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Abstract

Fifty one Trichoderma isolates were isolated from sugarcane rhizosphere soil using selective culture media and character-
ized for their cultural and morphological characteristics. Trichoderma isolates were evaluated in-vitro conditions for their
bio-control activity against Fusarium spp., the causal agent of Pokkah boeng disease of sugarcaneby dual culture method, an
assay for production of volatile inhibitory metabolites and mycoparasitism. Morphological and genetic characterization was
carried out. There was not much variability in colony characters and growth rate among fifty-one isolates of Trichoderma
spp- Among the Trichoderma isolates, twenty promising Trichoderma isolates were molecularly identified as 7. harzianum,
T. afroharzianum, T. atrobrunneum, T. aureoviride, and T. asperellum. It can be concluded that predominantly Trichoderma
harzianum and other allied spp., are abundant in the sugarcane rhizospheric ecosystem. In dual culture assay, twenty iso-
lates showed > 70% linear growth inhibition against F. fujikuroi and F. proliferatum. Twenty promising isolates were further
screened for the production of inhibitory volatile metabolites. Among them, nine isolates showed growth inhibition > 7%
against both Fusarium spp. Mycoparasitism was observed in eleven isolates, among them four isolates viz., T28, T38, T49,
and T41 showed parallel mycoparasitism against F. fujikuroi while seven isolates (T9, T17, T26, T28, T41, T49, and T40)
showed coiling around F. proliferatum hyphae. Thus, the four most promising strains viz. T28, T38, T41, and T49 were
identified as potential Trichoderma spp., and need to screen further for disease management in field conditions. On the basis
of the antagonistic study, it can be concluded that 7. harzianum strain T28, T. aureoviride strainT38, T. harzianum strain
T41, and T. harzianum strain T49 are potential candidates for being explored further as biocontrol agents for the manage-
ment of Pokkah boeng disease.
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Introduction

Sugarcane (Saccharum officinarum L.) belongs to C, plant
crop that accounts for almost 75% of the world’s sugar pro-
duction. Worldwide, it is grown between latitude 36.7° N and
31.0° S of the equator extending from tropical to sub-tropical
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zones of the earth. In India, the largest sugarcane produc-
ing states are Uttar Pradesh, Maharashtra, Karnataka and
Tamil Nadu. Uttar Pradesh is alone contributing approxi-
mately 30% of the total sugarcane produced in the country
and having around 23 lakh hectare area under sugarcane
production. At present, sugarcane is being cultivated almost
5.0 mha in the country. Various disease constraints in sug-
arcane production, fungi, bacteria, viruses, phytoplasma,
and nematodes reported from India resulting in significant
direct and indirect losses to sugarcane production indifferent
regions (Viswanathan and Rao 2011). Management practices
like use of resistant varieties, healthy seed programs, etc.
have been recommended as an effective method to manage
various dreaded diseases like red rot, wilt and smut of sug-
arcane to a large extent. However, with the changing varietal
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scenario over the recent years, Pokkah boeng, is a disease
which was earlier considered of minor economic importance
but now emerged as a major threat to sugarcane cultiva-
tion in sub-tropical region of the country (IISR 2018-19).
Pokkah boeng was first described in Java by Walker and
Went in 1896. The disease is caused by Fusarium spp., with
various workers reporting F. moniliformae, F. sacchari, F.
verticillioides, F. fujikuroi, F. proliferatum and F. andiyazi as
some of the species associated with this disease in different
sugarcane growing regions (Lin et al. 2014; Vishwakarma
et al. 2013; Viswanathan et al. 2011; Singh et al. 2006).
This disease has assumed major importance in recent years
and is causing considerable yield losses in some promi-
nent sugarcane producing countries such as India, South
Africa, Malaysia and China (Lin et al. 2014). In addition to
yield loss, Pokkah boeng can also cause a significant qual-
ity reduction in high sugar yielding varieties, reducing the
sugar by approximately 40.8—-64.5% in infected crops (Siti
Nordahliawate et al. 2008). In India, during recent years the
disease has assumed alarming proportions in the major sug-
arcane producing states of Uttar Pradesh and Maharashtra,
with disease incidence ranging from 5 to 90% in different
sugarcane cultivars (Vishwakarma et al. 2013).

