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Comprehensive abstract

Introduction

Fusarium head blight (FHB), caused by the fungus Fusarium graminearum, is one of the most
important and damaging fungal diseases of wheat in different regions of the world, especially in warm
and humid regions. FHB reduces grain yield as well as grain quality by contamining grains with
mycotoxins. Widespread epidemics have occurred in different parts of the world in the last few
decades. The most efficient, economical, and environmentally healthy method for managing and
controlling this disease is to use resistant or tolerant wheat varieties. Resistant wheat varieties to FHB
that are well adapted to the climatic conditions of all wheat production regions in the world have not
yet been identified. The present study was conducted to identify resistant bread and durum wheat
genotypes to Fusarium head blight. The findings of this study will provide breeders with valuable
information about the resistance and susceptibility of bread and durum wheat genotypes to Fusarium
head blight, which they can use to develop resistant wheat varieties in future breeding programs.

Materials and methods

In this study, 138 bread and durum wheat genotypes obtained from the Dryland Agricultural
Research Institute, Maragheh, Iran, were evaluated for resistance to Fusarium head blight disease at
the Araghi-Mahaleh Agricultural Research Station, Gorgan, Iran, during two cropping years (2022-23
and 2023-24). Spikes were inoculated using a suspension of pathogenic fungal spores twice at 50%
flowering stage with an interval of two days. The evaluated traits in each genotype included disease
incidence, disease severity, and disease index. For statistical analysis of the data, first the frequency
distribution of each measured traits in the studied population was assessed, and then the pairwise
correlation among the traits was separately calculated in each year. To group the studied bread and
durum wheat genotypes, K-means cluster analysis was also used, and the relationship between the
genotypes and the resulting clusters was examined using the multidimensional scaling method.

Research findings

The results of this study on bread and durum wheat genotypes evaluated in two years 2022-23 and
2023-24 showed that the average disease incidence was 32.36% and 39.35%, the average disease
severity was 26.27% and 27.5%; and the average disease index was 11.27% and 13.14%, respectively.
The studied genotypes using K-means cluster analysis grouped into seven distinct groups, and the third
group consisting of 33 genotypes exhibited the lowest average disease incidence, disease severity, and
disease index compared to the other groupes, and was identified as the most resistant group. These
genotypes included GO1 (Baran), G02 (Sadra), GO4 (Jam), GO6 (Shalan), GO7 (Hoor), G11, G14, G16,
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G17, G18, G19, G20, G27, G29, G30, G31, G32, G34, G36, G37, G39, G42, G44, G45, G46, G47,
G48, G54, G&83, G%4, G117, G132 and G139.

Conclusion

Among the 138 bread and durum wheat genotypes evaluated in this study, 33 genotypes were
identified as resistant to Fusarium head blight. These genotypes which probably contain valuable
resistance genes against Fusarium head blight disease, are recommended for use in future breeding
programs to develop resistant varieties in bread and durum wheat.

Keywords: Disease index, FHB, Fungal toxin, Germplasm

Received: March 1, 2025 Accepted: August 6, 2025

Cite this article:

Kia, S., & Mohammadi, N. (2025). Assessing resistance to Fusarium head blight in bread and durum wheat
genotypes under field conditions. Cereal Research, 15(2), 133-148. doi: 10.22124/CR.2025.29962.1859.

134



Qﬁ Q“‘..’ . @
OFFIFA) VEF il (090 o Lo (o 35l 0,90

] e aw’
doi: 10.22124/CR 2025.29962.1859 Az

2929390 9 ol pusS uigi) 4o liuw (09941598 (KB 9w (5 low 4y Cuoglio uwy y
ac o byl

Yoz poli g M'LS )b o

Dl lojl (LS grees wlie 5 (5,5L88 (B0l g Dliniod 35 50 o £l g 8]y pole Dliniod iou (gl jboliul o)
(sh.kia@aree0.ac.ir : Jgtae sdinw s *) o))l (55 «(55,0laS zusy 5 Lojsel
Olnl élpo «(55,9LeS g g Ghjgel cliniod (ylojlo )9S @20 (3,9laS Clidiod duamwge idgh Lot Y

