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Abstract

Stem rust of wheat caused by Puccinia graminis f. sp. tritici, the most important disease of wheat in the past, is
currently a potential threat to wheat production. The present research was conducted to determine the reaction of 38
elite lines of temperate agro-climate breeding program including 20 lines obtained from this program in 2015
(ERWYT-M-94) and 18 lines from 2016 (ERWYT-M-95) at seedling and adult-plant stages. Investigating seedling
stage resistance was carried out by determining the reaction of experimental lines to three common races of Kelardasht,
Mazandaran and one Ug99 race from Shavour, Khouzestan in the greenhouse. Investigating adult-plant resistance was
carried out under field conditions in Kelardasht during two cropping years of 2015-16 and 2016-2017 for ERWYT-M-
94 lines and two cropping years of 2016-2017 and 2017-2018 for ERWYT-M-95 lines. Results showed that the
experimental lines had different reactions to disease at both seedling and adult-plant stages. At the seedling stage, the
most lines with low infection type (resistance) were observed against the isolate 94-15 (race PTRTF), followed by the
isolates 94-32 (race TTTTF), 95-95 31 (race TKTTF), and 2-95 (race TTKTK). In terms of adult-plant resistance, most
of the lines had a lower disease rate compared to the susceptible check, and among them four lines of M-94-2, M-94-5,
M-94-15 and M-94-16 from ERWYT-M-94 and three lines of M-95-2, M-95-9 and M-95-15 from ERWYT-M-95 were
less susceptible compared to other lines. The reason for this could be the presence of adult-plant resistance genes in
these lines.
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Table 1. Details of the isolates used to study the reaction of the wheat lines to stem rust.

Isolate code Race Origin Ineffective/effective seedling resistance genes
94-32 TTTTF Kelardasht, Sr5, Sr6, Sr7a, Sr7b, Sr8a, Sr8b, Sr9a, Srob, Sr9d, Sr9e, Sr9g, Sr10,
Mazandaran Srll, Sr12, Sr13, Srl4, Srl5, Srl6, Srl7, Srl8, Srl9, Sr20, Sr21,
Sr27, Sr28, Sr29, Sr30, Sr33, Sr34, Sr35, Sr36, Sr37, Sr38, SrMcN,
SrTmp/Sr24, Sr25, Sr26, Sr31, Sr32, Sr39, Sr40
94-15 PTRTF Kelardasht, Sr5, Sr6, Sr7b, Sr8a, Sr8h, Sr9a, Sr9b, Srod, Sr9, Sr9g, Sr10, Srll,
Mazandaran Srl12, Srl3, Srl4, Sri5, Srl6, Srl7, Srl8, Srl9, Sr20, Sr25, Sr27,
Sr28, Sr29, Sr34, Sr35, Sr36, Sr37, Sr38, Sr39, SrMcN, SrTmp/Sr7a,
Sr21, Sr22, Sr23, Sr24, Sr26, Sr30, Sr31, Sr32, Sr33, Sr40
95-31 TKTTF Kelardasht, Sr5, Sr6, Sr7a, Sr7b, Sr8a, Sr8b, Sr9a, Srob, Sr9d, Sr9e, Sr9g, Sr10,
Mazandaran Srl12, Srl4, Sr15, Sr16, Srl7, Srl8, Srl9, Sr20, Sr21, Sr23, Sr28,
Sr29, Sr30, Sr34, Sr35, Sr36, Sr37, Sr38, SrMcN, SrTmp/Sr13, Sr22,
Sr24, Sr25, Sr26, Sr27, Sr31, Sr32, Sr33, Sr39, Sr40
95-2 TTKTK Shavour, Sr5, Sr6, Sr7a, Sr7b, Sr8a, Sr8b, Sr9a, Srob, Srad, Sr9e, Sr9g, Srl0,
(Ug99) Khouzestan Srll, Srl12, Srl4, Srl5, Sr16, Sr17, Srl8, Sr19, Sr20, Sr21, Sr23,

Sr28, Sr29, Sr30, Sr31, Sr33, Sr34, Sr37, Sr38, SrMcN, SrTmp/Sr13,
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Table 2. Characteristics of the moderate agro-climate zone elite wheat lines in 2015 (ERWYT-M-94) and their reaction to stem rust at seedling stage in the greenhouse and at adult-
plant stage under field conditions in Kelardasht, Mazandaran.

