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ungal pathogens can cause danger-

ous and invasive diseases in eco-

nomic plants in the world. The pathogenic 

fungi, in particular, soil borne pathogens 

act a significant agent in the important 

losses of agricultural resources in the de-

veloping world. Accurate and definitive 

fungal identification are essential for cor-

rect disease diagnosis and treatment of 

associated with fungal infections. Biologi-

cal control of plant pathogens using 

Trichoderma species becomes a natural 

friendly ecological approach to overcome 

hazards associated with chemical fungi-

cides which cause of many environmental 

pollutions and development of resistant 

strains (Widyastuti et al., 2003). Antago-

nistic strains of Trichoderma have indirect 

and direct mechanisms for inhibition 

growth of plant pathogenic fungi and im-

prove the overall health of plants, indirect-

ly by competing for nutrients and space. 

The indirect and direct mechanisms may 

act coordinately, and their importance in 

the biocontrol process depends on the 

Trichoderma spp., the crop plant and the 

environmental conditions (Benitez et al., 

2004). The antagonistic and mycoparasitic 

potential of the T. asperellum strains were 

evaluated in vitro and in vivo, and they 

showed that all T. asperellum strains were 

antagonistic to Pythium myriotylum by 

Mbarga et al. (2012). The antagonistic 

activity of 30 isolates of T. asperellum 

against four different isolates of Fusarium 

oxysporum was evaluated. All the isolates 

of T. asperellum significantly reduced the 

mycelial growth of Fusarium isolates with 

a significant variation in the growth reduc-

tion of Fusarium isolates depending on 

the activity of T. asperellum isolates. The 

ability of Trichoderma to parasitize and 

kill other fungi has been the major driving 

force behind the commercial success of 

these fungi as bio-fungicides (Segarra et 

al., 2010). The genome size of 

mycoparasites of Trichoderma species 

ranged from 36.1 Mb to 40.98 Mb. The 

genome size of T. asperellum is 37.4 Mb 

(Druzhinina et al., 2011). The results of 

many previous studies were summarized 

and they documented that T. asperellum 

and T. asperelloides are highly 

rhizosphere competent and are able to 

stimulate growth and immune defense of 

plants. Trichoderma viride as a biological 

control agent was inoculated into the soil, 

to suppress the activity of the pathogenic 

fungi Fusarium oxysporum and 

Rhizoctonia solanion in tomato (Harman 

F 
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et al., 2004). Trichoderma species were 

characterized and distinguished by mor-

phological characteristics and provided 

detailed observations on the morphologi-

cal characters of defined species in 

Trichoderma. Taxonomy of Trichoderma 

is based on morphological characteristics 

alone for detecting Trichoderma has not 

led to a satisfactory taxonomy between 

Trichoderma species (Samuels et al., 

2004). In contrast, molecular techniques 

such as PCR and DNA sequencing are 

very sensitive, reliable and rapid methods 

for species detection. Molecular markers 

demonstrate the variation in DNA se-

quences within and between the species 

and provide the basis for precise identifi-

cation. Polymerase chain reaction (PCR) 

methods have found widespread use for 

pathogen identification, and a number of 

PCR-based assays have been developed 

for use in the diagnosis and characteriza-

tion of Trichoderma species (Jaklitsch, 

2009). The rRNA is essential for the sur-

vival of all cells and the genes encoding 

the rRNA are highly conserved in the fun-

gal and other kingdoms. The universal 

primers were used for amplification of the 

18S rRNA gene fragment and strain was 

characterized by using 18S rRNA gene 

sequence. The identified strain T. 

atroviride TAU8 based on phylogenetic 

tree analysis together with the 18S rRNA 

gene sequence. The sequences of the 

rRNA and proteins comprising the ribo-

some are highly conserved throughout 

evolution because they require complex 

inter and intra-molecular interactions to 

maintain the protein synthesizing machin-

ery (Singh et al., 2014). Molecular tech-

niques such as RAPD and rRNA sequenc-

ing have been used widely for taxonomic 

conclusions in various organisms includ-

ing Trichoderma spp. Therefore, it is nec-

essary to correlate molecular phylogeny 

with morphological and other biochemical 

and physiological traits (Kim et al., 2000). 