ol 0uS

3 s oo o] Fusarium graminearum g3 g oS (FHB) alaw 05,598 (K (5 lowm 1doado
Solo (nl wilie wsbye 5 0,5 Bble ohiga ez Wide bl 10 puiS (2B lagslow (0l 5 G St
b Sl (] S55i0n 355 Jpame okS RIS el o2 slaienSy 0y Guyb 5| als 8 Sles RlS  odle
Sredle g9 oppeolaml (o panl )5 cwl 00,5 syl lea alize bl [0 sloo i slas S der @lidS ans iz
PS5 slapd) ool Jooxio b pslie oS sland, jleslinul g lony cnl 2S5 cupoe sl ey Sl s,
St 058 b it Sl oler 5 pu wls 3blie oled arlil Luld b sy o5 slen ol 4 pslis
b plonl i (pogli98 (SSgm (lon @ poliie pg)90 5 (U e slacess) luled joliteds i (nl wiloas
S Glom 4 ps)50 5 OU S lageie Calas g Cuglie 990 55 (gaie )l DML walllas (nl slaazily
oan ] (soliiar slaasly 1o (g ke w4 pylie slacuis) ags Hshateds o ;! Ol en a5 ols algm &Il alw o9 )l398

5,5 oolazl

(481,0) H925 (23 (55)9liS Dliehod dunsgo 5145 9,50 5 (U palS Cuisil VYA slaad (g (al )5 iy 9 Slge
OB alxe (e (55,0l Do oliwal o poaiS aliw (pom2)li98 (g s)lom & Cuglie Hlas 5l el 28l o
T8 oy gul gmmiliwgus 3l oolainl b balow Sl a3 18 b5l o600 OFN-NF-Y) elys Jlo g0 Soeay
€589 Olime Sl eoasiy 2 50 oad (Dbl Slas ol plxil (BalS 0o)s B0 al>ge )5 59, g0 alolB L L 90 S e
Slao 5l Sy e gl mse il deesls )bl Ll 5 e slp 0g len a3l 5 )len Db (sylen
Jbo o o alilaz jobar Slio o (690 4 90 (Kwod o g (o) dalllin 990 Comex )3 0ad (xS ojlu]
oslaiwl K-means (g ,a; sladiss a3 ) 55 ool aslllas pgy90 5 (U poiS locasss (gonog S jslaieds ol alone

85 1B o 0p90 Gtz g mlide by, b odsl Cusoty glaaiiss g baoasis m bLI | (g 9 0

95 33 (o) 9530 09590 9 O e Slacuigi 10 (5 )lew E98y (il a5 ols (JLis hagh (pl @l Gl sbaidl
5 aoys YVIB o YEIYY oty s o o cuSilin choys YD g VYIFS o s VE-Yoo¥ 5 VF)ooY Lo

K-means by, slados 4520 b (o) 8590 Slocaishy 09 ao )0 WYY g WYY Cja g)lew a3l (155l

Yo



95 Slom D8 (sl 585 (Sl 2 S SIS s YT L pom 09,5 5 ol (ganaivd pleie 09,8 Cda )3
GO2 (o)) GOT ol lacisiy cl o a3l 09,5 o Fpslie Oloisar 5 39 rog S lo 4y Cd (5 ko a3 L0
G31 G30 G29 G27 G20 G19 G18 G17 G16 G14 G11 (490) GOT «(,YLis) GO6 (vz) GO4 o(l,00)
oy G139 5 G132 G117 G994 G83 G54 .G48 G4T G46 .G45 G44 (G42 G39 G37 (G536 G34 (G32

slecais olyear (gl cnl )0 ool (b5l pgy90 9 (b paS igis VYA ggemme | cadgis YT olaws 16 S azas
e ) palie slae) sl Yol a5 laces s cnl ot plulid pasS alin cag ljg8 (S 9w (5 ko 4 plie
sloan ly aps elaiea oo.:.'fl ol lraaly yo colaiwl 4lp e dow u;n%)‘)'jé u’.ios.w Golows b ablin jo

gl oo dlaiian 5,90 9 (U paS )0 eglie

FHB (5 )lors (a3l oadbp ) o528 oS 95 1S’ sloojly

VEF 0N iy b VESYNYINY il ful

o cpl 4 olcewl ogou

Ll 50 03590 5 (U pasS slacaiss) ;o aliw sog)li9d (KB gm (5 )low 4 Congliio (s o (VT4 F) ol (goemme 5 )b oo LS
doi: 10.22124/CR.2025.29962.1859 AYY-\FA «(Y) 14D e oliixs A4S0

\YF



VEF Ll fags o )lod [ao 5l 0,90 [odE Sliios

P99 5 OB oS 50 alits (oou 598 (SoS g 4 Cunglile (o)