Wheat Pedigree Seedling reactions to different Adult-plant
94-32 94-15 95-31 95-2 1395 1396
M-94-1 Parsi (Commercial check) 2+ 1+ 3 3 30MS 70MS
M-94-2 Baharan (Commercial check) 1 1 i1 3 10MR 40MS
M-94-3 M-90-16 (Sharpp/3/Prl/Sara//Tsi/Vee#5/5/\Vee/Lira//Bow/3/BCN/4/Kauz) 1+ 1 3 20MS 80MS
M-94-4 M-91-10 (Prl/2*Pastor/4/Choix/Star/3/He1l/3*CNO79//2*Seri) 2+ 2+ 3 3 50MS 70MS
M-94-5 M-91-18 (Pastor//Site/MO/3/Chen/Aegilops squarrosa (Taus)//BCN/4/WBLL1) - 1 3- 3 60MS 40MS
M-94-6 Pishtaz/7/T.Aest/5/Ti/4/La/3/Fr/Kad//Gb/6/F13471/Crow" 2+ 2- 3 3+ 70S 100S
M-94-7 Pishtaz/7/T.Aest/5/Ti/4/La/3/Fr/Kad//Gb/6/F13471/Crow" 3- 2+ 3 3+ 60MS 100S
M-94-8 1-66-22//Bow"s"/Crow"s"/3/Kavir/5/0mid/4/Bb/Kal//Ald/3/ Y50E/3*Kal//Emu/6/Pishtaz 3 2+ 3 3 60MS 100S
M-94-9 Spn/Mcd//Cama/3/Nzr/4/Passarinho/5/Y aco/2*Parus/6/Pishtaz 3+ 2+ 2+ 3+ 40MS 90S
M-94-10 ATTILA/3/Vee/Nac//1-66-22/4/FIt/Tjn//Kavkaz 3- 2+ 2+ 3 60MS 90S
M-94-11 ATTILA/3/Vee/Nac//1-66-22/4/FIt/Tjn//Kavkaz 2 2+ 2+ 3 50MS 90S
M-94-12 ATTILA/3/Vee/Nac//1-66-22/4/FIt/Tjn//Kavkaz 3- 2 2+ 3 60MS 100S
M-94-13 TEVEE-1/GRU90-207476//2*CHAMRAN 2 2+ 3 2+ 30MS 90S
M-94-14 KAUZ/LUCO-M//PVN/STAR/3/Yaco/2*Parus/4/Pishtaz 2 2 3 3 20MS 90S
M-94-15 FRNCLN/ROLF07 2+ 2+ 3 3 20MS 60MS
M-94-16 MUU/KBIRD 2 2 3 3+ 20MS 60MS
M-94-17 ATTILA*2/PBW65*2/4/BOW/NKT//CBRD/3/CBRD 2 2 3- 3 10MR 80MS
M-94-18 D67.2/PARANA 66.270//AE.SQUARROSA (320)/3/CUNNINGHAM/4/\VORB 2 2 3 3 50MS 90S
M-94-19 VORB/SOKOLL 3- 1+ 3 3 60MS 90S
M-94-20 KS85W663.42/MONARCA F2007//WBLL1*2/TUKURU 2 1 3 3 20MS 80MS
21 Morocco (Susceptible check) 4 4 3+ 4 100S 100S
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Table 3. Characteristics of the moderate agro-climate zone elite wheat lines in 2016 (ERWYT-M-95) and their reaction to stem rust at seedling stage in the greenhouse and at adult-
plant stage under field conditions in Kelardasht, Mazandaran.

