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Code Pedigree Type Code Pedigree Type
1 Qaboos spring 41 Sabalan/84.40023//Scafallah/3/....-OMA Winter
WBLLI*2/4/Y ACOY/...099TOPM-099Y-099M- , Azar2/87Zhong291- ,
2 0SY-4M-OWGY Spring 42 99/4/SABALAN/4/VRZ/3/.. 2MA-OMA Winter
) : : Azar2/87Zhong291- :
3 MUNAL #1/FRANCOLIN #1/...-TWGY-0B spring 43 B /3. 6MAOMA Winter
. NELOKI/SOKOLL/EXCALIBUR.. M-090NJ- iy VORONA/PRLIVEEASIIKAUZ*2IYACO! o
099NJ-25WGY-0B .. -OMA-IMA-OMA
*
5 WAXWING/KIRITATI*2/3/... 39WGY-0B spring 45 V%IF\*A%NA” PRL/VEEH#BI3IKAUZ*2IYACON  \yjinter
6 VORB/4/PASTOR/HXL7573/...-020Y-0B Sspring 46 V%IF\Q&\‘A/ IPRLIVEEHBISIKAUZ*2IYACOI \yjinter
NADI/COPIO//NADI-....-099M-099NJ-099NJ- : Yr15/6*Avocot"s"/8/SNEA//SKE/2*ANE/ISX s
! 37WGY-0B Spring 47 /4/BEZ/5/...OMA Winter
SOKOL/PASTOR/HXL7573/2*BAU , Azar2/78Zhong291- ,
8 A/KAUZ/...0G-5G Spring 48 58//Yr15/6* Avocot"s"...OMA Winter
FRANCOLIN , Azar2/78Zhong291- ,
9 #1//WBLL1*2/BRAMBLING/6/...-OWGY Spring 49 58//Yr15/6*Avocot”s...OMA Winter
BORL14%2/3/WBLL1*2/...-099TOPY-099M- , SARDARI- ,
10 0SY-4M-OWGY Spring 50 HD84/UNKN/HATUSHA/4/Tui"s"/3/. OMA " INter
1 BABAX/LR42/BABAX*2/3/...19M-0WGY spring 51 SARDARI-HDBA//UNKN/HATUSHA// Winter
Tui"s"/3/...OMA
. SARDARI- ,
* - -
12 KACHU//WBLL1*2/...-OM-0WGY Spring 52 HD84//UNKN/HATUSHA/4/Tui"s"/3/.. OMA Winter
. SARDARI- ,
13 SUP152/BAJ #1/3/...-39M-OWGY Spring 53 HD84//UNKN/HATUSHA/3/. . OMA Winter
SUP152/BLOUK #1/3/PRL/2*PASTOR*2//...- , . ,
14 0SY-33M-OWGY Spring 54 Kharchia/Azar-2  IRW...0MA-1MA-OMA Winter
KACHU/SAUAL/4/VARIS/MISR . e ,
15 23/ 20WGY-0B Spring 55 MS-85-12 /3/Shahi/Prl"S"//...-OMA Winter
16 KABIR Spring 56 MS-85-12 /3/Shahi/Prl"S"/...-OMA Winter
BECARD/QUAIU #1//....99M-099NJ-099NJ- , Azar-2/Sardari  IRW 2012-034-...OMA- ,
17 12WGY-0M Spring 57 OMA-2MA-OMA Winter
PRL/2*PASTOR*2//MISR2, . Azar-2/Sardari  IRW 2012-034-...OMA- ,
18 EGY/3/2*BECARD/ND643/2...WGY Spring 58 OMA-6MA-OMA Winter
SUP152/BLOUK #1/3/PRL/2*PASTOR*2//.. .- . Sabalan/Sardari  IRW 2012-040-.. OMA- ,
