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T richoderma is considered one of
the most efficient biocontrol agents
(Yao et al. 2023). Its robust reproductive
capacity, stress tolerance, ability to effi-
ciently use nutrients to modify the rhizo-
sphere, aggression towards phytopatho-
genic fungus, ability to promote plant
growth, induction of defensive mecha-
nisms, and provision of numerous sec-
ondary metabolites (Kredics et al. 2024),
enzymes (Elad 2000), and pathogenesis-
related (PR) proteins (Yadav et al. 2021)
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all contribute to its unique characteristics.
Because of these characteristics, Various
strains of Trichoderma represent around
90% of all fungal biological control
agents, especially diseases caused by Rhi-
zoctonia  solani and  Macrophomina
phaseolina, which considered highly de-
structive soil-borne pathogenic fungi.
Native Trichoderma strains indigenous to
the crop rhizosphere are likely superior in
serving as biocontrol agents. This is due

to their proximity to plant roots, which
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increases the likelihood of establishing
endophytic relationships. Trichoderma
uses direct and indirect techniques, such
as antibiosis, nutritional competition, and
mycoparasitism, to combat pathogenic
fungal strains (Lahlali et al. 2022). During
direct mycoparasitism, Trichoderma ei-
ther generates hook- and appressorium-
like structures or coils around pathogenic
fungal hyphae (Ghasemi et al. 2019). The
subsequent phase involves enzymatic and
mechanical penetration of the pathogen
by Trichoderma. These enzymes are pri-
marily chitinases and other enzymes, such
as [-glucanases and proteases. Thus,
Trichoderma effectively breaks down the
cell wall components of pathogens. In
antibiosis, Trichoderma produces volatile
and nonvolatile compounds that either
cause growth inhibition or induce changes
in phytopathogens (El-Hasan et al. 2022).
Indirect mechanisms include plant growth
promotion, nutritional and space competi-
tion, and plant systemic resistance induc-
tion (Elhamouly et al. 2022). One major
antagonistic mechanism that Trichoderma
spp. is known to exhibit is mycoparasit-
ism. (Mukherjee et al. 2022). Thus, it is
believed that Trichoderma chitinolytic
strains are among the most efficient bio-
control agents for various diseases in
plants. (Yadav et al. 2021). The extensive
distribution of Trichoderma in various
ecological habitats has been crucial in
influencing the evolution of this species,
promoting substantial genetic variation.
Therefore, Trichoderma species must be
accurately identified and characterized to
effectively maximize their potential in

specific applications. Additionally, spe-
cies identification must be accurate be-
cause of the similar morphology and
complex taxonomy of Trichoderma
(Hermosa et al. 2000). Morphology alone
is not sufficient for accurate identification
of Trichoderma species, especially when
dealing with genetically diverse groups
such as the T. harzianum or T. viride
complex, which are characterized by vari-
able morphology. Many researchers have
identified inaccuracies in Trichoderma
taxonomy using only morphological char-
acters, confirming the necessity of phy-
logenies based on sequencing data. Anal-
ysis methods based on DNA have been
developed to construct a better taxonomy
of the Trichoderma genus. One of signifi-
cant and unique techniques for identifying
different species is DNA barcoding,
which mainly uses the nuclear rRNA ITS
region (Raja et al. 2017). At the present
time, more than 400 species have legiti-
mate names in Mycobank, and most of
them have been described based on phy-
logenetic analyses of DNA sequences.
This study aims to identify isolates accu-
rately at the species level via DNA se-
quence analysis of ITS region within the
current taxonomic framework. Addition-
ally, the present investigation aims to
evaluate the isolates’ potential to funci-
tion as biological control microorganisms
against two of most devastating soil-borne
pathogenic fungi “Rhizoctonia solani and
Macrophomina phaseolina”, which are
recognized for causing substantial crop
losses globally (Zhao et al. 2024).
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MATERIALS AND METHODS

Trichoderma isolation and morphologi-

cal characterization

Representative soil samples from
each site containing different cultivated
crops were collected from nine gover-
norates in Egypt (Cairo, Giza, Qalyubia,
Dakahlia, Gharbia, Damietta, Beheira,
Menoufia, and Kafr El-Sheikh) (Fig. 1).
Trichoderma isolation and morphological
characterization were conducted in ac-
cordance with the description provided by
Fahmi et al. (2016).

Molecular identification of Trichoder-

ma

DNA was extracted via the Riffi-
ani et al. (2021) technique Amplification
procedure using PCR technique was ap-
plied to the complete fragment of Internal
Transcribed Spacers (ITS 1 and 2, and
5.8S rRNA) (Table 1).

PCR amplification was conducted
in a 50 pL reaction system comprising 25
puL of PCR master mix (Promega Corp.,
Madison, Wisconsin), 1 pL of each pri-
mer, 1 uL. DNA template, and 22 uL of
ddH,0. The PCR program amplification
was set up as described in Table (2).

