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ABSTRACT

Fusarium head blight (FHB), caused mainly by Fusarium graminearum, is one of the most important diseases of
wheat in the North warm and humid zone of Iran. The disease has also been reported from the South warm and dry
zone of Iran, and in some cases there has been considerable damage from the disease in this zone. For the purpose of
identifying FHB-resistant wheat genotypes, the reactions of 32 genotypes of the Elite Regional Wheat Yield Trial of
the South warm and dry zone in 1392 (ERWYT-S-1392) to FHB were determined under field conditions in two
locations (Gorgan and Moghan) for two successive growing years (2013-14 and 2014-15). The genotypes were also
tested for FHB resistance under greenhouse conditions. Results of combined analysis of variance for several datasets
including disease incidence, severity, index and Fusarium-damaged kernels (FDK) from field experiments showed
significant differences among the genotypes for all traits. Significant differences were also observed among the
genotypes tested under greenhouse conditions. Among the 32 genotypes examined, S-92-6 and S-92-7 were the most
resistant genotypes to FHB under field and greenhouse conditions. They seemed to have three types of resistance
including type I, type Il and type IV. These genotypes may be recommended as candidates to replace the older
cultivars in the South wam and dry zone in the term of resistance to FHB. In the second priority, three genotypes of
S-92-2, S-92-3 and S-92-4 with an optimal level of resistance to FHB may also be recommended.

Keywords: Fusarium graminearum, Fusarium head blight (FHB), resistance, south warm and dry zone, Wheat.
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Table 1. Names, pedigrees, and the origin of the genotypes used in the present study along with the
resistant and susceptible checks

Genotype  Pedigree Origin
S-92-1 Chamran KARAJ
S-92-2 Pishtaz/Catbird KARAJ
S-92-3 Pishtaz/Catbird KARAJ
S-92-4 Pishtaz/3/Snb"'s"//[Emu"s"/Tjb84-1543 KARAJ
S-92-5 Pishtaz//Ald"s"/Snb"s" KARAJ
S-92-6 Pishtaz/3/Jup/Bjy"s"//Kauz"s" KARAJ
S-92-7 Pishtaz//Falat/Barakat KARAJ
S-92-8 Pishtaz//Falat/Barakat KARAJ
S-92-9 Bow'"'s"/Vee"s"//1-60-3/3/MV 17/4/Zagross KARAJ

S-92-10  TRCH*2/3/C80.1/3*QT4118//3*PASTOR 31ESWYT*
S-92-11  SW89.5277/BORL95//SKAUZ/3/PRL/2*PASTOR/4/HEILO 31ESWYT
S-92-12 MELON//FILIN/MILAN/3/FILIN 31ESWYT
S-92-13  WHEAR//2*PRL/2*PASTOR 31ESWYT
S-92-14  ROLFO7*2/KIRITATI SEBWYT?
S-92-15  ATTILA*2/PBW65/6/PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YR/AITRAP#L/TIATTILA/2*PASTOR  5EBWYT
S92-16  PBW343*2/KUKUNA/3/PASTOR//CHIL/PRL/4/PBW343*2/KUKUNA 43IBWSN?
S-92-17  Dez/SW891882 AHWAZ
S-92-18  PBW154/Falat//SW891882 AHWAZ
S-92-19  Dez/SW891882 AHWAZ
S-92-20  Chamran//2*Vee/Nac AHWAZ
S-92-21  Moghanl/Dez//Chamran AHWAZ
S-92-22  Moghanl/Dez//Chamran AHWAZ
S-92-23  MTRWAO92.161/PRINIA/S/SERI*3//RL6010/4*YR/3/PASTOR/4/BAV9I2 18SAWYT*
S-92-24  CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/BAV92/4/BERKUT 28SAWSN®

S-92-25  FILIN/IRENA/5/CNDO/R143//ENTE/MEXI_2/3/AEGILOPS SQUARROSA (TAUS)/4/WEAVER/6/BERKUT  28SAWSN
S-92-26  CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/BAV92/4/BERKUT 28SAWSN

S-92-27  VEE/MIJI//2*TUI/3/PASTOR/4/PRL/2*PASTOR
S-92-28  FRET2//SKAUZ*2/FCT/3/FILIN/2*PASTOR
S-92-29  SOKOLL/EXCALIBUR
S-92-30  ALTAR 84/AE.SQ//2*OPATA/3/SLVS/PASTOR
S-92-31  SOKOLL/SUNCO/2*PASTOR
S-92-32  Chamran 2

