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Table 1. Treatments used in the evaluation of disease severity of blast and resistance induction in rice
(cultivar Hashemi Hassan Sarai) on greenhouse condition.

Treatment
Assay A B A+B F+A F+B F+A+B C* C
Disease severity + + _ + + B + +
Induced resistance  + + + + + + + +

A: Alcaligenes faecalis, B: Bacillus idriensis, F: Pyricularia oryzae, C*: positive control inoculated with pathogenic
fungus, C: negative control inoculated with sterile distilled water (SDW).
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1- Ethylendiaminothetracetic acid
2- Poly vinyl poly pyrrolidone



oS iy &S e Sy, 48 55 LPYricularia oryzae ae g, 55 Coglie WIHOLSA 5 0313k S

S DLk ey o 5 A5 BLSN L glie 4 1Y 05550
L3 KU PHEIYCVRCNVPIPH L PP Y WP PSP
208 2l Dl e T SIS e s
(AOD /Min/ug protein) ;s , o 85 Seo p 4ids
.(Reuveni, 1995) .z oL
Skl WET

SAS (version 9.1) 515l e 5 5l eslizal L bs o3l ;6T
e alie 5 15T oy b bty 4 s el
s gy 2 Y 50 ez pela 3 (S5 0505T L Laesls

5 ploil EXCEI 2016 1 581p 5 s 55 Lals s

@I.‘.‘.S
Fobw a8 21565k g0l
=r SeS el Sl caliolen 0505T )3

T8 ol Ol g b gl e 5 (s Slagd)
S 33 5 Sdn SIS g0 4 (lon e ¢ S sles
g DT 4l 5055 S0 5 g pnSl 55 LSS
S5 alr ol oleny Oy 5 Ud edalin aiin 93 Sl dny

O JSK) ws b b

V6L 9 5T Cudled Ol a0 26 35
oV s r;}ﬁ:‘ Frolsl oslas I ez
oz b (Ui dnlous 3 )1l owie 1 eslimal bl
e 4 e el b Y e e 00 e Dlad 3L )
S5 e g s il o&iws 53 e 5 0diluy I s 93
s oIS gl YF g Job s o 5 A5 el
Lskin 4/ 055508 4eeS 1y 2l Sea Ve Olos e
AL3> 93 de 4y e Ol 5 Ab alsl STl
Sy 4 elel YU Sl s (oS5l
0535 2 4aE 5 55 ol Dk o 055508
S 4w 43 (AOD /Min/pg protein) .55,

(Gong et al., 1997) us ¢ S5 5lul

Ml 2 3T cadlad O 0 (2651
oD 5 an 08 95 00 ol ojlae I e
i b (s alome 3kl e I eslizal L ltde
YO Sliud BL ST ie 5 IS Ve e
ol Ao 53 lg e 4 Cn ol b Y g A
Jsb 53 b gloen ol 3l oslizal b e gb g oSl os 5 A
LSy fds S gy e A o e UV g

o Pyricularia oryzae g B b oud 34k g ST » 5 oud Sbm!l bradt - (<4

(o Catw) 09y shaio DT Lol J3 alb Ao J 58 (Sawly Saw) 395 V€31
Figure 1. lesions formed on rice leaves inoculated with Pyricularia oryzae after
14 days (right). Negative control sprayed with sterile distilled water (left).
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Table 2. Mean comparison of the effect of Alcaligenes faecalis O1R4 and Bacillus idriensis MR2 on the
disease severity of rice blast in greenhouse conditions in Hashemi and Hassan Sarai cultivars, 14 days after

inoculation of the blast fungus.

(Disease severity (Based on the standard codes

Treatment
IRRI)
P. oryzae + A. faecalis 45b
P. oryzae + B. idriensis 5.66 b
P. oryzae 71a
Control Oc

Means in a column followed by the same letter(s) are not significantly different according to Tukey's test (P = 0.01). The
experiment was conducted in a completely randomized design with six replications
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Figure 2. The effect of Alcaligenes faecalis O1R4 (right) and Bacillus idriensis MR2 (left) on the disease severity of
rice blast 14 days after inoculation of the blast fungus. Positive control: plant inoculated with the blast fungus.
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Figure 3. Mean comparison of the effect of Bacillus idriensis MR2 and Alcaligenes faecalis O1R4 on
Hashemi rice cultivar inoculated with the blast fungus in peroxidase activity test. Numbers are the average
difference in absorbance per minute for 50 ug of protein. (A: A. facealis, B: B. idriensis, F: rice blast fungus,

