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Monitoring the virulence factors of Puccinia triticina, the causal agent of wheat leaf rust, in
Iran during the cropping years 2022-2023
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Abstract

Wheat leaf rust caused by Puccinia triticina is the most important wheat disease in terms of its wide distribution and yield loss in the
world. To investigate the virulence factors of P. triticina in Iran, the present research was carried out in several locations including
Karaj, Gorgan, Sari (Ghaemshahr), Kelardasht, Ardabil, Moghan, Boroujerd, Ahvaz, Dezfoul, and Kermanshah. In this research, 39
Near isogenic lines (NILs) developed from the wheat cultivar Thatcher and each carrying a specific leaf rust resistance gene/s were
examined under natural disease infection during the two years 2022-2023. At the full opening of flag leaf stage and after uniformity
in disease emergence on the susceptible cultivar, disease severity and infection type were scored based on the modified Cobb scale
and Rolfes et al. respectively. In this study, reactions of 50S and higher were recorded as virulence for the contaminated lines. Based
on the isogenic lines reactions in different locations in 2022, no virulence was observed on Lrl, Lr2a, Lr3ka, Lr10, Lr11, Lr12, Lr14b,
Lrl7, Lr18, Lr19, Lr20, Lr21, Lr22a, Lr29, Lr32, Lr33, Lr34 and the gene Lr37 and in 2023 no virulence was observed on Lr9, Lrl7,
Lr18, Lrl9, Lr22a, Lr29 and the Lr30. Based on two-year results of isogenic lines in different locations, no virulence was observed
on the genes Lr17, Lr18, Lr19, Lr22a and Lr29 gene combination in the study areas during the two years of isogenic lines and then
identified as effective genes for wheat rust disease. Virulence was observed on plants carrying other resistance gene/s, at least in one
location tested, indicating ineffectiveness of the gene/s to leaf rust in that location.

Keywords: Resistance genes, Trap nurseries, Virulence/avirulence, Wheat brown rust.

How to cite:

Dadrezaei ST, Omrani A, Tabatabaeifard SN, Dalvand M, Safavi S, Dehghan MA, Allahassani E, Tabib-Ghaffari SM,
Nazeri A, Malekpour F, Hassan-Bayat Z, Fallahi HA, Nabati E, Safaei D, 2024. Monitoring the virulence factors of
Puccinia triticina, the causal agent of wheat leaf rust, in Iran during the cropping years 2022-2023. Journal of Applied
Research in Plant Protection 13 (3): 319-331.


https://dx.doi.org/
mailto:Tahareza2000@yahoo.com
mailto:Tahareza2000@yahoo.com
mailto:Tahareza2000@yahoo.com

Y-

e gl syl syl Linl / ol e 5 5,0l

i ab ololis pes Jlo , 35 V) 5 csgsl YA 5 Jsl
Slshd L) PKTTT 5 (aoys YV Jll3 L) PKTTS (slaslss
Ol oy o eal aSlil ol yasls (ceye VA
Lr9 o Lrl9 Cuslie slaoy Job> S8 slany ol
28l 5 Wos pslie addlas 550 slaaslar plo & cos
.(Dadrezaei et al. 2022) a.is osalice oyl g9,

ke a5 aes o olas Potriticina ol Jdew g 450
5 Oyzles sl 95z g0 Blaz ol 50 5l510 55 5l YL
b oog 58 9 duax sbaoodli sl joel (bl Je 5l e
3900 0 lpl e (Kolmer 2001) wib oo axslisl slecs
LS (55 2 45 WWVY Jlu 53 3,5 55 plge 5 oo ol
S5 g el )il oM puS o3, wibe YI9 o5 el
05 b pslie GlapaiS (55, 2 WWAY JLo jo a5 guox
35 5 Ug99 ol o0l 5 ooty 5,051, olyex aiile YP27
Oorlos by i sboosly ale> 51 VYAZ Jlo s ol
Afshari et al. 2003; Dadrezaei et al. ) ool o (ol
(2017