In eukaryotic cells, rRNA cistrons made 

up of 18S, 5.8S and 28S rRNA genes are 

transcribed by RNA polymerase I. Then, 

RNA splicing of the cistrons will remove 

the two internal transcribed spacers flank-

ing the 5.8S gene. The two spacers, to-

gether with the 5.8S gene, are normally 

referred to as the ITS region (Schoch et 

al., 2012). The rRNA genes are universal-

ly conserved while the ITS region and 

intergenic spacer (IGS) are highly varia-

ble. The ITS region and IGS region are the 

fastest evolving regions and they may 

vary among species within a genus. Thus, 

the sequences of these regions can be used 

for identification of closely related species 

(Lieckfeldt et al., 2002; White et al., 

1990). However, understanding the genet-

ic variability within Trichoderma strains 

and their biological and biochemical activ-

ities are necessary to improve the selec-

tion of the different isolates as biocontrol 

agents (Consolo et al., 2012). To the best 

of our knowledge, there is no information 

on the occurrence of T. asperellum in 

Egypt and this is the first report of the 

occurrence and isolation of T. asperellum 

from Egyptian soils. The present study 

aims to (1) isolate and identify new bio-

fungicides from Egyptian soils using mor-

phological and molecular characters, (2) 

assess the potential antagonistic activity of 

Trichoderma isolates against Fusarium 
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semitectum and Alternaria alternata (3) 

Provide new bio-fungicides for Egyptian 

researchers to control of some plant path-

ogens (Fusarium and Alternaria) and to 

overcome hazards associated with chemi-

cal fungicides which cause of many envi-

ronmental pollutions and development of 

resistant strains reduce the risk of the use 

of synthetic fungicides. 

MATERIALS AND METHODS 

Collection of rhizosphere samples  

Soil samples were collected from 

rhizosphere of different crops includes 

Vicia faba, Vigna unguiculata and 

Phaseolus vulgaris grown in agricultural 

fields, Fayoum governorate, Egypt. From 

each crop, the soil particles tightly ad-

hered with root surface were removed 

separately and collected in sterile polyeth-

ylene bags, which were transported to the 

laboratory and stored at 4C until use. 

Isolation of Trichoderma from collected 

samples  

The genus of Trichoderma isolates 

were isolated from rhizosphere samples 

according to soil dilution plate method 

described by Kucuk and Kivanc (2003), 

with some modifications. One ml of each 

appropriate dilution (10
-3 

to 10
-5

) was pi-

petted in petri dishes. Sterilized Rose 

Bengal Agar medium (RBA) was cooled 

to 45C and then poured and left to solidi-

fy. All plates were incubated at 28C for 7 

days. The culture plates were examined 

daily and individual colonies were isolated 

and purified, then transferred to fresh po-

tato dextrose Agar medium (PDA). Dis-

tinct morphological characteristics were 

observed for identification and the plates 

were stored at 4C for further experi-

ments. 

Morphological characterization and mi-

croscopic study of Trichoderma isolates 

Morphological characterizations, 

including (mycelial color, colony texture 

and shape) and microscopic observations, 

including (conidia shape, conidia color, 

conidiophore - branching, phialide width 

and phialide length) were conducted ac-

cording to Sharma and Singh (2014). Con-

sidering all the morphological characters, 

isolates of Trichoderma were placed under 

suitable group according to an interactive 

key provided by Samuels et al. (2002) at 

http://nt.arsgrin.gov/taxadescriptions/keys/

FrameKey.cfm? gen= Trichoderma. 

