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Table 2. Primers sequences, product sizes and annealing temperatures used for identify species of
Alternaria and Fusarium

oSy byl
. @ T ' "W omleT . axkad o3l )
aaigs Sl @'Y 55l Jg 3 yomls (glo puznis Zuso
. . Product ’
Species Primer Sequences (5°-3’) . PCR Reference
size (bp) .
conditions
Alternaria AaF GTGCCTTCCCCCAAGGTCTCCG 184 65°C / 305 (Kordalewska
alternata AaR CGGAAACGAGGTGGTTCAGGTC etal., 2015)
Fusarium FOF ACATACCACTTGTTGCCTCG 340 58°C /30 (Mishra et al.,
OXysporum FOR CGCCAATCAATTTGAGGAACG 2003)
3l o= {Moradi and Rezvani-Moghadam, 2010) idlee b sl g9 ol sz, b,
Bloo azaiy) z5,5) Gialsz soys 5Nl 9, VT N A g

Nl (Fiallez jlae Glaisas Fotn b e e g0
g a8l S ) ole s 5 oole laazalS wo o
FO3s Ol wazaiy ) g azelS el Sl ((lose
50 el YT Gonen QﬁT 30 ooleld L) Sas 39 9
e izmen 0l (6,50l ((wgaadis a0 YO
dwle o slaadal, 5leslatnl b as S59 5 Job

.(Nautiyal, 2007) ays 5

SVIL=(SI+RI)xGP () bl ))

W\ &

Jedlygiws ulal s jlailinl - Siails> ges]

Anonumous, ) o el ,d a3l (el o Cpezsl
LSS lez) 5 Fev ol jslate ol (sl (2014
gl Wbl e )0 slaases 51 Gy sae Ve
B (59) 5 DLl (Bolal Sygoh Gl ye g ouilas
g odl osls S8 o sty ol o adly Slo
0,95 b g wsmmdes az 0 YFEY glos o o) SGUI &
Sad Jie S celu A g olidg, celo V8 g9



VYN e fpgs o les i Jlo [l i Sl pole

w015,8 slez,B 56 b))

Db g odalie (I 5o L5 g a8le o Gloged Sy
Pryor and Gilbertson, ) o (gamas,o lags,les

s>l g (2002; Gour and Agrawal, 1988
00,5 dle 5 alal, b ol e

Ongting+Ing +3ngt+ang+5nc
i)

Solem La>lis as ,0=%x100

slass My ‘L;ayl’l .
4>, b bazals slows M2 o Sogll ) ax 0 b laazals

a0 b laxals ol Mo

Mg ¢ Sogdl ¥ ax 0 L leaxals slows my ¢ Sogl ¥
L leazals slaxs M5 ¢ SogdT F a0 L beazals sloss
leazals JS olows N ¢ Sogll 0 ax 0
byl p2rles a5 Ghorins

LazalS ) ()8 slawhir o2l )05 Glie
Taheri, ) 5,0l laug oalosls 7,5 (g, 5l oolaiul
(Khaledi et al., 2017) ,Ke2 5 & 5 (2019
2 aler o2ls 0508 Gl L85 18 gy 9590
Sl 5l Golen @dle )b by ae bl
A s las Jawgs
Sk o)lgo e slam T colled s
o lax by oabzd i

5 3L oYske GliSy slampl cld e
8 i)l 95505758 slaalazr bwg cadads L]
slale bog LS mpl gl gy opS
Khairy et ) oS g9l mle oS e 5l 2,8
(al., 1964; MacMillan and Voughin, 1964
Szl OV zoe Job jo w3l colld Glie g oolaal
ciS e Jold i vall 8,5 18 pm 9550
7B slewlar 5lopl e eleady 35 e
-D sl GielS Gl wlal pjlaSy codled aib o
D Jae s 5 e (sl S VS
-5 Sl S,y s, 5l ool b Sig mSVIE
LSy on ] cadled amly s ol Sy i
oS ol Jlade e cod o laslin] s 4 4z
I is Ty S SV aal JpesSan
Al ad by o S e ol ojlas sl
(Colowich, 1995)

b slaalir bwg Yolu w3l zl5l sy
Abdel) Joho it S5 il <25 Ls ]
Jsb 5o w3l el ol g ooliwl (Razik, 1970

e 2ol L3S 15wy p 3y9e Regil BO- e

WYy

RISl sy Jsb asls SVIL ala, ol o a5
sy GP g azaiy; g azalle Job (:She i ey
ibloe 2l il
SVIW=(Sw)xGP (¥ alaly)

