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Abstract

Objective

Contamination of pistachio with Aspergillus and aflatoxin is one of the most important problems
in the production and export of this valuable product. In this research, in addition to molecular
identification of Aspergillus flavus and Aspergillus parasiticus and determination of the
frequency of their toxigenic and nontoxigenic isolates, the population of Aspergillus flavus clade
was measured in the soil, intact and cracked fruits of cv. Ohadi in 6 treatments of last irrigation
before harvest (5, 10, 15, 20, 25, and 30 days).

Materials and methods

Isolation of Aspergillus flavus clade fungi from soil, intact and cracked fruits was done by serial
dilution method on DRBC culture medium. Aspergillus flavus and Aspergillus parasiticus were
identified by macromorphological and molecular (calmodulin primer) features and screening of
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toxigenic and nontoxigenic isolates was performed using coconut-agar medium (CAM) and thin
layer chromatography (TLC). This experiment was carried out in a complete randomized block
design with four replications during the years 2012 to 2014.

Results

Out of 233 collected isolates of the Aspergillus flavus clade, 221 and 12 isolates belonged to
Aspergillus flavus and Aspergillus parasiticus, respectively. In cracked and intact fruits and soil,
the frequency of toxigenic isolates of Aspergillus flavus and Aspergillus parasiticus was 86.5,
87.5, 88.7% and 80, 75, 100%, respectively. Based on the results of the combined analysis, the
last irrigation treatments 30 and 25 days before harvest have the lowest and the last irrigation
treatments 10 and 5 days before harvest have the highest population of Aspergillus flavus clade
in the soil, intact and cracked fruits that showed significant difference with each other. Using
manure significantly increased the population of Aspergillus flavus clade, so this increase in
cracked, healthy fruits and soil in 2013 was 66, 83, and 114%, respectively.

Conclusions

The results of the present research showed that a reduction of the interval between the last
irrigation and the time of fruit harvesting (high moisture percentage of the surface soil of the
orchard) and the using manure can increase the population of Aspergillus flavus clade in the soil,
intact and cracked pistachio fruits. Increase in the fungal population is accompanied by the
frequency of toxigenic isolates of Aspergillus flavus and Aspergillus parasiticus. Adjusting the
irrigation cycle, so that the last irrigation is 25 to 30 days before the fruit harvesting, can reduce
the possibility of contamination of the pistachio kernels to Aspergillus and aflatoxin.
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5 Aspergillus flavus «¢5 ¢ ololis i plosl DRBC S lause g9y ) slamw 9 (gumslwge
Soalis (£ 5 a5 (od5d9alS o) JsSlge 5 (SeolghisesSle o Shs J eslizl L A, parasiticus
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ljloss g (5508 (SB Cughy (3508 b slayles) bl 1 3 59, Y0 5 ¥ (il e 3T sloloss 850 426 ol
I, Aspergillus flavus clade coxes oyt (SB Cugby oyt b (slayloss) cuildp 51 LS 59,0 9 Ve oylol op 3
&yl e yobo 4 1y Aspergillus flavus clade cuxes (ols 365" 31 onliul aiols ()Lis 0395 S5 g Wl (slaogus « S
Dy dod WY g AV &F i 4 WAY Jlo 10 SB g pll w0dyed Sy slrogus 10 (iulj8l cpl a8 (g )sbo @ ol ilsél
S Cagb)y oy 539 YU) ogme cuilsp oloj b gylol o0 )3T alold ials aS sl (Lis pils Guios ol 1 S Aol
5 Wl slaoge S8 ,> Aspergillus flavus clade cuxes jiol33l coge Llg5 o ol 355 51 oaliel 5 (b (ddaw
Aspergillus 455 5 ljmnsS's slaalis Slolyd b olyen ()8 counes i3l aSl ) do g5 b 03,5 Aty 03955 )5
il ogee cudlyys 5 LB 9, Yo B YO oylol op 3T S (ygb )bl H9d mabais b asL e A, parasiticus g flavus
2 GialS 1) S gl ags o ASPErgillus & atws sloogee (5ol olg5 o

13 355 35S $ Slatli e T L0 lg0lS

singi e £

oS5 oS (WF0)) e pade gdoze i 33 (s dogans Jais ol (Blho syl (g0 13LAI
o3y ogme g S > casly 5l S oylol o8] sl leas p> Aspergillus parasiticus 5 Aspergillus flavus coses

Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

Y.

