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Studying the impact of farming systems on soil status is essential in determining the most relevant for a given agroecological 
zone. A trial was conducted in a West Africa humid savanna, aiming at assessing the short-term effects of farming systems on soil 
(0-10 cm) organic carbon (SOC) content and some soil microbiological properties. A randomized complete block experimental 
design with three replications, and the following treatments were used: Mucuna pruriens (Mucuna), Pueraria phaseoloides 
(Pueraria), Lablab  purpureus (Lablab), a combination of these three legumes (Mixed-legumes), maize + urea (Maize-U), 
maize + triple super phosphate (Maize-Sp), maize + urea + triple super phosphate (Maize-USp), fertilizer-free maize 
continuous cropping (Maize-Tradi). Results indicated that SOC content was improved over time under legume-based systems. 
The relative increase was the highest with the legume association and Lablab, where SOC varied from 7.5 to 8.6 g.kg-1 (i.e. 
14.7%) and from 7.2 to 8.3 g.kg-1 (i.e. 15.3%) respectively, between the start and the end of the trial. Besides, applying grass 
and maize residues as mulch on the ground, in association with inorganic fertilizers may be a way of improving SOC content 
in the short-term. Although legume-based systems exhibited highest values, microbial biomass carbon (MBC) did not show 
any statistical significant differences between treatments. However, soil C mineralization and soil specific respiration were 
influenced by the farming systems, with higher mean values under legume-based systems (42 ± 7.6 mg C-CO

2
.g-1 C

org
 and 

0.4 mg C-CO
2
.g-1 biomass C, respectively), compared to maize continuous cropping systems (33.1 ± 1.6 mg C-CO

2
.g-1 C

org
 and 

0.3 mg C-CO
2
.g-1 biomass C, respectively). Thus, these parameters can be used as sensitive indicators of the early changes in 

soil organic matter quality. The integration of legumes cover crops in farming systems may contribute to improve soil quality 
that would lead to sustainable agriculture in Côte d’Ivoire humid savannas.
Keywords. Soil organic carbon, microbiological properties, indicators, farming systems, herbaceous legumes, humid savanna, 
Côte d’Ivoire.

Dynamique de la qualité biologique du sol sous différents systèmes de culture en zone de savane humide de Côte 
d’Ivoire. Il est important de disposer d’informations relatives à l’impact des systèmes de culture sur les caractéristiques 
du sol afin de proposer les plus appropriés pour une zone agroécologique donnée. Cette étude, menée dans une zone de 
savane humide en Afrique de l’Ouest, a pour but d’évaluer l’effet, à court terme, de différents systèmes de culture sur la 
teneur en carbone et certaines propriétés microbiologiques du sol (0-10 cm). Un dispositif en blocs aléatoires avec trois 
répétitions a été utilisé. Les traitements consistaient, d’une part, en des systèmes à base de légumineuses : Mucuna pruriens 
(Mucuna), Pueraria phaseoloides (Pueraria), Lablab purpureus (Lablab), l’association des trois espèces de légumineuses 
(Mixed-legumes) et d’autre part, en des systèmes de culture continue : maïs + urée (Maize-U), maïs + superphosphate triple 
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1. INTRODUCTION

Soil is an important natural resource, as it constitutes a 
medium for plant growth. However, most of the soils 
in West African moist savannas are characterized by 
low quality level, leading to major problems in crop 
production (Sanchez, 1976; Moorman et al., 1978; 
Vanlauwe et al., 2002; Oorts et al., 2003). According 
to Doran et al. (1994), soil quality is “ the capacity 
of a soil to function within an ecosystem and sustain 
biological productivity, maintain environmental quality 
and promote plant and animal health ”. Scientists 
identified and quantified chemical and biological soil-
quality indicators for agroecosystems, which are useful 
in evaluating the soil quality status owing to their early 
reaction to soil condition change (Knoepp et al., 2000; 
Emmerling et al., 2002). Among these indicators, 
microbiological and biochemical properties have been 
widely reported (Dick, 1994; Knoepp et al., 2000; 
Palma et al., 2000). These are furthermore related to 
the accumulation and the cycling of soil organic matter 
(SOM), a key component of soil quality (Sparling, 
1997; Koutika et al., 2001). In the absence of high 
exchange-capacity clay, SOM becomes the main 
nutrient storage site for soils of the tropics (Ayalanja 
et al., 1991). Therefore, the role of SOM in the retention 
of plant nutrients emphasizes the need for management 
strategies designed to maintain adequate levels of soil 
organic matter (Okpara et al., 2005).

