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This study was conducted to assess the capacity of mangroves soils to stock carbon and how
degradation can influence its various properties. Transect method was performed. So, two transects of
100 m length and 10 m wide were established according to the degradation level. Total of 18 Soil

samples were taken to be described and analysed. The degraded transect (T1) shows a mean carbon

stock value of 2102.06 + 405 Mg.ha'1 while natural (T2) accumulate 2476.6 £ 409 Mg.ha-l. Colour are
more light inside the degraded transect (Brown to grayish) than the natural transect (brown to blackish)
while spots are more colored in natural transect (gray and yellow) than degraded one (yellow). pH mean
value showed that soils of degraded transect was more acidic than those of natural one. Organic matter
amount was very high and proves that these soils can be valorized to agricultural activities without
previous enrichment. Total Nitrogen was low in the two transects while the available phosphorus values
showed that natural transect has more available phosphorus that can be used by the plants than
degraded transect. So, degradation would take along reduction of available phosphorus rate in the
soils. According to this result showing important different values of carbon stock and soils properties
between natural and degraded transect, it is necessary to implement conservation methods in order to
stop degradation and enhance capacity of mangroves soils properties.
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INTRODUCTION

Along Cameroon’s coast, mangrove swamps are (Spalding et al., 2010). They are mainly distributed
estimated to cover a surface area of roughly 1961.84 km? between two estuaries (Rio del Rey Estuary and
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Cameroon Estuary) but are equally present in small
zones with variable surface areas in the South Region of
Cameroon (Rio Ntem Estuary).

Mangrove swamps for some decades now have been
recognized as having public interest. Undeniably, their
benefits are both economical (Kovacs, 1999) and
ecological. Ecotone between land and marine
environment, the ecosystem of mangrove swamps is a
very unique structural and functional zone (Betoulle,
1998), playing a role in coastal food chains (Dittmar et al.,
2001; Laedgaard and Johnson, 2001 ) and constituting
an important source of carbon (Twilley et al., 1992;
Gattuso et al., 1998). Most recent studies on mangrove
swamps have proven the ability of this ecosystem to avert
the phenomenon of climate change by sequestrating the
carbon of these various components (Trevor et al., 2014;
Adame et al, 2013; Donato et al, 2012; Lovelock et al,
2011). Moreover, mangrove swamps play a barrier role
against natural disasters. This is the way they safeguard
the surrounding populations against damage which can
be caused by cyclones, tsunamis and hurricanes
(Dahdouh-Guebas, 2006; Alongi, 2008). They also
produce goods and services as well as income to the
community (Krauss et al., 2008).

Mangrove swamps also constitute an important source
of revenue and several other survival and commercial
activities such as fishing and wood exploitation are
carried out there (Din et al., 2006).

However, several studies show that approximately 5 to
85% of the original area of mangrove swamps was
predominantly lost during the second half of the 20th
century due to degradation and deforestation.

Degradation of ecosystems is qualified as reduction of
the quality of factors like forest crown, fauna, soils or
carbon stock loss. Associate to the deforestation,
degradation constitute about 18% of anthropogenic
emission of CO> through the forest sector (IPCC, 2007).
The recent estimation suggest that 9.4% of Amazonian
forest at Brazil have been loss and about 16% within
Congo Basin forest (Bernou et al., 1999).

The mangrove swamps of Africa endure enormous
pressures during the last decades, to the point that in
west and central Africa, 20 to 30% of mangrove swamps
have vanished in 25 years (UNEP, 2007). This is due to
several factors and in particular is urbanization through
the development of infrastructures and residences, the
exploitation of salt mines and sand, pollution caused by
industries, the industrial agrochemical products and the
exploitation of oil and gas, the absence of an appropriate
legislation, the cutting down of trees for fish smoking
(Ajonina and Usongo, 2001; Ajonina et al., 2005), the
increase of insidious species and the effects of climate
change, amplified by population growth.

