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Abstract: Degradation of the savannah region contributes indirectly to climatic changes. In order to come across the impacts
of anthropogenic actions on the herbaceous stratum, a carbon stock estimation study was conducted in the Sahelian savannah
of Cameroon. Herbaceous inventories were carried out in each plant formation and also in each transect demarcated from
refugee sites. These inventories were carried out ina 10 m x 10 m plot. 5 circles with a radius of one (01) meter were delimited
with a (01) ribbon in this quadrat. After data analysis in a laboratory, the wooded savannah (2.44+3.70 t/ha) shows the greatest
amount of herbaceous biomass followed by the forest gallery (1.81+£2.47 t/ha). The presence of a large quantity of carbon
influence the locality of Zamay (0.54+0.10 tC/ha), meanwhile the village of Minawao present a very small quantity (0.23+0.11
tC/ha), where the refugees are settled. The impacts of the refugees are greater on carbon sequestration than those of the local
populations. This study contributes to the understanding of carbon sequestration on the savannah region. To strengthen the
potential of the herbaceous plants in this ecosystem are needed to minimize its degradation so that it can be a sustainable

source of carbon stored by herbaceous.
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1. Introduction

Greenhouse Gas (GHG) emissions from human activities,
such as industrialization, land wuse and excessive
exploitation of natural resources are responsible for the
global warming currently observed on Earth [1]. Climate
change impacts on the environment in which humans live,
affecting the livelihoods of many people and the incomes of
countries [2]. Indeed, CO, is a gas that allows the earth to
benefit from a natural effect of greenhouse that is essential
for the human life, since it keeps the earth's average
temperature at 15°C instead of -18°C. Moreover, increase in
concentration has a direct influence on the effectiveness of
this greenhouse by inducing global warming and climate
changes [3]. Although the negative impacts associated with
CO, emissions are clearly recognised and identified, it is

highly to note that in the coming decades these emissions
will continue and even intensify [4]. Globally, carbon
balance of terrestrial ecosystems plays an essential role,
absorbing nearly 30% of the total anthropogenic CO,
emitted [2]. Having become aware of this reality, the
international community has placed climate changes at the
heart of its concerns. With this in mind, the Parties
Conference in the year 2015 (CoP21) to the United Nations
Framework Convention on Climate Changes (UNFCCC) in
Paris brought together 195 countries to decide on the
eventual measures put in place to limit global warming [5].
An international climate agreement, applicable to all
countries, was approved by all participants, setting the
objective of limiting global warming to between 1.5°C and
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2°C by 2100 [6]. To this end, the agreement, which is
supposed to come into force in 2020, will have to address
both mitigation (the reduction of greenhouse gas emissions)
and the adaptation of societies to existing and future climate
disturbances [7].

The herbaceous layer has an important role to play in the
ecosystem. It plays a crucial carbon storage function. In
savannah areas where trees are rare, herbaceous plants are
involved in carbon sequestration. Phytomass of the
herbaceous stratum varies according to ecological zones,
plant groupings and topography [8, 9]. On Sahelian
rangelands, the available forage for domestic livestock
consists of herbaceous and woody vegetation that is
accessible or made accessible to animals [10]. In the
Sahelian zone, herbaceous vegetation is more influenced by
pastures, which play an important role in livestock feeding
and constitute to the totality of the feed resources of
ruminants on livestock farms [11]. More than 90% of the
energy consumed by cattle comes from pastures [12].
Livestock farming and rainfall, with a high variability in
time and space, conditioned carbon productivity. The
current and past climatic variations recorded in recent
decades have led to a series of droughts with a decrease in
the production of herbaceous plants [13, 14]. Any change in
the management of this fodder resource requires prior
knowledge of fodder resources and their production levels
may impact their capacity carbon [15-19]. The savannahs
are real fodder resources and offer very significant
economic potential for agriculture and livestock farming
([20]. However, their wealth and carbon production are not
yet well evaluated. Uses of savannas for agricultural and
pastoral activities raises the question of sustainable land
management and the rational use of biodiversity. It is
therefore essential to have an inventory of a country's
natural resources in order to make rational use of its land
[21]. However, population density influences the primary
production of vegetation. [22] point out in the same vein
that refugee camps, where many people settle, suffer
considerable environmental degradation. This plant
degradation has a negative effect on the carbon storage of
herbaceous plants [23]. The objective of this study is to
assess the biomass and carbon of herbaceous stratum under
the influence of refugees and local populations in the
Sahelian savannah of the Far North Region of Cameroon.

