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Abstract

Banana (Musa spp.) is the most valued and traded fruit
worldwide and is a major food security crop and source of
incomes for millions of people in the global south. Fusarium
oxysporum f.sp. cubense (Foc), the causal agent of Fusarium
wilt of banana (FWB) is the most prominent threat and
devastating disease of banana, posing a serious threat to
global banana trade. Trichoderma species are renowned
biocontrol agents of many phytopathogens, showing
encouraging results in vitro. This study was conducted to
assess the antagonistic and biocontrol potentials and
mechanisms of mycoparasitism of Trichoderma atroviride
and Trichoderma harzianum against Foc. The Dual culture
technique and culture filtrates were used to evaluate the

determined by observing a mixture of both fungal species
taken from a 14-days old dual culture. The mixture was
observed under a simple light microscope. The means of
both in vitro tests was analysed in GenStat software, 14™
edition (p<0.05). Dual culture and culture filtrates of T.
atroviride inhibited the mycelial growth of Foc by 60.56%
and 65.33%, respectively. Consequently, T. harzianum
exhibited 64.21% and 61.75% inhibition of Foc. As per
Bell’s Degree of Antagonism, both Trichoderma species
were highly antagonistic against Foc after seven days. Both
species demonstrated coiling, lysis, penetration and winding
as mycoparasitism. The results show that T. atroviride is a
promising biocontrol agent and can be used alongside T.

efficacy of both Trichoderma species against Foc.
Mycoparasitism of Trichoderma against Foc were

harzianum in the management of Fusarium wilt of banana.

Keywords: Dual culture, Fusarium oxysporum f.sp. cubense (Foc), Fusarium Wilt of Banana (FWB), Mycoparasitism,
Trichoderma species, Trichoderma atroviride

1. Introduction

Bananas and plantains (Musa spp.) singularly referred to as bananas, are the most popular and most produced fruits in the
world with 179.3 million tonnes ™, and ranked sixth in food crop value 2. There are several groups (and subgroups) and
varieties of banana 1. They are high in nutritional fibre, potassium, calcium, magnesium, and vitamins A, B6, and C, they are
also exceptionally rich in carbohydrates [* 51, Whether eaten cooked or fresh, bananas are essential component of the daily diet
of millions of peoples in the global south, particularly in Africa where 21 kg of the fruit is eaten per capita . Half of the
Ugandan population consumed banana as their primary meal (81, Dual-purpose bananas that can be cooked or utilized as dessert
are commonly grown across Kenya "), Bananas are also used to wrap and cover food, make ropes and mats, thatch houses, and
the leaves and trunks are used to feed livestock in eastern and central Kenya (€1,

Approximately 15% of global banana production reached the international markets, while 85% are used for consumption and
sold on local markets [¥I; that 15% resulted in 52 million USD as per @ reports. According to a ™ podcast, the livelihood of
more than 400 million people in 125 countries is dependent on banana production. Banana is also an important source of
income for poor, small-scale farmers in Uganda ¥ and Kenya [l. Banana is the foremost fruit and makes up 33.44% of
importance value, 16% of all horticultural produce and 48.76% of fruit production in Kenya [,

