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Table 1. Barley differential cultivars used for barley yellow rust pathotype
identification, their resistance genes, plant types, growth habit and origion

) sl lasts

22 Sl Fiaslie 105 Characteristics of differential cultivars

No. Differential Resistance genes i 5 S &S el
cultivars Spike type Growth habit Origion

1 Topper - 6-rows Spring Netherlands

2 Helis Franken  Rps4(Yr4),rpsHF 2-TOWS Spring Germany

3 Emir rpsEml, rpsEm2 2- rows Spring Netherlands

4 Asterix Rps4(Yr4), rpsAst 6- rows Winter France

5 Hiproly rpsHil, rpsHi2 2- Tows Spring Egypt

6 Varunda rpsVal,rpsVa2 2- rows Spring Netherlands

7 Abed Binder rps2 (yr2) 2- rows Spring -

8 Trumpf rpsTrl,rpsTr2 2- rows Spring Germany

9 Mazurka Rpsl.c 2- rows Spring Netherlands

10 Bigo Rpsl.b (yr) 6- rows Spring Netherlands

11 15 Rps3 (yr3), rpsI5 6- rows Spring Croatia

12 Bancroft Not determined 2- Tows Spring USA

* The determined genes by Chen and Line (2003)
** Based on the reports of Chen and Line (1999)
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Table 2. Yellow rust (Puccinia striiformis) isolates used in this study and their origion
syl Olje aiats
No. Isolate Host Origion
1 92-2 Barley Pasargad, Fars
2 92-4 Barley Pasargad, Fars
3 92-5 Barley Sivand, Fars
4 92-7 Barley Neyshabur, Khorasan Razavi
5 92-8 Barley Mashhad, Khorasan Razavi
6 92-27 Barley Ardebil, Ardebil
7 92-28 Barley Ardebil, Ardebil
8 92-29  Barley Ardebil, Ardebil
9 92-30 Barley Ardebil, Ardebil
10 92-31 Barley Ardebil, Ardebil
11 92-34  Barley Ardebil, Ardebil
12 92-36  Barley Miandoab, West Azerbaijan
13 92-37  Wild barley Marivan, Kordestan
14 92-38 Wild barley Sanandaj, Kordestan
15 92-19  Wheat Shush, Khozestan
16 92-43  Wheat Gorgan, Golestan
17 92-51 Wheat Zarghan, Fars
18 92-55 Wheat Marvdasht, Fars
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Table 3. Seedling reactons of barley and wheat differential cultivars to yellow rust isolates collected from different parts of Iran in 2013

Wheat Yr isogenic lines
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Table 4. Virulence pattern and pathotypes determination of different barley yellow rust isolates on 12 barley differential sets

RS Isolates  laaluo

Differential cultivars 92-2 92-4 92-5 92-7 92-8 92-27 92-28 92-29 92-30 92-31 92-34 92-36
Topper Vi A% v \'% A% A% \'% A% \'% \'% \'% \'%
Helis Franken \Y
Emir
Asterix \Y \Y
Hiproly \'% A% \'% \'% A% \'% \'% \'% \'% \'%
Varunda Vv
Abed Binder 12 A% A% A% A% A% A% A% A%
Trumpf v v
Mazurka A%
Bigo v v v v
15 Vv \% A%
Bancroft \'% \'% \'% \'% \'% \'%

Sldrtysg00 157 1,57 1571012 156,710,011 1411 157812 12411 15791012 157 15812 1,5,10,12
Virulence formula

=5 PSH-74  PSH-51 PSH-51 PSH-83 PSH-84 PSH-85 PSH-56 PSH-86 PSH-87 PSH-51 PSH-88  PSH-89

Pathotype name

*V: Virulent

13 slew TV 3

M\d)b&\lﬁ.ﬂ?é‘ﬂ‘ruﬂe)w\"u\J‘J&‘Lé‘ﬁ)kﬁd}ﬁﬁ;ﬂ{})))

In Virulence formula row, 1-12 are numerical figures of barley differential cultivars according tablel.

