2L 66 o 9 BT G jelgm J S

iogr%tiﬁg O-I)IFAD bl g yles O 5 Loy O 5,90
f Pests & Plant Diseases DOI: 10.22059/jbioc.2016.58548

s ) J a5 38 Trichoderma @g5™ 98 9 (2915 ol Hlaz (bl Wb gwip
2950 g (T sy ol Szl

SISk Y 5918 g )
Jﬂf")‘ uéﬁ}j ‘}z:u elg.:a".} L‘-;'-::b GLA K} 65)‘9\.&5 ZML: gé.i}ielnf e})f d“lt‘.f w\:,:é)ug J\i.:l.“w:‘ A
TS Ol oKls reb b 5 (55508 s (S elS 05 8 AL pulid(solem ¢ 555 g gmiils Y

R AN A R LR AR ZARVAR R VLY 1)

slge 31 03 (b 5wl o PH b Saghy crils s 4 Bl Y ez s diiles , K
ol 03 els IE ulssll 5 cudla Sl 5 (sl sl S olen plgl e 5 pme 3 (IR
Ao bt Kilate 53 K0 Sl 5l shisslen SgB il 4 ol ST s (Gudos
Las glubs I sl S 0l gea Cladosporium cladosporioides s Botrytis cinerea sbzib
Gl iS5 58K 695 (50 §) 134l 2 5 Sy Jole Ol sie 4 33 Aspergillus tubingensis
55 55 SU el (S5000) s JAS Ol byl Hslite & s AS ST )y o]
tl;...; (PSS Ly 29,3 Kk O bl » T. hamatum T622 4 Trichoderma harzianum T447
g B8 g0 p a8 ols Ol gl s 2k AR Bl s Olysky 5 SL5l5 (SThss
NN S S oS 5 s ey Sl 5l S slads o) 53 e SK
U9 ©bed 5 dw,s Vo e Lsls 0L C. cladosporioides b Juls s 1, S L la5k }e\;
2l Ol 3 jlew Szl ade oy A0 51 i S L,la5b 55 T, harzianum T447 &lu> glas-b
A 51 (S50 O 53 OF s il 5 il 55 (2 )B B58 o 45 A5 pslae pimen
Olssa i & &b3l, 5 (S 8 )ls sgmy P /M) (gl pme Dol bz B 0 g
4 45 o3 OLES 35 03 b uilul lgr GC-MS &30 Liad 4l o puilul o ka5 005 S50
1 5T i 5 5 IY=ualS V(N £ Jetoss O sadl ST O 5 g pome 9 OS2 2t o 5
Sladoss 03 pb s JES Sz ,B 5 b lal cabie S5k 4 x5 b dimes 0T ol

255 e 5 55N Bl p 5 e S slem IS (51 0T (S 5w Ky 53 eSS

Trichoderma spp. « g J =5 «udls 5 51 o s em ) 4K ¢ puilusl (OB 31g0ls”

slanl s b o bF s dwga wadbcdlb, Aok

Zhu ) aitp oo el g)l0)lal 5 JaigJom cziils 0L 5 ol dgiams 5 Wogee Culls 5l Gy Olasls
9 cam! op! 15 (2006, Singh and Sharam 2007 WS e 3yl BasSuds a4 weys oble
sl 0s Jods 4 anwg Jlo o slajsas o oL S 5 Wogee duoys TO-T+ 50> 4S5 5bay