C +: positive control inoculated with pathogenic fungus, C-: negative control. Means in a column followed
by the same letter(s) are not significantly different according to Tukey's test (P = 0.01). The experiment

was conducted with three replications for each treatment.
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Figure 4. . Mean comparison of the effect of Bacillus idriensis MR2 and Alcaligenes faecalis O1R4 on
Hassan Sarayi rice cultivar inoculated with blast fungus in peroxidase activity test. Numbers are the
average difference in absorbance per minute for 50 pg of protein. (A: A. facealis, B: B. idriensis, F: rice
blast fungus, C+: positive control inoculated with pathogenic fungus, C-: negative control. Means in a
column followed by the same letter(s) are not significantly different according to Tukey’s test (P = 0.01).
The experiment was conducted with three replications for each treatment.
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Figure 5. Mean comparison of the effect of Bacillus idriensis MR2 and Alcaligenes faecalis O1R4 on
Hashemi rice cultivar inoculated with blast fungus in catalase activity test. Numbers are the average
difference in absorbance per minute for 50 g of protein. (A: A. facealis, B: B. idriensis, F: rice blast fungus,
C +: positive control inoculated with pathogenic fungus, C-: negative control. Means in a column followed
by the same letter(s) are not significantly different according to Tukey's test (P = 0.01). The experiment
was conducted with three replications for each treatment.
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Figure 6. Mean comparison of the effect of Bacillus idriensis MR2 and Alcaligenes faecalis O1R4 on Hassan
Sarayi rice cultivar inoculated with blast fungus in catalase activity test. Numbers are the average
difference in absorbance per minute for 50 ug of protein. (A: A. facealis, B: B. idriensis, F: rice blast fungus,
C+: positive control inoculated with pathogenic fungus, C-: negative control. Means in a column followed

by the same letter(s) are not significantly different according to Tukey's test (P = 0.01). The experiment
was conducted with three replications for each treatment.
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Abstract
Background and Objectives
Rice blast disease caused by Pyricularia oryzae is one of the most important rice diseases
worldwide. Given the growing demand for non-toxic and chemical-free products,
identification of plant growth-promoting microorganisms that can assist in mitigating
challenges to plant growth is very important in sustainable rice cultivation. This study aimed
to investigate the effect of two plant growth-promoting rhizobacteria (PGPR) isolates,
Alcaligenes faecalis strain O1R4 and Bacillus idriensis strain MR2, on the induction of
resistance-related enzymes such as peroxidase and catalase and on the severity of rice blast in
Hashemi and Hassan Sarai cultivars.
Materials and Methods
The roots of the seedlings (cv. Hashemi and Hassan Sarai) were inoculated with a suspension
of bacterial isolates (108-10” CFU/mlI) for one hour and planted into pots. The plants were then
sprayed in the four-leaf stage with an aqueous spore suspension (2x10° spore/ml) until run-
off. The inoculated plants were transferred to the greenhouse at 28 °C and 90% relative
humidity. Catalase and peroxidase activity in rice leaf extracts from different treatments were
assayed one, three, five, and seven days after inoculation with blast fungus using a
spectrophotometer. The activity was expressed in U pg—1 protein. The experiment was done
in a completely randomized design with eight treatments and three replications for each
cultivar. Also, the blast severity was assessed in the leaves of inoculated plants with six
replications. The data were analyzed by SAS software (version 9.1) and Tukey's test at 0.05
and 0.01 probability levels.
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiZsZn-tt34AhX2VvEDHQTRBowQFnoECAYQAQ&url=http%3A%2F%2Faoatools.aua.gr%2Fpilotec%2Ffiles%2Fbibliography%2Ffertilisers_ghosh-1941095680%2Ffertilisers_ghosh.pdf&usg=AOvVaw3lpJPQeIcWFX4KfmaFAFaA

Results

According to the analyses of variance, there was a significant influence of bacterial inoculation
on the activity of peroxidase enzyme on the third, fifth, and seventh days. On the other hand,
the activity of catalase enzyme increased on the first day to the seventh day at the 1%
probability level. Mean comparison revealed in the treatments consisting of A. faecalis + P.
oryzae, the levels of peroxidase and catalase enzymes were respectively elevated by 97% and
43% in Hashemi cultivar and by 174% and 125% in Hassan-Sarai cultivar compared to the
positive control. Also, in the presence of B. idriensis + P. oryzae, the amount of peroxidase
and catalase enzymes were respectively heightened in cv. Hashemi by 69% and 33% and in
cv. Hassan-Sarai by 195% and 121% compared to the positive control. In the simultaneous
use of two bacterial isolates and P. oryzae, the amount of catalase enzyme increased in
Hashemi and Hassan-Sarai cultivars by 73% and 166% and the amount of peroxidase enzyme
reached 174% and 319% in Hashemi and Hassan-Sarai cultivars, respectively compared to the
positive control. Finally, the results showed that the blast severity was reduced using A.
faecalis strain O1R4 and B. idriensis strain MR2 by 37% and 20% in the cultivars respectively.
Discussion

In the present study, peroxidase activity in all treatments consisting of blast fungus was
approximately at the same level within 24 hours post-inoculation. Then, the peroxidase level
increased and maintained until the seventh day. Further, the catalase activity increased in the
presence of the blast fungus and PGPRs. The level of peroxidase activity increased one to
three days after inoculation. In comparison, the level of catalase increased within 24 hours
after inoculation. The simultaneous use of two bacterial isolates along with pathogenic fungus
was more effective than usage of each isolate separately. In general, the results of this research
were consistent with previous studies that indicate the bacterial isolates can reduce the blast
severity by inducing systemic resistance in rice.
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