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Abstract
Background and Objective
Septoriosis is one of the most important diseases of wheat worldwide, including in Iran. Due to
the large cultivated area of wheat and the economic significance of this crop in llam province,
this study was conducted to investigate the combined effects of Trichoderma fungus and
epiphytic bacteria in reducing the damage caused by Zymoseptoria tritici, on two varieties of
wheat, Mehregan and Tajan, both in vitro and under greenhouse conditions.
Materials and Methodscyu dgc
The biocontrol ability against Z. tritici by 36 Trichoderma isolates and 207 epiphytic bacteria
strains was evaluated in vitro by two methods, duel culture and production of volatile
metabolites in Trichoderma isolates, and three tests including antibiotic, volatile metabolite,
and siderophore production in epiphyte bacteria strains.
Trichoderma inoculum was prepared according to the method of Cordo et al. (2020). Fungal
suspension was prepared and the concentration of spores in the resulting suspension was
determined using a hemocytometer slide, 1 x 108 conidia per ml for each Trichoderma isolate.
Then, ten milliliters of the suspension prepared from each isolate were mixed with 90 milliliters
of 0.25% agar water. The seeds of Tajen and Mehrgan cultivars were added to the above
suspension. The seeds coated with Trichoderma were dried in the dark at room temperature,
and after 24 hours, they were planted in 2 kg sterile pots. 5-7 seeds were used in each pot.
To prepare the inoculum of epiphyte bacteria, the 24-hour culture of bacteria on NA culture
medium was used, and a suspension of bacteria was prepared in sterile distilled water, and
optical absorption of 0.1 at a wavelength of 600 nm was done using a spectrophotometer.
Inoculation of the bacterial inoculum was done using a manual spore sprayer 24 hours before
the inoculation of the pathogenic fungus.

After preparing the pathogenic fungus spore suspension, two-leaf seedlings (14 days old) were
inoculated. The pots were covered with plastic bags for 72 hours and kept in the dark for 24
hours. During this period, the pots' environment was kept moist using a hand sprinkler. After
the mentioned period, the plastic bags were removed from the surface of the pots and kept for
another 21 days at a temperature of 23 degrees Celsius and in a humidity condition higher than
70%.

Under greenhouse conditions, growth characteristics of wheat including fresh and dry weight
root (g), fresh and dry weight shoot (g), and plant height (cm), were evaluated in the presence



of pathogenic fungus and biocontrol agents. The data analysis ANOVA (Analysis of variance)
was conducted using the SAS software version 9.4 as a factorial test in completely randomized
design (CRD) with three replicates.

Results

The results showed two fungal isolates, T6 (T. Longibrachiatum) and T1 (T. harzianum), and
three bacterial strains, C1d (S. saprophyticus), Drlb (P. agglomerans), B2b (Entrobacter sp.)
could inhibit of the growth of Z. tritici in vitro, which the mentioned isolates were selected for
the greenhouse test.

The greenhouse results showed the strong effect of combined treatment of fungus-bacterial
T6+C1d (T. longibrachiatum+S saprophyticus) in increasing all functional traits of wheat and
T1+B2b treatment (T. harzianum+ Entrobacter sp.) had the lowest effect on plant functional
traits.

The t-test results between Mehregan and Tajan cultivars showed the highest fresh and dry
weight root, fresh and dry weight shoot, and plant height were obtained for the Tajen variety.
Generally, the results showed the positive effect of various fungal and bacterial isolates in
reducing the pathogenicity and damage caused by septoriosis disease.

Discussion

The results of the antagonistic ability of fungal isolates and epiphytic bacteria in vitro and
greenhouse showed a good correlation between the two conditions. So, the results showed a
positive effect of the fungal and bacteria isolates in reducing Zymoseptoria damages. Finally,
isolates T6 (T. Longibrachiatum) and T1 (T. harzianum) and three bacterial strains C1d (S.
saprophyticus), Drlb (P. agglomerans), B2b (Entrobacter sp.) were introduced as the strongest
antagonistic agents in control of this fungus. The possible main effects of T. longibrachiatum

are related to induce resistance in the plant and the production of volatile metabolites and
antibiotics, and in bacteria are related to produce of volatile metabolites, antibiotics, and
siderophores.
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Figure 1. Phylogeny tree of Zymoseptoria tritici based on B-tubulin gene
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Figure 2. Phylogeny tree of Trichoderma species based on tef gene
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Figure 4. Phylogeny tree of Enterobacter sp. based on 16S rRNA gene
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Figure 5. A: Antagonistic effect of the T1 isolate (Trichoderma harzianum) against the Zymoseptoria tritici
in duel culture, B: Antagonistic effect of the T6 isolate (Trichoderma longibrachiatum) against the

Zymoseptoria tritici in volatile metabolites.
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Figure 6. A: Production of extracellular inhibitory compounds in agar by B2b (Enterobacter sp.): B:
Production of volatile metabolites by Drlb strain (Pantoea agglomerans)< C: Siderophore production by
C1d strain (Staphylococcus saprophyticus).
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Table 1. Mean comparison of effect of antagonistic treatments on functional traits in Mehregan cultivar.

