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Abstract 

Black Sigatoka disease (BSD) is a foliar disease caused by Mycosphaerella fi-
jiensis, responsible of reduction of the photosynthetic area of banana plant 
and yield at harvest since it has an influence on fruit physiology. The control 
of BSD relies on the use of chemicals which are not affordable for the small 
holder farmers and increase the cost of production. Moreover, this chemical 
control is ineffective, negatively impacting the environment and human 
health, and is at the origin of strain resistance. Tithonia diversifolia is known 
as rich in many compounds such as mineral elements, defense metabolites, 
some phytochemicals; and it is increasingly used in agriculture. Recently, the 
protective effect of Tithonia diversifolia liquid extract against BSD develop-
ment on plantain vivoplants in the nursery was highlighted. The aim of our 
study was to evaluate the efficacy of a biopesticide base on Tithonia diversifo-
lia on the BSD development in a plantain field under high disease pressure. 
The effect of Tithonia diversifolia biopesticide on Mycosphaerella fijiensis 
mycelial growth in vitro was evaluated. An experimental field at the flowering 
stage was selected and treated with the biopesticide base on Tithonia diversi-
folia at three different concentrations: undiluted (100%), diluted at 1/2 (50%) 
and diluted at 1/4 (25%) for 17 weeks. The disease severity, the number of 
functional leaves, the youngest spotted leaf (YSL) and the youngest necrotic 
leaf (YNL) were evaluated in course of time. The biopesticide treatments sig-
nificantly (P < 0.001) reduce the BSD severity in course of time, but it is more 
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effective for the most diluted concentration (25%). The number of leaves in-
creases in course of time as well as the rank of the YSL and the YNL con-
firming the efficiency of BSD control. The efficacy of this biopesticide base on 
Tithonia diversifolia could be a hopeful ecoresponsible solution for the plan-
tain sector in general and in particular for poor small farmers.  
 

Keywords 
Plantain (Musa spp.), Black Sigatoka Disease (BSD), Mycosphaerella fijiensis, 
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1. Introduction 

Black Sigatoka disease is a foliar disease caused by the ascomycetous fungi My-
cosphaerella fijiensis [1] [2]. It is the most economically important threat that 
the banana and plantain growing countries are facing. This parasitic fungus 
causes necrosis on the leaves and affects leaf photosynthesis, influencing directly 
the fruits filling and physiology, notably the fruit susceptibility to post-harvest 
diseases [3]. In severe cases, a substantial reduction of the leaf area is observed, 
leading to reduction in yield at harvest with loss greater than 50% of production 
[4]. This loss is critical since plantain is a crop which is rich in nutrients, playing 
a vital role in contributing to food security for the people in the worldwide. 

Mycosphaerella fijiensis was effectively reported for the first time in Camer-
oon in 1980 and it has totally replaced M. musicola [5]. The climatic conditions 
(warm temperature and high rainfall) of this agroecosystem provide a suitable 
environment for spore’s proliferation, multiplication and spreading. The suscep-
tibility of bananas to BSD depends on many preharvest factors such as the type 
of banana cultivar used, the growth physiological stage of the plant (cycle pe-
riod), the type of soil used, the season... Indeed, most banana cultivars grown for 
exportation are highly susceptible to BSD, while many of the plantains cultivars 
(AAB) and the AAA, AAB, ABB cooking bananas are highly or moderately sus-
ceptible to BSD [6] [7]. In addition, the less susceptibility to BSD was found in 
cooking bananas than plantains and sweet bananas, before flowering than after 
flowering periods, and in cultivation sites rich in organic matter compared to the 
poor one [8].  

The main control methods currently used consist of mechanical deleafting of 
disease leaves and the application of fungicides which relies on aerial applica-
tions according to either systematic frameworks i.e. mostly contact fungicides or 
forecasting strategies i.e. mostly systemic fungicides [9]. However, the mechani-
cal deleafting is not effective during the high-pressure period (rainy season) and 
the use of fungicides has led to the rapid emergence of fungicide resistance, 
conducive to a significant increase in the cost of disease control but, above all, to 
increasing negative environmental and health effects [9]. The chemical control 
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of BSD requires regular application of fungicide treatments that had an impor-
tant economic impact through the increase of the production costs not afford-
able by poor smallholder farmers and householders.  

