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Identification fungal causing leaf spot on tomato and biological control by the
antagonists isolated from the rhizosphere of tomato in Sistan
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ABSTRACT

In order to identify and biological control of the causal agents of leaf spot on tomato in Sistan area, sampling from
different fields and greenhouses have been done during the years of 2013_2014. Isolation and identification of species
was achieved by using standard methods in laboratory. Finally, 102 fungi isolates were obtained and placed in 6 species
of Alternaria alternate, A. dumosa, A. tenuissima, A. mimicula, A. tomaticola and Cladosporium cladosporiodes based on
morphological characteristics. All of the isolated fungi were pathogenic on tomato. In this study, C. cladosporiodes is
reported as the factor of disease on tomato for first time in Iran. For the sake of biological control of pathogens, from all
220 isolate of bacteria and fungi isolated from tomato rhizospheres, 10 isolates showed high antagonistic effects against
pathogenic fungi using dual- culture tests. These isolates were Trichoderma harzianum, T. virens and Bacillus subtilis. In
laboratorial studies, it had been revealed that T. harzianum, T. virens, BS1 and BS2 had higher antagonistic effects. The
highest inhibitory effect on A. alternata was 55.67, 52.83, 58.71 and 58.57 percent, respectively. Because of this reason,
these isolates were selected for biocontrol experiments in greenhouse conditions. Based on the results of greenhouse
experiments, antagonistic isolates caused a decrease in the intensity of pathogenicity and improved the performance of
crop characteristics. Among the antagonistic fungi, T. harzianum, and among the bacterial isolates, BS1 had shown a
better result antifungal activity.

Keywords: Antagonist, biological control, leaf spot of tomato, Trichoderma, Bacillus.
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Figure 1. The frequency of causing leaf spot fungi isolated from Sistan region
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Figure 2. Disease symptoms on tomato seedlings inoculated with isolate A) Alternaria tomaticola, B) Alternaria

mimicula, C) Alternaria tenuissima, D) Alternaria dumosa, E) Alternaria alternata, F) Cladosporium cladosporioides in
14 days after inoculation.
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BS1: Bacillus subtilis
CGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGAC
GGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACC
GGATGGTTGTTTGAACCGCATGGTTCAGACATAAAAGGTGGCTTTGGCTACCACTTACAGATGGACC
CGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAG
GGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT
TCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGC
TCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAG
CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGG
GCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTC
ATTGGAAACTGGGGAACTTGAGTGCAGAAGTGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCG
TAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGA
AAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGT
TAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGC
AAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAA
GCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCG
GGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG
CAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGA
CAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGC
TACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGT
TAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGA
ATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT
CACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGT
GGGACAGATGATTGG

BS2: Bacillus subtilis
TGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGA
CGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCG
GATGGTTTCTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCG
GCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAGGGCGACGATGCGTAGCCGACCTGAGAGGGTGAT
CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAG
GGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACT
ACGTGCCGGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCG
CAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAA
CTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACA
CCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTG
CTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAGCGCGAAGAACCTTACCAGGTCTTG
ACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGC
ATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCAT
CATGCCCCTTATGGCCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAG
GTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAA
TCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGATCCCGGGCCTTGTACACACCGCCCGTCAC
ACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGGAC
AGATGATTGGGGTGAAGTCGTTA


http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_379059671
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Table 1. Biochemical and physiological characteristics of Bacillus isolates

BSsg BS; BSs BSs BS, BS; BS; BS;

Gram Staining + + + + + + + +
Spore position Terminal spore
Central spore + + + + + + + +
+ + + + + + + +
Growth at Temperature 5°C - - - - - - - R
20°C + + + + + + + +
60°C - - - - - - - R
Growth in the NaCl 5% + + + + + ¥ + +
7% + + + + + + + +
Anaerobic growth + + + + + + + +
Reduction Catalase + + + + + + + +
Oxidase + + + + + + + +
Hydrolysis starch + + + + + + + +
Hydrolysis Gelatin + + + + + + + +
Citrate utilization + + + + + + + +
Arabinose + + + + + + + +
Xylose + + + + + + + +
Glucose + + + + + + + +
Mannose + + + + + + + +
Fructose + + + + + + + +
Mannitol + + + + + + + +

1500bp —

500bp

SSile ) Sy o 4 g S 5liao 0 VY 5581 5 (55, CamisSLST lacglaz PCR Jguammo 5558 oSl gl ¥ S

iS55 slatisas ez 5 pom Saly 5 ghie S5 Y Salx

Figure 3. The results of electrophoresis of PCR products antagonistic isolates on agarose gel 1.2%. From the left,
respectively, 1: Marker, 2: Negative control and 3, 4: Samples of antagonistic bacteria.

