Asian ] Agric & Biol. xxxx(x).
DOI: 10.35495 /ajab.2024.136
A]A B Original Article
Exploring mycoparasitic potential of indigenous Trichoderma strains for the
effective control of red rot disease in sugarcane
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gcc‘gggteer% 2024 Colletotrichum falcatum is the most infectious pathogen of sugarcane which not only
I d’OnIine' affects crop productivity but also lowers sugar recovery. Vegetative mode of
October 27, 2024 propagation, long breeding cycle and anatomy of the plant further vulnarize it to

pathogen infection. Owing to limitations in the control of pathogen with chemicals
and conventional methods, mycoparasitic agents are more effective and efficient.
Indigenous Trichoderma strains were used in these studies to see their impact on the
control of this infectious pathogen under in vitro and in planta conditions. Both, the
pathogen and Trichoderma isolates were purified and confirmed through molecular
tools. Phylogenetic analysis was carried out to assess their genetic relatedness with
other Colletotrichum species. In vitro dual plate culture assay was performed to
assess mycoparasitic potential of all of the isolates. Trichoderma harzianum showed
85.5% inhibition in the growth of Colletotrichum falcatum whereas Trichoderma
viride showed 81.1% growth inhibition. Further, in planta infection assay was
conducted in red rot susceptible sugarcane genotype SPF-234 to seek for its potential
to suppress pathogen infestation. Six months old plants were inoculated with C.
falcatum alone and in combination with T. viride by plug method of inoculation. The
infected canes were dissected out and observed for red discoloration. Both of the
biocontrol agents inhibited growth of the pathogen yet T. harzianum appeared to be
more effective for the control of aforementioned pathogen. Hence, Trichoderma
harzianum isolates can effectively be used for the control of red rot infection in
sugarcane leading to enhanced crop production and sugar recovery.
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Introduction

Sugarcane is the most significant cash crop cultivated
for sugar and other by-products. It has a wide range
of adaptability and is grown in more than 123
countries all over the World. Pakistan ranks 5" in
area and 11" in production (Afghan et al., 2023).
Various biotic and abiotic stresses are responsible for
its low yield but the major cause of concern are
diseases (Mehdi et al., 2024). The crop is infected by
various diseases caused by bacterial, viral and fungal
pathogens. Among fungal diseases, red rot referred as
“cancer of sugarcane” is caused by Colletotrichum
falcatum Went. (Glomerella tucumanensis)
(Alexander and Viswanathan, 1996). In Pakistan, this
disease was first reported in 1986 (Ahmed and Fasihi,
1986) and it may reduce cane production and sugar
recovery by 29.07% and 30.8% respectively (Raza et
al., 2023). The main reasons for disease infestation
are vegetative mode of propagation, unavailability of
disease resistant germplasm and effective chemical
fungicides. Since chemical fungicides are the most
common method used to control this infectious
pathogen but not as effective as it should be (Haroon
et al., 2023). In this context, biological agents are
always preferred entities as they are human friendly
and do not have any side effects likewise chemicals
(Vandana et al, 2024). Naturally occurring
antagonistic strains of bacteria and fungi have
exclusively been worked out as biocontrol agents
against a variety of pathogens. A number of research
groups have worked out different accessions of
Trichoderma,  Aspergillus, Penicillium  and
Chaetomium etc. as potential antagonistic agents.
Different suspensions have been developed for
commercial scale application of these biocontrol
agents including that of Trichoderma. Since
Trichoderma harzianum is the most effective
biocontrol agent against Colletotrichum falcatum
(Ramzan et al., 2023). They produce hydrolytic
enzymes i.e. chitinases, proteases, 1-3-glucanases
which cause disruption of the fungal cell wall
resulting in deterioration of the invading pathogens
(Nadeem et al., 2022; Nadeem et al., 2023). In
addition, they have ability to induce resistance in
plants by the activation of secondary metabolites i.e.
volatile antibiotics (6-pentyl-a-pyrone), water soluble
compounds (heptelidic acid or koningic acid),
peptaibols (linear oligopeptides of 15-22 amino
acids) which help in pathogen degradation through
symbiosis, differentiation and metal transport etc.
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(Misra and Ansari, 2021). Molecular biology has
helped researchers in the characterization and
screening of desired microbes which are of worth for
humanity (Akhreim et al.,, 2024). Disease
identification and remediation have been improved to
great extent owing to the implication of scientific
interventions. Likewise, developments in in vitro
culture techniques have further helped it to develop
realistic products (Costa et al., 2021).