039 SW ey 539 a3l SVIW b, (ol jo a5
Al oo ol Jrailex duoy0 (GP g azals S
el ©Hnd Gl g @ligolen Gbgsesl
Lalax
Sl il alb gjlweskl g BLS Slge
b sl

o 605 N bl Llhiglen b)) cex
s | 51 s Foll 655 jp a6 oS il
5o 5 a s i alS 5 co Clido
S35 HPLSl )3 59y O Daedy Hedy (ol gdens
ax,0 YFEY gleo o b g Blo &S
205 ke b e o a5 18 Gugendes
3 e b 1SSl g0 Gialejl g 0g GialesT plmil b
A e Gegsle 10D Sadl oalf e
Az, YYEY  ole Lll 0 5 cuS oojaile
el Ay olidg) el 17 (5)95 0)9 b ogendes
Ol e eolaiul 8jse cnS g w8 S 13 SGU
S b Cags585 5 Sl emle S 3l (oS5 ot
g Alternaria glaaloz> mil ale g Y:):Y oz
Hoo g oadosls 7,5 by, 3l eolaswl b Fusarium
A as (Miiller et al., 2012) ) \Ses 4
Lalae olie)ls bl

(B sbale Ohigles Ol e
S
Sl Gl oo 52 50 jgmml V3V +8) jorisl ygniliwgun
Slaan o axalS Ao 0 Vo 8e5 Qo /00

Ol azalS (59, (SOb gl

5 b by eadosls zyb By, elul » bl
oK g SogS 9 (Shi et al., 2016) . Ken
ol b sals olals as sbsl (Koike ef al., 2011)
@ ol (Giab l pm el Gl et Shaie
doye AN Cugb, b glabhase o celn FA Sow
a0 YO U VA sloo b aladS a4 e g (6,100
5 S 5 50 59,55 O yeoay Alternaria slaaslas 5l ol

Sygeds Fusarium  glalae 51 oL 48l



VYN e fpgs o les i Jlo [l i Sl pole

oS g Al

lizes slaialey] 5l Jol> slmosls s Ll 5JGT
B o e, o b esls il Jley Gl e
Silay 5l eolizal b LSS ke b dolas SLlS £ )b
L Sl dwslio o plul SAS (version 9.2)
S)y90 P <0.05 Cla...) L )L)‘sl..uo usl.n.: JS‘» 09‘“)"
MRl 5 bjloged oy Sz 285 13 L)
20,5 oolar.! Microsoft Office Excel 2013

35k slag BB b cod el ial oo b
Aoy oS ol plas oglalisl Siailes ool e
e Joyd FY B YAV 5l leasgad [0 jody  Jjaile>
olepe loazals oy Sl (¥ Jou2) o9
NID 3| 568 o ity oizas 5o Jlany 5 428b IS i
wole axalS aoyo YL cal vy FIVD g ooy
b gbuws S pll Gl e £l50 slajds diges 4 by
@l wilie aoye Vel 58 rb (Sodll i
warls as ol plas gialex o laslinl el 5l ol
BYFIY ) a Jib asls x5l S 4
Og1 yiia YINA U - /8F 3l ay S59 a>lis 9 AVA/PA
& azalS e (a3l (npeS g YL (T Jgox)
Ol 51 g e g oblde jd sladiges 4 Blate i
dlize 5)d sodg Hle ;3 g Gliws S g LS
Silezr sl asls o gl ime WS ) 950
sl azadle Job (Sl b osaline (b)) 3590 ais g
FIF- LYIVO 3l azaiy, Job g juo gl #VY U Y/FY
G oIV ) azmals Sos (mizred g peiie Yol
i 0,8 XY L o[ VY Gl S 59 9 05 o IVY
(¥ Jgo2) o
YY ggeme o ewbiscsy, clwlie ool
QLS slagbial jo &bl s)d sleesss Il
@ @lte o5 was gilule ples S g les (Gl
» oy Fusarium o Alternaria z )3 > g
boowia ¥ 5 mbidcdn, sboSny oolol
weobasl o ST 5 ol sleals 5l eslicd
Llas ooy g A alternata 4 Glae alo> cas
(F Jouz) was slels F.ooxysporum & sl
Loy bale lbscs, gbls ald mb
(F Jgo O JS8) as anlb colans! sla 5kl

