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Abstract 

This study was  conducted to assess Soil Organic Carbon (SOC) at different soil depths and elevations 
in selected sites of the miombo woodlands of Kitonga Forest Reserve (KFR). Ten sampling points 
located at different elevations were selected, georeferenced and at each point three randomly selected 
mini-soil pits were excavated for soil sample collection. Samples from different horizons up to 60 cm 
depth were collected and composited from three replicates. SOC was analyzed using the wet oxidation 
method. The mean SOC stock increased from 15.2 to 26.7 t ha-1 respectively at 928 and 1548 m in the 
case of Fluvisols, and from 11.3 to 44.9 t ha-1 respectively at 1258 and 1598 masl in Cambisols. 
Conversely, SOC stocks decreased with elevation in Leptosols and the trend was 28.9 to 12.5 t ha-1 at 831 
and 1083 masl, respectively. The mean topsoil SOC stock was 26.3±5 t ha-1 in Fluvisols, 19.4±7 t ha-1 in 
Cambisols and 26.1±7 t ha-1 in Leptosols. SOC stocks at 30 cm depth decreased by 56%, 41%, and 31% 
when compared to those of top soils in Fluvisols, Leptosols and Cambisols, respectively. The higher 
amounts of SOC stocks at the surface horizons justify the need for conservation of intact miombo 
woodlands vegetation.  

Key words: SOC stocks, soil types, altitude levels, soil depth, Miombo woodlands, Kitonga Forest 
Reserve, Tanzania. 

Introduction 

Soils are the largest carbon reservoirs in the terrestrial carbon cycle and they play a role in the 
regulation of global warming and greenhouse gas effects (Abebayehu, 2013). According to Yuan et al. 
(2013) 40% of soil organic carbon (SOC) resides in forest ecosystems, with 11% stored in forest soils (Pan 
et al., 2012). The soils of the miombo woodland ecosystems are globally important in C storage (Munishi 
et al., 2011). In Tanzania, the miombo woodlands are found, among other places, in the Kitonga Forest 
Reserve (KFR). However, few studies on SOC stocks in soils of these woodlands have been undertaken. 
In view of the growing threats of global warming due to greenhouse gases (GHGs) emissions, an 
understanding of C storage in soils of the miombo woodlands in Tanzania is necessary. The miombo 
woodlands, which cover 31.6 million ha, or 93% of the total forested land area in Tanzania, are 
important as they provide diverse ecosystem services including, among others carbon sequestration 
(FAO, 2009).  

The SOC stock across the landscape may vary among soil types, topographical features, vegetation 
types, elevation and soil depth. The SOC stocks in different soil types and at different soil depths 
determine the potential of carbon loss as a result of deforestation and forest degradation, with carbon 
stored in the upper horizons of soils being more susceptible to loss when vegetation cover is disturbed. 
Tanzanian forest soils show alarming deterioration rates due to disturbances and land degradation 
(FAO, 2009), and it would be important to predict the loss of SOC stock as a result of such disturbances. 

The objectives of the study reported here were to determine the SOC stocks in major soil types, 
determine the variation of SOC stocks along elevation gradients and determine changes of SOC stocks 
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with soil depth. The working hypothesis of the study was that SOC stocks of a given soil type are a 
function of elevation gradient and soil depth.  

The data obtained would provide vital information on soil carbon stocks which would be of help to 
stakeholders in designing interventions to reduce deforestation and land degradation. These 
interventions would assist in mitigation and adaptation to climate change in Tanzanian forest soils as 
well as to the Inter-governmental Panel on Climate Change (IPCC) and to the United Nations 
Framework Convention on Climate Change (UNFCCC), for purposes of coordinating international 
efforts to mitigate the effects of climate change. 

Materials and methods 

Study site 

The KFR is located in Kilolo District, Iringa Region, at 07°35' - 07°43'S; and 37°07' - 37°10'E. The altitude 
varies from 660-1880 m with rainfall of 540-900 mm, with a mean of 720 mm. The temperatures range 
from 13.5 to 24.7 0C, with maximum temperatures in July to October. 

Methodology 

Field methods 

At each predetermined elevation a 20 m by 20 m square plot was demarcated and partitioned into four 
10 m by 10 m quadrants. Within each quadrant, four points were randomly selected for collecting soil 
samples. Composite samples from these points were collected from natural horizons of excavated mini-
pits  by mixingsoils 

from similar horizons to obtain composite samples for the different horizons. To avoid contamination, 
soil samples were taken starting from the bottom layer to the upper layer in each mini-pit. These were 
put into separate labelled plastic bags for laboratory analysis. Such 20 x 20 m square plots were 
replicated three times. The replications were laid out across the slope. Disturbed and undisturbed soil 
samples were taken from each horizon for physical and chemical analysis in the laboratory. 

