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Detection of Resistance Sources to Iranian Prevalent Stem Rust Races in
Commercial Wheat Cultivars
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Table 1. Characteristics of six isolates (races) of Pucciniagraminis f. sp. tritici used to evaluate resistance of wheat commercial cultivars at

seedling stage

s Ghr S s S 2 il Jsb i) A bl

Race Code Location Latitude Longitude Height Ineffective genes

TTSTC 89-70 Gorgan 36.450 54.250 6 Sr5,21,9e,7b, 11, 6, 8a, 99, 36, 9b, 30, 9a, 9d, 10, Tmp, McN
TTTTF 89-139-2 Broujerd 33.734 48.868 1513 Sr5, 21, 9e, 7b, 11, 6, 8a, 99, 36, 9b, 30, 17, 9a, 9d, 10, Tmp,38, McN
TRTFC 88-44-1 Bojnord NA* NA NA Sr5,21,9e,7b, 11, 6, 99, 36, 9b, 30, 17, 10, Tmp, McN

TTKSK (UG99) 88-4 Dasht-e- Azadegan 31.325 48.577 6 Sr5,21,9e,7b, 11, 6, 8a, 99, 9b, 30, 17, 9a, 9d, 10, 31, 38, McN
TKTTC 89-67 Sararood 34.332 47.292 1369.__8r5,21,9e, 7h, 6, 8a, 99, 36, 9b, 30, 17, 9a, 9d, 10, Tmp, McN
TTTTC 89-50 Gharakhil 36.489 52.771 19 Sr5,21, 9e, 7by'11, 6, 8a, 99, 36, 9b, 30, 17, 9a, 9d, 10, Tmp, McN

NA: Not available

SleMbl 45 g js p s NA
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Puccinia graminis f. sp. tritici

Table 2. Pedigree and release date of spring/facultative Iranian commercial bread wheat cultivars and their response to
Puccinia graminis f. sp. tritici at seedling and adult plant stages

