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ABSTRACT

Trichoderma, commonly available in soil and root ecosystems has gained immense 
importance since last few decades due to its biological control ability against several 
plant pathogens. Strain identification in situ is an important factor in the monitoring of 
microorganisms used in the field. In this study, six Trichoderma isolates which were 
identified as bio-control agents were used for characterization and identification up to species 
level on the basis of phenotypic characters and genotypic variations. The morphological 
characteristics studied were colony appearance, growth rate on PDA, the shapes and sizes of 
conidia, phialide and conidiophores, branching patterns of conidiophores and production of 
chlamydospores. However, due to the uncertainty of morphological data, it is often difficult tox 
identify the Trichoderma isolates precisely. Therefore, DNA of the isolates were subjected to 
PCR amplification with ITS-1 and ITS-4 primers and sequenced. According to the molecular 
analysis, five isolates were identified as T. Asperellum and one as T. Longibrachiatum.
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INTRODUCTION

A key element of sustainable agriculture is the ecological approach to solve problems 
with plant pathogens by the application of Bio-Control Agents (BCA). These BCAs include 
strains belonging to fungal genera such as Trichoderma, Candida, Gliocladium and bacterial 
genera such as Bacillus and fluorescent Pseudomonas. Among the BCAs, Trichoderma spp. is the 
most intensively studied fungal species. Trichoderma spp. are beneficial plant symbionts that act 
as natural bio-control agents against several important phytopathogenic fungi and it is one of the 
best known mycoparasites that could be used as a bio-control agent against many soil borne plant 
pathogens such as Fusarium, Rhizoctonia, Phytophthora, Sclerotinia and Altemaria. Trichoderma 
spp. develop exactly on other fungi’s hyphae, coils around them and degrades the cell walls. This 
action of parasitism restricts the development and activity of pathogenic fungi (Agrilinks, 2013).
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CHARACTERIZATION OF TRICHODERMA

Studying the behavior of these fungi as antagonists is essential for their effective use 
since they can act against target organisms in several ways. Therefore, the commercial use of 
Trichoderma BCAs must be headed by precise identification. Characterization and identification 
of strains at the species level is the first step in utilizing the full potential of fungi in specific 
applications. Morphological characterizations were used in the past and in recent years, several 
molecular biological techniques based on Polymerase Chain Reactions (PCR) have been used 
to detect and discriminate among microorganisms. Sequence analysis of the internal transcribed 
spacer (ITS) region has been helpful in the neotypification, description and characterization of 
species in the genus Trichoderma (Shahid et al., 2013). Therefore, the objective of this study is to 
characterize the Trichoderma spp. Phenotypically, based on cultural and microscopic observations, 
and genotypically, at species level with sequence analysis of the ITS region, for future use of 
producing large scale BCAs for Sri Lankan agricultural fields.

MATERIALS AND METHODS

Sample collection
The six Trichoderma isolates identified as bio-control agents were used in this study 

namely MARI, MAR3, JAP, KON, HAR and VIR. Those were obtained from the culture collection 
at Horticultural Crop Research and Development Institute, Gannoruwa.

Morphological characterization of isolates
Morphological observations were made from single spore cultures grown on Potato 

Dextrose Agar (PDA) at 28 oC under laboratory conditions. For observing colony characteristics 
and growth rate, a five mm mycelia disc taken from the actively growing cultures was placed at the 
center of petri dishes by using a cork-borer. The morphological characterization and identification 
were performed based on the online interactive key provided by Samuels et al. (2015) which 
included the phenotypic characters classified under colony appearance, sporulation pattern, growth 
rate, size and shape of conidia/ phial ides/ conidiophores, branching patterns of conidiophores, and 
the appearance of chlamydospores. Treatments were six times replicated and arranged as CRD 
and incubated at 28 oC. Daily observations were made for 4 days. Growth rate was measured 
using the following equation.

Growth rate of = Mean radius of Trichoderma colony (cm)
Trichoderma Time taken for colony measurements (days)
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Lengths and widths of conidiophores, phialide and conidia of the Trichoderma isolates were 
measured with a stereo microscope attached to a Nikon camera (Figure 1). The mean growth rates 
and the measurements of the Trichoderma structures were analyzed by MSTATC statistical

software.
Figure 1. M easurements taken under stereo microscope attached to a Nikon cam era.

A- Conidiophores (X200), B- Phialide (X400), C- Conidia (X400). (1) - Length 
(pm), (2) - Width (pm).

