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Summary

Tomato production in Cameroon faces numerous constraints, including post-harvest rot. This study was carried out with
the aim of contributing to the fight against post-harvest rot of tomato fruits through the use of the aqueous extract of Ageratum co-
nyzoides. To achieve this objective, the pathogen responsible for tomato fruit rot was isolated and the microscopic and macroscopic
characters determined; the antifungal activity of the aqueous extract of 4. conyzoides was evaluated in vitro using three doses (30,
60, and 120 mg/ml) with three repetitions at three different periods (before, during and after) fruit treatment by the extract and inoc-
ulation of the pathogen on scarified and non-scarified fruits. A synthetic fungicide Pencozeb served as a positive control. Parameters
such as mass loss of tomato fruits, surface area of lesions induced on scarified and non-scarified tomato fruits, were measured using
a balance and graph paper respectively. The results show that Fusarium oxysporum was the pathogen responsible for rotting tomato
fruits and having the macroscopic characteristic of a cottony texture and a white aerial mycelium, macroscopically, Fusarium oxys-
porum presents two types of asexual spores, namely macroconidia which are curved, pale-colored spores, and microconidia which
are ovoid spores with septate and branched hyphae, a smooth and thin cell wall. The antifungal test revealed that the aqueous extract
showed an effect inhibitor on the development of the lesion surface and mass loss at the highest dose 120 mg/ml when the extract
applied twenty-four hours (24 hours) before inoculation on the fruits was fungicides at a concentration of 120 mg/ml on Fusarium
oxysporum. The pathogen-induced lesion area and mass loss of scarified tomato fruits were 6.000+3.09 and 10.04+9.37 respectively.
In non-scarified fruits these values were 8.45+3.43 and 48,000+13.66 respectively for lesion area and mass loss. This extract can
therefore be used as an alternative to chemical pesticides in fruit preservation.
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1. Introduction

Cameroon’s economy, like most developing countries, is based mainly on its agricultural re-
sources. The tomato (Solanum lycopersicum, L) of the Solanaceae family, is an annual herbaceous
plant native to the Andes and America [1]. It is counted among the most important vegetable crops
in the world [2]. According to the United Nations Food and Agriculture Fund (FAO), it occupies
first place in vegetable production after the potato and is cultivated in more than 170 countries. The
tomato has enormous therapeutic virtues thanks to its varied composition of organic substances and
mineral elements. Indeed, it is rich in lycopene, a substance which can prevent certain pathologies
such as cardiovascular diseases, cancers, and degenerative diseases linked to old age [3, 4]. It also
reduces hypertension thanks to its richness in potassium and reduces salt in the body [5]. Due to
the vitamins, mineral elements and fibers that it provides to the body, it occupies an essential place
in the human diet since it effectively contributes to a balanced diet [6]. Tomato trade represents
more than 17 % of global fruit and vegetable trade, with a monetary value of more than 8.5 bil-
lion USD [7]. Global tomato production has increased in recent years, from more than 130 million
tons in 2014 to 182 million tons in 2017 [8]. In Cameroon, it is increasing over the years. With a
production of 14 thousand tons in 2005, it increased from 88,980 tons in 2012 [9] with the main
production area being the western region, notably the Foumbot, Bouda and Dschang basins [10].
The most recent studies, based on precise surveys and statistics in different countries, have shown
that losses of fruit and vegetables at consumer level due to fungus were estimated at an average of
60 million tons per year. This mass represented 16 % of the food reaching the consumer. Of this
mass, 80 % of food was considered avoidable or potentially avoidable by improving storage con-
ditions in homes: i. e. 47 million tons per year that could be saved [11]. The main products thrown
away are fruits and vegetables, particularly tomato fruits due to their short shelf life. In addition,
once picked, tomato fruits are subject to various fungal changes which prevent producers from
keeping them for more than a few days. This situation creates a long period of shortage, making it
impossible to ensure the availability of tomatoes at a lower cost at all times, which would be at the
origin of the price fluctuations observed in the markets [12]. [13] explain that tomatoes are very
expensive in times of shortage (5 times the price in times of abundance), making them difficult for
consumers to access. Among the fungal species responsible for the deterioration of tomato fruits,
let’s note those belonging to the genus Fusarium responsible for fusarium wilt of tomato [14, 15].
This pathogen is most common on tomato fruits, causing lesions and numerous rots of the different
organs of the tomato, particularly on fruits [16]. This pathogen causes fruit discoloration ranging
from brown to black and the fruits of affected plants are limp. The work of [17] showed that certain
Fusarium species can cause yield losses of up to 90 %. Those of [18] reported that species such as
F. oxysporum caused more than 60 % of post-harvest tomato fruit rots in India. Whatever the vari-
ety of tomatoes, this species is often present.