Nowadays, Cameroon hydrology and mangrove soils
properties are highly disturbed due to vegetation
degradation. Deforestation release not only carbon in
atmosphere but has also negative effects on biodiversity,
soils protection and local climate regulation. More also,
use land for urbanization and agriculture activities
contribute gradually to release soils and plants carbon
stock (Michalak et al., 2011).

In view of the above observations the major objective of
the present study is to assess how degradation of
vegetation influences carbon stock and soils parameters
within Bamusso mangrove's forest.

MATERIALS AND METHODS
Study site

The study was carried out in the mangrove forest of the locality of
Bamusso (Rio del Rey Estuary). Being the sub-divisional capital,
Bamusso is a peninsula located in the Ndian Division of the South
West Region. Bordered to the South and the West by the Atlantic
Ocean, to the North by Ekondo Titi and to the East by Meme and
Fako Divisions (Figure 1), this locality of geographical coordinates
latitude 4° 45 ' - 4° 50 ' North and longitude 8° 30 ' - 9° 00 ' East has
a vegetation of evergreen forest subjugated by the mangrove
swamp and intermittent by a shrubby meadow (Ajonina, 2011). This
mangrove forest conquered by the family of Rhizophoraceae is cut
apart by a large number of waterways for fishermen, poachers and
tourists. The climate of the region is influenced by the propinquity of
the Atlantic Ocean and Mount Cameroon on one hand, and on the
other hand, by the Intertropical Convergence Zone where the
anticyclone of the Azores of the Northern hemisphere and that of
Saint Helena coming from the South converge (Din, 2001).

This climate fits into the equatorial domain of littoral type or
"Cameroonian” which is characterized by two seasons with a long
rainy season (from March to November) that can totally expunge
the dry season always interspersed with rains. Bamusso shows
annual average precipitation of the order of 3800 mm. The
sociological component is made up of non-native and natives. While
the natives consider mangrove swamps as sacred sites dedicated
to diverse rites, the non-natives use them for construction, fish
smoking and to a lesser extent for farming.

Methods

The sampling method is that of transects (Imbert, 1985). Two
transects of 100 m length and 10 m wide giving a surface area of

1000 m? each were established one named transect 1 or T1 inside
degraded mangrove forest and another (transect 2 or T2) in natural
or non disturbed mangrove forest. They were 5 km apart with base
lines directed WSW-ENE and perpendicular to the main channel.
Each transect was split into three plots of 20 m x 10 m and each
division was further subdivided into four meshes of 10 m x 5 m
using systematic approach (Ndema et al., 2008). One manual drill
was established in the middle of each mesh and one well (30 cm
diameter and one meter depth) in the middle of each plot. Totally,
three wells and twelve manual drills (four per plot) were established
within each transect (Figure 2). Morphological characteristics of
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Figure 1. Localization of the study site (modified from Ajonina, 2011)

soils were determinate during digging process of drills and wells by chart, structure by soil's aggregate observation, texture by hand
observation of soils cuttings and monoliths (Figure 3A and B). So, wetted soils touching and organic elements as dead leaf, roots and
colour of horizon was determined by using Munsell soils colour spots by direct observation.
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Figure 2. Meshing of plot and position of wells (P) and drills (S).

10

Figure 3. Field soils works: Well digging (A); Monolith extraction (B)

Analysis of soils samples

Soil samples were taken from six different wells (three per transect)
at three depths intervals (0 - 30, 30 - 50 and 50-100 cm). Eighteen
composite samples prepared from 0 — 30 cm (six samples), 30 -
50cm (six samples) and 50-100 cm (six samples) depths were
analyzed in the laboratory. The parameters analysed included (i)
particle size distribution by the pipetting method of Robinson
(Schalk, 1988), (ii) bulk density by using a peat auger consisting of
a semi-cylindrical chamber as described by Yoro and Godo (1990),

