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ABSTRACT 
Objectives: Fusarium wilt is the first oil palm pathology, who devastates the plantations in Africa. The 
currents study aims to diagnose the spatial distribution of this pathology and the incidence of the disease 
caused by Fusarium oxysporum elaeidis (Foe) in the palm oil growing zone of Benin.  
Methodology and Results: Thus, a survey was carried out in May 2018 covering 16 plantations distributed 
in four agroecological zones of production of palm oil in Benin. In each plantation, 15 plants were randomly 
inspected to evaluate the incidence, the severity, and the distribution of the disease. Root and soil samples 
were collected at the foot of each evaluated tree, at a depth of 20 cm using an auger. Samples were stored 
in polyetilene bags, for the detection and isolation of the pathogenic agent. The results showed that 
incidence is significantly different depending on the agroecological zones prospected (p=0.000). Central 
Cotton Zone (Kétou) and the Fisheries Zone (Adjohoun) recorded an incidence of vascular wilt of 0%, 
whereas on the sites surveyed in the Depression Zone (Pobè, Adja-Ouèrè) and the Bar Land Zone (Ifangni, 
Missérété, Sakété, Adjarra) the recorded disease incidences were 30.0% and 12.5%, respectively. This 
study also revealed an uneven distribution of the pathogen on the sites surveyed. Indeed, the study of the 
soil samples taken at the foot of the plants revealed that the presence of Foe does not systematically 
induce the disease, or induces it to varying levels, although the isolate is pathogenic and the material 
planted on each site is identical.  
Conclusions and application of results: These results demonstrate a polymorphism of oil palm susceptibility 
to Fusarium wilt and underline the need to define a new screening approach based on the susceptibility 
factors of oil palm and which minimizes the intra-crossing variations observed. 
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INTRODUCTON 
Fungal diseases in oil palm are the major 
pathologies that cause significant yield losses in 
Africa (Diabaté, 2008). Vascular wilt is presently 
the most serious disease of the oil palm in West 
and Central Africa, particularly in Ivory Coast, 
Ghana, Benin, Nigeria, Cameroon and Congo 
Democratic Republic (Turner, 1981; Renard & de 
Franqueville, 1989; Gogbe et al., 2017). Vascular 
wilt can cause up to 70% mortality in plantation (de 
Franqueville & Renard 1990, Cochard et al., 2005). 
But with the new oil palm genotypes, its incidence 
diminishes.  In 2016, vascular wilt disease 
incidence was recorded in many regions of Côte 
d'Ivoire including Dabou (0.87%), Anguédédou 
(0.60%), Divo (0.48%), Ehania (0.4%) and Grand 
Bereby (0.11%) (Gogbe et al., 2017). The 
pathogenic fungus responsible of Fusarium wilt is, 
Fusarium oxysporum f. sp. elaeidis (Foe) (Fraselle, 
1951). Foe infects the plant with root lesions, then 
migrates into the xylem vessels, causes a 
hormonal imbalance whose consequence is water 
stress (Flood, 2006). This physiological imbalance 
can lead to a decrease in production, and 
sometimes the death of the plant (Tengoua & 
Bakoumé, 2008). (Renard & Ravisé, 1986; Renard 
& de Franqueville, 1989).The climate is also 
conducive to infection (Ho et al., 1985). Fusarium 
oxysporum f. sp. elaeidis infects all stages of palm 
growth, from seed to adult palm to seedlings in 
pre-nursery or nursery (Fraselle, 1951). However, 
there is a very remarkable difference between the 
expression of Fusarium wilt in the young plant and 
the adult oil palm (Renard & Ravisé, 1986). In adult 
palm, two forms of phenotypic expression are 
observed depending on the typical or chronic 

