(QMJJ:@ sdiatiual) :\.AJM‘) & g

Research Paper (Induced Resistance: Viruses)
ablalallfs; gaidd) cild 8 dani<al) Z\fjtga,i\ dqgliall juaad 8 dlludlad) (aes g
Sl dulige (g hs S9adl
Faaaf lung 2o mlar Iolasd g i < olads alug

&:wu s‘;;cb)” Ch‘gb z\.cb)” §)b_5 cuajja‘)k &:_\JJ a:l)géA (3) ‘z\:l‘)_y.u ‘Z\:EA')J\ ‘Z\:EA')J\ AMIA
wissamou.ali1993@gmail.com :Jelyall Caislill g S {-‘)é”*

gdlal)

Gl b daiSall Algad) Aagliall juiad B bl (aas 93 .2026 -dasi glung (o) alu (laku gud i calug (olak
https:/doi.org/10.22268/AJPP-001363 .88-80:(1)44 ¢dusml) ciluil) Aulhg Alaa . JLAY cluliga (ug e Genl) A alalalallf5) gaid)

(CMV) JLal clulign (g s (goaad) s alalelall/sysnid) culis 8 (SAR) LaeiSall dlgall daslial) (st A (SA) chbindlid] aas il Gy
o g Gag puills ASISal) (550a]) g oLl A U Gy Gl iyl clibivallid) Gmes (g0 Jga a2 5 1 1S dnaall il dlalaas casi Cas
s S5 ) 528l AlaY) bl Hselh acge 3ant DA e Aot Djlgall Laslaall Gign S A se cashyls Alidlas 82022 G
i Ay il (gsaall bl oels aege AT clbinlld) aeas Alelaad) of il cpelal Al Gl 8 SlamSyll a3 Jaliss Gall elbdll)
Aaledl) & <ilS5 %816 wLaN pa Aaalls Joa e 2 3:S5 Gl Alalea 8 %38.3 ) Alal) 508 cumttg caaliall gy 12 e A5l Lsy 21
o saxally (§/abes Se 21.54) adedl salal) aa A5)lke §/abe s S 124.5 ) 5ol chbundldl (aes dad Cands)) D lleal) 4 g 43500 JuadY)
(8 I35 800 0.112) bl 38 Wi po 3lke s/ Us05 Saa 0.209 ) 513yl asi) 5855 i) SISy (¢ /ol s Sae 13.73) hbsaadlad) (meny Jaladl)
ek acga iy SlaSy ) agil Lalisy el cbbdld) Gaes (grina 8 33 O (e Jse,Soe 0.044) cbbdld) Gaeas daladll st (s30ally
bl e Alalal) dais Fea€all &3jlgal) Aasliall Gasat o LibaSs L lpige 35 LlaY) 52d aliadly LKA (goanll ialel
phalalall/550l) il ¢ LAl clalige ag i A€l Ljlgall Laslaal) ccbbdlal] (mes :daalite cilals

20321l allaball/5)5000) dali g Aulaidlll Allal) Jualse ol dariall
Aaleail) s s A gl Gl Lgiag pabaY) e
e Al CalS Gl (oL Aadlal) Al Cag s ae 808
bl el Jlae b calelall Loty Toa dasg i) Y
il Jlae & Cuns oladl el LS L(2008 g 315 (saleall)
Lauh gl Gl Y @lal) vie Djleal) dagliall s say

dbvaill (Solanum lycopersicum Mill.) ahlaallfs)sxll il iy
dauly Lapall jladll aal (e 3ag ¢(Solanaceae) Aslaiildl
S e 4l LS Balay) anal blu ol 4Ly
Del Giudice ef al., ) ala)l elail muen 8 1Dlgaal Slg)pnsl

-(Ryals et al., 1992) Gliayaall dia
(Cucumber mosaic virus, CMV) LAl cluliga (ag b da
138 ey ¢ alalabalf)soul) st ) dagal) deng il) Gaha) (10
s by (Bromoviridae 4l «Cucumovirus (eiall ug pdll
dilsall Gum (e lgin Lo 2Ba3 sae Y Bjgemn daylbal)
CMV (us 8 32y .(Agrios, 2005) JEy) @ik Hlal) (alels
oo ST iy s i) shlal b dalay i) alle

) Al pealic e fauslad Dyemic allakalfsysad) 235 .(2017
Sl 13¢5 AY) Tyadinl) A503)) Aalai¥ly Jaegiall ) dihia b
e A o Wilgial 5l Cua 431030 Lgiady dadall lailsh (o
oala¥ls (085)Ss B «C (E) lisabidlly 50uSY) claliae (g
‘Rigano et al, 2016) asulisllS 2830 yalially digianll

-(Ruggieri et al., 2019

https://doi.org/10.22268/AJPP-001363
Arab Society for Plant Protection <l 418 sl 4y y2ll Apenll 2026 ©

