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Extended Abstract

Background: Rice (Oryza sativa L.) serves as the primary food source for over half of the world's
population. The disease caused by Rhizoctonia solani has significantly impeded rice production,
resulting in substantial economic losses and posing a threat to food security. Currently, the most
suitable method to control this disease is the use of commercial fungicides. However, the use of
fungicides results in increased costs and harm to the environment and human health. Therefore,
the utilization of biocompatible chemical compounds is regarded as an innovative and effective
strategy for integrated product management and combating various stressors. One such compound
is potassium phosphite, which works to reduce disease by directly affecting the pathogen and
indirectly stimulating the host's defense responses.

Methods: The seeds of local Tarom and Khazar cultivars were prepared and disinfected to
produce identical, pathogen-free seedlings. Subsequently, the seeds were germinated and
transferred to plastic pots filled with sterile soil. Finally, the pots were moved to the growth
chamber. Some of the seedlings were treated with potassium phosphite while others served as the
positive control. All the plants were then infected with R. solani. Leaf tissues from the treated and
control seedlings were sampled at 0, 24, 48, 72, and 96 hours after infection. The leaf extract was
then obtained to measure enzyme activity, including catalase (CAT), polyphenol oxidase (PPO),
and superoxide dismutase (SOD). Disease severity and enzyme activity were studied in a factorial
design using a completely randomized design with two cultivars, Tarom (resistant) and Khazar
(susceptible), and two treatments of potassium phosphite and R. solani, each with three
replications.

Results: The results of the analysis of variance showed that the effects of the treatments were
significant in all sources of changes in the severity of the disease and the activity of PPO and
SOD enzymes. However, the effects of the treatments were not significant in the treatment
number for the CAT enzyme activity but were significant in other sources. The severity of the
disease was more pronounced in the control plants than in the plants treated with potassium
phosphite, and in the sensitive variety (Khazar) than in the resistant variety (Tarom). Additionally,
in both the control and treated plants, the disease progressed more by the 10" day after infection
than on the 21st day. Enzyme activity was significant in both the resistant (Tarom) and sensitive
(Khazar) varieties, as well as between the two potassium phosphite treatments in the presence of
the pathogen. The highest level of enzyme activity was associated with the Tarom variety and
potassium phosphite treatment in the presence of the pathogen while the lowest level was linked
to the Khazar variety and R. solani treatment. The CAT enzyme activity increased in both
treatments and cultivars at 24 h after infection, and then gradually decreased at 48 and 72 h. At
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96 hours, however, it reached the highest level of activity compared to the initial time. The PPO
enzyme activity increased in all time periods while the activity of SOD increased gradually,
reaching its peak at 72 h, which then decreased at 96 h.

Conclusion: CAT catalyzes the conversion of hydrogen peroxide into water and oxygen,
protecting the plant against oxidative damage caused by pathogens. In diseased plants, the
presence of potassium phosphite led to an increase in enzyme activity compared to infected
control plants. This suggests that potassium phosphite enhances enzyme activity in plants to
combat pathogens. PPOs catalyze the oxidation of phenol to quinone, creating unfavorable
conditions for pathogen development. It induces resistance in potassium phosphite treatment,
leading to increased quinone production and creating a toxic environment for the pathogen. The
spread of the disease decreased compared to the treatment of R. solani. SOD plays a crucial role
in plant physiology by serving as signals in transmission pathways and as a defense against cell
damage caused by excessive oxygen production. In plants treated with potassium phosphite, the
enzyme exhibited maximum activity at 72 h. In the control plants, this peak occurred at 96 h after
contamination. This suggests that potassium phosphite has reduced oxidative stress, thereby
impeding the progression of the disease and its associated symptoms. In this study, the activities
of CAT, PPO, and SOD enzymes were lower in the sensitive variety (Khazor) than in the resistant
variety (Tarom). This suggests that the level of reactive oxygen species was higher in the Khazor
variety, leading to an increase in the spread and symptoms of the disease. R. solani induces cell
death in plants by secreting enzymes and toxins. Potassium phosphite inhibits cell death by
enhancing the activity of antioxidant enzymes, such as CAT, PPO, and SOD, thereby impeding
the progression of the fungus. Therefore, potassium phosphite can be used as a biocompatible
chemical compound instead of fungicides in the integrated management of the disease.

