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Table 1- Trichoderma isolates obtained from strawberry fields in Mazandaran Province.

Isolate Habitat Location  Accession Isolate Habitat Location Accession
No.* No.

T. harzianum MS1-1 Soil Bahnamir EU821780 T. harzianum MS10-2 Soil Kiakola EU821781
T. harzianum MS1-2 Soil Bahnamir EUS821780 T. harzianum MS10-2 Soil Kiakola EUS821788
T. harzianum MS3-1 Soil Kiakola EU821780 T. harzianum MS10-3 Soil Kiakola EU821780
T. harzianum MS3-2 Soil Kiakola EU821780 T. harzianum MS10-4 Soil Babolsar EU821780
T. harzianum MS3-3 Phyllosphere Kiakola EU821780 T. harzianum MS12-1 Soil Babolsar EU821780
T. harzianum MS5-1 Soil Amol EU821787 T. harzianum MS12-2 Phyllosphere Babolsar EU821780
T. harzianum MS5-2 Phyllosphere Amol EU821787 T. harzianum MS12-3 Soil Anarmarz EUS821795
T. harzianum MS6-1 Soil Jooybar EU821786 T. virens MS7-3 Soil Kiakola EU821796
T. harzianum MS6-2 Soil Jooybar EU821792 T. virens MS8-1 Soil Kiakola EU821796
T. harzianum MS6-21  Soil Jooybar EU821792 T. virens MS8-5 Phyllosphere  Amol EUS821795
T. harzianum MS7-1 Soil Anarmarz EU821787 T. virens MS5-3 Phyllosphere Babolsar EUS821795
T. harzianum MS8-2 Soil Kiakola EU821790 T. virens MS12-4 Soil Chamestan EU821798
T. harzianum MS8-3 Soil Kiakola EU821790 T. hamatum MS11-2 Soil Chamestan ~ EU821797
T. harzianum MS8-4 Soil Kiakola EU821790

35 Jsl db g e (accession number) slaws ojled 5 b 0,55 05 ¢SSL 5 (K L QLS gl JIges 5 0 ji*

* Identical GenBank accession numbers indicate that the sequences of the corresponding isolates are identical.
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Table 2- Effect of Trichoderma isolates in lysing B.
cinerea sclerotia in Petri dishes.

Isolate Degree Isolate
of lysis

Degree
of lysis

T. harzianum MS1-1 ¢ T. harzianum MS10-2  +++
T. harzianum MS1-2  +++
T. harzianum MS3-1 +
T. harzianum MS3-3  +
T. harzianum MS5-1 -

T. harzianum MS5-2 -

T. harzianum MS10-3  ++
T. harzianum MS10-4  +++
T. harzianum MS12-1 -

T. harzianum MS12-3  +

T. virens MS5-3 -

T. harzianum MS6-1 +++ T. virens MS7-3 +
T. harzianum MS6-2  +++ T. virens MS8-1 +
T. harzianum MS7-1 - T. virens MS12-4 +

T. harzianum MS8-2  ++
T. harzianum MS8-3  +++

T. harzianum MS8-4 +++

T. hamatum MS11-2 ++
T. atroviride MS11-1 ++

Crad ((44) Lo e () s 18 Jlew (gladtsben OUs 3 S
(5) o4l ) ple s +)

“ Degree of lysis of sclerotia: high (+++), moderate (++),
weak (+) and no lysis (-).
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Table 3- Effect of volatile metabolites of Trichoderma isolates on the growth rate of B. cinerea.

Isolate Growth rate (mm) Growth inhibition (%)
After 48 h After 96 h After 48 h After 96 h