2. Materials and Methods
2.1. Study Site Location

The Far North region of Cameroon covers the area of
about 34,263 km? [24] (Wafo, 2008), or about 7.21 percent of
the country surface area. It is bordered to the north by the
Republic of Chad, to the west by Nigeria and to the south by
the Northern Region. The study took place precisely in
Mayo-Tsanaga, 70 km from the city of Maroua (capital of the
Far North region) [25].

Since 2013, village of Minawao in this Division has been
considered as a site for Boko haram refugees. This village is
located between 10° 21’ North, 13° 32’ East. It is bordered by
four main villages, namely: Zamay in the north, Gawar in the
south, Sabongari in the east and Wind¢ in the west [25, 26].

Agriculture is a main source of activities for the villagers.
However, population growth is leading to a scarcity of arable
land and overexploitation of the soil. In order to optimise
food management, division of the camp into four sectors,
corresponding to the interventions of the four partners, which
has been set up [27]. The relative dry climate of the region
causes significant problems of shortages of drinking water.

2.2. Determination of the Phytomass of Herbaceous Plants

Measurements were systematically carried out at the
intersection of two diagonals of each 10 m x 10 m plot. To
evaluate this phytomass, 5 circles with a radius of one (01)
metre were measured using a (01) tape [28]. Which gives a
total of 1500 circles. The fresh herbs were harvested and
weighed on site using a Sartorius scale (ISO 9001 to 10-3)
to determine the total wet masses of each fraction, just a
small sample (wrist) was collected and weighed in an oven
at the ENSAI laboratory at the University of Ngaoundéré
within 48 hours to determine the total dry mass (TDS). The
total dry mass (TDS) was calculated according to the
formula:

TDS=100 x TDS/ (100 + Te);

Where TDS is the total wet weight and Te is the water
content. Te=((MH-MS)/MS) x 100 where MH is the wet
mass and MS is the dry mass of the sample. These
measurements allowed us to quantify the phytomass of
herbaceous plants in the Sudano-Sahelian savannah.
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Figure 1. Method for quantifying carbon in herbaceous plants.
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In order to find out the impacts of the refugees on the herbaceous states as one moves away from the refugee site, a 15,000
m x 20 m transect was delineated. Within each transect, the method in figure 1 was carried out randomly at each kilometers.

Zamay
Transect
Winde | M Minawao Sabongari
15 km |
Gawar

Figure 2. Method of quantifying carbon in herbaceous plants along the directions.

3. Results and Discussion

3.1. Biomass of Herbaceous Plants According to Villages
and Plant Formations

The biomass of herbaceous plants in the different villages
varies from one plant formation to another.

In the village of Gawar, the value of the herbaceous
biomass varies from 0.54 t/h (dwellings) to 1.07 t/ha (forest
gallery). In Minawao, this value is low and varies from 0.03
(fields) to 0.90 t/ha (wooded savannah). In Sabongari village,
the value of the herbaceous biomass varies from 0.60 t/ha
(fields) to 1.06 t/ha (forest gallery). In the village of Windé¢,
the amount of herbaceous biomass varies between 0.82 t/ha
(fields) and 1.14 t/ha (forest gallery). In Zamay, the highest
biomass value of herbaceous plants was reported between

1.40 q

1.20 A

Phytomass (t/ha)

Gawar Minawao Sabongari

Villages

Akl

0.78 t/ha (fields) and 1.37 t/ha (wooded savannah). The total
biomass recorded in this zone according to villages and plant
formations is 20.82 t/ha. As far as villages are concerned,
Zamay records the highest biomass value (5.35 t/ha) and in
second position is Wind¢ village (4.87 t/ha).

