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Abstract  
 
There is an imperative interrelationship between people and forests however forests loss is 
continued which causes several complexities. This research was objectively done to show the 
effects of carbon stock on species ranking in collaborative forests (CFMs). The randomized 
block design (RBD) was set and stratified random sampling was applied to collect the 
biophysical data. Total 33, 32 and 31 samples were collected from Banke- Maraha, 
Tuteshwarnath and Gadhanta- Bardibash CFMs respectively; establishing 20*25m2 plot for 
trees using GPS coordinates. The height and diameter of plants were measured. Additionally, 
frequency and density of plant species were also recorded. Latter biomass was calculated 
using equation by Chave et al. and importance value index (IVI) was also calculated to 
prioritize the species. Additionally, mix rank was also estimated by using IVI and carbon to 
evaluate effects of carbon on species ranking. It showed that, estimated highest IVI was 68.59 
in Shorea robusta in Tuteshwarnath CFM. The carbon stock of Shorea robusta was the highest 
50.43±0.43 t ha-1 in Gadhanta- Bardibash CFM.  Total 11 species like Dalbergia latifolia, 
Schleichera  trijuga, Croton roxburghii and Acacia catechu were promoted their rank under 
mix criteria. This showed that there was effect of carbon on species ranking.  
 
Keywords: IVI; Forest carbon; Ranking ecological value; Promotion 
 

 
Introduction  

 
There is imperative interrelationship between people and forests [1, 2] because forests 

are very benign to them. In fact, the green forests are working as tireless apparatus of oxygen 
production which is the precious life gas for living beings [3]. Forests produce timber and non-
timber products for people. Besides, the forests function as ecosystem services, biodiversity kit 
and capture the CO2 produced during the respiration process of living beings [4, 5]. This is why, 
life is impossible without green forests on the planet [6, 7]. However, people have been 
involved in the destruction and deterioration of the forests. 

Apparently, deforestations rate is alarming in the world, region and local level. Globally, 
estimated annual deforestation was -0.13% between 2000 and 2010 but it was positive change 
0.28% in Asia [8]. Moreover, the annual forest area loss in Terai, Nepal was 0.40% in between 
1991 to 2010 [9] and was about 1.7% in between 1978 to 1994. Thus, the global deforestation 
contributes 18-20% sources of greenhouse gas emissions annually. Meanwhile, only tropical 
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deforestation including Nepal shares about 25% of anthropogenic carbon emissions which is the 
leading cause of species extinctions [10]. The prime cause of this situation is increasing 
population and their demand for better future. 

People and their poverty are equally responsible for mismanagement of forests [11]. 
Globally, middle class population expanded from 26% to 58% in between 1990 to 2010. In 
reality about 925 million people were undernourished in the world in 2010 [12]. Meanwhile, 
about1.57 billion people or more than 30% of the population of the 104 countries counting 
Nepal live in multidimensional poverty [13]. About 60 million people (especially indigenous 
peoples) are wholly dependent on forests for subsistence livelihood [12, 14]. So, only managing 
the forests is not the reliable solution to reverse the degraded and deforested lands without 
managing these people. Otherwise consequences may be more serious to living beings than the 
past. 

Unfortunately, uncountable natural as well as artificial calamities have been observed 
these days which demands better alternative options to resolve them. Some examples are land 
degradation, flood, mass slides, natural disaster and warming and climate change that directly 
damage the ecosystem services like biodiversity and biomass [15]. Therefore, opportunity 
should be searched to use and manage the forest resource wisely through people’s participation 
[16]. One of the compelling ways may be exploration of ecological value of a particular species 
in the forests ecosystem [16]. Equally, the carbon sequestration, which is the prime element of 
as ecosystem services, by particular species and their effect on ecological process may be the 
other way. These points may help people to know and realize the real value of plants species 
diversity and their contributions in carbon sequestration and ultimately in climate change. This 
research tries to cover these aspects because such types of works were rarely found and in fact 
they were lacking too in Nepal. 

Thus, this research was objectively carried out to explore the ecological value of forest 
species, assess the carbon stock according to plant species in collaborative forests and to 
evaluate the effects of carbon on species ranking in these forests. 