Ygors o5 39de Bl SE oo slaals ady
FHB-) FHB I 5 cascaw! slaals  olgea
Dweba ) wsi oo ouel (damaged kernels, FDK
s b olom Jele 2 ol opdle (et al., 2017
NIV) Jsillsei (DON) 5l oS 535 (sloirunS's
a2 oo el 1) ails cuas dagyl sasalin] wliiie
5 ol lp a5 s5ie (3 olge (Sodll el
Somma et al., 2014; ) cwl ,ae Jal ollg>
aSbe B g sloyussS 5 .(Nakagawa ef al., 2017
Olypsa Wlgee 5 s SeuSgiss DON
ol wiS Jee puiS gy s)liln sleyes
5 B oSy Gl Wg Gm St (Ko
(Kumar et al., 2020) sgi o0 oanline 5,low ol
ol Sapae (i) Geelle 5 2ol o asllS
poiS slapd, Sl eslitul (amacins ) Sl Sl (5)len
9 gy NP la)lSal, b a5 cunl Jooio by polie
Bai & Shaner, 1994; ) &l o cowsas il gly
Olol (Stephen, 2015; Buerstmayr et al., 2020
s oz )59 (KB gm 6)lom & Cunglia (sl Lo
iy Sl cod pgligd 4 oo 1 el odzey
JiS sy 9 b axg B el g iz
alizs o i (Xu & Nicholson, 2009) 545 e
Plp g Cuglio (Jol g65 0, 3525 FHB o cuoglis
(Sogll Hlasl ol jo Cuaglie pgd gg5 tadsl  (Sooll
Joz o lez g5 ails (Sogll plyy 50 Cuaglie pom g4
@y g FHB 51 Lol o Slae ols cuns 51 o
5 Seoglie il g5 9 DON gozsi ply )3 Cueglia
(Fernando et al., 2021) «ls izl g oy
A (oo it (KEgw Solom on S Sl
ool g Jol gg ol sl (Disease Incidence)
(Disease Severity) alow eg,l598 (K gw (5 ko
Sl ol ASLl Coaglie pgd g9 Julod g e sl
£ s STas (opl by .(Xu & Nicholson, 2009)
el g glaaba o ead o el
5 50 55t sla 5l iy 4o il paiS bt
FHB « cuwglie (Xue et al., 2019) sgs a3 5
hol gl L QTL) oS o oKl lawgs
O 095 B el oad (315 55 (55 slaolhlr
B g 4 Cuaglie 4 by (05 Lo > F1 e
lggs (K sloadds sl oolainl b aliow (oo )l592

\YY

doddo
olS pSete (Triticum aestivum L.) pui8
ol b a5 05500 Jladt Gl el 0 535,
Ebrahimi ef al., ) sls bl slié w35, 0 Sle
‘ULP )M:l)u ) ‘nd..f oo)‘;....f RAY O 4.>5J L: (2024
G il b o Jpamme o,Slas I sidu dle 2
i (0921398 (SS9 (Slens S9ye0 e 3l
3 ke 5 o (FHB; Fusarium head blight)
it Gblie 0 puiS (2 )8 sl low (n 5l s
Bai &) wilis wsbye g )5 bl ) ohsn Ol
S g oS uelS el g les oyl (Shaner, 2004
058 o0 leil coeaS als g leails Jolw o)lgo
g¢ 9o ,» FHB (¢ leo (Siranidou er al., 2002)
Sl Gl Sy 5 S o0 00901 pgy90 paiS 5 b puiS
sl porlisd w8 ez bwg slen (0l (2014
&l Jole ol ol jenay 1) police oM a5 09 o0
5 £5 ble 5 5 e sl FHB lon
Fusarium graminearum sladisS acgoxe «ogb o

Schwabe (telomorph: Gibberella zeae Schw.
Parry et al., 1995; Leonard et ) acewn (Petch))

aw b gl opl 00,58 o Fasa (al., 2003
ol 0dd )55 Ol dalie bl Lo .3l ams
99 L 50 )3 VA Lo 5o glem (nl sS40
Gilbert & Haber, ) slisl slol Leidle ,0 V43V Jlo
Yerh YooV Gl ls 1o gl opl 6540 (2013
ai obml g5 el @bl Sp o, YOND
S5 b s e o (Bolanos-Carriel et al., 2016)
YN 5 YO e sl s anisdS ans
ool oud S Gilem (Wl e pTass
Ui sl e 5l olew cpl olpl o (Chen, 2016)
% e Sl lew 5 (S g a8l 3929 0aiSTy ol
009 (lae cid) Jwo)l 9 ool o lnds sla sl
.(Hasanvand et al., 2023) !
o> lp oy al>pe (n S ules (a8 0)90
5 Sugb, &5 le ol g olar obml 5 5 Lo 2,18
G5, w5 g cloaS) il coslio malS loj o Les
arpbins (KB crse s Wsde olb oogll slaazls



