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ABSTRACT

Biological control of soil-borne diseases of plants has received serious attention among plant pathologists in recent
years. In this regard, Rhizobacteria, more specifically fluorescent pseudomonads are known as an effective biocontrol
of plant diseases. Pseudomonas spp. are promising agents to manage the disease caused by Sclerotinia sclerotiorum
and Pythium aphanidermatum. In this study, we screened 81 bacterial isolates from cucumber rhizosphere for their
antagonistic effects against the pathogens using dual culture method and investigated their ability to produce
inhibiting volatile metabolites. Results indicated that isolates 19C, 21B, 24A, 33B, 33C, 38A, 42D, and 43C had
significant inhibitory effects on the pathogens and their volatile metabolites significantly reduced the mycelial growth
of the pathogens in comparison with controls. In greenhouse trials, isolates 19C and 24A reduced disease index of
Pythium aphanidermatum more than 70% and that of Sclerotinia sclerotiorum more than 60% compared with
controls. The isolates 19C, 24A, 33B, and 33C were able to produce protease. Isolate 19C was able to produce
surfactin and isolates 33B and 33C were able to produce hydrogen cyanide. Molecular identification of isolates was
conducted based on partial sequence of 16srDNA amplified by specific primers fD1 and rD1 thereby the isolates
showed significant homology with Pseudomonas spp., Stenotrophomonas spp. and Flavobacterium spp.
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Table 1. Sequences of primers used for amplification
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Primer Nucleotide sequence Length
Name (5'--3) (nt)
fD1 AGAGTTTGATCCTGGCTCAG 20
rD1 AAGGAGGTGATCCAGCC 17
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Figure 1. Comparison between the average diameters of inhibition zone created by bacterial isolates in dual culture
assays against S. Sclerotiorum. The mean diameter of fungal colony in different treatments were compared using
Duncan's multiple range test (P<0.05). Columns with at least one common letter are not statistically different.
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Figure 2. Comparison between the average diameters of inhibition zone created by bacterial isolates in dual culture
assays against Pythium aphanidermatum compared using Duncan's multiple range test (P<0.05). Columns with at
least one common letter are not statistically different.
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Figure 3. Comparison between the inhibiting effects of volatile compounds released by bacterial isolates on growth of
S. Sclerotiorum. The mean diameters of fungal colony in different treatments were compared using Duncan's multiple
range test (P<0.05). Columns with at least one common letter are not statistically different.
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Figure 4. Comparison between the effects of volatile compounds released by bacterial isolates on growth of P.
aphanidermatum. The mean diameters of fungal colony in different treatments were compared using Duncan's
multiple range test (P<0.05). Columns with at least one common letter are not statistically different.
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Table 2. Morphological and biochemical characteristics of the bacterial isolates of cucumber rhizosphere

Characteristics 19C 21B 24A 33B 33C 38A 42D 43C

Gram reaction - - - - N
Catalase + + + + + + + +
Starch hydrolysis + + + + + + +

Casein hydrolysis + - + + +

Levan production + - + - -
Potato rot + + - - +
Lecithinase + + + + + +
Growth in 7% NaCl - - - - - +
Tobacco hypersensitive test + + + + + + +

Reaction, growth or production (+); No reaction, growth or production (-)
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Figure 5. Result of Surfactin production by bacterial isolates on blood agar. Appearance of clear zones around the
colonies indicates hemolytic activity and Surfactin production. right: Surfactin production by isolate 19C; left: lack of
Surfactin production ability
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Figure 6. Comparison between the diameters of halo zone created around bacterial colonies resulting from prteolytic
activities after 48h compared using Duncan's multiple range test (P<0.05). Columns with at least one common letter
are not statistically different.
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Figure 7. Appearance of clear zone around the bacterial colonies grown on skim milk agar culture medium shows
production of proteases by 19C, 43C, 38A, 21B, 42D, 33C, 24A and 33B isolates
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Table 3. The results of production of HCN by o
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19C 0 el g '-\J)LJ ‘) O5909ep dwilbiw adgs o yiion 38A
gi.i 8 JESAW ‘5):?-1 n_ii) £y GSLO Ry *53) yaa XS
ggg i G raS Wl adgi 43C ¢ 33B 42D slaaslos
38A 4 sulice gy L5|°9'Q55|°)54‘.&)ﬁ'$";55°°)5
42D 2
43C 1 oJg 4,0l 24A 5 21B 19C slaalas o wiad
¥ ol sl odsh) ¥ (lasgie dibiw ads) ¥ (oS asiles i) VG 99 )
(o3 b sl 2150 A S8 g Y Jgaz) 2iogs (459,000 Sl

