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The microbial activity estimated by respirometry test method made it possible to measure the quantity
of CO2 produced per day, from four soils polluted at different degrees by hydrocarbons. These samples
have been wet to 2/3 of their maximal capacity of retention and incubated at 30°C for 30 days. The
quantity of CO2 released and measured shows a high value (83.97 mg/100 g of soils against 36.05
mg/100 g of soils) in soils highly polluted by hydrocarbons treated without cow dung. We get higher
values (148.98 mg/100 g of polluted soils against 66.52 mg/100 g of not contaminated soils) when the
cow dung is used as a ferment. The total aerobic mesophilic flora in the samples of soils has been
4
counted on the nutritive agar. The result is that the total aerobic mesophilic flora varied from 1×10
4
4
4
Colony Forming Unit (CFU) to 50 × 10 CFU before treatment and from 5×10 CFU to 420×10 CFU after
30 days of treatment. During the treatment of the soils, the bacteria and molds microflora increases with
time while yeasts disappear progressively.
Key words: Respirometry, microorganisms, contaminated soils, hydrocarbons.

INTRODUCTION
The use of fossil fuels such as hydrocarbons has
increased for fifty years. As it is the case in most of the
African countries, the main energy sources used in
Burkina Faso for the production and distribution of

electricity are hydrocarbons (Ouédraogo and Sodré,
2006; Tetteh, 2015). Their use engender the liquid and
gas waste like polycyclic aromatic hydrocarbons, oxide of
carbon, oxide of azote, etc., which are sources of
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pollution and greenhouse gas. Therefore, these pollutants
have many consequences for the people and their
environment (Cerniglia, 1992; Morelli et al., 2005;
Ouédraogo and Sodré, 2006; Pinheiro et al., 2013; Jacob
and Irshaid, 2015; Sawadogo et al., 2015; Tetteh, 2015;
Sawadogo, 2016). The action of pollutants on men is a
direct or indirect contact with these hydrocarbons that
can sometime be mutagenic or carcinogenic (Pinheiro et
al., 2013; Jacob and Irshaid, 2015).
In addition to the pollution of the atmosphere of the
water, one of the most worrying forms of pollution is that
of the soils on which hydrocarbons are spilled (Colin,
2000; Vandermeer and Daugulis, 2007; Pinheiro et al.,
2013). The toxicity of these hydrocarbons varies
according to several factors like their nature, composition,
concentration, biodegradability, etc (Lecomte, 1998;
Vanishree et al., 2014; Wuana et al., 2014). The effect of
soils pollution is to question their biological activity which
can affect the ecological balance of the ecosystem
(Peressutti et al., 2003; Pinheiro et al., 2013; Tetteh,
2015).
This study analyses, the impact of pollution by
hydrocarbons on the biological activity of soils. It is
specifically about
testing
the
respirometry of
microorganisms of four soils from an industrial site,
polluted at different degrees by total hydrocarbons. The
process passes by a counting of the microorganisms and
the introduction of cow dung in the different samples of
polluted soils in order to study their biological activity.

MATERIALS AND METHODS
Study site
These studies have been realized in the area of the electric power
plant Ouaga 1 of SONABEL (Burkinabé National Electricity
Society), in Ouagadougou, capital city of Burkina Faso. For Garmin
GPSMAP 62s, the site’s altitude is 300.53 m; its position is
N12°23.031' and W1°30.927'. In a Soudano-Sahelian climate with a
leached tropical ironed soil, Ouagadougou has four big power
plants (Ouaga I, Ouaga II, Kossodo, Komsilga), the oldest and most
polluted of which is Ouaga I, the site of the present study. Being the
first power plant in Burkina Faso, its generating set consume heavy
fuel (HFO), some distillated diesel oil DDO, some oils and some
water for them to work (SONABEL, 2005). The oldness of the site
(1954), the complexity and the diversity of the industrial effluents
(gas, liquid and solid) ejects make it impossible to measure exactly
the extent of pollution on the site.
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5 m from the dump in the site where the power plant is. The
physical and chemical characteristics of these soils are shown in
Table 1.
The total hydrocarbons in the soils have been dosed from an
analyzer «PetroFLAG» coming from Dexsil Corporation order N°
NA, 1996. The method has been the turbidimetry and the results
are shown in Table 1.

Organic substrate
The cow dung has been used as a source of nutritive elements and
as a source of microorganisms. Its use would be profitable in
relation to the chemical products. It contains ten times more organic
substances, total carbon and total nitrogen than the studied polluted
soils and a good relation of ideal C/N (15). It is a good ferment for
the bio-depollution of hydrocarbons (Table 2).

Setting of the microcosm
Follow-up of the microbial activity by the cumulated evolution
of the CO2 released by the soils according to time, the tenor in
hydrocarbons and the quantity of the organic substrate
The experimental units composed of 1 L bottles tightly closed. In
each bottle are set a 100 g of the soil wet up to two thirds (2/3) of its
maximal capacity of retention, a Borel bottle containing 20 ml of
soda (NaOH; 0.1N) and another Borel bottle containing 20 ml of
distilled water. The first bottle is used to capture the carbonic gas
(CO2) released by the soil’s microorganisms (this bottle is replaced
every 24 h during the first 15 days and every 48 h during the last 15
days) and the second bottle is used to maintain the soil humidity in
the bottle.
The same process has been repeated adding 1% to the samples
of soil and 0.1% of the cow dung to stimulate the biological activity
of the polluted soils. This experiment is repeated three times for
each type of soil. The appliance is incubated at 30°C in a steam
room for 30 days (Figure 1).
The CO2 released during the study and trapped by the soda is
precipitated in a sodium carbonate by the barium chloride (3%).
The exceeded soda is going to be neutralized by hydrochloric acid
(HCl, 0.1 N) with phenolphthalein as a colored indicator. The
quantity of the daily CO2 obtained by the Dommergues formula
(1960) is expressed in mg/100 g of dry soil:
Q (mg/100 g of soil) = [VHCl (white) - VHCl (treatment)] × 0.6
where VHCl = volume of hydrochloric acid (HCl).
The experimental control has been the empty bottle in which the
two flasks containing, respectively soda and distilled water have
been placed.

Soil sampling and measurements

Microbiological analysis

On a square meter (1 m2) soil, five samples have been collected up
to 20 cm of depth, mixed, dried in the shade at open air then sieved
at 2 mm of meshing. The samplings are done considering the
distance of the power plant’s site as well. Apart from the soil « A »
that has been sampled at 100 m out of the site, the other three
(« B », « C », « D ») have been sampled, respectively at 50, 25 and

Counting of microorganisms in the polluted soils
The counting of total mesophylic aerobic flora, fungus and yeasts
has been done, respectively with Plate Count Agar (PCA) and
Yeast Glucose Chloramphenicol (YGC) after 48 h and 5 days of
incubation.
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Table 1. The physical and chemical parameters of the soil (Kaboré-Ouédraogo et al., 2010).

Hydrocarbons content
Rate of hydrocarbons (g/kg of soil)
Maximal capacity of retention
Texture (%)
Clay
Total silt
Total sands
Organic substance (%)
Total organic substance
Total carbon
Total nitrogen

A
9.83±1.21
45.0±2.5

Type of soil
B
C
19.23±0.38
41.97±0.59
34.0±1.0
27.0±2.0

D
136.13±1.39
6.0±0.2

17.65
25.49
56.86

23.53
23.53
52.94

33.33
25.49
41.18

11.76
21.57
66.67

2.638
1.53
0.172

3.569
2.07
0.12

4.189
2.43
0.104

4.948
2.87
0.074

A: Less polluted, B: moderately polluted, C: much polluted, D: extremely polluted.

Table 2. The physical and chemical parameters of the cow dung (KaboréOuédraogo et al., 2010).

Parameter
Total organic substance (%)
Total carbon (%)
Total nitrogen (%)
C/N
Assimilable phosphor (ppm)

Results
43.871
25.447
1.69
15
0.519

RESULTS
Evolution of the CO2 production by soil according to
time and the tenor in hydrocarbons

Figure 1. Setting of the microcosm in the
incubator.

Data analysis
The data have been typed with the Excel software, treated with
XLSTAT-Pro 7.5. ANOVA with a probability point p=5%.