Preserving tomato fruits after harvest is a major problem among players in the sec-
tor. The fight against tomato fruit rot is most often done through the use of chemical fungi-
cides. However, these chemicals are increasingly experiencing limits due to their high cost,
the unavailability of some of these products in local markets and the induction of resistance
in pathogens or the ineffectiveness of fungicides depending on production areas and times of
the year [19, 20]. Faced with these inconveniences posed by these chemicals, it is necessary to
develop new alternative control methods to chemical control such as control using plant ex-
tracts. Plant extracts have recognized antifungal properties and can either inhibit the growth
of phytopathogens or act on plant tissues as elicitors of the fruit defense mechanism [21, 22].
The use of plant extracts to improve the conservation of fruits is becoming more and more
widespread because these extracts guarantee the quality of the fruit as well as that of the
environment where the treatment takes place since they are biodegradable. Numerous studies
have shown the antifungal effect of plant extracts on certain fungal species in other production
areas [23, 24]. However, little information is available on the fight against Fusarium associated
with tomato fruit rots through the aqueous extract of Ageratum conyzoides. The general objec-
tive of this work is to contribute to the fight against post-harvest rot of tomato fruits through
the use of the aqueous extract of Ageratum conyzoides.
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2. Material and methods

2. 1. Material

The plant material consists of Ageratum conyzoides plants which, according to the liter-
ature, have antifungal activity against certain species associated with tomato fruit rot. As other
plant material used, the fruits of tomatoes (Solanum lycopersicum) of the Raja variety, for its wide
availability, as well as for its consumption. Pencozeb with the chemical formula CSH12MnN4S8Zn
was also used as a chemical fungicide to serve as a positive control.

2. 2. Methods

2. 2. 1. Plant collection

The plant used was collected in the Menoua department and identified at the Applied Bo-
tanical Research Unit (URBOA) of the University of Dschang (Cameroon). The young leaves of
Ageratum conyzoides were dried in the shade for a few weeks, then finely ground in a mill. The
powder obtained was packaged in jars protected from light until use.

2. 2. 2. Preparation of aqueous extract

The extraction by maceration of one hundred grams (100g) of powder from the plant for 48 hours
in 500 ml of distilled water was carried out. The mixture was filtered in the Laboratory of the Re-
search Unit of Phytopathology and Agricultural Zoology (UR-PHYZA) of the Faculty of Agronomy and
Agricultural Sciences (FASA) of the University of Dschang using Whatman paper No. 1. The filtered
aqueous solution obtained was freeze-dried to obtain the aqueous plant extract. The filtrate recovered
from the aqueous extract of Ageratum conyzoides was dried in an oven at 40 °C for evaporation of the
solvent (distilled water). The yield of the extract (Yield %) is calculated by the formula of [25]:

Yield %=M1/M0)x100.

Yield expressed as a percentage, M0 — the mass of the treated plant material (the plant organ
powder), and M1 — the mass of the dry extract.

2. 2. 3. Isolation and characterization of the pathogen

Tomato fruits showing symptoms of rot will be harvested and transported to the laboratory
where they will be washed and then superficially disinfected using cotton soaked in alcohol. Necrotic
tissue fragments of approximately 2 mm will be collected under a microbial hood near a Bunsen
burner flame using a sterile scalpel [26]. These fragments will be seeded aseptically in boxes. Petri
dish containing 20 ml of culture medium (PDA) and placed in the dark in an incubator at a tempera-
ture between 24+2 °C. Observations will be made every day in order to obtain visible fungal colonies
around the seeded fragments, which will subsequently be taken and transplanted into new petri dishes
containing the culture medium. After several successive transplants, the pure culture of the mush-
room will be obtained. The identification and characterization of the pathogen will be done on the
basis of the morphological characteristics of the mycelium, septate or not, and the fruiting bodies (co-
nidia) which will be observed under a microscope based on mycological identification keys [27].

2. 2. 4. Tests of in vitro evaluation of the antifungal potential of the aqueous extract of
Ageratum conyzoides on the development of F. oxysporum associated with post-harvest rot of
tomato fruits

Apparently healthy tomato fruits of the Raja variety were collected in the field from gardeners.
These fruits were washed in tap water then superficially disinfected in 75 % alcohol for 1 minute, rinsed
3 times successively with distilled water to eliminate traces of the disinfectant and placed on blotting pa-
per to remove the excess water. On each of the fruits, a well of 5 mm in diameter was created using a sterile
cookie cutter. Three different treatments were carried out for each dose (30, 60 and 120 mg/ml) of extract:

— evaluation of the curative potential of the extracts: the evaluation of the curative capacity of
the extract was carried out on previously scarified tomato fruits. For this a pure culture mycelial frag-
ment (5 mm) was inoculated, after a few hours (24 hours) the different concentrations of the aqueous
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extract of Ageratum conyzoides at respective concentrations 30, 60, and 120 mg/ml were sprayed. On
inoculated (scarified) fruits. These fruits were sealed with petroleum jelly to avoid contamination by
other pathogens;

— determination of the virulence of the pathogen in the presence of the extract: The virulence
of the pathogen in the presence of the extract at different doses (30, 60, 120 mg/ml) was determined,
using a Pasteur pipette a mixture (aqueous plant extracts+inoculum) was placed on the wells dug on
each tomato fruit then sealed with petroleum jelly [28, 29] and incubated. The experiment was repeated
three times;

— evaluation of the preventive power of the extracts: To evaluate the preventive power of the
aqueous extract for the fight against the pathogenic agent of post-harvest rot of tomatoes, the scari-
fied fruits were treated with the aqueous extract of Ageratum conyzoides at different concentrations
(30, 60, 120 mg/ml) and incubated for 24 hours. Subsequently, these fruits were inoculated with pure
cultures of the pathogen and then sealed with petroleum jelly.

