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Fig. 2. A: UV-Visible absorption spectrum graph
of synthesized silver nanoparticles; B: picture of
synthesized silver nanoparticles by scanning
electron microscopy

(Sahaet al., 2010; Devi et al., 2013; Roy et il .
al., 2013)
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Fig. 1. A, B and C, respectively: negative control
(silver nitrate solution), positive control (fungal
extract), combination of fungal extract with silver
nitrate solution after five days incubation at
darkness condition

S 5ol gm0 485 08936 Dlaskin Cymxd
A G e sy fSl o8
sk 53 15 odd i &5 o 0,8 D356 (o o
Olas sl Y Codr ST b 2o gl PO L ¥4Y - g
S35 a,m D3l gl Cab L S (A=Y S2) sl
(Abdelmalek & Salaheldin, 2016) s ,l> Cilas JSa
S5 o D3l pda Cab odd plnil Slalllas
s(Shelar & Chavan, 2015) . U F0 G FY+ 1, 65 S
L5 8 ol (Mishra et al., 2014) 4G FY+ G Y4.
e Ogmedly iy S oS gl FY e e S
(Sahaet al., 2010) LT 54 o Jglows 3 0,8 Sly3 5L
Y=V oilll Loyl alexr 51 (gl D30 e ls
S oS Sl (Al et al., 2015) Lib o e st
5 pritas I (UV-visble spectroscopy) el
308 3L S G sl b i) r S
Wl OT Gobtle G S5y 5 Sl s o p
S5 5 055 Ledly 4 4 6 ~law (Roy et al., 2013)



w35 S8 S5 ol o w5 1], e g (5,10

I

55 s oxdgl il glacble o (S s
R TS N S LRSS &S Sl
514 Gduos S 53 (F Jads) CBls 3sms (6yl3 gme
23S oo LD i) 4 ke amlie b
6 53 (K5 aliben L) bajles S pluS”

(F o) a8 51 5 €l 05 S

slcble L M. oryzae -6 L, SLI3b =Y Jpus
S5 g 03 5 ke

Table 2. Growth inhibition of M. oryzae fungus
with different concentration of silver nanoparticle
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Table 3. Analysis of variance for percentage of
growth inhibition at different concentrations of
silver nanoparticle and control treatment after
inoculation with M. oryzae fungus
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Fig. 3. Growth of M. oryzae fungus during the time
with different concentration of silver nanoparticle

clcbhle ;s Kl oydsl Sujsil b

L;ﬁfjl?m);.@uuulsowf‘)&zﬁqk»
Loy &5 pm 0x35b Chle L Sl 26 A5,
w,au,;\gﬁkwﬁd;;,mlaw
2 o> da s5ie) 03y 2l e 3 S5 S B/
2 eSS STV OA A Gkl sl oS s
Sl ol O Ao ;3 AY 5 AY OF YA CS 5 4 2 e

LY Jods)



oy

AR Il cg3 8 lowd cpiuid s ¢S 8LS )3 am 5yl

b odalie A8 5l 6,8 Sl dops 00 51t ) e
M. 206 b (ST IS5 5 Can 18 51 S ol
DO YO) K5 s 0,35 Caliss slacLile | Oryzae
Wi e 4 S (e 03 p 55 SKn Yoo 500
by AaLT s s (S50 036 136)
(Elamawi & 4z 3l 8 (Y+\¥) El-Shafey s Elamawi
Sl () oK 5 Jo El-Shafey, 2013)
Lo ;5 M. Oryzae z,6 odd i (sla ) g b
S5 P am b 08 053 b Calides glabale (g5l i8S
P s Gddn 53 0 85,Sa Yor 5 10e b (YD)
(Y++9) 01, 5 Park < 81 .(Jo et al., 2009) L3 ol
Slomo 5 &S05gm b 00356 W5 b o508 15
F o) oyd el xS slacble s M. oryzae -, A%,
S psba il 2l (e 530 55 SV er 5 )
g;m,;,wﬁw‘,gdp,,(;,;fvw,;
Zo8 iy S deys Ve Gl de o (,ij;\:., \e
S5 ot 0350 (Park et al., 2006) A& (5,5 s
5«3l 5t M. Oryzae ¢, Liy S35 2 55 OlRS
S gy ol ol laclile L 0T S5
4 S (SH5L b B ghy I
Slasss (Pham et al.,, 2019) & s Ol eSS b
Ly S D3t ST sy 8 O
-5 ol e ST 50l 55 sl sl szl
5 Elamawi .s,ls Lol L, 5 6,8 o, Sl)3
Sledd ) &S5 e 0,8 0350 ST (YIA) 0K
M. oryzae »,6 s, » 1, (T. longibrachiatum ot
b Cole YF ooty 7B gl O sl g L5 S anlllas
e 5 bskia S5 00356 Y sa s /0 Jsloes
sl iyled oAb i PDA CiS b g5y
S 5l Ol Cele FA 5 YF St ol 1S5 sla ST
SIS S ) s WA S5 05350 Jles s
Jolows) dals Hles 53 S b 53 ki (5,8 > zb
S Sty MD oji Sl Ve e S
As, (Elamawi et al., 2018) & o IS s

