
Abstract

Chilli fusarium wilt of one of the destructive diseases of chilli
production that affects yield and quality. There are various species of
fusarium associated with chilli fusarium wilt in India. Use of synthetic
chemicals are commercially employed from years will affect the soil health,
environment and food chain. By concerning environmental safety and
biodegradability bio control agents are seems to be best alternative
cost-effective management practise which helps to recover the soil health
and environment. Biocontrol agents like Trichoderma has been reported
to be effective against many soil borne pathogens, it not only protect
the plants from invading pathogens but also helps to activate plant
defense mechanism. A total of 10 Trichoderma spp. were isolated and
tested their antagonistic activity against fusarium wilt of chilli pathogen,
Fusarium incarnatum. Among the isolates tested T9 found to be effective
and recorded the maximum percent inhibition over control (75.6) followed
by T6 (71.0) and least was recorded in T2 (48.9) in dual culture technique,
Ten Trichoderma isolates are further tested in poison food technique at
various concentrations 5%, 10%, 15 % and 20% and the reading were
recorded. ITS region of rDNA amplification with ITS1 and ITS4 universal
primers produced approximately 570 bp product shows the virulent
samples were confirmed as T. asperellum. The sequence was deposited
in GenBank with the accession number, ON909758).
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Chilli (Capsicum annuum L.) is one
of the most significant vegetable and spice

crop12 across India and it alone contributes
25% of the total chilli production in the world26.
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Chilli occupies an important place in Indian
diet46. Chilli is today one of India’s major export
attractions. It is the major spice contributing
40-42 per cent by volume, 22 per cent by value
of total spices exported from India18. Chilli is
an annual plant comes in a wide variety of
shapes, sizes, colour and in different degrees
of pungency. It is thus several called Capsicum,
Paprika, Pimento, Sweet pepper, Red pepper,
Cayenne pepper and Bird’s eye chilli depending
on the type of chilli and the manner in which it
is prepared and used46. Chilli is rich in vitamins
like, vitamin35 A, C, E, K, B6 and minerals like
calcium, magnesium, folic acid, potassium,
Thiamine, copper, iron7, antioxidants (Capsaicin,
capsaicinoids and carotenoids) and flavonoids
(β-carotene, α-carotene, lutein, zea-xanthin,
and cryptoxanthin). Hot chillies are rich in
digestive stimulant capsaicin4.

There are various factors which
affects the production of chilli. Chilli crop is
vulnerable to more than 100 different types of
pathogens during its various growth stages19.
Among the various diseases that affect chilli
production, fusarium wilt of chilli is one of the
most important considerable disease in major
chilli growing areas and causes serious damage
of up to 40 % of total chilli production44. Soil
borne diseases can be major limitation in crop
production, particularly for vegetables6.
Fusarium wilt disease is commonly caused by
many species of fusarium, F. oxysporum 10,
F. solani 10,29, Fusarium incarnatum 10, F.
proliferatum 28, F. pallidoroseum 24,  F.
equiseti 10,12, F. chlamydosporum10.

By concerning the environmental
safety and biodegradability, biocontrol agents
are pretended to be the alternative practises

to the chemicals for the management of soil
borne pathogens39.  The major goal of
implementing biological control methods is to
decrease the density and activity of the
pathogen59. Several Trichoderma species to
form mutualistic endophytic relationships with
several plant species13. Trichoderma are
potential biocontrol agents for several soil born
phytopathogens15. Different volatile and non-
volatile secondary metabolites have been
identified and characterized from Trichoderma
spp. by antibiotic assay-guided isolation and
the production of antibiotic molecules by certain
strains is often well correlated with their
biocontrol ability17. Trichoderma have great
versatility of mechanisms of action, acting
against other fungi through antibiosis and
production of volatile metabolites, mycopara-
sitism, production of cell wall degrading
enzymes and competition for nutrients and
substrate13,56,59.  The aim of the current
investigation was to examine the antagonistic
potential of different Trichoderma species for
bio control of F. incarnatum.