Symptoms of Pokkah boeng have been observed in vari-
ous prevalent varieties. The disease is typically character-
ized by symptoms such as young leaves possessing chlorotic
patches near its base (preliminary symptom), stalk distor-
tion, rotting of stalk apical part, and knife-like cut on stalks
(acute symptom). Maximum damage to crop occurs when
fungus attacks on the whole pinhead of the plant causing
the death of the plant and it identifies as a top rot symp-
tom. Knife cut symptom is also reported in different sugar-
cane cultivars by Vishwakarma et al. (2013). To date, the
use of chemical fungicides is the predominantly explored
method for the management of this disease. Vishwakarma
et al. (2013), suggested spraying of fungicides like Bavistin,
Blitox, Copper oxychloride, or Dithane M-45 for manage-
ment of Pokkah boeng. Shigiang et al. (2019) also suggested
spraying of Carbendazim to manage Pokkah boeng disease.
With the deleterious short-term and long-term impacts
of fungicides on the environment and human health, eco-
friendly options like biological control agents need to be
explored for the management of this disease. Trichoderma
spp. are one of the most extensively explored and commer-
cialized bio-control agents worldwide and have been effec-
tively used for control of several plant diseases in diverse
crops including sugarcane (Sharma et al. 2014). In addition
to being exploited as bio-control agents, this fungus also
acts as effective growth promoters, solubilize nutrients, pro-
duce various hydrolytic enzymes and induce resistance in
plants to various abiotic and biotic stresses (Harman 2011).
Trichoderma relies on various mechanisms to inhibit their
target pathogen like mycoparasitism, antibiosis, competition,
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and induction of disease resistance in plants (Vinale et al.
2008). Trichoderma spp. have been used effectively for the
management of various diseases caused by Fusarium spp.
in several crops which include diseases like wilt, neck rot,
and fusarium head blight. In the case of sugarcane, to date
Trichoderma spp. have been explored and used effectively
primarily for the management of red rot of sugarcane caused
by the fungus Colletotrichum falcatum (Joshi et al. 2019).
However, there are no studies exploring the potential of this
fungus as a biocontrol agent for the management of Pok-
kah boeng disease of sugarcane. Keeping this in mind, the
present study was undertaken to isolate and characterize
Trichoderma spp., from the sugarcane agro-ecosystem and
to assess them for their antagonistic activity against the two
species of Fusarium (F. fujikuroi, and F. proliferatum) asso-
ciated with Pokkah boeng disease of sugarcane in India.

Materials and methods
Isolation of Trichoderma spp.

Ten rhizospheric soil samples collected from different sugar-
cane cultivation fields at Grand Growth stage. The collected
soil samples were processed by removing root particles and
further used in serial dilution plating method (Johnson and
Curl 1972) for the isolation of Trichoderma on Trichoderma
Selective Agar medium. After incubation of Petri plates at
28 °C for 5-7 days, emerging colonies showing distinct
morphological features of Trichoderma were isolated, puri-
fied and cultures maintained on potato dextrose agar (PDA)
slants for further studies.

Pokkah boeng pathogen isolation

The plant samples of highly susceptible sugarcane vari-
ety Co-0238 showing typical symptoms of Pokkah boeng
were collected from farm of ICAR-IISR during month of
June—August for pathogen isolation. The infected parts were
cut in small pieces and surface sterilized with 4% sodium
hypochlorite (NaOCl), followed by 70% ethanol, and then
washed with sterile distilled water sequentially and inocu-
lated on Petri plates containing PDA. Single spore cultures
were derived and maintained on PDA and their preliminary
identity was confirmed by morphological characterization
using microscope according to different keys of identifica-
tions. Further, pathogen species was identified by sequenc-
ing ITS region as Fusarium fujikuroi strain F2 (Accession
n0.-MG965881) and Fusarium proliferatum strain F7
(Accession n0.-MG965882). The purified pathogen cultures
were preserved at 4 °C till further use.
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Cultural and morphological characterization
of Trichoderma isolates

Trichoderma isolates were characterized on the basis of
sporulation time, colony colour, presence or absence of
coconut odour, concentric ring formation, chlamydospore
formation, and growth rate in terms of colony diameter at
different intervals on potato dextrose agar medium (PDA)
[ingredients—potato (peeled) 200 g, dextrose 20 g, agar
20 g/L.) at 28 °C+ 1. A 6 mm mycelial disc of Trichoderma
isolate taken from margin of actively growing 3 days old
culture, was inoculated in the center of a 90 mm Petri plates
containing PDA and incubated at 28 + 1 °C for 5 days with
three replications for each isolate. Colony characteristics
and growth as mentioned above was recorded in 3 days old
cultures.