Keywords: Antioxidant Enzymes, Fungicides, Induced Resistance, Reactive oxygen species,
R. solani

How to Cite This Article: Habibi Daronkolaei, M., Tajick Ghanbary, M. A., Babaeizad, V., Rahimian, H., & Dehestani,
A. (2024). The Role of Potassium Phosphite in Enhancing the Activity of Defense Enzymes in Rice Infected by Sheath

Blight. J Crop Breed, 16(4), 89-98. DOI: [10.61186/cb.16.4.89



https://jcb.sanru.ac.ir/article-1-1557-en.html

-

a) VT /¥ olas [l Jlo /el LS pol 4k ings

Sl b alle g (553U gl oIl

YL (i g 4 Wiao g5 30 (£185 (G Lo 35T Cllnd 3 oLy Copdnd (5
"t e 5 ooy Al Tl Ay (O p8 Ka b eozma g3 s 2Vs

olrl il il (b glio 5 (655l pole olRiily ey pole Sl ((SBjalS 095 (Kitingly -
(m.tajick@sanru.ac.ir : Jgguw 0w s) 3yl gl gyl (rmbs milio 5 (65,5l pole olKiily ¢ ol pole 0uSisly ¢ S5 50LS 095 ¢ luisls =Y
Olrl il (sl (b @l 9 (555l pole olRiils (ol sl 0ASEDD ((SBjealS 095 ¢)luiils Y
Ohrl sl sl (b lie 9 (659liS ple oKl (o5 pole 0l ((SbjualS 09,5 il —F
Ol i)l il (b wlio g (65)9liS sl oKy (s p5 (6596 G 9 S 02SB gy il 0

VEYIBIYY oy o, VEYIYVE el )b

A LA rains

bgune s8>

Iy @y g5 Rhizoctonia solani jI sl (g len .38 oo w2l 1) lan Cunes jl o jl Lo (213 auie (Oryza sativa L) g5, 18 g doddo
089y O pcwlio b0 b iSz)B 5l eolitul yols by .l 00,8 Lags |y olie Cuiel 5 ol b (eolamBl b 4 e g 03)S dgde il
Sl 5 ool olsl ] 2 D900 (LB g aore G (lacsl 5 alysn (I3l el oS B Sl alisiel Ll sl (5lo ol U5 sl
o (stloonsd gl Alaz 1l 550 o5 1 mpg i il )3 9 U 2 )l Co o )3 gl el S 8 jlocns olasd
Db lew I carge (lje (2B (slaguel S0 20 b palina st g 59 2 et S B2l 1 4738 o)Ll lanudud 4 g0 B sl
ol 1) s9ds Gupe 5235 Sghe 15 035k Sl Sle g plaod azalS ag jdaion 5 and B 5 Sbre gyl (slagd) ol 1 g, g Slge
S 5 o oply i b naal § ool szl JUisl 15y SBB1 & o lalS e o 516 gl (Setodly slaglalS o 5 o8
i amli g odd Hlew (claazalS (S bl g ls paiges 505,35 039l R. S0IANT b ladsigs plad pupme - H5d 43,5 a5 53 e J S lgic s
Syt 0k s 28,5 plonl 59, VoNY sl o o)l 53 (o)l pdiges 5 c8,S plogl LS9l Ity sl A5 5 VY FA XE o o) claojly o
JgS8 Cygoty o3l b 5 (g lon b b oalisel (Sgamnd dpuST 90 g s Jgib s GYBIS) ou 3T b (g pS3l0l (sl g ol 5l
25 plodl S5 s b RSOIANT 5 sl s o 93 5 (Lobes) )35 5 (plis) pll o8 5 > (sholeas Sl o 8 55

