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Abstract

Soil nutrients form an important part of agro-ecosystems in various landscapes, including mountainous areas. Most foothills
in tropical mountains are heterogeneous in terms of the accumulation of soil nutrients due climatic location and ecological
endowments. Since most mountain foothills have potential for the provision of environmental services, it is imperative to
assess the salient soil nutrients including carbon in order to determine the amount. This study assessed the accumulation
of soil organic carbon (SOC) in the relatively undisturbed foothills of Uluguru Mountains whose geology indicates that
they were formed during cretaceous age (i.e. ~50 million years ago). The study also determined the trends of rainfall and
temperature because these elements of climate have important influence on carbon accumulation. In conducting this study,
we sampled Kiroka Village (in Kiroka Ward) because it is found at the foothills of the Uluguru Mountain and most of its
parts are relatively undisturbed. In this place, sixteen soil sampling points were established within one hectare and these
points involved two soil depths (i.e. 0-20 cm and 20-40 cm) and two locations (i.e. lowland and upland). The Walkley—Black
Method was used for SOC analysis while Mann—Kendall Test was employed for climate data analysis. The results exhibit
that there have been significant variations in SOC accumulation under the two soil depths and locations. In the lowland
areas, SOC was 1.1 and 0.43 MgC ha~! for the depths 0—20 cm and 2040, respectively. Besides, in upland areas, SOC was
0.38 and 0.31 MgC ha™! for the depths 0—20 cm and 20—40, respectively. Most cereal crops require a considerable amount
of SOC in the soil that ranges between 0.5 and 2 MgC ha~!. Additionally, the mean annual rainfall and temperature patterns
from 1980 to 2020 declined and intensified at R>=0.15 and 0.19, respectively. Therefore, these results inform environmental
experts, climate practitioners and other relevant stakeholders to endorse suitable and sustainable environmental management
methods in the mountainous areas.
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< Msafiri Y. Mkonda
msamkonda81@yahoo.co.uk The assessment of soil organic carbon (SOC) involves the
estimation of stocks and net fluxes of carbon from differ-
ent land use systems in a given area over a given period
and under a given management system (Bationo et al. 2006;
Smith & Fang 2010; Batjest 2011). This implies that vari-
ous biomes or land use patterns can have an independent

assessment of SOC for current and future use (IPCC 2000;
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Lal 2008; Talebi & Mostafazadeh 2021).

Naturally, the amount of carbon stored in soil is mostly
determined by the balance of two biotic processes, these
include (i) the production of organic matter by terrestrial
vegetation and (ii) decomposition by soil organisms (Lal
2004; Hartemink et al. 2008; Mkonda & He 2018). Soil
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organic matter, an important component for SOC accumu-
lation, comes from the remains of plants and animals, and
is created by many organic chemical components including
carbohydrates, lipids and proteins. These components are
very important sources of carbon used for optimizing the
microbial activity of the soil.

It is obvious that in a relatively undisturbed ecosystem;
SOC increases through the decomposition of soil organic
matter and its stock serves various biological functions.
Also, the SOC content has great impact on runoff genera-
tion and sediment production (Mostafazadeh et al. 2022).
This fact was also rendered by Batjes (1996) who asserted
that the accumulation of SOC is a key component aspect
for any terrestrial ecosystem, and thus, any variation in its
abundance and composition has important effect on many
of the processes that occur within the system.

Various studies have been established on the SOC stock
in climatic regions such as the tropics and semi-arid regions
(Milne et al. 2007; Verburg et al. 2010). Some of these stud-
ies have assessed the influence of land use (especially agri-
culture and rangeland) on SOC accumulation (Wang et al.
2005; Ogle et al. 2004; Smith and Fang 2010; Talebi et al.
2022). However, there has been an increased demand for
assessing SOC in the relatively undisturbed ecosystems
including mountain areas.