VEF
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Table 5. Avirulence / virulence formula, frequency and virulence spectrum of identified
pathotypes of barley yellow rust

el <ok Srsbes 2 Sz e A5 Sl b oo iy b s
Isolate Pathothype Aviulence/Virulence formula Pathotype frequency  Virulence spectrum

(%) (%)
92-4,92-5,92-31  PSH-51 2,3,4,6,8,9,10, 11, 12/1,5,7 25.0 25
92-28 PSH-56 2,3,4,6,9,10,11/1,5,7,8, 12 8.3 41
92-2 PSH-74 2,3,4,6,8,9,10, 11/1,5,7,12 8.3 33
92-7 PSH-83 2,3,4,6,8,9,11/1,5,7, 10, 12 8.3 41
92-8 PSH-84 2,3,4,8,9,12/1,5,6,7, 10, 11 8.3 50
92-27 PSH-85 2,3,5,67,8,9,10,12/1 4,11 83 25
92-29 PSH-86 3,5,6,7,8,9,10,12/1,2,4, 11 8.3 33
92-30 PSH-87 2,3,4,6,8,11/1,5,7,9, 10, 12 8.3 50
92-34 PSH-88 2,3,4,6,7,9,10, 11/1, 5,8, 12 8.3 33
92-36 PSH-89 2,3,4,6,7,8,9,11/1,5,10, 12 83 33

ki ) g Gillan g 3180 0B a5l Y BN el (0 slony 28/ S slenr Ia b O g2 53
In Avirulence/Virulence column 1-12 are numerical figures of barley differentical cultivars according to Table 1.
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Table 6. Frequency of virulence in barley yellow rust papthotypes in 2013

Number of isolates — laalis slixs
S Caglis gla0) O 1 obews 1 obes ré Sliolen Sl 3 ey
Differential cultivar Resistance gene/genes Virulent Avirulent Virulence %Srequency
Hiproly rpsHil, rpsHi2 10 2 8(3.3
Abed Binder rps2 (yr2) 8 4 66.7
Bancroft RpsBa 6 6 50.0
Bigo Rpsl.b (yr) 4 8 333
15 Rps3 (yr3), rpsI5 3 9 25.0
Asterix Rps4(Yrd), rpsAst 2 10 16.6
Trumpf rpsTrl,rpsTr2 2 10 16.6
Varunda rpsVal,rpsVa2 1 11 8.3
Helis Franken Rps4(Yrd),rpsHF 1 11 8.3
Mazurka Rpsl.c 1 11 8.3
Emir rpsEml, rpsEm2 0 12 0.0

Stra—sl ey e S

ajﬁp;'.

32 A uj‘}lJ‘ -~ Ql..

elros b e g Lwa s ) S
Al |y by o i sl Ol s
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Table 7. Effective and ineffective resistance genes against barley yellow rust pathotypes
under greenhouse conditions in 2013

Barley s Wheat .8
[EPYRES - St sb0) RN loj IS 5 ST
Syt
Isolates Pathotype Ineffective genes Effective genes Ineffectve Reaction of
genes Triticale
92-2 PSH-74 rpsHil, rpsHi2, rps2 (yr2), RpsBa Rps4(Yr4)+ rpsHF,  rpsEml, - -

rpsEm2,  Rps4(Yrd4)+ rpsAst,
rpsVal,rpsVa2  rpsVal,rpsVa2,
rpsTrl,rpsTr2, Rpsl.c Rpsl.c,
Rpsl1.b (yr), Rps3 (yr3), rpsi5
92-4 PSH-51 rpsHil, rpsHi2, rps2 (yr2) Rps4(Yrd4)+ rpsHF, rpsEml, - -
rpsEm2,  Rps4(Yr4), rpsAst ,
rpsVal,rpsVa2, rpsTrl,rpsTr2,
Rpsl.c , Rpsl.b (yr), Rps3
(yr3), rpsl5, RpsBa
92-5 PSH-51 rpsHil, rpsHi2, rps2 (yr2) Rps4(Yr4) +rpsHE, _rpsEml, - -
rpsEm2, Rps4(Yrd)+ rpsAst,
rpsVal,ipsVa2, rpsTrl,rpsTr2,
Rpsl.c, Rpsl.b (yr), Rps3 (yr3),
rpsl5, RpsBa
92-7 PSH-83 rpsHil, rpsHi2, rps2 (yr2), Rpsl.b  Rps4(Yrd4) +rpsHF,  rpsEml, Yrl, Yr2 -
(yr), RpsBa rpsEm2, Rps4(Yrd)+ rpsAst,
rpsVal,rpsVa2, rpsTrl,ipsTr2,
Rpsl.c ,Rps3 (yr3), rpsl5

