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Abstract

Corm rot and Fusarium yellowing are the major disease of gladiolus with widespread prevalence. The causal
agent is the fungus Fusarium oxysporum f. sp. gladioli, which causes corm rot, leaf yellowing, and eventual
plant death of gladiolus. Fusarium yellowing and wilt is a severe and highly destructive disease, causing 30—
70% vyield losses in gladiolus. Disease management relies on integrated strategies, including cultural, chemical,
and biological methods, as well as using resistant cultivars. The morphological and biological characteristics
of the fungal isolates isolated from the infected plant tissues studied in this research project. Additionally, four
pairs of universal and specific primers used to determine species identification, forma specialis and the race of
selected isolates. Results demonstrated that all isolates were pathogen on gladiolus cv. Oscar. Universal
primers ITS and Tef enabled fungal identification at the subspecies level. Application of primer pairs FOGA/B
and FOGE/F revealed that all examined isolates belonged to race 2 of the fungus. This study represents the
first molecular characterization and identification of Fusarium oxysporum f. sp. gladioli (FOG) isolates from
Iran.
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Table 1. Specific primers used in the PCR tests

Primers name 5°-3’ Sequence

Reference

FOG A CATCTCACGACAACATTAGGG
FOG B AAGCTCACGAAAGTTGGTGGG
FOGE CAGCTCACGACCTGTAGT
FOG F CAGCTCACGATGGGAATC
ITS4 TCCTCCGCTTATTGATATGC
ITS5 GGAAGTAAAAGTCGTAACAAGG
EF-1-986 CATCGAGAAGTTCGAGAAGG

EF-728 TACTTGAAGAACCCTTACC

Haan et al., 2000

White et al., 1990

Jimenez-Fernandez et al., 2010
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Figure 1. The Colonies of some Fusarium isolates obtained from
gladiolus on PDA culture medium
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Table 2. Morphological characteristics of different Fusarium isolates obtained from gladiolus plants

Isolate name The Presence or absence The presence and Microconidia form Phialid form
of chlamydospores macroconidia form

FGO01-6 Abundant 4 cells One or two-celled , spore ball Short monofialid
formation

FGO01-18 Very abundant - sometimes 4 cells One or two-celled Short monofialid

double

FG02-01 very little 4 cells One or two-celled , spore ball Short monofialid
formation

FG02-05 Yes 4 cells One or two-celled , spore ball Short monofialid
formation

FG02-06 Yes 4 cells One or two-celled , spore ball Short monofialid
formation

FG02-08 Abundant 4 cells One or two-celled , spore ball Short monofialid
formation

FG02-09 Yes 4 cells One or two-celled , spore ball Short monofialid
formation
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Figure 2. Comparison of shoot length in response to inoculation with different fungal isolates three months after inoculation. The highest relative
shoot length in isolate FG02-06 and the lowest relative shoot length in isolate FG02-09
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Figure 3. Comparison of the rate of disease development on gladiolus corms of Oscar cultivar inoculated by different isolates of
Fusarium oxysporum f.sp gladioli
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Figure 4. Results of inoculation of rhizomatous iris (Iris germanica) using a mixture of two isolates FG02-01 and FG02-05 of the fungus Fusarium
oxysporum f.sp gladioli : growth reduction (left) and chlorosis and necrosis of plant leaves (right) compared to the un inoculated control.

PCR 4030

LS5 (3L i v aagdee 3 olant] S L FOG AIFOG sls S5 > 5l eslizul L PCR ;,yj@u
BEISERTS RGNV L LR R E Ay S | PR SN (I L) W N0v sl 550 03 gdome 53 eseie LK S sls 0L B
G5 4 Ghate Laalds aen 45 sls OLE o8 sulr e LaIl s (0 JK0) W oS bl aes 53 (5L
Ayl U Ll calis 2 5 dites F. OXyspOrUm 5> bl 5l pliSses s FOG E/FOG F Skl cus

S iS5 gl (g3l i VY e o) Sl 5 ) 50 05 55w

W) AV 0T gls Sl IS psl5s alle s gl (FOGE/FOGF) 5 FOGAIFOGB) ST i 53 5l eslizul LPCR 05031 il (0 JS05

(1Kb Ladder) S ske o35 Slis M (FOGE/FOGF) S5l i 4 by e V8 53T v A it Y (cls Sl s FOGAIFOGB) S35l i 4 by e