E-mail: Mdavari@uma.ac.ir SFOYYOYY . & cyal


http://dx.doi.org/10.22059/jbioc.2016.58548

WWAD il 5 ke ) 55led B 5,50 ol S (sla sl 5 DBT Sojslsn S8 v

Bouchra et ) cewl 00,5 Gglaes  oloands pyam Iy
saxie Olagss bl (al. 2003, Droby et al. 2009
Jus SLS 5 5l orbie e s alS oS s g ol
a oyl oo cools a5 siiee olesdon
Cools (Bakkali et al. 2008) cwl ovuw, L3I
(riagl gy atile goaie (gl plalS oz ,Bas
(rogidBTgbn il ws)les; (B
Sl odls y)138 (goasie Sladzd o Souw 9wl )l
ST LS g ol 5l (Sl ol a5
Botrytis  oile alixe sljs)lem sloz,B ale
Aspergillus  spp. Fusarium spp. cinerea
Rhizoctonia  solani  Alternaria  alternata
Sclerotinia sclerotiorum [Phytophthora infestans
24> 3l Rhizopus stolonifer 4 Penicillium digitatum
Daferera et al. 2003, Ozcan et al. ) wals olas
2006, Rasooli et al. 2006, Soylu et al. 2007,
Bluma and Etcheverry 2008, Farzaneh et al
2L Mentha longifolia ode ob L o245 &5, (2015
Soyis ol a5 el Lol Bolgls ) lane
SowSlas  «(Khani  and  Asghari  2012)
Gulluce et ) >,Bos 5 b Sbas o SlowwsT 25T
Al b Shes gl ool oo, @3l 4 1 (@l 2007
(RFS R s G S M.ospicata oele
KKlas plyz a5 canl cow b o gl slaassS
Kanatt et ) Sa.slas «(Govindarajan et al. 2012)
alljl, .ol (Dhifi et al. 2013) s ,Seann> 4 (@l. 2007
ol ols 5l S Foeniculum vulgare ol b L
Ol il g el Apiaceae solgils 5l oo i8Sy, b
S dSlas Cools wile sasie  Sjelen (el olS
El-Soud et al. ) _ubsas «(Ruberto et al. 2000)
Ozcanet) og,5ceds 5 (Lee 2004) _iSo, i (2011
oo 3l o (Achillea) - jslogs i .o ls (al. 2006
el (Asteraceae) LS e 8,5 4 Glaie o iz oy
(Baris et al. 2006) SauSlas 5 09,5000 Sulad 4
$9wedd aols sl 0l DLl g om0l ol
O by55e Bobe slend S5 4 alS sla il
. e T W BRI GUR -G VUL S RS N 300
el 5 5515 J5i5 Cnle 85 aizs oy 5 pges jsba

;500 asles 465l 8se (Sharma et al. 2009)

5 ol PH b gl osls s &0 (2b oY game
gyl o> oy jo 2l Slge 5l o (e
SR bl g ey Jolie jo ()8 slo S Lo
Aspergillus  Botrytis cinerea sl glag,B .o)ls
Cladosporium ¢ Rhizopus stolonifer section Nigri
ot o5 Jsb 305390 (sla e iies 51 SPP.
Zahavi et ) a0 caaS als 5 65l cudls )
S s (S e Jule B. cinerea g, .al. 2000
S SEb DVgaxe I il 5 55Kl S
sashy 5 les aibie lulpd 53 a5 cul ez
Bulit and ) &S oo o)y > BB L) 5 ool
ol bbb o ul, Sl JJs 4 5 (Dubos 1988
2 bl 5 gaz e el b jao Soo3)
Droby and Lichter ) wl e i 4 balss,w
a Nigri ize 4 sl Aspergillus slaaisS (2004
OIS sNl el (Sovmn il ble s
A niger 4 ole o pie saisS 5l as wileads
Logrieco ) s 5 oLzl A. tubingensis 5 A. carbonarius
ceb lasgs -pl (et al. 2003, Varga et al. 2004

és.hh.al) Sy )LAMJ—" 90 9 0l )9.i:‘ 6[.%4...7- u.:)?u
sl balir (S rizes Ssde b
9 )5i:| 55—;@ S99y A u"‘“Sﬁ"‘)S‘ J.»Js_v J.‘QJ.) Le o\.\..ia.)l.i
Chiotta et al. ) wjls ools cuwal o] slass gl
3 C. Herbarumg Cladosporium cladosporioides
oz I @bl (0 ;0 )55l Sl o (rSels
S o%gds ‘J.J‘ﬁ.‘c Sled 4y lailigae o8l L 3blis
5 o, Skes rals cel oS Wby o3U 4y 650 sl
.(Bricefio and Latorre 2008) sgi o o5l CotsS

IS skt e glend gl S B

sy bl e b 8L LIS Ll
polie slaolsi 50l 5 aemecens) sla Tl (Ll
sl 949, w\)s\.\m l; ‘) l.hu—‘ )‘ oolazwl al.Q;)Lo.u