One of the banana production chain challenges is a limitation of the fungicide 
usage in BSD control, and it requires the use of a low cost and ecoresponsible 
biopesticide as an interesting alternative to poor small holder farmers. T. diver-
sifolia biopesticide could be a solution to this problem since it is both less re-
strictive for the producer, and preserver of the environment and human health. 
Indeed, it contains many minerals and some secondary metabolites like alka-
loids, flavonoids and terpenoids [10] [11] [12]. Moreover, recent studies have 
highlighted the fertilizer, the protective, the insecticide and the fungicide effects 
of aqueous extract of T. diversifolia on different plants [13] [14]. It has been re-
cently shown that Tithonia diversifolia liquid extract used to water plantain vi-
voplants in the nursery was having a growth promotion action as well as a pro-
tective action against BSD [15]. A biopesticide base on Tithonia diversifolia has 
been formulated despite no knowledge was available about the minimal effective 
concentration to use. The purpose of our study was therefore to evaluate the ef-
ficacy of a biopesticide base on Tithonia diversifolia on the development of the 
BSD in a plantain field under high disease threat.  

2. Materials and Methods 
2.1. Materials 

Plantain plants grown in the peasant farm constituted of the plantain variety 
Big-Ebanga was used for this experimentation from December 2018 to March 
2019 (17 weeks). The plantain plants were selected at the flowering stage (about 
6 months ages) of the first cycle of production and were under a high black Si-
gatoka disease (BSD) severity threat of about 45% to 47%. 

The peasant farm was located in Nkoabang (Yaoundé) in the 4th district of the 
city of Yaoundé (North-East), in the Centre-Cameroon region. Its geographical 
coordinates are: 3˚40'60'' North latitude and 11˚25'0'' East longitude. This Centre 
region is located in the agro-ecological zone known as humid forest with bi-
modal rainfall, altitude 714 m, average temperature 23.7˚C, mean annual rainfall 
1643 mm. Therefore, its climatic conditions provide a favourable environment for 
the development of BSD and a high BSD pressure has been observed throughout 
the surroundings area.  

The biopesticide based on T. diversifolia was used at different concentrations: 
undiluted (100%), diluted with water at 1/2 (50%) and at 1/4 (25%). 

The plantain farm was separated in three blocks (Block A, Block B and Block 
C) of ten plants each and they were treated once a week with three different 
concentrations of the biopesticide. According to the level of severity of BSD and 
proximity between the plants, mechanical deleafting of disease leaves was done 
on the plot only at the beginning of the experimentation. 
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2.2. Confrontation Test of Mycosphaerella fijiensis and  
T. diversifolia Biopesticide 

The growth of Mycosphaerella fijiensis in the presence of biopesticide based on 
T. diversifolia was done in vitro. M. fijiensis was cultured on a PDA media (po-
tatoes-dextrose-agar) in the presence of the biopesticide added by well diffusion. 
Two wells of 5 mm in diameter were made at 2 cm on either extreme side of the 
Petri dish culture and the M. fijiensis strain placed in the middle while 10 μL of 
the biopesticide was added in the wells (Figure 1). The biopesticide was replaced 
with sterilized distilled water in the wells of the control Petri dishes. The cultures 
were subsequently incubated in the light at room temperature. The diameter of 
inhibition of growth was evaluated by measuring the zone of inhibition every 3 
days on the side of the fungal culture and compared with the growth of the con-
trol dishes [16].  

2.3. Evaluation of the Disease Severity 

BSD severity was observed and evaluated on all selected plantain plants at the 
flowering stage in order to characterize the intensity of necrotic leaf area. The 
estimation of the percentage of necrotic leaf area per plant through the Severity 
Index (SI) calculation was carried out according to the method described by 
[17]: 

( )SI scores 6 NTL 100= ∑ × ×    

∑scores are the sum of all infestation indices of the plantain plant. 
NTL is the number of leaves of the plantain plant. 
This method enables the scoring of the severity index of each leaf according to 

the following scale: 
0: no necrotic lesions; 
1: less than 1% necrotic lesions; 
2: 1% - 5% necrotic lesions; 
3: 6% - 15% necrotic lesions; 
4: 16% - 33% necrotic lesions; 
5: 34% - 50% necrotic lesions; 
6: more than 50% necrotic lesions. 

 

 
Figure 1. Confrontation test in a Petri dish showing a culture of Mycosphaerella fijiensis 
(A) strain aged of thirty days grown on PDA medium in the presence of sterilized dis-
tilled water (control), put in the wells (B) for diffusion in the media. 
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2.4. Evaluation of the Efficiency of BSD Control with the  
Biopesticide Based on T. diversifolia 

In order to characterize the efficiency of BSD control method [9], the number of 
functional leaves, the youngest spotted leaf and the youngest necrotic leaf were 
assessed. The number of functional leaves was evaluated to characterize the 
photosynthetic potential of the plantain tree and it was determined with the as-
sumption that functional leaves should have less than 30% of necrotic surface, 
i.e. an infestation index of the leaf < 5. 