(2026) 1 23 <44 aa dy ol L) L Aaa 80


https://doi.org/10.22268/AJPP-001363

Jomand Aol LYl e Gmdll Al S
138 et Al danag il Qi) 8yshadg clygus (A plabeball/sysaid
Slandas Joa cluahall 4y ¢ lad) clulise (a9 Lasay Jguanal)
Glag pdll g ) padd 8 GansSall djleal) Laglid)
Ay @hly dilus slal o daall 5555 cdael)3l) Joalaall
Aaaaly tilil) Ciliag b g ) L) G 3all Liniay Ly 4]
Aoy il Gabal) Bl B aely olailS daniall dsleal) daglidl)
Adels and ) Gl Ciaa 13 L lgie AU sleal) e Jial
s (ags leamn A bl (aid A cbbulldl (aes
e g il daslie (8 Lpanall plalalall/sygnill ASshs duslyag ¢ Hlal)
0o ol Ul (Rlang Adide 581 chballall ey Lgilales
28 el Al LouiSal) jleall daglad) @hidige b Pla
il Glgl (g DSyl ) Ly pall chbicallal) (aes 555
- plalalall/8 ) gal)

Adihhg Gial) dga

Ll A Gl<ag dasiinal) 5L Salal)

26 68k i say UL alalaball/Bonnd) Gaaa sl i)
Wiy ) Al ety Akl Aol ulia pail) 350na
ekl dllae i€ LB A Gad) gl Gl
SEDl S s Bl gl L (Usskyb dse st oS 30)
2022 i (A ellyg ¢l 28 Lgiaa Al Cilge asa

dsiddl g lily pad) 4o ydand

Ll 5 aesg caal) 8 dardieall Al eedl) adadl)
B ey o(Gug e L5) 201 daay abedd) sl pe dadeall
el e Ald (Jlga AU Cungl) e Aol J5dd £ )
il g3l sl Boslas s 7344 dlanls 4838200 e (gad
Gy am 1 Gee o poddl ey datd IS8 Baals 5% Jane
@lils 3 Jamey Zaddll Clgaad) ) el 2090 (o M) Jgadl) dens
:2022/10/15 Ful s9aal)

LSl (Gganlly g il gL ppdan

o Lleae dha Ll dlilise Gugpd e ddae Ao Caandiul
(s 8 (15IS]) A shliall b dieh3l Cipadl Jsall S
A0S g pailly )il (bl Hita gl il e calaing
uyses AEDU daals )3l duaigl

81 Arab J. PL Prot. Vol. 44, No. 1 (2026)

Edwardson & Christie, ) duad 100 1 xSl g5 1000
ALl ¢ bl Blall Cm CMV 2 BlaY) ale] e (1991
iy ahalaball/sygudl (& Jiaiiy (Aol Al Cagplally Lo yudll
Sudhakar ef al., ) &waall Clgaill zhbiy sgiiy ((gradll gaill
(85l Lt (gamy Ulaaly cJau) sa 311 Calatlly &1l (2007
Jeai pat Able) dais L) Cagylall & elaal) Ll J<s A
bl 3 maan Vs Ll duaillyy . Jacssl) (3all Jsa 3350
sde 98 LS canall By 222l AL (585 dn IS5 Lliadl)
@ e Osb Aliia lalua lgle el o) (5L Slegin slanag
.(Gallitella, 2000) Jalal

Foslial Ganiide ol il AaaCall dlgall dagladll Cipes
Al (& opanty ol i ol Lo Gayed Aibiaall il ol
o2g) Lgiall (ailiadll (1S5 AdgY) dilay) dihie Jsn Biaa
Baad jaieds Alebeall jue Ll elial b Lilea inm Lol daglad)
Cualis «(Kue & Richmond , 1977) sed 532 a i alad
el sas lgad) HLEY) Ji 3 Lulad oo clbiadld) (aes
Sticher et ¢Gorlach et al., 1996) djlgad) daglaadl Lmspas &
(al., 1997

Gl 8 dasliall juias LlKa) ) luhall (e waall el
Ryals et al., ) (oaall sall sai dBlely Ganpall Gabiel (s
Gagy Sl Sy i o LSS @b Hadnul (1994
Laglad) iaidugem e ol ugis Jalgmy Ll dlalaa o (2011)
2l e il clbialldl mes Capf A el i) 2 L5lgad)
3y ¢(Einhellig, 1986) clblall 4 Gl ddibasl @Sl
Huang et al., ) <l jglaiy g sl b 1) e Ll lisayp
G Jsly cumnlal) dgumall LglasSll Cliayaall (e 585 ¢(2008
3 ciancSall Ljlgal) dasliall (mnad o 5aka ekl Gt il
Raaiage ilea Baeldn Jad 353 puals (B Lealay bl 190 canly
Uknes et ¢Shi & Zhu, 2008 ¢Eberhardt & Wegmann, 1998)
.(Vazirimehr & Rigi, 2014 ¢al., 1992

Garly bl (aes of ) (2003) Horvath ez al.
& Aol lijge uiad o Jans ) bl daglie b L) 1y
Malamy e al. dusly g5 Cyelily Audayal) Slisaall aia bl
Stan Y leall and) sa (SA) bl (aes o (1990)
lall & SALSIs cAaiSal Ajleall daglial) oelil (5358 bl
Bl Adlaiall lifg ) lanad (M sage il 4Glisie 53l
l:utga (Pathogen Related Proteins, PRP) )|



Fanag pudll (goaall g Gl EDlalaa (g L agpadlls (5330 53 e
oo T S cbbioallid) aesy clilall G2y 5 o8, Alelaall il
Sl G2y 6 o8y dlaledd) cilSy (CMV egpbe (g2l & Jse
“CMV Gagpsty (gpaal) 5 Jsa (glo 2 55 bbbl (s