After that, the PCR products un-
dergo purification and sequencing bidirec-
tionally by Beijing Liuhe BGI Gene
Technology Co., Ltd. (Beijing, China) via
Sanger sequencing. The sequences of ITS
locus were checked for quality, trimmed,
and assembled into reference sequences to

generate consensus sequences via Se-
quencher® 5.4.6 software from Gene
Codes Corporation, Ann Arbor, MI, USA
BLAST
analysis was performed for each gene

(http://www.genecodes.com).

locus separately to authenticate the identi-
fication of the obtained isolates. The con-
sensus sequences were submitted to Gen-
Bank to obtain accession numbers.

Phylogenetic analysis

A BLAST search using the ob-
tained ITS gene sequences in the NCBI
GenBank database was conducted. The
ITS gene sequences of the isolates were
retrieved from GenBank and aligned via
the MUSCLE program (Edgar 2004), and
the resulting alignment was further ad-
justed via BioEdit 7.2.5 software (Hall et
al. 2011). For phylogenetic and molecular
evolutionary analyses, the maximum like-
lihood (ML) method was employed via
MEGA version 11 (Tamura et al. 2021),
with 1,000 bootstrap replicates used to
assess statistical support. Finally, the ob-
tained ML tree was illustrated via Figtree
vl.4.4 software
(http://tree.bio.ed.ac.uk/software/figtree/),
which provides a distinct depiction of the

evolutionary connections among the iso-
lates.

Antagonistic assay

A dual culture assay was employed
to assess the potential antagonistic activi-
ty of 31 Trichoderma spp. isolates against
R. solani or M. phaseolina (Dhingra and
Sinclair 1995) that were provided by Ag-
ricultural Botany Department, Faculty of
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Agriculture, Menoufia University. The
radial growth inhibition percentage of the
pathogen was determined via the follow-
ing equation:(%) Inhibition in Mycelial

Dbz 100
D1

Growth =

Where D1 = pathogen radial growth in the
control, while D2 = pathogen radial
growth in dual culture (with the an-
tagonist).

Finally, the antagonistic types of
Trichoderma isolates were identified in
accordance with Fahmi et al. (2016).

Data analysis

Analyses of the average diameter
of the pigmented region on agar medium,
the concentration of released NAGA, and
the inhibition percentage in the radial
growth of different pathogenic fungi were
carried out via ANOVA. Duncan's multi-
ple range test (P < 0.05) was used to cal-
culate differences via the CoStat statisti-
cal program version 6.311 copyright
1998--202008 Cohort Software. 798
Lighthouse Ave. PMB 320, Monterey,
CA, 93940, USA.

RESULTS AND DISCUSSION

Trichoderma isolates' morphological
identification

Thirty-one native Trichoderma
isolates were obtained from 98 samples,
with an isolation rate of 30%, from differ-
ent agroclimatic zones of central Egypt.
Table (3) and Fig. (2) show the macro-
scopic characteristics of the colonies,

which generally differ in shape from cir-
cular to serrate and vary in color from
yellow, yellowish-white, and pale to dark
green. The pigmentation varied in color
from white to creamy, yellow, light am-
ber, and amber, and concentric ring num-
bers ranged from one to three defined
rings. The growth edges differed from
smooth to wavey edges.

Concerning the microscopic char-
acteristics (Table 4 and Fig. 2), all conidia
had similar shapes (globose to subglo-
bose, ellipsoidal), were smooth-walled,
and their color varied from colorless to
light or dark green. The sizes ranged from
1.67 x 1.51 to 0.76 x 0.78 um. The shape
of the phospholipids varied from pyrami-
dal to longibrachiatum, and 3 to 4 verticil-
lates were usually paired, with sizes rang-
ing from 2.87-7.92 x 0.88-1.93 um and
terminal phialides up to 10 pm long.
Based on both macro- and micro-
characteristics, it can be concluded that
the isolates belong to the genus Tricho-
derma. The spores, structures that pro-
duce spores and other characteristics of
the Trichoderma isolates had similar
morphologies. As a result, analyzing col-
ony characteristics alone was not enough
to identify the species. Consequently,
accurate molecular identification is need-

ed for species identification.

Molecular identification of Trichoder-
ma spp.

PCR amplification, sequencing,
and sequence analysis of the complete
ITS 1 and 2 genes were used for identifi-
cation of Trichoderma species. A single-
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band image of the PCR products obtained
is shown in Fig. (3). The PCR products
had an approximate length of 640 bp for
the ITS gene region and the results of
DNA sequencing indicated that the frag-
ments were similar in length and GC con-
tent (Table 5). However, further bioin-
formatics studies were performed where
the nucleotide sequences of the ITS gene
regions were compared via BLAST and
the percentages of similarity were deter-
mined. Therefore, the isolates were identi-
fied as T. harzianum, T. asperellum, and
T. longibrachiatum. The gene sequences
for all the species were recorded in Gen-
Bank of NCBI and their corresponding
accession numbers were retrieved (Table
5). The highest number of strains were
identified as 7. harzianum (23 strains), T.
asperellum (sex strains), and finally T.

longibrachiatum (two strains).

