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 Banana Fusarium wilt caused by Fusarium oxysporum f. sp. cubense tropical race 
4 (Foc TR4), is a worrying destructive disease affecting banana plantations with 
devastating effects on food safety and economy of many tropical countries. There 
is few information about this disease in Côte d’Ivoire. This study was aimed at 
assessing the distribution of Foc TR4 in banana plantations of the Lôh-Djiboua 
region (Côte d’Ivoire) and then finding the most sensitive research methods of Foc 
TR4 in the soil of these plantations. Foc TR4 was searched for in soils of 8 banana 
plantations through culture-dependent (CDMA) and culture-independent 
molecular approaches (CIMA). CDMA consisted of the isolation of F. oxysporum 
from culture media and subjecting it to molecular confirmation tests at subspecies 
level. CIMA consisted of searching for Foc TR4 directly from soil samples with 
molecular probes. Molecular detection limit of Foc TR4 was also searched for in 
the mix: i) Foc TR4 DNA and ultra-pure water and ii) Foc TR4 DNA and pool of DNA 
from Foc TR4 free soil. Foc TR4 was found in 5 plantations. For 16 of the soil 
samples analyzed, CDMA showed that 8 samples belonging to 5 plantations 
harboured Foc TR4 whereas with CIMA, Foc TR4 were isolated from 3 samples 
belonging to 2 plantations. FocTR4 DNA was detected in the soil by polymerase 
chain reaction (PCR) from 73 ± 6.02 ng. The combination of CDMA and CIMA led 
to a better estimate of Foc TR4 distribution. CDMA was more sensitive for 
detecting Foc TR4 in the soil of the plantations investigated. 

©2021 Blue Pen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
Banana (Musa spp.) is one of the world's most important 
crops owing to its economic and food interest. It is much 
appreciated in many tropical countries. For instance, 
plantain being the 3rd staple food after rice and yam in Côte 

d’Ivoire is a major ingredient of various food such as 
“foutou”, “foufou”, “alloco”, “chips” assuring food 
diversification and security. Dessert banana which is in 
priority   intended   for   exportation,   represents   a    driving  
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force in economy. Banana sector accounts for 5 to 8% of 
agricultural GDP (FIRCA, 2014).  

In all banana growing areas, cultivation of banana, is 
unfortunately threatened by bacteria, viruses, fungi, 
nematodes and weevils. Among these attacks, fungi have 
been for a long time a growing threat and lead to severe 
affections of the leaves, stems, fruits and roots, resulting 
in significant yield reductions (Stover, 1959; Viljoen, 2002; 
De Bellaire et al., 2010; Dita et al., 2018). Fusarium wilt is 
a serious fungal disease that affects banana plant. It is 
caused by the soil-borne fungus Fusarium oxysporum f. 
sp. cubense (Foc) and is responsible of constraints on 
banana production causing serious economic losses 
worldwide (Ploetz, 2015; Dita et al., 2018). Based on the 
susceptibility to reference host cultivars, Foc can be 
divided into four physiological races of which three caused 
banana diseases. Race 1 caused the epidemics on Gros 
Michel (AAA) and Manzano/Apple/Latundan (Silk, AAB). 
Race 2 affects cooking bananas of the Bluggoe (ABB) 
subgroup and race 4 infects almost all cultivars including 
"Dwarf Cavendish" (AAA) as well as the hosts of race 1 
and race 2 (Lassoudière, 2007; Lin et al., 2013; Sutherland 
et al., 2013). Race 3 infects Heliconia spp. but it is no 
longer considered as part of Foc (Ploetz, 2005). Race 4 
has been split into subtropical race 4, which affects 
“Cavendish” and races 1 and 2 suscepts in the subtropics, 
and tropical race 4, which affects many of the same 
cultivars as subtropical race 4 in the tropics when disease-
predisposing conditions are absent (Ploetz, 2015). 
Furthermore, owing to confusions and inaccuracies of the 
race structure often happening in delineating strains of 
Foc, vegetative compatibility has been implemented as a 
strategy to categorize the pathogen. A total of 24 
vegetative compatibility groups (VCGs) have been 
identified for Foc. Tropical race 4 is designated as VCG 
01213/16 and subtropical race 4 belong to VCGs 0120, 
0121, 0122, 0129 and 01211 (Dita et al., 2010; Mostert et 
al., 2017). Fusarium wilt, also known as Panama disease, 
affected several banana plantations in Australia, Taiwan, 
Philippines, India, Mozambique (Pegg et al., 1996; Ploetz, 
2015; Viljoen et al., 2020) and South Africa (Viljoen, 2002). 

