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Abstract 
In Burkina Faso, agricultural land degradation, including soil fertility decline, 
has prompted the implementation of agricultural innovations to address this 
challenge. Therefore, this study aimed to evaluate the contribution of four Pa-
pilionaceous ecotypes in enhancing the fertility of degraded soils. Experiments 
were conducted in Noumousso and Arbollé from July to December 2024, us-
ing a randomized split-plot design combining ecotypes and organic matter 
and/or Burkina Phosphate amendments. Amendments were applied in four 
treatments: T0 (control), T1 (Organic Matter), T2 (OM + Burkina Phosphate), 
and T3 (BP). Determined physico-chemical properties were: particle size dis-
tribution, pH, carbon (C), nitrogen (Nt), total Phosphorus (Pt), available P 
(P_Bray), potassium (Kt), exchangeable bases (EB), cation exchange capacity 
(CEC), and saturation rate (SR). The evaluated agronomic parameter was total 
biomass. Results revealed that the soils at both sites were characterized by 
acidic sandy-clay texture and low levels of C, N, P, K, EB, and CEC. Cultivating 
papilionaceous and applying organo-mineral amendments contributed to in-
creased levels of C, available P, and Mg2+, as well as improved SR. Acidity de-
creased at Arbollé, while showing a slight increase at Noumousso. Interaction 
between the two factors helped reduce acidity at both sites and significantly 
increased C, N, and available P contents. The organo-mineral amendment also 
enhanced biomass production across all ecotypes. At Noumousso, compared 
to T0, OM, OM + BP, and BP treatments resulted in biomass increases of 
64.8%, 73.1%, and 38.6%, respectively. At Arbollé, the corresponding in-
creases were 33.5%, 47%, and 23.4%. On both sites, OM + BP amendment had 
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the greatest impact on improving biomass production, followed by organic 
amendment. These findings are of great importance to farmers for restoring 
the fertility of degraded soils. Therefore, the use of leguminous species in com-
bination with organic matter enriched with Burkina Phosphate could be an 
alternative for improving the fertility of degraded soils. 
 
Keywords 
Agricultural Innovations, Burkina Phosphate, Herbaceous Papilionaceous, 
Organic Matter 

 

1. Introduction 

In Sub-Saharan Africa, particularly in the Sahel region, the degradation of arable 
land has intensified in recent decades under the combined influence of anthropo-
genic factors and climate change effects [1] [2]. This alarming situation was high-
lighted by the FAO [3], indicating that in arid and semi-arid areas, any zonal de-
struction of vegetative cover rapidly leads to the formation of a desert enclave. 
Schulz and Pomel [4] demonstrated that this situation could worsen when cli-
matic conditions become unfavorable, hindering natural regeneration. Hence, 
there is an increasingly significant emergence of lands unsuitable for plant and 
animal production. 

In Burkina Faso, similar to other countries in Sub-Saharan Africa, this phenom-
enon has led to significant declines in agricultural and livestock productions [5] 
[6]. In the agro-ecological zones of these localities, nitrogen and especially phos-
phorus are limiting factors in agricultural production. In this regard, Ouattara et 
al. [7] reported that a period of about twenty years is required to restore fallow 
soil fertility. Consequently, there has been a push to acquire new arable lands at 
the expense of natural formations by rural populations [8] [9]. This has led to a 
pronounced reduction in natural forests and the emergence of numerous de-
graded lands unsuitable for agriculture and natural regeneration. Additionally, 
grazing areas for animals have significantly reduced, leading to a gradual reduc-
tion in forage potential. Ali et al. [5] attributed this to the ongoing risk of conflicts 
between herders and other users of natural resources. Furthermore, IFPRI [10] 
noted that over the past decade, the lack of new arable lands and increasing de-
mands for cultivable lands have compelled farmers to shorten fallow periods. This 
system has proven unsatisfactory in terms of results as it does not guarantee the 
restoration of initial soil fertility. 

In the country, various Soil Defense and Restoration (DRS) techniques have 
been implemented to enhance soil fertility. Mechanical techniques are predomi-
nantly used, such as zaï, stone bunds, and half-moons. Zaï has been shown to im-
prove crop yields by over 100% [11], while stone bunds and half-moons have led 
to an increase in herbaceous biomass reaching 1000 and 1200 kg/ha compared to 
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only 70 and 110 kg/ha on control plots, respectively [12]. These techniques pro-
mote good water retention in the soil and result in significant plant biomass pro-
duction [13]. In addition to these techniques, those using biological resources, 
such as mulching, aid in revitalizing soil biological activity and trapping organo-
mineral elements. Furthermore, the use of other forestry techniques like assisted 
natural regeneration, reforestation, and herbaceous seeding, enriches the soil in or-
ganic matter and nitrogen, thereby enhancing water retention in the soil [13]-[15]. 
Additionally, the application of organo-mineral amendments has improved soil 
fertility, resulting in yield gains of up to 400% for some cucurbit species [16]. 

Despite the efforts made so far in rehabilitating degraded lands, it is evident 
that these techniques are labor-intensive and require substantial financial re-
sources [17]. The results are somewhat mixed in terms of system sustainability 
and adoption rates by producers. Hence, there is a need to explore alternative 
methods to effectively restore soil fertility. Ouédraogo et al. [2] showed that it is 
possible to sustainably restore soil cover by leveraging the properties of some her-
baceous legume species within a dynamic ecosystem. These species possess the 
advantage of colonizing spaces after first rains due to their significant seed bank 
buried in the soil [2]. They appear shortly after grasses and have physiological 
functions that enable them to fix atmospheric nitrogen in the soil through micro-
organisms such as arbuscular mycorrhizal fungi [18]. This ability to synthesize 
atmospheric nitrogen makes these legumes efficient green manures, whether as-
sociated with crops or buried after their vegetative cycle. Moreover, the biomass 
produced stimulates the activity of “soil engineers” like termites and earthworms, 
contributing to overall soil fertility improvement.  

In this context, Ouédraogo et al. [2] used the fertilization properties of two leg-
ume species with interesting phenotypic characteristics on degraded soils to assess 
their contribution to soil fertility enhancement: Crotalaria retusa and Crotalaria 
mucronata. This study was crucial in improving certain physicochemical proper-
ties of degraded soils. Although this technique resulted in notable gains in some 
soil chemical elements such as nitrogen, phosphorus, and carbon, its efficiency 
within a relatively short period remains unsatisfactory. It is therefore necessary to 
find an alternative to significantly reduce the restoration time of degraded soil 
fertility. This involves applying a combination of techniques using the properties 
of herbaceous legumes in conjunction with organo-mineral amendments to re-
store the fertility of degraded soils. This study aims to determine the effects of 
legumes and their association with organo-mineral amendments on the physico-
chemical properties of degraded soils. The study is based on the hypothesis that 
the combination of legumes with organo-mineral amendments effectively im-
proves soil fertility. 

2. Material and Methods 
2.1. Material 

Location of study sites: The experiments were carried out in two localities in 
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Burkina Faso with contrasting pedoclimatic conditions (Figure 1). Yarci, the first 
locality is a village situated at 80 km in the northwest of Ouagadougou. This village 
is found in the commune of Arbollé in the Passoré province. The second locality 
is Noumousso. This village is located at 35 km in the northwest of Bobo Dioulasso, 
in the Houet province. 

