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Fig. 2. Inhibition zone created by bacterial isolates
UJB10 and UJBL against Botrytis cinerea after
seven days.
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Fig. 3. Comparison between the average diameters of inhibition zone created by bacterial isolates in dual culture
assays against Botrytis cinerea after seven days. 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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Fig. 4. The effect of volatile compounds produced by bacterial isolate UIB11 on Botrytis cinerea; a) compared to
control b) after seven days.
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Fig. 5. Comparison between the inhibiting effects of volatile compounds released by bacterial isolates on growth
of Botrytis cinerea after seven days. 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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Fig. 6. The inhibitory effect of bacterial isolate
UJB2 on the reduction of gray mold, Botrytis
cinerea compared to the infected control on
strawberry fruit seven days after inoculation, a)

infected control, b) healthy control, ¢) only
antagonist, d) antagonist and pathogen
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Fig. 7. Comparison chart of the average effect of bacterial isolates on the disease index caused by the pathogen

Botrytis cinerea
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Fig. 8. d) Botrytis cinerea growth inhibition by fungal isolates a) UJF1300, b) UJF1304, C) UJF1301, e) control
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Fig. 9. Comparison between the average diameters of inhibition zone created by fungal isolates in dual culture
assays against Botrytis cinerea after seven days. 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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Fig. 10. The effect of volatile compounds produced
by a) UJF1300 in inhibiting the growth of b)
Botrytis cinerea, control [c) PDA medium, d) B.
cinerea]
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Fig. 11. Comparison between the inhibiting effects of volatile compounds released by fungal isolates on growth
of Botrytis cinerea after seven days. 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.

Loy o) & i ebin (il o slmer
Ll gV Cglin Ao 3 05 ESSL )3 350 b I
UJB10 5 UJB4 UJIB3 WIBL slaali _wlul s 5
WUJB7 (UJB6 UJB5 slaalis s Delftia > 4
5 UJB8 slawlu= 4 Bacillus ,..> 4 UJB2 4 UJB11
Jsd>) Lyls sl Stenotrophomonas .- 4 UJB9

)

bl

baylo> slls

sbala  (Jels0  glulis
i 05 65T

LPCR 2Ty plowit 5 my Cilies glasldor )
DNA I (slasks FD1I/RD1 (sla $3leT i I aslizul

28 Jsb L 16S-IDNA oS oS JIg 4 by e
N del mls el s ST 5L S Vo
b s b T awlie 5 ods L5 Slaks L JIg
Sheslizel by NCBI oL 5 05 SKSL s 35040

F5r S Sl PCR O puams 65 208 5 155 51 Jool puli =) e
Table 1. Results of nucleotide sequence of PCR products for effective bacteria

Isolate genus Per. Ident Accession number
uJBl Delftia sp. 99/37% OP218025
uJB3 Delftia sp. 99/46% OP218026
uJB4 Delftia sp. 99/73% 0OP218027

uJB10 Delftia sp. 99/37% OP218028
UJB5 Bacillus sp. 98/35% 0OP218029
uJB6 Bacillus sp. 98/34% OP218030
uJB7 Bacillus sp. 100% OP218031

uJBl1 Bacillus sp. 98/45% 0OP218032
uJB2 Bacillus sp. 98/40% OP218033
UJB8  Stenotrophomonas sp. 99/45% 0OP218034
UJB9  Stenotrophomonas sp. 99/36% 0OP218035
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Albifimbria verrucaria (Albertini and Schweinitz)
L. Lombard and Crous, Persoonia 36: 177 (2016)
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Fig. 12. Albifimbria verrucaria, a) colony on PDA after 14—day at 25°C, b and c) showing sporodochium on

colony surface, d) Conidia. Scale bars: 10um

Aspergillus terreus Thom, American Journal of Botany, 5(2): 85 (1918)
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Fig. 13. Aspergillus terreus, a) colony on PDA medium after four days at 25°C, b and c) conidiophores, Metulae

and Phialides. Scale bars: 10um

Leptosphaerulina australis McAlpine, Fungus diseases of stone—fruit trees in Australia and their treatment: 103

