spiritual forest in Bru tribe village across Sakon Nakhon which a part 
of the lower Mekong basin. The study is located at Ban Naloa village, Pannanikom  District, Sakon  Nakhon  
Province, Thailand  at the latitude 17°14' 25.40" N and longitude 103°45' 05.92" E.Average annual temperature 
is 26.20 ° C that distributed the range of 16.1 ° C to 35.1 ° C. Average annual rainfall is 1,575 mm. which rainy 
season normally started from April to October.  

The Bru people’s Spiritual forest of Ban Naloa village can be classified in to dry evergreen forest type as 
tropical rain forest. (Fig.1). Biomass assessment was carried out in Ban Naloa village’s Spiritual forest  from 
May 2011 to April 2012.  

 

                               
 

Fig. 1: Study Area: Sakon Nakhon Province, Thailand 
 

2. Sampling methods and Analysis: 
This study can be broken down into as follows; 
 

Studying and surveying the indigenous people: 
We investigated the location of the Bru’s tribe distribution and their Spiritual forest. The principle data 

were collected from documents study and field study to conduct ethnology survey by interviewing community 
leaders, non-participatory observations, and ethnic observations.   

           
Plant sampling: 

The plants survey were undertaken in 110 sampling plots of 10x10 m., trees (DBH > 4.5 cm and height > 
1.30 m) were identified and measured. 
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Estimation of Aboveground Biomass: 
After the trees were harvested, diameter and height were estimated with diameter tape, measuring pole and 

haga hypsometer, were applied to these data allometric regression equations to estimate the total Aboveground 
biomass.Aboveground biomass was calculated by summing the stem, branches and leaf mass of individual trees, 
using allometric equation developed by Tsutsumi et al. [27] for trees in dry evergreen forest and allometric 
equation developed by Wiriyabuncha for vines biomass as the following:        

Allometric equation developed by Tsusumi et al. [27]  
Stem Biomass Stem (WS) = 0.0509*(D2H) 0.919                           
Branch Biomass Branch (WB) = 0.00893 *(D2H) 0.977                   

Leaf Biomass Leaf (WL) = 0.0140*(D2H) 0.669                                  
And Allometric equation developed by Wiriyabunchachai (2003) 
Aboveground Biomass = 0.862 *(D)  2.0210                             

Where H = Tree height (m), D = DBH, Diameter Breast Height (m), Ws= Stem Biomass (Kg/individual 
tree) Wb= Branch Biomass (Kg/individual tree) Wl= Leaf Biomass (Kg/individual tree) 

  
Estimation of Belowground Biomass: 

The Belowground Biomass (BGB) has been calculated by multiplying Aboveground biomass taking 0.26 as 
the root to shoot ratio [4,14] 

 
Total Biomass, Carbon Sequestration and Carbon Dioxide Absorption: 

Total biomass is the summing of Aboveground and Belowground Biomass [25] 
The carbon content was calculated by multiplying the 0.5 conversion factors to total biomass [2] 
Carbon Dioxide Absorption was calculated by multiplying the 3.67 conversion factors to Carbon 

sequestration [16] 
   

Importance Value Index (IVI): 
IVI was calculated summing the Relative density, Relative frequency and Relative dominance [7] 
Relative density  =          Number of individual of the species x 100 
                   Number of individual of all the species 
Relative frequency    =  Number of occurrence of the species x 100 
                                                            Number of occurrence of all the species 
Relative dominance    =  Total basal area of the species x 100 
                     Total basal area of all the species  
 

RESULTS AND DISCUSSION 
 

1. The Bru tribe’s Spiritual forests of Sakon Nakhon Province, Thailand: 
The settlements of the Bru tribe in Sakon Nakhon province are around mountain ranges or in between the 

Phu Phan Mountains. In the Bru tribe traditional beliefs, gods who reside in mountains, forests, and rivers are 
guardians of such areas. The belief in the inseparable connection between the material world and the spiritual is 
also common among the Bru people in the lower Mekhong basin (Thai, Laos and Vietnam) [20]. When the Bru 
founded the village, they tried to choose a forest area with big trees, believing that it was a dwelling place of 
divinity. The god was invited to serve as the god of the community. The purpose of this was to ask the god to 
protect the offspring of the community, bring peace to the community, and ensure agricultural productivity. This 
sacred space which the founders of the Bru village allocated as the dwelling place of the deities has become a 
spiritual forest (Fig 2 and Fig 3). 