The low fertility level of moist savanna soils, 
common in middle Côte d’Ivoire, was reported by Riou 
(1974) and needs to be improved. It is known that one 
way of improving soil quality involves the addition of 
organic products because they regulate soil microbial 
biomass, affect carbon mineralization and turnover of 
organic matter and contribute to higher N-availability 
for crops (Albiach et al., 2000; Mayer et al., 2003). 

In order to improve the quality of soils in the region, 
legumes cover crop-based farming systems have been 
used. Indeed, leguminous cover crops may be an 
appropriate component of sustainable food-production 
systems in the savannas of West Africa (Carsky et al., 
1998; Segda et al., 1998). However, information 
related to their impact on soil status is required in order 
to propose the most relevant for both soil resources 
conservation and optimization of production (Okpara 
et al., 2005). The potential of herbaceous legumes as 
green manure crops has been documented, but up to 
now, data that focus on the response of soil organic 
carbon (SOC) content or soil organic matter-related 
microbiological parameters in West Africa, particularly 
in Côte d’Ivoire, are scarce (Autfray et al., 2001).

The aim of this study was to examine, in the 
short run, the efficiency of legumes cover crops to 
improve some soil quality parameters (SOC content, 
SOC mineralization, soil specific respiration and soil 
microbial biomass carbon, MBC), as compared to 
maize-based systems. Ultimately, this study intended 
to determine soil parameters that can be used as 
indicators of early changes in soil organic matter status 
under different farming systems.

2. MATERIAL AND METHODS

2.1. Study site

This experiment was carried out in the surrounding zone 
of the Lamto reserve (6°13’ N and 5°20’ W) located in 
middle Côte d’Ivoire. Vegetation structure was a mosaic 
of secondary forests, shrubby and woody savannas, 
Chromolaena odorata fallows and agroecosystems. 
The study site was located in the shrubby savanna, 
well represented in middle Côte d’Ivoire. This 

(Maize-Sp), maïs + urée + superphosphate triple (Maize-USp) et maïs sans engrais (Maize-Tradi). Les résultats montrent que 
la teneur du sol en carbone augmente avec le temps sur les parcelles à légumineuses, de même que celles où les résidus de 
récolte (maïs) sont laissés sur place et associés à une fertilisation azotée. L’accroissement le plus important est observé sous 
le traitement à association de légumineuses (de 7,5 à 8,6 g.kg-1). Cependant, la teneur du sol en carbone ne montre pas de 
différence significative entre les traitements lorsqu’on tient compte des périodes d’échantillonnage. Quoique la biomasse 
microbienne du sol soit plus importante sous les systèmes à base de légumineuses, les différences avec les autres systèmes 
ne sont pas statistiquement significatives. En revanche, la minéralisation du carbone et la respiration spécifique du sol sont 
apparues comme des paramètres significativement influencés par les systèmes de culture, les valeurs les plus importantes étant 
observées avec ceux à base de légumineuses (42 ± 7,6 mg C-CO

2
.g-1 C

org
 et 0,4 mg C-CO

2
.g-1 biomasse C, respectivement), 

comparées à la culture continue de maïs (33,1 ± 1,6 mg C-CO
2
.g-1 C

org
 et 0,3 mg C-CO

2
.g-1 biomasse C, respectivement). 

