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Fig. 2- Control of leaf blast disease of rice (cv.
Tarom) by Trichoderma isolates in the greenhouse.
Reduction of disease severity after spraying the
conidial suspension of (A) Trichoderma harzianum
RS6-7, (B) T. harzianum RP8-4, (C) T. harzianum
RP1-6. (D) Control.
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Fig. 1- The frequency of Trichoderma isolates
belonging to different antagonism classes in dual
culture test.
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Table 1- Effect of volatile metabolites of Trichoderma isolates on the growth rate of P. oryzae.

Growth inhibition (%) Isolate Growth inhibition (%) Isolate
After 7 days After 5 days After 5 days After 7 days
53.84 defghi 46.02 cdefghi RP3-1 66.66 a 62.3 a RP3-2
55.12 cdefgh 44.44 defghi RS4-1 66.66 a 62.3a RP3-4
55.12 cdefgh 44.44 defghi RP8-3 62.81 ab 55.55 ab RP1-4
55.12 cdefgh 44.44 defghi RS1-3 62.81 ab 55.55 ab RP9-23
55.12 cdefgh 44.44 defghi RP2-16 61.53 abc 55.55 ab RP7-1
53.84 defghi 44.44 defghi RP9-2 62.81 ab 53.97 bc RP5-1
53.84 defghi 44.44 defghi RS6-5 61.53 abc 53.97 bc RP8-4
53.84 defghi 44.44 defghi RP2-14 61.53 abc 52.38 bed RS2-1
53.84 defghi 42.85 efghij RP1-39 61.53 abc 52.38 bed RP6-1
53.84 defghi 42.85 efghij RP1-49 61.53 abc 52.38 bed RS1-2
53.84 defghi 42.85 efghij RS7-4 60.25 abcd 52.38 bed RP9-21
53.84 defghi 42.85 efghij RP5-2 58.97 bcde 52.38 bed RP1-29
51.28 fghi 42.85 efghij RP9-24 60.25 abcd 50.79 bcde RS6-7
53.84 defghi 41.26 fghij RP8-10 60.25 abcd 50.79 bede RP8-8
53.84 defghi 41.26 fghij RP9-14 60.25 abcd 50.79 bede RP7-5
53.84 defghi 41.26 fghij RP1-45 60.25 abcd 50.79 bede RP1-3
53.84 defghi 41.26 fghij RP1-47 58.97 bcde 50.79 bcde RP1-2
53.84 defghi 41.26 fghij RP1-1 58.97 bcde 50.79 bede RP8-5
52.56 efghi 41.26 fghij RP11-4 58.97 bcde 49.20 bedef RP2-2
50.00 ghi 41.26 fghij RS7-1 58.97 bcde 49.20 bedef RP9-11
50.00 ghi 41.26 fghij RP1-20 58.97 bcde 49.20 bedef RS1-7
51.28 fghi 39.68 ghij RP1-9 58.97 bede 49.20 bedef RS1-1
51.28 fghi 39.68 ghij RP6-10 58.97 bcde 49.20 bedef RS7-6
50.00 ghi 38.09 hijk RP8-2 58.97 bcde 49.20 bedef RS8-4
48.71 hi 38.09 hijk RP1-25 58.97 bcde 49.20 bedef RP1-54
47.43 ij 38.09 hijk RP10-2 57.69 bedef 49.20 bedef RP11-6
42.30 jk 38.09 hijk RP3-3 56.41 bedefg 49.20 bedef RP1-6
48.72 hi 36.50 Kij RP4-2 56.41 bcdefg 49.20 bedef RP2-13
47.43ij 34.92 jkI RP5-13 55.13 cdefgh 49.20 bedef RP7-2
39.74 Kkl 30.16 klm RP7-3 57.69 bedef 47.61 bedefg RP3-8
42.3 jk 28.57 Imn RP6-7 57.69 bcdef 47.61 bedefg RP9-1
41.02 ki 26.98 mn RS2-2 57.69 bcdef 47.61 bcdefg RS6-3
41.02 ki 26.98 mn RP8-1 57.69 bcdef 47.61 bcdefg RS1-9
38.46 ki 25.40 mn RS6-2 57.69 bcdef 47.61 bedefg RP2-11
35.89 kimn 25.40 mn RP1-46 57.69 bcdef 47.61 bcdefg RS6-6
35.89 kimn 23.81 mno RP4-3 57.69 bedef 47.61 bedefg RP5-7
37.18 kim 22.22 mno RS7-3 57.69 bcdef 47.61 bedefg RP4-16
34.61 Imn 22.22 mno RP11-2 57.69 bcdef 47.61 bedefg RS6-4
32.04 mno 20.63 pon RP4-15 56.41 bcdefg 46.02 cdefgh RP5-4
23.07p 17.44 opq RP1-55 56.41 bcdefg 46.02 cdefgh RP2-3
30.76 no 14.28 pq RP5-29 56.41 bcdefg 46.02 cdefgh RP10-5
28.2 0p 11.11q RP6-8 56.41 bcdefg 46.02 cdefgh RP9-18
28.2 op 11.11q RP4-13 56.41 bcdefg 46.02 cdefgh RP11-8
2453 p 11.11q RP9-5 55.12 cdefgh 46.02 cdefgh RP5-6
55.12 cdefgh 46.02 cdefgh RP4-10