To compare the phylogenetic simi-
larities among the 31 isolates, the phylo-
gram included a strain of 7. reesei from
GenBank that served as a group species.
The numbers displayed on the phyloge-
netic tree represent bootstrap values (Fig.
4). Upon observing the tree in Fig. (4), in
the ITS phylogram, there were four clades
in which T. longibrachiatum formed a
separate clade, including two isolates; the
T. asperellum clade included sex isolates;
and the T. harzianum clade included 23
isolates. However, a separate clade in-
cluded two isolates: one 7. asperellum

and the other T. harzianum.

Antagonistic assay

All the Trichoderma strains effec-
tively suppressed R. solani growth (Fig.
5.a), among which the T. asperellum iso-
late  MNF-NAH-Tricho5 presented the
highest inhibition rate (71.43%), followed
by the T. harzianum isolate MNF-NAH-
Tricho30 (64.29%). The T. longibrachia-
tum isolate MNF-NAH-Tricho28 had the
lowest inhibition rate (44.29%). In terms
of the growth inhibition ability of Tricho-
derma spp. against M. phaseolina, the T.
harzianum isolate  MNF-NAH-Tricho30
presented the highest inhibition rate
(85.13%), followed by T. asperellum
MNF-NAH-Tricho5 (84.1%). T. harzi-
anum MNF-NAH-Tricho4 presented the
lowest inhibition rate (48.72%) (Fig. 5.b).

The Trichoderma isolates exhibit-
ed various strategies to combat phyto-
pathogens, as illustrated in Fig. 6. During
the antagonism tests against R. solani and
M. phaseolina, the following observations
were made, competition, antibiosis, or
parasitism. The presence of a zone of in-
hibition and a change in culture media
color indicate antibiosis, possibly caused
by the secretion of secondary metabolites
without direct contact with the mycelia.
Among the isolates tested, seven isolates
demonstrated antibiosis against R. solani
(Fig. 6.1a), and eight isolates demonstrat-
ed antibiosis against M. phaseolina (Fig.
6.2a). The competition occurred when
both fungi grew in the Petri dish until
their mycelia intersected, at that moment,
Trichoderma species started to create a

barrier to suppress the pathogen spread.
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This barrier strengthened over time, halt-
ing the advancement of the phytopatho-
gen. This phenomenon was observed in
seven isolates against R. solani (Fig. 6.1b)
and 17 isolates against M. phaseolina
(Fig. 6.2b). Mycoparasitism entails mor-
phological modifications, including coil-
ing and the formation of appressorium-
like structures for host invasion. Among
the 31 isolates, 16 exhibited mycoparasit-
ism against R. solani (Fig. 6.1c), whereas
only sex were exhibited against M.
phaseolina (Fig. 6.2¢). Microscopic ex-
amination (Fig. 6.3) revealed mycopara-
sitism, where Trichoderma hyphae were

associated with phytopathogenic hyphae.

This research aimed to collect
Trichoderma isolate samples from the
root zones of various central Egyptian
districts to identify the most effective
ones for potential use as biocontrol agents
(BCAs). This involved assessing their
ability to produce chitinase and their ca-
pacity to combat R. solani and M.
phaseolina. Given the significance of
precise species identification in the pro-
cess of selecting and validating microbial
biological control agents, this study uti-
lized a taxonomic approach derived from
the combination of morphological and
molecular characteristics (Shahid et al.
2014). This study utilized morphology-
based identification to determine 7richo-
derma species, which is still considered a
viable method for the identification of
species (Anees et al. 2010). However, the
initial identification of these isolates as
Trichoderma solely based on the morpho-
logical characteristics of their colonies

and microscopic observations was not
sufficiently reliable to assign species, as
some appeared to have been misidenti-
fied. The morphological identification of
Trichoderma species is challenging for
many researchers because of their signifi-
cant structural similarities (Shahid et al.
2014). To achieve detailed molecular dif-
ferentiation of the isolates, identification
of the full ITS (ITS1 and ITS2) loci was
employed. All the isolates were identified
as Trichoderma spp., specifically T. har-
zianum, T. longibrachiatum, and T.
asperellum. T. harzianum was the major
species among these isolates, accounting
for approximately 74% of the isolates,
that was found primarily in the Delta of
Egypt. The results were consistent with
previous studies in this area, including
those by El-Sobky et al. (2019 & 2024)
and Hewedy et al. (2020). Furthermore,
the current investigation demonstrated
that the rhizospheres of various crops did
not exhibit any substantial variation in the
Trichoderma species ~ communities.
Hence, the limited diversity in this area
may be attributed to biotic or abiotic vari-
ables, including plant species, soil physi-
cal and chemical features, microbial com-
petition, and the application of fertilizers
or pesticides in the area (Gupta et al.
2014). Furthermore, a visual representa-
tion of the genetic relationships among
the isolates was generated through the
creation of a phylogenetic tree. The ITS
gene did not distinctly discriminate the
Trichoderma strains into separate catego-
ries accurately, since two isolates were
out of the three species clades. This may
be due to the existence of non-