(iii) soil pH was measured by reading method through field multi
parameters conductive meter (Anderson, 1999), (iv) organic carbon
was measured by the procedure of Walkley and Black (1934), (v)
exchangeable potassium, sodium, calcium and magnesium of the
soil using the procedure of Jackson (1958), (vi) total nitrogen
content by the method of Kjeldahl (Bremner, 1996), (vii) available
phosphorus by the method of proportioning colorimetric starting
from the nitrochlorhydric solution of ashes (Stuffins, 1967), (viii)
cationic exchange capacity (CEC) by colorimetric using
spectrophotometer (Jackson, 1965) while carbon stock was
determinate by the formula C (kg/mz) =C (mg.g'1 Sol)*Da*e
(Da=Bulk density, e=thickness of horizon).

Data analyzes

The collected data were statistically handled and analyzed by two
approaches: the descriptive and the inferential statistics. The
descriptive statistical analysis consisted in arranging the data in
EXCEL spreadsheet, and in obtaining the results in the form of
tables and graphs. The inferential statistical analysis was made by
means of the SPSS software package; and the latter served to
determine if there is a significant difference between the soils
characteristics of the different transects using one ANOVA test.

RESULTS AND DISCUSSION

Effects of degradation on soil carbon stock

The degraded transect (T1) shows a mean carbon stock
value of 2102.06 + 405 Mg.ha'1 while natural or non
disturbed transect (T2) accumulate 2476.6 + 409 Mg.ha'l
(Table 1). Following depth, in surface (0-30 cm), the
carbon stock is 2006.8 + 199.07 Mg.ha’ insid? degraded
transect (T1) while it is 2308.6 + 503.9 Mg.ha ™ in natural
transect (T2). In middle depth, (30-50 cm), the degraded
transect shows value of 1375.4 + 105.71 Mg.ha ™ against
1346.6 + 139.74 Mg.ha'l for the natural transect. The
stock of carbon in depth horizons is _21954 + 944.77
Mg.ha ~in Tq and 3774.6 £ 528.59 Mg.ha " in T ».

Carbon stock present high value within natural transect
than degraded one. So, degradation contribute to reduce
carbon stock in the mangroves soils. This carbon is
released on atmosphere and enhances climate change
phenomena. At Bamusso, degradation would be

responsible of release of 374.54 Mg.ha'1 of carbon.

Effects of degradation on morphological properties
of soils

The degraded transect showed globally clayey to silty
texture, doughy to fibrous structure, brown to grayish
color and abundant thin roots, yellows spots as well as
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Table 1. Carbon stock per transect and per depth at Bamusso (values are mean + SE).

Transect Depth (cm) Da (g/cms) CO (%) Carbon stock (Mg/ha)
0-30 0.73+0.57 9.11+0.41 2006.8+199.07*
Degraded (T1) 30-50 0.73+0.57 9.38+0.17 1375.4+105.71*
50-100 0.73 +0.57 7.93+2.39 2924+944.77*
Mean 2102.06
0-30 0.93+0.11 8.16+0.95 2308.6+530.09*
Natural (T2) 30-50 0.93+0.11 7.33+1.55 1346.6+£139.74*
50-100 0.93+0.11 8.12+1.02 3774.6£528.59*
Mean 2476.6

*significant at p=0.05 using One Way ANOVA test
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Figure 4. Profiles of soils in degraded transect (T1): Well n°1 (A); Well no 2 (B); Well no 3 (C)

decomposed organic matter (Figure 4A, B and C). Within
natural transect the texture was clayey to clayey-silty,
with a doughy to massive structure, a brown to blackish
color and medium roots, yellowish to grayish spots as
well as fresh and decomposed organic matter (Figure 5A,
B and C). Organic elements are similar between the two
transect but the texture is more fine in the natural transect
(clayey to clayey-silty) than in the degraded one (clayey
to silty). That can be explain by the high microbiological
activity that transform macromolecular to fine particles
within the natural transect. Also the

