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ABSTRACT 
 
Aims: There is an acute decrease in soil productivity in the soudano-sahelian areas of West Africa. 
This has called for research to develop mitigation measures in order to restore soil fertility. The aim 
of this study was to determine the effects of the manure of shea tree caterpillars on the chemical 
parameters of the soil. 
Methodology: To achieve that aim, 2 experiments were conducted, an in-pot trial with 8 treatments 
(T0 to T7) and a field trial with 3 treatments (T1 to T3) were set up.  
Results: The treatments T5 (5T ha-1 of caterpillar manure + 150 kg ha-1 of NPK) and T4 (5 T ha-1 of 
caterpillar manure) showed significant and positive effects (P = 0.05) on pH, C and N. The 
treatment T1 of the in-pot trial (1.5 T ha

-1
 of caterpillar manure) (pH=5.78), had a significant effect 

only on the pH, compared with the absolute control T0 (no fertilizer, pH = 5.64) and the treatment 
T7 (farmers’ practice, 150 kg ha

-1
 of NPK and 50 kg ha

-1
 of urea, pH=5.35). The caterpillars manure 

did not show any significant short-term effect on the total phosphorus and the total potassium 
neither in-pot nor in the field trial.  
Conclusion: For a best valorization of the caterpillar manure produced in situ in the shea tree 
fields, there must be an appropriate combination with mineral fertilizers and application near seed-
holes. 
 

 
Keywords: In-pot trial; field trial; caterpillar manure; soil fertility. 

 

1. INTRODUCTION 
 

Cropping systems in Burkina Faso are 
characterized by an intensive use of the soil, 
open grazing pastures and the burning of crop 
residues. With the high increase of the 
population and the speed of extension of the 
cotton production, there is an increase of 
cultivated areas along with an over-exploitation 
of soils. 
 

The consequence of these practices is the fast 
deterioration of the soils fertility [1,2].  
 

To restore the capacity of production of the soils, 
this research suggested various technologies 
which consist among other things in using 
manure, compost and litter [3,4,5,6]. 
 

As animal manure is concerned, some works 
showed that they are a great significant supply of 
organic matter [7,8,9,5]. The works talking about 
the analytic characterization of the animal 
manure showed some variations which were 
often observed among the same species                  
and following the physiological growth as                  
the contents in major elements (N, P and K) and 
the trace elements (Fe, Mg, Cu, Zn, B, Mo)               
are concerned [10,11,12,7,13]. Then, the 
composition of the animal manure varies 
according to the species of the animal, the food 
intake and the fodder (water content, structural 
sugars content) [8]. 
 

In Burkina Faso, the shea tree caterpillars, very 
rich in proteins, have an important place in the 

rural families’ life in the part West and in the 
economy of the country. During the larval cycle, 
the caterpillars live exclusively on the leaves 
biomass of the shea tree and excrete an 
important quantity of manure in the soil. The 
chemical characterization of caterpillar manure 
(CM), coming from the digestion of the leaves of 
the shea tree, showed that it contains 
respectively 477.7 and 10.8 g kg

-1
 of carbon and 

nitrogen with a C:N ratio of 44 [14]. This 
knowledge about the chemical composition of  
the CM inspired this work which has the aim to 
study the effects of the CM on the soil fertility and 
on the crops yield. With that aim in mind, some 
tests were done as well in station as in real 
conditions of culture. This article gives the 
evolution in the short term of the chemical 
parameters under different treatments combining 
or not CM at different dose to chemical  
fertilizers.   
 
2. MATERIALS AND METHODS  
 

2.1 Study Area 
 
The study was done in the village of 
Banankélédaga (10°11’N, 4°06W) and in Bobo-
Dioulasso (11°11’N, 4°17’W), province of Houet, 
Burkina Faso. Banankélédaga is located 15 km 
away from Bobo-Dioulasso. These sites have a 
soudanian climate with an average rainfall 
between 1000 and 1200 mm per year [15]. This 
climate is characterized by two distinct  seasons: 
a rainy season from May to September, during 
which blows the monsoon and a dry season from 
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October to April, during which blows the 
harmattan. 
 