 

 
Figure 1. Location of the study sites, showing the two sites localization in Burkina Faso (in West and northern parts). 

 
Pedoclimatic characteristics of the sites: Table 1 summarizes the pedoclimatic 

characteristics of the two study sites. It shows that the Yarci site is characterized 
by a North Sudanian climate with an annual rainfall ranging between 600 and 900 
mm. The area is flat and marked by a mosaic of tropical ferruginous soils deficient 
in nitrogen and phosphorus, featuring two toposequences, namely mid and low 
slopes. The typical vegetation of this site is tiger bush with combretaceae. As for 
the Noumousso site, the climate is Sudanian with an annual rainfall between 900 
and 1300 mm. Similar to the Yarci site, its area includes two toposequences (mid 
and low slopes) characterized by tropical ferruginous soils that are either poorly 
leached or leached and deficient in nitrogen and phosphorus. The typical vegeta-
tion here is a wooded savanna alternating with shrubby savanna. 
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Table 1. Pedoclimatic characteristics of the study sites. 

Site Region Annual Rainfall Type of Soil 

Arbollé North 600 to 900 mm 
Lithisols, ferruginous, little  

evolved 

Noumousso West 800 to 1100 mm 
Tropical ferruginous soils poorly 
leached or leached, deficient in  

Nitrogen and Phosphorus 

 
Plants material used: Plants material used are seeds from four ecotypes of two 

legume species, Crotalaria retusa (L.) and Crotalaria mucronata (Desv.). This 
same type of plant material underwent a phenotypic characterization study [2]. 
The study revealed that these ecotypes possess very interesting phenotypic traits 
(high biomass) and could play a significant role in soil fertility enhancement 
through organic matter input. The seeds used include the ecotypes from Gonsé 
(C. mucronata and C. retusa), Nasso (C. retusa), and Arbollé (C. mucronata). 

Organo-mineral fertilizers used: The fertilizers used in this study are organic 
matter (OM) derived from the decomposition of crop residues and animal ma-
nure, and Burkina Phosphate (BP). Additionally, a combination (OM + BP) of 
both types of fertilizers (organo-mineral) was applied. Table 2 summarizes the 
chemical composition of these fertilizers. 

 
Table 2. Chemical properties of Burkina phosphate and organic matter. 

Designation 
BP OM 

(%) (mg∙kg−1) 

Total P 12.35 8.1 

P2O5 28.3 18.6 

Water P 0.19 - 

Citrate P 30 - 

FeO 1.7 - 

CaO 38.3 - 

SiO2 23.33 - 

Al2O3 2.35 - 

K2O - 7.2 

N - 8.7 

C - 23.6 

BP: Burkina phosphate; OM: organic matter; P: phosphorus; P2O5: Phosphorus pentoxide; 
FeO: ferrous (Iron II) oxide; CaO: Calcium oxide; SiO2: Silicon dioxide; Al2O3: Aluminum 
oxide; Potassium oxide; N: nitrogen; C: carbon. 
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2.2. Methods 

Experimental design and applied treatments: The following treatments meas-
uring the effects of two factors were applied:  

Factor 1: two species of Papilionaceous: the first is Crotalaria mucronata (C. 
mucronata). The seeds of this specie were collected in two localities: Gonsé1 and 
Arbollé corresponding to the ecotypes. The second specie, Crotalaria retusa (C. 
retusa) is represented also by two ecotypes collected from Gonsé2 and Nasso. 

Factor 2: three amendment levels: zero, organic and mineral amendment. The 
organic amendment used organic matter derived from the decomposition of crop 
residues and animal manure and was applied at a rate of 5 t/ha. The mineral 
amendment used the Burkina Phosphate at 500 kg/ha.  

The experiments were laid out in a split-plot design with three replications (Fig-
ure 2). The main plot treatment was the Papilionaceous species (represented by 
the Ecotypes) while the sub-plots treatment was the organo-mineral amendment. 
The main plot size was 38 m × 16 m (608 m2) and the sub-plot size was 5 m × 2 m 
(10 m2) and a total of 48 plots.  

The treatments were: T0: control; T1: Organic matter (OM); T2: OM + Burkina 
Phosphate (BP); T3: BP. 

 

 
Figure 2. Experiment design including the four Crotalaria ecotypes and the amendments applied. 

 
Husbandry practices: At each site, the plot underwent wet scarification using 

a manga hoe. Manual leveling was performed prior to plot delimitation. Once the 
boundaries had been demarcated, organo-mineral amendment was applied at 
rates of 5 t/ha of organic matter (OM) and 500 kg/ha of Burkina Phosphate (BP). 
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The same day, 300 Papilionaceous seeds were uniformly distributed on the rele-
vant subplots. No pesticide treatments were done. Measurements based on the 
quantitative variables were taken on the plants during a period corresponding to 
their maximum vegetative growth. In addition, fresh biomass was harvested at the 
same time in the yield squares of 1 m2. 

Soil sampling and analysis: In each locality, five composite soil samples were 
collected from the 0 - 30 cm depth prior to the implementation of the experiments. 
After harvest, soil samples were also taken from each treatment at the same depth. 
All samples were air-dried and sieved to 2 mm. The analyses were conducted at 
the soil-water-plant laboratory of CREAF Kamboinsé. The determined physico-
chemical properties included particle size distribution (three fractions), pH, soil 
organic carbon (C), total nitrogen (Nt), total phosphorus (Pt) and available phos-
phorus (Pavail), total potassium (Kt), cation exchange capacity (CEC), exchange-
able bases (Ca2+, Mg2+, K+, Na+), and saturation rate (SR). 

Soil organic carbon was determined using the Walkley and Black method [19]. 
Total nitrogen was measured after mineralization of the samples using the 
Kjeldahl method [20]. After mineralization, total nitrogen was directly measured 
using an auto-analyzer. Similarly, total phosphorus and total potassium were 
measured after mineralization using an auto-analyzer and flame photometer, re-
spectively [21]. Available phosphorus was determined using the Bray I method 
[22] with a mixed solution of ammonium fluoride (0.03M) and hydrochloric acid 
(0.025M). The measurement was performed using colorimetry with a spectropho-
tometer. pH was measured in a distilled water solution using an electronic pH 
meter [23]. Cation exchange capacity (CEC) and exchangeable bases (Ca2+, Mg2+, 
K+, and Na+) were determined by centrifugation with silver thiourea (0.01M). CEC 
and exchangeable bases, mainly Ca2+ and Mg2+, were measured using an atomic 
absorption spectrophotometer. K+ and Na+ were measured using a flame photom-
eter [21]. The saturation rate is the ratio of the sum of exchangeable bases to CEC. 

Assessment of plant biomass: After counting the number of Papilionaceous 
plants in each subplot, plant harvesting was done at the end of the growing season, 
at the physiological maturity of the seeds. The stems were gathered into bundles, 
weighed, and then incorporated into the soil. 