Fig. 1 Promising 20 Tricho-
derma strains (left-right)

Antagonistic potential of Trichoderma isolates
Dual culture assay

Trichoderma isolates were evaluated for their antagonistic
activity against Fusarium fujikuroi strain F2 and Fusarium
proliferatum strain F7 by dual culture plate method (Den-
nis and Webster 1971b). A 6 mm mycelial discs of fresh
culture of the pathogen was inoculated at one end of Petri
plate having PDA, and Trichoderma isolates were inoculated
at opposite end. The Petri plate was incubated at 28+ 1 °C
for 7 days with three replications for each Trichoderma iso-
late. Control plate was inoculated with Fusarium spp. alone.
Observations on growth inhibition percentage of F. fujikuroi
and F. proliferatum were recorded at 7 days of incubation.
Most promising 20 Trichoderma isolates (Fig. 1) showing
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highest inhibition in Fusarium growth were selected and
further evaluated for their mycoparasitic activity and pro-
duction of inhibitory volatiles against F. fujikuroi and F.
proliferatum.

Mycoparasitic activity of Trichoderma isolates

The mycoparasitic activity of selected promising 20 Tricho-
derma isolates was observed by the method of Ojha and
Chatterjee (2011). A small piece of mycelium was gently
lifted from the inhibition zone of interaction between Tricho-
derma and Fusarium in dual culture. Mycelium was placed
on slide, spread with needle, stained with lactophenol cotton
blue and observed for coiling of Trichoderma around patho-
gen mycelium under microscope.

Production of inhibitory volatiles

Twenty selected promising Trichoderma isolates were evalu-
ated for production of inhibitory volatiles against the test
pathogens F. fujikuroi and F. proliferatum following the
method (Dennis and Webster 1971b) with slight modifica-
tion. A 6 mm mycelial disc of Trichoderma was inoculated
in one Petri dish and similarly Fusarium culture in another
Petri dish. After inoculation, lid of both inoculated Petri
plates was removed and the base plates containing mycelial
disc culture were packed together with cellophane adhesive
tape in a manner to look like Petri dish. Further, inoculated
Petri dish was kept for incubation a way that Trichoderma
inoculated plate, was at bottom side. In control, Petri dish
was only inoculated with Fusarium culture. Observations on
the radial growth inhibition percentage of the test pathogen
were recorded at 7 days of incubation period and inhibition
percentage was calculated.

Molecular identification of promising Trichoderma
isolates

Mycelia culture of twenty promising Trichoderma isolates
was prepared by inoculating 6 mm mycelium disc on potato
dextrose broth medium and kept them on shaker at 120 rpm
at 26 °C for 15 days. The culture was filtered using What-
man filter paper and further used for genomic DNA extrac-
tion. The total genomic DNA was extracted from mycelium
mat through modified CTAB method described by Rog-
ers and Benedich (1988). PCR reaction was performed by
using primers ITS1 (TCCGTAGGTGAACCTGCGG) and
ITS4 (TCCTCCGCTTATTGATATGC) at PCR condi-
tions (94 °C—3 min, followed by 30 cycles at 94 °C—30 s,
48 °C—30 s, 72 °C—1 min, 72 °C—7 min, and 4 °C—for-
ever). The PCR amplified purified product was used for
ITS region sequencing through Sanger Technology. The
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nucleotide sequences of ITS region submitted to GenBank,
NCBI for receiving accession number.

