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Abstract
Background and Objectives
Yellow or stripe rust caused by the fungal pathogen Puccinia striiformis f. sp. tritici is one of
wheat's most prevalent diseases. It poses a significant threat to wheat production worldwide,
including in Iran. Diseases are considered one of the most significant biological challenges that
can reduce wheat performance by up to 20% globally. Given the total wheat production, this
incurs an economic impact of several hundred million dollars. Annual losses caused by rust
diseases in wheat are estimated to reach up to 50 million tons worldwide. Integrated management
using agronomic and chemical control methods and genetic resistance (developing resistant
cultivars) is considered the most effective strategy for controlling this disease. Identifying
sources of resistance at various genetic levels within wheat germplasm is crucial in national
wheat breeding programs for establishing effective and heritable genetic resistance against this
disease.
Materials and Methods
Two distinct races with high and low virulence were obtained from the yellow rust pathogen
collection of the Pathology Unit at the Seed and Plant Improvement Institute for phenotypic
screening of resistance in wheat cultivars and promising lines at the seedling stage (under
greenhouse conditions). The elimination of urediniospores from other rust species was achieved
through several rounds of purification on the susceptible Bolani cultivar using the rub-in method.
To identify effective and stable resistance sources against yellow rust pathogen races, the
resistance reaction of 41 commercial cultivars and 45 promising wheat lines (from four climatic
regions of the country), along with the sensitive cultivar Bolani (as a control), was evaluated at
the seedling stage against two yellow rust races from the pathogen collection of the Pathology
Unit at the Seed and Plant Improvement Institute in Karaj, with high and low aggressiveness
(174E191A+, Yr27 and 6E134A+, Yr27), and at the adult plant stage in the research station of
the Ardabil (Moghan) Agricultural and Natural Resources Research and Education Center.
Results



In the 2023 and 2024 growing seasons, the climatic conditions in the Moghan Plain were highly
conducive to the emergence and spread of yellow rust disease. The weather was characterized
by cool temperatures ranging from 8 to 17 degrees Celsius and high relative humidity from late
March to mid-May. During the 2024 growing season, the prevalence of yellow rust disease was
notably more severe in various regions of the country, particularly in the northern areas. The
resistance genes Yrl, Yr5, Yrl0, Yrl5, Yr24, YrSU, and YrSP were identified as effective
resistance genes against the yellow rust races. The results indicated that approximately 56% of
the commercial wheat cultivars exhibited acceptable resistance reactions, while about 44%
lacked effective resistance (showing intermediate to susceptible reactions). Furthermore, around
87% of the promising wheat lines displayed acceptable resistance reactions, whereas about 13%
lacked effective resistance. The yearly variation in results could be attributed to differences in
the abundance and virulence of dominant pathogen populations in the region, and environmental
conditions affecting the two years.

Discussion

The findings of this study indicate that heritable genetic resistances are present in most of the
commercial cultivars currently cultivated extensively and in the lines nominated for introduction
as new commercial wheat cultivars. In the present study, the number of wheat cultivars and
promising lines exhibiting resistance to yellow rust races was greater than those showing
susceptibility and intermediate susceptibility. This indicates that effective resistance genes have
been incorporated into the new wheat lines within breeding programs. New wheat lines must
possess high yield potential and desirable agronomic traits and demonstrate acceptable levels of
resistance to the most significant wheat diseases, particularly rusts, to be introduced as commercial
cultivars. If they do not possess such resistance, they should be discarded, as environmental
conditions during the growing season can favor rust pathogen activity, especially yellow rust,
leading to significant yield losses. The identified resistant cultivars and lines from this research
can be utilized in breeding programs to develop wheat cultivars resistant to yellow rust.
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Table 1. Differential cultivars of wheat stripe rust
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No. Name/Pedigree No. Name/Pedigree No. Name/Pedigree No. Name/Pedigree

1 Chinese 166 15 Carstens V 29 Yr7/6*Avocet ‘S’ 43 Avocet ‘R”

2 Lee 16 Spalding Prolific 30 Yr8/6*Avocet ‘S’ 44 Avocet ‘S”

3 Heines Kolben 17 Heines VII 31 Y19/6*Avocet ‘S’ 45 Bolani (Suceptible check)
4 Vilmorin 23 18 Avocet ‘R’ 32 Yr10/6*Avocet ‘S’ 46 Fielder