19 24M-OWGY Spring 59 OMA-OMA-7TMA-OMA Winter
KFA/2*KACHU*2//MISR ...-099Y-099M-0SY- - Unknown-11/Unknown-2  IRW...0MA- -
20 8M-O0WGY Spring 60 OMA-OMA-5MA-OMA Winter
KARIM/KOUHDASHTIRBWG-2013-...0G-0G- , Unknown-11/Unknown-2  TRW...-OMA- ,
21 0G-0Gn-7Gn Spring 61 OMA-OMA-7TMA-OMA Winter
. ) . F10S- ,
22 SOKOLL/3/PASTOR/HXL7573/2*...-5WGY-0B  Spring 62 U/ATAY/GALVEZS7/S/SABALAN/4/. OMA Winter
NAD I#1*2/3/MUTUS/AKURI , F10S- :
23 #1/MUTUS...OWGY Spring 63 UIATAY/GALVEZST/5ISABALAN/AVRZ/3  VIMter
o NADI#2*2/6/BECARD spring 64 F10S-1/ATAY/GALVEZ87/3/PTZ Winter
#1/5/KIRITATU4/2*SERL 1B*2/3/.. OWGY NISKA/170//...OMA
VEE/MJI//2*TUI/3/PASTOR/4/BERKUT/5/....0 . Azar2/87Zhong291- ,
25 WGY / ) Spring 65 994SABALANA/VRZI3/..OMA Winter
KANCHAN*2/JUCHI//2*BORL14- , Azar2/87Zhong291- ,
26 CMSSI12Y00797.. 0OWGY Spring 66 99/4/SABALAN/4/VRZ/3/OR...OMA Winter
»7 WBLLL*2/BRAMBLING/VORBIFISCALIBIBE i 7 Azar2/87Zhong291- Winter
CARD/4/... WGY 89/5/SABALAN/4/VRZ/3/OR ...OMA
*
28 BORL14*2//BECARD/QUAIU #1-...0WGY spring 68 V%?/&NA” PRLIVEEH#BI3IKAUZ*2IYACOI  \yjinter
MUTUS*2/MUU//2*MUCUY- . e -
29 CMSS13Y01148T- . OWGY Spring 69 Alvand/4/Sabalan/Tui"s"/3/Snb//Pco/...0MA Winter
30 KACHU/BECARD//WBLL1*2/BRAMBLING*2/  Spring 70 Seafallah/3/Sbn//Trm/K253/4/...OMA Winter
Chenab/4/Sabalan/Tui"s"/3/Snb//Pco/Pvn . UN- .
3 IRW...OMA Winter 71 49/6/ATTILA/3*BCN/BAVO/3/TILHYS/.. - W nter
MS-85-12 , SUBEN- ,
32 J3/Shahi/Prl"S"/Fenkang] 5/Sefid...OMA Winter 72 6 /TASTISPRWI/ZAR/5/Y UANDONG Winter
g MSBo12/3/Shah/PSY/FenkanglSSefid-.-winter 73 WBLL1*2/TUKURU//BILLINGS Winter
MS-85-12 . .
34 3/Shahi/Prl"S"//Fenkang] 5/Sefid...OMA Winter 74 Hoor Winter
35 MS-85-12 Winter 75 Sadra Winter
12/Qlhahi: /DeINQN/ /Ranlranal §/Cafi A NNA A
36 Azar-2/Sardari  IRW 2012-034...1IMA-OMA Winter 76 Hashtrood Winter
37 Azar-2/Sardari  IRW 2012-034-...-4AMA-OMA Winter
38 Sabalan/Sardari IRW 2012-040-...-OMA-5MA-  Winter
39 Sabalan/3/SN64//SKE/2*ANE/3/SX/4/BEZ/5/.. 2 Winter
10 Ohadi/Unknown-2  IRW 2012-043-.. -IMA" oo