7 a) Aaledll e gy sle pe ALYl c e W
b Os @V e dse o 1 5S5n bbadld) (aes L)
55 ligdld) Gaes dila) 8 o8 Alabeal) cuialiy ¢ug il
Gl cBlalea b Dusly . Gug il il Gg0 @ e Jse L 2
saeny GGlall G5y (2 9 o8 dlaleall CuilS (A il (5922l 2a
Cil€y (CMVagnts geaall & Jsa o 1 385 cbballd)
o 2 S chbualld) (aesy @blall (5 o 10 8 daleall
CMV g s (5522l &5 g

Alalaall 145 Ay sk

574 daje ) Sl Jgems e ()lly G (ke Alaledl
383 3y Jany Gou Uire L a3l (Gl Al s (3]
gynall Sl Qallaes Aeladl) Ga—m s IS (i 25 Gas
Ll sas e IS bl dlaye i @l JS de 10 Jasa
ol Kl cdslaal) aal Lol (g) e 8 ¢ Ayha
Wasdly Giie) sas o IS dldlad) Gaia @il IS Ja 30 Jase
(2013

sigalall clubially el o)Al

daudapal) i gl

G ALY 2 Jiaas 5~ ug il Applal) alel) RS s ga
#2050 3233 CMV (ug s 4S0lSaall (5922l ¢lya) a2 Caae
s By all LdlZ) CMV Gy Blay) Gl oels CalSs
(ubsal) abel )sels

Cagoall Llal) 528 Cuses — LAY clnliga (g ks dala) 328
(1996) Yang et al. dlas e Taldicl (ggaall e Loy 30 2n
a8 cgls Al Gale Yl

x Alal da ) ¢ sene
(A JS (A bl axe
Slel x clitall <)) saal)

Lla) da 0

= 0 ey s

100 x

: ) bl Jlasiods il ST LY Aays o8 —Aalay) Ao
Slulise =4 (Gl Ao Ciid dluliee =2 byl ang Y =0
Sle w1k e dn =8 ‘dbﬁi o5~y Elulyse =6 ‘dbﬁﬁw e ==l

.(Murphy ef al., 2003) a3 ga G5l 255 =10 «(3)5Y)

pllelall/gypdl LS (g Bas Bl adas g il Wl Sl
L) dslaall e bl clibise agpedl dpdaall dljelly slasal)
G5l 1S d3la] e ¢(pH 7 plaie (Sliessd Jslaae Jo 5/ 1
Ailaie plae e Jguanll s (Playy s S

A (e Ja 2 Jana Lyl il Al (gganll cusal
Il dllaar Aalaal) o all & 22 il U aag
Gl JalS e Caaia IS8 05Sbedl a)S 8390 i ¢(Raiiunal
daksiy (3))3Y) JalS Ciacds B (a5 «(Nontajak ef al., 2014) sl
IS e Dl el 53Ky aaly oladly oung udl) UL Allae (s
oalanll 36 Geed 2 laiall elall Blasall (3)0Y) culug L5,
e 2 (gael dndi Cilgl) g cantiona) g pll) Zl) Ll
paiasal) ~ Gl it (se Chenopodium album L. J)a) bl 3yl
R 3 gl Bl e L oSBU Gllyg Aupatl cDlelea 8
RECIA

Abaeadld) paes Jslaa judaal
gl (C/HgOs) elals ol ) mes Jslae jowand
I A bliadld) aes (e ¢ 1,12 Ll Sigma-Aldrich
A5 edse o 2 S5 Jslae e @iy Joanil jlaie sle 5l 44
Sl (ye daly b Al G aly i dJu\QAh»}gagm

dse o 1 385 chbealld) Gaes Jolas o duaadl jhaddl)

il cdlalea
22 51 3SIANL elbolladl meay L dldes djaill Cuias
eigny puondlls (el ey (@lls G (SRl dse (e
lacallidl (mans Jalaall s sanall 38U ileleo ) BiLsY
EOLelaal) 230 gl bbbl Gaens aladll e wlid) saLally
6 oS JS sialy e EDB e JS ) S ccDlalan e S
180 AU blall sacg o]y e 30 ASH )y <l sae gy eclils
Gl Al Cuay @izl clalee 10 Loadll s
¢(SA) ddiadld) jaes 38555 ((CMV) Jbad) dlulise (a9
Alalaal) S (@) sle pn Aila) lia JBy5 J5y) AsLiaY) Alyhay
ol il (93 (e BLA) S Cua ) Ll a1,
G (geaall ald g8 2 o) Aleladll W SAS Alalas (51 053 010
ldld) Gaes ALl ()90 Jai CMV Gug o il (ggae
Sl Gy 3 o8 Alebaall e 1 JBygl) Gl Dlalaal duusily
L cGugpaill =t 053 dse o 1 355 chballad) (e,
e 2 55 bbbl Gaeas cbilall G3y 4 o8 dalaall Ciiess