Y w99 9 (23,00 obF Sl wilul 3B sy i s3liel 5 o9l

b lon o&aslejl 4 g 55105 (2,8 Sooll
il polaiedy b Jaie (ool ase olRails
Sl 5 gy s 3l ool b S Loy slaassS
) ogeo <l 5l (5 lake ol jor & )8 plail congll
oAb Jate PDA S e a4 g alilog
3 om g o plonl 05 5l ST g 4 sile Al
OplgSh by SBBT 09,0 celie Ll 55 (6 eSS
Beever and  slaa s 5l oolaiwl b baseS Sl
<S5 @) (2012) Bensch et al. 4 (2004) Weeds
S slalas .ol bl (Cladosporium 4 Botrytis sl
bl slo,oSI 5l as 55 A tubingensis )8
BUNPEIRV-) PR NP5 W K e J0 RIEAY
sshate ol ln G olRadle (ot )8 GgenSlS

A ol

st J S o6 dnd
T. CansSLT glag, B o bl &las 4o
L) T. hamatum 4 (T447 s kil oS L) harzianum
Olidmy duwbo )l oadags (T612 o,luslsl oS
oslizal sy SRS g0l sl s3iS (SjolS

il 1yl 3 2 Slga g
®S Lp Jld sy e (BT Sl
Slyoless 9 (M. spicata) S1)s5 glixs (M. longifolia)
Sl yo ol aad sbolRiys, 51 (Achillea sp.)
Golkee 51 (F.owulgare) «bsl, & ¢ 650,85 Jwo))
sled ;o 0ais 50,5 lals .ol eoliiul ¢ (5 )l >
5 BaisS Cugn 0l ey 5 0d Sis ale 5 3l
Qo 0,5 lew! b ladiges 51 S o Wl dlge i
SaS @y 5 ol b bl g, 4 alS (sladiges el
olal ol gl celu aw Sae 4 els oS
2 g Edel S s Slalges dlwgas sdelCansa
@ oboy b Jldu 09,0 YOO slos 3 05 slaainds

A5 (5SS gy slagyse;] 5

oilel (ol Sl 5 (o lwlid g 4y
;GmLf LSLQ’Q“"L“" sasms LSis gl u_;L.oL»...u &l

WS o 3)ly o] bz B sl glid g o lms 4
Wl S o 6,5 Bae slaple el (Ses arl
[(Tabassum and Vidyasagar 2013) a.il ails > )8
o354« 2LS Slo,Tile b ojile (sl 0o S,

Ol 5y 5 eslanul wedlsy Sl oS e
Sz aber s (SlapnS s Seo)
PR VR A EAE VC L S ECRE
(Monte 2001) ail  gloesds &)k (sl iduossd
5 Oyiysteiee Trichoderma > 4 sl sloaisS
Sy JAS A (2B e e
Sl gl gan oS Cul aLS Gl Lo
oolitul oz sl )3 g oty ()5 Al e
(Jomily) <o Lld (Harman et al. 2004) 545 o0
s JAS 0 LSy S esS L
&3, Alternaria alternata ale s ,Ll 35 )len slag 8
Penicillium  .(Baftta 2001) gJlo,> 5 =il bguo
P. digitatum «Batta 2004) o 550 €EXpANSUM
5.0 B. cinerea .(Borras and Aguilar 1990) LS e
Freeman et al. 2004, Naeimi and Zare ) 55,8095
Hong et ) .l lsaiwa ,o Monilinia fructigena (2014
el 0ad Sl g 3155 500 et 5lse 5 (al. 1998
S iS5 565l el 4 colie b g opl 5o

GBS 5 5 SOk 5 el 5 0988 sl sl L
Bt (2B slaala; 4 (Sogll ongn lag B
2 Ay 29l lals ulel 56 A tubenginsis
all, «M. spicata) Sly> glxi M. longifolia)
a8 ¢ o (Achillea sp.) loleg «(F. vulgare)
T. hamatum 4 T. harzianum T447 Lol Lo,0s50 5
B. cinerea bz B oy JpS s T622
Sernke o5 C. cladosporioides 5 A. tubingensis
dihte o oSl clby Gl il slog,B
e bl 51 (S plgie @ o)l bl 00K
S gy izl oo slod 4 5988 8 ok ()5 )5S