e e 2V Ol 4 )3l LB 5 LS
WSS oo wlgi wa il slesls g andls sk co Ll 5
Wade S |y (e ogzge sloolp @i g SlglB
Mcintosh & Brown 1997; Hovmgller et al. 2016; )
ol ul cpl 4 a>g5 L (Malihipour & Najafian 2023
O g Seaglie slagys 9,2 ol Jule @B 5050
shls adhio S 0 gl Jole Comex S5 LsLe
b o ploil gaios ol ol ol ol oo g0l ool
Slorr Jole Comaz 5l3T 0 lag) o 50 el (e
) posS Hge Caglio glagys ool Ol o oy g
Sl ghls a5 LBl Aol gz jo ol 5l slels
39,5 oolaiwl s ol); cunlio

) 9 0lge
SVEY g VPN el e o b e ol
slaaliz cals b oacyio (amb (Sogll bulpl jo 5 V¥4
OB Jols (9iS 50 puiS CuiS pge adlaie V0 4l
‘C; ‘uLbc sJ.:.gd)‘ ‘CA.«:::JQ))L{ ‘()‘Q’“’ij) 6)L""’ ‘Jﬁ'éj‘b ‘)‘9’“‘
SNl 5 oLl Slaseioe ys,S Lol olisle S o5,
ol sl Joe 65,5laS Sliios lackiin] (oalislga
oS S50 Loy slagn¥ 5 T,a5T a5 31,281 0¥ YA ol

doddlo

S S Sk glsd Ky eSS Ol 0
Ll 5l s 5 o ol Puccinia triticina Eriks. z )8 Lawgs
S S35 G Fpetes s 5 D)l (e g (SasSTy Sy
.(Huerta-Espino et al. 2011; Kolmer 2013) 55, - Lo
1005 G e slaed) 5o lew orl )l e
Solewm on! ! ,o (Ordofiez et al. 2010) coul oo 5,91 5
Gy ol I3 0y Ky ilen Sl ool Ll
Torabi et al. ) asb oo yiion 0,5 S5 51 o) Sops
(2001

2 Solem Jule g8 S5 S50 (erewy Slalllas
Near Isogenic ) il Lo a5 sl cpY odei b Lis pul
Johnston & ) (Wichita) Lizwg o3, ;I eolawl L (Lines
26 o3, 5l eolitul L V33 ans )5 upw 9 (Heyne 1964
05 S, lads a5 (Dyck & Samborski 1968) (Thatcher)
oy ploeil 4 canzils M pa b (sloged S5 4 Canglio
3 Slogtd 55 a4y Comd Cunglie (5 A 5l G 556 ]
sbiol 4 dayys cpl gl 5 cal sald Hlulils pusS
Lr78 o Lr77 {Lr75 Lr74 [Lr68 Lr67 [Lr46 L34 slo.;
wited JolS oLS U colaisl pé Caglie slagys g5 5l a5
Ngyeo slediy azal S b polais] Cuglio slagy; g5 4y
Qureshi 2017; Zhang et al. 2020; Kumar et al. 2022)
.(Mclntosh et al. 2014;

2 Sl Jele 2,6 5 sas Slalis slasls ol
Rin3 4 Rin2 (Rinl 167 143 122 64 57 slaols ,eis
Lr25 4 Lrll Lr3a dr2c cuglie o)y g5, a5 diog
35 &9y &oliln aw (Bamdadian 1973) axiils (o)1,
3 5 9aS bli S 0 YYYO o VWYF sl Lo b Lr9
Torabi et al. ) oi walie liwjes o Las VWYA Jl
Lr10 Lrb slays g9y ©lilp 992y Cpezen (2003
Cowl 0als 5,155 Lr37 4 Lr35 [Lrl8 [Lrldb Lrlda Lrl2
5o oads plil gumy slo ow, o .(Mahdian et al. 1999)
ALr1l Lr10 Lr3bg Lr3a Lr2c Lrl logys 59,0 yiS
LrB ¢ Lr33 Lr20 Arl8 Arl6 Lrl5 ALrldb Lril3
Lr9 Lr3ka Lr2a slagys Jol> ols Ll os oss 51515
Lr32 Lr30 Lr29 Lr28 Lr26 Lr25 Lr23 Lrl9 Lrlda
Sols ol Caglie 28Ty (5 lom Jole 7,6 ol 5 L1364
90 Buhiz G 40 Cpizren (Afshari 2008) ssls o115
Jlo 5o o5 Y 5 sl Yo ATAV-AA le L o dlls