The soils are ferruginous tropical type with sandy 
limon texture or clayey sandy type [16]. There 
are also other soil types such as tropical 
ferruginous soils, oxidized gley and swamplands. 
 

2.2 Caterpillar Manure and Mineral 
Fertilizers 

 
The collection of CM was carried out in Bobo-
Dioulasso. The CM were collected using plastic 
cling films spread over the soil beneath the 
crown of the shea tree hosting caterpillars. As 
mineral fertilizers, we used commercial complex 
NPK (15-15-15) and urea (46% N). 
 

2.3 Experimental Design 
 
Two experimental systems were set up: an in-pot 
trial in the research station in Bobo-Dioulasso 
and a field trial in Banankélédaga. 
 
The in-pot trial was designed in Fisher 
randomized blocks [17], with eight (8) treatments 
in three (03) replicates.  
 
Perforated plastic pots of 9 liters of capacity were 
used, to prevent water log in case of a strong 
rainfall. Ten (10) kg of soil was put in each pot to 
grow maize plants, as per El Gharous et al. [18] 
The CM and the mineral fertilizer treatments 
were applied as it follows: 
 

T0 : Control (without CM, NPK and urea),  
T1  : Caterpillar manure (1.5 T ha

-1
), 

T2 : Caterpillar manure (1.5 T ha-1) + NPK 
(150 kg ha

-1
), 

T3  :  Caterpillar manure (1.5 T ha
-1

) + NPK 
(150 kg ha-1) + Urea (50 kg ha-1), 

T4  :  Caterpillar manure (5 T ha
-1

), 
T5  : Caterpillar manure (5 T ha-1) + NPK (150 

kg ha
-1

), 
T6 : Caterpillar manure (5 T ha-1) + NPK (150 

kg ha-1) + Urea (50 kg ha-1), 
T7  :  NPK (150 kg ha

-1
) + Urea (50 kg ha

-1
). 

 
Regarding the field trial, the experiment was also 
designed in Fisher randomized blocks [18] 
including three (3) treatments in three (3) 
replicates. Treatments were applied to 
elementary plots of 5 m x 4 m (20 m²) in the field 
of a maize producer in Banankélédaga. The 
treatments were as it follows:  
 

T1: NPK (150 g ha
-1

),  

T2: NPK (150 kg ha
-1

) + Caterpillar manure (5 
T ha-1),  

T3: NPK (150 kg ha
-1

) + Urea (50 kg ha
-1

) 
(Farmer approach). 

 
The fertilizer doses for these treatments were 
based on the works of Coulibaly et al. [19] for 
caterpillar manure and Gomgnimbou [20] for 
NPK and Urea. 
 

2.4 Experimentation Conducting and Soil 
Sampling 

 
With regard to the in-pot trial, the CM was 
weighted prior to application in the pots 
containing ten (10) kg of soil. The maize variety 
SR21 was sown in the pots on August 14th, 
2015. About 3-4 seeds were sown per pot, and 
15 days after sowing (DAS), seedlings were 
thinned out to 2 per pot before supplying the 
NPK complex for treatments T2, T3, T5, T6 and 
T7. 
 
The urea was supplied to the maize at 40 DAS in 
the treatments T3, T6 and T7. Two turnings over 
of the soil in the pots were done in order to 
lighten the soil. Pots were watered during 
October to early November due to scarce rainfall. 
The soil was sampled 113 DAS after mixing the 
whole soil content of each pot. 
 
Concerning field trial, the same maize                    
variety SR21 was sown on the 8

th
 of July              

2015. NPK and urea were supplied respectively 
on the 15

th
 and 40

th
 DAS. The CM was               

supplied at the appropriate proportion of 5 t              
ha-1, be it 80 g per seed-hole at the 40th                   
DAS. The soil sampling was performed after               
the harvest on November 5th, 2015. These               
soil samples were taken from the soil 0-20 cm 
depth. 
 