Statistical analysis of data: The data collected was entered using the Excel 2019 
spreadsheet. Statistical analysis and graph generation were performed using 
Minitab version 19.1 and GenStat Release 12.1. softwares. The analysis of variance 
enabled the comparison of means using the Fischer Test at a 5% significance level. 
This facilitated the identification of ecotypes per specie with high biomass pro-
duction and the most effective treatments (organo-mineral amendment). Multi-
dimensional statistical methods were employed to establish relationships among 
ecotypes, soil physicochemical properties, organo-mineral amendment, and plant 
biomass through Principal Component Analysis (PCA) using the R studio soft-
ware. This software is an integrated development environment for the R program-
ming language, and is widely used for statistical computing and graphics. It enables 
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users to create interactive plots and visualizations using packages like ggplot2, 
plotly, and leaflet, enhancing the quality and interactivity of data visualization. 

3. Results 
3.1. Initial Physico-Chemical Soil Properties 

The physico-chemical analysis conducted on the soils sampled before the experi-
ments revealed that, in terms of physical properties, the soils exhibited a sandy-
clay texture with higher proportions of sand than clay, particularly at the Nou-
mousso site (Table 3). Regarding chemical properties, the analysis indicated that 
these soils were acidic and deficient in Carbon (C), Nitrogen (Nt), Phosphorus 
(Pt), exchangeable bases (EB), and Cation Exchange Capacity (CEC) (Table 4). 

 
Table 3. Physical properties of the initial soils. 

Experiments Clays (%) Silts (%) Sands (%) Texture 

Noumousso Site 14.38 7.84 77.78 Sandy-clay 

Arbollé Site 21.57 9.8 68.63 Sandy-clay 

 
Table 4. Chemical properties of the initial soils (0 - 30 cm horizon). 

Chemical properties Initial soil Noumousso Initial soil Arbollé 

pH 5.96 5.17 

C (%) 0.65 0.82 

N (%) 0.07 0.08 

OM (%) 1.12 1.41 

C/N 9.70 10.37 

Pt (mg/kg) 335.23 589.93 

Pavail (mg/kg) 3.21 2.12 

Kt (mg/kg) 1487.62 1340.95 

Ca2+(meq/100g) 1.72 1.20 

Mg2+ (meq/100g) 0.76 0.90 

K+ (meq/100g) 0.44 0.53 

Na+ (meq/100g) 0.18 0.16 

SEB (meq/100g) 3.11 2.85 

CEC (meq/100g) 5.31 4.72 

SR (%) 58.33 57.33 

Initial soil: soil sampled and analysed before the implementation of the experiment; pH: 
Hydrogen potential; C: Carbon; N: Nitrogen; OM: organic matter; C/N: Carbon/Nitrogen 
ratio; Pt: Total phosphorus; Pavail: available phosphorus; Kt: Potassium; Ca2+: Calcium ion; 
Mg2+: Magnesium ion; K+: Potassium ion; Na+: Sodium ion; SBE: Sum of exchangeable ba-
ses; CEC: Cation exchange capacity; SR: Saturation rate. 
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3.2. Effects of Treatments on Soil Physico-Chemical  
Properties 

Table 5 presents the results of the analyses of variance. It showed a highly signif-
icant influence of the treatments on soil physico-chemical properties at Nou-
mousso and Arbollé. The analysis revealed that, except for Nt, Pt, Ca2+, and Na+, 
the effect of the Papilionaceous ecotypes was significant (p < 0.05), highly signifi-
cant (p < 0.01), and very highly significant (p < 0.001). 

It is also noted that the applied organo-mineral amendment had the following 
effects: significant (p = 0.019 for Mg2+ at Noumousso), highly significant (p < 
0.005), and very highly significant (p < 0.001) on the other soils chemical proper-
ties at both sites, except for sodium ion (Na+) and potassium ion (K+) at Arbollé. 

Furthermore, the analyses demonstrated an interaction between the Papiliona-
ceous ecotypes and the organo-mineral amendment. This interaction was found 
to be significant (p < 0.05), highly significant (p < 0.01), and very highly significant 
(p < 0.001) on the physico-chemical properties, except for Mg2+, Na+, and SEB at 
both experimental sites. 

 
Table 5. Results of the analyses of variance. 

Noumousso 
pH OM Nt C/N Pt Pavail Kt Ca2+ Mg2+ K+ Na+ SBE CEC TS 

 (%)  mg/kg meq/100g % 

Source de  
variation 

d.f. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. 

Ecotypes 3 <0.001 <0.001 0.801 <0.001 0.084 <0.001 <0.001 0.068 <0.001 <0.001 0.920 0.034 <0.001 <0.001 

Traitements 3 0.001 <0.001 <0.001 0.153 <0.001 <0.001 <0.001 <0.001 0.019 <0.001 0.259 0.004 <0.001 0.002 

Ecotypes* 
Traitements 

9 <0.001 0.024 <0.001 0.016 0.007 <0.001 <0.001 0.038 0.188 <0.001 0.154 0.065 <0.001 0.006 

Arbollé 
pH MOT N C/N Pt Pavail Kt Ca2+ Mg2+ K+ Na+ SBE CEC TS 

 (%)  mg/kg meq/100g % 

Source de  
variation 

d.f. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. F pr. 

Ecotypes 3 <0.001 <0.001 <0.001 0.336 0.075 <0.001 <0.001 <0.001 0.009 0.148 <0.001 0.002 <0.001 <0.001 

Traitements 3 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 0.265 0.357 <0.001 <0.001 <0.001 

Ecotypes* 
Traitements 

9 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.076 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 

OM: organic matter; N: nitrogen; C/N: carbon/nitrogen ratio; Pt: total phosphorus; Pavail: available phosphorus; Kt: total potassium; 
s.e.d: standard error of deviation; Pr.: probability; *: no significant difference; **: significant difference; ***: highly significant differ-
ence; ****: very highly significant difference. 
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3.3. Effects of Ecotypes on Soil Fertility 

The analysis of variance demonstrated variations in soils physico-chemical prop-
erties based on the ecotypes (Table 6): 1) Soils in the experimental plot at Nou-
mousso experienced an increase in Pt content and a decrease in pH, Ca2+, K+, 
Na+, and SEB content; 2) at the Arbollé site, soils experienced an increase in pH, 
Ca2+ and SBE contents, while Pt, K+, and Na+ contents decreased; 3) across both 
experimental sites (Noumousso and Arbollé), the ecotypes contributed to an in-
crease in the C/N ratio, saturation rate, and in organic matter, Pavail, and Mg2+ 
contents. At the Noumousso site, the organic matter content varied between 
0.98% (Nasso, C. retusa) and 1.21% (Gonsé 1, C. mucronata) compared to an in-
itial value of 0.65%. At the Arbollé site, the organic matter content ranged from 
1.34% (Gonsé 1, C. mucronata) to 1.61% (Nasso, C. retusa), compared to an initial 
value of 0.82%. The C/N ratio ranged between 9 and 12 for all ecotypes, except for 
Nasso (C. retusa at the Noumousso site) which had a C/N ratio of 8.89. The satu-
ration rate varied between 60% - 65% (normal to slightly high) compared to an 
initial rate of about 58%. However, the total potassium (Kt) content decreased at 
both sites, while there was a slight decrease in the total nitrogen (Nt) content. 