WA

olyordy ol o onS9)S (o S Lo Jolo
) cdlad e il o (2B slaalas 5l alaS e
b 3S5lS Gl ekl 5 wie bl Yk
s_i:[ 9 A 6;o)ld.:| Mbgw&é M‘ d]x.c
N A eyl Jade gleeas Ysle bl ol
o JiSly boaids o 0 ) 55l5 Jaeg Se
(Wood and Bhat, 1998) ais s ciS 0 ol

=B slahe bog LSy w5l gl oy
(Miller, 1959) ,uwgss> MWl mbe cis oz
Fosill 0F zgo Job 50 w3l colled Glie g ool
cotS Lase Jolis e walis 28,5 15 oy 390
slala 5l alas o olendy jwgssx DLl (e
Sogody L) s 5 asly SO sl 28
S aiBs ym 0 | 5okl Jgeg,Sae ) 45 el jlaia
ojlasl S o ol3T wgaades 4z 0 YO sles Ll
(Bailey and Biely 1992) u.i 5,5

5B slealos oy L) o5l gl sly
(Ortega et al., 2013) s 29, mbe ciS laze
gl T e Jsb 5o sl Salled e 5 eoliid
cotS Lase Jolis e walis 28,5 15 oy 350
7B sl ) elaS 5o oleads yu) HEg) g
2 de Gebol p il sl b e b
a0 YV o oliwedh fidg g o iz laclale
(pH 7) Trls-HCl ).Sl.: )y?‘o&sﬁ ()~ )é uu}a..wlu
Slade Glgiedas Lot cudled 5l asly SO g 0ad g S o5l
2y Slall s o JsegySee VoS el
WS o g U gee Sl b aids
(Ortega et al., 2013) & 5 asin

a0 YVYEY les 0 59, Ve Sowa L
aiBs o 590 Ve Saes b Jlss Sl (59) (gl
colld (L3 oldllhe 4 axg Lol ooy I3
2 @Rl bl o Jsbo o)lsis e slags ]

CES 3 owyp 090 il Gl e e, Ve
Ortega et al., 2013; Zhao et al., 2013; Kikot et )

lejl.w o)‘ﬁb u)m LSLQ[“‘)JT g.,.».”.id u‘,».o (Cll, 2009
olalesl w85 18 b5yl 0550 il ) ey el YF
IS5k g0 ptalesl 5 et 1SS Jlaz mpl 2 ol

&bl &bl

[GER VY



VYN e fpgs o les i Jlo [l i Sl pole ol sl B b b))

Kgds oo o,l55 ,b ool sl Fooxysporum ¢ A. alternate slaaisS
5 wlbolax glal yo wlsly Sk Glag)B plpea
78 b (Sogll 3T cou b3l 5y sosg 1 4 3 Sialer S LE (il A lie -Y Jgux
Table 3. Means comparison of germination and vigor indices as affected by natural fungal infection in
fennel seed populations

SIS paiged Jomo

NFI GP DS ) SL RL FW DW SLVI SWVI
Sample site
Aliabad 20 28.25d 425a 8.50 a 347d  375d 0254 0.022d 204.13d 0.64d
Mariwan 3 70.50 a 025b  050b 6.12a 6.60 a 037a 0.037a 879.68 a 2.64a
Nahavand 6 55.50 ¢ 0.75b 1.00b  4.42¢ 4.90 ¢ 0.31d 0.031 ¢ 518.03 ¢ 1.75¢
Khodabandeh 4 64.00 b 050b  075b  542b  6.07b  035b 0.034b 740.95 b 2.18b
LSD (0.05) - 3.63 1.01 1.82 2.92 2.18 0.01 0.002 - -

NFI = Number of fungal isolates, GP = Germination percent, DS = Deformed seedling, SD = Seedling disease,
SL = Shoot length, RL = Root length, FW = Fresh weight, DW = Dry weight, SLVI = Seedling length vigor
index and SWVI = Seedling weight vigor index. Different letters indicate significant differences according to
LSD analysis using SAS software (p = 0.05). Each experiment was repeated two times with similar results.
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Figure 1. Molecular identification of fungal isolates Alternaria alternate and Fusarium oxysporum isolated
from Fennel seed samples.
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The bands ARG12, ARG7, ARNI1, ARZ2 and ARK3 belonging to 4. alternate with AaF/AaR primers,
respectively; FRNS, FRN2, FRGS and FRG7 belonging to F. oxysporum with FOF/FOR primers; (Ladder 100
bp Fermentas)
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Table 4. Characteristics of seed-borne fungi isolated from Fennel seed samples based on sampling site, pathogenicity,

aggressiveness and maximum of secreted enzymes activity

Maximum of enzyme activity (pg.mL") ol cullsé 25T

! 2 3 ! 3 Cellulase ¥yl Xylanase ;iS5 Pectinase ;LS Lipase ;L.J
(72 hpe) (96 hpe) (144 hpe) (192 hpe)