Agro-biological constraints, pests and diseases have been documented to be the major causes of banana yield losses and low
productivity at both pre- and post-harvest levels . Panama disease or Fusarium wilt of banana (FWB) is the prominent threat
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and the most destructive of all diseases that attack banana. It
is caused by the soil-dwelling, ubiquitous, ascomycete,
hyphomycete and saprophytic fungi Fusarium oxysporum f.
sp. cubense (Foc) . Fusarium oxysporum f. sp. cubense
(Foc) is a member of the Fusarium oxysporum species
complex (FOSC) 2 which are known producers of
mycotoxins in food crops and pose significant danger to the
lives of humans and animals [*3l, The disease has several
cycles annually ' due to its chlamydospores, the paramount
components of the pathogen's survival, overwintering for
about 30 years in the soil *® or on alternative hosts until the
suitable hosts and favourable conditions are available [,
Fusarium wilt of banana was first reported and described by
Dr. Joseph Bancroft in Australia though the disease may
have originated in Southeast Asia [®l. Foc is known to exist
as four strains or “races” ). Foc Race 1 additionally
impacts bananas of genome AAB and ABB ¢, Race 2 has
impacts on ensets and other ABB cooking bananas. Race 3
has negative impacts on most banana cultivars I8 but
occasionally affects the Gros Michel variety and Heliconia
species (%1, Presently, Cavendish banana is severely
threatened by Foc Race 4, particularly Tropical Race 4
(FocTR4). FocTR4 has its origin in Taiwan, from where it
has spread across the globe to Africa (Mozambique),
Australia, the Middle East (lIsrael, Jordan, Lebanon, Oman,
and Pakistan), South and Southeast Asia (India, Laos,
Myanmar, Pakistan, Thailand and Vietnam) and Latin
America (Colombia, Costa Rica, Ecuador and Venezuela)
20, 22, 21]

Infected asymptomatic planting materials are the primary
ways that Foc spread internationally, nationally and locally
116, 211 |rrigation and drainage water, plant debris, dusts and
contaminated soil particles clinging to any object, including
agricultural implements, shoes, clothes, animals, and
automobiles are also important ways the fungus spreads [1®
23, External FWB symptoms are manifested about two to
five months after planting and infection of the roots >4, Foc
damages the vascular tissues of banana plants, resulting in
the eponymous wilting, chlorosis, formation of a “skirt” by
collapsed leaves, splitting at the bottom of the banana
trunks, xylemand internal rhizome discoloration, and
subsequently plant death [26: 121,

Biocontrol agents (BCAs) have been wused in the
management of phytopathogens, including fusarial
pathogens and Foc. The use of BCAs is an sustainable
environmental practice °. Species of the filamentous,
myecotrophic, ubiquitous, global, avirulent, opportunistic and
fast-growing, prolific producers of spores and green conidia
fungal genus Trichoderma [?61 are employed as BCAs. They
are used as antagonists for most phytopathogens because of
mechanisms  including  techniques  which includes
mycoparasitism, antibiosis, competition, and generation of
systemic resistance in host plants 25 271, The genus is also
renowned for its plant growth promoting potential [,
Mycoparasitism, defined as a direct attack of one fungus on
another, is an extremely complicated process that
encompasses a series of phases, such as recognition, attack,
and eventual penetration and death of the host fungus 2271,
It is one of the biocontrol mechanisms carried out by
Trichoderma species against phytopathogenic fungi.
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Trichoderma harzianum, T. viride, T. reesei and other
unidentified Trichoderma species have been experimented
with in the management of FWB 29 30. 311,

The antagonistic and mycoparasitic behaviours of
Trichoderma atroviride towards Foc has not been evaluated.
Therefore, this study was conducted to examine the response
of two Trichoderma species, Trichoderma atroviride and
Trichoderma harzianum, against Foc, in vitro, and to
examine their mechanism of mycoparasitism of the fusarial
pathogen.

2. Materials and Methods

2.1 Biocontrol agents and phytopathogenic fungal strains
Fusarium oxysporum f. sp cubense, used in this study was
isolated from the rhizosphere of bananas as per the
procedure described by [2. Trichoderma atroviride
(Accession number: MH398583.1) and Trichoderma
harzianum (Accession number: MK913350.1) isolated and
identified by % were utilized as the BCAs and their
antagonistic ability against Foc was evaluated. The
pathogen was cultured through serial dilution (109).
Subsequently, fungal strains were grown on recently
prepared Potato Dextrose Agar media (HiMedia;
composition: Potatoes (200g/l), Dextrose (20g / 1), and Agar
(15 g /1) supplemented with streptomycin. The isolates were
cultured on 90 mm petri dishes and kept in an incubator for
seven days at 25 °C prior to use.