Isolation and identification of pathogenic
culture responsible for Fusarium wilt of
chilli :

Diseased chilli samples collected from
various chilli growing areas of Andhra Pradesh
and Tamil Nadu we used for isolation. The
pathogen, Fusarium incarnatum was isolated
by tissue segment method3. The infected stem
portion is cut into small pieces along with
healthy portions by using sterile scalpel. The
bits were cut into small pieces of 3-5 mm slices
and surface sterilized with 1% sodium
hypochlorite (Na2OCl) for 30sec followed by
washing with three variants of sterile water
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for 20-30 sec, and dried with filter paper. 2-4
bits were placed in a Petri Plate containing
solidified agar medium supplemented with
antibiotic streptomycin sulphate to prevent
bacterial contamination. The culture is
incubated at 28±2oC for 3-5 days. The axenic
cultures of the pathogen were obtained by
single hyphal tip method37 and were maintained
in PDA slants for further studies. The purified
isolates are identified on the basis of cultural
and morphological features like white- and
purple-coloured mycelia and presence of
microconidia on short conidiophore51. Based
on the molecular identification the pathogen
was identified as Fusarium incarnatum and
deposited in NCBI (Accession number -
OK598964).

Isolation of fungal antagonist (Trichoderma
asperellum) :

Ten soil samples are collected for
isolation of Trichoderma spp. from healthy
rhizosphere zone of chilli plants. Trichoderma
was isolated by serial dilution technique20 using
Trichoderma specific medium (TSM)11. One
ml of required final dilution (10-3 & 10-4) of
soil suspension was poured on to sterilized petri
plates containing sterilized solidified PDA agar
medium. Plates were rotated gently to get
uniform distribution of soil suspension in the
medium. The plates were incubated at 28±2oC
for 3-5 days35 and observed at frequent
intervals for the development of colonies.
Trichoderma spp. were purified by hypal tip
culture technique43 and preserved in refrigerator
at 4oC for further use33. Trichoderma sp.
isolates were identified based on mycological
keys5 and molecular sequence data reveals,
the virulent isolate is identified as Trichoderma

asperellum (GenBank accession number –
ON909758) and used for further studies.

Isolation of genomic DNA of Trichoderma
sp.:

A small mycelial disc (5 mm) of
Trichoderma sp. (T9) was inoculated into a
conical flask containing 100 ml of potato
dextrose broth, incubate in orbital shaker @
120-150 rpm for 7-14 days at 28±2°C. After
incubation the fungal mycelium was filtered
by using sterile Whatman No. 1 filter paper
(HIMEDIA Labs, India). 100 mg dried
mycelial mat was collected and taken to pestle
and mortar make it into fine powder by adding
liquid nitrogen. Total fungal DNA was
extracted by CTAB method with minor
modifications1.  The purified DNA was
dissolved in 50µl TE buffer (Tris 10mM +
EDTA 1mM pH 8.0). Integrity of genomic
DNA was checked in 1.5 per cent agarose
gel (MEDAUXIN). The quality and quantity
of DNA was assessed by using NanoDrop
spectrophotometer (Thermo Fisher Scientific
NanoDrop 2000c, USA). The concentration
of DNA was adjusted to 50 ng/µl and stored
at 4°C for further use1.

PCR amplification :

The PCR-amplification reactions
were performed in a 50 l mixture containing
50 mM KCl, 20 mM Tris HCl (pH 8.4), 2.0
mM MgCl2, 200 M of each of the four
deoxynucleotide triphosphates (dNTPs),
0.2µmM of each primer, 40 ng/l of template
and 2.5 U of Taq polymerase. The cycle
parameters included an initial denaturation at
94°C for 5 min, followed by 40 cycles of
denaturation at 94°C for 1 min, primer
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annealing at 55°C for 2 min and primer extension
at 72°C for 3 min and a final extension for 10
min at 72°C. Amplified products were
separated on 1.2% agarose gel in TAE buffer,
prestained with ethidium bromide (1g/ml) and
electrophoresis was carried out at 60 volts for
3 hours in TAE buffer.

