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Abstract

Plant pathogens are mainly controlled using synthetic products, which harm human and
environmental health. In the current study, we aimed to assess the efficacy of some plant extracts
and biocontrols agents inhibiting Lasiodiplodia theobromae development. We studied the
inhibitory effect of 3 biopesticides based on essential oils (ASTOUN 50 EC, FERKA 50 EC, and
NECO 50 EC), Moringa oleifera extracts (Methanolic and aqueous), and 4 isolates of Trichoderma
spp on mycelial growth of L. theobromae. Results showed that biopesticides ASTOUN and NECO
at 700 and 1000 ppm completely inhibited the mycelial growth of L. theobromae. Similarly, M.
oleifera methanolic extract has the highest inhibitory rate (65.45 %) compared to aqueous extract
(42.44%). Through dual assay, we found that Trichoderma spp isolates reduced L. theobromae
development from 30 to 40 %. Therefore, this study shows how possible it is to use plant extracts
and Trichoderma species to control mango Stem-end rot (SER). However, further studies should
be undertaken in vivo to further confirmed.
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1 INTRODUCTION

Mango (Mangifera indica L.) is one of the most important fruits worldwide, and demand
is increasing (Alkan & Kumar, 2018). Its production faces several threats, notably mango fungal
diseases (Shahbaz et al., 2009). Lasiodiplodia spp are causal agents of mango dieback and Stem
end-rot (SER), a severe disease for mango growers (Malik et al., 2005). It can therefore induce
about 60 % of mango trees in affected sites and may rise to 100 % fruit loss if proper management
strategies are not in place (Haggag, 2010; Johnson, 2008). In response to this threat, chemical
fungicides have proven to be essential for controlling fungal pathogens (Da Silva et al., 2012;
Karaoglanidis et al., 2003). However, this method has limitations: chemical fungicide harms
humans and the environment (Bansal, 2020). Moreover, it has been proven that using chemical
fungicides increased the expression of resistance genes of Lasiodiplodia spp. (Wang et al., 2021).
Therefore, researchers are focused on finding alternative ways, like developing biological methods
to control Lasiodiplodia spp pathogens. Thus, medicinal plants and biocontrol agents are renowned
for having fungicidal and bactericide effects while having negligible side effects (Cox et al., 2000;
Katooli et al., 2011; Lewis et al., 1996). Their antimicrobial activity is due to their bioactive
compounds, such as flavonoids, phenolic acids, alkaloids, isothiocyanates, tannins, saponins,
aliphatic aldehydes, and terpenoids (Dewick 1997). For example, the plant extract of Thyme oil,
Moringa oleifera, Syzygium aromaticum and cinnamomum zeylanicum are among plants used to
control L. theobromae the causal agent of SER (Alam et al., 2017a; Perumal et al., 2016). In
addition, biocontrol agents' use were revealed to effectively control plant diseases. Therefore,
Basilus subtilus was found causing cell degradation of SER-causing pathogens (Demoz, 2005;
Diskin et al., 2009). Among biocontrol, Trichoderma species were sufficiently applied to control
L. thoebromae, notably the Trichoderma harzianum and T. viride (Kota,2006; Sivakumar et al.,
2000). The antimicrobial effects of plant extract and Trichoderma sp isolate against phytopathogens
have been realised worldwide (Alam et al., 2017; Guimarées et al., 2019; Karan et al., 2020;
Konsue et al., 2020; Saeed et al., 2017). However, there is limited data on the potential efficacy of
plant extract and Trichoderma spp on the development of Lasiodiplodia theobromae causing
mango SER. Filling this knowledge gap will help develop an eco-friendly control method for L.
theobromae. Hence, the present study was carried out to study the antifungal activity of 3
biopesticides (based on essential oils), plant extracts of Moringa Oleifera and four isolates of
Trichoderma spp on the mycelial growth of L. theobromae causing mango SER.