ISOLATION, IDENTIFICATION AND BIOCONTROL POTENTIAL OF NATIVE 7
SOIL-DERIVED Trichoderma spp.

orthologous copies of the ITS genes with-
in strains. Another possibility that there
wasn't much sequence variation in the
examined region or to the inherent stabil-
ity of the ITS region in Trichoderma
throughout evolutionary history. Previous
research has highlighted the limitations of
ITS sequences in defining Trichoderma
strains (Chaverri et al. 2015). Also, the
challenge of accurately differentiating
species via the ITS region has been noted
by many researchers (Balajee and Marr
2006). However, according to Druzhinina
et al. (2005), the ITS region might help
distinguish the Trichoderma genus from

other closely related genera.

The effectiveness of the Tricho-
derma isolates was evaluated by testing
their capability to compete with the path-
ogens R. solani and M. phaseolina. This
involved observing the pathogen radial
growth in the presence of Trichoderma
strains and determining the degree of sup-
pression in the pathogen growth induced
by the Trichoderma strains. The results
revealed that both pathogens were unable
to resist the growth of the Trichoderma
isolates. Specifically, the MNF-NAH-
Tricho5 and MNF-NAH-Tricho30 iso-
lates exhibited the greatest inhibition of
both Rhizoctonia solani and Macropho-
mina phaseolina. The isolates of Tricho-
derma spp. exhibited antagonism, as evi-
denced by their efficiency in a significant
mycelial growth inhibition of both Rhi-
zoctonia  solani and  Macrophomina
phaseolina. This confirms the occurrence
of competition, antibiosis, and mycopara-
sitism phenomena previously reported for

Trichoderma spp. (Hoitink et al. 20006).
According to the findings of this study,
the isolates MNF-NAH-Tricho5 and
MNF-NAH-Tricho30 presented the high-
est potential among the Trichoderma iso-
lates. The MNF-NAH-Tricho5 isolate
exhibited antagonistic behavior via myco-
parasitism against both pathogens. The
mycoparasitic activity of the Trichoderma
pathogen was shown through the coiling
of its hyphae around the hyphae of the
pathogenic fungus. In addition, the pene-
tration of Trichoderma hyphae into other
hyphae by the action of extracellular en-
zymes (e.g., chitinases and cellulases),
which breakdown the fungal hyphae of
phytopathogenic fungi, has been demon-
strated as an additional method of myco-
parasitic activity (Rajani et al. 2021).
However, the MNF-NAH-Tricho30 iso-
late was antagonistic through competitive

means.

CONCLUSION: This research provides
comprehensive evaluation into the variety
of Trichoderma species found in the root
zone of crops in central Egypt. Through
DNA sequence analysis, a successful spe-
cies-level identification of thirty-one
Trichoderma strains was achieved. T.
harzianum was the most predominant
species among the extracted strains, fol-
lowed by T. asperellum and T. longi-
brachiatum. The MNF-NAH-Tricho5 and
MNF-NAH-Tricho30 isolates exhibited
strong antagonistic capabilities against
two soil-borne pathogenic fungi, Rhi-
zoctonia  solani and  Macrophomina

phaseolina. To sum up, this study con-
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firmed that the MNF-NAH-Tricho5 and
MNF-NAH-Tricho30 isolates can poten-
tially be used as biocontrol agents against
R. solani and M. phaseolina in environ-

mental applications.

SUMMARY

This research aimed to specifically
identify 31 isolates at the species level
using morphological characteristics com-
bined with DNA barcoding sequence
analysis of full-fragment rDNA ITS1 and
ITS2 gene regions. The identified species
were determined to be 7. harzianum (23
strains), 7. asperellum (6 strains), and T.
longibrachiatum (2 strains). The phyloge-
netic analysis of the 31 isolates of the ITS
region revealed that they formed four
clades. Three of them included the iso-
lates of each specific species, while a sep-
arate clade included two different isolates.
The two isolates MNF-NAH-Tricho5 and
MNF-NAH-Tricho30 presented the high-
est antifungal activity against Rhizoctonia
solani (71.43 and 64.29%) and Mac-
rophomina phaseolina (84.1 and 85.13%)
according to the dual culture assay. Final-
ly, various strategies to combat phyto-
pathogens, including competition, antibi-
osis, or parasitism, have been developed
for Trichoderma isolates. The overall
study confirmed that the MNF-NAH-
Tricho5 and MNF-NAH-Tricho30 strains
may serveas prospective biocontrol
agents to combat Rhizoctonia solani and
Macrophomina phaseolina in environ-

mental applications.
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Table (1): PCR Primer sequences used in Trichoderma molecular identification (Cai and

Druzhinina, 2021).