[ 5] o i e dle Seedling stage  glamalS 4> 0 Adult plant stage ~ Jsl5" oS >
No. Cultivars Pedigree Rleased year TTSTC TTTTF TRTFC TTKSK* TTTTC TKTTC Tel-Hadia* Njoro* Kelardasht Karaj
T Azadi Mexp//4820/1-32-15409 1979 4 4 4 4 4 4 40S 905 708 60S
2 Ghods Rsh/5/Wt/4/Nor10/K54*2//Fn/3/Ptr/6/Omid//K al/Bb 1989 4 4 4 4 4 4 308 903 708 403
3 Karaj | Rsh/Vin 1973 4 4 4 4 34 4 708 705 708 60S
4 Karaj 2 Omid//Fa/Th-Mt 1973 4 2+3 4 4 4 4 70S 708 60S 508
5 Navid Kirkpinar79 1990 4 4 4 4 4 I T0OMR 10S 403 20MSS
6 Rassool Veery’S#7 = Kvz/Buho’S’/ /Kal/Bb 1992 | 2- 0 4 Tp T 20MR 40S 40SMS 508
7 Tabasi Local Tand race 1951 4 2+ 4 4 4 4 80S 30MR 708 60S
g AdI2 Fr3*/MM/M{t//Rsh 1976 2 4 4 4 4 4 80S 30R 308 20MMS
9 Sholeh Local 1957 4 4 4 4 4 4 308 60S 60S 60S
10 Arvand Rsh//Mt-Ky/My48 1973 4 4 4 4 4 4 708 708 708 508
T Maroon Avd/5/Pchu/4728mt54A/3/N10//Kt54B/Nar59/377¢ 1991 33+ 3 3+ 12 3+4 4 308 40MS 20MR 203
12 Chenab NA - 4 4 33+ 4 4 T 5R 90S 308 508
13 Falat Kvz/Buho’S’//Kal/Bb 1990 )| 2 0 4 1= T 30MR 50MS SR 408
14 Tnia Lr64/Sn64 1968 4 4 33+ 4 3+ 4 808 60S 308 203
15 Golestan Alondra’S” 1986 2- 2+ 2 4 | T 5R 705 605 403
16 Moghan T LRr/NTOB//3¥AnE 1973 4 4 4 4 4 4 508 508 60S 403
17 Moghan 2 Choti Lerma 1974 4 4 3 4 4 T SR 30MR SR 508
18 Alborz Frontana/Mida//KenyalT7-A/3/2*Collafen/4/...... 1978 4 4 4 4 4 4 603 40MS 20MS 608
19 Darab Rsh/Trni49//C27173/PK868 1980 4 4 0 4 4 4 60S 605 - 50
20 Sorkhtokhm Local Tandrace - 4 4 4 4 4 4 903 80S 708 60S
21 Hirmand Bty/4/Jar//Ctn/Sr70/3/Jup’S 1991 4 4 3 4 4 4 80S 30R 708 TOMSS
22 Zarrin PKT5841 1995 4 4 4 4 4 4 508 90S 60S 303
23 Alvand 1-27-6275/CF1770 1993 4 4 4 4 4 4 708 50MS 608 103
24 Mahdavi Ti/Pch/Mt48/3/Wt¥//Nar59/Tota63/4/Mus 1995 4 4 4 4 4 4 60S 708 508 508
25 Niknejad F13471/Crow’S 1995 4 4 - 4 3+ 4 508 60MS 508 20MS
26 Darab#2 Maya’S’/Nac 1995 4 3 33+ 4 3+ 4 708 70S 5R 40S
27 Atrak Kauz 1995 2- 2 T 4 | T 5R S0MS 5R 308
28 Tajan Bow'S7Nkt’S” 1993 4 4 4 4 4 4 80S 705 308 303
29 Shiroodi Aftila (CMR5836-4Y) 1997 1T+ 2- 0 4 I T 20MR 903 53R 408
30 Chamran Attila (CM85836-50Y) 1997 4 4 3 4 34 4 708 70S 5R 60S
31 Kavir Stm/3/Kal//V534/]it716 1997 4 4 4 3+ 34 4 80S 50MR 508 40S
32 Marvdasht HD2172/Bloudan//Azd 1999 4 4 4 4 4 4 708 605 608 303
33 Pishtaz Alvand//Aldan/Tas>8 2002 4 4 2 4 4 4 80S 80S 70S 308
34 Shiraz Gv/D630/7A1d’S’/3/Azd 2002 4 4 4 4 4 4 305 80S 70S 60S
35 Sabalan 908/FnAT2/721-32-438 1981 4 4 4 3 4 4 10S 703 708 405
36 Bam Vee’S”/Nac//1-66-22 2006 3 2- 4 33+ 4 4 80S 53R 703 403
37 Dez Kauz*2/Opata//Kauz 2009 1- 0 - 33+ T+ T 5R 603 5R 508
38 Morvarid Milan/Shanghai7 1996 1+2 2 - 2 3+4 4 508 SMRMS 30SMS TOMR
39 Zagross Tan’S’/Vee’S’//Opata 85 2006 I 2 0 4 11+ 1 30MR 90S 308 4085
40 Arta HD2206/Hork//Bul/l6/CMHS0A.253/2/M2A/CMLT/ ... 2006 33+ 3 33+ 4 4 T 5R 80S 20MSS 60S
41 Sistan Bank’S’/Vee’S 2006 4 4 4 4 3T 4 80S T0MS 708 408
12 Akbari 1-63-31-/3/12300/Tob//Cno/Sx-0IRN 2006 4 4 4 4 4 4 80S 30MR 408 TOMS
43 Bahar Blayka 2006 2- T 2 4 1T+ I 5R 80S 708 408
44 Gonbad Atrak/Wangshuibai 2007 2 T 0 4 2- T 5R 403 TOMRMS 20MR
45 Parsi Dove’S’/Buc’S’//2*Darab 2011 213 2+ 4 4 4 4 80S T0R TORMR 308
46 Sivand Kauz’S’7Azd 2009 2+3 2+3 4 4 33+ 4 80S TOR 608 508
47 Sirvan PRL/2*Pastor 2011 4 4 4 4 4 4 508 50MR SR 208
48 Morocco - - 4 4 4 4 4 4 908 905 908 80S

