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Table 1. Bacterial strains used in this study.
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Source Jaal)

M. Hokeberg, Bioagri, Upsalla, Sweden
Gabriele Berg, University of Gras, Austria

Institute of Microbiology, University of Rostock,
Germany

Research Center, Berlin, Germany
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Bacterial strain 435S A Strain code
Pseudomonas chlororaphis MA342 MA
Serratia plymuthica HRO-C48 C48
Bacillus subtillis B2g B2g
Bacillus subtillis FZB27 B27
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Table 2. Infection rate (%) 14 and 30 days after inoculation and reduction of CMV infection rate.

ECTCE R EUr ) R F U PV R T | TV ST
2530 W AlaY)  Geas30 i A 14 wmAlaY)  Geam 14 M M aleY)
gl Yo 9l 3l a Yossill Al sl
Reduction of Infection Reduction of Infection Symptoms
infection level rate (%) 30 infection level rate (%) 14  appearance, )
(%) 30 days after days after (%) 14 days after days after days after *dlalaal)
inoculation inoculation inoculation inoculation  inoculation Treatment*
00.00 b 100.00 a 00.00 b 85.00 a 6 CMV
55.00 a 45.00 be 56.01 a 36.66 b 12 B27+CMV (s)
63.33 a 36.60 b 64.35a 30.00b 13 B27+CMV (s+i)
49.66 a 50.33b 52.77 a 40.00 b 9 B2g +CMV (s)
61.66 a 38.33b 60.18 a 33.33b 11 B2g+CMV (s+i)
45.00 a 55.00b 36.11a 53.33b 8 MA+CMV (s)
50.00 a 50.00b 4444 a 46.66 b 10 MA+CMV (s+i)
46.66 a 53.33b 41.01a 48.66 b 8 C48+CMV (s)
51.66 ab 4833 b 4842 a 42.00b 10 C48+CMV (s+i)
21.57 21.57 34.97 29.97 %5 Juial (5 siuse Yo (5 5ina (54 i

LSD at P=0.05

* s+i= Seed and irrigation treatment, s= Seed treatment

s Aldae =g fgy+sAldae =g+ *

MA= Pseudomonas chlororaphis MA342; C48= Serratia plymuthica HRO-C48; B27 =Bacillus subtillis FZB2;, B2g= Bacillus subtillis B2g.
5 Jial (5 ginsa Nie (5 sine (38 ez 2332 ¥ 2 palal ki B Al iy ya gy L3 ol
Values followed by the same letters in the same column are not significantly different at P=0.05.
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Table 3. Disease Severity 14 and 30 days after inoculation with CMV.
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Disease severity

severity 30 days 30 days after days after 14 days after *4lalaall
after inoculation % inoculation% inoculation % inoculation% Treatment*
00.00d 90.00 a 00.00 ¢ 70.00 a CMV
37.45 be 54.00 cd 40.04 ab 37.50 be B27+CMV (s)
60.36 a 34.00 e 57.14 a 28.00 ¢ B27+CMV (s+i)
37.86 bc 62.20 ¢ 22.07 be 50.00 abc B2g+CMV (s)
27.87 ¢ 53.32cd 32.98 ab 44.00 be B2g+CMYV (s+i)
45.39 abc 47.45d 14.45 be 5533 ab C48+CMV (s)
48.58 ab 44.33 de 38.61 ab 39.33 be C48+CMYV (s+i)
9.62d 78.00 b 37.65 ab 40.00 be MA+CMV (s)
38.42 be 53.33 cd 50.87 a 37.66 bc MA+CMV (s+1)
17.85 11.53 28.47 23.67 %5 Juial (5 sina 2i (5 sina (35 B

LSD at P=0.05

* s+i= Seed and irrigation treatment, s= Seed treatment
MA= Pseudomonas chlororaphis MA342; CA8= Serratia plymuthica HRO-C48; B27 =Bacillus subtillis FZB; B2g= Bacillus subtillis B2g.
05 Jainl (s siuse die (5 sine (3,8 Lein 2 50 Y 3 galall (i (8 Agoliiia (g Lty ) il

Values followed by the same letters in the same column are not significantly different at P=0.05.

s Aldas =g fgy b Aldas =g+ *
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Table 4. Peroxidase enzyme activity in tomato plants 14 and 30 days after inoculation with CMV.

plalakall/3 ) gaiall il (& (J 30 9ili) Jasaas g yal) o 3H) Bl
Peroxidase activity (n mol) in tomato plants

s9u) e laga 30 2 9 (o lagy 14 22 Alalaal)
30 days after inoculation 14 days after inoculation Treatment
0.041b 0.036 be b 24l
0.022b 0.021 ¢ CMV
0.237 ab 0.113 a B27 (s)
0.276 a 0.130 a B27 (sti)
0.172 ab 0.085 ab B27+ CMV (s)
0271a 0.097 ab B27+CMV (s+i)
0.168 ab 0.046 be B2g (s)
0.173 ab 0.081 abc B2g (s+1)
0.122 ab 0.044 be B2g+CMV (s)
0.133 ab 0.070 abc B2g+CMV (s+i)
0.122 ab 0.040 be MA (s)
0.147 ab 0.042 be MA (s+i)
0.106 ab 0.039 be MA+CMV (s)
0.119 ab 0.040 be MA+CMV (s+i)
0.151 ab 0.048 be C48 (s)
0.163 ab 0.0483 be C48 (s+i)
0.120 ab 0.044 be C48+CMV (s)
0.154 ab 0.045 be C48+CMYV (s+i)
0.22 0.063 %5 Juaial (5 sisa e (5 gina (38 il
LSD at P=0.05