(2026) 1 35 <44 daa iy al) il 485 e §2



i Qi) 5o L) Bl B! Gabel selh 2050 s
Ay i) Clall pgig (ugpuill g3 e laill i (gl Aslass
Radwan ¢Murphy & Carr, 2002 ¢Mayers et al., 2005 ¢2014
Db lilisn gt g9aall (30 Loy 30 (wme 200 (et al., 2007
Llal) 5ad o b ey paal) ULl woand Luagall and Zalally
Gl Ayl chleallad) aens Alebeall alalakall/5yg0l) bl 8
495 ol dse L 20 51 xSH
By (%81.6) sandl) 2Ll wa A3yl (sl e %383
¢tAhmad et al., 2008 2014 05,315 al23) dale Glad o)Ll
Murphy & Carr, ¢Mayers et al., 2005 ¢Masuta et al., 1999
aesy i Ll ddel 1) (Radwan er al, 2007 2002
Loog pudll Loy Bad bl 4 Jse a2 51 S bl
L) gis Gugadll ggi oo Ll Gk

G v (2008) Ahmad et al. gt aa @) oda bl
oo 2 51 oosSall chbuallldl paess Galaladl/Uallaall il
(PVY) (5ls salaladl/Ualad) ag s ZalaY) 538 (g Coald Jse
e il L)) Alelaall ol LS el Adlae (e ase 30725 am
il gy gai o (gly alaladl/Usladl (ug s (gp2all il
Al (gl gl can yalallaall/Ualad)

Laglaall iy ) clbdld) (aeny gl (3)0 dlebes <ol
Tobacco mosaic ) &8l Slulise Gugyd i LSl dyjlgal
lgiad Caaid g Dbl (el jsels coaly CMV Gag s (virus
R (2005) Mayers et al. Sl -(Murphy & Carr, 2002)
sabel jsebh o AT 8 bbbl Gmesn LSl ol dlalas
LGk e ity CMV Gag i by

Geb Bl Gabel jsels JAL (2014) sl o i
&l bl dllas die gsine Gy (PVY) ls paballadl/Usladl
oaes e dse (e 075 5 0.5 oSl (Liwasjds Jp dia)
Cutiall 3 g uill Lpmpall 528l 8 Galids) Eigang ccbbundld
LusSll ol dlaes &1 (2007) Radwan ef al. gashs «LaglS
oseb b )l clbidld) Gaes (e Jgag S 500 S
o ol Al LusQl b el elulipal) (ag b ALY alel
100 Sl Alalaall il a3 cganal) 3a Ll 8 laysela so5a
AU s e uh La sl ) cbbeallldl (aes e JsagSie
e 3l doall bl Aalas G (1999) Masuta et al. ¢ WS
Caliail B 3l daglie st ) (53 bl Gaes
Aglal) il bl B (gly ulalladl/Ualladl g s Gl 524
Ll

83 Arab J. P Prot. Vol. 44, No. 1 (2026)

daiSal) dgjlgadl daglial) Clpdiga

ali @by Bl Al Gaes S
i) daedl B cbbadldl aes 55 OB —ahlaallfs) gail
Maria & Martinez- ikl Gy (saadly aedl 2alally Jalaall
plaaiuly Al (goasll elal (e t),wj 223 (2007) Merino
ek Gus %0.5 guasll oS Jolas aa delilly ca)ghg y4l<l)
3655 5B cais cbliadld) (mes 585 e D il ¢l
bl ebie dladlsy dualaia¥ly (ppm) luslladl Gaes
& Jiasili 540 4550 Jsh xie (Spectrophotometer) (sigual)
Al Gsall M) sgad)

&~ alalalall/B i) il Aol (B S)aueig ) anji) Bl ek
Slulise Gug s Go3ad) (e goral S 1Syl ayi) Lol o
Whitaker &bl Gy 5laSs pull asi) (aldind cgysnid) 3 5Ll
2 Syl al Llas a8y (1972) & Bernhard
gl (s e 100 Aanslsy S0 A a1 elall W50 S0
de saalell Agdall & ayl) paliiedl dSi 8 Jalal) Sl
-(Behera et al., 2012) +°25

iy Jaly Luail) pranss

ol S ALl Asdall CileUadll pracal 3y duadll Ciaanda
One- (no Bloking) Jkislg «Genstat-12 zaliy aladiub Lilas)
G Ji aie clawgiall o 3gdll Ajlke s cway ANOVA
O lials %5 ddlas) g die (gsina

AZBlially gl

Llay) palel joeh o9a A dhbindld) Gy Alalaal) il

plalaball/5) 95l) il B dudasall Bailly
cabel sel sega b ol dlia b (1 Jgs) gl el
e Gale V) CiaSs 3 cdg jad) c lebaad) (s A yuill LY
bl 8 daess il (g50]) (s Lagy 21 5 17 2 dal) (315Y)
s e 2 51 CpnSilh (0l Al clbiadld) (aesy dlaledl)
alalaall Ll & (ggandl e Lage 17 5 15 2ms (Mgl e
oo dse e 2 5 1 Sl (o Ak dhbiadldl (e
ol G Lasy 12 3 GaleY) sela sega OIS con (¢ st
CulSy bl (aeny daleall jty (s2eall 2alall cibls
sege il A T80 Y 8 U e 2 385 o)) Ak dlile
Gy cOleladll &y pe A3jlae Fansg il ALY el sela
bl Gaes il OIS et Glall by LAaaly Lisiae