Res. check  Sumai 3

Sus. check  Falat

28SAWSN
28SAWSN
28SAWSN
28SAWSN
28SAWSN
KARAJ
KARAJ
KARAJ
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1. 31% Elite Spring Wheat Yield Trial, 2. 5™ Elite Bread Wheat Yield Trial, 3. 43" International Bread Wheat Screening Nursery, 4. 18" Semi-Arid
Wheat Yield Trial, and 5. 28" Semi-Arid Wheat Screening Nursery, all received from the International Maize and Wheat Improvement Center

(CIMMYT), Mexico D.F., Mexico.
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Table 2. Details of the used Fusarium graminearum isolates

Isolate code code Host Date of collection Place of collection
SPI11-1392-1 Wheat 10/05/2013 Araghimahalleh, Gorgan, Golestan, Iran
SPI11-1392-2 Wheat 10/05/2013 Araghimahalleh, Gorgan, Golestan, Iran
SPI11-1392-3 Wheat 10/05/2013 Araghimahalleh, Gorgan, Golestan, Iran
SPI11-1392-4 Wheat 10/05/2013 Araghimahalleh, Gorgan, Golestan, Iran
SPI11-1392-5 Wheat 10/05/2013 Araghimahalleh, Gorgan, Golestan, Iran
SPI11-1393-4 Wheat 25/05/2014 Parsabad, Ardabil, Iran
SPI11-1393-5 Wheat 26/05/2014 Parsabad, Ardabil, Iran
SPI11-1393-6 Wheat 26/05/2014 Parsabad, Ardabil, Iran
SPI11-1393-7 Wheat 26/05/2014 Parsabad, Ardabil, Iran

SRS Ly s 30 (il (S5 STy (om0 2
Llys o ctalojl glaceiss (iSTy (o sl
L Bolas Jol5 oSk )b 5l 5 (2)9) GllS
5 8 a4 islesl slalals ol solatul IS5 a
S bglse byl jo a5 e le V0 el
Oy odds aizy, (LF+) Lule Sy g (1P0) Jsore
ol o axs 5 Lk o islesl slaasly lgicas
ol g eimbesl slacsess 5l plaS e 5l 0 A=Y
YO-Ye Gl b alsds o g ouls ails aluls
U oo g juww U aiod oolo 18 ugewda d> 0
S5y pldl oyl 9,5 e 5lam 5, 00,z
axolS i a4 lag] slows aile, 5 ollS 0,8
e S ke (el QS e o
VO-Y+ a5 g 00l ools ol aildS sles baxals
Ay 3l e ol G sgan ol ol eguadis 4> 0
Al slos o)lgs (gleos Lnli cpl o lalS
A oailuy (wgmediw &z 0 YO-Y+ @ g aidl yiolsdl
oolel il sl (s pcwbie byls o LS b
cpoakin Ao 4 plalS puile) 5l as sl
Sgu> a5 (G,55) S e 5l aliw Jler pS s
3 e,k Vo b plas e cacils 20 5 as 0l
Slem Jole g8 &l mn lajgenl Jolore
Sl Sole S a4 (55 dihais et (6 5laex
3lam aae aw ul Siale gladan by, A
Gal) Gylew Cdyiay sy wlaw o Siake
o0gll (ladzmlin Cos i b 0T 0 ()lew
bl 2 e 08 (s alin ) bazdos S
4 pladl al gyl paadlooly glealan slass
ialoslaxly o (sl (g5l Dl 5l (655 e Siles

ac 30 byl 35 (ol (gl if (AiSTy (omi e
=y ladle o B sy cdleil slacsss
Sladss gl o YWAY-AF 5 (Yav-ay
lp oS () (sl 5 (O 5) aloma Bl 55 5ke8
o e Sans s (G lony (ol Argi g 50l
5 0 5 Juo 5o 2 0 Glel Glal ly was
ao b ol LS clacSsly Linlejl b 5l ailate
S o Gy ) sl b o s olial 1S5
£l ke VO b Sy (59, (ohalej] slacassss
lacile 58 ¢ 20055 (5, Jsers Slilas wonds
@b d> 50 4 lalS il joliieds (g 50
P o000 &y gty o] Jasmesy ol el
oolal b )1 (gloalons il jgul a5 pladl oy 055
S b b il bole )8 sloyged Jsloes
93,15 ol g B e MalS ooy Siale slaalos
Sl e slom drwgs 4 S (gl 1SS K8 5
APRCRW 9 gf;.g.l.a)'] slealiz o (Mist) jibae
51 e prlooly (bl g sl ) e Al A
oo ¢ (Disease incidence) £g8g oylme Jolis (5 lows