2.2 In vitro determination of the efficacy of Trichoderma
species against Foc

All experiments of Section 2.2 and 2.3 were conducted in
triplicates in Completely Randomized Design (CRD) and
repeated thrice. Plates were stored in complete darkness at
25 °C in an incubator for the duration of the experiments.
The Dual Culture technique as described by B4 was used to
test for efficacy of antagonism of Trichoderma atroviride
and Trichoderma harzianum against Foc, in vitro. All fungi
were used after an incubation period of seven (7) days. A
sterilized corkborer was utilized to dissect 5 mm-diameter
mycelia of Foc, which was placed in the middle of 90 mm
petri dishes containing PDA media to be used as controls.
Mycelial plugs (5 millimetres in diameter) of Foc were cut
off and placed 10 mm from the edge of a 90 mm petri dishes
and 5 mm mycelial plugs of Trichoderma atroviride and
Trichoderma harzianum were also cut and positioned
proportionally opposite from Foc. Individual fungus was
considered as treatment. All petri dishes containing only Foc
and those containing both the pathogen and the antagonists
were placed in an incubator at 25 °C until the pathogen
filled the control plates. Pathogen growth of both the control
and those in the treatment plates were monitored during the
incubation period. After the incubation period, five
measurements of the mycelial growth of the pathogen were
taken with Vernier callipers, and percentage inhibition over
the control was calculated utilizing: L = [(C — T)/C] x 100
[3%1: where L = percent inhibition of mycelial growth; C=
radial growth measurement of pathogen in control; T =
radial growth measurement of pathogen in the presence of
antagonists.
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Table 1: Degree of Antagonism 3]

Class Characteristics
1 Trichoderma completely overgrew the pathogen and covered the entire medium surface
2 Trichoderma overgrew at least % of the medium surface
3 Trichoderma and the pathogen each colonized approximately % of the medium surface
4 The pathogen colonized at least % of the medium surface
5 The pathogen completely overgrew the Trichoderma and covered the entire medium surface

2.3 Effects of culture filtrates (CFs) of Trichoderma
species on Foc

The effect of the CFs of Trichoderma atroviride and
Trichoderma harzianum on Foc was evaluated using the
protocol described by B and ?7, with some modifications.
Individual 20 mycelial plugs (5 mm in diameter) each of
Trichoderma atroviride and Trichoderma harzianum were
dissected and inoculated afloat into separate 100 ml Potato
Dextrose Broth (PDB, HiMedia) in 250 ml and 150 ml
conical flasks, respectively, and placed on a rotary shaking
incubator (150 rpm) at 25 °C. Following eight days of
incubation, the resulting culture broth was filtered
employing a double layer cheesecloth, then filtered through
a Whatman filter paper No. 1 and finally refiltered using
Millipore membrane filters (0.45 p) for the removal of
mycelial mats and production of purified culture filtrates. To
attain a final concentration of 20% for the culture filtrates,
four ml of each Trichoderma species' culture filtrates were
added to individual sterile petri plates (90 mm), and then 16
ml of PDA was poured in promptly. The control plates were
freed of culture filtrates of the Trichoderma species. Five (5)
\mm-diameter mycelial discs of Foc were placed in the
middle of PDA plates of both the treatments and control. All
plates were incubated at 25 °C and checked every 24 hours
until the pathogen covered the control plates. Using Vernier
callipers, Foc's mycelial diameters in the control and treated
plates were measured. The mycelial percent inhibition rate
was computed using this formula: % inhibition = (A — B) /
A x 100 (27); where: A is the diameter of the mycelial
growth of the pathogen in the control plates; B is the
diameter of the mycelial growth of the pathogen in the
treatment plates.