J Appl Res Plant Prot

$




OFT) VAT (V)Y S ales 0 eo )5 sla g

v

JFeem I Fe) sy o qulis

aibhio Jloz )0 sloged S5 VFre—) (olyy Jlo o
57 sebusl Llpd Jdoay Jao)l 5 olisle)S w0y 90 @5
Jedoar i Sl NS adlaie o 0,0 oy Sliz asess
Lig LS oS,y plod iy 5 b 55 (6 lam S
2l s S8l slacnY 69, slosd Sy ol
Clo DS e caly gl axwy ciolel slacaiels
o5 Jel> 3181 Y (g5, 40MS sud cod wad Slas
ol glaals gzl cuyd lhae b oo Lr30
9 e0d pll (Siale 5 Sl (ol Ll 5 50 Al sladil>
5 Jsdyo lsal ailie an o 4ol 4 axgi b (Jle e 0
5 pB)) Caglie bl slaailiz LS o 4l slaailis (55
Siule kil 0 &5 glan 4 Cond olpay SlagY
250 cod j Al slaailys wasils L8 ol pll egiae
050 e slacadgilh b egtae Giule peiies 2
Ol g (g lw adlate g0 0 .08 )F (18 by Jiasle ;o eolaul
a8 sl gl (Fosll Lyl 5 (6 Lo

dibie [0 ols cwyp 3l odel Cavods bl wlul
Lr24 4Lr23 [Lrlda Lr2c Lr2b Lr22b o)y 59, jls2l
Lr24 Lr23 Lrl6 Lrl5 Lr3 Lr2c slayys g, J9850 o
4,0 Lr36 ¢ Lr35 dLr28 .Lr10/Lr27+/Lr31 Lr26 Lr25
b 5o L35 5 Lr30 Lr26 cusslin slasys o3, 5,5
Gy Ol ,o 5 Lr28 5 Lr26 Lr25 Lr24 clays s,
Lr26 ALr25 Lrl5 Arlda Lr13 Lr9 Lr3bg sley;
i ssalice (5,131, LI36

S35 S lew 4 S Bl sla Y lados 4525 )
Sl 5 B w5yl oI5, lsal 55 Sblie slosed
(20,5 YV sgam) BLzsl ¥ Y Aoy el e o
3995) edgiy V) wuad Cowlus 1aSly gblie celed jo
olis Jsd LB Cosslie 28Ty sblie sslod o (o5 YA
P o (hoye BV sgas) Sl slappy b sosls
s 5o @ble (B )0 5 Cueglie 25Ty lls bl
IR YVRLION IWESAL Y

J Appl Res Plant Prot

Oy Wz b Se el plaS e g sl 4 12U 63,
Sype il o paiF losed 55 il 0 Laseie Casslie
2o eSOV Ol el e 5l S IS
Vooaolb bty o 69, 9 e S0 b3 9o,
R R R e LB Rt
oamd £9ed plyear (Vo ol 08) 5 (el 4l
3 Sogdl mad 5l gl cslesl e I cuS (g ke
Solem ok )3 GBI 5l oz Sp b Al s
G wo)d i Bk 5l (V) wles o3, 692
w55 ool ol gy el (=10 0) Sy gl gody]
(Peterson et al. 1948) (The Modified Cobb Scale)
Roelfs et al. (1992) g, wlolp Sogdl s (uimen
1l ploxl hS gy