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



B L R L R R L R

Y€+ cdb&oﬁgd.\o&u

L O L e . R R R R R R R S

L clals oSy (o) by oL Anacardiaceae «olgls ;| Pistacia vera L. ole pb L ol auy

Y guao oy ek | 4w (ESMAilpour et al. 2020) 33,5 o plool b abuwg 4 o] SLidl 03,5 g 0392 ,3 S5 s oguo
9 S i OFYF dous WA o pd diuy CuiS ) pdaw )by jodS @i d Glyolo 0 ege phew 9 Cawl lpl SLel
g ausly glgy 598 bl YA p3 oS cpl cusls (Ahmadi et al. 2020) cul 039 o5 o YAY g0 o] wJgi )l
orbail 35 a1y dny S pj o (g SR OF 9 WY Y L a5 403 5 w92y ool loyS sl
Sz, 4 diay ogae (53¢l ¢ Jgame ol Slplo 5 g 1> SMidme oy yiene 5 (S (Ahmadi et al. 2020) wlosls
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6rglgen iy 53 000 9 Sl pladises by loj 3 4 L plol g b BT atim 3 035 (sl Jlo o 5o Aty
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DA« axhad 13S5 5 00l (5,503l01 (NanoDrop Technologies, USA) jregibg il olfiws 3l oslitul b s gl el
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Figure 1. Green colonies of Aspergillus section Flavi on DRBC medium
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S M i3le ol S 955800 )55 L g 0392 (655LS Y ganno (g9 wiee Slislon Jolos olgis 4 adisS ol 5l s

o
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3y 55yl Y game 4y 1) pzei BB (olabl ©)lus sl SigilaslSiw 5 ol K950 ol Signgpos ¥

(Vargaetal. 2011) sl o

B A Aspergillus parasiticus g Aspergillus falvus _o9SugySwo (W SS9 9 &5 5 dwslin .Y S0
9 CYA20S CYA cuis o aw (59, A. parasiticus glas , :F E D g A. flavus glaas,y C
A. parasiticus g A. flavus s 09005 9 W y9941045 :H § G .MEA

Figure 2. Comparison of colony and microscopic characters of Aspergillus flavus and
Aspergillus parasiticus. A,B,C colonies of A. flavus and D,E,F colonies of A. parasiticus on
CYA, CYA20S and MEA media. G and H: Conidiophores and conidia of A. flavus and

A. parasiticus. Scale bars: G,H=10 pm

4S5 5 ool el 55 Aty Sl (slisb o Ll (S cogee 5 ASPEIGINIUS s 5 Lalise (sladisS 5iSh dn )5
ol 5l olgen CpnS $MET Wge slaKS olgie 4 A. parasiticus ¢ A. flavus 43 g Lol wsloss )55 ¢ (s5lolis

Doster & Michailides 1994 a,b; Heidarian et al. 2005; ) slodgs }l3,95  dt o900 9 S 91880 45 (clodg
Y11
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Mo s & A flavus 445 (Rahimi et al. 2007; Mohammadi et al. 2008; Moradi et al. 2014, 2015
Varga et ) ashs |y oLl g Sllas 13 ol ylews )38 ¢ pogudis 423 YV (slod )3 0y Ul 5 ololys o g8 sl ygun!
DOSter ) wisb o 35 a9 uwoj pIob «)d it 13 S Mol Wgo (slag,BB 1 yiogen 51 (S 4] o ogMe (al., 2011
(& Michailides 1994a, 1995b; Kabirian et al. 2011; Georgiadou et al. 2012

