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Reaction of Some Irrigated Bread Wheat Genotypes of the National Breeding
Programs for Temperate and Northern Warm and Humid Agro-climatic Zones to
Yellow and Stem Rusts at the Seedling and Adult Plant Stages
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Table 1. Codes and Pedigrees of evaluated bread wheat genotypes
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Genotype code

Name/Pedigree
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Rakhshan
Baharan
M-93-11
M-94-14 (Amin)

M-84-12/3/Dove"S"/Buc"S"//2*Darab/4/OASIS/ISKAUZ//4*BCN*2/3/PASTOR

PBW343*2/KUKUN(50Y)//Yaco/2*Parus/3/PRL/2*PASTOR
VEE/PIN/[2*KAUZ/3/SHUHA-4/FOW-2
BABAX/LR42//BABAX/3/ER2000/4/2*MUNAL

SOKOLL/3/PASTOR//HXL7573/2*BAU/4/PASTOR//MILAN/KAUZ/3/BAV92
PRL/2*PASTOR/6/WBLL1*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/5/KACHU

TUKURU/BAV92/RAYON/6/NG8201/KAUZ/4/SHA7//PRL/VEE#6/3/FASAN/5/MILAN/KAUZ...

VEE/MII/[2*TUI/3/2*PASTOR/4/BERKUT/5/2*BAVIS (Bamdad)

KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/SAUAL/5/SERI.1B//KAUZ/HEVO/3/AMAD*2/4/KIRITATI
KAUZ//ALTAR4/AOS/3/MILAN/KAUZ/4/SAUAL/5/PBW343*2/KUKUNA//PARUS/3/PBW343*2/KUKUNA/6
PASTOR//HXL7573/2*BAU/3/SOKOLL/WBLL1/6/2*OASIS/5*BORL95/5/CNDO/R143//ENTE/...
CROC_1/AE.SQUARROSA (224)//OPATA/3/PASTOR/4/2*SOKOLL/3/PASTOR//HXL7573/2*BAU
W15.92/4/PASTOR//HXL7573/2¥*BAU/3/WBLL1/6/VEE/MI1//2*TU1/3/2*PASTOR/4/BERKUT/S/...(Sepehr)
ELVIRA/5/CNDO/R143//ENTE/MEXI175/3/AE.SQ/4/2*OC1/6/VEE/PIN//KAUZ/3/PASTOR/7/2*PBW343*2/KUKUNA...

SUP152*2/PFUNYE #1

Tirgan

Ehsan

CHAMRAN/4/0OASIS/SKAUZ//4*BCN

H-S C/2*VORB

MERCATO/OUP.3065.2001
SOKOLL/3/PASTOR//HXL7573/2*BAU*2/4/VORB
MERCATO/3/1447/PASTOR//KRICHAUFF/4/BAVIS
ND643/2*WAXWING/5/BABAX/LR42//BABAX*2/4/SNI
BABAX/LR42//BABAX/3/ER2000/4/KA/NAC//TRCH/5/SOKOLL
MUTUS//ND643/2*WBLL1
BABAX/LR42//BABAX/3/ER2000/4/KA/NAC//TRCH/5/SOKOLL.
SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SOKOLL//PBW343
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN
KACHU/SAUAL/3/TRCH/SRTU//KACHU
SUP152/3/TRCH/SRTU//KACHU
ROLF07/3/TRCH/SRTU//KACHU/4/SAUAL/MUTUS
ROLF07/SAUAL/5/SERI.1B//KAUZ/HEVO/3/AMAD*2/4/KIRITATI
SUP152/7/TUKURU//BAV92/RAYON/6/NG8201/KAUZ/4/SHAT
CROC_1/AE.SQUARROSA (205)//BORL95/3/PRL/SARA/ITSI
PASTOR//HXL7573/2*BAU/3/SOKOLL/WBLL1/4/HUW234+LR34/
W15.92/4/PASTOR//HXL7573/2*BAU/3/WBLL1*2
BECARD*2/PFUNYE #1

CHIBIA//PRLII/CM65531/3/MISR2, EGY*2/4/HUW?23
ROLF07/SAUAL/5/SERI.1B//KAUZ/HEVO/3/AMAD*2/4
HD2206/Hork//Bul/6/CMHB80A.253/2/M2A/CML//Ald/3/Ald*4/5/BH1146
Morocco (for yellow rust)

McNear + CD-90-12 (for stem rust)
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Table 2. Stripe (Pst) and stem (Pgt) rust pathotypes used for screening bread wheat genotypes for resistance at the seedling stage

Pathotype sl Avirulence pattern 65T 6 o S Virulence pattern ST S
Yellow rust ;55 Yellow rust 3558555
Yrd, Yrd, Yr5,Yr10, Yrl5, Yr24, Yr26, Yr32, YrSU, YrND, YrCV,
174E150A%, Yr27 YrSP Yr2, Yr3, Yr6, Yr7, Yr8, Yr9, Yrl7, Yrl8, Yr20, Yr21, Yr25, Yr27, Yr28, Yr29, Yr31, YrSD, YrA
Yr2, Yr3, Yr6, Yr7,Yr8, Yr9, Yrl7, Yrl8, Yr20, Yr21, Yr25, Yr26, Yr27, Yr28, Yr29, Yr31, Yr32,
14E158A", Yr27 Yrl, Yr4, Yr5, Yrl10, Yrl5, Yr24, YrSD, YrCV, YrSU, YrSP
YrND, YrA
Stem rust Bl o5 Stemrust sl oK
TTTTF (94-8) Sr24, Sr25, Sr26, Sr31, Sr32, Sr39, Sr40 Sr5, Sr6, Sr7b, Sr8a, Sr9a, Srob, Srad, Sr9, Sr9g, Sr10, Srll, Sr17, Sr21, Sr30, Sr36, Sr38,
SrMcN, SrTmp
PTRTF Sr7a, Sr21, Sr22, Sr23, Sr24, Sr26, Sr30, Sr31, Sr32, Sr33, Sr40 Sr5, Sr6, Sr7b, Sr8a, Sroa, Srob, Srad, Sr9e, Srog, Sr10, Srl1, Sr17, Sr36, Sr38, SrMcN, SrTmp
TKTTF Sr13, Sr22, Sr24, Sr25, Sr26, Sr27, Sr31, Sr32, Sr33, Sr39, Sr40 Sr5, Sr6, Sr7b, Sr8a, Sroa, Srob, Srad, Sr9, Sr9g, Sr10, Sr17, Sr21, Sr30, Sr36, Sr38, SrMcN,
SrTmp
TTKTK Sr13, Sr22, Sr24, Sr25, Sr26, Sr27, Sr32, Sr35, Sr36, Sr39, Sr40 Sr5, Sr6, Sr7b, Sr8a, Sra, Srob, Srad, Sr9e, Sr9g, Sr10, Sr11, Sr17, Sr21, Sr30, Sr31, Sr38,

SrMcN, SrTmp

(Omrani et al., 2024) o, 5 1= s (Malihipour and Esmaeilzadeh Moghaddam, 2023) pie o313 Jslowl 5 (6553 (mile b
Sources: Malihipour and Esmaeilzadeh Moghaddam (2023) and Omrani et al. (2024)
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(Singh et al., 2008; Huerta- Los (gvazws

Espino et al., 2020)

@6 S el e 55l olS al 5o 5
(F Js) _ilisen slaos S 55 o555 s bew

Al olS alo o 53 65 olg Sod ol y 06 et a5 (ST 5 ¥ Jr
Table 3. Infection type of bread wheat genotypes based on final rust severity at the

adult plant stage

K; Sl o
Infection type Ss4T s Final rust severity
Resistance (R) pslie 5-10%
Resistance to moderately resistance (R-MR) pslie 4o b pglie 15-20%
Moderately resistance (MR) pslie 4o 30%
Moderate (M) ol 4o b pglie 4o 40%
Moderately susceptible (MS) b 40 50-60%
Moderately susceptible to susceptible (MS-S) b b ol 4as 70-80%
Susceptible (S) b 90-100%

AL g sla b

Gl S by (e 25 (o el
(Relative area under the disease progress
ol ) ,a sl securve =rAUDPC)
A dewloes ¥ oabal

(Y) abal,
rAUDPC = (AUDPC of genotype/AUDPC

of susceptible control) x100

Slslan Gy (o sla Simen
o s Hb oS Al o 53 ey s sl
SPSS ,ij3lp 5 5l eslizal b GlamalS S JT

A dewlee (VA a5e)