Laboratory methods 

In the laboratory, soil samples were air dried to constant weight after which they were ground and 
sieved through a 2 mm sieve to get the fine earth fraction ready for laboratory analysis. The bulk 
density was determined using the core method (Black & Hartge, 1986), and texture was determined by 
the hydrometer method (Day, 1965). The pH was measured in water and in 1 M CaCl2 at a ratio of 1:2.5 
soil: water or soil: CaCl2, respectively (McLean, 1986). Organic carbon was determined by the wet 
oxidation method (Nelson and Sommers, 1982). Total N was determined using the micro-Kjeldahl 
digestion- distillation method as described by Bremner and Mulvaney (1982). Extractable phosphorus 
was determined using filtrates extracted by the Bray and Kurtz-1 method (Bray and Kurtz, 1945) and 
determined by spectrophotometer (Watanabe and Olsen, 1965). The exchangeable bases (Ca2+, Mg2+, 
Na+ and K+) were determined by atomic absorption spectrophotometer (Thomas, 1982). The SOC in 
milligrams per hectare was calculated using the equation hereunder:  

SOC in Mg/ha = SOC concentration in (%) × Soil bulk density in g/cm3 × Sampling depth (cm) x 100.  

Statistical analysis 

Data analysis was carried out using statistical analysis system (SAS version 9.2) following the 
Completely Randomized Design (CRD) experimental design.  

Results and discussion 

Physical and chemical properties of the major soil types in the study area 

The physical and chemical properties of the surface horizons of the major soil types are presented in 
Table 1. The soils are coarse  textured (loamy sandy, sandy loam, sandy clay loam) with medium pH of 
5.9, which is favourable for woodland production. The mean OC is low (1%) as is the CEC (NH4OA) of 
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(8.4 cmol(+)/kg). The mean total nitrogen was 0.1% (low) while the meanPotassium (0.2 cmol (+)/kg) 
was also low as was sodium (0.2 cmol (+)/kg). The soils are medium in extractable P (5.8 cmol(+)/kg), 
calcium (2.2 cmol(+)/kg and magnesium (1.5 cmol(+)/kg). They have adequate levels of copper. (0.7 
cmol (+)/kg), iron (67.9 cmol (+)/kg) and manganese (13.7 cmol (+)/kg) but showed deficiency levels of 
Zn (0.5). 

 

cmol(+)/kg The low levels of most of the nutients may have been contributed by deforestation, wild 
fires, grazing and charcoal burning of the miombo woodlands, leading to rapid decomposition of 
organic matter and losses of mineral nutrients. Frost (1996) observed a similar trend in the soils of 
miombo woodlands in Tabora (Tanzania), which are also inherently poor in nutrients.  

Changes in SOC stocks with elevation 

The SOC stocks (Mg/ha) of the major soil types to the depth of 60 cm from elevation of 831 to 1598 masl 
are shown in Table 2. The overall, mean SOC stocks increased from 15.2 t/ha at 928 m to 26.7 t/ha at 
1548 m in Fluvisols and from 11.3 t/ha at 1258 m to 44.9t/ha at 1598 m in Cambisols. In the Leptosols, 
however, the SOC stocks decreased with elevation from 28.9t/ha at 831 to 12.5t/ha at 1083 m.  

The present study showed a linear increase in SOC stocks with increasing elevation for Fluvisols and 
Cambisols. Similar results were shown by Wang et al. (2010) whereby SOC increased with increasing 
elevation due to increased precipitation and reduced temperature, which in turn resulted in low 
organic matter decomposition rates at higher altitudes, with consequent SOC accumulation. However, 
Leptosols showed a decreasing trend with increasing elevation. These soils occupy the areas which are 
more degraded and disturbed, resulting in scanty trees, grass, shrubs, and showing evidence of soil 
sedimentation due to land degradation and erosion uphill. Recent sedimentation may have altered the 

Table 1: Selected physicochemical properties of the surface soils of Kitonga Forest Reserve  

Variable 
No of 
observations  Minimum  Maximum  Mean 

Standard 
deviation Interpretation 

% Slope 85 3 42 16.6 9.6 Gently sloping to Steep 

pH H2O 85 4.8 7 5.9 0.5 Medium acidic to neutral 

% Clay 85 6.3 42.7 17.2 9.1 Coarse textured soils 

% Silt 85 0.6 13 6 2.9 Coarse textured soils 

% sand 85 49.1 93.1 77 10.7 Coarse textured soils 

OC% 85 0.1 4.4 1.0  0.9 Very low to very high 

CEC-NH4OAc 85 2.4 24 8.4  4.1 Very low to medium 

Total N 85 0 0.3 0.1  0.1 Low to medium 

ExtracTable P 85 0.2 54.4 5.8  9.9 Low to high 

Ca (cmol (+)/kg 85 0.3 10.7 2.2  2.1 Very low to very high 

Mg (cmol (+)/kg 85 0.2 24 1.5  2.6 Very low to very high 

K (cmol (+)/kg 85 0.1 0.6 0.2  0.1 Very low to medium 

Na (cmol (+)/kg 85 0.2 0.8 0.2  0.1 Low to high 

Cu (cmol (+)/kg 85 0.3 5.8 0.7  1.3 Deficient to adequate 

Fe (cmol (+)/kg 85 0.2 339.9 67.9  75.3 Adequate 

Zn (cmol (+)/kg 85 0 2.4 0.5  0.5 Deficient to adequate 

Mn (cmol (+)/kg 85 0 55.6 13.7  15 Deficient to adequate 

In parentheses are ratings according to Baize (1993), EUROCONSULT (1989) and Landon (1991). 
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soil and water balance, physical and chemical processes, thereby increasing the SOC of the deposited 
sediments at the lower altitude. The higher amount of SOC stocks in all the surface horizons justifies the 
need for conservation of intact miombo woodlands vegetation from the lower to the highest elevation. 

