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ABSTRACT 

A study was conducted to assess the impacts of 
elevation, tree species and management on car- 
bon stock on the slopes of Rungwe Mountain in 
Tanzania. Twenty 15 m radius plots with trees of 
DBH >10 cm were used to collect trees meas- 
urements as well as soil samples at depths of 10 
cm, 20 cm and 30 cm. Tree data collected were 
calculated and analyzed for tree biomass and 
carbon by using the Tree Biomass Equations 
(TBE) while soil samples were analyzed for total 
soil carbon using oxidative reduction method in 
which soils were combusted at about 600˚C in a 
muffle furnace to released CO2 and SO2 gases 
carried by the oxygen flow into cells. The results 
showed that aboveground carbon content in- 
creased with altitude ranging from 9.2 t/ha at 
2031 m to 561.7 t/ha at 2312 m.a.s.l due to little 
forest disturbance at high altitudes. However, 
the trend changed drastically at 2312 m.a.s.l. 
Soil carbon content tended to increase down the 
slope ranging from 3.8 t/ha at 2.312 to 4.7 t/ha at 
2031 m.a.s.l, respectively. In general, there is 
limited awareness on sustainable management 
of forest resource in the study area. It is neces- 
sary to empower local communities to monitor 
and manage their forest resources so that they 
can contribute to climate change mitigation and 
income generation through carbon trade under 
REDD initiative. 
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1. INTRODUCTION 

Deforestation in the tropics is a major source of carbon 
emissions and an active contributor to global warming. 
The Intergovernmental Panel on Climate Change (IPCC)  

estimates that 1.7 billion tons of carbon is released annu- 
ally due to land use change, the majority of which is tro- 
pical deforestation (MacDicken, 1997; IPCC, 2005) [1,2]. 
In Africa, for example, deforestation accounts for nearly 
70% of total emissions (FAO, 2005) [3] while in Tanzania 
various sources has reported about the forest depletion 
and degradation (Kangalawe et al., 2005; Majule et al., 
2010) [4,5] contributing to almost 20% of the total emis- 
sion. Carbon circulates among the oceans; terrestrial bio- 
sphere and atmosphere, in addition to human activities, 
such as fuel combustion and deforestation affect the car- 
bon dioxide (CO2) concentration in the atmosphere (Leh- 
tonen, 2005) [6]. Forests are also the largest terrestrial re- 
servoir for atmospheric carbon because they remove CO2 

from the atmosphere and store it in the soil litter, trees 
and other organic matter. The current carbon stored in 
tree biomass comprises half of the atmospheric storage 
and is continuing to grow despite deforestation, the rate 
of which is decreasing but still high. 

The amount of carbon stored in a forest stand depends 
on its age, tree species, the location of forests on a land- 
scape and management practices imposed. However, much 
attention has also to be paid to the human development 
activities such as cultivation of crop, collection of fire 
woods, cutting down of trees for charcoal and timber 
which involves clearing of forest’s trees which reduces 
the amount of carbon in a particular forest stand. These 
activities result in the emission of greenhouse gases 
(GHG), such as CO2, NOx and CH4 in the atmosphere 
that contributes considerably to global warming (IPCC, 
1995) [2]. Human activities which lead to loss of forests 
are significant contributing factor in climate change. There- 
fore, one possible strategy to reduce GHG with great po- 
tential is to use forest to sequester CO2 by improving the 
management of forest resources. Efforts should therefore 
be put in expanding carbon storage in forests which has 
been identified as a potential measure to mitigate climate 
change (Prentice et al., 2000) [7]. 

Different studies indicate that forests store different  
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amounts of carbon in defined pools including above- 
ground biomass carbon (AGB), below ground biomass 
carbon (BGB), leaf litter (fine necromas), dead woody 
(coarse woody necromas) and soil organic matter carbon 
(SOC). It is clearly known that the changes in forestland 
affect the carbon stock of a particular forest and hence 
the annual carbon storage and average carbon density 
(Rowell, 1994) [8]. However, Gibbs et al. (2007) [9] dis- 
cussed the important options of estimating national-level 
forest biomass carbon stocks in developing countries and 
proposed methods to link forest carbon and deforestation 
estimates. According to Munishi and Shirima (2009) [10] 
unpublished report, carbon stored in trees shows signifi- 
cant variation with elevation, species composition and man- 
agement practices imposed.  

