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Table 1. Evaluation of the effect of different plant extracts on mycelial growth inhibition of Aspergillus flavus
and aflatoxin production in PDB medium after seven days at 30 °C and darkness

Inhibition % Concentration
Aflatoxin ~ Mycelial growth (ng/ml) Extraction method  Plant species
production Hg
68.33i 26.44mno 250
79.399 35.15hij 500
91.15¢ 49.35¢f 1000 Aqueous extract
100.00a 58.28bc 2000
73.69h 35.74ki 250
85.70e 42.32hi 500 , Lavender
98.31a 58.450c 1000 Methanolic extract
100.00a 65.63a 2000
41.910 19.720p 250
51.25m 27.73Imn 500
72.46h 31.86kImn 1000 Aqueous extract
81.52f 46.65¢fg 2000
56.73k 27.37Imn 250
62.39] 33.92kl 500 , Fennel
78.27g 49.44def 1000 Methanolic extract
85.3% 57.42bc 2000
53.80I 25.270n 250
62.40j 35.47ijk 500
82.12f 41.67ghi 1000 Aqueous extract
89.95¢d 52.29cde 2000
55.23KI 36.52i] 250
72.11h 41.62ghi 500 _ Thyme
88.38d 55.96¢d 1000 Methanolic extract
95.21b 63.66a 2000
26.11s 15.51p 250
31.48r 23.200n 500
37.38p 27.76lmn 1000 Aqueous extract
42.210 32.75)kIm 2000
32.80r 36.16i] 250
35.27q 28.64kImn 500 _ Savory
44.29n 35.46ijk 1000 Methanolic extract
52.14m 42.19ghi 2000
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Table 2. Comparison of mean of test effect of aqueous and methanol extracts on inhibition of pathogenic fungus
Aspergillus flavus using paper disk method

Inhibition percentage Concentration(ug/ml) Extraction Plant
Mixed method
Paper disk withculturewith
culture
15.05k 12.29m 250
22.65i 18.12K] 500
35.84d 28.435fg 1000 Aqueous extract
47.98b 39.315b 2000
21.52i 18.26Kj 250
28.96f 24.27h 500 , Lavender
39.41c 32.12% 1000 Methanolic
55.96a 48.33a 2000 extract
10.65m 8.280 250
15.2k 11.69m 500
24.01gh 17.58k 1000 Aqueous extract
32.52¢ 25.28h 2000
15.12k 12.2Im 250
21.03i 17.34k 500 , Fennel
31.63e 24.54h 1000 Methanolic
33.92¢ 28.33fg 2000 extract
16.85/k 14.2] 250
20.36i 17.74k 500
31.25e 24.08h 1000 Aqueous extract
35.98d 29.53f 2000
21.68i 36.095¢ 250
27.56fg 24.40h 500 , Thyme
35.41d 27.54g 1000 Methanolic
39.54¢ 34.16d 2000 extract
12.58] 7.030 250
14.52KI 10.24n 500
24.02i 15.34] 1000 Aqueous extract
26.54gh 19.45] 2000
14.16KI 10.19n 250
18.02] 14.35L 500 _ Savory
26.14g 18.72Kj 1000 Methanolic

29.45¢ 22.12i 2000 extract
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Figure 1. Chromatogram of medium containing 4000 mg/L extract without pathogen
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Figure 2. Chromatogram of the culture medium containing a concentration of 4000 mg/L of lavender extract
with pathogen
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Figure 3. Chromatogram of the culture medium containing a concentration of 2000 mg/L lavender extract with
pathogen
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Figure 4. Chromatogram of the culture medium containing a concentration of 500 mg/L lavender extract with

pathogen

Flusrescenca
=

-

Males

5.00

3355 sl 85lae 03 5 S slen B sl S Lme 4 by je ol S 5oy S0 S
Figure 5. Chromatogram of the culture medium containing the pathogen without lavender extract
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Table 3. The amounts of aflatoxin B1 and total in the culture medium with different concentrations of lavender
and thyme extracts.

Total aflatoxin

Aflatoxin B1 (ppb) (ppb) Concentration Plant extract
7.99cd 25.48c 500
4.57¢f 14.42e 2000 Lavender
3.46f 3.46f 4000
11.25b 32.17b 500
8.56¢ 25.39c 2000 Thyme
4.52¢f 20.24cd 4000
0 0 4000 Control +Extract

14.85a 39.25a 0 Control
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Table 4. The effect of different plant extracts on inhibition of Aspergillus flavus total aflatoxin and Bl
production on culture medium (percentage reduction of aflatoxin compared to control aflatoxin

Aflatoxin B1 Total aflatoxin _
(ppb) production (ppb) production Concentration Plant extract

46.19d 35e 500

69.22c 63.26¢C 2000 Lavender
76.70b 91.18b 4000

24.24f 18.03f 500
42.36de 35.17e 2000 Thyme
69.56¢ 48.43d 4000
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Table 5. Study of the effect of different plant extracts on inhibition of colonization (spore formation) and
aflatoxin B1 production of Aspergillus flavus on pistachio after seven days of storage at 30 C and dark
conditions