Treatments

Plant height
(Cm)

Fresh weight
root (g plant?)

Dry weight

root (g plant?)

Fresh weight
shoot (g plant™)

Dry weight

shoot (g plant?)

T1+Cld (T.
harzianum+ S.
saprophyticus)
T1+B2b (T.
harzianum+
Entrobacter sp.)
T1+Drlb (T.
longibrachiatum+
P. agglomerans)
T6+C1d (T.
longibrachiatum+
S. saprophyticus)
T6+B2b (T.
longibrachiatum+
Entrobacter sp.)
T6+Drlb (T.
longibrachiatum+
P. agglomerans)
Control 1 (healthy
plant)

Control 2 (infected
plant without
antagonist agents)
Error mean
square

28°+ 1

25°+ 1.15

27.66° 1.76

36°+ 0.88

28.3°+1.20

27.32°+1.20

40°+ 0.88

23.83% 2.08

4.333

1.03% 0.009

0.88%+ 0.023

1.41°+ 0.069

4.26+ 0.273

1.02%+ 0.075

0.88%+ 0.038

5.01%+ 0.015

0.69"+ 0.009

0.043

0.41°+ 0.003

0.25% 0.019

0.33°+0.013

0.44°+ 0.024

0.28%+ 0.015

0.32°+£0.012

0.71%+ 0.020

0.11°+ 0.008

0.0007

0.82°+ 0.021

0.82°+ 0.030

0.88°+ 0.029

3.01°+ 0.058

1.9+ 0.084

1.489+ 0.195

3.9%+0.019

0.50" + 0.023

0.025

0.25°+0.019

0.21°+0.012

0.21°+ 0.032

1.04°+ 0.048

0.8°+ 0.070

0.61% 0.023

2%+ 0.007

0.1+ 0.012

0.004

*The number in each column that have a same letter do not have significant difference in 5% level.

P 18 38 P (63 los Dlhe (69 CungS T Sl slowd FT (Sl duglio YS9
Table 2. Mean comparison of effect of antagonistic treatments on functional traits in Tajan cultivar.

Treatments Plant height Fresh weight Dry weight Fresh weight Dry weight shoot
(Cm) root (g plant?)  root (g plant!)  shoot (g plant?) (g plant?)

T1+CLd (T. harzianum+ 32004 1 2.45%+0.225 0.33% 0.009 1.36° 0.087 0.44°+ 0.029

S. saprophyticus)

TL¥B2b (T. harzianum+ 55 660, g g 9,080+ 0,043 0.23% 0.022 1.19% 0.062 0.33% 0.027

Entrobacter sp.)

T1+Drlb (T.

longibrachiatum+ P. 32.3%°+ 1.20 2.45°+0.203 0.23%+0.012 0.9%+ 0.045 0.22°+ 0.020

agglomerans)

T6+C1d (T.

longibrachiatum+ S. 35.66°+ 1.45 3.05°+ 0.029 0.53+ 0.022 1.69°+ 0.041 0.79°+ 0.012

saprophyticus)

T6+B2Db (T.

longibrachiatum+ 33.3%°+ 1.45 2.6b°+ 0.247 0.33°+ 0.026 1.53+ 0.043 0.57°+ 0.020

Entrobacter sp.)

T6+Drlb (T.

longibrachiatum+ P. 33+ 2,08 2.3+ 0.160 0.35°+ 0.035 1.14% 0.015 0.38%+ 0.015

agglomerans)

glgr:tgo' 1 (healthy 43+ 0.88 4.1+ 0.111 0.69% 0.022 1.73% 0.046 1.9%0.018

Control 2 (infected plant

without antagonist 16+ 2.85 0.48%+ 0.091 0.08%+ 0.030 0.39%+0.017 0.07"+ 0.024

agents)

Error mean square 5.888 0.090 0.001 0.008 0.001

*The number in each column that have a same letter do not have significant difference in 5% level.
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Table 3. The t-test between Mehregan and Tajan cultivars based on functional traits.

Plant height  Fresh weight Dry weight Fresh weight Dry weight shoot
(Cm) root (g plant?)  root (g plant®)  shoot (g plant?) (g plant?)
Tajan 31.82+0.52 2.33+0.06 0.29+ 0.02 1.29+ 0.04 0.46+ 0.03
Mehregan  27.05%0.68 1.24+0.15 0.27+0.02 1.08+0.11 0.41+ 0.04
t-test 5.95%* 6.94%* 0.711 1.85% 1.15™
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