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ABSTRACT 
 

Aims: To evaluate the synergistic action of two elicitors or stimulators of natural plant defense, 
vacciplant and calliete, on the synthesis of defense metabolites and their impact on tolerance to 
Mycosphaerella fijiensis, causal agent of the black leaf streak disease (BLSD) in plantain (Musa x 
paradisiaca L.). 
Place and Duration of Study: The study was conducted in Abidjan (southern Côte d'Ivoire) in 
2019. 
Methodology: The ability of plants co-treated with vacciplant+calliete to product phenolic 
compounds was compared to vacciplant and the control. Subsequently, the treated plants were 
inoculated with the pathogenic filtrate of Mycosphaerella fijiensis in order to induce the black leaf 
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streak disease. Afterwards, the content of phenolic compounds was determined and then their 
analysis by ultra-high performance liquid chromatography was performed (U-HPLC). Finally, foliar 
pigments were quantified to have an indication of the sanitary state of elicited and infected plants. 
Results: plants treated with vacciplant and inoculated, as well as plants co-treated with 
vacciplant+calliete and inoculated, accumulated more phenolic compounds than the control plants. 
However, the phenol content of the co-treated plants (191.10 mg/g FL) was higher than that of the 
plants treated with vacciplant alone (142 mg/g FL). In addition, qualitative analysis by U-HPLC 
revealed that treated plants synthesized de novo two compounds including trans-resveratrol, a 
stilbene with significant antifungal activity, in plants co-treated with vacciplant+calliete. In addition, it 
allowed the plants to acquire a higher leaf greening state than those treated with vacciplant alone, 
indicating a more intense photosynthetic activity and thus a good sanitary state 
Conclusion: Vacciplant+calliete has a synergistic effect on the activation of the plantain's defense 
reactions and thus on the good tolerance to M. fijiensis, an agent of plantain BLSD. 

 

 
Keywords: Black leaf streak disease; elicitor; Mycosphaerella fijiensis; natural defense; polyphenol; 

plantain; tolerance. 
 

1. INTRODUCTION 
 
Plantain is a food crop that is grown in the 
countries of the humid tropics for its fruit called 
plantain. Worldwide, plantain is the fourth most 
important crop after rice, wheat and maize [1]. 
Sub-Saharan Africa produces almost 70% of the 
world's plantain production. Uganda, Cameroon, 
Ghana, Côte d'Ivoire, Rwanda and the 
Democratic Republic of Congo are the main 
producers of plantain [2]. In Côte d'Ivoire, 
plantain is the second most consumed food after 
rice [3]. Moreover, it is the 4th most important 
food crop after rice, cassava and yams [4], with 
1,600,000 tonnes produced each year by 
2,500,000 active farmers, 80% of whom are 
women [5]. It thus contributes to the 
diversification of farmers' incomes and the fight 
against poverty. However, bananas are subject 
to numerous parasitic constraints, among which 
fungal diseases contribute significantly to the 
drop in yields [6]. Indeed, the fungus M. fijiensis, 
the causal agent of black leaf streak disease 
(BLSD), is one of the main limiting factors in 
banana cultivation. The economic consequences 
of MRN are serious, as losses can represent 
50% of the crop [7]. Moreover, the incidence of 
parasitism is such that the chemical control 
recommended for intensive cropping systems is 
inappropriate for plantain because it is a small-
scale crop. Indeed, large quantities of pesticides 
are required to control BLSD, up to 50 fungicide 
applications per year [7]. Thus, the ecological 
costs to the environment of using fungicides to 
control BLSD are high, as are the resulting 
economic costs. Moreover, Stover and 
Simmonds [8] evaluated the costs of pesticides 
at 27% of production. Consequently, it is 

necessary to look for effective and accessible 
alternatives to chemical control for sustainable 
ecoproduction in plantain. One of these 
alternatives is to give plants the ability to defend 
themselves or to increase their defenses instead 
of fighting the pest directly by using elicitors or 
natural plant defenses stimulators [9,10]. 
Moreover, elicitors activate the synthesis of 
defense compounds without the plant being 
attacked by pathogens; and among them, 
phenolic compounds occupy a prominent place 
[9,11]. The plant is ready to retaliate in the event 
of a subsequent attack and simultaneously resist 
a wide spectrum of pathogens [12]. This study 
aimed to evaluate the synergistic action of two 
elicitors or stimulators of natural plant defense, 
vacciplant and calliete, on the synthesis of 
defense metabolites and their impact on 
tolerance to M. fijiensis, responsible for the black 
leaf streak disease (BLSD) in banana. 

 
2. MATERIALS AND METHODS 
 
2.1 Plant Material 
 
The plant material consists of vivoplants of 
plantain cv. French 2. This cultivar is susceptible 
to BLSD caused by M. fijiensis [13]. The plants 
were provided by the Centre National de 
Recherche Agronomique (CNRA). 
 

2.2 Fungal Material 
 

The fungal material used is a virulent strain of M. 
fijiensis ST-W-D98.B1C1. It was isolated from 
the leaves of a plantain tree from the CNRA 
Wanita experimental plantation in Bimbresso 
(Côte d'Ivoire). 
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2.3 Production and Maintenance of 
Plantain Vivoplants 

 
Plantain vivoplants were produced in a 
germander from shoots taken from dehulled 
stumps. After 14 days, they were transferred 
under shade at room temperature and 80-90% 
relative humidity. The vivoplants were then 
grown in perforated black polyethylene bags 
containing forest floor previously autoclaved at 
121°C for 30 min under a pressure of 1                
bar, as a substrate [14]. The vivoplants                    
were maintained under shade for three                  
months.   