Primer name Sequence (5°-3’)

Target
ITSS GGAAGTAAAAGTCGTAACAAGG ITS, including the
ITS4 TCCTCCGCTTATTGATATGC 5.8S rRNA
Table (2): PCR amplification program.
Initial dena- Final ex-
Target . 35 cycles .
turation tension
95°C - 5 Denaturation Annealing Extension
) 95°C - 15 se- 56°C - 15 72°C -1 72°C -5
ITS minutes . .
conds seconds minute minute
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Table (3): Macroscopic Examination: Colony characters of 7Trichoderma isolates grown on SNA for 5 days at 25°C with alternating 12 h light
and 12 h darkness.

Trichoderma isolate ~ Shape Color Reverse color Concentric rings Edge
number Number

T1 Cirenlar (iroon T icht vallawr 23 Cmnnth
T.2 Circular Dark oreen No color 3 Smooth
T3 Circular Dark oreen No color 2 Smooth
T4 Circular Green T.ioht ambher 3 Smooth
TS Circular Dark oreen White 3 Smooth
T.6 Serrate T.icht/dark oreen with No color 3 Wavev
T.7 Circular Green No color 1 Smooth
TR Circular T.icht/dark oreen White 3 Smooth
T.9 Circular T.ioht/dark oreen White 3 Smooth
T.10 Cirenlar Dark oreen White 2 Smooth
T.11 Circular T.icht oreen with white T.icht vellow 1 Smooth
T.12 Serrate I.icht/dark oreen with Creamv 3 Wavev
T.13 Circular Dark oreen White 3 Smooth
T.14 Circular Green Yellow 1 Smooth
TS Circular T.icht/dark oreen T.icht amber 2 Smooth
T.16 Serrate White/oreen Ambher 1 Wavev
T17 Circular Green No color No Concentric rings Smooth
TR Circular Green/l.icht oreen No color ’ Smooth
T.19 Circular Dark oreen surrounded No color No Concentric rings Smooth
T.20 Serrate T.icht/dark oreen with Creamv/I.icht vellow Wavev
T.21 Serrate vellowish white Amber No Concentric rings Wavev
T.22 Circular Green No color Smooth
T.23 Serrate White Amber No Concentric rines Wavev
T.24 Circular Dark oreen White 3 Smooth
T.25 Serrate Yellow Amber No Concentric rines Wavev
T.26 Circular Green with some vel- No color : Smooth
T.27 Circular Dark oreen No color 2 Smooth
T.28 Circnlar Dark oreen surrounded No color No Concentric rines Smooth
T.29 Circular I.icht/dark oreen T.icht amber 2 Smooth
T.30 Circular Green No color No Concentric rines Smooth
T.31 Serrate Dark oreen No color Wavey
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Table (4): Microscopic examination: Conidia and Phialides characteristics of Trichoderma isolates grown on SNA after one week at 25°C under
a regimen of alternating 12 h light and 12 h darkness.

Trichoderma Conidia
isolate number  *Average *Average
Length (pm) Width (um)
T1 1.30 1.24
T2 1.07 1.02
T3 1.09 0.90
T4 1.18 0.98
TS5 1.45 1.20
T6 1.00 0 R6A6
T.7 1.45 1.26
TR 1.43 1.22
T.9 1.51 1.51
T10 1.06 1.07
T11 0.99 1.13
T12 0.92 0.9?2
T.13 1.02 1.30
T.14 0.92 0.89
T.15 1.07 0.98
T.16 1.09 1.07
T.17 1.33 1.37
T18 1.26 1.22
T.19 1.67 1.11
T.20 1.00 0.88
T.21 0.90 0.94
T.22 1.19 1.19
T.23 0.96 0.93
T24 1.13 121
T.25 0.76 0.78
T.26 1.07 1.07
T.27 1.06 0.98
T.28 1.27 1.52
T.29 1.09 1.01
T30 1.06 0.96
T.31 0.81 0.90

Color

Dark oreen
Colorless
Gireen
T.icht oreen
T.ioht oreen
Gireen
Dark oreen
T.ioht oreen
T.icht oreen
T.ioht oreen
Green
Gireen
I.icht oreen
Green
I.icht oreen
Green
Colorless
T.icht oreen
Dark oreen
Green
Colorless
Green
Colorless
1.ioht oreen
I.icht oreen
Green
Green
Dark oreen
Green
T.ioht oreen
Green