2 Materials and methods

2.1 L. theobromae isolate

L. theobromae isolate FRFO1 was isolated from a mango fruit with SER symptoms in Céte d'lvoire.
The fungus was identified based on macro- and micro-morphological characteristics and confirmed
by the internal transcribed spacer (ITS) region of ribosomal DNA (rDNA) and translation
elongation factor 1-a, (tefl-a) sequencing (accession numbers: OQ067836 and 0Q269654 for ITS
and EF1 respectively). BLASTn analysis of the sequences revealed 100 % identity with
Lasiodiplodia theobromae strain CBS111530 (NCBI Accession: EF622054). In addition, L.
theobromae isolate FRFO1 pathogenicity was confirmed on mango fruits.

2.2 Inhibition tests of L. theobromae growth with plant essential oils

In this current study, three biopesticides (ASTOUN 50EC, NECO 50EC, FERCA 50EC)
formulated by the Industrial Research Unity on biopesticides (URI) of Félix Houphoét-Boigny
University (UFHB) were used. They have been formulated with several plant essential oils, such as
Cymbopogon citratus, Ocimum gratissimum and Eucalyptus citryodera, respectively, for
ASTOUN, NECO and FERCA. Biopesticides were added to 20 ml Potato Dextrose Agar (PDA)
medium to obtain final concentrations of 300, 500, 700 and 1000 ppm. The amended fungicide
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media were homogenised under agitation and emulsified in Tween 20 to improve their solubility in
water. Solutions were then distributed in 90 mm diameter Petri dishes at the rate of five Petri dishes
per concentration. Finally, a control without biopesticide was prepared under the same conditions.

2.3 Moringa oleifera extraction method and inhibiting test with L.
theobromae

M. oleifera leaves were used for extractions. Therefore, leaves were harvested and
collected in the scientific pole of UFHB and dried in URI laboratory. The method applied by
Mamkaa & Gwa, 2018 was adapted for methanolic and aqueous extracts. Extracts were conducted
by adding 5, 10, and 15 g of powder plant extract to 250 ml of sterile distilled water or methanol in
a 1000 ml Pyrex flask. Then left for 24 hours before being filtered through four layers of sterile
filter cloth. Then 5 ml of plant extracts of each concentration level were mixed in sterile Petri dishes
containing 20 ml of Potato Dextrose Agar (PDA) solution and allowed to solidify before pathogen
inoculation.

2.4 Dual confrontation assay

Four isolates of Trichoderma spp were used in dual confrontation tests. They were isolated
in our laboratory from healthy mango organs in growing mango production areas in Cote d'lvoire.
The Mycelial disks (5 mm in diameter) of each isolate of Trichoderma sp and L. theobromae
obtained from the margins of 7-day-old PDA cultures were placed on opposite sides (50 mm
distance) of a 90 mm PDA Petri dishes (Stracquadanio et al., 2020). Petri Dish were then incubated
for 72 h. The radial growth of L. theobromae was then measured in the presence (treatment) or
absence (control) of Trichoderma species. Each assay used five biological replicates repeated three
times for each isolate of Trichoderma sp.

2.5 Measurement of mycelial radial growth

The inhibition rate (1) of mycelial growth of L. theobromae by biopesticides and
Moringa oleifera extract were calculated according to the following formula (Attrassi et al.,
2019).

Do-Dc
(%) =" Do~ 100

Where Do= average mycelial growth diameter in control Petri dish, Dc= average mycelial growth
diameter in Petri dish at the concentration (c) (Treatment).

For the dual confrontation assay, the percentage of radial growth inhibition (%RGI) was
calculated by using the formula of (Vincent, 1947):
RGI(%)=—%— x 100
Where C = growth in control (absence of Trichoderma spp) and T = growth in treatment
(Presence of Trichoderma spp)

2.6 Data analysis

Data collected were subjected to Analysis of Variance (ANOVA), and means were compared
among treatments for each measured parameter using Fisher's Least Significant Difference
(L.S.D).