 
2.4 Preparation of Elicitation Solutions 
 
Vacciplant (45 g/L laminarin) and calliete 80WP 
(alliete) were prepared respectively at 3 and 2%. 
A mixture of both solutions (v/v) was also 
prepared for co-treatment and all the eliciting 
solutions were supplemented with 20% Tamoil® 
(SAE 5W-40 oil) at 5 mL/L. Distilled water was 
used as a control. 

 
2.5 Preparation of the M. fijiensis Filtrate 
 
For the preparation of M. fijiensis toxic filtrate, 10 
mL of inoculum (2.10

5
 spores/mL) was added to 

100 mL of liquid culture medium contained in 
Erlenmeyer flasks for the production of toxic 
metabolites according to Pinkerton and Strobel’s 
method modified by Amari [15,16]. The 
Erlenmeyer flasks were placed in an enclosure 
for 28 days. The culture broths were                   
separated from the mycelium by filtration           
through a sieve 80 µm in diameter. The                  
extract obtained constituted the culture                 
filtrate of M. fijiensis. Preparations without 
inoculation of fungal spores were used as 
control. 

 
2.6 Treatments for Banana Leaves 
 
The treatment of banana leaves was done 
according to Belhadj’s technique [17]. After three 
months of cultivation of banana plants, 40                
plants of the cultivar French 2 including control-
plants (10 plants per treatment) were treated. 
The solutions were sprayed on the leaves using 
a hand sprayer and then the plants were 
incubated in a controlled environment for 48 h 
and 72 h respectively for the plants co-treated 
with vacciplant+calliete and treated with 
vacciplant. 

 

2.7 Foliar Spray Inoculation of Banana 
with M. fijiensis Filtrate 

 
The French 2 banana plants were separated into 
three distinct groups (untreated, untreated then 
infected and treated then infected). After the 
incubation period, the leaves of the banana 
plants were slightly punctured with a sterile 
needle. Then, 25 mL of the fungal inoculum was 
sprayed on the upper and lower surfaces of each 
banana leaf. Three treatments and controls were 
carried out for each banana cultivar as (T0) 
plants not treated by elicitor and not inoculated 
(PNTNI), (T1) plants not treated with elicitor and 
inoculated (PNTI), (T2) plants treated by 
vacciplant and inoculated (PTVI) and, (T3) plants 
treated with vacciplant+calliete and inoculated 
PT(V+Ct)I. For each treatment, three plants were 
used, i.e. 12 plants, and on each plant, three 
leaves were considered, i.e. 36 leaves. The 
experiment was thrice repeated. 
 
The inoculated banana plants were placed under 
shade at room temperature. The plants were 
watered according to the humidity of the 
substrate. The leaves of the control plants were 
sprayed with sterile distilled water instead of 
elicitors. Two weeks after fungal inoculation, the 
second leaf after the cigar leaf of each banana 
cultivar was harvested. The leaves were then 
freeze-dried and stored at -20°C. 
 

2.8 Quantitative Determination of 
Phenolic Compounds by 
Spectrophotometer 

 
2.8.1 Extraction and Phenolic Compounds 

Essay 
 

The extraction of total phenolic compounds was 
carried out according to the method of Kouakou 
[19]. Briefly, 10 mL of methanol was added to 50 
mg of freeze-dried leaf and placed overnight at 
4°C. The mixture was then centrifuged at 2000 
rpm for 10 min. The supernatant was filtered 
through a Millipore membrane (0.45 µm) and the 
filtrate was used to determination of phenols 
content. Briefly, 0.5 mL of Folin-Ciocalteur 
reagent and 0.9 mL of water were added to 0.1 
mL of phenolic extract. After stirring at room 
temperature, 1.5 mL of a 17% (w/v) sodium 
carbonate solution was added. After 20 min of 
incubation at 25 °C in the dark, the mixture was 
monitored at 765 nm. Phenol content, expressed 
in milligrams of gallic acid equivalents per gram 
of extract, was determined using a calibration 
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line with gallic acid (y = 0,021x + 0,053; R² = 
0,999; where y is absorbance and x is the 
concentration of gallic acid). 
 

2.9 Qualitative Analysis of Phenolic 
Compounds by Ultra-High 
Performance Liquid 
Chromatography  

 
2.9.1 Extraction and Purification of Phenolic 

Compounds 
 
Extraction and purification of phenolic 
compounds were carried out as above [18]. 
Approximately 100 mg of leaf lyophilisate from 
each cultivar was placed in a haemolysis tube 
and 20 mL pure methanol was added. The 
mixture was then placed at 4°C for 15 h. After 
sonication for 5 min in ultrasound, the mixture 
was centrifuged at 5,000 rpm for 10 min. Then, 4 
mL of supernatant was evaporated using a 
Speed Vac mini-concentrator. The dry residue 
obtained was dissolved in 1 mL of 30% methanol 
and then placed on a C18 grafted silica mini-
column in the Supelco Visiprep™ refill system 
[19]. The resulting eluate was evaporated using 
Speed Vac ; residue was taken up in 1 mL of 
50% methanol and filtered through a Millipore 
membrane at 0.45 μm. The filtrate was used as 
polyphenols extract. 
 