S sy 3440 L cwglio £l (sui0g &
Jbols g s
2 ST e STy il U Lacs 55

e

(Coefficient of infection T . 5
=2 3 ol D o 5 L= C)
el Ol ST a4 48l ol
M=06 MR=04R=0.2dmmune=0
Ad 4 wls (S=1 MSS = 0.9 MS = 0.8
(Stubbs et al., 1986)
Wl Jsb 53 olaw &bt 5,557 5 )
(Area under (s los &b i Sowie ) —
_» the disease progress curve = AUDPC)
(Milus Y 5 o she oolginy 59, ol
iAd dwle ) abasly wlul sand Line, 1986)
(V) abal,
AUDPC = [N1(X1+X2)/2] + [N2(X2 + X3)/2]
i X3 9 X2 ¢ X1 cadasly ol s
Gl pilssl 6555 (6 lew o sdiasOLE
bl s 53 ldyl Slagm b 5 eu s

b o Gay a) sles J—else N2 gN1
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Table 4. Reactions of bread wheat genotypes against stripe rust at the seedling and adult plant stages in two cropping seasons 2018-2019 and 2019-2020

YE oS A o 53 sl Cunglie (gla et ls

'l emalE 1ST Slow rusting resistance parameters at the adult plant stage? b Caglis sl e s Sl
a3y o) Seedling reaction* 2018-19 2019-20 Average of slow rusting resistance parameters
No Genotype  174E150A+,Yr27 14E158A+,Yr27 FRS&IT® ClI rAUDPC FRS & IT Cl rAUDPC Cl rAUDPC  Type of resistance®

1 Rakhshan 4 3 10R 2 9 20RMR 6 19 4 14 SR
2 Baharan 3 3 30MR 12 24 30MR 12 33 12 29 SR
3 M-97-3 0; 0; 30MR 12 24 40M 24 33 18 29 ASR
4 Amin 0; 0; 10R 2 8 30MR 12 28 7 18 ASR
5 M-97-5 0; ;2CN 5R 1 6 30MR 12 17 7 12 ASR
6 M-97-6 4 3 10R 2 9 50MS 40 36 21 23 SR
7 M-97-7 0; 0; 5R 1 2 20RMR 6 17 4 10 ASR
8 M-97-8 4 4 5R 1 6 30MR 12 21 7 14 SR
9 M-97-9 4 3 5R 1 5 10R 2 11 2 8 APR
10 M-97-10 4 3 5R 1 6 20RMR 6 14 4 10 APR
11 M-97-11 2C 0 5R 1 2 20RMR 6 25 4 14 ASR
12 Bamdad 4 ;2CN 10R 2 9 30MR 12 28 7 19 SR
13 M-97-14 4 4 20RMR 6 15 10R 2 10 4 9 APR
14 M-97-15 4 0,C 10R 2 11 10R 2 11 2 10 APR
15 M-97-16 4 3 10R 2 12 40M 24 22 13 17 SR
16 M-97-17 4 3 20RMR 6 18 20RMR 6 19 6 19 SR
17 Sepehr ;1C 0,C 10R 2 9 10R 2 11 2 10 ASR
18 M-97-19 3 3 20RMR 6 18 20RMR 6 28 6 23 SR
19 M-97-20 4 4 20RMR 6 21 10R 2 22 4 22 SR
20 Tirgan ;CN ;1CN 10R 2 11 10R 2 11 2 8 ASR
21 Ehsan ;CN ;1ICN 10R 2 8 20RMR 6 14 4 9 ASR
22 N-97-3 3 3 5R 1 2 10R 2 10 2 6 APR
23 N-97-4 3 3 30MR 12 26 10R 2 7 7 17 SR
24 N-97-5 0; 0 10R 2 11 10R 2 7 2 9 ASR
25 N-97-6 ;2C 3 5R 1 7 10R 2 7 2 7 APR
26 N-97-7 4 3 5R 1 6 30MR 12 22 7 14 SR
27 N-97-8 ;1C 0;CN 5R 1 5 10R 2 7 2 6 ASR
28 N-97-9 ;1CN 0;CN 5R 1 6 10R 2 7 2 7 ASR
29 N-97-10 ;1CN 3 5R 1 2 10R 2 7 2 5 APR
30 N-97-11 2CN 0;CN 10R 2 9 20RMR 6 13 4 11 ASR
31 N-97-12 4 4 5R 1 5 10R 2 9 2 7 APR
32 N-97-13 ;2C ;2CN 5R 1 6 20RMR 6 17 4 12 ASR
33 N-97-14 ;1CN ;1CN 5R 1 2 10R 2 9 2 6 ASR

fre
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Continued. Table 4. —F Jod> asls|
'gg,gfufﬁﬁ).uu}uﬁéuﬁu
'l eomalE 1ST Slow rusting resistance parameters at the adult plant stage? b aglis sl e s Sl
sy < Seedling reaction® 2018-19 2019-20 Average of slow rusting resistance parameters
No. Genotype 174E150A+,Yr27 14E158A+,Yr27 FRS & IT® Cl rAUDPC FRS & IT Cl rAUDPC Cl rAUDPC Resistance type*
34 N-97-15 ;CN ;2CN 5R 1 6 10R 2 9 2 8 ASR
35 N-97-16 ;1CN ;1CN 5R 1 6 20RMR 6 17 4 12 ASR
36 N-97-17 ;1CN ;1CN 5R 1 5 10R 2 10 2 8 ASR
37  N-97-18 0; 0; 10R 2 9 10R 2 9 2 9 ASR
38 N-97-19 4 3 5R 1 5 10R 2 11 2 8 APR
39  N-97-20 4 3 5R 1 2 10R 2 9 2 6 APR
40 N-97-21 4 3 10R 2 9 10R 2 11 2 10 APR
41 N-97-22 4 3 5R 1 6 20RMR 6 17 4 12 SR
42 N-97-23 4 3 5R 1 2 10R 2 9 2 6 APR
43 N-97-24 ;1CN 0;CN3 10R 2 11 30MR 12 31 7 21 ASR
44 N-97-25 ;CN 0 5R 1 5 30MR 12 31 7 18 ASR
- Check 4 3 100S 100 100 100S 100 100 100 100 S
(Morocco)

b Cao g (Stakman et al., 1962) o1)Ses 5 (oSl Lo 5 457 (sl alS 2S5 g5 ol |

(Sobox S iy (e 5 sres o TAUDPC ¢ 85 0T .y 0 €l K55 ol s FRST

{pbeo) S b B ol 405) MSS (ol 405) MS (oo 405 6 5l 40) M c(pslie 40) MR ((p3lae) R 1 o (Singh et al., 2011) 058 5 &K sty 05,5 bl 5 S 9T ¢ 5:1T"
B olE do e 53 Caalin APR ({0l (sl aalE) ol o plad 53 S slin ASR ¢ 5o S slin SR iaslin § 5

1Based on the seedling reaction types described by Stakman et al. (1962).

2FRS: final rust severity, Cl: coefficient of infection, rAUDPC: relative area under the disease progress curve.

SInfection types (IT) were classified according to Singh et al. (2011) as follows: R (Resistance), MR (moderately resistant, small pustules), M (moderately resistant to moderately
susceptible), MS (moderately susceptible), MSS (moderately susceptible to susceptible), S (susceptible).

“Resistance type: SR: Slow rusting resistance, ASR: All-stage resistance (Seedling, Adult plant), APR: Adult plant resistance.
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Table 5. Reactions of bread wheat genotypes to stem rust at the seedling and adult plant stages in two cropping seasons 2018-2019 and 2019-2020

ré\fu%f%f))ﬂ).ﬁ@}&a Lglhua:-u

'l amalE 1ST, Slow rusting resistance parameters at adult plant stage? L Caaglie gl ls Sika
a3y S5 Seedling reaction* 201819 2019-20 Average of slow rusting resistance parameters
No.  Genotypes TTTTF PTRTF  TKTTF TTKTK FRS&IT® ClI  rAUDPC FRS&IT CI  rAUDPC Cl rAUDPC Resistance type®
1 Rakhshan 3- 2+ 1 2- 50MS 40 30 50MS 40 30 40 30 SR
2 Baharan 2 3 ND 3+ 50MS 40 41 50MS 40 35 40 38 S
3 M-97-3 3 3 2+ 3+ 70MSS 63 49 70MSS 63 47 63 48 S