3 Results and Discussion

3.1 Efficacy of biopesticides ASTOUN, NECO, and FERCA on
mycelial growth of L. theobromae

Biopesticides could be an excellent alternative to synthetic chemical fungicides used in
agriculture. In this section, we evaluate the effect of biopesticides ASTOUN 50 EC (Symbopogon
citratus , NECO 50EC (Occimum gratissimum) and FERCA 50EC(Eucalyptus citryodera) on the
mycelial growth of L.theobromae. The results revealed that ASTOUN and NECO at the four tested
concentrations were the most efficient in inhibiting L.theobromae growth compared to FERCA
(P<0.05) (Figure 1,2). They reached 100 % of the inhibition rate at 700 ppm and 100 ppm for
ASTOUN, and 1000 ppm for NECO. All FERCA concentrations show a similar effect in inhibiting
the mycelial growth of L. theobromae with 52.7, 55.33, 57.24 and 57.27 % at 300, 500, 700 and
100 ppm, respectively (Figure 2). The difference in inhibition activity between these biopesticides
would probably be due to each product's chemical composition. The degree of sensitivity of L.
theobromae to different concentrations of this biological fungicide could also play a role in these
findings (El et al., 2014). Indeed, ASTOUN contains thymol and citronellol as active components,
while NECO contains thymol and eugenol molecular (Kassi et al., 2014), which have been reported
to have fungicidal and bactericidal activity (Cox et al., 2000). Our results agree with several studies
that have proven the fungicide effect of ASTOUN, NECO and FERCA on plant pathogenic fungi
(N'goran et al., 2022; Silue et al., 2018; Kassi et al., 2014; ). The biopesticide FERCA could not
inhibit the development of L. theobromae at all concentrations. This is probably due to its
composition, which may differ from ASTOUN and NECO. This is corroborated by the result found
by N'goran et al. (2022). They found that FERCA biopesticide was the least effective, inhibiting
mycelial growth of Phytophthora katsurae, the causal agent of the premature nut fall and the heart
rot of the coconut tree, compared to ASTOUN and NECO.

Figure 1: Effect of biopesticides on the mycelial growth of Lasiodiplodia theobromae after
3 days incubation on PDA medium. (A) ASTOUN 50 EC; (B) NECO 50 EC; (C) FERCA
50 EC. Co= Control (0 ppm); C1= 300 ppm; C2= 500 ppm; C3= 700 ppm; C4= 100 ppm
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Figure 2 : Inhibition rate of the biopesticides ASTOUN, NECO and FERCA on the
mycelial growth of L.theobromae. Diferent letters indicate a signifcant variance of P<0.05



The incubation period significantly affected the inhibitory activity of L. theobromae
mycelial growth for all biopesticides (P<0.05). Although, in general, a part of ASTOUN and NECO
at 700 and 1000 ppm maintained the inhibition rate at 100 % during the incubation period, the
inhibition effect decreased, allowing mycelial growth from day 1 to day 3 for all biopesticides
(Figure 3). On the other hand, at 300 ppm, the mycelial growth of L. theobromae constantly
increased from day 1 to day 3 (Figure 3). We hypothesised that this is because of having volubility
properties; aromatic components could evaporate from the Petri dish (Edris & Farrag, 2003).
Furthermore, the possibility of active molecular degradation and the solubility of the active
substances in water may contribute to the efficacy loss of biopesticide with time (Oluma & Elaigwe,
2006).
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Figure 3 : L. theobromae mycelial growth according to incubation period

3.2 Effect of Moringa oleifera aqueous and methanolic extracts on
mycelial growth of L. theobromae

Among alternative methods to chemical pesticides, the medicinal plant Moringa oleifera
has been studied worldwide. In this current study, we assessed the inhibitory activity of aqueous
and methanolic extracts of M. oleifera at four concentrations (59/250 ml, 10g/250 ml, 15¢g/250 ml,
20g/250 ml) on the mycelial growth of L.theobromae. Results showed that M. oleifera extracts had
significant inhibitory activity against L.theobromae (P<0.05). The methanolic extract had the
highest inhibition percentage (65.46) compared to the aqueous extract (42.44). Thus, the inhibition
rate recorded varied from 6.84 to 52.26 % for aqueous extract and 36.51 to 76.36 % for methanolic
extract (Figure 4). Concentrations 15g/250 ml and 20g/250 ml of the methanolic extract have the
most inhibited L.theobromae development with an inhibition rate above 76 % compared to 42 and
52 % for aqueous extract for the same concentrations (Figure 5). We assumed that methanolic
extract had the highest inhibition percentage may be because of the extraction method, such that
the use of solvents of an alcoholic nature allows us to obtain extracts with much more concentrated
bioactive molecules compared to aqueous extract. Several others have confirmed this finding
(Fontana et al., 2021; Mamkaa & Gwa, 2018). Indeed, M. oleifera contains saponins, alkaloids,
phenols, tannins, flavonoids, steroids, phlorotannins and terpenes, which are responsible for their
antifungal activity (Nweke, 2015). The general increase in percentage growth inhibition with an
increase in extract concentration agrees with the finding of Mamkaa and Gwa (2018).
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Figure 5: Inhibitoty effect of M. oleifera extract on L. theobromae. (A)
representative photo on the mycelial growth after 3 days incubation on PDA
medium. (B) inhibition according to extract type and concentration. Co=Control
(0g/250 ml), C1=5¢/250 ml, C2= 10g/250 ml, C3= 15 g/250 ml, C4= 20g/250 ml.
Diferent letters indicate a significant variance of P<0.05.