0391 5 sixe SOD 4 PPO (slag 3l cullad 5 (s )l s e 13 Olyunss wlio (solad 1o njlaws clyil & ol (lis il g 550 uls sa8l
O o) dald LS )3 (slen b e g osine 10> wlie )3 Jg osine s w8y ket 53 Walass SIS CAT 1 clleb (e 50 Jg
548l GlalS )3 inen 5392 Jlidne 9 ydes (polb) polie 05y 4 Cond (13) b 03y )3 9 by Cuded b o jlad QLS @ o (S)lew
Coud loss 93 O 9 (1) ol 9 (polb) polie 08) 53 b 3T Cllid 3gp Jir 235L Sgy 0 Capd (S9N 1 o) VY (5 o iy 08 Lo
Loy o 02508 9 55slowr 92 53 s Cid jlas 9 oo p)lb 08 40 bgspo b 3l Cdled (ljne oy 090 )l e 5 5lows s> 5 el
VY 5 YA Colo ) (oo atily iol38l (Sogll 5l amy ol YF (3 08, 5 slos 90y 50 YLK o] cudlad .l 0340 R. SOlANT Jlos 5 535 o)
gy oy sloel plas 3 st Jgib oy ol Colled ol 4l Jho o 4 Cnd 1y b iz b O sl )3 (g 0dd oS B
cdly piels AF celw OT S 9 dww)y 395 e oy 4 VY Celu )0 g oid a8l gu 054 Bgeuud LT pow Cullad g ol atily il
il o clablre 15 logy silasT (slocaml il 53 1) oS calpls S (o 5By (5T g T 4y 28Ty (35000 Jaass YU 36 55 Aol
Cllad ol pplty Cohud S8 .5 ae i on o 55 Iy Gl Bl o3l dals (el 4y s 4y T ol rslty Cud > )3 ey lalS 5
45 o delusl )3l dnng sl ]) bl g S (oo I oS 1y U2 (pgplaneST ojlaneST 8 L 0900 035 2l o GlalS )3 w3l s
oS 4 Comd (§)lowy (S (i 405 3 03,8 (o (3L Sl |y Late 5 008 LagiS o Mg el Cnglie (G L sliy s o 13
A 3 Jolo ol Sy laicds 9 09 JWSl gl s j3 ol WS lgicds oo 2ySlas Usomnd duwST prgm .Cawl 00 a8 R. sOlani
10l LS 55 Jp VY el 13 51 Callid 5T ol i L a3l SIS > 3l 5 (Sdse i 53 comter o (sl 2> 5] i 25
3 ol 03,8 (55 sl ey 5 am Sy J 9 02 35| G5 IS Sl pnlty S 88 s ()5 o oS 251 oo am sl 47
onl oxid (L5 o 0351 il (polie) o8 41 Caps (133) b 0 13 Ugamsd 2T pogo 5 ] S8k GBS (sloga il cllad imgy ol
S o el 2S5 5 3 Ay LR SOIANT Caul jidy (slasy @3V 5 i a5 033 iy JUb (3puS] (s1oiS o 155 0y 2 o
(5ol Jobo 3o Fgms> 3081 5 S S5y VS |5 sl 31 e Sl b oy Sind Jy 250 oL 53 Jobo
4l e 3 LS E)B lra Bl Cunj olond S 5 lpieds pnly Cuind Sl Olgie cnlpl D580 )8 9100 Ele 4 ) WS oo
23,5 oolatwl (glows

R. solani ¢ oWl ceoglis (i) Jld (gladisS o (i87,6 o o] 5T slom 5T 10l slaojly

Pan et al, 1999; Zou et al., 2000;) .S .
o) i (Mohammadi & Atashpanjeh, 2022
S b acan u:l 9 o))f Ay e pdaw gﬁ:b)a =B
LS e 2ol Coghe g ond Sl slul el posyou ol
loeolatwl usls Jbs s (Marshall& Rush, 1980)
ol DS slp Ghey el b sbaise )
51 eslazwl Lol (Kawasaki et al.,, 1999) cul (glew

Aodo
Sl e 3l G olie aie (Oryza sativa L.) g,
Rhizoctonia jl (iU (s )low .88 o ol,8 1) les Couzex
Obj 4 o g 03, dgdore by |y iy Ay SOlaN
Caol 03,8 s |y ol cuiel g odd LS (golaidl
«Byy59,S5 7B S R. solani .(Sayari et al., 2014)
039l 1y b i g ) (omwg (Sbjwe el g 25515