Wheat line Pedigree Seedling reactions to different isolates Adult-plant reactions
94-32 94-15 95-31 95-2 1396 1397
M-95-1 Rakhshan (Commercial check) 2- 2- 1 2- 80MS 60MSS
M-95-2 Baharan (Commercial check) i1 i1 3 3 5MR 60MSS
M-95-3 M-92-18 (MTRAW92.161/Prinia/5/Seri*3//RL6010/4*Yr/3/Pastor/4/Bav92) 2C i1 3 3 20MR 80S
M-95-4 M-92-20 (Chen/Aegilops squarrosa (Taus)//BCN/3/Bav92/4/Berkut) 2C ;1 3 3 30MS 70S
M-95-5 KASYON/GENARO.81//TEVEE-1/5/ 2+ 4 3 3+ 90S 90S
Omid/4/Bb/Kal//Ald/3/Y50E/3*Kal//[Emu/6/OASIS/ISKAUZ//4*BCN*2/3/PASTOR
M-95-6 Alvd/Ben//Atrak/3/m-84-17 2+ 3 3 3+ 40S 80S
M-95-7 Alvd//Aldan/1as58/3/40-73-17/4/1-73-240 1+ i1 2+ 4 30MS 70MSS
M-95-8 Pishtaz/6/M-70-4/5/Alborz/4/K 6290914/Cno//K58/Tob/3/Wa/7/1-74-103 2- 2+ 2- 3 50MS 70MSS
M-95-9 CHAM-4/DOVIN-2*2/5/0mid/4/Bb/Kal//Ald/3/Y50E/3*Kal//Emu ; ; 0 3 5MR 60MRMS
M-95-10 WBLL1*2/VIVITSI//AKURI/3/WBLL1*2/BRAMBLING 3 3 3+ 3 70MS 80S
M-95-11 KAUZ/PASTOR//PBW343/3/KIRITATI/4/FRNCLN 3 3 3 3 80MS 70S
M-95-12 SUP152//WBLL1*2/BRAMBLING 3 2+ 2 3 30MS 80S
M-95-13 WBLL1*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/5/BAJ #1/6/QUAIU #3 3 1 1+ 3 40MS 70S
M-95-14 CHYAK/PAURAQ 2 1 1 2+ 5MR 70MS
M-95-15 NL1048/4/CHIBIA//PRLII/CM65531/3/SKAUZ/BAV9I2 2C 1 1 3 10MR 60MRMS
M-95-16 QUAIU #1//ITOBA97/PASTOR/3/QUAIU 3 1 1+ 2 60MS 80S
M-95-17 SUP152*2/TECUE #1 2 3 3 3 20MS 70S
M-95-18 TUKURU//BAV92/RAYON*2/3/KIRITATI 3 i1 i1 3 20MS 80S
19 Morocco (Susceptible check) 4 3 3 3+ 100S 100S

J Appl Res Plant Prot




e

5 BOMSS QOMSS olia jiSTas 4 e iy 98 3blis
mo,leds 4 (Y g0 3l sla e jo .cwl oo, 55 BOMSS
5 Oowel slopl b cei g Y Jlo lan¥ 5110 50 F e
IV ejled oY g ead (Brme Jotne oldl mhaw ;0 B
Dl 18 By g (5,100 wlE 0 55 A0 e slagnY
aw (il 0glge alaMa Vo5 ) slaJgaz )0 a5 (5 sbles
ey e WS ddlate jo Galesl slale (b cois)
iles,S nS 1, 80S 4 80S 90S (g lars polie Sl

