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Abstract

Fusarium head blight is one of the most important fungal diseases of small grains throughout world, which not only
reduces the yield, but also causes quality losses through the production of various mycotoxins. The aim of this study
was to isolate and identify the Fusarium head blight disease agents and to evaluate the effect of seeds infection by
different isolates of Fusarium and deoxynivalenol compound on the traits related to seed germination. In order to
identify wheat seed-derived Fusarium causing this disease from the fields of Zanjan, Markazi, Tehran, Alborz,
Hamedan, Fars, Sistan and Baluchestan, Kermanshah and Khuzestan provinces were sampled according to the
International Seed Testing Association (ISTA) rules. Then, the ability of trichothecene prodcution and the presence of
genes involved in deoxynivalenol trichothecene biosynthesis and the level of deoxynivalenol production on rice
medium were evaluated by High-performance liquid chromatography (HPLC). A total of 15 isolates were identified
based on morphological and molecular characteristics as F. graminearum (12 isolates) and F. culmorum (3 isolates).
The results showed that only 40% of the isolates had ability to produce trichothecene, and the levels of deoxynivalenol
production was in the range of 1650-3500 pg.kg™. The results of the standard germination test showed that seed
treatment with different isolates of Fusarium affected the germination and seed vigor indices and reduced the seed
quality and seedling health. The findings of this research provide new perspectives on the effect of the level of
deoxynivalenol secreted by Fusarium on the quality characteristics of seeds and the rate of disease progress.
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Table 2. Characteristics of wheat seed samples based on cultivar, sampling site, type and level of infected with
Fusarium isolates identified based on morphological characteristics.

Sample code Cultivar Sample site FG" FCY NFI8
KSK23 Setareh Dezful ND ND ND
ATWA43 Torabi Karaj ND ND ND
ASS61 Sadra Arak ND ND ND
FSW33 Shabrang Hasan Abad 2 ND 2
SOS11 Ofogh Zabol ND ND ND
TSW72 Sivand Varamin ND ND ND
HHS82 Haydari Hamedan 1 1 2
Z0s01 Ohadi Zanjan ND ND ND
FAS31 Aran Hasan Abad ND ND ND
KKS25 Karim Dezful 3 ND 3
KTW53 Talaei Kermanshah ND ND ND
ABS41 Baharan Karaj ND ND ND
ZHWO03 Heyran Zanjan ND ND ND
KSK52 Sirvan Kermanshah ND 1 1
SNS12 Narin Zabol ND ND ND
KTK21 Tirgan Shavoor ND ND ND
ZBS02 Baran Zanjan ND 1 1
TRS71 Rakhshan Varamin ND ND ND
KSw24 Qaboos Dezful 1 ND 1
AMS45 Mihan Karaj 1 ND 1
KMS26 Mehregan Dezful 2 ND 2
HHW83 Hashtrood Hamedan ND ND ND
FSF32 Sarang Hasan Abad ND ND ND
APK42 Pishgam Karaj 1 ND 1
FSP34 Sana Zargan ND ND ND
AZW44 Zarineh Karaj ND ND ND
KBS51 Behrang Kermanshah ND ND ND
KAS22 Aftab Dezful 1 ND 1
AHKA46 Hana Karaj ND ND ND
Total 12 3 15

J Appl Res Plant Prot

*FG: Fusarium graminearum, *FC: F. culmorum, SNFI = number of Fusarium isolates, ND: Not detected.
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Macroconidium of %
Molecular identification

Sample code: APK42

) Fusarium graminearum

FGS08 Control
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Figure 1. Isolation of fungus Fusarium spp. isolated from wheat seed sample (a), morphological characteristics of macroconidiaof
Fusarium graminearum (b) and F. culmorum (c), molecular identification of fungal isolates isolated from seed (d): the bands FGS30,
FGS17, FGS57, FGS25, FGS34, FGS66, FGS03, FGS59, FGS46, FGS08, FGS81 and FGS22 belonging to F. graminearum with
Fg16F/Fg16FFg16R primers; FCW39, FCW75 and FCW43 belonging to F. culmorum with OPT18F/OPT18R primers respectively;
(Ladder 100 bp Fermentas), the detection of gene region of Tri5, Tri5-Tri6 intergenic, Tri7 and Tril3 in different isolates of
Fusarium spp. (e): the bands FGS57, FGS25, FGS30, FGS22, FGS34 and FGS17 which indicating the presence of the Tri5 gene and
trichothecene producer with TRI5(F)/TRI5(R) primers; FGS22, FGS34 and FGS25 which indicating the presence of the Tri5-Tri6
intergenic gene and deoxynivalenol production with ToxP1/ToxP2 primers; FGS34, FGS30 and FGS57 which indicating the
presence of Tril3 gene and deoxynivalenol production with Tril3F/Tril3R primers; FGS25 and FGS57 which indicating the
presence of Tri7 gene and deoxynivalenol production with MinusTri7F/MinusTri7R primers respectively; (Ladder 100 bp
Fermentas), virulence of different isolates of Fusarium spp. on leaf segments (f) and spike (g) of wheat: the appearance of symptoms
of the disease caused by the isolates of FGS59, FGS81, FGS08, FGS03, FGS66, FGS34, FGS17, FGS57, FGS22, FGS30 and FGS25
belonging to F. graminearum and isolates of FCW43, FCW75, FCW39 belonging to F. culmorum on leaf segments (f); isolates of
FGS59, FGS17, FGS08, FGS34 and FGS03 belonging to F. graminearum on wheat spike (g).
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Table 3. Characteristics of Fusarium isolates recovered from wheat seeds based on the cultivar, origin, and presence of
genes and the level of deoxynivalenol production in rice cultures.

