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Abstract 
 

The soils of the Foreke-Dschang escarpment are very fragile and prone to erosion and landslides. These soils are under intense demographic 
pressure with the heavy conversion of forest into agroforestry systems. This work aims to highlight both the positive and negative effects of 
agricultural practices on the soil organic carbon stock (SOCS) of the Dschang-Foreke escarpment and to propose suitable conservation measures. 
Soil samples were taken from different agroforestry systems and analysed in the laboratory for physic-chemical characteristics by standard 
procedures. The main results revealed that the organic matter content is higher (2.45±1.70%) in the foot slope (BP) than in the upslope (SP) 
(2.16±0.78%), midslope (MP) (1.85±0.45%), upslope forest soils (PFCS) (1.58±0.18%) and Disturbed soil samples for midslopeforest soils 
(PFCM) (1.20±0.90%). The SOCS in agroforestry soils are higher in BP (42.55±6.13 t/ha) than in MP (21.02±5.48 t/ha) and SP (2.15±1.39 t/ha) 
as well as the C/N ratio (18.45, 11.12 and 1.91). BP soils have relatively higher humin (6.57±4.60% DM) and C/N ratio (18.45), but lowerfulvic 
acid-to-humic acid (AF/AH) ratio (0.38) and low soil structural instability index (SI) (1.76±0.56). This might justify the structural stability of 
soils in this topographic position. In forest zones, although the SOCS is higher at the top (33.16±5.79t/ha) than in MP (19.70±6.76t/ha) as well as 
the C/ N ratio (20.03 and 8.72). Forest soils in MP were structurally more stable thanks to their low AF/AH ratio (0.58) and low structural 
instability index (6.07±1.87t/ha). Only the reconversion of the forest into lowland crop plots would have better stored carbon. To improve the 
structural stability of soils in MP and SP, the contribution of compost or biochar and poultry manure is strongly recommended. 
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INTRODUCTION 

 
The Foreke-Dschang escarpment is marked by very rugged 
landscapes with steep slopes and an altitudinal difference of 
about 700 m between Dschang and Santchou (Fotsing, 1999). 
The soils are very fragile due tohigh topography that favours 
erosion and landslides during heavy rains. This area is highly 
stressed with strong conversion of forest into agroforestry 
systems. This is attributed to demographic pressure             
(451 inhabitants/km²) on land within the Dschang City 
(BUCREP, 2010). Dueto the precariousness of jobs in large 
cities (Douala and Yaoundé),rural migration and demographic 
explosion (3.2% growth rate)has contributed to rapid 
colonization of this area where crops such as coffee, cocoa and 
food crops are grown (BUCREP, 2010). The combined effect 
of rudimentary farming practices, high rainfall, relief and soil 
type (thin profiles) has promoted water erosion, leading to soil 
degradation and a decline in agricultural production potential 
(Djoukeng, 2016). Agroforestry systems, by storing carbon in 
plant tissues and soils, contribute to reducing the concentration 
of greenhouse gases in the atmosphere and sustainably 
improve soil health (Temgoua et al., 2014; Djoukeng, 2016). 
Although agricultural practices can degrade soils, improved 
management practices are alsoknown tocontribute to soil 
health and sustainability. This work aims to highlight both the 
positive and negative effects of agriculture on the soils of the 
Foreke-Dschang escarpment and propose the most appropriate 
conservation management methods. 
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MATERIALS AND METHODS 
 
Study site 
 
The Foreke-Dschang escarpment is located atabout 10 km 
southwest of the city of Dschang. It has an altitudinal 
difference of 700 m between the city of Dschang (1400 m) and 
Santchou (700 m). The climate of the area is generally 
temperate by altitude and depends on a unit of factors which 
are linked to relief, exposure to major atmospheric currents and 
its geographical position and distance from the sea (Aboubakar 
et al., 2013). Annual precipitation is abundant (1400 mm ≤ 
Pmoy ≤ 2500 mm) with peaks between July and October, 
decreasing from south to north while increasing in the vicinity 
of the mountain ranges. The drainage network is linked to the 
morphology of the region (Aboubakar et al., 2013). The forest 
and woody savannah vegetation is heavily anthropogenisedby 
a predominantly agricultural population (Moundjeu, 2022). 
The geomorphology, the geological nature and age of the 
formations, as well as tectonic activityof the regioncombine 
with climatic conditions and sometimes anthropogenic 
activitiesto put the area at high risk of mass movement 
(Aboubakar, 2010). Throughout the escarpment, scars of old 
land movements and signs of aborted or ongoing movements 
are observed (Aboubakar et al., 2013).The soils of the of the 
area are classified into four categories (Moundjeu , 2022): 
poorly differentiated soils (or lithosols, developed on the 
crystalline basement, observed at the top of the interfluves and 
on very steep slopes); very desaturated arid ferrallitic soils on 
basement (develop on slopes less than 13% and at the foot of 
steep slopes), moderately desaturated ferrallitic soils on 