92-8 PSH-84 rpsHil, rpsHi2, rpsVal,rpsVa2,  Rps4(Yrd) +rpsHF, rpsEml, Yr2 -
rps2 (yr2), Rpsl.b (yr), Rps3 (yr3), - rpsEm2, Rps4(Yrd)+ rpsAst,
rpsI5 rpsTrl,rpsTr2, Rpsl.c, RpsBa
92-27 PSH-85 Rps4(Yrd), rpsAst, Rps3 (yr3), rpsl5 Rps4(Yr4) +rpsHF, rpsEml, Yr2 -
rpsEm2, rpsHil,  rpsHi2,

rpsVal,rpsVa2, ps2 (yr2),
rpsTrl,rpsTr2, Rpsl.c, Rpsl.b
(yr) Rps1.b (yr), RpsBa
92-28 PSH-56 rpsHil, rpsHi2, ps2  (yr2), Rps4(Yr4) +rpsHF, rpsEml, - -
rpsTrl,rpsTr2, RpsBa rpsEm2, Rps4(Yrd)+ rpsAst,
rpsVal,rpsVa2, Rpsl.c, Rpsl.b
(yr), Rps3 (yr3), rpsl5
92-29 PSH-86 Rps4(Yrd) +rpsHF ,  Rps4(Yr4)+ rpsEml, rpsEm2, rpsHil, - S
rpsAst , Rps3 (yr3), rpsi5 rpsHi2, rpsVal, rpsVa2, rps2
(yr2), rpsTrl,rpsTr2, Rpsl.c,
Rpsl.b (yr) Rpsl.b (yr), RpsBa
92-30 PSH-87 rpsHil, rpsHi2, ps2  (yr2), Rps4(Yr4) +rpsHF,  rpsEml, Yri, Yr2 -
Rpsl.c, Rpsl.b (yr), RpsBa rpsEm2, Rps4(Yrd)+ rpsAst,
rpsVal,rpsVa2, rpsTrl,rpsTr2,
Rps3 (yr3), rpsl5
92-31 PSH-51 rpsHil, rpsHi2, rps2 (yr2) Rps4(Yrd),rpsHF, rpsEml, - S
rpsEm2, Rps4(Yr4)+ rpsAst,
rpsVal,rpsVa2, rpsTrl,ipsTr2,
Rpsl.c, Rpsl.b (yr), Rps3 (yr3),
rpsl5, RpsBa
92-34 PSH-88 rpsHil, rpsHi2, rpsTrl,rpsTr2,  Rps4(Yrd4) +rpsHF,  rpsEml, Yr2 -
RpsBa rpsEm2, Rps4(Yr4)+ rpsAst,
rpsVal,rpsVa2, rps2  (yr2),
Rpsl.c, Rpsl.b (yr), Rps3 (yr3),

rpsl5
92-36 PSH-89 rpsHil, rpsHi2, Rpsl.b (yr), Rps4(Yrd) +rpsHF, rpsEml, - -
RpsBa rpsEm2, Rps4(Yrd)+ rpsAst,

ps2  (yr2), rpsTrl,rpsTr2,
Rpsl.c, Rps3 (yr3), rpsl5
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For characteristics of isolates see Tables 2 and 3.

oS 313 66 3l (5 rhey IS B oy S 5
L3S o 03dTA s 5L awlinjsl,

55 &8585 sl (‘wav\i-’ SR 03
o S B sl adllas s puSy
Sl 3,5 L syl Sl oo <Lie
355 855 slacigl o paids o 0T
Y=Y ladblus 550 93 50 S s>
B S a5 g0 9 Jus)l 4y Glaze) 4Y-Y4
A daze) AY-0 5 AY-F AY-Y glaaslis
S5 sl 2w s o ey s Ol
SO 0L 5 5l sS sy p ys i S
oaia LU, 55 (Y 0L 5 Ha
S Ll S oLt
Al odalive LOT 15 5k

55 (ol 3D AYYY ol 5,8 15

g_s—“')j.')"(“.\")b‘)l <.4.A))‘ A;
g;\ﬁ,t_%‘sj_fju\g}_%u@f,,pg
dsUIS™ 655 0 b JIT 51555 K5 4l #)

o5 ol o5 93 4 by e sl
s oS 05,8 55 551, (4-'53)—?'%}
5 A elie (s p 53 55 S ealia
(bf,).\_;u_dth”;)_g(h\w“)ob\_(&.a
SU AT 51 pS 5 s 5,5 6855 gl \oF
s)jdijjtguq\.xq-‘\fx:;o.us\.&a‘sff
s S Kos oS I 5 S
claalus (Y) 0L, K 5 53 sn andllas s
AN B s A Glimmnes S 55 55 5,5 K5
354 35 855 Slagle oSS s 8
Shioles pdee 5 Solay e an 0y, S