A el 528l 85 CMV o5 ehae Y am LYl (il el ) seds ae ga 8 clbidlad) (e Alalaall 30,1 Jgan
Table 2. The effect of salicylic acid (SA) treatment on the duration symptoms appearance following CMV inoculation and on

disease severity.
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mM= milli mole, CMV= Cucumber mosaic virus, -=no symptoms. Values followed by the same letters in the same column are not significantly

different at P=0.05.
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Table 2. Average concentration of free Salicylic acid (SA) and peroxidase activity in tomato leaves in the presence or absence

of CMV infection.
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mM= milli mole, CMV= Cucumber mosaic virus. Values followed by the same letters in the same column are not significantly different at

P=0.05.
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Abstract

Tahan, W., N.Sh. Slimane, S. Raee and H. Ahmad. 2026. The Role of Salicylic Acid in Stimulating Acquired Systemic
Resistance in Tomato Plants Against Infection with Cucumber Mosaic Virus. Arab Journal of Plant Protection, 44(1):80-
88. https://doi.org/10.22268/AJPP-001363

The effect of salicylic acid (SA) on the induction of systemic acquired resistance (SAR) in tomato plants against infection with Cucumber
mosaic virus (CMV) was investigated. Plants treated with two concentrations of 1 and 2 mM of salicylic acid, using two application methods,
spraying and irrigation, three days before mechanical inoculation with the virus, during the fall of 2022 in Tartous Governorate, Syria. The
effect of acquired systemic resistance was assessed by: time required for symptoms development, disease severity, concentration of free
salicylic acid and peroxidase activity in experimental plants. The results obtained showed that treatment with salicylic acid delayed the
appearance of symptoms of viral infection by up to 21 days compared to 12 days for the control, and reduced disease severity by 38.3% in the
sprayed treatment at a concentration of 2 mM compared to the rest of the treatments. The value of free salicylic acid increased to 124.5 pg/g
compared to the healthy control (21.54 pg/g) and the infected plants not treated with salicylic acid (13.73 pg/g). In addition, the peroxidase
enzyme concentration increased to 0.209 pmol/mg compared to the healthy control (0.112 pmol /mg), at the time when enzyme activity of
infected plants not treated with salicylic acid reached 0.044 umol/mg. An increase in the content of free salicylic acid and peroxidase activity,
a delay in the onset of infection symptoms, and decrease in the disease severity were good indicators for the induction of acquired systemic

resistance as a result of treatment with salicylic acid.

Keywords: Salicylic acid, systemic acquired resistance, Cucumber mosaic virus, tomato.

Affiliation of authors: W. Tahan'*, N.Sh. Slimane', S. Raee’ and H. Ahmad®. (1) Horticulture Department, Faculty of Agricultural
Engineering, Latakia University, Latakia, Syria; (2) Plant Protection Department, Faculty of Agricultural
Engineering, Latakia University, Latakia, Syria, (3) Tartous Directorate of Agriculture, Ministry of Agriculture and
Agrarian Reform, Syria. “Email address of the corresponding author: wissamou.ali1l993@gmail.com

References

Ly Alae &) (A gl Ualadll ag b ol 3] Lia i
91-88:(1)32 ¢dpall il

[Khaddam, M., M. Yassin, S.Y. Rahi. 2014. The role of
salicylic acid in inducing acquired systemic resistance
in tobacco cultivars Burley and Virginia to potato virus
Y in Syria. Arab Journal of Plant Protection, 32(1):88-
91. (In Arabic)].

uikm‘gwdéyuu‘ﬂ‘”im‘m‘i\mi (aS (Bie

Gl A dsiall & jleal) dagliadl ey 23 2013 qubd

Oe &)Y Gy Lgand ) Gl el 6l ) akladallfs ) sl

-168:(2)31 uall Clill 485 Asa Alternaria kil

176

[Atiq, O., A. Al-Ahmad, M. Abu Shaar and M.M. Bayrak
and M. Khatib. 2013. Induction of systemic acquired
resistance in tomato plants to diseases caused by some
species of Alternaria fungus. Arab Journal of Plant
Protection, 31(2):168-176. (In Arabic)].

Abo-Elnasr, M.A., Kh.A. El-Dougdoug, M.H. El-Kattan
and E.A. Salem. 2005. Induction of salicylic acid in
cucumber against ZYMV potyvirus by some nutrient
chemicals. Egyptian Journal of Virology, 1(1):301-
312. https://doi.org/10.3923/ijv.2005.30.30

Agrios, G.N. 2005. Plant Pathology. 5th edition. Elsevier,
USA/UK. 922 pp.

Ahmad, A.Y., T.A. Moustafa, F.M. Abo-Elabbas and
M.A. Rashed. 2008. Efficacy of acquired resistance in
controlling potato virus Y. Ph.D. thesis, Plant
Pathology Department, Faculty of Agriculture, Ain
Shams University, Egypt. 155 pp.

Basim, H.K. 2016. Enhancement of systemic acquired
resistance in Lycopersicon esculentum L. against
tobacco mosaic virus by salicylic acid. European
Academic Research, 4(1):890-899.

bl

I il 5 Ay gl Claaddl Gy 536 2023 Lteaa el )

Ol e e g AL Dl g5 A il Gal A G Aliasll

o ) 533 da g Hhal dpendll del 3 & CMV Ll el 5 5

[Ibrahim, M. 2023. The effect of some biofertilizers and
chemical stimulants on soil properties, pepper plant
growth, and its resistance to Cucumber mosaic virus
(CMV) in protected agriculture. Doctoral thesis,
Faculty of Agricultural Engineering, Tishreen
University, Syria. 117 pp. (In Arabic)].