The same protocol used for scarified fruits was carried out for non-scarified fruits. The
inoculation of the pure culture of the pathogen as well as the application of the extract of Ageratum
conyzoides were done on the surface of the epicarp.

Nine (9) fruits in total were inoculated and treated with synthetic fungicide (Pencozeb) at
the manufacturer’s dose 0.33 mg/ml at three different periods (before, during and after), served as
a positive control. While the negative control consisted of three scarified and non-scarified fruits
inoculated with the pure strain of the pathogen without being treated with the aqueous extract of
Ageratum conyzoides. These fruits thus inoculated were placed in the crystallizers in which the
humidity was maintained by cotton soaked in distilled water and the whole incubated at room tem-
perature. All treatments were repeated three times.

2.2.5. Loss of tomato fruit mass

The mass loss (% M) of tomato fruits (scarified and non-scarified fruits) was evaluated
by successive weighing’s for eight days using a precision balance and calculated according to the
formula below:

M=((Mi—Mt)/Mi)*100,

where M — the loss of mass expressed in %, Mi — the initial mass in g and Mt — the mass at a defined
time in g.

2. 2. 6. Surface of lesions induced on fruits
The surface area of lesions induced by the pathogen was evaluated for eight days on each
tomato fruit (scarified and non-scarified) using graph paper.

2. 2. 7. Statistical analyzes

The results of the tests for the evaluation of the antifungal activity of the extract on the fungal
strain (Fusarium oxysporum) were expressed in the form of percentage of inhibition. ANOVA served as
a model for comparing the effect of the extract for each concentration. When at the significance thresh-
old 0=0.05, a difference is observed between the inhibitory effects of the extracts for the pathogen, the
PPDS (Least Significant Difference) test was used to determine the concentration whose inhibitory ef-
fects differ significantly. On the other. The data collected (surface areas of lesions and mass losses of to-
mato fruits) were subjected to analysis of variance. SPSS version 22.0 software was used for this purpose.

3. Results and discussion

3. 1. Results

3. 1. 1. Macroscopic and microscopic characteristic of the isolated fungal species

The analysis of the macroscopic characterization of Fusarium oxysporum reveals that in the
PDA culture medium the colonies of F. oxysporum developed and reached 5 cm in diameter in 8 days.
They presented a cottony texture and white aerial mycelium (Fig. 1).
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Fig. 1. Macroscopic appearance of Fusarium oxysporum

The analysis of the microscopic characterization of F. oxysporum revealed that it is a fila-
mentous fungus belonging to the phylum Ascomycota and the class Sordariomycetes, producing
two types of asexual spores: macroconidia which are curved spores tapering to the ends, microco-
nidia which are ovoid, unicellular spores, smaller than macroconidia. In addition, the microconidia
have septate and branched hyphae, a smooth, thin and hyaline cell wall (Fig. 2).

Fig. 2. Microscopic appearance of Fusarium oxysporum
3. 1. 2. Extraction yield

Extraction of 100 g of Ageratum conyzoides in 500 ml of distilled water gave an extraction
yield of 17 %. The extract looked thick and blackish in color.
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3. 1. 3. Loss of mass of scarified tomato fruits and surface lengths of lesions induced by Fu-
sarium oxysporum on scarified tomato fruits treated with aqueous extract of Ageratum conyzoides

Table 1 presents the average values of mass losses as well as the areas of lesions in-
duced by F. oxysporum on scarified tomato fruits. These parameters vary depending on the
period of application of the extract and the concentration. Overall, the induced lesion areas vary
from 18.31£10.31; 16.1949.41; and 6.0043.09 mm? respectively for the treatments before, during
and after application of the extract at a dose of 120 mg/ml after inoculation of the pathogen.
For the negative control the lesion surface is 45.91426.09 mm? while that of the positive control
is 6.53+3.57 mm?. The statistical analysis shows that there is a significant difference between the
periods of application of the extract at different concentrations (before, during and after) and the
negative control but no difference is observed between the 120 mg/ml treatment (after) and the
chemical fungicide according to the Duncan test at the 5 % probability threshold. The reduction
in the surface area of lesions depends on the dose of 4. conyzoides extract and the period of appli-
cation. The low value of the lesion surface is obtained at a dose of 120 mg/ml or 6.00+3.09 mm?.
However, no significant difference is observed between this dose and the positive control. Re-
garding the mass loss of scarified tomato fruits treated with the aqueous extract of 4. conyzoi-
des, it is possible to note that the different treatments had a significant effect on the mass loss of
tomato fruits. This mass loss decreases depending on the concentration of the extract. The lowest
value of mass loss of scarified fruits is obtained with the dose 120 mg/ml provided 24 hours af-
ter inoculation of the pathogen, i.e. 38.04+£9.37 g. A significant difference is observed between
the loss of fruit mass at this dose and the negative control whose mass loss value is 63.75+£35.75
according to the Duncan test at the 5 % probability threshold.