4 Amin 3 3 2+ 3 60MS 43 46 70MSS 63 50 56 43 S
5 M-97-5 3 3 2+ 2+ 50MS 40 49 60MS 43 35 44 42 S
6 M-97-6 3 3 2+ 3 60MS 48 49 50MS 40 44 44 47 S
7 M-97-7 1 3 1 3 50MS 40 30 50MS 40 30 40 30 SR
8 M-97-8 2 1 1 ; 30MR 12 21 40M 24 23 18 22 ASR
9 M-97-9 3+ 3 2+ 3+ 60MS 48 44 80MSS 72 50 60 47 S
10 M-97-10 3 3 2C 3 50MS 40 37 60MS 43 35 44 36 S
11 M-97-11 3 3+ 2+ 3 70MSS 63 52 50MS 40 35 52 44 S
12 Bamdad 3 2 1+ 2+ 60MS 48 49 50MS 40 41 44 45 S
13 M-97-14 1 3- 1 ; 50MS 40 28 50MS 40 27 40 28 SR
14 M-97-15 i1 3- 2+ 2 50MS 40 28 50MS 40 30 40 29 SR
15 M-97-16 1 1 2+ 2 50MS 40 33 60MS 48 33 44 33 ASR
16 M-97-17 1 3 2+ 3 50MS 40 27 50MS 40 30 40 29 SR
17 Sepehr 1 3 2+ 3+ 60MS 43 28 40M 24 24 36 26 SR
18 M-97-19 1 3- 1 3+ 50MS 40 33 60MS 48 44 44 39 S
19 M-97-20 3 3 2C 3 50MS 40 33 60MS 43 44 44 39 S
20 Tirgan 3 3 3 3+ 40M 24 27 50MS 40 30 32 29 SR
21 Ehsan 2+ 2+ 2C 3+ 60MS 43 57 60MS 43 56 48 57 S
22 N-97-3 2+ 3 2C 3+ 60MS 43 57 60MS 43 47 48 52 S
23 N-97-4 i1 3 i1 3 40M 24 26 50MS 40 32 32 29 SR
24 N-97-5 4 3+ 3 3 70MSS 63 62 60MS 43 62 56 62 S
25 N-97-6 3+ 3+ 3 3 60MS 43 52 50MS 40 50 44 51 S
26 N-97-7 2+ 3 1+ 3 40M 24 24 60MS 43 32 36 28 SR
27 N-97-8 3 3- 2+ 3 80MSS 72 63 50MS 40 47 56 55 S
28 N-97-9 0; 3 3 3+ 50MS 40 35 50MS 40 41 40 38 S
29 N-97-10 3- 3 3 3 70MSS 63 62 40M 24 44 44 53 S
30 N-97-11 0; 3- ND 3 50MS 40 24 40M 24 27 32 26 SR
31 N-97-12 0; 3- 3 3 70MSS 63 54 40M 24 41 44 43 S
32 N-97-13 3 3 2+ 3 60MS 48 44 50MS 40 35 44 40 S
33 N-97-14 0; 3- 2+ 3 70MSS 63 41 50MS 40 38 52 40 S
34 N-97-15 3 3 3 2+ 60MS 48 38 60MS 48 65 48 52 S

FrA
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2 S glie (gl el KoL

'l eSS Slow rusting resistance parameters? at adult plant stage Average of slow rusting
s, 555 Seedling reaction! 2018-19 2019-20 resistance parameters
No. Genotype TTTTF  PTRTF  TKTTF  TTKTK FRS & IT? @] rAUDPC FRS&IT Cl rAUDPC Cl rAUDPC Resistance type*
35 N-97-16 2+ 2+ 2+ 3+ 60MS 48 44 60MS 48 67 48 56 S
36 N-97-17 2+ 3 3 3+ 50MS 40 25 40M 24 31 32 28 SR
37 N-97-18 3+ 3 3 4 60MS 48 36 70MSS 63 79 56 58 S
38 N-97-19 2+ 3 3 2+ 60MS 48 47 60MS 48 67 48 57 S
39 N-97-20 3 3 2C 1 T0MSS 63 52 60MS 48 65 56 59 S
40 N-97-21 1 1 2+ 3 TO0MSS 63 60 50MS 40 56 52 58 S
41 N-97-22 2+ 3 3 3+ TO0MSS 63 49 50MS 40 44 52 47 S
42 N-97-23 3 3 4 3 60MS 48 49 70MSS 63 67 56 58 S
43 N-97-24 1 2 3 3 50MS 40 27 40M 24 24 32 26 SR
44 N-97-25 3+ 3 2+ 3 50MS 40 33 50MS 40 40 40 37 S
- Check 3+ 3+ 3+ 4 100S 100 100 100S 100 100 100 100 S

(McNear + CD-90-12)

!Based on the seedling reaction types described by Stakman et al. (1962).
2FRS: final rust severity, CI: coefficient of infection, rAUDPC: relative area under the disease progress curve.
3Infection types (IT) were classified according to Singh et al. (2011) as follows: R (Resistance), MR (moderately resistant, small pustules), M (moderately resistant to moderately
susceptible), MS (moderately susceptible), MSS (moderately susceptible to susceptible), S (susceptible).
“Resistance type: SR: Slow rusting resistance, ASR: All-stage resistance (Seedling, Adult plant), APR: Adult plant resistance.

e

b (a5 (Stakman et al., 1962) 01,18 5 paSaul Jow s 457 (gl amalS 2S5 g5 leln’
(oot S iy (e 5 (ool el TAUDPC ¢ 83 0T 6 €l K55 ol ks FRST

(o) S ol Bl 405) MSS o (loom 40) MIS e (oo 403 b 3lie 405) M e slin 405) MR c(p5ie) R :s i (Singh et al, 2011) 058 5 i sty 05,5 ol 3 ST ¢ 5l T
B olS o a3 aalin APR ({6l (sl aalE) ol o plad 5> o slin ASR ¢ 5o S glin SR iaslia g 5
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Table 6. Resistance type of bread wheat genotypes to stripe rust at the seedling and adult

plant stages

F gl C}; sldas
Resistance type” Number

=1

Genotype

M-97-3, Amin, M-97-5, M-97-7, M-97-11, Sepehr, Tirgan, Ehsan, N-
ASR 20 97-5, N-97-8, N-97-9, N-97-11, N-97-13, N-97-14, N-97-15, N-97-16,

N-97-17, N-97-18, N-97-24, N-97-25

M-97-9, M-97-10, M-97-14, M-97-15, N-97-3, N-97-6, N-97-10, N-

APR 12 97-12, N-97-19, N-97-20, N-97-21, N-97-23
SR 12 Rakhshan, Baharan, M-97-6, M-97-8, Bamdad, M-97-16, M-97-17,
M-97-19, M-97-20, N-97-4, N-97-7, N-97-22
Susceptible 1 Check (Morocco)

db al:f 41>Ja 3 Cwlie :APR L(éb a\:f ! “’}“’L:f> J’-\JA (aL«.? 5 Cwglae ‘ASR " SE Cwglan SR 1w glde &y*
“Resistance type: ASR: SR: Slow rusting resistance, All-stage resistance (Seedling, Adult plant), APR:

Adult plant resistance.

Al ol 5 slamalS Jorl o 53 il &35 il 53 06 p S (Sl 55 Cuglin g5 -V sl
Table 7. Resistance type of bread wheat genotypes to stem rust at the seedling and adult

plant stages

flaslie g g sla G5
Resistance type® Number Genotype
ASR 2 M-97-8, M-97-16
APR 0 None
SR 12 Rakhshan, M-97-7, M-97-14, M-97-15, M-97-17, Sepehr, Tirgan, N-97-4, N-

97-7, N-97-11, N-97-17, N-97-24
Baharan, M-97-3, Amin, M-97-5, M-97-6, M-97-9, M-97-10, M-97-11,
Bamdad, M-97-19, M-97-20, Ehsan, N-97-3, N-97-5, N-97-6, N-97-8, N-97-9,

Susceptible 30+1

N-97-10, N-97-12, N-97-13, N-97-14, N-97-15, N-97-16, N-97-18, N-97-19, N-

97-20, N-97-21, N-97-22, N-97-23, N-97-25, Check (McNear + CD-90-12)

B olE Ao 3 alis APR ((HL ol (sl aal®) ol o plad s o glin ASR ¢ 56 o glin 1 SR iaslin ¢ 57
“Resistance type: SR: Slow rusting resistance, ASR: All-stage resistance (Seedling, Adult plant), APR: Adult

plant resistance.

ol 0 o3lizal 03 8 jsb 4 ola o)l
(Ali et al., 2007; Hei et al., 2015; Safavi
and Afshari, 2017; Srinivas et al., 2023)
o s Sl 5 6 e lte S an
sdalie ol a0 53 o slie sloslns
305 855 Gl (el ssb Ay s
L(r = 0.967**) sl $ sl (SKiron Cl