Results
Cultural characterization of Trichoderma isolates

A total of 51 Trichoderma isolates were isolated from rhizos-
pheric soil samples, purified and maintained on PDA slants.
The isolates were confirmed as Trichoderma spp. based on
their cultural and morphological characters, and designated
as T-1 to T-51. In cultural characterization studies, it was
observed that in almost all isolates green conidia were vis-
ible within 48 h with the exception of isolates T1, T9, T34,
and T38 which showed green conidia formation after 72 h
of incubation period. Not much variation was observed in
colony colour with colonies of all isolates in varying shades
of green. Coconut odour was not observed in any Tricho-
derma isolate. Most of the isolates showed chlamydospore
formation except T1, T9, T15, T21, T25, T34, T35, T38 and
T44. In growth studies, however, some variation was noted
among the 51 isolates. The diameter of the isolates after 24 h
of incubation ranged from 32 to 42 mm among the isolates.
At 48 h, the diameter was between 42 and 59 mm across
the 51 isolates while at 72 h the diameter ranged from 67 to
81mm (Table 1).

Antagonistic activity of Trichoderma spp.

Considerable variability was observed in the inhibitory
activity of 51 Trichoderma isolates against both of the path-
ogen species. Against F. fujikuroi, the inhibition percent-
age accorded by the Trichoderma isolates ranged from 53
to 78% while against F. proliferatum, inhibition percentage
in range of 51-83% (Table 2; Fig. 2). Against F. fujikuroi
strain F2, highest percentage of inhibition was observed
in Trichoderma strain T28 (78%) followed by 76% inhibi-
tion by Trichoderma isolates T38, T49 and T41. The low-
est inhibition percentage was recorded in Trichoderma
strain T44 (53%). Overall, out of the 51 isolate 20 isolates
showed > 70% inhibition in growth of F. fujikuroi, 30 iso-
late showed inhibition in range of 60-70% and one isolate
showed < 60% inhibition. Against F. proliferatum strain F7,
the highest percentage of inhibition was recorded in Tricho-
derma strain T28 (83%) followed by 80% pathogen inhibi-
tion by three isolates namely T38, T41, and T49 while the
lowest inhibition was recorded in Trichoderma isolates T25
and T44 (51%). Among the 51 Trichoderma isolates, inhibi-
tion of >70% was recorded in 20 isolates, 60—70% inhibition
was recorded in 18 isolates while in 13 isolates < 60% inhi-
bition of Fusarium growth was recorded. Similarly, Reddy
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Table 1 Cultural and morphological characteristics of Trichoderma strains

Trichoderma Time for Colour Concentric ring Chlamydospore ~ Colony diameter
isolates sporulation formation (4+/-)
(h) After 24.1 h of After 48 h of After 72 h of
incubation (mm) incubation (mm) incubation
(mm)

T-1 48-72 Light green - 35 44 72
T-2 2448 Green - Present 36 46 70
T-3 24-48 Yellowish green  + Present 32 42 67
T-4 24-48 Green - Present 32 43 67
T-5 24-48 Green - Present 36 46 71
T-6 24-48 Green + Present 32 42 70
T-7 24-48 Yellowish green  + Present 33 42 72
T-8 24-48 Green - Present 36 45 70
T-9 48-72 Green - - 38 47 70
T-10 24-48 Green - Present 35 46 70
T-11 24-48 Green - Present 40 49 70
T-12 24-48 Green - Present 40 49 70
T-13 24-48 Green - Present 38 46 68
T-14 24-48 Yellowish green  — Present 38 46 71
T-15 24-48 Green - - 38 46 71
T-16 24-48 Green - Present 38 46 71
T-17 24-48 Green - Present 40 51 72
T-18 24-48 Light green - Present 40 52 70
T-19 24-48 Light green - Present 40 52 71
T-20 24-48 Green - Present 40 52 71
T-21 24-48 Green - - 38 50 70
T-22 24-48 Green - Present 38 50 70
T-23 24-48 Green - Present 36 47 70
T-24 24-48 Green - Present 40 58 72
T-25 24-48 Green - - 39 56 70
T-26 24-48 Green - Present 40 58 76
T-27 24-48 Green + Present 35 51 72
T-28 24-48 Green Present 36 51 76
T-29 24-48 Green Present 42 57 76
T-30 24-48 Green + Present 40 58 74
T-31 24-48 Green - Present 39 58 74
T-32 24-48 Green + Present 38 59 72
T-33 24-48 Green Present 38 54 74
T-34 48-72 Green - - 38 53 72
T-35 24-48 Green + - 38 53 71
T-36 24-48 Green — Present 36 51 71
T-37 24-48 Green — Present 34 53 72
T-38 48-72 Green - - 39 53 74
T-39 24-48 Green + Present 37 52 74
T-40 24-48 Green + Present 37 52 70
T-41 24-48 Green + Present 39 53 71
T-42 24-48 Green Present 39 53 72
T-43 24-48 Green Present 41 56 79
T-44 24-48 Green - - 39 50 72
T-45 24-48 Green - Present 39 51 71
T-46 24-48 Green + Present 41 57 81
T-47 24-48 Green + Present 37 55 71
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Table 1 (continued)