2.9.2 Analytical Conditions in Ultra-High 

Performance Liquid Chromatography 
 
The analyses were performed using Ultra High-
Performance Liquid Chromatography [20]. An 
aliquot of the methanolic solution was injected 
into Ultra High-Performance Liquid 
Chromatography (UHPLC). The analysis of the 
samples was performed using the Agilent LC 
system (1100-1200 series). The UHPLC was 
coupled to a nuclear magnetic resonance 
spectrometer (Bruker Avance III) with an 
operating frequency of 600 MHz for one proton. 
Separation of phenolic compounds was 
performed on a reverse-phase C18 silica column 
(Zorbax Eclipse XDB-C18, 150 x 4.6 mm, 5 μm, 
Agilent). Distilled water filtered through the 
millipore membrane (0.45 µm) was acidified with 
0.1% trifluoroacetic acid (TFA) to be solvent A 
and acetonitrile (HPLC grade) acidified by TFA to 
be solvent B. The elution gradient profile was 
performed as follows : 2% B (0-1 min), 50% B (1-
5 min), 40% B (5-10 min), 20% B (10-15 min), 
10% B (15-16 min) and 2% B (16-20 min). 
 

2.9.3 Separation and Identification of 
Phenolic Compounds 

 
The separation of phenolic compounds was 
carried out under a pressure of 550 to 1000 bar. 
The hydromethanolic extract was diluted with 
filtered distilled water (50/50, v/v). Approximately 
10 μL of the purified phenolic compound extract 
was directly injected into U-HPLC with a flow rate 
of 1.3 mL/min and detection was performed at 
284 nm. A reference library was previously          
made with commercially available phenolic 
compounds identified by

 1
H-NMR [21,22]. The 

retention time and/or the NMR spectra                     
of the separated compounds were compared 
with those of the reference library for their 
identification. 
 
2.9.4 Determination of Leaf Pigments 
 
The extraction of leaf pigments was performed 
on the freeze-dried leaves. Thus, 50 mg of 
freeze-dried leaves were placed in a test tube 
and 10 mL of acetone was added and then tightly 
closed with a cap to avoid evaporation. The 
mixture was then placed on a rotary shaker for 
10 min for 2 h. After 5 min sonication with 
ultrasound, the debris was removed by 
centrifugation (5000 rpm for 15 min). The 
absorbance of the crude extract was measured 
at 470, 647 and 663 nm with a 
spectrophotometer. Pigment contents are 
calculated in mg/g of freeze-dried leaves 
according to the following equations [22] : 
chlorophyll a (chla) = 12.25 OD663-2.79 OD647, 
chlorophyll b (chl b) = 21.50 OD647-5.10 OD663, 
total chlorophylls (Chl t) = 7.15 OD663+ 18.71 
OD647. The indicator of functional pigment 
equipment and green state of the leaves of 
elicited banana plants was calculated                
according to the method of Lichtenthaler [23]. 
Thus, the indicator was determined by                        
chl a/chl b. In addition, the ratio of total 
chlorophylls to carotenoids (chl t/car), which 
indicates the greenness of the plant leaves, was 
determined. 
 

2.10 Statistical Analysis 
 
The data obtained were analyzed using Statistica 
7.1 software. The data were subjected to the test 
of normality by an analysis of variance. In case of 
significant differences, the means were classified 
into homogeneous groups using the Newman-
Keuls test at 5%. All experiments were triplicate. 
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3. RESULTS AND DISCUSSION 
 
Fig. 1 shows the evolution of phenolic 
compounds in leaves of the banana cultivar 
French 2 at different treatment stages. The 
treatment stage (PNTNI) is the phenolic control 
stage. Indeed, the phenolic content in the control 
leaves (PNTNI) was 30.50 mg/mg FL. When the 
leaves were inoculated without elicitation (PNTI), 
this content decreased from 30.50 to 9.10 mg/mg 
FL, i.e. a decrease of 70.16% compared to the 
control. When the leaves were treated and 
inoculated, an increase in content was observed 
compared to the control. Thus, in the leaves 
treated respectively with vacciplant and the 
vacciplant+calliete mixture and then inoculated, 
PTVI and PT(V+Ct)I, 142 and 191.10 mg /mg FL 
were obtained, corresponding to respective 
increases of 407 and 526.56% compared to the 
control. These results determine that without 
elicitation, the plant is susceptible to the 
establishment of infection. In addition, vacciplant 
and vacciplant+calliete accumulated phenolic 
compounds auguring an acquisition of resistance 
to M. fijiensis [24]. Indeed, the parietal 
polysaccharides would be elicitors of defensins 
of phenolic nature. It is worth mentioning that 
calliette accumulated around 92.40 mg/g FL of 
phenolic compounds (data not shown) which is 
very low compared to the other both elicitors. In 
fact, these elicitors rich in parietal 
polysaccharides influence the activation of 
phenolic biosynthetic pathways. Indeed, 
according to several studies, polysaccharides 
would hydrolyze into reducing sugars that 
stimulate the accumulation of phenolic 
phytoalexins and thus activate defense reactions 
[25,26]. In addition, phenol production from co-
treated plants remains better and is even better 
when treated and inoculated with M. fijiensis. 
 
PNTNI, Untreated and Inoculated Plants; PNTI, 
Untreated and Inoculated Plants; PTVI, 
Vacciplant Treated and Inoculated 
Plants; PT(V+Ct)I, Plants Treated with 
Vacciplant+Calliette and Inoculated. Histograms 
topped with the same letter are not significantly 
different at 5% (Newman-Keuls test); values 
represent the mean of triplicate. Bars are 
standard errors. 
 