(Patpour et al. under publishing data)

R: Resistance; MR: Moderately resistance; MS: Moderately susceptible; S: Susceptible
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Dendrogram using Ward Linkage
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Fig. 1. Dendrogram obtained by cluster analysis of seedling resistance of 48
spring/facultative bread wheat cultivars to stem rust using Ward’s method
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Puccinia graminis f. sp. tritici

Table 3. Pedigree and release date of winter Iranian commercial bread wheat cultivars and their response to Puccinia graminis f. sp. tritici

at seedling and adult plant stages

sy N ot e L Seedling stage  (slaalS do 0 Adult plant stage oS olS dl> s
No. Cultivars Pedigree Rl;::fd TTSTC TTTTF TRTFC TTKSK* TTTTC TKTTC  Tel-  Njoro* Kelardasht  Karaj
hadia*

1 Shahpasand  Local 1942 4 33+ 4 4 4 4 80S 10R 508 308
2 Omid Local 1956 4 2 4 4 4 4 80S 10R 708 508
3 Roshan Local 1959 4 2- 4 4 4 4 80S 30MR 60S 508
4 Bezostaya - 1970 4 33+ 3 4 4 4 508 - 408 408
5 Karaj 3 Drc/Mxp//Son64/Tzpp-Y 54/3/Nai60 1976 4 4 4 4 4 4 5R 408 60S 60S
6 Kaveh Fta-P1 1980 2+3 4 4 4 4 4 80S - 60S 60S
7 Alamoot KVZ/Ti71/3/Maya"s"//Bb/Inia/4/Kj2/5/Anza/3/Pi/Ndr//Hys 1995 4 4 4 4 4 - - - 708 208
8 Azar#2 Kvz/Ym71//3/Maya"s"//Bb/Inia/4/Sefid 1999 4 4 0 4 2 4 308 80S 308 508
9 MV17 Slaviya/3/Krasnodari 1/ Bezostaya//3Zg.4431 1993 - 2- - 33+ 11+ 1 20MR 60S 508 508
10 Gaspard Arminda/FD-71036 1994 4 4 4 4 33+ 4 80S - 5R 708
11 Gascogne TJB-990-8/Marengo - 4 4 4 4 4 4 5R - 60S 308
12 Soissons Iena/3/Jena//Hybride-Naturel/HN-35 - 2+3 2- 4 3 4 4 508 60S 508 508
13 Oroum Alvand//NS732/Her 2010 4 4 3+4 4 4 4 80S 60S 60S 408
14 Zare 130L1.11//F35.70/M073/4/Ymh/Tob//Mcd/3/Lira 2010 4 4 4 4 4 4 85S 60S - 208
15 Mihan Bkt/90-Zhong 87 2010 4 4 4 4 4 - - - 508 10MSS
16  Morocco - - 4 4 4 4 4 4 908 90S 908 80S

R: Resistant; MR: Moderately resistant; MS: Moderately susceptiple; S: Susceptible

VFO
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Dendrogram using Ward Linkage

Rescaled Distance Cluster Combine
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Fig. 2. Dendrogram obtained by cluster analysis of adult plant resistance of 48
spring/facultative bread wheat cultivars to stem rust using Ward’s method
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Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

o 4 10 15 20 25
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Bezostaya 4
Oroum 13
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Fig. 3. Dendrogram obtained by cluster analysis of seedling resistance of 15 winter
bread wheat cultivars to stem rust using Ward’s method
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Fig. 4. Dendrogram obtained by cluster analysis of adult plant resistance of 15 winter
bread wheat cultivars stem rust using Ward’s method

an 3 S NS G A s, e L
A S Ol pdS (5o o551 i glis
pe 2 JIs lealS dl o s e slasl
4 S fso ool Caglie a0 3 2y
BENP B S R u:*il—‘)T 3 9 slasls
A SUBERI 55 aglin 05 & 5
o (Bl ails 5 o (v\f ol
Goles Jolo 5B Camaz 53 ()05 0T !
Coslin SLal) (S5 p o5 2005 s 5
33 Fae Coaglio GLad] o3 5 4 slow &K
ST 8 etalie o5 L TTKSK 515 1

