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Fig 1. Surfactin lipopeptide. The 201 bp fragment

in each isolate indicates the presence of a surfactin-
specific lipopeptide gene. 1 Kb DNA ladder (M).
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Table 1. Biochemical characteristics of bacterial isolates

Taxonomic/Functional traits Mar D40 Mar D35 Mar G2
Secondary metabolites and enzymes
Protease - + T+
Chitinase + +++ +++
Pectinase + +++ _
HCN - - -
Lipase + ++ .
Plant growth promoting characters
Indole-3- acetic acid (IAA) + + +++
Gibberellin + + ++
Phosphate solubilization - ++ +++
Siderophore production + +++ ++
Nitrogen fixation ++ - —
General features
Gram test + + +
Oxidase - + +
Catalase + + +
Motility + + +
Simon citrate +++ - +
Starch hydrolysis +++ + ++
Gelatin hydrolysis - + +
Phosphatase + + +
Nitrate reduction ++ ++ ++
H,S production - - _
Gas from glucose agar - - -
Urease ++ ++ -
Oxidative fermentative (OF) + - o
Hypersensitive Response Test - - -
JL..) LVS C_,.Lw olasOlis g_,.;JJJ @ttt g+ ok C_,.:sw (J.G adasOlis— 9 qw r\;u\ adasOlEs +
L5 ks s

+ represents production, — represents no production; +, ++ and +++: isolates showing low,
high and very high activity respectively.

Wale3T dasl 5 53 5,5V 51 et Sl 0B 485 iy 2 ol ST sl s (Sla5L 56 =Y iy
Table 2. Inhibitory effect of bacterial isolates on mycelia growth of Colletotrichum nymphaeae under in vitro

tests after 7 days
Dual culture Volatile metabolite Non-volatile metabolite
Treatments Colony diameter  Inhibition Colony Inhibition Colony Inhibition
(mm) % diameter % diameter %
(mm) (mm)
MarD40 2.03+0.05bc 50 29+0.17 ab 13.69 1.13+0.11b 26.54
MarD35 1.83+0.20¢c 54.92 253+064b 24.7 1.1+0.00b 23.07
MarG2 2.36+0.15b 41.87 3.23+0.05a 3.86 0.93+0.15b 34.96
Control 406+0.30a - 3.36+0.15a - 143+0.2a -

(PS0.05) uzil_so s sine 3Dl S1ls LSD 05057 bl Soglize og o b ok adeiie (sla 0L

Mean followed by different letters within the column represents significant differences according to the LSD test
(P < 0.05). Data are mean of four replicates with + standard deviation (SD).
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Table 3. Effect of bacterial isolates on fruit decay development in vivo after 7 days and Efficacy of the cell free

culture filtrates of bacterial strain on conidial germination of Colletotrichum nymphaeae

Treatments Living cell Conidial germination
Disease severity  Biocontrol efficacy (%) Germinated conidia Biocontrol efficacy (%)
MarD40  0.043+0.016 b 85.63 17.66+ 2.08 &b 27.41
MarD35  0.055+0.019b 81.72 1166+ 1.15b 52.07
MaeG2 0.119+0.068 b 60.63 17.66+ 0.57 ab 27.41
Control 0.302 £ 0.066 a — 2433+ 75a —

.(P<0.05) ML@ J‘JL;'-’-A M| (¢l 4ls LSD Qjﬁ)T ol Oslite Oy o Lol jeiin LgL&in'L:A

Mean followed by different letters within the column represents significant differences according to the LSD test
(P < 0.05). Data are mean of four replicates with + standard deviation (SD).

25 Golew S a5 ey g opl 6 ) e
3 33 ¢ Solan (Do 2l 5l (S all Ll s
35 S5l d s dsl e S Sl 3 Sl
4 Sl o9y 53 MarG2 5 MarD35 (MarD40 4 .
OLlass o3y 53 5 oy AN S VWV VWY s 5
Lol Cwsts das s O 5 OO/00 AF/FF 55 4 &S

(F Jgu)

9 4had 0920 Tulpd 95 (G JA5 OgelT

A5
Jole 708 el Sl )| S B,1350 do s L5
Cadgil ol L Glad g )i 53 09 (59, 5551 5T
e bl 5168 Sl Lol g e p S S DL
4 g a3 B ol edd Sy 2,6
Golom ks 5 (S35l o ys Al n 13 an Al
SAVNVYY MArD35 4 e 55 AB/SY. MarDA0 4 s 5

(¥ Jsdor) Ai anloes 70 /9Y Ol 4 MAIG2 4 g 5

T o T TY A3 U P I V-3 PR CN E- i W g R POTPI TR JUPRES
Table 4. Effect of bacterial isolates on disease severity of strawberry anthracnose under greenhouse condition, 60

days after inoculation

Treatments Soil drench Plant spraying
Disease severity Disease reduction (%)  Disease severity  Disease reduction (%)
MarD40 275+ 1.254ab 41.17 025+05b 94.44
MarD35 1.00+£2.00b 77.77 200+230b 55.55
MarG2 1.75+2.06b 61.11 2.25+2.06 ab 50
Control 450+ 0.57 a - 450+ 0.57 a -

(P < 005) .L.&Ladn )‘:6"“ oM | LS‘)"’ LSD Q}ﬂ)T duLw\ 2 Q)LGSA dﬁj’ L ol W L;Lhwid.:a

Mean followed by different letters within the column represents significant differences according to the LSD test
(P < 0.05). Data are mean of four replicates with + standard deviation (SD).

7 i golen s 5 03y Lid 5 (golew A5,
GAIF Skes S (Kps gl 53 L 45 e
Olis )b w Sldles (Karimi et al., 2017) Lles S5
68 b S o3p 8 S ¥ Jols S 0 a8 ol &S sl
Al K3 s 655 5551 5T ol sl 4 536

oo
g keSS Les  5eSIET gl
Aty 51 S Olyea s skl Colletotrichum spp.
S S Sy Solon g (SNASS Sy
el Jole C.acutatum oS e &8 Asb o ks
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Abstract

In this study, three nonpathogenic endophytic bacterial isolates recovered from Fragaria x ananassa stolon
and petal and their antagonistic activity was evaluated against Colletotrichum nymphaeae, the causal agent of
strawberry anthracnose under in vitro, in vivo, and greenhouse conditions. Bacteria isolates were identified as
Bacillus spp. using a combination of phenotypic, biochemical properties and molecular phylogenetic analysis of
the 16S rDNA gene sequence. The living cells of bacterial isolates inhibited the mycelial growth of C.
nymphaeae using dual culture method and inhibition percentage was evaluated as 41.87, 50, and 54.92 % in
MarG2, MarD40 and MarD35, respectively. The volatile compounds (VOCs) produced by bacterial isolates
inhibited the mycelial growth of C. nymphaeae and the highest inhibition was observed in MarD35 isolate
(24.7%). Moreover, the cell free culture filtrates of bacterial isolates reduced the mycelial growth and conidial
germination of pathogen and the highest inhibition was observed in MarG2 (34.96%) on mycelial growth and in
MarD35 (52.07%) on conidial germination. The living cells of bacterial isolates decreased anthracnose fruit rot
at postharvest and the highest inhibition was observed in MarD40 (85.63%) and MarD35 (81.72%), respectively.
Furthermore, disease severity of strawberry anthracnose by bacterial isolates was reduced using drenching soil
and plant spraying techniques. The findings of this study showed that bacterial isolates have the ability to
prevent the growth of fungal pathogen under in vitro, in vivo and greenhouse conditions.
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