3.3 Efficacy of Trichoderma spp against L.theobromae

Researchers have proven that some endophyte microorganisms benefit the ecosystem, as
they can eco-friendly control pathogens. Thus, the species of Trichoderma significantly inhibited
the mycelial growth of plant pathogenic fungi (Rajkonda et al., 2011). Therefore, they have been
controlling Sclerotinia spp. (Rabeendran et al., 2006), Rhizoctonia solani, Pythium ultimum (Lewis
et al., 1996), Fusarium oxysporum (Mao et al., 2020), Lasiodiplodia theobromae (Li et al., 2022;
Govender et al., 2005). In our study, the results of the dual confrontation assay revealed that
Trichoderma spp isolates had a significant inhibitory effect against L. theobromae with a rate
inhibition between 30 and 37 % (P<0.05). However, the isolates had similar efficacy inhibitory
activity on L. theobromae (P>0.05) (Table 1). This could be explained by the nonvolatile
metabolites and/or volatiles produced by Trichoderma spp contribution to its inhibitory activity
against L.theobromae. Furthermore, volatiles produced by Trichoderma species has been reported
to include molecular terpenes (Lee et al., 2016). Also, the inhibitory effect of Trichoderma spp
could be due to antibiotics production among Trichodermin, Trichodermol, Harzianum A, and
Harzianolide (Dennis & Webster, 1971) as well as some cell wall degrading enzymes such as
chitinases, glucanases that break down polysaccharide, chitins and beta-glucanase destroying cell
wall (Elad, 2000). These results agree with many studies showing that the volatiles produced by
Trichoderma species, notably T. hamatum had a significant inhibitory effect on the growth of L.
theobromae (Li et al., 2022).

Table 1: Efficacy of the 4 Trichoderma spp on L. theobromae

Trichoderma spp  Radial growth of L.theobromae (cm) % of inhibition

1BTrSyA7 4.61+0.18a 30.85+5.2a
AdjBrA7 3.98+0.36a 36.47+11.87a
MoRSy-2 4.43+0.19a 33.09+6.61a
MoRSyA8-1 4.26+0.2a 35.3746.92a
AdjBrA6 4,53+0.77a 36.06+9.34a
Control 6.93+0.7b
4 CONCLUSION

In order to deal with the harmful effect of chemicals on human health and the environment,
researchers are finding alternative methods. Our study demonstrated that plant extract and
biocontrol agent Trichoderma spp can contribute to eco-friendly control of Lasiodiplodia
theobromae causing mango Stem-end rot. In addition, the biopesticides NECO, and ASTOUN were
the most effective, with 100 % inhibition of L. theobroma of mycelial growth. However, further
studies should be implemented in vivo to confirm the finding.

References

Alam, M. W., Rehman, A,, Sahi, S. T., & Malik, A. U. (2017a). Exploitation of natural products
as an alternative strategy to control stem end rot disease of mango fruit in Pakistan.
Pakistan Journal of Agricultural Sciences, 54(4), 775-783.
https://doi.org/10.21162/PAKJAS/17.5096

Alam, M. W., Rehman, A., Sahi, S. T., & Malik, A. U. (2017b). Exploitation of natural products
as an alternative strategy to control stem end rot disease of mango fruit in pakistan. 54(2),
503-511. https://doi.org/10.21162/PAKJAS/17.5096



Alkan, N., & Kumar, A. (2018). Post-harvest storage management of mango fruit. February,
377-402. https://doi.org/10.19103/as.2017.0026.16

Attrassi, K., Benkirane, R., Attrassi, B., & Douira, A. (2007). Effet de I’association de certains
fongicides avec le chlorure de calcium sur le développement d un complexe fongique
responsable de la pourriture des pommes en conservation. Phytoprotection, 88(1), 17-26.

