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Introduction

Abstract: Biocontrol agents have different growth and biocontrol responses
under the influence of physicochemical parameters. The culture medium is one
of these parameters. Therefore, in this study, the effects of eight liquid media
were investigated on the growth and antagonistic efficacy of Trichoderma
harzianum Tr6 against Phytophthora drechsleri. Tr6 at 10°* spores per ml was
grown in these media. All media pH was set at 5.5. Treatments were
maintained under a light intensity of 206 Lux and 130 rpm at 28 °C for 10
days. Maximum sporulation (2.5 x 10'" spore/g.dw) occurred in Mol. C.
(Sugar beet molasses and Corn steep liquor) medium. The most inhibition
against pathogen was related to Mol. M. (Sugar beet molasses and Malt
extract) medium. Mol. M. and Mol. B. (Sugar beet molasses and Baker yeast)
had the most effect on disease reduction (58.33%). Mol. M. had not superlative
effect on plant growth factors but had a better effect compared with other
treatments except Mol. Y. (Sugar beet molasses and Yeast extract). The
following assays were done to simultaneously select the optimum medium for
high sporulation, effective control of disease, and plant growth promotion.
Therefore, Mol. M., Mol. B., Mol. C., and Mol. C. B. M. media were used.
Mol. C., Mol. C. B. M. and Mol. M. had the highest spore production with
2.35x 10", 1.83 x 10", and 1.65 x 10'° spore/gdw, respectively. There was no
significant difference between the Mol. C. B. M. and Mol. M. Furthermore,
Mol. C. B. M. reduced disease by 62.5%, but this reduction was not
significantly different from Mol. M. and Mol. B. Therefore, Mol. M. medium
had the most influence on growth and biocontrol performance of Tr6.

Keywords: antagonist, biocontrol, Phytophthora drechsleri, mass production,
Trichoderma

Phytophthora drechsleri damping-off is one of
the most important diseases of cucumber
Cucumis sativus (Sadeghi et al., 2017).
Control of this disease is complicated, and no
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single method is available (Maleki et al.,
2011). Resistant cucumber varieties to P.
drechsleri are not available, and resistance to
systemic fungicides has developed rapidly in
this pathogen after their application in the field
(Lamour and Hausbeck, 2000 and 2001). The
use of microorganisms that reduce the amount
of plant pathogens inoculums or their activity
is called a biological control phenomenon
(Tsegaye et al, 2018). Biological control by
an antagonistic microorganism is a potential
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eco-friendly approach for controlling plant
diseases (Bailey et al, 2004). Biological
control of P. drechsleri by fungal antagonists
can be essential for controlling the disease
(Soheiliara et al., 2020). Trichoderma spp. are
large microorganisms that play an important
role in the environment and use different
mechanisms to colonize various ecological
niches. Several Trichoderma species are non-
pathogenic and useful symbionts that are well
suited against most of the fungal pathogens
through the mechanisms of competition,
mycroparasitism,  antibiotic and  enzyme
production, stimulation of plant growth, and
induction of defense responses in different
plants (Soheiliara et al., 2020). Trichoderma
spp. are fast-growing fungi, widely used as
biocontrol agents for controlling soil-borne
diseases of plants, as well as growth promoters
(Hewavitharana et al, 2018). It is a
prerequisite for biological control application
to develop mass production, formulation, and
delivery systems for microorganisms that
control plants’ diseases (Bhat et al., 2009).
Biocontrol agents have different growth and
biocontrol responses under the influence of
physicochemical parameters. Medium is one
of these parameters. There is abundant
literature on conventional synthetic media like
glucose, cellulose, soluble starch, and
molasses to produce Trichoderma spp. (Khan
et al., 2011). The use of inexpensive substrates
such as molasses, yeast extract, and corn steep
helps reduce the cost of biomass production.
Mass production of Trichoderma has become a
focus of research in the study for alternatives
to pesticides and chemical fertilizers for plant
disease control and plant growth promoters
(Parkash and Saikia, 2015). Micropropagules
of Trichoderma in the form of conidia is
preferred over chlamydospores and mycelial
biomass because of the viability and stability
in field application (Hewavitharana et al,
2018). The main aim of the mass-production
technology of biocontrol agents is the
maximum yield of spores while maintaining
biocontrol efficacy and minimizing the cost of
a medium using inexpensive materials. Solid
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and liquid state fermentation are two major
methods for the production of Trichoderma
spp. In a liquid fermentation system,
Trichoderma is grown in cheap liquid media
like molasses and yeast in stationary/
shaker/fermenter cultures and formulated on a
commercial scale and used for seed dressing
either by treating dry seeds or by seed
biopriming to control some soil-borne diseases
(Ramanujam et al, 2010). However, solid-
state fermentation is suitable for small-scale
production and is wused for direct soil
application (Ramanujam et al., 2010). Some of
the disadvantages of this method are the high
volume of  the substrate  required,
contamination during fermentation, and the
long time required for fermentation. However,
liquid fermentation will help the mass
production of microorganisms under axenic
conditions within a short time (Khan et al,
2011). In this study, 7. harzianum Tr6 was
chosen because this isolate has been successful
in previous plant pathogen biocontrol and
plant growth development projects. For
instance, this isolate has shown the most
impact on reducing fusarium stem and root rot
disease of cucumber (Alizadeh et al, 2013).
Tr6 induces resistance more effectively than
popular isolates T22 and T39 (Alizadeh et al.,
2013). T22 has reduced anthracnose symptoms
caused by Colletotrichum graminicola through
induction of systemic resistance in maize
(Harman et al., 2004), also induced systemic
resistance in tomato infected by cucumber
mosaic virus (Vitti et al,, 2016). T39 induced
resistance against Botrytis cinerea (De Meyer
et al., 1998) and downy mildew by priming for
defense without costs for grapevine (Perazzolli
et al., 2011). When Tr6 and Pseudomonas sp.
P14 was used together. They had the highest
colonization rate and increased the weight of
the cucumber roots and shoots (Alizadeh et al.,
2013). Delkhah and Behboudi (2015 and 2016)
investigated the growth and biocontrol
response of Tr6 on the solid culture, and they
reported that the culture medium had a
positive effect on the improvement of
biocontrol properties of Tr6 against P.
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drechsleri and B. cinerea. This isolate showed
good antibiosis potential against these
pathogens (Delkhah and Behboudi, 2015 and
2016). Therefore, the isolate was chosen for
our study. The objective is the mass
production of Tr6 using inexpensive and
available  liquid growth  substrate  for
controlling damping-off disease caused by P.
drechsleri.