In Tanzania, carbon stock assessment is a recent prac- 
tice which has been adopted recently according to Kyoto 
protocol (1997) by establishment of the National Forest 
Monitoring and Assessment (NAFORMA). In the last 30 
years sub national inventories for different parts of the 
country have been carried out for only particular pur- 
poses. There are also limited complementing studies in- 
cluding those of Uruguru Nature Reserve in Morogoro 
region and Chome Nature Reserve in Kilimanjoro region 
conducted by Munishi and Shirima (2010) [10]. More stu- 
dies are still needed to be done in order to effectively 
implement REDD initiative in Tanzania.  

This study measured the aboveground tree biomass 
and soil organic carbon down the slope of Mount Rungwe 
in order to determine the variation in carbon stock with 
elevation, tree composition and management practices 
imposed.  
   
2. RESEARCH METHODOLOGY  

2.1. Description of the Study Area 

The study was conducted in the southern highland ar- 
eas of Tanzania in Rungwe Mountain located in Mbeya 
region (Figure 1). The area is located between latitudes 
8˚30'S and 9˚30'S and longitudes 33˚E and 34˚E in south- 
west Tanzania (Majule, 2010) [5]. The Mountain is associ- 
ated with a belt of forest which dominates the moun- 
tainous country north-west of Lake Nyasa. The Mountain 
has an extensive stands of bamboo in some forests and a 
belt of moor land above 2600 m.a.s.l. 

The climate in Rungwe district is generally tropical, 
with marked seasons and sharply defined dry and wet 
seasons. It experiences adequate rainfall throughout the 
year. The average rainfall ranges from 900 mm in the 
lowland zone to 2700 mm in the highland zone. The 
rains normally start in October and end in May followed 
by dry and cold spell between June and September. Mean 
annual temperature averages range between 16˚C in the 
highlands and 25˚C in the lowland areas [5].  

According to Majule (2010) [5], the soil in Rungwe 
dis- trict is mainly volcanic in nature mostly in the upper 
and mid altitudes covered with thick layers of volcanic 
and alkali basalt. The lower altitude consists of limestone 
lacustrine rocks, and in arable areas soils are most com- 
monly of moderate fertility with coarse and medium tex- 
ture varying from sandy loams, alluvial soils to cracking 
clays (Muganyizi, 2009) [11].  

2.1.1. Assessment of Carbon Stock  
Circular plots were preferred than rectangular plots 

since they are easy and simple to layout and measure. 
They also ensure that small trees are measured in small 
plots and large trees (which constitute most of the bio- 
mass per unit area) are measured in large plots. In each 
stratum, concentric plots of about 15 m radius were es- 
tablished aiming at increasing the accuracy of the meas- 
urement and intensity sampling (see Munishi and 
Shirima, 2009) [10]. In 15 m diameter plots both trees 
with DBH ≥ 10 cm were measured accordingly and for 
trees forking below 1.3 m from the ground, each stem 
was treated as an individual tree.  

Tree and stem numbers in case of a forked tree, spe- 
cies name, DBH at 1.3 m above the ground total height 
and elevation were taken and also their health status was 
assessed. GPS coordinates of the tree that mark the cen- 
tre of the plot and tree origin were then recorded for all 
trees following a procedure adopted by Munishi and 
Shirima (2009) [10].  

2.1.2. Assessment of Soil Carbon  
Soil samples were collected at the 1st and 3rd plot out- 

side of the border of the sampling plot at four points of the 
sampling plot i.e., north, south, east and west to a depth 
of 30 cm. At each selected soil sampling plot, four points 
or sites were identified located at main compass points 
east, south, west and north (Figure 2). Soil sampling and 
analysis were done by following a procedure outlined for 
total carbon analysis by Rowell (1994) [8]. In this case, 
organic carbon content was analyzed in the laboratory by 
oxidative reduction in which the soils were combusted at 
about 600 C using Muffle furnace to released CO2 and 
SO2 which is carried by the oxygen flow into cells and 
analyzed to its weights by using an electron balance or 
Analyzer balance of max 230 g and standard error (d) = 
0.1 mg. 