 

                
Fig. 2: Ban Naloa community and Naloa (Bru tribe) Spiritual forest 
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Fig. 3:  Home of divinity (god), man and plant diversity in Spiritual forest 
 

2. Plant Species and Dominance Trees in Ban Na Loa’s Spiritual forest: 
In Sakon Nakhon Province, it is revealed that there are 13 Bru tribe villages. There are a total of 11 

Spiritual forests (2 Bru villages share the same spiritual area, making a total of 13). The Spiritual forests can be 
divided into 3 types according to the characteristics of the species of plant community in Thailand [17]. The first 
type is the Dry evergreen forest and is found in 7 locations. The second type is the Mixed deciduous forest and 
has 3 locations. The third type is the Deciduous dipterocarp forest and has 1 location. In 70 rai (11.2 
hectares,6.25 rai = 1 hectares (ha)) of Dry evergreen forest in Ban Na Lao’s Spiritual forest (Fig 4) there are 149 
species of trees, most of tree species found are commonly vegetation presence in dry ever green forest. The 
highest importance value index (IVI) of trees are Tabag Dong (Langerstromia  ovaliforia Teijsm.& Binn.), 
Dang (Xylia  xylocarpa  var.kerrii (Craib&Hutch) I.C.Nielsen)) (Table 1.) Oy Chang (Lannea coromandelica 
(Houtt.) Mer) (Table 1) and the biggest size (Girth at Breast Height, GBH) of tree are Tabag Dong 
(Langerstromia  ovaliforia Teijsm.& Binn.), Sai (Ficus consociate Bl.) and Yang na (Dipterocarpus alatus 
Roxb. ex G.Don) (Table 2). 

 
 

  
 

Fig. 4: Characteristic and profile of plant community in Ban Nalao Spiritual forest 
 

Table 1: The first 5 of the highest Importance Value Index of Bru’s Spiritual forest in Ban Nalao 
Local name Scientific name Importance Value Index (IVI) 
Tabag Dong Langerstroemia ovaliforia. Teijsm.& Binn. 44.34 
Dang Xylia xylocarpa var.kerrii (Craib&Hutch) I.C.Nielsen) 11.52 
Oy Chang Lannea coromandelica (Houtt.) Merr.   11.50 
Plao Yai   Croton poilanei Gagnep. 9.74 
Koi Streblus asper Lour. 9.23 
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Table 2: The first 5 of the biggest Girth at Breast Height (GBH) of Bru’s Spiritual forest in Ban Nalao 
Local name Scientific name Importance Value Index (IVI) 
Tabag Dong Langerstroemia ovaliforia. Teijsm.& Binn. 44.34 
Sai Ficus consociata Bl. 11.52 
Yang na Dipterocarpus alatus Roxb. ex G.Don. 11.50 
Kanun Pah   Artocarpus  rigidus Bl. 9.74 
Makhamong Afzelia xylocarpa (Kurz) Craib.  9.23 

 
3.Total biomass Carbon sequestration and Carbon dioxide Absorption: 

In Bru tribe’s Spiritual forest of Ban Naloa, it was found that the average above ground biomass was 391.95 
tons per hectare (t/ha) and 101.91 t/ha of belowground biomass, the total biomass was 493.86 t/ha. The carbon 
sequestration average of aboveground was 195.97 tons per hectare (tC/ha) and 50.96 tC/ha of belowground 
carbon sequestration, the total of carbon sequestration was 246.93 tC/ha. 