During the 30 days of incubation, it was noticed that the
CO2 quantity, for all the types of soil, increases with the
pollution degree. Similar results are also obtained in
stimulating the process by the cow dung (Figure 2).
Moreover, no significant difference of CO2 production in
the less polluted soils (curves (A), (B), (C)) was
observed. Yet, curve (D), from the most polluted soil,
shows a production twice higher of CO2 than the other
curves.
Thus, at the end of 30 days of treatment, the cumulated
amounts of CO2 produced from the soils « D », « C »,
« B » and « A » are, respectively:
(i) 83.97 mg/100 g of soil; 46.37 mg/100 g of soil; 43.35
mg/100 g of soil and 36.05 mg/100 g of soil for the
biodegradation of samples not containing the cow dung
(Figure 2A);
(ii) 96.94 mg/100 g of soil; 61.43 mg/100 g of soil; 56.95

Kaboré-Ouédraogo et al.
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Figure 2. Cumulated evolution of CO2 released by the microorganisms in 100
g of soil treated without cow dung (A), with 0.1% of cow dung (B), with 1% of
cow dung (C) as regards to time (days) and the tenor in hydrocarbon
[different letters indicate significant differences (p<0.05)]. A: Less polluted
soil, B: moderately polluted soil, C: much polluted soil, D: extremely polluted
soil.

mg/100 g of soil and 46.35 mg/100 g of soil for the

biodegradation of samples containing 0.1% of cow dung

184

J. Soil Sci. Environ. Manage.

Figure 3. Cumulated evolution of CO2 released by the microorganisms in 100
g of less polluted soils (A) regarding time (days) and the treatment with cow
dung [different letters indicate significant differences (p<0.05)].

Figure 4. Cumulated evolution of CO2 released by the microorganisms in 100 g of
moderately polluted soil (B) regarding time (days) and the treatment with cow dung
[different letters indicate significant differences (p<0.05)].

(Figure 2B);
(iii) 148.98 mg/100 g of soil; 78.81 mg/100 g of soil; 71.13
mg/100 g of soil and 66.52 mg/100 g of soil for the
biodegradation of samples containing 1% of cow dung
(Figure 2C).

Evolution of CO2 production by the soil regarding
time and the treatment with the cow dung
The intensity of the cumulated releases of CO2 increases
with the addition of the cow dung in the same type of soil.
In other words, the soil treated without cow dung releases
less CO2 than the one treated with 0.1 or 1% of cow
dung; the sample containing 1% of cow dung being the
one that releases more CO2. In Figures 3, 4, 5 and 6, a

significant difference was noticed between the soils
treated without the cow dung and those having 1% of the
cow dung. The concentration of 0.1% of cow dung has no
significant influence on the release of CO2 in these
figures.
The cumulated amounts of CO2 of the soils containing
0, 0.1 and 1% of cow dung can reach respectively:
(i) 36.05 mg/100 g of soil; 46.35 mg/100 g of soil; 66.52
mg/100 g of soil in the less polluted soil « A » (Figure 3);
(ii) 43.35 mg/100 g of soil; 56.95 mg/100 g of soil; 71.13
mg/100 g of soil in the moderately polluted soil « B »
(Figure 4);
(iii) 46.37 mg/100 g of soil; 61.43 mg/100 g of soil; 78.81
mg/100 g of soil in the much polluted soil « C » (Figure
5);

Kaboré-Ouédraogo et al.
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Figure 5. Cumulated evolution of CO2 released by the microorganisms in 100 g of
much polluted soil (C) regarding time (days) and the treatment with cow dung
[different letters indicate significant differences (p<0.05)].

Figure 6. Cumulated evolution of CO2 released by the microorganisms in 100 g of
extremely polluted soil (D) regarding time (days) and the treatment with cow dung
[different letters indicate significant differences (p<0.05)].

(iv) 83.87 mg/100 g of soil; 96.94 mg/100 g of soil; 148.98
mg/100 g of soil in the extremely polluted soil « D »
(Figure 6).
The slightest pick in each figure results from the soils
treated without cow dung (0% of cow dung). The strong
release of CO2 is noticed in the soils treated with 1% of
the cow dung.

Microbiological analysis
Counting of microorganisms in the polluted soils
The microbiological analysis showed the cultivable

mesophilic aerobic microorganisms on a solid ground.
The counting of total microflora, molds and yeasts has
been done (Table 3). The total microflora, present in all
4
4
the samples of soil, varies from 1×10 to 50×10 CFU
4
4
before treatment and from 5×10 to 420×10 CFU after
30 days of treatment. The molds are absent only in the
soil « C » treated without substrate. In the other soils,
their number varies from 1.5 to 33 CFU before treatment
and from 2 to 200 CFU after 30 days of treatment. The
yeasts are in soils « C » and « D » (6.5 to 10 CFU before
treatment and 00 CFU after treatment), but absent in the
samples « A » and « B » before as well as after treatment
of the soil.
The counting of these microorganisms often varies
regarding the degree of pollution, the addition of the
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Table 3. Counting of microorganisms (total microflora, molds, yeasts) in the polluted soils (CFU/g).

Type of soil

Quantity of cow
dung (%)

A

0
0.1
1

Before treatment (CFU)
4
Molds
Yeasts
Micro. (×10 )
10.5±0.5
6±1
23±2.0
8.5±0.5
33±1.73
9.9±1.1

Thirty (30) days after treatment (CFU)
4
Molds
Yeasts
Micro. (×10 )
33±1
140±10
43±1
40±10
23±1
72±11

B

0
0.1
1

1.5±0.5
7±1
14.5±3.5

-

1±1
1.2±0.1
15±5

2±1
31±1
35±2

-

5±5
12±0
22±2

C

0
0.1
1

2±1
4±0

10±0
8±1
9.5±0.5

10±0
19±1
40±10

8±2

-

196±34
200±0
225±5

D

0
0.1
1

3.5±1.5
5±0
15±1

8±1
6.5±0.5
7±2

25.8±4.2
32±2
50±10

9±0
39±3
200±4.36

-

240±10
390±20
420±26.46

Dung

-

4000±1000

-

340±98.5

-

-

-

Micro.: Total microflora, A: less polluted soil, B: moderately polluted soil, C: much polluted soil, D: extremely polluted soil.

substrate (cow dung) and time. If the addition of the
substrate increases the number of the total microflora
and the molds, it has no influence on the yeasts. Also,
while the biomass of the total microflora and that of the
molds increase with time, the yeasts disappear.

DISCUSSION

microorganisms which are in this soil. The easily
biodegradable products (light hydrocarbons, microorganisms dead during the desiccation stage, protein
substances, sugar, etc.) are the first elements used by
the microorganisms (Chaineau et al., 1995; Aichberger et
al., 2005; Zombré, 2006); then the most resistant
substances such as the heavy hydrocarbons (aromatic
polyclinic hydrocarbons) or lignin are decomposed
(Chaineau et al., 1995; Aichberger et al., 2005).

Evolution of the CO2 quantity released by the soil
regarding time and the tenor in hydrocarbons
One notice that the microbial activity increases with the
degree of pollution of soils. The soil « D », containing the
highest hydrocarbon rate and therefore having more
fermentable organic substances, induces a strong
microbial activity in relation to the other three soils. The
slightest productions of CO2 obtained with soil « A » are
the result of a microbial activity from less polluted soil,
than containing less organic substances.
The release of CO2 shows a real daily biological activity
in each soil. The microbial activity results from the
fermentation of the organic substance in the different
grounds (Dommergues, 1962). The daily release of CO2
shows the mineralization of the pollutants. More the
quantity of hydrocarbons in a soil is great, more the
mineralization’s level of its organic substance is high.
This results in a stronger CO2 rejection by the

Cumulated evolution of CO2 released by the soil
regarding time and the treatment with the cow dung
The slightest quantities of CO2 got came from the soils
treated without cow dung (0% of cow dung). The highest
quantities are obtained in the soils treated with 1% of the
cow dung. The cow dung has therefore a stimulating
effect on the biological activity in the treated samples. It
brings to the soil not only an additional ferment, but also
some chemical elements like carbon, nitrogen and
phosphor. The ferment degrades the organic substances
of the soils and the chemical elements stimulate the
metabolism of the microorganisms and therefore their
growth (Chaineau et al., 1995; Aichberger et al., 2005;
Adekunle and Adeniyi, 2015; Jacob and Irshaid, 2015).
The cow dung has, at a certain concentration (1%), a
positive influence on the biological activity like the

Kaboré-Ouédraogo et al.

mineralization of the pollutants in all the soils after 30
days of treatment.