Bansal, O. P. (2020). Impact of pesticides on human and environment: A Review.
Researchgate.Net, 6(1), 1-7. https://doi.org/10.35248/2593-9173.21.12.289

Cox, S. D., Mann, C. M., Markham, J. L., Bell, H. C., Gustafson, J. E., Warmington, J. R., &
Whyllie, S. G. (2000). The mode of antimicrobial action of the essential oil of Melaleuca
alternifolia (Tea tree oil). Journal of Applied Microbiology, 88(1), 170-175.
https://doi.org/10.1046/j.1365-2672.2000.00943.x

Da Silva, R. R., Da Camara, C. A. G., Almeidab, A. V., & Ramos, C. S. (2012). Biotic and
abiotic stress-induced phenylpropanoids in leaves of the mango (Mangifera indica L.,
Anacardiaceae). Journal of the Brazilian Chemical Society, 23(2), 206-211.
https://doi.org/10.1590/s0103-50532012000200003

Demoz, B.T.; Korsten, L. Bacillus subtilis attachment, colonization, and survival on avocado
flowers and its mode of action on stem-end rot pathogens. Biol. Control 2006, 37, 68—
74.Dennis, C., & Webster, J. (1971). Antagonistic properties of species-groups of
Trichoderma. Transactions of the British Mycological Society, 57(1), 25-IN3.
https://doi.org/10.1016/s0007-1536(71)80077-3

Diskin, S., Feygenberg, O., Maurer, D., Droby, S., Prusky, D., & Diskin, S. (2009). Microbiome
Alterations Are Correlated with Occurrence of Postharvest Stem-End Rot in Mango Fruit.
1-36.

Edris, A. E., & Farrag, E. S. (2003). Antifungal activity of peppermint and sweet basil essential
oils and their major aroma constituents on some plant pathogenic fungi from the vapor
phase. Nahrung - Food, 47(2), 117-121. https://doi.org/10.1002/food.200390021

El, J., Elbadaoui, K., Zair, T., & Alaoui, T. (2014). Etude de | * activité antibactérienne des huiles
essentielles de Teucrium capitatium L et 1 > extrait de Siléne vulgaris sur différentes souches
testées . 7481-7492.

Elad, Y. (2000). Biological control of foliar pathogens by means of Trichoderma harzianum and
potential modes of action. Crop Protection, 19(8-10), 709-714.
https://doi.org/10.1016/S0261-2194(00)00094-6

Fernand Martial, K., Odjoutchoni Jean, B., Félix, T. Z., Ziane, S., Ler-N, A., Dadé Georges
Elisée, ogn, & Daouda, K. (2014). Action du fongicide naturel NECO contre la
cercosporiose noire (Mycosphaerella fijiensis Morelet) chez le bananier plantain (AAB) en
Cote d’Ivoire. J. Appl. Biosci. https://doi.org/10.4314/jab.v75i1.3

Fontana, R., Caproni, A., Buzzi, R., Sicurella, M., Buratto, M., Salvatori, F., Pappada, M.,
Manfredini, S., Baldisserotto, A., & Marconi, P. (2021). Effects of moringa oleifera leaf
extracts on xanthomonas campestris pv. Campestris. Microorganisms, 9(11), 1-17.
https://doi.org/10.3390/microorganisms9112244

Govender, V., Korsten, L., & Sivakumar, D. (2005). Semi-commercial evaluation of Bacillus
licheniformis to control mango postharvest diseases in South Africa. 38, 57-65.
https://doi.org/10.1016/j.postharvbio.2005.04.005