Materials and Methods

Microorganisms and inoculum preparation

P. drechsleri was obtained from the Iranian
Research Institute of Plant Protection, Evin,
Tehran, and Tr6 were received from the Plant
Protection Department of Tehran University.
Tr6 had been isolated from the cucumber
rhizosphere (Alizadeh ef al, 2013). The
pathogen was incubated at 28 °C for five days
on a P.D.A. medium for pathogen inoculum
preparation. 50 g of millet seed was added to
25 ml of water in a 250 ml Erlenmeyer flask
and autoclaved for 20 min 121 °C in 2
successive days. The flask was inoculated
with three mycelial plugs from a 5-days-old
culture of P. drechsleri, incubated at 26 + 1
°C for two weeks. Also, the Tr6 was
maintained at a light density of 206 Lux and
28 °C for five days on P.D.A. medium. After
growth and sporulation, the spore suspension
was obtained in distilled water as the
antagonist inoculum.

Growth media and cultivation of Tr6

The following media were prepared.

1) Mol. C. N. G: Sugar beet molasses (50
ml/l), corn steep liquor (5 ml/1), NaCl (25 g/l)
and glucose (25 g/I) (Lewis and Papavizas,
1983)

2) Mol. C. G: Sugar beet molasses (50 ml/l),
corn steep liquor (5 ml/l), and glucose (25 g/1)

3) Mol. C: Sugar beet molasses (50 ml/I) and
corn steep liquor (5 ml/l)

4) Mol. Y: Sugar beet molasses (50 ml/I) and
yeast extract (10 g/1)

5) Mol. S: Sugar beet molasses (50 ml/l) and
soybean extract (10 ml/I)
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6) Mol. B: Sugar beet molasses (50 ml/l) and
baker’s yeast (10 g/1)

7) Mol. M: Sugar beet molasses (50 ml/) and
malt extract (10 g/)

8) Mol: Sugar beet molasses (50 ml/)

Media were apportioned in 50 ml portions
into 250 ml Erlenmeyer flasks and autoclaved
at 121 °C for 20 min. One ml of suspension
containing 10® spores of the antagonist isolate,
counted with a hemocytometer, was added to
each flask, and treatments were maintained in a
shaker incubator at a light density of 206 Lux
and 130 rpm at 28 °C for 10 days.

Harvesting of Tr6 biomass and calculation of
spore numbers

According to Lewis and Papavizas (1983) and
Georgakopoulos et al. (2002), the flask
contents were centrifuged and dried at 37 °C
in an Oven for 72 h. Afterward, the dried
mass was ground, and 0.1 g of the powder
was suspended in 25 ml distilled water and
blended in a Vortex for 3 min at a high rate.
The material was settled, additional dilutions
were made, and spores were counted by a
hemocytometer. The spore numbers per gram
dry weight of biomass were calculated (Lewis
and Papavizas, 1983).

Antagonistic activity of Tr6 biomass against
P. drechsleri in vitro

The antagonistic effect of Tr6 grown in various
media against P. drechsleri was evaluated using
the dual culture. P. D. A. plates were
inoculated, on one side, with 1 cm mycelial
plugs of the pathogen and maintained at 26 + 1
°C. After 24 h, plugs of Tr6 were placed on the
opposite side. Then, all treatments were
incubated under the light intensity of 206 Lux
at 26 + 1 °C. Radial growth of the pathogen,
Tr6, and colonization of the pathogen colony by
Tr6 was measured at 24 h intervals for three
days. Then inhibition percentage was
determined by the following formula (Dennis
and Webster, 1971):

_C-T

1 x 100
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I = Inhibition percentage of the pathogen
growth

C = Radial growth of the pathogen in control

T = Radial growth of the pathogen in the
presence of the antagonist

Plant material

Cucumber seeds (Cucumis sativus L., cv.
Soltan) were obtained from Flat Agriculture Co.
(Tehran, Iran). The seeds were surface-
sterilized for 3 min in 1% sodium hypochlorite
and then rinsed three times with sterile distilled
water (Shirzad et al., 2012). Treated seeds were
incubated at 28 °C for 36 h between layers of
sterile wet filter paper.