Shape

Glohose
Globose
Suh olobose
Sub elobose
Suh olobose to
Suh olobhose
Sub slobhose to
Suh olobose to
Globose
Glohose
Sub elobose
Glohose
Sub globose to
Globose
Globose
Globose
Globose
Globose
Fllinsoidal
Sub elobose
Globose
Globose
Glohose
Glohose
Globose
Glohose
Globose
Subh olobose to
Globose
Glohose
Globose

Phialides

*Average
Length (um)
316

BOARROARDARRANNNLN LD DN

4.53

*Average
Width (um)
1.64
1.31
1.47

K2

56

63

73

63

37

65

08

1.65

Branching pat-
tern

Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
T.ongibrachiatum
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
Pvramidal
T.ongihrachiatum
Pvramidal
Pvramidal

Pyramidal

*Average length of 5-10 Conidia or Phialides.

*Average width of 5-10 Conidia or Phialides
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Table (5): Molecular identification of Trichoderma isolates based on ITS region.

o , NCBI Gen- Sequence g R
Isolates Code Alignments Description % 5 % _§ 2 _ Bankacces- Species name lenq th (bp) 8 i
M > = © =" < gjon number sth (op > 5
NMNFENAH_ Tvirhndovma haveianim ienlate T1R nn 10N NROAAO1"T Tvirhndovma hov_ {2N KA
MNF-NAH- Trichoderma harzianum isolate SO- 0.0 09 R1 0OR944911 Trichoderma har- 529 56.1
MNF-NAH- Trichoderma harzianum isolate 0.0 090.43 OR944910 Trichoderma har- 527 56.4
MNF-NAH- Trichoderma harzianum isolate 0.0 100 0OR944925 Trichoderma har- 529 55.R8
MNF-NAH- Trichoderma asnerellum isolate 0.0 100 OR944900 Trichoderma 515 55.7
MNF-NAH- Trichoderma harzianum strain 0.0 100 0OR944921 Trichoderma har- 523 56.4
MNF-NAH- Trichoderma harzianum clone 0.0 100 0OR944922 Trichoderma har- 531 559
MNF-NAH- Trichoderma asnerellum isolate 0.0 100 0OR944899 Trichoderma 515 55.7
MNF-NAH- Trichoderma asnerellum isolate 0.0 100 OR944898 Trichoderma 515 557
MNF-NAH- Trichoderma harzianum strain 7-5 0.0 100 0OR944913 Trichoderma har- 531 55.9
MNF-NAH- Trichoderma harzianum isolate 0.0 100 0OR944914 Trichoderma har- 532 55.R8
MNF-NAH- Trichoderma harzianum isolate 0.0 100 0OR944915 Trichoderma har- 530 55 R
MNF-NAH- Trichoderma asnerellum isolate 0.0 100 0OR944897 Trichoderma 567 55.7
MNF-NAH- Trichoderma harzianum isolate H1 0.0 100 0OR944916 Trichoderma har- 532 55.8
MNF-NAH- Trichoderma harzianum strain T28 0.0 99 R1 0OR944907 Trichoderma har- 530 56
MNF-NAH- Trichoderma harzianum isolate 0.0 99.81 0OR944905 Trichoderma har- 532 55.5
MNF-NAH- Trichoderma harzianum isolate 0.0 09.R1 0OR944924 Trichoderma har- 531 56.2
MNF-NAH- Trichoderma asnerellum isolate T7Z. 0.0 09 R1 0OR944901 Trichoderma 515 557
MNF-NAH- Trichoderma loneoibrachiatum 0.0 100 0OR944903 Trichoderma 550 57.8
MNF-NAH- Trichoderma harzianum isolate 0.0 100 OR944918 Trichoderma har- 532 55.8
MNF-NAH- Trichoderma harzianum strain 0.0 100 0OR944919 Trichoderma har- 530 56
MNF-NAH- Trichoderma harzianum isolate 0.0 100 0OR944920 Trichoderma har- 530 56
MNF-NAH- Trichoderma harzianum clone 0.0 100 0OR944896 Trichoderma har- 576 55.9
MNF-NAH- Trichoderma asnerellum strain T19 0.0 100 0OR944902 Trichoderma 514 55.8
MNF-NAH- Trichoderma harzianum isolate 0.0 99 R1 0OR944926 Trichoderma har- 528 563
MNF-NAH- Trichoderma harzianum strain 0.0 99.62 0OR944923 Trichoderma har- 529 56
MNF-NAH- Trichoderma harzianum BW6 0.0 0R.65 0OR944909 Trichoderma har- 517 56.1
MNF-NAH- Trichoderma loneibrachiatum iso- 0.0 100 0OR944904 Trichoderma 550 57.8
MNF-NAH- Trichoderma harzianum isolate 112 0.0 99 R1 0OR944906 Trichoderma har- 528 563
MNF-NAH- Trichoderma harzianum isolate 0.0 99 R1 OR944908 Trichoderma har- 531 559
MNFE-NAH- Trichoderma harzignum strain 00 9991 0OR944912 Trichoderma har- 530 56



