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Table 1- Characteristic of antagonistic fungal
isolates used.

Isolate Identity Isolate  Isolation Isolation

Code Host Location
T. harzianum Thl Garlic Hamedan Province
(T.h-9)
T. harzianum Th2 Garlic Hamedan Province
(T.h-93)
T. harzianum Th3 Potato Hamedan Province
(T.h-12)
T. harzianum Th4 Sugar beet Karaj, Alborz Province
(T. h-128)
T. asperellum Tal Potato Hamedan Province
(Ta-1)
T. asperellum Ta2 Garlic Hamedan Province
(T. a-2)
T. flavus Tfl Garlic Hamedan Province
(T.£-134)
T. flavus Tf2, Garlic Hamedan Province
(T.£-157)
T. flavus Tf3 Sugar beet Karaj, Alborz Province
(T.£-135)
T. flavus Tf4 Sugar beet Karaj, Alborz Province
(T.£-94)

i 5 BT Cdlad HL 9 S (G40
drichoderma harzianum g L5 Sldd (o>

= Talaromyces flavus {drichoderma asperellum

Sclerotium cepivorum

ZoB e a2 ST e S
drichoderma asperellum drichoderma harzianum
(Francisco et al., 2011) 3y, s-b Talaromyces flavus
W23 S5 sl 55 o KalesT Lyl 5 5
(Dual culture) plie cuis™ 03T

0> Julie St OIS (o ) sBiean 0505T !
208 8 bl 1SS Sler 55 Slen Jolo 5 o ST



v

IVAY Jlw g (50 kowi (053 s ¢ S 32008 43 (S Hle0

TV sbas )3 amia aw Sdnas ol il cans
SIS 76 (sla s sl 6 ik el )3 318 5l a5
azin a5l ey s odaline CiST s w695
los 5o 5ol ol S jaan by e DL g
St SlS (51,8 slo e y3 YO 550 ) oKty le T
S5 s ey g0 5 Ol ot WOT 1 5 ooy i
A ool e gla,d (glwanis T S
ST 03557 09 s

Ol Ol g 53 e gl STl alom o sl
SLag S 5 ds JU 5 Tl 55 e S L alind
RLESTRRE L;La:):m_w..k_i:f@i)QTdf)j_g
LS Oy 9IS o 5T p3aads Y Sdeas :\J._fd“.}l_w
(Mahdizadehnaraghi et al., 2007)
Ogpmi¥ 90 9 g WT b L 3
BB 90 g (T gy Solow (S90S 590gw

5 s Sl (5l T 7 b B s LT
Saghe 55 Jols oS G ST 256wl 23 al

ald>= 95 9 T. asperellum 3\ &\d> 35 3 T. harzianum
Jols Lasles plo ol jonas ¢ JT s & 5 . flavus |
(53T zm Os 5 Il dald ¢ 25256 @ a2z T Ly
Sl 655 IS5 a1k Jole 1 e 5 03 0T dals
ol 5,5 2 1S 10 e Dl 2 6l o plail
3 e 450 03 fn S (S gma g bS53 OIS S
S 53 03 dedw (50357 o prlem 055 (4 5) 5y
s S
|.,\_z5\)$\_5r;\~~ Al e sleanseT (ol
ST 2l (e V0 503,85 035 s 2 51 p 8 iy Oln
et o e O s $S285 4 O e Syl 5 5> e
5B B w5 St 55 Dl 1 0955 4 L)y
L;SMSMJQ s a8 b i ol OS5 T
Sl aids o s gde 3l s Ll aisT S A J glowe
Ple BB sy 4 5zl 55 e lows 1ol aisT
Coa I8l 5 L esls 13 5k ae 53 b o laeSats 040