WYW/B) alis WY g 15 opmS 35 (0 )3 AS/D) aglis AY A, Flavus alus A8 5l o3, S5 slaoges ;5 ( Jlos ¥ gg0ome 4
(10> AV/D) alas £Y conds ololis AL FlAVUS alis VY ol )3 55 Wlos (sloogee ;3 () Jodo) 05390 15 0pnS 95l (Lo
£ g (o> MIV) FY iy 55 S 5l ond (gpglaes alis OF 5139y 1jopmnS 95 e (Muoyd VV/D) dlis A g |5 S5
29 Jo aw ggeme 3 AL PArasitiCus (gl sy slaalis 1o)d D¢ 1S 5 g oS 95 cslin (1o )> VV/Y)
(Y Jodn) 295 duopd oo g YO F ¢ dj S si e sladlis g lopd Voo YD Ar iy ay SB 5 Wl wdyeb Sy slaoges
claalis b awlis 3 A, parasiticus ¢ A. flavus g3 93 )5 1S 95 e (claalis dlass a5 sy olis guios ol gl
Sl 9 ol gy 35 Clbllae uilie plo ol b ol ool o A3bin 505ty BB o & oSy
o) Slalyd 5l (S 65 e g liow O «s95y Hlulys cod (ledol (yloyS (ola oyl dty slagl 5l sailas A, flavus
a5 W5 ooy oyl ,Kon sladllas p> (Fani et al. 2014) 59 10> VY 9 4/Y ¥ AV/E OY AT IV (e 4 laaglas
(B 935 (lo)S (s9sy B (e slalisl jl ond (¢9laes Aspergillus section Flavi 4l v+ Lo 5
Mohammadi moghadam et al. ) 4l e [jms'ss (ho)d AVY) wlin VoV g 15pmS 5l (o )d Vo/A) alas VY
BAS 5155 15 oS $ e i a0 > /A 0ds (gjlulis A, flavus alas AT 5l 55 L,alls atay clagl ,> (2020
A flavus (liomss claalis Sl 5 @) Wile (5Yaame > ol pbxil wllllas (Michailides et al. 2007)
Vaamonde et al. 2003; Donner et al. 2009; Varga et al. 2011; Probst ) uS' o 5,/ &0y £+ 5 ¥+ g0
oS5 alia ¥ g ¥ i a ol g 03,95 S5 (slaogee 5l onds (gjlulis AL parasiticus 4l ¥ 50 5l .(et al. 2011
2 ke slaaisS s (S AL parasiticus g3 .13g [joumS ¢ «SB 5l odd gyglaes slathis ol aSls ;5 034
Doster and Michailides 1994 a,b; Mohammadi et al. 2008; DOSter ) aiw; y ogMe &5 ol A. flavus «sLs
duolie 3 Lol azily 3¢9 35 (ROrigues et al., 2009) plsb ¢ cuosphl sile (5,9liS” ¥ g plo ,> (et al. 2014
Dostre and ) wsl o ISy A, parasiticus glaals plos lo,d o) s (281, A, flavus w8 L
polte odlitul ¢ ylo,S ylinel )3 At (S ST pimw 3939 45wy o0 Jlaias (Michailides 1944b; Varga et al. 2011
Oizmod 5 dae byl )l ¢ 138 0y g9 Al flavus clade slag B cores Jol plis I (S lgie 4 oold sladgS )]
Fani et ) uib o Sgo omS gy 5 omSs cloaliz e Ol )3 beusdS)ly o plo b g8 ol (iiaSa
[(al. 2014a,b

1y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



B L R L R R L R

(YE+Y oylimo € 0ylowd (V€ 0y90) (659WiS (5590980 gus dlmo

-JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF-

sawilas Aspergillus flavus g5 mmSsi me g 150mms o7 s lus aslas JS slaxs Slgl 8 .Y Jous

Jw aw lo; o )0 diug L SE 5 Jlw 03,555 5 (sdogao 3
Table 1. Frequency of total number of isolates, toxigenic and non-toxigenic collected isolates
of Aspergillus flavus from cracked and healthy fruits and soil for three years.