The youngest spotted leaf (YSL) and the youngest necrotic leaf (YNL) from 
the flowering to the end of the experimentation was assessed according to the 
method of [18], which involves the monitoring of the youngest leaf (from the 
top of the plant) bearing at least 10 necrotic lesions at stage 1 and the monitor-
ing of the youngest leaf (from the top of the plant) bearing 50% necrotic lesions 
at stages 5 and 6 respectively.  

2.5. Statistical Analysis 

The effect of the biopesticide based on Tithonia diversifolia on the mycelial 
growth of M. fijiensis was subjected to fixed two-way ANOVA performed with 
XLSTAT software [19], with “treatment” and “time” as factors. The effect of the 
different biopesticide concentrations on the percentage of BSD severity, the 
number of functional leaves, the youngest leaf spotted and on the youngest leaf 
necrosed from the flowering stage to the end of the experimentation were ana-
lysed by the Microsoft Excel 2019. Separations of means were based on Tukey’s 
multiple range tests at a 5% probability level.  

3. Results 
3.1. Confrontation Test of Mycosphaerella fijiensis and the  

Biopesticide Based on T. diversifolia 

The mycelial growth of Mycosphaerella fijiensis in vitro is significantly (P < 
0.0001) influenced by the presence of the biopesticide based on Tithonia diver-
sifolia. The treatment, the time and the interaction between the treatment and 
time were highly significant (P < 0.0001) as shown in Table 1. The coefficient of 
determination R2 was close to a 100% (Table 1) and the most influential variable 
was the time. 
 
Table 1. Variance analysis of the in vitro mycelial growth of Mycosphaerella fijiensis cul-
ture in a confrontation by well diffusion on PDA media in the presence of Tithonia diver-
sifolia biopesticide. 

Source DF F P 

Treatment 1 67,340.182 <0.0001 

Time (Days) 13 51,205.657 <0.0001 

Treatment * Time (Days) 13 4193.442 <0.0001 

Values in bold correspond to tests where the null hypothesis is not accepted with a significance level alpha 
= 0.05. DF is the degree of freedom; F is the value of F test and P is the probability. 
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The growth of M. fijiensis in the presence of the biopesticide was observed 12 
days after transplanting the strain in the Petri dishes containing PDA media. The 
kinetic of mycelial growth evolution was marked by a latency phase of approxi-
mately 9 days, followed by an exponential growth phase until the 18th day for 
the confronted and 27 days for the control, then has intervene a growth slow-
down in the dishes (Figure 2(a)) until the end of the follow-up period. A sig-
nificant difference was observed between the mycelial growth of the confronted 
Mycosphaerella fijiensis culture and the control one (Figure 2(b)). The presence 
of the biopesticide based on Tithonia diversifolia in the Petri dish inhibits the 
mycelial growth of Mycosphaerella fijiensis. This mycelial growth was two times 
more important in the control culture compared to the confronted one after 39 
days of culture on PDA media in Petri dishes as confirmed by the two statistical 
distinct groups obtained.  

3.2. Evaluation of the BSD Severity 

The BSD severity was almost the same in the three experimental blocks at the 
beginning of the experiment (week 1) and has decreased gradually in course of 
time till week 17. The kinetic of BSD severity decrease is not the same between 
the blocks. The undiluted extract (100% biopesticide) reduces the severity of 
BSD slowly compare to the most diluted (25% diluted biopesticide) treatment 
(Figures 3(a)-(c)). The treatment effect on the reduction of the plantain plant 
BSD severity was noticed after one week of treatment, but was more effective in 
the blocks where the plantain plants were treated with diluted biopesticide (50% 
and 25%) compare to the one treated with the undiluted (100%) biopesticide 
(Figure 3). 