32 309 pw Sled 0L o o Colw 93 5 9d>

59y 83 Sdads g b 4]l w;uT@uuy a
c‘..':»'/jJuq.uaa\a)ijleOrpmaﬁQﬁngﬂ
3 oy Sl eslil L aid 8 O e 093 o
Millipore &S5 Cslo (g 205 Koo /Y0 sl 2ld g S
ity o5lae idd (S0 sla 05 Lyl 5 o
bolies 0 5w Jb- 3 PDA S Lbowe Loy Y
Sy s a0 e SRS s e 5 422S
olos Jole 516 e e s s O 3 5 3Ll
33 LaCSis o 5 b o3ls 15 LaeS s bawy s
GG 31,8 sl a3 YO-YY o slos 55, 51 STl
(oS psbas dals oSais Hlgr oS i) Sl de s
S 5 L oS 53 S sley Jalo gn ks A5 Ol e
oL jleslisl Ly 15 8 DS 5 (Saslssl
L& duwl>s Francisco et al (2011)
SLagluz 51 e 3glan SBOgmY s P S 4g
i g BT Slag 6 g

M 53) gl A el Ole 5l a5l 5o
S a——ld> g5 drichoderma harzianum )
a— lus> 95 9 Trichoderma asperellum
GAK_L:LA)'T Sl ) 5 93 4S (Talaromyces flavus
goU ke Sl 5b ot el e 4 o
03l Ly 50 5 3 545 62 il DL T 165k
Gt Sl s Ol i o s (AT s ]
Lozl Caliies slaasla 14ml gl O giloo
PDA o iS Lo >s y3 Trichoderma s Talaromyces
G 31 8 sl a3 YV (glos 53 5 L osls ciS
65 05,5 wLol bl s 59, G,tsusrti;a R
S it 3 SIS o s Oy e e OT 2 s
33 gtV CBle b G il ok A 5 sla ) g
Ao 03 Ol a5 g O3 e Shke OT 2 s 2
St 3 05 00 (sl Sl laanS 51 ST ae
e o 5 8 5128 ) S 5155 ST o s
ods (aids Yo Sdaas 3,8 Sle (a3 VY Ol >

A3 5 b s YalS 5 a5l 05



we S s (S low Jole Sclerotium cepivorum g )& Suj59em J 558 10 )Kod g 0315540 A

g8 Cales slaaliar oI5l 05057 s Y Jsur
S. cepivorum

Table 2- Result of pathogenecity test of different
isolates of S. cepivorum.
Isolate Code. Disease Disease
Severity  Incidence (%)

(Sclerotium 3 1941
cepivorum 1) Scl
(S. cepivorum 2) 3 18.93
Sc2
(S. cepivorum 3) 2 10.58
Sc3
(S. cepivorum 4) 5 51.20
Sc4
(8. cepivorum 5) 3 23.58
Sc5
Control (no 1 0
pathogen)
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Table 3- Results of Dual culture test in growth
inhibition of S. cepivorum caused by antagonistic
isolates.

Isolate Identity Isolate Growth
Code inhibition (%)

T. harzianum (T. h- 9) Thl 61.105 a
T. harzianum (T.h-93) Th2 56.245 ab
T. harzianum (T.h- 12) Th3 51.943 abcd
T. harzianum (T. h-128) Th4 54.160 abc
T. asperellum (T.a-1) Tal 46.525 bed
T. asperellum (T. a-2) Ta2 51.970 abcd
T. flavus (T.f -134) Tf1 40.273d
T. flavus (T.£-157) T2 42.360 cd
T. flavus (T.f-135) Tf3 40.968 cd
T. flavus (T.£-94) Tf4 39.163d

Sl glaals kg 050 5T bl alis (59 b ok adeiie slds]
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Values marked with the same letter (s) are not statistically

different according to Duncan Multiple Range Test (P<0.05)
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Table 5- Results of the effect of non volatile
compounds of fungal antagonists in growth
inhibition of S. cepivorum.

Isolate Identity Isolate Growth
Code inhibition (%)

T. harzianum (T. h- 9) Thl 78.518 bed
T. harzianum (T.h-93) Th2 65.688 de
T. harzianum (T.h- 12) Th3 65.388 de
T. harzianum (T. h-128) Th4 68.970 cde
T. asperellum (T.a-1) Tal 81.50 abc
T. asperellum (T. a-2) Ta2 85.230ab
T. flavus (T.f -134) Tf1 89.913 ab
T. flavus (T.f-157) T2 69.568 cde
T. flavus (T.f-135) Tf3 69.643cde
T. flavus (T.f-94) T4 62/063 d

Sls glaals iz 03037 laol  alie g b oodds aeiie slusl
(P<0.05) sl o3 Hls gme SNl (1 yls
Values marked with the same letter(s) are not statistically

different according to Duncan Multiple Range Test
(P<0.05).
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Table 4- Results of the effect of volatile compounds
of fungal antagonists in growth inhibition of
S. cepivorum.