2.4 Mycoparasitism of Trichoderma species versus Foc
The mycoparasitic activities of T. atroviride and T.
harzianum against Foc was evaluated using this protocol: A
sterilized inoculating needle was used to pick from above
the pathogen a mixture of one of the Trichoderma sp. and
Foc hyphae from a 14-days old dual culture setup as
depicted in Section 2.2. This mixture was placed on a
microscope slide and stained with two drops of lactophenol
cotton blue and covered with a slip. The slide was observed
under a light microscope (OPTIKA Microscopes, Italy) at
40x magnification.

2.5 Data Analysis

The recorded data from both antagonistic tests (dual culture
assay and culture filtrates) were subjected to statistical
analysis in GenStat, 14t Edition
(http:/lwww.biometris.wur.nl/uk/Software/Genstat+Procedu
res.htm), with the data on dual culture assay been arcsine
transformed before undergoing analysis. Both sets of data
were subjected to a one-way analysis of variance (ANOVA),
and means were compared using Tukey’s Honest Significant
Difference (HSD) test. The means of all replicates *

standard deviation was considered statistically significant at
p <0.05.

3. Results

3.1 Biocontrol agents and phytopathogenic fungal strains
All fungal species were cultured and subcultured on PDA
and incubated at 25 °C. The pathogen, Foc, appeared to be a
slow grower with hairy, pinkish (and on the reverse, pink)
mycelium. Microscopically, the macroconidia looked
straight, thin walled, with four to five septa; while the
microconidia were oval and kidney shaped (Fig 1). The
description of the pathogen matched that of 2 and [38],
Trichoderma atroviride initially appeared greenish-white
before the formation of conidia and the characteristically
green colour of the spores became visible. It looked dull on
the reverse (Fig 2). T. atroviride also gave out a distinct
coconut odour. Trichoderma harzianum produced a
spacious, vast concentric ring, with white mycelium, that
later turned green. The strain appeared yellowish on the
reverse (Fig 3). Both Trichoderma species had green,
globose conidia and grew quickly.

Fig 1: Morphological and microscopic characteristics of Foc: (a)
Front, (b) reverse and (c) macroconidia (red arrow) microconidia
(black arrow), and globose chlamydospores (white arrow)

Fig 2: Morphological and microscopic characteristics of
Trichoderma atroviride: (a) Front, (b) reverse; (c) conidia (black
arrow), branch conidiophore (red arrow) and hyphae (yellow
arrow)

Fig 3: Morphological and microscopic characteristics of
Trichoderma harzianum: (a) Front, (b) reverse; (c) hyphae (purple
arrow), conidia (black arrow) and branched conidiophore (red
arrow).
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3.2 In vitro determination of the efficacy of Trichoderma
species against Foc

The results revealed that both Trichoderma species, T.
atroviride and T. harzianum significantly (p<0.05) reduced
the growth of Foc in the treatment plates when compared to
the control plates. The mycelial growth in the control plates
was averaged at 83.83 mm. Trichoderma harzianum
inhibited the pathogen mycelial growth by 64.23% (30 mm),
while T. atroviride reduced the growth of Foc by 60.56%

www.multiresearchjournal.com

(33.06 mm) (Table 2). This was most likely triggered by
competition for the limited nutrients and space. All results
were highly significant (p<0.001). The Trichoderma species
completely overgrown the pathogen, including on both sides
and displayed a clear zone of inhibition (Fig 4). Due to the
difference in the growth rates of the pathogen and the BCAs,
culture filtrates of both Trichoderma species were used to
conduct a second antibiosis test with the aim of attaining
uniform growth period.

Table 2: Dual Culture Assay of Trichoderma species vs Foc

Percent inhibition of radial Antagonistic classification*

Treatments Mycelial growth of Foc (mm)* mycelial growth (%) Day 7 Day 14
Foc + T. atroviride 33.06 + 0.737 (35.06 + 0.479)2 60.56 (47.23) 2 1
Foc + T. harzianum 30.00 + 3.901 (33.12 + 2.355) 64.21 (50.15) 2 1
Fusarium oxysporum f.sp cubense (Foc)| 83.83 + 1.086 (66.44 + 0.704)°

* Mean of three replicates + standard deviation. Results in parentheses are arcsine transformed.
a5 Means with the same superscript are not significantly different from one another.