Isolate

Species-specific

PCR assay results

Deoxynivalenol

Cultivar Sample site . . . Tri5-Tri6 production in
code PCR Tri5  Tri7  Tril3 intergenic  vitro (ug.kg)
FGS57 Qaboos Dezful F. graminearum + - + - 2130 £ 36.05
FGS03 Aftab Dezful F.graminearum - - - - 0
FGS81 Haydari Hamedan F. graminearum - - - - 0
FGS25 Shabrang Hasan Abad F. graminearum + + - + 3500 + 30.41
FCW39 Baran Zanjan F. culmorum - - - - 0
FGS08 Pishgam Karaj F. graminearum - - - - 0
FGS46 Shabrang Hasan Abad F. graminearum - - - - 0
FGS30 Mehregan Dezful F. graminearum + - + - 2860 £ 20.82
FCW75 Sirvan Kermanshah  F. culmorum - - - - 0
FGS59 Karim Dezful F.graminearum - - - - 0
FGS34 Mehregan Dezful F. graminearum + - + + 1860 + 43.30
FGS22 Karim Dezful F.graminearum + - - + 2370 £11.55
FGS66 Mihan Karaj F.graminearum - - - - 0
FCW43 Haydari Hamedan F. culmorum - - - - 0
FGS17 Karim Dezful F. graminearum + + - - 1650 + 16.07

Tri5: trichothecene producers, +: Presence, —:

repetitions + standard error.

Absence, The level of deoxynivalenol production in vitro are the average of three

oS M o8, 5 Slakad g aligs 59, ,» F. culmorum 5 Fusarium graminearum slaalos o>ls o508 5 ol lew .F Jgoo
Table 4. Virulence and aggressiveness of Fusarium graminearum and F. culmorum isolates on spike and leaf segments

inoculated of Falat wheat cultivar.

spike leaf
Isolate code zl/zllr—|ul_l>eir;10deex) Aggressiveness (hpi) EI/_IrLL,Ilrennncw(; Aggressiveness (hpi)
FGS57 39.50 +£0.29 ¢ 155 +0.41 ¢ 18.50+0.28 ¢ 76 +0.711
FGS03 25.75+0.25" 183 +0.411 10.25+0.48 9 91+0.58¢
FGS81 19.50 + 0.50 ¥ 197 +041" 7.50 £ 0.29 i 100 +0.71°
FGS25 53.75+0.48¢% 142 +£0.41°2 28.25+0.25% 67 +0.58 &
FCW39 30.00+0.41f 172+0.41°¢ 1275+ 0.25f 84+0.71¢9
FGS08 22.00+0.411 190 +0.58'! 8.75+0.25 N 96+0.41°
FGS46 29.50+0.29f 175+0.41" 1250+ 0.29 85+0T
FGS30 4550+ 0.29° 147 +0.58 © 24.50+0.64° 72+0.411
FCW75 24.00+0.41'° 1870k 9.75+0.48 9" 94+0.41¢
FGS59 18.25+0.25' 200+0.91° 6.75+0.48% 105+0.41°2
FGS34 36.50+0.29 ¢ 157 +0.58 ¢ 16.75+0.48° 79+0.41"
FGS22 41.75+0.48¢ 152 +0.71°¢ 20.25+0.47¢ 75+0.41°
FGS66 27.75+0.25¢9 177 +0.71 11.75+0.25f 86+041°F
FCwW43 20.50 £ 0.29 % 194+041™ 8.00+0.411 99+0.41°
FGS17 35.50+0.29 ¢ 159 +0.71f 16.25+0.29°® 80+0"N
LSD (0.05) 1.01 1.56 1.08 1.37

hpi: hours post inoculation, FHB index: Fusarium head blight index, LL: Lesion length. 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.
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Figure 2. Effect of different concentrations of doxynivalenol on the percentage of seed germination of Falat wheat

cultivar.
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Table 5. Means comparison of quality characteristics of seeds and traits related to germination in seed treatments of
Falat wheat cultivar with Fusarium graminearum and F. culmorum isolates and deoxynivalenol compound in
concentration of 5060 pg.kg™.