nature or disease. The chronic form is the 
persistent form of the disease in producing palms, 
while the typical form leads to plant death a few 
months after the onset of symptoms (Tengoua & 
Bakoumé, 2008). The bases for phenotypic 
recognition of Fusarium wilt in oil palm have been 
established by Renard & de Franqueville (1989).  A 
typical form characterized by dehydration of the 
lower leaves and fracture of the spine by one-third 
from the petiole, slow growth and yellowing of the 
young leaves, and the chronic form resulting from 
a partial remission of typical symptoms. In this 
case the dry leaves fall and the palm tree emits 
two to four arrows which open only very slowly. 
The stipe narrows and evolves towards a point-like 
pencil appearance (de Franqueville & Diabaté, 
1995). On the other hand, in young palms, 
yellowing and then browning of an average leaf of 
the corona are first observed. This colouring then 
gains the neighbouring leaves of the same level, 
then the lower leaves (de Franqueville & Diabaté, 
1995). Internal symptoms include browning 
(discoloration of vessel walls and adjacent 
parenchyma) of xylem, which is characteristic of 
Foe (Cooper, 2011). The only way to control this 
disease in a sustainable plantation is planting of 
resistant material (Cooper, 2011). But Mepsted et 
al. (1994) indicated that there is a potential 
variability of Foe, and material developed in one 
area could succumb to infection elsewhere. This 
study aims to identify occurrence and distribution 
of the Fusarium wilt in the oil palm growing area in 
Benin and assess the incidence of the disease and 
its severity. 

 
MATERIALS AND METHOD 
Prospecting: The oil palm is grown in the southern 
region of Benin (1 ° 40 - 2 ° 45 E and 6 ° 20 - 7 ° 45 
N), (Fournier et al. 2001). The climate is a typical 
subequatorial with two rain seasons and two dry 
seasons. For this study the main region of oil palm 
production in Benin is chosen which falls into four 
agroecologicals and characterized by a diversity of soils 
and climatic parameters (table 1). In each district in 
these agroecological zones, two plantations established 

before 1995 and covering an area of 0.5 ha or more 
than 0. 5 ha have been selected. In each plantation, a 
square of 0.5 ha was demarcated and 15 palm trees 
were haphazardly chosen. The occurrence (presence 
or absence of the symptoms) was noted. Severity of 
vascular wilt was evaluated by the chronology of the 
symptoms as described by de Franqueville & Diabaté 
(1995), figure. The samples of roots and soil were taken 
by palm at a depth of 20 cm and deposited in 
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polyethylene bags for detection and isolation of the 
pathogenic agent. The geographic coordinates of each 

site surveyed were recorded with a Garmin GPS. 

 
Table 1: Characteristics of prospected zones 

Agroecological zones* Districts 
surveyed 

Soil types Rainfall* Temperature* 

Central Cotton Zone Kétou, Along beach sandy 
soil, red ferralitic, 
vertic vertisols, 

hydromorphic more 
or less sandy or 

clayey 

1.000 to 1.300 
mm 

26 to 38°C 

Depression Zone Pobè, Adja-
Ouèrè 

1.300 and 1.500 
mm 

25 to 35°C 

Fisheries Zone Adjohoun, 
Bar Land Zone Ifangni, 

Missérété 
Sakété Adjarra  

*DPP/MAEP (2001). *Azontonde (1991). 
 
Foe detection test: In order to identify the presence of 
Foe in the soil in relation to the expression of 
phenotype symptoms, Foe was isolated from soil 
samples on MM culture media. Isolation of the 
pathogen had done on the mycelium medium according 
to the technique developed by Ntsefong-Ntsomboh et 
al. (2015). For this, the series of successive dilutions (-
1-2-3) at 1/10  had done for 10 g of each soil sample 
after drying in the oven at 104 ° C for 24 hours. The 
less diluted flasks (-3) were cultured in mycelium 
medium after autoclaved at 121 ° C. for 15 minutes and 
distributed in plates sterilized at 200 ° C for 2 hours. 
Indeed 10 g of soil were introduced into a test tube 
containing 90 mL of distilled water. Then, 5 mL of the 
first dilution was introduced in 45 mL of distilled water. 
The flask was then covered with parafilm paper and 
agitated with a top mix (vortex) for 20 minutes for better 
suspension of micro-organisms and soil particles. Soil 
sample, only the most dulled flasks (-3) were grown in 
order to avoid a very strong condensation of the 
microorganisms on the culture substrate. The culture 
media used were made up of the following composition: 
M Medium (Medium for Mycelium): 1g dipotassium 
hydrogen phosphate, 0.5 g magnesium sulphate, 0.1 g 