The mean percentage of BSD severity decreases from 44.6%, 45.9% and 47% 
to 32.9%, 25.6% and 19.9% after one week respectively for biopesticide based on 
Tithonia diversifolia treatment applied at 100% (Block 1), 50% (Block 2) and 
25% (Block 3) concentrations. The BSD severity was gradually decreasing in  
 

  
(a)                                        (b) 

Figure 2. Effects of the undiluted biopesticide (100%) based on Tithonia diversifolia on 
the in vitro mycelial growth of Mycosphaerella fijiensis culture confronted by well diffu-
sion on PDA media. Plot of means treatments (a); Interaction plots of time (day) and 
treatment (b) for mycelial growth. Each point represents the average mean of three repli-
cates with the standard deviation for each treatment. 
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(a) 

 
(b) 

 
(c) 

Figure 3. BSD severity evolution stage in percentage (%) during the seventeen (17) weeks 
assessment for each plantain plant (experimental unit) in the field for the third blocks: (a) 
100% undiluted treatment; (b) 50% diluted treatment and (c) 25% diluted treatment. 
 
course of time and was a 100% effective in Block 3 (25%) after eleven weeks of 
treatment, while it was still present after seventeen weeks of treatment in Block 1 
(100%) and Block 2 (50%) with a more important severity at that date exhibited 
by plantain plants of Block 1 (Figure 4). Despite the return of rains from week 
11, the level of BSD severity remains low in the three blocks till the end of the 
experimental period. 

3.3. Evaluation of the Efficiency of BSD Control with the  
Biopesticide Based on Tithonia diversifolia 

The mean number of functional leaves increases gradually in course of time and 
it is almost the same in the three treatment blocks as shown in Figure 5 from the  
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Figure 4. BSD severity evolution stage in percentage (%) during the seventeen (17) weeks 
assessment for each treatment block (100% undiluted, 50% diluted and 25% diluted 
treatments) in the field. Each point represents the average mean of ten replicates with the 
standard deviation for each treatment. 
 

 

Figure 5. Evolution of the number of functional leaves during the seventeen (17) weeks 
assessment for each treatment block (100% undiluted, 50% diluted and 25% diluted 
treatments) in the field. Each point represents the average mean of ten replicates with the 
standard deviation for each treatment. 
 
start to the end of the experimentation. The interaction plot between the evolu-
tion of the BSD severity and the number of functional leaves clearly shows that 
when the number of leaves increases, the BSD severity decreases with an inter-
ception point differing according to the treatment blocks (Figure 6). The inter-
ception between both curves occurs very early for the 25% diluted biopesticide 
treatment, followed by the 50% diluted biopesticide treatment and the 100% un-
diluted biopesticide treatment; that is at five days, nine days and eleven days re-
spectively. 

The evolution of the youngest spotted leaf (YSL) showed a reduction in the 
rank of the spotted leaf in course of time (week 1 to week 17) from leaf 3 to leaf 9 
in the 50% and 100% biopesticide treatment, while in the 25% biopesticide 
treatment it goes from week 1 to week 13 and reduces from leaf 3 to leaf 7 
(Figure 7). The evolution of the youngest necrotic leaf (YNL) also showed a re-
duction in the rank of the necrotic leaf in course of time in the three blocks 
treatments from week 1 to week 7 with no necrosis at week 4 and week 6, and no 
spotted leaf from week 8 to week 17 (Figure 8). Despite the return of rains, the  
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(a) 

 
(b) 

 
(c) 

Figure 6. Interaction plot between the evolution of the BSD severity and the number of 
functional leaves during the seventeen (17) weeks assessment: (a) 100% undiluted 
treatment; (b) 50% diluted treatment and (c) 25% diluted treatment. 
 

 

Figure 7. Evolution of the youngest spotted leaf during the seventeen (17) weeks 
assessment for each treatment block (100% undiluted, 50% diluted and 25% diluted 
treatments) in the field. Each point represents the average mean of ten replicates with the 
standard deviation for each treatment. 
 
YSL and the YNL were not increased in the three blocks biopesticide treatments 
till the end of the experimental period.  
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Figure 8. Evolution of the youngest necrotic leaf during the seventeen (17) weeks 
assessment for each treatment block (100% undiluted, 50% diluted and 25% diluted 
treatments) in the field. Each point represents the average mean of ten replicates with the 
standard deviation for each treatment. 

4. Discussion 

The biopesticide based on T. diversifolia influences significantly the in vitro 
mycelial growth of Mycosphaerella fijiensis on PDA media compared to the 
control culture. An inhibition of about 50% was observed in the development of 
M. fijiensis and the growth was only observable from the 12th day after trans-
planting. Subsequently, especially on the 18th day, we observed a slowdown in 
the development of M. fijiensis in the presence of the biopesticide, which is in 
agreement with [4] who noted that the culture of M. fijiensis was very slow, av-
eraging 1 cm after 38 days. These results also suggested that the biopesticide dif-
fused slowly to establish itself in the Petri dish in order to induce its bioactivity, 
confirming the fungistatic effect of the secondary metabolites contained in the 
biopesticide based on T. diversifolia on the mycelial growth rate in agreement 
with [14] who had shown that extracts of T. diversifolia were rich in tannins and 
sesquiterpenes. 