751JQ361057.1 Bacillus subtilis
60|l BS1
g6 |t JQ267647 .1 Bacillus amyloliquefaciens
KU218526.1 Bacillus cereus
5 JQ361056.1 Bacillus subtilis
931BS2
KT441061.1 Bacillus vallismortis
ga| |HQ234273.1 Bacillus tequilensis
981 HQ232425.1 Bacillus tequilensis
FJ593704.1 Lactobacillus sakei

e |
0.01

NCBI ol ;0 39390 sla JIg5 b odel oty slo JIgs avslio g Mega 6 1580 5 lawgs oo sy pl,55 050 F S
Figure 4. Dendrogram drawn by Mega 6 software and comparison obtained Sequence with Sequence exiet on NCBI site
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Table 2. Analysis of variance inhibitory effects of Trichoderma harzianum and Trichoderma virens on growth of the
fungal pathogen

Source of variation df Trichoderma harzianum Trichoderma virens
Treatment 5 390.17" 358.32"
Error 12 3.59 3.66
CV (%) - 4.43 4.45

** Significant at probability level of 1%.

Wil oy S Jlais | e (o lo g e

i sSLT lag B b Jlite St )y 50 00ls 4 Cas 5 Lo (slog B podace 0y 5 S50k aopo ¥ Jgo
Table 3. Inhibitory percent of mycelial growth pathogenic fungi compared to control in dual culture with antagonistic fungi

Fungal pathogen I?ercent of inhibi_tion Statistit_:al Percent of inhib_ition Statistit_:al

Trichoderma harzianum categories Trichoderama virens categories
Alternaria mimicula 53.16 a 49.74 a
Alternaria tomaticula 29.12 d 28.15 c
Alternaria alternata 55.67 a 52.83 a
Alternaria dumosa 29.46 d 30.32 c
Alternaria tenuissima 42.75 c 45.49 b
Cladosporium cladosporioides 43.33 b 51.22 a

W55 (5l pae BT e jo wiload ools lis alie By > L 4 Hla Sl
Values of each column followed by the same letter are not significantly different (P<0.05).

Sl ole slog B o 5l cancdsSIST (6581 ot (Silosl 51 uilly 0525 F oo
Table 4. Analysis of variance inhibitory effect of eight antagonistis bacterial the growth of pathogenic fungi

Source of Variation df BS1 BS2 BS3 BS4 BS5 BS6 BS7 BS8
Treatment 5 185.41™ 96.57" 138.92" 374.637 164.817 235.227 265.64™ 331.53"
Error 12 16.79 9.10 2.19 3.53 22.11 2151 5.42 26.18
CV (%) - 7.80 6.06 2.97 401 11.62 9.65 4.94 10.97

** Significant at probability level of 1%.

Wil e oy S Jleil mhaw 1ol g



Yy VWAF Ll 5 lor ) 5 leis o 8,90 « LS slas low 5 BT So5elsm J S

S SL L bl cutS pwyy 5o wald 4 Cond )5 ke log,B ol 0y 51 (Sai ol ae o . Kke avslin O Joux
]
Table 5. Mean comparison of inhibitory percent of mycelial growth pathogenic fungi compared to control in dual culture
with antagonistic fungi

Fungal pathogen BS1 BS2 BS3 BS4 BS5 BS6 BS7 BS8
Alternaria mimicula 51.44a 53.23ba 47.49b 50.09b 52.01a 50.54ba 49.71b 52.78ba
Alternaria tomaticula 38.11b 42.06d 42.43c 25.83d 36.27b 33.86¢ 31.93d 27.28c
Alternaria alternata 58.71a 58.57a 58.11a 55.91a 55.73a 56.49a 56.47a 54.57a
Alternaria dumosa 50.83a 47.49dc 47.09b 48.29ch 48.05a 46.50b 45.60ch 46.76ba
Alternaria tenuissima 57.70a 47.16dc 43.92¢c 45.20c 44.98ba 43.29b 42.35¢ 43.57b
Cladosporiom cladosporioides 58.20a 49.99bc 57.93a 56.10a 55.46a 57.45a 56.74a 54.88a

A (5,18 g BT Gl P<e /o0 o j5 (SOl 9951 b ileas eals lis calise g b aS ebles
Significant differences are denoted by different letters within each column at P<0.05 according to duncan test.

Alternaria (Y Alternaria mimicula (Y (Alternaria tomaticola () .o, I Trichoderma slaassS Saijlosl 1.0 JSs

L J,u8 (B caals (A Cladosporium cladosporioides (7 (Alternaria alternata (& Alternaria dumosa (¥ tenuissima

Trichoderma virens L J,.s (C (Trichoderma harzianum

Figure 5. Inhibitory effect of Trichoderma species of growth 1) Alternaria tomaticola, 2) Alternaria mimicula,
3) Alternaria tenuissima, 4) Alternaria dumosa, 5) Alternaria alternata, 6) Cladosporium cladosporioides.
A) Testate, B) control by Trichoderma harzianum, C) control by Trichoderma virens.
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Figure 6. Inhibitory effect of Bacillus isolates on the growth of fungal mycelium 1) Alternaria tomaticola, 2) Alternaria
mimicula, 3) Alternaria tenuissima, 4) Alternaria dumosa, 5) Alternaria alternata, 6) Cladosporium cladosporioides
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Figure 7. Inhibitory effect of fungal and bacterial isolates antagonist in controlling disease Alternaria alternata in
greenhouse
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Figure 8. Inhibitory effect of fungal and bacterial isolates antagonist in controlling disease Alternaria dumosa in greenhouse
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Figure 9. Inhibitory effect of fungal and bacterial isolates antagonist in controlling disease Alternaria mimicula in greenhouse
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Figure 10. Inhibitory effect of fungal and bacterial isolates antagonist in controlling disease Alternaria tenuissima in greenhouse
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Figure 11. Inhibitory effect of fungal and bacterial isolates antagonist in controlling disease Alternaria tomaticula in greenhouse
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Figure 12. Inhibitory effect of fungal and bacterial isolates antagonist in controlling disease Cladosporium
cladosporioides in greenhouse
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* In figures 6-11, significant difference are denoted by different letters within each column at P<0.05 according to Duncan test.
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