Greenhouse assay on disease control by Tr6
biomass

The ability of each Tr6 biomass to repress
cucumber phytophthora damping-off was
tested on the Cucumis sativus L. Soltan
cultivar. The pots were filled with 1 kg of the
autoclaved potting mixture. One day before
seeding, 2 g P. drechsleri inoculum was
blended with potting mixture. Then, 3-days-
old germinated seeds were dipped into a
suspension containing 10’ spores of Tr6
produced on each biomass mixed with 2 g
gum per 1 liter of suspension for 30 min.
Four seeds were planted in each plastic pot
filled with a 1:1:2 mixture of peat, sand, and
potting soil that had been inoculated with 2 g
P. drechsleri. Plants were cultivated in a
greenhouse (16 h light and 25-28 °C). The
pots were watered once every third day for 15
days. The following were the different
treatments.

1) Control” (No treatment)

2) Control” (Pathogen alone)

3) Pathogen + Tr6 obtained from culture on
Mol. C. N. G.

4) Pathogen + Tr6 obtained from culture on
Mol. C. G.

5) Pathogen + Tr6 obtained from culture on
Mol. C.

6) Pathogen + Tr6 obtained from culture on
Mol. Y.
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7) Pathogen + Tr6 obtained from culture on
Mol. S.

8) Pathogen + Tr6 obtained from culture on
Mol. B.

9) Pathogen + Tr6 obtained from culture on
Mol. M.

10) Pathogen + Tr6 obtained from culture on Mol.

Greenhouse assay on
promotion by Tré biomass
The final product (biomass) of each flask was
tested for its ability to promote plant growth
factors. This assay was performed according to
the previous experiment. However, an inoculum
of the pathogen was not added to the
treatments. The pots were watered once at a two
days’ interval for 1 month. The following were
the different treatments.

1) Control (No treatment)

2) Tr6 obtained from culture on Mol
3) Tr6 obtained from culture on Mol
4) Tr6 obtained from culture on Mol.
5) Tr6 obtained from culture on Mol.
6) Tr6 obtained from culture on Mol.
7) Tr6 obtained from culture on Mol.
8) Tr6 obtained from culture on Mol.
9) Tr6 obtained from culture on Mol.

plant  growth

ON®!

.N.G.
.G

L@ <0

Statistics

The experiment was performed in a completely
randomized design (C. R. D.). The experiments
were repeated two times. Also, each treatment
was tested in four replicates for all trials.
Analyses of variance were done using SPSS
16.0, and the mean values were compared by
Duncan’s multiple range tests at P < 0.05.

Results

Spore production

Tr6 produced a substantial number of spores
per gram dry weight (gdw) of biomass in all
media at the end of the incubation period. There
was a significant difference between them (P <
0.05), except between Mol. M. and Mol. media
(Table 1). The maximum number of spores
(2.50 x 1'%gdw) was produced in the Mol. C.
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medium and the minimum (0.96 x 10'%/gdw) in
Mol. C. G. medium (Table 1).

Table 1 Spore production by Trichoderma harzianum
Tr6 in various liquid media.

Spore (x 10" /gdw)'

Name of media

Mol. C. N. G. 1.62+0.01b
Mol. C. G. 0.96+0.06 g
Mol. C. 2.50+0.10a
Mol. Y. 1.27+0.01¢
Mol. S. 1.40+0.10d
Mol. B. 1.10£0.01 f
Mol. M. 1.51+£0.03¢
Mol. 1.49£0.02 cd

Mol = Sugar beet molasses; C = Corn steep liquor; N = NaCl; G =
Glucose; Y = Yeast extract; S = Soybean extract; B = Baker’s
yeast and M = Malt extract.

' Values followed by the same letters are not significantly
different (Duncan test, P < 0.05).

In vitro antagonistic activity surveys

The results showed that all the media affected
the mycelial growth and antagonistic efficacy
(inhibition and colonization) of Tr6 against P.
drechsleri, as one of the most damaging
pathogens on cucumber, in different scales. In
dual culture experiments on P. D. A., all of the

80 -
70 -
60 -
50
40
30

Inhibition (%)

20
10

treatments could inhibit the pathogen’s growth
within 72 h. Mol. M. medium with 68.43% had
the most effect on inhibition (Fig. 1) but was
not different from other treatments in terms of
colonization and growth at 5% level. The final
product from Mol. S. medium showed the most
radial growth rate (Fig. 2) and colonization on
the colony of P. drechsleri (Fig. 3).

Greenhouse surveys

Data of this investigation indicated that
biomass of Tr6 obtained from various media
had positive effects on controlling cucumber
damping-off caused by P. drechsleri.
However, they could not completely control
it. Mol. M. and Mol. B. media with 58.33%
disease reduction were the most effective,
although there was no significant difference
between them with other treatments except
for the negative control (Fig. 4). According to
the presented results in table 2, Mol. Y.
medium had the most effect on plant growth
factors. The average shoot length and root
height in plants treated with Tr6 grown in
Mol. Y.medium were 34.67 cm and 4.6 cm,
respectively, while for control treatment,
these values were 14.9 cm and 1.77 cm.

Control Mol C.N.G Mol.C.G Mol.C

nh

Mol.Y Mol.S Mol.B Mol.M

Tr6 biomass

Figure 1 The effect of culture media on the inhibitory potential of Trichoderma harzianum TR6 against
Phytophthora drechsleri in dual culture, after 72 h. Bars with the same letter are not significantly different

(Duncan test, P < 0.05).
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70 -
60

50
40 H
30 ~
20 ~
10 A
0

Control Mol C.N. G Mol.C. G Mol.C Mol.Y Mol.S Mol.B Mol.M

Radial growth of Tr6 (mm)

Tr6 biomass

Figure 2 Effect of media on radial growth of Trichoderma harzianum Tr6 in dual culture, after 72 h. Bars with
the same letters are not significantly different (Duncan test, P < 0.05).