When comparing of biomass accumulation and carbon sequestration in Ban Naloa’s Spiritual forest with the 
same types of forests in other locations, such as Kao Yai’s National Park we can see that the aboveground 
biomass was 312.015 tC/ha and has a carbon sequestration rate of 146.65 tC/ha  [24]. Thong Pha Phum’s 
National Park has an above-ground biomass 140.58±14.76 t/ha and carbon sequestration rate of 70.29±7.38 
tC/ha [26]. Also, Prom River basin’s forest has an above-ground biomass of 238.15 t/ha and a carbon 
sequestration rate of 119.08 tC/ha [13], and Sakaeratch Research Institute has an above-ground biomass of 270 
tC/ha  and  carbon sequestration rate 135 tC/ha [3] (Table 3).   

As shown in Table 3, the comparison of biomass accumulation and carbon sequestration in different area of 
same of dry ever green forest showed that the highest amount of above ground biomass and carbon sequestration 
at Ban Naloa s Spiritual forest.It may suggest that the plant community of Ban Nalao’s Spiritual forest was in 
mature state and has higher density and bigger size of tree than other location study.Spiritual forest of Bru 
people in Sakon Nakhon were old forest and have been strictly controlled the illegal logging.  

Ogawa et al. [21] presented aboveground biomass data in Thailand as Dry ever green forest at 126 t/ha, 
with calculated carbon sequestration as 60.30 tC/ha, based on direct measurement by destructive method in the 
Forest Research of Khao Chong, Trang Province. Flint and Richards [8] reported that carbon sequestration in 
Southeast Asia including India, Thailand, Malaysia, Indonesia and Cambodia ranging from 17.5 tC/ha or less in 
severely degraded tropical dry forest to almost 350 tC/ha in relatively undisturbed mature tropical rain forest. 
Therefore the potential of ecological service in term of carbon sequestration of indigenous people of Thailand 
showed as high including Carbon dioxide absorption.     

The results of Carbon dioxide (CO2) absorption, the average of CO2 absorption in aboveground in Bru tribe 
‘s Spiritual forest of Ban Naloa was 719.21 tons of CO2 (tCO2/h), 187.02 tCO2/ha of belowground CO2 
absorption and the total of CO2 absorption was 906.23 tCO2/ha     

 
Table 3: Above Ground Biomass and Carbon Sequestration of Bru’s Spiritual forest and Dry Evergreen forests in Thailand’s National Parks 

Location of Study Area Total Above-Ground Biomass 
(t/ha) 

Aboveground Carbon Sequestration  
(tC/ha) 

Ban Nalao  Sakon Nakhon Province 391.95 101.91 
 

Koa Yai  National Park  Nakhon  Ratchasima 
Province 

312.015 146.65 

Thong Pha Phum 
National Park  

Kanchanaburi Province 140.58±14.76  70.29±7.38  

Sakaeratch Research 
Institute 

Nakhon Ratchasima 
Province 

270 135 

Prom River Basin Nakhon Ratchasima 
Province 

238.15 119.08 

 
Conclusions: 

The Bru is one of the indigenous tribes of the Lower Mekong River-Sakon Nakhon Basin. They traditional 
wisdom that are respectful and humble to nature and have led to the preservation of Spiritual forest, an 
important source plant species which are especially local plants. The Spiritual forest of Bru tribe in Ban Naloa 
village is a source of the preservation of local plant species and various biomasses and they are one of the most 
important sources of carbon stock and carbon sink in Thailand. We found 493.86 tons/ha of total biomass, 
246.93 tons carbon/ha of carbon sequestration and 906.23 tons carbon dioxide /ha. of carbon dioxide absorption. 
The Spiritual forest of Bru people in Sakon Nakhon province of Thailand can potentially absorb a large of local-
global carbon dioxide emissions. From the result, the comparison of biomass accumulation and carbon 
sequestration in different area study of same types forest showed that Spiritual forest of Bru tribe was the 
highest amount of above ground biomass and carbon sequestration.Therefore, this Spiritual forest that was born 
from the ways and knowledge of indigenous people should be promoted and supported as an important 
alternative in the plant conservation and carbon dioxide reduction such as REDD+(reducing emissions from 
deforestation and forest degradation, and enhancement of forest carbon stocks) project. 