Cracked fruits — o3,558 5 (slooge

dLMi'I.\? (M )3? ol ‘5&4%1% (Mo )3) sl lagis S as s piges (sl Lo
0 P S Total number of Year of sampling
Number (%) of Number (%) of isolates
atoxigenic isolates toxigenic isolates
3 (12.5%) 21 (87.5%) 24 1392
6 (14.3%) 36 (85.7%) 42 1393
4 (13.3%) 26 (86.7%) 30 1394
(WY
13 (13.5%) 83 (86.5%) 96 e

Total of 3 years

Intact fruits ol claoges

2 (10.5%) 17 (89.5%) 19 1392
4 (13.3%) 26 (86.7%) 30 1393
3 (13%) 20 (87%) 23 1394
9 (12.5%) 63 (87.5%) 72 Jlo ¥ ggecxs
Total of 3 years
Soil =&

1(7.1%) 13 (92.9%) 14 1392
3 (14.3%) 18 (85.7%) 21 1393
2 (11.1%) 16 (88.9%) 18 1394
6 (11.3%) 47 (88.7%) 53 Ju ¥ ggocne

Total of 3 years

(TLC) S3b aY b 31,5 55lg,S 5 (CAM+AV) Slogel )5 5l sl b 5T- LS5 baes b9 95 5318 dunslio

Ghop Voo 5AY/A Bl 5l S Aparasiticus g A. flavus «s3 ¢ (gl3mns 55 e slaaslis SS& g ololis sy
03555 )5 slmogee 9 WYAY Jlos )3 Wl (slaoges jlonslis AL FlAVUS alis 6 s (Fo ¥ sla Jgan) 392 (59, 93 ol gl
oS 5 TLC (g0l ool p a8 50 a3l 15 opS'g CAMAAV cuiS b 5l oolazul g, 3 WAY Jlo ,
ol sl el LB g gy 39y o Sl o CAMAAV cuiS L jl ool 4 sl ()Lis suios ol guls .59y
35 onlime plo bug gedge cpl &8 25 TLC Loy jl Jeols b b ol sillas o] bt g 48L [ 95 0 slaaslix

(Fani et al. 2014a; Probst et al. 2011) ol 43,5 1,8 455 590

YA
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Aspergillus parasiticus g5 mmS e m€ g jcmSsd srdslan aslas J5 dlaxi Slgl,8 .Y Joss

JUo d o Cae 4 dlug LS g Wl 03,955 55 sLdogas 3l bl
Table 2. Frequency of total number of isolates, toxigenic and non-toxigenic collected isolates
of Aspergillus parasiticus from cracked and healthy fruits and soil for three years

03)95 S5 (sboogse S peiges sl Jlo
Cracked fruits Years of sampling
sl (1s,) slaw slale (1o)) slaw bals S sl
15 S o5 15 o 5 Total number of
Number (%) of Number (%) of isolates
atoxigenic isolates toxigenic isolate
0 (0%) 1 (100%) 1 1392
1(33.3%) 2 (66.7%) 3 1393
0 (0%) 1 (100%) 1 1394
1 (20%) 4 (80%) 5 Jlo ¥ 50300

Total of 3 years

Intact fruits ol cla oguo

0 90%) 1 (100%) 1 1392
1 (50%) 1 50%) 2 1393
0 (0%) 1 (100%) 1 1394
1 (25%) 3 (75%) 4 JWo ¥ ggeme
Total of 3 years
Soil sk
0 (0%) 1 (100%) 1 1392
0 (0%) 1 (100%) 1 1393
0 (0%) 1 (100%) 1 1394
0 (0%) 3 (100%) 3 JWo ¥ ggeme