Table 1
Lesion surfaces and mass losses of scarified tomato fruits induced by F. oxysporum treated with Ageratum
conyzoides extract

Application periods Concentrations (mg/ml) Lesion surfaces (mm?) Mass losses (g)

I lati fth b 30 28.83+15.81¢ 36.28+22.76¢

noculation of the pathogen 60 19.56:10.85" 30.33+22.39"
and treatment 24 hours later

120 18.310£10.31% 20.75+20.85°

I I I d 30 26.29+14.39¢ 23.66+28.30¢

noculum plus extracted at 60 20.56:11.20¢ 20.62422.78¢

the same time

120 16.19+9.41% 15.28+10.66"

Extract apphed and inoc- 30 10.25+12.41¢ 20.19+24.23¢

ulation of the pathogen 24 60 9.56+10.15¢ 19.91+20.00¢

hours later 120 6.00£3.09" 10.04+9.37>

0 45.91+26.09¢ 63.75+£35.75¢

Negative control Positive 0.33 12.000+9.01¢ 28.28+24.33¢

control 0.33 9.559+4.277° 23.58+28.11¢

0.33 6.533+3.57 12.62+18.63%

Note: a—c means with the same letters in the same column are not significantly different according to Duncan’s test at P<0.05.

3. 1. 4. Loss of mass and lesion surfaces induced by Fusarium oxysporum on unscari-
fied tomato fruits treated with aqueous extract of Ageratum conyzoides

The results obtained on the inhibition of lesion surfaces as well as mass losses induced by
Fusarium oxysporum on unscarified tomato fruits treated with different doses of aqueous extract
of Ageratum conyzoides show that the inhibition of the surface was a function of the dose and the
period of application, the smallest surfaces were obtained with the dose 120 ml/g whatever the
period of application of the extract, i. e. 10.53£7.41; 12.38+9.35 and 8.45+3.43 mm? respectively
for the treatments (before, during and after). The greatest surface value of lesions was obtained
in the negative control, i.e. 39.55£13.77 mm?, there is a significant difference between the fruits
treated with different doses of extract and the control. Regarding the loss of mass of non-scarified
fruits, it is possible to note that the different treatments had a significant effect on the loss of fruit
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mass independently of the period of application and the concentration of the Ageratum conyzoides
extract (Table 2).

Table 2
Lesion surfaces and mass loss of non-scarified fruits induced by F. oxysporum treated with aqueous extract
of Ageratum conyzoides

Application periods Concentrations (mg/ml) Lesion surfaces (mm?) Mass losses (g)
I lati fih b d 30 13.05+10.89¢ 64.833+27.44¢
noculation of the pathogen an 60 12.2249.22¢ 54.476+22.26
treatment 24 hours later
120 10.53+7.41° 52.166+21.317
I | I datth 30 13.47+10.94¢ 72.542+33.77¢
noculum plus extracted at the 60 12.95+9,67¢ 68.928+29.56
same time
120 12.38+9.35¢ 55.750+23.83¢
B lied and i lati ¢ 30 16.97+£13.470¢ 59.083+24.70¢
xtract applied and 1noculation o 60 15.16+12¢ 58 167+25.52ba
the pathogen 24 hours later
120 8.45+3.43¢ 48.000+13.66°
Negative control 0 39.55+£13.77¢ 83.750+38.75¢
0.33 12.00£9.01¢ 78.285+24.33¢
Positive control 0.33 9.55+4.27° 73.583+28.11¢
0.33 6.53+3.57" 45.625+18.63°

Note: a—c means with the same letters in the same column are not significantly different according to Duncan’s test at P<0.05.

4. Discussion

The isolation of the fungus from tomato fruits reveals that the latter harbors a species be-
longing to the genus Fusarium. Tomato fruits would constitute a susceptible host for F. oxysporum.
Several studies have shown that Fusarium oxysporum causes Fusarium wilt on many fruits [30]. The
results of the microscopic and macroscopic characteristics of F. oxysporum obtained corroborate with
the work [31] on the characterization and identification of Fusarium oxysporum pathogen of tomato
fruits in India. Aqueous extraction of 100 g of Ageratum conyzoides gave an extraction yield of 17 %.
This low yield could be due to the physiological state of the plant material, the factors of the geo-
graphical harvest area, the period of the plant’s plant cycle and/or the plant family to which the plant
belongs. The work [26] indicated that some plant families offer higher extraction yields than others.
This is how Annonaceae, Myrtaceae, Asteraceae and Zingiberaceae generally offer high extraction
yields while Poaceae on the other hand give very low extraction yields. Additionally, [32] reported
that environmental conditions, harvest time and age of plant material can influence extraction yields.