Sewd 53 (Y Sy g 0nd (Bpxe o8 il 5rlen Gl Lok
Sozg pae b 92y 9 SVl Jlwn Juime oilll (sl (e
Eyogn oSy gl b 5 JalS olS Cuglie slacy
olow S5 09l jlat 4y azgi b g el () 4 az g b ool
S alyS o3Y eeldl nl sl BB 550 puS pB)1 51
$lp lord o))l OIS0 alox 5l 3 blis! Slladl
w5, o Ll ctS 5yee blie Lo o, oyl 5l clilis
8l Gl olBar asln )3 09 wleS a3V (izmen o9
Brre g ol Kj a4y Cunnd Sanglile oy & (5 42 g5
9 pB)l Cwglie (23l 05t Blane o Bl (nl )0 polie o)
may slasliy ) Jyone slagu 0 5l (S otalesT slacY
2 5 slasle g ol bhwg dingy jsbay oS Sl ol
G By n g9 (nl Sgdoe el wazr pB)l (e
poS ol oo (Mollirm 550 90 sol5a aslin I (oote
09 CIMMYT) )3 5 pusS 3ol (Mol 55 70 (o
|, ICARDA) K5 3blis o 53,sttS cliio Lol
Loy anddS ams 90 (o (b olnl yo o o0 S 5
Gooaie Slo gy ¢)52S 50 ol STy duzme (8L e
& r @l g el Golew ool 4 Caglie D)1 L BLS I o
Afshari 2012; Mojerlou et al. ) col oo e gl

2012; Nazari & Mafi 2013; Patpour et al. 2014a, 2014b;
Omrani et al. 2017, 2018; Safavi & Malihipour 2018,

(2020; Malihipour et al. 2020a; Saremirad et al. 2021

Golpa sacl , Cusdi 4 Wlg o b gl ! 5l eslaal
ST SeS Spglie pl) (Byre 5 558

&l Sl
oM Sladss g )lg.QLL.u‘ J9RTY) O’-?"") S )‘
el SblEa g s a5 lel Dlidod avie
5 & BL e wange dosT ledbl 5 >, B slaadgpl yoges
cm‘wu)gsw)wycb)y&yﬁww
sl o SaS Lbba cuo S gslaS ol

Sy 0y (wdiges o3l g ol QT 30 slae e QL:,iLoﬂ

Sy Sl Gl Caglie 0929 b gl (om0

0us 5 pglanz Sloalaz ply jo azalS Al e o il
9o b aS (TTTTF ol5) 94-32 o> alex 5l clio DS 5
o adlate (pl jo JolS olS Al ye slagiale cuz Lo
Canslin 5l slalias Ll 5 plaSons Talls wer oad oslinul
SlezalS Canglio oy Jas 5l 36 &S LS 5 &S
adhio 1o JolS olS loj jo (g lew Jule 7,8 5 Sleol b
3,90 6‘44[9:15 6L"°g5~°u-’ 5o as J...ul.v .bg.vj.n WQ)MS
mae ol o cwl (Kee (p)olF i losgs eolatul
s 3 B G glaw Cqz laalaz 55
ol ol ddlate ;o (glac,ie Slaslesl leg o l.uu 5 009
el Ygane o5 10 o] 3525 45 (slamals Cuoglin il
eosden of yoe L b ilem nlp o olS 5l clabloxs
Oygods g 039 (&S Cedle il LS o il Ll
-4, (McDonald & Linde 2002) oS o Jos ol5 solais!
a8 Slomt Ol b talogl Sloga¥ 85 duyipe 5
V9 V0 B leo,leds 4 Y dw ohgas JolS oL al> e
W0 Jlo slagpy 5110 53 Y 90 5 AF Jlo slap
-y Sl eslitul ogar bl )l cnl jo i Glaom) » plosl
oriekatl 5 o Selle (e polie pB)l 5l oolinu