Microbiological analysis
Counting of microorganisms in the polluted soils
Bacteria are present in all the studied samples of soils.
Their number increases regarding the pollution of the
ground (their tenor in hydrocarbons) and the quantity of
cow dung. During the treatment of different soils, their
number increases progressively from simple to double in
all samples. They would be able to use the hydrocarbons
in their growths (Dash et al., 2013; Sawadogo et al.,
2014; Vanishree et al., 2014; Adekunle and Adeniyi,
2015; Jacob and Irshaid, 2015; Sawadogo et al., 2015;
Sawadogo, 2016).
The number of molds also increased with the addition
of the cow dung but is not influenced by the tenor of the
soil in total hydrocarbons. They would actively participate
in the biodegradation of hydrocarbons in the soil
(Okerentugba and Ezronye, 2003; Zhang et al., 2006;
Damisa et al., 2013). Many researches confirm that fungi
have been capable of biodegrading the hydrocarbons
(Vanishree et al., 2014; Adekunle and Adeniyi, 2015).
The yeasts, only present in the soils « C » and « D »
disappear after the 30 days of incubation. The high
concentration of hydrocarbons would inhibit their
biodegradation and would limit the use of oxygen
(Adenipekun and Fasidi, 2005; Vanishree et al., 2014).
However, much research has shown that they can
degrade hydrocarbons (Zhang et al., 2006; Vanishree et
al., 2014).
Generally, for their metabolism and reproduction, all
living being previously seen use hydrocarbons as source
of carbon. Various microorganisms have the capacity to
use hydrocarbons as their source of carbon and energy
(Adekunle and Adeniyi, 2015). They also need nitrogen
and phosphor that also could be found in the cow dung.
These microorganisms would be able to degrade
hydrocarbons in the soil (Lecomte, 1998; Okerentugba
and Ezronye, 2003; Zhang et al., 2006; Adekunle and
Adeniyi, 2015). They would probably make it possible to
bio-decontaminate the soil of pollutants such as
petroleum hydrocarbons; hence, their decrease (at least
10.64% of abatement after 30 days) more or less
considerable at the end of the study (Kaboré-Ouédraogo
et al., 2010).

Conclusions
This study made it possible to see the impact of total
hydrocarbons on the microbial activity in four soils
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polluted at different degrees. Thus, the biological activity
of the soils has been measured, thanks to the CO2
released daily by the microorganisms. It is shown that
released CO2 is very important in soils with a high tenor
in hydrocarbons, therefore a high quantity of organic
substances. It is once more important after an addition of
cow dung to the soils. The measured CO2 results
essentially from a mineralization of the organic
substances by the microorganisms.
The presence of hydrocarbons in the soils in this study
shows that these fossilized organic substances play an
important role in the microbial activity of the ground. Their
use by the microorganisms of the soil would involve their
biodegradability that could make a depollution of
contaminated grounds by the organic substances.
The microbiological analysis made it possible to have a
high microbiological diversity in the samples of soil. It
made it possible to note an increase of the microbial
biomass regarding the increase of the tenor in
hydrocarbon, the bringing of cow dung and the time. This
microbial biomass plays a role more or less important in
the degradation of hydrocarbons. A molecular isolation
and characterization of efficient microorganisms in the
biodegradation of the hydrocarbons would be performed
in subsequent studies.

CONFLICT OF INTERESTS
The authors have not declared any conflict of interests.

ACKNOWLEGEMENTS
Thanks to the Director General of SONABEL and his staff
for their acceptance to the department (environment
service) and making the data available.
REFERENCES
Adekunle AA, Adeniyi AO (2015). Biodegradation of petroleum oil by
fungi isolated from Treculia africana (Dec’ ne) seeds in Nigeria.
African Journal of Environmental Science and Technology 9(2):126135.
Adenipekun CO, Fasidi IO (2005). Bioremediation of oil-polluted soil by
Lentinus subnudus, a Nigerian white-rot fungus. African Journal of
Biotechnology 4 (8):796-798.
Aichberger H, Hasinger M, Braun R, Loibner AP (2005). Potential of
preliminary test methods to predict biodegradation performance of
petroleum hydrocarbons in soil. Biodegradation 16:115-125.
Cerniglia CE (1992). Biodegradation of polycyclic aromatic
hydrocarbons. Biodegradation 3:351-368.
Chaineau CH, Morel JL, Oudot J (1995). Microbial degradation in soil
microcosms of fuel oil hydrocarbons from drilling cuttings.
Environmental Science and Technology 29:1615-1621.
Colin F (2000). Pollution localisée des sols et sous-sols par les
hydrocarbures et par les solvants chlorés. Académie des Sciences,
Rapport n°44, Edition Tec. et Doc., Paris P 417.

188

J. Soil Sci. Environ. Manage.

Damisa D, Oyegoke TS, Ijah UJJ, Adabara NU, Bala JD, Abdulsalam R
(2013). Biodegradation of petroleum by fungi isolated from unpolluted
tropical soil. International Journal of Applied Biology and
Pharmaceutical Technology 4(2):136-140.
Dash HR, Mangwani N, Chakraborty J, Kumari S, Das S (2013). Marine
bacteria: potential candidates for enhanced bioremediation. Applied
Microbiology and Biotechnology 97:561-571.
Dommergues Y (1960). La notion de coefficient de minéralisation du
carbone dans les sols : Exemple d’utilisation des techniques
biologiques dans la caractérisation des types pédologiques. Agron.
Trop., Paris 15(1):54-60.
Dommergues Y (1962). Contribution à l’étude de la dynamique
microbienne des sols en zones semi arides et zones tropicales
sèches. Ann. Agron., Paris. 13 (4):265-324.
Jacob JH, Irshaid FI (2015). Toluene Biodegradation by Novel Bacteria
Isolated from Polluted Soil Surrounding Car Body Repair and Spray
Painting Workshops. Journal of Environmental Protection 6:14171429.
Kaboré-Ouédraogo WP, Savadogo WP, Ouattara TAC, Savadogo A,
Traoré SA (2010). Etude de la Bio-dépollution de Sols contaminés
par les Hydrocarbures au Burkina Faso. Journal de la Société OuestAfricaine de Chimie 30:19-28.
Lecomte P (1998). Les sites pollués : Traitement des sols et des eaux
souterraines. Lavoisier, Tec. et Doc., Paris P 204.
Morelli IS, Del Panno MT, DE Antoni GL, Painceira MT (2005).
Laboratory study on the bioremediation of petrochemical sludgecontaminated soil. International Biodeterioration and Biodegradation
55:271-278.
Okerentugba PO, Ezronye OU (2003). Petroleum degrading potentials
of single and mixed microbial cultures isolated from rivers and
refinery effluent in Nigeria. African Journal of Biotechnology 2(9):288292.
Ouédraogo A, Sodré AG (2006). Evaluation en temps réel des rejets
gazeux lors du fonctionnement continu d’une centrale thermique
diesel. Journal Africain des Sciences de l’Environnement 1:10-20.
Peressutti SR, Alvarez HM, Pucci OH (2003). Dynamics of
hydrocarbon-degrading bacteriocenosis of an experimental oil
pollution in Patagonian soil. International Biodeterioration and
Biodegradation 52:21-30.
Pinheiro N, Barreira L, Lopes B, Bebianno MJ (2013). Assessment of oil
contamination in the bay of Porto Grande (Cape Verde) using the
mullet Chelon bispinosus. African Journal of Environmental Science
an Technology 7(7):657-670.
Sawadogo A (2016). Optimisation des performances de bactéries
isolées d’eaux usées de Ouagadougou à dégrader les hydrocarbures
et les huiles usées. Thèse doctorale, Université Ouaga I Professeur
Joseph KI-ZERBO P 169.
Sawadogo A, Otoidobiga CH, Kaboré A, Sawadogo JB, Traoré AS,
Dianou D (2015). Optimization of Hydrocarbons Biodegradation by
Bacterial Strains Isolated from Wastewaters in Ouagadougou,
Burkina Faso: Case Study of Diesel and Used Lubricating Oils.
Current Research in Microbiology and Biotechnology 3(3):652-657.