(R AP PHNE


www.SID.ir

AT Jlu oF o led o) Al “ 3y 9 Jlgd (68154 dloxa

sy Js et pland) i S LI
Ol (sl [Kir) syl ol bl s 6SCs 5
ol 0T i Jon ) 5

ol el s Lac sk sl g sy
(= .s))'diijq\.b‘-\\’ S| REC PR EREANEY)
Ot 03 Sl L) S 6 a5 5
5oL ol PRy g5 odas 0Lt LagT
o 35 Gblie 53 0T (Keals Cmer
el bl .l (Jn sl 05 5 4)
Cns golais| =515 Cwglan ol (sl yls
SLa0S 0355 e 53 s 4 0355 6555 &
555 855 slaaas sl 4 S5 e slis
PN O P SO W
Sizoles 5Las 556 sl 2330 5 2
S e S8 Jds by Bl o
w}uﬁ‘@&,gwpuruw_irg,
o) 9 e pLI L 8,07 Sl
Gl 53 g 55 oS Eeb gy an S (g les
S e e b S
Va5 iz B2 1551 ol
— LI ] W VW R VOO Sy
om0 oS el oY 80 Sl sy
Ll b

Jle g SEi st iy L
pold D) sy Olallle g5y
el ) s—i8" Catosee GbLe 5 L
O 35 50 33 (6 i SLeMbl 9545
2 fol S ) (S
2 ol J—le Gla S 5L et

=5 95 AY=0 5 AY-F AY-Y slaalus LS
Ol LS 53 AT s U Al oy, S
Ol ) 26 15 0 A2 65 8 05 53 Y-V
SLdlper cadee Gblu s O 2l b S5
Calises eSS sl 55 0L 55 s Ll
Cl 0 il Cliben i sla,lS7 o
¢Rabbaninasab et al., 2008)
<Hovmoller et al., 2002
.(Dadrezaei et al., 2013
Slaibw jaS UK Al abls s
OLE| e’ e (51 531 L )ls (63
A e gl 5 IS 4 e ol B e
4 BLILL sies Qj:_w\):ijlf.:‘,_.iw Jlu
gt s 30 Cmaz S as e LT
Odd oty 4y yel oul 9 (Holtz et al., 2014)
25 b Gl Bl am;s s sl 5 e (S5
O i Szl 5035 (5,8 g |y (slailate
et AUl glodelB wlul s aS 545
Oetios pl gy g 03 Al oo SRl bl o0
23 (e Sl (ol e 0 95 1 s
anlllee o olesl )5 LI slac s ) Slsl 3
4S (Jousyl i dSle able 53 558 a0
slr GBI A el 55 0T 5o e 5l ¢ 53
ol 25 265 o Gl (5 0" il |
DT s L Syslome s 4 adbaise
31l s s L5 (057 Sl sla
355 8855 SAE Oy Sl Obj 357
55 il ;K5 O,k sl 5

& . ,/ .5/.. e .. .
&)J&))(ﬁb))&)@bﬁﬁ))}


www.SID.ir

.Puccinia striiformis f. sp. hordei sl s 5 5 35 ,kw 05

G =
Glagslon dols agldS 5 G
Oladss o g0 OOe Slads i O
Sl Solem b5 = 5 5k 5 g ag 5~
)‘ 9 oM C)u.::bﬁ u&_ﬁu U""?-:’) o;\)’;’)l.a)
u\_a-\) wl.._&)[fﬁ)l_;auw aJ_h)' Val_a-
035 @l 5 6,8en sl SN glacs)les

Dgh o Syl g S5 Gaise LIS

References

A5 5 A G 534S it GbL
dj_:fdu)&ﬁ\,;lu}:wpuruj
Caglie (gl il > sy 6K
I U T P s N U
ol s S aen 53 53 ol s
)u_;,*&qg;_p,uﬁpru,\yﬁwu
PRS- IS IR IR R WM PN,
S Jlazl 55 S slas 5 5L

. s, /
23 5 o b (S 4o

Afshari, F. 2008. Prevalent pathotypes of Puccinia striiformis f. sp. tritici in Iran.