 
Materials and Methods  

 
The methods include study site, sampling process, data collection and data analysis.  
Study site 
Mahottari district was selected for study area. This district is situated at 26° 36' to 28° 

10' North and 85° 41' to 85° 57' East in central part of Nepal (Fig.1).  
 

 
Fig. 1. Map of the study areas 
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The temperature ranges between 20-25° Celsius and average annual rainfall recorded 
between 1100-3500 mm.. Specifically, 3 collaborative forests namely Banke -Maraha, 
Tuteshwarnath and Gadhanta -Bardibash collaborative forests (CFMs) were selected for study 
site which have areas 2006, 1334 and 1450 ha respectively. The main species of these forests 
were Sal (Shorea robusta) and other major associate species were Saj (Terminalia tomentosa), 
Botdhairo (Lagerstroemia parviflora), Harro (Terminalia chebula) and Barro (Terminalia 
belerica). 

Sampling process 
All selected collaborative forests were surveyed using GPS GARMIN eTrex and maps 

were prepared using ArcGIS ArcMAP 10. Then, these forest areas were stratified into 3 strata 
like regeneration, pole and tree using the participatory rural appraisal sketch and GIS maps 
together. Each stratum was considered as block and sample plots were randomly distributed on 
each stratum setting the random block design (RBD) applying stratified random sampling. 

After that, the number of sample plots was fixed using the pilot sampling method for 
each stratum [17]. For this purpose at least 5-15 sample plots were taken from each stratum of 
collaborative forest. Moreover, the typical species area curve was also considered so that the 
number of plant species may not be missed during sampling. Latter, the diameter at breast 
height (DBH) and height were measured to calculate the biomass. This method is based on co-
efficient of variance. Hence, altogether, 96 sample plots were fixed using following equation for 
collaborative forests. Out of them, 32, 33 and 31 samples were allocated for Banke- Maraha, 
Tuteshwarnath and Gadhanta –Bardibas CFMs respectively. 

Required number of sample plots (N) = (CV*t/E)2 
Where, CV is the coefficient of variation of biomass =S/   

Standard deviation, ,whereas x is the biomass of trees  
t = value of Student’s t-distribution Table at n-1 degree of freedom (df) at 10% 

probability but in (n-1), n denotes number of sample plots taken for pilot sample that is 10-15. 

E = ;  
Where, E is the Sampling error at 10%, S is the standard deviation [18]. Next, the centre point 
coordinates of sample plots were noted from the map and the coordinates were uploaded in GPS 
in order to establish the plots in the field through navigating them. Here, the plot sizes were laid 
out to the nature of the stratum such as 20x25m2 for tree stratum and simultaneously nested 
plots 10x10m2 for pole and 5x5m2 for regeneration stratum. 

Data collection 
Then, the species wise data were collected from the established sample plots. The 

species' nomenclature, their frequency and number of occurrence were noted as well as their 
height and diameters were also measured. In addition, samples of regeneration particularly 
1cm<DBH <5cm were collected in separate plastic bag and their fresh weight was taken and 
packed for lab analysis. 

Data analysis 
The data analysis was centered on biomass, Importance vegetation index (IVI) 

calculation and statistical test. 
The biomass of plants having DBH>5cm was calculated using equation like 

[19] but the biomass of plants with DBH<5cm was 
estimated by drying the collected samples in oven. Then, total biomass was converted into 
carbon multiplying with 0.47 [20]. 

IVI= relative density+ relative frequency + relative basal area 
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Besides, the relative density, relative frequency and relative basal area were calculated in 

percentage. Thus, the total value of IVI was 300.  
Latter, rank was calculated for each species based on IVI, carbon and mix (carbon % + 

IVI %). The carbon stocks of some valuable species were compared among collaborative 
forests. At the same time the ranking of plant species based especially on mix and carbon(C) 
was compared to evaluate the effect of carbon stock on species ranking. 

Statistically, the data of carbon stock of some valuable species were analyzed using IBM 
SPSS 20. Specifically, the record of carbon of each species was evaluated for normality test 
using Shapiro-Wilk test which showed that the record of carbon stocks of the plant species were 
not normal except record of Shorea robusta. Therefore non- parametric Kruskal Wallis test was 
applied to compare the species wise carbon stocks while one way ANOVA and multiple 
comparison Tuky’s test were used to compare the carbon stocks of Shorea robusta among these 
forests. 