2.5 Analysis of Soil Chemical Parameters 

and Data 
 
All the soil samples were analyzed in the GRN-
SP laboratory (Management of the Natural 
Resources and the Production System) of INERA 
(Environment and Agricultural Researches 
Institute) in Farako-Ba (Bobo-Dioulasso). The 
parameters analyzed were pH_Water, pH_KCI, 
total carbon, total nitrogen, total phosphorus, 
total potassium, assimilable phosphorus and 
available potassium.  
 
Before the dosage of the chemical parameters, 
the soil samples were dried in the shade, 
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weighted, crushed and sifted two times: a sifting 
at 2 mm and another one at 0.5 mm.  
 
The pH_Water and the pH_KCI of the soils were 
measured according to the ratio soil/solution of 
1:2.5 through a suspension process of the 
sample respectively in a distilled water and in a 
KCI solution in agreement with the French 
Agency for Standardization [21]. The carbon was 
determined through the method of Walkley and 
Black [22]. The total nitrogen was determined 
through mineralization according to Kjeldahl 
method. The mineralization to determine the total 
phosphorus is the same as the one of the total 
nitrogen. The dosage was done by an automatic 
colorimeter in SKALAR. The assimilable 
phosphorus was extracted following Bray I 
method [23] by a solution of ammonium fluoride 
(NH4F) 0.03 M and of chloric acid 0.025 M, in a 
ratio of extraction soil/solution of 1/7. To dose the 
potassium in a flame spectrophotometer, soil 
samples were mineralized as described 
previously, using a hot concentrated solution of 
sulfuric acid in the presence of a catalyst. 
 
The data generated were analyzed with the 
software XLSTAT 2015.4.01.21575 and the test 
of Newman-Keuls was used for the comparison 
of the averages of the measured variables on the 
threshold of 5%.  
 

3. RESULTS  
 
3.1 Effect of the Caterpillar Manure on the 

Soil pH 
 
The results showed that the soils of the different 
treatments of the in-pot are acidic with a 
pH_Water varying between 5.29 (T2) and 5.98 
(T4) (Fig. 1). The highest pH (in water and in 
KCl) (P = 0.05) was found for the treatment T4. 
The difference between the treatments T4 and 
T2 was significant for the pH_Water as well as 
for the pH_KCI.  
 

The Fig. 2. shows that, in the rural area, the 
supply of CM had no significant effect (P = 0.05) 
on the pH_Water of the soil. Conversely, the 
pH_KCI of the treatment T2 (5T ha-1) CM and 
150 kg ha

-1
 of NPK) was significantly higher (P = 

0.05) than those of the other treatments.  
 
3.2 Effect of Caterpillar Manure on C, N 

and C:N Ratio of the Soil 
 

The Table 1 shows that for in-pot trial, the 
contents in C of the soils were between 0.46% 

(T7) and 0.80% (T5). About the N, the contents 
varied between 0.03% and 0.04% for N. As for 
the C:N ratio, it was between 16.03 (T6) and 
19.12 (T4). We noted that the treatments T4 (5T 
ha-1 of caterpillar’s manure) and T5 (5 T ha-1 + 
150 kg ha

-1
 of NPK) lead to contents in C and in 

N significantly higher (P = 0.05) by comparison 
with the other treatments.  
 

Table 1. Effect of caterpillar manure on C, N 
and C:N ratio of the soil in the in-pot trial 

 

Treatments C (%) N (%) C:N 
T0 0.48

b
 0.03

b
 16.54 

T1 0.52b 0.03b 17.38 
T2 0.53

b
 0.03

b
 17.50 

T3 0.59
b
 0.04

a
 15.58 

T4 0.78a 0.04a 19.12 
T5 0.80

a
 0.04

a
 18.11 

T6 0.50b 0.03b 16.03 
T7 0.46

b
 0.03

b
 16.48 

Probability 0.0001 0.0001 0.053 
Significant S S NS 
S : Significant ; NS : Not significant; Values in each 

column with the same letter are not statistically 
different according to Fisher’s test at 5% level. 