2.1.3. Measurements of Dead Wood 
Dead woods are tree parts that are lying on the ground. 

Dead woody parts found inside the plot area within the 
radius of 15 were identified. The length and diameter at 
both ends of all pieces of fallen wood with diameter lar- 
ger than equals to 5 cm within the plot area were meas- 
ured. Measurements of length were made to the plot 
border as indicated in Figure .  3 
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Figure 1. Map of Rungwe district showing the location of study site. 

 

 

 

Figure 2. Location of soil sampling points in the sampling plot. 
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Figure 3. Sampling and measurement of dead wood in sample plots. 
 
2.1.4. Tree Biomass Analysis 

To determine the aboveground biomass and volume of 
each tree, the allometric equation was developed by 
Malimbwi et al. (1994) [12]. In this case, both above- 
ground biomass and volume are the function of tree 
height and diameter. The basal area, volume and above- 
ground biomass were calculated for each tree species in 
each subplot, their sum was calculated and converted to 
tones per hectare according to Malimbwi et al. (1994) [12] 
following the equations given below: 

1) Volume = 0.0001D2.032 H0.66  

2) Height = Exp (0.58048 + 0.602965 Ln D) 
3) Basal area = 3.142 × (D/200)2  
4) Aboveground biomass = 0.06D2.012·H0.71 

where,  
D is the diameter at breast height in centimeters (cm),  
H is the height in meters (m) of each tree. 
Volume in cubic meter per hectare (m3·tree–1)  
Basal area in square meter per hectare (m2·tree–1) 
Aboveground biomass in tone per hectare (Kg·tree–1) 

3. RESULTS AND DISCUSSION 

3.1. Stand Volume and Basal Area in Plots  

The stand volume, basal area and carbon stocks for the 
different plots are shown in Table 1. The density of trees 
was found to be 467 stems ha–1 ranging from 14 to 467 
stems·ha–1. The basal area ranged from 0.05 to 28.61 
m2·ha–1 with an average of 14.33 m2·ha–1. The study re-  

vealed that tree volume ranges from 0.02 to 2.51 m3·ha–1. 
It was revealed that distribution of stem per ha exhibits 
high number of large trees which are above 10 cm DBH 
as compared to those 10 cm DBH. This implies that high 
carbon sequestration can be achieved if forest manage-
ment will be improved and sustained (Zahabu, 2008) [13]. 

3.2. Variation in Carbon Stocks with  
Elevation 

The results showed an increase in carbon stocks with 
increasing elevation from 9.2 ± 5.2 t/ha to a maximum of 
561.7 ± 5.2 t/ha at the elevations 2031 and 2312 m.a.s.l 
respectively (Figure 4). Increases in carbon contents 
were found to be positively correlated (R2 = 0.818) with 
elevation at the first two points. Such increase is not sur- 
prising as many scholars have reported similar results. 
Once a certain limit is reached as altitude increased (at 
point 3), new tree species and grasses with less ability to 
fix carbon dominate. This is typically with the upper 
parts of Rungwe Mountain at above 2312 m.a.s.l where 
grasses were found to dominate. 

The carbon stock content values based on elevations 
for Rungwe mountain are in broad agreements with those 
reported by Brown et al. (1991) [14] cited by Munish et al. 
(2000). Yamakura et al. (1986) also reported similar val- 
ues for aboveground biomass which was estimated to be 
509 t/ha for undisturbed forest in Indonesia. Slightly low 
values of the aboveground biomass in Rungwe mountain  
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Figure 4. Impacts of elevation on total carbon stocks on Rungwe Mountain. 

 
slopes could be probably due to degradation through 
encroachment of forest resources. On the other hand lower 
value of carbon stocks in low altitudes may probably attri- 
buted by poor management practices such as deforesta- 
tion and land degradation evidenced by the high number 
of stumps which was recorded to be 122.67 stumps/ha. 

3.3. Carbon Variation with Tree Species in 
Rungwe 

The carbon stocks in each plot varied with tree species 
(Figure 5). This variation is possibly attributed to the 
differences in tree ages and canopy sizes as well as leaf 
morphology. In this case and as shown in Figure 5, esti- 
mated carbon contents in t/ha was the highest in Hagenia 
abysinica, Albizia spp and Pinus patula dominated plots 
respectively. The rest of species had less than 50 t/ha of 
carbon stock contents. Such findings are not surprising 
since aboveground carbon stocks vary widely depending 
on the extent of the tree cover and associated characteris- 
tics as reported by Grace (2004) [15]. The differences in 
tree carbon between plant communities may also results 
from the sizes and age of tree species that constituted in 
these communities. Normally, forest types with larger trees 
accumulated more biomass, hence higher carbon stock 
contents. 