@bt by, DS p g CwlaSS; S8 sl b,
Bl ool asliy jo o)a 5 Jasecan) Ol jlas
31 lpa dlge den (pmyp Bosb 5l 0gdge A Jutee
ol S5 (6 lows 4 S @l ol il gla Y ales
DI g )9Sy Golem (nl slapgls ) (So e
Cewddy soools 3l g oals oluls g les 4 polae slopY
(R ‘_ng‘_g)Lo.:.g ﬁLw L ‘b}.’)“’ L;La:oole L: o‘fe&b ool
Sy sl 2Pl CedS 5 () Shogas wils o Sles
A aS Cawl ol aiald andl ol colaiul pas aas 68|
50 el Cawsdy cislejl lagpY ol iulej] plasl )
sl ls o Lisuasel sbopY ohga é Slidsy s
b ooyl dilate 90 51 (S o Wl cso M 5 opdle
Ll 53,5 )18 Gasbo 516 9S8 (g 9550 b 0y7g
Jole 7,8 51 i looli pwly jo 5 Sglaie slalaxs o
2B oy p e 5l el Cawsas slesly yliebl 6 lows
555 Sl o8 ol Gl 5l s o Jlo o 3 s el
plo b Clo DS ddlais jo lis ) 5 ollke o) pB,l ol

J Appl Res Plant Prot

$




AF-Y) FYO-FYY «(F) VY gﬂﬂ/go/z«f).) (5"XJU<5&M}};‘-

Y0

ol Sligin dushe gas +—+ F-r F-1AR-A030 - VYY

S3y0liS gy g Ljsel clidxs lojlu & g Jlos 4
w‘ 0 U"AL

References

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

Afshari F, 2012. Genetics of pathogenicity of wheat stem
rust pathogen (Puccinia graminis f.sp. tritici) and
reaction of wheat genotypes to the disease. Iranina
Journal of Plant Protection Science 43: 357-365 (In
Persian with English abstract).

Bamdadian A, 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).

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

Esfandiari E, 1947. Cereal rusts in Iran. Journal of
Entomology & Phytopathology 4: 67-76 (In Persian
with English abstract).

Fetch T, Zegeye T, Park RF, Hodson D, Wanyera R,
2016. Detection of wheat stem rust races TTHSK and
PTKTK in the Ug99 race group in Kenya in 2014.
Plant Disease 100: 1495-1495.

Hafeez AN, Arora S, Ghosh S, Gilbert D, Bowden RL, et
al., 2021. Creation and judicious application of a
wheat resistance gene atlas. Molecular Plant 14:
1053-1070. DOI: 10.1016/j.molp.2021.05.014.

Jin Y, Szabo LJ, Pretorius ZA, Singh RP, Ward R, et al.,
2008. Detection of virulence to resistance gene Sr24
within race TTKS of Puccinia graminis f. sp. tritici.
Plant Disease 92: 923-926.

Joshi AK, Azab M, Mosaad M, Moselhy M, Osmanzai
M, et al., 2011. Delivering rust resistant wheat to
farmers: A step towards increased food security.
Euphytica 179: 187-196.

Kumar K, Jan I, Saripalli G, Sharma PK, Mir RR, et al.,
2022. An update on resistance genes and their use in
the development of leaf rust resistant cultivars in
wheat. Frontiers in Genetics 13.
DOI: 10.3389/fgene.2022.816057.

J Appl Res Plant Prot

o Ol dras (cenlpl el uaige 5 Sl
3 SIS L] slal s a8 blsay ele cliiss

Jze 5l G onl g1yl sladi jo 09d 0 (555wl 2,5
5 Yoo Yo YoFYAY ool Sliion slaogs,y ol Lael

Malihipour A, Ebrahimi-Meymand E, Mostafavi K,
2020a. Investigation on effectiveness of wheat stem
rust resistance genes and the latest response of wheat
genotypes from the cold agro-climatic zone of Iran to
the disease. Iranaian Journal of Plant Pathology 56:
69-97 (In Persian with English abstract). DOI:
10.22034/ijpp.2020.43624.

Malihipour A, Esmaeilzadeh Moghaddam M, Najafian G,
Roustaei M, Najafi Mirak T, et al., 2020b. Iranian
Wheat Cultivars (Released from 1931 to 2019).
Nashr-e Amouzesh-e Keshavarzi, Karaj, Alborz
Province, Iran. 172 pp.

McDonald BA, Linde C, 2002. The population genetics
of plant pathogens and breeding strategies for durable
resistance. Euphytica 124: 163-180.