Figure 5) Results of PCR test using two primer pairs (FOGA/FOGB) and (FOGE/FOGF) on seven different Fusarium oxysporum f.sp gladioli isolates. Lanes 1,
3,5,7,9, 11 and 13 correspond to the primer pair (FOGA/FOGB) and lanes 2, 4, 6, 8, 10, 12 and 14 correspond to the primer pair (FOGE/FOGF). M indicates
molecular weight (1kb Ladder).
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Figure 6) - Phylogenetic relationship of seven selected isolates of Fusarium oxysporum gladiolus with different isolates of Fusarium oxysporumbased
on a 650 bp fragment amplified with the primer pair FOGA/FOGB. The tree was drawn based on the neighbor-joining method using MEGA X
software and 1000 bootstrap replicates
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Figure 7) Results of PCR test using primer pair (ITS4/1TS5) for seven different Fusarium gladiolus isolates.
Lanes 1 to 7 correspond to the seven fungal isolates studied. M, marker indicates molecular weight (1kb Ladder).
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Figure 8. Phylogenetic relationship of two selected isolates of Fusarium oxysporum gladiolus (FG02-01 and FG-02-05) with isolates
of different Fusarium species based on a 600 bp fragment amplified with the ITS 4/ITS 5 primer pair. The tree was drawn based on
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method using MEGA X software and 1000 bootstrap replicates

sl S5l 51 EF-1-986/ EF-728 5 1TS4/ITSS S5l i s
S5 4 b sl gl Gl 4l Ol &S Lis o sas
ool Ces 4 gla Iy ax SI s S 2l 1, F. oxysporum
o e 3 S Ol EF-1-986/ EF-728 S5l i
= (Gupta er al., 2016) 350 o walp a1y o sase
S eslizud 51 ol sla JIg opl o sl 0L 35 Lo asdllas
ciles glawllr gdw 038 Ol SHll i

(A U8 wles V.aljé |, F.oxysporum f.sp. gladioli
S Wlesls OLis Ls bl sl j5 a3 S )50 sla w5
Roebroeck and Mes, )) <l ¥ 5V 315 55 (glyls b o
Straathof et al., <Loffler et al., 1997 ‘Mes et al., 1994 <1992
bl ) sty eddell Sllae bl (1998

P S 2 S e IS 2t 5 S5 SIS

S
bl ol ol Ciles glaggsloy o cond JplS S
368555 Sobew oSl (olew 0L ol 5 0 S
F. oxysporum f.sp. G)LB o g aS Tl sl Soeh
u.:\ BEl LY L;LQC%J)JM )\ J<i J)‘;J‘ }bu‘ gladloll
5 FOG 5 il Q\&qwﬁﬂs¢xwlssﬁ)wb
Rl s OGN a8 5 50 gl (8 o) e S
mesls Jl= LS e Sl ~ Sl albal alas
Q@Qemiwsgoub}g\jmdjyb-du
sl S5l Cix emes 5 FOG AFOG B 3Ll
sy bls,l us5 4 EF-1-986/ EF-728 5 ITS4/1TS5
Foogls aldr bl Goiosd ol 5o andllas 5,50 glaalir

.sls OL&S oxysporum



a8 55,5 5 L2 ,45 Jele Fusarium oxysporum f.sp. gladioli Jshe 5 55850 (S5 858,50 Slwe sas 5 5 et 0L Ken 5 Oy \or

395 olS (55, FG02-05 5 FG02-01 asld> 55 ol les
P332 Sy 50l Ay GalS o b adllas 55 a5
QL.:..: ('.A Q\Ji‘ L L;LB wjf Q)rﬂ A.ASUGA A °L2'§ g]‘i‘ L
332w F.oxysporum fsp. gladioli 31 slaalas a5 5l
Mazaheri) o555 o) iliee sl 55 S35 2liolen
.3 g0k (Khaledi et al., 2024) O e 5 (Tehrani et al., 2020
33 4 aS ol sl enls QLIS O Kens 5 de Haan asllas s
sl 3255 (8, K15 o F.oxysporum f.sp. gladioli G)L; 315
Sul b arg b Ll i oS ol 51 st (golen
K i sNymph 8 S5 310 w5 55 slad plS
- 2L 1 s 50 L sLlastl s (de Haan etal., 2000) Peter Pear
laesly 4 S Ll sls e G S e g
Ol,Kas 5 de Haan 4s)lzs . (de Haan etal., 2000).5 5 JSChe
FOG AIFOG 3Ll i 55 3l aslizal a5 sls OLas (Yove )
F.oxysporum &, 13 K& g~ FOGEFOGF 4B
ile 5,803y gl By, oSSl Lls e fsp. gladioli
l.dd.'.suaﬁ)) J\.LLQJ L@.‘NJL?UQJL«I‘ .))}A E)G:\.’Jﬁ\lf
V:U 9 ol bl 4 53l badlus de a5 U eals QLS
S sy esls Ol 3 Sldlas oS Wy LUl 8 iy
&olulas (Straathof et al., 1998)) Al o) 515 4 wlos
flfe)l 31 F.oxysporum f.sp. gladioli GJG Yools slaglas
o (Yer) OLea 5 deHaan axlas s J 5 US J.f s
SIS stz 6T adlas 55 J= ol bl ods 55158
o3ls asii Iplay pb dsg eddllr 8 s o6l ol
Sl bl can e oS sl LS b asdlas Ll WS
2 A0 Grmen 5 oS Sao g mlle sl 4 506 oslis
4 UL’ L ol JS> L}iub @M Llaa 43‘5.! .,\,:.;) Q\J.«d
Gl Ol 8 sl o3 g 2licoles gl
ol =B Y S5 aly andllae 5, 90 glaaslir Gl oS s
23 B eBol sl eslanal o) so 3 bl b s s
oslanal jakae 40 ¥ o) (lasls S8y sladlas (s g sl