V¥4

255 pu S U5 55 g s)lan ST

o A oy (5lan Lol sl 035,108 5
Lyl 8 0d Lige &y g 53 5 andils (6 ks
Ol Shluss Al 5 (ot dr 5 9 ) sl
sladlo ;5 Ug99 5155 .08 55l 6 pdob
23S g aibaie x4 VWA 5 VFAA
9 s ly) b odalis (Ol s Oliwl)
ol (otis Ola (claesls 0l )L Sen
S ao 5 pslin slagyY 5 pll glalis
Flo Bl 1 5iS Caditee bl js 0T
(J._f 63l slaasl y s &S saon!


www.sid.ir

AT Jlo o) oyled =) Al " 3y 9 g (88154 dlxa”

SO 0T 4 3l 3 48 dizs Lap oIS
4 S (Psuedo black chaff) 3L (o
¢SS Ol ge 4 5 (Hare and Mclntosh, 1979)
SI2 o glin 0 40 dimn g (S5 50 LSS
Lol s gl o onlawl O o=l Olaesl (6l -
3305 ol aS sl Olas asbesT cpl glaesls
03 4 0T wiles (ghles YL Hlicd Loyl
155 s ol Lisla 5 5 72,5 aslS
5SS Olse 482 0541w oYL S slas
s Conglin I el (APR 031l cliel
Ol L ol 5515 ol 6855 8 lay 4
23 Sl g5 o lgl 4 SI2 (LS 55 das o
aS glej s Ol S8 Cwylas Ug99 il
Sr23 usle dlaoy s LS 5 43512
o sl s lost sLads L L SI25
ol Ug99 ol 55 6 S5d s ol e gl
(Singh et al., 2007) was .

3155 L ol olE 5 (glamalS (gla ilesT
o Ceaglie sla S 5500 ol s TTKSK
WSS 5,8 gy 51, Ug99
L g5 doloe Llph 55 (gleomalS (sla o5
15U 5 K 0T 33 Oltan 55 3 gdoms ol g
LaosT 51UE99 & 3,4 slay 3T (sla,y S
Y SRS S S PG P U - o
o8 oLE 5 slamalS clacsslio LiolejT
b el o1 5 (gl s e lsl

3507 Sl b mlbT ol 5l Jol b
05 035 hls b 51 Sl slacs 55 4
Sy ol 855 U9 5155 4 50 Coa gl

Sl oo 31 g 51 Leitea b 11 26
13 P L sl L (351 e
Coben Sl s e g Lilekd Juol>
IR P W EE R P NN Py
(Sr31 caslis 03) IBL/IRS S shail 5
Al
05 Les 1l ply) s Sl Il s
3l @3sd U bl g o SI20olS” oLS o glia
170 5305 Gl Al (5)lay sl s
el Sl 5, Lg glapa S
»> (Singh etal., 2008) 5,15 ) g2 oo
FLo ol g Ve 5l e s 1)
& CWANA ailas 43,5y sla Y 5 0
3590 TTKSK 515 Llis jige sla0; olulis

100 3 s S A SJCgpipa 7
L Lwls S12 Coaslae 0 ool La0T
(Ogbonnaya et al., 2010)
53512 Caglie 0 45T Sl oks il
S5 Mal Ceglia (Slow rusting) v ;45
Sr2-complex ol e L 9 LS o slowl |
Rajaram et al., 1988) &b o axlis
.(Mclntosh, 1988 <Rajaram et al., 1988
S 5 5 sla 2la3T 53 Ayl e 3
3 S &Lsu;;f\,‘y\fog?a}fﬁc;
Se>9 J_.._j.ﬁ u\g‘jw &S s olas C,.A)ULA
Al L)l il o8, ol 5o Sr2-complex
L ol slaasloSSy glls sl 5 8
5 oS Bl slas Sibe Glb1 S5 b5


www.sid.ir

ol 655 e glasl 3 4 S glia e glols

Sl Rl
s Pol Dladiod d 5o OV s |
Sl Ml S 0 5 0I5 g
bl a4 (15,0 eSS bl ) 9las
IS 5 Loz lajT gl ol 53 Sdslas
Al Joe Sl slaeSan|
Sy S5 s cpl gl s S