Foc TR4 is a soil fungus which starts its infection process 
in banana by the roots. Indeed, from the soil, it travels 
through the roots, rhizome, and up the pseudostem. It 
reaches the outside of the pseudostem by 24 days post 
infection. At this stage, the plants show severe symptoms 
or necrosis (Ploetz, 2000; Warman and Aitken, 2018). The 
main dispersal modes of this fungus are the transport of 
plant material, soil and water runoff from contaminated 
areas to other areas (Daly and Walduck, 2006; Perez-
Vicente et al., 2014). The rapid dispersion  of  Foc  TR4  is 
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one of the factors that render Fusarium wilt, one of the 
most destructive diseases. Management of this disease is 
restricted to exclude the pathogen from non-infected area 
and use resistant cultivars where Foc TR4 is established 
(Ploetz, 2015). Thus, an efficient management is 
conditioned by a diagnostic of the fungus in a non-
exanimated areas.  

According to Kra et al. (2011), a few cases of Fusarium 
wilt were discovered in 2006 on some banana cultivars 
“Grand Nain” and “Corn 1” in the south of Côte d’Ivoire and 
since that time, little is known about occurrence of this 
disease in other Ivorian banana production areas. The 
region of Lôh-Djiboua (Côte d’Ivoire) contributes alongside 
high banana production areas in Côte d’Ivoire, to supply 
markets across the country. In addition, one of the goals 
of the Ivorian authorities, is to make this region an 
attractive future agricultural pole (Ouina et al., 2020). This 
present study aimed to determine the distribution of Foc 
TR4 in the soil of some banana plantations in the region of 
Lôh-Djiboua. Specifically, two approaches, culture-
dependent and independent methods were used in other 
to circumvent possible bias related to antagonism that may 
exist between micro-organisms during the cultivation step 
of soil samples.  

 
 
MATERIALS AND METHODS 

 
Characteristics of study site 

 
The field phase of this study was conducted in 2016 in the 
region of Lôh-Djiboua, located in the West Central of Côte 
d'Ivoire. The climate of this region is of the transitional 
equatorial type, which combines two rainy seasons with 
two dry seasons. The average annual rainfall and 
temperature are respectively between 1200 and 1600 mm 
and between 20 and 35°C around. Soils are generally 
ferrallitic, highly desaturated in the south (PRICI, 2016). 
The localities investigated in this study were Divo and 
Lakota, with respective geographical coordinates (5°49'59 
"N and 5°21'58" W) and (5°50'49 "N and 5°40'48" O), 
determined with the aid of Google Earth 7.1.5.1557 
release (Google, Mountain View, California/USA). 

 
 
Soil sampling in banana plantations 

 
Soil sampling was carried out during the month of August 
2016 in eight banana plantations of which four located in 
the locality of Divo (B1, B2, B3 and B4) and four in the 
locality of Lakota (B5, B6, B7 and B8) following Ouina et 
al. (2020) with some modifications. The minimum distance 
between two bananas plantations were about 10 km. 
Among these eight banana plantations, six were of 
plantain  type  and  two  of  dessert  banana  type.  In   each  
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locality, three banana plantations of plantain type and one 
of dessert type were chosen. First, two groups of four 
banana plants approximately located 80 m about from 
each other, were formed in each banana plantation. A 
group is defined as a 8 m diameter circular zone in which 
there are banana trees. Banana plants chosen in a group 
were spaced at least 4 m about apart from each other. 
Within a group and in a radius of 0.5 m around the foot of 
each chosen banana tree, the soil surface was cleared of 
plant and animal debris using a hoe. At a depth of 15 to 20 
cm, 15 g of soil adhering to the roots were taken by hand 
with gloves. The mass of soil from each banana plant were 
homogeneously mixed and the resulting quantity (60 g) of 
soil constitute a soil sample. In each banana plantation, 
two soil samples from each group codified S 1 and S 2 
were taken, packaged in sterile bag and kept in a cooler 
with ices. A total of 16 soil samples were collected and sent 
to the laboratory for analysis. 

 
 
Research of F. oxysporum f. sp. cubense tropical race 
4 (Foc TR4) 

 
The fungus F. oxysporum f. sp. cubense tropical race 4 
(Foc TR4) was searched from soil samples through the 
culture-dependent and culture-independent molecular 
approaches as described below according to Ouina et al. 
(2020). 