VEF il [ags o let fpao 3l 0,9 fdlé Sliins

by, g olgo
LS oo

£9,9° 5 OU S Geieis VYA Slasd (gt ol )0
2 eesd o Bblie U paS 4 iy oS5 FA Jols
able b pass ad oy iy Y (ERBWYT)
3935 TV g (URBWYT) 20 jas Saars 5 yomne,S
020 o S dord 9 yoan)S Bblie pg)90 puiS atd iy
39S w0 (6),0liS Slidss dwewge 3l (ERDYT)
Solo 4 Caglio JLa 51 g ags (48lpe o By ()l )3
28,5 18 byl oyge pasS Al seg)lied (S ges
O Jga=)

Pl g8 el 5 Gile A (silulas
al>ye 3 soslish (KFs a4 edgll (slaalis
Aok Jitie oSislesl & 5 oyglaes dadils (503
a gl Gy s ol Lol slaalin gtz 5l
So Jolze b dads aw U SG Sty «SoeS Silalad
L aiyo du g (rlans (Jghedd cmaies S S5 s
Wby 5 @ilelizr e wad il g i O
Gl ST 4 diged jo 5l ashd x> B oaw oz 8
Slom el IS gl 423 VO sles )
S e Silecalls (B aS p al b atis S
WY rnL?;.S‘ )KT —;;‘ NESEN &9, )WLQ 9 4w,
5O odddrogs oled g (gye uld o el Sl
Leslie & Summerell, 2006; Crous et ) ,.se alio
3979 poe b 3929 (2l porluce ) £ 55 S 5 K,
S baome (59) HgrwgdeedS 9wl (0S5 S

% plsl SNA 4 (CLA) 5T - Ssew S s PDA

P olen g6 wloslj angs
alax iz Lol 5l S le )8 alesl; a5 sl
S5 oad bass g, wlel o F. graminearum g,
a2 laie Il (gl ol eolawl (Wegener, 1992)
Sridske YO Gl Sl puS 5 s p)F
5 a8 WLl ol 4 e O il o VYD g i
Ml yo adds Ve Goeds Ceel YF alblb L L g

g dxdad aiz ool ol oy 3l el Gskeas

YA

5 SLOe poj909,5 TV 10 pgiy 5 (Shwgm w3
(Fhb1-Fhb7 Jols) FHB 4 cwglie QTL/ 5 cin
oeSlee (Huang er al., 2023) cwl cods (5 ld56L
wsls palS o glew opl 4 Cuoglie alize mlie
s Nyu Bai Shinchunaga . ,.> ;| Sumai-3 .aileas
s Fraontana .:,!5 ;I Nobeokabouzu-Komugi
FHB « cooglie mbie alo> 51 L5, 5l Incruzilhada
sled, (Bai & Shaner, 2004) %y, o ledsas
Olyeas 50 Prag-8 o Renan (Arina b,! ailies;
Gervais ) wloals aizlis FHB & pglin slocasss;
39 0dd (Byme palS o8 Wiz zmen (et al., 2003
«McKendry et al., 2005) Truman Jolo S !
Glenn 4 (Mergoum et al., 2005) Steele-ND
FHB 4 cwglio slyls 55 (Mergoum et al., 2006)
L ailinn) pasS o8, SO ez 50 Verd Jlo jo aidy
YL o Slee 5 ogdle a5 wls b,2e Shengxuan 6 sb
(Cai & Lu, 2016) »,ls FHB ) ;o os5 Cusglie
FHB & Cuaglie 1 o8 s e 0555 b o Jlcal L
ool 0als  oluliss pgy90 paiS (o