The wooded savannah shows the highest amount of
herbaceous biomass (5.15 t/ha), followed by the forest
gallery (4.99 t/ha). This result does not corroborate those of
[29] who showed an almost nil contribution of herbaceous
plants in the wooded savannah. Instead, these authors
indicated a high herbaceous biomass in the shrubby savannah
(7.44 t/ha). This difference would be due to the disparity of
ecological zones. Analysis of variance indicates a significant
difference between villages on the one hand and between
plant formations on the other (p < 0.0001).

m Shrub Savannah

m Forest gallery

M Fields
Dwellings

® Wooded Savannah

Winde Zamay

Figure 3. Biomass of herbaceous plants in the villages and plant formations.
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3.2. Biomass of Herbaceous Plants as a Function of
Distance and Direction

The productivity of phytomass on herbaceous stratum
according to distances and plant formations is shown in
figure 4. The results of this research show that phytomass
production is varies from distance to distance and from
direction to direction on the other hand (p < 0.0001).

Biomass values vary from 3.23 t/ha (Mi-Sa) to 7.57 t/ha

2 -
1.8 1
1.6 A
14 4 |
1.2 A

1 A
0.8
0.6 |
0.4 A1

Phytomass(t/h)

0.2 1
0 -

(Mi-Za) depending on the direction. The direction of
Minawao- Zamay is more productive with a maximum value
of 1.9 t/ha at distance D3. Than Minawao- Sabongari which
indicates a low production of herbaceous phytomass with a
maximum value of 1.01 t/ha. With regard to distances, biomass
values vary from 2.91 (D1) to 5.64 t/ha (D3). The biomass of
herbaceous plants varies according to plant diversity, therefore,
depending on the specific contribution of the area [30].

B Minawao-Gawar
B Minawao-Sabongari
Minawao-Winde

Minawao-Zamay

D1 D2 D3

D5

Distances from Minawao

Figure 4. Herbaceous biomass as a function of distances and directions.

DI1=Distance 3 kilometers from Minawao; D2=Distance 6 kilometers from Minawao; D3=Distance 9 kilometers from Minawao; D4=Distance 12 kilometers

from Minawao; D5=Distance 15 kilometers from Minawao.

3.3. Carbon Stock of Grass Species According to Villages
and Plant Formations

Estimating the amount of carbon in the phytomass of the
grass stratum differs between villages and plant formations.

The villages of Zamay (0.54+0.10 tC/ha) and Windé
(0.48+0.06 tC/ha) have a high carbon value. The villages of
Minawao (0.23£0.11 tC/ha) and Sabongari (0.39+0.06 tC/ha),
on the other hand, report a low carbon value for herbaceous
plants. Herbaceous flora has a low contribution to the total
carbon volume of the vegetation ([31, 1]. This low carbon
value of herbaceous plants can attribute to the floristic
composition in relation of soil conditions and to the structure
of herbaceous groupings such as [32].

Depending on the plant formations, the carbon stock varies
in decreasing order from 0.51+0.06 tC/ha in the wooded
savannah, 0.49+0.08 tC/ha in the forest galleries, 0.42+0.11
tC/ha in the shrubby savannah, 0.33+0.12 tC/ha in the fields
and 0.32+0.08 tC/ha in the dwellings. The trees of savannah
have the highest amount of carbon while the dwellings show a
low value. This low carbon content of the gaseous stratum of

the dwellings would be justified by anthropization pressure.
Animals graze in the dwellings and anthropogenic activity is
highly accentuated. Grazing and bush fires tend to reduce the
amount of carbon in the grassy layer ([33, 34]. All the
herbaceous strata on the different sites sequester 2.08+0.07
tC/ha. This amount of carbon is less than the herbaceous
carbon stock of 3.15 tC/ha recorded by [29] in the shrubby
savannah zone of the Adamaoua region of Cameroon. This
difference could be explained by ecological factors and the
disparity of the study areas. On the other hand, the value found
in the tree savannah (0.51£0.06 tC/ha) research is higher than
the herbaceous carbon quantity of 0.16 tC/ha observed by [29].
The density of woody trees, which is higher in wooded
savannah (3967 individuals/ha) than in shrubby savannah
(2933 individuals/ha) could be the factor in the latter
difference. Herbaceous species develop better in the absence of
large trees. In the Sudanian savannah, the production of
herbaceous biomass is 3 times higher outside the woody
canopy than under the canopy of tall trees [34]. However,
climatic and ecological factors should not be neglected [35].

