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Table 1. Effect of TYLCV inoculation of tomato plants on disease incidence and severity (%), 15 and 30 days after inoculation
as influenced by tomato seeds treatment with the bacterial strains B27 and MA.

Yo Laditl) s %% laY) sad %% Ladidl) Ll
Reduction in severity of Severity of infection Reduction in % dlal) dpusd
infection (%0) (%) infection rate (%) % Infection rate

25230 e 15 25230 a5 15 25230 ps2 15 25230 s 15 *alalaal)
30 days 15 days 30 days 15days 30days 15days 30days 15days Treatment*
- - 81.87a 71.96 a - - 100.00 a 100.00 a TYLCV
8.4 24.73 74.99 a 54.16 b 8.34 33.34 91.66 a 66.66 b MA+TYLCV
18.57 39.23 66.66 b 43.73b 16.76 33.34 83.33a 66.66 b B27+TYLCV
- - 26.38 13.73 - - 33.30 21.06 LSDoos

* MA= Pseudomonas chlororaphis MA342, B27= Bacillus subtillis FZB27, TYLCV= Tomato yellow leaf curl virus.
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Table 2. Effect of bacterial strains Pseudomonas chlororaphis MA342 (MA) and Bacillus subtillis FZB27 (B27) on peroxidase
enzyme activity in tomato plants 15 and 30 days after inoculation with TYLCV.

pa Al ol 8 3Ll A
(Y0) 34 9 )
Increase in peroxidase enzyme
activity (%)

2y (/94 90504) )paaS g ) g 35 Bl
u3 il 5121
Peroxidase enzyme activity
(micromole/mg) after virus inoculation

-

30dayses230 15dayses: 15 30 days as: 30 15 days as: 15 Treatment Alalaall
- - 0.224 a 0.028 a Healthy control aaluall 2aL)

408.9 96.42 1.140 a 0.055 a Bacterial strain MA  MA & Sl A3L)
96.87 7.14 0.441a 0.030a Bacterial strain B27  B27 4y Sl A1)

- - 0.449 a 0.023 a TYLCV
203.34 34.78 1.362 a 0.031a MA+ TYLCV
46.54 39.13 0.240 a 0.032a B27+TYLCV

- - 1.418 0.040 LSDo.os

245 Arab J. Pl. Prot. Vol. 38, No. 3 (2020)



salll jmlea B L) il
bl e of o) cblal gail) ules i il olal
G calud) salal) il b ate Juadl (€ Jah Lya<ll Alaladl)
o 152.18-148.94 1) Lyl dlelaall culilal) gy Jaag
G 35 053 (Sl s 139.04 pdual) L) il g L) QIS Laiy
pas 152,18 B27 ADLL dleladd) cilll g L)) (IS G . (g5ine
G 2 O (MA ADLL dlaladll wbilall o 148.94 5 45l
el blall (gpmill goendll Ghall sl Jiags - ssine
501.64 amludl alall & oIS Law ¢ 565.602 ) B27 LyaSill
39a9 s OSg <& 468.81 MA L€l dlalaall bl g ¢
Aalaall DL (gl goanall ladl sl Zolis - gyine B8
G 4ie el (IS5 ¢ 2171.25-2088.75 390a 3 MA LysSill
Glall Oysll S5 - gxine Br asmy 090 (& 1765) skl 2aLil)
(¢ 2171.25) B27 iDLl aladis) die el (gpndll ggenall
sy - Gsima B 259 (150 ¢(¢ 2088.75) MA ADLuL )lia
(¢ 26.35-23.85) LsSlly Alelaall bilall (55351 g sanall gyl
o cGsina (0 339 090 (¢ 20.37) bl salal) b ase Lo
MA LSl dlebeall blLall (93a) goanall (gyhall 05l 08
(¢ 23.85) B27 LSl dlabedll bilall 8 4t el (¢ 26.35)
Alalaall SBLAll (5)2a) g ganall aladl Ml - (s5na (38 3925 (150
(£ 0.135) sl 3alil b asa e (£ 0.173-0.167) LyaSily
e @l goanall Galall gl OsS pa (Ssina ) sy (50
03 (£ 0.167) MA ADLll s 4t el (¢ 0.173) B27 ADL)
il dlaleall cllall & sadladl LA G)eg (Ssina B8 3sang
3539 (093 (§ 29.21) adedl 2l 8 4ie el (¢ 36.25-32.86)
(¢ 36.25) MA DL e saslall Ll G35 (68 ae ¢(gpina (B8
Js3n) Gsine (38 3535 (92 (§ 32.86) B27 iDLl pe 4t e
3 gl Sanall LyaSilly dlalaall 8yeadl cubilal dawilly (3
) gy o) G cdlabeall e Ll Aijlee lagal (puead
Gaall Ll d5jlie (aw 127.95-111.41) LyaSdl dlaled
e MA LyaSll dlelaall il gsina (s aa ¢(am 91.97)
Adaad) Ll o (spina G 2smg Osd (S cganall 28LaY
Adlaad) SbLall (gpadll g genall (gylal) Cjsll M35 .B27 LyiSilly
2Ll d)lie (¢ 510.64-452.58) Guspudlls slaeally LyaSills
ORI sl OlSs cigsine B8 3sms s (& 385.81) saed)
DL a4 el (3 510.64) B27 DL as (5pndll g ganall
goaanall Glall Cislls L gsina () 2525 092 (¢ 452.85) MA
(¢ 1717.5-1654.75) slanally LysSilly dlalaal) clilall (gl