Sawadogo A, Otoidobiga CH, Sawadogo JB, Kaboré A, Traoré AS,
Dianou D (2014). Isolation and Characterization of hydrocarbondegrading Bacteria from Wastewaters in Ouagadougou, Burkina
Faso. Journal of Environmental Protection 5:1183-1196.
SONABEL (2005). Etat de l’environnement à la SONABEL. Rapport
annuel 2004, SONABEL, Burkina Faso P 50.
Tetteh RN (2015). Chemical soil degradation as a result of
contamination: A review. Journal of Soil Science and Environmental
Management 6(11):301-308.
Vandermeer KD, Daugulis AJ (2007). Enhanced degradation of a
mixture of polycyclic aromatic hydrocarbons by defined microbial
consortium in two-phase partitioning bioreactor. Biodegradation
18:211-221.
Vanishree M, Thatheyus AJ, Ramya D (2014). Biodegradation of Petrol
Using the Fungus Penicillium sp. Science international 2(1):26-31.
Wuana RA, Okieimen FE, Vesuwe RN (2014). Mixed contaminant
interactions in soil: Implications for bioavailability, risk assessment
and remediation. African Journal of Environmental Science and
Technology 8(12):691-706.
Zhang XX, Cheng SP, Zhu CJ, Sun SL (2006). Microbial PAHdegradation in soil: degradation pathways and contributing factors.
Pedosphere 16(5):555-565.
Zombré PN (2006). Variation de l’activité biologique dans les zipella
(sols nus) en zone su sahélienne du Burkina Faso et impact de la
technique du zaï (techniques des poquets). Biotechnology,
Agronomy, Society and Environment 10(2):139-148.

Vol. 9(11), pp. 188-198, November 2018
DOI: 10.5897/JSSEM2018.0692
Articles Number: 5B9B09F59132
ISSN: 2141-2391
Copyright ©2018
Author(s) retain the copyright of this article
http://www.academicjournals.org/JSSEM

Journal of Soil Science and Environmental
Management

Full Length Research Paper

Prospects for sustainable cocoa farming from the
rainfall balance in the last thirty years at Lôh-Djiboua
and Gôh post-pioneer regions, Côte d’Ivoire
KASSIN Koffi Emmanuel1*, KOUAME Brou2, COULIBALY Klotioloma1, TAHI Gnon Mathias1
N’GUESSAN Walet Pierre1, AKA Aka Romain1, ASSI Marise Evelyne1, GUIRAUD Brigitte
Honorine1, Kone Boake3 and YAO Guy Fermand2
1

Cacao program of CNRA, Ivorian, PB 808 Divo, Cote d'Ivoire.
Water and Soil Suitable Management Program of CNRA, Ivorian, BP 603 Bouaké, Cote d'Ivoire.
3
Palm oil Program of CNRA, Ivorian, PB 808 Divo, Cote d'Ivoire.

2

Received 15 June, 2018; Accepted 13 September, 2018

The rainfall disturbances observed in the recent decades in Côte d'Ivoire constitute a constraint for
sustainable cocoa production, the mainstay of the Ivorian economy. These disturbances constitute,
in addition to the losses of production and those from the quality of the cocoa beans, one of the
causes of the high cocoa mortality at the recovery stage in all cocoa production area. The present
study, carried out in the Goh and Lôh Djiboua, post-pioneer regions, is a contribution for the
searching of solutions to the continuity challenge of the Ivorian cocoa farming in front of the
climate change. It aims to analyze not only the evolution and distribution of rainfall, but also to
identify the rainfall constraints related to cocoa farming, and to propose possible solutions to
ensure the sustainability of cocoa farming in these two regions. The analysis covered the three
decades of the period from 1986 to 2015. The rainfall data were collected at the weather stations of
the CNRA (Centre National de Recherche Agronomique) based both on Divo and Gagnoa. The study
of the two rainfall data series using the rainfall index showed that the current climate of the two
regions is characterized by a predominance of dry periods at Divo and the wet one in Gagnoa. Also,
40 to 90% of the 30-years recorded less than 700 mm of rain during the main rainy season both in
the two regions. In addition the beginning of the rainy season in the two regions is between the 1st
and 2nd 10 days of March in both regions, while in practice the planting of cacao is usually made in
May or June. To note this variability, the technical itineraries for all regions must to be regionalized
to enable cocoa to exhibit its potentialities in its new production environment.
Key words: Rainfall assessment, Lôh-Djiboua and Goh regions, sustainable cocoa farming.

INTRODUCTION
Cocoa bean is the most important export product of
Côte d'Ivoire. Its contribution to the total export incomes

is estimated at 40%, which corresponds to 15% of the
gross domestic product (GDP). It is also the main
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Table 1. Environment characteristics and cocoa production in Lôh Djiboua and
Gôh.

Parameter
Climate
Rainfall avairage (mm)
Temperature (°C)
Humidity (%)

Soil type

Cacao surface (ha)
Yield (T/ha)
Production (T)

Lôh Djiboua Divo/Divo
Tropical humid
1223
21-35
Ferralsol
pH: 6.09
C: 1.7
N:0.15
Pavail.:23.86
K: 0.33
170 605
0.58
92 766

source of income for more than 500 000 producers and
their families. The cocoa production system is
extensive and itinerant on forest clearings (Coulibaly et
al., 2002). This system is subject to climate constraints.
It has been practiced successfully since 1920, when
cocoa was introduced in Côte d'Ivoire until the 1990s
because of favorable growing conditions (Assiri, 2007).
This ensured a continuous renewal of the cocoa farms
on the pioneer front from the East (1920 to 1960), to
the Centre-West (1960 to 1980) and the Southwest and
West, in the 1980s (Ruf, 1991; Ruf et al., 2015). Such
an increase in the cultivation surface allowed the
maintaining or increasing of the yielding of cocoa beans
in Côte d’Ivoire. Today, the cocoa farms are aging in all
cocoa growing area (Aguilar et al., 2003; Assiri, 2007;
Deheuvels, 2007) and more particularly in the post
pioneer regions like Lôh Djiboua and Goh in the Central
West part of the country zones. It is therefore
necessary to replant it, due to the economic importance
of cocoa for Côte d'Ivoire and for the many smallholder
farmers. However, in recent decades, several authors
(Freud et al., 2000; Jarrige and Ruf, 1990; Ruf, 1995;
Bari et al., 2016) report a general decrease in rainfall
and a modification in the rainfall distribution during the
year in both Côte d’Ivoire and the world. According to
these authors, the evolution of the climate led to the
appearance of ecological "limits" conditions of cocoa
growing in some cultivation zones in Côte d'Ivoire. The
rainfall decline is estimated between 20 and 25% as a
function of regions (Coulibaly et al., 2009). In addition,
observations made during the last decades in the farms
reveal a high mortality of seedlings transplanted in June
in accordance with the current practices and a reduced
size of pods and beans during the main cocoa harvest
season. Such a situation shows that Côte d'Ivoire is
likely faced with the challenge of the sustainability of
cocoa farming caused by climate change. If no
sustainable solution is found, actual disturbances of
rainfall might reduce the cultivated surfaces as well as
cocoa production in the long term. This study aims to

Gôh /Gagnoa
Tropical humid
1333
19-33
85
Ferralsol
pH: 6.1
C: 1.7
N:0.2
Pavail.:23.9
K: 0.3
105 605
0.79
78 270

analyze the evolution and distribution of rainfall, identify
the rainfall constraints related to cocoa farming, and to
make suggestion to ensure the sustainability of cocoa
farming in Côte d’Ivoire and particularly in these two
regions.
MATERIALS ET METHODS
Study area
The study was conducted at Lôh Djiboua and Gôh in CentreWest, Côte d'Ivoire. The main environmental characteristics are
shown in Table 1. The two regions are composed of Gôh-LohDjiboua district (Figure 1). This district is a post-pioneer zone with
an orchard of 22 years old (Deheuvels, 2007). These regions are
under the influence of tropical humid climate with four-season,
including two dry seasons and two rainy seasons. Since the late
1970s, the decline in annual rainfall amounts in the West African
sub-region, particularly in Côte d'Ivoire, also affected this area
(Brou et al., 2005; Kassin et al., 2008). The average humidity of
85% has a strong seasonal variation. The minima are obtained
between November and March. The average temperature is 27°C
and varies annually between 19 and 33°C.

METHODS
The rainfall data analyzed were collected at the meteorological
stations of CNRA both based on Divo and Gagnoa. These data
covered a period of 30 years, namely from 1986 to 2015. The
two-rainfall series was complete. The methodology used for the
analysis of the data consisted of first studying the evolution and
distribution of rainfall over the whole period per decade. Then
some rainfall parameters, such as annual rainfall heights and
cumulative rainfall of a rainy season were calculated and
compared to the thresholds required for cocoa (Mian, 2007).