B 5595 9 3lge
55 slews A 9 Sl
595 Gogs oy b lojer AT Ll 2ol 5o
S S g S M s



WWAD il 5 ke ) 55led B 5,50 ol S (sla sl 5 DBT Sojslsn S8 ¥

Abbott: IP = C-T/C x 100
S %,lo5L ws o IP= (Inhibitory percentage)

s e 4o 7,6 dla L +.Sils C=Check
S 0 B A s .Sl T=Treatment
(lss,se

(MIC) Jols” (Swijlssl el op a8 Guizron
Al dbre oz B ol 5l 650> o bl
bl gl 2B b AS7,B e jskaiea
ol o B as, 5 sy 2B S
5 ab ciSly PDA coiS lue (g5, e oanlice
Sl o tS e 59, @B WD) pae b,

T. hamatum ¢ T. harzianum T447 colild w)

P sl sbg B L <l 40 T622
836 a8 5l yrashee O 58 4 cogilie SlaSuns
Solem slaz,B g Trichoderma &5 g0 slaaslos
P PSP ICTRNE CX I V0 B RN WL V- N VWAL R
Wb ooy 18 Suee ol 0 PDA S lase
Y0 °C glos b o, SEBI ;5 (65 SeSEEs s
Bl S sl 4 wls g o wiad 6)leS
LA 2B sbas, elad (6, Sosll ol colaul
Ll gy St & Soop 4 el sl )l
!y iolesl ool (Dennis and Webster 1971a ) o
S5 a5 cedsSLl 5B 5 5 S len )8 2

sdbady sl 3 s9mE Olge pl wyyp
5okt G 0y 1 ComnigS LT slag )l Ay
LojogSe 5 859, S CeiS 5l flang g s ho) 2l
SeS 4 lasl g0 b,las PDB sl Laore o
00 Gido 4y A8, 190 B0 v 90 b (40,5 Seu il
S reg)Sen IV (G K2V Gl pls e g aiiBs
09y Slas 5l asye Ve cdale e 0l 4y
cbz,i 5 ags PDA oS hime o glasl
ol lhaels [l jo ol eols cuas ol o 5l

S oolawl 614.014 092 é)l.a.c (_gl> LY uj)—w} )Ja.mo

oo 5 (55l S)  6,el oliws
Y+ Jsb 4 HP-BMS 5o 45 340 Agilent-7890A
OSbe B AY culs 5 el +VO kS e
k> 0oy0) poda Jel> G ey S +/TO
@iy i e ) bz Sy b (aoys 43/344
Agilent-MSD5975C Jos oo ,> miwcisls 4 e
O slod b B3 g SV Gl @ bl
Gl VAOC b g o,lgS5 0+9C o dids 4w (gl
Al 6l VAT o adds 9o glp e g L
I ool bbbyl sames LSas Slge glulis
o 13k ol wiile alize sla(yiel ) a3
sleuS s b ladab ol dwlie 5 0> loalb
GC- olSiws &L, BLuLS o 59350 Sledllol 4 ol

(Farzaneh et al. 2015) ¢85 & 50 MS

Pl bl o2 B0 55T i

895 dw (59, ondzlpeisl o ulul > ,Bos L5t
oy S e b uilel DS B, ¢ )8
Jolwe ;o o )90 slaguilal I polaie cpl 4y ol
Al At (Ogedgal) 05l (ao ) /D) Ae ySg8
Sbesd Olgae 4 (ao)d ¢ [+ B) A (g5 Jolone (rizmen
Gl 5l slie polie os a3 S L s wals
g Fee Yoo 00 VO slacdile Ay gl onsoly
b S L g g el s Ses Vo
los b (ygyms PDA S Lame (g5l clacSudls
a4 SS19iSs bheli B ol 00 oo 4 g adlal FY-FAC
GlasSias jo S bz @i 5l om ! 092
2 snslen & S oy 28 Sy ool olan 5 5%
ools I3 ctS Lo ool gy CSiis Laws
L oas, SEUT o el Siale o cboSiis ol
(el Y ClidS 5l o waials ools J13 YA °C (sles
Seoln U5 alyy, jsbar g)B 2 Al 2o, o)
28wy als o, slSiis cus e gl
o el 3 i s pSeladl gt Jlasl oIS sbay
b S e LS5 el e sl Glales]
L bowlsl @bz gladle Sajll asye
S dlbre 25 J9e 8 5l 650 e