DNA sequencing of the 18S rDNA fragment:

The 18S rDNA amplified PCR product
(100 ng concentration) was used for the
sequencing with ITS-2 using Primers ITS1- F
(5’ TCC GTA GGT GAA CCT TGC GG 3’)
and ITS4- R (5’ TCC TCC GCT TAT TGA
TAT GC 3’) primers.

Sequence analysis :

A number of Trichoderma sequences
were selected on the basis of a similarity score
of over 90% with database sequences.
Multiple sequence alignment of these selected
homologous sequences and 18S rRNA gene
sequence of test strain was performed using
Clustal W. Subsequently, an evolutionary
distance matrix was then generated from these
nucleotide sequences in the dataset. A
phylogenetic tree was constructed using the
Neighbour Joining method38.  Phylogenetic and
molecular evolutionary analyses were conducted
using MEGA (Molecular Evolutionary
Genetics analysis) version X 47.

Efficacy of antagonistic Trichoderma sp.
against Fusarium incarnatum :

In vitro antagonistic potential of
Trichoderma sp. were evaluated against the
virulent isolate of Fusarium incarnatum isolate
through dual culture technique in in vitro

condition23. 5 mm of the growing edges of the
antagonist (Trichoderma sp.) and pathogenic
culture were placed on opposite direction of
PDA plates at the edges and incubated at
27±2 °C in incubator for 5 days41. The
pathogen alone inoculated was served as a
control. Observations of colony growth were
recorded. The growth inhibition was measured
using Vernier callipers and percentage of the
inhibition rate was calculated using the formula
described by Dennis and Webster9; Rahman
et al.,36; Sarvanakumar et al.,41.

  C - T
Percent inhibition (I)  =   × 100

    C
Where,
I =  Per cent inhibition in mycelial growth
C =  Growth of pathogen in control plates (mm)
T = Growth of pathogen in dual culture plates
      (mm)

Preparation of culture f iltrate of
Trichoderma spp. :

The effective Trichoderma isolates
were selected and grown in conical flasks
containing 50 ml of sterilized potato dextrose
broth (PDB) and incubated in orbital shaker
(150 rpm) for 5 days at room temperature
(282C)58. Then the liquid culture filtrate was
filtered through Whatman filter paper No. 1
to remove mycelial mat and Seitz filter was
used to separate the spores2.

Effect of antagonistic culture filtrates on
the mycelial growth of Fusarium incarnatum
(Poisoned food technique) :

The antagonist of the culture filtrate
was evaluated by Poisoned food technique30
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to evaluate the effect of non-volatile compounds53.
The culture filtrates of the antagonists were
separately incorporated into sterile PDA melted
medium at 5, 10, 15 and 20 per cent
concentration by means of a sterile pipette.
The amended media were transferred to
sterile Petri dishes separately @ 15 ml and
allowed to solidify. The PDA medium without
the culture filtrate served as control. Each plate
was inoculated at the centre with a five days
old PDA culture disc of Fusarium incarnatum.
Three replications were maintained for each
treatment. The diameter of the mycelial growth
(mm) of F. incarnatum was measured after
5 days of incubation. The per cent inhibition
of the test fungi was calculated by using the
formula of Wonglom et al.57.