e 4gSama g cgas = O

b gl H0eb 9 559,55 slaasd joel cpglie = R
Sy 5 ) slagis>

S Ky Sz sbeher b pslie 4 = MR
Sloass ablol S3s,1S als 5 Sy, sloas) als,

dasgie il obbisr el «elamdas = MS
(SS9 S laaST Lol o (210 S055,S5 slaasd (g0

5 Olgl Jladeds K55 S5 slagtex 3929 (wla = S
Gl 5o daas) Gl b olyen (BB 5 S55)S slaasd g
(1) @lissler olsiear 50S 51 5V (Sogll «(om)
b ehte addllas 9550 sla) 59,

Sy S Glacsss slades apes plxl cee
5 O0d) o (6,03l Slio Loluly ookl 550 (slosed
YY a5 SPSS 13816 5 g (Ward) o)ls (b, 5l ((Sogll s
90,5 solazwl

S ooy S 5 sliln sleyest b b
e Gble ;o puiS loged 55 rler ole @y S
2 e 1F Ve Vg VFeeme el L g0 (b jsaS
el 00 03,51 ¥ 5 ¥ o lad Jglor
Ceaglie slagyy Jol (B8 slocn¥ sladss e )
Font 9 Foe allaz ooy F j0 2STy ulaly (128l

$




vyy w2l il sloysE il / ol (e 5 Hlo,ob

\f’ ’*\f’ \ 59‘)) Jl.w )Q 0)5).: Lg‘)'>‘ J.?LA ‘SJLA.AZJ:.) 6&0&,‘.}‘ ‘S?AA)L) 9 Leé uA.i)lM s‘s:L.Sl),x} ULAW ‘ J,u\?
Table 1. Geographic coordinates, average temperature and rainfall of the research stations where the project was implemented in 2022.

Feb-22 Mar-22 Apr-22 May-22 Jun-22
Research station  latitude Longitude  Above sealevel °C (mean) Precipitation °C (mean) Precipitation °C (mean) Precipitation  °C (mean) Precipitation °C (mean)  Precipitation
Ahvaz 31°18"  48°38' 17 13.9 26 18.8 38 26.7 0 311 3 38.2 0
Dezful 32°14"  48°26' 80 121 50 16.3 32 22.6 2 27.4 5 35.7 0
Kermanshah 34° 16 46° 50 1380 31 50 74 37 14.6 35 174 68 26 2
Borujerd 33° 50 48° 47 1520 3.2 100 8.2 57 141 13 17.2 27 254 0
Ardabil 38°10"  48°23' 1367 0.2 39 3.6 42 10.1 37 12.6 61 19.1 14
Moghan 39°59"  47°91' 72 5.6 24 6.7 69 12.8 22 18.2 28 24.7 24
Karaj 35747 50° 55' 1258 25 75 8.3 52 14 33 18.4 45 25.9 2
Kelardasht 36° 30 51° 10 1250 10.4 102 10.2 121 14 82 17.3 123 22.6 50
Karakhil 36° 29 52° 46" 14 7.9 80 10.8 62 14.6 31 18.2 52 241 7
Gorgan 36° 54 54° 25" 5 9.2 99 115 53 15 42 18.5 89 25.1 4

\f’ \—\\C~Y ‘5C|)) JLAAJ )d 0)5).1 L§|)'>‘ J.?m LS.\LLQ_?D 6Lb om‘ G?..\J)l; 9 Lo u.aial.uo Y Js&
Table 2. The average temperature and rainfall of the research stations where the project was implemented in 2023.