 
 
Culture-dependent molecular approach 

 
The culture-dependent molecular approach consisted of 
isolating F. oxysporum on culture media and submitting 
these isolates to molecular confirmation tests at the level 
of subspecies (Foc TR4).  

 
Cultivation of fungi: For implementing this step, soil 
samples collected from banana farm of the study site were 
cultivated on the culture media Potato Dextrose Agar 
(PDA), Cristomalt (CM) and Cristomalt+lithium (6 g/L) 
(CML), through the technique of soils plates (Warcup, 
1950). Briefly, amounts of 5 to 10 mg of each soil sample 
collected were weighed using a precision balance 
(Sartorius CP 225D, AG Germany) and placed in Petri 
dishes without ergot. Twenty-five milliliters of PDA, CM or 
CML medium, previously prepared and kept in 
supercooling at 45 to 50°C, were added thereto. Weighed 
soil was immediately dispersed in each culture medium 
with gentle stirring until solidification. Petri dishes were 
incubated at 25°C for 72 h to 7 days. Colonies like F. 
oxysporum on the basis of their macroscopic and 
microscopic characters (Domsch et al., 1980) observed on 
each medium, have been picked individually on the PDA 
medium   and   incubated   in   the   same    conditions    as  

 
 
 
 
previously. 
 
DNA extraction: DNA was extracted from mycelium of 
presumptive colonies of F. oxysporum obtained on culture 
media by using the "NucleoSpin Plant II" kit (Machery-
Nagel, Hœrdt, France). The protocol of this kit was 
observed with some modifications as described by Seguin 
et al. (2014). Briefly, about 200 mg of the mycelium of the 
fungal culture were lightly scraped off with a spatula and 
placed in a 2 mL "safe lock" Eppendorf tube containing 1 
g of glass beads (1 mm diameter) and 2 glass beads of 5 
mm diameter. A quantity of 400 μL of the PL1 buffer was 
deposited in the "safe lock" tube, then the mixture was 
placed in a Tissue Lyser (Qiagen) for 15 minutes at 20 Hz. 
After grinding the mycelium using the tissue lyser and 
incubation for 10 min at 65°C, 400 μL of chloroform and 20 
μL of proteinase K were deposited in the tube. The 
aqueous phase of the mixture manually homogenized for 
30 s and centrifuged for 5 min at 13400 rpm was filtered 
on a violet filtration column. The filtrate was retained and 
mixed with 450 μL of PC buffer. This last mixture was 
filtered on a green column which retains the DNA. After 
washing the green column with 400 μL of PW1 buffer and 
twice with 700 and 200 μL of PW2 buffer, the fixed DNA 
was eluted with 100 μL of PE buffer previously heated at 
65°C. The extracted DNA were quantified using the 
spectrophotometer (Nanodrop 2000). Their purities were 
checked by the ratio A260/280 (about 1.8 for non-contamined 
DNA) and by assessing their ability of migrating on a 1% 
(w/v) agarose gel (Zhang et al., 2011). 

Amplification: Extracted DNA from F. oxysporum were 
amplified by PCR by using universal primers set ITS 1 
(TCCGTAGGTGAACCTGCGG) and ITS 4 
(TCCTCCGCTTATTGATATG), which target the ITS 
region of ribosomal DNA, and specific primers set Foc 
TR4-F (CACGTTTAAGGTGCCATGAGAG) and Foc TR4-
R (CGCACGCCAGGACTGCCTCGTGA) targeting IGS 
region of ribosomal DNA (Dita et al., 2010; Seguin et al., 
2014). The primers ITS 1/ITS 4 and Foc TR4-F/Foc TR4-
R, stood respectively for the confirmation of species F. 
oxysporum and the identification of sub-species Foc TR4. 
Each PCR reaction mixture contained 100-500 ng of 
genomic DNA, 100 pmol of each of primers ITS 1 and ITS 
4 or Foc TR4-F and Foc TR4-R (Eurogentec, Seraing, 
Belgique), 0.25 mM of dNTP, reaction buffer Taq DNA 
Polymerase 10X with MgCl2 25 mM and 2.5 U of AmpliTaq 
Gold DNA Polymerase (Applied Biosystems, Branchburg, 
NJ, USA) in a final volume of 50 µL. PCR were carried out 
using the following protocol: (i) 95°C for 4 min and 35 
cycles of 95°C for 30 s, 52°C for 30 s and 72°C for 1 min, 
followed by an additional extension time for 7 min at 72°C 
for primers ITS 1/ITS 4 (Seguin et al., 2014) and (ii) 95°C 
for 10 min and 30 cycles of 95°C for 1 min, 62°C for 1 min 
and 72°C for 1 min, followed by an additional extension 
time for 10 min at 72°C for primers Foc TR4-F/Foc TR4-R 
(Dita et al., 2010).
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Table 1. DNA composition of PCR reaction medium for the research of molecular detection limit under different conditions. 
 