Ceux-ci pourraient donc être utilisés comme indicateurs de qualité du sol permettant de discriminer des systèmes de culture 
dans le court terme. L’intégration des légumineuses herbacées dans les systèmes de culture en moyenne Côte d’Ivoire pourrait 
donc constituer une voie de gestion durable des sols.
Mots-clés. Carbone organique du sol, propriétés microbiologiques, indicateurs, systèmes de culture, légumineuses herbacées, 
savanes humides, Côte d’Ivoire.
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facies was dominated by Hyparrhenia diplandra 
and Imperate cylindrica grasses and shrub species 
such as Bridelia ferruginea, Cussonia barteri, 
Crossopteryx febrifuga, Terminalia glaucescens, 
Nauclea latifolia, Annona senegalensis. Climate was 
characterized by constant temperatures (average 27°C) 
throughout the year. Four seasons can be distinguished: 
a long dry season from December to February, a long 
wet season from March to July, a short dry season 
in August and a short wet season from September 
to November. Mean annual rainfall during the study 
period (2003-2004) was 1 305 mm. Soils are Alfisols 
(American system), with a sandy loam upper layer 
(0-30 cm) overlying sandy clay (30-70 cm) and stony 
(> 70 cm) horizons. They are characterized by low 
contents in organic matter and phosphorus (Riou, 
1974).

2.2. Experimental design

A randomized complete-block design, with three 
replications, was set up in a 6 240 m2 area from 2003 
to 2004. The blocks were separated by 4 m intervals, 
each of them included eight plots of 192 m2 (8 m x 
24 m), separated by 2 m intervals. Eight treatments, 
involving four legumes cover crops and four maize-
based treatments, were used:
- Mucuna pruriens (Mucuna)
- Pueraria phaseoloides (Pueraria)
- Lablab purpureus (Lablab)
- a combination of the legumes (Mixed Legumes)
- maize fertilized with urea (50 kg.ha-1) (Maize-U)
- maize fertilized with triple super phosphate 
 (30 kg.ha-1) (Maize-Sp)
- maize fertilized with the two fertilizers at the same 
 rate (Maize-USp)
- continuous maize cropping without fertilizer (Maize- 
 Tradi).

Savanna land used for experimentation was 
slashed, and then plots were hoe-weeded prior to the 
sowing. Legumes and maize were hand-sown during 
the rainy season. Legumes have grown for 12 months 
(May 2003 - April 2004) at 0.5 x 0.5 m plant spacing. 
Maize plots were cropped twice in the same period at 
31 000 plants.ha-1: from May to August 2003, and from 
October 2003 to January 2004. Triple super phosphate 
was applied once at sowing, while urea was split into 
two applications, 1/3 at sowing and 2/3 at 40 days after 
sowing, according to the standard of the International 
Institute of Tropical Agriculture (IITA) (Kang, 1997). 
Maize plots were weeded twice during the cycle, 1 
and 2 months after sowing. After maize harvest, maize 
residues were left on the ground. The above ground 
grass (Imperata cylindrica) was weeded and also left 
on soil surface as mulch.

2.3. Soil sampling

Soil from each treatment was sampled before 
land clearance, 6 and 12 months after treatments 
establishment, in order to monitor the dynamic of 
measured parameters. Nine soil samples from the 0-
10 cm layer were collected, from the inner one-third 
(8 m x 8 m) of each plot using an auger and then, 
mixed into a composite sample. Thus, there were three 
replicates per treatment. Then, the samples were air-
dried, crushed and 2 mm sieved and stored in plastic 
bags for further chemical analyses.

