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ABSTRACT

Soil organic carbon (SOC) losses due to poor soil management in dryland are now well documented. However, the in-
fluence of soil properties on organic carbon change is not well known. The groundnut plant (Arachis hypogaea L.), and
the dominant crop system in the Senegal’s Soudanian zone, have been compared with semi-natural savanna. Leaves,
stems and roots biomass were measured, and soil characteristics were analysed. The total leaves and stems biomass was
1.7 and 2.7 Mg ha™' dry matter in groundnut fields and savanna respectively. Total SOC stocks were low (8 to 20 Mg
C-ha™' within upper 0.2 m depth, 20 to 64 Mg C-ha™' within upper 1 m depth) and were significantly lower (P < 0.05) in
sandy soils than in sandy clayey soils, and lower (approximately 27% - 37%) in groundnut fields than in savanna soils.
0"C values show that SOC quality is transformed from the savanna plants (C4/C3 mixed-pools) to C3-pools in
groundnut cultivated zone, with the organic matter signature more preserved in the clayey soils. This study confirms
that converting woodland to groundnut fields provokes texture transformation and SOC loss. The results call for the
extreme necessity to regenerate the wooded zone or encourage practices that favour SOC restitution.
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1. Introduction texture, clay content, mineral, erosion, leaching, fire, etc.)
play a role in regulating the accumulation and loss of
SOC storage [3,4]. The dynamic of soil carbon storage
and release is complex and still not well understood [2].
Delta 13C (6"C) values have been utilized to document
vegetation change and to quantify soil organic matter
turnover [5]. The majority of tropical fodder and grass of
savanna or steppe are C4-plants with 6"°C values in the
range of —8% to —18%. Most notable are corn, sorghum,
millet and sugar cane [6,7]. C3-plants are more charac-
teristic of the tropical forests where the 6"°C varies be-
tween —22% and —35% [7], including groundnut plants.
Delta 13C values are not altered significantly during de-
composition and soil organic matter formation, essen-
tially into the fine-silt-sized fraction [6,8,9]. Conse-
quently, 8"°C values of SOC reflect the relative contribu-
tion of plant species to net primary production.

In the West Africa region, it has been established that
intensive cropping regimes lead to a reduction in the
vegetation productivity and an impoverishment of the
“Corresponding author. soil (acidification, reduction in structural stability, etc.)

The establishment of the Kyoto Protocol has resulted in a
focus on biomass and soils for C sequestration. In order
to make C credited meaningful, sustained C sequestra-
tion for decades or longer period is required.

Soils contain 1500 - 2000 Pg C, representing the third
reservoir of C after ocean and fossil fuels [1]. Soil or-
ganic carbon (SOC) storage is chiefly controlled by pri-
mary production input and organic matter evolution.
Changes in land use affect the amount of carbon stored in
vegetation and soils and, hence, the flux of carbon be-
tween land and the atmosphere [1]. Increase of primary
production will result in an increase of C storage, whereas
increasing decomposition (i.e., reduce C turnover time)
will have an opposite effect [2]. The organic matter input
to arable soils is lower than to forest soils because a
greater proportion of the produced biomass is harvested
in the former.

Many factors (climate, land use, soil moisture, soil
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[10]. This degradation is often related to a reduction in
organic carbon stocks [11]. Many studies recently out-
lined information regarding changes in SOC distribution
and the total mass stored for a dryland cropping system
in semiarid regions [10-14]. The specific importance for
the Sahel is the high vulnerability to climate change in
already impoverished rural societies. A carbon market is
now operational but without substantial inclusion or par-
ticipation of Sahelian projects or countries. Many activi-
ties are now promoted to determine developing coun-
tries’s biophysical and socio-economic potential for car-
bon sequestration in soils with the ultimate objective to
promote sustainable agriculture, restore degraded envi-
ronments, and enhance food security and livelihoods
among people [12,13]. SOC quality studies are very
scarce [13,14]. Up-to-date regional, integrated soil and
woodland inventories are required for planning improved
land-use management and restoration [13]. This study
aims to determine SOC stocks in the semiarid central
Senegal and to link SOC quality variations to the effects
of soil texture (sandy versus sandy clayey) and land use
(savanna versus groundnut cultivation).