20 -
18 A

16 A
14 A
12_ l

Control Mol C.N. G Mol.C. G Mol.C Mol.Y Mol.S Mol.B Mol.M

Colonization of Tr6 (mm)
=
o

O N B O

Tr6 biomass

Figure 3 Effect of media on the colonization of Trichoderma harzianum Tr6 in dual culture, after 72 h. Bars
with the same letters are not significantly different (Duncan test, P < 0.05).

100
90 A
80 A
70 +

60 +
50 +
40 A
30 +
20 A
10 -
0 4

Control+ Control- MoI C.N. G Mol.C.G Mol.C Mol.Y Mol.S Mol.B Mol.M

Disease control (%)

Tr6 biomass

Figure 4 Control of phytophthora damping-off of cucumber using Trichoderma isolate grown in the various
growth media. Bars with the same letters are not significantly different (Duncan test, P < 0.05).
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Table 2 Effect of Trichoderma harzianum Tr6 biomass on the growth parameters of the cucumber plant.

Tr6 biomass Lenght of shoot Lenght of root ~ Fresh weight of Fresh weight of
derived from media (cm) (cm) shoot (g) root (g)
Control 1490+0.10 g 1.77+0.25d 1.16+£022e 0.41+0.10e
Mol. C. N. G. 14.83+027¢g 2.13£032cd 1.42+0.07e 0.54£0.07 de
Mol. C. G. 16.17+0.61f g 247+025¢ 1.38+0.01e 0.65+0.05cd
Mol. C. 32.60+0.53 b 3.06£0.05b 5.15+0.05b 0.85+0.05a
Mol. Y. 34.67+0.04 a 4.60+036a 683+130a 0.93+0.11a
Mol. S. 25.10+0.50 ¢ 2.57+040c 3.00+021d 0.70 + 0.02 be
Mol. B. 29.70£0.75 ¢ 230+026c 4.03+£0.05¢ 0.83 £ 0.08 ab
Mol. M. 27.70+0.93d 230+020c 4.08+0.29¢ 0.55+£0.07 de
Mol. 17.23+0.45f 250+020c 1.84+031e 0.58 £0.09 cd

Mol = Sugar beet molasses; C = Corn steep liquor; N = NaCl; G = Glucose; Y = Yeast extract; S = Soybean extract; B = Baker’s yeast and M

= Malt extract.

** Values followed by the same letters are not significantly different (Duncan test, P < 0.05).

Furthermore, the maximum fresh weight of
shoot and root was related to Mol. Y. medium’s
final product. In total, the results obtained from
this study indicated that Mol. C. medium for spore
production and Mol. M. and Mol. B. media for
disease control were superior to the others.
However, the results of laboratory assays were
different, as Mol. M. medium had the most
influence on antagonistic activity of Tr6 in dual
culture test. Although Mol. M. medium had no
superlative effect on plant growth factors, it had a
better effect than other treatments except Mol. Y.
medium.

The second stage of trials for optimum
medium selection

Generally, the essential aspects of mass
production of biocontrol agent are maximum
biomass production of Tr6, while maintaining
biocontrol activity. Therefore, this stage was
carried out to select optimum culture medium in
high spore production and effective control of
disease as a supplementary stage done according
to the previous experiments. For this purpose,
Mol. M., Mol. B., Mol. C., and Mol. C. B. M.
media were used. According to the results, Mol.
C. medium followed by Mol. C. B. M. (with 1.83
x 10" spore/gdw) and Mol. M. (with 1.65 x 10"
spore/gdw) had the highest spore production
though there was mno significant difference
between the Mol. C. B. M. and Mol. M. media
(Fig. 5). Furthermore, Mol. C. B. M. medium
reduced disease by 62.5%, but this reduction was
not significantly different from Mol. M. and Mol.
B. media (Fig. 6). Therefore, Mol. M. medium
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had the most influence on the growth and
biocontrol performance of Tr6.

2.5 1

2 4

a
b
c
d

1.5 A

14
0.5 - I

0 + T T T

Mol.C.B.M  Mol.C Mol.B Mol.M
Media

Spore (x10'%/gdw)

Figure 5 Spore production by Trichoderma
harzianum Tr6 in the selective liquid media. Bars
with the same letters are not significantly different
(Duncan test, P < 0.05)

a

100 4
90 -
80 -
70 A
60 -
50 A
40 A
30 A
20 A
10 4

Disease control (%)

Control+  Control- Mol.C.B.M  Mol.C Mol.B Mol.M

Tr6 biomass

Figure 6 Control of phytophthora damping-off of
cucumber by Trichoderma isolate grown in the
selective media. Values followed by the same letters
are not significantly different (Duncan test, P < 0.05).
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Discussion