FF

Sl dl> 50 13 Cwoglio (S Hbxo (g LI
Jb ol (oW Cwglie 9
sla el b o adaly caadllas ol s
FF 55 WAL ol ad o 55 Coaglio Caliies
Sl o Gladals ol s 4 puS (5 555
ST i A ) (Sl 33 2
o 8l S Sl S Olge 4 (C)
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IA g 3s5 Aol b e 5> Caslie 0Lz TAUDPC | 5 (FRS) K5 ol s
Sl sne b 5 ol sl Kwen 23 5 K5 6l et b 4 (r = 0.961%%) sl
olad 5 amal S o o sla 2iSTly o L(r=0.95%*%) gl SKiwan Cl Lo
3 Cl PRSI el (6,8 aen slajastLs <3l (r = 0.881**) rAUDPC | 4FRS
s ool &S5 95 e sl FAUDPC i o BLI ol posde LA i)

A Jsr) SLaslne 5 lamalS al> o 5 (IT) S )T
& S J LS 5 (slamal Al o 55 Cglie gl e Ld o sl Sires sl 5 A Jpr

e sladals ¢ L 0L rxf%:,;;ffﬁ 6o 55 53,5 655
Table 8. Correlation coefficients between resistance parameters to yellow rust and stem rust
at the seedling and adult plant stages in 44 bread wheat genotypes and a susceptible check

' arls Yellow rust 5,555 Stemrust sl <&
Parameter! FRS Cl Seedling IT FRS Cl Seedling IT
Cl 0.967** - 0.95**
Seedling IT 0.127 0.157 - 0.172 0.204 -
rAUDPC 0.969** 0.961** 0.185 0.848** 0.881** 0.088

(3387 s 5 Ol s oy bty et 5 (oo el TAUDPC ¢ S5 3T s 5 Cl (555 sl ous FRS'

sl ealS (55 4T ¢ sSeedling IT
IFRS: final rust severity, rAUDPC: relative area under the disease progress curve: Cl: coefficient of infection,
Seedling IT: seedling infection type.

**: Significant at the 1% probability level. o3 ¢SS e s 53 ls g
adlgo cpdizr b (Soan JJ> 4 FAUDPC Jold S jlme 4 g ol 5
0393 Jsb ¢ ST Slslp O mmar S glin K5 wle o s (C) ST o o
35 @il S by B ol ( Suigs ooy Cd g fowin 5 oo i 5 (FRS)
2315 S3kan 5055 555l Sy mlaw dly > o 55 Ceaglie oL gl (AUDPC)
(Milusand .zl 1)ls las 50 sla b3 Lz a2 S 15 eslinul 3550 WL oLE
Line, 1986; Sandoval-Islas et al., 2007) Cuglie pnd 6 p el b aw pls )8
4 sl DLt Sl e slaasily Llodd b 5 5S4 glos uS 5 sbas 5 5 s
o3l (slalas Ol (555 5 oo  SKiurad (Sandoval-Islas et al., 2007; Ali et al.,
v sedi 5,18 BB L 5l s 2007; Safavi and Afshari, 2017; Huerta-
3515 Glsan 55 - oe Sl s 5l Espino et al., 2020; Srinivas et al., 2023;
(Sandoval-Islas et al., 2007; Safavi and slas dwy o b4 c Dawana et al., 2024)
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G_Mwl,a;_mloT,M.{g;_M\@L@q-.u,)
el a1 S slis glyls slae 55
3 g g sl S aan s Lol
(Huerta- <ol oacs W03 ol 5 5 slew ade
Espino et al., 2020; Srinivas et al., 2023;
S ol S e ;Y .Dawana et al., 2024)
Ygams Coaglin £ 55 a2 (Soo sl 555
e cod) SHwd3T 51 ey LS o
ol ez 5T lac 5L e IS
(Hovmegller et al., 2016; Chen &, % .
Slalllas o551 cp0nl) and Kang, 2017)
Sl Sl 6,858 a 5 jos i8Sy
0394 (o glie a0 plalis sl IS 5
tv 5 (MAS) Sl ¢SS o Ol gl
2%
SBamer ok s S ol
i oY g 3 edd aily) s LAl
(-’f Ghs 55 3 Sleald Cuaslie duy o
B oo LM}:EM =2 S50 OU
s YrCV XrSP Xrl5 Xrl0 XNr5 Xr4
Sr32 Sr26 Sr24 45,5 ¢Xi5 4, 53 YrSD
LS 358 o0 J S @l &5 1 535140 ¢
(Bux etal., 3,05 glpwes i syl S
2012; Malihipour
.Moghaddam, 2023; Omrani et al., 2024)

and Esmaeilzadeh

550l pl glas e Ll i 53 W05 ol s
(Safavi, 2019; c—ul oui uuls 5 i

s s b Jl- oyl L Afshari, 2008)
55 S el 5 412 plasil o s 0T

FrY

> Afshari, 2017; Srinivals et al., 2023)
(IT) 59T b o iy (Sen (i
23 eaglie slajlins 5 (lammal S al> 0 5o
et oAb ol e JU oL o s
sl slacslas 1 s Yleos|
GlaomalS o1 0 55 Caoglie gla,8 5500 o
slaesje sla gl Connl s s Al oS 5
(Sandoval-Islas et >3 o sar o 1,
al., 2007)

DL pdE (sl sl )3 IS5k 4
S S 1Sl sl 4 30
NI RERE A D FREE I J VPN JRC Wi
SlazalS Coglie g 5 93 8 gyls Al (adate
Bl L (p S ans slag il (1) AL olS
Jutzne (Lo 61 ) (L oS s slao glyls
bl 53 edul gladlow js ualL(s,—w g
ujuﬂébbvs)s@ﬂ)uwfw
b 8l s aalE o 5o 55 WL oS
5 42alS ol 53 K55 olen 44 ST
(Chen and Kang, ss—i J xS 5 G s
.2017; Chen, 2020)

Golow Jole JulSS Jl 55 gladanas
g sl i sla s Pgt 5 Pst la
503,83l Ol Caltee (sladkul 3 putS
SO st j5 0 4 2ete 55050 (Sl 5o
(Safavi and wled—s (s SKeto (323l
2020; and

2023;

Malihipour, Malihipour

Esmaeilzadeh  Moghaddam,

3 b Cans s ol Omrani et al., 2024)
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g 25 Ol (’v‘f Sl sy fmi o
3l g5 487 ol Il 53 ol lis g 306 s leus
55 Jle il 03 Lo 55 51 635
Ssp s ol 2S5 (PSE) 55
STy Jen )l Oliwl 53 687 glacs 5 . Lsls
o Gaane pl 53 pslaedans L pglis
55iS Gble L s clishs ol 5,5 655
Sy Ol 5 (0B ,3) )b ol fuli
3 5 (o) o|,x5u}(cjf)),91 (Agiin)
Lils glie 2S5 1WA4 5 1TAA cladLa
s gl ol (o ite slaesls ulal )
03 18 sladals y sla 5,0, 4 Ol5
w538 gladlu s a8 sls s e (s31 55
A sl 5315355 85 & Lo sl
Caglan glyls Glac i s ame 55 5 030>
5 sl (Gens sla i 53 355 655 4 VY
Llodd S
Calises JLo 53 55 ST Sl awlin b
4 Comad (M-97-6 ule) b5 85 & 0 Sl 5
033 Jlw 53 o 555 ga odaltin 03 &5
S3L I G 85 ol ) ST e
10R ST 50 5,8 e 55 ST o
sl Slallas 55 ol i i (B0MS 4
(Safavi c—ulsus 5,18 5501 S tagn
and Afshari, 2017; Huerta-Espino et al.,
ks ol JJ5.2020; Omrani et al., 2024)
L Ceaglie gla0) sl 65T 85
e 53 oS ol 3,565 ol &G b g

238 Gyl pde L) ol Comexr s 4

FFF

3 IS ge s S sl U 3
5L i plp o GlamalS a0 5T
sl

(Singh et al., iy claaml U 5lks
— s 2011; Huerta-Espino et al., 2020)
53 éwj d> e s lesg) 2STs wll
o W pslan ST o Loy &35 il
ko) i85 Y0 ey 0 Lk 4 (RIMR) pslie
5 Ol O 5 g (el o5,
M-97-7 M-97-5 M-97-3 La Y
f sladsi>) (N-97-11 N-97-9 N-97-8 ,
b olamstbsl Calie sla0) ol 7
a0 plp oo aS sl LaoT 3l S5
Lyls oS 5,5 6K slacw sb s,lT
SlamalS Coglie s Yol s 55 ol
(All-stage 51u)ﬂ¢u4 Caglas U
Y15 Xrd (Lole olal) 5 o5 resistance)
L YrSu 5 YrCV &YrSP Yr24 Xrl5 XYrl0
Je5 OT 5wl sl Cglas slal sl
2 Qe 555l F el 0P dns
(isls OLi 1y Conglie (28T s (glaomalS do o
Coeslie Glad) daly ol o Sas
s il pl Al 35 wlastbols e
G035 035 I daul g lais§ ol S1aS 540
GlaomalS A o 5> ozt 315 s slie
(Chen and Kang; 4 &L eui sl iy
Dadrezaei et al., 2024)

aS sl ol glas e la L)
(POt) sl &5 slaw Jusle dows Glacumas
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K5 sl o amlial b ol astlis claoy
Lws a3l