Total of 3 years
Wl )3 (TLC) S50 a¥ U 81,5 95l0g 55 9 CuuiiS Jaumo 31 03] (g 93 (21,15 o Y Joun
Aspergillus flavus (15 mwS o5 se sbdaslas

Table 3. Comparison of the efficiency of culture medium and thin layer chromatography
(TLC) methods for identification non-toxigenic isolates of Aspergillus flavus

(X) Sbey 9 olas TLC CAM+AV Jlo
Agreement between Year
two methods (%)
100 3 3 (Cracked Fruit) 3,555 5 090
50 2 1 (Intact fruits) Wl sg. 1392
100 1 1 (Soil) s
83.3 6 5 (Cracked Fruit) 53,555 )5 sg00
100 4 4 (Intact fruits) L ogee 1393
100 3 3 (Soil) s
100 4 4 (Cracked Fruit) 63,555 5 ogue
100 3 3 (Intact fruits) Wl ogwe 1394
100 2 2 (Soil) s
92.9 28 26 als S zes
Total number of
isolates

CAM+AV: coconut agar medium+Ammonium vapor, TLC: thin-layer chromatography

14
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Clalas Slwlil P S LY L 81,5 57kg,S g CuisS b 5l o3liiw! gy 93 (21,15 dunlio £ Jous

Aspergillus parasiticus (gl mmwS g5 yus
Table 4. Comparison of the efficiency of culture medium and thin layer chromatography
(TLC) methods for identification non-toxigenic isolates of Aspergillus parasiticus

(2) oy 9o Golles TLC CAM+AV Jo
Agreement between Year
two methods (%)
100 0 0 (Cracked Fruit) 63,555 5 ogue
100 0 0 (Intact fruits) ol opme 1392
100 0 0 (Soil) s
100 1 1 (Cracked Fruit) e3,55S 5 o900
100 1 1 (Intact fruits) L sgee 1393
100 0 0 (Soil) s
100 0 0 (Cracked Fruit) e3,55S 5 o900
100 0 0 (Intact fruits) ol opes 1394
100 0 0 (Soil) s
100 2 2 ol S gox
Total number of
isolates

CAM+AV: coconut agar medium+Ammonium vapor
TLC: thin-layer chromatography

Ao FIA g O/Y pdlie b sy ey 5l S 59, YO 9 Vo (oylal o 3T Jlas 95 10 S 559 Casby i oy yieS
Ao VUN g WD s e s el 3l 1 59,0 9 Ve (oylol o 3T slayleas ile p> (Y JS3) 15,5 osal e
s Cagbo) 223 (1 JSd) amd e Lis |y ol 93 JBlas al81 (5 slas 93 b dunglie p3 o5 K39y S (35 Cugb,
8590 91 bl slojla 55 4S5k ol lis (el aty b o b oolel (BT oy 08 S35 L 3 1sm
Sl 9o PBlas iolidl s 3 FVA 9 YEIF L cusp a sy jlulale i slad s Cugby do p3 ¢ Jaa o cl by
5 S 5 ,m A flavus clade slag B cuxes (¥ JSTi) ol i el 51 8 59, V0 9 ¥+ (slo)los & Cu
ol Camen e a8 AY oo 3 sl 005 0313 GLi5 5 4B (gla Jgdx 3 YWAF B AYAY (glo Jlo b 5 ol (sloogee
2 4l 53 1,05 odmlite il 5l 8 59, Yo 9 VO &+ (o)lol 3T slajlass )3 plls (slaogee 5 S5 £S5 12 )3 g )6
Jls sy 55 0305 Gl |y ST 55 25 Capmas e yteS 0y Y0 9 ¥ copll b T sl lass g5 AF 5 AF (gl Lo
2 e oS 3l (L lologd b b dnslio 3 1) (28 Comar i B by 5l 48 59,0 9V ol (3 sl e
3 5590 W0 (ol (3T e by (o)l sime glis 5,0 5 Ve (slaless ) (2B Como Wl (slaoges 13 5 AF JLos
layloss g oS il 5l B 50, YO o Yo )bl cp 3 o yloss oS po 4,55 gl (0 (5 Jgis) ol ol ey
oS 6oy s |y S a5 ,m Al flavus clade clag,lB cumes cppi i o islsy 5l LB 59, 8 9 Ve (oylol op 3
YYe
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035 S zuls liie 35 Wl (glogo 13 (2B Cores gl (O Joio) aitild duo 0 V mdaw 53,5505 bbb xe M
Camex p 1y g3 il Bl B Loslos] olayles 4 WYAY Lo olosd 53 pald 355 (13938] (5 Jgin) 15,5 sl o s I3y