Evolution of annual rainfall
The study of the variation of annual rainfall was done by
calculating the rainfall index (Equation 1), which allows the
determining of the excessive and deficit years relatively to each
meteorological station (Servat et al., 1998). Thereafter, the
frequency of years with annual rainfall less than 1200 mm, the
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Figure 1. Map of Lôh-Djiboua and Gôh region
https://fr.wikipedia.org/wiki/L%C3%B4h-Djiboua, 2018.

minimum threshold required for cacao tree was determined.
Rain index
Where,

̅

(1)

= quantity of rainfall during year I;

= Average annual

rainfall over the study period; S = standard deviation of the
annual rainfall amounts during this period
A year is humid, when the rainfall index is positive; otherwise it
is dried when this one is negative (Soro et al., 2011). Thereafter,
the proportion of years with annual rainfall less than 1200 mm,
the minimum threshold required for cacao was determined.
The rainfall index was then ranked according to the range of
values (Table 1) to allow an assessment of the extent of drought
or moisture for each year of the rainfall series (Wu et al., 2005).

Monthly rainfall distribution
The study of the monthly rainfall distribution was based on rainfall
quantity criteria (IFCC, 1978). Thus, a month is dry when it
records less than 50 mm of rain; a month is considered as deficit
when it records a rainfall amount between 50 and 100 mm; a
month is wet when it records a rainfall greater than 100 mm.
The occurrence probability of humid, deficit and dry months per
year led to determine the wettest and driest months over the
observation period.

Climatic characterization of rainy season
The characterization of the growing seasons consisted of
determining the beginning and end of the rainy seasons by the

(Distric

of

Gôh-Djiboua)

rainfall balance method (Cocheme et Franquin, 1976). According
to this method, the rainy period is defined by the position of the
10 days rainfall curve above the 10 days ETP curve of the latest
normal (1971 to 2000). The beginning and the end of the rainy
season are thus at dates corresponding to the intersections of the
two curves. Subsequently, the probability of rainy seasons was
calculated by 10 days by comparing the rainfall totals of the major
rainy seasons per year at the threshold of 700 mm required for
cocoa farming.

RESULTS
Variation of annual rainfall
The study showed a secession of wet and dry periods
(Figures 2 and 3) in the two stations. At Divo, the three
decades were moderately dry ranging from 60 to 80%
of years characterized by rainfall deficits (Table 2). The
extreme dry and wet years were almost non-existent in
this station.
At Gagnoa, the decade (1986-1995) was moderately
dry with 60% years characterized by a rainfall deficit
(Table 3). On the other hand, the decades of 1996 to
2005 and 2006 to 2015 were moderately humid from 60
to 80% of the years having recorded rainfall surpluses.
Only 10% of the years were extremely wet in this
station. Furthermore, taking into account the minimum
threshold of 1200 mm of annual rains, required for
cocoa farming, over the three decades 50 to 60% of the
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Figure 2. Variation of rainfall index at Divo from 1986 to 2015.

3
y = 0.0492x - 0.762
R² = 0.1873

2

-1

Moderate wet
period

-2

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

1988

0

1987

1
1986

Rainfall index

Moderate wet period

Moderate wet
period

year

-3
Indices

2 per. Mov. Avg. (Indices)

Linear (Indices)

Figure 3. Variation rainfall index at Gagnoa from 1986 to 2015.

years at Divo and 20 to 30% at Gagnoa were deficient
(Table 4).

Monthly rain distribution
During 30 years of observations, March, April, May,
June, September and October were the rainiest
months, with probabilities of occurrence of events P>
100 mm greater than 50%, on one hand (Table 5). On
the other hand, January and December were the driest
months.

Evolution on the beginning and the end of the rainy
seasons
Divo station at the Lôh Djiboua region
Figure 4 indicated that the beginning of the rainy
seasons varied between the 1st 10 days of January
(1996 to 2005) and the 2nd 10 days of March (2006 to

2015) with the frequency of the events P> ETP of 50
and 40% (Table 6). However, over the 30 years of
observations (1986-2015), the rainy season started at
the 1st 10 days of March with a probability of P> ETP of
50%. Over the past three decades, the beginning of
rainy seasons varied between 30 and 70 days with
early rains during the 1996 to 2005 decade.
The end of the rainy seasons also fluctuated from the
1st 10 days of May (1986-2006) to the 2nd 10 days of
July (2006-2015), that is, an offset of 10 to 50 days with
P> ETP event probabilities of 0% at the 2nd 10 days of
May and 10% at the 3rd 10 days of July. Nevertheless,
over all the 30 years, the rainy seasons ended from the
2nd 10 days of July with a probability of the P> ETP
event of 43% in the 3rd 10 days of July (Table 7). So
the length of the rainy seasons was thus 70 days during
the decade (1986-1995) and 130 days during the
decades 1996-2005 and 2006-2015. As a result, the
duration of the rainy season was increased with 60days from 1986-1995 to 1996-2005 and 2006-2015.
Moreover, in the past 30 years, 90% of the years
(1986-1995); and 40% during the decades 1996 to
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Table 2. Different ranks of the values range of Li and their
meaning.

Ranks of pluviometric indexes
Ii>2
1<Ii<2
0<Ii<1
-1<Ii<0
-2<Ii<-1
Ii<-2

Meaning
Extreme humidity
Strong humidity
Moderate humidity
Moderate drought
Strong drought
Extreme drought

Table 3. Frequencies (%) of wet and dry year per decade at Divo.

Decades
1986-1995
1996-2005
2006-2015

Extreme
drought (%)
0
0
0

Strong
drought (%)
0
0
10

Moderate
drought (%)
80
60
70

Moderate
humidity( %)
20
30
10

Strong
humidity (%)
0
0
10

Extreme
humidity (%)
0
10
0

Table 4. Frequencies (%) of wet and dry year per decade at Gagnoa.

Decades
1986-1995
1996-2005
2006-2015

Extreme
drought (%)
0
0
0

Strong
drought (%)
30
0
20

Moderate
drought (%)
30
20
10

Moderate
humidity (%)
40
60
40

Strong
humidity (%)
0
20
20

Extreme
humidity (%)
0
0
10

Table 5. Characteristics of rainfall in Divo and Gagnoa from 1986 to 2015.

Parameter
Decade
Average
Max
Min
Standard deviation
CV
% rainfall<1200
% rainfall <700m during the rainy season

1986-1995
1229.9
1570.9
1027.9
162.6
13.2
60
90

Divo
1996-2005
1401.8
3027.3
991.1
597.1
42.6
50
40

2005 and 70% in the decade 2006-2015 recorded
cumulative rainfall less than 700 mm, the minimum
required for the cacao cultivation during the great rainy
season.

Gagnoa Station in the Gôh region
The beginning of the rainy seasons in Gagnoa
fluctuated between the 2nd 10 days of March (1986 to
1995, 1996 to 2005) and the 3rd 10 days of February
(2006-2015) during the three decades (Figure 5).

2006-2015
1184.6
1688.9
738
257.5
21.7
60
70

1986-1995
1333
1570
1042
182.3
13.7
30
90

Gagnoa
1996-2005
1392
1640
1157
164.4
11.8
20
40

2006-2015
1392
1640
1157
164.4
11.8
20
40

However, the probability of occurrence of the P> ETP
events (Table 8) was higher (60%) in the 3rd 10 days of
March than in the 2nd 10 days (50%) during the decade
(1986 to 1995). The beginning of the rainy season
therefore varied between 10 and 20 days from decade
to decade. In addition, over the 30 years, the probability
of rains settling during the 3rd 10 days of March was
greater (60%) than that of the 2nd 10 days (47%).
The end of the main rainy season also fluctuated
between the 1st 10 days (1986 to 1995 and 2006 to
2015) and the 2nd 10 days of July (1996-2005), an
average offset of 10 days from decade to decade. The
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Figure 4. Evolution of 10 days rainfall and 10 days ETP over the
decades 1986-1995, 1996-2005, 2006-2015 and 1985-2015 at
Divo.

probability to have P> ETP events after these rainy
decades is respectively 40 (1986 to 1995), 30 (1996 to
2005) and 20% (2006 to 2015). Moreover, over the
thirty years of observations, the end of the main rainy
season was at the 1st 10 days of July with a probability
of the P> ETP event in the next decade of 47% (Table
8). Thus, the duration of the rainy season was 110 days
(1986-1995), 130 days (1996-2005), 140 days (20062015) during the three decades. The duration of the
rainy season thus varied from decade to decade
between 10 and 20 days.
Moreover, in the past 30 years, 90% of the years
(1986-1995) and 40% during the decades 1996 to 2005
and 2006 to 2015 recorded cumulative rainfall less than
700 mm, the minimum required for the cacao cultivation
during the great rainy season.

over this period is between 1200 and 1400 mm, instead
of 1500 and 1700 mm, during the period 1951-1960
(Dabin, 1973). This downward trend in rainfall was
already highlighted by several other authors (Servat et
al., 1995; Brou et al., 1998; Bari and al., 2016).
However, the inter-annual average rainfall recorded
remains above 1200 mm, the minimum required for
cocoa farming, on one hand. On the other hand, at the
level of each weather station, the study showed the
existence of years with a rainfall of less than 1200 mm.
This average is 56% at Divo and 23% at Gagnoa. This
reflects a gradual drying up of the climate in the study
area and especially at Divo; where the three decades
(1986-1995, 1996-2005 and 2006-2015) were
moderately dry. The existence of these drier years with
a rainfall of less than 1200 mm is a constraint for cocoa
farming.