iron sulphate, 1.5 g asparagine, 1g yeast extract, 25 g 
Agar, 20 g glucose, 1L distilled water. The pure cultures 
of the fungus are obtained by transferring on new 
media of 2-mm2 culture cut from mycelial growing edge 
of the isolates on culture media. Ten culture plates 
were done for each isolate, and identification was 
carried out based on microscopic characteristics (the 
nature of the mycelium, the morphology and formation 
of the conidiophore, the arrangement of conidia on 
conidiophores, the shape and size of conidia, the type 
and number of conidia) using identification keys 
developed by Booth (1971), figure 2. 
Statistical analysis of the data: The incidence of the 
disease at each prospect site were calculated using the 
equation proposed by Cooke et al (2005): 

IM = n / (N) x100 
With IM, the incidence of the disease on the site,  
n, the number of plants on which the disease is present 
on the site, and 
N, the total number of plants observed on the site. 
An analysis of variance followed by a classification was 
made for the incidence values per district in the 
software R 3.5.0. The distribution map of the vascular 
wilt in Benin was established.  

 
RESULTS  
Incidence by district: The table 2 below shows the 
percentage of plants showing phenotypically the 
symptoms of oil palm vascular wilt disease by districts. 
It shows that there is a very highly significant difference 
between the eight districts survey (P =1.53e-15). In 

fact, Adja-Ouèrè (36.67%), Sakété (50%) and Pobè 
(23.33%) have vascular wilt, compared to other 
districts, where we haven’t any vascular wilt infection 
(0%). 
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Table 2: Incidence by districts 
Districts Foe infection (%) 
Adja-Ouèrè      36.67±8.94bc 
Adjarra   0±0.00 a 
Adjohoun    0±0.00 a 
Ifangni     0±0.00 a 
Kétou       0±0.00 a 
Missrété    0±0.00 a 
Pobè      23.33±7.85b 
Sakété     50±9.28c 
F 14.42  
P  0 '***' 
The values followed by the same small letters in the columns are not significantly different at 5% according to the 
Tukey test using R 3.5.0 
 
Incidence by agroecological zones: Table 3 below 
shows the percentage of plants showing phenotypically 
the symptoms of oil palm vascular wilt disease by 
agroecological zones. It reflects a very highly significant 
difference between agroecological zones (P = 0.000). 
In fact, the sites surveyed in the Benin Central Cotton 

Zone (Kétou) and the Fisheries Zone (Adjohoun) 
recorded an incidence of vascular wilt of 0%, whereas 
on the sites surveyed in the Depression Zone (Pobè, 
Adja-Ouèrè) and the Bar Land Zone (Ifangni, Missérété, 
Sakété, Adjarra) we the incidences recorded were 
30.00% and 12.50%, respectively. 

 
Table 3: Incidence by agro-ecological zones 

Agro-ecological zones(1) Percentage of seedlings attacked(2) 
Central Cotton Zone 0.00 ±  0.000a 

Depression Zone 30.00±5.96b 
Fisheries Zone 0.00 ± 0.000a 
Bar Land Zone 12.50± 3.03c 

F 8.371 
P 0.000 

 
The table 4 below shows the palm trees attacked per 
district the degree of infection and the presence of Foe 
in the soil samples taken at the foot of each tree. In the 
districts of Kétou, Adjarra, Ifangni, Missrété and 
Adjohoun, none of the trees tested showed the 
symptoms of vascular wilt, although the Foe pathogen 
was isolated from soil samples taken at the foot of 
these trees. In the district of Adja-Ouèrè, however, 11 

trees were attacked against 19 phenotypically healthy 
trees, despite the homogeneity of the plant material 
planted and the presence of the pathogen at the foot of 
each tree. Similarly, we recorded the finding in the 
district of Pobè (7 of diseased plants and 23 of healthy 
plants), Sakété (15 of diseased plants and 15 of healthy 
plants). It pointed out that the fusarized trees showed a 
variability in the degree of infections. 
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Table 4: Severity expression on oil palm according to district in Benin 
 Severity (de Franqueville & Diabaté,1995)   
District Trees 

attacked 
Degree 1 : Desiccation of older 
leaves and breaking of the 
rachis near the base 