Screening of Trichoderma isolates for 

their chitinase production  

Colloidal chitin was prepared ac-

cording to the method used in our labora-

tory (Hassan et al., 2015). Based on the 

morphological characterization and micro-

scopic study, isolates Tas 1, Tas 2, Tas 3 

and Tas 4 were screened for chitinase pro-

duction by using the method of Agrawal 

and Kotasthane (2012). Chitinase detec-

tion medium contained the following 

components (g/litter): colloidal chitin (4.5 

g), MgSO4.7H2O (0.3 g), (NH4)2SO4 (3.0 

g), KH2PO4 (2.0 g), citric acid monohy-

drate (1 g), agar (15 g), bromocresol pur-

ple (0.15 g) and 200 μl of tween-80. The 

agar medium was autoclaved at 121C for 

http://nt.arsgrin.gov/taxadescriptions/keys/FrameKey.cfm?%20gen=%20Trichoderma.
http://nt.arsgrin.gov/taxadescriptions/keys/FrameKey.cfm?%20gen=%20Trichoderma.
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15 min. then cooled to 45C and the pH 

was adjusted to 4.7 by 1N sterile HCL. 

Fresh culture plugs of the Trichoderma 

isolates were placed in the middle of the 

agar plates and incubated at 28C for 7 

days. Chitinase activity exhibited by 

Trichoderma isolates was determined by 

measuring the diameter of the purple color 

zone after 7 days incubation. 

In vitro antagonistic effect of 

Trichoderma isolates against plant path-

ogen fungi 

Pathogenic fungi (Fusarium 

semitectum and Alternaria alternata) were 

kindly donated by Plant pathology de-

partment, Faculty of Agriculture, Fayoum 

University, Egypt. T. asperellum isolates 

were evaluated for their potential to an-

tagonize the plant pathogenic fungus of A. 

alternata and F. semitectum in vitro using 

a dual culture technique according to the 

bioassay method described by Zhang and 

Wang (2012). Petri dishes with the PDA 

medium were inoculated with discs five 

millimeters in diameter of the six-day old 

culture of selected Trichoderma isolates 

and the pathogenic fungi (A. alternata and 

F. semitectum).The discs of Trichoderma 

isolates and pathogenic fungi were placed 

on the opposite sides of each petri dish. 

The dual culture was incubated at 28C 

for 7 days and the zone of inhibition was 

measured. Three replicates were used in 

each test and for each Trichoderma iso-

lates, the percentage inhibition of the av-

erage radial growth was calculated in rela-

tion to the growth of the control according 

to Mokhtar and Aid (2013) as the follow-

ing: L= (C-T/C) X 100. Where L: percent-

age inhibition in the growth of the patho-

gen, C: radius (cm) of the pathogen colo-

ny in control culture, T: radius (cm) of the 

pathogenic colony in the treatment.  

Genomic DNA isolation from selected 

Trichoderma isolates 

Mycelium of Trichoderma isolates 

collected from 7 days old culture plates 

and 250 mg mycelium were added to 2 ml 

tubes and used to extract DNA using 

theWizard® Genomic DNA Purification 

Kit (Promega, USA). 

PCR amplification of rDNA region of 

Trichoderma isolates 

PCR was performed using two uni-

versal primers ITS1 (5’- 

TCCGTAGGTGAACCTGCGG -3’) for 

forward primer and ITS4 (5’-TCC TCC 

GCT TAT TGA TAT GC-3’) for the re-

verse primer to amplify the Internal Tran-

scribed Spacer1 (ITS) regions between the 

small and large nuclear rDNA region of 

selected Trichoderma isolates (Tas1, 

Tas2, Tas3 and Tas4). Sequences of pri-

mers were commercially designed accord-

ing to White et al. (1990). PCR reactions 

were performed in a total volume of 50 μl, 

containing 100 ng of the  template DNA, 

0.2 µM concentration of each primer, 200 

µM concentration of each dNTPs and 

2.5U of Taqpolymerse enzyme in 10X 

PCR buffer (100mM Tris-HCl, pH 8.3, 

500 mMKCl). PCR amplification was 

performed in a thermal cycler 2720 (Ap-

plied Biosystems, USA).The amplification 

program consisted of an initial denatura-
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tion step at 95C for 5min, 35 cycles of 1 

min denaturation at 94C, 1 min primer 

annealing at 55C, 2 min extension at 

72C, and a final extension for 10 min at 

72C. Expected molecular size (600 bp) of 

PCR products were checked by electro-

phoresis on 2% agarose gel and stained 

with ethidium bromide for visualization 

under UV light. The amplified PCR prod-

uct was purified using Montage PCR 

Clean up Kit (Millipore), following manu-

facture instructions to remove unincorpo-

rated PCR primers. 