oo Ble 0sS of Lahayb Akl clisg il (Ka
(PPO) Syl diid Jor wl Ui 5283 solime ilaiil
&) gl @Sl 5081 e Jasy s3) Polyphenyl oxidase
ool amas i PA e el w2 Aale @i
axiily (Lamb & Dixon, 1997 ¢Damayanti et al., 2007)
sy (53 ¢(Legrimini etal., 1987) PR-9 4e sana (o HlanuSy sl
Bpaly als) (B pgaw 435 cilil) b g lall Lath il ilaws sl (00
Go lae LAY jaa e cangn piall) anin dlge I Vgl
deaall Gl jlimly sas

Ol las e 5l Ayl Lla) 8 g WS
Lolal) WA jaa jujan 3 s agen (530 ¢(Harish et all., 2009)
sty Al ClilgaY) aa Lelial) Jadll 353) e Tein oSl
-(Shehata & EI-Borollosy, 2008) <lull gl (ajeny ) dysal)
Lalall WAl e dual e saliiall 500 e 4yl 138 3855 13
Sl (63 (Y gt vie f mpee Jaley il dealge e
dals i€ ) cVsudll 5auST 3 agass «(Chittoor et all., 1999)
WA 8 S 63 g puel 2y e (papaall Jalall
¢Fagain & Malcolm, 1994) oyl Crvsall s (3ay Law ALl
-(Sudhakar et al., 2007 ¢Hathout et al., 2010

AL 3smss Aol 5oy A palial of Z0) (he
el Lalis 8l ae 3ilg claey) o Lasy 15 2a0 B2740,5KH)
Sy al wsif Jas 8205 (385 o Tags 30 ans Las ¢ 31asuSy
a0 sy Jlasl ) ad ey b)) sad =l
celaeY) e Lagy 15 (n Alal) Gabel st & 5y )
Jais L) sady daws paliadl b elae) (e lags 30 2an Wl
Bl 8ol e Gl g el A dBle) Ca IS Layy (LSl
Ay el Gabel (miss (N @l lee ¢ GlanSypll sy
sl mlaa saly @A Lain . ugadll LY 5ady dans (aliad)
e Lo 1yl il Tl 5215 ae MA L0500 ADUA) iy
Pa o saill s s (B SlanSoull anl 50 Jlasl )
by 4 il Lo s e dalall WA Al 8 diealie
) gl Aiaall L€l e s o) 80U assitd sl dailes
Dovall (Ao Hball clulisn (ugpd b dileal) daglaal) juias b
SamSy pll il bl pling) ) colal ally candll delyl
\B27 4,aKl ADLA) dga s AilaY) 5ad (mledd) pa