2.4. Soil analyses

Soil organic carbon (SOC) is known to be a key 
component of soil quality (Gregorich et al., 1997). 
Therefore, assessing how farming systems impacts it is 
of a great importance. This parameter was determined 
using the Near Infrared Reflectance Spectroscopy 
(NIRS) technique, based on the close relationship 
between spectral absorbance and the biochemical 
composition of a sample (Dalal et al., 1986; Morra et 
al., 1991; Ludwig et al., 2002; McCarthy et al., 2002). 
The samples were scanned in a spectrophotometer, 
FOSS 5 000 model (Foss NIRSystems, Silver Spring, 
MD, USA) in the reflectance mode from 1 100 to 
2 500 nm to produce spectra with 700 data points. The 
spectral data obtained were recorded as the logarithm 
of the inverse of reflectance [log (1/R)]. They were 
analysed using WinISI III-version 1.50e software (Foss 
NIRSystems, Infrasoft International). A reference set 
was selected using the 119 first most representative 
samples identified with the internal algorithm used 
by Winisi software as detailed by Shenk et al. (1991). 
Then, these samples were analysed in an elemental 
micro-analyser CHN Carlo Erba (CE Instruments, 
Milan, Italy) to determine total C content. In the 
absence of carbonates, the total carbon is assumed as 
organic carbon. Finally, the calibration model stemmed 
from the reference set was applied to the spectral data 
of all soil samples to predict C content.

Soil carbon mineralization (C
min

), which may control 
the amounts of available nutrients (Knoepp et al., 2000) 
or the organic matter degradability, was measured 
directly through CO

2
 emission by soil microorganisms. 

Seventy grams of dry soil were brought to 80% of field 
capacity with distilled water and put into a jar with 
open pipes to allow aeration. The jars were incubated 
in an oven at a constant temperature of 30°C before 
CO

2
 measurements after 7, 14, and 21 days. The easily 

degradable carbon was determined using an infrared 
CO

2
 meter (Dräger Polytron IR CO

2
) according to the 

dynamic closed chamber method (Bekku et al., 1997).
Soil microbial biomass carbon (MBC) has been 

proposed as an indicator of the state of total SOM 
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(Knoepp et al., 2000). It was measured using the 
chloroform fumigation-extraction method (Vance 
et al., 1987; Horwarth et al., 1994). Twenty grams of 
soil samples of each treatment was fumigated with an 
ethanol-free chloroform solution. Simultaneously, 10 g 
of unfumigated samples were kept in a desiccator in a 
dark room. After a 24 hours incubation period, C from 
fumigated and control samples was extracted with 
0.5M K

2
SO

4
 solution after shaking, centrifugation and 

filtration of the soil suspension. The next step consisted 
in determining Dissolved Organic Carbon (DOC) of 
the soil solutions by measuring chemical oxygen 
demand (COD) with a spectro-colorimeter DR/700 
(HachTM method). The microbial biomass C was 
determined as the difference between DOC from 
fumigated and unfumigated soil samples.

Statistical analyzes were performed using 
STATISTICA 6.0 Software. Because of the low number 
of replications (3), mean comparisons were done using 
the Mann-Whitney and the Kruskal-Wallis ANOVA 
tests at α = 0.05 level. Correlation analyses (Pearson) 
were used to test relationships between variables.

3. RESULTS AND DISCUSSION

3.1. Initial soil characteristics

The soil was slightly acidic, with pH values around 6. 
Surface soil fine fraction amount was low (ca 17%). 
The fertility level is low, as indicated by the 
following chemical characteristics, measured on the 
0-10 and 10-20 cm layers respectively: soil organic 
C: 7.5-6.7 g.kg-1, total N: 0.52-0.49 g.kg-1, available 
P: 17-13 mg.kg-1, cation exchange capacity (CEC): 
4.8-3.3 cmol.kg-1 (Table 1). Riou (1974) attributed 
the low fertility level of soils encountered in the study 
region to their coarse texture and the low exchange 
capacity-clay (kaolinite) they contain. In addition, 
organic matter was reported to be rapidly mineralized 
in these soils (Abbadie, 1990).