Isolate Identity Isolate Growth

Code inhibition (%)

T. harzianum (T. h- 9) Thl 83.443 a
T. harzianum (T.h-93) Th2 81.375a
T. harzianum (T.h- 12) Th3 80.685 ab
T. harzianum (T. h-128) Th4 79.133 abc
T. asperellum (T.a-1) Tal 76.203 abc
T. asperellum (T. a-2) Ta2 77.925 abc
T. flavus (T.f -134) Tfl 68.785 bed
T. flavus (T £-157) T2 67.238 cd
T. flavus (T .£-135) Tf3 63.443d
T. flavus (T.£-94) Tf4 62.063 d
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Values marked with the same letter(s) are not statistically

different according to Duncan Multiple Range Test
(P<0.05).
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Table 6- Effects of different formulations on the
incidence and severity of Allium white rot disease
in the greenhouse.

Treatment Disease Disease
Incidence (%) Severity

Rice Bran Trichoderma harzianum 11.33b 1.00b

1 (RBThl)
Rice Bran Trichoderma harzianum 11.42b 1.00b
2 (RBTh2)
Rice Bran T. asperellum 13.34b 1.25b
1 (RBTal)
Rice Bran T. asperellum 11.37b 1.00b
2 (RBTa2)
Rice Bran Talaromyces flavus 13.45b 1.25b
1 (RBTf1)
Rice Bran Talaromyces flavus 13.57b 1.25b
2 (RBTf2)
Control + 53.82a 4.75a
Control - 9.24b 1.00b
Fungicide 11.23b 1.00b
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Values marked with the same letter(s) are not statistically

different according to Duncan Multiple Range Test
(P<0.05).
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Abstract

White rot caused by Sclerotium cepivorum (Berk).is one of the most widespread and damaging fungal
diseases of garlic This diseas causes significant losses to garlic crops in Iran including Hamadan province evey
year. At the present, the most common control control method of the disease is the use of chemical fungicides.
This control measure is costly and contaminates the agricultural environment. Moreover, since the pathogen is
soil-borne, this control method is not quite effective in controlling the disease. In this study, the effects of two
antagonistic fungi including Trichoderma and Talaromyces as bio-control agents in the control of the causal
fungal pathjogen were investigated under laboratory and greenhouse conditions. For this purpose, ten isolates of
the antagonistic fungi, four isolates of 7. harzianum (Th), two isolates of T. asperellum (Ta) and four isolates of
T. flavus (Tf) were selected. The effects of antagonistic agents on the growth of the pathogen were evaluated in
in vitro using dual culture method. Moreover, the impact of the volatile and non-volatile metabolites of the
antagonistic agents on growth of the pathogen was also investigated. The results of the laboratory experiments
showed that six isolates (two isolate from each species) significantly reduced the pathogen growth. Several new
bioformulations were then developed and prepared using rice bran (RB) as an organic carrier and the most
effective antagonistic isolates. The effectiveness of the developed bioformulations in controlling the white rot
disease of garlic was studied under green-house conditions. The experiment was conducted as completely
randomized design consisted of nine treatments (six bioformulations, one fungicide and two controls) each with
four replications. The results of the greenhouse experiments indicated that regarding disease incidence and
severity, there were significant differences among the treatments (P<0.05). The highest infection rate (53.82%)
was observed in the positive control (treatment without biological agent or fungicide). The lowest infection rates
were belonged tohealthy control (9.24%), fungicide (11.23%), RBThl (11.33%), RBTa2 (11.37%) and
RBTh2(11.42%) respectively which were placed in the same statistical group.These overall results indicate that
the biological control of Allium white rot disease using antagonistic fungi is possible as an effective alternative
method.
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