Feb-23 Mar-23 Apr-23 May-23 Jun-23

Research station °C (mean) Precipitation °C (mean) Precipitation °C (mean) Precipitation °C (mean) Precipitation °C (mean) Precipitation
Ahvaz 12 65 19.6 74 21.4 64 31 5 37.7 0
Dezful 11 143 17.8 113 19.2 181 27 4 345 0
Kermanshah 1.6 41 9.9 101 117 85 16.9 69 23.7 11
Borujerd 1.7 122 8.8 69 11.8 67 174 7 23.8 9
Ardabil 0.6 25 8.2 64 10.5 34 14.2 64 19.2 30
Moghan 3.7 18 11.2 18 14.6 28 185 52 25.9 29
Karaj 0.5 99 9.3 110 131 61 19.3 28 25.6 25
Kelardasht 8.2 134 12.7 76 14.8 121 17.9 169 23.8 67
karakhil 6.6 79 124 29 15.3 55 19 72 251 51
Gorgan 7.2 47 30 16.4 40 20 79 26.4 27
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Table 3. The reactions of trap nurseries genotypes to the agent of wheat leaf rust disease in cropping year 2022,

Location

No. Name/Pedigree Lr genels Dezful Kelardasht Sari Moghan  Gorgan Ahvaz
1 Thatcher Lr22b 20MS  30MS 0 40S 0 50S

2 TC*6/CENTENARIO (RL6003) Lrl 30MS  30MS 20S 30S 20MS 40S

3 TC*6/WEBSTER (RL6016) Lr2a 20MS 10MS 20MS 10MS 10MR 20MS
4 TC*6/CARINA(RL6019) Lr2b 30MS 10MS 20MS 30MS 10MR 50MS
5 TC*6/LOROS(RL6047) Lr2c 50MS 10MS 10S 40S 40MS 60S

6 TC*6/DEMOCRAT(RL6002) Lr3 50MS 20MS 10S 20S 20MR 40MS
7 TC*6/ANIVERSARIO(RL6007) Lr3ka 30MS  10MS 308 30S 0 40S

8 BAGE/8*TC(RL6042) Lr3bg 30MS  10MS 20MS  50S 0 40S

9 TRANSFER/6*TC(RL6010) Lr9 30MS 5MS 10MR 50S 0 30MS
10  TC*6/EXCHANGE(RL6004) Lr10 30MS  5MS 20S 40MSS 0 40MS
11 HUSSAR(W976) Lril 30MS 20MS 20S 30MS 0 40S
12 EXCHANGE/6*TC(RL6011) Lr12 30MS 5MS 30S 30MSS 0 40MS
13 MANITUOU Lri3 20MS  5MS 20MS 60MS 20MS 40MS
14  SELKIRK/6*TC(RL6013) Lrlda 20MS  20MS 20S 60S 0 50S
15 TC*6/MARIA ESCOBAR(RL6006) Lrl4b 20MS 5MS 30S 40MSS 10MR 20MS
16 TC*6/KENYA1483(RL6052) Lr15 50MS TMS 30S 70S 20MS 30MS
17 TC*6/EXCHANGE(RL6005) Lrl6 50MS 20MS 40S 30MSS 10MR 40MS
18 KLEIN LUCERO/6*TC(RL6008) Lrl7 10MS 20MS 30S 25MS 10MS 30S
19 TC*7/AFRICA43(RL6009) Lrl8 5MR 5MS 30S 30MR 0 30MS
20 TC*7/TR(RL6040) Lr19 0 0 20MS 0 10MS 10R
21 THEW(W203) Lr20 10MS 0 20S 20MR 0 30MS
22 TC*6/RL5406(RL6043) Lr21 10MS 0 20MS TMS 0 40MS
23 TC*6/RL5404(RL6044) Lr22a 10MS 5MS 20S 5MS 0 30MS
24  LEE310/6*TC(RL6012) Lr23 50MS  TMS 308 15MS 0 60S
25  TC*6/AGENT(RL6064) Lr24 50MS  5MS 508 40MSS 20MS 50S
26 TC*?TRANSEC Lr25 708 10MS 508 50S 40MS 40S
27  TC*6/ST-1-25(RL6078) Lr26 508 30MS 508 50S 50MS 40S
28 GATCHER(W3201) LT soms o 0 15MS  20MS  20MS
29  CS2D-2M Lr28 50MS  40MS 50S 45S 20MS 30S
30 TC*6/CS7TAG#11(RL6080) Lr29 10MS 30MR 0 20MR 30MS 10MR
31 TC*6/TERENZ10(RL6049) Lr30 20MS  40MS 30S 40MSS 50S 40S
32 TCLR32(RL5497) Lr32 30MS 10MS 20S 45MSS 20MS 40S
33 TC*6/P158548(RL6057) Lr33 30MS 5MS 30S 30S 10MR 40S
34 TC*6/P158548(RL6058) Lr34 10MS 10MS 0 40MS 0 10MS
35 RL5711 Lr35 50S 0 40S 45S 70S 40S
36  E84018(NEP/AE.SPELTOIDES.2-9-w... Lr36 5S 20MS 30S 50S 10MS 40S
37 TC*6/VPM(RL6081) Lr37 20MS 0 0 20S 10MR 40MS
38  TC*6//CARINA(RL6051) Lrb 30MS  5MS 0 40S 20MS 40S
39 WL711 Lrl3 10MS 5MS 0 50S 10MR 30S
40 Thatcher - 30MS 20MS 40S 40S 20MS 40S
41 Bolany - 90S 70S 60S 80S 60S 100S