5 Moro 19 Kalyansona 33 Yrl5/6* Avocet ‘S° 47 Thatcher

6 Strubs Dikkopf 20 Trident 34 Yr17/6* Avocet ‘S’ 48 Lembhi

7 Suwon 92/Omar 21 Yr15/6* Avocet S 35 Yr18/6* Avocet ‘S” 49 TP1295

8 Clement 22 Hugenoot 36 Y124/6* Avocet ‘S’ 50 Yr27/6*Av.S

9 Triticum spelta var. aloum 23 Selkirk 37 Y126/6* Avocet ‘S’ 51 Ciano79

10 Hybrid 46 24 Federation *4/Kavkaz 38 Yr27/6* Avocet ‘S’ 52 Opata85

11 Reichersberg 42 25 Federation 39 Yr32/6* Avocet ‘S’ 53 Avocet Yr28

12 Heines Peko 26 Yrl/6*Avocet ‘S’ 40 YrSP/6* Avocet ‘S” 54 Lalbahador/Pavon

13 Nord Desprez 27 Yr5/6*Avocet ‘S’ 41 Jupateco73R 55 Avocet-YrA*3/Pastor
14 Compair . 28 Yr6/6*Avocet ‘S’ 42 Jupateco73S 56 Pastor
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Table 2. Commercial cultivars and promising wheat lines studied

No. Commercial cultivars  No.

Cultivars/ Lines

No.  Promising wheat lines

1 Taktaz 31  Heyran 17 M-99-15
2 Araz 32 Zarrineh 18 MDH-99-10
3 Arman 33 Heydari 19 CD-91-12
4 Meraj 34  Barzgar 20 C-96-8

5 Kalateh 35  Narin 21 CD-96-10
6 Tirgan 36  Avan 22 C-97-4

7 Ehsan 37  Taban 23 C-97-16
8 Gonbad 38  Sana 24 CD-97-19
9 Fallah 39  Aran 25 C-98-5

10 Raj 40 Hana 26 C-98-7

11 Sahar 41  Shabrang 27 C-98-8

12 Setareh 42  Bolani (Suceptible check) 28 C-98-12
15 Barat 1 N-95-6 31 C-99-8

16 Shoush 2 N-97-20 32 CD-99-15
17 Mehregan 3 N-98-8 33 MS-94-14
18 Shavour 4 N-98-16 34 MS-95-4
19 Chamran 2 5 N-98-20 35 MS-95-9
20 Bamdad 6 N-99-4 36 MS-96-4
21 Sepehr 7 N-99-6 37 MS-97-4
22 Danesh 8 N-99-19 38 MS-98-3
23 Amin 9 S-96-15 39 MS-99-6
24 Farin 10  S-96-16 40 MS-99-7
25 Torabi 11 S-97-10 41 MS-99-19
26 Talaei 12 S-98-22 42 D-99-4
27 Rakhshan 13 S-99-18 43 D-99-6
28 Baharan 14  M-DH98-10 44 D-99-10
29 Sirvan 15  M-DH98-18 45 D-99-18
30 Simin 16 M-99-9 46 Bolani (Suceptible check)

11 5 3 Lleal Bl 53 5 g go oo glie (S0 45 saee |
K5 o Gk Sl A el )] 5 o o o
Db 355 6855 S ey oSS5 558 sl s ok
S 3,8 o NP S OIS sl5a Sl 53 age b
bl 6l gol5a 4l ¢S5 Al 5 o DML oyl bl
LBISEESS S5 ol 4 od Bog0 5 550 (Slaaslie
sl ol Slio lls 53 Shae  06)) r-\.’fg.)‘,lb.»
MLl cpl Gy sled abilesle 1) (5 Shas 4 atuls
s G5 N4 S 338 o arlpn JShn b e aals]
("“f sl ol sbul > Caslie DS w3l 5 Jseol
laceglie opl cCtkue bl )3 LSS lasls 4 o
oo o 2iS0n (Slasis o 5 355 0 S 555 s

.@I:M\ﬁﬂ)zéﬁs‘tﬁ:}uﬁdﬁl?

Lilyh s ST 4 by pm slaosls Dbl il 55
S opl a5 Lt S s sl sl ol dow st G4
sl 5 Calie a4 Cad o8 b))
Jeath 53 o3 5 55 Blodd 51 4RI Ll 5028 8 plonil O lize
S e rlls 4 3l s 0 g D slite (oS L il
O Jslee 4ld o s oslizal laosls Jdes 5 4 0
45 5 S s S b S s mleiT e by
N e 05057 6l 5 V¥ 455 SAS i3l o5l glad =
3 8 oslizal 18 s Minitab i3l ;