DNA composition Amount of DNA (ng) 

Condition “ultra-pure water”  

DNA of Foc TR4 0 10 20 30 40 50 60 70 80 90 100 

Condition “community DNA of soil”  

DNA of Foc TR4 0 10 20 30 40 50 60 70 80 90 100 

Total soil DNA 100 90 80 70 60 50 40 30 20 10 0 

 
 
 
Post-amplification analysis of DNA: The migration of 
PCR products were realized in a 1% (w/v) agarose gel, 
which was stained with Midori green and visualized under 
UV light. Amplicons obtained with the primers set ITS 
1/ITS 4 were sequenced and sequences were aligned 
using BLAST for the detection of F. oxysporum. For 
specific detection of Foc TR4, amplicons obtained with the 
primers set Foc TR4-F⁄Foc TR4-R had to present a 463 
base pairs (bp) size (Dita et al., 2010). 

 
 
Culture-independent molecular approach 

 
The culture-independent molecular approach consisted of 
researching Foc TR4 directly from soil samples with 
molecular probes. 

 
DNA extraction: DNA was extracted directly from soil 
samples by using the "NucleoSpin Soil" kit (Machery-
Nagel, Hœrdt, France). An amount of 350 mg of sol was 
deposited in a 2 mL Eppendorf tube "NucleoSpin® Bead 
Tubes" containing ceramic beads and 700 μL of SL1 buffer 
were added thereto. The mixture homogenized for 5 s, was 
added with 150 mL of buffer SX, then placed in a Tissue 
Lyser for 5 min at 20 Hz. After grinding with Tissue Lyser 
and centrifugation for 2 min at 13400 rpm, the supernatant 
was added to 150 μL of SL3 buffer. This mixture was 
homogenized for 5 s, incubated for 5 min at 0 to 4°C and 
centrifuged for 1 min at 13400 rpm. The resulting 
supernatant was filtered through a red Nucleospin inhibitor 
removal column. The eluate supplemented with 250 μL of 
buffer SB was homogenized for 5 s and the mixture was 
filtered on a green NucleoSpin column which retains the 
DNA. Four washes of the green NucleoSpin column were 
carried out using 500 μL of SB buffer, 550 μL of SW1 and 
twice 700 μL of SW2. The fixed DNA was eluted with 50 
μL of the SE buffer. The extracted DNAs were quantified 
by spectrophotometer (Nanodrop 2000). Their purities and 
migration abilities on agarose gel (1%) were verified 
(Zhang et al., 2011).  

DNA extracted from soil samples were submitted to 
amplification and post-amplification analysis in the same 
conditions as the culture dependent approach. 

Determination of molecular detection limit of Foc TR4 
 
Molecular detection limit of Foc TR4 was assessed in two 
conditions: i) DNA of Foc TR4 mixed with diluted ultra-pure 
water and ii) DNA of Foc TR4 mixed with total DNA 
extracted from free Foc TR4 soil. These conditions (ultra-
pure water and community DNA extracted from soil) 
describe respectively the research of Foc TR4 without 
contaminants and in presence of contaminants in real 
environment. This is a first report about laboratory 
conditions or methods that can be used to evaluate the 
sensibility of PCR in detecting pathogen in soil. 
 
 
DNA of Foc TR4 diluted in ultra-pure water 
 
Different amounts of genomic DNA of Foc TR4 varying 
between 0 and 100 ng were defined and dissolved in ultra-
pure water (Table 1). Amplification by PCR were 
performed from each of these DNA amounts using specific 
primers Foc TR4-F/Foc TR4-R. After electrophoresis of 
these amplicons on a 1% (w/v) agarose gel, which was 
stained with Midori green and visualized under UV light, 
the least amount of DNA of Foc TR4 detected were 
considered as detection limit of Foc TR4 when diluting in 
ultra-pure water. The different reactions of PCR were 
realized in the same conditions previously described in the 
research of Foc TR4. 
 