de Haan et) LS o o |85 slad S @ Lo 6 ¥
L3ls Ol el 3l 2 s gl 53 4 ST .(al,, 2000
Lo - 8 s lad pUS 5l e 550 ol Y sl oS
L Y olE s ol s Ukl 5l S ol 5018 akex
Roebroeck and Mes ) ol o3 S o ol s Jf slad uUS
23 whissles 5 JSe (358050 sla 2Ll (2000
35 Nad ool s 4 glaalir oS Lsls OLES Lo ilesl
i 53 O es 5 Ola (g3 . Lyls Ll 3 F.ooxysporum o5 S
F.oxysporum f.sp. z 5 Y 5\ sl3 53 S g Sl
Qosls oLas L@JT [ de Haan et al., 2000) 4> S 3 =~ gladioli
SFOGAFOGB Sl i 55 ,a L &S Llawlls 3 a8
VYoo axbad g5 a5 eals LA e 2SI FOG E/ FOG F
At B S5 sl Glate 555 o ST g5k 14
S5LTLL FOGAFOGB S5l L Lais a5 sllaalis
S eMSon L L 5 ns e OLE Cte 251, FOG E/ FOG F
Y ol5 e Ghate s o 0L e STy ST i 5
i 5l eslizul L PCR 0505 2 4 e L 26
4 sl 5 e dnlad S 4 oo «S FOG AIFOGB S 5]
S WWer sl o) e andad 5T pde 5 S (5L i
& AL &5 5 FOG E/ FOG F S5kl i L gL
Ol eob Wl e S 5L i e s a6 31l 4 ol
plis Cas a3 il Gaa e gble 4 b SHLET Jlas)
o8 ¥ oslE a bl opl Gl bl s 35
a3 S &y g0 axdllas 435405 5 4 5 F.oxysporum f.sp. gladioli
Bla> a8 as esls gLiS (2000) O))en 5 de Haan Lo 55
¢ Iridaceae o3l sl glael 3l sulilie FOG G)LB ala= Y
FOGE/FOG S;leT i b polianstl il S oo s &
FOG AIFOG B S Ll cux L olant| Ll L35 5 F
osl> asis FOG £ 5 Y sl5 4 3lae ¢ PCR RPSIEY
slacl o3l aS lanlir ol casdloe pes 3
bzl 4 Ly ol lu> JpUS 5> « Iridaceae o3l gl=

a0l E Ly B Y S5 4 Glae Sl S



) ol
Sy s ) Sl 055 5l fewd Ol e 4 dllis ]
Soen Golen & IS i sl o sl 5l Sy
(s OS5 IS eSliagn e Colem L ianls s
5 il (Dlid Olajle (SLEL pole Dlidos a s

o] erbu‘Lg))jL;S@_}JS

References

BOEREMA, G. H., and HAMERS, M. E.1989. Check-list for
scientific names of common parasitic fungi. Series 3b:
Fungi on bulbs: Amaryllidaceae and
Iridaceae. Netherlands Journal of Plant Pathology, 95,
1-29. https://doi.org/10.1007/BF02001882

BURGESS, L. W., SUMMERELL, B. A,, BULLOCK, S., GOTT,
K. P. and BACKHOUSE, D. 1994. Laboratory Manual
for Fusarium Research (Thierd Ed.). Sydney: University

of Sydney.

CHANDEL, S., and DEEPIKA, R. 2010. Recent advances in
management and control of Fusarium yellows in
Gladiolus species. Journal of Fruit and Ornamental Plant
Research, 18, 361-380.