Guimaraes, J. E. R., de la Fuente, B., Pérez-Gago, M. B., Andradas, C., Carb6, R., Mattiuz, B. H.,
& Palou, L. (2019). Antifungal activity of GRAS salts against Lasiodiplodia theobromae in



vitro and as ingredients of hydroxypropyl methylcellulose-lipid composite edible coatings
to control Diplodia stem-end rot and maintain postharvest quality of citrus fruit.
International Journal of Food Microbiology, 301(February), 9-18.
https://doi.org/10.1016/j.ijfoodmicro.2019.04.008

Haggag, W. (2010). Mango diseases in Egypt. Agriculture and Biology Journal of North America,
1(3), 285-289. https://doi.org/10.5251/abjna.2010.1.3.285.289

Johnson G.I., 2008. Status of mango postharvest disease managment R&D: options and solutions
for the Australian man go industry. Horticulture Australia Final Report for Project
MG08017: 1-130

Karan, R., Theobromae, L., Renganathan, P., Dhaarani, S., Saravanan, K. R., & Devi, S. (2020).
Effect of Plant Oils and Plant Extracts for the Management of Crown Rot of Banana Caused
by Effect of Plant Qils and Plant Extracts for the Management of Crown Rot of Banana
Caused... Effect of Plant Qils and Plant Extracts for the Management of Crown Rot of
Banana Caused by Effect of Plant Oils and Plant Extracts for the Management of Crown
Rot of Banana Caused by Lasiodiplodia Theobromae. In Turkish Online Journal of
Qualitative Inquiry (TOJQI) (Vol. 11, Issue 1).
https://www.researchgate.net/publication/361445520

Karaoglanidis, G. S., Karadimos, D. A., loannidis, P. M., & loannidis, P. I. (2003). Sensitivity of
Cercospora beticola populations to fentin-acetate, benomyl and flutriafol in Greece. Crop
Protection, 22(5), 735-740. https://doi.org/10.1016/50261-2194(03)00036-x

Katooli, N., Maghsodlo, R., & Razavi, S. E. (2011). Evaluation of eucalyptus essential oil against
some plant pathogenic fungi. Journal of Plant Breeding and Crop Science, 3(2), 41-43.

Konsue, W., Dethoup, T., & Limtong, S. (2020). Biological Control of Fruit Rot and Anthracnose
of Postharvest Mango by Antagonistic Yeasts from Economic Crops Leaves. 1-17.
https://doi.org/10.3390/microorganisms8030317

Kota, V.; Kulkarni, S.; Hegde, Y. Postharvest diseases of mango and their biological
management. J. Plant Dis. Sci. 2006, 1, 186-188

Lee, S., Yap, M., Behringer, G., Hung, R., & Bennett, J. W. (2016). Volatile organic compounds
emitted by trichoderma species mediate plant growth. Fungal Biology and Biotechnology,
3(1), 1-14. https://doi.org/10.1186/s40694-016-0025-7

Lewis, J. A., Lumsden, R. D., & Locke, J. C. (1996). Biocontrol of damping-off diseases caused
by Rhizoctonia solani and Pythium ultimum with alginate prills of Gliocladium virens,
Trichoderma hamatum and various food bases. Biocontrol Science and Technology, 6(2),
163-174. https://doi.org/10.1080/09583159650039368

Li, X., Leng, J., Yu, L., Bai, H., Li, X., Wisniewski, M., Liu, J., & Sui, Y. (2022). Efficacy of the
biocontrol agent Trichoderma hamatum against Lasiodiplodia theobromae on macadamia.
Frontiers in Microbiology, 13(August), 1-9. https://doi.org/10.3389/fmich.2022.994422

Mamkaa, D. P., & Gwa, V. I. (2018). Effect of Moringa oleifera and Vernonia amygdalina Leaf
Extracts against Aspergillus flavus and Botryodiplodia theobromae Causing Rot of Cowpea
(Vigna unguiculata (L.) Walp) Seeds. International Journal of Applied Science-Research
and Review. https://doi.org/10.21767/2394-9988.100067

Mao, T., Chen, X., Ding, H., Chen, X., & Jiang, X. (2020). Pepper growth promotion and
Fusarium wilt biocontrol by Trichoderma hamatum MHT1134. Biocontrol Science and
Technology, 30(11), 1228-1243. https://doi.org/10.1080/09583157.2020.1803212