 
DNA of Foc TR4 mixed with total DNA from free Foc 
TR4 soil 
 
Different amounts of genomic DNA of Foc TR4 and total 
DNA from free Foc TR4 soil were defined between 0 and 
100 ng, respectively for each type of DNA. Each quantity 
of DNA of Foc TR4 were mixed with a quantity of soil DNA 
to obtain total DNA amount of 100 ng (Table 1). Every mix 
of DNA were submitted to the set of operations 
[amplification, electrophoresis on 1% (w/v) agarose gel 
and visualization under UV light] indicated in the research 
of molecular detection limit of Foc TR4 in ultra-pure water. 
After analysis of different amplicons obtained, the DNA mix 
with the least amount of DNA of  Foc  TR4  that  have  been
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Figure 1. Electrophoresis gel of amplicons obtained with primers; a, ITS 1/ITS 4; b, Foc TR4-F/ Foc TR4-R of F. oxysporum isolated from 
banana plantation B1. Size of positive control T+ with ITS 1/ITS 4 and Foc TR4-F /Foc TR4-R are respectively 550 pb and 463 pb; B 1, 
Banana plantation 1; 1 and 2, DNA of F. oxysporum isolated after cultivation of soil samples S1 and S2; T+ and T-, Positive and negative 
control; M, size marker. 

 
 
 
Table 2. Contamination by F. oxysporum of soil samples from investigated banana plantations. 
 

 Banana plantations 

Lakota Divo 

 B1 (P) B2 (P) B3 (P) B4 (D) B5 (P) B6 (P) B7 (P) B8 (D) 

Soil sample in position S1 + + - - - + + + 

Soil sample in position S2 + - - + - + + + 
 

B1 to B8: Banana plantation 1 to 8; (P)/(D): plantain type/dessert type; + or -: presence or absence of  F. oxyporum in a given soil sample. 

 
 
 
visualized under UV light was considered as detection limit 
of Foc TR4 when mixed with total soil DNA.  

Three replicates were performed for each amount of 
DNA (Foc TR4 DNA and community DNA of soil) amplified 
under each condition. 
 
 

Statistical analyses 
 

The data collected during the research of molecular 
detection limit of Foc TR4 under each condition (DNA of 
Foc TR4 mixed with ultra-pure water and with DNA 
community extracted from soil) were entered using the 
Excel 2013 spreadsheet. The average and standard 
deviation values of Foc TR4 DNA threshold were 
determined using Statisca 7 software (StatSoft Inc, Tulsa, 
USA). 
 
 

RESULTS 
 

Distribution of Foc TR4 in soil samples using culture-
dependent molecular approach  
 
Distribution of F. oxysporum in soil samples 
 
Different fungal species were isolated on the media PDA, 
CM and CML from soil samples S1 and S2 of each banana 
plantation. After identification of  fungal  isolates  based  on 

macroscopics and microscopics characteristics, it appears 
that of 16 soil samples tested, 10 harbour F. oxysporum so 
62.5% of analyzed samples. In 75% of banana plantations 
(B1, B3, B5, B6, B7 and B8), when this species is found 
(or absent) in soil sample S1, it is also found (or absent) in 
soil sample S2 (Table 2). 
 
 
Molecular characteristics of F. oxysporum isolates 
 
Extraction of genomic DNA of F. oxysporum isolated on 
culture medium provided DNA concentrations between 
231,4 et 577,3 ng/µL. Amplification of ITS regions of these 
DNA generated amplicon sizes of 550 pb for all samples 
tested (Figure 1). The sequencing of these amplicons 
resulted in sequences of 485 nucleotides which were 
compared with those in the data banks (via BLAST 
programme). Alignment statistics of these sequence are 
coverage and similarity rate of 100 % for F. oxysporum 
(Sequence ID: GenBank KU863663.1) (Figure 2). 
Amplification of IGS regions provided amplicons of 463 pb 
for 8 samples (Figure 1). 
 
 
Distribution of Foc TR4 in soil samples using culture-
independent molecular approach  
 
The concentrations  of  genomic  DNA  extracted  from  soil  
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Figure 2. Alignment of nucleotide sequence of the rDNA ITS region of F. oxysporum isolated from the soil of banana 
plantation B1 (Sequence ID: GenBank KU863663.1). 

 
 
 
samples S1 and S2 of each banana plantations were 
between 5 and 55 ng/µL. Amplification of intergenic 
regions of ribosomal DNA with primers ITS 1/ITS 4 and 
Foc TR4-F/Foc TR4-R showed respectively amplicons of 
550 pb and of 463 pb from genomic DNA of certain soil 
samples (Figure 3). The Table 3 indicates the presence or 
absence of characteristics amplicons of Foc TR4 after 
amplification of DNA extracted from soil of banana 
plantations. 