2. Materials and Methods

2.1. General Aspects of the Study Area
in Kaffrine

The Division of Kaffrine (total area around 1.1 x 10° ha)
is located in central Senegal (13°49'N - 15°19'W). The
climate is dry tropical, and rainfall occurs between June
and October, averaging 600 - 700 mm per annum (yr
1960-2000). The average annual temperature is 26°C.

The relief is flat and situated at 20 - 50 m above sea level.

The geological substratum consists of sandy-clayey to
clayey-sandy sandstone, with ferruginous cement, some-
times capped of duricrust [15]. The plateau, on which
slash-and-burn agriculture is practised, is still covered
with shrubby undergrowth, savanna and old fallows. This
vegetation is semi-natural due to human exploitation for
fire wood. Resprouting Combretaceae (mostly Combre-
tum geitonophyllum Diels, C. glutinosum Perr. and Ter-
minalia macroptera G. et Perr.) are the major component
of the woody vegetation. Bush fields at the edge of the
plateau are devoted to the cropping field. Groundnut
(Arachis hypogaea L.) is the main crop. Tillage is ad-
vised for groundnut cultivation: soil quite ventilated to
support the fixing of nitrogen, well-drained to avoid the
rot of the seeds before the lifting and well structured to
facilitate the development of the gynophores [16]. The
farmers always practise at least one ploughing with
draught animals to 10 - 15 cm depth. The tree cover on
the groundnut fields of Kaffrine is less than 3%. After
harvest, the entire groundnut plant, including roots, is
removed from soil and stored for animals forage. Land
use management consists of clearing savanna vegetation
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to establish groundnut fields, occasionally alternating
with other crops (millet, rice, sorghum and cotton) and
fallow. Most land is cropped, so the (semi-) natural sa-
vanna soils were very scarce.

The dominant soil type belongs to the order of ferric
Luvisols with luvic Arenosols and gleyic Luvisols [17]
and is sandy with a clay content of less than 20%. Iron
accumulations are often observed in the form of well
delimited spots or hardened concretions below the hori-
zon of argillaceous accumulation, under 20 cm depth
[18]. Chemical analysis of similar soils reveals clay min-
eral dominated by kaolinite [15], lesser CEC clay min-
eral.

2.2. Study Sites

Eleven villages of the division were selected based on
soil characteristics (occurrence, area, type of soil) and
distribution from previous studies within the division. In
the selected villages, the soil surveyed was targeted at
two types of land use: groundnut field and savanna.
Study sites were selected according to age (years after
land clearing) and soil texture. The soils were classified
as ferric Luvisols [17]. The soil profile was homogene-
ous, with massive structure and without coarse elements.
They are formed on sandy material of dunes or sandstone
deposits. Two textural classes were selected, sandy soils
(SAS) and sandy clayey soils (SCS). Furthermore, these
two soil texture classes represented the range of soils in
terms of land use and texture found within the study area
(Table 1). 26 sites were surveyed, with 5 per cultivation
duration and soil texture type and 6 sites in wooded sa-
vanna.

2.3. Leaves, Stems and Roots
Biomass Estimation

The leaf biomass of ligneous plants was evaluated in
each of the selected villages, in four circular plots along a
200 m transects, located far from human constructions.
The size of each plot was selected depending on tree
density and it varied between 1/16 and 1 ha. Ten small
branches of each woody species among the most domi-
nant in each plot were defoliated. The total fresh leaf
biomass was weighted, and approximately 200 g of this
leaf mass from each species were dried at 110°C over 48
h. Stems samples were treated similarly. The analyses
were carried out on 70 plant samples (Table 1).

The leaf biomass, in grams per individual tree, was es-
timated based on the formula:

Leaf biomass = a * C” €]

where a and b are constants depending on species (pro-
posed by [19] and used by [20]; a is between 0.34 and 14,
and b is between 1.18 and 2.71; C = girth of the consid-
ered trunk in centimetres at 1.3 metres height.
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Leaves and stems biomass were measured in ground-
nut fields after harvest and plant uprooting.

Below-ground biomass was not quantified, but it is
assumed to be 70% of total biomass, representing the
average value of those reported by [20] for a similar
Senegalese area. On this basis, the proportion of root
biomass and the equivalent mass of carbon were calcu-
lated for each soil and land use type.