DISCUSSION
Rainfall distribution
Evolution of annual rainfall
The study showed a fluctuation of the annual rainfall
during the decades over the 30 years (1986-2015) in
the two regions. The average annual rainfall calculated

The study of rainfall distribution revealed that the
rainfall regime at the two stations was bimodal. The
rainiest months are March, April, May and June for the
great rainy season and September and October for the
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Table 6. Probability (%) of onset of wet, deficit and dry periods in Divo and Gagnoa during the months of 1986
to 2015.

Month
January
February
March
April
May
June
Jully
August
September
October
November
December

P>100 mm
0
17
63
87
87
100
33
13
43
73
43
10

Divo
50<P< 100 mm
13
50
30
10
13
0
30
34
37
21
37
0

P<50 mm
87
33
7
3
0
0
37
53
20
6
20
90

P>100 mm
7
20
57
93
97
87
40
20
67
87
40
17

Gagnoa
50<P< 100 mm
10
37
40
7
3
13
27
37
16
13
37
10

P<50 mm
83
43
3
0
0
0
33
43
17
0
23
73

Table 7. Frequencies (%) of P> ETP events during the 1986-1995, 1996-2005 and 2006-2015 decades at Divo.

Decades
1986-1995
1996-2005
2006-2015
1986-2015

January
2
3
20
50 50 60
1

February
1
2
3
60 70 50
70 40 50
20 40 20
30

1
50
60
30
43

March
2
80
60
40
47

short season. However, the beginning and the end of
the seasons fluctuated from decade to decade. The
shift of the beginning of the seasons from decade to
decade at Divo is between 30 and 70 days and in
Gagnoa between 10 to 20 days with a high probability
of installation of the rains from the 2nd 10 days of
March in the two stations. The study also revealed an
increase in the rainy seasons during the last two
decades, namely 1996-2005 and 2006-2015 for the two
stations. However, this development has not affected
much rainfall, especially at the Divo station since more
than 70% of the years during the decade 2006-2015
recorded less than 700 mm of rain required for cocoa
farming. Rainfall deficit recorded during this period
exposes cocoa trees to water deficit.
The water deficit is a constraint for all crops and more
particularly for the cocoa tree, a very sensitive plant.
Several studies indeed showed the negative influence
of the water deficit on the establishment of a young
cacao and on the productivity and sustainability of a
mature cacao. Indeed, for a cocoa seedling in the
establishment phase some authors (Boyer, 1973; Freud
et al., 2000; Petithuguenin, 1995) showed that the
water deficit stops the growth, then leads to the death
of young cocoa trees with a high mortality rate during
the extremely dry years. For example, the mortality rate
observed in Togo fluctuates from 15 to 53% depending

3
90
80
60
60

1
70
90

April
May
2
3
1
2
3
20
50 40 50 0

1

Jun
2 3

1

50
63

July
2
3

50
63

10
43

on the type of soil (Jagoret and Jadin, 1993). In Côte
d'Ivoire; the mortality rate observed in a sample of 50
plots in the East is 39% (Petithuguenin, 1995). The
water deficit also delays the development and entry into
production of young cocoa trees. This study confirms
that, in West Africa, the survival of young cocoa trees,
with a shallow root system, is particularly conditioned
by a good distribution of rains, on one hand. On the
other hand, adult cocoa trees can withstand periods of
water deficit greater than 3 months, due to their deep
root system; but, their production potential is affected in
different ways. When the water deficit occurs a few
weeks before flowering, it leads to an increase in the
final yield by stimulating flowering. A few weeks after
fruit set, the same deficiency causes wilting of the
young fruits. If it occurs 3 to 4 months after setting, it
causes the reduction of the size of the cocoa beans.
This explains the small size of the cocoa beans during
the intermediate harvest in West Africa. Similarly, the
size of the beans in the main crop is decreasing more
and more. Such a phenomenon is linked to the water
deficit recorded during the great rainy season (Brou et
al., 2003). When the water deficit occurs over several
months and is repeated from year to year, it weakens
and reduces the longevity of the cocoa trees. This
explains the shortenedness of the mature phase and
the lateness of the senescent one (Petithuguenin, 1995)
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Figure 5. Evolution of 10 days rainfall and 10 days ETP over the decades 1986-1995, 1996-2005 and 2006-2015 at Gagnoa.

Impact of disturbance of the rainy seasons on
cocoa farming
The study of the distribution of rainfall between 19861995, 1996-2005 and 2006-2015 revealed a shift in
the dates of the beginning and end of the growing

seasons. The time lag is about 30 days between the
was observed between the 1986-1995 decade and
the decade 1986-1995 and the decade 1996-2005
and 70 days between the decade 1996 to 2005 and
the decade 2006 to 20015.However, at Gagnoa, the
lag is less pronounced. It is 30 days between the

decade 1996-2005 and the decade 2006-20015. Any
time lag1996-2005 decade. But, generally, over the
period (1986 to 20015), the main rainy season was
established at Divo from the 1st 10 days of March to
the 2nd 10 days of July and at Gagnoa from the 3rd
10 days of March to the 1st 10 days of July, while in
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Table 8. Frequencies (%) of P> ETP events in the 1986-1995, 1996-2005 and 2006-2015 decades in Gagnoa.

Decades
1986-1995
1996-2005
2006-2015
1986-2015

D1

J
F
D2 D3 D1 D2
20
20 30 40
17 17

D3
20
20
50
30

D1
60
20
50
43

M
A
M
D2 D3 D1 D2 D3 D1 D2 D3 D1
40 60
60 60
47

60

practice the planting of cacao is usually made in May or
June. That could partly explain the high mortality of
seedlings or even the failure of replanting during the
first two years of replantation. Climate change not only
affects the agricultural calendar, but also the cacao
growth and production cycle. In fact, at eastern Côte
d'Ivoire, the first cocoa production zone, the main
harvest is shifted from October to December (Brou et
al., 2003). Many other studies have revealed that cacao
productivity, development and quality are strongly
affected by the amount, distribution and duration of
rainfall (Almeida and Valle, 2007; Balasimha and Bhat,
1991; Moser et al., 2010). Consequently, cacao is not
generally considered resilient in the face of extreme
weather conditions, particularly during prolonged
periods of drought (Alvim and Kozlowski, 1977;
Almeida and Valle, 2007). Cacao’s noted low tolerance
to prolonged water limitation is concerning given that
climate models predict reduced rainfall, and increased
temperatures will become significant limitations to
production in the near future, with some areas of West
Africa already being affected (Agbongiarhuoyi et al.,
2013; Bari et al., 2016; Hutchins et al., 2015).
Solutions for sustainable cocoa production in the
two regions
The study revealed a variation in rainfall over the years
causing the shifts of the beginning and the end of the
main rainy season in the two regions. Under these
conditions, producers no longer know when to plant
cocoa and associated food crops. This situation
increases the vulnerability of rural populations in these
two regions to face the adverse effect of climate
change. Although the study showed a high probability
to have the beginning of the main rainy season by the
2nd 10 days of March in both regions, it would be
advantageous to make rainfall predictions and make
these information available to farmers on time to help
them install their crops at the good time. Similar studies
have been done elsewhere (Cetin, 2015a; Cetin et al.,
2018; Cetin et al., 2010; Cetin and al., 2016). In
addition, the use of climate prediction models in
combination with GIS will help define areas suitable for
cocoa farming both regionally and nationally (Cetin,
2015b;Cetin,2015c;Kaya et al.,2018;Cetin et al., 2018b;
Cetin et al., 2018c). In addition to deforestation, current
cocoa full sun production systems have led to land
degradation (Tondo et al., 2015; N'guessan et al., 2017;