Specifically, Tanzania is among the sub-Saharan coun-
tries with limited studies that explore the accumulation of
SOC in mountainous areas. Some of these studies exam-
ined the accumulation of SOC either in general lands or
in some cropping systems (Hartemink 1997, Glaser et al.
2001; Mikipéd et al. 2012; Kempen et al. 2019). Some of
these studies determined the stability of organic matter and
SOC on savanna soils, permanent acacia cropping, perma-
nent sisal cropping, and the effects of manure in homestead
fields on organic C and N mineralization. Very few studies
such as those of Burgess et al. (1998) and Hartemink et al.
(2008) have estimated SOC under natural ecosystems such
as forestry and pasture lands but with limited information.

Tanzania has several mountains with different ecological
potentials. Most of these mountains form the eastern arc
mountains ranges of east Africa. The Uluguru Mountains,
part of the eastern arc mountains, have significant potentials
ranging from serving peoples’ livelihoods to environmental
conservation (Lovett 1998; Jung et al. 2021). The main por-
tion of the mountains is a ridge running roughly from north
to south and rising up to 2,630 m. Demographically, these
mountains host over 50 villages with over 150,000 people.
Despite the biological potentials of the mountains, there has
been increased degradation in the area (Hall et al. 2009) .

Explicitly, this degradation has been more pronounced in
the mountain foothills (Khiavi & Mostafazadeh 2022). This
situation has been exacerbated by climate change scenarios
(Burgess et al. 1998; Mkonda 2022a). Most studies have
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revealed that anthropogenic activities such as agriculture,
deforestation and settlement establishment are some of the
major drivers for environmental degradation in the area
(Rossi 2009; Plaza-Bonilla et al. 2015).

Batjest (2011) stipulated that, in most instances, SOC
stocks under undisturbed native vegetation are usually con-
sidered to be in dynamic equilibrium with other terrestrial
carbon pools because they are mainly controlled by climate,
terrain, vegetation, soil mineralogy, particle size and their
interactions.

Recognizing the urgency of finding sustainable solutions,
it is imperative to make a carbon inventory assessment in
the area in order to estimate the stocks and net fluxes of soil
carbon. The assessment of SOC is very important because its
stock is mainly determined by land use systems in a specific
area over a given period and under a given management
system. Since land disturbance is progressively high at the
foothills of Uluguru Mountain, it is vital for scientists to
document SOC in the area.

Based on this established background, it is clear that there
is very limited information about SOC in most mountainous
areas of Tanzania. Basically, what needs to be specifically
established is the actual assessment of SOC accumulation
in relatively undisturbed tropical mountains under climate
change scenarios (Lal 2015; Mkonda 2022b). This estab-
lishment is particularly important because it determines
the SOC stock under the natural environment and provides
ecological potential for environmental services. Besides, a
sufficient amount of SOC available in the area provides suit-
able environmental conditions for diverse living organisms
including soil microbes. Consequently, increased replenish-
ment of natural environments would significantly intensify
the capacity of the area to provide environmental services
(Glaser et al. 2001; Johannes et al. 2017).

Therefore, the current study aims at; (1) estimating SOC
accumulation in the relatively undisturbed environment at
different soil depths; and (2) evaluating the relationship
between SOC in lowland and upland areas. This will in turn
provide insights to climate practitioners and environmental
advocacy groups on how such an environment can be man-
aged. In this study, the lowland is regarded as the area found
in the low altitude of the mountain foothills compared to the
upland areas and vice versa. Both lowland and highland are
found within the study area.

Materials and methods
Site descriptions
The study site is located in Kiroka village at latitude (6°

49 59" S) and longitude (37° 49’ 0" E), with an altitude of
468 m (1,535 feet) above sea level (a.s.l.), Morogoro Rural
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District, Morogoro Region, Tanzania. The site is located at
the foothills of the Uluguru Mountain specifically the Ulu-
guru Nature Forest Reserve with an area of 24,115.09 ha
that form an important chain of the East Arc Mountains. As
applied to other areas of the tropic, this site is also among
the vulnerable zones to climate variability and change Fig. 1.