OMA
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Table 2. Avirulence/ Virulence formula of yellow races used in seedling test

Race: 6E142A+, YR27 (Mashhad isolate)

Avi/Vir: 1,3,4,5,8,10,15,17,24,32,SU,SD,CV,SP /2,6,7,9,21,25,26,27,28,31,ND,A

Race: 6E134A+, YR27 (Zarghan isolate)

Avi/Vir: 1,3,4,5,8,10,15,24,26,32,SD,SU,CV,SP,ND /2,6,7,9,17,21,25,27,28,31,A

Race: 6E130A+, Yr27 (Zarghan isolate)

AvilVir: 1,3,4,5,8,10,15,24,26,28,32,SD,SU,CV,SP,ND /2,6,7,9,17,21,25,27,31,A

Race: 46E190A+, Yr27 (Karaj isolate)

Avi/Vir: 1,4,5,10,15,17,24,SU,SP/2,3,6,7,8,9,21,25,26,27,28,31,32,ND,CV,SD,A

o tac 30 byl il jo JolS oLS STy oo L
20D ()2 Sgaie) (ST (o) 5l Jol>
O 9 ¥ Jsloz ;0 585 5 Jeoyl )0 hawme Lyl
VENNEY ol Jle g0 b alllos & g0 4
ol yo byl Jol Jlw jo el saids ool ol
VY owir 230 o) 9 cudsiy V7 gg0mme 3l e s
> 05>{L sals QLAMJ R) u.o}LM ,.MS 19 wy)
polie dod U polie STy Gulely cdo o0l
(MR) pslio dos jiSly cudgdy b (RIMR)
ool dad U opglie ans STy Gudgsy 99
MS) wlus ass 2STy s 95 YV (MR/MS)
5o il Hlas §) wles STy cuiigiy Vo g
g5 VMR Cwgs VY RIMR - iaSTy A
1 g MS STy STy cuigss YY M STy
shzl pgs Jlo o aisls (lis S STy useis
Codp cwdgl VY g YA WD Y e ol
s MS MR/MS M MR R/MR R sla Sy
S0 e ladslos 4 s ool d&us! o 1, S
Sglae gl B,; oSyl jo assls lis 045
s sls LIS R STy cieis ¥ ggamme ;0 5 09
shls gy V) ead ob)l slacsey o
Salazr 4 Cas 3935 VY g0 RIMR STy

wog MR STy lyls Jlas o440

YOA

WS bylpd o glagals Sty s
Lk o 90 slaaslazr 516 s 2l ben Jge 8
2 4 S (1,28 0] (ASTy (o) 3l oolii]
odls oold HLas ¥ Jouz o leaslas ol 5l plas
oled ¥ Jgux (0 zyeie mll 4 4 b cl
Y5 Yrd Yr3 Yrl ey b slacasss
YrSU Yr32 Yr24 Xrl7 NYrl5 Yrl0 Yr8
BE142A+, Y127 alo> a4 caws YICV 4 YISD
Y3 1L gla s )l clbiaisrs i pglie
Yr32 Yr26 Yr24 XYrl15 .Yr10 Yr8 .Yr5 Yr4
sl 45 Cans YIND 4 YISP YISU YrSD
oSl 6E130A+, Y127 4 6E134A+, Yr27
Slocais) Geizeed Maad oo (LiS 395 5 Ceaglia
Y17 Yr15 Yri0 JYr5 Yrd Yrl glags lls
ABE190A+, aylu> 45 Comnd YISP 4 YISU Y124
STy oyt gl s Cesglie (sl s YI27
05 K golem 4 Cumad 0l 95 slacadsi
5 SLlSe by, Gllae lazlS al> e o
&lLIY Jga= o (McIntoch et al., 1995) 1, Kan
bl slaais ggemme 5l S ok 4y sl ons
bl slawiss) jlas 0 OF 5 FA FF XY ool
BEL34A+, sbhalos 4 Cand cudy @ oud
¢ 46E190A+, Yr27 6E142A+, Yr27 Nr27
Nogs pslie slazals al> o ,5 E130A+, Yr27

(Y Jgoz)



0,5 Ky alizes sboaly 4 ouls oLyl pasS isnanl slacuiss) slrasals wiSly -V Jgoo
Table 3. Response of seedling plants against different yellow rust races

Cod 6E142A+, 6E134A+, 6E130A+, 44E190A+, Cod 6E142A 6E134A  6E130A  44E190A
e Yr27 Yr27 Yr27 Yr27 e +, Yr27 +, Yr27 +, Yr27 +, Yr27
1 4 3 ;CN iCN 41 3 3 3 3
2 ;1CN 3 ;CN iCN 42 3 3 3 3
3 4 3 iCN 3 43 3 3 3 3
4 0; 2CN ;CN ; 44 4 3 3 3
5 3 3 ;CN ; 45 4 3 3 3
6 4 3 iCN ;1CN 46 4 3 3 3
7 3 3 ;1ICN iCN 47 4 3 3 3
8 3 3 ;1ICN 3 48 ;2CN 1CN ;CN ;CN
9 :CN 3 ;1CN :CN 49 0; :CN 0; :CN