We  hypothesized that  biocontrol  agents
(Trichoderma harzianum and Trichoderma viride)
may prove an effective ecofriendly remedy for the
control of red rot infection in sugarcane.

Keeping in view the significance of biocontrol agents
for the eco-friendly management of sugarcane cancer
(red rot), mycoparasitic potential of indigenous
Trichoderma strains was explored in these studies.
Further, in planta bioassay was also carried out to
devise field based solution for the control of
infectious pathogen.

Material and Methods

Isolation and purification of C. falcatum and
Trichoderma isolates

The C. falcatum isolates were collected from red rot
infected stalks of sugarcane from Faisalabad, TT-
Singh, Bahawalpur, Jhang and Rahim Yar khan
during the months of July and August (2020-2021).
The samples collected were washed to remove dust
particles. Further, sodium hypochlorite (NaOCI 1 %)
was used for the surface sterilization of infected
samples. The diseased samples were washed twice
with sterilized distilled water after the application of
sodium hypochlorite for one minute and placed on
sterilized blotter paper to remove excess water. The
infected segments (5 x 5 mm) were placed on potato
dextrose agar (PDA) petri plates. The fungi were
cultured and purified by single spore culture
technique. The cultures were transferred to PDA
slants, maintained at 4 + 1 °C until morphological
characters were examined i.e color of mycelium
(Purple type), spores shape (sickle/falcate) and size
28.7 x 4.1 pm (Figure 3). Simultaneously, two
indigenous strains of Trichoderma: T. harzianum and
T. viride were available in the laboratory (Mustafa et
al., 2020). These strains had been characterized for
the production of B-1,3-glucanase which is not only
an important industrial enzyme but is also involved in
delaying growth of pathogenic fungi.. These strains
were cultured, maintained and incubated at 28 + 1 °C
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for four days and purified on potato dextrose agar
medium by single spore culture method (Figure 1).

Preparation of potato dextrose agar (PDA) media
Potato starch was extracted by boiling 250 g of
unpeeled potato sliced in 250 mL of distilled water
until half volume was attained and filtered through a
washed muslin cloth to get potato fusion. For the
preparation of 500 mL of PDA, 10 g of agar and 10 g
of glucose were dissolved in distilled water and 150
mL of potato extract was added. Then, volume was
made upto 500 mL and 500 ul of chloramphenicol (1
M rexaphenicol) was added at the time of pouring to
avoid bacterial growth.

Molecular characterization of C. falcatum and
Trichoderma isolates

Total genomic DNA was isolated from all of the
fungal isolates of C. falcatum, T. harzianum and T.
viride by using CTAB method with certain
modifications. After DNA quantification, C. falcatum
and Trichoderma isolates were characterized using
internal transcribed spacer regions (ITS) primers
specific for the identification of fungus. Sequence
information was retrieved from
(http://www.ncbi.nlm.nih.gov/) Genbank. The online
Primer-X tool was used to design (ITS-1 5-
TCCGTAGGTGAACCTGCGG-3" and ITS-4 3'-
GCTGCGTTCTTCTTCATCGATGC-5")  primers.
PCR reaction was carried out in total volume 20 pl
containing 2 ul of Taq buffer, 3 ul of 10X, MgCl,, 1
ul of 2.5 units of Taq polymerase, 0.2 ul of 10 M
reverse and forward primers, 1 pl of 2 mM dNTPs
and 2 pl of 100 ng/ul of genomic DNA. Thermal
cycler profile of 30 cycles was followed: initial
denaturation at 94 °C for 5 minutes, denaturation at
94 °C for 1 minute, annealing 52 °C and extension 72
°C for 1 minute respectively and final extension at 72
°C for 10 minutes. The resultant amplicons were
resolved on agarose gel 0.8% (w/v) with 1 ul of 10
mg/ml ethidium bromide stock solution, to confirm
amplification of the desired gene(s) (Mullis and
Faloona, 1987).

