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Abstract: Aflatoxin contamination of pistachio nut is a health challenge that can affect the

economic value of the largest Iranian non-oil exports. This potent hepatocarcinogen
mycotoxin is produced by some species of Aspergillus, particularly by A. flavus, under
certain conditions during fruiting, harvesting, transportation and storage. Infection of
pistachio to the fungus in the orchard is the key factor in its contamination with aflatoxin.
This situation occurs with the formation of early splited pistachios and mechanical damages
that caused by biotic and abiotic factors. The environmental temperature and relative
humidity and the moisture content of pistachio, during the different stages of pistachio
production and processing, have significant roles in the incidence and distribution of fungal
contamination as well as the increasing of aflatoxin production. The inhibition of these
factors is possible with applying of some agronomic, mechanical, physical and biological
methods. Orchard establishment based on principles of gardening like optimal plant spacing,
uniformity of cultivars, good pruning, proper irrigation method and nutrition along with on
time harvesting, proper processing and storage, can guarantee the production of a healthy
and valuable product. Biological controls using nontoxinogenic strains of A. flavus and
yeasts are also recorded as successful strategies for reducing the pistachio aflatoxin.
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Figurel. A: Pistachio orchard with proper tree spacing, B: Early splitting pistachios, C: Cracking of
Pistachio nuts, D: pistachio damage by pests and birds, E: Branches in contact with soil surface, F:
Application of animal manures in fertilizer channels, G: Incorrect application of animal manure in
soil surface, H: Aflatoxin contaminated pistachios, I: Application of atoxigenic isolate of
Aspergillus flavus in the pistachio orchards using colonized wheat seeds, J: The pistachio rubbish
contaminated with Aspergillus species, K-M: Larvae, adult and damage of carb moth on pistachios
fruit (source: Mehdi Basirat, Pistachio Research Center).

YA



SB35 ol Ol o ooyl 5 a0 S T 5 (55950
Plant Patholog_y Science Yasouj University, RICeST & ISC (Iran) Vol. 7(2), 2018

&3l ) 35 (g lo0g s Lagl (mbas (isy 5l 5 il 05SIla &gy ol g 0 i8S A0 0 apdis
(OYAY

Clo g —F-Y

cwle OL‘} 22 W"é) 2 J?M Sg—ii 50 Aol adlats @.‘99 9 ""] Ja"‘)’*’ 9 S zdl, ‘@5) £y & axy L
Sby Gl 8l ez as s alidl egee 5g (Rl s a4 S350 () e 6)INSS 5lg 00 8 s
el by 213 e e 2355 S5k 51,8 SIS 33005 5 £l o b Jyaone 315 o e
9 =Py Cowgy SO gl S 6ol sbaailis slyls co o e sleoge Jo 3 VO B Y. o aS
g sloz L8 o oSy cablo y gley 4 o SGop b ool s Glidss as SBOCwgy Sl gp
ol Lo 1,5 Gal3 8 ey e S om0 5 s el 4y (5Ll (5L 5 (yanS 55301
oli8l ey e cdilo gy o ).:_>l_, OYAY g0l ye) abl ails 095 diy oga0 dawgi g Oy 0,90 g lag 8
OYAY e 5 SB) 09d oo Q.W.Sy)bi 4 ‘;%ﬂ

1)kl s 590 B -F-¥

olis Aspergillus niger Tieghg A. flavus slag,B 4l sl Jloo SoI ey 5l ol =l
Jhe 5 alite (slocionsd (o3ilSe b giiw) Jlimoyi g5 -Conl ilie Jalse 3l cow ( Sogll o5 aas o
b ol 00,5555 5 (laizg)) 09,555 5 glaainn Slgl8 aiis Jelse (nl aloz 5l (39,5 iy g5
SO 55 ey hams b oled 50 (gl 5 osds i) (e0) (59, ohay (00 5,7 § SbS S Cunsy
(VA7 (il e 5 63150) 3510 (cots 5 Jla 5 & (6399 iy 0095

LopedlSlo, 500 & (57955 &y Sl Sl Sosll Jdo @ 05l and 5 033lSe (sla Jlin ol (spaon
AYAP oillenl e g 6310) 95ls (675 1 (i Lo Jlie 5§ & S S 98T Wgo (slag )8 055
EL 50 S oMl a5 g (Sogll (gl Lol ax 5 aas o ylid oals plosl wlids .(Moradi et al. 2010