+ (36)’s Degree of Antagonism

Fig 4: Dual culture assay of Foc vs Trichoderma species: (a) Control, Foc; (b) Trichoderma atroviride vs Foc after seven days; (c) and after
14 days; (d) Trichoderma harzianum vs Foc after seven days; (e) and after 14 days. The red arrow indicates Foc; green arrow indicates the
Trichoderma species. The blue arrow points out the zone of inhibition and the black arrow shows the direction of growth of the Trichoderma
species.

3.3 Effects of culture filtrates of Trichoderma species on
Foc

The experiment with the culture filtrates (CFs) of
Trichoderma species against Foc revealed significant
suppression (p<0.05) of the pathogen by the BCAs. Purified

CFs of T. atroviride recorded mycelial inhibitory rate of
65.33% (23.58 mm), while T. harzianum produced an
inhibitory rate of 61.75% (26.02 mm) (Table 3). The
average mycelial growth in the control plates was recorded
as 68.02 mm.

Table 3: Effects of Culture filtrates of Trichoderma species vs Foc

Treatments Mycelial growth of Foc (mm)* |Percent inhibition of radial mycelial growth (%0)
Fusarium oxysporum f.sp cubense (Foc) 68.02 + 4.8712
Foc + T. harzianum 26.02 +0.611° 61.75
Foc + T. atroviride 23.58 +0.616° 65.33

* Mean of three replicates + standard deviation.

b Means with the same superscript are not significantly different from one another.
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3.4 Mycoparasitism of Trichoderma species versus Foc
Both T. atroviride and T. harzianum demonstrated
mycoparasitism versus Foc. T. atroviride exhibited
penetration and winding (Fig 5) as mechanisms of
mycoparasitism against the pathogen, whereas T. harzianum
portrayed its mycoparasitic behaviour against Foc in the
form of lysis and coiling (Fig 6).
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Fig 5: Mycoparasitism of Trichoderma atroviride against Foc:
Trichoderma atroviride: (a) interaction with Foc (black arrow:
microconidia of Foc; red arrow: spores of T. atroviride); (b)
penetration (black arrow: microconidia and hyphae of Foc; yellow
arrow: spores of T. atroviride; red arrow: point of penetration); (c)
winding (black arrow: hyphae and conidia of Foc; yellow arrow:
hyphae and spores of T. atroviride; red arrow: point of winding).

Fig 6: Mycoparasitism of Trichoderma harzianum against Foc:
Trichoderma harzianum: (i) interaction with Foc (black arrow:
microconidia of Foc; red arrow: spores of T. harzianum); (ii) lysis of Foc
by T. harzianum (black arrow: microconidia and hyphae of Foc; yellow
arrow: spores of T. harzianum; red arrow: lysis); (iii) coiling: yellow arrow;
(purple arrow: microconidia and hyphae of Foc; red arrow: spores and
hyphae of T. harzianum)

4. Discussions

4.1 Efficacy of the most abundant beneficial fungal
isolates against Foc

Assessment of the antagonistic ability of T. atroviride and T.
harzianum against Foc under in vitro conditions was
conducted using the dual culture assay and culture filtrates
(CFs) on PDA petri plates at 25 °C. The capability of
Trichoderma  species to inhibit the growth of
phytopathogens and  conduct  mycoparasitism is
consequential of the productions of secondary metabolites
and non-volatile suppressive compounds. Multiple studies
have revealed that Trichoderma spp. can suppress
phytopathogenic agents and diseases by a variety of
methods, including mycoparasitism, production of
extracellular enzymes including cellulase, amylase,
pectinase, protease, and chitinase, antagonistic chemicals,
and induced resistance [28 39 40,41, 42, 43],