 
 
Distribution of Foc TR4 in soil samples as a function 
of the two research methods 
 
A total of 16 soil samples of banana plantations covered in 
this study (so S1B1, S2B1, S1B2, S2B2, S1B3, S2B3, 
S1B4 et S2B4 for the locality  of  Lakota  and  S1B5,  S2B5, 

S1B6, S2B6, S1B7, S2B7, S1B8 et S2B8 for the locality of 
Divo), were analysed for the research of Foc TR4. Culture-
dependent molecular method showed that 8 soil samples 
(50% of samples analyzed) such as S1B1, S2B1, S1B2, 
S2B4, S1B6, S2B6, S1B8 and S2B8 belonging to 5 
plantations harbour Foc TR4 (so 62.5% of banana 
plantations studied). Concerning culture-independent 
molecular method, Foc TR4 were found in 3 soil samples 
S1B2, S1B6 and S2B6 belonging to 2 plantations (18.75% 
of analyzed soil samples and 25% of banana plantations 
studied) (Table 4). 
 

 
Molecular detection limit of Foc TR4 
 
Data about assessment of molecular detection limit of Foc 
TR4  in  the  cases  (i)  DNA  of  Foc  TR4  diluted  in   ultra- 

 

Query  1    ACCCCTGTGACATACCACTTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGGAC  60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  23   ACCCCTGTGACATACCACTTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGGAC  82 

 

Query  61   GGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAA  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  83   GGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAA  142 

 

Query  121  TAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAA  180 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  143  TAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAA  202 

 

Query  181  ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT  240 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  203  ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT  262 

 

Query  241  GCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCACA  300 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  263  GCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCACA  322 

 

Query  301  GCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCGGTCACGTCGAG  360 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  323  GCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCGGTCACGTCGAG  382 

 

Query  361  CTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAA  420 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  383  CTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAA  442 

 

Query  421  CCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATAT  480 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  443  CCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATAT  502 

 

Query  481  CAATA  485 

            ||||| 

Sbjct  503  CAATA  507  
 

M 

463 pb 

M 
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Figure 3. Electrophoresis gels of amplicons obtained with a) ITS 1/ITS 4 and b) Foc TR4-F/Foc TR4-R 
[Size of positive control T+ with ITS 1/ITS 4 and Foc TR4-F /Foc TR4-R are respectively 550 pb and 463 
pb; B1 to B8, Banana plantation 1 to 8; 1 and 2, DNA extracted from soil samples 1 and 2; T+ and T-, 
positive and negative; M, size marker. 

 
 
 

Table 3. Characteristics amplicons of Foc TR 4 after PCR from soils of banana plantations. 
 

 
Banana plantations 

Lakota Divo 

 B1 (P) B2 (P) B3 (P) B4 (D) B5 (P) B6 (P) B7 (P) B8 (D) 

Amplicon of 550 pb (primers ITS 1/ITS 4)         

DNA extracted from soil sample S1 + + + + + + + + 

DNA extracted from soil sample S2 + + + + + + - + 

Amplicon of 463 pb (primers Foc TR4-F/Foc TR4-R)         

DNA extracted from soil sample S1 - + - - - + - - 

DNA extracted from soil sample S2 - - - - - + - - 
 

B1 to B8: Banana plantation 1 to 8; (P)/(D): plantain type/ dessert type; + or - : presence or absence of size amplicons of 550 pb or 463 pb after 
amplification of DNA extracted from a given soil sample. 

 
 
 
Table 4. Comparative balance sheet of research methods of F. oxysporum f. sp. cubense tropical race 4 (Foc TR4) in the soil of banana 
plantations studied. 
 

Banana plantations B1 (P) B2 (P) B3 (P) B4 (D) B5 (P) B6 (P) B7 (P) B8 (D) 

Soil samples S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Methods                 

Culture-dependent 
molecular approach 

+ + + - - - - + - - + + - - + + 

Culture-independent 
molecular approach 

- - + - - - - - - - + + - - - - 

Banana plantations contaminated by Foc TR4 

Culture-dependent 
molecular approach 

B1, B2, B4, B6 and B8 

Culture-independent 
molecular approach 

B2 and B6 

 

B1 to B8: Banana plantation 1 to 8; (P)/(D): plantain type/ dessert type; + or -: presence or absence of Foc TR4 in a given banana plantation. 
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Figure 4. Electrophoresis gels of amplicons for researching molecular detection limit of F. oxysporum f. 
sp. cubense tropical race 4 (Foc TR4). a, DNA of Foc TR4 diluted in ultra-pure water; b, DNA of Foc TR4 
mixed with total DNA of free Foc TR4 soil; T+ and T-, positive and negative control; M, size marker; 10 to 
100, Quantity (ng) of Foc TR4 DNA in the PCR mix. 