ey ol (ST 5 dien (APR) obS Lol al> 1o b ¢l
or vz n Srosd 5l g ol b5 al> e il
Ol b wigdisad ol szl al s )0 b Loy onl wis
Ly podle Wb @mls 4 slle o W Wil o3>
5 il oley o ol Al pe 4 dusb; 5 o) asxe
Mclntosh et al. 2014; Huerta-Espino et al. ) o, a>4

.(2020; Kumar et al. 2022

coi ssy Gliln eslie o oglis s LY¥s

6)1.4.3.3 J.oLs: C)LS é)bﬁdjj_oj LngJza 9 Slass 5o QjLé.‘{
2 g 0ad plxil polae g Al 12 (6,10 pdiges Cul p3Y il
Saslaez Sisyse (e o 5l (S5 slaaises b Lo
oS 5 lazalsS al>yo 50 (o )l3Tn amalio ;0 Geizman 25l
Lrl12 caglie slacys a5 cuils axg 50 &SSO cpl & JolS
al> o gl Lr37 4 Lr35 [Lr34 [Lr22a Lr22b Lrl13

J Appl Res Plant Prot

$




YYs

e gl syl syl il / ol e 5 s ,0l

AFN-NFY ey o jo Gloged S5 6 lewm Jole 4y Cond 4l sl lacaissy (Sl . F Jousr
Table 4. The reactions of trap nurseries genotypes to the agent of wheat leaf rust disease in cropping year 2023.

Location

No.  Name/Pedigree Lrgene/s Dezful Ahvaz Gorgan Sari Kelardasht Moghan Ardabil
1 Thatcher Lr22b 50MS  80S 70S 80S 10MS 90S 30S

2 TC*6/CENTENARIO (RL6003) Lrl 60S 90S 80S 30S 10MS 70S 20S

3 TC*6/WEBSTER (RL6016) Lr2a 40MS  70S 50S 20MR 0 20MR 20MS
4 TC*6/CARINA(RL6019) Lr2b 60S 70S 40S 15MR R 30MR 10MS
5 TC*6/LOROS(RL6047) Lr2c 70S 70S 60S 5MR  30MS 90S 10MS
6 TC*6/DEMOCRAT(RL6002) Lr3 50MS  70S 80S 10MR 20MS 60S 10S

7 TC*6/ANIVERSARIO(RL6007) Lr3ka 60S 70S 70S 5MR  5MS 50S 20MS
8 BAGE/8*TC(RL6042) Lr3bg 50-60S 50S 70S 0 0 70S 40S

9 TRANSFER/6*TC(RL6010) Lr9 R R 0 0 R 10MR 10R
10  TC*6/EXCHANGE(RL6004) Lr10 50-60S 90S 100S 5MS  15MS 90S 20S
11 HUSSAR(W976) Lril 60S 70S 70S 5MS  5MS 80S 20S
12 EXCHANGE/6*TC(RL6011) Lr12 60S 40MS  100S 5MR  20MS 80S 20MR
13 MANITUOU Lr13 70S 40MS  70S 30MS 5MS 60S 30S
14 SELKIRK/6*TC(RL6013) Lrlda 60MS  60S 70S 10MR 5MS 50S 20S
15 TCT6/MARIA Lridb 70 70S  60S  15MR 20MS 60S 20MS