The rate of annual C refund was estimated according
o [21], 1% and 20% of the total biomass for cultivated
dryland and savanna fields respectively.

2.4. Soil Sampling and Analysis

Twenty-six soil profiles were dug on groundnut fields
and areas representing semi-natural savanna (20 and 6
respectively). Eleven profiles were on SAS soil and fif-
teen on SCS soil (Table 1), with at least two soil profiles
per selected village. Soil samples were collected at 0 - 10,
10 - 20, 20 - 50, 50 - 80 and 80 - 100 cm soil depths.
Samples were air-dried and sieved through a 2-mm
stainless steel sieve before they were analysed for or-
ganic C and N content, pH, phosphorous as well as parti-
cle-size distribution.

Soil organic carbon was analysed by conductimetric
measurement of CO, after combustion (apparatus Casu-
mat 8-Adge Wostoff) and nitrogen according to the
Kjeldahl method (Technicon apparatus). Soil pH was
measured in a 1:2.5 soil/water solution. Phosphorous was
analysed by Bay II method. Non-perturbed soil samples
per 10 cm layer, down to 1 m depth, were taken using a
cylindrical metal sampler (100 cm® in volume). Six rep-
licates were done. The bulk densities were determined
based on the mass of dry soil/specific volume of samples.
C concentrations were converted to total content for each
of the 5 selected depths as the product of concentration,
depth of sample and bulk density, and expressed in units
of kg C-m™. Total SOC stock in the upper one metre was
obtained as the sum of the SOC stock of the 5 depth in-
tervals, as used by Chen et al. [4].

Stock (Mg C-ha' ) = SOC concentration (g C- kg’l)
xbulk density ( g-cm> )x depth (cm)
x(l —stone content [kg kg™ ]) x10

(@)

Soil organic-C stocks in the top 20 cm were calculated
by summing SOC stocks in the 0 - 10 and 10 - 20 and
those in the 100 cm by summing SOC stocks in the top
20 cm, 20 - 50, 50 - 80, and 80 - 100 cm depth intervals.

Soil samples for isotopic analysis were priory freeze-
dried, and were crushed (<200 pm). Organic carbon
content was measured by autoanalysor Carlo Erba NA
1500. The isotopic ratios were measured on CO, ob-
tained by oxidation at 850°C in a quartz tube sealed in
the presence of CuO. CO, was analyzed on a mass spec-
trometer VG SIRA by collecting triple and double intro-
duction. The natural abundances are expressed in units of

5°C.
513C(%) - |:13 C/lz Csample - C/lz Creference]
/|: ’ C/ " Creference :' x1000

The reference used is the International Pee Dee Bel-
emnite (PDB) standard.

3)

2.5. Statistics Analysis and Error Estimation

Statistical analyses were conducted using the SPSS soft-
ware (version 10.0) for Windows. Non-parametric Pear-
son test and t-test at 5% level were performed to test dif-
ferences between mean C content of each soil depth.

3. Results

3.1. Evaluation of the Leaves, Stems and
Roots Biomass

The leaves, stems and roots biomass as well as the pro-
portions of organic carbon per land use are summarized
in Table 2. The total leaves, stems and roots biomass in
Kaffrine is 4.7 Mg dry matter (dm) ha ' for the semi-
natural savanna. Biomass was smaller under groundnut
field (3.0 Mg dmha™).

The calculated rate of annual C refund was 0.42 Mg
ha "yr' in semi-natural savanna (Table 2) while the
groundnut soil gained 0.01 Mg C-ha"yr "

3.2. Soil Characterization

The ferric Luvisols appear similar in terms of colour, pH
and bulk density. The moist colour at near-surface layers
varied from dull yellowish brown (I0YR 4/3) to dark

Table 1. Different sites surveyed in Kaffrine and surface area.

Number of sites surveyed according to

groundnut cultivation duration Number of sites surveyed

. M 1 0,
Soil texture Area (ha)  Soil proportion (% total area) in the wooded savanna
0 -2 year 3-5 6-10 11-25
Sandy soils (SAS) 189,396 16.8 1 2 2 2 4
Sandy clayey soils (SCS) 130,854 11.6 4 3 3 3 2

Copyright © 2013 SciRes.
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Table 2. Tree-leaves, stems and roots biomass in Kaffrine (mean + SD).