3550 O (u\_f slacss) 5l (&0 0
P N EPI S I S PR IR
Sl sl Jlesl 4 457 us sdalie (MS-S)
Ceslie oo LoD Odd dgn b
&5 bole oot il 3 solamthsl
S des a0 ol ol ol (POL) 6L
G 4 ailain 3 POt LI Lol oma
s 4 Cwglie G0 4 S T 4
G135 olulid (ol ol Llanl JolSS
Al jie Coslie glyls (S5 gl !
Wl ol Sy, S ¢ Jome sl 5L
S JlolS do o 45 oS Sla 5
(MS) ol 40 L (MR) plie an > )5
sl iy golew ulh b Lol o
UL Caslie sla,lS 550w slyls Yl
Cuaglie Jals (Al Caglin ¢ g5 opl i
(High temperature YU sles 53 &L LS
«loj L sadult plant resistance = HTAP)
ok s 4 aS ol i S glas
(Brown et s fhls 1, ¢ 5V el93 035
al., 2002; Singh et al., 2005, 2011; Chen,
2013)

YO lacmsy dax ) Gl ot
Slas o me i 55 (V Jads 55 WV 510 OF
s Kukuna Kiritati ;L s, S asse
«hyls \_A(.j) ol s Iy e o Trap

i (e iz s ol S slas

FFo

S350 p> dmw 53 (Js 055 olan sl 4
58 bl (ST s 0 5 55

Jwol Sl 53 e (glae 30 Sla o
L 55 o ladomar 13T, ¢S
035 K55 3 50 53 il it g
SR sl L as) ) » ehsoles
Yr9 Y17 Yr6 Yr2 ¥rl lap) Jwls
Yr26 Yr25 Yr24 Yr23 Xr22 Xrl7
YrSU 5 Yr32 &Yr3l Yr2l YrA Yr27
23T S Jo s cculons 515
Y15 Xrd Nrda Yr3a Yr3v glap)
YrND 5 YrSD YrCV ¥rl6 Yrl5 Xrl0
(Safavi, 2019) w& sualive

e S rer Wl K5 o paas o
S5 Sr25 sladyy ade 6,157 5 glyls Jws )l
Sr28 Sr23 Sr13 Sr9% Srof Sr7a Sr6
SrDP2 Sr37 Sr34 Sr33 Sr30 Sr29
s 4 SITmp 5 SrH SrWLD SrPL SrGT
SIS slad) 4l 55 65T 5L aS I s
Sr27 Sr26+Sr9G  Sr24 Sr22 Srl3
(Safavi and 4z 3,15 Sr36 5Sr35 Sr32
o sl ol Malihipour, 2018)
Coglie 28Ty Jus,l glae e Ll 5 45 oS
el Jol ob 5 ezt au cddsls L5 |
Yrd Yrda Yr3a Yr3V o sau ¢ 5 5o S glan
JrSD YrCV Yrl6e &Yrl5 &Yrl0 JYr5
s as sl b odd e lis g0 o YIND
Sr24 (Sr22 (Sr13 Sr5 4 5,5 55 ¢l =
5 Sr36 Sr35 Sr32 Sr27 Sr26+Sr9G
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(Singh et al., 2011; Kumar et al., s, .
2019)
aS sl Qi bl iags claasl
F 5 4o gaze SIS 0l b)) Sl 55
Ly ol ST 51 amalE o ylie a5 S
Cslis 5 (APR) AL oL s slis (ASR)
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353 o odal_is Cl y FRS dAUDPC
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(Huerta-Espino et al., 2020; Srinivas et

al., 2023; 2024)

Coslin Calibes gl w glls slacs 555
PS5 S b a8 oS
St i 28 Jlasl G5 6 S e
L1555 1 (5 i oMl e 8 e JolSS
(Singh et al., 2005; Dawana et al., 2024)
Solos Jls slam )l sy onl b

Sl VU oUlg s 4 odle gla &G
Sl oS S5 b (e Gk

Sl G s Olsean Olioeen
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¥Fo

a0 adauly o pls)) ul 55 Cmeslis
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el cl 53 g 0 ez 51l o
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(Singh et al., 2005; 2011; Chen and
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(Safavi and Afshari, 2017; aleai
Mohammadi et al., 2023)
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(Singh et al., 2011; 552 .o 2 (APR)
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G i Coslie oLl sl slazel
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Afshari, 2017; Srinivas et al., 2023;
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Sl Ll 3l5a slas paly ool
L b5 4 ool atbolsi b Lol
(el gles b S 5 5o
oo G5y pan Sl Al 5SS
Slp Ceslle 05 e U lgar (Pyramiding)
Al 85 (61 05 A B gy 5355 35
4 53 5) Cuslin Sl oVl ol Ll s
(Singh et al., 2011; s5—& e ()
Huerta-Espino et al., 2020)

Jole pln 03 Zaglie Lo e YL - 5la
Otz o8, > a8lw 5 3,5 G
M-M-97-14 M-97-7. il sla Y
i el i N-97-7 3 N-97-4 97-15
4 S (GlemalS o e 53 S a5 55
DL Sl ST i 5 oSG ol
2 el STy A LS > o 53 Lal (sl
(MS) (—slmtai B (MR) ¢ 5liedns A=
ezl (k5315 55,5 olo s i Lol jon
Ad 2oy e glas O cpbi glyls

(Alietal., 2007; i Sladllas b ylhas
Safavi and Afshari, 2012; Srinivas et al.,
slac—s $52023; Dawana et al., 2024)
el a5l 53 by OB pAS
sl ;3 FRS sTAUDPC (Cl sls os L&
S 315 Ot ey Sl ki 5 1 5es 8
3 oS 5 s Yo pslinans slacs 55
&S Lz (Minor genes) il ¢S 587 slaos

Bl ol Cuslin 55 4 55 SOl b Sl



VP o ¥ oyles el "0 9 Jl@ 7

gle 5 G5 iS Sisel 5 Slides S sl (G55 8 o ol )l 4 OT JEml Jogus

Gl sl i 5 L, e sl Jus)l b

S oo p ool sl dsb oo Olbuie i) S FRwlaw
b3 o Sl sha g Sl o Jlo Gliiy b Byl ol

a5 sy n 5l od 5 i ag 5 O

Klo ol P FYYA-AVARE glaojled 4 e
P g RCRES IS PN LRSS S AL AR
el ol L s S L il ol 1 355 wleras (O Sl 10 08 iy 5
IR R P 55 5 A 3o OT 55 O SKen alS” 5 &y ke

References

Admassu, B., Friedt, W. and Ordon, F. 2012. Virulence analysis of Puccinia graminis f. sp.
tritici populations in Ethiopia with special consideration of Ug99. Plant Pathology, 61(3),
pp.441-447. DOI: 10.1111/j.1365-3059.2011.02531.x

Afshari, F. 2008. Prevalent pathotypes of Puccinia striiformis f. sp. tritici in Iran. Journal of
Agricultural Science and Technology, 10, pp.67-78.

Aggarwal, R., Kulshreshtha, D., Sharma, S., Singh, V.K., Manjunatha, C., Bhardwaj, S.C.
and Saharan, M.C. 2018. Molecular characterization of Indian pathotypes of Puccinia
striiformis f. sp. tritici and multigene phylogenetic analysis to establish inter- and intraspecific
relationships. Genetics and Molecular Biology, 41(4), pp.834-842. DOI: 10.1590/1678-
4685-gmb-2017-0272

Ali, S., Rodriguez-Algaba, J., Thach, T., Sgrensen, C.K., Hansen, J.G., Lassen, P., Nazari,
K., Hodson, D.P., Justesen, A.F. and Hovmgller, M.S. 2017. Yellow rust epidemics
worldwide were caused by pathogen races from divergent genetic lineages. Frontiers in Plant
Science, 8, €1057. DOI: 10.3389/fpls.2017.01057

Ali, S., Shah, S.JJ.A. and Ibrahim, M. 2007. Assessment of wheat breeding lines for slow
yellow rusting. Pakistan Journal of Biological Sciences, 10(19), pp.3440-3444.

Anonymous. 2023. Agricultural Statistics Yearbook Volume I: Field Crops. Ministry of
Agriculture-Jahad Publications. 95 pp.