(0 Jsds) ol L aF 5 Y sla Jlo ) s slaogee g SB A, flavus clade sz )8

UG g glo; 3 S Fig Cugby oy == Us 3 jluilagle 15 10 1ed auwd Cagby oy
25 45

~ % 98 4 9
13 Sl
3 o 4.6
R\ ‘g 2 3% §
Yy 2 15 13.5 c
4% © 0 los R_S
v @ 2 ' B

5 10 ey

2 6.8 75 332

o 5.1 T
2 E 5 :
oy W — 2
= £ 3
X E l ~ ¢
3 5 0 e, =
- 9 T30 T25 T20 T15 T10 15 3 ]

= x

Cuila gl b gyl (23T (51 slows
The last irrigation treatment before harvest

ilideo (o lows y3 US43 Il arlr y25 (Slod (o Cagby g (Pdamw SE (59 Cughy (ke T S
Cadla 1 51 S (g5l 02,31

Figure 3. Mean of weighting moisture of surface soil and relative humidity of the space

under the canopy of trees in different treatments of the last irrigation before harvest

S 0,5 & ,> Aspergillus flavus clade glag,8 aloal; Slgl,8.0 Jean
Table 5. Population of Aspergillus flavus clade propagules per gram of soil

Propagule/g of soil S'& 2,5/alesl; L, Lo
JUw s 5 po 49 3035 Year 1394 Year 1393 Year 1392 (cuilsy B C I )in a3)
Combine analyze Treaments
of 3 years (The last irrigation
before harvest)
523.3D 533.3 fgh 666.8 efg 370 h 30 day
622.3 CD 666.8 efg 733.3 ef 466.8 gh 25 day
7778 C 800 e 1000 d 533.3 fgh 20 day
1089 B 1067 d 1533 ¢ 666.8 efg 15 day
1785 A 1867 b 2467 a 1020 d 10 day
1912 A 2000 b 2602 a 1133 d 5 day
1156 B 1500 A 698.3C o ylows S o 305
Combine analyze
of treatments

5 S b s i BMES] oy ) sy SO gl i S ke By gl (sl Sl

Means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.01)

ARA
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Mlo g 59, Aspergillus flavus clade bz, Coros N Joo
Table 6. Population of Aspergillus flavus clade propagules on intact fruits

Il dga0/ g o3l L ,los
Propagule/healthy fruit (Cwitap 31 LS ‘_5)1,31 &,“),’.i)
JWo dw S0 4500 Year13dd  Year1393 Year1392  1pg |act jrrigation before
Combine analyze harvest
of 3 years
978.3C 1000 jKI 1135 ij 800 m 30 day
1067 C 1068 jk 1267 hi 866.8 Im 25 day
1330 B 1402 gh 1655 e 933.3 kim 20 day
2444 A 2867 cd 2998 bc 1467 fg 15 day
2511 A 2798 d 3133 ab 1602 ef 10 day
2623 A 2933 cd 3267 a 1668 e 5 day
2011 B 2243 A 1223 C o &5 po 4359
Combine analyze
of treatments