A field experiment was conducted between January and
February, 2022 in Kiroka Village (sites), (GPS-6.83333,
37.81667). The detail of the design and sampling proce-
dures is described in the soil sampling section. The rela-
tively undisturbed areas are viewed as all areas which have
not been under intensive cultivation for the past ten years.
Demographically, Kiroka Village, Kiroka Ward in Morogoro
District of Tanzania is home to nearly 5,800 people.

We selected the relatively undisturbed lands for our
study because the changes in land use and management
directly affect the input and decomposition of organic
matter in the soil and thereby influence soil organic car-
bon dynamics (Bationo et al. 2006). For this study, it was
essential to understand whether soil was considered to be
relatively undisturbed (i.e., under natural vegetation), or

LEGEND

Tanzania Regions
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under cultivation, pasture, or degraded). This biophysical
scenario was preempted at the time of profile description
and sampling (FAO 20006).

Farming situation in the area

In the area, agriculture is the main source of income and
people grow a range of crops including maize, rice, beans,
sweet potatoes, cassava, peas and tropical fruits. Monocul-
ture, a dominant farming system in the area, has resulted to
exhaustion of soil quality around the study area. In addi-
tion, the tillage system in the area involves both conven-
tional and conservation (Glaser et al. 2001; Mkonda &
He 2018). In turn, conventional tillage has affected the
agro-ecosystems and the environments at large. Essen-
tially, agricultural practices can have both direct and indi-
rect impacts in the entire area due to ecological connec-
tions (i.e. mountains, slops and vegetation). Therefore, the
assessment of the farming situation was essential because
of their influence on the study site.

[:] Morogoro District (R)

Kiroka Ward
* Kiroka Village

Fig.1 Study Area
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Soil sampling and analysis

This study was carried out between January and February
2022 in Kiroka village. Soil was sampled according to FAO
guidelines for soil description (FAO 2006). The sampling
of soils involved two locations (i.e. upland and lowland)
whereas, in each location; two sites (A and B) were estab-
lished as seen in Table 1. Overall, we sampled a total of
128 soil cores in locations, sites and depths. Explicitly, six-
teen soil sampling points were established within each site
(i.e. with an average of a hectare). Overall, each sampling
involved two soil depths (i.e. 0-20 and 20—40 cm) and loca-
tions whereas, for each depth, we selected randomly the field
to establish four soil ditches (WXL xD=40x50x%x40 cm)
as seen in Table 1. The determined depths were sufficient
as the area was relatively undisturbed by anthropogenic
activities.

Then, using a 150 mL volumetric soil sampler (6 cm
diameter & 5.3 cm height), we sampled four soil cores in
each established ditch as seen in Table 1. In this respect, vol-
ume-specific samples at 5 cm increments were collected in
each soil profile without mixing horizons. These processes
were done in replicate. The two soil sources were defined
for more clarification. For the site to qualify as relatively
undisturbed, it should have stayed without being under any
form of cultivation for at least 10 years.

We established these depths because SOC vary with cli-
mate, soil type, land use, management practices, vegetation
type, and soil depth. This is why the current study consid-
ered the level of disturbance and depth in the soil sampling.
In addition, the standard operating procedure for electrical
conductivity soil/water ratio of one to five (1:5) was adopted
in this study.

Practically, the sampled depths were sufficient as the
area was not significantly disturbed by anthropogenic
activities. Geographically, the sites with fewer distur-
bances by anthropogenic activities, and easy accessibility
were purposively sampled. Later on, soil analyses were
done at the Department of Soil Sciences and Geological

Table 1 Soil sampling per site

Locations Depth (cm) No. of samples  No. of samples
(Site one-A) (Site two-B)
Lowland areas 0-20 16 16
20-40 16 16
Upland areas 0-20 16 16
20-40 16 16
Total 64 64

(A+B)=128

Source: Field Soil Sampling
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Studies at Sokoine University of Agriculture, Tanzania.
The Walkley—Black Method was used for SOC analyses.
Despite the potentials of the study area, this kind of
research suffered from serious challenges especially field
exploration (visit) as most of these areas are hilly in nature.