Beddow, J.M., Pardey, P.G., Chali, Y., Hurley, T.M., Kriticos, D.J., Braun, H.J., Park, R.F.,
Cuddy, W.S. and Yonow, T. 2015. Research investment implications of shifts in the global
geography of wheat stripe rust. Nature Plants, 1, e15132. DOI: 10.1038/nplants.2015.132

FFA


https://doi.org/10.1111/j.1365-3059.2011.02531.x
https://doi.org/10.1590/1678-4685-gmb-2017-0272
https://doi.org/10.1590/1678-4685-gmb-2017-0272
https://doi.org/10.3389/fpls.2017.01057
https://doi.org/10.1038/nplants.2015.132

FYO-FOF NF Y LQ‘)K@}&}.&J wodd .,\.:.\}3 GTQL r.,\.f‘_r::u.\.:»\ LS\A JY )\ Ls".J'f j..'.f\}

Bhattacharya, S. 2017. Deadly new wheat disease threatens Europe’s crops. Nature,
542(7640), pp.145-146. DOI: 10.1038/nature.2017.21424

Brown, J.K.M. and Hovmgller, M.S. 2002. Aerial dispersal of fungi on the global and
continental scales and its consequences for plant disease. Science, 297(5581), pp.537-541.
DOI: 10.1126/science.1072678

Bux, H., Ashraf, M., Hussain, F., Rattu A.U. and Fayyaz, M. 2012. Characterization of wheat
germplasm for stripe rust (Puccini striiformis f. sp. tritici) resistance. Australian Journal of
Crop Science, 6(1), pp.116-120.

Chen, W., Wellings, C., Chen, X. and Liu, T. 2014. Wheat stripe (yellow) rust caused by
Puccinia striiformis f. sp. tritici. Molecular Plant Pathology, 15(5), pp.433-446. DOI:
10.1111/mpp.12116

Chen, X. 2005. Epidemiology and control of stripe rust (Puccinia striiformis f. sp. tritici) on
wheat. Canadian Journal of Plant Pathology, 27(3), pp.314-337. DOI:
10.1080/07060660509507230

Chen, X. 2013. High-temperature adult-plant resistance, key for sustainable control of stripe
rust. American Journal of Plant Sciences, 4(3), pp.608-627. DOI: 10.4236/ajps.2013.43080

Chen, X. 2020. Pathogens which threaten food security: Puccinia striiformis, the wheat stripe
rust pathogen. Food Security, 12(2), pp.239-251. DOI: 10.1007/s12571-020-01016-z

Chen, X. and Kang, Z. 2017. Stripe Rust. Dordrecht: Springer. 719 pp. DOI: 10.1007/978-94-
024-1111-9

Dadrezaei, S.T., Omrani, A., Malihipour, A., Tabatabaeifard, S.N., Tabib-Ghaffari, S.M.
2024. Resistance of some wheat commercial cultivars and promising lines to leaf rust
(Puccinia triticina Eriks.) disease at seedling and adult-plant stages. Seed and Plant, 40,
pp.151-170 (in Persian). DOI: 10.22092/SPJ.2025.367260.1381

Dawana, D., Dessie, B., Kebede, M. and Shimelash, D. 2024. Pathogenicity of Puccinia
striiformis f. sp. tritici and quantitative traits on bread wheat landraces in Ethiopia. Crop
Science, 64(1), pp.1-16. DOI: 10.1002/csc2.21193

Denbel, W., Badebo, A., Hussein, T. and Singh, R.P. 2013. Evaluation of Ethiopian wheat
lines for slow rusting resistance to stem rust of wheat caused by Puccinia graminis f. sp.
tritici. African Crop Science Journal, 21(2), pp.99-108.

Ezzahiri, B., Yahyaoui, A. and Hovmgller, M. S. 2009. An analysis of the 2009 epidemic of
yellow rust on wheat in Morocco. In: Proceedings of the 4th Regional Yellow Rust
Conference for Central and West Asia and North Africa. Antalya, Turkey.

FFa


https://doi.org/10.1126/science.1072678
https://doi.org/10.1111/mpp.12116
https://doi.org/10.1080/07060660509507230
https://doi.org/10.4236/ajps.2013.43080
https://doi.org/10.1007/s12571-020-01016-z
https://doi.org/10.22092/spj.2025.367260.1381
https://doi.org/10.1002/csc2.21193

VP o ¥ oyles el "0 9 Jl@ 7

Hei, N., Shimelis, H.A., Laing, M. and Admassu, B. 2015. Assessment of Ethiopian wheat
lines for slow rusting resistance to stem rust of wheat caused by Puccinia graminis f. sp.
tritici. Journal of Phytopathology, 163(5), pp.353-363. DOI: 10.1111/jph.12330

Herrera-Foessel, S.A., Lagudah, E.S., Huerta-Espino, J., Hayden, M.J., Bariana, H.S.,
Singh, D. and Singh, R.P. 2011. New slow rusting leaf rust and stripe rust resistance genes
Lr67 and Yr46 in wheat are pleiotropic or closely linked. Theoretical and Applied Genetics,
122(1), pp.239-249. DOI: 10.1007/500122-010-1439-x

Hovmegller, M.S. and Justesen, A.F. 2007. Rates of evolution of avirulence phenotypes and
DNA markers in a northwest European population of Puccinia striiformis f. sp. tritici.
Molecular Ecology, 16(21), pp.4637-4647. DOI: 10.1111/].1365-294X.2007.03544 .x

Hovmegller, M.S., Walter, S., Bayles, R., Hubbard, A., Flath, K., Sommerfeldt, N., Leconte,
M., Czembor, P., Rodriguez-Algaba, J., Thach, T., Hansen, J. G., Lassen, P., Justesen,
A.F., Ali, S. and de Vallavieille-Pope, C. 2016. Replacement of the European wheat yellow
rust population by new races from the centre of diversity in the near-Himalayan region. Plant
Pathology, 65(3), pp. 402-411. DOI: 10.1111/ppa.12433

Huerta-Espino, J., Singh, R.P., Crespo-Herrera, L.A., Villasefior-Mir, H.E., Rodriguez-
Garcia, M.F., Dreisigacker, S., Barcenas-Santana, D. and Lagudah, E. 2020. Adult plant
slow rusting genes confer high levels of resistance to rusts in bread wheat cultivars from
Mexico. Frontiers in Plant Science, 11, e824. DOI: 10.3389/fpls.2020.00824

Kumar, K., Jan, I., Saripalli, G., Sharma, P.K., Mir, R.R., Balyan, H. S. and Gupta, P.K.
2020. An update on resistance genes and their use in the development of leaf rust resistant
cultivars in wheat. Frontiers in Genetics, 11, €569824. DOI: 10.3389/fgene.2020.569824

Malihipour, A. and Esmaeilzadeh Moghaddam, M. 2023. Reaction of the south warm agro
climate zone elite wheat lines of Iran to stem rust at seedling and adult plant stages. Plant
Protection  (Scientific ~ Journal of  Agriculture), 46(2), pp.87-103. DOI:
10.22055/ppr.2023.42776.1674

Mclintosh, R.A., Wellings, C.R. and Park, R.F. 1995. Wheat Rusts: An Atlas of Resistance
Genes. East Melbourne: CSIRO Publications. 225 pp.

Meyer, M., Bacha, N., Tesfaye, T., Alemayehu, Y., Abera, E., Stukenbrock, E.H.,
McDonald, B.A. and Palma-Guerrero, J. 2021. Wheat rust epidemics damage Ethiopian
wheat production: a decade of field disease surveillance reveals national-scale trends in past
outbreaks. PLOS ONE, 16(1), e0245697. .DOI: 10.1371/journal.pone.0245697

Milus, E.A. and Line, R.F. 1986. Gene action for inheritance of durable, high-temperature, adult

\E


https://doi.org/10.1111/jph.12330
https://doi.org/10.1007/s00122-010-1439-x
https://doi.org/10.1111/j.1365-294X.2007.03544.x
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Leconte/M.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Czembor/P.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Rodriguez%E2%80%90Algaba/J.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Thach/T.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Hansen/J.+G.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Lassen/P.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Justesen/A.+F.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Ali/S.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Vallavieille%E2%80%90Pope/C.
https://doi.org/10.1111/ppa.12433
https://doi.org/10.3389/fpls.2020.00824
https://doi.org/10.3389/fgene.2020.569824
https://doi.org/10.22055/ppr.2023.42776.1674
https://doi.org/10.1371/journal.pone.0245697

FYO-FOF NF Y LQ‘)K@}&}.&J wodd .,\.:.\}3 GTQL r.,\.f‘_r::u.\.:»\ LS\A JY )\ Ls".J'f j..'.f\}

plant resistance to stripe rust in wheat. Phytopathology, 76(4), pp 435-441.