Trichoderma Time for Colour Concentric ring Chlamydospore ~ Colony diameter
isolates sporulation formation (+/-)
(h) After 24.1 h of After 4$ h of After 72 h of
incubation (mm) incubation (mm) incubation
(mm)

T-48 24-48 Green Present 38 52 68

T-49 24-48 Green + Present 42 57 81

T-50 24-48 Green — Present 42 57 81

T-51 2448 Green + Present 38 52 70

et al. (2014) identified antagonistic potential of Trichoderma
spp. against soil borne plant pathogens.

Studies on mycoparasitic nature of 20 selected promis-
ing Trichoderma isolates against the Fusarium pathogen
revealed two types of hyphal interaction. Trichoderma grow-
ing parallel and or in contact with F. fujikuroi, this hyphal
interaction was observed in four Trichoderma isolates (T28,
T41, T49 and T40) (Fig. 3a). Coiling hyphal interaction was
observed in seven Trichoderma isolates (T9, T17, T26, 28,
T41, T49 and T40) against the hyphae of F. proliferatum
(Fig. 3b). Mycoparasitism is considered an important mech-
anism employed by Trichoderma for inhibiting its target
pathogens also reported by Kumar et al. (2007).

The potential Trichoderma isolates were evaluated for
inhibitory volatile metabolite production against Fusarium
culture. The results revealed that against F. fujikuroi, inhibi-
tory volatiles produced by Trichoderma isolates resulted in
inhibition in range of 55.6-77.8% whereas against F. pro-
liferatum the growth inhibition was in range of 61.1-83.3%
(Table 3; Fig. 4). Highest inhibition percentage was recorded
in Trichoderma strain T28 (77.8%) followed by T38 and T41
(75.6%) and T49 (74.4%) against F. fujikuroi while lowest
inhibition percentage of 55.6% was recorded in Trichoderma
isolates T26, T29 and T33. Results revealed that similar inhi-
bition trends against F. proliferatum with Trichoderma iso-
late T28 (83.3%) followed by T41 and T49 (80.0%) and T38
(75.6%) whereas lowest inhibition percentage was recorded
in Trichoderma isolate T48 with 61.1% of inhibition.

Molecular identification of Trichoderma isolates

Twenty potential strains of Trichoderma spp., were molecu-
larly identified by sequencing ITS region (ITS1 and ITS4).
The ITS region sequences were submitted to GenBank NCBI
and allotted accession numbers (Table 4). The nucleotide
sequences were aligned using online available software Phy-
logeny.fr. The ITS sequences were clustered in two group
based their nucleotide similarity. Except Trichoderma
asperellum, all 19 Trichoderma strains come under single
group. The phylogeny tree indicates that there is not more
variation in isolated Trichoderma strains from sugarcane
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rhizosphere. The identified Trichoderma strains were T. har-
zianum, T. afroharzianum, T. atrobrunneum, T. aureoviride,
and T. asperellum. The efficiency of T. afroharzianum, T.
atrobrunneum and T. aureoviride, in controlling plant dis-
eases are numerously reported.

Discussion

Pokkah boeng is one of the most serious fungal disease in
the sugarcane growing regions of the world. Disease sig-
nificantly reduces the yield and quality of sugarcane, which
is found in susceptible cultivars ranging from 40 to 60%. In
the present study, we designed an in-vitro system to identify
isolates of Trichoderma with potential to reduce the Pok-
kah boeng disease incidences. Trichoderma sp. can act as
biocontrol agent by means of various synergistic pathways.
It is difficult to forecast, however, in a natural pathosystem,
the degree of synergism and the action of BCA.