Laboratory analyses and computation of SOC
and other soil nutrients

Soil analyses were done in March 2022 in the Depart-
ment of Soil Sciences and Geological Studies at Sokoine
University of Agriculture. The Walkley—Black Method
was used for SOC analyses (Walkley & Black 1934). The
analysis considered the locations (lowland and upland) and
depths. The current procedure considers the Revised Leg-
end (FAO-UNESCO 1988) and clusters the corresponding
soil profile data into two (0—20 cm and 20-40 cm). The
analysis was also done according to FAO guidelines (FAO
20006).

Apart from SOC, we also analyzed other major soil
nutrients such as nitrogen and phosphorus. Based on Wilke
(2005), we analyzed the total soil nitrogen using a modi-
fied Kjeldahl procedure while available phosphorus (P) was
extracted using Bray 1 method and determined by spectro-
photometric procedure. Alongside, other soil parameters
such as pH, electrical conductivity (EC) and exchange
capacity (CEC) were determined as supporting elements.

For an individual profile with k layers, the equation of
Batjes (1996) was used to calculate the amount of organic
carbon in the whole soil profile:

k k
SOCd = )’ SOCi = )’ pi x Pi x Dix (1 - Si)

i=1 i=1

SOCi = pi X Pi x Di x (1 — Si)

where k is the number of horizons, SOC; is soil organic
carbon concentration (Mg m™2), p; is the bulk density (Mg
m™), P, is the proportion of organic carbon (gC g~') in layer
i, D; is the thickness of this layer (m), and S; is the volume
fraction of fragments > 2 mm.

However, global calculations of the pool of carbon in the soil
are complicated by a number of factors. According to Batjes
(2011), these factors include: (1) there is still limited knowl-
edge of the extent of different kinds of soils (b) there is limited
availability of reliable, complete and uniform data for these
soils (c) there is considerable spatial variation in carbon and
nitrogen concentration, stoniness and bulk density of soils that
have been classified similarly; (d) and also there is confound-
ing effects of climate, relief, parent material, vegetation and
land use. In addition, climate data were gathered from Tanzania
Meteorological Agency.
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Climate data analysis

Climate data from the study area were analyzed using Mann Ken-
dall Test (Fig. 2). This analysis was particularly important because
rainfall and temperature are very important aspects in determining
SOC accumulation in the natural environment. Alongside, the two
elements determine various physical and biological processes that
determine the provision of environmental services.

Results
SOC and other important soil nutrients
Table 2 provides results of SOC accumulation in relatively

disturbed areas around the Uluguru Mountain. The results
also reflect the real situation in relatively undisturbed areas

in various tropical areas. These results will be discussed in
line with the global SOC framework.

The results in Table 2 indicate that SOC was significantly
greater in lowland (1.1 and 0.43 MgCha ™! at soil 0-20 cm and
20-40 cm depth) than in upland (0.38 and 0.31MgCha™! at
0-20 cm and 2040 cm), and decreased with increasing soil depth
(p<0.05). Under both situations, SOC was highest on the surface
(0-20 cm) and diminished with increasing soil depth (Table 2).

This scenario happens possibly because in lowland areas
there is a sufficient accumulation of soil nutrients including
SOC in the upland area. Besides, as what happens in the low-
land, the concentration of soil nutrients in the topsoils was
higher than in the layers beneath. However, the difference in
SOC accumulation between 0-20 and 20—40 cm was non-
significant differences (p > 0.05). Alongside, Table 3 shows
the results of other important nutrients such as EC, zinc and
magnesium that form an important entity of soil nutrients.