These results seem to indicate that vacciplant 
and its co-treatment with calliete would act as an 
early salicylic acid to mobilise phenolics in the 
leaves after elicitation [27]. As a result, a 
hypersensitivity reaction (HR) would be set up as 
reported by Beckers and Spoel [28]. HR relies on 

the rapid recognition of the pathogen by the plant 
and would aim to confine the toxic agent to its 
site of entry. Thus, in many interactions, it 
appears that the important contribution of the 
hypersensitive response to host resistance is 
directly related to the speed with which it is 
deployed [29]. The accumulation of phenolic 
compounds suggests that plants treated with 
these elicitors are able to develop a systemic 
immunity phenomenon, i.e. a systemic acquired 
resistance (SAR) against the black leaf stripe 
disease. The plantain has consequently been 
"vaccinated" and is ready to fight back in case of 
a subsequent attack by pathogens such as M. 
fijiensis [30]. In addition, it has long been 
recognised that plant responses to pathogen 
attack are characterised by a rapid accumulation 
of phenolic compounds at the site of infection. In 
addition, application of elicitor confers enhanced 
pathogen resistance in many plants was reported 
[31,32]. Vacciplant and co-treatment would relay 
the distress signal caused by the presence of 
elicitors to the nucleus of the attacked cell to 
induce defence responses specific to the 
pathogenic attack and this accumulation of 
phenolic compounds may therefore be an 
important signal in the acquisition of pathogen 
tolerance as mentioned in several studies 
[33,34]. Other studies on the involvement of 
phenolic compounds in plant resistance to fungi 
have already been demonstrated [35,36]. 
Similarly, their involvement in plant tolerance to 
certain diseases has been proven by recent 
studies [33,37]. Moreover, phenolic compounds 
accumulate in tissues adjacent to necrotic areas, 
suggesting that these compounds may be 
defensive [38]. 
 
The analysis of the phenolic compounds 
identified (Fig. 2) in plantain leaves reveals that 
eight constitutive compounds were identified in 
the non-elicited plant (gallic acid, protocatechic 
acid, ferulic acid, p-coumaric acid, chlorogenic 
acid, vanillin, 3-p-coumaroylquinic acid and 3-
hydroxybenzoic acid). However, when 
inoculated, there is no induction of new 
compounds, only four compounds are identified 
(gallic acid, protocatechic acid, p-coumaric acid 
and vanillin). In addition to these constitutive 
phenolic compounds. Elicited and inoculated-
plant induced six new compounds (tryptophan, 
vanilic acid, caffeic acid, rutin, salicylic                  
acid and trans-resveratrol). This plurality of 
phenolic metabolite biosynthesis has                      
already been reported in cotton [27,39]. 
Vacciplant and vacciplant+calliete are elicitors 
that allow a good biosynthesis of phenolic 
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compounds. Co-treatment induced trans-
resveratrol, a stilbene with antifungal action 
reported in grapevine  and cotton [40-41]. They 
are therefore key molecules in the induction and 
accumulation of phytoalexins. So, the 
metabolism of  phenolic compounds orientation 
in banana would be elicitor-dependent                   

[9,42]. In addition, phenolic compounds were 
reported to have beneficial actions on plant 
protection against pathogens [43,44]. Thus, 
vacciplant and vacciplant+calliete induce 
systemic acquired resistance (SAR) and 
potentiate phytoalexins (phenolic nature) 
accumulation.  

 

 
 

Fig. 1. Phenolic compound content of elicited and inoculated leaves of the plantain cultivar 
French 2 

 

 
 
Fig. 2. Chromatographic profiles of phenolic compounds extracted from the leaves of plantain 

cultivar French 2 at 284 nm 
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(1) gallic acid (1.486 min); (2) protocatechic acid 
(2.703 min); (3) tryptophan (3.143 min); (4) 
vanillic acid (5.067 min); (5) caffeine acid (5.203 
min); (6) ferulic acid (6.554 min); (7) p-coumaric 
acid (7.905 min); (8) rutin (10.011 min); (9) 
chlorogenic acid (10.405 min); (10) trans-
resveratrol (12.077 min); (11) vanillin (12.851 
min); (12) salicylic acid (13.920 min); (13) 3-p-
coumaroylquinic acid (11.082 min); and (14) 3-O-
caffeoylquinic acid (13.378 min). PNTNI: 
untreated and non-injected plant; PNTI, 
untreated and inoculated plant, PTVI, Vacciplant-
treated and inoculated plant; PT(V+Ct)I, 
Vacciplant-treated+calliete and inoculated plant. 
 
Phytoalexins are plant antibiotics synthesised 
during the hypersensitivity reaction or during HR 
[35,36]. They accumulate and are thus thought to 
actively participate in plant defence [45,46].  
Their mode of action is linked to their antifungal 
power, their participation in the reinforcement of 
plant cell walls and their capacity to modulate 
and induce host defence reactions [25,47]. In 
banana, methyl jasmonate was showed to 
strongly stimulate the accumulation of phenolic 
phytoalexins, which can induce BLSD resistance 
[48]. Similarly, the involvement of phenolic 
compounds in the tolerance of plants to parasitic 
diseases has been reported [11,37]. 
 