S ML 055 (5l (6,10,Ll aizmad g 030l das 5 0580 (la Jlue i 0 (5500 ,8 bl g el Lo

Y4



\yay OuM‘%U 9 ke Yol IS JL GQL; ‘sh.:L....r‘_g)Lg_._, u‘l.jl.)
Plant Patholog_y Science Yasouj University, RICeST & ISC (Iran) Vol. 7(2), 2018

ez bodl conle bl 8 (i 5 Joo b 6l o e y0 azslr Jb (nl b s oilis
o OYAF LS 5 o0ly0) 3,5 syl alys o S95T ey 5T W (gl )8 a4y azis Sosi
oL Slvgas g o)l 05 >9 bLS | Aspergillus slag B 4 oyl Sogll 5 Slgsuinl Casgs o loasd
2 0SS o> 039 L) () g 5 o555 0,5 (JSy laasT sladiay ohig (VH JSK5) Slgstin] Cowgy
Loy 3l silulir Caz (Sl 4y Fogll npe (amls (lsiea Wl oo (] loainy b anylis
slrog o g Conl 3olo oo)’;;_é—l cladins 5,00 40 Jlxe (. (OFAYF e 4 Gmlf)o) Sgds oolau! ol
OYAY o5 5 S) 0,18 S T 4y YL SoglT WL (1 K-M (la JSC5) g3 03 s 4y 001
oS 9T (s oo —O-F

dogyl sloos,gl b b 5 (55,5liS” SV game (Sogll jlas 1alS aie) jo go,)5 5 f5e slogts, 51 o
linsiniST g losiSL o yosie A flavis lyrnS s pee Sdige wile (um)len Jalge I oolaal
Gl o 1y slaeye Cuddse (n i A flavits SlyirnS 55 e Sbdige 655,50 b () ylee o
ShomS $ et Srdygus el ools (LS 355 5l iy 5 D)5 ejebl sy jo (LS G sla ol
U5 g (nl (nlply S oo puded 1) oS s Gloaign (So3sdsST 5 wod ooliinl S 0 o5
Aad oo ol azg BB sk |) S M a5 aiils | 15855 sladsw b 030l 5 i,
L as lale slaasls sl blol U jle 2ol jo Jlo jo LSS he, (p! jo (Amike and Keller 2011)
@3S 5 a3 B wolal om0 JS5) wighioo Gioy EL o wiload (Sanle oS5 e sloayges
gl 1o gy ol 5l 42,8 alomil clotngly 4 azg3 b (Doster 2014) ai salss i )] Comaz 5 00,5
(Fani et al. 2014 AYAY o] San 5 1) 5,5 ooliisl )i o 305 5945 iy

Slosilrs 9 (5 5 4o

Sy au Aspergillus flavus sljlsa o 31355 7z L8 Lo wgi el a5 ¢S M glgil 4y dny ogue (S04l

5 oz el a0 40 ogae oSS e Job 40 (ol Layl i cod o iilage (Wl SO lere 4 0 o



SB35 ol Ol o ooyl 5 a0 S T 5 (55950
Plant Patholog_y Science Yasouj University, RICeST & ISC (Iran) Vol. 7(2), 2018

il Sl 6“%—:—“1 500,65 S5 ladiny ais) ol ;0 ppe sl ole 00 Ko oloml (5l Ll ¢ J&
G pdee Sl Sl 1 e 9 4mdi o6 lol (e olse 1l Cow a5 Cudl o) i g 00y Jale 5l 5
L oS T (5 lee sl 3 LSGel (s g (S0 38 o Sl e, calisn sla by, b (Sogl
Slgiin de ol 0 e g0,y leie @ 10 b jee g AL flavus gl S ¢ jé slaaslas 5l oolaiul

D9 50

References &b

090 i 6L®w.’>v.> B Bl U.M.Syyﬁ—‘ L)‘)“"’ @L)))‘ Avaf SIS @L‘B 9 P Lg&‘).o “) Ghlf)b 2
NN S olpo cedligs 1 ke 6503 Ul pe il g 4ty

swlidsylon il cAspergillus auae saisS Cuia Syxe VA0 o 59500 g p 00l g0, Y
FY-YY # olS

sl Sal, g 0igp 3l (B s SlaiFog) p kel il slagle; STAYAT L cBlos Y
die Glidos i ol G5yl S diy Dlidod dunnge oS I LalS L i oz e
0P VY el ainy Olaasd

0 &)51)5 4....,.; LgLQ:bs.o.: B u....Jy)lBT 69""‘"’ o Avay e 6&‘;& 9 J oL..u|9.>- SR (5>L9 ¥
AVO-VAR NY cudlugs galb sl oy b 1 bLs 1 5 AV B sla L b oylownd, ol o