1- Induce resistance (IR)


mailto:m.tajick@sanru.ac.ir
https://orcid.org/0000-0001-9360-8696
https://doaj.org/toc/2676-4628

Sl e g lows ) dlcids ol oLl dll Jg (308 Sali edazs ( o MSg)0 o> Do

ay

Cudwd L P.infentanse gals jl L8 1) e joaw Sy
Ol el puolty Cutud 1y Hlis guls (ol jles paaly
L dugliio 5 APX 3 POD (CAT SOD (sl 3l colles

.(Mohammadi et al., 2019) ¢l o sals 25,5
syl cld ey Sl Glagh S
@ g el Codnd b odd o g olS )3 Shws| ool
R. solani z,B L 5ol 5l e (,5,lew i cov) aals

595 9 3190
hitlosl Lo

Db 6 53 Juysish Gislef] ululy b allas
Joli ol 59516 45 1518 ¥ 5 J1,S5 Yy Ldslas LIS
pilb o8, Jols pod ,eS18 R.SOIANI § puwly Cudud
S paiges Gaplej pow 55 5 (e 535 g (polie)
NBley J) oslal b glen cdpiyy liee 2 plox
Cd i 5 s 3l 1Sl duwlio ol 5 yicwww IMage J
Ja.wy Lo )d o+ G‘aw PN LSD (.J?")] u»l.w]); LS)L“-‘
e slafoga 85 plowl SAS 9.1 gl Jljdle s
Excel ,ljolp 5 5l oolitul b (6 )lows iyl g baey 351 cled
23,5 o )5
Olwod srasals cuis

9 Sj oaSdmghy 5l )35 g e oyl slaed) ol
My pglateds Ab A Gl pb (6)ygliS (5)gldun
o093 O3k Ag5m ) o)le WalS g e slaazals
cquiiimnd ylade Ul b duod Ve SN o (gladdn ) Seacis
9ol 203 ) (6)b e CuplSgen 3 AREI T
ls $9) )9.).: I A5 ooy 9‘“‘“““", )Jau u‘ L' )Lm‘wu
5 aziliS oEiylojl (lod > Syl Laylps 55 oshoye yibid
sl d‘)b) Sy gl S Ve @ pliS e 35 g Jore
g o J))...wl )I).JL» S’ l.s LY (\\”ax\\”ax\\”'
29 el V7 ()98 ol b) 0y SEUT & W luls” o Jie
A g dop PO s Cugby 5 (wosadw 4y VY (gled
Ve oo Cugby g wgembo do )0 VA glod b SG,b cel
izl JUEs) (Lo
(KPhi) sty Copon s Wbl o

28 9yhen p)5 + /0 5 (HsPOs) 9)aud dpl p)5° +/00
3l 3lisl b e 9 J> o 2l o 1o+ 5 (KOH) ol
Ve g 2235 05 10 (5 Jgloea PH AKOH Jglos
Gl o )5 ) ead 38 el Cudnd e
Syl 92 08y pp lp B 00 Jold &S IS D 59y
28 il I 8 celo YA 5 )L gyl (085 bl
.(Mohammadi et al., 2019) ¢.8,5 40 R. solani
oS & (5 low Jole il

L 5l e il +/0 Hhad & BT 10,8 mdls (ly
WS )3 Ly Fe g (oo p)lo i ¥o 5o pod e
o e y30l J) o 4 o5l Seodly b g 3