Aflatoxin Spore . .
oroduction %  production % Concentration Solution Plant extract
63.24b 59.84hc 2000 Aqueous extract
72.25a 76.95a 4000 L avender
59.98c 43.25f 2000 Methanolic
61.69bc 56.42cd 4000 extract
51.75de 53.75de 2000 Aqueous extract
58.42c 62.85b 4000 Thvme
42.45¢ 43.26f 2000 Methanolic y
49.25e 49.25e 4000 extract
3 shal ST ilas 1 dn (Sls 3 g,lT o9l 9 w988 shanl sdoslas S1 wyy
Lg)'|ﬁ.:&:4_3T‘53TZ)L4:«(J.:.)):r;U,\:A'F~Hg..E,L&) 9 A flawus i by slgo 10 (Gl
S5 Al & o Loy FY/AD Ol jeay SiS™ J ST L, Q) (59 Cyms” 93T
Ao p S ke Yo CBE L O o) S s W bl & mills 425 Jydr s el
oMt (Lo 30UAF Ol e L) 33 55 shaul ST 6,Lae G35 35 2 33 g 2am OIS Blas oy do)
sl Olpe SASUES opmeS 5l Ol ls me Calee gacbale 5 Jgke 5 2T slacslas i esliza
FARSY pfggf Yooo Gl 4 bye ble 4 oo 2 ol M5 g ol plise DS o G en 5 0T
\% . - . . . .. =
Lo, SFYIYE (ode JIkie b 3 ud oyt sl Jsikie 6 lae AV cdals Hlad 5o ) el A 5 4 S (g o p S
las plo 4 o Oljpe ol &5 039 dald & S deglie Jgdam 5 HsbOler 3505 3 gy I3 me D
3 13 g s (g1l S 3 s sl ST 5)las das g 0L A KL
515 Ol Wty 53 393 g0 CpnS ST Ol 50 @Lﬁ S Lo 53 VF/40) ‘)J:’;gu Ot A 53 (Jfg;‘:‘?"'

Sy (3l s sl 5 Lusdgsshal) oS 45 a & T8 st A el Ol Eal 5 (Aald o
Cel il g3 p Ska Fron Yo Glac kil s el 5 bojlas ple & o Hlie ol 5 el Ol S e

O Lkd 5 S ST Oljn s an 2alS” N o o VL 55 555 ol gme LOT (6 slaclale



YA

s oS W g (gl 5 o] 58 J S8 10,50 9 (o005

oS el e 5 Sl S 5 ol oy (S S
ilas osasa boylas ) (YU 2,6 4o Cls
il it ST s sngslel OLLS
2 ossa S Sl GLS 55 K (K dsS1s)S
5 ok anllls DL opasay gls OLS o)lac
Gib N s ST ey o Sl 5505 5y Godo
BTy ood 5V O za s SSTs PH 415
LHT 5Ca? 0515 5 odks Jg)55m OAs Ghool 4 2t
S35 el LS 5 e Ol s S (e e
5 Js S8 s esnl 93 buy o8 Sl ensilSa
Ra0 et ) 555 o 2,6 sladsbe 5 o e o
.@l., 2010

Slas I YoA v s 0L 5 esljom
(B CSNCIIRS) glf;w.f 5 sl S il
5 orasT dnls Ol 5 Ls Sy A flavus £l
Aby JolS sba O 3 Aty Prr e s oS
(Yahyazadeh et al., 2008) LS . 5l |, BL

Ol (Y21 +) O 5 (il Slidos el
Sa s 05 (sl Olald blae I eslial sl
F. 208 slap s by o (2L (Sla5L 5
Yoo g Foe Cble js 48 (gsmuian Lyls OXyspOrum
Fo gl podes a7 oS 5 jlas s
aw a5 5 dd jlge S s ba OXysporum
F. G)uu)&u\g_m;&i}lga,wgﬁ
=t (Lotfi et al., 2010) 3L _~alS” Ooxysporum
e Sty 53 (YVF) 0 en 5 (6 Lidl Sl
Aspergillusflavus GO Ay bl el Dl )
SLIs plsr o 1o Ble 53 bl ol 487 sl 0l
235 A flavus =, .s, S I3k oAy

R
OLis 45 5yl 54>y godae sla iyl5S
s boslas o BUs 5 s Sk ol odas
LT e o Wl SLS 5 ol alE gla il
s 50T b 5l sl 5 Il ooy

WAt 4 Olg oo Lyl 2 BUs Cupls S SLS 5

YA¥Pe Ll dels Sl s g Bl oS o067
Aol 03 ShB Gl sy Aty f; 23 r;ﬁu
A3 S ke Bren Chle pae 3 55 S ST
S 255 15 odalin 3ype usdssshaul T 6lac
W23l s o 8 55 0 8 SUAVFA 4 BL S 5T O e
@TZJWE:JJJ(’;fg\:ﬂV'“ Chl g opl 5 da
S ST W5 oy PYIYE 2als b s 5 sl
Chle [l b Sl opl 45 (Sl L5 aals 4 S
Sols 335 ol Jsike b5lae 23 550 8 Lo Frrn
oS SWT W5 Olsee o 7S 355 L3 gre D]
sl bslas 2 s p 8 e Yoror Chle 4 by
Jadr) 55 dald 4 Lol Loy FY/FO Olje L (65125

(0

—x

Olsl b glash pgem Sl asy (o eslisa
@305 3)l5 Ty Lamee 4 1) (g pdl Ol laaskd
5 BT (LS 5 ol Sl et oslizal e 4 oyl 5 0Me
Slabs 53 5 odkd pslie paan ol 4 ALE Slagle
S s b ¢ pland DLS 5 opl 5l eolial (un
.(Gholamnezhad et al., 2016) 5 sai oslazul | 3l g0 -y
psbee 055 2 S Glrojlas b I ol mbs
3550 Slaeslas o 13 Olas S ases 53 S 5le zob
Low 53 5l 2B ol b ) G al )3 eslizal
S ol mls asT Jas 4 S o oS
5 oo skl Glaeslas 558 53 o sas 4z B LS,
» Sk [ BAe) e a8 S T
oyl 5,58 53 Ao yd PY/FT 5 FO/PY) 3 CiS Lo
o A Glaojlas )6 Lo Sl s sl (I ke
S S 5 K s (S LOT edias 1S5 ol
S5 b b SAEUAS O w b ol 4 ol
Ghasemi et ) 555 Cob 1) uilul 2,6 4s Il s
FB B s SIS ey e e ol (., 2013
S opl et Galos (pl 53 addllas 3550 Slaejlas 4y
A (W RPPCHM B S | PN o S - IO