Table 1 shows the results on indicators of 
functional pigment equipment and leaf greenery. 
The Chla/Chlb ratio, which gives the indication of 
the functional pigment equipment of the leaves, 
remains lower than that of the control (PNTNI) 
and untreated and inoculated (PNTI). The same 
observation was observed in the Chlt/Car ratio, 
which gives an indication of the state of greenery 
of the leaves where the value of the PNTI 
remains below all values but also below 1.00 
(reference value of the state of greenery). Thus, 
the controls (PNTNI) accumulate at the level of 
the indicator of the functional pigment equipment 
(Chl a/Chl b) a value of 3.02 while that of the 
green indicator (Chlt/Car) is 3.7. When the 
untreated plants are inoculated (PNTI), their Chl 
a/Chl b ratio is equal to 1.43, i.e. a decrease of 
50.17%, while that of Chl t/Car is 0.63, i.e. a 
decrease of 77.42% compared with the control 
(PNTNI). When plants were treated with 
vacciplant® and vacciplant+ calliete followed by 
inoculation (PTVI and PT(V+Ct)I), Chl a/Chl b 
ratio was equal to that of the control for PTVI 
(3.02) and 3.31 for PT(V+Ct)I, an increase of 
9.60% compared to the control. However, the 
green indicator (Chlt/Car) remained statistically 
identical to that of the control for PTVI, i.e. 3.72. 

On the other hand, in PT(V+Ct)I, this Chl t/Car 
ratio increased significantly to reach 5.56, i.e. a 
50% increase.  The ratio of chlorophyll a to 
chlorophyll b was always greater than 1.00 
except in unelicensed and infected plants (Chl 
a/Chl b = 0.97). Infection of the plants with the 
pathogen caused a 67.88% reduction in the 
functional pigment equipment of the leaves 
compared to the control. 
 
Chl a, chlorophyll a; Chl b, chlorophyll b; Chl t, 
total chlorophyll; Car, carotenoids; PNTNI, 
untreated and non-inoculated plant; PNTI, 
untreated and inoculated plant, PTVI, plant 
treated with vacciplant and inoculated; 
PT(V+Ct)I, plant treated with vacciplant-calliete 
combination and inoculated; within a column, 
means followed by the same letter are not 
significantly different (Newman-Keuls test at 5%). 
 
Analysis of this result suggests a degradation of 
chlorophyll a under the action of the pathogen in 
contrast to chlorophyll b. Indeed, the active site 
of chlorophyll biosynthetic enzymes such as 
magnesium chelatase and chlorophyllase would 
be located on chlorophyll a [49]. Thus, a 
bioconversion of chlorophyll a to chlorophyll b 
would be plausible as reported by several 
authors [50-53]. The elicitors used in this study 
(vacciplant and the vacciplant+calliete co-
treatment) would therefore have the role of 
protecting these enzymatic sites and also 
chlorophyll a with a view to ensuring important 
photosynthetic activity to maintain the plant in a 
good physiological state and thus a good health 
status Moreover, Gamon et al. [54] reported that 
the photosynthetic activity of plants is 
significantly related to the ratio of chlorophyll 
pigments (total chlorophylls) and carotenoids 
(Chl t/Car). This ratio is an indicator of the 
greenness of the leaves [23]. For the elicited 
plants, the ratio is higher than 3.70 (PNTI), 
showing a positive effect of the treatment on the 
green state of the leaves. Moreover, the 
vacciplant+calliete co-treatment, which gives a 
value of 5.56, shows that this treatment is more 
favourable for the green state, which augurs a 
good photosynthesis, contrary to the vacciplant 
treatment (3.72), which gives a similar result to 
the untreated and uninfected plant (3.70). In fact, 
in the non-elicited plants, the inoculation of the 
M. fijiensis filtrate caused a yellowing of the 
leaves (data not shown) and thus a very reduced 
green state (Chl t/Car=1.74). Thus, M. fijiensis 
filtrate appears to cause damage to the plant's 
photosynthetic apparatus, including chlorophyll a, 
the major photosynthetic pigment [55].  
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Table 1. Indicators of functional pigment equipment and leaf green status in French 2 plantain 
elicited and inoculated with Mycosphaerella fijensis 

 

Treatment Functional pigment 
equipment indicator  

Indicator of leaf  
greening status 

PNTNI 3.02 ± 0.03
b
 3.70 ± 0,04

b
 

PNTI 0.97 ± 0.05
c
 1.74 ± 0.09

c
 

PTVI 3.02 ± 0.01
b
 3.72 ± 0.04

b
 

PT (V+Ct)I 3.31 ± 0.05
a
 5.56 ± 0.01

a
 

 
Consequently, the leaves appear to begin a state 
of yellowing that would lead to their senescence. 
The results obtained in these experiments show 
that chlorophyll a is the key pigment to evaluate 
the green state of leaves. It seems to provide a 
good appreciation of the photosynthetic activity 
of leaves and would better express the 
physiological state of the plants [56,57]. 
Therefore, chl a/chl b and chl t/car could be 
regarded as indicators of plantain protection 
against black leaf streak disease (BLSD). Thus, 
vacciplant+calliete have a synergistic action on 
the protection of plantain against BLSD. 
 

4. CONCLUSION  
 
In the context of agriculture that is more 
respectful of the environment and human health, 
this study has been carried out in order to find 
new strategies for the protection of plants by 
exploiting their natural defense capacities. This 
research was conducted on French 2 plantain 
cultivar. To this end, vaccipant and calliete were 
applied as co-spray to the leaves and the plants 
were subsequently infected in vivo with virulent 
inoculum of Mycosphaerella fijiensis. The action 
of this co-treatment was compared to the action 
alone of vacciplant, the results of which were 
reported to be better for caliette. Vaccciplant-
treated and inoculated plants and co-treated and 
inoculated plants synthesized more total phenolic 
compounds than control plants. However, 
phenolic compounds produced by co-treated 
plants (191.10 mg/g FL) were greater than those 
treated with vacciplant alone (142 mg/g FL). 
Also, U-HPLC analysis revealed the de novo 
synthesis of four new compounds (phytoalexins) 
compared to the control (PNTNI) of eight 
compounds (constituent phenols or 
phytoanticipins). This study shows that the 
vacciplant+ calliete has a synergistic effect on 
the activation of the natural defenses in plantains 
against black line disease. Moreover, co-
treatment has made it possible to induce trans-
resveratrol, a stilbene with proven antifungal 
action. In addition, the level of synthesis of the 
constituent and induced phenolic compounds is 