S5 S5 bl gxe US| o> V prdaws 55 4SSl yg05] o oS e g (glld gla i Silio
Means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.01)

AF Jlo 53090 A Jlo 3l yidio (6515 e yob 4 b (sloogan g ST )3 (o5lol (claylos alS 3 AY Jlo > (o) Comon
Lol (0 Jgi) 292 AF Jlo ) i (6l sine yobo il 1 L8 59, 8 9V A0 Ve (o)l (slalos )3 ST (2B Comon
W (5 o) 59 A Jo I yidn (g)bigne ok 4 (] slalas 45 )3 AF Jlo 15 ()8 Cuner Wl slaogs
Camod (o iy 4 39 Cilisen (sl Jls 1 (5l Gl (slalas 3 (2)8 Camon o ine S I (Sl 55 S po 455
03,558 5 slmoges 3 AL flavus Clade (slag,)B cores (o yieS .05,5 saaline AY §AF AY gl Jlo 3 clp 4 )8
by 5B e, T 9 Y0 (bl e 3 AF Jlo po g by S 5o, Yo (olel 8T sles 3 AF 5 AV claJls 5
4525 AV Jgin) 9o oLt 1) ()8 Cman oyt by 8 59y 0 9 Ve ()lal AT slless hlhs 5 s oanlie
Vo ool oAl slayles 3 sy 0 A flavus clade (lag)B coxes (s § (5508 3529 1 (S 30 laosly S50
AT Jls )3 03,555 5 slogee jd AL flavus clade slag B coxes oy yii Dgr <y 51 S o) 0 5 Ve 959, YO 4
SBMS! (gl 45" s oamlite (23365 51 g (515 Sl 099) WY Jlo 53 o1 51 g 9 (52935751 mg 85 Sl 0lg)
obol ol L ) 2l pod alde iz glo Jlw ;0 b jlos S ye 4 jo0 Midg duoyd Y o ;3 WYAY o b o sixe
ool w3 layles 13 03,635 5 g Wl slaogus S5 > AL Tlavus clade (lag,8 cuxes oy i pols suiss gls
Slagls o5 glon (omms Cagby o] Jlid 4 5 S Cagb) (RIS sy 0 Jai 4y 05 odalitio cuily SIS G, Ve 90

o loss a5 a3 oo LS 5 Ay &)l50 )3 0ad plos] cildllas sl A, flavus clade slag B caxes iol38l )d oo Jolo
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2 oloygad bawlgl g 21350 g3 dass )3 (ylol AT slajloss b dunlio 3 3ly0 gl dass g oleys Jgl 4o 53 (s)lul (3,3

(Russel et al. 1976) 35,5 oo S $M] 4 4y (sl 0j95 208 5ol Cvgo ats

83,955 5 sWogm (59, Aspergillus flavus clade gz B Cores .Y Jous
Table 7. Population of Aspergillus flavus clade propagules on cracked fruits

83,95 S 45 dgan/ aylodl; L, Loy
Propagule/healthy fruit (citng 3 Jd gyl op,3)
JWo aw Sy 450 Yearl39d  Year1393 - Year1392  ppg |agtirrigation before
Combine analyze harvest
of 3 years
1378 D 1402 gh 1600 fg 1133 30 day
1489 D 1467 fgh 1667 ef 1333 h 25 day
1811 C 1867 e 2133 d 1430 gh 20 day
2817 B 3130 ¢c 3467 b 1855¢e 15 day
3111 A 3467 b 3798 a 2067 d 10 day
3222 A 3533 b 3933 a 2198 d 5 day
2478 B 2766 A 1669 C 1, Lawi oS yo 44 525

Combine analyze
of treatments

5,508 bl gime BB woyd Y e 3 SO 905l b oS pde gy (ol sla pSSlie

Means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.01)

Ol Carge 5 03903 ol f 1) diny (slagl 13 3290 (LS (SblEr amlilS (i 350 Cugh) Wlge ()l