yva

1P Jlw (S 8 lowss cpiuiid als ¢ S 320L5 53 snns j L0

esT ol Lol en ol pl bilas 3y w355 s
A Bl g b e 58 BB 25708 ST ol
ool Che Ol poax e g (sl Ol 5 = i flavus
0353 A8l Sl Ol i 0353 S5
O p e 55 Jole Glaoslae 5550 5 b0
A S e Yo Chlew by 2 s Sl
B St sl G 5y 03 5 s skl §)lae
bole Olgea AlE laoslas I eslimal 3y o
Ol o eSS O go3T 53 135 )ke 06 58" 87
CBLE Loy olS Blas 4 by s SauS J xS
s A 35 e Yo

L bMastt gy 4 AE slaolas i eslizal =t
2B L ey BB U Sl 206 ade oiS Laes
e 2 05031 cpl 53 5 edls ESas3 03057 3 ool
U jo 53 5 9355 skl oS & by S z8
Gladde 5l eslimal Sgy 55 4 )3 (G5l sl G
P S ST

Solas ( ol 5 5T IV 3 oslitul duslie 5550 53
L L) 5 dolS oS Ba) 53 8 3550 55 Ik
S by Ol a5 3 gt Saijlasl 1 CiS Lo
Wil a5 e P 7553 B L OIS 0 1) g sbse 2
Sl Yl 548 o oslimel ke bl I &7 Sl
g el Jlaszal LB olE 55 a5l (6 the o ,Bus
505051 33 8 2550 53 (2B LS Sl Olje o S
seipabys Joke s 0T I b dlastad sla 255
b badles ol s s 2 s 0 8 e YOO Chil
(Dababnen & Khalil, 5. lul; oa ol 5 015 il
Sl A 68 e a il addles ol s 2007)
S Cles s 4 a5 by 3 pete Sl 06 A3,
b b Ay Lledls o a4 bojlae z)6 A5,
S e s 9T 45 sl 0305 OLas s gy 5 i alS
oS58 5 B cbassny I B oae K
e o) o Sl el G sT olE 5o J ST 8 sk
235 oy Sl s s ATP (Jshe 0553 S5 lendly

Wl ol b Sl Jsbe o8, o 5l Suly

I, ST, Wdotn o LT 5 o ielS (o
(Soltani et al., s50 o)Ll Jsp 5 05,8 ¢ sod
5 obas SLS S e S S Jses 2007)
sl 5 w31y ess skl wle SIS la Ll
(Stepanovaet al., 2008) 4xb o oUs

CiShaos 5 S ley T8 Ly Sl pedle
Ol 2als anlllae ol s (8L 2ol aalllas 5,40
adl 255 515 odaline 3y g0 CoiS Lo )3 oS ST
G L s LU 5 Wlg 0 S5l SR
Wy o Gl il yp 3um Soley ZoB Ol
Ol O late 5 bl o (20l S ley 736 e
o sl 53 Bk Sl ash e oS 55 S ST 5
Lol 3 A laejlas 35 48 255 o etaliae G
R B R I o
ST Lo 53 ST ol BAS Ll il
4 deyd &S A esls Ol agl s Lsd o
ol sbeoslas s A flavus ke 51 56 oS 56T
Lib e Oghems S )50 oS Jsbl oyl I i
5 el b aglia 53 O gy Se 850 ol T 05lae
Opns Sl ojpn 3555 Gl o) o (I 5U1 laelae
o) s el S g S8 4 8 sl
Chle 3 O gty S olS LT 65l &8 sls Ol Guiow
b by BB oS 5l o 1) s 0 5 e B
HPTLC iy, ool » 5 sl J2alS das)s ¥YN$
b by K0T Canysh oy ol
Syl el S o G5y oS ST
A edalin amiv S5y 03 Camdse 53 Sl
okd 4 S ST I 3L g S5 Ojlews
S 5 s Ol & 5p5 pbs) B o)l bw g
(Gorran et al., b o uuS $MWT 1 Sosline ol
2015)

S eslizal Ose3T 31 odel s 4 o aS b0
Glojlas Sl il L osh Ol delS eSys
S e Iy B bSOl (S

oS sjles 4 by s Sl Sl Ol o i



s oS W g (gl 5 o] 58 J S8 10,50 9 (o005

VY

LGSl S Gl JAS g ST
s ¥ LU s 5 o&KalsT s B. cinerea Jule
(335 sl 31 ey (gl el y o eslital o s
oS Slas 5 (T Gladd= 55 Gl oS & jlas
23 S IS S pe S IV s e
.(Gholamnezhad, 2017) Lzils & 5037 95 »

2 P Glaejlas Sl eslial 05057 5550 )3
Dlas 33 A @y e S35 5oS FWT Ol 20l
AR 53 (513 me 3T (651 aB ot s T 5 s 5 shaml
Sl a5 5 bolea 5 iy dals b awslis 53 (golew oy
35 T alas i 3T Jske sylee oy
AL Olg e ) pabsn ool . ils olen opl SRS
O & Pl Olsea byl 5o & Jsibe s AS7E
S Glaoslas i J 28 ol el il Lod o )
2> JSU i U1 4 e s Bl 5 550
Cond 53 48 0l o jo ()l DS 5 2
GTIBAS DLS 5 s o padsn ) 2550 53 MS
IS 3550 1) 2B Sgline JSI 4 ST Jases 55 o
goB Ao, Ol S Wy 5B 0 ats oy p Lol I3
oslitl 4 a5 JISa) Calises Slalllan 53 dins j2alS 55
35 S Glagiley IS Gl A Glaejlas
S5 5 05w sldd 53 SLS 5 ) Ol @ el o
Sloslas s & a5 sl OlES Guss ol Cu S sy
2L ol o5 4 G ol 5 ek eslizal alE
Gl S S wms e IS 550 CiS Lo
Ny By A s 5 ST Jame 55
RS Cow 5 atm 595 53 |y Golew Ll 5 o0 5 diten
S oS ST Ol 5 u’;.alfjii: Co b g s s
4 OLS 5 S sl Ol andles 540 slaany (69,
Ll 058057 4 536 35 diy 535 2 S ST oS
Az S ST

sl eslas b 4SS s G s
(S par S Sapn Jolo 28 5 bar s @il
L) & 55 Fusarium oxysporum f.sp. lycopersici