S g
5 &5 5 sl Sz sle I csls b

030l b sl 515 s sl 55 5T 3 L 5 S s



AV VEF ol o olad PV il ((65,5LaST sale dlos) (S 500l

o o 55555 &5 sl 4 o Conglie ST,
S oz o 3 (615 sme (5bT 3Dkt (lamalS
X 55 s Dla e S0l (s s Ao
&fl)d\ﬁt{.:ﬁ)b@mw):di.ldh::-‘cb‘»)::\};
DS 355 K5 lasls 4 o a5 51 K e
andllan 3550 (o 55 o o YU (S5 55 5l Lings
—05 lels @l (BL LK sl 53 Ol
Mago et ) 5 503 oslizal 3,5 &5 (6 lew & Cunslie sla
Solo Jale 236 aar 53 S g5 al., 2022
om aslie Sl 03 g5 pmen 5 6555 g aw p
L5 Calisee (slasl s 4y ol ot (ks (lac 555
Omrani et al., ) 01,5aa 5 Sl yee sl ods il 8
wle,sls (2013; 2014, 2017, 2018; 2020; 2021
L (Dadrezaei et al., 2018, 2022; 2023) o,Kes
5 Slosd 655 0355 K55 sl 6T 6 e
e 5 S5 sl o (W (S5 55 ol 5
4 Comd Sy Bl 1 et Calies slac 55 o
A oS 5 GlemalS ol e 5o eSSy Sogline slasly

A3 ged IS

aadllan 35 50 Uasl5 (¥ Jgkor) 15 s gl ol

_CU 174E191A+, Y127 4 6E134A+, Y127 s 5a
&7, 1T4E191A+, Y127 515 s sus WS
9 2,0kl a1 53 5 s Caaglie D) o) S
—Oles . odalin BEL34A+, Y127 515 a4 S 31 15
YL Caglin slady o si oo odalin ¥ Jgd j5 &S ,5b
sy abe> 31 YISP 5 YrSU (Yr24 Yrl5 Yrl0 Yr5
aibie )3 3 ge 3,5 55 SaslE Rlp 03 S aslis
3 Y110 YIS Coslas a0 Lds glols Ol i
ISV 53 F3n sl SleomalS Zaslie slad3 51 YTL5
Ll Ol mhw 53 5,5 5 ol slasly
ol (3151 gl Y 50 .(Hovmoller et al., 2022)
YrND YrCV Yr24 Yr8 Yrd Yr3 cwslie glad;
STy axdllae 3540 5,5 K55 slasls 4 o YISD
335 5o Cuaglie s Ble dzdls olams| Cuglie
390555 &5 Gl 4 omi B30 s el
Gl elel sl 1y Y e ST asdlles
osn 305 855 slasly o (F Jade) S ,e bl

5l (uuf (s 55 isudal Gl Y 5 plyl oy candllas

85 K53 Solow SWSIF S115T 56/ 15T 3 Jgad - Jgu
Table 3. Avirulence/virulence formula of stripe rust races

No. Race Virulence genes

Avirulence genes

1 174E191A+, Yr27

Yr2,Yr3, Yrd, Yr6, Yr7,Yr8, Yr9, Yrl7, Yr25, Yrl, Yr5, Yrl0; Yrl5, Yr24, YrSU, YrSP

Yr26, Yr27,Yr32, YrA, YrCV, YrND, YrSD

2 6E134A+, Yr27
Yr32, YrA,

Yr2, Yr6, Yr7,Yr9; Yrl7, Yr25, Yr26, Yr27;

Yrl, Yr3, Yrd, Yr5, Yr8, Yrl0; Yrl5, Yr24,
YrSU, YrSP, YrCV, YrSD, YrND

SIS Al 50 38 555 &) SLF 41 S P iSuiol S Y 9 S8 B! (FOT o 5 0 3285 £ Jour
Table 4. Combined analysis of variance for infection type of commercial cultivars and promising wheat lines

to stripe rust at seedling stage

S.o.v df Stripe rust
Ms

Race 1 18.77™
Error (1) 4 1.93

Line cultivars and 86 26.52™
cultivars and Line x Race 86 29.74™
Error (2) 344 2.71

%CV 11.28

ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively
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Table 5 - Climatic characteristics of the Moghan region during years 2023 and 2024

2023 2024
Months Average Average relative  Average number Average Average relative Average number
temperature humidity (%) of sunshine hours temperature humidity (%) of sunshine hours
Bahman 3 71 7.5 4 74 6.7
Esfand 12 68 6.8 7 70 7.1
Farvardin 15 65 7 15 67 7.4

Ordibehesht 17 62 7.6 18 70 8.5
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Table 6. Resistance response of commercial cultivars and promising wheat lines to stripe rust at seedling and