3.2. Soil organic carbon (SOC)

With respect to the type of treatment, soil organic carbon 
showed different dynamics. It increased significantly 
over time under all the legume-based treatments. 
Concerning the maize-based treatments however, this 
was not the case, except with Maize-USp (Table 2). Six 
months after the start of the trial, the increase in SOC 
content was significant under Mucuna and Lablab. The 
significance was reached for the other treatments after 
12 months, regardless of Mucuna and Lablab. Finally, 
the extent of increase was the highest with the legume 
association and Lablab, where SOC varied from 7.5 to 
8.6 g.kg-1 (i.e. 14.7%) and from 7.2 to 8.3 g.kg-1 (i.e. 
15.3%) respectively, between the start and the end of 
the trial.

As reported in other studies (Azontonde et al., 
1998; Tian et al., 2001; Dinesh et al., 2004), legumes 
continuously provided great amounts of litter to the soil. 
This may explain the increase in SOC observed under 
legumes in the soil layer. The delay in SOC increase 
recorded under Pueraria, compared to the other legume-
based treatments, could simply be attributed to the delay 
in litter accumulation due to the initial lower growth 
of the species. Indeed, litter accumulation began four 
to five months after Pueraria, and one or three months 
after Mucuna and Lablab establishments. Leaving crop 
residues as mulch on soil surface is known to contribute 
to organic matter building up in soil, particularly when 
combined with fertilizer N (Omay et al., 1997; Tonye 
et al., 1997; Shrestha et al., 2002; Whitbread et al., 
2003). Our results with Maize-USp treatment were 
consistent with these findings. As a matter of fact, their 

Table 1. Principal soil characteristics [mean (standard error), 
n = 24] from the study site — Caractéristiques principales 
[moyenne (erreur standard), n = 24] du sol du site d’étude.

 Soil layers
 0-10 cm 10-20 cm

Organic C (g.kg-1)    7.5 (0.1)   6.7 (0.1)
Total N (g.kg-1)   0.5 (0.01)   0.5 (0.01)
C/N ratio 14.2 (0.07) 13.7 (0.09)
Available P (mg.kg-1)  17.2 (1) 12.9 (1.3)
CEC (cmol.kg-1)   4.8 (0.3)   3.3 (0.2)
Clay + silt (%) 17.4 (0.3) 18.1 (0.3)
pH (water)   6.5 (0.04)   5.7 (0.03)

Table 2. Soil (0-10 cm layer) organic carbon contents 
[mean (standard error), n = 3] under different farming 
systems.  — Teneur du sol (horizon 0-10 cm) en carbone 
[moyenne (erreur standard), n = 3] sous les différents 
systèmes de culture.

Treatments Soil organic Carbon (SOC) (g.kg-1)

 0 month(1) 6 months 12 months

Mucuna 7.7 (0.1) b 8.1 (0.2) a 8.2 (0.2) a
Pueraria 7.3 (0.2) b 7.7 (0.2) b 8.0 (0.2) a
Lablab 7.2 (0.2) c 7.8 (0.1) b 8.3 (0.2) a
Mixed legumes 7.5 (0.2) b 7.9 (0.4) ab 8.6 (0.3) a
Maize-U 7.1 (0.3) a 7.5 (0.2) a 7.6 (0.2) a
Maize-Sp 7.8 (0.2) a 7.7 (0.4) a 8.2 (0.4) a
Maize-USp 7.4 (0.1) b 7.5 (0.1) b 7.9 (0.1) a
Maize-Tradi 7.6 (0.3) a 8.0 (0.2) a 8.1 (0.3) a

Means with different letters in a row are significantly different at 
the 5% level — Sur une même ligne, les valeurs avec des lettres 
différentes sont significativement différentes au seuil de 5 %;
(1) Measurements under the savanna stand before setting up 
experiments — Mesures effectuées avant la mise en place des 
parcelles.
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C-to-N ratio decreases with addition of N, increasing 
their decomposability by microorganisms. The time 
span, necessary to observe an increase in soil organic 
matter, is a function of soil type (Six et al., 2002). It is 
shorter with sandy soil than with clayey soil. Thus, the 
increases in soil organic carbon observed in the short 
term also might be due to the high proportion of sand 
in the top (0-10 cm) soil layer.