DALLAVALLE, E., D'AULERIO, A. Z., VERARDI, E. and
BERTACCINI, A. 2002. of RAPD

polymorphisms in Gladiolus cultivars with differing

Detection

sensitivities to Fusarium oxysporum f. sp. gladioli. Plant

Molecular  Biology 305-306.
https://doi.org/10.1007/BF02782468

ERSHAD, D, 2009. Fungi of Iran. Tehran: Iranian Research
Institute of Plant Protection.

GONZALEZ-PEREZ, E., YANEZ-MORALES, M. D. J,
ORTEGA-ESCOBAR, H. M. and VELAZQUEZ-

MENDOZA, J. 2009. Comparative analysis among

Reporter, 20,

pathogenic fungal species that cause gladiolus (Hort.)
corm rot in Mexico. Revista Mexicana de Fitopatologia,
27(1), 45-52.

HAAN, D. and DOORN, V. 2000. PCR detection of Fusarium
oxysporum f. sp. gladioli race 1, causal agent of

Gladiolus yellows disease, from infected corms. Plant

VErg Wl Y oylad QY Wl 1 aLE sba g lew 5 ST

Gl 4 e (ke Coalsd L 015 s PR (sla0 5051 o
G)G Yool e ol s adlee sy slaglas
@l @ s Lo b lgbl F.oxysporum f.sp. gladioli
5 Bl Cslie (g5, B8 Do lapll canlllas o
ol AL Ol s Sl ans s J s slacs s
33 ppas Ul G)lfe ol e glaaglas sl5 s
Alrosbos sl rLE)lQ.il Cowlo= L 5 Cwglin Conls
Al s 4 S ey ]

Pathology, 49, 89-100 https://doi.org/10.1046/j.1365-

HEIMANN, M. F. and WARF, G. L. 1997. Gladiolus Disorder
Yellows and Bulb Rot. Wisconsin: University of

Wisconsin Cooperative Extension.

KHALEDI, N., REZAEI, M. and ALIZADEH FARDDARABAD,
M. 2024. Investigation into the Prevalence of Fusarium
Corm Rot Disease in Saffron Fields of Iran. Saffron
Agronomy and Technology, 11(4), 393-412. DOI:
10.22048/jsat.2024.410910.1501

KUMARI, P., MANJUNATHA, R. T., SANE, A., KUMAR, R.
and DHANANJAYA, M. 2016. Characterization of

Fusarium wilt in resistant and susceptible gladiolus

(Gladiolus spp) genotypes using DNA markers. The
Indian Journal of Agricultural Sciences, 86.
LECOMTE, C., ALABOUVETTE, C., EDEL-HERMANN, V.,
ROBERT, F. and STEINBERG, C. 2016. Biological
control of ornamental plant diseases caused by Fusarium
oxysporum: A review. Biological Control, 101, 17-30.
http://dx.doi.org/10.1016/j.biocontrol.2016.06.004
OFFLER, H., STRAATHOF, T. P., VAN RUBROEK, P. and
ROEBROECK, E. 1997. Fusarium
gladiolus: the development of a screening assay. Journal
of Phytopathology, 145, 465-468.
https://doi.org/10.1111/j.1439-0434.1997.th00351.x
MASOOMI-ALADIZGEH, F., L. JABBARI, R. KHAYAM
NEKOUEI, and A. AALAMI, 2016. A Simple and Rapid

resistance in

System for DNA and RNA Isolation from Diverse Plants
Using Handmade Kit.
Exchange. https://doi.org/10.21203/rs.2.1347/v2

Protocol



https://doi.org/10.1007/BF02001882
https://doi.org/10.1007/BF02782468
https://doi.org/10.1046/j.1365-3059.2000.00421.x
https://doi.org/10.1046/j.1365-3059.2000.00421.x
doi:%2010.22048/jsat.2024.410910.1501
doi:%2010.22048/jsat.2024.410910.1501
http://dx.doi.org/10.1016/j.biocontrol.2016.06.004
https://doi.org/10.21203/rs.2.1347/v2

a8 3,5 5 S35 Jule Fusarium oxysporum f.sp. gladioli J ke 5 (58 00 (5858550 Slno gas 5 5 eend 0 Ken 5 Oy \oyY

MES, J., VAN DOORN, J., ROEBROECK, E., VAN EGMOND,
E., VAN AARTRIJK, J. and BOONEKAMP, P. 1994,
Restriction fragment length polymorphisms, races and
vegetative compatibility groups within a worldwide
collection of Fusarium oxysporum f. sp. gladioli. Plant
Pathology, 43, 362-370. https://doi.org/10.1111/j.1365-
3059.1994.th02697.x

NAROEI, K., and SALARI, M. 2015. Reliable Detection of the

Fungal

Pathogen, Molecular  Detection  and
Identification Fusarium oxysporum. Biological Forum,
7,473.