  
Results and Discussion 

 
The following results were drawn to meet the research objectives. They are: a. IVI and 

records of carbon stock in collaborative forests; b. comparison of carbon stocks of major 
species in collaborative forests; c. ranking of the species based on mix, IVI and carbon and d. 
evaluation of effects of carbon on plant species ranking. 

IVI and records of carbon stock in collaborative forests 
The IVI, carbon stock and their interrelation are importantly evaluated in the 

collaborative forests. 
IVI of plant species in collaborative forests 
The results showed that IVIs of plant species were differed according to collaborative 

forests. Specifically, the highest IVI was recorded for Shorea  robusta in all collaborative 
forests. They were 68.59, 62.22 and 61.65 in Tuteshwarnath Bardibash –Gadhanta and Banke –
Maraha CFMs. Additionaly, there were some more high records of IVIs of Terminalia 
tomentosa in all collaborative forests with 50.87, 52.56 and 47.09 in Bardibash – Gadhanta, 
Tuteshwarnath and Banke – Maraha CFMs respectively. Meanwhile, some species namely 
Lagerstroemia parviflora, Anogeissus latifolia and Eugenia jambolana showed 10<IVI<40. 
However, other species showed very less IVI < 5 for instance Dillenia indica, Eucalyptus 
camaldulensis, Bridelia retusa, Aegle marmelous, Alstonia scholaris,  Anthocephalus chinensis 
and  Schleichera trijuga (Figure 2). In reality, the reliable reason for high IVI of Shorea  
robusta was due to its dominancy in the research site. Remarkably, a study done in Chitwan, 
Nepal also showed the highest IVI about 39.71 of Shorea robusta [21]. In addition, the research 
done in Karnataka, India showed that the IVI of Anogeissus latifolia was 24.10 [22] which was 
matching with the estimated IVI of this species of present research too. Generally, high 
dominant species have high IVI [23]. 

Species wise carbon stock 
The species wise carbon stock was varied in the collaborative forests because the total 

carbon stock was also not same in these forests. The estimated total carbon stock of all species 
was 110.14±0.42t·ha-1 in Banke - Maraha CFM, 136.44±0.46t·ha-1 in Tuteshwarnath  CFM and 
173.49±0.33t·ha-1 in Gadhant – Bardibash CFM. Specifically, the highest carbon stock was 
recorded in Shorea robusta with 50.43±0.43 t ha-1 in Gadhanta - Bardibash CFM. Other higher 
values were recorded in same species with 44.87± 0.24t·ha-1 in Tuteshwarnath CFM and 35.93 
±0.32t·ha-1  in Banke Maraha CFM. On the other hand, the lowest value of carbon stock about 
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0.01t·ha-1 was found in Desmodium oojeinense in Gadhanta - Bardibash CFM (Table 1).  Infact 
the reason of  the higher value of carbon stock in Shorea robusta was because of the dominance 
of this species in these forests. The report of Tarai [24] showed the estimated carbon stock of 
Shorea  robusta was 52.31t·ha-1, which value is quite similar to the estimated carbon stock of 
same species in Gadhanta - Bardibash CFM. Additionally, same report showed that the carbon 
stock of Mallotus philipinensis was 2.45t·ha-1, which was also near to the value of carbon stock 
of same species in Banke - Maraha and Gadhanta - Bardibash CFMs.  

 

 
Fig. 2. IVI of different species in collaborative forests 

 
Table 1. Carbon stock of plant species in collaborative forests 

 