Molecular characterization
DNA extraction and PCR amplification of ITS region

The total genomic DNA was extracted from isolates of Trichoderma based on the 
Cetrimide Tetradecyl Trimethyl Ammonium Bromide (CTAB) extraction method of Crowhurst et 
al. (1995). All the samples were subjected to PCR amplification with universal primers, ITS-1 and 
ITS-4. The set of primers: ITS 1: 5’-TCCGTAGGTGAACCTGCGG-3\ which anneals at the end 
of 18S rDNA and ITS4: 5’-TCCTCCGCTTATTGATATGC-3\ which anneals at the beginning 
of 28s rDNA (White et al., 1990) amplify a fragment of 600 bp size. PCR amplifications were 
performed in a total volume of 10 pi by mixing 5pl of Taq PCR master mixture (Qiagen- 25 units 
Taq DNA polymerase, 200 pm of each dNTP and IX PCR buffer and 1.5 mm MgC12), 0.8 pi of 
each primer (10 mm), 0.5 pi of diluted (1:10) DNA template and 2.9 pi of sterilized distilled water. 
PCR program included an initial denaturation of 5 min at 94 oC, followed by 35 cycles of 1 min at 
94 oC, 1 min at 55 oC and 1 min at 72 oC with a final extension at 72 oC for 10 min using a thermo 
cycler (Labnet Gradient). PCR products were electrophorized in 1.4 % agarose gel for 01 h at 80 
V and visualized with a gel documentation system (ENDUROTM GDS). Promega- G571A 1 kb 
ladder was used as a marker.

19



CHARACTERIZATION OF TRICHODERMA

Sequencing and phylogenetic analysis of amplification products

The PCR products of the samples were sequenced (by Macrogen, Korea) and FASTA 

form of the result sequences were edited and analyzed using Basic Local Alignment Search 

Tool (BLAST). Multiple sequence alignment was then performed using Clustal W program. 

Phylogenetic dendogram was constructed by the neighbour-joining method and tree topologies 

were evaluated by performing bootstrap analysis of 1000 data sets using MEGA 4.

RESULTS AND DISCUSSION

Several Trichoderma spp. may occupy one ecological niche. Therefore, single spore 

cultures for isolates of Trichoderma were prepared. Due to homoplasy of morphological characters, 

it is often difficult to discriminate species as it requires wide fungal taxonomical knowledge 

(Druzhinina and Kopchinskiy, 2008). The morphological descriptors used for the characterization 

of Trichoderma isolates are presented in Table 1.

The growth rate of Trichoderma spp. is normally rapid. Colony radius was measured at 

24, 48, 72 and 96 h and radial growth rate was calculated. According to the results, Trichoderma 

isolates exhibited significantly different growth rates. The colony color changed from light green 

to dark green with the production of conidia after 48 h. The conidial shapes were observed to be 

globose to subglobose in all cultures while oblong to narrowly ellipsoidal in KON and the phialide 

shapes were observed to be straight and ampulliform in all cultures while cylindrical in KON. 

Chlamydospores were present in all five samples except for KON. However, the appearance of 

chlamydospores did not provide much information for the identification of Trichoderma isolates 

as all the chlamydospores observed were unicellular and uniform in appearance ranging from 

subglobose to globose.

20



Ta
bl

e 
1. 

K
ey

 m
or

ph
ol

og
ic

al
 d

es
cr

ip
to

rs
 u

se
d 

fo
r t

he
 c

ha
ra

ct
er

iz
at

io
n 

of
 T

ri
ch

od
er

m
a

M
or

ph
ol

og
ic

al
Ch

ar
ac

te
rs

 
Is

ol
at

es
M

A
RI

 
M

A
R3

 
JA

P 
HA

R.
 

K
O

N
 ,

. 
V

IR

TROPICAL AGRICULTURIST, VOL. 164, 2016

Ooo
Os

XOO

d o o (Dco
<D <+i O
P Lin a> Xu
00 3

CO
O O

O h
a

X oh
X
d

-a < O m

cd
aCD
pi

T3
O
fN

X00

£<L>d)
ob
*cd

cdo'C”0a
OO
O
£U O

>> cd•o
* '5 jd
o CO 3fccdC

.B4 ■ ■ oo<D
*53 pd

Xr-oo

ca> c2 o+-)
o <DS-i (DCO00 "3 O
x v a, X)op
X

u!cdT3
S
<

O
o

a>GOo

3)
X3

jd
300<U

Pd

£CD .2 o
o K (DCO

2.
05

d 4-*X00
X

oo
cd"a

3a. OXj2
O

0J
coO

X

'SoX)̂3

S-.
iS3oo<D
pd

cdocr-

£3' #oa> J-l—io <Di-i *
00Xop HE jn

’lH-H cd

u
COO

XO

<DcoO
XO
00 

X
a  w

jd
3)(U
Dd

**
Xvo
oo

Xoo

c<u(U
00
•Scd
T3

<2 a>coO
£X X
e °

<ucoO
X
O
00 

X
o  &

cd
300CD
Pi

x
%oS-i00
cdd>

*
3**
<L>
3

o
O

&o
o
O

OJa,
cd

XCO
« CdT3

^  QJ [O
cd Dh ?
3  2 3a. w U

j f  o
■S c 
s

PQ

QJ
t tcda, co

ni
di

op
ho

re
s 

A
pp

ea
ra

nc
e 

of
cl

am
yd

os
po

re
s 

Pr
es

en
t 

Pr
es

en
t 

Pr
es

en
t 

Pr
es

en
t 

A
bs

en
t 

Pr
es

en
t

*C
V

-1
2.