All the fifty one Trichoderma strains inhibited mycelial
growth of the pathogen. T. harzianum strain T28 inhibited
maximum mycelial growth of both the pathogen F. fujik-
uroi (F2) and F. proliferatum (F7). The mechanism of inhi-
bition may be competition for food and space. Coiling of
antagonists hyphae around hyphae of Fusarium and lysis
was observed (Kumar and Dubey 2001). The mycoparasitic
activity of Trichoderma spp. against Fusarium is usually
attributed to a combination of successful competition in
nutrient and rhizosphere colonisation, cell wall degrading
enzymes such as harzianic acid, alamethics, tricholine, pep-
taibols, 6-penthyl-alpha-pyrone, massoilactone, viridine,
gliovirin, glisoprenine, heptilide acid and antibiosis (Sharma
2011; Brunner et al. 2005). Therefore. As alternatives to
chemical fungicides, several Trichoderma isolates are being
evaluated. However, the use of Trichoderma is not yet wide-
spread for the biological control of sugarcane Pokkah boeng
disease. T. harzianum and T. viride were reported by several
workers as the best antagonists for growth inhibition of sev-
eral soil and seed borne pathogens (Dubey 2003; Joshi and
Mishra 2013). Growth of pathogen was also inhibited by the
production of volatile substances. Initially, at 3 days it was
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Table 2 Evaluating antagonistic effects of Trichoderma spp. against pathogen F. fujikuroi (F2) and Fusarium proliferatum (F7)

Strain. no. Pathogen (F2)

diameter (cm) after

% inhibition of
pathogen (F2) after

Antagonistic effect
of Trichoderma spp.

Pathogen (F7)
diameter (cm) after

% inhibition of
pathogen (F7) after

Antagonistic effect
of Trichoderma spp.

7 days 7 days after 7 days 7 days 7 days after 7 days

T1 1.5 75 +++ 1.3 79 +++
T2 22 66 ++ 2.0 67 ++
T3 2.1 67 ++ 2.0 67 ++
T4 22 66 ++ 2.0 67 ++
T5 22 66 ++ 1.9 69 ++
T6 1.9 70 +++ 1.4 71 +++
T7 1.5 75 +++ 1.5 75 +++
T8 2.0 69 ++ 2.7 56 +

T9 1.8 72 +++ 1.5 75 +++
T10 22 66 ++ 2.3 62 ++
T11 22 66 ++ 2.8 54 +
T12 2.1 67 ++ 2.3 62 ++
T13 2.5 61 ++ 1.9 69 ++
T14 1.9 70 +++ 1.4 71 +++
T15 2.1 67 ++ 1.9 69 ++
T16 22 66 ++ 1.9 69 ++
T17 1.9 70 +++ 1.4 77 +++
T18 2.0 69 ++ 2.3 62 ++
T19 2.1 67 ++ 2.6 58 +
T20 2.2 66 ++ 25 59 +
T21 2.0 69 ++ 22 64 ++
T22 2.1 67 ++ 2.4 63 ++
T23 2.0 69 ++ 2.6 58 +
T24 23 64 ++ 22 64 ++
T25 24 63 ++ 3.0 51 +
T26 1.8 72 +++ 1.5 75 +++
T27 1.9 70 ++ 1.5 75 +++
T28 1.4 78 +++ 1.0 83 +++
T29 1.9 70 +++ 14 77 +++
T30 2.1 67 ++ 2.5 59 +
T31 2.0 69 ++ 24 63 ++
T32 2.0 69 ++ 2.5 59 +
T33 1.9 70 +++ 1.5 75 +++
T34 1.8 72 +++ 1.5 75 +++
T35 2.0 69 ++ 2.0 67 ++
T36 23 64 ++ 24 63 ++
T37 23 64 ++ 2.5 59 +
T38 1.5 76 +++ 1.2 80 +++
T39 1.8 72 +++ 1.5 75 +++
T40 1.9 70 +++ 1.5 75 +++
T41 1.5 76 +++ 1.2 80 +++
T42 1.9 70 +++ 1.5 75 +++
T43 1.9 70 +++ 1.5 75 +++
T44 3.0 53 + 3.6 51 +
T45 2.2 66 ++ 2.0 67 ++
T46 23 64 ++ 2.8 54 +
T47 2.2 66 ++ 24 63 ++
T48 1.9 70 +++ 1.5 75 +++
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Table 2 (continued)