419                                                                  Tunwa Chaitieng, et al, 2015 
Advances inEnvironmental Biology, 9(24) November 2015, Pages: 414-420 

REFERENCES 
 

[1] Anh, H.V. and  T.V. Pham, 2010. “ Link between Spiritual Forest and Forest Conservation: A case Study in 
Noong La village, Son La Province, Vietnam”. [Online]. 2010. Available from: 
enviroscope.iges.or.jp/contents/APEIS/RISPO/inventory/db/pdf/0154.pdf [8 December 2010] 

[2] Brow, S., A.E. Lugo, 1982. “The storage and production of organic matter in tropical forest and their role in 
the global”. carbon cycle. Biotropica, 14: 161-187 

[3] Bunraksa, W., 1989. “Distributional Pattern, Gap Formation and Turnover time in Dry Evergreen Forest at 
Sakaerat”. Master’s Degree Thesis. Department of Forestry Management, Faculty of Forestry Graduate 
School, Kasetsart University.  

[4] Cairns, M.A.S., S. Brown, E.H. Helmer, G.A. Baumgardner, 1997. “Root biomass allocation in the world's  
upland forests”. Oecologia 111: 1-11. 

[5] Capra, F., 1997.  “The Web of Life: A Synthesis of Mind and Matter”. Vol. 2.  London: Flamingo. 
[6] Chavan, B.L. and G.B. Rasal, 2011. “ Sequestered Carbon Potential and Status of Eucalyptus Tree”. 

International Journal of applied Engineering and Technology, 1(1): 41-47. 
[7] Curtis, J.T., 1959.“ The Vegetation of Wisconsin. An Ordination of plant communities”. Wisconsin 

University press, Madison Wisconsin. 
[8] Flint, P.E., J.F. Richards, 1996. “Trends in carbon  content of vegetation in South and Southeast Asia 

associated  with change in land use”. In V.H. Dale (ed.), Effects of Land Use Change on atmospheric CO2 
concentrations, South and Southeast Asia as a Case Study, pp: 201-300., Berlin: Springer-Verlag. 

[9] Food and Agriculture Organization of the United Nations (FAO), 2010. “Global Forest Resources 
Assessment”.Rome: FAO. 

[10] Goodnight Earth, 2015.“Tropical forest absorbing more carbon dioxide than previously thought”. Available  
from:http://gnightearth.com/category/climate-change/page/2/ [4 June 2015] 

[11] Gray, A.,  1999.  “Indigenous People, Their Environments and Territories”. In: Programme, U.N.E. (ed.)  
Cultural and Spiritual Values of Biodiversity,  pp. 59-118. London: United Nations Environment 
Programme 

[12] Groenfeldt, D., 2003. “The future of indigenous values: cultural relativism in the face of economic  
development”.  Futures,  35(9): 917-929. 

[13] Harndejchanon, N., 1990. “Comparative Ecological Study on Three Forest Types at Namprom Basin, 
Chaiyaphum Province”. Master’s Degree Thesis. Department of Environmental Science Graduate School, 
Kasetsart University.     

[14] Hangarge, L.M., D.K. kulkarni, V.B. Gaikwad, D.M. Mahajan and N. Chaudhari, 2012. “Carbon 
Sequestration potential of the species in SomjaiRai (Sacred grove) at Nandghur village, in Bhor region of 
Pune District, Maharashtra State, india”. Annual Biological Research, 3(7): 3426-3429. 