adult plant stages

No. Commercial cultivars Adult plant stage Seedling stage
Moghan Moghan 174E191A+, Yr27 6E134A+, Yr27
(2023) (2024)
1 Taktaz 10MS 40MS 0; 0;
2 Araz 10M 60MS 4 3
3 Arman 10M 20MR 3 2+C 3-
4 Meraj 5MR 30MS 0;CN 0;
5 Kalateh 15MR 40MS 0 0;
6 Tirgan 5MR 30MS 0; 0;
7 Ehsan 10MS 0 0; 0;
8 Gonbad 15MSS 100S 3 2+3-
9 Fallah 0 20MR 0; 0;
10 Raj 10MR 40MS 4 3
11 Sahar 10MS 30MS 4 4
12 Setareh 10MS 10MR 0; 0;
13 Sarang 20M 30MR 4 4
14 Khalil 15MS 20MS 4 4
15 Barat 10MS 40MR 4 3
16 Shoush 10MS 15MR 0;1CN 0;,C
17 Mehregan 20MS 50MS 3+ 3C
18 Shavour 10M 80MSS 4 4
19 Chamran 2 20MSS 50MS 4 4
20 Bamdad 10M 30MS 0;CN 0;
21 Sepehr 0 20MS 0; 0;
22 Danesh 10MR 40MR 4 4
23 Amin 10MR 10MR 0; 0;
24 Farin 0 40MS 4 0;




6,1 > (Puccinia striiformis f.sp. tritici) »; 55 oo & o nglin [Ty g 10 5 See A

7 J g sl
25 Torabi 10MR 20MR 0; ;1CN
26 Talaei 0 40MS ;1CN ;2C
27 Rakhshan 10MS 20MR ;1CN 0;
28 Baharan 15MS 40MS ;1CN 3
29 Sirvan 10M 40MS 4 4
30 Simin 0 10MR 0; 0;
31 Heyran 5MR 40MR 3 3
32 Zarrineh 20MR 40MR 0; 0;
33 Heydari 10MR 50MR 0; 0;
34 Barzgar 10MS 40MS ;1CN 0;
35 Narin 10MS 40MR 0; ;1CN
36 Avan 0 10MR 4 3
37 Taban 0 0 0;1 ;1CN
38 Sana 0 0 ;1CN ;
39 Aran 0 0 4 3
40 Hana 0 10MR ;1CN 0;1C
41 Shabrang 0 10MR ;1CN 0;
42 Bolani (Suceptible check) 100S 100S 4 4
43 N-95-6 5MR 0 0; 0;
44 N-97-20 0 0 0; 0;
45 N-98-8 0 0 0; 0;
46 N-98-16 10MR 40MR 0; 0;
47 N-98-20 0 20MR 0; 0;
48 N-99-4 5MR 10MR 0; 0;
49 N-99-6 0 10MR 0; 0;
50 N-99-19 0 10MR 0; 0;
51 S-96-15 30MS 80MS 3 4
52 S-96-16 0 20MR 2+C ;2CN
53 S-97-10 5MR 15MR 0; 0;
54 S-98-22 20MR 30MR 0; 0;
55 S-99-18 0 20MS 0; 0;
56 M-DH98-10 10MR 40MR 0; 0;
57 M-DH98-18 10MR 20MS 0; 0;
58 M-99-9 0 80MS ;1CN 0;CN
59 M-99-15 5MR 40MR 4 4
60 MDH-99-10 0 15MR 0; 0;
61 CD-91-12 0 10MR ;2C 2CN
62 C-96-8 0 10MR ;2C ;2C
63 CD-96-10 0 10MR 0; 0;
64 C-97-4 0 10MR ;1CN ;1CN
65 C-97-16 0 50MS 4 4
66 CD-97-19 0 10MR 0; 0;
67 C-98-5 0 20MS 0; 0;
68 C-98-7 0 10MR 0; 0;
69 C-98-8 0 20MR 0; 0;
70 C-98-12 0 10MR 0; 0;
71 CD-98-9 5MR 10MR 0; 0;
72 C-99-3 0 40MS 0; 0;
73 C-99-8 0 20MR 0; 0;
74 CD-99-15 0 10MR 0; 0;
75 MS-94-14 10MS 50MS 0; ;1CN
76 MS-95-4 10MS 50MS 0; 0;
77 MS-95-9 0 60MS ;1CN 0;
78 MS-96-4 0 60MS 0; 0;1
79 MS-97-4 5MR 60MS ;1CN ;1CN
80 MS-98-3 0 60MS 0; 0;
81 MS-99-6 0 40MS 0; 3
82 MS-99-7 5MR 70MS 0; 0;
83 MS-99-19 0 60MS 0; 0;
84 D-99-4 0 10R 4 0
85 D-99-6 0 10R 4 3
86 D-99-10 5MR 0 2CN 0;
87 D-99-18 0 10MR 4 0;1C
88 Bolani (Suceptible check) 100S 100S 4 4
S= Susceptible MS= Moderate Susceptible MR= Moderate Resistant R= Resistant
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Figure 1. Dendrogram of the heatmap along with hierarchical cluster analysis by Wards method (A) and tree
diagram of relationships between commercial cultivars’ response to yellow rust pathogenic races (B)
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Figure 2. Dendrogram of the heatmap along with hierarchical cluster analysis by Wards method (C) and tree
diagram of relationships between promising wheat lines response to yellow rust pathogenic races (D)
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