Mohammadi, N., Safavi, S.A., Pouralibaba, H., Afshari, F., Yassaie, M., Roustaie, M., and
Atahoseini S. M. 2023. Screening of dryland bread wheat genotypes against yellow rust
through greenhouse and multi-environmental trials. Journal of Crop Protection, 12(1),
pp.43-53. DOI: 10.22067/jcp.v12i1.82959

Olivera, P., Newcomb, M., Szabo, L.J., Rouse, M., Johnson, J., Gale, S., Luster, D.G.,
Hodson, D., Cox, J.A., Burgin, L., Hort, M., Gilligan, C.A., Patpour, M., Justesen, A. F.,
Hovmgller, M.S., Woldeab, G., Hailu, E., Hundie, B., Tadesse, K., Pumphrey, M.,
Singh, R.P. and Jin, Y. 2015. Phenotypic and genotypic characterization of race TKTTF of
Puccinia graminis f. sp tritici that caused a wheat stem rust epidemic in southern Ethiopia in
2013-14. Phytopathology, 105, pp.917-928. DOI: 10.1094/phyto-11-14-0302-fi.

Olivera Firpo, P.D., Newcomb, M., Szabo, L.J., Rouse, M.N., Johnson, J., Gale, SW.,
Luster, D.G., Wanyera, R., Macharia, G., Bhavani, S., Hodson, D., Patpour, M.,
Hovmegller, M.S., and Jin, Y. 2022. Puccinia graminis f. sp. tritici population causing recent
wheat stem rust epidemics in Kazakhstan is highly diverse and includes novel virulences.
Phytopathology, 112(11), pp.367-380. DOI: 10.1094/PHYTO-08-21-0320-R

Omrani, A., Afshari, F., Shahbazi, F. and Kabiri, A. 2024. Investigating the reaction of
resistance to stripe rust disease (Puccinia striiformis f. sp. tritici) in commercial cultivars and
promising wheat lines (candidate to be introduced as a commercial cultivar). Plant Protection
(Scientific Journal of Agriculture), 47(1), pp.79-97. DOI: 10.22055/ppr.2024.48221.1769

Peterson, R.F., Campbell, A.B. and Hannah, A.E. 1948. A diagrammatic scale for estimating
rust intensity on leaves and stems of cereals. Canadian Journal of Research, 26(5), pp.496—
500. DOI: 10.1139/cjr48c-033

Pretorius, Z.A., Singh, R.P., Wagoire, W.W. and Payne, T.S. 2000. Detection of virulence
to wheat stem rust resistance gene Sr31 in Puccinia graminis f. sp. tritici in Uganda. Plant
Disease, 84(2), pp.203-203. DOI: 10.1094/PDIS.2000.84.2.203B

Rahmatov, M., Rouse, M.N., Steffenson, B.J., Andersson, S.C., Wanyera, R., Pretorius,
Z.A.,Houmgller, A. and Johansson, E. 2012. Sources of stem rust resistance in wheat-alien
introgression lines. Plant Disease, 100(6), pp.1101-1109. DOI: 10.1094/PDIS-04-15-0392-
RE

Rodriguez-Algaba, J., Walter, S., Sgrensen, C.K., Hovmgller, M. S. and Justesen, A.F.
2014. Sexual structures and recombination of the wheat stripe rust pathogen Puccinia
striiformis f. sp. tritici on Berberis vulgaris. Fungal Genetics and Biology, 70, pp.77-85.

o


http://dx.doi.org/10.1094/PHYTO-08-21-0320-R
https://doi.org/10.22055/ppr.2024.48221.1769
https://doi.org/10.1139/cjr48c-033
https://doi.org/10.1094/PDIS.2000.84.2.203B
https://doi.org/10.1094/PDIS-04-15-0392-RE
https://doi.org/10.1094/PDIS-04-15-0392-RE

VP o ¥ oyles el "0 9 Jl@ 7

DOI: 10.1016/j.fgh.2014.07.007

Roelfs, A.P., Singh, R.P. and Saari, E.E. 1992. Rust Diseases of Wheat: Concepts and Methods
of Disease Management. Mexico, D.F.: CIMMYT. 81 pp.

Safavi, S.A. and Afshari, F. 2012. Quantitative resistance of some elite wheat lines to Puccinia
striiformis f. sp. tritici. Archives of Phytopathology and Plant Protection, 45(6), pp.740-749.
DOI: 10.1080/03235408.2011.603277

Safavi, S.A. and Afshari, F. 2017. A seven-year assessment of resistance durability to stripe
rust in some wheat cultivars in Ardabil province, Iran. Journal of Crop Protection, 6(3),
pp.409-421.

Safavi, S.A. and Malihipour, A. 2018. Effective and ineffective resistance genes and reaction of
promising wheat lines to stem rust in Ardabil. Journal of Crop Protection, 7(4), pp.415-427.

Safavi, S.A. 2019. Effectiveness of resistance genes to stripe rust and virulence of Puccinia
striiformis f. sp. tritici during two years monitoring in Ardabil. Applied Researches in Plant
Protection, 8(3), pp.95-107.

Safavi, S.A. and Malihipour, A. 2020. Partial resistance of some wheat cultivars and candidate
lines against stem rust (Puccinia graminis f. sp. tritici). Plant Protection (Scientific Journal
of Agriculture), 43(2), pp. 31-52. DOI: 10.22055/ppr.2020.31392.1558

Sandoval-Islas, J.S., Broers, L.H.M., Mora-Aguilera, G., Parlevliet, J.E., Osada, K.S. and
Vihar, H.E. 2007. Quantitative resistance and its components in barley cultivars to yellow
rust. Euphytica, 153(3), pp.295-308. DOI: 10.1007/510681-006-9200-x

Singh, D., Park, R.F. and Mclntosh, R.A. 2007. Characterization of wheat leaf rust resistance
gene Lr34 in Australian wheats using components of resistance and the linked molecular
marker csLV34. Australian Journal of Agricultural Research, 58(11), pp.1106-1114. DOI:
10.1071/AR07131

Singh, R.P., Huerta-Espino, J. and William, H.M. 2005. Genetics and breeding for durable
resistance to leaf and stripe rusts in wheat. Turkish Journal of Agriculture and Forestry, 29(2),
pp. 121-127.

Singh, R.P., Hodson, D.P., Huerta-Espino, J., Jin, Y., Njau, P., Wanyera, R., Herrera-
Foessel, S.A. and Ward, R.W. 2008. Will stem rust destroy the world's wheat crop?
Advances in Agronomy, 98, pp.271-309. DOI: 10.1016/S0065-2113(08)00205-8

Singh, R.P., Huerta-Espino, J., Bhavani, S., Herrera-Foessel, S.A., Singh, D., Singh, P.K,,
Velu, G., Mason, R.E., Jin, Y., Njau, P. and Crossa, J. 2011. Race non-specific resistance
to rust diseases in CIMMYT spring wheats. Euphytica, 179(1), pp.175-186. DOI:

Yoy


https://doi.org/10.1016/j.fgb.2014.07.007
https://doi.org/10.1080/03235408.2011.603277
https://doi.org/10.22055/ppr.2020.31392.1558
https://doi.org/10.1007/s10681-006-9200-x
https://doi.org/10.1071/AR07131
https://doi.org/10.1016/S0065-2113(08)00205-8

FYO-FOF NF Y LQ‘)K@}&}.&J wodd .,\.:.\}3 GTQL r.,\.f‘_r::u.\.:»\ LS\A JY )\ Ls".J'f j..'.f\}

10.1007/s10681-010-0322-9

Singh, R.P., Hodson, D.P., Jin, Y., Lagudah, E.S., Ayliffe, M.A., Bhavani, S., Rouse, M.N.,
Pretorius, Z.A., Szabo, L.J., Huerta-Espino, J., Basnet, B.R., Lan, C. and Hovmegller,
M. S. 2015. Emergence and spread of new races of wheat stem rust fungus: Continued threat
to food security and prospects of genetic control. Phytopathology, 105, pp.872-84 DOI:
10.1094/PHYTO-01-15-0030-F1I.

Srinivas, K., Singh, V.K,, Srinivas, B., Sameriya, K.K., Kumar, U., Gangwar, O.P.,
Kumar, S., Prasad, L. and Singh, G.P. 2023. Documentation of multi-pathotype durable
resistance in exotic wheat genotypes to deadly stripe and leaf rust diseases. Cereal Research
Communications, 52(1), pp.189-201. DOI: 10.1007/s42976-023-00362-w

Stakman, E.C., Stewart, D.M. and Loegering, W.Q. 1962. Identification of Physiologic Races
of Puccinia graminis tritici. USDA-ARS Bulletin E617. 51 pp.