Species Banke -Maraha Tuteshwarnath Gadhant-Bardibash 
Shorea  robusta 35.93±0.32 44.87±0.42 50.43±0.43 
Terminalia tomentosa 25.50 ±0.28 34.49±0.38 36.79±0.38 
Lagerstroemia parviflora 11.37±0.21 18.72±0.32 19.87±0.32 
Sapium insigne 3.27±0.06 2.44±0.02 1.87±0.02 
Anogeisus  latifolia 9.80±0.17 11.28±0.28 15.40±0.28 
Dalbergia latifolia 0.84 0.68±0.01 0.45±0.01 
Mallotus philipinensis 2.55±0.04 0.87±0.06 2.36±0.06 
Eugenia  jambolana  7.40±0.21 10.14±0.29 13.66±0.29 
Cassia fistula 0.32 1.40±0.03 0.59 
Adina cordifolia 0.16 2.26±0.20 7.34±0.20 
Croton roxburghii 0.15 0.21 0.15 
Terminalia belerica 4.37±0.15 1.83±0.22 7.54±0.21 
Phyllanthus  embelica  0.20 0.23 0.88 
Dalbergia sissoo 0.07 0.00 0.17 
Nyctanthes arbor-tristis 0.07 0.07 0.07 
Bombax ceiba 0.13 1.27±0.18 3.87±0.18 
Terminalia chebula  3.42±0.16 1.47±0.16 5.35±0.16 
Albizzia procera 1.65±0.10 2.13±0.17 4.06±0.17 
Semecarpus onacardium 0.62 0.12 0.10 
Dillenia  pantaguana  0.83 0.43 0.23 
Sterculia villosa 0.12 0.02 0.03 
Acacia catechu 0.28 0.02 0.02 
Anthocephalus chinensis 0.28 0.02 0.37 
Gmelina arborea  0.02 0.02 0.02 
Desmodium oojeinense 0.13 0.24 0.01 
Schleichera trijuga  0.06 0.79 0.49 
Alstonia scholaris 0.09 0.09 0.00 
Aegle marmelous 0.02 0.02 0.00 
Bridelia retusa 0.00 0.00 0.02 
Eucalyptus camaldulensis 0.36 0.18 1.21 
Dillenia indica 0.13 0.13 0.14 

Note: 0 value showed absent of the species in the forests.  



R.A. MANDAL et al.  
 

 
INT J CONSERV SCI 6, 3, JUL-SEPT 2015: 391-400 396 

 
IVI and species wise carbon stock interrelation 
The result showed that the higher the carbon, the higher was the IVI of plant species but 

it was differed too in many cases. For example the species like Shorea robusta, Terminalia 
tomentosa and Lagerstroemia parviflora showed the high carbon stock and high IVI too (Table 
1 and figure 2). However, this was differed for Sapium insigne which showed less carbon stock 
about 3.27t·ha-1 and the estimated IVI were 18.35 in Banke - Maraha CFM. Similarly, the 
estimated carbon stock of same species was only 2.44t·ha-1 but the IVIs was 8.27 in 
Tuteshwarnath CFM. At the same time, the carbon stock was 1.87t·ha-1 while IVI noted 7.98 in 
Gadhant-Bardibash CFM. Same complexity was observed for carbon stock and IVI of Eugenia  
jambolana and Terminalia belerica too. It may be because of “the IVI calculation is based on 
relative BA which includes only the DBH of the plant, relative species density and frequency 
but carbon estimation preferably includes DBH, height, wood density of the plant. However, 
some dominant species have high IVI and normally they have high biomass too [25 to 28]. In 
this complexity, the prioritization of the plant species based on IVI may create the biased 
perception for climate change worker who is especially functioning for forests enhancement as 
an ecosystem services. 

Comparison of carbon stocks of major species in collaborative forests   
There was not too much variation in carbon stock of major species in these forests. Since 

the p-values were greater than 0.05, the ANOVA (parametric test) and Kruskal Wallis (non 
parametric one way ANOVA) test showed there was no significant differences in species wise 
carbon stock in these forests at 5% level of significant except Lagerstroemia parviflora (Table 
2). The reason of not variation of species wise carbon may be due to site quality, dominance of 
more or less same aged plants. However, it is interesting to show how the rank of these 
important species varied. 
 

Table 2. Comparison of carbon of major species 
 

Plant Spp Parametric test (p- value) Non- parametric (p- value) 
 ANOVA Tukey's test Kruskal Wallis Multiple 

comparison 
Shorea  robusta 0.21 NA   

Terminalia tomentosa   0.43 NA 
Lagerstroemia parviflora   0.03 All differed 

Sapium insigne   0.93 NA 
Anogeisus  latifolia   0.80 NA 
Dalbergia latifolia   0.66 NA 

Mallotus philipinensis   0.21 NA 
Eugenia  jambolana   0.21 NA 
Terminalia belerica   0.44 NA 
Terminalia chebula   0.34 NA 