Leaf and herbaceous Root Total dry biomass
Annual C refund into soil
Land use Dry Biomass Carbon Biomass Carbon Biomass Carbon
(Mgdmha') (MgCha') (Mgdmha') (MgCha') (Mgdmha') (MgCha') (Mghayr'")
Groundnut field (n = 53) 1.7+£0.2 0.7+0.07 1.3+0.1 0.6+0.01 3.0 1.3 0.01
Wooded savanna (n = 70) 2.7+0.3 1.2+ 0.03 2.0+0.1 0.9+£0.01 4.7 2.1 0.42

n = number of samples analysed, SD = standard deviation, dm: vegetation dry matter.

brown (7.5YR 3/4), yellowish brown (10YR 5/8) to
bright brown (7.5YR 5/8) at greater depths. The pH (wa-
ter) values were 4.3 to 5.8 and increased with depth.
Values of pH (KCI) were 0.1 to 0.2 pH units lower than
pH (water). Bulk density ranged from 1.40 to 1.53
g-em

Table 3 shows the particle-size distribution of the soils
studied. The sandy soils (SAS) were slightly structured;
near-surface concentrations of nitrogen and phosphorus
were between 0.113 - 0.325 gkg™' and 0.029 - 0.087
g'kg™!, respectively. Those of sandy clayey soils (SCS)
were between 0.162 - 0.429 g'kg™' and between 0.044 -
0.072 g'kg ™' near the surface, respectively. At 20 - 100
cm depth, SCS soils had higher clay contents (18% -
35%) than SAS soils (11% - 15%). Statistical analyses of
these results show that only the content of silt and silt +
clay distinctly defined the two soil texture classes (<12
wt%-silt and <19-wt%-silt + clay for SAS). For the same
ferric Luvisols, the sand proportion in 0 - 20 cm depth
was evidently higher in groundnut fields than in semi-
natural savanna.

3.3. Soil Organic Carbon

Figure 1 shows the SOC distribution to 1 m depth, at the
Kaffrine study site. The detailed distribution is shown in
Tables 4 and 5. The semi-natural savanna soil contains
64 (+7 SD) Mg C+ha ' in sandy clayey soil, of which 20
Mg C-ha™' (31%) was located near the surface (0 - 20
cm), 31 (£3) and 11 Mg C-ha™' (35%) in 0 - 100 and 0 -
20 cm depths, respectively. The total C stock in 0 - 1 m
depth in groundnut soil was about 40 (+5) and 20 (£2)
Mg C-ha™! in the SCS and SAS, respectively. The SOC
concentration and SOC stocks measured were higher
under semi-natural savanna compared to the groundnut
fields. T-test revealed that the differences between SOC
means in Kaffrine are significant with land use parameter.
This parameter shows significant (P < 0.05) mean-dif-
ference only in the <10 years cultivated soils (Figure
2(a)). For texture, the mean C content difference is sta-
tistically significant at the bottom of soil profiles (Figure
2(b)). The variation in C content is always smaller in
SAS soils compared to SCS soils. For the same soil, the
correlation coefficient (r) between organic carbon and

Copyright © 2013 SciRes.

particle-size were established as follows: carbon-clay (r =
0.62), carbon-silt and clay (r = 0.77).

SOC quality and origin were evaluated using the C/N
ratio and ¢"°C values. The C/N ratio was smaller (1 - 3
units) in 0 - 20 cm depth for SAS than for SCS (Table 4).
According to land use, the C/N ratio was not highly dif-
ferent, 0.1 - 0.4 units in 0 - 10 cm depth and 0.8 - 1.3
units in 10 - 20 cm depth. The tendency is reversed at
greater depth and is more marked in cultivated soils (20
cm under culture and 50 ¢cm under savanna). Figure 3
shows the 0"°C of the soils studied. Within the top 20 cm
depth, values of §"°C were between —20% and —25% in
the cultivated sandy soil, and between —15% and —20%
for all the other soils. Below 20 cm, values of 6"°C ap-
proached between —17% and —18%. The isotopic ratio of
the near-surface organic C was 6% smaller under
groundnut fields than those of other soils, and close to
the C3-plant 0"°C values. Under semi-natural savanna,
SOC is slightly impoverished in "°C at the bottom of the
profile. At the upper levels, this organic matter shows a
predominance of graminaceous C4-species, but some
ligneous species were described on the site such as
Guiera and Combretum.