The biopesticides based on T. diversifolia applied at different concentrations 
(100%, 50% and 25% blocks) reduce considerably the BSD severity in the three 
blocks in field. The most effective biopesticide treatment was in the most diluted 
one (25%, Block 3) compared to the others, suggesting thus that the most the 
biopesticide was diluted, the most it was effective. This result revealed an effec-
tive antifungal activity with different kinetic of diseases evolution depending of 
the biopesticide treatment concentration applied (100%, 50% and 25% blocks) 
and corroborated with previous researches that have assigned fungicidal and/or 
fungistatic, insecticidal, repulsive and antimicrobial activities to T. diversifolia 
extracts [12] [14] [15] [20] [21]. However, it would be interesting for more effi-
ciency to assessed and determine the minimum effective dose of this biopesticide 
in vitro and in vivo. 

The less severity observed on the plantain blocks in the field after the biopes-
ticide treatments could be due to a direct effect through the formation of an an-
tagonistic microorganisms and/or secondary metabolites repulsive film on the 
plant leaves, or an indirect effect due to the establishment of a local and an in-
duced resistance. Indeed, T. diversifolia contribute to plant protection by modi-
fying the microbial community and stimulating plant defense mechanisms [14]. 
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Moreover, this biopesticide based on T. diversifolia contains many minerals and 
secondary metabolites such as nitrogen, phosphorus, potassium, magnesium, 
proteins and phenolic compounds (alcaloids, sesquiterpens, lactones and flavon-
oids), involved in different physiological role in the plant [10] [11] [12]. In addi-
tion, defensive metabolites have been shown acting on the susceptible Musa spp. 
plant as biofungicide against BSD [8]. It would be therefore interesting to assess 
the biochemical and microbial composition of this biopesticide based on T. di-
versifolia.  

The efficacy of the biopesticide based on T. diversifolia treatment has been 
shown by the less rank of indicators commonly used to characterize the effi-
ciency of control methods; that is the youngest spotted leaf and the youngest ne-
crotic leaf in the three blocks (100%, 50% and 25%). Recently, the treatment of 
plantain vivoplants with T. diversifolia biopesticide in the nursery has revealed 
the induced resistance against BSD through the high accumulation of the growth 
promotion and defense biomarkers in the leaves of treated plants [21], but none 
was known about the mode of action of this extract when it is spread on the 
leaves. It would be therefore interesting to assess the mode of action of this bio-
pesticide based on T. diversifolia on the leaves’ tissues.  

The number of functional leaves was increased thanks to the biopesticide 
based on T. diversifolia treatment during the experimental period and it suggests 
the good photosynthetic potential of the treated plantain plant, especially for the 
25% diluted treatment block. This result revealed less stress due to BSD severity, 
the good assimilation and metabolites accumulation leading to fruit filling con-
ditions that are impacting positively the yield. Our results are in line with previ-
ous studies that have revealed that the high BSD severity induces the high reduc-
tion in the photosynthetic area that impact on fruit morphology and inversely 
[3] [22] [23] [24] [25]. Moreover, T. diversifolia are rich in mineral elements 
such as nitrogen, deeply involved in plant growth promotion; its content and 
form play an essential role in defensive primary and secondary metabolism and 
NO-mediated events [26]. 

The excessive assimilates accumulation in this condition can contributes to 
the important energetic demand for secondary metabolic pathways that promote 
the development of defense mechanisms as hypothesized in the case of the sus-
ceptibility of banana fruits to crown rot [25]. Indeed, in the case of plantain 
seedlings in the nursery, it has been recently shown that the seedlings treatment 
with Tithonia diversifolia based products is inducing the growth promotion as 
well as the plant protection against Mycosphaerella fijiensis [21] [27] [28] [29], 
suggesting thus a link between the growth promotion and the less susceptibility 
to disease by treated plants in the nursery and the field. 

5. Conclusion 

To sum up, our study highlighted a new effect of biopesticide based on T. diver-
sifolia on BSD severity in the field. It would be however interesting to assess 
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seasonal and spatiotemporal variation of this biopesticide effect on BSD severity 
and the physiological mechanisms involved in its efficiency. The biopesticide 
based on T. diversifolia should also be characterized, applied on other pathosys-
tems and a product developed for the preservation of the human health and the 
environment, as well as small holders’ farmers empowerment. 
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