2l 88 S s sy SIS AR LST

Dlas g5 Seds 5 ST ST gl b Ol
(Suareza €t 51> Cuus DS 5 cpl jsdm a1y kel
al., 2015)

5 skl A Gbeslas G ol 5
2 s Jsb 4 Azl g g (e 3 3l T
2355 0T 45 Sy 5 LK 3T S ST 5,
GRS AE Glolar s ST s Slides
(Krishnamurthy ol sdw y ST 4 b S 561 A &5
et al., 2006; Thanaboripat et al., 2004)

D § 55 ol oMo 5.8 Jasia G onl S
S e35l3 35 sl Comal oI35k Sl gl il
23 d5bke gl el bl I 2Bl sl o e Sl
Sobe 43 3p L5556 YL G SN OT L a i
J5le (G ol 5 odd oslizal IV 55 o 5 Koo
2osdhe (L5l sy Slyls I Olye 4 by
;W}éérs-"iﬁ@)ﬂfﬁﬂﬁwﬁd»ﬁﬁ
S U esls Ol Gasw ol 51 6,03 Cead 53 3yls
G5 S alsn lapltl Sl s S gl ol S
Jos ST 5l g dske «yls 1) Bl S 56T 4 2
ol 2 oS SWT A5 a8 Ao 5 e
33 dsboes 5 OT 5 Jgoesll SLS 5 a0 Sl S ] 3
23 Jos LS 5 & Ghse 4 kil bl s S
03 oS FWT 03503 087 5 4 25 )3 ey Uy Jilee
(Cowan, 1999) Lil azils laa

6w Sl a&ale3T ey WA L s
ade Jg3UsS 3l L OT S 5 5 (65les sl (2T o)bae
Slels 5loeds = mls Candida sbs S
G e sl Ol mls b el w LAl
C. 5 Candida tropicalis Wil pslie & S Lo s
o) 3,08 5 Al e plus e ST o)las 4 glabrata
Ll o b Doget JUsS 6 L o en ojlas
P ran J93UsS o Ol Al (s 1 R el
.(Jafari Nodoushan et a., 2007) » &

Soke 5 ST Glelas G tasy o

9 ng‘j:fu u":‘iﬁT c$T :\;ﬁ cﬂ\.}\g‘jb cu,ujb‘}i}k.w\



")

1P Jlw (S 8 lowss cpiuiid als ¢ S 320L5 53 snns j L0

8 OT S Ceols 5 zB esds Ui
(Chaieb et al., 2017) 5,15 suJS

s w YAl s 0LKes 5 @obT i oS
Aspergillus flavus S les 5, 3les sl )
S Kl bOT iy S ol b sl
eSS oy (olpd sl uilul ol Saiylssl
e 6y il Olsea Wl ol s ey
D28 G @M i 4 glad sled K
(Gandomi et al., 2008)

Sl AL laeslas oS et S ogMe
N5 oS SWT &2 iz S ol g8 L
Iy b L;uma'& Ll g r oslas pl liyls 26
oy opl ) 5 dsled Jleb Hlad Coei 65 ;;:"a';v-“ﬁ"‘:fﬁ
isd Sl 208l 53 ese Caslie I el
oo 03 Ok (s p 3550 03 4 s Ollae il
033 b 5T o5 Sl ) i pp 5 g 3T SuS”
5o 05 Ol Ol 3, YU L &S Conl osls Olis ol
5 VB GlST, asle ey lag 3T ol saS
SR 5 besT b Sl Ol GlaeST 8
S e Jolo Ol Al 5 o (AUS Slaeslas 5 bl
Coglie il amd 53 5 e pT ool il
{(Gholamnezhad et al., 2016 8,0,C) Lslei Jos LS

TR

A G Cpl 5 okd eslizul LS (slaolas les
Sl 53 5 3y 50 z )6 US4 3B Sl 4 S
LS 5 6 polin Gyl aan a3 5 ik a2 LST
zot Calizes sla By, 4 &S Sl Lse ibus
350 S Gl ojlas Hled Cow (HLST 53 Sl
Lo suaien OT iy Oljee 2 8 15 Guimd ol 53 eslizul
AT (5l i s 5 3 skl I eslinal L o
s Sas g okas 33 ol s Bb S Iy
Aisls 2l 1y OS5 ol il ST S 5T