1 (5513 e D 1) ka3 i 3l DL i g b oS o la nSile s LSS e 80Le Il sltel

Data are the means of three replications. Values of each column followed by the same letter are not significantly different

(P <0.01).
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Table 2- Effect of culture filtrates of Trichoderma isolates on the growth rate of P. oryzae.

Growth inhibition (%) (4 ml extract) Growth inhibition (%) (1 ml extract) Isolate
After 7 days After 5 days After 5 days After 7 days

93.74 a 93.02a 90.62 a 93.02a RP7-1
90.62 ab 93.02a 89.05 ab 93.02a RP10-5
90.62 ab 90.69 ab 90.62 a 90.69 ab RP8-4
90.62 ab 88.37 abc 89.05 ab 82.28 bc RP5-6
87.49 abc 81.39 bcde 85.93 bac 79.06 cd RP4-2
78.11 fehg 86.04 abcd 74.99 fghij 79.06 cd RP6-7
78.11 fehg 86.04 abcd 74.99 fghij 79.06 cd RP6-7
84.37 bcde 76.73 defg 84.37 bcde 76.73 cde RS4-1
79.68 defg 83.71 abcde 76.55 efghi 76.73 cde RP6-1
85.93 bed 79.06 cdef 81.24 cdef 74.41 cdef RS7-6
85.93 bed 83.71 abcde 79.68 cdefg 74.41 cdef RP1-6
84.37 bede 76.73 defg 79.68 cdefg 74.41 cdef RP1-4
82.80 cdef 74.41 efgh 82.80 bcde 74.41 cdef RS8-4
78.11 defg 76.73 defg 74.99 fghij 74.41 cdef RP9-11
87.49 abc 81.39 bcde 81.24 cdef 72.08 cdefg RP3-2
84.37 bede 76.73 defg 81.24 cdef 72.08 cdefg RS6-7
76.55 fghi 65.10 hij 81.24 cdef 72.08 cdefg RS1-1
84.37 bcde 79.06 cdef 78.11 defgh 69.75 defgh RP5-4
84.37 bcde 79.06 cdef 78.11 gfdeh 69.75 defgh RP9-23
76.55 fghi 74.41 efgh 76.55 efghi 69.75 defgh RP1-25
78.11 fehg 67.42 ghi 78.11 defgh 67.43 efghi RP7-2
74.99 ghi 62.77 ijk 73.43 ghijk 67.43 efghi RS6-5
82.80 cdef 74.41 efgh 76.55 gfieh 65.10 fghij RP1-53
79.68 defg 69.75 fghi 74.99 fghij 65.10 fghij RS6-6
78.11 fehg 67.42 ghi 76.55 efghi 65.10 fghij RP2-16
76.55 fghi 65.10 hij 76.55 efghi 65.10 fghij RP9-1
76.55 fghi 65.10 hij 76.55 efghi 65.10 fghij RP9-24
89.06 abc 88.37 abc 68.74 jKimn 62.78 ghijk RP2-11
76.55 fghi 65.10 hij 73.43 ghijk 60.45 hijk RP1-9
71.87 hij 65.10 hij 73.43 ghijk 60.45 hijk RP1-3
76.55 fghi 65.10 hij 71.87 hijkl 58.13 ijkl RP4-13
73.43 ghi 60.45 ijkl 70.30 ijklm 58.13 ijkl RS7-1
76.55 fghi 65.10 hij 70.30 ijklm 55.80 jkIm RP5-13
70.30 ij 55.80 jki 70.30 ijklm 55.80 jkim RP3-4
67.18 j 55.80 jkI 67.18 klmn 53.48 kim RP11-2
67.18j 51.151 71.87 Ikijh 53.48 kim RP8-11
74.99 ghi 62.77 ijk 67.18 klmn 53.48 klm RP9- 21
71.87 hij 60.45 ijkl 62.49n 48.82 Im RS2-1
76.55 fghi 79.06 cdef 65.62 Imn 48.82 Im RP4-16
48.42 k 53.47 ki 42.17p 48.82 Im RP5-7
70.3ij 60.45 ijkl 64.05 mn 46.50 m RP1-1
70.3ij 55.80 jki 54.67 0 32.54n RP5-6
70.3ij 55.80 jki 49.98 0 25.56 no RP3-8
39.051 25.88m 15.61q 23.23no RP1-29
48.42 k 23.23m 43.74 p 16.26 0 RP2-2
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Data are the means of three replications. Values of each column followed by the same letter are not significantly different