4. Discussion
4.1. Carbon Stocks in Senegal’s Dryland Zone

Measured biomass represents the short-term source of
soil carbon. Analysed total biomass ranged between 3
and 5 Mg dmha™'. The mean C values were between 1.3
and 2.1 Mg C-ha™'. Despite the fact that these contents do
not include the carbon contained in wood that constitutes
8% to 9% of the total above-ground carbon in Delbi and
Paniates forests near Kaffrine [20], 34% of total biomass
in tropical Africa open forest and more for closed tropi-
cal forest [23], these contents are similar to those usually
noted (2 and 4 Mg dm-ha™") in the degraded savanna of
the West African semiarid region [11,24]. This vegeta-
tion contributes to 0.42 Mg C/ha/yr ' of organic carbon
refund into soil. These values are slightly high, consider-
ing the fact that in Eastern North American soils, after
five years of afforestation, accumulation rates are be-
tween —0.85 and +0.58 Mg C-ha '-yr ' [25]. They can be
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Figure 1. Soil organic C contents and vertical distribution in Sandy soils (SAS) and Sandy clayey soils (SCS), for the wooded
savanna and groundnut field. Error bars represent + one standard deviation.
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Figure 2. SOC content according to land use (a) and soil texture (b). From near-surface horizon (0 - 10 cm) to greater depth
(80 - 100 cm), the SOC content is continuously more differentiated with texture so that intermediate horizons (not shown)
presented intermediate situations. There is no significance with land use (savanna and up to 10 yr cultivation).

explained by abundant root-hairs in the West African
region. The root biomass in Kaffrine was 2.0 Mg dm-ha'
which was lower than 5 - 10 Mg dmha™' and 2.5 - 5 Mg
ha™' reported by [11,24].

For a fire-protected and animal-free savanna in Sene-
gal (500 mm mean annual precipitation), the herbaceous
biomass was estimated to be 1.6 Mg dm-ha™' [26]. The
low total biomass in Kaffrine is probably due to the de-
graded savanna after decades of human impact. With
equal organic carbon input, these soils do not preserve
the same organic carbon stocks with cultivation. Thus,

Copyright © 2013 SciRes.

the organic carbon input to semi-natural savanna soils is
probably also affected by human activities. The average
density of SOC published by Batjes [27] in the first 1 m
of soil for West Africa was significant, about 42 - 45 Mg
C-ha™'. The level of SOC density obtained in Kaffrine is
near the previous range (Table 5). Elberling et al. [14]
found 3.2 and 2.7 kg C'm? in the woodland savanna in
Tiel and Dahra, far north of Kaffrine. In southern Sene-
gal, Manlay [22] found 2.78 kg C-m™? in groundnut crops
and 5.47 kg C-m? in >10-years fallows. Our results are
then correlated to those of sites situated far north or far
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Table 3. Average particle-size analysis of soil in wooded savanna and groundnut field.

vegetation Depth (cm) Clay (Wt-%) Silt (Wt-%) Sand (Wt-%) Bulk density (gkg™')  pH (water)
0-10 6 12 82 1.47 £0.07 43
10-20 7 12 81 1.53+0.03 5.1
Wooded savanna 20-50 11 10 79 1.40 +0.05 53
50 - 80 12 10 77 1.44 £0.09 5.5
80 - 100 13 13 74 1.45+0.5 5.8
Sa?gjig‘)’ﬂs 0-10 3 6 91
10-20 5 9 86
20 - 50 9 8 83
Groundnut field
50 - 80 12 8 80
80 - 100 15 8 77
100 - 105 14 8 78
0-10 8 19 73 1.42+0.17 4.4
10 -20 15 18 67 1.53£0.07 52
Wooded savanna 20-50 18 16 67 1.46 £0.03 5.5
50 - 80 32 13 55 1.48 £0.04 5.7
Sandy 80 - 100 35 15 50 1.54 £0.05 5.8
clayey soils
(SCS) 0-10 6 19 76
10 - 20 11 17 72
Groundnut field 20-50 13 17 70
50-80 18 14 68
80 - 100 26 12 62

+ Standard deviation.

south of Kaffrine, related to a north-south climatic gra-
dient across the region; indeed, C content decreases with
decreasing precipitation towards the north [3,14]. Also,
the average SOC density in West Africa is lower than the
average found for the whole of Africa (64 - 67 Mg C-ha ')
[27], mainly as a result of the less favourable agro-eco-
ogical conditions.