In vitro antagonism by dual plate culture method

All of the isolates of C. falcatum and Trichoderma
were grown on PDA media and were incubated at
281 °C (12 hr dark) for seven and four days
respectively. Trichoderma strains (T. harzianum and
T. viride) were tested for their mycoparasitic ability
to control C. falcatum mycelium growth by dual-
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plate culture technique (Dennis and Webster, 1971).
Both of the aforementioned fungi were co-cultured
(inoculated at the edges of petri plates, one inch
inside). Three replicates of each culture were
investigated and incubated at 28 £1 °C. Growth
pattern and colony diameter was observed from day 1
to 7 and growth rate was assessed. The fungal growth
inhibition percentage was determined by the
following formula (Watts et al., 1988).
Percentage of growth inhibition = R - Ry x 100

R
R = Growth of the test pathogen (measured from the
center of the colony towards center of the plate)
R1= Growth of the test pathogen (measured from the
center of the colony towards antagonistic fungus)

In planta infection assay and data analysis
Sugarcane plants of genotype SPF-234 were
established in the pots. Six months old plants were
inoculated during July-August (2022) using mixed
culture of C. falcatum with Trichoderma harzianum
(1:1) and T. viride (1:1) by the plug method of
inoculation (Duttamajumder and Misra, 2004). In
this regard, fungal cultures were multiplied on liquid
filtrate PDB (potato dextrose broth) and incubated at
28 =1 °C. Fungal cultures with 20-25 conidia per
microscopic field were used to inoculate the
internodal part of the plants and sealed with para
film (Srinivasan and Bhat, 1961). Split-cane analysis
was carried out after two months of inoculation in
order to assess synergistic/antagonistic effects of T.
harzianum and T. viride on C. falcatum infection.

Results

Purification and molecular characterization of C.
falcatum and Trichoderma isolates

Molecular identification of the pathogenic agent C.
falcatum and Trichoderma strains was carried out
through PCR amplification of internal transcribed
spacer regions (ITS). Amplification of a fragment of
550 bp from the genomic DNA of C. falcatum and
amplification of 300 bp from the genomic DNA of T.
harzianum and T. viride confirmed the said strains
(Figure 2). The resultant amplicons were purified by
the GeneJET PCR purification kit (Thermoscientific)
and sequence characterized for further confirmation
and validation. Phylogenetic analysis (Clustal-
Omega) was carried out to assess genetic similarity
of the pathogenic fungi with related accessions.
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Figure-1. Purification of fungal pathogen and
biocontrol agents on potato dextrose agar (PDA)
(A) represents purification of T. viride (B)
represents T. harzianum whereas (C) represents
Colletotrichum falcatum (purple type)

300bp

—>

-«

Figure-2. Confirmation of C. falcatum and
biocontrol agents (T. harzianum and T. viride) by
polymerase chain reaction using ITS primers. (A)
Confirmation of C. falcatum; Lanes (1-4) indicate
amplification from the genomic DNA of the said
pathogenic agent (B) Lanes 1-3 represent
amplification from T. harzianum isolates whereas
Lanes 4-6 represent amplification from T. viride
isolates. Lanes L represent 1 Kb DNA ladder.

Figure-3. Morphological assessment of
Colletotrichum falcatum isolates by microscopy.
(A) Fungal mycelium with conidiophores, (B)
Number and shape of conidia (28.7x4.1 pm, sickle
shaped/falcate)

Phylogeny analysis

The sequences were assembled and edited by
Clustal-omega run, to align the characterized
sequences of Colletotrichum falcatum isolated from
sugarcane in order to determine similarity index.
Phylogenetic tree was constructed to find
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evolutionary relationship among C. falcatum isolate
with other descendants of different species available
in GenBank by using likelihood method (Figure 6).
The analysis explored insights into the genetic
relationships and evolutionary history of various
Colletotrichum species, particularly highlighting the
close genetic clustering within the Colletotrichum
falcatum clade. The tree demonstrated that C.
falcatum isolates share a high degree of genetic
similarity, as evident from the high bootstrap values
(1000 runs) showing a strong evolutionary lineage.
C. falcatum appeared to be different from other
Colletotrichum species, such as C. higginsianum
(XM 018308313.1), C. cereal (EU 554182.1), and C.
eleusines (EU 554234.1) indicating that these four
species are genetically linked but diverse from each
other.

MW470936.1 Colletotrichum falcatum
%

8% MW470933.1 Colletotrichum falcatum

L) L MW470937.1 Colletotrichum falcatum

%% —————— 1W470938.1 Colletotrichum falcatum

MW470935.1 Colletotrichum falcatum

86%
i1 MW470934.1 Colletotrichum falcatum

XM 018308313.1 Colletotrichum higginsianum

2% EU554182.1 Colletotrichum cereale

6% — EU554234.1 Colletotrichum eleusines

85% AB440149.1 Colletotrichum echinochloae

84%

1Z674042.1 Colletotrichum danxiashanense

CF-01 Colletotrichum falcatum
Figure-6. Neighbour-joining tree depicting genetic
relatedness of Colletotrichum falcatum with C
higginsianum, C. cereal, C. eleusines, C.
echinochloae, C. danxiashanense available in
Genbank (NCBI) based on internal transcribed
spacer sequences in which cluster appeared in a
bootstrap test of 1,000 runs with percent
frequency at nodes.