10 2+CN 1CN ;1ICN 3C 50 4 3 3 3
11 iCN 3 ;1ICN iCN 51 4 3 3 3
12 :CN 2CN ;1CN 0; 52 4 3 3 3
13 0; 1CN ;1ICN 0; 53 4 3 3 3C
14 2CN 1CN ;1CN 4 54 iCN ;1CN ;CN 0;
15 :CN 3C ;1CN ;1CN 55 3 4 3 3
16 3 3 ;CN 3 56 3 3 3 3C
17 0;CN ;1C ;CN iCN 57 ;1CN ;1CN 0; 0;CN
18 :CN 0; ;1CN 3 58 ;CN :CN 0; 0;CN
19 3 3 ;CN 3 59 2CN 3 4 ;1CN
20 0 ;1CN ;CN iCN 60 3 3 4 3C
21 0; ;1CN 0 0; 61 4 3 3 ;1CN
22 ;1CN ;1CN ;CN iCN 62 4 3 3 3
23 ;2CN 3C ,C 3 63 3 3 3 3
24 :2CN 2CN iCN ;2C 64 0; 0; :CN ;CN
25 ;1C 0; ;CN 0; 65 3 3 3 3
26 0; 3 ;CN iCN 66 4 4 3 3
27 ;1CN 2CN iCN 0; 67 4 4 3 3
28 0; 0; ;CN 0; 68 3 3 3 3
29 4 3 ;CN 0;CN 69 2CN 2+CN 3 3
30 4 3 ;CN :CN 70 4 4 3 3
31 3 3 3 3 71 4 4 3 3
32 3 4 3 3 72 4 4 3 ;1CN
33 4 3 3 3 73 4 4 3 3
34 2CN 3 4 3 74 0; 0 ;CN 0;
35 3 3 4 3 75 3 3 3 3
36 ;1CN ;1CN 0; 0;CN 76 4 3 4 3
37 0; 0; 0; 0;

38 4 3 3 ;2CN

39 0; ;1CN 0; 0;

40 ;1CN 3 3 0;
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Table 4. Estimated parameters based on adult plants response to yellow rust disease in the Ardabil during two
cropping years

Jsl Jb Py Jl Jol Jbe p9> Jlw

No IT Ccl AUPD IT Cl AUPD No IT Ccl AUPD IT Ccl AUPD
1 20MS 16 104 5R 1 15 40 90MS 72 460 90MS 72 892
2 20MS 16 89 5R 1 15 41 90MS 72 460 9OMS 72 892
3 1R 2 12 5R 1 15 42 B8OMS 64 408 80MS 64 804
4 SR 1 65 5R 1 15 43 B8OMS 64 408 80MS 64 804
5 40M 24 140 10MR 4 48 44 90MS 72 460 9OMS 72 924
6 40M 24 144 10MR 4 255 45 T7OMS 56 364 70MS 56 744
7 1R 2 13 5R 1 15 46 90S 90 585  90S 90 1150
8 20R 4 23 1OMR 4 48 47 TOMS 56 356 70MS 56 684
9 1R 2 13 10MR 4 48 48 30MR 12 74 30MR 12 118
10 1R 2 12 5R 1 15 49 40MS 32 200 4OMS 32 784
11 10MR 4 26 5R 1 15 50 90MS 72 460 90MS 72 496
12 5R 1 65 SR 1 15 51 80MS 64 416 80MS 64 864
13 1R 2 12 5R 1 15 52 B8OMS 64 416 80MS 64 864
14 10MR 4 26 5R 1 15 53 30MR 12 78  30MR 12 682
15 1R 2 13 SR 1 15 54 50MS 40 260 50MS 40 278
16 20MS 16 104 5R 1 15 55 100 10 650  100S 10 1324
17 SR 1 65 30MR 12 134 56 100 10 640  100S 10 1249
18 5R 1 65 5R 1 15 57 90MS 72 460 90MS 72 860
19 5R 1 65 30MR 12 106 58 70MS 56 35  7OMS 56 652
20 10MS 8 52 10R 2 26 59 80MS 64 408 8OMS 64 772
21 SR 1 65 SR 1 15 60 1008 10 650 1005 10 1292
22 40MS 32 208 5R 1 15 6L 1005 10 650 1005 10 1202
22 3R 6 3 10MR 4 60 62 1005 10 650 1005 10 1292
24 2R 4 23 5R 1 15 63 50M 30 189  50M 30 333
25 1R 2 12 5R 1 15 64 7OMS 56 356 7OMS 56 684
26 1R 2 12 5R 1 15 65 B8OMS 64 408 80MS 64 772
27 1R 2 12 5R 1 15 66 1005 10 614 1005 10 990
28 10MR 4 30 SR 1 15 67 9MS 72 460 90MS 72 892
29 20R 4 23 SR 1 15 68 60M 36 228 60M 36 399
3 5R 1 65 SR 1 15 69 80MS 64 408 8OMS 64 772
31 70MS 56 348 5R 1 15 70 70MS 56 356 70MS 56 684
32 1005 10 650 100 10 1292 71 70MS 56 364 70MS 56 776
3 90S 90 58  90S 90 1182 72 30MR 18 111  30MR 12 164
3 90MS 72 460 9OMS 72 924 73 10MR 4 26 10MR 4 60
35 100 10 650 1005 10 1324 74 20R 4 24  20R 4 255
3 1005 10 e40 100 10 1153 75 8OMS 64 408 8OMS 64 804
37 20MR 8 52 20MR 8 120 76 80MS 64 416 80MS 64 896
38 1005 10 640 100 10 1153