Trichoderma spp. develop under different
environmental and nutrient conditions. This
potency facilitates their mass production in
vitro conditions on various low-cost substrates.
The present study suggests that different carbon
and nitrogen sources of the medium affect
growth and sporulation and the efficacy of Tr6
inoculum as a biocontrol agent against P.
drechsleri. Similar findings were also observed
in other studies (Monga, 2001; Said, 2009;
Kobori et al., 2015; Rai and Tewari, 2016; Reaz
Mahamud, 2019). The increment of spore
production in different media was in agreement
with the findings obtained by some researchers
(Chaudhari et al, 2011; Khandelwal et al.,
2012; Onilude et al, 2013; Emerson and
Mikunthan, 2015; Kobori et al., 2015; Reaz
Mahamud, 2019). Different liquid media were
used for Trichoderma spp., and maximum
biomass was produced in a short time
inappropriate liquid media. The substrate is
important, and usually, agricultural or industrial
waste is considered an economic resource.
Mass scale production of Trichoderma would
have great potential for commercial application.
There is abundant literature on using
conventional synthetic media like glucose,
cellulose, soluble starch, and molasses to
produce Trichoderma. However, the cost of
these raw materials for biocontrol agents’
commercial production is a major limitation.
Generally, biocontrol agents are mass-produced
by solid fermentation technology. Some of the
disadvantages of this method are the high
volume of the substrate required, contamination
during fermentation, and the long time required
for fermentation. On the contrary, liquid
fermentation will help in the mass production of
microorganisms under axenic conditions within
a short time. 7. harzianum, a proven biocontrol
agent against soil-borne plant pathogens, was
mass multiplied using molasses as substrate.
Use of inexpensive substrates such as molasses
helps reduce the cost of production of biomass.
In this work, low-cost and availability of
materials were the mainsprings for the selection
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of media. Our results indicate that the highest
spore yield of Tr6 was obtained in Mol. C.
medium. Previously, this medium
supplemented with NaCl has been used for
abundant production of conidia in Aspergillus
and Fusarium spp (Vezina et al., 1965). Carbon
is one of the most important factors for the
development  of  mycelial growth  of
Trichoderma spp. Agosin et al. (1997)
demonstrated that limitation of carbon appeared
to trigger cell differentiation in 7. harzianum
strain P1 (Agosin et al., 1997), and the most
productive of spores also occurs in nitrogen
shortage condition (Thomas et al, 2013;
Mascarin and Jaronski, 2016; Mishra et al.,
2016). The composition of sugar beet molasses
include water, sucrose (mainly), fructose,
raffinose and, acids. Corn steep liquor is rich in
carbohydrates (lactose, starch, and glucose) and
contains nitrogen, vitamins, and minerals.
Therefore, less nitrogen and more carbon in this
medium result in greater spores by antagonist
isolate. Indeed, Tr6 produced poor spores when
grown on the medium Mol. C. G. (Table 1) and
increasing glucose concentration did not affect
sporulation than other media. This result was
contrary to several authors’ findings (Agosin et
al., 1997; Monga, 2001; Said, 2009). The main
reason for this different observation is the
difference between our cultural conditions and
other studies. Also, in the second stage, malt
extract and baker’s yeast did not positively
affect sporulation in the medium Mol. C. B. M.
This result indicates that suitable conditions for
vegetative growth reduce spore generation.
However, it is better in terms of sporulation in
comparison with other treatments. This
outcome indicates that different cultures and
growth media showed variability in biomass
production of the biocontrol agents. This ability
has been suggested as the main reason for the
ubiquitous nature of Trichoderma. In vitro
surveys indicated that all media affect
antagonistic activity, consistent with previous
findings (Mustafa et al., 2009). The results of
our experiments about the effect of growth
media on the efficacy of Tr6 to control
phytophthora damping-off of cucumber indicate
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that the nutrition sources and its composition
can affect the performance of Tr6 for
controlling some plant pathogens. 7. harzianum
protected the seedlings from damping-off
disease. Subash et al. (2014) showed that T.
harzianum has grown in sugarcane bagasse, and
talcum powder protected the seedlings from the
damping-off disease in chili plants. As
demonstrated in this study, the positive effect of
media on antagonists’ ability to increase plant
growth factors follows Subash et al. (2014).
The success of using Trichoderma as biocontrol
agents is dependent on complex ftripartite
interactions between plants, pathogens, and
Trichoderma (Hanhong, 2011). Trichoderma
spp. are being used in reasonably large
quantities in agriculture, both for plant disease
control and yield increases (Harman, 2006).
Trichoderma can protect plants against various
plant pathogens using various mechanisms like
mycoparasitism of plant pathogens, induction of
resistance mechanisms in plants (Vinale et al.,
2008; Shoresh ef al., 2010), siderophores
production (Qi and Zhao, 2013). Therefore,
these fungi have been applied to a wide range
of plant species for growth enhancement,
positively affecting plant weight, crop yields,
and disease control. For example, Alizadeh et
al. (2013) studied the effectiveness of
combining these biocontrol agents on induced
resistance in cucumber and the model plant
Arabidopsis thaliana. The enhanced protection
in cucumber by the combination of T.
harzianum Tr6 and Pseudomonas sp. Psl4 is
most likely due to the two biocontrol agents’
activation of different signaling pathways
(Alizadeh et al, 2013). Also, Trichoderma
species can improve plant growth through
mechanisms such as auxins production
(Bjorkman, 2004; Contreras-Corngjo et al.,
2009), solubilization of several plant nutrients
(Li et al, 2015), and reduced ethylene
production through decreased 1-
aminocyclopropane-carboxylic acid (A. C. C.)
(Gravel et al., 2007). These features of
Trichoderma also depend on environmental
factors, especially nutrition source (growth
medium). Also, the effect of nutrients in
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increasing the efficiency of antagonistic
metabolites production can be investigated in
the biological control surveys. Due to these
results and reported positive features of the
1solate such as resistance induction, antibiosis,
and control of various plant pathogens such as
Fusarium oxysporum f. sp. radicis-lycopersici
(Alizadeh ef al., 2013), B. cinerea (Delkhah and
Behboudi, 2015), and P. drechsleri (Delkhah
and Behboudi, 2015) applying low-cost agro-
wastes to mass production of Tr6 are suggested.
This property might be useful in biocontrol
programs of some soil-borne plant pathogens
and promote plant growth. Several species of
Trichoderma positively affect plants by
stimulating plant growth and protecting them
from pathogens.