(2020) 3 230 (38 Al oyl il LB Adaa 246



Lo Lyl Allad) lolall b 4oy b Tys0 Lok B27 Ayl
O G dl) s Lt anlll 2alall &55lae %30.89 Ay @l
@radll goanall (Gl Gisll (et b Dhsn Gyl GaDL
el €y canal) aalally 43jlae Lyl Alalaall 5y900) bl
OEDL Cregud LS B27 ADLA) ae (%42.31) 50l A
5eall bl (gpamdll g oanall Ciladl Ojsll (s & Gl aKl)
(%23.01) 52b) Lo el uil€y carlid) alally 43)lae gy Alaleal
llll (gumdll ¢ sanall Gilall 3l Gt L .B27 ADL) pe
el il cana) 3Ll &3 laa (yug pudlly lanally Lyl Alalaal)
sl e LSl s LSCMA DL e (%47.26) 52l A
cabiad) 28 Lally 2550 Lyl Alalaall LAl ()3l & sanall (5l
Gl e lys B27 AL as (%17.08) 5ol A e cilS
ol Blazally LHaSll dlaleall blall (60l g sanall ()bl
ADL ae (%18.42) 53 A el il ¢ sanall 2a Ll 43l
GEDLL Alalaall lilall (gy3al) g ganall Cilall (301 2135 .MA
(%28.14) 5ol dauss el cul€y canluall 20 Lall &ijlaa (i<l
Gl g sanall Galall (sl S Lugpuill 35a515 .B27 ADL pa
il 8 aie ol Gugpuill haeall LyaCll dlaleal) il
MA DL me (%33.64) 50b) des el culSy csaedll

(Grine B 29ns 050 (¢ 1166.25) aeall alal) b s el
1717.5) MA DLl go (pmal) ggenall Gilall (sl (6S aa
LGsime (38 3535 O30 (8 1654.75) B27 APl pe aie e (8
Bl il Alladll blall (giall gsenall (ghall (hjslly
(& 17.04) Gaall aliall bl b 4w el (¢ 20.18-17.94)
& ) goanall (@l Oisll O e cigine B 539 092
O30 (¢ 17.94) B27 DLl a4 el (¢ 20.18) MA ADL)
Aaladl) llall (93 gganall ol Glly - (gyina B 5n
(¢ 0.107) el 3alall & ase el (¢ 0.143-0.13) Lya<il
Aalaall DL (5)3al) g ganall Caladl (1olly (gsine B8 2525 5o
LSl dllaall il 8 ase el (¢ 0.143) B27 Lya<il
cblal) 8 saslal) Ll O)gg - (sine B8 2939 52 (¢ 0.13) MA
alall cbils b aie el (¢ 44.92-34.87) LysSill dlladl)
Balal) Ll (3g 5K ae c(grinn (B8 939 (92 (§ 24.44) axall
(¢ 34.87) MA iDL g 4ie el (¢ 44.92) B27 DL pe
“(Gyine B 29 092
el bl iyl 5alyy Gl DL Cuagad
ADL e 80y A el il anluad) 2Ll 43 )lke Jadd LyaSilly
Blaal) L€l Alalaall clblal) o)) e clyy «(%9.45) B27
DLl ae L5 s el culSy sanal) 2Ll A3jlae (pug il
ALl IS (gpatl) g sanall (gykall (sl Anasilly .(%39.12) MA

Oxbe aill TYLCV Us sy elae¥) (g Lo sy 120 a3 5 50ull il b gaill julaa amy & B27 5 MA LSl oYL il 3 Jgaa

laall Ly 455l (%) 3ok 3l A Jiad Gl 8Y)

Table 3. Effect of bacterial strains MA and B27 on some plant growth criteria in tomato plants 120 days after inoculation with
TYLCV. Values between brackets are % of increase compared to the healthy plants.