Saeisis @l 4y 5o @b Giegh 5 olnl
9398 (K g & Snglite @lie Lol gl poS
sz g oad plal LS 5 slae s ulyd o abis
el 0ad (Byre g plulid 55 FHB @ polie cossi)
z= (Malihipour et al., 2018) |,Kep 5 ;5 >lo
N-92-9  N-92-4 N-92-3 N-92-2 _.sg5
@ pglie glacaisi plsear 1) oyl o8, 3 N-92-19
Hasanvand ) |,Se2 5 digins 2505 sluls FHB
5 A lspe xS WIS Byl slagd, (er al., 2023
5 Wa82-9 lacssiy 5 polie olycar 1) o)1,
5 osaly] oS 5T plistes lsiens |y 5,eS]
s slapd, 50 (Ebrahimi et al., 2024) .,Sea
lacadsly oo dpslie plsieas 1) Yoy lgpe 5 uad litey
33,5 (B yme

Sly snag Gleeas FHB (6 )low &Sl a2 b
Seday jsaS Jlad wgbye @bl o pais s
@lolid Coz puiS iz slapadle)) Jbye w9500
adlas ol el (55575 polie L b plie (slacesdsis
Slp pogs g b paS Glacsel (owyn sskiiea
sy (K Slen 4 Caglie gl olulis
A pleil ac e Loyl 5o Lo g0 Soedy dais



VEF Ll fags o )lod [amo 5l 0,90 [ode Sliios

P99 5 OB oS 50 alits (oou 598 (SoS g 4 Cunglile (o)

a5k 69y 578 9 AL ble b ol ool je ol
cdale .l cassay L 5l s)le slo sl 5 onile 3L

OHx ) .f ).uowLo.ﬁ ‘ny )‘ oolaw! L: )5‘“”" uwhﬂeﬂ:

b oea S dee 5o anS

@ Sl @) oy, cde cuS e 5l 6 e e
Saedy byl g ol adlal Ol g oS j0gs (g5l sl
2 30 W Cepu b gileSl S0l (59, el 47
Ak oole JIE sl ax o YO-Y sles jo ands

ax b 5l ool Cavods alesl; o cpl CudS 5 e

s (oog)l398 (SS9 5ilom & Sunglie ()l Sz oud adlllas pg)90 5 (U pasS slacs <) oo
Table 1. Bread and durum wheat genotypes studied in evaluating resistance to Fusarium head blight

Genotype Source f Genotype Source * Genotype Source

GO1 Baran G53 30" ERBWYT G105 Mahtab

G02 Sadra G54 30" ERBWYT G106 Qaboos

GO03 Varan G55 Saji G107 Aseman

G04 Jam G56 Zahab G108 Kabir

GO05 Rijaw G57 Saverz G109 Paya

GO06 Shalan G58 Sepand G110 18" URBWYT
GO7 Hoor G59 Tabesh G111 18" URBWYT
GO08 29" ERBWYT G60 29" ERDYT G112 18" URBWYT
G09 29" ERBWYT G61 29" ERDYT G113 18" URBWYT
G10 29" ERBWYT G62 29" ERDYT Gl14 18" URBWYT
Gl11 29" ERBWYT G63 29" ERDYT G115 18" URBWYT
G12 29" ERBWYT Go4 29" ERDYT Gl16 18" URBWYT
G13 29" ERBWYT G65 29" ERDYT G117 18" URBWYT
Gl4 29" ERBWYT G66 29" ERDYT G118 18" URBWYT
G15 29" ERBWYT G67 29" ERDYT G119 18" URBWYT
Gl16 29" ERBWYT G68 29" ERDYT G120 18" URBWYT
G17 29" ERBWYT G69 29" ERDYT G121 18" URBWYT
G18 29" ERBWYT G70 29" ERDYT G122 18" URBWYT
G19 29" ERBWYT G71 29" ERDYT G123 19" URBWYT
G20 30" ERBWYT G72 29" ERDYT G124 19" URBWYT
G21 30" ERBWYT G73 29" ERDYT G125 19" URBWYT
G22 30" ERBWYT G74 29" ERDYT G126 19" URBWYT
G23 30" ERBWYT G75 29" ERDYT G127 19" URBWYT
G27 30" ERBWYT G79 29th ERDYT G131 19th URBWYT
G28 30" ERBWYT G80 29" ERDYT G132 19" URBWYT
G29 30" ERBWYT G81 29" ERDYT G133 19" URBWYT
G30 30" ERBWYT G82 29" ERDYT G134 19" URBWYT
G31 30" ERBWYT G83 29" ERDYT G135 19" URBWYT
G32 30" ERBWYT G84 29" ERDYT G136 19" URBWYT
G33 30" ERBWYT G85 30" ERDYT G137 19" URBWYT
G34 30" ERBWYT G86 30" ERDYT G138 19" URBWYT
G35 30" ERBWYT G87 30" ERDYT G139 19" URBWYT
G36 30" ERBWYT G88 30" ERDYT G140 20" URBWYT
G37 30" ERBWYT G89 30" ERDYT G141 20" URBWYT
G38 30" ERBWYT G90 30" ERDYT G142 20" URBWYT
G39 30" ERBWYT GI1 30" ERDYT G143 20" URBWYT
G40 30" ERBWYT G92 30" ERDYT G144 20" URBWYT
G41 30" ERBWYT G93 30" ERDYT G145 20" URBWYT
G42 30" ERBWYT G%4 30" ERDYT G146 20" URBWYT
G43 30" ERBWYT G95 30" ERDYT G147 20" URBWYT
G44 30" ERBWYT G96 30" ERDYT G148 20" URBWYT
G45 30" ERBWYT G97 30" ERDYT G149 20" URBWYT
G46 30" ERBWYT G98 30" ERDYT G150 20" URBWYT
G47 30" ERBWYT G99 30" ERDYT G151 20" URBWYT
G438 30" ERBWYT G100 30" ERDYT G152 20" URBWYT
G49 30" ERBWYT G101 Aftab G153 20" URBWYT