(1902)
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Fig. 14. Leptosphaerulina australis, a) colony on PDA medium, b) Fungal colony on SNA medium after 14 days
at 25 °C, C) Pseudothecium, d) Asci and ascospores .Scale bars: 10um
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Pilidium lythri (Desm.) Rossman, IMA Fungus 5 (1): 105 (2014)
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Fig. 15. Pilidium lythri, a) colony on PDA medium after seven days at 25°C, b,c) Pycnidium, d) Hymenium

layer. Scale bars: 10pum

Pseudozyma flocculosa (Traquair, L.A. Shaw and Jarvis) Boekhout and Traquair, Journal of General and

Applied Microbiology Tokyo 41 (4): 364 (1995)
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Fig. 16. Pseudozyma flocculosa, a) colony on PDA medium after seven days, b) Spore. Scale bar: 10um
Seimatosporium pistaciae Crous and Mirab. Persoonia 33: 249 (2014)
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Fig. 17. Seimatosporium pistaciae, a) colony on PDA medium after two weeks, b) acervulus formed in the

culture medium, c) conidia. Scale bar: 10um

Fsr Sz B 61 PCR Y pame 5 285 M55 51 Jol 5 =Y Jsit
Table 2. Results of nucleotide sequence of PCR products for effective fungal

Isolate Per. Ident Accession number
UJF1300 Seimatosporium pistaciae. 100% 0OP219724
UJF1301 Pseudozyma flocculosa 99/84% 0P219722
UJF1302 Albifimbria verrucaria 100% 0P219723
UJF1304 Leptosphaerulina australis 100% 0P219725
UJF1305 Pilidium lythri 100% 0OP219726
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Abstract

Gray mold, caused by Botrytis cinerea is one of the most important diseases in strawberry, causing pre— and
postharvest fruit rot. One of the safe and healthy ways to reduce this disease is biocontrol and the use of
biological control agents. In this study, using culture—based methods, 268 bacterial strains, and 136 fungal
isolates, were isolated and purified from the phyllosphere of strawberry plants in the greenhouse and field in
Jiroft city. The antagonistic effect of the isolates against the pathogen B. cinerea was investigated using dual
culture and investigation of the inhibition zone, and the effect of volatile compounds under in vitro conditions, as
well as the antifungal properties of the antagonistic bacteria on strawberry fruit. Identification of the selected
bacterial and fungal strains was made by polymerase chain reaction, respectively, by determining the nucleotide
sequence of a part of the 16S5—-rDNA gene and its region. The results showed that among the examined isolates,
bacterial isolates UJB1, UJB3, UJB4, UJB10, UJB5, UJB6, UJB7, UJB11, UJB2, UJB8 and UJBY and fungal
isolates UJF1300, UJF1301, UJF1302, UJF1303, UJF1304, UJF1305 had an effective inhibitory effect against B.
cinerea and their volatile compounds reduced pathogenic mycelium growth. In evaluating the antifungal impact
of bacterial isolates on strawberry fruit, bacterial isolates UJB8, UJB2, UJB11, UJB6, UJB5, UJB10, UJB4, and
UJBL significantly increased the disease index caused by B. cinerea compared to They reduced the witness.
According to morphological and molecular data, bacterial isolates belonging to the genera Delftia (isolates
UJB1, UJB3, UJB4, UJB10), Bacillus (isolates UJB5, UJB6, UJB7, UJB11, and UJB2) and Stenotrophomonas
(isolates UJB8 and UJB9) and fungal isolates belonging to Albifimbria verrucaria, Aspergillus terreus,
Leptosphaerulina australis, Pilidium lythri, Pseudozyma flocculosa, and Seimatosporium pistaciae species.

Keywords: Antagonist, biological control, Jiroft, ITS-rDNA, 16S-rDNA.
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