4.2. Land Use Effect on SOC Storage
and Distribution

Crop cultivation led to a decrease in soil organic C con-
tent. This is noted for C input due to wood uprooting and
for SOC. Compared to the semi-natural savanna, SOC
storage in groundnut fields is approximately 27% - 35%
less for the upper 20 cm depth. This reduction cannot be
attributed to soil texture variation because the effect is
noted on both SCS and SAS texture. Also, in West Af-
rica, 50% to 70% of the soils are exploited with minimal
carbon restitution [11]. Groundnut cropping is considered

Copyright © 2013 SciRes.

an extreme case in relation to soil C losses [28], particu-
larly during the first years of cultivation [14]. This is
related to the fact that groundnuts are harvested by pull-
ing up the entire plants with roots to save as feed for
livestock. The accompanying impoverishment of C
would therefore be related to cultivation through in-
creased decomposition of plant residue by soil mixing on
the surface [6], decreasing of organic matter input, indi-
cated in this study by biomass estimated.

4.3 Soil Texture Effect on SOC Storage
and Distribution

For the Ferric Luvisols in the Kaffrine area, the two types
of soil texture are basically not differentiated with the
content of clay but with those of silt and silt + clay.
Feller and Beare [3] obtained a correlation of carbon-clay
to 0.86 in tropical ferruginous soil. These authors have
shown from different sites in the tropics (West and Cen-
tral Africa, Antilles, Brazil, south India) that clay (or clay
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Table 4. Soil organic C content, C/N and vertical distribution in each soil and land use (mean + SD).
Depth (cm) Land use C(gkg™) C/N
Sandy soils (SAS) Sandy clayey soils (SCS)
SAS SCS
Average Average
Wooded savanna 47+1.6 7.6+4.6 12.6 14.1
0-10 Groundnut < 10 yr 2.0+0.3 42+22 12.2 14.2
Groundnut > 10 yr 25404 24+1.0 nd nd
Wooded savanna 22+14 50%1.5 11.8 14.1
10 - 20 Groundnut <10 yr 1.9+£09 36+1.0 10.5 133
Groundnut >10 yr 1.8+ 03 22408 nd nd
Wooded savanna 1.6£0.3 28+13 11.8 12.7
20-50 Groundnut < 10 yr 14 £03 2.8%£0.6 12.2 10.7
Groundnut > 10 yr 1.5+0.1 23+15 nd nd
Wooded savanna 1.2+£03 26+1.0 11.2 9.7
50-80 Groundnut < 10 yr 1.1£0.2 22+0.5 11.4 8.7
Groundnut > 10 yr 1.1+0.1 1.8+0.6 nd nd
Wooded savanna 1.1£0.2 22+1.7 9.2 6.9
80 - 100 Groundnut < 10 yr 0.9+0.3 1.8£0.1 9.9 8.5
Groundnut > 10 yr 0.7£0.1 1.1£0.3 nd nd
nd: not determined.
Table 5. Soil organic C stocks in 0 - 20 and 0 - 100 cm depth (mean + SD).
Groundnut field Wooded savanna Loss (%)
Depth (cm) Stock (Mg C+ha™") Standard deviation (%) Stock (Mg C-ha™") Standard deviation (%)
SAS 08+3 41 11+5 45 35
0-20
SCS 13+£3 26 20£6 29 27
SAS 20+2 12 31+3 08 37.5
0-100
SCS 40+5 13 64 +£7 10 35

SAS = Sandy soils, SCS = Sandy clayey soils, ‘with setting in culture.