T ERBWYT, Elite region bread wheat yield trial; ERDYT, elite region dorum wheat yield trial; URBWYT,
uniformity region bread wheat yield trial; 18", 19", 20™ | 29 and 30™ are set of the studied genotypes.

AR



VEF Ll [ags o let fpao 3l 0,98 [l Slidins

dwls alSlaz jsbay Jlo 2 sl 2yl 9590 Slao
Syge Olio xSl elol p lagadsy Ganey,S Wb
sladgs s b gilel Jlo g0 ggomma 50 (b))
5 bowdsl om bli)l g plxl K-Means g,
plo Ol gy iz gonebie () L loadss
450 SPSS 53le 5 b o jloges ous 5 5kl sloay s

s ool VIYIY e R Lo )0 oy 5 )8

b o g Bd> &y gloosls (il ylg a5 51 L8
“9yld 5 Bsiyeanh s TealsS slapygesl 5l ool
O Jgaz) o anl sialesl sl ogr Jloys oSy
Sl a5 ol plas sall glapd, Guibly 45 @l
Sy L Sel 5 cilas 0925 LSl o (5,0 Sae
Y Jgo) 095 Wools puoeai 4y (g5l (plply g S0y
58 SFsm lem 585 (el oy
ol gl 53 (b (omsn 350 oy 5 abaw
€989 ool VE NN el L o as ol las
gy sl s, VAIAY ;o g 09 auo 0 YYIVF 5l

20 JS8) 1 sanli 0ms V5l ieS s lews 58
€89 Sbe VFoY-NELY ol o o &S
58y dais 51w, WY 5 o5 oy YAV (g)lee
ek (o) 3l L Ty oy Ve Sl 5eST 6o
VFNNEY ey Jl jo aS ol lis (g lewm Dol
Ao, YA 509 duoyo YEITY (g ke Dol nS0le
WDigr oy Vol S (6 ke Dol sl b aiels
S 5uSobee VEY-VEY el L j0 a5 S ee o
lowiels 5l do,e VF/FA 5 0g asyo YVIO 5 ks
R W ¢ FORRTC R NI WS IO BV PR S PUVRLIR W
VVTY sgam 0 VENVNFLY elys Jlo 0 508 ke
s sl lacaigs 5l asye OVAY 4 oe axls
o 58 &S Sype 50 whidg wxly Ve 5l 568 )lew
00 VWWYT g)low ol (Lo VF- YV F- Y el
A lem a3l dagalsis 5l as)s BOIVA ;5
Ol psdd &g, gy (V) JSKE) 0b comlice axls Ve
Sl 2L 5 (g)lem Dab (g lem £589 Sl
Sype e lacase o alin (oom)lied (K gm
e o Siln 5 ol 5t alegl JLa 53 b (g
@ G VFYNEY el Jlo jo oals b)) i

bl o8l gy g 00 e VENNFY L

e

posS scaish) (iSTy (2L 3)!