BME (S g & Mivo gy (215 (slay 3T Cllad 5 rasliy b 15

5 e ) ol g auje (il col b iSe 6
odlatwl wlwl cpl o (Ahn et al., 2007) sgi o blag
Sobor plp > Coglie o5 ) Lo (bt LS5 |
S imd o ial33l ' Sl Ceoglio panslSe 3 )b 51 1, obS
Jpame )l Cupte 0 lyly gl
» 5 (Altamiranda et al., 2008; Andreu et al., 2010)
Bari & Jones, ) cusl 30 o i 5l ey cab ply
whows dlge ala> 31 (2009; Lim et al., 2013
4 ol e Wigd o Cuwglie dbul cel &S B o
Eb OV game 59y (S g0 &S 3,8 6Ll acubud
Cohen et al., 1990; Beckers ) g oo oalitwl (aises
Sl 148" Min oSl acuiwd (& Conrath, 2007
Grobis b osd oS 5 (HaPO3) Siighud sl |y 5
e sty 69y b maste 5500 ol ol Ao
@ Cund BpanyieS jo3 S cpl e sl Shy
boglal oMo ol jie8 s (i sl iS5 )6
Wi dpody Ggyde pa (dlaidl Yl 5l g Cunjlacee
o, «(Conrath et al., 2006; Cooke et al., 2011)
Zpw g Bdd Zwl cel pawly cutnd &S odb LS
ol 3 il Sl rwy il plp > (21 gl
(Hamiduzzaman et al., 2005) >5:5 .0

b maias o g 595k 2 itone 1 3)b 1 I
Slen Rl coge (i (o (lagl K9
Jols musiins <l 31 (Deliopoulos et al., 2010) 544 .o
5 OIPh peddplie S b SRRl 5 porlese A3 e
Lo plbpuslSe b ol gl 00 Jolds puiiuns s
S ST U SasisS g et sl )33
Pilbeam ) cusl (Jsko 05195 oo § " Cuoglio (sl yus
J(etal., 2011; Eshraghi et al., 2011

olySwl  (Catalase (CAT)) ;YBI  (clag 3l
Jeb L {Ascorbate peroxidase (APX)) jlawsly
LSlyaw  (Polyphenol oxidase (PPO)) ;lu.sl
0ssbelS o (Superoxide oxidase (SOD)) ;b goud
s (Glutathione peroxidase (GSH)) jluusly,
5 SlysSul (g «9lsls dlox ) il slaJySUge
Dol bas 3 e i (Carotenoid (Car)) 1sgi,ls
33 LS ook 13 ROS 535 [agels 5 ady o
o kb g (Lee et al., 2015; Debnath et al., 2018)
Lobato ) e e 13311 555k 42 obS oo s 3l ol
oo s Sode (9,1, KPhi islejl 15 (et al., 2011
ols ol jl ool Cawddy (glaode s 10,5 Hlod Sy g
el KPhi as ool )l .cd)8 51,8 s g 4555 590
Ol b 1Sy cpl g 090 0 038 53 28 (slaguoly sl
(Olivieri etal., 2012) cul o yo  olonsion 9 (5 5o
Load il Jbs Gl 3 pewlty Coiud 23U ladlllas
ol gbs b b, Pythium ultimum var. ultimum
olS 3 YUK 5 5Ugemnd s g ¢lacnsTyy clale ol
ol sald lalS b duwslis )0 pawly Cutnd b odd Hlos
sk 5> J(Mofidnakhaei et al., 2016) .l .-

1- React oxygen species (ROS)

2- Protein resistance (PR)



Slwad e 5 les ) dlciodds ol5 oLl all Jg g8 Kol edazmo ¢ g MSSg)0 o> 3o

ay

Job 3 gy Gls &l yuss g 03,5 invert ol )la 1y Joloxe
Camspec Jao jiogibg Sl 5l odlaiwl b yiogil Y+ zoo
Ltd. - M501 Single Beam Scanning UV/VIS
(Aebi, 1984) . o.lg> Spectrophotometer
(PPO) jlawuST Joid by ot 351 (6 570 3101

Slad 3 5l o YL oa il olae g Sio V-
bl ;Y90 +/+0) JoSS yidg)Sue 00+ 5 (Vg0 ke 0+)
Soolawl b jiogsl Y+ zg0 Job )0 oyl Gls &l o
(Liuetal., 2005) s <l )3 yiogud g yiSunl
(SOD) 3L gowms S py g o 31 Cdlad ylirian