Sequencing of ITS region of 

Trichoderma isolates 

The purified PCR products of ap-

proximately 600 bp were subjected to se-

quencing through lab technology services 

located in Korea and performed at Ap-

plied Biosystems model 3730XL automat-

ed DNA sequencing system.  

Computational analysis (Blast) and con-

struction of phylogenetic tree 

The data of the nucleotide se-

quence of the ITS regions of r RNA ob-

tained from the four Trichoderma isolates 

were compared with ITS sequences col-

lected from Trichoderma sequences avail-

able in GenBank database 

(http://www.ncbi.nlm.nih.gov/ Blast). The 

nucleotide sequences were aligned using 

Clustal W multiple sequence alignment 

(Thompson et al., 1994). The phylogenet-

ic dendrogram was constructed by the 

neighbour-joining method using MEGA 

version 5 software program (Molecular 

Evolutionary Genetic Analysis) according 

to the method of Tamura et al. (2011). 

RESULTS AND DISCUSSION 

Isolation and morphological identifica-

tion of Trichoderma isolates 

Fifteen Trichoderma isolates were 

isolated from samples collected from 

rhizosphere soil of different cultivation 

crops. Genus and species level identifica-

tion of Trichoderma isolates were done 

based on morphological and microscopic 

observation. The confirmation of species-

level identification of Trichoderma iso-

lates was carried out according to an inter-

active key provided by Samuels et al. 

(2002) at http://nt.ars-grin.gov/ 

taxadescriptions/keys/FrameKey.cfm? 

gen-Trichoderma. Four out of fifteen 

Trichoderma isolates were belonging to T. 

asperellum strains according to their mor-

phological characters and an interactive 

key. All four T. asperellum grow rapidly 

on PDA forming a smooth surfaced, wa-

tery white mycelia mat which soon be-

comes whitish green and then dull green 

with the production of conidia. The iso-

lates possessed repeatedly branched co-

nidiophore, smooth central axis from 

which secondary branches arise and tend 

to be paired. The size of conidia and some 

morphological characteristics of the se-

lected T. asperellum isolates are summa-

rized in Table (1). Colony appearance of 

the four T. asperellum isolates grows on 

PDA for 7 days at 28C was shown in Fig. 

(1). The colony of four T. asperellum iso-

lates (Tas1, Tas2, Tas3 and Tas4) showed 

grew moderately forming rings of dense 

http://www/
http://nt.ars-grin.gov/
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conidial production, hyphae lawn, 

mycelial sparse and grew close to the agar 

aerial mycelium, conidiophore regularly 

branched and typically paired, phialide 

straight, conidia L/W 1.1-1.2 µm, green to 

dark green. Chlamydospore typically 

abundant within one week, terminal or 

infrequently intercalary, hyphae, 

subglobose, terminal, smooth and pale 

green. No distinct pigments were detected 

(Table 1 and Fig. 2). Morphological char-

acterization was conventionally used in 

the identification of Trichoderma species, 

and it remains as a potential method to 

characterize and distinguish Trichoderma 

species (Samuels et al., 2002; Anees et al., 

2010). The few morphological characters 

with limited variation may lead to an over-

lap and misidentification of the strains and 

showed the necessary of DNA-based 

characters to complete identification evi-

dent from the present study. 

Screening of selected Trichoderma 

asperellum isolates for chitinase produc-

tion and their activity  

Primary screening of chitinase pro-

ducing Trichoderma is essential to obtain 

an efficient biocontrol agent. Each of the 

four T. asperellum isolates was screened 

for chitinolytic enzyme production based 

upon the color intensity and the diameter 

of the purple colored zone surrounding the 

colony on chitinase detection medium in 

shorter time. The results of chitinase pro-

duction were presented in Fig. (3). Purple 

color zone was due to bromocresol purple 

that was supplemented with media as a pH 

indicator. As the medium containing col-

loidal chitin, Trichoderma breaks down 

the chitin with the chitinolytic enzymes, 

changing chitin to N-acetylglucosamine, 

which is fundamental in nature. Thus, 

change in the pH from acidic to basic, 

color of media also changes from yellow 

to purple color (Kotasthane and Agrawal, 

2009). Chitin agar plate has been used 

earlier for isolating chitinolytic microor-

ganisms by observing clear zone around 

the colony of microorganism (Wirth and 

Wolf, 1990).  