Sl & Sueglie Sl )l 5550 slacales
$359LaS Slisdos o] )3 aliiw (comli98 (SS9
S VFNNEY el e g0 b 5T ale Sl
B eyl oy aeye bkl o VFeY-NEY
LS b B jo (Bolai jsbas laquiss) s S
ol yoddy gy TV Sshy 2 50 5 wiad cuaS Sy pd
Jols FHB & ol b ulasdes sals o3, 4w
el coslie (B pasS 05, 99) 02,5 5 99 slagd,
slin ;90 AI) Cband 05 g (20 yrwd e Joine
S0 gy 2 ad a)S )0 (92 e S eld]
Ss l peile Froalalb b e S Jsbay b
sladile J S o mossS Lol el); wllas ai coas
5o g My sl sy ol Job e )bl g 5oe
b e gloabin jale ab ol ool ollas
S O al>pe ;0 Silen g6 ol gibiwgw
S5 IS an gy 99 (Gitle g plnl lacuseiy (aalS
g Cagb, bl sl .(Bentivenga et al., 2021)
Mist) (2hae 5)lal a5l ko S8 a4 S8
il «Giale oagl 5l 59y Yo 0ga ah eslinl
Disease ) 5,lon jo5 (bl 2 sy 2 ln 5lom
5 (Disease severity) ,les <ol (incidence
& low j90 i pll (Disease index) (5 lown asLi
JS olaw p s 00g)] gladliw olawi & jgoa
Golow ol Ve 0 e OS5 o ledlow
JS olows p eeedis 009l gladmlin Sloxi & jgoa
sl 2l gV e e )0 0po aliw (o 0 baaxlo
Vo p e lew an 50 Solem Oud 0o ol
.(Bentivenga et al., 2021) o aculxe

Woold Juloxi g 4 jox
Sad o5 ke 590 Sla lae 3l odw] Cavsas slaools
ool g )lol slaa 25 50 (le Lali g s lem
Sy ol 2 5 slaceiss lulid jolaeas
winlesl Jlo g0 Egoze ;0 (6 Lo ly 4o oy Cooglie
Slocssy sle g bools plai g9, bl loayyzs
slapdy obly a5z as sl lejl s S e
> Sl I pae 5 SIS g anld
il 90 Sl Jlild e ol alesT JLs
Ot ed LES LE i 9jse Ligag o



VEF Ll fags o )lod [amo 5l 0,90 [ode Sliios

P99 5 OB oS 50 alits (oou 598 (SoS g 4 Cunglile (o)

eS cowiedh YA L il 09,5 .cullo VFY-NFLY
 Golem a3ls 5 (g)lom Dol s)lenm g985 Sl
Coles 5o bl VF YT Jlo o pgw 09,5 5l
€989 (eSiles (e LIS gy Ve L ptis o9 S
Jo 50 52 0 il 23Le 5 G)lem Dud 5 len
s lolid 05 )8 o Fslac Glsisar 5 05 Giale)]

Jol> sloatios oy LS| 5535 (o) Holaieds
WJlo 59 (b gy 9550 Sl g sladss e |
Multi-dimensional ) gumaiz o wbie g, ;)
05,5 a5 ol lad mbo (V JS&) ol eolaiwl (scaling
GO2 (k) GOL (slacaizy Jolds (s S5)20) pos
G11 «(,52) GOT «(YL5) GO6 (o) GO4 o(l)00)
G29 G27 (G20 G19 G188 G17 Gl6 Gl4
G42 G39 G37 G36 G34 G32 G31 G30
(G94 .G83 G54 (G48 G47 (G46 G45 G444
Slsicds ladbss asz s 45 G139 4§ G132 G117
asll FHB (g low 4 polie slacaisiy b 5p aliss
P 9 (A g wb b 503 leeg Sl
580 o o5 st i) i Bl ) T & 0,8
QPS50 A5 55 () (Fhpe) pie 09,5 el (S
ool Gloadsl b s abys (lsisa sladys
8 po g Jol odugt Wog )5 b 5l 5598 il plulis
I T (s i gl 5 235