Assessing  antagonistic  effect of isolated
mycoparasitic agents through dual plate culture
assay

Mycelium growth of the pathogenic fungi
(Colletotrichum falcatum) and mycoparasitic fungi
(T. harzianum and T. viride) were observed on daily
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basis after co-culture. Colony diameter of test
pathogen Colletotrichum falcatum and both of the
biocontrol agents were measured with the help of a
scale. Both of the biocontrol agents appeared to
arrest growth of red rot causal agent C. falcatum
(Figure 7). Anyhow, T. harzianum appeared to be
more effective as arrested growth of disease causing
agent by 85.5% followed by T. viride which was able
to arrest growth by 81.1% (Table 1). Hence, among
the selected strains of the biocontrol agents, T.
harzianum appeared to be more effective for the
control of red rot causal agent Colletotrichum
falcatum and can effectively be used to eradicate this
disastrous pathogen.

Figure-7. Dual

plate culture assay showing
mycoparasitic potential of the T. harzianum and
T. viride. (A-B) represent antagonistic effect of T.
harzianum whereas (C-D) represent antagonistic
effect of T. viride on C. falcatum.

Table-1. Antagonistic effect of Trichoderma
strains on the growth of C. falcatum under in vitro
conditions

Diameter S Diameter .
Sr | Colletotrichum| of colony Inhibition of colony Inhibition
No. falcatum (mm) T. G(%) h (mm) T. G(%) h
harzianum rowt viride rowt
1. P1 25 72.2 16.5 77.1
2. P2 18.5 79 16 81.1
3. P3 13 85.5 20.5 75.8
Control 90 Control 85
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H Colony Diameter (mm) T. harzianum
H Inhibition (%) Growth T. harzianum
®  Colony Diameter(mm) T.viride

Figure-4. Comparative mycoparasitic effect of T.
harzianum and T. viride against C. falcatum
isolates. Trichoderma harzianum appeared to be
more effective biocontrol agent with 85.5%
growth inhibition as compared with T. viride
which showed 81.1% inhibition in the growth of
C. falcatum

In planta infection assay

In planta infection assay was carried out to assess the
effect of Trichoderma co-culture on C. falcatum in
red rot susceptible sugarcane genotype SPF-234. The
level of infection appeared to be decreased to great
extent with both biocontrol agents i.e. Trichoderma
harzianum and Trichoderma viride. Disease
symptoms were observed after two months of
inoculation when infected canes were dissected out
and observed for red infection (Figure 5). Both of the
biocontrol agents appeared to inhibit growth of the
pathogen  significantly — whereas  Trichoderma
harzianum appeared to be better Killer of the
pathogen as compared with Trichoderma viride.

A 7 Y B -
Figure-5. In-planta infection assay to assess
mycoparasitic potential of the selected isolates of
T. harzianum and T. viride. (A) represents in
planta assay with C. falcatum whereas (B)
represents inoculation with C. falcatum and T.
harzianum (1:1 ratio). Likewise, (C) represents
inoculation with C. falcatum and T. viride (1:1
ratio).
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Discussion