* s+i= Seed and irrigation treatment, s= Seed treatment

s Aldaa =gt tosnAldaa =g+ *

MA= Pseudomonas chlororaphis MA342; CA8= Serratia plymuthica HRO-C48; B27 =Bacillus subtillis FZB2;, B2g= Bacillus subtillis B2g.
%35 Jadal (5 sl die (5 sina (38 Lgin a5 Y 3 salall (a8 Agiliie (o Loy ) il
Values followed by the same letters in the same column are not significantly different at P=0.05.
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Table 5. Disease severity and peroxidase enzyme activity in treated tomato plants, 14 and 30 days after inoculation with CMV.

pa ) bl
IS g )
30 2 (Jsasil) ) a3 ol )
ssdllgaleyy 30 mAlaYitad o (Usesi)nass ) 14 2 dlaY) S0k
Peroxidase % s 93 pa Laga soid) e lags 14 %59 (a Lagy

enzyme activity Disease Severity Peroxidase enzyme Disease severity

(n mol) 30 days 30 days after activity(n mol) 14 days 14 days after dlalaal)
after inoculation inoculation% after inoculation inoculation% Treatment
0.022b 90.00 a 0.021 ¢ 70.00 a CMV
0.172 ab 54.00 cd 0.085 ab 37.50 ab B27+CMV (s)
0.271a 34.00 f 0.097 ab 28.00b B27+CMV (s+i)
0.122 ab 62.20 ¢ 0.044 be 50.00 a B2g +CMV (s)
0.133 ab 53.32 cde 0.070 abc 44.00 ab B2g+CMV (s+i)
0.120 ab 47.45 de 0.044 be 5533 a C48+CMV (s)
0.154 ab 4433 ¢ 0.045 be 39.33 ab C48+CMV (s+i)
0.106 ab 78.00 b 0.039 be 40.00 ab MA+CMV (s)
0.119 ab 53.33 cde 0.040 be 37.66 ab MA+CMV (s+i)
0.22 11.53 0.063 23.67 %5 Juial (s sivse 2 (5 sina (38 Bl

LSD at P=0.05

* s+i= Seed and irrigation treatment, s= Seed treatment sy Aldas =g fg b A =g+ *
MA= Pseudomonas chlororaphis MA342; CA8= Serratia plymuthica HRO-C48; B27 =Bacillus subtillis FZB2;, B2g= Bacillus subtillis B2g.

05 Jainl (5 sise die (5 sina (3,8 Lgin 2 50 YV 3 salal) Gl 8 dgoliia g g Lgaty (A il
Values followed by the same letters in the same column are not significantly different at P=0.05.
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Abstract

Kawas, H., O. Hamoudi, A. Ahmad and L.D. Ismail. 2017. Evaluation of efficacy of four bacterial strains of plant
growth promoting rhizobacter to induce systemic resistance against Cucumber mosaic virus in tomato plants grown in
the greenhouse. Arab Journal of Plant Protection, 35(1): 6-15.

This study was conducted to evaluate two application methods of four strains of plant growth promoting rhizobacter: Pseudomonas
chlororaphis MA342, Serratia plymuthica HRO-C48, Bacillus subtillis B2g, B. subtillis FZB27 to induce systemic resistance in tomato
plants against cucumber mosaic virus (CMV) under greenhouse conditions. In the “treated seed” application, tomato seeds were submerged
in a suspension of Pseudomonas chlororaphis MA342, Serratia plymuthica HRO-C48, Bacillus subtillis B2gor B. subtillis FZB27 (10"
cfu/ml), and in “treated seed + irrigation” application, seeds were treated in the same way as mentioned above, and 10 days after
transplanting, every transplant was irrigated with 10 ml of each suspension (10%/ml), and 19 days after transplanting were inoculated with
CMV. The time required for initial symptoms development was recorded. In addition, disease incidence, disease severity and peroxidase
enzyme activity were also determined. Results obtained showed that treatment with the four strains delayed the time needed for symptoms
appearance compared with the infected control, and the delay was more in the “treated seed + irrigation” application than in the “treated
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seed” application. The treatment with four bacterial strains decreased disease incidence in treated plants which ranged between 36.11-
46.65% and 45.00-63.33% 14 and 30 days after inoculation, respectively. Consequently, the highest reduction in infection rate was with the
strain B27 (treated seed + irrigation). The treatment with bacterial strains reduced infection severity 14 and 30 days after inoculation, and the
reduction was higher in the “treated seed + irrigation” application than in the “treated seed” for all the evaluated bacterial strains. The B27
strain with “treated seed + irrigation” application gave the best effect compared with the other three strains, with reduction in infection rate
of 57.14% and 60.36%, 14 and 30 days after inoculation, respectively. The treatment with bacteria improved the peroxidase enzyme activity
in the inoculated treated plants with recorded activity of 0.039- 0.097 n mol and 0.106-0.271 n mol compared with the infected control
(0.021 n mol) and the healthy control (0.022 n mol) 14 and 30 days after inoculation, respectively. The B27 strain in the “treated seed +
irrigation” application gave the best result.
Keywords: Pseudomonas chlororaphis MA342, Serratia plymuthica HRO-C48, Bacillus subtillis B2g, B. subtillis FZB27, CMV, induced
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