B Slawd 8L yilg)See Ve v+ SOD (il 2 4l
Vo owissie Yoo o V/O EDTA ()b &5 Ve Lo
L1y 392 )Y 509,500 VO LIS o3l 5 shig i 5 3 ¥ g0 o
ForSee Ve g V509,800 ) mgMogny iy See Ve
Iy cuvette ,Luis yuww disy, cuvette 1y Sy ojlac
oY O g g By Ve Sdeds ol 5l e g inVert
oY Ly 001 1,8 e ko YO alold 4y g VO i yold
oy bwg LSty bolswe Clo Glypuss 5 hgels
Beyer ) .5 ol jiogl 0+ zge Job )3 yiogidy S
(& Fridovich, 1987

algl as ol lis Y Jeds o ibjyly wiod auls

g lom G i 43 Slyis mlie (golad )3 )les
P& Caol gme opl a Plite Gl e b xe g
S o Joo 08§l Jis ©pgots bajles pol hagds

VT /¥ olas [l Jlo /el LS pol 4k ings

iy 51 29,5 .(Park et al., 2008) us awily e
15 o yisa 45 6,55 Sge 55 guls S5 gn
3,5 oolatuwl
§ 12 praiged

5 03d log Sloaoals Ll Sy 93 1 5l peiges
03 3 5yl pdiged 9 85 ploxl (8 gy lo I am
F o S sladiges 85 ploxl jg) VWY el Sle
03y 988 @le Ligr ) Cos ey (pSIB ladlg) &y JUis]
a8 Jite (ogmalis 4> A glod b )8 4 e
S low O (25!

5 plul Cope lanudil 59y VY Cidedy il I ax
9 or p g Cam g el lajy, e
M 590N Ol pelely il ©AS S gyl S
LS (s pSejlul Imaged Hlsele 5 alowgay a5 2gy by
S 1 0,las gl ]

Py Bl p)S /Y s 09 olo Ol 53 ladiged Tz
L (PH S/A) Voo oo 0 land 5L 52 Lo VA L 003
oo A0S bale gt WSSy oKyl eolal
090 b osendio ax 0 ¥ glod jd 4dBd Ve Gy adiged
4 9l ojlas loisdy HYL B 5 5o il VYoo M
Slod by a4 S @y e JI g by
W5 e wgmmbw a0 —A+
(CAT) YBIS 51 Callad siorias

Be) land 8Lyl oo ¥ Sy o)l g Sa VO &,
iz s L3 (Voo 8) H2O2 (sl (gasko

R.solani )88 & gl )3 g9 olS (s low @b uilyly w325 =) Jgi
Table 1. Analysis of variance of severity of disease rice seedlings in response to R. solani

Slepe (5:55ke ]
Mean Square @il a4z s gilie
Solow @S DF Sources of changes

severity of disease

6.1529** 1 o
Treatment
105.1858** 1 obej
Time
5.1580** 1 )
Cultivar
ylo3 X lous
2.8607** 1 OB e
Timar X Time
5% Lo
0.0469** 1 e
Timar X Cultivar
0.6834** 1 wdX gl
Time X Cultivar
5,X lojX jles
0.0878** 1 w27 Gl Hles
Timar X Time X Cultivar
0.0034 16 wzujl sles
Experimental error
1.7253 Oyt o
CVv

" not significant and **: = P < 0.01
A 59) VY (S)lows € i 00 o g aald (lalS )3 (¥
(Y J935) 299 4o size g yidus w23 5y & o (S35

o> SO o )3 gy me g (g)ld Gre pac M

ol @ cuwd wals LS (glaw ©ud e
4 Cond (135) polac 08 )3 9 pawly Cound b odd jlos
Y J9ia) 59 jld s g yidn (s)lew 0 (p)lb) pylie o8



Sl e g lews ) dlciods ol oLl dll Jg g8 Sa b Jedazo ( o M550 o> 2o
¥ dwﬂw@m@x&lﬁ)dmﬁ}ﬂwu)awtﬁwﬁ

LSD _wlwl » R.solani b (Sogl 5l e calisce (slagyloj )3 (s ylow ot (uko dunlio =Y Joio
Table 2. The comparison of the average rate severity of disease in the different sampling times after pollution by
R. solani based on LSD values