greater than in the vaccine alone. In addition, 
vacciplant+calliete allowed the plants to acquire 
a higher leaf greenery than those treated with 
vacciplant alone. These results show that 
vacciplant+ calliete co-treatment is synergistic 
and protects plantain against M. fijiensis-induced 
black leaf streak disease. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Lassois L, Busogoro JP, Jijakli H. La 
banane : de son origine à sa 
commercialisation. Biotechnology, 
Agronomy, Society and Environment. 
2009;13(4): 575-586. 

2. Kwa M, Temple L. Le Bananier Plantain : 
Enjeux Socio-économiques et Techniques. 
Quæ CTA Presses Agronomiques de 
Gembloux, Belgique. 2019 :199. 

3. Soler A, N’da Adupo A. Réduction des 
pertes post-récolte du plantain. Projet 
PNUD/FAO IVC/87/003. Rapport final. 
Abidjan, Côte d’Ivoire: 
CIRADIRFA.1991 ;57. 

4. Traoré S, Kobenan K, Kouassi KS, 
Gnonhouri G. Systèmes de culture du 
bananier plantain et méthodes de lutte 
contre les parasites et ravageurs en milieu 
paysan en Côte d’Ivoire. Journal of Applied 
Biosciences. 2009;19:1094-1101.  

5. Silue M. Analyse de la demande des 
producteurs pour une offre                                                                         
de formation adaptée sur la banane 
plantain. 2021. Accessed on 13/3/2022.  
Available :https://agritrop.cirad.fr/599201/3/
FABA_rapport%20Cote%20ivoire_besoins
%20en%20formation_SMehin_2021.pdf.  

6. Daniells J, Hermanto C, Sutanto A, 
Jumjunidang, Edison W, O'Neill V, Sinohin 
A, Molina P, Taylor H. Incidence and 
distribution of fusarium wilt disease of 
banana in Indonesia. Acta Horticulturae. 
2009;897: 313-322. 



 
 
 
 

Lucien et al.; ARJA, 15(3): 19-29, 2022; Article no.ARJA.86648 
 

 

 
27 

 

7. Lassoudière A. Le bananier et sa culture. 
Editons Quae, Paris, France. 2007;383 . 

8. Stover R, Simmonds N. Bananas. John 
Wiley & Sons, Inc. New York, USA. 
1987:468. 

9. Konan Y, Kouassi K, Kouakou K, Koffi E, 
Kouassi K, Sékou D, Koné M.,  Kouakou T. 
Effect of Methyl jasmonate on phytoalexins 
biosynthesis and induced disease 
resistance to Fusarium oxysporum f. sp. 
vasinfectum in cotton. International Journal 
of Agronomy. 2014;1: 1-11. 

10. N’goran KD. Régulation de la biosynthèse 
des polyphénols par des éliciteurs 
oligosaccharidiques et mycéliens d’origine 
fongique: effet sur la tolérance du 
cotonnier à la fusariose. Thèse de 
l'Université Nangui Abrogoua, Abidjan, 
Côte d'Ivoire. 2019 :197. 

11. Hidalgo W, Chandran NJ, Menezes RC, 
Otalvaro F, Schneider B. 
Phenylphenalenones protect banana 
plants from infection by Mycosphaerella 
fijiensis and are deactivated by metabolic 
conversion. Plant, Cell and Environment. 
2016; 39:492–513. 

12. Abad P, Favery B.  L'arsenal immunitaire 
des plantes. Pour la Science. 2012; 77:24-
31. 

13. Amari LD, Dick E, Koné D, Traoré S, Abo 
K, Kobénan K. Response of various 
banana genotypes to juglone toxic        
effect. Agronomie Africaine. 2011;23(3): 
247-258. 

14. Banerjee N, Delanghe E. A tissue-            
culture technique for rapid clonal 
propagation and storage under minimal 
growth-conditions of Musa (banana and 
plantain). Plant Cell Reports. 1985;4(6): 
351-354. 

15. Pinkerton F, Strobel G. Serinol as an 
activator of toxin production in attenuated 
cultures of Helminthosporium sacchari. 
PNAS. 1976;73(11):4007-4011.  

16. Amari LDGE. Stratégies d’évaluation et de 
gestion par stimulation des défenses 
naturelles des bananiers à l’infection de la 
maladie des raies noires causée par 
Mycosphaerella fijiensis Morelet en Côte 
d’Ivoire. Thèse de l'Université Félix 
Houphouët-Boigny, Abidjan, Côte d'Ivoire, 
2012;237. 

17. Belhadj A. Stimulation des défenses 
naturelles de la vigne par le méthyle 
jasmonate : impact sur la biosynthèse des 
polyphénols et sur la résistance aux 

champignons. Thèse de l'Université de 
Bordeaux 2, France. 2005:188.  

18. Kouakou TH. Embryogenèse somatique 
chez le cotonnier: variation des composés 
phénoliques au cours de la callogenèse et 
de la culture des suspensions cellulaires. 
Thèse d’Etat, de l’Université Abobo-
Adjamé, Côte d’Ivoire. 2009:137. 