‘;A}H o) @lwab uM.O.J Avay £ ‘S?LAﬁJ‘y‘}AA 9y G.(blf)é “& )9-’6*>L’]CL’ “p 6o|,o “y Q¥ @LS 0O
AV-V o0 N wdis 5 e pale lo,S il 1o pnS 5MET g Aspergillus slaassS 4y diuy g
AVANR AN ol slas Lo g S0 ) (oS iy bl o Aspergillus flavus z B sy S 35 a8

alads yand jglate 4 dles oy anT 8 0 ST Wae slag B o515 s AYAY s g0l Y

e BV AY/ARR o)l )5t iy i dege Sliiss o,b ol (5,15 0T U s Sosll go,0

AR



\yay Ou“‘il; 9 ke Yol IS JL GQ:L; ‘sh.:L;..ir‘_g)Lg_:_? u‘l.jl.)
Plant Patholog_y Science Yasouj University, RICeST & ISC (Iran) Vol. 7(2), 2018

s Aspergillus flavus o5,5 sz B Cosoz oS5 cwyp NYAP o xdllgliwe 9 0 g0l A
NeF-NN e Sl g g . le,S el e (555148 slaJlus 5,0 Aspergillus niger

Slee> sosS 3 S alS Ll i WYAY O ol g0 gl e oz old)lap g0l A
Ole,S plewl winy slagl o Aspergillus niger g Aspergillus flavus o4,5 slag,B Coxe> o515 (59,

FYV-YYY e olS slos,lan

AY-Y DY s g e pole oS ol iy (sla Ll

YA-QN Y (i polS j0 (50,0,0 slojings .o )S Ll ) iy ogu0 (59, Aspergillus ¢ 18

12.Amaike S. and Keller N. P. 2011. Aspergillus flavus. Annual Review of Phytopathology 49:107-
133.

13.Barkai-Golan R. and Paster N. 2008. Mycotoxins in fruits and vegetables. Burlington, Academic
Press. 160P.

14.Brans H. 2011. Food and Agricultural Import Regulations and Standards Narrative. USDA
Foreign Agricultural Service, Global Agriculture Information, 42p.

15.Cuero R., Ouellet T., Yu J. and Mogongwa N. 2003. Metal ion enhancement of fungal growth,
gene expression and aflatoxin synthesis in Aspergillus flavus: RT-PCR characterization. Journal
of Applied Microbiology 94:953-961.

16.Danesh D., Mojtahedi H., Barnett R. and Cambell A. 1979. Correlation between climatic data

and aflatoxin contamination of Iranian pistachio nuts. Phytophthology 69:715-716.

17.Doster M. A., Cotty P. J. and Michailides T. J. 2014. Evaluation of the atoxigenic Aspergillus
flavus strain AF36 in pistachio orchards. Plant Disease 98:948-956.

18.Ehrlich K. C., Montalbano V. G. and Cotty P. J. 2003. Sequence comparison of aflR from
different Aspergillus species provides evidence for variability in regulation of aflatoxin
production. Fungal Genetics and Biology 38:63-74.

19.Fani S. R., Moradi M., Probst C., Zamanizadeh H. R., Mirabolfathy M., Haidukowski M. and

Logrieco A. F. 2014. A critical evaluation of cultural methods for the identification of atoxigenic

vy



SB35 ol Ol o ooyl 5 a0 S T 5 (55950
Plant Patholog_y Science Yasouj University, RICeST & ISC (Iran) Vol. 7(2), 2018

Aspergillus flavus isolates for aflatoxin mitigation in pistachio orchards of Iran. European
Journal of Plant Pathology 140:631-642.

20.Ghahdarijani M. M. and Javanshah A. 2006. Distribution of aflatoxin in processed pistachio nut
terminals. Acta Horticulture (ISHS) 726:431-436.

21.1to Y., Peterson S. W., Wicklow D. T. and Goto T. 2001. Aspergillus pseudotamarii, a new
aflatoxin producing species in Aspergillus section Flavi. Mycological Research 105:233-239.

22 Keller N. P., Nesbitt C., Sarr B., Phillips T. D. and Burow G. B. 1997. pH regulation of
sterigmatocystin and aflatoxin biosynthesis in Aspergillus spp. Phytopathology 87:643-648.

23.Liu B. H. and Chu F. S. 1998. Regulation of afIR and its product, AfIR, associated with aflatoxin
biosynthesis. Applied and Environmental Microbiology 64:3718-3723.

24 Mirabolfathy M., Ghadarijani M. M. and Waliyar F. 2005. Variability in aflatoxicogenic
potential and sclorotial production of A. flavus in pistachio in Iran. In IV International
Symposium on Pistachios and Almonds 726:619-626.

25.Moradi M. and Hokmabadi H. 2011. Control of Mycotoxin Bioactives in Nuts: Farm to Fork. Pp.
253-273. In O. Tokusoglu (ed), Fruit and Cereal Bioactives Sources, Chemistry, and
Applications CRC Press.

26.Moradi M., Hokmabadi H. and Mirabolfathy M. 2010. Density fluctuations of two major
Aspergillus species airborne spores in pistachio orchards growing regions of Iran. International
Journal of Nuts and Related Science 1:60-70

27.Rahimizadeh M. and Sadravi M. 2017. Eight useful Aspergillus species. Plant Pathology
Science 6:22-32. (In Persian with English Abstract).

Y