Acknowledgments

This study was supported by the College of
Agriculture and Natural Resources, University
of Tehran.

References

Agosin, E., Volpe, D., Mun, G., San Martin, R.
and Crawford, A. 1997. Effect of culture
conditions on spore shelf life of the
biocontrol agent Trichoderma harzianum.
World Journal of Microbiology and
Biotechnology, 13: 225-232.

Alizadeh, H., Behboudi, K., Ahmadzadeh, M.,
Javan-Nikkhah, M., Zamioudis, C., Pieterse,
C. M. and Bakker, P. A. 2013. Induced
systemic resistance in cucumber and
Arabidopsis thaliana by the combination of
Trichoderma harzianum Tr6 and
Pseudomonas sp. Psl4. Biological Control,
65: 14-23.

Bailey, D., Kleczkowski, A. and Gilligan, C.
2004. Epidemiological dynamics and the
efficiency of biological control of soil-borne
disease during consecutive epidemics in a
controlled environment. New Phytologist,
161: 569-575.

Bhat, K. A., Anwar, A., Lone, G. M., Hussain,
K. and Nazir, G. 2009. Shelf life of liquid


https://dorl.net/dor/20.1001.1.22519041.2021.10.2.5.1
https://jcp.modares.ac.ir/article-3-44403-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.22519041.2021.10.2.5.1 ]

Improvement of biocontrol efficacy of T. harzianum

fermented  product of  Trichoderma
harzianum in talc. Journal of Mycology and
Plant Pathology, 39: 263-265.

Bjorkman, T. 2004. Effect of Trichoderma
colonization on auxin-mediated regulation
of root elongation. Plant Growth Regulation,
43: 89-92.

Chaudhari, P. J., Shrivastava, P. and Khadse,
A. C. 2011. Substrate evaluation for mass
cultivation of Trichoderma viride. Asiatic
Journal of Biotechnology Resources, 2:
441-446.

Contreras-Cornejo, H. A., Macias-Rodriguez,
L., Cortés-Penagos, C. and Ldpez-Bucio, J.
2009. Trichoderma virens, a plant beneficial
fungus, enhances biomass production and
promotes lateral root growth through an
auxin-dependent mechanism in Arabidopsis.
Plant Physiology, 149: 1579-1592.

De Meyer, G., Bigirimana, J., Elad, Y. and
Hofte, M. 1998. Induced systemic resistance
in Trichoderma harzianum T39 biocontrol
of Botrytis cinerea. European Journal of
Plant Pathology, 104: 279-286.

Delkhah, Zh. and Behboudi, K. 2015.
Production and application of Trichoderma
harzianum Tr6 for control of damping-off
caused by Phytophthora drechsleri and
growth promotion on cucumber. Biological
control of pest and plant diseases, 3: 97-104.
(In Persian).

Delkhah, Zh. and Behboudi, K. 2016. Evaluation
of some solid media effects on biological
efficacy of Trichoderma against Botrytis
cinerea. Proceedings of Iranian Plant
Protection Congress, 22: 27-30. (In Persian).

Dennis, C. and Webster, J. 1971. Antagonism
properties of species groups of Trichoderma,
III. Hyphal interaction. Transactions British
Mycological Society, 57:363 -369.

Emerson, F. L. and Mikunthan, G. 2015. Small
scale production of Trichoderma viride on
locally available liquid waste and other
substrates. American-Eurasian Journal of
Agricultural & Environmental Sciences, 15:
1666-1671.

Georgakopoulos, D. G., Fiddaman, P., Leifert, C.
and Malathrakis, N. E. 2002. Biological

J. Crop Prot.

420

control of cucumber and sugar beet damping-
off caused by Pythium ultimum with bacterial
and fungal antagonists. Journal of Applied
Microbiology, 92: 1078-1086.

Gravel, V., Antoun, H. and Tweddell, R. J.
2007. Growth stimulation and fruit yield
improvement of greenhouse tomato plants
by inoculation with Pseudomonas putida or
Trichoderma atroviride: possible role of
indole acetic acid (I. A. A.). Soil Biology
and Biochemistry, 39: 1968-1977.

Hanhong, B. 2011. Trichoderma species as
abiotic and biotic stress quenchers in plants.
Research Journal of Biotechnology, 6: 73-79.

Harman, G. E. 2006. Overview of mechanisms
and  uses of  Trichoderma spp.
Phytopathology, 96: 190-194.

Harman, G. E., Petzoldt, R., Comis, A. and
Chen, J. 2004. Interactions between
Trichoderma harzianum strain T22 and
maize inbred line Mol7 and effects of these
interactions on diseases caused by Pythium
ultimum and Colletotrichum graminicola.
Biological Control, 94: 147-153.

Hewavitharana, N., Kannangara, S. D. P.
Senanayake, S. P. 2018. Isolation,
identification and mass production of five
Trichoderma spp. on solid and liquid carrier
media for commercialization. International
Journal of Applied Sciences and
Biotechnology, 6: 285-293.

Khandelwal, M., Datta, D., Mehta, J., Naruka,
R., Makhijani, K., Sharma, G., Kumar, R.
and Chandra, S. 2012. Isolation,
characterization and biomass production of
Trichoderma viride using various agro
products-a biocontrol agent. Advances in
Applied Science Research, 3: 3950-3955.