With the aim of contributing to the fight against Fusarium wilt of tomato fruits, the anti-
fungal effect of aqueous extracts of Ageratum conyzoides on the development of Fusarium oxys-
porum was evaluated in the present study. At the end of this work, the results on the inhibition of
necrosis lesion surfaces induced by F. oxysporum, the loss of mass of tomato fruits caused by this
pathogen showed variable antifungal activity depending on the dose. Application of the aqueous
extract, and application periods. These results show that the extract of A. conyzoides exerted an
inhibitory effect on the development of necrosis. This effect would be due to the fact that the plant
used would contain secondary metabolites (alkaloids, flavonoids, triterpenoids, tannins, saponins,
anthocyanins and anthraquinones) having an inhibitory power which would have influenced the
development of Fusarium oxysporum. The work [25, 33] showed that certain plants contain in their
organ compounds with antifungal properties (alkaloids, phenols, sterols, terpenoids, flavonoids,
anthocyanins, saponins or tannins) hence their sometimes use in traditional medicine. This inhi-
bition was significant with the increase in the concentration of the extract applied, in particular at
the dose 120 mg/ml. Similar results were reported by [34] who showed that Carica papaya extracts
would further inhibit the respective radial growth of Collectotrichum gloesporoides and C. kaha-
wae with increasing concentration. Lesions were observed on fruits sprayed simultaneously with
extracts and inoculum of F. oxysporum. This development could be explained by the fact that this
pathogen would be less sensitive to the administered extracts. The surface areas of lesions devel-
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oped on unscarified fruits that had been inoculated with Fusarium oxysporum were lower than
those developed on scarified fruits. This difference could be due to the fact that the wounds created
are entry points for the pathogen and could cause stress in the fruit. This could cause a progressive
reduction of the elements involved in the fruit mechanism, thus promoting rotting and weight loss
of the fruits. Furthermore, the loss of weight of the fruits could be justified by the fact that the fruits
had reached the maximum stage of maturity, moreover the fruits of tomatoes being highly perish-
able foodstuffs, with a fairly short perishability time after maturation ranging from three to four
days, the cellular elements experienced strong degradation. [34] on the characterization of stress
inhibitory signals in tomato fruit following oxidative stress during storage showed that biotic and
abiotic stress can accelerate the rotting of tomato fruits. The surface values of lesions developed
on tomato fruits are significantly identical for certain treatments. This could be due to the fact that
there were different morphotypes which would be of the same species, present in these treatments.
Similar results were reported by [34] who showed that isolates of Fusarium spp inoculated on
pineapple fruits produced similar Fusarium wilt symptoms. The extract of Ageratum conyzoides
showed an effect comparable to that of the positive control (Pencozeb) by inhibiting the develop-
ment of Fusarium oxysporum tested on scarified and non-scarified tomato fruits with the treatment
applied 24 hours before inoculation of the pathogen at dose 120 mg/ml, more particularly all treat-
ments had an inhibitory effect on the reduction of the surface of lesions induced by F. oxysporum
comparable to the negative control, which allows to say that this extract would have both a curative
potential, because it can be applied while the disease is developing, a preventive potential even
before the disease sets in and a fungistatic effect which would make it possible to inhibit the devel-
opment of the pathogen at a dose of 120 mg/ml. While the scarified fruits treated with the extract
of A. conyzoides made it possible to understand that this extract would have a more pronounced
effectiveness when it is applied before inoculation of the disease, thus giving it a preventive poten-
tial at a dose of 120 mg/ml. These results obtained with Ageratum conyzoides corroborate those
of [34] who showed that extracts of Cupressus lusitanica would inhibit the development of fungi in
preserved avocado fruits. Furthermore, the work of [14] on the study of the causes of post-harvest
rot of tomatoes and the fight against pathogens associated with these fruits in Kenya reported that
extracts of Azardirachta indica can extend the shelf life of tomatoes. Tomato fruits after harvest
when applied before disease onset.

5. Conclusions

This work was carried out as part of the search for natural products which can be an alterna-
tive to chemical products used in the control of certain fungal pathogens, responsible for post-har-
vest rot of tomato fruits. At the end of this work which focused on the contribution to the fight
against post-harvest rot of tomato fruits (Solanum Iycopersicum) by the use of the aqueous extract
of Ageratum conyzoides. The following results were obtained: Fusarium oxysporum was identified
and associated with postharvest tomato fruit rot as the pathogen.

The study of the macroscopic and microscopic characteristics of Fusarium oxysporum revealed
that it is a filamentous fungus belonging to the class Sordariomycetes, presenting a cottony texture
and white aerial mycelium. This fungal species exhibits macroconidia with septate and branched
hyphae, a smooth, thin, hyaline cell wall, macroconidia which are curved spores tapering at the ends.

The aqueous extract of the plant used exerted considerable inhibitory activity on the devel-
opment of Fusarium oxysporum depending on the concentration, moreover, at the greatest dose, the
aqueous extract of Ageratum conyzoides showed effectiveness comparable to that of the chemical
fungicide Pencozeb on scarified and non-scarified tomato fruits. Thus, the extract of Ageratum
conyzoides showed a curative potential on unscarified tomato fruits, and a preventive potential on
scarified tomato fruits.