 
Rank of the species based on mix, IVI and carbon  
Some species showed same rank based on the carbon, IVI and mix (carbon +IVI) but 

some species showed different results too. Specifically, Shorea robusta and Terminalia 
tomentosa showed same rank 1 and 2 respectively following both criteria. The other examples 
of the same ranks were found for Gmelina arborea, Bridelia retusa and Aegle marmelous in 
Banke - Maraha and Tuteshwarnath CFM. However, the ranking of some important species 
were differed too. Such as, the ranks of Terminalia chebula were 9, 10 and 7 in Banke- Maraha 
CFM based on mix, IVI and carbon respectively which were 9, 7 and 10 in Tuteshwarnath 
CFM. Same variations were found in ranking of Dalbergia latifolia, Albizzia procera, Acacia 
catechu and Anthocephalus chinensis too. 

These create the uncertainty whether the species prioritized based on IVI or based on 
carbon stock. Particularly, Sapium insigne was ranked 7 under IVI but ranked 8 under carbon in 
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Banke - Maraha CFM. Similarly, this species was ranked 10 under IVI but it was ranked 6 
under carbon in Tuteshwarnath CFM while it was ranked 10 under IVI and 12 under carbon in 
Gadhanta - Bardibash CFM. Similar complexities were observed for Mallotus philipinensis, 
Terminalia belerica, Dillenia  pantaguana, Albizzia procera and Semecarpus onacardium. 
These obscurities were challenging to work for biodiversity and carbon. Thus the mix criterion 
was proposed to prioritize especially valuing the record of carbon too (Table 3).  

 
Table 3. Species ranking in collaborative forests 

 

Banke- Maraha CFM Tuteshwarnath CFM Gadhanta – Bardibash CFM Species/ Rank base 
Mix IVI C Mix IVI C Mix IVI C 

Shorea  robusta 1 1 1 1 1 1 1 1 1 
Terminalia tomentosa 2 2 2 2 2 2 2 2 2 
Anogeisus  latifolia 3 3 4 3 3 3 4 4 4 
Lagerstroemia parviflora 4 4 3 4 4 4 3 3 3 
Eugenia  jambolana  5 6 5 5 5 5 5 5 5 
Terminalia belerica 6 5 6 10 9 9 7 7 6 
Sapium insigne 7 7 8 8 10 6 12 10 12 
Mallotus philipinensis 8 8 9 15 16 13 11 11 11 
Terminalia chebula  9 10 7 9 7 10 8 8 8 
Dalbergia latifolia 10 9 11 14 14 15 16 15 17 
Dillenia  pantaguana  11 11 12 17 19 16 19 20 19 
Albizzia procera 12 17 10 7 8 8 9 9 9 
Semecarpus onacardium 13 12 13 20 20 22 23 23 23 
Cassia fistula 14 13 15 11 11 11 13 13 15 
Acacia catechu 15 14 16 24 23 26 27 27 26 
Anthocephalus chinensis 16 15 17 25 24 27 21 22 18 
Phyllanthus  embelica  17 16 18 19 18 18 14 14 14 
Eucalyptus camaldulensis 18 19 14 23 26 20 15 16 13 
Sterculia villosa 19 18 24 28 27 25 25 25 25 
Adina cordifolia 20 21 19 6 6 7 6 6 7 
Schleichera trijuga  21 20 28 13 12 14 17 18 16 
Croton roxburghii 22 23 20 16 15 19 18 17 21 
Desmodium oojeinense 23 22 22 18 17 17 29 29 29 
Bombax ceiba 24 26 21 12 13 12 10 12 10 
Alstonia scholaris 25 24 25 22 22 23 30 30 30 
Nyctanthes arbor-tristis 26 25 27 27 28 24 24 24 24 
Dillenia indica 27 28 23 21 21 21 20 19 22 
Dalbergia sissoo 28 27 26 30 30 29 22 21 20 
Gmelina arborea  29 29 29 26 25 28 28 28 27 
Aegle marmelous 30 30 30 29 29 30 31 31 31 
Bridelia retusa 31 31 31 31 31 31 26 26 28 

 
Evaluation of effects of carbon on plant species ranking  
The ranking of species based on mix criteria showed 3 different types of circumstances. 