SB Cunar Gl &ty o 3 4 008 eej b oled 13 L g e (s ob By (sladiay 3 gyl Coxex
33 (sosbiame 3G (il 3l LB 59y Vo g0 oylol 2)3]) S i cugby b layles o AL flavus clade (clag,s
(Moradi et al. 2004) sl awsls 03)55S 5 5 Wl slooges 59y 5 Ay SEL (sLab 13 oz Byl jorsl K515 yiol38l
9 4u3liS 38l gy Hlo o oz )B ol Cunes 45 03y i dey lagl > Al Niger 3 A. Flavus couses &lpuss )y
S0PFS 5 g GINE95 g 0gue Esli L plojen g )b () mer (515 S 1as &5ty 0 355 (e pSTa 4y oloygn ol 5
L5 slag)B cames (g SYL L alaly 3 pols Gdiss @l b ggoge opl «5 (Moradi et al. 2010) aib oo jow caungy
Sdyg5 S5 g SNsdg) i calisee wlie wyy cudld Cbllae S L duslie ;3 Wl g 03,935 5 slmogee 3 A. flavus
Doster & Michailides ) sas o L 5 1) opunS Ml Adg 9 (wobss ol (slag B 4 (Sdgll ;5 dt o900 jaw Cawgy

19944a,1995b; Moradi & Hokmabadi 2011; Panahi & Khezri 2011; Fani et a. 2014b; Moradi et al.
Doster ) sl ;50855 b (6oL @olds calisee blio 5 la Jlo 13 03)55S 5 g luidag; slading e 5 ysels loj (2014

> 9 (Moradi et al. 2017) ;L5 > o 5 Shgw 9 4b oS5 i o8, ol » 0gMe 5 (& Michailides, 1995b

YVYY
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o (Doster et al., 1995a,b Doster and Michailides, 2001 «Sedaghati et al. 2008) (¢ ,l] wiwsws 5 by
gl o 28 Al ke (615 pB)l 53 &S 0ad 03l (LS (nl 2 0gde et Fge faw Camgy (53)55S 5 9 (SINED95 je 0
Moradi et al. ) 545 0 sanlio 05395 (lading Joyd oy yidn Joame iy 5 L 59, V0 alols 3 LBlues 4
» el asbe olie dlge jl 8 0yiun K &S o jhe ogad 4 di o4 (Tajabadipour et al. 2011 22017
diy glagl clas > a5 5,5 e 5,8 Al flavus clade clag B ogas 4 Loghsmwl Wl olaz)B gl (6,
A. flavus clade lag,s as, (cly 55 Lod g 039 o y> Fo B Yo o bl b ol )5 i 320 Cugby aSuloo] I xlonssTy
Doster and ) aus' o W el (o3b) olie g 03900 piST dtwy slajre g9y ol baz)B opl Wik e colio
A flavus slag BB cuxes ial38l 1 (g)ld dme 31 VYAY olasd p3 old 365" 5l e3litl i .(Michailides, 1995a,b
sk gl )3 S8 Cagby a8 olajles 55 .cusliE WWAY ¢ WWAY o Lo b )5 Wl g 03,5585 5 (claogue S > Clade
Comez jidiy > b (o> 00 hldl cage (b 068 Sl oozl (il 5l S8 59, 09 Ve o)l 8T slojles) o5
et lo 39000 s b dtn slogl jd ool (sladgS 5l ookl 15,5 ialejl 590 ashad S 3 A. flavus clade clag )6
Camex iali8l 0 sl 28 4 4545 L Ll (Hosseinifard et al 2017) o3 p5Y S (gjuhols ¢ J dlge il 8l (S
atuy gl yo o plodl Cldllas 08 (6)l0g5 dtus SBEL > ol (ladsS I oxlaw odlatwl jI U 23,5 o dogs )
O 35S ol g 0392 sl (Slog)B 5l ogiio g ol B yalie (g5l e g GAhsS (g5l sloagS 4 ool L
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