T0 : control ; T1 : caterpillar manure (1,5 T ha
-1

) ; 
T2 caterpillar manure (1,5 T ha

-1
) + NPK (150 kg ha

-1
) ; 

T3 : caterpillar manure (1,5 T ha
-1

) + NPK (150 kg ha
-1

) 
+ urea (50 kg ha

-1
) ; T4 : caterpillar manure (5 T ha

-1
) ; 

T5 : caterpillar manure (5 T ha
-1

) + NPK (150 kg ha
-1

); 
T6 : caterpillar manure (5 T ha

-1
) + NPK (150 kg ha

-1
) + 

urea (50 kg ha
-1

) ; T7 : NPK (150 kg ha
-1

) + urea (50 
kg ha

-1
); 

 
About the field trial, it was the treatment T3 (150 
and 50 kg of respectively NPK and of urea) 
which had the low contents in the C (0.44%) and 
in the N (0.03%) if compared to the other 
treatments  (Table 2). The analysis of the 
variance shows that this treatment was 
significantly different (P = 0.05) for its arameters 
comparatively to the other treatments. 
 

Table 2. Effect of caterpillar manure on C, N 
and C:N ratio of the soil in the field trial 

 

Treatments C (%) N (%) C:N 
T1 0.57

a
 0.04

a
 15.81 

T2 0.57
a
 0.04

a
 16.01 

T3 0.44b 0.03b 16.45 
Probability 0.016 0.036 0.558 
Significant S S NS 

S : Significant ; NS : Not significant; Values in each 
column with the same letter are not statistically 
different according to Fisher’s test at 5% level. 
T1: NPK (150 kg ha

-1
); T2: NPK (150 kg ha

-1
) + 

caterpillar manure (5 T ha
-1

); T3: NPK (150 kg ha
-1

) + 
urea (50 kg ha

-1
) (Farmers approach). 
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The difference between the treatments about the 
C:N ratio was not significant on the threshold             
of 5% as well for the in-pot trial as in the field 
trial. 
 

3.3 Effect of Caterpillar Manure on 
Phosphorus (P) and Potassium (K) 

 

The results show that the difference was not 
significant on the threshold of 5% between the 
treatments for the total P and for the total K in the 
in-pot trial (Table 3) as well as in the field trial 
(Table 4). Field trial showed also non-significant 
differences for the available P and the available 
K. However, about in-pot trial, the treatment T3 
had the highest available P content (39.75 mg 
kg

-1
 of soil) in comparison to the other 

treatments. About the K available, treatment T4 
(77.71 mg kg

-1
 of soil) was the highest content 

comparatively to the other treatments. About 
these two latter parameters, the analysis of the 
variance showed a significant difference (P = 
0.05) between the various treatments. 
 

4. DISCUSSION 
 

The results of the trials in-put as well as in the 
field showed that the supply of CM or its 
combination mineral fertilizers, led to a significant 
short term increase (P = 0.05) of the pH and 
carbon and nitrogen contents of the soil 
comparatively to the control and the farmers’ 

approach (150 kg ha
-1

 of the NPK and 50 kg ha
-1

 
of the urea). Our results are in accordance with 
those obtained by many previous studies 
[24,25,26]. The study of Yolanda and Fidel et al. 
[26] showed that the pH of the soil is positively 
correlated with the quantity of organic matter 
applied. According to Li and Han et al. [24], the 
combination of organic and mineral fertilizers has 
the effect of keeping the soil pH at normal level.  
 
Furthermore, it has been shown that CM 
contained a high carbon and nitrogen contents 
[14]. Therefore, it is understandable that the 
application of the CM leads to a significant 
increase of soil carbon and nitrogen contents. 
Also, this CM supply seems to raise soil pH. 
Although, no significant effect was a tendency 
increase of C:N ratio for the treatment T4 (5 T  
ha-1 of CM). For these results, it can be 
hypothesized that the mineralization of CM in the 
soil is slow. Such a slow process of 
mineralization may allow the plant to have 
progressive availability of the different chemical 
elements present the CM. 
 

The application of CM had no significant                  
effect on the total P and K of the soil, in both in 
in-pot trial and field trial. According to                  
Adeleye and Ayeni et al. [27], the initial content 
of the CM could be an explanatory factor. 
Indeed, [27] showed that CM was poor in P and 
in K comparatively to its carbon and nitrogen. 