3.4. Carbon Stock Contents in Crop Lands 

Land use dynamics affects carbon stock contents in 
most ecosystems. For example, woodlands tends have 
large amount of carbon stock but once this is converted 
to agriculture land the amount tends to decrease. In crop- 
lands mixed with trees at Bujingijila village a variation in 
carbon stock with tree species (Table 1) was found. 
Generally in plots with many available tree stumps and  

with remained dead stems had less carbon stock sug- 
gesting forest degradation and increased emission of 
carbon. 

The large amount of carbon stocks in Pinus patula 
(Figure 6) is probably caused by the presence of large 
number of replanted trees under reforestation program 
(Figure 6). In general, the more the number of trees, more 
carbon was measured. This suggests that tree number per 
ha can be expressed by density contributes significantly 
to total carbon stock contents while deforestation and 
forest degradation leads to increased emission of carbon. 

Conversion of forest into cropland has also been re- 
ported to be associated with devastating loss in carbon 
(Majule and Shishira, 2008) [16]. Major reasons for that 
loss have been pointed out to be due to human distur- 
bances such as fire, tillage practice which increase the 
rate of soil organic matter decomposition and the actual 
process of clearing the vegetation. On the other hand 
Gupta (2009) [17] pointed clearly the role of forest in mi- 
tigation climate change by sinking carbon adding soil 
carbon contents. 

3.5. Variation in Soil Carbon Stock with 
Elevation  

Rungwe Mountain is mostly made of loam soils mixed 
up volcanic ash with varying amount of carbon [18]. Soil 
carbon stock contents depend on the type of soil, vegeta- 
tion types and cover, climatic (temperature) and land 
management practices. The soil organic carbon contents 
assessed at different soil depths ranged from 0.20% to 
0.39% (Cgram/Dry soilgram

*100) within 0 - 10 cm soil 
layer, from 0.12% to 0.32% within 10 - 20 cm and 0.10% 
to 0.24% within 20 - 30 cm soil layers. This pattern in- 
dicates that soil carbon decreased with soil depth exhibi- 
ting major trends in carbon accumulation in the upper  

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 



B. Mwakisunga, A. E. Majule / Open Journal of Ecology 2 (2012) 214-221 219

  
Table 1. Carbon stocks variation with tree species in cropland. 

Tree name No of trees/ha Carbon (t/ha) DW Carbon (t/ha) ST Carbon (t/ha) Total C (t/ha) 

Pinus sp 226 3.38 764 10.53 467 32.28 46.19 

Albizia sp 14 1.31 - - - - 1.31 

Mberegati 28 2.51 - - 14 0.81 3.31 

Hagenia sp 28 1.99 56 2.83 99 2.42 7.25 

Note: DW stands for deadwoods and ST for stumps. 

 

 
Figure 5. Relationship between tree species and carbon stocks in Rungwe Mountain. 

 

 
Figure 6. Carbon stock variation with tree species in cropland. 
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Figure 7. Variation of soil carbon with elevation. 

 
soil layers. Results are in broad agreement with findings 
by FAO (2001) [19] and Sakala (1998) [20]. Overall, 
much of the soil carbon was found to be stored in the 
first 10 cm top soil indicating that the management for 
this soil layer is important in balancing carbon. 

Soil carbon ranged from 0.27 at high elevations to 
0.32% at low elevations (Figure 7). Findings are similar 
to those reported by Maitima et al. (2009) and Majule 
(2010) for soils found on slopes on Mount Kilimanjaro 
and Tukuyu in Mbeya respectively. 

4. CONCLUSION 

Variation in elevation is one of the major determinant 
factors for both carbon stocks aboveground and below- 
ground on slopes of Rungwe Mountain in Tanzania. This 
is because with elevation tree species and composition 
tends vary and they affects carbon stock contents. Hu- 
man activities in managing the forest have influence on 
soil carbon stock and this tends to affects climate change 
mitigation efforts in the area. 
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