T. harzianum MS1-1 31.33m 41.00 m 39.74 a 5444 a
T. harzianum MS1-2 46.33 ghi 81.33 de 10.90 de 9.63 h
T. harzianum MS3-1 50.33 abc 90.00 a 3.21hi 0.001
T. harzianum MS3-3 51.00 abc 90.00 a 1.921j 0.001
T. harzianum MS5-1 47.67 efgh 73.00 f 8.33 efg 18.89 f
T. harzianum MS5-2 47.33 fgh 83.33 ¢ 8.97 def 7411
T. harzianum MS6-1 43.33] 48.67 k 16.67 ¢ 4593 b
T. harzianum MS6-2 33.671 43.671 3526 a 5148 a
T. harzianum MS7-1 48.00 defg 85.33b 7.69 efg 5.19]
T. harzianum MS8-2 47.67 efgh 66.67 g 8.33 efg 2593 ¢
T. harzianum MS8-3 49.67 bede 77.00 e 4.49 gh 1444 ¢
T. harzianum MS8-4 39.33k 64.67 h 2436 b 28.15¢
T. harzianum MS10-2 451j 59.331i 13.46 cd 34.07d
T. harzianum MS10-3 45.67 hi 60.67 i 12.18 cde 39.52d
T. harzianum MS10-4 39.33k 55.67 2436 b 38.15¢
T. harzianum MS12-1 48.00 defg 80.00d 7.69 efg 11.11h
T. harzianum MS12-3 46.67 ghi 72.00 f 10.26 de 20.00 f
T. virens MS5-3 47.33 fgh 80.33d 8.97 def 10.74 h
T. virens MS7-3 49.33 cdef 90.00 a 5.13 fgh 0.001
T. virens MS8-5 45.00ij 71.67 f 13.46 cd 20.37 f
T. virens MS12-4 51.67 ab 90.00 a 0.64 jk 0.001
T. hamatum MS11-2 50.00 abed 88.67 a 3.85hi 1.48 k
T. atroviride MS11-1 46.33 ghi 64.33 h 10.90 de 28.52¢
Control 52a 90.00 a - -

Ot KA LP < 0.01 gala 3 (S35 9037 bz ecilonks a5l DL Soglize o b ST 05 2 (18 0 S0e il o LIS i :00e elte!

s s s

Values are the means of three replications. Values within a column followed by different letter(s) are statistically different

according to Duncan’s multiple range test (P = 0.01).
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Table 4- Effect of culture filtrate of Trichoderma isolates on the growth rate of B. cinerea.

Isolate Growth inhibition; (%)* Growth inhibitiong (%)”
After 48 h After 96 h After 48 h After 96 h

T. harzianum MS1-1 51.14 abc 67.41 ab 63.51 ab 72.77 be
T. harzianum MS1-2 42.11 abcd 61.16 ab 59.86 b 59.38 d
T. harzianum MS3-1 7.531j 4.02 fg 13.87 ij 5.81]
T. harzianum MS3-3 11.29 hij 7.15 efg 10.23 j 4.02 jk
T. harzianum MS5-1 9.04 ij 10.72 de 14.60 ij 11.161
T. harzianum MS5-2 21.06 fg 7.15 efg 11.69 j 10.72 i
T. harzianum MS6-1 40.61 bed 22.77 ¢ 4453 cd 26.79 ef
T. harzianum MS6-2 54.14 ab 70.54 a 76.64 a 79.02 ab
T. harzianum MS7-1 30.84 def 18.31 cd 33.58 def 20.54 gh
T. harzianum MS8-2 37.60 cd 51.79b 51.83 bc 55.81d
T. harzianum MS8-3 33.09 de 21.88 ¢ 28.47 efgh 32.15e
T. harzianum MS8-4 57.90 a 69.20 ab 78.10 a 85.71 a
T. harzianum MS10-2 52.64 abc 7143 a 78.83 a 82.14 ab
T. harzianum MS10-3 43.62 abcd 53.57 ab 51.10 be 58.04 d
T. harzianum MS10-4 51.14 abc 65.18 ab 64.24 ab 64.29 cd
T. harzianum MS12-1 21.82 efg 8.93 ef 30.66 efg 12.501
T. harzianum MS12-3 16.55 gh 6.25 efg 19.71 hi 4.47 jk
T. virens MS5-3 6.78 j 3.13 g 8.77]j 3.13k
T. virens MS7-3 13.55 ghi 4.47 fg 10.23 j 6.25]
T. virens MS8-5 53.39 abc 66.07 ab 75.18 a 79.02 ab
T. virens MS12-4 21.82 efg 16.52 cd 24.09 fgh 19.20h
T. hamatum MS11-2 21.82 efg 7.59 efg 22.63 gh 12951
T. atroviride MS11-1 33.84 de 12.95 de 35.77 de 25.00 fg

Control

LP <001 gl 53 5Sils 0 n3T olal s cdilodd onls 025 Soglize Cop o b 487 05 2 (58 0 800e il o LSS i :800e a1t
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Values are the means of three replications. Values within a column followed by different letter(s) are statistically
different according to Duncan’s multiple range test (P = 0.01). “ b One and six milliliter of culture filtrate, respectively.
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Table 5- Effect of selected Trichoderma strains and a commercial biofungicide in controlling gray mold of strawberry

in the greenhouse in terms of percentage of infected fruits and disease control.