Jounal of Agricultural Science and Technology 10: 67-78.

Afshari, F. 2013. Race analysis of Puccinia striiformis f. sp. tritici in Iran. Archives of

Phytopathology and Plant Protection 46: 1785-1796.

Badebo, A., Stubbs, R. W., Van Ginkel, M., and Gebeyehu, G. 1990. Identification

of resistance genes to. Puccinia striiformis in seedlings of Ethiopian and CIMMYT

bread wheat varietiesrand lines. Netherlands Journal of Plant Pathology 96: 199-

210.

Bahri, B., Leconte, M., Ouffroukh, A., de Vallavieille-Pope, C., and Enjalbert J.

2009. Geographic limits of a clonal population of wheat yellow rust in the

Mediterranean region. Molecular Ecology 18: 4165-79.

Broers, L. H. M., Cuesta-Subias,

X., and Lopez-Atilano R. M. 1996. Field

assessment of quantitative resistance to yellow rust in ten spring bread wheat

cultivars. Euphytica 90: 9-16.

Brown, W. M. J., Hill, J. P., and Velasco, V. R. 2001. Barley yellow rust in North
America. Annual Review of Phytopathology 39: 367-384.

Chen, X. M. 2005. Epidemiology and control of stripe rust (Puccinia striiformis f. sp.

tritici) on wheat. Canadian Journal of Plant Pathology 27: 314-337.


www.SID.ir

AT Jlo oF o led o) Al “ 3y 9 Jlgd (68154 dloxa

Chen, X. M. 2007. Challenges and solutions for stripe rust control in the United
States. Austtralian Journal of Agricultural Research 58: 648-655.

Chen, X. M. 2008. Races of Puccinia striiformis f. sp. hordei in the United States
from 2004 to 2007. Barley Newsletter 51. On-Line at:
http://wheat.pw.usda.gov/ggpages/BarleyNewsletter/51/WABNLS1.htm.

Chen, X. M., and Line R. F. 1999. Recessive genes for resistance to races of Puccinia

striiformis f. sp. hordei in barley. Phytopathology 89: 226-232.
Chen, X. M., and Line, R. F. 2001. Races of barley stripe rust in the United States.

Barley News letter 44. On-Line at: http://grain. Jouy. Inra. Fr/ggpages/ Barley News

letter/44/wash Report 2.ht ml.

Chen, X. M., and Line, R.F. 2003. Identification of genes for resistance to Puccinia

striiformis f. sp. hordei in 18 barley genotypes. Euphytica 129: 127-145.

Chen, X. M., Line, R. F., and Leung, H. 1993. Relatioship between virulence
variation and DNA polymorphism in Puccinia striiformis. Phytopathology 83:
1489-1497.

Chen, X. M., Line, R. F., and Leung, H. 1995. Virulence and polymorphic DNA
relationships of Puccinia striiformis f. sp. hordei to other rusts. Phytopathology 85:
1335-1342.

Chen, X. M., and Penman. L. 2005. Races of Puccinia striiformis f. sp. hordei the
pathogen of barley stripe rust in the United States in 2004. Barley Genetics
Newsletter 35:23-26.

Chen, X. M., Penman, L., Wan, A., and Chen, P. 2010. Virulence races of Puccinia
striiformis f. sp. tritici in 2006 and 2007 and development of wheat stripe rust and
distributions, dynamics, and evolutionary relationships of races from 2000 to 2007

in the United States. Canadian Journal of Plant Pathology 32: 315-333.

Cheng, P., and Chen, X. M. 2009. Somatic hybridization in Puccinia striiformis

revealed by virulence patterns and microsatellite markers. Phytopathology 99: S23.

Dadrezaie, S. T., Lababidi, S., Nazari, K., Mohammadi, E., Afshari, F., Alo, F.,
Shams-Bakhsh, M., and Safaei, N. 2013. Molecular genetic diversity in Iranian
populations of Puccinia triticina, the causal agent of wheat leaf rust. American

Journal of Plant Science 4: 1375-1386.


www.SID.ir

.Puccinia striiformis f. sp. hordei sl s 5 5 35 ,kw 05

de Vallavieille-Pope, C., Ali, S., Leconte, M., Enjalbert, J., Delos, M., and Rouzet,
J. 2012. Virulence dynamics and regional structuring of Puccinia striformis f. sp.

tritici in France between 1984 and 2009. Plant Disease 96: 131-140.