0 w99 9 (23,00 obF Sl wilul 3B sy i s3liel 5 o9l

ol gyl adiy p (LS sl ilul b
sulel (Saijleih 80 5l cselowsdy mls
Sl e S 5l as sls lid eolatwls jge
i glaclale 5 (2,8 865« uilul go5 o )
3l 35y (P<e/+)) gl gme Sl o uslal
Sl olgicas B cinerea (ggooe jo () Jgu>)
Voo clale aSgyebay i aslis > B &S
ool slioley aulal den 5 s S
2y wiad ol ad, saleil el jsbay alljl,
5 oS By bl i iy Sen P il
3,90 Sl lul (Y Jguz) ols las gluwes dones
wasls Al tubingensis s 1) ST eS ool
chle YLy g B (Sl aSssbay
ealS do e g as sdslie b uilll )l plaSzs
Ol yolegs (e ) 3VF) (Slye gl il s Jagi o,
Sl Aoy B0 5l eSS (YOIOD s ,0) aibjl, 5 (ao )oY )
4 gln g (2sS gy ulul Grizmen (¥ Jou2) a2
Sl g osg boulel ke Olpe 4 o
a abjly Gulel ol flas oer 5l oYL Bl
a5, b Sl Bl el (el e
P S Syeba b Sl w)p 3550 slag B
S b Jb o & 3B ooliiulsyge clale anciy
(i)l crl 5 (TJ9e2) 295 (swsn 3590 Slicslow
ool cdile gl il Sute (Ston
SH3L Glie GRIF 5 (Gl g9 I G 0)
3 SNl Jlade iy aS g ebbay wl cuslis

Slo Fy eolaiuls jae cdale -y 3V
30 2B sl Sugs sty odwlCawsdy b
W odid odslive byl o 2B as; a5 Sl jles
cble pogliwl g8 b ASEB ow)n sskiea
Foo cdale o 255 &gy uill a5 ol las il
Voo cdale o 9 B.cinereaade ;) o yide S
ol @5 an o ade 2 s S
Sdlad (pizen (T Jgaz) sl plis 095 I bl
She> glm pulal clile o VL o bl )8
>sYL ¢ C. cladosporioides 4 B. cinerea ale
osalie B. cinerea ade loley wilel clale

Qo )3 95,1 YO C sles yo odd giale slacsiss
&l lajlusidgn (g9,5ead Jl 2Ll 6l 6 ke
Dennis ) o ooliiw] CundsS Ll slog B glaisl oy,

(and Webster 1971c

595 ComigS LT (5logyB 5 Sl 5 55l (om0
9 oY 090 (9,0 (Al8laz) 5 Lo 9 LoyogSs 5 z B L
90w BIE g ol oold (13 o8 (69,49, el LS
GSele jolate ay WLl o 5l eolannl b (g0 Seis
CanigS Ll )8 Alsgay odads 3 Slge 7z
los b ad) SEBT & (6 SSEES s AL Sg0nne
phio jebay Files z)B &5, s 4 Jiis YOO
Jseyd 5l ool b Saijlojl oy 5wl (5,50l
.Dennis and Webster 1971b) o awlxe &gl
W r’l-".=3| BUS WIS (] JA—.’.LﬂjT

Gl ki gay 325
losls (092 (Jloyp) sole (omy 5 o s)lel 320
i pll SPSS (V16) (o bl lsdleys 5l onlizal L

chw ;0 (S ogeyl 5l eolawl L leesls Sl
ooy EXCell l38le 5 L ajloged 5 duslin auo 0