 
Table 6. Variation of soil physico-chemical properties according to the Ecotypes. 

(a) 

 Ecotypes pH OM N (%) C/N 
Pt Pavail Kt 

mg/kg 

Noumousso 

Initial 5.96 1.12 0.07 9.3 335 3.21 1488 

Muc Arb 5.37 1.2 0.07 10.9 365 3.12 1154 

Muc Gon1 5.63 1.21 0.07 11.56 401 4.47 1493 

Ret Gon2 5.52 1.18 0.06 11.01 379 3.97 1117 

Ret Nas 5.87 0.98 0.06 8.89 394 3.06 1147 

 s.e.d 0.04 0.05 0.003 0.47 14.81 0.14 53.10 

 Pr. <0.001**** <0.001**** 0.801* <0.001**** 0.084* <0.001**** <0.001**** 

Arbollé 

Initial 5.17 1.41 0.08 10.37 590 2.12 1341 

Muc Arb 6 1.37 0.07 11.39 484 2.62 788 

Muc Gon1 5.59 1.34 0.07 11.17 481 2.71 768 

Ret Gon2 5.63 1.51 0.07 11.65 508 2.85 796 

Ret Nas 5.79 1.61 0.08 11.8 493 2.43 894 

 s.e.d 0.032 0.023 0.003 0.367 10.570 0.058 16.830 

 Pr. <0.001**** <0.001**** <0.001**** 0.336* 0.075* <0.001**** <0.001**** 
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Continued 

(b) 

 Ecotypes 
Ca2+ Mg2+ K+ Na+ SEB CEC 

SR (%) 
meq/100g 

Noumousso 

Initial 1.72 0.76 0.44 0.18 3.11 5.31 58.33 

Muc Arb 1.4 1.04 0.33 0.14 2.91 4.57 60.75 

Muc Gon1 1.45 0.83 0.28 0.14 2.73 4.53 61.25 

Ret Gon2 1.55 0.81 0.42 0.15 2.76 4.56 64 

Ret Nas 1.6 1.04 0.33 0.14 3.13 5.17 60.83 

 s.e.d 0.08 0.07 0.02 0.02 0.14 0.11 1.25 

 Pr. 0.068* <0.001**** <0.001**** 0.92* 0.034** <0.001**** <0.001**** 

Arbollé 

Initial 1.2 0.9 0.53 0.16 2.85 4.72 57.33 

Muc Arb 1.62 1.01 0.27 0.1 3.08 4.81 64 

Muc Gon1 1.43 1.09 0.27 0.11 2.85 4.88 61.42 

Ret Gon2 1.5 1.05 0.24 0.14 2.95 4.59 65.5 

Ret Nas 1.69 0.93 0.27 0.14 3.05 4.91 65.25 

 s.e.d 0.040 0.045 0.015 0.009 0.061 0.074 0.981 

 Pr. <0.001**** 0.009*** 0.148* <0.001**** 0.002*** <0.001**** <0.001**** 

Initial: data collected before the experiment; Muc Arb: Crotalaria mucronata collected at Arbollé; Muc Gon1: Crotalaria mucronata 
collected at Gonsé1; Ret Gon2: Crotalaria retusa collected at Gonsé2; Ret Nas: Crotalaria retusa collected at Nasso; Ca2+: calcium 
ion; Mg2+: magnesium ion; K+: potassium ion; Na+: sodium ion; SEB: sum of exchangeable bases; CEC: cation exchange capacity; 
SR: saturation rate; s.e.d: standard error of deviation; Pr.: probability; *: no significant difference; **: significant difference; ***: 
highly significant difference; ****: very highly significant difference. 

3.4. Effect of Organic Amendment on Soil Fertility 

Analyses revealed that the application of organic amendment led to variations in 
soil physico-chemical properties (Table 7). It indicated that: 1) At both sites, com-
pared to the control plot, the application of organo-mineral amendment enhanced 
soil fertility by improving the physico-chemical properties such as OM, Nt, Pt, 
Pavail or P_Bray, Kt, EB, and SEB. However, a decrease in soil acidity, an increase 
in the C/N ratio, and saturation rate were observed. 2) Considering the specific 
case of the Noumousso site, the application of organic matter alone contributed 
to decrease Mg2+, K+, and Na+ cations contents compared to T0 treatment. 3) For 
the specific case of the Arbollé site, in comparison to T0 treatment, an increase in 
soil acidity was observed after the application of organic matter. Furthermore, this 
application resulted in a decrease in the C/N ratio, Ca2+, Mg2+, K+, and CEC. Sim-
ilarly, the application of BP led to a decrease in Mg2+ and CEC contents. 4) The 
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application of organo-mineral amendment (OM + BP) resulted in an increase in 
OM, Nt, Pt, Pavail, Kt, Mg2+, and SR, and a decrease in CEC, K+, and Na+ contents 
at both sites. Ca2+ and SEB contents decreased at Noumousso, while they increased 
at Arbollé. 

 
Table 7. Variation of soil physico-chemical properties according to the organo-mineral amendment applied. 

(a) 

 Treatments pH OM N (%) C/N 
Pt Pavail Kt 

mg/kg 

Noumousso 

Initial 5.96 1.12 0.07 9.70 335.23 3.21 1487.62 

T0 5.577b 0.761c 0.04150c 10.24a 252.8c 2.090b 476c 

OM + BP 5.607ab 1.355a 0.07883a 10.51a 467.2a 4.064a 1787a 

OM 5.678a 1.366a 0.08200a 10.36a 338.8b 4.402a 1367b 

BP 5.521b 1.093b 0.05683b 11.25a 480.4a 4.062a 1279b 

 s.e.d 0.04 0.05 0.003 0.47 14.81 0.14 53.10 

 Pr. 0.001*** <0.001**** <0.001**** 0.153* <0.001**** <0.001**** <0.001**** 

Arbollé 

Initial 5.17 1.41 0.08 10.37 589.93 2.12 1340.95 

T0 5.710bc 0.956d 0.04783c 11.72a 278.3c 2.023d 465.8c 

OM + BP 5.768ab 1.735a 0.08383a 12.10a 594.6a 2.711b 927.8ab 

OM 5.673c 1.651b 0.09108a 10.66b 513.8b 2.398c 967.3a 

BP 5.848a 1.490c 0.07358b 11.54ab 579.9a 3.481a 885.6b 

 s.e.d 0.032 0.023 0.003 0.367 10.570 0.058 16.830 

 Pr. <0.001**** <0.001**** <0.001**** 0.004*** <0.001**** <0.001**** <0.001**** 

(b) 