A..'\e.d\ AL dada J\..\gé ?:\MJ.}‘ A 6(;43& Uﬂk‘m sé.\w‘

Sl 5 pail) A8l b dalall (5300l 2008 LJAS s g 05 AL

192-147 Sladall A pall lalll 8 gpdaill AL o 40l

dalaial) 8 Lagall L) 50 Jralaall &g g il Gial 5eY) 2 b

sliia g alad al ) s el s cpall aa AllA dlae) A jall
O g el Al 51y Apnanl s a8 (s

[Al-Hammadi, M.H., J.I. Fajla, M.A. Shaqroun, J. Khalil.
2008. General principles in combating plant viruses
that are applicable in the Arab countries. Pp. 147-192
In: Viral Diseases of Important Agricultural Crops in
the Arab Region. K.M. Makkouk, J.I. Fijla, and S.G.
Kumari (eds.). Arab Society for Plant Protection,
Beirut, Lebanon. 147-192 pp. (In Arabic)].

4kl Aaglaal) 3a5 2011 (g5 Juld ul g lisle qu ) ¢ Alad)

AlaASul (CMV) Lbad) @bl 50 (a gy o ) Jladl Slils

8y Adsa  Pseudomonas fluorescens Migula o 5SS

A42-36:(1)29 ¢dp_all bl

[Al-Ani, R.A. and L.K. Tawfiq. 201 1. Induction of systemic
resistance in cucumber plants to cucumber mosaic
virus (CMV) using the bacterium Pseudomonas
fluorescens Migula. Arab Journal of Plant Protection,
29(1):36-42. (In Arabic)].

Gaes )33.2014 (S i a5 (il e (b calad

il im 8 AaiSall 4 jleal) da gliall an 3 el

(2026) 1 23 <44 daa Ay ol L L Aaa 86


https://doi.org/10.22268/AJPP-001363
https://doi.org/10.3923/ijv.2005.30.30

Hondo, D., S. Hase, Y. Kanayama, N. Yoshikawa, S.
Takenaka and H. Takahashi. 2007. The LeATL6-
associated ubiquitin/proteasome system may contribute
to fungal elicitor-activated defense response via the
jasmonic acid-dependent signaling pathway in tomato.
Molecular Plant-Microbe Interactions, 20(1):72-81.
https://doi.org/10.1094/mpmi-20-0072

Horvath, D.P., J.V. Anderson, W.S. Chao and M.E.
Foley. 2003. Knowing when to grow: signals
regulating bud dormancy. Trends in Plant Science,
8:534-540.
https://doi.org/10.1016/.tplants.2003.09.013

Huang, R.H., J.H. Liu, Y.M. Lu and R.X. Xia. 2008.
Effect of salicylic acid on the antioxidant system in the
pulp of ‘Cara cara’ navel orange (Citrus sinensis (L.)
Osbeck) at different storage temperatures. Postharvest
Biology and Technology, 47(2):168-175.
https://doi.org/10.1016/j.postharvbio.2007.06.018

Kuc, J. and S. Richmond. 1977. Aspects of the protection
of cucumber against Colletotrichum lagenarium by
Colletotrichum lagenarium. Phytopathology, 67:533-
536.

Malamy, J., J.P. Carr, D.F. Klessig and I. Raskin. 1990.
Salicylic acid: a likely endogenous signal in the
resistance response of tobacco to wviral infection.
Science, 250:1002-1004.

Maria, J. and V. Martinez-Merino. 2007. Determination
of the salicylic acid concentration in aspirin by forming
Fe** complexes. Exercise 1.11. Pages 1-8. TUPAC
Publications

Masuta, C., M. Nishimura, H. Morishita and T.A.
Hataya. 1999. Single amino acid in viral genome-
associated protein of potato virus Y correlates with
resistance breaking in “Virginia mutant” tobacco.
Phytopathology, 89:118-123.

Mayers, C.N., K.C. Lee, C.A. Moore, S.M. Wong and J.P.
Carr. 2005. Salicylic acid-induced resistance to
cucumber mosaic virus in squash and Arabidopsis
thaliana: contrasting mechanisms of induction and
antiviral action. Molecular Plant-Microbe Interactions,
18:428-434.
https://doi.org/10.1094/mpmi-18-0428

Murphy, A.M. and J.P. Carr. 2002. Salicylic acid has cell-
specific effects on tobacco mosaic virus replication and
cell-to-cell movement. Plant Physiology, 128(2):552-
563. https://doi.org/10.1104/pp.010688

Murphy, J.F., M.S. Reddy, C.-M. Ryu, J.W. Kloepper
and R. Li. 2003. Rhizobacteria-mediated growth
promotion of tomato leads to protection against
cucumber mosaic virus. Phytopathology, 93(10):1301-
1307.
https://doi.org/10.1094/phyt0.2003.93.10.1301