ARG1 A G 0+0.0x 0 0+00y 0+0.0w 1132+£1.29y 17.04 £0.01 q
ARG2 A G 0+0.0x 0 0+00y 0+0.0w 1268 £0.41 x 1779 £0.01 p
ARG3 A G 13.35+£0.06 s 180 355.5+0.96u 576.5 £0.65 s 1347.5+0.29u 1827+0.01 n
ARG4 A G 38.55+0.10 h 144 560.25+0.63 g 737+0.71 f 1846.25+0.48 i 20.04 £0.01 fg
ARG5S A G 24.13£0.18 0 162 494+091 0 691+£0.71k 1686.25+2.21 0 19.39+£0.021
ARG6 A G 4558 +0.17e 144 606.25+1.38 ¢ 793+£091d 2041.75+£0.48 ¢ 21.49+£0.25e
ARG7 A G 73.58+0.14a 120 693.75+0.63 a 990+ 091 a 2431.75+1.89a 26.03 £0.02 a
ARG8 A G 13.50+0.12 s 180 362.25+£1.25¢ 594.75+£0.25q 14045+ 096 t 18.30+0.01 m
ARGY A G 18.95+0.29¢q 168 407.25+0.85q 640.5+0.65n 1597.5+2.02q 19.06 £0.01 k
ARG10 A G 3328 +0.20k 150 535.75+£0.48 k 720.25+£0.25h 1816.5+0.65k 1992 +0.00 g
ARGI11 A G 35.78 £0.271 150 545.75+0.48 1 721.25+1.11h 1844.5 + 0.96 ij 19.94 +£0.00 g
ARG12 A G 54.08+0.17 ¢ 132 638.5+0.96 ¢ 839+0.71c¢ 2165+ 1.08 b 22.53+0.01c
FRG1 F G 0+0.0x 0 0+00y 0+0.0w 129425+ 025w 17.79 +£0.01 p
FRG2 F G 11.48 £0.14 t 180 35475+1.03u 581.5+1.55r 1350.5+1.19u 18.15+£0.01 n
FRG3 F G 2795+£0.16 m 156 512+£0.71 m 696.25+£0.75] 1762.75+1.11 m 19.73£0.01 h
FRG4 F G 43.00+£0.20f 144 59825+ 1.25f 787.75+£0.48 ¢ 2001 £2.86 f 19.95 £ 0.00 fg
FRG5 F G 0+0.0x 0 0+00y 0+0.0w 129575+ 025w 17.81 £0.02 p
FRG6 F G 38.35+£0.06 h 144 558+0.91h 72225+1.11h 1890.5+0.65¢g 19.98 +£0.00 fg
FRG7 F G 5793 +£0.18b 132 644+ 0.71b 845.5+1.04b 2135+1.08 ¢ 22.88+0.01 b

FRG8 F G 2628 £0.09 n 156 503+041n 671.75+1.111 170125+ 1.65n 19.78 £0.00 h
ARK1 A M 10.55+0.05u 180 343.5+£0.65v 572+£0.71t 1301 £041v 18.02 £0.01 o
ARK2 A M 6.35+0.06 w 198 297.25+1.31x 485+0.82 v 1070 £2.38 z 16.75+£0.02 r

ARK3 A M 18.78 £0.17 q 168 396.25+1.03r 635.75+0.48 0 1593 +£0.71r 18.76 £0.01 1

ARN1 A N 31.23£0.091 150 531.75+£0.251 704 +£0.71 1 1802+ 0.581 19.75+0.00 h
FRN1 F N 1540 £0.06 r 174 368.75+0.85 s 610.75+1.11p 1416 £1.08 s 1836 £0.01 m
FRN2 F N 830+£0.07v 192 330.5+0.65w 544.25+£0.48 u 1266.75 £ 0.63 x 17.76 £ 0.01 p
FRN3 F N 21.20+0.07p 162 485.25+0.63 p 664.75+0.85 m 1680.75+1.93 p 19.20 +0.01 j