http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=Microbial&DATABASE_SORT=0&DESCRIPTIONS=100&FIRST_QUERY_NUM=0&FORMAT_EQ_OP=AND&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=Blast_Results_for_813010108&RID=4DXEZ4H7015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=Microbial&DATABASE_SORT=0&DESCRIPTIONS=100&FIRST_QUERY_NUM=0&FORMAT_EQ_OP=AND&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=Blast_Results_for_813010108&RID=4DXEZ4H7015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
https://www.ncbi.nlm.nih.gov/nucleotide/OR131313.1?report=genbank&log$=nuclalign&blast_rank=4&RID=4T1HHCNA016
https://www.ncbi.nlm.nih.gov/nucleotide/MT584872.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4T2FVX7V01N
https://www.ncbi.nlm.nih.gov/nucleotide/OR053671.1?report=genbank&log$=nuclalign&blast_rank=6&RID=4T3ASJMT013
https://www.ncbi.nlm.nih.gov/nucleotide/JX518912.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4T3WK8KJ014
https://www.ncbi.nlm.nih.gov/nucleotide/KU341018.1?report=genbank&log$=nuclalign&blast_rank=1&RID=4T4CHNY3013
https://www.ncbi.nlm.nih.gov/nucleotide/OP928219.1?report=genbank&log$=nuclalign&blast_rank=7&RID=4T5374Y5013
https://www.ncbi.nlm.nih.gov/nucleotide/MT530123.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4T5E7VBX01R
https://www.ncbi.nlm.nih.gov/nucleotide/OR888903.1?report=genbank&log$=nuclalign&blast_rank=11&RID=4T61M7JU016
https://www.ncbi.nlm.nih.gov/nucleotide/KU341004.1?report=genbank&log$=nuclalign&blast_rank=9&RID=4T79KBMG013
https://www.ncbi.nlm.nih.gov/nucleotide/KU866299.1?report=genbank&log$=nuclalign&blast_rank=3&RID=4T7ZBMT9016
https://www.ncbi.nlm.nih.gov/nucleotide/MK673510.1?report=genbank&log$=nuclalign&blast_rank=3&RID=4T8DEBDW013
https://www.ncbi.nlm.nih.gov/nucleotide/KR232487.1?report=genbank&log$=nuclalign&blast_rank=16&RID=4T9K4YG8016
https://www.ncbi.nlm.nih.gov/nucleotide/KU341016.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4T9YGZR5013
https://www.ncbi.nlm.nih.gov/nucleotide/KX343089.1?report=genbank&log$=nuclalign&blast_rank=5&RID=4TAF8SPF013
https://www.ncbi.nlm.nih.gov/nucleotide/MH156058.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4TUV19BA016
https://www.ncbi.nlm.nih.gov/nucleotide/OR140811.1?report=genbank&log$=nuclalign&blast_rank=10&RID=4TV6ARXV016
https://www.ncbi.nlm.nih.gov/nucleotide/OQ360636.1?report=genbank&log$=nuclalign&blast_rank=13&RID=4TVM92N0016
https://www.ncbi.nlm.nih.gov/nucleotide/KU341014.1?report=genbank&log$=nuclalign&blast_rank=1&RID=4TW39XZY016
https://www.ncbi.nlm.nih.gov/nucleotide/OR462232.1?report=genbank&log$=nuclalign&blast_rank=1&RID=4UX3C4YH013
https://www.ncbi.nlm.nih.gov/nucleotide/MZ477253.1?report=genbank&log$=nuclalign&blast_rank=17&RID=4UXHFK4F013
https://www.ncbi.nlm.nih.gov/nucleotide/KT027929.1?report=genbank&log$=nuclalign&blast_rank=17&RID=4UY9V98Y013
https://www.ncbi.nlm.nih.gov/nucleotide/OR053671.1?report=genbank&log$=nuclalign&blast_rank=5&RID=4UZ93UH2016
https://www.ncbi.nlm.nih.gov/nucleotide/MT529404.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4UZTCGSJ01R
https://www.ncbi.nlm.nih.gov/nucleotide/GU176442.1?report=genbank&log$=nuclalign&blast_rank=3&RID=4V08VUFT016
https://www.ncbi.nlm.nih.gov/nucleotide/MW740207.1?report=genbank&log$=nuclalign&blast_rank=6&RID=4V0HN8DS013
https://www.ncbi.nlm.nih.gov/nucleotide/KR868396.1?report=genbank&log$=nuclalign&blast_rank=10&RID=4V0VAK3H013
https://www.ncbi.nlm.nih.gov/nucleotide/LC530211.1?report=genbank&log$=nuclalign&blast_rank=8&RID=4V1B741101R
https://www.ncbi.nlm.nih.gov/nucleotide/MT355643.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4V1M950K01R
https://www.ncbi.nlm.nih.gov/nucleotide/KY977562.1?report=genbank&log$=nuclalign&blast_rank=2&RID=4V1Y63Y101R
https://www.ncbi.nlm.nih.gov/nucleotide/MZ477249.1?report=genbank&log$=nuclalign&blast_rank=19&RID=4V2CS69D01R
https://www.ncbi.nlm.nih.gov/nucleotide/KR868394.1?report=genbank&log$=nuclalign&blast_rank=11&RID=4V2V73GU013
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5 locations, 9 samples and, 4 isolates,
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Fig. (1). Illustrative map of Central Egypt governorates with locations, collected samples,
isolates obtained from each site, and Trichoderma species found.
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a