Conflict of interest

The authors declare that they have no conflict of interest in relation to this research, whether
financial, personal, authorship or otherwise, that could affect the research and its results presented
in this paper.

64

Food Science and Technology



Original research (2024), kcEUREKA: Life Sciences»
Number 4

Financing
The study was performed without financial support.

Data availability
Manuscript has no associated data.

Use of artificial intelligence
The authors confirm that they did not use artificial intelligence technologies when creating
the current work.

Acknowledgements
Our sincere thanks to the laboratory technicians of the Applied Botany and Biotechnology
Research Unit and Research Unit of Phytopathology and Agricultural Zoology (UR-PHYZA) of the
Faculty of Agronomy and Agricultural Sciences (FASA) of the University of Dschang.
References
[11 Chaux,C. L., Foury, C. L. (1994). Cultures légumiéres et maraichéres. Tome I1I: 1égumineuses potageres, 1égumes fruit. Tech-
niques et Documentation Lavoisier. Paris, 563.
[2] Snyder, W. C., Hansen, H. N. (1945). The Species Concept in Fusarium with Reference to Discolor and Other Sections. Amer-
ican Journal of Botany, 32 (10), 657. https://doi.org/10.2307/2437621
[3] Wojcik, M., Burzynska-Pedziwiatr, 1., Wozniak, L. (2010). A Review of Natural and Synthetic Antioxidants Important for
Health and Longevity. Current Medicinal Chemistry, 17 (28), 3262—3288. https://doi.org/10.2174/092986710792231950
[4] Burton-Freeman, B., Reimers, K. (2010). Tomato Consumption and Health: Emerging Benefits. American Journal of Lifestyle

Medicine, 5 (2), 182—-191. https://doi.org/10.1177/1559827610387488

1 Jones, J. B., Zitter, T. A. (1991). Compendium of tomato Diseases. Minnesota: APS Press.

[6] Dor¢, C., Varoquaux, F. (2006). Histoire et amélioration de cinquante plantes cultivées. Paris, 698.

] La filicre tomate cerise en Guinée: situation actuelle et perspectives de développement des exportations en Guinée (2000).

USAID. Available at: https:/pdf.usaid.gov/pdf docs/Pnadj152.pdf

[8] Etude diagnostique de la réduction des pertes aprés récolte de trois cultures: manioc-tomate-pomme de terre (2018). FAO.
Auvailable at: https://openknowledge.fao.org/server/api/core/bitstreams/cfcd2068-efbf-445e-afc0-b063856024d9/content
[9] Food and Agriculture Organization of the United Nations Statistics. Available at: https:/www.fao.org/faostat/en/#home

[10] Giguere, R. (2015). La culture de la tomate au Cameroun. Available at: https://www.domainejoly.com/fr/nouvelles-de-
tails/2015/01/08/1a-culture-de-la-tomate-au-cameroun/

[11] Wang, W., Ben-Daniel, B. H., Cohen, Y. (2004). Lutte contre les maladies des plantes par des extraits d’Inula viscosa. Phyto-
pathology, 94 (10), 1042—1047.

[12] Vodouhe, M. C. D. N., Houssou, A. P. F., Kpangbin, C., Labintan, E., Mensah, G. A. (2014). Séchage de la tomate (Lycop-
ersicon esculentum): Une autre alternative pour sa valorisation au Bénin. Bulletin de la Recherche Agronomique du Bénin
(BRAB) Numéro spécial Agro-biodiversité et Santé Publique, 9, 1025.

[13] Mojab, F., Kamalinejad, M., Ghaderi, N., Vahidipour, H. R. (2003). Phytochemical screening of some species of Iranian plants.
Iranian Journal of Pharmaceutical Research, 2 (2), 77—-82. https://doi.org/10.22037/ijpr.2010.16

[14] Mugao, G. L. (2015). Tomato post-harvest spoilage, causes and use of selected botanical extracts in their management in
Mwea, Kirinyaga County. Kenyatta University. Available at: https:/ir-library.ku.ac.ke/server/api/core/bitstreams/6¢cd7ef43-
d86d-46f1-ad4f-47975bbalc57/content

[15] Abu Bakar, A. I, Nur Ain [zzati, M. Z., Umi Kalsom, Y. (2013). Diversity of Fusarium species associated with post-harvest fruit rot
disease of tomate. Sains Malaysiana, 42 (7), 911-920. Available at: http:/www.ukm.edu.my/jsm/pdf files/SM-PDF-42-7-2013/04%20
A.1%20Abu%?20Bakar.pdf

[16] Karkal, M., Bhushan, B. (2018). Pharmacological activity of Cymbopogon citratus. Internation Journal of Herbal Medicine, 1 (6), 5-7.

[17] Khedoudja, K., Bouziane, A., Mohamed, L. B., Fatima, Z. B., Bakhta, M. (2014). Etude De Lefficacite De L’extrait Ethanolique
D’ecorces De Punica Granatum Linn Sur Deux Souches Phytopathogenes: Ascocyhta Rabiei (Pass.) Labr. Et Fusarium Oxysporum
F.Sp.Radicis —Lycopersici. European Scientific Journal, 12 (10), 301-315.