             C - T
Percent inhibition (I) =   × 100

    C
Where,
I  =  Per cent inhibition of mycelial growth
C =  Growth of pathogen in control plates (mm)
T = Growth of pathogen in poisoned plates
       (mm)

A survey was carried out in major chilli
growing areas of Andhra Pradesh and Tamil
Nadu and collected 20 fusarium wilt infected
samples. Pathogenicity was conducted to
identify the virulent isolates of the pathogen
and recorded F1 with the highest disease
incidence. Based on morphological and
molecular characters, F1 isolates collected
from Peesapadu village of Guntur district of
Andhra Pradesh identified as Fusarium
incarnatum. Mishra et al.27 was conducted
an extensive survey on 36 locations of Pratapgarh,
Amethi, Sulatanpur, Kanpur, Etawah, Allahabad,
Faizabad, Jaunpur, and Mirzapur districts of

Uttar Pradesh and observed the maximum
incidence of anthracnose followed by fusarium
wilt are the predominant pathogens in all
locations surveyed. Likewise, Priya and
Mesta34 surveyed for fusarium wilt incidence
in Belagavi, Gadag and Haveri districts of
Karnataka and recorded the percent incidence
of the disease, which was ranges from 5.45 to
95 percent.

Cultural characters of Trichoderma spp.
isolates :

Ten different Trichoderma isolates
were isolated from different locations are
grown in PDA plates for studying colony
growth, colony colour, conidiophore, conidial
colour, conidial shape, conidial length and
breadth were measured. Among the different
isolates, T9 were shown fully occupied with
the mycelial growth in five days, the colonies
were observed with dull green, light green, dark
green, pale green, whitish to greyish green in
colour with floccose to arachnoid in mycelial
form (Table-1). Conidial characters like
conidial shape, colour, length and breadth were
recorded (table-2). Conidial length and breadth
were measured and ranges from 2.10-3.92 μm
and 2.15-5.18 μm respectively. Trichoderma
is a fast-growing fungus, it reached the
pathogen within 3-4 days. Similar findings of
the interaction of Trichoderma spp. against
Fusarium spp. were recorded previously 25,52.
Morphological characters of three different
isolates (CSR-T2, CSR-T3, CSR-T4), Green
to dark dirty green colony colour with smooth
edge, floccose to arachnoids mycelial form,
flat to ring like conidiation, green conidial
colour with regular to densely branched
conidiophores. Supported by Praveen et al.33
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reported that cultural and morphological
character of 10 Trichoderma isolates (Tr1-
Tr10) exhibited whitish green to pale dull green
colony colour and high to moderately
conidiophore branching, conidial shape of
globose, obovoid to ellipsoidal and conidial
colour of green to dull green.  Sankara Reddy
et al.39, observed cultural characters of native
isolates of Trichoderma viride isolated from
rhizosphere soil and assed the colony
morphology of ten isolates of T. viride, the
cultural characters were recorded, green to
dark green mycelial with dull to deep green
sporulation.

Molecular characterisation :

Molecular characterisation plays an
important role in identification of plant
pathogens and biocontrol agents at species
level. PCR based analysis by using universal
primers ITS 1 and ITS 4 are employed in
identification of Trichoderma asperellum.
Sequence analysis of Trichoderma asperellum
eluted the DNA at 570 base pairs. The results
are in order with Shahid et al.45,  who
molecularly characterised thirty isolates of
Trichoderma viride by using ITS 1 and ITS 4
universal primers produced 600 bp products
in all isolates. ISSR profiles and dendrogram
analysis showed genetic diversity and similarity
co-eficient among the isolates T. viride.
Similarly Singh et al. (2014) extracted the
genomic DNA of Trichoderma harzianum
(Th Azad) by using universal fungal primers
ITS 1 and ITS 4 by using 18S rRNA gene
fragment, a  total of 546 bp of the 18S rRNA
gene was sequenced and used for the identi-
fication of Th Azad strain.

Similarly,  Hermosa et al.,16 characte-

rised 16 biocontrol strains of previously
identified species of T. harzianum and T.
viride. Sequencing was carried out by using
universal primers ITS 1 and 2 reveals three
different lengths and four different sequence
types. Phylogenetic analysis cluster based on
ITS 1 divided into four different groups: T.
harzianum-T.  inhamatum complex, T.
longibrachiatum, T. asperellum, and T.
atroviride-T. koningii  complex. ITS2
sequences were also useful for locating the
biocontrol strains in T. atroviride within the
complex T. atroviride-T. koningii. Pandian
et al.,31 characterised Trichoderma asperellum
strain Ta13 based on molecular analysis with
five different genes (ITS, cal, act, tef1 and
rpb2).