Sl ©AS oles s
severit;lllcif5 disease TilTe o Lﬁ‘t_me"l]:
i;:z: ﬂ Tarom—)lm:écted cﬁonft)ro.l

;%: ﬁ Khazar- (I){'njl‘;;)t:g l;;t)ril

iﬁg:: ﬁ - "T:?::-Eﬁhj

5.16° 21 lev(r;;:FB gé)r:

Bl 5005 b gyl gixe ©glds gt b 3 wlde Bgy> gyl gl 1Sk
The meanings of the same letters in each column not have a significant different

LSD bl y (g)loss i (5 bjlass oy (150ko duglio =Y Joan
Table 3. Average comparison between treatments severity of disease based on LSD values

Solow ©AS o
severity of disease Treatment
3.88° g 952,

R. solani

287 rly Cudend

KPhi

S5 RS b g gl (gt s )3 dildie B gl (sl Sle
The meanings of the same letters in each column not have a significant difference

LSD (olul 2 ()low a3 laed) (o (1S0ko dunlio =¥ Joi>
Table 4. Average comparison between cultivar severity of disease based on LSD values

Slow MG w5
severity of disease Cultivar
3.85° 2
Khazar

2,900 (2
Tarom

B85 550086 b (6 )b sire gl (i y2 > alde By (b (slaySile
The meanings of the same letters in each column not have a significant difference

rolly Cotand b 0l jlows g sl LS 0 BME Kb gw (g )low ©ud dunlis =Y IS5
Figure 1. The severity of sheath blight disease in control and treatment by Phosphite potassium plant compared

& eyl 3 (JlawnST (OT glags 5T Ol i g
Cotnd b odd jlas g als ool )3 VB cdls S oS ol al (ool S pel 5 o351 G (CAT) YLLK
oS il Lials il ol el adl )3 g Lol panlsy Iy ol cplply &S o 3JUK 1, Oz 9 H2O 4 HO2 Jras
cbadale U cush iy ol by culld & g oo pEia > g5lins] lacuwl g Lid omlinSTy ply 5
0)5939(F;arahanietal.,2016)xSMI) H20; Lol O 5 i Spd 50 g 00,8 cdadlbre S )lay dles
4 by Yl a8’ cély ilisl o 5l cled 45 celu ) Mittler, 2002; Nie et al., 2015; Liu et al.,) )b

Jos sl lgisa 45 0392 g )8 slomjil g oSS d Sy glapg; (uSly ) otes j5bay CAT (2015
Canl 0sd YU 3l i S0 glp ele g odges 5l am celw YF (Su et al., 2014) 5l 3959 0ue ¢ 4l



Sl e g lows ) dlcwds o5 oLl dl Jg (8 Sa b Jedazs ( o MSTg)0 o> 2o

0

aslls 35 (el L 098 e M5 camst) ol
(Reisi et al., 2022) ,ISon g (o) 45 00 yioS (Cons!
Wdgy A8l Cawd Aol proddy jud

6k 4 ) (Kpes of) Vi Sp
5 o35ll Xanthomonas axonopodis pv. vesicatoria
P 5 PPO 5l el lie pglio pB)l )5 3 asutie
(Kavitha & Umesha, 2008) cul 5YL S5 (slags yl
S (p)lb) polie 18y ) w3l cl cllad 55 Jimgs cul 5
(Y Jgie) canl 0392 jly (53 ol o