39 and [*1 have demonstrated the ability of 6-pentyl-2H-
pyran-2-ona (one pyrone) (6-PP), a volatile compound

www.multiresearchjournal.com

associated with coconut aroma, characteristic of T.
atroviride, and other aromatic compounds including
pyrones, volatile terpenes, and isocyanates, to inhibit the
growth of various fungal pathogens in vitro, including
Fusarium oxysporum f. sp. lycopersici (Fol) and
Rhizoctonia solani. These authors claim that volatile
compounds act at adistance, thereby empowering the
restricted action of the enzymes and the non-volatile
antifungal compounds. The findings of “¥ showed that every
strain of T. atroviride could create enzymes that break down
chitin, which is an essential function for a mycoparasite.
Trichoderma atroviride strains produced soluble antifungal
chemical compounds, which suppressed Fusarium
graminearum more effectively. 2 also credited bioactive
secondary metabolites including 6-pentyl-2H pyran-2- one,
quinoline,  phenol, 2-(6- hydrazino-  3pyridazinyl),
heptadecane, 17-methoxy-4 methyl- d-homo-18-
norandrosta, nonadecane, heneicosane, eicosane, dibutyl
phthalate, hexadecane and benzene propianoic acid for the
antifungal prowess of T. atroviride. These compounds are
documented to have impeded the mycelial growth of various
phytopathogenic fungi (4> 61, [/ isolated 6-pentyl-2H-pyran-
2-one (one pyrone) from T. harzianum and reported that it
reduced the growth of R. solani and Fol by 69.6% and
31.7%, respectively. They also mentioned that CFs of T.
harzianum  produced many antibiotics, including
trichorzianins A and B, trichorzin, etc. The capacity of
Trichoderma spp. to generate cell wall-degrading enzymes
such as b-(1,6)-glucanases, chitinases, and proteases may be
culpable for the lysis of the fusarial mycelia 8. The
secondary metabolites and enzymes that are responsible for
the antifungal, antimicrobial and plant growth promoting
abilities of Trichoderma species against various plant
pathogens are well documented [3% 48 49],

4.1.1 In vitro determination of the efficacy of
Trichoderma species against Foc using Dual Culture
Assay

Inhibition of the mycelial growth of pathogen using the dual
culture assay is frequently employed to examine the
biocontrol potential of a beneficial microorganism. The
procedure is extensively used because of its convenience
and ease of usage. However, its results are often suggestive
1, In this study, T. atroviride and T. harzianum inhibited
the mycelial growth of Foc by 60.56% and 64.21%,
respectively, in dual culture plates. The result of T.
atroviride in this study was more significant than the
38.12% and 50.33% inhibition that was reported by % and
151 respectively, who reported antagonistic actions of
Trichoderma species against FocTR4. 52 disclosed that T.
viride suppressed the radial growth of Foc by 55.11%,
which is less than our findings. The findings of T.
atroviride’s percentage inhibition of radial growth (PIRG)
also coincided with the results of 5% and [ who revealed
that the mycelial growth of Fol was reduced by T. atroviride
between 52.37%-70.56% and 46.22%-71.25%,
respectively. The result of T. harzianum (60.56%) in this
study is higher than what was reported by 4 and %1, who
both experimented with T. harzianum against Foc and
Fusarium spp., respectively. 54 reported a reduction of
mycelial growth of 43.6%, while B3 established that T.
harzianum recorded a reduction of the mycelial growth of
Fusarium spp. on the scale of 29.56%-53.05%. [7
corroborated the antagonistic efficacy of the T. harzianum
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strain against Fusarium proliferatum and F. verticillioides,
whose myecelial inhibition rate of 68.38% and 60.64%,
respectively, is consistent with our findings. The result of
this current study is similar to those of B% and B®® who
reported that T. harzianum suppressed the mycelial growth
of Fol and Fusarium oxysporum f. sp. phaseoli by 53% and
51.8%-54.6%, correspondingly. Based on  (36)'s
classification of antagonism, T. atroviride and T. harzianum
were shown to be highly antagonistic against Foc, similar to
what was reported by ¢ and 71, When Trichoderma species
operate as antagonists, conspicuous inhibition zones without
hyphae interactions indicates that the Trichoderma strain
emits  diffusible, non-volatile suppressive chemical
compounds 371,