Treatment 1" week 2" week 3" week 4™ week All weeks Control (%)
T. harzianum MS1-1 63.7 ¢ 58.3 bc 61.3b 63.3cd 61.7d 17.84 be
T. harzianum MS6-2 55.3d 50.3d 533c¢ 550e 53.5f 28.76 a
T. harzianum MS8-4 60.7 cd 55.0c 56.0c 58.7 de 57.6¢ 23.30 ab
T. harzianum MS10-2  66.0 bc 61.0b 62.3b 67.0 bc 64.1 cd 14.65 cd
T. harzianum MS10-4  72.7b 69.0 a 723 a 68.0 bc 70.3b 6.39¢
T. virens MS8-1 66.0 be 61.7b 68.3a 69.0 bc 66.3 ¢ 11.72d
TRICHO-MIX HV 70.3b 70.3a 70.0 a 72.0 ab 70.7b 5.86¢
Control 82.0a 72.0a 70.7 a 75.7 a 75.1a -

Ol Soslite Cog o b aS Ogiw p Gla Kile tidl oo (6 2S5 (S s (Solem 4 3855 03 40T (oo sen Lo ys [SOly 5 5150 a5 S0ka clute!

Ll ls e Ml K0S LP <0.01 e 53 (SS1s p05T il 2 cbloks 031

Values are the means of three replications and indicative of the percentage of infected strawberry fruits. Values within a column

followed by different letter (s) are statistically different according to Duncan’s multiple range test (P = 0.01).
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Table 6- Population of Trichoderma strains (in terms

of cfu/cm” leaf area) one, two and four weeks after
the final spraying in glasshouse.

Treatment After After After
1 week 2 weeks 4 weeks
(x10%)  (x10%) (x 10)

T. harzianum MS1-1 1.7 abc 13¢ 03a
T. harzianum MS6-2 43 a 10.7 a 13a
T. harzianum MS8-4 1.0 be 13¢ 0.0a
T. harzianum MS10-2 3.7 a 2.3 bc 1.0a
T. harzianum MS10-4 0.7 ¢ 33ab 0.7a
T. virens MS8-1 3.3 ab 0.7c¢ 0.0a

TRICHO-MIX HV 4.7 a 5.0 ab 1.7a
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Values are the means of three replications. Values within a
column followed by different letter (s) are statistically
different according to Duncan’s multiple range test (P =
0.01).
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Fig. 1- Antagonistic reactions of Trichoderma

isolates against Botrytis cinerea in dual culture tests.
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Abstract

Gray mold caused by Botrytis cinerea is the most important disease of strawberry in the greenhouse and in
the field worldwide. The disease is also a serious problem during storage, transit and marketing stages. Nowadays,
fungicide application is the most common strategy to control this disease. Consequently, strawberries are among the
crops which may be contaminated with pesticide residues. Public concern about such residues in edible products and
the environment, augmented by the practical problems arising from fungicide resistance in pathogen, has accelerated
the search for the safe and effective alternative disease control strategies. One of the alternative strategies for the
replacement of chemical methods could be biological control. Trichoderma species are ubiquitous fungi in soil with
antagonistic activity against several plant pathogens. This study aimed to evaluate potential of indigenous
Trichoderma strains against B. cinerea in in vitro and in the greenhouse. In dual culture tests, the majority of
Trichoderma strains overgrew on B. cinerea colony with a high sporulation. More than 66% of strains were
considered to be antagonists against B. cinerea. Furthermore, most strains were more or less capable of lysing
sclerotia of the pathogen. The volatile metabolites of all Trichoderma strains significantly reduced the mycelial
growth of the pathogen but, the inhibition rate was not above 55%. Culture filtrates of all strains at two
concentrations significantly prevented the mycelial growth with maximum rate of 71% and 85% for 1 and 6 ml
concentrations, respectively. The results obtained in the greenhouse experiments showed that disease infection was
decreased in all treatments comparing to contro. Meanwhile, lowest and highest disease incidence (53.5 and 70.7%)
was recorded for T. harzianum MS6-2 and TRICHO-MIX HYV, respectively.
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