NASIR, I. A, JAMAL, A., RAHMAN, Z. and HUSNAIN, T.
2012. Molecular analyses of Gladiolus lines with
improved resistance against fusarium wilt. Pakistan
Journal of Botany, 44, 73-79.

PARTRIDGE, J. E. 2003. Fusarium Rot and Yellows of Gladiolus.
Lincoln: University of Nebraska.

RIAZ, T., KHAN, S. N. and JAVAID, A. 2010. Screening of
Gladiolus germplasm for agronomic performance and
resistance against corm rot disease. African Journal of
Biotechnology, 9, 6701-6707.

ROEBROECK, E. and MES, J. 1992. Physiological races and
vegetative compatibility groups within Fusarium
oxysporum f. sp. gladioli. Netherlands Journal of Plant
Pathology, 98, 57-64.
https://doi.org/10.1007/BF01998078

SAIKIA, R. and KADOO, N. 2010. Molecular detection and
identification of Fusarium oxysporum. In: Molecular

(pp. 131-157). Springer.
https://doi.org/10.1007/978-3-642-05042-8_7

SINGH, R. N.1969. A vascular disease of gladiolus caused by
Fusarium oxysporum f. sp. gladioli in India. Indian

Phytopathology, 22, 402-403.

Identification of Fungi

SINGH, N., PAL, A. K., ROY, R., TAMTA, S., and RANA, T.
2017. Development of cpSSR markers for analysis of
genetic diversity in Gladiolus cultivars. Plant Gene, 10,
31-36. DOl:
http://dx.doi.org/10.1016/j.plgene.2017.05.003

SINGH, N., PAL, A. K., ROY, R., TEWARI, S., TAMTA, S. and
RANA, T. 2016. Assessment of genetic variation and

population structure in Indian Gladiolus cultivars
inferred from molecular markers. The Nucleus, 59, 235—
244, https://doi.org/10.1007/s13237-016-0181-4
STRAATHOF, T. P., JANSEN, J., ROEBROECK, E. and
LOFFLER, H.1997. Fusarium resistance in Gladiolus:
Selection in seedling populations. Plant Breeding, 116,
283-286. https://doi.org/10.1111/j.1439-
0523.1997.tb00997.x
STRAATHOF, T. P., LOFFLER, H., ROEBROECK, E. and
LINFIELD, C.1996. Breeding for resistance to
bulbs. In: VII
International Symposium on Flowerbulbs (Vol. 430, pp.
477-486).
DOI: 10.17660/ActaHortic.1997.430.77
STRAATHOF, T. P., ROEBROECK, E. and LOFFLER, H.1998.
Studies on Fusarium-Gladiolus Interactions. Journal of
Phytopathology, 146, 83-88.
https://doi.org/10.1111/j.1439-0434.1998.th04662.x
TEHRANI, M. M., ESFAHANI, M. N., MOUSAVI, A,
MORTEZAIINEZHAD, F. and AZIMI, M. H.2020.

Regulation of related genes promoting resistance in Iris

Fusarium oxysporum in flower

against root rot disease, Fusarium oxysporum f. sp.
112(5), 3013-3020.
https://doi.org/10.1016/j.ygen0.2020.05.013

gladioli. Genomics,



https://doi.org/10.1111/j.1365-3059.1994.tb02697.x
https://doi.org/10.1111/j.1365-3059.1994.tb02697.x
https://doi.org/10.1007/BF01998078
https://doi.org/10.1007/978-3-642-05042-8_7
http://dx.doi.org/10.1016/j.plgene.2017.05.003
http://dx.doi.org/10.1016/j.plgene.2017.05.003
https://doi.org/10.1007/s13237-016-0181-4
https://doi.org/10.1111/j.1439-0523.1997.tb00997.x
https://doi.org/10.1111/j.1439-0523.1997.tb00997.x
https://doi.org/10.17660/ActaHortic.1997.430.77
https://doi.org/10.17660/ActaHortic.1997.430.77
file:///C:/Users/kazal/Desktop/اصلاح%20شده%20خانم%20دکتر/146,%2083–88.%20https:/doi.org/10.1111/j.1439-0434.1998.tb04662.x
file:///C:/Users/kazal/Desktop/اصلاح%20شده%20خانم%20دکتر/146,%2083–88.%20https:/doi.org/10.1111/j.1439-0434.1998.tb04662.x
https://doi.org/10.1016/j.ygeno.2020.05.013
https://doi.org/10.1016/j.ygeno.2020.05.013