Khan, Sh., Bagwan, N. B., Igbal M. A. and
Tamboli, R. R. 2011. Mass multiplication
and shelf life of liquid fermented final
product of Trichoderma viride in different
formulations. Advances in Bioresearch, 2:
178-182.

Kobori, N. N., Mascarin, G. M., Jackson, M. A.
and Schisler, D. A. 2015. Liquid culture
production of microsclerotia and submerged
conidia by Trichoderma harzianum active


https://dorl.net/dor/20.1001.1.22519041.2021.10.2.5.1
https://jcp.modares.ac.ir/article-3-44403-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.22519041.2021.10.2.5.1 ]

Delkhah and Behboudi

J. Crop Prot. (2021) Vol. 10 (2)

against damping-off disease caused by
Rhizoctonia solani. Fungal Biology, 119:
179-190.

Lamour, K. and Hausbeck, M. 2000.
Mefenoxam insensitivity and the sexual stage
of Phytophthora capsici in Michigan cucurbit
fields. Phytopathology, 90: 396-400.

Lamour, K. and Hausbeck, M. 2001.
Investigating the spatiotemporal genetic
structure of  Phytophthora capsici in

Michigan. Phytopathology, 91: 973-980.

Lewis, J. A. and Papavizas, G. C. 1983.
Production of chlamydospores and conidia
by Trichoderma spp. in liquid and solid
growth  media.  Soil  Biology and
Biochemistry, 15: 351-357.

Li, R-X., Cai, F., Pang, G., Shen, Q-R., Li, R.
and Chen, W. 2015. Solubilisation of
Phosphate and Micronutrients by
Trichoderma harzianum and Its Relationship
with the Promotion of Tomato Plant Growth.
PLoS ONE, 10: e0130081.

Maleki, M., Mokhtarnejad, L. and Mostafaee,
S. 2011. Screening of Rhizobacteria for
biological control of cucumber root and
crown rot caused by Phytophthora
drechsleri. Plant Pathology, 27: 78-84.

Mascarin, G. M. and Jaronski, S. T. 2016. The
production and uses of Beauveria bassiana
as a microbial insecticide. World Journal of
Microbiology and Biotechnology, 32: 177.

Mishra, S., Kumar, P. and Malik, A. 2016.
Suitability of agricultural byproducts as
production medium for spore production by
Beauveria bassiana HQ917687.
International journal of recycling organic
waste in agriculture, 5: 179-184.

Monga, D. 2001. Effect of carbon and nitrogen
sources on spore germination, biomass
production and antifungal metabolites by
species of Trichoderma and Gliocladium.
Indian Phytopathology, 54:435-437.

Mustafa, A., Khan, M. A., Inam-ul-Haq, M.,
Pervez, M. A. and Ummad-ud-Din, U. 2009.
Usefulness of different culture media for in
vitro evaluation of Trichoderma spp. against
seed-borne fungi of economic importance.
Pakistan Journal of Phytopatholgy, 21: 83-88.

421

Onilude, A. A., Adebayo-Tayo, B. C.,
Odeniyi, A. O., Banjo, D. and Garuba, E.
0. 2013. Comparative mycelial and spore
yield by Trichoderma viride in batch and
fed-batch cultures. Annals of
Microbiology, 63: 547-553.

Parkash, V. and Saikia, A. J. 2015. Habitational
abiotic environmental factors alter
arbuscular mycorrhizal composition, species
richness and diversity index in Abroma
augusta L. (Malvaceae) rhizosphere. Plant
Pathology and Quarantine, 5: 98-120.

Perazzolli, M., Roatti, B., Bozza, E. and Pertot,
I. 2011. Trichoderma harzianum T39
induces resistance against downy mildew by
priming for defense without costs for
grapevine. Biological Control, 58: 74-82.

Qi, W. and Zhao, L. 2013. Study of the
siderophore-producing Trichoderma
asperellum Q1 on cucumber growth
promotion under salt stress. Journal of Basic
Microbiology, 53, 355-364.

Rai, D. and Tewari, A. K. 2016. Evaluation of
different carbon and nitrogen sources for
better growth and sporulation of T.
harzianum (Thl4). Journal of Agricultural
Biotechnology and Sustainable
Development, 8: 67-70.

Ramanujam, B., Prasad, R., Sriram, S. and
Rangeswaran, R. 2010. Mass production,
formulation, quality control and delivery
of Trichoderma for plant disease
management. The Journal of Plant
Protection Sciences, 2: 1-8.

Reza Mahmud, Md. 2019. Large scale
production and increased shelf life of
Trichoderma harzianum inoculums in semi
solid medium. Malaysian Journal of
Sustainable Agriculture, 3: 05-07.

Sadeghi, A., Koobaz, P., Karimi, E. and Akbari,
A. R. 2017. Plant growth promotion and
suppression of Phytophthora drechsleri
damping-off in cucumber by cellulase-
producing Streptomyces. BioControl, 62:
805-819.

Said, S. D. 2009. Spore production of
biocontrol agent Trichoderma harzianum:
Effect of C/N ratio and glucose


https://dorl.net/dor/20.1001.1.22519041.2021.10.2.5.1
https://jcp.modares.ac.ir/article-3-44403-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.22519041.2021.10.2.5.1 ]

Improvement of biocontrol efficacy of T. harzianum

concentration. Jurnal Rekayasa Kimia and
Lingkungan, 6: 35-40.

Shirzad, A., Fallahzadeh-Mamaghani, V. and
Pazhouhandeh, M. 2012. Antagonistic
potential of fluorescent pseudomonads and
control of crown and root rot of cucumber
caused by Phythophtora drechsleri. The
Plant Pathology Journal, 28: 1-9.