83

J
D2

80
80

D3
50
70
67

D1
40
60
60
53

J
D2
40
80
20
47

D3
20
30
20
23

Kone et al., 2012).The promotion of agroforestry
systems based on cocoa could not only contribute to
restoring soil fertility but also diversify the income
sources of cocoa farmers to make them less dependent
on cocoa and vulnerable (Koko et al., 2013).
This system also provides stress alleviating services
(Jacobi et al., 2015; Verchot et al., 2007; Tscharntke et
al., 2010; Beer et al., 1998). In coffee, shade trees
protect the plants from drought by reducing the
evaporative transpiration demand, and increasing the
infiltration capacity of the soil (Lin, 2007). Shade can
affect cacao stomatal conductance, ameliorating the
effects of drought especially during seedling
establishment. Such interaction was observed by
Frimpong et al. (1999). Currently, chocolate makers
have initiated in several countries the promotion of
agroforestry in cocoa farming through numerous
projects including REDD+. Drought-resistant plant
material for cocoa could also be used in replantation or
rehabilitation of farms (Medina and Laliberte, 2017;
Smith, 2014). A review was done on the effects of
drought and temperature stress and increased CO2 in
Theobroma cacao Costa Rica: Bioversity International)
and short cycle varieties for associated food crops.
However, based on the concept that a healthy cacao
tree under balanced nutrition is more likely to be
resilient to abiotic stresses, potassium amendment was
highlighted for its potential to mitigate the effect of
drought in cacao orchards. Interactions between
potassium nutrition and drought stress have been
observed in other crops – e.g. sorghum (Asgharipour
and Heidari, 2011); cassava (Ezui et al., 2017); olive
(Erel et al., 2014); and highland banana (Taulya, 2013)
– and could be a management opportunity towards
drought resilience adaptability in cacao. Aside from
depending on potassium to regulate intrinsic osmotic
functions, cacao has a specifically high demand for
potassium, particularly for pod structure, and so it could
benefit from supplemental potassium. Therefore, the
best period to apply potassium is thought to be during
pod set and development (Almeida and Valle, 2007).
Irrigation can also be adopted as a solution to provide
cacao with additional water they need to express their
potential.

Conclusion
The current evolution and distribution of the rains show

Kassin et al.

a preponderance of moderately dry years in the Lôh
Djiboua region and moderately humid in the Gôh region
during the three decades studied. In addition, the study
showed that the beginning of the main rainy season is
between the 1st and 2nd 10 days of March in both
regions. However, a high probability of rainfall deficit
during rainy seasons, unfavorable to cacao was also
revealed. So at the short term planting in both areas
could be done earlier in March at the beginning of the
rainy season to allow the young plants to benefit from
all the rains so as to reduce their mortality rate. But
tests will have to be carried out in real environment to
confirm these periods. Agroforestry could also be a
solution to mitigate the negative effects of climate on
cocoa farming. Special attention should also be given
to the choice of the soils. These soils should have a
good water retention capacity in order to compensate
for the rainfall deficit during the rainy seasons.

CONFLICT OF INTERESTS
The authors have not declared any conflict of interests.
REFERENCES
Aguilar P, Paulin D, Keho Y, Kamleu G, Raillard A, Deheuvels O,
Petithuguenin P, Goskwoski J (2003). L’évolution des vergers de
cacaoyers en Côte d’Ivoire entre 1955 et 2002. In Actes de la 14ème
conférence internationale sur la recherche cacaoyère (Accra,
Ghana, 13-18 octobre 2003) pp. 1167-1175.
Asgharipour MR, Heidari M (2011). 'Effect of potassium supply on
drought resistance in sorghum: plant growth and macronutrient
content', Pakistan Journal of Agricultural Sciences 48(3): 197–204.
Assiri AA (2007). Identification des pratiques paysannes dans la
conduite des vergers de cacaoyers en Côte d’Ivoire. Mémoire de
DEA, Université de Cocody, UFR STRM 61 p.
Bari A, Damania AB, Mackay M, Dayanandan S (2016). Applied
mathematics and omics to assess crop genetic resources for
climate change adaptive traits. Nature Publishing Group
Beer J, Muschler R, Kass D, Somarriba E (1998). 'Shade
management in coffee and cacao plantations', Agroforestry
Systems 38(1-3):139-164
Boyer J (1973). Études particulières des facteurs hydriques de la
croissance du cacaoyer. Café Cacao Thé 15(3):189-202.
Brou YT, Aindès F, Bigot S (2005). La variabilité climatique en Côte
d’Ivoire : entre perception sociales et réponses agricole. Cahier de
l’Agriculture, vol, 14, n°6, novembre-décembre 2008, pp. 533-540.
Brou YT, N’Goran JAK, Bigot S, Servat E (2003). Risque climatique
et production agricole en Côte d’Ivoire : effet des variations
pluviométriques sur la production cacaoyère. In : Actes de la 14ème
conférence internationale sur la recherche cacaoyère. Accra,
Ghana, 18-23 octobre 2003, pp. 259-267.
Brou YT, Servat E, Paturel JE (1998). Contribution à l’analyse des
interrelations entre les activités humaines et variabilité climatique. :
cas du Sud forestier ivoirien. Académie des sciences/Elsevier,
Paris, t. 327, série IIa, pp. 833-838.
Cetin M, Cakir C, Canturk U, Sevik H (2018b). Chapter 23: taking the
decisions of the area with the geodesign of Karabuk city centre. In
book title: Recent Researches in Science and Landscape
Management, Cambridge Scholars Publishing. ISBN (10): 1-52751087-5, ISBN (13): 978-1-5275-1087-6, Lady Stephenson Library,
Newcastle upon Tyne, NE6 2PA, UK pp. 299-309.
Cetin M, Yildirim E, Canturk U, Sevik H (2018c). Chapter 25:
investigation of bioclimatic comfort area of Elazig city centre. In
book title: Recent Researches in Science and Landscape
Management, Cambridge Scholars Publishing. ISBN (10): 1-52751087-5, ISBN (13): 978-1-5275-1087-6, Lady Stephenson Library,