Treatments GP AN SL RL FW DW
FGS57 95.25 K 1.254 11.821 14,72 2.159 0.167!
FGS03 97.75 ¢f 0f 13.35¢ 16.70 ¢ 2.34°¢ 0.196f
FGS81 99.00 be 0f 14.17° 17.47° 2.38b 0.210°"
FGS25 9250 M 3.50°P 9.57! 12.95m 2.021 0.143°
FCW39 96.50 i 0.50 ¢f 12.859 15.85 N 2.27¢ 0.183'1
FGS08 99.50 o of 13.80°¢ 17.10¢ 2.36°¢ 0.203 ¢
FGS46 96.75 9 0.50 ¢f 12.879 16.159 2.28¢ 0.186 "
FGS30 93.75" 2.25¢ 11.15k 13.52! 2.081i 0.155"
FCW75 08.25 de 0f 13554 16.82¢ 235¢ 0.200 ¢
FGS59 99.25 @b 0f 14.252 17.60° 2.38b 0.211°b
FGS34 95.75 Kk 1.00 de 12.12h 15.171 2.20f 0.171k
FGS22 94.75! 1.504 11.621 1455k 2.13h 0.162™
FGS66 97.25f9 of 13.15f 16.42f 2.324d 0.192 9
FCW43 98.75 bed 0f 1392°¢ 17.27¢ 2370 0.207 ¢
FGS17 96.00 i 1.00 de 12.17h 15301 2.21fF 0.1751
Control 99.752 0f 14352 18.002 2442 0.214 2
CMC 99.752 0f 14352 17972 2432 0.214¢@
DON 90.00° 5252 7.72™ 450" 1.66 % 0.112°
LSD (0.05) 0.95 0.67 0.15 0.13 0.015 0.001
Treatments SWVI SLVI MTG CVG MDG DGS
FGS57 15.7"! 2495.7 k 3.80¢ 0.263! 13.61 9" 0.0735 d
FGS03 19.2°F 2937.3f 3.231 0.309 ¢ 16.29 ¢ 0.0614
FGS81 20.8° 3133.3°P 3.05m 0.3274¢ 19.80° 0.0505 4
FGS25 12.7° 2004.6 " 3.98° 0.251" 13.211 0.0757°
FCW39 1761 2755.11 3.33N 0.300'1 16.04 f 0.06239
FGS08 19.9¢ 3043.6¢ 3.19% 0.315f 16.46 ¢ 0.0609 i
FGS46 179N 2793.3h 3.31h 0.3021 16.12 f 0.0620 9"
FGS30 142" 2257.8M 3.94°¢ 0.254 " 13.391 0.0747 ¢
FCW75 19.7 ¢ 2984.3 ¢ 3.19k 0.313f 16.41 ¢ 0.0608
FGS59 209° 3161.1° 3.02" 0.331°¢ 19.85 @ 0.0504 ¥
FGS34 16.2 2586.61 3.74fF 0.268 ¥ 13.689 0.0731 ¢f
FGS22 15.1m 2440.8"! 3.85¢ 0.259m 13.53h 0.0739 ¢
FGS66 18.7 9 2876.19 3.261 0.307 " 16.21 de 0.0617 N
FCw43 20.4°¢ 3080.9 ¢ 3.09! 0.324 ¢ 19.75°b 0.0506 ¥
FGS17 16.61 2610.11 3.699 0.2711 13.719 0.0729 f
Control 21.4¢8 3226.92 2.86°P 0.349@ 19.952 0.0501"
CMC 2138 322442 2.94° 0.339° 19.952 0.0501"
DON 9.6P 1036.1° 4,142 0.241° 12.86 k 0.0778 2
LSD (0.05) - - 0.026 0.025 0.111 0.0004

Control: seed treatment uninfected, CMC: wheat seed treatment with carboxymethyl cellulose, DON: seed treatment with
deoxynivalenol in concentration of 5060 ug.kg™?, GP: Germination percent, AN: the average percentage of deformed seedling, SL.:
average shoot length (cm), RL: average root length (cm), FW: fresh weight (g), DW: dry weight (g), SLVI: seedling length vigor
index, SWVI: seedling weight vigor index, MTG: Mean times germination, CVG: Coefficient of velocity of germination, MDG:
Mean daily germination, DGS: Daily germination speed. Means within a column indicated by the same letter were not significantly
different according to the least significant difference (LSD) test at the level P < 0.05.
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