(P <0.01).
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Table 3- Effect of Trichoderma isolates in controlling rice blast disease in greenhouse.

Disease control Disease severity Treatment Disease control Disease Treatment
(%) (%) (%) severity (%)

95.0 abcd 2.1 theg T. harzianum RP2-11 56.0 a Control (inoculated)
95.9 abcd 2.0 theg T. harzianum RP8-4 7319 16.0a T. harzianum RS6-7
95.9 abcd 1.9 fheg T. harzianum RP1-4 855 f 7.3c T. harzianum RP9-11
96.5 abcd 1.8 fheg T. harzianum RP9-23 859 f 7.25¢ T. atroviride RS4-1
97.2 abc 1.5 fhg Fungicide (carpropamid)  87.2 fe 6.05 dc T. harzianum RP5-6
97.5 abc 1.25 fhg T. virens RS7-6 88.2 fe 5.75 dc T. harzianum RP10-5
98.0abc 0.5 fhg T. harzianum RP6-1 91.9 de 4.1de T. harzianum RP3-2
99.3ab 0.25 hg T. harzianum RP4-2 93.5cd 2.85 fe T. harzianum RP7-1
100.0a 0.0h T. harzianum RP1-6 94.3 cd 2.7 feg T. harzianum RS8-4
- 0.0h Control (non-inoculated

15 (513 e VI Y e 53 (ks 0313 OLES alie Cop o b ST (gl S0le it 51 ST S0l sk sl
Data are the means of three replications. Values of each column followed by the same letter are not significantly different

(P <0.01).
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Table 4- Population dynamics of Trichoderma
(cfu/cm?2leaf) in greenhouse.

Isolate 1% 2"
assessment* assessment

T. atroviride RS4-1 3.3x10* 4.0x10°
T. harzianum RP4-2 3.2x10* 1.0x 10*
T. harzianum RP1-6 3.0x10* 1.0x 10°
T. harzianum RP1-4 3.0x 10* 8.0x 10*
T. harzianum RP10-5 2.9x10* 1.0 x 10*
T. harzianum RS6-7 3.0x 10* 1.0x 10*
T. virens RS7-6 2.8x 10 2.0x10*

Lol 5 Lesa S 5 a3 (Bl e Sl dm 55 G sl b5
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* First evaluation was made one day after 2™ spraying of
Trichoderma and second evaluation was made 10d later.