FRN4 F N 3428 £0.07] 150 538+0.41] 720.25+£0.75h 1841.5+0.65] 19.77+£0.01 h
FRN5 F N 4733 +£0.06d 144 609.25+£0.63 d 795+0.41d 2047.75+1.31d 21.90+0.01 d
ARZ1 A K 39.23+0.09 g 144 561.25+0.48 ¢ 726+041 g 1886.75+0.85h 20.06 £0.01 f
ARZ2 A K 0+0.0x 0 0+00y 0+£0.0w 126625 £0.75x 17.77+£0.01 p
ARZ3 A K 1040£0.11u 180 343+£041v 571.75+£0.63 t 1300.75+0.48 v 18.01 £0.01 o
ARZ4 A K 24.35+0.06 o 162 495+ 0.58 o 691.5+0.29k 1686 £0.91 o 19.41£0.011

LSD (0.05) 1.98 - 2.12 2.04 3.45 0.12

A = Alternaria alternate, F = Fusarium oxysporum, G = Gorgan, M = Mariwan, N = Nahavand, K = Khodabandeh, DI =
disease index, hpi = hours post inoculation, hpc = hours post-culturing, Average + standard error, Different letters indicate
significant differences according to LSD analysis using SAS software (p = 0.05). Each experiment was repeated two times
with similar results.

>l ©y08 -0 (2l ylom —F (HI0 paiges Jxo - (Z B -V lus o5 -

1. Isolate code, 2. Fungi, 3. Sample site, 4. Pathogenicity (DI), 5. Aggressiveness (hpi)
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Figure 2. Activities of cell wall degrading enzymes secreted by some isolates of Alternaria alternate and
Fusarium oxysporum, cellulase activity (a), xylanase activity (b), pectinase activity (¢) and lipase activity
(d).

Average =+ standard error, each experiment was repeated two times with similar results. ARG7, ARZ2, ARK2
and ARNI1 isolates belonging to A. alternate; FRG7, FRG1 and FRN3 isolates belonging to F. oxysporum;
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Abstract

Seed-borne fungi can reduce reduce the quality and quantity of crop by affecting seed health. The aim of this
study were to evaluate the germination and vigor indices of native fennel seed populations, isolate and identify
the seed-borne fungi and then pathogenicity, aggressiveness, and activity of cell wall degrading enzymes
(CWDEs) produced by these isolates were investigated. In order to identify of seed-borne fungi of fennel seed
populations from some fields in provinces of Golestan, Zanjan, Kurdistan and Hamedan were sampled according
to the International Rules for Seed Testing (ISTA). After isolation and purification, fungal isolates were
identified based on morphological and molecular characteristics. Then the enzyme activity of cellulase, xylanase,
pectinase and lipase as the main virulence factors secreted by isolates were evaluated. Also, pathogenicity
potential and the aggressiveness of isolates were evaluated by pathogenicity test on seedlings. A total of 33
isolates were identified based on morphological and molecular characteristics that belonging to species,
Alternaria alternate and Fusarium oxysporum. The results of the standard germination test showed that there
was a significant difference among the native seed populations studied in the germination and vigor indices.
Seed infected by seed-borne fungi significantly affects germination and vigor indices and reduces seed quality.
The results showed that the lowest in the germination and vigor indices were observed by the seed population of
Golestan, followed by the seed populations of Hamedan, Zanjan and Kurdistan. The results of pathogenicity test
showed that about 85% of the isolates were pathogenic and weakly pathogenic and 15% were non-pathogenic
isolates. Also, different levels of pathogenicity and aggressiveness were observed for various isolates of
Alternaria and Fusarium species. Analyzing the activity of CWDEs produced by isolates revealed that cellulase
and xylanase activities were more than important than pectinase and lipase activities for the pathogenicity of
isolates and enzyme activities affects levels of pathogenicity and aggressiveness of isolates. Therefore, these
findings suggested that activity levels of cellulase and xylanase are correlated with variation in pathogenicity and
aggressiveness of seed-borne fungal isolates on seeding. This is the first report on identify the seed-borne fungi
of Iranian native fennel seed populations, together with the investigation of the relationship among the levels of
pathogenicity, aggressiveness and the activity of CWDEs produced by isolates.
Keywords: Aggressiveness; Cell wall degrading enzymes; Cellulase; Fennel; Pathogenicity; Xylanase
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