Stubbs, R.W., Prescott, J.M., Saari, E.E. and Dubin, H.J. 1986. Cereal Disease Methodology
Manual. Mexico, D.F.: CIMMYT. 51 pp.

Torabi, M., Mardoukhi, V., Nazari, K., Afshari, F., Forootan, A.R., Ramai, M.A., Golzar,
H. and Kashani, A.S. 1995. Effectiveness of wheat yellow rust resistance genes in different
part of Iran. Cereal Rust and Powdery Mildew Bulletin, 23, pp.9-12.

Wellings, C.R. 2007. Puccinia striiformis f. sp. tritici in Australia: a review of the incursion,
evolution and adaptation of stripe rust in the period 1979-2006. Australian Journal of
Agricultural Research, 58(6), pp.567-575. DOI: 10.1071/AR07130

Zeng, Q.D.,Han, D.J., Wang, Q.L., Yuan, F.P., Wu, J.H., Zhang, L., Liu, D.J. and Jin, S.L.
2014. Stripe rust resistance and genes in Chinese wheat cultivars and breeding lines.
Euphytica, 196(2), pp.271-284. DOI: 10.1007/s10681-013-1029-5

Zhu, X,, Li, Z., Wu, L., Wang, J., Chen, M., Liu, D., Singh, R.P., Li, Y., Xia, X., He, Z. and
Lan, C. 2023. Characterization of Yr genes in Chinese wheat cultivars and their application
in breeding for stripe rust resistance. The Crop Journal, 11(2), pp. 581-589.

for


https://doi.org/10.1007/s10681-010-0322-9
https://doi.org/10.1007/s42976-023-00362-w
https://doi.org/10.1071/AR07130

VP o ¥ oyles el "0 9 Jl@ 7

RESEARCH ARTICLE DOI: 10.22092/spj.2025.370622.1439

Reaction of Some Irrigated Bread Wheat Gdnotypes of the National Breeding
Programs for Temperate and Northern Warm and Humid Agro-climatic Zones to
Yellow and Stem Rusts at the Seedling and Adult Plant Stages

S. A. Safavit” ', F. Afshari? and A. Malihipour?

1. Associate Professor, Field and Horticultural Crops Science Research Department, Ardabail
Agricultural and Natural Resources Research and Education Center, Agricultural Research,
Education and Extension Organization, Ardabil, Iran.

2. Professor, Seed and Plant Improvement Instititue, Agricultural Research, Education and Extension
Organization, Karaj, Iran.

3. Associate Professor, Seed and Plant Improvement Instititue, Agricultural Research, Education and
Extension Organization, Karaj, Iran.

ABSTRACT
Safavi, S. A., Afshari, F. and Malihipour, A. 2025. Reaction of some irrigated bread wheat genotypes of
the national breeding programs for temperate and northern warm and humid agro-climatic zones to yellow
and stem rusts at the seedling and adult plant stages. Seed and Plant, 40, pp. 425-456 (in Persian).

Lack of durable resistance in wheat cultivars is a major cause of yellow rust (Puccinia

striiformis f. sp. tritici, Pst) and stem rust (Puccinia graminis f. sp. tritici, Pgt) epidemics,
which severely affecting global wheat production. This study identified resistance sources
at the seedling and adult plant stages among 44 wheat genotypes adapted to temperate
and northern warm and humid agro-climatic zones of Iran. Seedling evaluation
carried-out at glassohuses at Cereal Research Department, Seed and Plant Improvement
Institutie in Kataj, Iran. Field evaluations were conducted in 2018-19 and 2019-20 at the
Ardabil Agricultural Research Station. Adult plant resistance was assessed using
epidemiological parameters: coefficient of infection (Cl), final rust severity (FRS), and
relative area under the disease progress curve (rAUDPC). Seedling reactions were
evaluated under controlled conditions against two Pst and four Pgt pathotypes. For yellow
rust, 12 (27.2%), 20 (45.4%), and 12 (27.2%) genotypes exhibited slow-rusting resistance
(SR), all-stage resistance (ASR), and adult plant resistance (APR), respectively. For stem
rust, 12 (27.2%) showed SR, 2 (4.5%) had ASR, and 30 (68.2%) were susceptible.
Genotypes susceptible at the seedling stage but resistant at the adult stage likely carry
multiple APR or slow-rusting genes, offering valuable genetic resources for development
of bread wheat cultivars with durable resistance.

Keywords: Bread wheat, race-specific resistance, non-race-specific resistance, slow

rusting.

¥of


https://spj.areeo.ac.ir/article_134886.html

FYO-FOF NF Y LQ‘)K@}&}.&J wodd .,\.:.\}3 GTQL r.,\.f‘_r::u.\.:»\ LS\A JY )\ Ls".J'f j..'.f\}

Introduction

Bread wheat is a staple food crop and essential for global food security, particularly in
Mediterranean regions. In Iran, bread wheat production is consistently challenged by some
biotic and abiotic stresses. Rust diseases are among the most devastating biotica stresses. The
dynamic and rapid evolution of yellow rust (Pst) and stem rust (Pgt) populations may
overcome race-specific resistance genes those are deployed in commercial cultivars. Periodic
epidemics and substantial economic losses are possibly occurred subsequently (Chen, 2020).
The emergence of virulent races such as the Ug99 lineage for stem rust has further highlighted
the vulnerability of genetically similar commercial cultivars. In contrast, adult plant resistance
(APR), often expressed as slow rusting, is typically polygenic and considered more durable
(Huerta-Espino et al., 2020; Singh et al., 2011). This type of resistance slows disease
development through mechanisms that are not pathogen race-specific. Therefore, the
identification and employment of APR sources into breeding programs is a principal strategy
to obtain sustainable bread wheat production. This study was designed to phenotypically
characterize a collection of Iranian wheat genotypes for both seedling and adult plant
resistance to stripe and stem rusts, with the goal of identifying potential donors of durable
resistance.

Materials and Methods

The study consisted of controlled seedling tests and field evaluations. Forty-four wheat
genotypes from the national bread wheat breeding programs for temperate and northern
warm and humid agro-climatic zones were evaluated for their reaction to yellow rust and
stem rust at the seedlingand adult plant resistances. For seedling resistance screening, plants
were inoculated with two Pst pathotypes (174E150A+, Yr27 and 14E158A+, Yr27) and
four Pgt pathotypes (TTTTF, PTRTF, TKTTF, TTKTK). Infection types (ITs) were
assessed 14 days post-inoculation using a standardized 04 scale. Field evaluations were
conducted at the Ardabil Agricultural Research Station over two cropping cycles (2018-19
and 2019-20). Stripe rust was evaluated under artificial epiphytotic conditions, while stem
rust was assessed under natural infection. Resistance at the adult plant stage was quantified
using three significant epidemiological parameters including final rust severity (FRS),
coefficient of infection (CI = FRS x constant value of host response), and the relative area
under the disease progress curve (rAUDPC). Genotypes were grouped into four resistance
groups: all-stage resistance (ASR), adult plant resistance (APR), slow rusting resistance
(SR), and susceptible, based on established thresholds for these parameters (Zeng et al.,
2014). Correlation coefficients were calculated to understand the relationships between
resistance parameters.

Results and Discussion
Seedling screening tests revealed that none of the bread wheat genotypes exhibited
resistance to all pathotypes of both rust diseases under controlled conditions. However,
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significant levels of adult plant resistance were observed in field evaluations. For yellow
rust, 12 (27.2%), 20 (45.4%), and 12 (27.2%) genotypes exhibited slow-rusting resistance
(SR), all-stage resistance (ASR), and adult plant resistance (APR), respectively. For stem
rust, 12 (27.2%) showed SR, 2 (4.5%) had ASR, and 30 (68.2%) were susceptible. Bread
wheat genotypes M-97-7, M-97-14, M-97-15, N-97-4, and N-97-7 demonstrated
promising resistance against both diseases. A strong positive correlation were observed
between the APR parameters (FRS, Cl, rAUDPC), validating their reliability for
assessing quantitative resistance (Hei et al., 2015). However, the correlations between
seedling infection types (ITs) and adult plant parameters were non-significant. This
finding indicated that APR is genetically independent from all-stage resistance (Singh et
al., 2011). The superior performance of certain bread wheat genotypes suggests
combinations of non-race-specific APR genes, such as Yr18/Lr34 or Yr46/Lr67, which
are known for their durable and pleiotropic effects (Huerta-Espino et al., 2020; Chen,
2020). Consequently, gene pyramiding is highly recommended to develop new bread
wheat cultivars with robust and long-lasting resistance. Therefore, reducing reliance on
fungicides and mitigating the risk of future epidemics driven by emerging virulent
pathogen populations (Singh et al., 2011).
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