Strain. no. Pathogen (F2) % inhibition of Antagonistic effect ~ Pathogen (F7) % inhibition of Antagonistic effect
diameter (cm) after pathogen (F2) after  of Trichoderma spp. diameter (cm) after pathogen (F7) after  of Trichoderma spp.
7 days 7 days after 7 days 7 days 7 days after 7 days

T49 1.5 76 +++ 1.2 80 +++

T50 22 66 ++ 2.8 54 +

T51 2.0 69 ++ 2.5 59 +

Control 9.0 00 - 9.0 00 -

> 70 (+++) high level, 60-70 (++) medium level, < 60 (+) low level, of antagonism against the pathogen

Fig.2 Dual Culture Plate
Technique against Fusarium
strain F2 and F7. a Highest inhi-
bition of pathogen strain F2 by
Trichoderma strain T28. b Least
inhibition of pathogen strain F2
by Trichoderma strain T44. ¢
Highest inhibition of pathogen
strain F7 by Trichoderma strain
T28. d Least inhibition of path-
ogen strain F7 by Trichoderma
T25. A control was performed
for comparison in left side of
each figure

0 “Control

Fig.3 Two types of mycopara-
sitism showed by Trichoderma
strains. a Coiling against F.
fujikuroi strain F2. b Coiling
against F. proliferatum strain F7

recorded there was not much effect of volatile compounds on
Fusarium strains but later on at 7 days 83.3% growth inhibi-
tion of F. proliferatum (F7) were recorded by T. harzianum
(T28) which may be due to production of higher amount of
volatile compounds upon ageing. F. fujikuroi (F2) isolate
comparatively less affected by the volatile compounds of T.
harzianum (T28) recorded 77.8% of inhibition. By the pro-
duction of secondary metabolites, Trichoderma spp. inhibit
the growth of soil borne plant pathogen, reported by Vinale
et al. (2008). 2-methyl-1-propanol volatile metabolites pro-
duced by Trichoderma have antimicrobial activity against
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®  control

Fusarium+Trichoderma

y
F 4

Fusarium+Trichoderma

wide range of plant pathogens (Li et al. 2018) and produc-
tion of some volatile compounds in 7. harzianum (Zhang
et al. 2014). Many volatile substances like dibutyl phthalate
(DBP) have also been identified from T. virens, have anti-
fungal activity (Tabarestani et al. 2016).

Trichoderma harzianum and other allied spp., are abun-
dant in sugarcane rhizospheric ecosystem. Currently,
genus Trichoderma consists more than 100 phylogeneti-
cally defined species. All the fifty one isolated strains were
morphologically identified as Trichoderma spp. However,
the taxonomic characterization of Trichoderma spp., based
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Table 3 Volatile mediated inhibition of pathogen F. fujikuroi (F2) and F. proliferatum (F7) by Trichoderma strains

S.no. Trichoderma Growth (mm) of

% inhibition of Volatile mediated

Growth (mm) of % inhibition Volatile mediated

strains pathogen F2 after ~ pathogen (F2) effect of Tricho- pathogen F7 after  of pathogen effect of Tricho-
7 days derma spp. after 7 days derma spp. after
7 days 7 days

1 T1 25 72.2 +++ 25 72.2 +++
2 T6 25 72.2 +++ 26 71.1 +++
3 T7 26 71.1 +++ 28 68.9 ++

4 T9 28 68.9 ++ 26 71.1 +++
5 T14 26 71.1 +++ 27 70.0 +++
6 T17 35 61.1 ++ 25 72.2 +++
7 T26 40 55.6 + 25 72.2 +++
8 T27 35 61.1 ++ 28 68.9 ++

9 T28 20 77.8 +++ 15 83.3 +++
10 T29 40 55.6 + 25 72.2 +++
11 T33 40 55.6 + 27 70.0 +++
12 T34 25 72.2 +++ 25 72.2 +++
13 T38 22 75.6 +++ 22 75.6 +++
14 T39 28 68.9 ++ 30 66.7 ++