importance of leaching phenomenon in the degraded
transect can explain his less fine texture (Duchaufour,
2001). Color also are more light inside the degraded
transect (Brown to grayish) than the natural transect
(brown to blackish) while spots are more colored in
natural transect (gray and yellow) than degraded one
(vellow) as in Abata (1994) study inside the Wouri
mangroves. We can conclude that degradation change
texture from fine to coarse and color from dark to light.
Yellows and grays spot explain the temporary
hydromorphy phenomenon of soils within the two
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Figure 5. Profiles of soils in natural transect (T2): Well n’1 (A); Well n’ 2 (B); Well n’3
Table 2. Comparison of morphological characteristics of soil.
Characteristics
- Study area Reference
Structure Texture Color Organic elements
Lumpy, fibrous and Clayey to clayey- Blackish to Brown, red or light Mangroves forest of Baltzer (1995)
spongy silty grayish spots Cameroon estuary Abata (1994)
Doughy, tchick, Sandy-silty Black, gray- Leftovers of shell , Mangrove forest of
particulary to fibrous black sulfurus smell, Port-Gentil (Gabon)
Plants leftovers Ondo (2006)
Particulary Sandy Light Plants leftovers Marshy forest of
Gabon Forest
Particulary Sandy Light Plants leftovers Rainy Savana forest
Doughy to fibrous Clayey to silty Brown, Decomposed plants  Mangroves of Rio
blackish to leftovers, yellowish Del Rey Estuary Present study
grayish and grayish  spots, (Bamusso)
thin roots
transects (Ondo, 2006). Effects of degradation  on physical and chemical

These morphological characteristics are  more near to characteristics of soils
the one described by Baltzer (1995) and Abata (1994)
than those of Ondo (2006) (Table 2). Particle size shows in mean 45 * 5.5% of sand, 30 + 5.5%
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Particle size (%) Exchangeable bases (cmol/kg) CEC
Transect Sand Sit Clay oH water DHKCI CO (%) MO(%) Neot(%) Pass (mglkg) Ca Mg K Na _ (cmolikg)
Degraded (T1) 45+5.5ns 30£5.5*  2540.01* 2.25+0.33ns 2.08+0.001* 8.81+1.48ns  15.15+#2.26ns  0.20£0.01ns 13.7£3.57ns 5.08+2.57ns  4.43x1.8*  0.07ns  0.01ns  21.25%7.21ns
Natural (T2) 44+3.3ns 36+0.01*  20+3.3*  2.43+0.52ns 2.3+0.52* 7.87+1.22ns  13.7740.62ns  0.16+0.01ns  17.86+3.57ns  2.26£0.66ns  0.99+0.7*  0.07ns  0.01ns  6.66+0.97ns

Value are mean and obtained by analyzing composite samples from different soil layers + SE; **=Significant at p=0.05 and 0.01 respectively; ns=non-significant)

of silt and 25 + 0.0001% of clay within degraded
transect(T1) against 44 + 3.3% of sand, 36
0.01% of silt and 20 + 3.3% of clay in natural
transect (T2). pH water means values are 2.25 +
0.33 in degraded transect and 2.43 = 0.52 in
natural transect. Those of pHKCI are 2.08 £0.001
inTiand 2.3+£0.52inT ».

Organic carbon (CO) was 8.81 + 1.48% inside
degraded transect and 7.87 + 1.22% in natural
transect when organic matter (MO) was 15.15 +
2.26% in T1 and 13.53 + 2.06% in T».

Total nitrogen (Ntt) was 0.20 = 0.01% in
degraded transect and 0.16 + 0.01% in natural
one. Available phosphorus (Pass) was 13.7 + 3.57
mg/kg in degraded transect and 17.86 = 3.57
mg/kg in natural transect. Exchangeable bases
were 5.08 £ 2.57 cmol/kg (T1) and 2.26 = 0.66
cmol/kg (T2) for calcium (Ca) against 4.43 + 1.81
cmol/kg (T1) and 0.99 + 0.7 cmol/kg(T2) for
magnesium. Cation exchangeable capacity (CEC)
was 21.25 + 7.21 cmol/kg in T1 and 6.66 + 0.97
cmol/kg in T2 (Table 3).