 

 
 

Fig. 1. Effect of caterpillar manure on the soil pH in the in-pot trial 
Values with the same letter in the histogram of the same color are not significantly different at the probability 

threshold of 5% according to the Fisher’s test. 
T0 : control ; T1 : caterpillar manure (1,5 T ha

-1
) ; T2 caterpillar manure (1,5 T ha

-1
) + NPK (150 kg ha

-1
) ; T3 : 

caterpillar manure (1,5 T ha
-1

) + NPK (150 kg ha
-1

) + urea (50 kg ha
-1

) ; T4 : caterpillar manure (5 T ha
-1

) ; T5 : 
caterpillar manure (5 T ha-1) + NPK (150 kg ha-1); T6 : caterpillar manure (5 T ha-1) + NPK (150 kg ha-1) + urea  

(50 kg ha-1) ; T7 : NPK (150 kg ha-1) + urea (50 kg ha-1). 
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Fig. 2. Effect of the caterpillar manure on the soil pH in the field trial 
T1: NPK (150 kg ha

-1
); T2: NPK (150 kg ha

-1
) + caterpillar manure (5 T ha

-1
); T3: NPK (150 kg ha

-1
) + urea (50 kg 

ha
-1

) (Farmers approach). 
 

Table 3. Effect of caterpillar manure on P and K of the soil in the in-pot trial 
 

Treatments Total P Available P Total K Available K 
Mg kg-1 sol 

T0 81.46 1.57b 877.97 50.10b 
T1 82.42 2.02

b
 963.84 59.10

ab
 

T2 139.01 21.69ab 871.75 56.84ab 
T3 88.92 39.75

a
 712.11 54.91

ab
 

T4 115.92 1.69
b
 837.99 77.71

a
 

T5 142.82 29.26ab 937.53 71.93ab 
T6 133.27 16.37

ab
 924.51 60.69

ab
 

T7 122.13 19.31ab 851.12 49.13b 
Probability 0.157 0.010 0.875 0.013 
Significant NS S NS S 

S: Significant; NS: Not significant; Values in each column with the same letter are not statistically different 
according to Fisher’s test at 5% level. 

T0 : control ; T1 : caterpillar manure (1,5 T ha
-1

) ; T2 caterpillar manure (1,5 T ha
-1

) + NPK (150 kg ha
-1

) ; T3 : 
caterpillar manure (1,5 T ha

-1
) + NPK (150 kg ha

-1
) + urea (50 kg ha

-1
) ; T4 : caterpillar manure (5 T ha

-1
) ; T5 : 

caterpillar manure (5 T ha
-1

) + NPK (150 kg ha
-1

); T6 : caterpillar manure (5 T ha
-1

) + NPK (150 kg ha
-1

) + urea 
(50 kg ha

-1
) ; T7 : NPK (150 kg ha

-1
) + urea (50 kg ha

-1
) 

 
Table 4. Effect of caterpillar manure on P and K of the soil in the field trial 

 

Treatments Total P Available P Total K Available K 

Mg kg-1 soil 

T1 90.08 4.08 904.34 69.69 

T2 99.69 4.06 858.37 89.27 

T3 93.93 3.24 805.44 76.43 

Probability 0.261 0.390 0.276 0.163 

Significant NS NS NS NS 
T1: NPK (150 kg ha

-1
); T2: NPK (150 kg ha

-1
) + caterpillar manure (5 T ha

-1
); T3: NPK (150 kg ha

-1
) + urea (50 kg 

ha
-1

) (Farmers approach); NS: Not significan
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An analysis of the data about the assimilable P 
and the available K in the vegetation pot and in 
the rural area, showed that the effects of the CM 
on these chemical parameters of the soil are not 
enough. established. A tendency to improvement 
of the available K of the soil through a supply of 5 
T ha-1 of CM can be noted. However, these 
results must be interpreted cautiously. 

 
It can be inferred from this study that the effect of 
CM on the soil content in chemical elements 
depends on the proportions supplied. The dose 
of 5T ha-1 of the CM is the one that could have a 
significant effect on the chemical parameters of 
the soil comparatively to the dose of 1.5 T ha

-1
.  

