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Taxonomic/Functional traits MarG19 SN3 DM6 LN11
Secondary metabolites and enzymes

Protease +++ ++ +4++ ++
Chitinase ++ +++ +4++ 4+
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 + + + +
H2S production - -

Gas from glucose agar - - - —
Urease + ++ - —
Oxidative fermentative (OF) + + + +

Hypersensitive Response Test -

sbj b 9oL (.V.( Clad odiasOlis Cd s +4+ g ++ o (Cleb pde o Olis— Sl plril odiasOlis +

+ represent production, — represent no production; +, ++ and +++: isolates showing low, high and very high

activity respectively.
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Table 2. Inhibitory effect of bacterial strains on mycelia growth of C. nymphaeae under in vitro tests after 7 days

Dual culture Volatile metabolites Non-volatile metabolites
Treatments  Colony radius Biocontrol  Colony radius  Biocontrol ~ Colony radius  Biocontrol
(mm) efficacy (mm) efficacy (mm) efficacy
(%) (%) (%)
MarG19 1.46+ 0.15¢ 64.04 3.1+0.60ab 7.73 03+0.30c 79.02
SN3 1.6+ 0.10bc 60.59 2.8+0.26 ab 16.66 0.83+0.05b 41.95
DM6 1.56 £ 0.11bc 61.57 2.7+0.00b 19.64 0.96+0.05b 32.86
LN11 1.86+0.05b 54.18 2.96 + 0.41ab 11.90 0.93+0.05b 34.96
Control 4.06 £ 0.30a - 3.36+0.15a — 143+0.20a —

(P <0.05) ksl o s gan CoMistl 515 LSD 0 5a5T bl 5 Soslize Cog o b ok aieden (sla S0k

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).

SLS 5 56 s aked 0555 Juld 03 Gy gy Sl e S5SIAT olen Dl 2 5 oL STL Gla s S0 Y ot

B s g sl 55 6z 2 2l Sl Slasy g sk ol
Table 3. Effect of bacterial strains on fruit decay development in vivo after 5 days and Efficacy of the cell-free—
culture filtrates of bacterial strains on conidial germination of C. nymphaeae.

Treatments Living cell Conidial germination
Disease severity  Biocontrol efficacy (%) Germinated conidia  Biocontrol efficacy (%)
MarG19 0.087+0.01b 71.19 3.33t1.52¢ 86.31
SN3 0.072+ 0.02bc 76.15 6.00+1.00 ¢ 75.33
DM6 0.036+£0.01 ¢ 88.07 1433+ 1.15b 41.10
LN11 0.044+ 0.003bc 85.43 5.66+ 1.15¢ 76.73
Control 0.302+ 0.06a - 24.33+ 7.50a -

(P <0.05) asl o s _sae SNl oI5 LSD 05031 ol 5 Soslie U5 o b ok oo sls S0l

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).

S Loyl ,5 53 59570 51 e 5581 AT olew S b STL (slady e 56 —F Ut

Table 4. Effect of bacterial strains on disease severity of strawberry anthracnose in greenhouse condition, 60
days after inoculation

Treatments Soil drench Plant inoculation
Disease severity  Biocontrol efficacy (%) Disease severity  Biocontrol efficacy (%)
MarG19 1.0£0.81b 77.77 2.0£081b 55.55
SN3 1.25+x05hb 72.22 0.00+0.00 ¢ 100.00
DM6 1.0£0.81b 77.77 1.5£0.57b 66.66
LN11 1.25£0.95b 72.22 0.25+0.50 ¢ 94.44
Control 450+0.57a — 450+0.57a —

(P <0.05) al o s _sme Sl lo1s LSD 05031 olal 5 Soslie U5 o b ok oo sls 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).



<. yd Bacillus spp. agw Jloa (21,5 oy i ool g Sl Je

yve

200bp

olamst] 053 5 o dms0LE G 5 4 d e A 3 (65 i AFF 5 Vo) aabad L sl 55, g slady o Y IS

Bl gl 5 52 ) e ety 5

. (M) 1 Kb DNA ladder

Fig 1. Surfactin and fenjgycine lipopeptides. The 201 and 964 bp fragments in each strains indicates the presence
of a surfactin and fengycine—specific lipopeptide genes, respectively. 1 Kb DNA ladder (M).
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Abstract

Endophytic bacterial strains, isolated from healthy strawberry seedlings (Fragaria x ananassa) collected in
Kurdistan province and its antifungal activity against Colletotrichum nymphaeae, causal agent strawberry
anthracnose was evaluated under in vitro, in vivo, and greenhouse conditions. Bacterial strains were identified as
Bacillus spp. using biochemical properties and molecular phylogenetic analysis of the 16S rDNA gene
sequences. The results of biocontrol tests in vitro showed that the bacterial strains had an effective antifungal
activity against C. nymphaeae of strawberry anthracnose. All strains represented in vitro antifungal activity
against C. nymphaeae by dual culture test with (64.04%) in MarG19, (60.59%) in SN3, (61.57%) in DM6 and
(54.18%) LN1. As well as, the cell-free—culture filtrates of bacterial strains decreased the mycelial growth and
conidial germination of pathogen and inhibition was assayed in MarG19 (79.02%), in SN3 (41.95%), in DM6
(32.86%) and in LN11 (34.96%) on mycelial growth and inhibitory percentage with 86.31% in MarG19, 75.33%
in SN3, 41.10% in DM6 and 76.73% in LN11 on conidial germination. Also, volatile compounds (VOCs)
partially reduced the mycelium growth of C. nymphaeae. The in vivo test on fruit was done and decreased
disease severity by 71/19% in MarG19, 76/15% in SN3, 88.07% in DM6 and 85.43% in LN11. The biocontrol
efficacy under greenhouse conditions was measured using drenching soil and inoculated plants. The highest
inhibitory percentage in DM6 and MarG19 was (77.77%) in drenching soil method and in SN3 was (100%) in
plant inoculation method.
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