When compared at each time of sampling, the 
treatments were not significantly different. However, 
it could be expected that longer duration of experiment 
allows best discrimination between treatments.

3.3. Soil microbial biomass C (MBC)

Although MBC was higher under cover crop-based 
systems compared to continuous cropping systems 
(Table 3), statistical significance was not established. 
Similar results have previously been reported by Haggar 
et al. (1993), in a study involving legumes and maize 
treatments. Since microbial biomass is likely to respond 
more quickly to change in soil management strategies 
(Knoepp et al., 2000), this result may be a consequence 
of either high field spatial variability of the parameter 
or the low number of replicates (Bross et al., 2007). 
As observed in this study, it has been reported that the 
soil microbial biomass displays pronounced spatial and 
temporal variability in tropical soils (Cleveland et al., 
2004; Bross et al., 2007). In such conditions, other 
indicators more robust than the fumigation-extraction 
method derived-MBC should have been used as 
recommended by Bross et al. (2007). Nevertheless, 
after 12 months, highest values were recorded under 
the legume combination and Lablab, with 176.7 and 
168.3 mg.kg-1 respectively. Furthermore, the highest 
relative increases in MBC, compared to the initial soil, 
occurred under the two treatments. MBC increased 
significantly by 50.7% and 86% under Lablab and 
legume combination respectively. The result obtained 

with legume-based treatments in general could be 
explained by the supply of great quantities of readily 
decomposable organic matter to the soil (Wick et  
al., 1998; Manjaiah et al., 2000). Although our data 
did not show any statistically significant correlation 
between soil organic C and MBC, the increase in 
SOC availability is likely to explain higher values of 
MBC, as C has been reported to be the principal energy 
source to soil microorganisms (Cleveland et al., 2004; 
Demoling et al., 2007).

The ratio of MBC to soil organic C is potentially 
a sensitive index of farming system effects on SOM 
(Omay et al., 1997). However, in this study, the ratio 
of MBC to total C did not vary significantly among 
treatments nor over time. Mean values varied in a 
narrow range: from 1.1 to 1.7 after 6 months and from 
1.2 to 2.1 after 12 months (Table 3). Thus, these fell 
within the 1-5% range of values reported by Jenkinson 
et al. (1981). 

3.4. Soil carbon mineralization and specific soil 
respiration

When considering the farming systems into two 
types, i.e. legume systems versus continuous 
cropping, carbon mineralization exhibited significant 
difference after 12 months, and it was greater under 
legumes system than under the continuous cropping 
one (Table 4). However, soil carbon mineralization 
was not significantly influenced by the treatments, 
considered separately (Figure 1), although CO

2
 

production seemed higher under Pueraria and Mixed-
legumes (52 mg C-CO

2
.g-1 C

org
), and lower under under 

Maize-Tradi (29.9 mg C-CO
2
.g-1 C

org
) at the 12 month 

sampling time (Table 5). 
When considering the two groups as described 

above, specific soil respiration, an indicator of soil 
microbial activity, showed significant difference after 
12 months. The legumes group exhibited higher values 

Table 3. Soil (0-10 cm) microbial biomass C (MBC) and ratio of MBC to total organic C [mean (standard error), n = 3] as 
affected by farming systems — Biomasse microbienne-C (MBC) du sol (0-10 cm) et ratio MBC/Carbone total [moyenne 
(erreur standard), n = 3] sous les différents systèmes de culture. 

Treatment Microbial biomass C (mg.kg-1 soil)  Microbial biomass C as % soil total C
 0 month(1) 6 months 12 months 0 month(1) 6 months 12 months