Changes in SOC stocks with soil depth  

Changes of SOC stocks to the soil depth of 60 cm are presented in Figure 3. The average SOC decreased 
substantially from 19.4 t/ha in the A horizon (top 15 cm) to 13.3 t/ha in the B horizon (30 cm depth) in 
Cambisols, from 26.3 t/ha in the A horizon (top 15 cm) to 15.6 t/ha in the B horizon (30 cm depth) in 
Fluvisols, and from 28.9 t/ha in the A horizon (top 15 cm) to 12.5 t/ha in the B horizon (30 cm depth) in 
Leptosols. 

Table 2:Variations of SOC stocks (t/ha) to the depth of 60 cm as influenced by elevation 

Elevation 
(m) 

Profile 
No. 

Soil class 
FAO-WRB 

SOC 
stocks t/ha 

Slope 
gradient 

Natural horizons 
Horizons 
depth (cm) 

SMR STR 

831 5 Leptosol 28.9 25 Ah 20 Ustic Thermic 

928 3 Fluvisol 15.2 15 Ah, BA, Bw 45 Aquic Thermic 

980 4 Leptosol 19.4 12 Ah 16 Ustic Thermic 

1083 2 Leptosol 12.5 17 Ah, Bw 25 Ustic Thermic 

1241 8 Fluvisol 24 10 Ah, Bw, 2Bgb1 60 Acquic Mesic 

1258 9 Cambisol 11.3 10 Ah, Bw, BC 60 Ustic Mesic 

1320 10 Cambisol 15.1 22 Ah, Bt 40 Ustic Mesic 

1377 7 Cambisol 18.6 25 Ah, Bt 35 Ustic Mesic 

1548 6 Fluvisol 26.7 10 Ah, BA, Bt1, Bt2 60 Ustic Mesic 

1598 1 Cambisol 44.9 1 Ah, BA, Bw1 60 Ustic Mesic 

 

The A and B horizons form the main area of interest given by the Kyoto SOC inventory guidelines. This 
is the active soil depth that is mainly affected by soil management practices Abebayehu (2013). 
However, the SOC stocks increased at the 60 cm depth relative to the 15 cm depth due to relatively 
thick layer of soil (30-60 cm) involved which resulted in larger SOC stocks. A study conducted in 
Ethiopia by Abebayehu (2013) reported cumulative sampling depth to be one of the important factors 
that affects SOC stocks. As the sampling depth/layer of soil increases, SOC stocks also increase. Thus, 
overall, deep soil profiles contain larger organic carbon storage than the shallow depths. 

The results are consistent with others. For example, a study conducted by Neumann-Cosel et al. (2011) 
in central Panama reported a mean SOC of 28.1±3.9 t C ha-1 in the A horizon (top 10 cm), which 
dropped to 22.7±1.6 t C ha-1 in the B horizon in tropical moist forest vegetation type. Usuga et al. (2010) 
reported for Columbian soils with 26 years of forest trees a mean of 33.4 t C ha-1 in the A horizon (top 25 
cm) which dropped to 14.7 t C ha-1 in the B horizon (25- 50 cm) in Tectonia grandis tree species and 87.2 t 
C ha-1 (A horizon) and dropped to 57.0 t C ha-1 (B horizon) in Pinus patula tree species. Studies of Sheikh 
et al. (2009) reported SOC levels for the Indian Himalayan zone soils to decrease from 24.3 g kg-1 (≡ 48.6 
t/ha) in the A horizon (0-20 cm) layer to 0.2 g kg-1 (≡ 0.4 t/ha) in the underlying layer.  
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Figure 3: Mean SOC stocks (t/ha) of major soil types to the depth of 60 cm 

 

Conclusion and recommendations 

Spatial and vertical variations of SOC storage were observed across elevations and soil depths. Soil 
organic carbon storage increased with increasing elevation in Cambisols and Fluvisols but strongly 
decreased with increasing elevation in Leptosols. Different trends among soil types might have been 
contributed by the varying site characteristics such as temperature and soil moisture regimes, variation 
in soil physico-chemical properties and topographical features.  

The amount of SOC stored at the surface (A horizon) in each soil type is approximately more than two 
times that of subsurface horizon (30 cm) depth. The high amounts of carbon stored in the surface 
horizons, justifies conserving the miombo woodland soils by avoiding fires, grazing, deforestation and 
cultivation. Thus, land management and conservation strategies for reducing emissions should avoid 
deforestation and soil degradation.  
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