P yh

DAt S a5 Ly s Cn
55 TTKSK 3155 5 s> 5SP31 05 Coglin
Ceglin ol 580 Cgar 3 (558 Il ) 5a8
o ool oY 035 6500 s g
Glls sl —ime Colial L ol 2S5l
slamY e, Js 4 1) e Cuaslas
Calizes W05 055 oo ,p S 5,y 4 iy
Coaslie mioy 6l cmmneeliyl 55 glie
Al dal = Ug99 o

References

Admassu, B., Lind, V., Friedt, W., and Ordon, F. 2009. Virulence analysis of
Puccinia graminis f.sp. tritici populations in Ethiopia with special consideration of
Ug99. Plant Pathology 58: 362-369.

Bamdadian, A., and Torabi, M. 1978. Epidemiology of wheat stem rust in southern
areas of Iran in 1976. Iranian Journal of Plant Pathology 14: 14-19 (in Persian).

Esfandiari, E. 1947. Cereal Rusts in Iran. Entomologie et Phytopathologie Applique 4:
67-76 (in Persian).

Green, G. J.,, and Campbell, A. B. 1979. Wheat cultivars resistant to Puccinia
graminis tritici in western Canada, their development, performance and economic
value. Canadian Journal of Plant Pathology 1: 3-11.

Hare, R. A., and Mclintosh, R. A. 1979. Genetic and cytogenetic studies of durable
adult-plant resistances in 'Hope' and H-44 and related cultivars to wheat rusts.
Zeitschrift fur Pflanzenzuchtung 83: 350-367.

Jin, Y., Singh, R. P., Ward, R. W., Wanyera, R., Kinyua, M., Njau, P., Fetch, T.,
Pretorius, Z. A., and Yahyaoui, A. 2007. Characterization of seedling infection
types and adult plant infection responses of monogenic Sr gene lines to race TTKS
of Puccinia graminis f. sp. tritici. Plant Disease 91: 1096-1099.

Jin, Y., Szabo, L. J., Pretorius, Z. A., Singh, R. P., Ward, R., and Fetch, T. 2008.

Detection of virulence to resistance gene Sr24 within race TTKS of Puccinia

o


www.sid.ir

AT Jlo o) oyled =) Al " 3y 9 g (88154 dlxa”

graminis f. sp. tritici. Plant Disease 92: 923-926.

Jin, Y., Szabo, L. J., Rouse, M. N., Fetch, T., Pretorius, Z. A., Wanyera, R., and
Njau, P. 2009. Detection of virulence to resistance gene Sr36 within the TTKS race
lineage of Puccinia graminis f. sp. tritici. Plant Disease 93: 367-370.

Joshi, L. M. 1976. Recent contributions towards epidemiology of wheat rust in India.
Indian Phytopathology 29: 1-16.

Leonard, K. J. 2001. Stem rust-Future enemy? pp. 119-146. In: Peterson, P.D. (ed.)
Stem Rust of Wheat: From Ancient Enemy to Modern Foe. APS Press, St. Paul,
Minnesota, USA.

Mclntosh, R. A. 1988. The role of specific genes in breeding for durable stem rust
resistance in wheat and triticale. pp. 1-9. In: Simmonds, N. W., and Rajaram, S.
(eds.). Breeding Strategies for Resistance to the Rusts of Wheat. CIMMYT, Mexico,
D.F. Mexico.

Mclintosh, R. A., Wellings, C. R., and Park, R. F. 1995. Wheat Rusts: An Atlas of
Resistance Genes. CSIRO Publications, Victoria, Australia.