€989 Olpme o plxl (Disease severity) (slos

95,8 a0 0oyl slaaliw ao s dle b (5 ke
Golony Lyl (e Jawgle (yeedS b (5 ko D0
Al (e Al sl O a glealan o
s b Cudeds 2 (gl (Disease index) (s ,lows
Solor Dol 53 (5 lar £989 lime oy ol (3503
(Stack & McMullen, 1994) o dcwlwe Yo+ doe
OdwsS «DS p gladig il 5l am o edle
@ pladl codslcunsas slaails 5l (g s paiges 5 o]
slaails so ) s g Wl g eogll slaails b)less

A G355 Sl 6 olen 4 0341



e S lacses ;o Al (ses)lisd Codl (6 ke 4 Coglie (w10 )0 g j5n ke \ig

Olyeds Can cpl Ll s oVEY g ks
dw g 039y (chalejl 8ol YV (o 5l oY cp Spslie
£58y b Sl b $92-3 5 5-02-2 S-92-4 ¥
FAMO s jay o nd a4 Seo5 Jhen ()l

s U paw ol o s ys YA/F 4 Y4/
3 58 b 1 abls 3 6 ler 4 Conglie L
sl Sle L cspgas §-92-19 4 S-92-20 Y
cae opl il as s AVIY 5 OV (5 ke g9
£8 el ) O eles walls Sl S les
dolie ad ool asis (awo,00V/F (gl

Y ol las (F Joaz) solem oo Sk

Golow Buls Sle cpioml oiils b S-92-6
Jooz YLy Cans cpl a Cglie s 51 (AY0/Y)
$-92-3 S$-92-7 :pY Lz ol 5l am g atsls )8
Sad sl Sl L s 54 S-92-2 4 S-92-4

S oy T 5 VY OXVID XY ol

Syl 18 caglie a5l poey U pgs ool
ool b K syl pY can (s sew
ool ol Sl YL goleny Dol la e Sile
ool CIVYIY (gl S uSils L) 3l
S-92-19 ¥ oyl o 5l g aisls ylis 095 5l uads
RVEIRS 0 0 3| ORI CIR WO o WS 0. R
A oald ausid Cas Cpl Ll cpY o 5 el
F Jpo) sl o35 Siln Aglie Sl )
Glom a3ls oSile il L S926 oY
Ok g oo oY (nipslie Oliedr e o)
b o pds 3 5-92-4 4 S-02-2 S-92-3 S-92-7
UE 5 AY VA A lon ale clocySilio
A Ceoglie i 511 aoey U pgo slaolSl> ws o
Sz G0 g L oly plaisl sex 4 Cis oyl
ol sals Sl 5l sl tSTy (ctalojl Y
31y auals (AYO/F g lews atli (Sl L) S
oerls ke opsls LS-92-19 Y gl e
@boled Y (n Sl Clpedr o )3V (g Lo
§ o S (slom 3Lh Kl 4 g b as
Sewd 4 Gilem DA g g9y e 90 &S lie
STy Wlgi oo 5 039 st sl aFLE eyl
575 1) eosliod codl g lom lp 50 sl S

Wools & o
(559 By Glosls  &pd jslaiea
e Sils dglio 5 lagilojl I oadisglaex
SAS ) SAS lidleys 5l suleil slacaiss ko

L3 .ol eolaul (Institute Inc., Raleigh, NC, USA
S osliiad b ouisid slosls o il s &3 alosl |
SialosT 98 Jley (sl PROC UNIVARIATE &5,
(Residuals) ouileadly polae Cusd pac cdeas 5 Wil
e 5l ooy has Sldes bosls (sg, ¢ Jloy aujei 3
obyly B 85 ell (ArCsine) g
=5b &l s PROC GLM &, 5l oslil b basols
i) 4 arg b oad bl dolas oS slacSsh
szl 5l bz pl 4 bgsye L,;ﬂ)z,a sosls
oy odeliawdds adlaie g 0 dle 9o sla il
Jote 5 s alosl Laosls ol 55y oS yo il g &350
5 O (Jlo oyl 5 ool iouig Sl absyye ol