39 70MS 56 364 7OMS 56 712

elon 5 len Sty (S ) gdaw 5 (ST oS s lem 2STy ke oo 5 4 AUPDC 5 CLIT sl el by
IT, Cl, and AUPDC parameters indicate infection type, coefficient of infection, and area under the progress disease
curve, respectively.
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Table 4. Estimated parameters based on adult plants response to yellow rust disease in the Zarghan during two
cropping years

NE py> Jlo Jol Jlo o Jlo

AUPD AUPD No AUPD AUPD
IT Cl c IT Cl c ' IT Cl C IT Cl c

P
o

5MR 2 38 SR 1 15 41 90MS 72 1120 90S 90 1080
SR 1 19 SR 1 15 42 10MSS 8 152 90S 90 1270
5R 1 19 40MR 16 162 43 90MSS 72 1088 80MS 64 960

10MR 4 355 5R 1 15 44  30MR 12 150 20MR 8 200
16 206 5R 1 15 45 80MS 64 904 90S 90 965

40MR 16 168 5R 1 15 46 100S 1A0 1501 80S 80 775
30MR 12 184 5MS 4 60 47 30M 18 294 30MR 12 180
SR 1 19 SR 1 15 48 40MR 16 180 40MR 16 208
40MR 16 180 20MR 8 62 49 60MR 24 386 40MR 16 162

© o N o U A wWwN e
N
<)
<
)

10 70M 42 437 70MS 56 744 50 9OMS 72 1024 7OMS 56 716
11 5R 1 19  20R 4 48 51 100MS 80 1240 80MS 64 896
12 10MR 4 64 20MR 8 104 52 9OMS 72 1164 60MS 48 596
13 40MR 16 256 50M 30 349 53 100 10 1470 100 10 1500
14 20MR 8 9  10R 2 185 54 70MS 56 784  30- 40 324
15 40MS 32 544 30MR 12 110 55 1005 10 1780 1005 10 1420
16 5R 1 19 20MR 8 104 56  90S 90 1447 9OMS 72 892
17 10MR 4 49 20MR 8 96 57 8M 48 621  40MS 32 356
18 5MR 2 245 30MS 24 236 58 G50MR 20 332  40MS 32 480