LR
W
Pl gyl 2lules

A eSien 5550l gloogee sariSesgll Jolate g, 5
hoslial by (Slbcsn,; glaShy owyn b
Bensch et 4 (2004) Beever and Weeds  slaols
B. cinerea Pers(1794) slaaisS sy 4 (2012) al.
C. cladosporioides (Fresen.) GA de Vries
Aspergillus > 18 455 31 wlas SO wul olulis
L aS 5 0oyl sla 655l 51 o s jlwlas tubingensis
Pubulin o5 b Jlg 5 Goliscsy, slegby,
o2l @l «(Khodaie et al. 2014) o ool ololiss


https://en.wikipedia.org/wiki/Pers.

WWAD il 5 ke ) 55led B 5,50 ol S (sla sl 5 DBT Sojslsn S8 7

2 390 SLE)E 2 (B Glauilul (gows S5 Sl (o) p 5l (2L slaosls (uiblg doja ) Jgax
Table 1. Analysis of variance of data resulted from assessment of biocontrol abilities of essential oils on tested fungi

source Df  Mean square
treatment
fungi 2 5258.028™
essential oil 3 7469.517"
concentration 4 28775.901"
essential oilx fungi 6 1345.878"
concentrationx fungi 8 1317.577"
essential oilx concentration 12 2090.547"
essential oilx concentration x fungi 24 476.016™
Error 120 9.169
s Significant in 1% level. oy ) Jlis] e jo jlo g s

SrSskr 5 Sll 5 olslass ((STis eliss  oosS By (sl uibil chlisio (slocilé 5,115 51 3 S5 ol aoys ¥ s
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Table 2. The inhibition percent resulted from the application of different concentration of mentha, spearmint, fennel and
yarrow essential oils against grapefruit rot fungi in vitro tested by mixing with PDA

L essential oil Inhibition percent of Inhibition percent of A. Inhibition percent of C.
Essential oil . . . . e
concentration B. cinerea tubingensis cladosporioides
M. longifolia 75 0 0 0
150 0 0 0
300 26.33a 8.23b Oc
600 100" a 65.33 b 42.33¢
1000 100" a 99.33a 100" a
M. spicata 75 O0b Ob 10a
150 0b 0b 13.77 a
300 8b O0b 27.11a
600 88.44 a 12¢ 54.22b
1000 100" a 36b 100" a
Achillea sp. 75 0 0 0
150 0 0 0
300 29.44 a Ob 0b
600 41.88a 9.77b 15.66 b
1000 100" a 24 ¢ 37.22Db
Foeniculum vulgare 75 0 0 0
150 0 0 0
300 258a Ob Ob
600 6.77b Oc 98la
1000 51.11 a 25.55b 14.35¢

el P00 50 b jlons e Slo e BT by iy o 0 leweal g >
‘S:Lwl C)lﬁ MJL:.@

Values followed by the different letter within the same line have not significant differences in P > 0.05.
*: Fungistatic action
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Table 3. Type and percent of main components identified in the essential oil of mentha (M. longifolia)

Compound Retention time (min) %
a-Pinene 6.010 6.010
Camphene 6.396 0.59
B-Pinene 7.126 1.34
B-Myrcene 7.595 0.99
1,8-Cineole 8.687 4.40
Linalool 10.746 2.14
Camphor 12.022 0.97
Menthone 12.367 12.70
L-Menthone 12.681 6.45
Isomenthol 12.925 2.03
Pulegone 14.860 15.40
Cis piperitone oxide 15.328 17.89
Piperitenone oxide 18.373 21.59
trans- Caryophyllene 19.667 3.01
Germacrene-D 21.181 0.82
Caryophyllene oxide 23.602 2.05

(M. spicata) ST, gl uilul j0 ool olulid doee slocuS 5 ao,0 5 895 .F Joux
Table 4. Type and percent of main components identified in the essential oil of spearmint (M. spicata)