Mclintosh RA, Dubcovsky J, Rogers J, Morris C, Xia XC,
2017. Catalogue of gene symbols for wheat.
Available at:
https://shigen.nig.ac.jp/wheat/komugi/genes/macgene/
supplement2017.pdf.

Mcintosh RA, Wellings CR, Park RF, 1995. Wheat
Rusts: An Atlas of Resistance Genes. CSIRO
Publications, Victoria, Australia. 200 pp.

Mojerlou Sh, Safaei N, Abasi Moghadam A,
Shamasbakhsh M, 2012. Evaluation of some lIranian
wheat landraces resistance against stem rust disease at
seedling stage in the greenhouse. Journal of Plant
Protection 35: 69-82 (In Persian with English
abstract).

Najafian G, Amin H, Afshari F, Pazhoumand ME,
Dadaeen M, et al., 2010. Parsi, a new bread wheat
cultivar, resistant to stem rust (race Ug99) with good
bread making quality for cultivation under irrigated
conditions of temperate regions of Iran. Seed & Plant
Improvement Journal 26: 289-292 (In Persian with
English abstract).

Najafian G, Bakhtiar F, Nazeri A, Afshari F, Ghandi A,
et al.,, 2018. Rakhshan, new bread wheat cultivar,
with high grain yield potential, resistance to wheat
rusts and good bread making quality and suitable for
irrigated conditions in temperate agro-climatic zone
of Iran. Research Achievements for Field &

$



https://shigen.nig.ac.jp/wheat/komugi/genes/macgene/supplement2017.pdf
https://shigen.nig.ac.jp/wheat/komugi/genes/macgene/supplement2017.pdf

\Ad

S slo Y U1 Gldz g g o

Horticulture Crops 7: 31-47 (In Persian with English
abstract).

Najafian G, Khodarahmi M, Bakhtiar F, Nikooseresht R,
Nikzad AR, et al., 2017. Baharan, new bread wheat
cultivar, tolerant to terminal drought with good bread
making quality, recommended for irrigated conditions
of temperate regions of Iran. Research Achievements
for Field & Horticulture Crops 6: 1-11 (In Persian
with English abstract).

Nazari K, Mafi M, 2013. Physiological races of Puccinia
graminis f. sp. tritici in Iran and evaluation of
seedling resistance to stem rust in Iranian wheat
cultivars. Phytopathologia Mediterranea 52: 110-
122.

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

Newcomb M, Olivera PD, Rouse MN, Szabo LJ, Johnson
J, et al., 2016. Kenyan isolates of Puccinia graminis f.
sp tritici from 2008 to 2014: Virulence to SrTmp in
the Ug99 race group and implications for breeding
programs. Phytopathology 106: 729-736.

Njau PN, Wanyera R, Singh D, Gethi M, 2011. Release
of stem rust resistant varieties for commercial
production in Kenya. In Proceedings of the 8"
International Wheat Conference, 298. St. Petersburg,
Russia.

Olivera PD, Newcomb M, Szabo LJ, Rouse M, Johnson
J, et al, 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: 917-928. DOI:
10.1094/phyto-11-14-0302-fi.

Olivera PD, Sikharulidze Z, Dumbadze R, Szabo LJ,
Newcomb M, et al., 2019. Presence of a sexual
population  of Puccinia graminisf.  sp. tritici in
georgia provides a hotspot for genotypic and
phenotypic  diversity. Phytopathology 109: 2152—
2160. DOI: 10.1094/PHYTO-06-19-0186-R.

Omrani A, Roohparvar R, 2021. Occurence of the
TTKSK (Ug99) race of Puccinia graminis f. sp. tritici
from northwest of Iran (Hashtrood region). Journal of
Applied Research in Plant Protection 10: 91-93.

Omrani A, Aharizad S, Roohparvar R, Khodarahmi M,
Toorchi M, 2017. Identification of stem and leaf rust
resistance genes in some promising wheat lines using

molecular markers. Crop Biotechnology 15-25 (In
Persian with English abstract).