45 50MS 40 536 59 80MR 32 468 8OMS 64 836

=
©
=
o
<
Py}
IN

20 30MR 12 184 5MR 2 26 60 100S 1_0 1629 70M5 56 716
21  40MR 16 180 5MR 2 30 61 80S 80 1360 50M5 40 536
22 30MR 12 196 1I0OMR 4 52 62 90MSS 72 1164 80MS 64 836
23 10MR 4 68 SR 1 15 63 60MR 24 354 30MR 12 118
24 10MR 4 355 SR 1 15 64 90M 54 760 40MS 32 480
25 5MR 2 38 SR 1 15 65 90S 90 1415 90M3 72 832
26 5MR 2 38 SR 1 15 66 100S 1_0 1900 50M 30 402
27 5MR 2 38 5R 1 15 67 100_M5 80 1176 70MS 56 684
28 50MR 20 256 5R 1 15 68 40MR 16 304 20MR 8 180
29 5MR 2 38 40MR 16 208 69 90MSS 72 1164 90MS 72 984

294 60MR 24 282 70 100MS 80 1252 70MR 28 388

w
S
o
o
<
P
)
o

31 70- 56 1000 40MR 16 178 71 1005 10 1780 90MS 72 1048
32 100s 10 1780 100 10 1500 72 20R 4 49 5R 1 15
33 80MS 64 118 70MS 56 624 73 40MR 16 234 10MR 4 48
3 80S 80 1392 70MS 56 716 74 G5MR 2 38 5R 1 15

1756 QOMS 72 956 75 100S 1_0 1900 60MS 48 596

1164 60M 36 447 76 80MS 64 1044 80MS 64 804
19 20R 4 255

1012 60MS 48 656

80M 48 792 70MS 56 676

1320 90S 90 1040

AW W W W W
S ©®»Jea
® ©
g S ;OB
A =% <9
%) %)
© @ LN
S N N' o

IRCEA PP PN SR DR O AP SON| ISVEU-IRP POV AL PR ¢ IR 35 4 AUPDC  CI T sl zal b
IT, Cl, and AUPDC parameters indicate infection type, coefficient of infection, and area under the progress disease curve,
respectively.
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Figure 1. Dendrogram obtained using cluster analysis based on the average values of AUPDC parameter in the

Ardabil (A) and Zarghan (B) regions.
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EXTENDED ABSTRACT

Introduction: Yellow rust (Puccinia striformis sp. tritici) is known as one of the most destructive
diseases of wheat in worldwide as well as Iran and caused a significant reduction in the grain yield.
In this regard, host resistance is calculated as the most management strategies for this disease.
Moreover, the identification of resistance sources at the seedling and adult stages of plant growth
and development is a necessary task to achieve durable resistance. Hence, the main objective of the
present study was to investigation of resistance of a set of promising bread wheat genotypes under
controlled greenhouse and filed conditions.

Methodology: The plant genetic materials undertaken in this research included 71 promising bread
wheat genotypes along with five local varieties as control genotypes. The greenhouse test was done
using several isolates taking part from Zarghan, Mashhad, and Karaj regions. The field experiments
were performed using the identified yellow rust race at the two locations including Zarghan and
Aedabil during two cropping seasons (2020-2022). Several parameters such as infection type (IT),
coefficient of infection (CI), and area under the disease progress curve (AUDPC) were calculated for
determine the resistance rate of tested genotypes.

Research findings: Based on results, 33, 46, 49, and 53% of the total tested genotypes showed
resistant against 6E134A+, Yr27, 6E142A+, Yr27, 46E190A+, Yr27, and 6E130A+, Yr27 isolates
at the seedling stage, respectively. At the adult plant stage, 24 genotypes showed the resistance
reaction (R and R/MR) against yellow rust disease in thee Ardabil region across two years. In the
Zarghan region, 26 and 18 genotypes showed the resistance reaction in the first and second year,
respectively. According to Cl parameter, 33 and 32 genotypes were placed into the resistant group
across two years. Moreover, the results of cluster analysis showed that all genotypes were grouped
into separate clusters, and the resistant genotypes in Ardabil and Zarghan were recognized from other
genotypes. In general, our findings indicated that genotypes numbers 12, 17, 21, 24, 25, 27, 28, 37,
and 74 showed a relative resistance against all yellow rust isolates at the both seedling and adult plant
stages.

Keywords: Area under the disease progress curve, Coefficient infection, Wheat, Yellow rust.
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