Naylor, M., A.M. Murphy, J.O. Berry and J.P. Carr.
1998. Salicylic acid can induce resistance to plant virus
movement. Molecular Plant-Microbe Interactions,
11:860-868.
https://doi.org/10.1094/MPM1I.1998.11.9.860

Nie, X. 2006. Salicylic acid suppresses potato virus Y isolate
N:O-induced symptoms in  tobacco  plants.
Phytopathology, 96(3):255-263.
https://doi.org/10.1094/PHYTO-96-0255

87 Arab J. PL Prot. Vol. 44, No. 1 (2026)

Behera, B.C., N. Mahadik and M. Morey. 2012.
Antioxidative and cardiovascular protective activities
of metabolite usnic acid and psoromic acid produced by
lichen species Usnea complanata under submerged
fermentation. Pharmaceutical Biology, 50(8):968-979.
https://doi.org/10.3109/13880209.2012.654396

Chandra, A., A. Anand and A. Dubey. 2007. Effect of
salicylic acid on morphological and biochemical
attributes in cowpea. Journal of Environmental
Biology, 28(2):193-196.

Chittoor, J.M., J.E. Leach and F.F. White. 1999.
Induction of peroxidase during defense against
pathogens. Pp. 165-187. In: Pathogenesis-Related
Proteins in Plants. S.K. Datta and S. Muthukrishnan
(eds.). CRC Press, Boca Raton, FL, USA.

Del Giudice, R., G. Petruk, A. Raiola, A. Barone, D.M.
Monti and M.M. Rigano. 2017. Carotenoids in fresh
and processed tomato (Solanum lycopersicum) fruits
protect cells from oxidative stress injury. Journal of the
Science of Food and Agriculture, 97(5):1616-1623.
https://doi.org/10.1002/jsfa.7910

Eberhardt, H.J. and K. Wegmann. 1998. Induction of
natural defence systems of the tobacco plant by use of
elicitors: a survey of new possibilities of pathogen and
pest control. P. 125 (Abstract P11). In: CORESTA
Brighton Congress, 11-15 October 1998, Brighton,
UK.

Ebrahim, S., K. Usha and S. Bhupinder. 2011.
Pathogenesis related (PR) proteins in plant defense
mechanism. Pp. 1-12. In: Science Against Microbial
Pathogens: Communicating Current Research and
Technological Advances. A. Méndez-Vilas (eds.).
FORMATEX, Spain.

Edwardson, J.R. and R.G. Christie. 1991. Cucumoviruses.
Pp. 293-319. In: CRC Handbook of Viruses Infecting
Legumes. CRC Press, Boca Raton, FL, USA.

Einhellig, F.A. 1986. Mechanisms and modes of action of
allelochemicals. Pp. 317-325. In: The Science of
Allelopathy. A.R. Putnam and C.S. Tang (eds.). John
Wiley and Sons, New York, USA.

Fry, S.C. 1986. Cross-linking of matrix polymers in the
growing cells of angiosperms. Annual Review of Plant
Physiology, 37:165-186.
https://doi.org/10.1146/annurev.pp.37.060186.001121

Gallitelli, D. 2000. The ecology of cucumber mosaic virus
and sustainable agriculture. Virus Research, 71(1-2):9-
21. https://doi.org/10.1016/S0168-1702(00)00184-2

Gorlach, J., S. Volrath, G. Knauf-Beiter, G. Hengy, U.
Beckhove, K.-H. Kogel, M. Oostendorp, T. Staub, E.
Ward, H. Kessmann and J. Ryals. 1996.
Benzothiadiazole, a novel class of inducers of systemic
acquired resistance, activates gene expression and
disease resistance in wheat. Plant Cell, 8(4):629-643.
https://doi.org/10.1105/tpc.8.4.629

Hammerschmidt, R., J.-P. Métraux and L.C. van Loon.
2001. Inducing resistance: a summary of papers
presented at the First International Symposium on
Induced Resistance to Plant Diseases, Corfu, May
2000. European Journal of Plant Pathology, 107:1-6.
https://doi.org/10.1023/A:1008753630626



https://doi.org/10.3109/13880209.2012.654396
https://doi.org/10.1002/jsfa.7910
https://doi.org/10.1146/annurev.pp.37.060186.001121
https://doi.org/10.1016/S0168-1702(00)00184-2
https://doi.org/10.1105/tpc.8.4.629
https://doi.org/10.1023/A:1008753630626
https://doi.org/10.1094/mpmi-20-0072
https://doi.org/10.1016/j.tplants.2003.09.013
https://doi.org/10.1016/j.postharvbio.2007.06.018
https://doi.org/10.1094/mpmi-18-0428
https://doi.org/10.1104/pp.010688
https://doi.org/10.1094/phyto.2003.93.10.1301
https://doi.org/10.1094/MPMI.1998.11.9.860
https://doi.org/10.1094/PHYTO-96-0255

Sedghi, M., H.K. Basiri and R.S. Sharifi. 2013. Effects of
salicylic acid on antioxidant enzymes activity in
sunflower. Annals of West University of Timisoara,
Biology Series, 16(2):67-72.