IRV VEJ RN S N P g

o 9
50 e b bl slacasss STy )l
S e &35 g asye lylyl yo ddhie g0 0 Jlo
Al g Oud gsdy Ol 4 bgye slaesls
Pkl ol plas als (Sogll Glie s s jlen
a3 O L)Y Jhixl zolaw )0 oabas Cas >
(FJga2) 918 3929 locaisl G )l S gl
2 ol b Jite S iy il opdle
Sho kxS ey O L) Jlisl psha
Slogmizmen (Y Jgaz) 09 o gme calass
AL g 58y o aw (55 sy xJle i
xS x b e il 5 als Sogll 5 6 lems
a9y ey O L) Jliol ol o coSs)
Mo e ails Sogll 5 5,k atls g ol o
gl )0 5 oS Xl Jlie ST Jgo2) 09
59 s ilew 58y S5y we)d) Jlexo
o Slem ey oefla Llie (FJpaz)
sl Jlo g0 5l sanlcwsay ciolej] slacasss
Y g0 wly las (F Jgux) adhis g0 ,0 ol
£585 b xils L ogo 2 S-92-7 4 S-92-6



¥V VWAV lianls 5 e ) 8)led PR 550 ol (SsnlS il

$-92-6 4 S-92-3 S-92-25 S-92-8 Y o> ol
FIV g F17 F10 f10 Sogdl Sl b s e
SOyl A Canglin |y pzey B pgo slaolls sy
S-92-19 . pY (puismen sl plaisl o> a alls
b e,V FIF Soldl o Sle sl L

Sl s |y als Sogll a conlus

doyo) Jlaml mhe ) (Sl by, 4 aS a3l
30 e S0 g cdalie S Wl A8 S O jg0
OSles Al a5l .l oo ools L Y S
eSolee prislo L S-92-7 Y «(F Jgaz) alls ;ajﬂ
Shas s oY Gupslie plyieas s potId (Sogll

a3 edaliewss it (cog 558 Cdl (ke 4 Cenglia by Lot o Slio 4y bgypo slesls uily g 0525 Y Jgazr
IVAY-AF 5 \YAT-AY el Sl g0 (b ERWYT-S-92) \YAY Jlo 0 g Sis 965 ool Lisuael slacudsds s,
Tolie g OS5 e g0 5o
Table 3. Combined analysis of variance for data of Fusarium head blight (FHB) incidence, severity, and index and

Fusarium-damaged kernels (FDK) from the genotypes of Elite Regional Wheat Yield Trial of the South warm and dry zone
in 2013 (ERWYT-S-92) tested in two growing years (2013-14 and 2014-15) in two locations (Gorgan and Moghan)

Sources of Variation D.F. SS MS F Value Pr>F
Disease Incidence:
Year 1 12.9327 12.6327 3.30 0.3204
Location 1 18.1605 18.1605 4.64 0.2767
Year x Location 1 3.9146 3.9146 403.57 <0.0001
Block (Year x Location) 8 0.0776 0.0097 0.82 0.5851
Genotype 33 10.7763 0.3266 4.06 <0.0001
Year x Genotype 32 1.5336 0.0479 2.99 0.0013
Location x Genotype 33 1.2048 0.0365 2.28 0.0109
Year x Location x Genotype 32 0.5135 0.0160 1.36 0.1014
Error 260 3.0727 0.0118 - -
Corrected Total 401 51.0137 - - -
Coefficient of Variation (C.V.): 16.27%
Disease Severity:
Year 1 1.6144 1.6144 4.06 0.2933
Location 1 0.4223 0.4223 1.06 0.4907
Year x Location 1 0.3979 0.3979 6.57 0.0335
Block (Year x Location) 8 0.4849 0.0606 2.45 0.0143
Genotype 33 13.3121 0.4034 3.01 < 0.0001
Year x Genotype 32 3.4206 0.1069 1.60 0.0946
Location x Genotype 33 1.6240 0.0492 0.74 0.8030
Year x Location x Genotype 32 2.1359 0.0667 2.69 < 0.0001
Error 260 6.4371 0.0248 - -
Corrected Total 401 30.5743 - - -
Coefficient of Variation (C.V.): 17.72%
Disease Index:
Year 1 2.5762 2.5762 11.52 0.1824
Location 1 5.3275 5.3275 23.83 0.1286
Year x Location 1 0.2236 0.2236 12.15 0.0083
Block (Year x Location) 8 0.1475 0.0184 1.38 0.2047
Genotype 33 13.3419 0.4043 2.95 < 0.0001
Year x Genotype 32 3.8386 0.1200 5.66 <0.0001
Location x Genotype 33 0.7925 0.0240 1.13 0.3656
Year x Location x Genotype 32 0.6785 0.0212 1.59 0.0273
Error 260 3.4709 0.0133 - -
Corrected Total 401 30.0417 - - -
Coefficient of Variation (C.V.): 24.46%
FDK:
Year 1 0.8290 0.8290 1.75 0.4121
Location 1 7.1300 7.1300 15.02 0.1608
Year x Location 1 0.4746 0.4746 11.38 0.0097
Block (Year x Location) 8 0.3336 0.0417 10.80 < 0.0001
Genotype 33 1.0728 0.0325 1.68 0.0191
Year x Genotype 32 0.4454 0.0139 2.01 0.0262
Location x Genotype 33 0.3136 0.0095 1.38 0.1824
Year x Location x Genotype 32 0.2221 0.0069 1.77 0.0086
Error 257 0.9922 0.0039 - -
Corrected Total 398 11.9444 - - -