[18] Nirmaladevi, D., Venkataramana, M., Srivastava, R. K., Uppalapati, S. R., Gupta, V. K., Yli-Mattila, T. et al. (2016). Molecular
phylogeny, pathogenicity and toxigenicity of Fusarium oxysporum f. sp. lycopersici. Scientific Reports, 6 (1). https://doi.org/10.1038/
srep21367

65

Food Science and Technology


https://doi.org/10.2307/2437621
https://doi.org/10.2174/092986710792231950
https://doi.org/10.1177/1559827610387488
https://pdf.usaid.gov/pdf_docs/Pnadj152.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/cfcd2068-efbf-445e-afc0-b063856024d9/content
https://www.domainejoly.com/fr/nouvelles-details/2015/01/08/la-culture-de-la-tomate-au-cameroun/
https://www.domainejoly.com/fr/nouvelles-details/2015/01/08/la-culture-de-la-tomate-au-cameroun/
https://doi.org/10.22037/ijpr.2010.16
https://ir-library.ku.ac.ke/server/api/core/bitstreams/6cd7ef43-d86d-46f1-ad4f-47975bba1c57/content
https://ir-library.ku.ac.ke/server/api/core/bitstreams/6cd7ef43-d86d-46f1-ad4f-47975bba1c57/content
http://www.ukm.edu.my/jsm/pdf_files/SM-PDF-42-7-2013/04%20A.I.%20Abu%20Bakar.pdf
http://www.ukm.edu.my/jsm/pdf_files/SM-PDF-42-7-2013/04%20A.I.%20Abu%20Bakar.pdf
https://doi.org/10.1038/srep21367
https://doi.org/10.1038/srep21367

Original research (2024), <KEUREKA: Life Sciences»

[25]

[26]

(27]

(28]

[29]

(30]

(31]
[32]

(33]

[34]

[35]

Number 4

Anil, K. R., Raj, K. H. G. (2015). In vitro antifungal activity of some plant extracts against Fusarium oxysporum f. sp. lycop-
ersici. Asian Journal of Plant Science and Research, 5 (1), 22-27. Available at: https://core.ac.uk/download/pdf/231803066.pdf
Guével, M. H. (2010). Caractérisation des signaux initiateurs de stress chez le fruit de la tomate suite a un stress oxydatif (UV-C)
lors de la conservation. Université de Laval, 252.

Das, K., Tiiwari, R. K. S., Shrivastava, D. K. (2010). Techniques for evaluation of medicinal plants products as antimicrobial
agent: Current methods and future trends. Journal of Medicinal Plant Research, 4 (2), 104—111. Available at: https://academic-
journals.org/article/article1380375549 Das%?20et%20al.pdf/1000

Ngegba, P. M., Kanneh, S. M., Bayon, M. S., Ndoko, E. J., Musa, P. D. (2018). Fungicidal effect of three plants extracts in
control of four phytopathogenic fungi of tomato (Lycopersicum esculentum L.) fruit rot. International Journal of Environment,
Agriculture and Biotechnology, 3 (1), 112—117. https://doi.org/10.22161/ijeab/3.1.14

Ebele, M. 1. (2011). Evaluation of some aqueous plant extracts used in the control of pawpaw fruit (Carica papaya L.) rot fungi.
Journal of Applied Biosciences, 37, 2419-2424. Available at: https://www.m.elewa.org/JABS/2011/37/1.pdf

Ruffin, K. A., Bernadine, M. A. B. O., Djeneb, C., Kouabenan Abo, Noe, G. Z. (2020). In vitro evaluation of the antifungal
activity of aqueous and ethanolic extracts of Terminalia ivorensis and Mancozan 80 WP (synthetic fungicide) on Fusarium ox-
ysporum. International Journal of Innovation and Scientific Research, 48 (1), 12-20. Available at: https:/ijisr.issr-journals.org/
abstract.php?article=IJISR-19-327-02

Hasan, M. F,, Islam, M. A, Sikdar, B. (2022). Evaluation of possible biological control of Fusarium concentricum sp. using plant
extracts and antagonistic species of microbes in vitro. FI000Research, 9, 1394. https:/doi.org/10.12688/f1000research.27098.2
Sabine, M. N. E. (2011). Intégration spaciale du marché: une evidence empirique des marches Camerounais. 5éme journée de
recherches en Sciences a Agrosup Dijon.