Omrani A, Aharizad S, Roohparvar R, Khodarahmi M,
Toorchi M, 2018. Virulence factors of wheat stem
rust (Puccinia graminis f. sp. ftritici) isolates and
identification of resistance sources in CIMMYT
wheat synthetic genotypes. Journal of Crop Breeding
10: 84-93 (In Persian with English abstract).

Patpour M, Nazari K, Alavi SM, Mousavi A, 2014a.
Detection of resistance sources to Iranian prevalent
stem rust races in commercial wheat cultivars. Seed
and Plant Improvement Journal 30: 133-154 (In
Persian with English abstract).

Patpour M, Nazari K, Ogbonnaya F, Alavi SM, Mousavi
A, 2014b. Phenotypic and molecular characterization
of resistance to stem rust in wheat cultivars and
advanced breeding lines from Iran and Syria. Crop
Breeding Journal 4: 1-14.

Peterson RF, Campbell AB, Hannah AE, 1948. A
diagramatic scale for estimating rust intensity of
leaves and stem of cereals. Canadian Journal of
Research, Section C 26: 496-500.

Pretorius ZA, Singh RP, Wagoire WW, Payne TS, 2000.
Detection of virulence to wheat stem rust resistance
gene Sr3l in Puccinia graminis f. sp. tritici in
Uganda. Plant Disease 84: 203.

Roelfs AP, Martens JW, 1988. An international system of
nomenclature for P. graminis f. sp. tritici.
Phytopathology 78: 526-533.

Roelfs AP, Singh RP, Saari EE, 1992. Rust Diseases of
Wheat: Concepts and Methods of Disease
Management. Mexico, D.F. CIMMYT. 81 pp.

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

Safavi SA, Malihipour A, 2020. Partial resistance of
some wheat cultivars and candidate lines against stem
rust (Puccinia graminis f. sp. tritici). Plant Protection
43: 31-52 (In Persian with English abstract).

Saremirad A, Bihamta MR, Malihipour A, Mostafavi Kh,
Alipour H, 2021. Evaluation of resistance of some
Iranian spring bread wheat cultivars to stem rust
disease at seedling stage. Seed & Plant 36: 383-401
(In Persian with English abstract).

Schumann GL, Leonard KJ, 2000. Stem rust of wheat
(black rust). The Plant Health Instructor DOI:
10.1094/PHI-1-2000-0721-01.

J Appl Res Plant Prot

$




AF-Y) FYO-FYY «(F) VY gﬂﬂ/go/z«f).) (5",&’)5(5&@*‘”})’?

Ty

Sharif Gh, Bamdadian A, Daneshpajoh B, 1970.
Physiological races of wheat stem rust in Iran (1965—
1970). Journal of Applied Entomology &
Phytopathology 6: 73-100 (In Persian with English
abstract).

Singh RP, Hodson DP, Huerta-Espino J, Jin Y, Bhavani
S, et al., 2011. The emergence of Ug99 races of the
stem rust fungus is a threat to world wheat
production. Annual Review of Phytopathology 49:
465-481.

Singh RP, Hodson DP, Huerta-Espino J, Jin Y, Njau P, et
al., 2008. Will stem rust destroy the world's wheat
crop? Advances in Agronomy 98: 272-309.

Singh RP, Hodson DP, Jin Y, Lagudah ES, Ayliffe MA,
et al., 2015. Emergence and spread of new races of

wheat stem rust fungus: continued threat to food

.org/licenses/by-nc/2.0/)

QOB

security and prospects of control.

Phytopathology 105: 872-884.

Stakman EC, Stewart DM, Loegering WQ, 1962.
Identification of physiologic races of Puccinia
graminis var. tritici. Agricultural Research Service
E617. United States Department of Agriculture,
Washington DC., USA.

Wanyera R, Kinyua MG, Jin Y, Singh RP, 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.

genetic

This is an open access article under the CC BY NC license (https://creativecommons