197

Newcastle upon Tyne, NE6 2PA, UK pp. 324-333.
Cetin M (2015a). Determining the bioclimatic comfort in Kastamonu
City.
Environmental
Monitoring
and
Assessment
187(10):640, http://link.springer.com/article/10.1007%2Fs10661015-4861-3
Cetin M (2015b). Using GIS analysis to assess urban green space in
terms of accessibility: case study in Kutahya. International Journal
of Sustainable Development and World Ecology 22(5):420-424
Cetin M (2015c) Evaluation of the sustainable tourism potential of a
protected area for landscape planning: a case study of the ancient
city of Pompeipolis in Kastamonu. International Journal of
Sustainable Development and World Ecology 22(6):490-495,
Cetin M, Adiguzel F, Kaya O, Sahap A (2018a) Mapping of bioclimatic
comfort for potential planning using GIS in Aydin. Environment,
Development
and
Sustainability
20(1):361-375,
http://link.springer.com/article/10.1007/s10668-016-9885-5
Cetin M, Topay M, Kaya LG, Yilmaz B (2010) Efficiency of bioclimatic
comfort in landscape planning process: case of Kutahya, Turkish
Journal of Forestry 1(1):83-95
Cocheme J, Franquin P (1976). An agroclimatological survey of a
semi-arid in Africa south of the Sahara. W.M.O. Tech. Notes, 86p.
Coulibaly A. & Dje B., 2009. Characterization of drought with climate
indices
in
Africa:
Case
of
Ivory
Coast.
http://www.wmo.int/pages/prog/wcp/agm/meetings/etdret09/wodret
.php.
Coulibaly N, Bly JP (2002). Aperçu de l’agriculture ivoirienne à travers
les données de la base de sondage du recensement national de
l’agriculture 2001, issu de RGPH 98. République de Côte d’Ivoire,
Ministère de l’Agriculture et du Développement Rural. Projet
GCP/IVC/025/EC-Recensement de l’agriculture 17 p.
Dabin B (1973). Étude pour la reconversion des cultures de caféier
dans la République de Côte d’Ivoire. Pédologie, tome 1, Rapport
n°63/36/X, BDPA-ORSTOM 172 p.
Deheuvels O (2007). Dynamiques de plantation-replantation
cacaoyères en Côte d’Ivoire : comparaison de deux techniques
avec Olympe. In : Penot Éric (éd.), Deheuvels Olivier (éd.).
Modélisation
économique
des
exploitations
agricoles :
modélisation, simulation et aide à la décision avec le logiciel
Olympe. Paris, L’Harmattan pp.49-61.
Erel R., Ben-Gal A., Dag A., Schwartz A, Yermiyahu U (2014).
'Sodium replacement of potassium in physiological processes of
olive trees (var. Barnea) as affected by drought', Tree Physiology
34(10):1102–1117
Ezui KS, Franke AC, Leffelaar PA, Mando A, Heerwaarden J, Van SJ,
Sogbedji J, Giller KE (2017). 'Water and radiation use efficiencies
explain the effect of potassium on the productivity of cassava',
European Journal of Agronomy 83:28-39.
Freud EH, Petithuguenin P, Richard J (2000). Les champs du cacao:
un défi de compétition Afrique-Asie. Édition Karthala-CIRAD, 216
p.
Frimpong EB, Adu-Ampomah Y, Abdul-Karimu A (1999). 'Efforts to
breed for drought resistant cocoa in Ghana', in Proceedings of the
12th International Cocoa Research Conference, Lagos: Cocoa
Producers' Alliance, pp.375-378.
IFCC (1978). Etude de la boucle du cacao, 43 p.
Jacobi J, Schneider M, Bottazzi P, Pillco M, Calizaya P, Rist S
(2015). 'Agroecosystem resilience and farmers’ perceptions of
climate change impacts on cocoa farms in Alto Beni, Bolivia',
Renewable 39 Agriculture and Food Systems 30(2):170–183
Jagoret P, Jadin p (1993). Recherche d’un itinéraire technique pour la
replantation des cacaoyers au Togo. IV. Contribution à une
meilleure approche pédologique de la replantation cacoyère. Café
Cacao Thé 37(4):313-320.
Jarrige F, Ruf F (1990). Comprendre la crise du cacao. Café Cacao
Thé 34(3):213-221.
Kassin KE, Koné D, Kouamé B, Yoro GR, Assa A (2008). Variabilité
pluviométrique et perspectives pour la replantation cacaoyère dans
le Centre ouest de la Côte d’Ivoire. Journal of Applied biosciences
12:633-641.
Kaya E, Agca M, Adiguzel F, Cetin M (2018). Spatial data analysis
with R programming for environment. Human and Ecological Risk
Assessment: An International Journal pp. 1-10.
Koko LK, Snoeck D, Lekadou TT, Assiri AA (2013). Cacao-fruit tree
intercropping effects on cocoa yield, plant vigour and light
interception in Côte d'Ivoire Agroforestry Systems 87(5)1043-1052

198

J. Soil Sci. Environ. Manage.

Kone M, Konate S, Yeo K, Kouassi PK, Linsenmair KE (2012).
Changes in ant communities along an age gradient of cocoa
cultivation in the Oumé region, central Côte d'Ivoire. Entomological
Science15 (3):324-339.
Lin BB (2007). 'Agroforestry management as an adaptive strategy
against potential microclimate extremes in coffee agriculture',
Agricultural and Forest Meteorology 144(1–2):85–94.
Medina V, Laliberte B (2017). A review of research on the effects of
drought and temperature stress and increased CO2 on Theobroma
cacao L., and the role of genetic diversity to address climate
change. Costa Rica: Bioversity International.
Mian KA (2007). Contribution à l’Analyse agroclimatique de la zone
de culture du cacaoyer en Côte d’Ivoire. Mémoire de fin d’étude,
Centre régional AGRHYMET, 64 p.
N'guessan KJC, Traore MJ, Snoeck D, Kassin E, Koko L, Camara M,
Yao-kouame A (2017) Mapping Cacao Fertiliser Requirements in
Côte d’Ivoire. Imperial Journal of Interdisciplinary Research (IJIR)
Vol-3, Issue-6, 2017 ISSN: 2454-1362, http://www.onlinejournal.in.
Petithuguenin P (1995). cacaoculture et évolution du milieu, une
contribution à la réflexion sur la responsabilité de ces systèmes de
culture. In : Actes de la fertilité du milieu et stratégies paysannes
sous les tropiques humides, Montpellier, 13-17 novembre 1995, J.
Pichot, N. Sibelet et J. J. Lacoeuilhe (eds.) pp. 304-349.
Ruf F (1991). Les crises cacaoyères. La malédiction des âges d'or?
(Cocoa Crises: The Bust after the Boom?). Cahiers d'études
africaines pp. 83-134.
Ruf F (1995). Booms et crises du cacao : les vertiges de l’or brun.
Ed. Karthala 443 p.
Ruf F, Götz S, Kone D (2015). Climate change, cocoa migrations
and deforestation in West Africa: What does the past tell us about
the future? Sustainability Science 10(1):101-111.
Servat E, Paturel JE, Kouame B, Boyer JF, Lubes H, Masson JM
(1995). La sécheresse en Afrique de l’Ouest non sahélienne (Côte
d‘Ivoire, Togo, Benin). Sécheresse 6(1):95-102.
Servat E, Paturel JE, Kouame B, Travaglio M, Ouedraogo M, Lubes
H, Fritsh M, Masson JM,
Marieu B (1998). Identification,
caractérisation et conséquences d'une variabilité hydrologique en
Afrique de l'ouest et centrale. Proceedings of the Abidjan'98
Conference held at Abidjan, Côte d'lvoire, November 1998. IAHS
Publ. (252):323-337.
Smith DE, Gnahoua GM, Ohouo L, Sinclair FL, Vaast P (2014).
Farmers in Côte d’Ivoire value integrating tree diversity in cocoa for
the provision of ecosystem services. Agroforestry Systems
88(6):1047-1066.

Soro TD, Soro N, Marie-Solange Y, Lasm T, Soro G, Ernest K Biemi
J (2011). La variabilité climatique et son impact sur les ressources
en eau dans le degré carré de Grand-Lahou (Sud-Ouest de la Côte
d'Ivoire). Physio-Géo 5:55-73.
Taulya G (2013). 'Field crops research East African highland bananas
(Musa spp. AAA-EA) ‘worry’ more about potassium deficiency than
drought stress' 151:45–55.
Tondje PR, Roberts DP, Bon MC, Widmer T, Samuels GJ, Ismaiel A,
Begoude AD, Tchana T, Nyemb-Tshomb E, Ndoumbe-Nkeng M,
Bateman R (2007). 'Isolation and identification of mycoparasitic
isolates of Trichoderma asperellum with potential for suppression
of black pod disease of cacao in Cameroon', Biological Control
43(2):202-212.
Tondoh JE, Kouamé FN, Martinez Guéi A, Sey B, Wowo Koné A,
Gnessougou N (2015). Ecological changes induced by full-sun
cocoa farming in Côte d'Ivoire Global Ecology and Conservation
3:575-595.
Tscharntke T, Leuschner C, Veldkamp E, Faust H, Guhardja E, Bidin
A (2010). Tropical rainforests and agroforests under global change:
ecological and socio-economic valuations. Environmental Science
and Engineering book series. NY: Springer.
Verchot LV, Van Noordwijk M, Kandji S, Tomich T, Ong C, Albrecht
A, Mackensen J, Bantilan C, Anupama KV, Palm C (2007).
'Climate change: linking adaptation and mitigation through
agroforestry', Mitigation and Adaptation Strategies for Global
Change 12:901-918.
Wu H, Hayes J, Wilhite DA, ET Svoboda MD (2005). The effect of the
length of record on the standardized precipitation index calculation.
International Journal of Climatology 25: 505-520.

Related Journals:
O PE N ACCE S S

Journal of
Plant BreedingandCropScience

O PE N ACCE S S

African Journal of

Agricultural Research

O PE N ACCE S S

Journal of
Agricultural
Biotechnology and
Sustainable Developm ent

O PE N ACCE S S

Journal of
Stored Products and Postharvest Research

O PE N ACCE S S

International Journal of
Fisheries and Aquaculture

O PE N ACCE S S

Journal of
Agricultural Extension
and Rural Development

www.academicjournals.org

O PE N ACCE S S

Journal of
Soil Science and
Environmental Management

O PE N ACCE S S

International Journal of
LivestockProduction

O PE N ACCE S S

Journal of

Cereals and Oilseeds