Dubin, H. J. and Stubbs, R. W. 1986. Epidemic spread of barley stripe rust in South
America. Plant Disease 70: 141-144.

Esfandiari, E. 1947. Les rouilles de cereales en Iran [Cereal rusts in Iran]. Applied
Entomology and Phytopathology 4: 67-76.

Golegaonkar, P. G., Wellings, C. R., Singh, D., and Park, R.F. 2013. Genetic and
molecular analysis of resistance to a variant of Puccinia striiformis in barley. Journal
of Applied Genetics 54: 1-9.

Holtz, M. D., Kumar, K., Zantinge, J. L., and Xi, K. 2013. Virulence phenotypes of
Puccinia striiformis in Alberta from 2009-2011. Canadian Journal of Plant
Pathology 35: 241-250.

Holtz, M. D., Kumar, K., Zantinge, J. L., and Xi, K. 2014. Genetic diversity of
Puccinia striiformis from cereals in Alberta, Canada. Plant Pathology 63: 415-424.

Hovmgller, M. S., Justesen, A. F., and Brown, J. K. M. 2002. Clonality and long-
distance migration of Puccinia striiformis f. sp. tritici in north-west Europe. Plant
Pathology 51: 24-32.

Hovmgller, M. S., Sgrense, C. K., Walter, S., and Justesen, A. F. 2011. Diversity
of Puccinia striiformis on cereals and grasses. Annual Review of Phytopathology
49: 197-217.

Jin, Y. 2011. Role of Berberis spp. as alternate hosts in generating new races of
Puccinia graminis and P. striiformis. Euphytica 179: 105-108.

Kilpatrick, R. A. 1975. New cultivars and longevity of rust resistance, 1971-1975.
U.S Agricultural Research Service, ARS-NE 64, 20 pp.

Kumar, K., Holtz, M. D., Xi, K., and Turkington, T. K. 2012. Virulence of
Puccinia striiformis on whaet and barley in central Alberta. Canadian Journal of
Plant Pathology 34: 551-561.

Line, R. F. 2002. Stripe rust of wheat and barley in North America: A retrospective
historical review. Annual Review of Phytopathology 40: 75-118.


www.SID.ir

AT Jlo oF o led o) Al “ 3y 9 Jlgd (68154 dloxa

Line, R. F., and Chen, X. M. 1995. Success in breeding for and managing durable
resistance to wheat rusts. Plant Disease 79: 1254-1255.

Line, R.,, and Qayoum, A. 1992. Virulence, aggressiveness, evolution, and
distribution of races of Puccinia striiformis (the cause of stripe rust of wheat) in

North America, 1968-87. USDA-ARS Technical Bulletin 1788: 44 pp.

Little, R., and Manners, J. G. 1969. Somatic recombination in yellow rust of wheat
(Puccinia striiformis).Il. Germ tube fusions, nuclear number and nuclear size.

Transactions of the British Mycological Society 53: 259-67.

Marshall, D., and Sutton, R.L. 1995. Epidemiology of stripe rust virulence of
Puccinia striiformis f. sp. hordei, and yield loss in Barley. Plant Disease 79: 732-
737.

Mboup, M., Leconte, M., Gautier, A., Wan, A.M., Chen, W., de Vallavieille-Pope,
C., and Enjalbert, J. 2009. Evidence of genetic recombination in wheat yellow
rust populations of a Chinese oversummering area. Fungal Genetics and Biology

46: 299-307.

Mclntosh, R. A., and Brown, G. N. 1997. Anticipatory breeding for resistance to rust
diseases in wheat. Annual Review of Phytopathology 35: 311-326.

Newton, A. C., Caten, C. E., and Johnson, R. 1985. Variation for isozyme and
double -stranded RNA among isolates of Puccinia striiformis and two other cereal
rusts. Plant Pathology 34: 235-247.

Niks, R. E., Heyzen, S., Szabo, L. J., and Alemu, S. K. 2013. Host status of barley to
Puccinia coronate from couch grass and P. striiformis from wheat and brome.
European Journal of Plant Pathology 136: 393-405.