4.1.2 Effects of Culture Filtrates (CFs) of Trichoderma
species on Foc

Since CFs effectively suppress plant pathogens, their
application in agricultural systems is currently being seen as
an emerging approach to controlling plant diseases and is
receiving considerable attention BY,  In  this study,
Trichoderma CFs were applied in vitro and displayed a
substantial (p<0.001) inhibition of Foc's mycelial expansion.
Our results align with those of 21 who observed 52.2%-—
77.77% mycelial inhibition rates in their study on the
antifungal efficacy of T. atroviride CFs against Fol. U
established the percentage of A. solani mycelial growth that
was suppressed by T. atroviride CFs was 57.8%, which is
consistent with our findings. The CFs of T. harzianum
inhibited Foc at 61.75% (26.02 mm), higher than the
17.43%-20.59% recorded of the T. harzianum CFs against
Fusarium oxysporum B7, Our results agree with those of 7],
who documented the mycelial inhibition rates of 44.09%
and 23.5%, for the antifungal efficacy of CFs of T.
harzianum strains against F. oxysporum. The mycelial
growth of A. solani was reduced (62.5%) by the CFs of T.
harzianum, corresponding to a lower mycelial growth B,
The antifungal efficacy of Trichoderma isolate CFs against
F. oxysporum species was validated by 8 who also
suggested that the synthesis of active secondary metabolites
accounted for the CFs' strong potency.

4.1.3 Mycoparasitism of Trichoderma species against Foc
Coiling, penetration, winding and lysis of the pathogen’s
mycelia were evidence of both Trichoderma strains
mycoparasitism against Foc. Trichoderma asperellum
utilized winding as a mechanism of mycoparasitism against
F. oxysporum 5%, same was displayed by T. atroviride in
this study. Unlike this present study where T. atroviride
displayed mycoparasitism, % and @1 revealed that T.
atroviride and T. viride, respectively did not demonstrate
any specific mycoparasitic behavior against several
phytopathogens. Trichoderma harzianum strains are
reported to have demonstrated mycoparasitic action against
fusarium pathogens. For instance, T. harzianum displayed
coiling, lysis, and penetration of the mycelia of fusarial and
other fungal pathogens [6% 62271 which corroborate with our
results. Pathogen cells enlarge, swell, shorten, round out,
lose their protoplasm, and shatter their cell walls because of
Trichoderma's direct invasion or winding of the mycelium
163 Mycoparasitism is one of several modes of action,
including antibiosis, competition for nutrients and space,
and modification of the rhizospheres that makes
Trichoderma species more effective as BCAs [2:49],
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5. Conclusions

Both Trichoderma species utilized antibiosis, competition
for nutrients and space and mycoparasitism as control of
Foc in vitro. Trichoderma atroviride and T. harzianum
showed significant reduction in the mycelial growth of Foc
by both dual culture and CFs and were highly antagonistic
against the pathogen according to Bell’s scale. They also
displayed various mechanisms of mycoparasitism against
Foc. The production of several secondary metabolites and
enzymes are responsible for the antagonistic action of the
Trichoderma species. Here we report for the first time the
use of Trichoderma atroviride as a BCA, in vitro, against
Fusarium oxysporum f. sp cubense.

6. Recommendations

These results prove that Trichoderma atroviride has the
potential to be utilized as an alternative BCA to various
chemicals on the markets, or used alongside commercially
available T. harzianum in the control of Fusarium wilt of
banana and for the protection of the environment and small-
scale banana producers.
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