In vitro efficacy of Trichoderma spp. against
Fusarium incarnatum by dual culture
technique :

Out of Ten Trichoderma isolates, five
isolates are from highest disease incidence and
another five isolates from lowest disease
incidence areas of Andhra Pradesh and Tamil
Nadu, which were screened against Fusarium
incarnatum by dual culture technique (Table
3). Among the ten isolates, T9 shows the
maximum percent inhibition 75.6% followed
by T6 (71.0%) and T8 (69.0 %) and least
inhibition was observed in T2 (48.9 %). It is
observed that among the ten isolates of
Trichoderma,  five isolates from lowest
disease incidence shows maximum per cent
inhibition against Fusarium incarnatum
compared to isolates from highest disease
incidence areas may reveals the diseases
incidence is reduced due to the high rhizosphere
population of Trichoderma sp. and other
microbiota. Trichoderma as potential antagonist
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against the phytopathogen like R. solani, A.
alternata, C. lunata and F. oxysporum in dual
culture technique was reported by Tapwal et
al.54 and Prasad and Kumar32. Similarly,
Choudhary and Reena8 screened nineteen
isolate of T. harzianum, T. viride and T.
koningii by dual culture technique and liquid
culture filtrate assay against Fusarium
oxysporum f.sp. lentis; responsible for wilt
of lentil and observed significant growth

inhibition of pathogen.

Kucuk22 tested 18 Trichoderma
isolates against various Fusarium species
pathogen, among the isolates tested T16
against F. solani (84.4%), T10 against F.
moniliforme (82.8%), T6 against F. culmorum
(70 %), T3, T4 against F. verticilloides (83.3
%), F1 and F5 against F. chlamydosporum
(92.6 %) showed maximum inhibition rate in
dual culture method.

Phylogenetic tree

(370)
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In vitro ef ficacy of Trichoderma spp.
against Fusarium incarnatum by poison
food technique :

Out of Ten Trichoderma isolates, half
of the isolates are selected from lowest disease
incidence areas and another half are from
highest disease incidence areas of Andhra
Pradesh and Tamil Nadu. All the isolates are
screened against Fusarium incarnatum by
poison food technique and the values are
furnished in Table-4. Among the various
concentration tested @ 20 % shows maximum
percent inhibition over control in all the isolates
and the order as follows T9 (97.97), T6 (94.98),
T8 (93.45) and least inhibition was recorded
in the isolates T2 (89.07). The results are
supported by Hasan et al.14, who demons-
trated the culture filtrate of T. asperellum
inhibited the growth of F. oxysporum f.sp.
lycopersici. Among the four concentrations
tested (20%, 40%, 60% and 80%), maximum
percentage of inhibition value (90.49 mm) was
observed at 80% concentration. Likewise,
Upadhyay et al.55 tested the antagonistic
effect  of Trichoderma isolates against
sugarcane fusarium wilt caused by F. sacchari
by poison food technique, the growth inhibition
ranging between 1.4% (SER 43) to 44.2%
(SER10).

In the present study, All the isolates
are showed significant inhibition against virulent
isolate Fusarium incarnatum. Among the
isolates ten isolates tested T9 showed highest
inhibition against F. incarnatum in dual culture
assay and in Poison food technique. The
species identification of Trichoderma was
done by using PCR based technique eluted the
DNA at 570 bp. Trichoderma has been
commercial exploited for management of

various soil born pathogens since years, the
isolates are need to exploit more for further in
plant disease management. In future by
exploring new species of bioagents we may
open new gates to manage plant pathogens
effectively.
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