diladl ¢yl Al ool cilad) @50 ol oY
BTE TS gsaaall Esaaall € saxall Esapall g
(&) M (&) g (&) g (&) 1ol (&) g radd () .
Average fruits  Root dry weight Root fresh Plant foliage Plant foliage Plant (cm) *4lalaall
weight (g) (9) weight (g) dry weight (g)  fresh weight (g) Height Treatment*
29.21a 0.135a 20.37a 1765.00 a 501.64 a 139.04 ab Healthy
36.25a 0.167 a 26.35a 2088.75 a 468.81 a 148.94 ab MA
(24.10%) (23.7%) (14.62%) (18.34%) (7.12%)
32.86a 0.173 a 2385a 2171.25a 565.602 a 152.18 a B27
(12.49%) (28.14%) (17.08%) (23.01%) (30.89%) (9.45%)
2444 a 0.107 a 17.04 a 1166.25 b 358.81a 91.97d TYLCV
4492 a 0.130 a 1794 a 1654.75 ab 510.64 a 11141 cd B27+TYLCV
(83.79%) (21.49%) (5.28%) (41.88%) (42.31%) (21.13%)
34.87a 0.143a 20.18a 1717.50 ab 452.58 a 127.95 bc MA+ TYLCV
(42.67%) (33.64%) (18.42%) (47.26%) (26.13%) (39.12%)
23.95 0.066 10.38 211.14 22.83 LSDo.0s

* MA= Pseudomonas chlororaphis MA342, B27= Bacillus subtillis FZB27, TYLCV= Tomato yellow leaf curl virus.
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Abstract
Akel, E.H., Q.A. Al-Rhayeh, H.N. Kawas and 1.D. Ismail. 2020. Effect of two strains of plant growth promoting
rhizobacteria on the incidence and severity of infection with tomato yellow leaf curl virus and on some plant growth
criteria for tomatoes grown under greenhouse conditions. Arab Journal of Plant Protection, 38(3): 241-251.

This study was conducted to evaluate the efficiency of two strains of plant growth promoting bacteria Pseudomonas chlororaphis
MA342 (MA), and B. subtillis FZB27 (B27), in reducing infection rate and severity of infection with Tomato yellow leaf curl virus on tomato
plants, in addition to its effects on peroxidase enzyme activity, and some growth parameters of tomato plants. The experiment was conducted
at the Agricultural Scientific Research Center in Lattakia during the 2018/2019 growing season. Bacteria were applied by seed treatment and
root irrigation. Results indicated that the two bacterial strains caused reduction in virus infection rate, 15-30 days after inoculation with the
virus, compared with the healthy control. The two bacterial strains caused similar reduction (33.34%) in infection rate 15 days after virus
inoculation, with higher reduction with F27 strains (16.67%) at 30 days after inoculation. Also the two bacterial strains reduced the severity of
viral infection, and the highest reduction was with strain B27 (39.23%) compared with strain MA (24.73%), 15 days after virus inoculation.
The two bacterial strains increased the activity of the peroxidase enzyme in treated plants, compared with the untreated. The highest increase
in peroxidase enzyme activity was with B27 strain (39.13%) 15 days after virus inoculation. However, at 30 days after virus inoculation,
treatment with the bacterial strain MA led to a significant increase in peroxidase enzyme activity of 204.34% obtained.by the MA strain. The
two strains used in this study increased the growth parameters in treated plants, compared with the untreated plants. With bacterial strain MA
treatment, there was an increase in plant height, foliage dry weight, root fresh weight, and root dry weight of 39.12%. 47.26%. 18.42% and
33.64%, respectively, compared with the control treatment. Similarly, with the bacterial strain B27 treatment, an increase in foliage fresh
weight and fruit weight of 42.31% and 83.79% was obtained, respectively, compared with the healthy control.

Keywords: Pseudomonas chlororaphis MA342, Bacillus subtillis FZB27, TYLCV, viral infection, peroxidase, growth parameter.
Corresponding author: Ensaf Hassan Akel. General Commission for Scientific Agricultural Research, Lattakia Research Center, Syria,
Email: ensafakel5n4a@gmail.com
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