 
Traitements 

Ca2+ Mg2+ K+ Na+ SEB CEC 
SR (%) 

 meq/100g 

Noumousso 

Initial 1.72 0.76 0.44 0.18 3.11 5.31 58.33 

T0 1.213b 0.9111ab 0.3150b 0.1425a 2.583b 4.663ab 58.92b 

OM + BP 1.544a 1.0239a 0.3633a 0.1517a 3.103a 4.878a 62.75a 

OM 1.632a 0.8116b 0.2950b 0.1217a 2.824ab 4.408b 63.92a 

BP 1.610a 0.9753ab 0.3742a 0.1450a 3.019a 4.878a 61.25ab 

 s.e.d 0.08 0.07 0.02 0.02 0.14 0.11 1.25 

 Pr. <0.001**** 0.019** <0.001**** 0.259* 0.004*** <0.001**** 0.002*** 

https://doi.org/10.4236/ojss.2025.151002


P. J. A. Coulibaly et al. 
 

 

DOI: 10.4236/ojss.2025.151002 34 Open Journal of Soil Science 
 

Continued 

Arbollé 

Initial 1.20 0.90 0.53 0.16 2.85 4.72 57.33 

T0 1.451b 1.001b 0.2533a 0.1317a 2.906bc 4.819b 61.17c 

MO + BP 1.742a 1.192a 0.2825a 0.1175a 3.332a 5.490a 63.42bc 

MO 1.540b 0.966b 0.2583a 0.1175a 2.933b 4.252c 67.17a 

BP 1.516b 0.918b 0.2650a 0.1250a 2.766c 4.637b 64.42b 

 s.e.d 0.040 0.045 0.015 0.009 0.061 0.074 0.981 

 Pr. <0.001**** <0.001**** 0.265* 0.357* <0.001**** <0.001**** <0.001**** 

Initial: data collected before the experiment; T0: absolute control; OM: organic matter; BP: Burkina Phosphate; Ca2+: calcium ion; 
Mg2+: magnesium ion; K+: potassium ion; Na+: sodium ion; SEB: sum of exchangeable bases; CEC: cation exchange capacity; SR: 
saturation rate; s.e.d: standard error of deviation; Pr.: probability; *: no significant difference; **: significant difference; ***: highly 
significant difference; ****: very highly significant difference. 

3.5. Effect of Species, Ecotypes, and Organo-Mineral Amendment 
on Biomass 

 

 
(a)                                (b)                                   (c) 

Muc Arb: Crotalaria mucronata collected at Arbollé; Muc Gon1: Crotalaria mucronata collected at Gonsé1; Ret Gon2: Crotalaria 
retusa collected at Gonsé2; Ret Nas: Crotalaria retusa collected at Nasso; T0: absolute control; OM: organic matter; BP: Burkina 
Phosphate. 

Figure 3. Variation of Biomass according to Species (a), ecotypes (b), and Organo-mineral amendment (c) expressing the results 
obtained in each case. 

 
Statistical analysis revealed a highly significant difference (p = 0.008) induced 

by the two species at the Noumousso site on biomass production. However, at 
Arbollé, no significant difference (p > 0.05) was observed. Figure 3(a) provides 
an overview of the biomass quantity produced by Crotalaria mucronata (257.7 g), 
which is higher than that produced by Crotalaria retusa (218.59 g) at Noumousso. 
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At the Arbollé site, the difference in biomass production was not significant (236.3 
g for Crotalaria mucronata and 224.12 g for Crotalaria retusa). 

Regarding Ecotypes, highly significant differences (p ≤ 0.001) were observed 
between them. Figure 3(b) indicates that at the Noumousso site, the Arbollé and 
Gonsé1 Ecotypes (Crotalaria mucronata) exhibited the highest biomass production. 
At the Arbollé site, high production resulted from the Crotalaria retusa Ecotypes. 

From Figure 3(c), statistical analysis revealed a highly significant difference (p 
= 0.001) between the organo-mineral amendment treatments at the Noumousso site 
and a significant difference (p = 0.019) at the Arbollé site. This figure shows that 
across both sites, the highest quantity of biomass produced was observed in the 
OM treatment, followed by the treatment combining organic matter with Burkina 
Phosphate (OM + BP). The lowest biomass was noted in the control treatment (T0). 

3.6. Effects of the “Ecotype-Organo-Mineral Amendment”  
Interaction on Soil Physico-Chemical Properties and Biomass 
Production 

The effects of the ecotype-organo-mineral amendment interaction on soil phys-
ico-chemical properties and plant biomass were evaluated using Principal Com-
ponent Analysis (PCA) at the Arbollé and Noumousso sites (Table 8, Figure 4(a) 
and Figure 4(b)). 
 

Table 8. Interaction effects on plant biomass (sites of Noumousso and Arbollé). 

Ecotypes 
Noumousso Arbollé 

BP OM OM + BP T0 BP OM OM + BP T0 

Arbollé 320.9 396.4 351.7 188.8 142.2 197 147 138 

Gonsé1 275.1 272.2 346.8 188 275.1 361.5 347.4 174.6 

Gonsé2 171.2 297.2 193.8 167.1 205.1 261.2 234.1 189.6 

Nasso 205.3 248.7 263.7 157.7 253.1 223.4 219.1 207.4 

Pr. <0.001 <0.001 

T0: absolute control; OM: organic matter; BP: Burkina Phosphate; Pr.: probability. 
 

Regarding the Arbollé site, PCA related to Papilionaceae Ecotypes, organo-
mineral amendment, soil physico-chemical properties, and biomass indicated that 
the first two axes of the analysis expressed 58.84% of the variability (Figure 4(a)). 
This analysis highlighted four essential groupings. Group 1, composed of the com-
bination of organic matter with Gonsé1 and Gonsé2, was positively correlated 
with biomass and available phosphorus (P_Bray). Group 2, consisting of the com-
bination of organic matter and Burkina phosphate with Gonsé2 was positively 
correlated with total phosphorus (Pt). Group 3, formed by organic matter and the 
Nasso Ecotype, as well as Burkina phosphate and the Nasso Ecotype, was posi-
tively correlated with total potassium (Kt), saturation rate (SR = TS), and nitrogen 
(Nt). Lastly, Group 4, composed of organic matter and its combination with 
Burkina phosphate and the Arbollé Ecotype, also the combination of organic 
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matter with Burkina phosphate and the Nasso ecotype, was positively correlated 
with pH and sum of exchangeable bases (SEB). However, without organo-mineral 
amendment, all Ecotypes are negatively correlated with all the physico-chemical 
properties characterized in this study as well as the estimated biomass. 