volcanic rocks (observed on the slopes of the interfluves) and 
more or less saturated lowland soils (most often hydromorphic 
soils, more or less humiferous, located at the footslopes and 
strongly influenced by water table).Geologically, there is a 
Pan-African granito-gneissic basement underlain by Tertiary to 
present volcanic rocks (rhyolitic and trachytic basaltic flows 
and basaltic and ignimbritic projections) (Aboubakar et al., 
2013).The main activity of the inhabitants is agriculture, 
especially intensive agriculture. In this region most farmers 
practice mixed cropping of Arabica coffee, plantains, banana, 
beans, maize, cassava, etc. 
 

 
 

Figure 1. Location map of the study area (A) in Cameroon, (B) in 
the West region, (C) in the Menoua department. (D) Topographic 

map of the site 
 
METHODOLOGY 
 
Fieldwork and sample collection: This was to enable to have 
an overview of the evolution of SOCS based on land 
occupation type and toposequence as well as the influence of 
these two factorson the soil stability in the different studied 
plots. Disturbed soil samples for cocoa-coffee agroforests 
based at the footslope (BP), midslope (MP) for cocoa-based 
agroforests and upslope (SP) for coffee-based agroforests; 
Disturbed soil samples for midslope (PFCM) and upslope 
(PFCS) forests were collected with three replicates for physical 
and chemical analyses within the profile depths of 0-10 cm, 
10-20 cm, 20-30 cm, 30-50 cm, 50-80 cm and 80-100 cm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Laboratory analysis: These analysis concerned bulk density 
(Da), organic carbon (OC) and total nitrogen (N) contained in 
the soils of the study area, determined following the methods 
recommended by Pauwels et al. (1992) and respecting ISO and 
AFNOR standards in the Research Unit for Soil Analysis and 
Environmental Chemistry at the University of Dschang 
(Cameroon).  Thus, total nitrogen was dosed by the Kjeldahl 
method while organic carbon was determined by the Walkley 
and Black method (1934). The organic matter was estimated 
from OC by the Sprengel coefficient (Sprengel, 1886): 
 
% OM  % SOC  1.724               … . . … … … … … … . . . 1  
 
For each profile depth, SOCS were calculated according to 
Penman et al. (2003): 
 
SOCS  Da x 10 x 1 EG  x SOC x Eh           … … … … . 2  
Where, SOCS(tC/ha); Da: bulk density (g/dm3); EG: coarse 
fragments of soil (>2 mm diameter)(%);SOC = Soil organic 
carbon content (g/kg); Eh: soil layer thickness (m). 
 
The totalSOCSof the profile was determined by the summation 
of the SOCS of the different depths. The stability index (Is) 
was determined by the following formula of Lal (1994): 
 

Is  
.

x100, 0 IS…………………………….(3) 

 
Where, IS:stability index; OC: organic carbon content (%). 
 
The characterization soil OM was based on Dabin (1976)’s 
method. 
 
RESULTS 
 
Variation of soil properties and SOCS with topographic 
position and agricultural practise 
 
The main results showed that, based on topographic position, 
Soil OM was 2.45±1.70% in BP, 1.85±0.45% in MP, 
2.16±0.78 in SP, 1.58±0.18% in PFCS and 1.20±0.90% in 
PFCM.Table 2 shows that average SOCS for agroforest in SP 
is 2.15 ± 1.39 t/ha, followed by MP (21.02 ± 5.48 t/ha).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Selected physico-chemical characteristics of soils based on topographic position and forests 
 

Code BP MP SP PFCS PFCM 

OC% 1.42 ±0.71 1.08±0.67 1.25±0.94 0.92±0.05 0.697±0.524 
OM% 2.45 ±1.70 1.85±0.45 2.16±0.78 1.58±0.18 1.20±0.90 
N(g/kg) 0.54 ±0.11 0.89±0.07 1.09±0.90 0.70±0.04 0.09±0.04 
C/N 18.45 11,12 1.91 20.03 8.72 
Da(g/cm3) 1.12±0.06 1.17±0.02 0.72±0.02 1.24±0.08 1.20±0.13 

Key:OC: organic carbon; OM: Organic matter; N: Nitrogen; C/N Ratio:carbon-to-nitrogen ratio; 
Footslope (BP), Midslope (MP);Upslope(SP); PFCM: Midslope forests; PFCS: Upslopeforests. 