Mucuna 115.0 (27.5) 136.7 (34.7) 101.7 (26.2) 1.5 1.7 1.2
Pueraria 130.0 (42.7) 105.0 (26.0) 108.3 (20.9) 1.8 1.4 1.4
Lablab 111.7 (21.3)   86.7 (25.9) 168.3 (36.6) 1.5 1.1 2.1
Mixed legumes   95.0 (52.5) 108.3 (20.5) 176.7 (44.4) 1.2 1.4 2.0
Maize-U   90.0 (15.0) 126.7 (31.8) 116.7 (6.7) 1.3 1.7 1.5
Maize-Sp 115.0 (37.7) 118.3 (10.1) 118.3 (14.2) 1.5 1.5 1.4
Maize-USp 125.0 (52.2)   98.3 (21.3) 133.9 (39.0) 1.7 1.3 1.7
Maize-Tradi 106.7 (8.8) 138.3 (9.3) 131.7 (4.4) 1.4 1.7 1.6
(1) Measurements under the savanna stand before setting up experiments — Mesures effectuées avant la mise en place des parcelles.
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(0.37 ± 0.05 mg C-CO
2
.g-1 biomass C), compared 

to continuous cropping system (0.29 ± 0.03 mg C-
CO

2
.g-1 biomass C) (Figure 2). However, specific 

soil respiration was not significantly influenced by 
treatments, considered separately (Table 5). Values 
varied from 0.63 under Lablab to 0.2 under Mucuna after 
six months, and from 0.51 under Pueraria to 0.19 under 
Lablab, after 12 months. The specific soil respiration 
was more important at 12 than that at 6 months under 
Mucuna and Pueraria, while the opposite trend was 
observed under the other treatments.

Plant material analysis (data not shown) showed 
that legume materials are of a higher quality with lower 
C-to-N ratio, compared to graminea-derived materials 
as reported by Bernhard-Reversat et al. (2000). Thus, 

Table 4. Soil (0-10 cm) carbon mineralization [mean 
(standard error), n = 3] under different types of treatment 
(21 days incubation period) — Minéralisation du carbone 
du sol (0-10 cm) [moyenne (erreur standard), n = 3] sous les 
différents groupes de traitements (21 jours d’incubation).

Type of treatment Evolved C-CO2 (mg.g-1 C
org

)

 6 months 12 months

Legume systems 36.5 (3.6) 43.7 (3.7)
Continuous cropping 41.2 (1.6) 33.1 (1.6)
p ns   0.02*

*significant difference at p < 0.05 — différence significative au 
seuil de 5 %; ns: no significant difference — pas de différence 
significative.

Figure 1. CO
2
 evolved from soil samples from the different 

treatments (21 days incubation period), 12 months after 
experiments set up. — CO2 dégagé du sol sous les différents 
traitements (21 jours d’incubation) 12 mois après la mise en 
place des parcelles.
Mp: Mucuna; Pp: Pueraria; Lp: Lablab; LM: mixed legume; U: 
Maize-U; Sp: Maize-Sp; USp: Maize-USp; Tradi: Maize Tradi. 
Vertical bars denote ± Standard error, n = 3 — Les barres 
verticales représentent l’erreur standard, n = 3.
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Table 5. Soil (0-10 cm) carbon mineralization and specific respiration [mean (standard error), n = 3] under the treatments 
(21 days incubation period) — Minéralisation du carbone et respiration spécifique du sol (0-10 cm) [moyenne (erreur 
standard), n = 3] sous les différents traitements (21 jours d’incubation).

Treatment Evolved C-CO2 (mg.g-1 C
org

) Specific respiration (mg C-CO
2
.g-1 biomass C)