Coefficient of Variation (C.V.): 22.80%

sl 00 plmil g )T 55 5l e0ls Jsod Sldas Wosls (55, il lg & 525 51 L3 %

* Arcsine transformed data was applied for data analysis.
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Table 4. Comparison of means for the traits related to resistance to Fusarium head blight (FHB) among the genotypes of

Elite Regional Wheat Yield Trial of the South warm and dry zone in 2013 (ERWYT-S-92) tested under field condtions in
two growing years (2013-14 and 2014-15) in two locations (Gorgan and Moghan) and under the greenhouse conditions”

Disease incidence  Disease severity

Disease index

Fusarium-damaged kernels (FDK) Disease severity

Genotype (Field) (Field) (Field) (Field) (Greenhouse)
5921 456 70.2 311 79 68.6
$-02-2 29.0 445 8.2 6.4 15.2
5-92-3 29.6 375 7.8 46 345
5-92-4 28.5 41.2 9.3 6.4 34.8
5-92-5 38.2 50.3 16.9 51 28.5
S-92-6 24.3 35.1 6.1 47 8.7
5-92-7 24.3 36.3 6.9 35 36
S-92-8 30.7 451 10.8 4.0 23.7
$-92-9 34.8 54.6 15.6 5.4 14.0
$-92-10 52.6 78.0 40.8 9.7 93.0
$-92-11 30.2 51.3 12.1 9.2 39.9
$-92-12 34.0 64.2 19.7 8.1 61.4
5-92-13 413 69.4 26.3 9.6 10.3
5-92-14 441 75.7 31.0 7.9 87.4
$-92-15 47.4 68.3 28.9 10.4 67.8
5-92-16 51.6 78.9 38.6 8.9 83.5
5-92-17 34.6 51.6 12.3 6.1 34.3
$-92-18 45.9 68.6 29.1 113 46.7
$-92-19 87.3 93.8 81.0 14.4 62.5
5-92-20 57.9 79.1 46.3 7.4 54.3
5-92-21 34.6 51.4 12.7 75 50.5
5-92-22 39.3 58.8 18.1 55 39.5
5-92-23 385 69.5 235 7.8 75.9
5-92-24 43.4 73.4 29.7 9.9 88.2
5-92-25 37.4 61.8 19.9 45 61.4
5-92-26 35.6 77.2 25.3 10.1 76.7
$-92-27 35.3 60.0 16.9 6.2 87.4
5-92-28 32.3 57.2 15.4 6.9 44.7
5-92-29 318 48.0 12.7 5.7 17.7
$-92-30 31.9 52.4 13.9 7.1 75.5
5-92-31 37.7 68.2 23.3 7.0 95.3
5-92-32 33.9 56.0 15.8 75 471
Sumai 3 0.0 0.0 0.0 11 1.2

Falat 57.4 73.2 35.4 12.3 75.0

* Back-transformed data from arcsine data transformation.
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Figure 1. Comparison of means for Fusarium head blight (FHB) disease index collected from the genotypes of the
Elite Regional Wheat Yield Trial of the South warm and dry zone in 2013 (ERWY T-S-92) tested in two growing

years (2013-14 and 2014-15) in two locations (Gorgan and Moghan) and genotypes grouping based on Duncan test at
a=1%. Genotypes with similar letters are not significantly different at 1% probability level.

slacais )0 b geg 1568 Codb (6 ler Dad) (5)les Sty Gl 4 bgyye slaosls Bolus uil)ls &5 B Jsox
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Table 5. Simple analysis of variance for Fusarium head blight (FHB) disease progress (severity) data collected from

the genotypes of the Elite Regional Wheat Yield Trial of the South warm and dry zone in 2013 (ERWYT-S-92)
inoculated with Fusarium graminearum under the greenhouse conditions

Sources of Variation D.F. SS MS F Value Pr>F
Block 2 0.6852 0.3426 3.98 0.0234
Genotype 33 10.7756 0.3265 3.79 < 0.0001
Error 66 5.6841 0.0861 - -
Corrected Total 101 17.1449 - - -

Coefficient of Variation (C.V.): 27.44%
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* Arcsine transformed data was applied for data analysis.
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