 

 
(a) 

 
(b) 

Figure 4. (a) Principal Component Analysis among Ecotypes, Organo-mineral amendment, soil physico-chemical properties, and 
biomass (site of Arbollé) showing the link among the four components; (b) Principal Component Analysis among Ecotypes, Or-
gano-mineral amendment, soil physico-chemical properties, and biomass (site of Noumousso) showing the link among the four 
components. 
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The principal component analysis concerning the Noumousso site and the link 
among Papilionaceous Ecotypes, organo-mineral amendment, soil physicochem-
ical parameters, and biomass is presented in Figure 4(b). The first two axes of the 
analysis expressed 61.36% of the variability with four distinct groups. Group 1, 
composed of organic matter and the Gonsé1 Ecotype, and the combination of or-
ganic matter with Burkina phosphate and Gonsé1 Ecotypes, was positively corre-
lated with biomass, saturation rate, carbon, and available phosphorus. Group 2, 
including Burkina phosphate and the Arbollé Ecotype, was positively correlated 
with the C/N ratio. Group 3, composed of organic matter and the Arbollé Ecotype, 
the combination of organic matter with Burkina phosphate and the Arbollé Eco-
type, the combination of organic matter with Burkina phosphate and Gonsé2 Eco-
types, and Burkina phosphate + Gonsé1 Ecotypes, was positively correlated with 
Kt, Nt, and Pt. Group 4, composed of Burkina phosphate and the Nasso Ecotype, 
organic matter and the Nasso Ecotype, was positively correlated with pH. It was 
also observed that at the Noumousso site, without the addition of organo-mineral 
amendment, all Ecotypes were negatively correlated with all the physico-chemical 
properties characterized in this study as well as the estimated biomass. These re-
sults underscore the importance of organo-mineral amendment in improving soil 
properties and the growth of C. mucronata and C. retusa plants. 

4. Discussion 

This study showed that soils of the experimental plots exhibited an initial state 
characterized by an acidic pH and a sandy-clay texture. Consequently, low levels 
of chemical properties such as Carbon (C), Nitrogen (Nt), Phosphorus (Pt), and 
exchangeable bases were found. In addition, the low observed cation exchange 
capacity (CEC) is characteristic of soils experiencing a loss of chemical properties, 
indicating the low fertility level of these soils under study. These findings are con-
sistent with those of Hassimiou-Halidou et al. [24] in a study conducted in Niger 
where they demonstrated that acidity, sandy texture, and low levels of carbon, ni-
trogen, and phosphorus reflect the degraded soils. Therefore, these soils under study 
were deficient in nutrients. However, the experiments revealed that the applica-
tion of Ecotypes, organo-mineral amendments, and their interaction significantly 
increased soils chemical properties, indicating an improvement in soil fertility. 
The use of Ecotypes helped reduce soil acidity, thereby promoting cation exchanges 
and leading to gains in soil nutrients such as C, N, and P. These results demon-
strated the effective root symbiosis activity of these legume Ecotypes with mycor-
rhizal fungi. This process revealed soils fertility level. Similar observations have 
been made in studies on soil fertility restoration through the use of woody legumes 
(Acacia senegal) and herbaceous legumes (Crotalaria retusa and Crotalaria mu-
cronata) respectively by Hassimiou-Halidou et al. [24] and Ouédraogo et al. [2]. 

Regarding the contribution of organo-mineral amendment to the soils with 
ecotypes, variations in some chemical properties were noted across all sites. At 
Noumousso, a decrease in Ca2+ ions and sum of exchangeable bases (SEB) resulted 
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in a reduction in soil acidity. But at Arbollé, an increase in Ca2+ content and SBE 
led to an increase in soil acidity. This phenomenon indicates that in the presence 
of neutral or alkaline soils, phosphate ions are converted into Calcium phosphate. 
In this context, Randriamanantsoa [25] reported that the solubility of phosphate 
increases with pH, while the solubility of Calcium phosphate decreases with pH. 
Furthermore, this phenomenon could be explained by the proportions of clay and 
sand at the two sites. Indeed, the soils at the Noumousso site, characterized by a 
very low proportion of clay and a high proportion of sand, allowed for the fixation 
of Calcium ions. On the other hand, at Arbollé, the high proportion of clay favored 
the fixation of exchangeable bases (especially Ca2+), which contributed to the de-
crease in soil acidity. 

Considering the combined effect of Ecotypes and organo-mineral amendment, 
it appears that there was increase in initial soil chemical properties. The interac-
tion led to a reduction in soil acidity and a very significant increase in nitrogen, 
carbon, and available phosphorus contents. This facilitated the decrease in soil 
acidity, resulting in improved cation exchange capacity (CEC) and potentially en-
hancing soil biological activity. These findings agree with those of Hassimiou-
Halidou et al. [24] and Ouedraogo et al. [2] on soil restoration technics using leg-
umes. Furthermore, this interaction between Ecotypes and organo-mineral 
amendment resulted in the availability of phosphorus, potassium and magnesium 
in the soil. It could also lead to a decrease in the solubilization of some minerals 
that may cause toxicities such as aluminum, copper, and manganese. The legume 
Ecotypes investigated contributed remarkably to improving the physico-chemical 
properties of the soils on both sites. These results confirm that the use of legume 
Ecotypes is of great ecological importance [26] and contributes to the restoration 
of degraded soils [27]. According to Akedrin et al. [28], the use of legumes appears 
to be essential for rebuilding the humus horizon, thereby able of restoring soil 
fertility and influencing the growth of non-nitrogen-fixing crops. This observa-
tion was made in Burkina Faso through the study of Ouedraogo et al. [2], as well 
as in other countries such as Niger [24] and Ivory Coast [28]. 

Furthermore, the ecotypes induced an increase in carbon content through their 
high biomass production. This becomes possible after the completion of the 
plants’ vegetative cycle. The biomass produced returns to the soil in the form of 
organic matter after complete decomposition, contributing in improving soils 
physico-chemical properties. These data confirm those of Hassimiou-Halidou et 
al. [24], Tanoh et al. [29], and Ouédraogo et al. [2], who observed that legumes 
are sources of potentially mineralizable organic matter, hence a source of nutri-
ents such as nitrogen and phosphorus. 

The amendment using organic matter and Burkina Phosphate has led to a sig-
nificant improvement in soils physico-chemical properties across both sites. This 
application resulted in a gain of soil nutrients in these sites. Several studies have 
demonstrated the necessity of using composts enriched with Burkina Phosphate 
to enhance the soil’s nutrient balance, feed the soil microbial populations, and 
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protect plants against pathogens [30]-[32]. In this study, the application of or-
gano-mineral amendment contributed to improving biomass production across 
all ecotypes. At the Noumousso site, the increase in biomass due to BP, OM, and 
OM + BP compared to the absolute control T0 was respectively 38.6%, 64.8%, and 
73.1%. At the Arbollé site, these percentages were 23.4%, 33.5%, and 47% respec-
tively. The high amount of biomass produced resulted from the treatment involving 
organic matter combined with Burkina Phosphate, while the lowest production 
resulted from the treatment involving only Burkina Phosphate. This difference 
could be attributed to the fact that Burkina Phosphate provides only one fertilizing 
element (Phosphorus), which is not directly available to plants. This result aligns 
with that of Sagnon et al. [33], who reported in a study on sorghum that the lowest 
grain yield is induced by the application of Burkina Phosphate compared to the use 
of NPK and compost enriched with Burkina Phosphate. However, they observed 
that the combination of compost enriched with Burkina Phosphate leads to good 
yields. The increase in yield using the combination of OM + BP is almost equal to 
the yield induced by the application of NPK. This is due to the abundance of mi-
croorganisms in the soil amended with compost associated with Burkina Phosphate. 

This study also highlighted the influence of the rainfall patterns in the agro-
climatic zones on the amount of biomass produced. At Noumousso, the amount 
of biomass produced was 1.5 times greater than that produced at Arbollé. The low 
amount of biomass produced at Arbollé is also thought to be due to the sudden 
cessation of rainfall, which led to early desiccation and loss of plant biomass at 
this site. 