 
Table 2. Average SOCS and C/N ratio as a function oftopographic position 

 

Sample code SOCS ( tC /ha) C/N 

PSp 2.15±1.39 1.91 
PMp 21.02±5.48 11,12 
PBp 42.55±6.13 18.45 
PFCS 33.16±5.79 20.03 
PFCM 19.70±6.76 8.72 

Key:PSp:upslope soil;  PMp; midslope soil; PBp; Footslope soil; PFCS:upslope forest; PFCM: 
Midslope forest;  SOCS : Soil  organic carbon stock (tC/ha);  C/N  ratio: Carbon-to- nitrogen ratio. 
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Finally in BP, the average SOCS is 42.55 ± 6.13 t/ha (the 
highest). The forests have the SOCS of 33.16 ± 5.79 tC /ha and 
19.70 ± 6.76 tC/ha at SP and MPrespectively. The C/N ratio at 
PFCS is 1.91 followed by that of the forests (8.72) and the 
agroforest (11.12) of MP, at the BP,C/N ratio is 18.45 for the 
agroforest, finally the upslope forests have the highest ratio 
(C/N: 20.03). 
 
Variation of humusfractions with topographic position and 
agricultural practise 
 
The results of organic matter fractionation are compiled in 
table 3. Fluvic acid (FA) is 2.87±1.86% in MP, 1.36±0.43% in 
MP and in SP, and 1.17±0.15% for the agroforest. In SP,FA is 
1.56±0.34% and 1.38±1.01% in MP for the forest. Humic acid 
(HA) in BP is 6.12±4.25%, in MP is 2.55±0.60% and in SP is 
1.93±0.31% for the agroforest and 2.01±1.22% in MP and SP 
is 2.65±1.02% for the forest. In BP, humin (H) is 6.57±4.60%; 
in MP, it is 2.61±0.86%; in SP, it is 1.96±1.24% for the 
agroforest. Humin stands at 2.11±1.21% in SP and in MP, and 
2.70±1.10% for the forest. The FA/HA ratio in the BP is 0.38 
in MP and SP 0.70 and 1.65 for the agroforest area. In MP and 
SP, FA/HA ratio is 1.46 and 0.68 for the forest respectively. 
The instability index in BP, MP and HP is respectively 
1.71±0.56, 6.41±0.52 and 8.56±0.52 for the agroforest and 
6.07±1.87 and 8.10±2.45 for the forest, in MP and SP 
respectively. 
 
DISCUSSION 
 
The highest SOCS was obtained in BP plantations and the 
lowest stock in SP plantations. This might mean that erosion at 
the top of the slope and soil management method in BP is be at 
the origin of the increase in organic carbon in the soil in BP. 
Moundjeu (2022) showed that the spatial variation in SOCS is 
mainly due to the types of cropping systems and topography. 
The results obtained confirm the role of the topography as 
more anthropogenized land management methods (plantations) 
lead to SOCS decreases with altitude. The SOCS in this study 
follows the hypsometric gradient of the management methods. 
These results corroborate those obtained by Atchada et 
al.(2018). In addition, the erosion and drainage observed along 
the toposequence might have facilitated the transport of soil 
organic carbon from the top of the slope to its accumulation at 
the bottom of the slope. Drainage is an important factor to 
consider since it influences carbon sequestration capacity with 
the largest stocks in the areas with very poor drainage 
(Atchada et al., 2018). Similar results have been reported by 
by Callesen et al. (2003). In view of the SOCS obtained in the 
different management systems,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is worth noting that the only possible reconversion could be 
that of the forest into cropland at the bottom of the slope 
because of its higher SOCS relative to the upslope and mid 
slope forests. The difference between the SOCS observed 
along the toposequence can also be linked to farming practices 
and the diversity of woody species which are not necessarily 
the same in the three topographicpositions. These results are in 
agreement with those of Youssié (2019). 
 
The role of organic matter in the formation and stabilization of 
aggregates, although recognized, is still poorly understood. 
Significant relationships between soil organic matter content 
and structural stability have been highlighted (Le Bissonnais 
and Arrouays, 1997; Bronnick and LaI, 2005). According to 
the hierarchical model of Tisdall and Oades (1982), the type of 
soil organic matter involved in aggregation might vary 
according to the size of the aggregates (micro-aggregates or 
macro-aggregates) ranging from humic substances at fine scale 
to coarse microbial structures at millimeter scale. This model 
agrees with field observations, especially as it is mainly macro-
aggregates that vary rapidly with changes in cropping systems. 
In BP, organic matter appears to be relatively immobile and 
inaccessible to biodegradation (high C/N and low FA/HA). 
The high C/N ratio indicates that carbon mineralization occurs 
slowly. However, the humus produced under such conditions is 
very stable (Moundjeu, 2022). The instability index of BP is 
low (1.71±0.56) (Lal, 1994). Mineralization is slow, the low 
FA/HA ratio and the instability index could justify the good 
structural stability of this part of the study area. The high 
humin content is important to resist erosion and downstream 
carbon transport. These results corroborate those found by 
Dabin (1970). 
 