S sclerotiorum z,6 > wbew JS85 5 p gl

=] = i
E =

& & & £ £ £

= = & =

o — o= ES s L[]
Lo} -

skl L M. oryzae £ ,6 SL,ls5L—F s
S5 8 gm 03 5l Calises

Fig. 4. Inhibition of M. oryzae fungus with different
concentrations of silver nanoparticle
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Table 4. Means comparisons for growth inhibition
percentage at different concentrations of silver
nanoparticle and control treatment after inoculation
with M. oryzae fungus

Treatment (ppm) Growth inhibition (%)
Control 0.00"
45 6.97°
9 27.86"
18 56.39°
27 81.09°
36 92.04%
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Different letters means there is significant
difference
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Fig. 5. Disease development in rice leaves
inoculated with M. oryzae. Left, treated with silver
nanoparticle; right, not treated
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Table 5. Analysis of variance for disease evaluation
parameters in rice plant treated with silver
nanoparticle and control plant at various times after
inoculation with the M. oryzae

Disease severity
t vaue 0.2898™

ns: Non significant ,ls_sss ,.&:0S

Er o ol Sl (Sl alie —F Jpdr
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Table 6. Analysis of variance for disease evaluation
parameters in rice plant treated with silver
nanoparticle and control plant at various times after
inoculation with the M. oryzae
Disease severity
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Similar letters means there is no significant
difference
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Fig. 6. Expression level of NPR1 gene in silver
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nanoparticle-treated plants and control plants under
infection with M. oryzae fungus
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Abstract

Blast is one of the most important and destructive rice diseases in the world. Nanoparticles are antimicrobial
agents used as biological and non-biological stimulants and can induce resistance in plant against pathogens.
Effects of different biological and non-biological nanoparticles on inhibition of various plant fungal pathogens
has been proved. However, no study has been done about the effect of biological nanoparticles on control of this
disease through induction of resistance and expression of defense genes. In this study, in addition to direct effect
of biological silver nanoparticles synthesized using Trichoderma harzianum fungus in vitro, its indirect effect
was investigated by inducing systemic resistance in susceptible local Tarom cultivar on pathogenic fungus
Magnaporthe oryzae under greenhouse conditions. For this purpose, expression of several important defense
genes investigated in biological silver nanoparticle-treated plants in comparison with control plant (without
biological silver nanoparticle) using real—time qPCR technique at different times after pathogen inoculation. The
results showed a positive effect of different concentrations of biological nanoparticles in reduction of pathogen
growth in comparison with the control treatment so that the amount of inhibition of pathogen growth in different
concentrations (36, 27, 18, 9, 4.5 ppm) was 92, 81, 56, 28 and 7 percent compared to the control treatment,
respectively. Phenotypic study of rice plant interaction with the fungus causing blast disease in presence of
biological nanoparticle showed that there was no significant difference between the disease severities in
biological nanoparticle-treated plants compared to control plants. Also, accumulation of transcripts of NPR1,
PR2, PR3 and LOX genes between two mentioned treatments did not show significant increase. Therefore,
indirect effect of biological silver nanoparticle on pathogenic fungus by induced resistance and increasing the
rice plant defense genesis not considerable.
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