Djeugap, F. J., Tsopmbeng, N. G. R., Kuete, K. E., Yaouba, A., Seferbe, S. (2015). Isolation and identification of fungi associ-
ated with avocado fruits from local markets of the West region of Cameroon. International Journal of Agriculture and Biosci-
ences, 4 (2), 64—68. Available at: http:/www.ijagbio.com/pdf-files/volume-4-no-2-2015/64-68.pdf

Lagopodi, A. L., Ram, A. F. J., Lamers, G. E. M., Punt, P. J.,, Van den Hondel, C. A. M. J. J., Lugtenberg, B. J. J., Bloem-
berg, G. V. (2002). Novel Aspects of Tomato Root Colonization and Infection by Fusarium oxysporum f. sp. radicis-lycopersici
Revealed by Confocal Laser Scanning Microscopic Analysis Using the Green Fluorescent Protein as a Marker. Molecular
Plant-Microbe Interactions®, 15 (2), 172—179. https://doi.org/10.1094/mpmi.2002.15.2.172

Chuku, E. C., Osakwe, J. A., Daddy-West, C. (2010). Fungal spoilage of tomato (Lycopersicon Esculentum Mill), Using garlic
and ginger. Scientia Africana, 9 (2): 41-51. Available at: https:/www.researchgate.net/publication/280611360 Fungal Spoil-
age_of Tomato Lycopersicon Esculentum_Mill Using Garlic_and_Ginger

Benaouali, H., Hamini-Kadar, N., Bouras, A., Benichou, S. L., Kihal, M., Henni, J. E. (2014). Isolation, pathogenicity test and
physicochemical studies of Fusarium oxysporum f.sp radicis lycopersici. Advances in Environmental Biology, 8 (10), 36—49.
Available at: https:/www.researchgate.net/publication/280445975 Isolation pathogenicity test and physicochemical stud-
ies_of Fusarium_oxysporum_fsp radicis_lycopersici

Abdesselem, M. (2017). Caractérisation et lutte biologique vis a vis de Fusarium oxysporum. L’Université d’Oran, 124.

Sofi, T. A., Muzafer, A., Beig, G. H., Hassan, D., Mushtaq Sofi, T. A., Aflaq, H. et al. (2013). Cultural, morphological, patho-
genic and molecular characterization of Alternaria mali associated with Alternaria leaf blotch of apple. African Journal of
Biotechnology, 12 (4), 370-381. https://doi.org/10.5897/ajb12.2735

Ouattara, E. K., Coulibaly, K., Etien, T. D., Zirihi, N. G. (2020). Etude ethnobotanique de plantes antifongiques utilisées tradition-
nellement en Cote d’Ivoire et du potentiel de Piliostigma Thonningii (schumach.) milneredh. (Fabaceae) dans le contrdle de souch-
es telluriques. International Journal of Biological and Chemical Sciences, 14 (1), 239-253. https://doi.org/10.4314/ijbcs.v14i1.20
Kuete, K. E., Tsopmbeng, N. G., Yaouba, A., Djeugap, F. J., Andserferbe, S. (2015). Antifungal potential of some plant extracts
against threepost-harvest fungal pathogens of avocado (Perseaamericana Mill.) fruits. International Journal of Multidisciplinary
Research and Development, 2 (4), 148—152. Available at: https:/www.allsubjectjournal.com/assets/archives/2015/vol2issue4/173.pdf
Naika, S., Joep, V. L. J., Marja, G., Martin, H., Barbara, V. D. (2016). La culture de la tomate. Wageningen, 105.

Received date 09.09.2024 © The Author(s) 2024
Accepted date 21.11.2024 This is an open access article
Published date 19.12.2024 under the Creative Commons CC BY license

How to cite: Abdou Nourou, K. N., Valérie, T. N., Alain, H., Joselyn Brice, N. P., Ngoh Dooh, J. P. (2024). Contribution to the fight
against post-harvest rot of tomato fruits (solanum lycopersicum.) Through the use of the aqueous extract of ageratum conyzoides.
EUREKA: Life Sciences, 4, 57—66. https://doi.org/10.21303/2504-5695.2024.003597

66

Food Science and Technology


https://core.ac.uk/download/pdf/231803066.pdf
https://academicjournals.org/article/article1380375549_Das%20et%20al.pdf/1000
https://academicjournals.org/article/article1380375549_Das%20et%20al.pdf/1000
https://doi.org/10.22161/ijeab/3.1.14
https://www.m.elewa.org/JABS/2011/37/1.pdf
https://ijisr.issr-journals.org/abstract.php?article=IJISR-19-327-02
https://ijisr.issr-journals.org/abstract.php?article=IJISR-19-327-02
https://doi.org/10.12688/f1000research.27098.2
http://www.ijagbio.com/pdf-files/volume-4-no-2-2015/64-68.pdf
https://doi.org/10.1094/mpmi.2002.15.2.172
https://www.researchgate.net/publication/280611360_Fungal_Spoilage_of_Tomato_Lycopersicon_Esculentum_Mill_Using_Garlic_and_Ginger
https://www.researchgate.net/publication/280611360_Fungal_Spoilage_of_Tomato_Lycopersicon_Esculentum_Mill_Using_Garlic_and_Ginger
https://www.researchgate.net/publication/280445975_Isolation_pathogenicity_test_and_physicochemical_studies_of_Fusarium_oxysporum_fsp_radicis_lycopersici
https://www.researchgate.net/publication/280445975_Isolation_pathogenicity_test_and_physicochemical_studies_of_Fusarium_oxysporum_fsp_radicis_lycopersici
https://doi.org/10.5897/ajb12.2735
https://doi.org/10.4314/ijbcs.v14i1.20
https://www.allsubjectjournal.com/assets/archives/2015/vol2issue4/173.pdf