In vitro antagonistic efficacy of 

Trichoderma asperellum isolates against 

plant pathogenic fungi 

The antagonistic effect of the four 

T. asperellum isolates was observed 

against F. semitectum and A. alternata in a 

dual culture growing on PDA at 28C 

after 7 days. The inhibitions of mycelial 

growth of pathogenic fungi were shown in 

Fig. (4). In all the dual culture plates test-

ed, the contact zone was a curve, with the 

concavity oriented towards the pathogenic 

fungi. In the negative control plates, only 

pathogenic fungi were inoculated (Fig. 4). 

The results represented in Fig. (5) showed 

that all selected T. asperellum isolates 

exhibited inhibition on the mycelial 

growth of A. alternata and F. semitectum. 

The highest inhibition percentage against 

A. alternata was recorded for 

Trichoderma isolate Tas 4 (69.23%), fol-

lowed by Tas3, Tas1 and Tas2 which were 

63.07, 60.0 and 58.46%, respectively, 

while, the highest inhibition percentage 

against F. semitectum was recorded for 

Tas1 (64%), followed by Tas2, Tas4 and 
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Tas3 which were 61.33, 60.0 and 58.66%, 

respectively. The potentiality of 

Trichoderma spp. as biocontrol agents of 

phytopathogenic fungi in several crops are 

well known especially to Fusarium spp. 

and Rhizoctonia spp. (Poddar et al., 2004; 

Rojo et al., 2007). Trichoderma sup-

pressed the growth of F. semitectum 

through the overgrowth. In another case, 

Trichoderma was observed to cluster 

around F. semitectum by the formation of 

small tufts thus limiting the growth of the 

pathogen of sheath blight. The formation 

of sclerotial bodies of F. semitectum was 

suppressed (Shalini and Kotasthane, 

2007). Tondje et al. (2007) reported that 

direct mycoparasitism is considered to be 

the main mechanism of action for T. 

asperellum. The curvature of the contact 

area between the colony of antagonistic 

fungi and the colony of pathogenic fungi 

in the same PDA medium depends on the 

growth rate of the colonies. If one colony 

has a faster growth rate than the other, a 

curve in the contact zone will most proba-

bly be observed. However, the average 

inhibition percentage of mycelial growth 

of pathogenic fungi was frequently used 

and shown to be a useful way in assessing 

the antagonistic potential of the antagonis-

tic fungi. Overall the four T. asperellum 

isolated in this study have the ability to 

inhibit the mycelial growth of A.  

alternata and F. semitectum (Petrescu et 

al., 2012). This result was in agreement 

with the results found by Ommati and 

Zaker (2012), they found that T. 

asperellum had the highest inhibition of 

the growth of F. oxysporum. T. asperellum 

was used as an efficient biological control 

agent in controlling Fusarium wilt in to-

mato (Segarra et al., 2010). The rapid 

growth of Trichoderma is an important 

advantage in competition with plant path-

ogenic fungi for space and nutrients (Dea-

con and Berry, 1992). 

PCR amplification of ITS region of 

rDNA of Trichoderma asperellum iso-

lates 

Genomic DNA of the four selected 

T. asperelllum isolates was analyzed by 

PCR amplification of rDNA gene includ-

ing 5.8S gene and the flanking intergenic 

transcribed spacer ITS region of rDNA. 