 6 months 12 months 6 months 12 months

Mucuna 29.4 (11.0) 42.0 (7.6) 0.20 (0.04) 0.45 (0.09)
Pueraria 32.3 (4.3) 52.0 (2.1) 0.34 (0.06) 0.51 (0.08)
Lablab 40.0 (0.9) 28.8 (7.1) 0.63 (0.27) 0.19 (0.06)
Mixed legumes 44.3 (8.8) 51.9 (2.7) 0.43 (0.09) 0.33 (0.08)
Maize-U 40.8 (2.6) 36.5 (1.4) 0.37 (0.09) 0.32 (0.03)
Maize-Sp 39.3 (2.0) 34.0 (4.2) 0.34 (0.03) 0.29 (0.03)
Maize-USp 43.7 (6.3) 32.1 (3.5) 0.50 (0.16) 0.32 (0.14)
Maize-Tradi 40.7 (0.4) 29.9 (3.9) 0.30 (0.02) 0.23 (0.04)
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Figure 2. Soil specific respiration under the different 
treatments — Respiration spécifique du sol sous les différents 
traitements.
Values with the same letter are not significantly different at 
the 5% level — Les valeurs portant la même lettre ne sont 
pas significativement différentes au seuil de 5 %; Vertical 
bars denote ± Standard error, n = 4 — Les barres verticales 
représentent l’erreur standard, n = 4; MAS = months after 
sowing — MAS = mois après semis. 
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legume provided more readily decomposable materials 
that stimulated soil microorganisms. This may explain 
why soil respiration was higher under legume systems, 
compared to maize-based ones. Such conditions under 
legume might allow an increase in microbial biomass C 
instead of a decrease as observed under Mucuna and 
Pueraria. Nonetheless, soil microorganism’s activity 
increased under both Mucuna and Pueraria as indicated 
by soil specific respiration measured at 12 months, 
and this may be a consequence of an increase in active 
microbial fraction.

Rhizodeposition (root-derived compounds and 
plant material released) into the soil can make up a high 
proportion of below-ground carbon and nitrogen which 
serve as substrate for soil microorganisms (Paterson, 
2003; Böhme et al., 2006; Wichern et al., 2007). In the 
present study, Lablab and Mucuna completed their cycles 
two and three months before the final soil sampling, 
respectively, whereas legumes stands were still alive 
on both the Pueraria and the legume combination plots 
up to 12 months after sowing (as P. phaseoloides is a 
perennial and drought resistant legume). Thus, the 
continuous turnover of Pueraria roots and release of 
exudates through rhizodeposition may explain the higher 
soil respiration recorded for these plots. Moreover, 
soil temperature was lower and constant relative to 
Mucuna and Lablab plots. At that moment (12 months 
after sowing), the senescence of roots increased under 
Mucuna and Lablab, and structural root components 
(with higher C-to-N ratio) probably contributed more 
to rhizodeposition, leading to a rhizodeposition having 
a lower availability to microorganisms (Wichern et al., 
2007). The decomposition of Lablab leaf litter was 
so rapid (data not shown) that at the final sampling 
(12 months), there was almost no litter on the ground. 
Since plant-derived carbon is prominently used 
(compared to that of the SOM) as energy source by 
microorganisms (Kramer et al., 2006), the breaking 
in organic supply may have caused the decline in soil 
respiration.

Soil microorganisms are likely to be affected or 
dormant under continuous cropping, explaining the 
observed low specific soil respiration as compared to 
the legume-based systems. However, for sandy soils 
with low organic C content, other microbiological 
parameters such as enzyme activities might have better 
discriminated the farming systems as suggested by 
Böhme et al. (2006).

4. CONCLUSION

This study showed that soil organic carbon content was 
significantly improved over time under legume-based 
systems, contrarily to most of the continuous maize-
based systems. However, it did not show any significant 

influence of farming systems on SOC content. Likewise, 
microbial biomass C did not appear to be influenced by 
farming systems. One reason could be that 12 month 
duration is short for farming system discrimination. 
Besides, the variability of carbon mineralization and 
microbial biomass measurements are generally not 
negligible, and lower the precision of comparisons. 
However increase in soil organic matter during the 
experiment showed that crop and weed residues, in 
combination with fertilizers are likely to be a way of 
improving SOC storage in the short run. It is apparent 
that soil mineralizable C, and to some extent, soil 
specific respiration were influenced by farming systems. 
However, their use as indicators of early changes in SOM 
quality is likely to be limited by the small-scale spatial 
heterogeneity of the soil. Nevertheless, integration of 
legumes cover crops, as fallow in farming systems, may 
contribute to improve soil quality and crop production 
in humid savannas of Côte d’Ivoire.
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