5. Conclusion 

This study assessed the contribution of two legume species (Crotalaria mucronata 
and C. retusa) represented by the four studied Ecotypes on soil fertility improve-
ment. The organo-mineral amendment provided an understanding of its effect 
and that of its interaction (ecotypes-organo-mineral amendment) on soil physico-
chemical properties. Among all the tested treatments, the most significant gains 
were observed with the “ecotypes-organo-mineral amendment” combination. 
This interaction has been highly beneficial in enhancing soil nutrients across both 
sites. This observation supports the hypothesis that combining legumes with or-
gano-mineral amendments effectively improves soil fertility. This combination 
helped reduce soil acidity, increase nitrogen, carbon, and available phosphorus 
contents. Therefore, using these legume species in combination with compost en-
riched with Burkina Phosphate could potentially improve the soil’s resilience to 
environmental stresses and promote sustainable agricultural practices by reducing 
the need for synthetic fertilizers. It could also be an alternative for enhancing the 
fertility of degraded soils.  

Acknowledgements 

The authors are grateful to all the brave producers from the villages of Arbollé and 

https://doi.org/10.4236/ojss.2025.151002


P. J. A. Coulibaly et al. 
 

 

DOI: 10.4236/ojss.2025.151002 40 Open Journal of Soil Science 
 

Noumousso, as well as the members of the Wa Faaba Association from Arbollé 
and the Yanta Union from Bobo-Dioulasso for their support in this study. Thank 
you all! 

Declaration of Funding 

This study was funded by the “Fonds National de la Recherche et de l'Innovation 
pour le Développement” (FONRID). The authors are grateful to the manager and 
his team for their trust. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Sultan, B., Roudier, P. and Traoré, S. (2017) Chapitre 10. Les impacts du changement 

climatique sur les rendements agricoles en Afrique de l’Ouest. In: Les sociétés rurales 
face aux changements climatiques et environnementaux en Afrique de l’Ouest, IRD 
Éditions, 209-225. 

[2] Ouédraogo, L., Sandwidi, A., Coulibaly, P.J.d., Bassolé-Doignet, M.S., Fofana, B., Bla-
gna, F., et al. (2024) Effect of Legume Ecotypes in Some Physicochemical Properties 
of Soil. Universal Journal of Agricultural Research, 12, 310-320.  
https://doi.org/10.13189/ujar.2024.120210 

[3] FAO (2018) Créer un mouvement pour la restauration du paysage forestier en Af-
rique: Un appel à guérir la planète Terre. Nature & Faune, 32, 140 p. 

[4] Schulz, E. and Pomel, S. (2019) La bordure sud du Sahara: Du désert à la savane. 
Presses Universitaires de Bordeaux Editions, 143-171. 

[5] Ali, L., Van Den Bossche, P. and Thys, E. (2003) Enjeux et contraintes de l’élevage 
urbain et périurbain des petits ruminants à Maradi au Niger: Quel avenir? Revue 
d’élevage et de médecine vétérinaire des pays tropicaux, 56, 73-82.  
https://doi.org/10.19182/remvt.9879 

[6] Atidegla, S.C., Koumassi, H.D. and Hounmenou, C. (2020) Risques climatiques et 
production agricole au Bénin: Effets, perceptions et stratégies d’adaptation. Collo-
que de l’Association Internationale de Climatologie, 79-84. 

[7] Ouattara, B., Ouattara, K., Lompo, F., Yao-Kouame, A. and Sedogo, M.P. (2011) De 
la culture itinérante à la culture permanente: Impact sur le statut organique et l’agré-
gation d’un sol ferrique à l’Ouest du Burkina Faso. Agronomie Africaine, 23, 1-9.  
https://www.ajol.info/index.php/aga/article/view/73133/68940 

[8] Cambrezy, L. and Sangli, G. (2018) Croissance démographique, dynamiques de 
peuplement et évolution des systèmes agraires: Le cas de la commune de Koumbia 
(Burkina Faso). Espace Populations Sociétés, 3, Article No. 794.  
https://doi.org/10.4000/eps.7943 

[9] Baudelle, G. (2022) Chapitre 4. Évolution démographique et peuplement. In: Bau-
delle, G., Ed., Géographie du Peuplement, Armand Colin, 169-238. 

[10] IFPRI (2016) Agricultural Productivity in Africa. Trends, Patterns, and Determi-
nants. IFPRI, 388 p. 

[11] Sawadogo, H., Bock, L., Lacroix, D. and Zombré, N.P. (2008) Restauration des po-
tentialités de sols dégradés à l’aide du zaï et du compost dans le Yatenga (Burkina 

https://doi.org/10.4236/ojss.2025.151002
https://doi.org/10.13189/ujar.2024.120210
https://doi.org/10.19182/remvt.9879
https://www.ajol.info/index.php/aga/article/view/73133/68940
https://doi.org/10.4000/eps.7943


P. J. A. Coulibaly et al. 
 

 

DOI: 10.4236/ojss.2025.151002 41 Open Journal of Soil Science 
 

Faso). Biotechnologie, Agronomie, Société et Environnement, 12, 279-290. 

[12] Commission Européenne au Burkina Faso FERSOL, Comité permanent Inter-États 
de Lutte contre la Sécheresse dans le Sahel (CILSS) Pra Sa Lcd Pop Dev Contrat de 
subvention FOOD/2007/144-101 (2009) Récupération des sols fortement dégradés à 
des fins sylvopastorales, Une évaluation quantitative des aménagements mécaniques 
à partir de la charrue Delfino réalisés par l’ONG REACH au Burkina Faso. 3 p. 

[13] Roose, É., Zougmore, R., Stroosnijder, L., Dugué, P. and Bouzou-Moussa, I. (2017) 
Chapitre 37. Techniques traditionnelles de restauration de la productivité des sols 
dégradés en régions semi-arides d’Afrique occidentale. In: Restauration de la produc-
tivité des sols tropicaux et méditerranéens, IRD Éditions, 491-517.  
https://doi.org/10.4000/books.irdeditions.24435 

[14] Sharma, P., Singh, A., Kahlon, C.S., Brar, A.S., Grover, K.K., Dia, M., et al. (2018) The 
Role of Cover Crops Towards Sustainable Soil Health and Agriculture—A Review 
Paper. American Journal of Plant Sciences, 9, 1935-1951.  
https://doi.org/10.4236/ajps.2018.99140 

[15] Adetunji, A.T., Ncube, B., Mulidzi, R. and Lewu, F.B. (2020) Management Impact 
and Benefit of Cover Crops on Soil Quality: A Review. Soil and Tillage Research, 204, 
Article ID: 104717. https://doi.org/10.1016/j.still.2020.104717 

[16] Sawadogo, J., Coulibaly, P.J.A., Traoré, B., Ouédraogo, J.P., Diarra, A. and Legma, 
J.B. (2022) Caractérisations physico-chimiques d’un sol hydromorphe amendé par 
un biofertilisant dans un système de culture à base de cucurbitacées au Burkina Faso. 
International Journal of Biological and Chemical Sciences, 16, 2457-2469.  
https://dx.doi.org/10.4314/ijbcs.v16i5.50 

[17] Abdoussalam, S., Dougbedji, F., Bado, V.B., Ousmane, H. and Savadogo, P. (2017) 
Récupération biologique des terres dégradées (BDL): Projet d’appui à la sécurité ali-
mentaire des ménages (PASAM-TAI)/manuel à l’usage des formateurs et des 
producteurs. 