G2l ALE s ojlas ) eslizal 0sa3T s

55 0T 51 S5 (a8 ST imon 5 8 sles 26

oy p ok 03 8 4 glaoluae 457 sl OLES G oy
Sy blae L3b S Wyl Sl S 206
B 655 5 it deo s VY CBEE L 5l e T
555 A QLS 56 55 el Ll 3 s s 5 oL
Bl ola ol F b o s G Sl an
AN (ST s 5 s plowl g VY L sy ST
Sl i sT dfﬁ clasles ..\_1:)? e Ishikawa
VY CLE b b 8 edos VY 5o /A o /F ke b
2ol i o VY A Bl L L S
(Ghazalbash et al., Lus s, gl mbT
2013)
b il s sl SLolsib 1 gladlas o
S s el Bl 5 e S5 L) (Ml
A sy (FosOlani 5 R.osolani) Ly 4 sby ais
b o 5 S3lidoriesl Ml G ) s bl
A e 5oy (oY er) Swylsil 1 ozt Jils
05031 53 ady S 4 Chle Sl a3 Sl o
(Zandi et al., 2017) Lsls Ol " o Son (g o B
L A lae VY e S 1 glay 5 WlyT
B. 5 P. italicum [P. digitatum sz b Al e
P. sl L JW, o oge L5 S ), Cinerea
05 ke YOr 5100 VO ¢ Jglone L 5 (55 4 Le dligitatum
gt 2 Ol s Lud (g sl By A s
Aol b bese 5 sled ol o ol g sl
(Arras & Vsai, cilas Yoo moll Clale b Jgslauls
2000)
(Carson et al., < 8§ &y & Slllos 4 4> 55 L
OS5 g1 o, 5 2006; Farzaneh et al., 2010)
bl Clbe ) AL laojlae 53 suiS oS 5
© A Glojlas o6 Ao S S s
G S sysb s S LOT skias 1S5 SLS 5
2l b ller oo a b oS 4 Sl (Ses S
P U sss el l)y ojlas 2 s Il olsS 5
Ser Gk 5l ask wils 53 KB ST me Ll
SLI3L Ol 53 O Cakides glaclale 5 o )lae &



S FIST g g o] 18 S 1008 5 005 Y

P sbeslas g BB 5 o sl T4 Ay Al Ll g 035m Jas 055 4 (S slaeslas
oy (S8 30 (535 2 Ol s 53 a5 By La3T 3 on AL A 5 S W Ol 28l OT ol 5 508
oPxeE a4 G ol s addles 555 Glaosles By Slross S35 g 03 (A Glaeslas O3p e
S SLS 5 Olsea 65led sl 5 9055 skl e Beskas ol OBl Ll 5 5 45 das e 0L 03 T
03,5 ¢S Glp S bme Hliags 5 Yo S 256 L baoslas ol 055 dgep b Ol5ien 5 Ligh oo 425

s 4Ll (S ST O Bgesad e L 5 LOT el T s sl LS 5
References

Abdolmaleki, M., Bahramingjad, S., Abass, S. & Mahmodi. S.B. 2010. Inhibitory effect of some plant extracts
on mycelia growth of Rhizoctonia solani and Phytophthora drechdleri, sugar beet root rot agent. Journal of
Sugar Beet, 5:193-205.

Abdul Aziz H, Omran A. & Zakaria, WR. 2010. H,O, Oxidation of Pre-Coagulated Semi Aerobic Leachate.
International Journal of Environmental Research, 4 (2): 209-216.

Achtman, M. & Wagner, M. 2008. Microbial diversity and the genetic nature of microbia species. Nature
Reviews Microbiology, 6: 431-440.

Adish, M., Fekri M. & H. Hokmabadi. 2010. Response of Badami- Zarand pistachio rootstock to salinity stress.
International Journal of Nuts and Related Sciences, 1(1): 1-11.

Adish, M., Fekri, M. & Hokmabadi, H. 2010. Response of Badami-Zarand Pistachio Rootstock to Salinity
Stress. International Journal of Nuts Related Science, 1(1): 1-11.

Adler H, Messerle M. & Koszinowski U.H. Cloning of herpesviral genomes as bacterial artificial chromosomes
Rev. Med. Virol 2003; 13:111—121.

Agrios, G.N., 2005. Plant Pathology. 5" ed. Academic Perss, San Diego, USA. 948pp.

Alam, P., Mohammad, A., Ahmad, M.M., Khan, M.A., Nadeem, M. 2014. Efficient method for Agrobacterium
mediated transformation of Artemisia annua L. Recent Patents Biotechnology, 8: 102-107.

Anonymous, 2010. Annals of agricultural statistics. Department of Statistics and Information Department of
Planning and Economic Affairs, Agriculture Organization of Khorasan Razavi.

Apdl, K. & Hirt, H. 2004. Reactive Oxygen Species. Metabolism, Oxidative Stress, and Signal Transduction.
Annual Review of Plant Biology, 55: 373-379.

Ardakani, A. S., Gaur, H. S., Kamra A. & Mohan, S. 2009. Impact of Azadirachta indica (neem) seed and kernel
extracts on Meloidogyne incognita, Cephal obus persegnis and Heterorhabditis indica in vitro. International
Journal of Nematology, 19(1): 87-95.

Ark, P.A. & Gardner, M.W. 1956. Occurrence of angular leaf spot of cucumbers in California. Plant Disease
Reporter, 40: 61-62.

Arras, G. & Vsai M. 2001. Fungitoxic activity of 12 essential oils against four postharvest citrus pathogens:
chemica analysis of thymus capitates oil and its effectin subatomospheric pressure condition. Journal of
Food Protection, 64:1025-1029.

Bagheri, V., Shamshiri, M.H., Shirani, H. & Roosta, H., 2012. Nutrient uptake and distribution in mycorrhizal
pistachio seedlings under drought stress. Journal of Agricultural Science and Technology, 14 (Suppl.),
1591-1604.

Bahramingad, S., Asenstorfer, R.E., Riley, I.T. & Schultz, C.J. 2008. Analysis of the antimicrobial activity of
flavonoids and saponins isolated from the shoots oats (Avena sativa L.). Journal of Phytopathology, 156: 1 -
7.

Bakkali, F., Averbeck, S. & Averbeck, D. Idaomar M. Biological effects of essentia oils. 2008. A review. Food
Chemistry Toxicology, 46: 446-475.