81
%

**
M

ea
ns

 fo
llo

w
ed

 b
y 

th
e 

sa
m

e 
let

ter
s 

ar
e 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t a

t a
 =

 0
.0

5.



CHARACTERIZATION OF TRICHODERMA

Trichodenna spp. used in this study had been identified as BCAs in the fields. According 
to the literature, the most common BCAs identified are T. harzianum, T. viride and T. koningii. 
According to Samuels et al. (2015), the cultural characteristic of T. harzianum is conidia forms 
densely over the center and in undulating concentric rings towards the edge and in many colonies 
conidia were first yellow in color and becomes yellow-green; often with yellow pigment diffusing 
in medium and conidia of T. viride is forming abundantly in conspicuous concentric rings with no 
diffusing pigment. The cultural characteristic of T. koningii is conidia typically forming moderately 
well in concentric rings with a diffusing yellow pigment. However, these characteristics were not 
observed in the respective Trichodenna samples used for this study.

Species of this genus produce a broad array of pigments from bright greenish-yellow 
to reddish in color, although some are colorless. Therefore, species identification within this 
genus through pigmentation is difficult because of the narrow range of variation of the simplified 
morphology in Trichoderma. Furthermore, the shapes of phialides and conidia were not applicable 
with the shapes of the known isolates. Nevertheless, the descriptions of the shapes of phialide and 
conidia were not categorically useful in identifying most of the isolates due to the confusion caused 
by the use of different terms in different literatures in describing the shapes of the phialide and 
conidia. Furthermore, noticeable differences in the sizes of phialides, conidia and conidiophores 
were observed in the cultures (Table 2).

There was a significant variation observed among the mean lengths and widths of 
the Trichoderma isolates. The measurements of conidiophores could not be served as an exact 
distinguishing characteristic for Trichoderma species identification because the conidiophores 
were observed to be highly branched and thus were difficult to define or measure. However, 
phialide and conidial sizes of these isolates were useful in narrowing down the possible number of 
Trichoderma species in the process of species identification (MARI = MAR3).

The morphological characteristics were generally found to be highly variable. Druzhinina 
and Kubicek (2005) stated that morphological analyses are highly prone to error. Therefore, based 
on these morphological results, it is often difficult to precisely identify the Trichoderma isolates. 
Hence, there was a necessity to use molecular techniques to compensate for the limitations of 
morphological characterization.
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CHARACTERIZATION OF TRICHODERMA

Molecular characterization
The PCR conducted using genus specific ITS1 and ITS4 primers successfully amplified 

an approximately 600bp fragment from all samples (Figure 2). The results were in accordance with 
Mukherjee et al. (2002) who studied the identification and genetic variability of the Trichoderma 
isolates.

Figure 2. ITS region amplified using primer pair ITSI and ITS4. Lane M- 1 kb marker, 1)- 
MAR 1, 2)-MAR 3 ,3)-JAP, 4)-Water control, 5)-KON, 6)-HAR, 7)-VIR

Hermosa et al. (2000) stated that any taxonomical study with Trichoderma spp. should 

include a higher number of strains for phylogentic analysis. Therefore, the phylogenetic trees 

(Figure 3) for each isolate were obtained by sequence analysis of ITS region based on 10 highly 

similar sequences obtained from Genbank. Although phylogenetic trees were drawn for each 

isolate with higly similar sequences for all the isolates (MAR3, JAP, KON, HAR, VIR), they were 

clustered separately. According to the BLAST and phylogenentic results (Table 3), MAR3 showed

98 % nucleotide identity with T. asperellum from Vietnam, China, India and Brazil. JAP showed 

100 % nucleotide identity with T. asperellum from Japan, China, Brazil and Italy. KON showed 98 

% identitiy with T. longibratiachum from India, Vietnam, Australia.and Malaysia. HAR showed

99 % nucleotide identity with as T. asperellum from China and Brazil while VIR showed 99 % 

nucleotide identity with T.asperellum from China, Indonesia, Brazil and India.
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CHARACTERIZATION OF TRICHODERMA
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Figure 3. Phylogenetic trees constructed using MEGA 4.0 at 1000 bootstrap value showing the 
relationship of (A) MAR 3, (B) JAP, (C) KON, (D) HAR and (E) VIR with other 
closely related species.

CONCLUSIONS

Based on the molecular analysis through ITS regions, among the 6 isolates, five were 
identified as T. asperellum and one as T. longibrachiatum. Morphology based technique was not 
accurate.
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