Table 1. Carbon of important grass species according to plant formations (tC/ha).

Plant formation Gawar Minawao Sabongari Windé Zamay Average

Shrub Savannah 0.37 0.26 0.34 0.53 0.61 0.42+0.11
Forest gallery 0.53 0.28 0.53 0.57 0.58 0.49+0.08
Fields 0.47 0.02 0.30 0.41 0.40 0.33£0.12
Dwellings 0.27 0.16 0.37 0.41 0.42 0.32+0.08
Wooded Savannah 0.5 0.45 0.43 0.51 0.69 0.51£0.06
Average 0.42+0.08 0.23+0.11 0.39:+0.06 0.48+0.06 0.54+0.10 2.08+0.07




44 Paul Kodji et al.: Quantification of Biomass and Carbon Storage of the Herbaceous Stratum Around
Refugee Camps: Case Study of Minawao Site in Cameroon

3.4. Carbon Stock of Important Grass Species as a
Function of Distance and Direction

Concerning distances, the carbon stock values of grass
species vary between 0.36+0.12 and 0.71£0.12 tC/ha. The
analysis of variance shows a significant difference between
the distances (p < 0.01).

Distance D3 (0.71+0.12 tC/ha) indicates the large amount
of carbon. At this distance, anthropogenic activities and
grazing are less intense, which leads to the normal
development of some herbaceous plants. Research results on
the carbon stock of savannah grasses in the intertropical zone
show that carbon production is variable from one distance to
another.

Depending on the direction, the carbon stock value varies
from 0.34+0.17 (Minawao-Sabongari) to 0.76+£0.12 tC/ha

(Minawao-Zamay). The analysis of variance shows a
significant difference between the directions (p < 0.0001). In
descending order, it is 0.76+0.12 tC/ha (Minawao-Zamay),
0.51£0.06 tC/ha (Minawao-Gawar), 0.49+£0.10 tC/ha
(Minawao-Windé) and 0.34+0.17 tC/ha (Minawao-Sabongari).

The frequency of anthropogenic zoo activities would be
less at the level of the distance D3 and the Minawao-Zamay
direction, which explains the importance of the carbon stock
at these levels. The exploitation of the reserve of Zamay's
resources is principally limited, which would allow the
herbaceous stratum to develop. Our results are significantly
low than those of [29] in the Guinean high savannah of
Adamaoua and [32] in Congo Brazzaville. The authors
nevertheless indicated the same factors that may influence
carbon sequestration in herbaceous strata as we did in this
study.

Table 2. Herbaceous carbon stock by direction (tC/ha).

L. Distances
Directions D1 D2 D3 D4 D5 Average
Minawao-Gawar 0.44 0.44 0.67 0.50 0.52 0.51+0.06
Minawao-Sabongari 0.12 0.12 0.51 0.47 0.47 0.34+0.17
Minawao-Windé 0.43 0.31 0.70 0.53 0.51 0.49+0.10
Minawao-Zamay 0.47 0.74 0.96 0.85 0.78 0.76+0.12
Average 0.36+0.12 0.40+0.18 0.71+0.12 0.59+0.13 0.57+0.10 2.62+0.11

D1=Distance 3 kilometers from Minawao; D2=Distance 6 kilometers from Minawao; D3=Distance 9 kilometers from Minawao; D4=Distance 12 kilometers

from Minawao; D5=Distance 15 kilometers from Minawao.

4. Conclusion

At the end of this study, the inventory of the herbaceous
stratum made it possible to assess the biomass production

and carbon stock of herbaceous plants under refugee pressure.

The state of the herbaceous vegetation on the site was
established by determining the carbon stock value in the
different plant formations in each village. The best carbon
quantity was recorded in the village of Zamay while a low
value was observed in Minawao. The amount of carbon was
considered to be low in the vicinity of the refugee camp. The
impact of the refugees on the carbon stock is therefore
greater than that of the local population. The choice of an
area for the creation of a refugee site should be crucial. Their
settlement in the Sahelian savannah will lead to further
desertification of the area, the effects of which are likely to
be irreversible. Sustainable and participatory management is
necessary in this locality in order to restore vegetation.
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