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Abstract

Fusarium rot disease is one of the most important fungal diseases of saffron corms worldwide, which can
lead to a decrease in product yield and the quality of daughter corms produced. The objective of this study was to
isolate and identify agents responsible for Fusarium corm rot in saffron, as well as to assess their pathogenicity.
In order to determine the Fusarium species from saffron corms with rotting symptoms were sampled from the
different fields in provinces of Hamadan, Golestan, Kerman, Kurdistan, Semnan, Kermanshah, Ardabil, East
Azerbaijan, North Khorasan, Razavi Khorasan, Isfahan, and South Khorasan. After isolation and purification,
fungal isolates were identified and confirmed based on morphological characteristics and species-specific
primers. Also, the pathogenicity of the isolates was artificially tested in the greenhouse on saffron corms
according to Koch’s principles. The results indicated that approximately 38.6% of the saffron corms were
infected with fusarium rot disease in the 1 to 5% range. 33 isolates were identified based on morphological and
molecular characteristics belonging to F. oxysporum (26 isolates, 78.8%) and F. solani sensu lato (7 isolates,
21.2%). The pathogenicity tests revealed that all Fusarium isolates were pathogenic, displaying varying levels of
disease index.The result of the host range test of F. oxysporum on different plants revealed that all isolates
caused wilting and yellowing of aerial organs, necrosis and rotting of underground organs on Gladiolus
(Gladiolus communis L.), Irises (Iris germanica L.) and Crocus (Crocus vernus L.) and was called as F.
oxysporum f. sp. gladioli. This is the first report on identification of F. oxysporum f. sp. gladioli from saffron
fields in Malayer, Bijar, Kangavar, Parsabad, Marand, Natanz, Najafabad and f F. solani sensu lato from saffron
fields in Azadshahr, Shirvan, Esfarayen, Kashmar, Najafabad, Boshruyeh on saffron corms. The findings of this
research provide new insights into the health status of saffron corm against fusarium rot disease, which can be
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used for the revision of the national standard for saffron corms and determining suitable areas for certified corm
production of saffron.
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Figure 1- Geographic areas sampled from saffron fields near the cities of Iran. Sampling areas are marked on the map with
color backgrounds and the number of isolates is identified by (e) Fusarium oxysporum and (A) F. solani sensu lato.
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Table 1- Characteristics of saffron corm samples based on sampling site, type and level of infected with Fusarium isolates
identified based on morphological characteristics