"

IVAY Jlw Sy (60 Lo <090 Wl ¢ (S 320LS 13 st § 50

S o Sl os 3,8 o st 55 LSudl
D13 s prs e, 53 ol6 O g b
Gl e Sy (s s ol
S 5155 o S G 55 L
g gl 8 (g 03 4 S s Loy S
DRIl 53 Camar o Comer 3L b 2alS”
oD S s e o 5 e Comesr oS 3 a5
233 Oli g LB 33 (T, harzianum RP1-6)
AL J N LG P PO RPN FU P g P g
AL Comar S s 8 (65l 58 e
Lesa S i glaagler J a8 s Cools Oln b (b
5oV ks Ul s o sle abols el ol axsl
O gl o (L s gl B a4 5 L S 5
23 015 (oo Camezr Sl ed (gl 55,5 1V S oS
Ol (gmarr $Salys ol (gl e 45 23 5
etk

5 S gLalid Ba) 3 3l Ges cpl o
o3l La )3 80 5 5 glaalie olulis ol I35
il e 58w s Loy K 5 5 4l 19 s
3 odeaT Cmzas loys oSG 5 lda VY (gaencOlee oilos
¢dl> G T harzianum o o gl slapl]
iy Loy S 5 el e Obe 43 oS Jl s
T. harzianum g5 8 5 esde s ¢S lakT
s glulia 35T, atroviride 5 T. virens glaas S
W3 S 1S (Zafari et al., 2002) of,LSan 5 (s b
Ol 55 LayssSG 5 s46.8 o 50lsl 3 T. harzianum «°
T. atroviride 5 T. virens (T. harzianum :_oces .ol
Ghlie )3 g gl e L3S 5 slas S o 500518
I s 5 Bas b me Ol ke Ol Ca i
(@ L 53 s slapll 5 STl eeT s
(Gats sl y> (Naeimi et al., 2010) 5, T. harzianum
Ll el g5 shlsT. harzianum gladaslas
5 S S s s 5 (S5 P 8o Slasie
a a5 L (Conl szl osls 2lad baosls) L ITS

o sasan s s T harzianum s« 8 05, I

695 st dla o La3T plasil (gl o o lad Lo ler
S i, gl bl s 580 slee slaplal
Slesa S5 glaaghier (el oS o 015 e blize
5 5l iy 5101005k slasl s el cowsa
A5 T s 5 i, 0T a8 55 655 ks S 6,8 sl
S sls plis )'H‘_s_:iT Q}_»jT @l_:} A gad Lg.\_::f
a0 53 ol w5 L Leys S 5 o slaas i
Lol o350 8 las Ay s e Sslssl
555 51y Uy o St 199155 LRP3-4 5 RP3-2
Sla G 534S CiS soslae w53 sl Ol
g;.c_MJ);J_A):J.\_l:JfJa;';:..“J& (,alqé\'/.\“ 57
Bs 8 les iy 5l Cmilon o g0 Loy 55 5 slaay i
2> o ol mle Dbl D Lo 53 &S (65 5bay
SO A edalin 5 BB S 35 S das
Trichodermin L oL acS s 5T Layn S5
Paracelsin (Harzianolide (Harzianum A (Trichodermol
A5 15U 5 b SkaS GV ke slae 5T
LBl e s J 28 s 93 6 F 5o A4S S e
o Lz .(Papavizas 1985; Dannis & Webster 1971)
5o Laaslus i oS sl Ol e S et Ose50
el ol Jole 018 Sl sebae 05,57 45104
OLLSen 5 slarls (gamms Lo asl ool ¢S
mls O o Ll cils Salle (Hajano et al., 2012)
35 e slacis 048 I o o il gy (la0)T
N hen S 5 (5 S0l 0 Jous
(Pl sla s ol b g oo 3
s ST G THLS i s losa 80 5 glaasler
sl Ol ST Loy 5SS 5 sla e 4 s (5
22 LSS 5 glaanlia 51 gl bl sl ¢ omomen
S sl olis aSblE j5 68 e (ylas J S
S L o gy 5B e shd Sl okl sy gl ot
YL J S s Ul (T, virens RS7-6) ¢S i 4 lus
Solez 035 3512 o a5 Ll ol als OLES 5 5 )
4 sk loalir gy s ST U5 5

‘)‘v\d‘v—:«e' cv\_;)‘b a‘if_wij U_l‘ DL ngyb Lg)lf‘)\_w



es0gt SBalin 5l a3liwl b g 2 Cuwdly (5 low S9lan J S 10 e 9 (g3l Y

P e & 550 53 g b s (Aals 5 ,8) gl
3 5 Dgkeel Ol g gn ooaT Cowzay gy liiy s 5 b2 5 OT
Glrisld « ST AaSS Slados gl ol 5l sy 45
Sl et S g 0 Sl oy Sloy3 S 5
o ml g 5 S 30 8 o el (len J S
Pz S 03 (eSS Sl el (Sl )T
i 5 AL b Ll 5o Lesa S5 5 g slaalr