Bayman, P., Baker, J. L., Doster, M. A., Michailides, T. J. & Mahoney, N. E. 2002. Ochratoxin production by
the Aspergillus ochraceus group and Aspergillus alliaceus. Applied and Environmental Micrabiology, 68:

2326-2329.

Beiko, R. G., Doolittle, W.F. & Charlebois, R.L. 2008. The impact of reticulate evolution on genome phylogeny.
Systematic Biology, 57: 844-856.

Bidarigh, S., 1998. The Greenhouse Culture of Cucumber. Samar Publisher.

Bradbury, J. F. 1986. Guide to Plant Pathogenic Bacteria. CAB International Mycological Institute, p. 329.

Breitholtz-emanuelsson, A., Olsen, M., Oskarsson, A., Palminger, |. & Hult, K. 1992. Ochratoxin A in cow's
milk and in human milk with corresponding human blood samples. Journal of AOAC International, 76, 842-



Y VPR Jls S 5 Lol qpiidd ¢ Swd j9olS 45 am ) 50

846.

Bui-Klimke, T.R., Wu, F. 2015. Ochratoxin A and human health risk: A review of the evidence. Critical
Reviews in Food Science and Nutrition, 55(13): 14-51.

Burdman, S. & Walcott, R., 2012. Acidovorax citrulli: generating basic and applied knowledge to tackle a global
threat to the cucurbit industry. Plant Pathology, 13 (8):805-815.

Burdman, S., Kots, N., Kritzman, G. and Kopelowitz, J. 2005. Molecular, physiological, and host-range
characterization of Acidovorax avenae subsp. citrulli isolates from watermelon and melon in Israel. Plant
Disease, 89(12): 1339-1347.

Carson, C.F., Hammer, K.A., Riley, T.V. 2006. Melaleuca alternifolia (Tea Tree) Qil: A Review of
Antimicrobial and Other Medicinal Properties, Clinical Microbiology Reviews, 19: 150-62.

Chaieb, K., Hajlaoui, H., Zmantar, T., Kahla-Nakbi, A.B., Rouabhia, M., Mahdouani, K., Bakhrouf, A. 2007.
The chemical composition and biological activity of clove essential oil Eugenia caryophyllata (Syzigium
aromaticum L. Myrtaceae): a short review. Phytotherapy Research, 21: 501-506.

Chitwood, D.J. 2002. Phytochemical based strategies for nematode control. Annual Review of Phytopathology,
40: 221-249.

Commission, C. A. 1998. Position paper on ochratoxin A. CX/FAC,14, 99. Cowan, M.M.1999. Plant products as

antimicrobial agents. Clinical Microbiology Reviews, 12: 564-585.

Dababneh, B.F. & Khalil, A. 2007. The Inhibitory Effect of Extracts from Jordanian Medicina Plants Against
Phytopathogenic Fungi, Plant Pathology Journal, 6(2): 191-19.

Fani, SR., Mirabolfathy, M. & H.R. Zamanizadeh. 2015. Identification of Pistachio Root and Crown Rot
Casual Agentsin Sistan Province, Journa of Pistachio Science and Technology, 1(2): 74-92.

Farzaneh, M., Ahmadzadeh, M., Hadian, J. & Tehrani, A.S. 2010. Chemical composition and antifungal activity
of the essential oils of three species of Artemisia on some soilborne phytopathogens. Communication of
Agriculture Appllied Biology Science, 71: 1327-1333.

Farzaneh, M., Shi, Z.-Q., Ghassempour, A., Sedaghat, N., Ahmadzadeh, M., Mirabolfathy, M., & Javan-
Nikkhah, M. 2012. Aflatoxin B1 degradation by Bacillus subtilis UTBSP1 isolated from pistachio nuts of
Iran. Food Control, 23(1), 100-106.

Gandomi Nasrabady, H. et al. 2008. Effects of Zataria multiflora essence on Aspergillus flavus. Journal of
Medicinal Plants, 27:45-51.

Gelderblom, W., Jaskiewicz, K., Marasas, W., Thiel, P., Horak, R., Vleggaar, R. & Kriek, N. 1988. Fumonisins--
novel mycotoxins with cancer-promoting activity produced by Fusarium moniliforme. Applied and

Environmental Microbiology, 54: 1806-1811.

Ghasemi, S., Khoshgoftarmanesh, A.H. Afyuni, M. & Hadadzadeh, H. 2013. The effectiveness of foliar
applications of synthesized zinc-amino acid chelates in comparison with zinc sulfate to increase yield and
grain nutritional quality of wheat. European Journal of Agronomy, 45: 68-74.

Ghazalbash N., Abdollahi M. & Shahriari D. 2013. Antifungal effect of thyme extract of Shirazi and Choyil on
tomato wilting fungus, Fusarium oxysporum f.sp. lyopersici, in laboratory and greenhouse conditions. Plant
Medicine (Scientific Journal of Agriculture). 36 (4): 53-65.

Gholamnejad, J., Etebarian, H.R. & Roustaee, A. Sahebani N. 2009. Biological control of apple blue mold by
isolates of Saccharomyces cerevisiae. Journal of Plant Protection Research, 49: 270-275.

Gholamnezhad, J. 2017. Effect of plant extracts against apple gray mold caused by Botrytis cinerea. Applied
Microbiology in Food Industries, 3(1): 53-66.

Gholamnezhad, J., 2019. Effect of plant extracts on activity of some defense enzymes of apple fruit in interaction
with Botrytis cinerea. Journal of Integrative Agriculture, 17: 1-10.

Gholamnezhad, J., Sanjarian, F., Goltapeh, E.M., Safaei* N. & Razavi, K. 2016. Effect of salicylic acid on
enzyme activity in wheat on immediate early time after infection with Mycosphaerella graminicola. Scientia
Agriculturae Bohemica, 47 (1): 1-8.