0 (No change), 1 (Low), 2 (Moderate), 3 (high), 4 (Very high)

: ' S [43c
(s (5999) * 445555k Sl ) oii B 1 Sb5)) (o) 2 050 Sloaslaz 5o (459,008 wilew sl A JSCS
(2T 4 Sy i) F o5 (Sloged 4 S5y i) ¥ by (Sloged 40 Koy i) ¥ (oS 0 S5 i) )

Figure 8. Production of HCN by bacterial isolates, based on color change in filter paper soaked in picric acid solution as
followed: 0 (no change); 1 (turn to cream); 2 (turn to light brown); 3 (turn to dark brown) and 4 (turn to Indian red).



YYo "'W}fuiGL"’SJ:S[%J;ﬁﬁsuékﬁfﬁw)ﬁzo‘)mjéﬁh

oo ool las A S ,o NI g, 5l oowlcawsa
Sl odls ools Hlas A ISy aF jebles Lol
a5 43C 4 42D 38A 33C 24A 21B slawlos
L g 09,5 S, 9 Pseudomonas > 4 sleie
33B dLlaz yumen w85 18 wsyo Ve Ll
Flavobacterium &las> LS 0 asyo Voo Lael b
slalas LS o a0 Ve Ll L 19C Llas

a8 § 1,8 Stenotrophomonas ..

85 21B (KU877340)
1001244 (KU877341)

76 Pseadomonas plecoglossicida
1por 42D (KU877338)

100 Pseudomonas koreensis

1(11 43C (KU877339)

Pseudomonas cedrella

48
81 38A (KU877336)

97| 33C (KUBT7337)

1001 19C (KU877343)

Pseudomonas putida strain MR3

)0 [ Pseudomonas fluorescens strain BZ64
Pseudomonas fluorescens strain YPB 9

91 L Stenotrophomonas maltophilia

Ll Jefdgo o lubas

5 o b (slaaleb PCR 2Ty ol dom
, 16S IDNA o5 4=l 5l b cax VO--
T R R N
9 09250 slo g5 L laaylas ols Las (BLAST)
slose Gidng Wl Gislges  wo)o
90 S0 oo ol Gl NI oy, 5l edwlcawoa

slei)ls ojls 09z Vb ey Jlael b Lol o9 )5

100 Flavobacterium johnsonine

0.05

Escherichia coli K-12 strain ER3435

100 [ 33B (KU877342)

Flavobacterium anhufense strain D3

16S-IDNA 55 40 Jlgs &L 5 5 Neighbor-Joining g, b oddipmm 3 0l5,l5 <0 4 SS

ol 1S5V e L (Bootstrap) oo Lasl d> o gl sases lis eas L YL slacl
4 oolail Outgroup lsica,y Escherichia coli K-12 strain ER3435 (5 S

Figure 6. Phylogenetic tree obtained from Neighbor-Joining method and based on partial sequence of 16S rDNA of
the bacterial isolates. Numbers above the clades represent Bootstrap with 1000 replications. Escherichia coli K-12
strain ER3435 used as outgroup.
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Figure 10. Effect of bacterial isolates on disease index of S. sclerotiorum. The means of disease index in different

treatments were compared using Duncan's multiple range test (P<0.05). Columns with at least one common letter,
were not statistically different.
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Figure 11. Effect of bacterial isolates on disease index of P. aphanidermatum. The means of disease index in different

treatments were compared using Duncan's multiple range test (P<0.05). Columns with at least one common letter,
were not statistically different.
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