 
 
 
pure water and (ii) DNA of Foc TR4 mixed with total DNA 
of free Foc TR4 soil are presented in the Figure 4. It 
appears on electrophoresis gels 463 pb amplicons with 
various intensities depending on DNA of Foc TR4 amount 
in each mix. Fragment intensities decrease according DNA 
amount deposited in wells. These fragments are observed 
for the DNA of Foc TR4 quantity greater than or equal to 
33.33 ± 5.77 ng in the case of DNA of Foc TR4 diluted in 
ultra-pure water and et 73 ± 6.02 ng when DNA of Foc TR4 
is mixed with total DNA of free Foc TR4 soil. Therefore, 
DNA of Foc TR4 diluted in ultra-pure water is detected by 
PCR from 33.33 ± 5.77 ng whereas at the state mixed with 
total DNA of free Foc TR4 soil, detection limit is 73 ± 6.02 
ng. 
 
 
DISCUSSION  
 
As there are no effective measures for controlling the soil 
fungus Foc TR4 responsible for banana Fusarium wilt 
(Zhang et al., 2013), knowledges about the distribution of 
this fungus in banana growing areas are necessary to take 
appropriate measures for a good management of 
Fusarium wilt in these areas. In this study, Foc TR4 was 
researched through two detection approaches in the soil of 

some banana plantations in Côte d’Ivoire. With CDMA, for 
the 10 samples (S1B1, S2B1, S1B2, S2B4, S1B6, S2B6, 
S1B7, S2B7, S1B8 and S2B8), 550 bp amplicons 
generated by amplifying DNA of presumptive F. 
oxysporum with primers ITS 1/ITS 4, is one of those 
obtained after amplification of the ITS regions of rDNA in 
many fungi including Fusarium (Abd-Elsalam et al., 2003; 
Mohankumar et al., 2010). The amplified ITS sequences 
of DNA of presumptive F. oxysporum contain 485 
nucleotides. Alignment statistics (100% coverage and 
similarity for F. oxysporum) indicate that these 
presumptive F. oxysporum isolated from soil samples 
correspond to F. oxysporum. Indeed, similarity 
percentages of at least 99% between the amplified 
sequences and those classified in the databases, have 
been observed by Majid et al. (2015) for the molecular 
identification of fungi. The distribution of F. oxysporum 
(presence in 10 soil samples out of the 16 analyzed) may 
be related to (i) its saprophytic nature of agricultural 
ecosystems and (ii) eventually the multi-culture in the 
banana plantations investigated. F. oxysporum contains 
many pathogenic, non-pathogenic and endophytic 
subspecies (Fravel et al., 2003). The pathogenic 
subspecies of F. oxysporum have a specificity for one or 
more  given  plants  (Smith,  2007).  Hence,  this   specificity  
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increases the rate of soil samples harboring F. oxysporum. 
The absence of F. oxysporum in 6 other soil samples could 
be the result of a suppressor effect for F. oxysporum of 
soils analyzed or the fact that these soils are naturally free 
of this micromycete. Indeed, the study of soil fungal 
diversity of banana plantations in Loh-Djiboua region 
indicated the frequent occurrence of Trichoderma (Ouina 
et al., 2020) which produces metabolites that can limit or 
arrest the development of F. oxysporum (Hibar et al., 
2005). In 75% of the banana plantations, the occurrence 
of F. oxysporum in the soil sample in position 1 as well as 
in sample in position 2 may be related to the movement of 
spores and mycelial fragments of this micromycete from 
one zone to another. These spores are disseminated by 
various vectors including wind, water, insects or human 
(Aquino et al., 2013). F. oxysporum found in these 
samples, could thus indicate that the entire extent of 
investigated banana plantations is infested by this 
micromycete or exposed to its spread. The 463 bp 
amplicons obtained with primers Foc TR4-F/Foc TR4-R 
from DNA of F. oxysporum isolated in 8 soil samples S1B1, 
S2B1, S1B2, S2B4, S1B6, S2B6, S2B8 and S2B8 indicate 
that these F. oxysporum corresponds to Foc TR4 (Dita et 
al., 2010).  