However, this dose of 5 T ha-1 would be difficult 
to obtain, due to the limited potential of CM 
production, estimated was 3.8 T ha-1 in plots 
which a high density of shea trees. The option of 
organo-mineral fertilization  (with 1.5 T ha

-1
 of 

CM)  which shows interesting results in the short 
term, needs to be deepened in order to allow a 
better re-use of CM produced in situ. 

 
5. CONCLUSION 
 
This study on the CM showed that in the short 
term, it improves the pH, the soil carbon and the 
nitrogen content. The effect on phosphorus and 
potassium was not significant in the short term.  
The effect of the CM on the soil fertility was 
significant when the appropriate dose (5 T ha-1) 
was supplied. As it was difficult to obtain 
important quantities of CM, it is preferable to 
apply it near the crop in order to cover big areas.  
It is also desirable to combine mineral fertilizers 
to CM, especially when CM quantities produced 
in the field are not sufficient. Such a combination 
will make a good organo-mineral fertilizer for 
crops. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 
1. Traore O, Koulibaly B, Dakuo D. 

Comparative effects of two forms of 
fertilizer on yields and mineral nutrition in 
cotton-growing areas in Burkina Faso. 
Tropicultura. 2007;25(4):200-203. 

2. Coulibaly K, Vall E, Autfray P, Nacro HB, 
Sédogo PM. Effects of permanent cotton-
maize cultivation on the evolution of soil 

fertility indicators in western Burkina Faso. 
Int. J. Biol. Chem. Sci. 2012;6(3):1069-
1080. 

3. Bacyé B, Moreau R, Felleret C. 
Decomposition of a manure pellet 
incorporated in a sandy slope soil and a 
clayey-silty soil of shoals in a Sudano-
Sahelian environment. EGS. 1998;5(2): 
83-92. 

4. Bayala J, Mando A, Teklehaimanot Z, 
Ouédraogo SJ. Nutrient release from 
decomposing leaf mulches of karité 
(Vitellaria paradoxa) and néré (Parkia 
biglobosa) under semi-arid conditions in 
Burkina Faso, West Africa. Soil. Biol. 
Biochem. 2005;37:533-539. 

5. Gomgnimbou APK, Coulibaly K, Sanon A, 
Bacyé B, Nacro BH, Sédogo PM. Study of 
the nutrient composition of organic 
fertilizers in the zone of Bobo-Dioulasso 
(Burkina Faso). Int. Journal of Sci. Res. in 
Sci., Eng. and Tech. 2016;2(4):617-622. 

6. Gnoumou XN, Yaméogo JT, Traoré M, 
Bazongo G, Bazongo P. Adaptation to 
climate change in sub-Saharan Africa: 
Impact of zaï and improved seeds on 
sorghum yield in the villages of Loaga and 
Sika in Bam province Burkina Faso. IJIAS. 
2017;19(1):166-174. 

7. Martinez J, Dabert P, Barrington S, Burton 
C. Livestock waste treatment systems for 
environmental quality, food safety and 
sustainability. Bioresour. Technol. 2009; 
100:5527-5536. 

8. Bloor JMG, Jay-Robert P, Morvan A, 
Fleurance G. Grassland herbivorous 
herbivore dejections: Characteristics and 
role in grassland operations. Prod Anim. 
2012;25:45-56.  

9. Sikuzani YU, Ilunga GM, Mulembo TM, 
Katombe BN, Lwalaba JLW, Lukangila 
MAB, Lubobo AK, Longanza LB. 
Improvement of the quality of the acid soils 
of Lubumbashi (Katanga, DR Congo) by 
the application of different levels of chicken 
manure compost. J. Appl. Biosci. 77:6523-
6533. 
Fontès J, Guinko S. Map of vegetation and 
land use in Burkina Faso. Explicative note. 
Toulouse: Ministry of French Cooperation 
(France); 1995. 

10. Dupont J, Dionne JL, Gagne R. Manure in 
the St-François River Basin Chemical 
composition, quantities produced, use. 
General Directorate of Research 
Agriculture, Canada; 1986. 