15 T40 28 68.9 ++ 25 71.1 +++
16 T41 22 75.6 +++ 18 80.0 +++
17 T42 25 72.2 +++ 27 70.0 +++
18 T43 25 722 +++ 28 68.9 ++

19 T48 35 61.1 + 35 61.1 ++
20 T49 23 74.4 +++ 18 80.0 +++
21 +Ve control 90 00 - 90 00 -

> 70 (+++) high level, 60-70 (++4) medium level, < 60 (+) of volatile inhibition against the pathogen

Fig.4 Volatile mediate inhibi-
tion against Fusarium strain F2
and F7. a Highest inhibition of
pathogen F2 by Trichoderma
strain T28. b Least inhibition
of pathogen F2 by Trichoderma
strain T26. ¢ Highest inhibition
of pathogen F7 by Trichoderma
strain T28. d Least inhibition
of pathogen F7 by Trichoderma
strain T48. A control was per-
formed for comparison in right
and left side showed pathogen
inhibited in each figure

on only morphological characteristics, can be considered
limited and of low accuracy, due to variation in its char-
acteristics (Hebert et al. 2003). In addition, morphological
features are influenced by cultural conditions (Diguta et al.
2011). The use of molecular technologies to compensate for
the limitations of morphological characterization is there-
fore necessary. DNA sequences of the 5.8 s-ITS region was

~“Tontrol

i el
=~€ontrol

done in this study. According to Kullnig-Gradinger et al.
(2002), the ITS region is one of the most reliable loci for
species-level detection of a strain. Hermosa et al. (2000),
adopted the internal transcribed spacer rDNA (ITS) based
molecular technique for identification of Trichoderma spe-
cies. Similarly, Brazilian Trichoderma isolates have been
characterized based on genetic and morphological criteria
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Table 4 ITS region sequencing of twenty potential Trichoderma iso-
lates and GenBank Accession number

S. no. Strain no. Strain name GenBank
Accession
no.

1. T1 Trichoderma asperellum MH150937

2. T6 Trichoderma harzianum MHI151122

3. T7 Trichoderma harzianum MHI151158

4. T9 Trichoderma afroharzianum MH155303

5. T14 Trichoderma harzianum MH151203

6. T17 Trichoderma harzianum MH156051

7. T26 Trichoderma harzianum MH156054

8. T27 Trichoderma harzianum MH156055

9. T28 Trichoderma harzianum MH156058

10. T29 Trichoderma harzianum MH156141

11. T33 Trichoderma harzianum MH156143

12. T34 Trichoderma atrobrunneum MH156193

13. T38 Trichoderma aureoviride MH156197

14. T39 Trichoderma harzianum MH156203

15. T40 Trichoderma harzianum MH161377

16. T41 Trichoderma harzianum MH156214

17. T42 Trichoderma harzianum MH156225

18. T43 Trichoderma harzianum MH156422

19. T48 Trichoderma harzianum MH156423

20. T49 Trichoderma harzianum MH156424

(Sharma et al. 2009). By comparing the 5.8 s-ITS region
with the sequences deposited in GenBank, it is possible to
classify all Trichoderma isolates with homology percentage
at the species level. Thus, potential 20 Trichoderma spp.
were successfully identified by integrating morphological
and molecular approaches.

Conclusions

The genus Trichoderma has been identified as biological
control agents for controlling large group soil borne plant
pathogens as well as plant growth promoting attributes.
Pokkah boeng is an emerging major disease in sugarcane,
caused by various Fusarium spp. Number of fungicides
as well as resistant sugarcane genotype are adopted to
minimize incidence of disease. Application of fungicide
against Pokkah boeng pathogen is neither effective nor
eco-friendly safe. For its effective and eco-friendly man-
agement, diverse group of Trichoderma strains were iso-
lated and characterized. In in-vitro studies, it was observed
that Trichoderma isolates have the potential to effectively
suppress the growth of Pokkah boeng pathogen—F. fujik-
uroi and F. proliferatum associated with sugarcane. Based
on the antagonistic assays, four promising isolates 7. har-
zianum strain T28, T. aureoviride strain T38, T. harzianum

@ Springer

strain T41 and T. harzianum strain T49 were identified
showing > 70% inhibition in Fusarium growth. The prom-
ising isolates identified need to be evaluated further in
field conditions for management of this disease, and the
work is under progress.
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