Gholamnezhad, J., Sanjarian, F., Mohammadi Goltapeh, E., Safaei, N. & Razavi, Kh. 2012. The evaluation of
salicylic acid effect on septorios disease by Mycospharella graminicola. Researches Plant Pathology 2 (2):
35-46.

Gorran, A., Farzaneh, M., Shivazad, M., Rezaeian, M. & Ghasempour, A. 2013. Aflatoxin Bl1-reduction of

Aspergillus flavus by three medicinal plants (Lamiaceae). Food Control, 31: 218-223.

Gorran, A., Salehnia B., Farzaneh, H.R., Farzanehorcid, M. & Shivazad, M. 2015. Effect of essential oils and
extracts of Satureja macrosiphon and Satureja khozistanica on mycelial growth and aflatoxin B1 production
in Aspergillus flavus. Journal of Veterinary Research, 70(2): 139-145.

Hadian, S. & Rahnama, K. 2011. Comparing Neem extract with chemical control on Fusarium oxysporum and
Meloidogyne incognita complex of tomato. Advances in Environmental Biology, 5(8): 2052-2057.



eSSV g sl pann] )5 S 2], g 00,5 "W

Han, Y.H. et al. 2008. Distribution of the tandem repeat sequences and karyotyping in cucumber (Cucumis
sativus L.) by fluorescence in situ hybridization. Cytogenet. Genome Research, 122: 80-88.

Huang, S, Li, R, Zhang, Z., Li, L., Gu, X., Fan, W., Lucas, W. & Wang, X. 2009. The genome of the cucumber,
Cucumis sativus L". Nature Genetics, 41 (12): 1275-1281.

Huyskens-Keil, S. & Schreiner, M. 2004. Quality dynamics and quality assurance of fresh fruits and vegetables
in pre- and postharvest. PP. 401-449. In: Dris, R. and S. Jain (Eds.), Production.

Jafari Nodoushan AA, Dehghani M. & Mirbagheri S.M. 2007. In vitro antifungal effect of aqueous garlic Allium
sativum extract and its combination with fluconazole against five common clinical Candida isolated from
Candidiasis Lesions. JKerman Uni Med Sci 14: 153-62. (in Persian with English abstract)

Javanmardi, J., Lesani, H. & Kashi, A. 2001. Effect of NaCl salinity on the uptake and transport of melonsin
five varieties of Iran native. Iranian Journal of Agricultural Sciences, 3 (1): 31-40.

Kim, S., Rayburn, A.L.,Voigt, T., Parrish, A. & Lee, D.K. 2012. Sdlinity Effects on Germination and Plant
Growth of Prairie Cordgrass and Switchgrass, Journal of Bioenergy Research, (5): 225-235.

Krishnamurthy, Y.L. & Shashikala, J. Inhibition of aflatoxin B1 production of Aspergillus flavus isolated from
soybean seeds by certain natural plants products. Letter Applied Microbiology, 2006; 43: 469- 74.

Lai, X., Liu, R, Ruan, C., Zhang, H. & Liu, C. 2000. Occurrence of aflatoxins and ochratoxin A in rice samples
from six provinces in china. Key Laboratory of Natural Pesticide and Chemical Biology. South China
Agricultural University, Guangzhou, 510642, China, unpublished.

Liu, F., Andersen, M. N., Jacobsen, S. E., & Jensen, C. R. 2005. Stomatal control and water use efficiency of
soybean Glycine max L. Merr.) during progressive soil drying. Environmental and Experimental Botany,
54(1): 33-40.

Lotfi, A., Jafarpour, M., Etemadi, N. 2010. Evolution effect of essential oil Thyme ajowan and Pennyroyal plant
fungi Fusarium oxysporum. Fifth national conference new ideas in Agriculture University Azad Idamic
Isfahan (Khorasgan), Faculty of Science Medicine, 16-17. (in Persian with English abstract)

Mahmoudi, R., Golchin, A., Hosseinzadeh, N. & Ghajarbeygi, P. 2014. Aflatoxin M1 and B1 contaminations in
products of animal originin Iran, The Journal of Qazvin University of Medical Sciences, 18 (4): 49-59.
Meeting, J. F. W. E. C. O. F. A. & Organization, W. H. 2007. Evaluation of certain food additives and

contaminants. sixty-eighth report of the Joint FAO/WHO Expert Committee on Food Additives, World

Health Organization.

Nazerian, E. & Mirabolfathl, M. 2013. Characterization of Phytophthora nicotianae Pathogenic
to Chamaerops humilisin Iran. International Journal of Agriculture and Forestry, 3(4): 159-161.

Pitt, J. 2000. Toxigenic fungi: which areimportant? Medical Mycology, 38: 17-22.

Rao, A., Zhang, Y., Muend, S. & Rao, R. 2010. Mechanism of antifungal activity of terpenoid phenols resembles
calcium stress and inhibition of the TOR pathway. Antimicrobial Agents and Chemotherapy, 54: 5062-5069.
10.1128/AAC.01050-10.

Sheibani, A. 1994. Pistachio production in Iran. First International Symposium on Pistachio Nut, Adana, Turkey.

Skaug, M.A., Helland, I. & Solvoll, K. 2001. Saugstad OD. Presence of ochratoxin Ain human milk in relation
to dietaryintake. Food Additives & Contaminants, 18(4): 321-327.

Soltani Tolarod, A.A., Sadleh Rastin, N., Khavazi, K., & Asadi Rahmani, H. 2007. Isolation and evauation of
PGP characteristics of some fluorescent Pseudomonads of Iranian soils. Iranian Journal of Soil and Water
Research, 21(2): 277-289.

Sorrenti, V., DI Giacomo, C ,.Acquaviva, R., Barbagalo, I., Bognanno, M. & Galvano, F. 2013. Toxicity of

ochratoxin a and its modulation by antioxidants: A review. Toxins, 5: 1742-1766.