Shoresh, M., Harman, G. E. and Mastouri, F.
2010. Induced systemic resistance and plant
responses to fungal biocontrol agents. Annual
Review of Phytopathology, 48: 21-43.

Soheiliara, M., Sheikholeslami, M. and
Zamanizadeh, H. R. 2020. Screening of
native isolates of Trichoderma spp. for
ability to control cucumber damping-off
caused by Phytophthora drechsleri. Journal
of Crop Protection, 9: 261-274.

Subash, N, Meenakshisundaram, M.,
Sasikumar, C. and Unnamalia, N. 2014. Mass
cultivation of Trichoderma harzianum using
agricultural waste as a substrate for the
management of damping-off disease and
growth promoting in chili plants (Capsicum
aunuum L.). International Journal of

J. Crop Prot.

422

Pharmacy and Pharmaceutical Sciences, 6:
188-192.

Thomas, L., Larroche, C. and Pandey, A. 2013.
Current  developments in  solid-state
fermentation.  Biochemical  Engineering
Journal, 81: 146-161.

Tsegaye, Z., Assefa, F., Tefera, G., Alemu, T. and
Gizaw, B. 2018. Characterization and
identification of tef (Eragrostis tef) seed
endophytic bacterial species and evaluate their
effect on plant growth promotion. Journal of
Plant Pathology and Microbiology, 9: 438.

Vezina, C., Singh, K. and Sehgal, S. 1965.
Sporulation of filamentous fungi in
submerged culture. Mycologia, 57: 722-736.

Vinale, F., Sivasithamparam, K., Ghisalberti, E.
L., Marra, R., Woo, S. L. and Lorito, M. 2008.
Trichoderma-plant-pathogen interactions. Soil
Biology and Biochemistry, 40: 1-10.

Vitti, A., Pellegrini, E., Nali, C., Lovelli, S.,
Sofo, A., Valerio, M., Scopa, A. and
Nuzzaci, M. 2016. Trichoderma harzianum
T-22 induces systemic resistance in tomato
infected by cucumber mosaic virus.
Frontiers in Plant Science, 7: 1-11.


https://dorl.net/dor/20.1001.1.22519041.2021.10.2.5.1
https://jcp.modares.ac.ir/article-3-44403-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.22519041.2021.10.2.5.1 ]

Delkhah and Behboudi J. Crop Prot. (2021) Vol. 10 (2)

Jole (Phytophthora drechsleri y\y y Trichoderma harzianum Tr6 J yioS g 21,1 5 gute
HbS olS )0 azalS S o (55 low

" Goge 0l 9 olgRIo B3

Q‘f‘ ‘C; ‘Q‘)ef olKisls s‘j.u..‘a CJLA.A 9 Lg))jlﬂ.; u.ao): ‘Giw).mLf 05;
behbodi@ut.ac.ir 1455 Jgius odinus 53 S Sl oy
VE e 09,8 T i0hpdy ATAR L5 VY il o

LS g ad, S s cuien S50 adllas ol jo el olse onl 5l (o el Lo
So 0l oy y» Phytophthora drechsleri -, ,o Trichoderma harzianum Tr6 _co_sS Lt
PH .acs ools o, ceicS sladar e cnl 10 yeml Vo' (ol TI6 jgunsl gl 51 i Lo
a8 ;0 190 \We (LT g uSgl VoF (690 ol Lol ol cod by )l ol pudas B/0 o o laore
039 PS5 30 youmwl YO X Ve 'T) i liyseml ol (610455 55, V0 oy YA °C sles jo
SS9l 5 el saaline ()8 Cayd g a8 aise> ) Mol. C. ciS hase jo (S
Mol. B5 Mol. M D9 (u_JLo e)La.C 9 M)w d.:)Lo) Mol. M cas Ja.~.7bo 4 Jos.:]a ;)LM )|
250 Mol M aczisls (LOMYY) (s lom 28l 50 1) 15T o 5 i (06 yose 9 0t jasis Lodle)
Mol. Y. jas ;55 sla,los b anslie ;o (6,5 ,5b Lol cetlas olS sus, el (s, csloslal 358
)—h-’)‘ CiS M u.)]._)g_a}l.h.o g.)L?t.u‘ 6‘/.) P9 4.1},0 bl (}Am O)L.a.c- 9 J.J)J»D ‘_}vyao)
el gl o plasl Glojp jobas olS 0l drwgi 5 5)ler Hige S5 Vb a5
Olsmeas Mol. M g &ais eolazwl Mol. C. B. M. g Mol. C. Mol. B. <Mol. M ciS slalaxs
Mol. M 5M01 C.B. M Mol. C .o ool QLM.)TI'6 U’J}MS}U ‘511)55 M)])J)}A RAY Ja.~.7bo
1 ssml Sdsi 55 e o S SCES (35 as5 50 el VEOXY ' g VAT S YY) L
cu_.l‘ = OBBLC ROENARY S99 Mol. M 9 Mol. C. B. M. = ‘S)LB‘_,’_...:A g_asL.aJ = asle
Mol. ;| Sglaie (g lo gxe joboay 2alS ol Lol ols 2alS 22Y/D l5eas |y (5 5lep Mol C. B. M

Trichoderma g3\ 5Jg5 Phytophthora drechsleri « ] ysS g «unssS sl 1 gudS” o E5lg

423


https://dorl.net/dor/20.1001.1.22519041.2021.10.2.5.1
https://jcp.modares.ac.ir/article-3-44403-en.html
http://www.tcpdf.org