[15] IPCC., 2015. Appendix I. “Conversion Units Intergovernmental panel on Climate change”. Available from: 
http://www.ipcc.ch/ipccreports/sres/land_use/index.php?idp=12 [3 June 2015] 

[16] IPCC., 2015. Land-Use Change and Forestry.Available from: 
http://www.ipcc.ch/ipccreports/sres/land_use/index.php?idp=12 [3 June 2015] 

[17] Kudtha-in, U., 1999. “Niwetwittaya Pamai Pheu Karn Pamai. Parkwicha Cheewa wittaya Pamai (Forest 
Ecology for Forestry)”. Department of Forest Biology. Faculty of Forestry, Kasetsart University. Bangkok, 
Thailand. 

[18] McGregor, D., 2009. “Aboriginal/non-Aboriginal relations and sustainable forest management in Canada: 
The influence of the Royal Commission on Aboriginal Peoples”.  Environmental Management., 92(2): 300-
310. 

[19] Meepol, W., 2009. “Growth and Litter Production of 7-10 Years Old Rhizophora Mucronata Lamk Plant on 
Abandoned Shrimp Farm Area at Donsak, Surat Thani Province”. Forestry Management., 3(6): 35-55.  

[20] Mole, R.L., 1968.“Peoples of Tribes of South Vietnam”. US Navi Personal Response 
Officer.Comnavsuppact Saigon, Fpo San Francisco. 

[21] Ogawa, H., K. Yoda, K. Ogino, T. Kira, 1965. “Comparative ecological studies on three main type of forest 
vegetation in Thailand II”.Plant biomass. Nature and Life in Southeast Asia, 4: 49-80. 

[22] Payutto, P., 1996. “Karn Pattana Tee Yang Yun (Sustainable Development)”. 2nd ,Saha Dharmamik, 
Bangkok. 

[23] Sirisawat, N., 1998. The Relationship between Soil Physical Properties and Structural Characteristics of 
Deciduous Dipterocarp Forest in the Promotion Center for Plants,Nakhon Ratchasrima. Master’s Degree 
Thesis, Department of Environmental Science, Graduate School, Kasetsart University.  

[24] Sooksawang et al., 2012. “Long-term Ecological Studies in The Nation Park: The Permanent Plots in 
Tropical Forests”. In the report of Thai forest ecological research conference “Ecological  Knowledge for 
Restoration” 24-26 January 2012 at Maejo University, Chieng Mai. 



420                                                                  Tunwa Chaitieng, et al, 2015 
Advances inEnvironmental Biology, 9(24) November 2015, Pages: 414-420 

[25] Suryawanshi, M.N., M.N. Patel, T.S. Kale, P.R. Patii, 2014. “Carbon Sequestration potential of tree species 
in the environment of North Maharashtra University Campus, Jalgaon”. Bioscience Discovery, 5(2): 175-
179. 

[26] Terakunpisut, J., 2003.“Carbon Sequestration Potential In Aboveground Biomass of Thong Pha Phum 
forest Ecosystem”.Thesis for Degree of Master of Science in Zoology,Department of Biology, Faculty of 
Science,Chulalongkorn University. 

[27] Tsutsumi, T., K. Yoda, P. Sahunalu, P. dhanmnonda, B. Prachaiyo, 1983. “Forest: felling, Burning and 
Regeneration”. In: Kyuma and C. Pairintra (eds.), Shifting cultivation, pp: 13-62. 

[28] UNEP., 1999. “Cultural and Spiritual Values of Biodiversity”.Vol. 1. Cultural and Spiritual Values of 
Biodiversity.  London: United Nations Environment Programme. 

[29] Viriyabuncha, C., 2003. “The hand book of Biomass evaluation”.Bangkok: Department of National Parks, 
Wild life and Plant conservation, Thailand. 