C d

Fig. (2). Morphological identification on SNA media after 7 days of: 1 Trichoderma asperellum, 1a Colony growth, 1b Reverse coloi
the plate, 1c Phialides shape and branching pattern, 1d Conidia shape and size. 2 Trichoderma longibrachiatum, 2a Col
growth, 2b Reverse color of the plate, 2¢ Phialides shape and branching pattern, 2d Conidia shape and size. 3 7richoderma I
zianum, 3a Colony growth, 3b Reverse color of the plate, 3¢ Phialides shape and branching pattern, 3d Conidia shape and size
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— - ) — S —

Fig. (3). Full ITS 1 and 2 regions PCR products of 31 Tricho-

derma isolates, M: 100-2000 bp DNA molecular
ladder.
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Fig. (4). Phylogenetic tree revealing the genetic diversity of Trichoderma iso-
lates based on the DNA sequences of ITS region, and Trichoderma
reesei served as outgroup strain. The numbers above the branches
are bootstrap values obtained with 1000 bootstraps. The scale bar
indicates the number of nucleotide changes. The type species and
bootstrap-supported clades are in different colors.




20 ATTA NEHAL et al.

@ Antibiosis B Mycoparasitim @  Competition
80
g 7 - _ & g
g o §z§V52
50 -
f 40
& 30
a 5
e 10
0
\ A \va\ D P P 5 5 A %\90@‘&\\\5 RO «Qomb.@mh&—f\ N .
e ,\0‘* A A e f\ \2 Al «*‘”\ S & RO
‘\ \\?‘Y’\i‘\;& W \\?X\V\?z\yx?g\x?x\?x\ A AR ALY “\ ?3\ » "*V\ @i‘\\
\.’\% \f\ ‘}‘ @Q »§ \ﬁQ \rﬁQ \K\; ‘Z& \'(\A \ﬁ @\'\; \AQ \\ﬁ\r\QQv\\\Q\h\S@\\Q@S\Q@QQ \%Q @QééQ \h\k \3\ \x\ﬁ\s\ﬁ \\ﬁ ){\AQ \Y\g
Antibiosis o Mycoparasitim @  Competition
100
2 90 o = B R 2 < 3 ©
£ 80 2o @ =R =38 ¢ = ;| = o
£ 70 B la® P E] SeRaamE LT
g 0 = Saket B __T-HT -
b £ 50 =
%
-y
9 20 BB
- 10 0050555545555550555555%%
® 0 ,
\&bQ\‘;qﬁ‘L T I T e e T B N S I N N JPN BN S AN P B\ JPAN
‘@)\\_*)(\‘(9 ‘(*“’ X u \& (\‘(* \*C \u \» \W av \“ AL b \u\ P “\ K 'LC(O’L\‘ @ “’L ;chm *;)
}X\" 'ﬁ‘ A ‘\’\‘ <& q\“o‘(\ NS & ‘\‘ﬂ‘ AV «Q(‘” ﬂ‘ A }X\& SV q\“«‘(\“z\ 'gf\ Q(“’Q(\ A A .q\ @\"
o @@&&g\& s“ehx‘ﬂ“»“v‘“ sNN AR A A DA A A
* R I R e I R R e A S S
\h W @ o \\\ﬁ W @@V\\;\\A@\\ WAMW \\ ‘$\5Y\\§\\¢$ o \Y\\}‘\\\ﬁ\\h\\\yﬁ\@ S v&

Fig. (5). In vitro antagonistic effect of 31 Trichoderma isolates against @ Rhizoctonia solani, and b Mac-
rophomina phaseolina, after 7 days of inoculation using dual culture assay. Superscript letters
indicate Duncan’s grouping means with the same letter are not significantly different.
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Fig. (6). Trichoderma mechanisms of inhibition of: 1 Rhizoctonia solani, a Antibiosis, b
Competition, ¢ Mycoparasitism, 2 Macrophomina phaseolina a Antibiosis, b
Competition, ¢ Mycoparasitism. 3 Coiling of Trichoderma’s hyphae around Mac-
rophomina phaseolina’s hypha.