Fungal pathogens are the most destructive agents
responsible for reducing crop yield to a great extent.
Red rot is the most noxious disease of sugarcane
particularly in the sub-continent. It not only reduces
crop yield but also affects sugar recovery and may
even result in complete crop failure in case of severe
disease attack. Chemical fungicides are the most
famous method of disease control and Pakistan is
importing pesticides (including fungicide) of worth
103 million USD annually (PACRA, 2022). These
chemicals are not taken as desired entities owing to
their side effects on human health. Biocontrol agents
are of fundamental significance in this context as an
alternative remedy for the control of fungal
pathogens. Molecular biology has always helped
mankind to explore novel molecules and characterize
biocontrol agents. Trichoderma has proved to be the
most valuable biocontrol agent against a wide range
of pathogens and has been reported by numerous
researchers as effective mycoparasitic agents
(Mahmood et al., 2024; Mukhtar et al., 2021; Igbal
and Mukhtar, 2020) including the aforementioned
pathogen of sugarcane. Owing to the significance of
this biocontrol agent, the current studies were
planned to assess effectiveness of Trichoderma for
the control of Colletotrichum falcatum. Molecular
characterization of both the pathogenic agent and
biocontrol agents was carried out prior to assess
mycoparasitic potential of Trichoderma for the
control of Colletotrichum falcatum. Phylogenetic
analysis of Colletotrichum falcatum retrieved ITS
sequences revealed out its close relatedness with the
already reported accessions available in Genbank C.
higginsianum, C. cereal, C. eleusines, C.
echinochloae, C. danxiashanense and C. falcatum
based on internal transcribed sequences (ITS). It
explored correlation between individual members of
the Colletotrichum species by finding out their
similarity matrix > 90 % which supports the earlier
findings (Hossain et al., 2021; Costa et al., 2021;
Viswanathan et al., 2020; Patel et al., 2018).
Understanding  these  genetic  relationships,
particularly at intraspecific level is crucial to unravel
the pathogenic mechanisms, host specificity and
potential control strategies for fungal pathogens
which are of significant importance for disease
management (Shahid et al., 2023). Since, the study is
unique because this pathogen has least been explored
in our country, though numerous research groups
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have worked out this pathogen in India, Brazil,
Bangladesh and Thailand (Viswanathan et al., 2022;
Kashyap et al., 2021; Costa et al., 2021; Anuradha et
al.,, 2020). No doubt, pathogen is infectious, its
molecular characterization and phylogenetic analysis
will help to further understand it and devise better
strategies for its control (Aristya et al., 2024).

Further, we worked out biocontrol agents to assess
their impact for the control of this pathogen and
observed Trichoderma harzianum as an effective
antagonist. The resultant data showed the lowest
colony diameter and highest inhibition percentage of
the test pathogen by Trichoderma strains. Inhibition
of mycelial growth was recorded to be 85.5% for C.
falcatum against T. harzianum. These findings are in-
line with the research published by other researchers
and can be of significant importance for the control
of red rot disease in sugarcane. Iftikhar et al. (2023)
reported the efficiency of T. harzianum and T. viride
isolated from sugarcane rhizosphere and emphasized
on the use of biological control agents as an
alternative to chemical pesticides. Patil et al. (2023)
screened out Trichoderma  astroviride and
Trichoderma harzianum against Aspergillus niger,
Colletotrichum  falcatum, Curvularia lunata,
Alternaria alternata and reported that Trichoderma
strains did not show variations in antagonism based
on the rate of their hyperparasitism. In another study,
inhibition potency of Trichoderma species such as T.
glaucum T. koningii, T. harzianum and T. viride were
studied to target this pathogen (Prince, 2015).
Trichoderma strains exhibited inhibition potency
against a variety of microorganisms by interrupting
their activity (Malathi et al., 2008). Similarly, Singh
et al. (2008) reported antifungal potential of two
culture filtrates of Trichoderma species on woody
fungi. Doi and Mori (1994) explored that the culture
filtrates of various T. harzianum strains may be
utilized to reduce the growth of red rot pathogen.
Hence, seed treatment with Trichoderma cultures can
lead to the establishment/accumulation of these
biocontrol agents in the soil rhizosphere helping out
to suppress the fungal pathogen infection (Igbal and
Muhtar, 2020). Additionally, in planta bioassay was
carried out in red rot susceptible sugarcane genotype
SPF-234 to evaluate the potential of Trichoderma
strains for disease control. The data analysis revealed
that plants inoculated with C. falcatum alone
developed severe disease symptoms on leaves and
stalks as compared to the plants inoculated with C.
falcatum in combination with Trichoderma strains.
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Hence Trichoderma isolates appeared to be effective
biocontrol agents against C. falcatum and can be
employed for the effective management of this
noxious disease in sugarcane. Yet, there is a need to
develop formulations of these Trichoderma strains
for the better disease remediation at field level.

Conclusion

Exploiting ecofriendly solutions of the fungal
pathogens is a need of the day. Molecular approaches
are of pivotal importance in understanding these
pathogens and potential biocontrol agents. The
Trichoderma isolates under investigation were found
to be potential biocontrol agents and can be
employed for the control of fungal pathogen in
sugarcane. Trichoderma harzianum is the most
effective mycoparasitic agent as compared with
Trichoderma viride, for the control of red rot
infection in sugarcane. Trichoderma harzianum
showed 85.5% whereas Trichoderma viride showed
81.1% inhibition in the growth of Colletotrichum
falcatum in dual plate culture assay. Hence, dual
plate culture assay and in planta assay revealed that
the biocontrol agents have potential to control
Colletotrichum falcatum infection in sugarcane hence
a valuable alternative to chemical fungicides.
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