In MP and SP, there is complete humification with good 
biological activity (low C/N and high FA/HA ratio). The high 
FA/HA ratio indicates a high structural instability of the soil 
which would be manifested by the decrease of humin. This 
decrease corresponds to an increase of the fulvic acid 
concentration (Dabin, 1970). The structural instability index is 
high in SP and medium in MP (Lal, 1994). The low C/N ratio, 
the high FA/HA ratio ratio and the high structural instability 
index could justify the structural instability in SP and MP. 
Similar results have been documented by Dabin (1970).The 
C/N ratios in SP (1.91) and forest in MP (8.72) indicate 
complete humification with good biological activity. These 
soils might be degraded because they lose a significant amount 
of carbon, hence the net decrease in C/Nratio. This can be 
confirmed by the high FA/HA ratio in MP and SP. Fulvic 
acids, being the dominant fraction, are potentially more easily 
biodegradable than humic acids according to Dabin (1970). 

Table 3.Humus fractions inthe studied soils 
 

Different fractions BP MP SP PFCM PFCS 

FA%MS 2.87±1.86 1.36±0.43 1.93±0.31 1.56±0.34 2.01±1.22 
HA% MS 6.12±4.25 2.55±0.60 1.17±0.15 2.65±1.02 1.38±1.01 
H% MS 6.57±4.60 2.61±0.86 1.96±1.24 2.70±1.10 2.11±1.21 
HM% MS 6.80±4.02 3.91±0.27 3.80±1.16 3.98±1.04 4.01±1.98 
TC% MS 7.28±0.31 6.52±0.97 5.77±1.51 6.60±2.12 5.90±2.24 
N% MS 0.95±0.03 1.62± 0.27 2.45±0.11 1.70±0.87 1.98±1.07 
CT/N 8.66 4.02 2.35 3.88 2.97 
AH/H 0.93 0.97 0.60 0.98 0.65 
MH/H 1.35 1.76 20 1.47 1.90 
FA/HA 0.38 0.70 1.65 0.58 1.46 
H*100/CT 90 38 32 41 36 
MH*100/TC 54 61 67 60 68 
SI 1.71±0.56 6.41±0.52 8.56±0.52 6.07±1.87 8.10±2.45 

FA: Fulvic acids; HA: Humic acids; H: Humin; TC: Total carbon; HM: Humus; SI: Instability index; MS: Dry matter. 
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The moderate C/N ratio (11.12) of MP might imply that 
organic matter incorporated into the soil has remained 
abundant, hence its C/N ratio remains close to 14. The soils of 
BP have a C/N ratio of 18.45 and those of the SP forests have 
the highest C/N ratio (20.03). These high ratios in BP and in 
the slope top forests (PFCS) are unfavorable for organic matter 
biodegradation. The FA/HA ratio is low and allows the soils to 
resist degradation thanks to all the forms of humin found in the 
organic matter. These results agree with those of Dabin (1970). 
The management methods in MP and SP allow biodegradation 
of organic matter because of the low C/N ratio. This could 
have a negative impact on the structure of these soils. In BP, 
organic matter is not accessible to biodegradation, so 
mineralization is blocked and humin content is high. This 
could justify the good structural stability of the soils. 
Sustainable management of this area is complex in terms of 
soil mechanics. The stability of soil organic matter has led to 
structural instability in SP and MP in the study area. The 
contribution of compost or biochar and poultry manure, which 
seems more stable, could provide cohesion between the 
mineral fractions of the soil, good water infiltration through the 
improvement of pores and good soil aeration. 
 
Conclusion 
 
The objective of this study was to highlight the positive and 
negative effects of agricultural practises on SOCS and to 
propose the most suitable soil conservation methods. It appears 
from this study that the midslope and upslope soil management 
methods promote the structural instability of soils due to the 
rapid biodegradation of their organic matter.  Only footslope 
management methods are suitable because they allow better 
storage of carbon which could improve the physical and 
chemical properties of soils. In addition, the organic matter of 
the footslope soils is not accessible to biodegradation because 
of the high level of humic acid and humin which contribute to 
good structural stability of these soils. The addition of compost 
or biochar and poultry manure to MP and SP soils can be 
recommended to improve their structural stability in the cocoa-
coffee crop association. 
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