459“‘; 5 d)")‘f“‘;i“”’.d’“ NFI* FO* FSA
Sample code Sample site
HM281 »Me—lien Hamadan - Malayer 3 3 ND
HM282 34kl Hamadan - Nahavand ND* ND ND
GA591 sedlii-olls Golestan - Azadshahr 4 3 1
KS451 ol yemle s Kerman - Sirjan ND ND ND
KS452 Ol e, sSKerman - Sirjan ND ND ND
KS453 il - e, Kerman - Shahr-e Babak ND ND ND
KS454 5,k sKerman - Zarand ND ND ND
DB511 Sl sSKurdistan - Bijar 2 2 ND
DB512 09,8 — ks, sKurdistan - Qorveh ND ND ND
SG861 e 5 — ke SEMNan - Garmsar ND ND ND
55962 e lewSEMNAN - Semnan ND ND ND
SS963 e lewSEMNAN - Semnan ND ND ND
HK191 H9&s—olisle SKermanshah - Kangavar 1 1 ND
HK192 olisle S-olisle sKermanshah - Kermanshah ND ND ND
AP911 sl b — Jws,JArdabil - Parsabad 5 5 ND
ZM351 Sy = Byd obub,3 East Azerbaijan - Marand 3 3 ND
NF261 z9)b - Jlei oLl > North Khorasan - Faruj ND ND ND
NF262 z9)b - Jlei oLl > North Khorasan - Faruj ND ND ND
NF263 z9)l - Jless olol,2North Khorasan - Faruj ND ND ND
NS264 Sams — i olal,s=North Khorasan - Shirvan ND ND ND
NS265 g — Jed Lol > North Khorasan - Shirvan 2 0 2
NE266 oyl = Jless Lol sNorth Khorasan - Esfarayen ND ND ND
NE267 oyl — Jless oLl zNorth Khorasan - Esfarayen ND ND ND
NE268 oyl = Jless lal,2North Khorasan - Esfarayen 1 ND 1
RH321 4,0 o sgs, oll,sRazavi Khorasan - Torbat-e Heydariyeh  ND  ND  ND
RH322 L,he oy - s95, ol Razavi Khorasan - Torbat-e Heydariyeh 1 1 ND
RK313 ilS — g9, olul,5Razavi Khorasan - Kashmar 2 1 1
RK314 ilS = s90, oLl »Razavi Khorasan - Kashmar ND ND ND
RG314 SLLS — s, olul,»Razavi Khorasan - Gonabad 1 1 ND
RT315 sl — s, olul,5Razavi Khorasan - Taybad ND ND ND
RJ316 el oy — 95, olul,» Razavi Khorasan - Torbat-e-Jam ND ND ND
1T131 09955 9 ol — okl 1Sfahan - Tiran-o-Korun ND ND ND
1J132 ik kil ISfahan - Natanz 2 2 ND
1J133 sbl ciss — kil ISTahan - Najafabad 2 1 1
1K134 sl Gss - kawllsfahan - Najafabad ND ND ND
BQ421 B - g Wl xSouth Khorasan - Qaen ND ND ND
BQ422 B - g oll,»South Khorasan - Qaen 1 1 ND
BQ423 2B - g ol South Khorasan - Qaen 1 1 ND
BB424 Xz o — 29> olel,2South Khorasan - Birjand ND ND ND
BB425 K>y 9 ol 2South Khorasan - Birjand ND ND ND
BB426 Xz o — 29> olel,2South Khorasan - Birjand 1 1 ND
BF427 w93 — e ol ,2South Khorasan - Ferdows ND ND ND
BB428 Qg s — a9 ol ,aSouth Khorasan - Boshruyeh 1 ND 1
BB429 Qg s — a9 olel,> South Khorasan - Boshruyeh ND ND ND

A ol aseis :ND F. solani (FS2 Fusarium oxysporum :FO* Fusarium  slaalis sl :NFI*
*NFI = number of Fusarium isolates, *FO: Fusarium oxysporum, 2FS: F. solani, *ND: Not detected.
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Figure 2- Images of morphological characteristics conidia of Fusarium species isolated from saffron corms. Macroconidium
(a), microconidia (b) and chlamydospores (c) isolate ODB511-11 of F. oxysporum; macroconidium (d), microconidia (e) and
chlamydospores (f) isolate SNS265-11 of F. solani; Staining with lactophenol cotton blue. Scale bars= 10 pm.
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Figure 3- Molecular identification of different isolates of Fusarium species isolated from saffron corms. The bands Control-
FS (positive control of F. solani sensu lato), SGA591-111, SRK313-11 and SBB428-1 belonging to F. solani sensu lato with TEF-
Fs4f | TEF-Fs4r primers; Control-FO (positive control of F. oxysporum), OAP911-V, ODB511-11, OZM351-111, OIT133-1,
OBB426-1 and OGA591-1 belonging to F. oxysporum with CLOX1/CLOX2 primers respectively; (Ladder 100 bp Fermentas).
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Figure 4- The dry rot volume caused by different isolates of Fusarium spp. on saffron corms. Control (a); saffron corms
inoculated by F. solani sensu lato isolates SNS265-1 (b), SBB428-1 (c) and SNS265-11 (d); inoculated by F. oxysporum isolates
0OZM351-1 (), ODB511-1 (), OAPI11-1V (g), OGA591-1 (h) and OAPI11-111 (i).
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