[18] Fofana, B., Sacande, M., Blagna, F., Dibloni, T.O., Compaore, E., Sanon, K.B., et al. 
(2020) Boosting Land Restoration Success in the Great Green Wall through the Use 
of Symbiotic Microorganisms for Propagated Tree Seedlings. International Journal 
of Biological and Chemical Sciences, 14, 110-125.  
https://doi.org/10.4314/ijbcs.v14i1.10 

[19] Walkley, A. and Black, I.A. (1934) An Examination of the Degtjareff Method for De-
termining Soil Organic Matter, and a Proposed Modification of the Chromic Acid 
Titration Method. Soil Science, 37, 29-38.  
https://doi.org/10.1097/00010694-193401000-00003 

[20] Hillebrand, W.F., Lundell, G.E., Bright, H.A. and Hoffman, J.I. (1953) Applied in-
Organic Analysis. 2nd Edition, John Wiled and Sons, 1034 p. 

[21] Bureau National des Sols (BUNASOLS) (1987) Méthodes d’analyse physique et 
chimique des sols, des eaux et des plantes. Document technique BUNASOLS, 3, 159 
p. 

[22] Bray, R.H. and Kurtz, L.T. (1945) Determination of Total, Organic, and Available 
Forms of Phosphorus in Soils. Soil Science, 59, 39-46.  
https://doi.org/10.1097/00010694-194501000-00006 

[23] AFNOR (1981) Détermination du pH. In AFNOR ISO 103 90, Qualité des sols, 339-
348. 

[24] Halidou, D.H., Abdou, M.M. and Mayaki, Z.A. (2020) Caractérisation du sol du site 
dégradé de Sakey koira Tegui au Niger pour un meilleur reboisement avec Acacia 
senegal. International Journal of Biological and Chemical Sciences, 14, 1470-1478.  

https://doi.org/10.4236/ojss.2025.151002
https://doi.org/10.4000/books.irdeditions.24435
https://doi.org/10.4236/ajps.2018.99140
https://doi.org/10.1016/j.still.2020.104717
https://dx.doi.org/10.4314/ijbcs.v16i5.50
https://doi.org/10.4314/ijbcs.v14i1.10
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1097/00010694-194501000-00006


P. J. A. Coulibaly et al. 
 

 

DOI: 10.4236/ojss.2025.151002 42 Open Journal of Soil Science 
 

https://doi.org/10.4314/ijbcs.v14i4.24 

[25] Randriamanantsoa, L. (2013) Effet d’apports de résidus de légumineuse et de fumier 
sur la phyto-disponibilité du phosphore du sol dans un ferralsol du moyen ouest de 
Madagascar. Mémoire de thèse de l’École Supérieure des Sciences Agronomiques 
d’Antananarivo, 122 p. + Annexes. 

[26] Affati, D. and Kerdouci, K. (2020) Etude des différents types d’interactions micro-
biennes avec les plantes légumineuses. Mémoire de Master, Université 8 Mai 1945, 
126 p. 

[27] Bahaz, I. and Bouzid, F.Z. (2022) Diversité phénotypique de quelques isolats rhizo-
biens associés à la culture d’arachide (Arachis hypogaea L.) dans la région de 
Ghardaïa. Mémoire de Master, Université de Ghardaia, 91 p. 

[28] Tetchi Nicaise, A., Odi Faustin, A., Kiyinlma, C., Siendou, C. and Sévérin, A. (2020) 
Monographie des légumineuses subligneuses utilisées pour la biofertilisation des sols 
dans les jachères améliorées dans la localité de Daloa (Côte d’Ivoire). Journal of An-
imal & Plant Sciences, 45, 7771-7782. https://doi.org/10.35759/janmplsci.v45-1.2 

[29] Tanoh, G.A., Ettien, J.B.D. and Bouadou, F.B.O. (2022) Effets de la biomasse de deux 
légumineuses sur la fertilité des sols et le rendement de l’igname dans le Sud-ouest de 
la Côte d’Ivoire. International Journal of Engineering Science Invention, 11, 13-23. 

[30] Ouédraogo, E. (2001) Use of Compost to Improve Soil Properties and Crop Produc-
tivity under Low Input Agricultural System in West Africa. Agriculture, Ecosystems 
& Environment, 84, 259-266. https://doi.org/10.1016/s0167-8809(00)00246-2 

[31] Shang, L., Wan, L., Zhou, X., Li, S. and Li, X. (2020) Effects of Organic Fertilizer on 
Soil Nutrient Status, Enzyme Activity, and Bacterial Community Diversity in Leymus 
chinensis Steppe in Inner Mongolia, China. PLOS ONE, 15, e0240559.  
https://doi.org/10.1371/journal.pone.0240559 

[32] De Corato, U. (2020) Disease-Suppressive Compost Enhances Natural Soil Suppres-
siveness against Soil-Borne Plant Pathogens: A Critical Review. Rhizosphere, 13, Ar-
ticle ID: 100192. https://doi.org/10.1016/j.rhisph.2020.100192 

[33] Sagnon, A., Iwasaki, S., Tibiri, E.B., Zongo, N.A., Compaore, E., Bonkoungou, I.J.O., 
et al. (2022) Amendment with Burkina Faso Phosphate Rock-Enriched Composts Al-
ters Soil Chemical Properties and Microbial Structure and Enhances Sorghum Agro-
nomic Performance. Scientific Reports, 12, Article No. 13945.  
https://doi.org/10.1038/s41598-022-18318-1 

https://doi.org/10.4236/ojss.2025.151002
https://doi.org/10.4314/ijbcs.v14i4.24
https://doi.org/10.35759/janmplsci.v45-1.2
https://doi.org/10.1016/s0167-8809(00)00246-2
https://doi.org/10.1371/journal.pone.0240559
https://doi.org/10.1016/j.rhisph.2020.100192
https://doi.org/10.1038/s41598-022-18318-1

	Soil Fertility Improvement by Using Crotalaria Species Combined to Organic Amendment
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Material
	2.2. Methods

	3. Results
	3.1. Initial Physico-Chemical Soil Properties
	3.2. Effects of Treatments on Soil Physico-Chemical Properties
	3.3. Effects of Ecotypes on Soil Fertility
	3.4. Effect of Organic Amendment on Soil Fertility
	3.5. Effect of Species, Ecotypes, and Organo-Mineral Amendment on Biomass
	3.6. Effects of the “Ecotype-Organo-Mineral Amendment” Interaction on Soil Physico-Chemical Properties and Biomass Production

	4. Discussion
	5. Conclusion
	Acknowledgements
	Declaration of Funding
	Conflicts of Interest
	References