19. Siriwoharn T, Ronald E, Chad E, Chifford 
B. Influence of cultivar, maturity, and 
sampling on blackberry (Rubus L. Hybrids) 
anthocyanins, polyphenolics, and 
antioxidant properties. Journal of 
Agricutural and Food Chemistry. 
2004;56(26):8021-8032. 

20. Verdu C. Cartographie génétique des 
composés phénoliques de la pomme. 
Thèse de l’Université d’Angers, France. 
2013 ;213. 

21. Cruz-Cruz CA, Ramírez-Tec G, García-
Sosa K, Escalante-Erosa F, Hill L, 
Osbourn AE.  Peña-Rodríguez LM. 
Phytoanticipins from banana (Musa 
acuminata cv. Grande Naine) plants, with 
antifungal activity against Mycosphaerella 
fijiensis, the causal agent of black 
Sigatoka. European Journal of Plant 
Pathology. 2010;126:459–463. 

22. Lichtenthaler H, Buschmann C. 
Chlorophylls and carotenoids: 
measurement and characterization by UV-
VIS. In: Wrolsta et al. Current Protocols in 
Food Analytical Chemistry. 2001:431-438. 

23. Lichtenthaler H. Chlorophylls and 
carotenoids: Pigments of photosyntetic 
biomembranes. Methods in Enzymology. 
1987;148:350-382. 

24. N’cho A, Yapo S, N’goran A, Kouakou T. 
Effect of the exogenous application of 
methyl and ethephon jasmonate on the 
accumulation of phenolic compounds and 
efficacy against fusarium wilt in cotton. 
Chemical Science International Journal. 
2018;25(2):1-16. 

25. Lattanzio V, Lattanzio V, Cardinali A. Role 
of phenolics in the resistance mechanisms 
of plants against fungal pathogens and 
insects. Advances in Research. 
2006;661:23-67. 

26. Yamaner O, Erdag B, Gokbulut C. 
Stimulation of the production of hypericins 
in in vitro seedlings of Hy [2] Pericum 
adenotrichum by some biotic elicitors. 
Turkish Journal of Botanic. 2013;37:153-
159. 

27. Konan YKF. Stimulation des défenses 
naturelles du cotonnier par le méthyle 



 
 
 
 

Lucien et al.; ARJA, 15(3): 19-29, 2022; Article no.ARJA.86648 
 

 

 
28 

 

jasmonate et l’éthéphon : Effet sur la 
biosynthèse des composés phénoliques et 
sur la résistance à Fusarium oxysporum f. 
sp. vasinfectum, agent causal de la 
fusariose. Thèse de l’Université Nangui 
Abrogoua, Abidjan, Côte d’Ivoire. 
2015 :207. 

28. Beckers GJ, Spoel SH. Fine-Tuning Plant 
Defence Signalling: Salicylate versus 
Jasmonate. Plant Bilogy. 2006;8(1) :1-10. 

29. Smart CD, Myers KL, Restrepo S, Martin 
GB, Fry WE. Partial resistance of tomato to 
Phytophthora infestans is not dependent 
upon ethylene, jasmonic acid or salicylic 
acid signaling pathways. Molecular Plant 
Microbe Interactions. 2003;16:141-148. 

30. Jourdan E, Marc C, Phillipe T. 
Caractéristiques moléculaires de 
l'immunité des plantes induite par les 
rhizobactéries non pathogènes. 
Biotechnologie, Agronomie, Société et 
Environnement. 2008;12(4):437-449. 

31. Malamy J, Carr JP, Klessig DF, Raskin I. 
Salicylic acid: a likely endogenous signal in 
the resistance response of tobacco to viral 
infection. Science. 1990;50:1002-1004. 

32. Walters MB, Kruger EL, Reich PB. Relative 
growth rate in relation to physiological and 
morphological traits for northern hardwood 
tree seedlings: species, light environment 
and ontogenetic considerations. 
Oecologia. 1993;96:219-231. 

33. Lambert C. Etude du rôle des stilbènes 
dans les défenses de la vigne malade 
contre les maladies du bois. Thèse de 
l’Université de Bordeaux 2, France. 
2011 :179. 

34. Bellow S. Etude des composés 
phénoliques impliqués dans la réponse 
des feuilles de vigne au mildiou. Thèse de 
l’Université de Paris sud, France. 
2012 :134.  

35. Pieterse C, Dieuwertje V, Christos Z, 
Antonio L, Saskia W. Hormonal modulation 
of plant immunity. Annual Review of Cell 
and Developmental Biology. 2012 ;28:489-
521. 

36. Kazunori S, Tomoyuki O, Yumi K, Yoichi 
N, Shigenori O. Effect of repeated 
harvesting on the content of caffeic acid 
and seven species of caffeoylquinic acids 
in sweet potato leaves. Bioscience, 
Biotechnology and Biochemistry. 
2015;79(8):1308-1314. 

37. Yin Z, Sadok A, Sailem H, McCarthy A, Xia 
X, Li, F, Garcia MA, Evans L, Barr AR, 
Perrimon N, Marshall CJ, Wong ST, Bakal 

C. A screen for morphological complexity 
identifies regulators of switch-like 
transitions between discrete cell shapes. 
Nature Cell Biology. 2013;15(7): 860-871. 

38. Dufour MC, Lambert C, Bouscaut J, 
Mérillon JM, Corio-Costet MF. 
Benzothiadiazole-primed defence 
responses and enhanced differential 
expression of defence genes in Vitis 
vinifera infected with biotrophic pathogens 
Erysiphe necator and Plasmopara viticola. 
Plant. Pathology. 2013;62:370-382. 