Shi, Q. and Z. Zhu. 2008. Effects of exogenous salicylic
acid on manganese toxicity, element contents and
oxidative system in cucumber. Environmental and
Experimental Botany, 63(1-3):317-326.
https://doi.org/10.1016/j.envexpbot.2007.11.003

Sticher, L., B. Mauch-Mani and J.-P. Métraux. 1997.
Systemic acquired resistance. Annual Review of
Phytopathology, 35(1):235-270.
https://doi.org/10.1146/annurev.phyto.35.1.235

Sudhakar, N., D. Nagendra-Prasad, N. Mohan and K.
Murugesan. 2007. Induction of systemic resistance in
Lycopersicon esculentum cv. PKMI1 (tomato) against
cucumber mosaic virus by using ozone. Journal of
Virological Methods, 139(1):71-78.
https://doi.org/10.1016/j.jviromet.2006.09.013

Uknes, S., B. Mauch-Mani, M. Moyer, S. Potter, S.
Williams, S. Dincher, D. Chandler, A. Slusarenko,
E. Ward and J. Ryals. 1992. Acquired resistance in
Arabidopsis. Plant Cell, 4(6):645-656.
https://doi.org/10.1105/tpc.4.6.645

Vance, C.P., T.K. Kirk and R.T. Sherwood. 1980.
Lignification as a mechanism of disease resistance.
Annual Review of Phytopathology, 18:259-288.
https://doi.org/10.1146/annurev.py.18.090180.001355

Vazirimehr, M.R. and K. Rigi. 2014. Effect of salicylic
acid in agriculture. International Journal of Plant,
Animal and Environmental Sciences, 4:291-296.

Whitaker, J.R. and R.A. Bernhard. 1972. Experiments for
an Introduction to Enzymology. The Wibber Press,
Davis, California, USA.

Yang, X., L. Kili¢c and P. Tien. 1996. Resistance of tomato
infected with cucumber mosaic virus satellite RNA to
potato spindle tuber viroid. Annals of Applied Biology,
129(3):543-551.
https://doi.org/10.1111/j.1744-7348.1996.tb05775.x

Received: May 24, 2024; Accepted: September 8, 2024

Nontajak, S., S. Vulyasevi, N. Jonglackha and P.
Smitamana. 2014. Effect of mixed viruses infection on
symptom expression in zucchini (Cucurbita pepo L.).
Journal of Agricultural Technology, 10(5):1329—-1341.

Passardi, F., C. Cosio, C. Penel and C. Dunand. 2005.
Peroxidases have more functions than a Swiss army
knife. Plant Cell Reports, 24(5):255-265.
https://doi.org/10.1007/s00299-005-0972-6

Quiroga, M., G. Guerrero, M.A. Botella, A. Barcelo, I.
Amaya, M.I. Medina, F.J. Alonso, S.M. de
Forchetti, H. Tigier and V. Valpuesta. 2000. A
tomato peroxidase involved in the synthesis of lignin
and suberin. Plant Physiology, 122(4):1119-1127.
https://doi.org/10.1104/pp.122.4.1119

Radwan, D.M., K.A. Fayez, S.Y. Mahmoud, A. Hamad
and G. Lu. 2007. Physiological and metabolic changes
of Cucurbita pepo leaves in response to zucchini
yellow mosaic virus (ZYMYV) infection and salicylic
acid treatments. Plant Physiology and Biochemistry,
45(6-7):480-489.
https://doi.org/10.1016/j.plaphy.2007.03.002

Rigano, M.M., C. Arena, A. Di Matteo, S. Sellitto, L.
Frusciante and A. Barone. 2016. Eco-physiological
response to water stress of drought-tolerant and
drought-sensitive tomato genotypes. Plant Biosystems,
150(4):682-691.
https://doi.org/10.1080/11263504.2014.989286

Ruggieri, V., R. Calafiore, C. Schettini, M.M. Rigano, F.
Olivieri, L. Frusciante and A. Barone. 2019.
Exploiting genetic and genomic resources to enhance
heat-tolerance in tomatoes. Agronomy, 9(1):22.
https://doi.org/10.3390/agronomy9010022

Ryals, J., E. Ward and J.-P. Métraux. 1992. Systemic
acquired resistance: an inducible defense mechanism in
plants. Pp. 205-229. In: Inducible Plant Proteins. J.L.
Wray (ed.). Society for Experimental Biology Seminar
Series 49. Cambridge University Press, Cambridge,
UK.

Ryals, J., S. Uknes and E. Ward. 1994. Systemic acquired
resistance. Plant Physiology, 104(4):1109-1112.
https://doi.org/10.1104/pp.104.4.1109

2024/9/8 : 45 o 4861 gal) 5 €2024/5/24 1pd5uN) g5

(2026) 1 23 <44 daa Ay ol il LB Aae 88


https://doi.org/10.1007/s00299-005-0972-6
https://doi.org/10.1104/pp.122.4.1119
https://doi.org/10.1016/j.plaphy.2007.03.002
https://doi.org/10.1080/11263504.2014.989286
https://doi.org/10.3390/agronomy9010022
https://doi.org/10.1104/pp.104.4.1109
https://doi.org/10.1016/j.envexpbot.2007.11.003
https://doi.org/10.1146/annurev.phyto.35.1.235
https://doi.org/10.1016/j.jviromet.2006.09.013
https://doi.org/10.1105/tpc.4.6.645
https://doi.org/10.1146/annurev.py.18.090180.001355
https://doi.org/10.1111/j.1744-7348.1996.tb05775.x