 Degree 2 : Younger 
fronds are then affected 
successively and erect, 
still green leaves 
become reduced in size 
and may become 
chlorotic 

 Degree 3 : The stipe narrows 
and evolves towards a "pencil 
tip" appearance 

Trees not 
fusarized 

Presence of 
Foe 

Kétou 0 - - - 30 Positive 
Adja-Ouèrè 11  11  19 Positive 

Pobè 7 3 4 - 23 Positive 
Adjarra - - - - 30 Positive 
Ifangni - - - - 30 Positive 

Missrété - - - - 30 Positive 
Sakété 15 - 12 3 15 Positive 

Adjohoun - - - - 30 Positive 
Total  33 3 27 3 207 - 



Koussinou et al.,    J. Appl. Biosci. 2019   Distribution and incidence of Fusarium wilt in oil palm in Benin 

13836 
 

 
Figure 1: Palm plant showing the symptoms of vascular wilt in Benin 
 

 
Figure 2:  shows Foe on Mycelium Medium 
 
Incidence per surveyed site: Vascular wilt was 
present in 25% of sites (4 out of 16 sites) surveyed in 
Benin. The sites were grouped into four classes of 
incidence, materialized by different colorations.  Figure 
3 below shows the incidence map by surveyed site. On 

this map two sites, the site of Ahita (Sakété) and 
Kokorokein (Adja-Ouèrè) recorded the highest 
incidence value (S> 55%). These sites are the most 
vulnerable to vascular wilt. 
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Figure: 3 Map showing incidence of vascular wilt by site surveyed in 2018 
Class 1: 0-15%, Class 2: 15-35%, Class 3: 35-55, Class 4 :> 55%. 
 
DISCUSSION 
The average incidence varied from site to site and 
ranged from 0.00% to 50. %. The highest incidence 
values were obtained at Sakété, Adja-ouèrè, and Pobè 
districts. This means that these sites harbour spread 
strains of Fusarium oxysporum elaeidis and that the 
plant material is susceptible to vascular wilt. However, 
although the analysis of the soil samples taken at the 
foot of each plant revealed the presence of Foe at the 
different sites, and that the plant material was 
homogeneous by site, all the plants present did not 
phenotypically manifest vascular wilt. This indicates a 
variability in the expression of vascular wilt. This could 
be due to the differential responses of the same gene 
cluster or to the expression of different groups of genes 
(Cockerhan, 1963; Falconer, 1990). Indeed, Meunier 
(1979) has established that the tolerance to vascular 
wilt is of polygenic type. So we know that the 
establishment of the infection depends on specific and 
sophisticated recognition mechanisms, called the gene-
for-gene reaction between the plant and the pathogen 
(Flor, 1971). In addition, the development of infection is 

conditioned by the interactions between pathogen 
effectors and host susceptibility genes (Chetouhi, 
2015). In oil Palm, tolerance to vascular wilt is 
associated with tissue accumulation of inhibitory 
substances for F. oxysporum, whose synthesis 
depends on the lineage genome, and to a lesser extent 
individual variability, (Taquet, 1985). This could suggest 
the polymorphic nature of the genes involved in the 
establishment of vascular wilt in oil palm with impact, a 
polymorphism of palm susceptibility to vascular wilt. 
This finding confirms the results obtained, in prenursery 
in Ivory Coast by Dixon et al. (1981), Whitehead al. 
(1982), Lawton et al. (1983). These authors found the 
same plasticity when studying the individual variability 
between plants from the same cross. The variability of 
susceptibility to vascular wilt observed in individuals 
from the same genetic population could help to define a 
new pre-nursery screening approach based on oil palm 
susceptibility factors and the modalities of defense 
mechanisms on adult plants.  
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CONCLUSION 
The survey shows that incidence of Vascular wilt is 
significantly different depending on the agroecological 
zones. This study also revealed a non-homogeneous 
distribution of the pathogen on the sites surveyed. 
Indeed, the study of the soil samples taken at the foot 
of the plants revealed that the presence of Foe does 

not systematically induce the disease, or induces it to 
varying levels, despite the isolate present is pathogenic 
and the material planted on each site is identical. This 
remark results in a polymorphism in the expression of 
the disease by the plants.  
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