Fig.2 Trend of mean annual . .
rainfall (a) and temperature (b) 1400.00 - a Mean annual rainfall trend in the study area (1980-2020)
in the area from 1980 to 2020. 1200.00 - y =‘4.4949X +9818.6 s O
Source: Tanzania Meteorologi- (] R2=0.157
cal Agency, 2022 — 1000.00 + [ ] Sen's estimate
g 800.00 1 FE-TE VT -ugae 0 | 99 % conf. min
= L E— 99 % conf. max
.L‘é 400.00 7 — — =95 % conf. min
S 200.00
~ 0.00 - — — =95 % conf. max
-200.00L9(70 1980 2000 2010 2020 | —<— Residual
-400.00 - Year Linear (Data)
35.00 - b Mean annual temperature trend in the study area (1980-2020)
30.00 Ottty ¢ o
—_ | Sen's estimate
e 0 y=00306x-31.316 | 005 conf. o
o 20.00 ~ R2=0.195 % conf. min
g 1500 e 99 % conf. max
g, 10.00 A — — =95 % conf. min
é 5.00 - — — =95 % conf. max
0.00 5ot ieo00mseeetmdt S ¢ Residual
-5.00970 1980 1990 2000 2010 2020 Linear (Data)
Year
Table2 Analyses result of the TN-Kjeld SOC-BIkW ExtP (mg/kg) CEC (cmolKg ™)
major soil nutrients from the
study area Fieldref Depth (cm) No.Samp Mgha™! MgCha™! PBry-1 CEC Ca** K*
Lowland 0-20 32 0.47 1.1 243 37 15.71 3.42
Lowland 2040 32 0.18 0.43 2.18 29 12.4 2.21
Upland 0-20 32 0.07 0.38 0.19 35 8.2 1.40
Upland 20-40 32 0.06 0.31 0.08 26 6.3 0.72

Source: Lab soil analyses at Sokoine University of Agriculture (SUA), 2022
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Correspondingly, total nitrogen (TN) and phosphorus
(TP) were significantly higher (p <0.05) in the lowland
than in the upland and decreased from 0.47 and 2.43 Mg
(0-20 cm) to 0.18 and 2.18 Mg (20-40 cm), respectively
(Table 2). In addition, other important soil nutrients such
as calcium (Ca*), potassium (K*) and magnesium (Mg>*)
behaved the same way as seen in (Tables 2 and 3).

The pH value of the soil increased significantly (p <0.05)
from upland to lowland areas (Table 3). The soil pH was neutral
as it ranged from 5.82 to 7.03 under both situations (Bokhorst
et al. 2017). Nonetheless, the least attention was given to the
trace elements as the study intensely focused on SOC.

Alongside this, we determined soil bulk density (BD). The
BD was normally expressed as the mass of an oven- dry sam-
ple of intact soil per unit volume. Lal (2008) revealed that BD
is among the most important soil physical property which is
essential for assessing carbon stocks. The BD determines the
cumulative SOC in large area, therefore, it was important also
to calculate SOC in a large area (hectare) using the BD.

In the lowlands, the calculated BD was 0.9 gcm_3 and 1.0
gem™ for 0-20 cm and 2040 cm, respectively. Besides, the
BD in uplands was 1.1 gcm™ and 1.2 gem™ for 0-20 cm
and 2040 cm, respectively. Since SOC was 1.2 and 0.68 in
lowlands and uplands, respectively, then, SOC accumula-
tion was calculated by the following formula: SOC = Depth
(cm) X Bulk density (gcm_3) X Organic carbon (%).

Hence, the calculated SOC per hectare is determined as
follows hereunder;

i) SOC (0-20 cm)

A. Lowlands =20 cmx 0.9 gem2x 1.1 MgC
ha™'=19.8 Mg ha™.!

B. Uplands =20 cmx 1.1 gem™ x0.38 MgC
ha~'=8.36 Mg ha™.!

ii) SOC (20-40 cm)

A. Lowlands =20 cmx 1.0 gem™3x0.43 MgC
ha='=8.6 Mg ha™.!

B. Uplands =20 cmx 1.2 gem™>x0.31 MgC
ha'=7.44 Mg ha™.!

Climate data

Since climate has a significant influence on organic soil
nutrient amendments. Therefore, it was worthwhile to
depict climate information alongside SOC accumulation
in the study area. Overall, the results indicate that for the
past 40 years (1990-2020) there have been climate fluc-
tuations in the area as seen in Fig. 2. The result indicates
there have been a considerable decrease and increase in the
mean annual rainfall and temperature, respectively.