They are: a. species having same rank based either on excluding or including carbon b. 
promotion of rank of the plant species and c. demotion of rank of the species (Table 4). 

Species having same rank based either on excluding or including carbon 
The prioritization of species based on mix rank showed no any differences for some 

species in these forests. They were altogether 7 in Banke - Maraha CFM, 8 in Tuteshwarnath 
CFM and 17 species in Gadhanta - Bardibash CFM. The contributions of carbon of these total 
species were 67.14, 89.65 and 89.31% in Banke- Maraha, Tuteshwarnath and Gadhanta -
Bardibash CFM respectively.  Explicitly, the most common species were Shorea robusta, 
Terminalia tomentosa, Anogeisus  latifolia , Lagerstroemia parviflora and Eugenia  jambolana. 

Promotion of rank 
Some species have promoted their rank based on mix than carbon such as Dalbergia 

latifolia, Schleichera trijuga, Croton roxburghii and Acacia catechu. Total numbers of 
promoted species were 11 in both Tuteshwarnath and Gadhanta - Bardibash CFMs which was 
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12 in Banke - Maraha CFM. They were contributed nearly 16.91, 5.72 and 6.14% carbon in 
Banke - Maraha, Tuteshwarnath and Gadhanta - Bardibash CFMs respectively. Specifically, 
Dalbergia latifolia was prioritized to 10 under mix ranking which was ranked 11 under carbon 
ranking in Banke - Marha CFM. Similarly, ranking of same species was placed to 14 under mix 
ranking from 15 under carbon ranking in Tuteshwarnath CFM and lastly it switched to 16 from 
17 in Gadhanta - Bardibash CFM. Moreover, Schleichera trijuga was climbed to rank 21 under 
mix ranking from 28 under carbon ranking in Banke - Maraha. Interestingly, Croton roxburghii 
was also promoted the rank to 16 under mix ranking from 19 under carbon ranking in 
Tuteshwarnath CFM. In case of Acacia catechu, this was shifted to 15 under mix from 16 under 
carbon in Banke - Marha CFM and ranked to 24 from 26 in Tuteshwarnath CFM.  

Demotion of species rank 
On the other hand the ranks of some species were recorded decreasing place under mix 

ranking compared to carbon ranking. They were Eucalyptus camaldulensis, Dillenia indica, 
Dalbergia sissoo, Alstonia scholaris and Nyctanthes arbor-tristis. Total rank demoted species 
were 5 in Gadhanta - Bardibash CFM and 10 in both Banke - Maraha and Tuteshwarnath 
CFMs. The contributions of carbon of these species were 15.96% in Banke - Maraha CFM, 
4.63% in Tuteshwarnath CFM and 5.55% in Gadhanta - Bardibash CFM. Mainly, i. Dalbergia 
sissoo was demoted to 28 under mix ranking from 26 under carbon ranking in Banke -Marha 
CFM. This species was stepped down to 22 under mix ranking from 20 under carbon ranking in 
Gadhanta- Bardibash CFM and ii. Eucalyptus camaldulensis demoted to 18 under mix ranking 
from 14 under carbon ranking in Banke - Marha CFM, 23 from 20 in Tuteshwarnath CFM and 
15 from 13 in Gadhanta - Bardibash CFM. 
 

Table 4.Effect of carbon on ranking based on mix criteria (IVI+ Carbon) 
 

Category Details Banke - Maraha Tuteshwarnath Gadhanta - Bardibash 
N 7 8 17 Unaffected spp. 
% carbon contribution 67.14 89.65 89.31 
N  12 11 11 Promoted spp. 
% carbon contribution 16.91 5.72 5.14 

N 10 10 5 Demoted spp. 
% carbon contribution 15.96 4.63 5.55 

 
Conclusions 

 
Dominant carbon stocks were found in Shorea robusta and Terminalia tomentosa but 

they were very low in Dillenia indica and Eucalyotus camaldulensis. The species wise carbon 
stocks were not significantly differed except in Lagerstroemia parviflora. 

The ranking based on IVI only did not completely represent the value of plant species. 
So, other criterion was proposed based on mix (IVI + carbon) ranking. This showed promotion 
of ranking 11 to 12 species in these collaborative forests. 

The ranking of species based on mix should be tested for other types of forests too so 
that its performance can be evaluated confidently. 
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