Amplification of the ITS with primers 

ITS1 and ITS4 yielded a single product 

estimated by gel electrophoresis of ap-

proximately 600 bp from all the four PCR 

amplification produced from isolates of T. 

asperellum. In this study, the morphologi-

cal identification of Trichoderma isolated 

from Egyptian rhizosphere soils was com-

plemented by a molecular identification 

based on internal transcript spacers (ITS 

region) of rDNA sequences. Based on the 

phenotypic characteristics (colony texture, 

conidia, phialides, chlamydospore and 

conidiophore) and genotypic characteris-

tics (ITS region of 18S rRNA), Tas1, 

Tas2, Tas3 and Tas4 were identified as T. 

asperellum. These results indicate that 

molecular systematic studies based on the 

sequence of ITS region are important for 

confirmation of phenotypic characteriza-

tion of Trichoderma isolates. The rRNA is 

essential for the survival of all the cells 
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and the genes encoding rRNA is highly 

conserved in the fungal. In eukaryotes, the 

genes encoding ribosomal RNA are orga-

nized in arrays which contain repetitive 

transcriptional units involving 16-18S, 

5.8S and 23-18S rRNA, two transcribed 

intergenic spacers ITS1 and ITS2. These 

units are transcribed by RNA polymerase 

1 and separated by non- transcribed 

intergenic spacer (IGS). The product of 

RNA polymerase 1 is processed in the 

nucleolus, where the ITS 1 and ITS2 are 

excised and three types of rRNA are pro-

duced (Shahid et al., 2014). The ITS se-

quence was chosen for this analysis be-

cause it has been shown to be more in-

formative with various sections of the 

genus Trichoderma (Kuhls et al., 1997; 

Ospina-Giraldo et al., 1998).  

Sequencing of ITS region of 

Trichoderma asperellum isolates and 

Phylogenetic analysis  

The sequence of the four selected 

T. asperellum isolates was done to con-

firm species identified previously, accord-

ing to their morphological and microscop-

ic observation. PCR products amplified 

from the four T. asperellum isolates were 

sequenced. They could be aligned and a 

consensus sequence was generated from 

each alignment made. Then, BLAST was 

used to determine the species identity of 

Trichoderma isolates. The sequences of 

ITS region of the four T. asperellum iso-

lates were submitted to GenBank under 

the following accession numbers 

(KC898190, KC898191, KC898192 and 

KC898193) for the T. asperellum isolates 

(Tas1, Tas2, Tas3 and Tas4), respectively. 

The Phylogenetic tree obtained by se-

quence analysis of ITS1 and ITS4 of our 

T. asperellum isolates and the sequences 

of 25 Trichoderma spp obtained from 

NCBI, GenBank is represented in Fig. (6). 

According to the NCBI BLAST search of 

the sequence of our T. asperellum isolates 

against the sequences of 25 other 

Trichoderma spp. Trichoderma isolates 

(Tas1, Tas2, Tas3 and Tas4) were identi-

fied as T. asperellum (Fig. 6). 

To the best of our knowledge, this 

is the first report on the occurrence and 

isolation of T. asperellum from Egyptian 

soils. The main reasons of this limitation 

may be due to most of the studies, depend-

ing on the morphological characterization 

key of Rifai (1969) for identifying the 

Trichoderma spp. In conclusion, our re-

sults suggest that molecular identification 

is very important to identify the 

Trichoderma species and it must be used 

to confirm morphological approaches in 

the identification of Trichoderma isolates. 

Each of the two methods has owned 

strengths and limitations. Accordingly, we 

must use combine morphological and mo-

lecular methods for successful identifica-

tion of Trichoderma isolates. Worth men-

tioning that, the four T. asperellum iso-

lates (Tas1, Tas2, Tas3 and Tas4) were 

high producers for chitinase and showed 

high antagonistic activity against the test-

ed pathogenic fungi. However, further 

study must be done for developing these 

isolate as a new bio-fungicides at large 

scale production. 
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SUMMARY 

Hydrolytic enzymes producing 

Trichoderma species have long been rec-

ognized as an agent for controlling plant 

diseases caused by various 

phytopathogenic fungi. This study aims to 

isolate and characterize of new bio fungi-

cides from Egyptian soils and assess of 

their antagonistic activity against some 

pathogenic fungi (Fusarium semitectum 

and Alternaria alternata). Four isolates of 

the Trichoderma asperellum were isolated 

from rhizosphere soil of different host 

plants collected from Fayoum gover-

norate, Egypt. The isolates were character-

ized according to morphological charac-

terization, microscopic observations and 

confirmed by sequencing of the ITS re-

gion of 18S rRNA. Trichoderma 

asperellum isolates were evaluated for 

their potential to antagonize the plant 

pathogenic fungi (F. semitectum and A. 