The mean annual rainfall and temperature patterns from
1980 to 2020 declined and intensified at R*=0.15 and 0.19
respectively (Fig. 2). These climate curves increased the
vulnerability of biological processes. The temporal vari-
ability of rainfall patterns had significant attributions to
the onset and cessation, intensity, frequency, and amount
of rain. Although the study concentrated on the relatively
undisturbed areas, the results had significant impacts
on farming calendar for most farmers around the area
(Mkonda & He 2017).

The results from Fig. 2 give a general exploration of
the trend of rainfall in the study area based on the annual
amount. It displays a wider context on long-term variabil-
ity that explores the general situation on the ground. The
result indicates that the intra-climatic variation was more
pronounced during the growing season.

Discussion

This study establishes a discussion on the measurable
assessment of SOC in the relatively undisturbed environ-
ments as seen in Tables 2 and 3. As established in the
background and findings, this study is among the fewest
studies which have estimated SOC stock in the mountain
foothills. For example, Rossi (2009) established SOC in
the Soil Scapes of Southeastern Tanzania while Hartemink
(1997) established soil nutrients including SOC under per-
manent cropping in north-eastern Tanzania. In addition,
a study by Mikipai et al. (2012) estimated SOC in the
general lands. At least the study by Kempen et al. (2019)
mapped SOC of the topsoil in Tanzania whereas, it found

Table 3 Analyses result of the

. . . Soil pH (1:2:5) CaCl, EC Zn Mg
minor soil nutrients from the .
(in H,0)

study area -
Field ref Depth (cm) No. Samp (%) (%) 200uS/cm mg/kg mg/kg
Lowland 0-20 32 5.82 5.17 33 0.82 5.93
Lowland 20-40 32 6.13 5.28 31 0.78 3.56
Upland 0-20 32 6.87 4.29 29 0.31 2.53
Upland 20-40 32 7.03 3.73 25 0.22 1.51

Source: Lab soil analyses at Sokoine University of Agriculture (SUA), 2022
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that among the areas with high SOC concentration are
along the eastern arc mountains, Lake Tanganyika and
north-western Tanzania.

Embarking to the study findings, the results on SOC
accumulation in the relatively undisturbed environment
indicate that the accumulation of SOC was on the top soils
(0-20 cm) than on sub-soils (20—40 cm) because of most
organic matter decomposition and deposits in that top
layer (Tables 2 and 3). Besides, in terms of locations; SOC
was higher in the lowland than in upland environments.
This situation happens because in lowland areas there are
more deposits of soil nutrients, from various sources, than
in upland areas (Mkonda 2023).

Considerably, the variations in SOC stock over location
within such a small-scale are attributed by some differ-
ences in microclimate, topographic position, parent mate-
rial, soil texture, soil drainage, soil nutrient status, salinity
and vegetation type (Batjes 2011; Mkonda and He 2018;
Mkonda et al. 2018).

These results are even evident from other established
studies such as those by Mkonda and He (2018), Mékipad
et al. (2012), Bationo et al. (2006) and Batjes (2011).
On top of that, the findings are also reflected in the FAO
guidelines (FAO 2006). On this basis, the present study
can be set as a baseline for the forthcoming studies in the
same area or similar environments.

Empirically, the findings of this study are fairly important
to the replenishment of various biological processes includ-
ing the functions of arbuscular mycorrhizae in intensifying
the capacity of nutrient uptake by various plants (Hartemink
1997; Mkonda & He 2018). Based on the findings, espe-
cially the biological advantages of SOC, the lowland areas
benefit more compared to the uplands. Alongside, in most
incidences, it is a mandatory measuring unit for soil carbon
assessment in clean development mechanisms.