ot byl Slhe o (Ses olyd (ov) 2
ot e 5 Sute (Sian 975 iales] Jlo o
P2 Gl 2P ol Sl s )len £935
3525 Sl ol sy gl (Y JS2) ol lis Jle
Sab b grlen 89 m Hldae g Cute (Shon
Al b len Dol 5 isolenr 23S 5 6le
Db o5 lew E89 (oo g Jlo 95 2 50 (55len
Slao een LVFY Jlo jo glon 23l 5 5)ben
Bl e g g Cute (Swse VFAY Lo o
5o slogeiss K-means igya slades 5o
ool (S s 2l slolae el 1) addlas
Jol Jol 09,8 (F Jgoz) ol )18 05,5 i o ali
o Golen (aPLE S0k (508 LIS e ¥
bpgs 09,5 09 VENNFY Jlo b3 50 pgms 095
035 Sl om 1y Sobom 585 (eSle (S 95 &
Y Jolis pgus 09,5 o VF-NNF-Y Jlo jo oo
Dol g lem £585 (xSl S LIS 5 09 Gael
5 09 silejl Jlo g0 5o 50 ghlen als 5 5 len
YO L p)lez 095 b wizlid 098 (nipglie plyiee
02l 5 )l €989 (eXle S LS e s)
VEYEY Jlo (D)) 5o ptam 098 5l G s)len
AR 9 3 ey RSl JSate ey 095 09
=5 b 5o p2ae 05,5 Sl am |y (g)ler Dald (Sl

ol slaed) jo iolesl lallas (05 Jloyi (3051 (slp Shig= 5, 5 Bgiyral = By F50lsS (gl ol b =Y Jgaor
Table 2. Results of Kolmogorov-Smirnov and Shapiro- Wilk statistics to test the normality of experimental
errors in check varieties

Trait

Kolmogorov-Smirnov

Shapiro-Wilk

Statistic df Significant level ~ Statistic df Significant level
Disease incidence in 2022-2023 0.141 18 0.200 0.925 18 0.159
Disease severity in 2022-2023 0.119 18 0.200 0.965 18 0.695
Disease index in 2022-2023 0.91 18 0.200 0.972 18 0.833
Disease incidence in 2023-2024 0.254 18 0.003 0.884 18 0.030
Disease severity in 2023-2024 0.133 18 0.200 0.954 18 0.485
Disease index in 2023-2024 0.127 18 0.200 0.956 18 0.528

Solew 23! sl (Andex) (s )lowy (a5Ls 5 FHBS) (s Lo oty (FHBI) (6 los g98g Slio il g 41325 gl -V Joux
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Table 3. Results of analysis of variance of disease incidence (FHBI), disease severity (FHBS), and disease index
(Index) for evaluating Fusarium head blight in check varieties during two years, 2022-2023 and 2023-2024

Mean square

Source of variation  df 5y FHBS2023 Index2023  FHBL2024 FHBS2024  Index2024
Check varieties 2 972222 2768.056"  1598.764"  622.222" 337500  167.722"
Replication 5 48889™  52202™  49556™  22222™  55833™  293856™
Error 10 45556 51.389 36.897 15.556 40.833 19.856
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Figure 1. Frequency distribution of disease incidence (FHBI), disease severity (FHBS) and disease index (Index) of Fusarium head blight in bread and durum wheat
genotypes studied in two years, 2022-2023 and 2023-2024
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Figure 2. Correlation coefficients among disease incidence (FHBI), disease severity (FHBS) and disease index

(Index) of Fusarium head blight in bread and durum wheat genotypes during two cropping years, 2022-2023
and 2023-2024
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Table 4. Average disease incidence, disease severity and disease index of Fusarium head blight in groups
resulting from cluster analysis based on reaction of bread and durum wheat genotypes evaluated in two cropping
years, 2022-2023 and 2023-2024

Trait 1 2 3 4 5 6 7
FHBI in 2022-2023 25.00 63.33 11.67 42.07 25.56 44.44 63.83
FHBS in 2022-2023 17.50 45.56 13.48 33.53 38.19 29.17 62.08
FHBIndex in 2022-2023 4.45 28.78 2.37 13.28 9.90 17.69 39.87
FHBI in 2023-2024 42.25 51.11 14.24 59.07 36.11 31.67 69.00
FHBS in 2023-2024 21.13 33.33 14.24 42.40 51.25 17.22 66.00
FHBIndex in 2023-2024 9.05 17.22 2.01 25.37 18.58 5.56 45.90

Number of members 40 9 33 25 6 18 10

Percent 28.36 6.38 23.4 17.73 4.25 12.76 7.1

¥ FHBI, Fusarium head blight incidence; FHBS, Fusarium head blight severity; FHBIndex, Fusarium head blight
index, respectively.
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Figure 3. Relationship between the studied genotypes and the groups resulting from cluster analysis using the
Multi-dimensional scaling method
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