ESCOBAR(RL6006)
16 TC*6/KENYA1483(RL6052) Lr15 60-70S 70S 80S 5MR  5MS 70S 20S
17 TC*6/EXCHANGE(RL6005) Lrl6 40MS  50MS  30S 5MR  20MS 30MS 20MS
18  KLEIN LUCERO/6*TC(RL6008) Lrl7 40MS  30MS 20S 5MR  20MS 20MR 20S
19  TC*7/AFRICA43(RL6009) Lrl8 R 30MS 20MS 5MS  5MS 20MR 20MS
20  TC*7/TR(RL6040) Lr19 0 30MR 30MS 0 0 5MR 10MR
21 THEW(W203) Lr20 R 50MS  40S 5MR 0 15MR 20MS
22 TC*6/RL5406(RL6043) Lr21 R 50MS 0 5MS  20MS 20MS 30S
23 TC*6/RL5404(RL6044) Lr22a TMR 40MR 0 5MR R 20MR 20MS
24  LEE310/6*TC(RL6012) Lr23 50S 70S 80S 5MS  5MS 30MS 30MS
25  TC*6/AGENT(RL6064) Lr24 70S 90S 70S 30MS 20MS 40MS 20S
26 TC*?/TRANSEC Lr25 70S 90S 50S 20MS  30MS 40MS 20S
27 TC*6/ST-1-25(RL6078) Lr26 70S 70S 50S 15MR 10MS 50S 20R
Lr10,
28 GATCHER(W3201) Lr27+ 10MS  40MS 50S 5MR 0 20MR 20MS
Lr31

29  CS2D-2M Lr28 50S 40MS  50S 30MS 10MS 30MS 20R
30 TC*6/CSTAG#11(RL6080) Lr29 20MS 40MR 20MS 5MR  30MS 20MR 20R
31 TC*6/TERENZ10(RL6049) Lr30 20MS  40MS  40S 20MS  30MS 40MS 20MS
32  TCLR32(RL5497) Lr32 30MS 60MS 60S 5MR  30MS 50MS 40S
33  TC*6/P158548(RL6057) Lr33 40MS  50MS  60S 15MR 30MS 30MR 30S
34  TC*6/P158548(RL6058) Lr34 10MS  30MR 50S 5MR  10MS 20MR 20MS
35 RL5711 Lr35 50MS  90S 100S 5MR  10MR 50MS 30S
36 OIVIBINEPIARSPELTOIDESZ: 136 505 905 60S  5MR  40MS 60S 308
37 TC*6/VPM(RL6081) Lr37 40MS  70S 70S 10MS 10MR 70S 30S
38 TC*6//CARINA(RL6051) Lrb 50S 90S 60S 30MS 10MS 50S 20MS
39  WL711 Lr13 40MS  90S 50S 5MR 0 40S 20MS
40  Thatcher - 50MS  90S 80S 5MS  10MS 80S 20MR
41  Bolany 90S 100S  100S 10MS  30MS 100S 30S

0: Immune, R: Resistant, MR: Moderately Resistant, MS: Moderately Susceptible, S: Susceptible.
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Figure 1. Cluster analysis of differential lines with respect to brown rust pathogen in Dezful, Ahvaz, Gorgan, Sari,
Kalardasht and Moghan regions in the crop year 2022.
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Figure 2. Cluster analysis of differential lines with respect to the brown rust pathogen in Dezful, Ahvaz, Gorgan, Sari,
Ardabil, Kalardasht and Moghan regions in the crop year 2023.
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