Besides, the results indicate that there had been a seri-
ous decline in SOC in the upland areas (Table 2). Among
other things, the slope and other erosion agents have been
more pronounced in the upland areas compared to the
counterpart (Mkonda 2023). This exactly indicates the
essence of the same ecosystems (i.e. foothills of the moun-
tain) having low SOC deposits in the upland than in the
lowland. The implications of this study include; we expect
more active biological processes in the lowlands than in
the uplands due to differential SOC deposits.

Furthermore, in lowlands, the ability of organic mat-
ter to retain cations for plant utilization while buffering
them from leaching was higher than in uplands (Ellert
et al. 2002; Rossi 2009). The cation exchange capacity
of organic matter is mainly due to negative charges cre-
ated as hydrogen ions are removed from weak acids dur-
ing neutralization (IPCC 2000). Besides, organic matter

also reduces or buffers the change of pH in the soil when
acids or bases are added to the soil. If this situation hap-
pens; there might be improved vegetation in the area when
other factors are kept constant. These implications are also
determined in the studies by Burgess et al. (1998), Glaser
et al. (2001), Hall et al. (2009), Johannes et al. (2017) and
Kempen et al. (2019).

Similarly, the findings reveal that there have been
increased differences in the water content of soil between
the lowlands and uplands (Mkonda & He 2018). Lowland
soils appeared to have high retaining water capacity than
uplands because of high organic matter contents which
buffer moisture that would get lost through leaching (Lal
2004; Hartemink et al. 2008).

Since SOC is resilient from losing moisture, the veg-
etation fields especially in the lowlands act as a sink for
the first, second, and third largest greenhouse gases which
are carbon dioxide (CO,), methane (CH,), and nitrous
oxide (N,0), respectively. By sinking these greenhouse
gases, we are mitigating climate change impacts (Araujo
et al. 2017; IPCC 2013; Haoa et al. 2016). To support
this, several studies have specified that the amount of
sequestered carbon is equivalent to that found in biomass
(p <0.05). Therefore, soil restoration always leads to car-
bon sink and vice versa (UNFCCC 2007; IPCC 2013;
Haoa et al. 2016).

In terms of climate (Fig. 2), appropriate rainfall plays a
substantial role in the process of accumulating carbon in the
soil as it facilitates various biological processes. Contrary,
extremely low rainfall leads to the excessive drought that
limits the production of plant biomass and the formation of
organic matter. Principally, the change in moisture regime
affects the decomposition of biomass the soil (Glaser et al.
2001; IPCC (2000);. Various studies have realized that there
is an exponential correlation between SOC accumulation
and precipitation (Mé#kipéi et al. 2012; Bationo et al. 2006;
and Batjes (2011).

In terms of moisture, most literature stipulates that the
moisture content in the lowlands is higher than in the upland.
It is obvious that this difference reveals that the function of
the soil biological process is more significant in the lowland
than in the upland. Therefore, this situation also indicates
that the two locations have different capacities in the provi-
sion of environmental services (Wilke 2005).

On the other hand, the increase in temperature and
decrease in rainfall is likely to reduce the Net Primary
Productivity and Net Ecosystem Productivity though it
may not be easy to quantify the magnitude. Therefore, in
this aspect, it can be concluded by asserting that there is
a significant correlation between climate and SOC accu-
mulation as also established by the United Nations Frame-
work Convention on Climate Change (UNFCCC 2007).
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Conclusions

The present study has established the amount of SOC
around the foothills of the Uluguru Mountain. Empirically,
this study revealed that the amount of SOC in the lowlands
was almost two times that of the uplands. These happened
despite the fact that both environments were relatively undis-
turbed and were not very far apart. The quantified amount
has significant implications to the environment and liveli-
hood of the people. The findings of this study can be applied
in various lowly elevated areas especially in the eastern
arc mountains of east Africa. This study suggests that the
lowly elevated areas or/and areas near the mountain foot-
hills need substantial conservation to limit disproportionate
erosion that might be caused by run-off. Based on the find-
ings and discussion, this study poses insight on environment
especially on how to design, plan and implement various
environmental projects in areas with different ecological
gradients.
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