Compound Retention time (min) %
a-Pinene 6.093 111
B-Pinene 7.286 3.15
beta.-Myrcene 7.636 0.97
|-Phellandrene 8.058 2.01
1,8-Cineole 8.977 9.90
trans-Sabinene 9.838 0.95
L-Menthone 13.263 51.09
a-Terpineol 13.761 091
Pulegone 15.085 3.48
B-Bourbonene 18.830 0.44
Isocaryophillene 19.388 0.45
trans-p-Caryophyllene 19.934 7.36
a-Humulene 20.617 1.87
Germacrene-D 21.430 5.15
bicyclogermacrene 21.721 131
Germacrene D-4-OL 23.513 0.25
Caryophyllene oxide 23.703 0.45
Phytol 34.392 0.65

(Achillea sp.) ¢yl ologs (puill ;o oals Gluliss o slocaS 5 0o )0 § £55 .0 Joax
Table 5. Type and percent of main components identified in the essential oil of yarrow (Achillea sp.)

Compound Retention time (min) %

Santolina triene 5.333 4.48
a-Pinene 6.016 1.55
Camphene 6.402 1.25
B-Pinene 7.138 0.61
Trans-Epoxy-Ocimene 7.749 1.69
1,8-Cineole 8.722 9.50
2,7-dimethyl-4(E),6-octadien- 8.984 35.40
2-ol

Linalool 10.242 0.32
a-Campholene aldehyde 10.705 0.65
Camphor 11.963 1.76
L-Menthone 12.295 0.56
Pinocarvone 12.551 0.60
Borneol 12.699 5.99
Camphene 14.765 4.17
Piperitone oxide 15.216 0.83
Piperitenone oxide 18.201 1.07
trans-Caryophyllene 19.620 0.48
Germacrene D 21.175 0.89
Caryophyllene oxide 24.190 0.74
Cadina-1,4-diene 24.777 2.15

B-Eudesmol 25.151 0.70
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Table 6. Type and percent of main components identified in the essential oil of fennel (F. vulgare)

Compound Retention time (min) %
a-Pinene 5.963 0.69
Sabinene 7.023 0.3
B-Myrcene 7.489 0.31
Limonene 8.589 5.09
L-Fenchone 10.348 12.27
Camphor 11.927 041
E-Citral 15.672 0.44
trans-Anethole 16.209 68.88
f3-Bourbonene 18.667 0.22
trans-Caryophyllene 19.54 0.25
Caryophyllene oxide 23.512 0.33
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Figure 1. Mean comparison of the effect of T. harzianum T447 and T. hamatum T612 on percent of growth inhibition of

phytopathogenic fungi, A: dual culture, B: volatile methabolite, C: 10% filtrate culture extract.
For each column, the data followed with the same letter were not statistically different according to Tukey’s HSD test in P< 0.05.
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ABSTRACT

Grape, like other horticultural products due to high humidity, low relative pH and wealth of nutrients, is
subjected to attack by pathogenic fungi during the harvest and storage stages. In this study, at first, the some
post-harvest pathogenic fungi of grape were isolated in Meshgin-shahr and two fungal species including
Botrytis cinerea and Cladosporium cladosporioides were identified as the domonant species. Aspergillus
tubingensis, causal agent of fruit rot and toxigenic species on grape and raisin was selected as well. In order
to evaluate their biocontrol possibility, the effects of Trichoderma harzianum T447 and T. hamatum T622
and four medicinal plant essential oils (EOs) including mentha, spearmint, fennel and yarrow were tested in
vitro. Results revealed that both of anthagonistic fungi were prospering than pathogenic fungi in nutrient
competition and their volatile metabolites showed the highest inhibition to C. cladosporioides. 10% filtrate
culture extract of T. harzianum T447 could effectively (>85%) prevented the fungal mycelial growth. Also,
our results showed that fungal species, EO type and its concentration play a critical role (P<0.01) in fungal
mycelia inhibition. Mentha and fennel EOs were known respectively as the most effective and weakest
treatments. GC-MS analysis demonstrated that piperitoneoxid and Cis piperitone oxide, L-Menthone,
dimethyl-4(E),6-octadien-2-ol and trans-Anethole were the main components of the essential oils of Mentha
longifolia, M. spicata, Foeniculum vulgare and Achillea sp., respectively. Due to the significant inhibition of
essential oils and biocontrol fungi, additional researches about their use for grape post-harvest diseases
control are recommended.
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