 
 
 
 

Coulibaly et al.; IJPSS, 19(5): 1-8, 2017; Article no.IJPSS.36371 
 
 

 
8 
 

11. Culot M. Agricultural valorisation of organic 
materials. Faculty of Agronomic Sciences 
of Gembloux, Belgium; 2005.  

12. Dourmad JY, Jondreville C. Impact of 
nutrition on nitrogen, phosphorus, Cu and 
Zn in pig manure and on emissions of 
ammonia and odours. Livest Sci. 2007; 
112:192-198. 

13. Siboukeur A. Appreciation of the fertilizing 
value of different types of manure. End-of-
study thesis, Kasdi Merbah University - 
Ouargla, Faculty of Life and Natural 
Sciences and Earth and Universe 
Sciences, Algeria; 2013.  

14. Coulibaly K, Gomgnimbou APK, Bacye B, 
Nacro HB, Sedogo MP. Valorization of 
shea caterpillar droppings (Cirina 
butyrospermi Vuillet) in the ecological 
management of soil fertility in Burkina 
Faso. IJAAR. 2016;9(1):1-8. 

15. Fontès J, Guinko S. Map of vegetation and 
land use in Burkina Faso. National Center 
for Scientific Research of the University of 
Toulouse III, Institute for Rural 
Development, Faculty of Science and 
Technology of the University of 
Ouagadougou, Ministry of French 
Cooperation, Campus Project 88313101; 
1995.  

16. Bado BV. Study of the effectiveness of 
Burkina phosphate in rice growing. Activity 
Report. INERA, Bobo-Dioulasso, Burkina 
Faso; 1991. 

17. Dagnelie P. Principles of experimentation:  
Planning of experiments and their results 
analysis. Gembloux, Agronomic Press. 
2003;397. 

18. El Gharous M, Ouatmane A, Hafidi M. 
Agronomic efficiency of Moroccan natural 
phosphates in different soils. AI Awamia. 
1996;95:53-63. 

19. Coulibaly K, Gomgnimbou APK, Bacye B, 
Nacro HB, Sedogo MP. Valorization of 
shea caterpillar droppings (Cirina 

butyrospermi) in the ecological 
management of soil fertility in Burkina 
Faso. IJAIR. 2016;9:(1):1-8. 

20. Gomgninbou APK. Agronomic valorization 
of organic manure in the urban and peri-
urban zone of Bobo-Dioulasso (Burkina 
Faso). Doctorate Thesis, Polytechnic 
University of Bobo-Dioulasso. 2015;241. 

21. AFNOR (French Agency for 
Standardization). Determination of pH. 
(French Standardization Association) NF 
ISO 103 90, AFNOR Soil Quality, Paris. 
1999;339-348. 

22. Walkley A, Black CA. An examination of 
the degtjareff method for determining soil 
organic matter and a proposal modification 
of the chromic acid titration method. Soil 
Science. 1934;37:29-38. 

23. Bray RH, Kurtz LT. Determination of total 
organic and available fonns of phosphorus 
in soils. Soil Science. 1945 ;59:39-45. 

24. Li XH, Han XZ, LI HB, Song C, Yan J, 
Liang Y. Soil chemical and biological 
properties affected by 21-year application 
of composted manure with chemical 
fertilizers in a Chinese Mollisol. Can. J. 
Soil Sci. 2012;92:419-428. 

25. Awad M, Samir GALS, Fathy SE. Short-
term effects of different organic manures 
and NPK on soil organic carbon under 
maize crop in arid land. JATES. 2014;4(2): 
27-32. 

26. Yolanda MS, Fidel PM, Francisco PG, 
Otilio AAS. Effect of the application of 
manure of cattle on the properties 
chemistry of soil in Tizayuca, Hidalgo, 
Mexico. IJAST. 2014;4(3):67-72. 

27. Adeleye EO, Ayeni LS, Ojeniyi SO. Effect 
of Poultry Manure on soil physico-chemical 
properties, leaf nutrient contents and yield 
of yam (Dioscorea rotundata) on Alfisol in 
Southwestern Nigeria. Journal of American 
Science. 2010;6(10):871-878. 

_________________________________________________________________________________ 
© 2017 Coulibaly et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/21557 


