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Abstract
Objective

Rice is one of the most important crops in the world, which occupies a large area of arable land.
Blast disease is one of the most important and destructive rice diseases, which reduces production
of this product. Due to environmental pollution caused by overuse of fungicides to control this
disease and on the other hand, the pathogen resistance to these chemicals, development of better
and healthier strategies to control this pathogen is necessary. Biological control of plant diseases
using antagonists can be a promising alternative method.

Materials and methods

In this study, indirect effect of Trichoderma harzianum fungus on pathogenic fungus,
Magnaporthe oryzae, under greenhouse conditions was investigated by induction of systemic
resistance in susceptible Tarom cultivar. For this purpose, expression of several important defense
genes was investigated using real-time gPCR technique in plants symbiont with Trichoderma
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compared to control plants (without Trichoderma) at different times after infection with
pathogenic fungi.

Results

The results showed increasing expression level of NPR1, PR2 and PR3 genes after pathogen
inoculation in plants symbiont with Trichoderma compared to the control plantsthat there was
statistically significat difference about PR2 and PR3 genes. Nevertheles in a humber of times,
there was no significant difference in expression level of the evaluated genes between two
treatments. Examination of various morphological traits such as root, stem and leaf dry weight,
root length, stem diameter and plant height showed an increase in plants symbiont with
Trichoderma compared to control plants (without Trichoderma), although this difference was not
significant about these traits except for plant height. Chlorophyll a and b levels were also
measured as physiological traits in both treatments. Although amount of chlorophyll a was higher
in plants symbiont with Trichoderma than control plants, but no significant difference was
observed. Phenotypic study of interaction of rice plant and pathogen in presence of Trichoderma
showed a significant difference about disease severity in plants symbiont with Trichoderma
compared to control plants.

Conclusions

These results could somewhat indicate the systemic protection of the rice plant against M. oryzae
due to symbiosis of the plant root with Trichoderma harzianum and induction of resistance and
increase in pathogenesis-related genes, but this is not enough. Therefore, it is necessary to repeat
greenhouse experiment to ensure that there is a significant difference in expression of the studied
genes between symbiotic and control plants.
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Table 1. Nucleotide sequence of used primers in this study

SRl eled ST g g

Gene name oy Primer Sequences Reference
Accession
number
o  AKO064960 5. AAGCCAGCATCCTATGATCAGATT-3 ¢4, S5kl Jainetal 2018

OsGAPDH Sense Primer
OsGAPDH 5'- CGTAACCCAGAATACCCTTGAGTTT-3' cx8,, 5T

Gene Antisense Primer
OsNPR1 ,; DQ450947 5-AGTTGCTTTGGCGAGGATTATG-3' cé, ,5;ll the present

OsNPR1 Sense Primer study
Gene 5-TGTCTTTCAGGAGGTGGATTTG-3' i85, LT

Antisense Primer
OsPR2 ;5 AKO070677 5 AAGATTGTTCTGAGAAGAGATCGATCGA-3' cé, ,5;ki Heidarinejad et
OsPR2 Sense Primer S
Gene 5-GCTACGCGAAAATAGGTCTGGTAAACTT-3' &;iT
s,
Antisense Primer
OsPR3 5 D16221 5-TACTGTGTCCAGAGCTCGCAGTGG-3' cé, Skl Sayari et al.

OsPR3 Sense Primer 2014
Gene
5-TCTGGTTGTAGCAGTCCAAGTTGG-3' 8, LT

Antisense Primer

(B) Comny jon yué
Figure 1. Spores of T. harzianum in cortex of symbiont rice root tissue
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Figure 2. Disease development in rice leaves inoculated with M. oryzae symbiont with T.
harzianum (A); control plant (B)
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Table 2. Analysis of variance of morphological triats in plants symbiont with T. harzianum

and control plants against M. oryzae fungus.

t value
0.0406* Disease severity (¢,los s
0.1170™ Root 4,
0.3306" Stem asL SIS g
0.7742" Leaf 5, Dry weight
0.1905™ Root length 4z, Jsb
0.5402" Stem diameter sl ks
0.0030** Plant height x5, ¢lis )|
o : s

Chlorophyll
oD g Moy Sy Jlodis !l 3 )1 (g {51 (Sro pas i a4 F 9 FF NS

ns, ** and * respectively none significant, significant at 1% and 5% probability level.

b s jor LS (Sidnied 9 (Sejdeie Clhe (gilow Gad (iSke dmglie Y Jos>
M. oryzae ylym 43 sals (LS o T. harzianum

Table 3. Means Comparisons for disease severity, morphological and physiological triats in

plants symbiont with T. harzianum and control plants against M. oryzae fungus

Control sals Treatment Lo

54.317° 22.217° Disease severity ¢,lon s

0.7667% 1.4467°2 Root ay,

2.56672 2.9167° Stem il SIS g
0.81° 0.8333° Leaf 5, Dry weight
182 19.2222 Root length ay, Job

4.2844° 4.2067° Stem diameter 4L k3

68.889° 74.8892 Plant height « g ¢lis)|

2 a ,
2 13677 Soaas 5 -

Chlorophyll
w15 6,18 gre WA T yg0 3] (wlu! 1 ciiwd Cgliio gy (61,10 &5 L pilo (g 2 3

Mean in each column followed by different letters, are significantly different using t test.
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<o NPR1 .(Pieterse et al. 2014) 1ib o ISR § SARY Lo, plo (slb s 3008 malats g dunwl S goumols—ipnl
SAY & oxmd gusly polic 4 TGAS wngisy ;551 s DNA Jlasl (i3580 b a5 aib o SAR ps (salS 8aiS pulass
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(Ribot et al. 2008) wib s (alS Jobo olsl & @8 Tprleo hep (3505 5 dlax b ablie cr S )lows el
Pieterse ) wib oo p3Y w9 0 3wl LPGPF® 4 blPGPRT jl (¢ )luw 3,k 5l &S JA/ET & azuly ISR 1 ,NPR1

.(etal. 2014

! Systemic acquired resistance

2 SA-responsive

3 Invasive hyphe

4 Plant Growth Promoted Rhizobacteria
5> Plant Growth Promoted Fungi
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Figure 3. Expression level of NPR1 gene in plants symbiont with T. harzianum and control
plants under infection with M. oryzae. ns, ** and * respectively none significant, significant
at 1% and 5% probability level
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Figure 4. Figure 3. Expression level of PR2 gene in plants symbiont with T. harzianum and
control plants under infection with M. oryzae. ns, ** and * respectively none significant,

significant at 1% and 5% probability level.
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Figure 5. Figure 3. Expression level of PR3 gene in plants symbiont with T. harzianum and
control plants under infection with M. oryzae. ns, ** and * respectively none significant,

significant at 1% and 5% probability level
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