39. N’goran AR, Kouakou TH, Konan FKH, 
Camara B, Kouassi NK, Kone D. Effet de 
la fraction oligosaccharidique de Fusarium 
oxysporum f. sp. vasinfectum, sur la 
protection du cotonnier contre la fusariose. 
Agronomie Africaine. 2016; 28(3):1-10. 

40. Belhadj A, Saigne C, Telef N, Cluzet S, 
Bouscaut J, Corio-Costet MF. Methyl 
jasmonate induces defense responses in 
grapevine and triggers protection against 
Erysiphe necator. Journal of Agricultural 
and Food Chemistry. 2006;54(24):911-
925. 

41. Kouakou TH, Koné M, Koné D, Kouadio 
YJ, Amani NG, Teguo WP, Decendit A, 
Merillon JM. Trans-resvératrol as phenolic 
indicator of somatic embryogenesis 
induction in cotton cell suspensions. 
African Journal of Biochemistry Research. 
2008; 2(1):15-23.  

42. Kouakou TH, Due EA, Kouadio NEJP, 
Niamke S, Kouadio YJ, Waffo TP, 
Decendit A, Merillon JM. Purification and 
biochemical characterization of polyphenol 
oxidases from embryogenic and 
nonembryogenic cotton cells. Applied 
Biochemistry and Biotechnology. 
2009a;158:285-301.  

43. Kouakou TH, Due EA, Kouadio NEJP, 
Niamke S, Kouadio YJ, Waffo TP, 
Decendit A, Merillon JM. Purification and 
characterization of cell suspensions 
peroxidase from cotton Applied 
Biochemistry and Biotechnology. 
2009b;157:575-592. 

44. Faurie B, Cluzet S, Corio-costet MF, 
Merillon JM. Methyl jasmonate/etephon 
cotreatment synergically induces stilbène 
production in Vitis vinifera cell suspension 
but fails to trigger resistabce to Erysiphe 
necator. Journal International Sciences 
Vigne Vin. 2009;43(2): 99-110. 

45. Ahuja I, Kissen R, Bones AM. Phytoalexins 
in defense against pathogens. Trends in 
Plant Sciences. 2012; 17:73-90. 



 
 
 
 

Lucien et al.; ARJA, 15(3): 19-29, 2022; Article no.ARJA.86648 
 

 

 
29 

 

46. N'goran AR. Stimulation des défenses 
naturelles du cotonnier par des éliciteurs 
oligosaccharidiques extraits des 
suspensions de Fusarium oxysporum f. sp. 
vasinfectum, intérêt phytopathologique des 
composés phénoliques. Thèse de doctorat 
de l'Université Félix Houphouët Boigny, 
Abidjan, Côte d'Ivoire. 2015 :169. 

47. Bi Z, Zhao Y, Morrell JJ, Lei Y, Yan L. The 
antifungal mechanism of konjac flying 
powder extract and its active compounds 
against wood decay fungi. Industrial Crops 
and Products. 2021 ;164:113406.  

48. Clerivet A, Alami I, Breton F, Garcia D, 
Sanier C. Les composés phénoliques et la 
résistance des plantes aux agents 
pathogènes. Acta Botanica Gallica. 
1996;143:531-538. 

49. N’cho XE. Élicitation du bananier par le 
méthyle jasmonate et l’acide salicylique : 
impact sur les composés phénoliques, 
efficacité sur Mycosphaerella fijiensis 
responsable de la maladie des raies 
noires. Thèse de l'Université Nangui 
Abrogoua, Abidjan, Côte d'Ivoire. 
2017:198. 

50. Wang F, Feng G, Chen K. Defense 
responses of harvested tomato fruit to 
burdock fructooligosaccharide, a novel 
potential elicitor. Postharvest Biology and 
Technology. 2009;52(1):110-116. 

51. Porra RJ. Recent progress in porphyrin 
and chlorophyll biosynthesis. 
Photochemistry and Photobiology. 1997; 
65:492-516. 

52. Folly P. Catabolisme de la chlorophylle b 
Structures, mécanismes et synthèses. 
Thèse de de l'Université de Fribourg, 
Suisse. 2000 :192. 

53. Djapic N. Chlorophyll catabolism in Prunus 
serrulata autumnal leaves. Facta 
Universitatis Series: Physics, Chemistry 
and Technology. 2012;10(1): 21-26. 

54. Gamon JA, Serrano L, Surfus JS. The 
photochemical reflectance index: an 
optical indicator of photosynthetic radiation 
use efficiency across species, functional 
types and nutrient levels. Oecologia. 
1997;112:492-501. 

55. Barry KM, Newnham GJ. Anthocyanin and 
epicuticular waxes affect quantification of 
chlorophyll and carotenoid pigments in 
eucalyptus foliage with the radioactive 
transfer model Prospect 5. Geospatial 
Science Research. 2012;1328:1-7. 

56. Zarco-Tejada PJ, Miller JR, Mohammed 
GH, Noland TL, Sampson PH. Vegetation 
stress detection through chlorophyll a + b 
estimation and fluorescence effects on 
hyperspectral imagery. Journal of 
Environmental Quality. 2002;31:1433-
1441. 

57. Garrity SR, Eitel JUH, Vierling LA. 
Disentangling the relationships between 
plant pigments and the photochemical 
reflectance index reveals a new approach 
for remote estimation of carotenoid 
content. Remote Sensing of Environment. 
2011;115:628-635. 

_________________________________________________________________________________ 
© 2022 Lucien et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

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

https://www.sdiarticle5.com/review-history/86648 

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1751-1097
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1751-1097
http://creativecommons.org/licenses/by/4.0