With CIMA, DNA concentrations of 5 to 55 ng/μL for 350 
mg soil collected, so 14.28 to 157.14 μg/g of soil, extracted 
from these soils are very low in comparison with those 
extracted from F. oxysporum mycelium (231.4 to 577.3 
ng/μL) for CDMA. This is due to the fact that micromycetes 
are present in soil samples in the form of spores or their 
growth is low in these samples as compared to the culture 
medium where the mycelium is well developed (Smolińska 
and Kowalczyk, 2014). Other hypotheses are the 
incomplete rupture of the cell membranes of the 
microorganisms present in the soil samples or the 
degradation by DNAses of a certain amount of genomic 
DNA during the cell lysis step (England and Trevors, 2003; 
Saeki and Kunito, 2010). The bead beating direct lysis 
method described here is however more efficient than 
those used by Yeates et al. (1998) yielded 15 to 23.5 μg 
DNA/g of soil, Mishra et al. (2013) yielded 19.20 to 40.82 
μg DNA/g of soil. No amplification with universal and 
specific primers used in our study was observed with the 
DNA extracted from the soil sample S2B7 probably 
because of it has been contaminated by factors such as 
humic and fulvic acids affecting the PCR reactions. These 
humic substances containing the same charges and size 
characteristics as DNA (particularly humic acids), are 
mostly co-extracted with DNA. They constitute at very low 
concentrations (10 ng of humic acids), a major source of 
inhibition of amplification reactions by interfering with the 
activity of DNA polymerase and the hybridization 
processes (Matheson et al., 2010; Schrader et al., 2012; 
Fatima et al., 2014). A 463 pb DNA fragments were 
obtained from DNA extracted from soil samples S1B2, 
S1B6 and S2B6.  

 
 
 
 
This size of amplicons characteristic of Foc TR4 (Dita et 
al., 2010), indicates that the fugus Foc TR4 was found in 
these soil samples analyzed.  

Comparative analysis of the culture-dependent and -
independent molecular methods, indicated that CDMA 
allowed to detect Foc TR4 in more soil samples (8 soil 
samples as opposed to 3 with CIMA). For this culturable 
micro-organism Foc TR4, cultivation-based method gave 
a good prediction of its distribution in soil samples. This is 
observed by Wei et al. (2021) in their work on bacterial 
community of rhizosphere and bulk soils of Minqin Desert 
(China). Owing to fail of culturing to reproduce the 
ecological niches and symbiotic relationships many micro-
organisms encounter in their natural environments which 
are required for their survival, the large majority of soil 
microbes are recalcitrant to culturing techniques (Vieira 
and Nahas, 2005; Nocker et al., 2007). This makes culture 
independent approach a good way of exploring a large 
proportion of microbial population whether they are 
cultivable or not (Qaisrani et al., 2019). According to our 
results, there is a large difference in detection sensitivity of 
Foc TR4 between the direct and indirect methods. CIMA 
seems the least sensitive for the analyzed soil samples. 
Although it is quick to perform, it is limited by the quantities 
and qualities of the extracted DNA, which are respectively 
weak and poor in comparison with those obtained by the 
culture-dependent approach.  

For the molecular detection threshold of Foc TR4 in 
CIMA, the decrease of signal intensities in proportion to 
DNA quantities, observed under each condition would be 
related to the total number of target regions of Foc TR4-
F/Foc TR4-R primers in the PCR medium. Thus, an 
important amount of DNA of Foc TR4 results in amplicons 
with a high intensity signal. DNA of Foc TR4 diluted in 
ultra-pure water was detected by PCR from 33.33 ± 5.77 
ng whereas when mixing with total DNA of free Foc TR4 
soil, the detection limit is around 73 ± 6.02 ng. Raoudha et 
al. (2012) performed amplifications from 10 ng of DNA of 
leaf plant Stipa lagascae. In our study, the DNA threshold 
are much higher than the one obtained by Latvala et al. 
(2019) which is 100 pg of DNA of pathogenic F. oxysporum 
strains in onion harvest. This difference of detection 
threshold is linked to the dual PCR protocol, the used 
primers and the two types of DNA (DNA of onion and DNA 
of pathogenic F. oxysporum strains in onion) in the 
reactional medium that these authors used. The threshold 
values obtained for the molecular detection of Foc TR4, 
represent important data for the development of research 
tools for this fungus.  

Combining culture-dependent and culture-independent 
molecular approaches for searching for Foc TR4 in soil of 
some banana plantations located in Lakota and Divo, 
allowed to isolate Foc TR4 in 5 banana plantations out of 
the 8 investigated. It gave a good idea of the distribution of 
Foc TR4 and opens up perspectives on the analysis of key 
factors  shaping  this  distribution   in   investigated   banana 



 

 

 
 
 
 
plantations. 
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