.Qa‘é)jjécwbéubwy‘}n}

aleT sy o Slaaslar 035 Glate 5 omi s sl )3
B S Vg i8S ol a ol slapll ]
sl slaplll o) Sl el 5 sl 6l Glos U1 )
Sl 13,5 55 4850 53 o g oS
gl 5 b Sl Gl s Ll
Q&Gdljl:éld&lfw)ﬁ):wbsjyLgb:).sjﬁu,:
S osbas sy g S olen J 25l YL
AS B s o e Sl (o5 J ST LB

e

Table 5- Selected Trichoderma isolates studied for control of blast disease in greenhouse.

Isolate Habitat Location Accession number
T. atroviride RS4-1 Soil Fereydoonkenar JX493000
T. harzianum RS8-4 Soil Sari-Sharafdarkola JX493011
T. harzianum RS6-7 Soil Qaemshahr JX492999
T. harzianum RP4-2 Phyllosphere Mahmudabad-Masumabad JX492996
T. harzianum RP8-4 Phyllosphere Noor-Chamestan JX492997
T. harzianum RP9-23 Phyllosphere Sari-Neka road JX493001
T. harzianum RP5-6 Phyllosphere Nowshahr JX493002
T. harzianum RP9-11 Phyllosphere Sari-Semeskandeh JX493003
T. harzianum RP3-2 Phyllosphere Fereydoonkenar -Babolsar road JX493004
T. harzianum RP2-11 Phyllosphere Babol-Zargar mahaleh JX493005
T. harzianum RP7-1 Phyllosphere Ahudasht JX493006
T. harzianum RP1-6 Phyllosphere Amol- Fereydoonkenar road JX493007
T. harzianum RP1-4 Phyllosphere Amol-Dabudasht JX493008
T. harzianum RP6-1 Phyllosphere Chalus JX493009
T. harzianum RP10-5 Phyllosphere Jooybar-Kordkola JX493010
T.virens RS7-6 Soil Fereydoonkenar JX492998
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Abstract

Rice blast caused by Magnaporthe oryzae is the most important disease of rice worldwide. Although,
application of chemical pesticides can control the disease, but they cause harmful effects on environment and
human health. Nowadays, biological control is considered as an alternative and safe method in plant disease
management. In this study, sampling was done from soils and rice phyllosphere of paddy fields in different
regions of Mazandaran province. Trichoderma spp. were isolated following dilution plating method using
McFadden & Sutton’s RB-S-F selective medium, and then purified and preserved. Eighty nine Trichoderma
isolates were screened against M. oryzae using various methods in vitro. In dual culture test, more than 90% of
Trichoderma isolates were antagonistic against pathogen. In hyperparasitism test, no coiling of Trichoderma was
observed around the hyphae of M. oryzae. However, some strains caused disintegration of M. oryzae hyphae.
Volatile metabolites of RP3-4 and RP3-2 strains were the most effective in inhibiting the growth rate of
pathogen by 66.6%. In addition, RP7-1 strain was reduced the growth of pathogen by 93.74% and 90.62% using
20% and 5% of culture filtrate, respectively. Based on the results of in vitro studies, 16 Trichoderma isolates
were selected in order to evaluate their potentials in controlling blast disease in greenhouse. According to the
results of greenhouse tests, T. harzianum RP1-6 and T. harzianum RP4-2 strains were the most effective isolates
in terms of reducing the severity of leaf blast disease by 100% and 99%, respectively. Furthermore, T. harzianum
RP6-1 and T. virens RS7-6 with disease reduction of 98% and 97%, respectively placed in same statistical group
as chemical fungicides (Carpropamid). Evaluation of population dynamics showed that the populations of
Trichoderma isolates were increased or decreased during 17d in greenhouse. T. harzianum RP6-1 and T.
atroviride RS4-1, showed maximum increase and decrease of population, respectively. There was no correlation
between the populations and disease control. In addition, 16 selected Trichoderma isolates were identified by
morphological and molecular methods and 14, 1 and 1 isolates belonged to T. harzianum, T. virens and
T. atroviride, respectively.
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