Mclintosh, R. A., Yamazaki, Y., Dubcovsky, J.; Rogers, W. J., Morris, C. F.,
Somers, D., Appels, R., and Devos, K. M. 2008. Catalogue of gene symbols for
wheat. Proceedings of the 1 1th International Wheat Genetics Symposium, Brisbane,
Australia.

Nazari, K., Mafi, M., Yahyaoui, A., Singh, R. P, and Park, R. P. 2009. Detection of
wheat stem rust (Puccinia graminis f. sp. tritici) race TTKSK (Ug99) in Iran. Plant
Disease 93: 317.

Ogbonnaya, F. C., Abdalla, O., Nazari, K., Yahyaoui, A., Spielmeyer, W., and
Lagudah, E. S. 2010. Characterization of stem rust resistance in
ICARDA/CWANA elite wheat germplasm using linked molecular markers.
Proceedings of the 8th International Wheat Conference, St., Petersburg, Russia.

Peterson, R. F., Champbell, A. B., and Hannah, A. E. 1948. A diagramatic scale for
estimating rust intensity of leaves and stem of cereals. Canadian Journal of Research
26¢: 496-500.

Pretorius, Z. A., Pakendorf, K. W., Marais, G. F., Prins, R., and Komen, J. S. 2007.
Challenges for sustainable cereal rust control in South Africa. Australian Journal of

Agricultural Research 58: 593-601.

oY


www.sid.ir

ol 05 e glasl 3 4y S glia e glols

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: 203.

Rajaram, S., Singh, R. P., and Torres, E. 1988. Current CIMMYT approaches in
breeding wheat for rust resistance. pp. 101-118. In: Simmonds, N. W., and Rajaram,
S. (eds.). Breeding Strategies for Resistance to the Rusts of Wheat. CIMMYT,
Mexico, D. F. Mexico.

Roelfs, A. P. 1978. Estimated losses caused by rust in small grain cereals in the United
States 1918-76. Miscellaneous Publication No.1363, United States Department of
Agriculture, Washington DC., USA.

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

Saari, E. E., and Prescott, J. M. 1985. World distribution in relation to economic
losses. pp. 259-298. In: Roelfs, A. P., and Bushnell, W. R. (eds.). The Cereal Rusts,
Vol. 2, Diseases, Distribution, Epidemiology, and Control. Academic Press,
Orlando, FL, USA.

Sharif, G. H., Bamdadian, A., and Daneshpajoh, B. 1970. Physiological races of
wheat stem rust in Iran (1965-1970). Journal of Applied Entomology and
Phytopathology 6: 73-100 (in Persian).

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?. pp. 271-309. In: Donald, L. S. (ed.). Advances in Agronomy,
Volume 98. Elsevier Academic Press, Amsterdam, the Netherlands.

Singh, R. P.;, Hodson, D. P., Jin, Y., Huerta-Espino, J., Kinyua, M. G., Wanyera,
R., Njau, P., and Ward, R.W. 2006. Current status, likely migration and strategies
to mitigate the threat to wheat production from race Ug99 (TTKS) of stem rust
pathogen. CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition
and Natural Resources 2006 1, No. 054.

Stakman, E. C., and Harrar, J. G. 1957. Principles of Plant Pathology. Ronald Press,
New York, USA. 581pp.

Stakman, E. C., Stewart, D. M., and Loegering, W. Q. 1962. Identification of

physiologic races of Puccinia graminis var. tritici. U.S. Department of Agriculture,

oy


www.sid.ir

AT Jlo o) oyled =) Al " 3y 9 g (88154 dlxa”

Agricultural Research Service. E-617. U.S. Government Printing Office,
Washington, DC., USA.

Wanyera, R., Kinyua, M. G, Jin, Y., and Singh, R. P. 2006. The spread of stem rust
caused by Puccinia graminis f. sp. tritici, with virulence on Sr31 in wheat in Eastern
Africa. Plant Disease 90: 113.


www.sid.ir