+ silt) content is an important determinant of SOM levels
in soils. The positive relationship (correlation coefficient)
obtained in Kaffrine was 0.62 (and significant, P < 0.05).
Significantly lower SOC stocks within the upper 20 cm
were noted for soils with a low clay content compared to
soils with higher clay content. Differentiation is more
significant (P < 0.05) between the SOC content of SCS
and that of SAS in semi-natural savanna and during the
first 10 years of cultivation. The cultivation system used
in the division of Kaffrine involves surface tillage. Feller
and Beare [3] show that tillage provokes eluviation of
fine particles, leading to a relative surface enrichment of
sand.

Copyright © 2013 SciRes.

On the other hand, under groundnut fields, SAS soils
show more or less positive isotopic gradient from top to
bottom. Groundnuts are cultivated in alternation with
millet (C4-plant) but the cultivation of the latter is very
occasional and seems not to reduce the progression of the
SOC towards C3 of groundnut. The signature of the or-
ganic matter resulting from the savanna plants (C4/C3
mixed-pools) is preserved in the cultivated clayey soils,
on the other hand kept developing to the signature of the
C3-pools in the first 20 centimetres of the cultivated
sandy soils. 6"°C values of —19.8% and —18.0% are at-
tributed to a strong contribution of C3-plants [29]. Sig-
nificant depletion in §'°C occurring in near-surface SOC
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Figure 3. 6*3C values of Sandy soils (SAS) and Sandy clayey
soils (SCS) analysed in cultivated (up to 10 yr) and semi-
natural savanna soils.

with a shift towards greater C3 inputs has been reported
in grazed mixed-grass prairies [29]. The question is
whether the change is related to the organic quality or to
the transformation by humification. The decomposition
and humification of OM is done with only relatively
weak isotopic fractionation (0% to +2% approximately,
[5]). Six et al. [9] showed differences among soil frac-
tions for a soil of up to 5.3% but the authors have also
agreed a selective stabilization of residual plant-derived
compounds in the fine-silt fraction. We can thus tie the
disappearance of the delta °C values of mixed-C4/C3
savanna plants to the fast incorporation of the organic
matter in sandy soils (this remains recognizable below 20
cm of depth) and to its replacement by C3-groundnuts
plants put in cultivation. Since the installation of the
groundnut area “bassin arachidier” 40 years ago (year
1965), the near-surface §"°C value has increased by 6%
towards the negative values of C3. That was not the case
of the sandy clayey soils in which clay protects the or-
ganic matter. The fact that 6"°C value converges with
increasing depth indicates the actual soil volume re-
sponding to almost 40 years of cultivation. The role of
clay fraction in SOC protection against decomposition
has been outlined by many authors (e.g., [3,30]). For the
groundnut field in Kaffrine, delta 13C (6"°C) values show
that the signature of organic matter is more preserved in
the clayey soils.

Copyright © 2013 SciRes.

5. Conclusions

The results reveal that, in addition to management asso-
ciated factors such as overgrazing and intensive farming,
the impoverishment of carbon in West African soils may
be attributed to soil cultivation and loss of fine texture by
tillage. Average annual C refund is 0.1 - 0.2 Mg C-ha',
which is the usually proposed value for West Africa soils.
The effect of land use is limited to the upper 20 cm depth
while the texture effect is found all along the soil profile.

Texture influences the SOC stocks. In turn, cultivation
influences the texture by deepening the particulate com-
ponent; near-surface level becomes more particulate and
advisable for organic matter mineralization. The SOC
content was similar for all soils at 20 - 100 cm depth.
Compared to the semi-natural savanna, SOC storage in
groundnut fields is approximately 27% - 35% less for the
upper 20 cm depth. However, it is very less in SAS
compared to SCS. Also, SOC evolves from C4 toward
groundnut C3 pool in the 0 - 20 cm depth of SAS.

For better C sequestration, practices should focus on
the improvement of the fine textures stability and on the
regeneration of the woody zones. However, in Senegal,
extension of the woody zones or conversion into range-
land conflicts with the requirements for land for cultiva-
tion for ever-growing population. The most important
factors to protect organic carbon are either natural con-
servative vegetation or the more clayey soils or both.
Awareness of these variable soil parameters and farm
residue restitution into the soil is important in order to
enhance soil organic carbon sequestration, agricultural
production without soil degradation and reduce emission
of greenhouse gases.
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