alternata) in vitro using the dual culture 

technique. Four out of twenty 

Trichoderma isolates (20%) were identi-

fied as T. asperellum based on morpholog-

ical characteristics and confirmed by se-

quencing of ITS region of 18SrRNA. The 

four selected T. asperellum isolates (Tas1, 

Tas2, Tas3 and Tas4) were screened for 

their ability to produce chitinase on solid 

agar medium using bromocresol purple for 

developing the clear zone around colonies, 

and characterized due to its antagonistic 

effect against mycelial growth of patho-

genic fungi. These results indicate that 

molecular systematic studies based on the 

sequence of ITS region are important for 

confirmation of phenotypic characteriza-

tion of Trichoderma isolates. To the best 

of our knowledge, there is no information 

on the occurrence of T. asperellum in 

Egypt and this is the first report of the 

occurrence and isolation of T. asperellum 

from Egyptian soils. 
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Table (1): Some morphological and microscopic characters of Trichoderma asperellum iso-

lates.  

Morphological 

and microscopic 

characters 

Trichoderma asperellum isolates 

Tas1 Tas2 Tas3 Tas4 

Conidiation ring like zones 
ring to like 

zone 

ring to like 

zone 

ring to like 

zone 

Conidiophores 

branching 

branches typi-

cally paired 

branches typi-

cally paired 

branches typi-

cally paired 

branches typi-

cally paired 

Phialide shape Flask-shaped Flask-shaped Flask-shaped Flask-shaped 

Phialide L/W ratio 2.4 µm 2.3 µm 2.4 µm 2.3 µm 

Conidial shape 
Subglobose to 

ellipsoidal 

Subglobose to 

ellipsoidal 

Subglobose to 

ellipsoidal 

Subglobose to 

ellipsoidal 

Conidia L/W ratio 1.2µm 1.1 µm 1.2 µm 1.1 µm 

Conidial wall smooth smooth Smooth smooth 

Appearance on 

agar 

green to olive 

green 
green Green dark green 

Chlamydospore found found found found 

Temperature op-

timum (PDA) 
28 °C 28 °C 28 °C 28 °C 

Colony radius on 

PDA at 280C after 

72 h 

39 mm 40mm 41mm 38mm 

Pigmentation on 

medium 
Not found Not found Not found Not found 
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Fig. (1): Colony characteristics of Trichoderma asperellum isolates after cultured on potato 

dextrose agar (PDA) at 28°C for 7days. 

 

Fig.(2): Microscopic observation of conidiophore, conidia, spore and chlamydospores of 

Trichoderma asperellum isolates. (A) Conidiophore, (B) Conidia, (C) Spores, (D) 

Chlamydospores. 

 

 

 

 

 

 
 

 

 

 

Fig. (3): Chitinase activity screening of Trichoderma asperellum isolates (Tas1, Tas2, Tas3 

and Tas4) after seven days of inoculation in chitinase detection medium supple-

mented with colloidal chitin. C: control, B: The pictures were taken from the bot-

tom side of petri dishes. 
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Fig. (4): Antagonistic activity of Trichoderma asperillum against Fusarium semitectum (A) 

and Alternaria alternata (B) evaluated interaction on dual culture. 

C: Control [A: F. semitectum  and B:  A. alternata ], Tas1         Tas4: T. asperillum 

isolates. 

 
Fig. (5): Antagonistic effect of 

Trichoderma asperellum 

strains on the percentage 

inhibition   of radial col-

ony growth of Alternaria 

alternata and Fusarium 

semitectum after seven 

days inoculation in dual 

culture. 

A 

B 
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Fig. (6): The Phylogenetic tree obtained by sequence analysis of ITS1 and ITS4 sequence of 

the four Trichoderma isolates and the sequences of other 25 Trichoderma species 

obtained from GenBank  