Stepanova, A.N., J. Robertson-Hoyt, J., Yun, L. M. Benavente, D. Y. Xie, K. Dolezal, S. G. Jurgens, & J. M.
Alonso. 2008. TAA1-mediated auxin biosynthesisis essential for hormone crosstalk and plant devel opment.
Cell, 133:177-191.

Stroka, J., Anklam, E., Jorissen, U. & Gilbert, J. 2000. Immunoaffinity column cleanup with liquid
chromatography using post-column bromination for determination of aflatoxins in peanut butter, pistachio
paste, fig paste, and paprika powder: collaborative study. Journal of AOAC International 83: 320-340.

Suareza, C., Cardinalea, M., Rateringa, S., Steffensb, D., Jungb, S., Zapata, A M., Rita, M., Plauma, G &
Schnella, S. 2015. Plant growth-promoting effects of Hartmannibacter diazotrophicus on summer barley
(Hordeumvulgare L.) under salt stress. Applied Soil Ecology, 95: 23-30.

Tavalali, V., Rahemi, M. & Panahi. B. 2008. Calcium induces salinity tolerance in pistachio rootstocks. Fruits,
63: 201-208.

Teniola, O. D., Addo, P. A., Brost, I. M., Farber, P., Jany, K. D., Alberts, J. F., Van Zyl, W. H., Steyn, P. S. &
Holzapfel, W.H. 2005. Degradation of aflatoxin B (1) by cell-free extracts of Rhodococcus erythropolis and
Mycobacterium fluoranthenivorans sp. nov. DSM 44556(T). International Journal of Food Microbiology,
105: 111-117.



Y0 VPR Jls S 5 Lol qpiidd ¢ Swd j9olS 45 am ) 50

Tester, M. & Davenport, R.J. 2003. Nat+ transport and Nat+ tolerance in higher plants. Annua of Botany, 91:
503-527.

Thanaboripat, D., Mongkontanawut, N., Suvathi, Y. & Ruangrattametee, V. 2004. Inhibition of aflatoxin
production and growth of Aspergillus flavus by citronella oil. KMITL Science and Technology Journal,
4(1): 1-8.

Wu, Q.S. & Y.N. Zou. 2009. Arbuscular mycorrhizal symbiosis improves growth and root nutrient status of
citrus subjected to salt stress. Science Asia, 35: 388-391.

Y ahyazadeh, M., Omidbaigi, R., Zare, R. & Taheri, H., 2008. Effect of some essential oils on mycelial growth
of Penicillium digitatum Sacc. World Journal of Microbiology and Biotechnology, 24: 1445-1450.

Yonemura, |., Nakada, K. & Sato, A. 2007. Direct cloning of full length mouse mitochondrial DNA using a
Bacillus subtilis genome vector. Gene 391:171—177.

Zandi, Sh., And Hemmati, R., Rezaei, S. & Movahedi Fazel, M. 2017. Study of the effect of some plant essential
oils on two fungal agents of bean root rot Rhizoctonia solani and Fusarium solani in Zanjan province.

Iranian Medicinal and Aromatic Plants Research, 33 (3): 411-422.



Ard Biocontrol in Plant Protection. Vol. 8(1), 2020

Control of Aspergillusand related aflatoxin production by using different plant extracts

Soodeh Karimi?, Jalal Gholamnezhad? M ojdeh M aleki®

1. Department of Plant Pathology, Faculty of Agriculture, Varamin-Pishva Branch, Islamic Azad University,
Varamin, Tehran, Iran

2. Department of Horticultural Sciences, Faculty of Agriculture and Natural Resources, Ardakan University,
Ardakan, Iran

Corresponding author: Jalal Gholamnezhad; Email: jgholamnezhad@ardakan.ac.ir

Received: Nov., 24, 2020 8(1) 117-136 Accepted: Feb., 15, 2021

Abstract

Pistachio is an important export product in Iran. This product is constantly threatened by Aspergillus flavus and
its aflatoxin. Researchers are now looking to use alternative non-hazardous methods instead of other methods of
management of plant diseases, such as the use of chemical pesticides. Plant extracts as an environmentally
friendly method can be a good alternative to chemicals. In this study, the effect of plant extracts including
lavender (Lavandula stoechas), thyme (Thymus vulgaris), fennel (Foeniculum vulgare) and savory (Saturgja
hortensis) on the amount of degradation and aflatoxin production in vitro, by paper disk methods and mixing the
extract with the culture medium, as well as in the storage conditions and on pistachio were investigated. The
results showed that using of 2000 mg/L methanol extract reduced the growth of pathogenic fungus by 65.63%. In
the tests of using the extracts on the paper disc as well as mixing the extracts with the culture medium, aqueous
extract of lavender with a concentration of 2000 pg/ml prevented the growth of pathogen by 39.31 and 55.96%,
respectively, and thyme extract with a concentration of 2000 pg/ml inhibited the fungal growth by 29.33% and
39.54%, respectively. These extracts had the highest effect on the pathogen growth. When the extracts were
applied directly to aflatoxin, the results showed that the concentration of 4000 mg/L lavender prevented the
aflatoxin production in the culture medium by 91.18%. Finaly, aqueous extract of lavender at 4000 mg/L
showed the highest effect (76.95% compared to control) in reducing the amount of spores produced by
pathogenic fungi on pistachio fruit. The results of aflatoxin content in pistachio showed that both studied plants
(lavender and thyme) at concentrations of 2000 and 4000 mg/L significantly reduced the amount of aflatoxin
produced. Due to the remarkable and good effect of plant extracts on pistachio fruit under both in vitro and in the
storage, the studied extracts, especially lavender and thyme, are natural compounds with high fungicidal effect
and environmentally friendly effects.
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