N’goran, K. S. B., Camara, B., N’guessan, A. C., Kone, N., Tiebre, M.-S., Ouattara, D., & Ake,



S. (2022). In vitro activities of fungicides based of plants essentials oils (NECO, ASTOUN
and FERCA) and phosphorous acid on Phytophthora katsurae (Pythiaceae), causal agent of
the premature nut fall and the heart rot of the coconut tree, in Cote d’Iv. International
Journal of Biological and Chemical Sciences, 15(5), 1968-1978.
https://doi.org/10.4314/ijbcs.v15i5.22

Nweke, F. . (2015). Antifungal Activity of Petroluem Ether Extracts of Moringa oleifera Leaves
and Stem Bark against Some Plant Pathogenic Fungi. Natural Science Research, 5(8), 1-6.

Oluma, H. O. A., & Elaigwe, M. (2006). Antifungal activity of extracts of some medicinal plants
against Macrophomina phaseolina. J Bot, 19(1), 121-128.

Perumal, A. B., Sellamuthu, P. S., Nambiar, R. B., & Sadiku, E. R. (2016). Original Article
Antifungal activity of five different essential oils in vapour phase for the control of
Colletotrichum gloeosporioides and Lasiodiplodia theobromae in vitro and on mango. 411
418. https://doi.org/10.1111/ijfs.12991

Rabeendran, N., Jones, E. E., Moot, D. J., & Stewart, A. (2006). Biocontrol of Sclerotinia lettuce
drop by Coniothyrium minitans and Trichoderma hamatum. Biological Control, 39(3), 352—
362. https://doi.org/10.1016/j.biocontrol.2006.06.004

Rajkonda, J. N., & Bhale, U. N. Evaluation of Phytotoxic Activity and Antagonism of
Trichoderma koningii. International Journal of Life Sciences. Special Issue-2018 Jan A, 9,
120-124.

Saeed, E., Sham, A., AbuZarga, A., A. Al Shurafa, K., S. Al Nagbi, T., Iratni, R., El-Tarabily, K.,
& F. AbuQamar, S. (2017). Detection and Management of Mango Dieback Disease in the
United Arab Emirates. International Journal of Molecular Sciences, 18(10), 2086.
https://doi.org/10.3390/ijms18102086

Shahbaz, M., Igbal, Z., Saleem, A., & Anjum, M. A. (2009). Association of Lasiodiplodia
Theobromae With ( Mangifera Indica L .). In Vitro, 41(1), 359-368.
http://www.pakbs.org/pjbot/PDFs/41(1)/PJB41(1)359.pdf

Sivakumar, D., Wilson Wijeratnam, R., Wijesundera, R., Marikar, E., & Abeyesekere, M. (2000).
Antagonistic Effect of Trichoderma harzianum on Postharvest Pathogens of Rambutan
(Nephelium lappaceum ). In Phytoparasitica (Vol. 28, Issue 3).
http://www.phytoparasitica.org

Stracquadanio, C., Quiles, J. M., Meca, G., & Cacciola, S. O. (2020). Antifungal activity of
bioactive metabolites produced by trichoderma asperellum and trichoderma atroviride in
liquid medium. Journal of Fungi, 6(4), 1-18. https://doi.org/10.3390/jof6040263

ur Rehman, A., ud Din Umar, U., Atif Hasan Nagvi, S., Rana Latif, M., Aleem Khan, S., Tariq
Malik, M., & Freed, S. (2015). EMERGING RESISTANCE AGAINST DIFFERENT
FUNGICIDES IN LASIODIPLODIA THEOBROMAE AS THE CAUSE OF MANGO
DIEBACK IN PAKISTAN. Arch. Biol. Sci, 67(1), 241-249.
https://doi.org/10.2298/ABS140904030R

Vincent, J. M. (1947). Distortion of fungal hyphae in.pdf. In Nature (Vol. 159, pp. 850-851).

Wang, C., Xu, L., Liang, X., Wang, J., Xian, X., Zhang, Y., & Yang, Y. (2021). Molecular
characterization and overexpression of the difenoconazole resistance gene CYP51 in
Lasiodiplodia theobromae field isolates. Scientific Reports, 11(1).
https://doi.org/10.1038/s41598-021-03601-4