Rabbaninasab, H., Okhovat, M., Torabi, M., Abbasi, M., and Mozaffari, J. 2008.
Virulence and molecular diversity in Puccinia striiformis f. sp. tritici form Iran.
Journal of Plant Protection 22: 47- 60 (in Persian).

Safavi, S. A., Atahussaini, S. M., and Ebrahimnejad, S. 2012a. Effective and
ineffective resistance genes and resistance reaction of promising barley lines to
Puccinia striiformis f. sp. hordei in Iran. Asian Journal of Plant Sciences 11: 52-57.

Safavi, S. A., Babai-Ahari, A., Afshari, F., and Arzanlou, M. 2012b. Effect of

yellow rust on yield components of barley cultivars with race-specific and slow


www.SID.ir

.Puccinia striiformis f. sp. hordei sl s 5 5 35 ,kw 05

rusting resistance to yellow rust. Archives of Phytopathology and Plant Protection

45: 1488-1498.
Safavi, S. A., Babai-Ahari, A., Afshari, F., and Arzanlou, M. 2013. Slow rusting

resistance in Iranian barley cultivars to Puccinia striiformis f. sp. hordei. Journal of

Plant Protection Research 53: 5-11.

Sandoval-Islas, J. S., Broers, L. H. M., Vivar, H., and Osada, K. S. 1998.
Evaluation of quantitative resistance to yellow rust (Puccinia striiformis f. sp.
hordei) in the ICARDA/CIMMYT barley breeding programe. Plant Breeding 117:
127-130.

Sharma-Poudyal, D., Chen, X. M., Wan, A. M., Zhan, G. M., Kang, Z. S., Cao, S.
Q., Jin, S. L., Morgounov, A., Akin, B., Mert, Z., Shah, S. J. A., Bux, H.,
Ashraf, M., Sharma, R. C., Madariaga, R., Puri, K. D.; Wellings, C., Xi K. Q.,
Wanyera, R., Manninger, K., Ganzailez, M. 1., Koyda, M., Sanin, S., and
Patzek, L. J. 2013. Virulence characterization of international collections of the

wheat stripe rust pathogen, Puccinia striiformis f. sp. tritici. Plant Disease 97: 379-

386.
Spackman, M. E., Ogbonnaya, F. C., and Brown, J. S. 2010. Hypervariable RAPD,

ISSR and SSR markers generate. robust taxonomic groups among Puccinia
striiformis formae speciales of importance to Australian agriculture. Australasian

Plant Pathology 39:226-33.
Stubbs, R.W. 1985. Stripe rust. pp 61-101. In: Roelfs, A.P., and Bushnell, W.R. (eds.)

Cereal rusts. Vol. II. Disease, Distribution, Epidemiology and Control. Academic

Press, New York, USA.

Wan, A. M., and Chen, X. M. 2012. Virulence, frequency, and distribution of races
of Puccinia striiformis f. sp. tritici and Puccinia striiformis f. sp. hordei identified

in the United States in 2008 and 2009. Plant Disease 96: 67-74.
Wang, M. N., and Chen, X. M. 2013. First report of Oregon grape (Mahonia

aquifolium) as an alternate host for the wheat stripe rust pathogen (Puccinia
striiformis f. sp. tritici) under artificial inoculation. Plant Disease 97: 839.

Wellings, C. R. 2011. Global status of strip rust: a review of historical and current
threats. Euphytica 179: 129-141.


www.SID.ir

AT Jlo oF o led o) Al “ 3y 9 Jlgd (68154 dloxa

Welling, C. R., Burdon, G. G., McIntosh, R. A., Wallwork, H., Raman, H., and
Murrary, G. M. 2000. A new variant of Puccinia striiformis causing stripe rust on

barley and wild Hordeum species in Australia. Plant Pathology 49: 803.

Yan, G. P., and Chen, X. M. 2008. Identification of a major quantitative trait locus
(QTL) for high-temperature adult-plant (HTAP) resistance against Puccinia
striiformis f. sp. hordei in ‘Bancroft’ barley. Phytopathology 98: 120-127.

Zhao, J., Wang, L., Wang, Z., Chen, X., Zhang, H., Yao, J., Zhan, G., Chen, W.,
Huang, L., and Kang, Z. S. 2013. Identification of eighteen Berberis species as
alternate hosts of Puccinia striiformis f. sp. tritici and virulence variation in the
pathogen 1isolates from natural infection of barberry plants in China.

Phytopathology 103: 927-934.


www.SID.ir