We notice slight increase of sandy particle
inside degraded transect (T1). So, degradation of
vegetation take along soil's destitution that
promote erosion and leaching phenomenon what
reduce fine particles within this transect (T1). pH
mean value showed that soils of degraded
transect was more acid than those of natural one.
Degradation contributes to increase acidification
of mangroves soils. All the pH values of soils were
less than 4 means that they would be qualified as

high acid soils (Landon, 1984).

The low value of CO in natural transect (T2)
illustrate a higher biologic activity characterized by
rapid mineralization of organic carbon in this
transect. Degradation would slow down
mineralization process of organic carbon.
According to Metson (1961), the mangroves soils
at Bamusso have a medium carbon rate because
the percentage of their organic carbon is between
4 and 10. Organic matter progress to the same
direction than organic carbon because the two
characteristics are linked by the linear relationship
(MO=1.72*C0O). Organic matter has a very high
rate (Landon, 1984). These soils can be valorized
to agricultural activities  without  previous
enrichment because their organic matter rate is
widely above to organic matter critical value for
agriculture what is 2%.

Total Nitrogen was low (Landon, 1984) in the
two transects while the available phosphorus
values showed that natural transect has more
available phosphorus that can be used by the
plants than degraded transect. So, degradation
would take along reduction of available
phosphorus rate in the soils.

Exchangeable bases showed high values of
calcium and low values of sodium. Their
concentration respect bases leaching order
(Etame, 2004) which is: Na<K<Mg<Ca. High level
of calcium and magnesium would increase cultural
capacities of soils and assimilation of certain
elements as phosphorus (Cantin, 2004).

Low values of sodium and potassium could be
explained by leaching because the two bases are
highly soluble. According to Landon (1984),
calcium is low to the natural transect while it is
medium in degraded transect. Magnesium is
medium in natural transect and high in degraded
transect. Sodium and potassium have low values
in the two transects.

Cationic exchangeable capacity showed low
values in natural transect and medium one in
degraded transects (Table 4).

Conclusion

The study of effect of degradation on carbon stock
and properties of soils within mangroves forest of
Rio Del Rey Estuary (Bamusso) showed that
carbon stock of soils samples can be highly
different between degraded and natural transect.
Also, this stock of carbon are higher than those of
another mangroves forest and five times higher
than stock of another non mangroves forest.

Total of 18 soils samples are collected inside six
wells (three per transect) trough three depth
intervals (0-30, 30-50, 50-100 cm) and analyzed.
We noticed that degradation of vegetation would
reduce fine particles within soils and contribute to
their acidification. Degradation would also slow
down mineralization process of organic carbon
because values of organic carbon are low in
natural transect than degraded one. Available
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Table 4. Valuation of cationic exchangeable capacity values within mangroves

soils at Bamusso.

Valuation CEC (cmol/kg) CEC (cmol/kg) at
(Landon, 1994) (Landon, 1994) Bamusso (Present study)
Very low <5 -

Low 5-15 5-15

Medium 15-25 15-25

High 25-40 -

Very high > 40 -

phosphorus was more high in natural transect than
degraded one while cationic exchangeable capacity was
low in natural transect and medium in degraded transect
showing that degradation would take along reduction of
available phosphorus rate and increase CEC in the
mangroves soils.

This study shows globally low value of carbon stock
and soils properties inside degraded transect than natural
one. It is important to apply conservation measures to
stop vegetation's degradation what it is necessary to
preserve soils characteristic potential.

Similar studies are to be encouraged in other localities
of Rio del Rey as well as other mangrove swamps sites.
If these studies could demonstrate the high values of
soils carbon stock as it is the case with the present study,
the soils of mangrove swamps of Cameroon could play a
preeminent role to limit the phenomenon of climate
change by sequestrating atmospheric carbon.
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