&S ol w));lﬂ‘.m 0319:5 )‘ (SOD) )L)M.) ..\.\.M.Sl))sw
031 & Ll ST SISl JS5 i b
S oo U (H202) (39048 4Ty 5 (O2) JoSUge
2 ok pi g 4ndl WS plgisar oo 3, Sles SOD
sl ,» (del Rio et al., 2018) 5)ls oLS (s55)gs 58
Plasmopara ) _susj L& jl da SOD e o, S0kl
(S50 035 5 ol 5 Vb (so3) it 5 (alstedi
Fernandez-Ocafia et ) c.él ilidl aa e b6 olieds
5 SOD el o Sen 5 Jlige oy ,» (@l 2011
5,8 Iy 1381 R. solani gudls 5l gy olS 5o LS
2 b m P ol cdld e YL (Mondal et al., 2012)
ool Cotd b odd jlag oLS 5 b 5 wals LS
LR. solani Jelss )3 SOD 3l 45 ol o) oo L
ooty Cohnd L 0 Jlos lalS ) .l oo 5 g
a2 aals als o Jo VY celo o ppl cdls iSlis
88 o e & (Y JS5) 90 (Sog) 3] s sl
b 3l g 00l gilacnsT i ialS el pawly cudud
Shoe gladdl b oS Casl 03,5 (5,55l @M 5 (5)lon
)b Sleen (Mohammadi et al., 2019) l,Kea 4
Kby Lz (Derakhshan et al., 2021) ] )\Kon 4 lis )
oy ol )3 Higd e ol e plie Byl 5> SOD oyl
2P 4 G (Joxe )l polie 03, 15 SOD o 3l b 35
(Y Jgia) 392 s )l sime soby

VT /¥ olas [l Jlo /el LS pol 4k ings

09 2 YLK cled 7B L o gl lalS j5 (Vv )
(1) b 63 51 o 3 M8 ot () pslie
ol omb cdlld C8)5 i Glgie &5 (V Jgia) ol
» steglie il cnl @b pus 5l oles 08y 50 w3l
Caudls 5o b (391 Jolye Jobo 13 ROS s 2alS
gw ol b a8 cunl ol olS 3 5 5kew 5y Coge oS
P owzed (SU et al, 2014) 5)b calle )Ken 4
Comity 23l Cllad ol Coiud joi> )l lalS
Jgn) 5,5 I yialél oxgll amlis el & coaws (g)ls sme
Culled el pully Cutud &S ool (pl samd lis &S (5
@ LS 05 Gish e ollS il i,
(Reisi et al., 2022) > )by cillas Kot § )
e 3t SlamesT 5] 25,5 (PPOS) ol 3
AS o GBI oS & 1) 8 eeelinST &S sies
s sl JsSse  ysuS (Oliveira et al., 2011)
Wl laisSly cov Wy oo o Aed (6l STy
Friedman, ) xob azsly (i85 oMo oS5 > o3l pue
ol adgl sl 1 sluns] Jsb ol oizmen (1996
S o)y 4 s omlis g yud coly & adl
ly baalpd g o3l (2STy (SoSsln sl JsSge L g ons ol
s J(Jockusch, 1966) uiS' o selunls 595L dwgs (sl ys
phenyle alanin) PPO slacdld db lis  dass
» B jba jluusly 4 PAL (amonylyase
Sepslt boed mill 5 3 gleess
P. carotovorum Pectobacterium atrosepticum
L o Lls8l subsp. Brasiliensis & Dickeya spp.
54 PPO cllé 3400 oyl > .(Ngadze etal., 2012)
o il38l o4 dals o Kphi b osd jles LS j»
393 e pyiin 4 Sl 51w O el D g 008
gy 3 3l ol cdlsd ke bl oled ) a)
Canl 0391yt ol (slags yr & s Kphi b onds jloys
Cond 9> 53 (5)low GBS Gljee 2x 53 (¥ JS)

R. solani z,58 4 gl ,d gy olS ey apl clacdled wiljlg 4556 -0 Jgao
Table 5. Analysis of variance for activity of defense enzymes of rice seedlings in response to R. solani
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Mean Square &35l as Ol mlio
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TimarXTime
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Timar X Cultivar
5.5033** 0.0870** 0.1586** 4 . 9% QL"}
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Timar X Time X Cultivar
0.0048 0.0008 0.0006 40 .U‘”“"L’)" gl
Experimental error
0.7272 2.5990 1.9329 e
CVv

" not significant, *: = p <0.05 and **: = p < 0.01
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Table 6. Average comparison between treatments CAT, PPO and SOD enzymes
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Table 7. Average comparison between cultivar CAT, PPO and SOD enzymes
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Figure 2. Evaluation of the rate of catalase, polyphenol oxidase and superoxide dismutase enzyme changes in two rice
cultivars, Tarom and Khazar
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