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Abstract

The emergence and rapid spread of virulent races of wheat rusts has driven a search for sources of resistance for durable
resistance. Slow rusting resistance, a kind of race-nonspecific resistance, has been reported to be more durable. In this study
in order to identify possible sources of durable stem rust resistance between elite wheat lines, slow rusting parameters
including coefficient of infection (Cl), final rust severity (FRS), apparent infection rate (r) and relative area under disease
progress curve (rAUDPC) were evaluated in a set of forty-six wheat lines along with susceptible control (mixture of McNair
and the line CD-90-12) in 2015-2016 and 2016-2017 cropping seasons. This study was conducted in field plots at Ardabil
Agricultural Research Station (Iran). All lines were evaluated under natural infection conditions against race population
having virulence to resistance genes; Sr25, Sr5, Sr6, Sr7a, Sr23, Sr28, Sr29, Sr30, Sr33, Sr34, Sr37, SrDP2, SrGT, SrPL,
SrWLD, SrH and SrTmp. Results of evaluations for resistance parameters showed that the lines M-93-13, M-93-14, M-93-16
and M-93-20 had low level of Cl, FRS, r and rAUDPC so were considered as lines having high levels of slow rusting
resistance. The lines C-93-10, C-94-6, C-94-8, CD-94-6, M-93-3, M-93-12 and M-93-18 had moderate level of slow rusting
and 25 lines with high values of CI, FRS, r and rAUDPC were grouped as lines having low level of slow rusting resistance.
The rest lines without slow rusting resistance were considered as susceptible group. The lines with high and moderate levels
of slow rusting resistance can be used in breeding programs or releasing new resistant cultivars.
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Table 1. Pedigree of elite wheat lines used for evaluation of slow rusting parameters against stem rust.

No. Line code  Pedigree/Parents

1 C-93-1 Oroum (Alvand//NS732/Her)

2 C-93-2 Zareh (130L1.11//F35.70/Mo73/4/Y mh/Tob//Mcd/3/Lira)

3 C-93-3 Mihan (Bkt/90-Zhong 87)

4 C-93-4 Nwaul5/Attila//Shark/F4105W2.1

5 C-93-5 Eryt 1554.90/MV17

6 C-93-6 Spn/Mcd//Cama/3/Nzr/4/Ald"s"/Snb"s"*2/5/0Opata*2/Wulp

7 C-93-7 Bow/Crow/3Rsh//Kal/Bb/3/Gun91l

8 C-93-8 Ji5418/Maras//Shark/F4105W2.1

9 C-93-9 Bluegil-2/BucuR//Sirena

10 C-93-10 Ajvina

11 C-93-11 Gul96/Shark-1

12 CD-93-5 Ji5418/Maras//Shark/F4105W2.1

13 CD-93-7 4WON-IR-257/5/Y mh/Hys//Hys/Tur3055/3/Dga/4/VVpm/Mos

14 CD-93-8 4WON-IR-257/5/Y mh/Hys//Hys/Tur3055/3/Dga/4/\Vpm/Mos

15 C-94-5 Ji5418/Maras//Shark/F4105W2.1

16 C-94-6 Charger/OWL 85224*-3H-*O-*HOH//Alvd

17 C-94-7 Shark-1/3/Agri/Bjy//Vee/4/Shark/F4105W2.1

18 C-94-8 Bluegil-2/Bucur//Sirena

19 C-94-9 0Or2071681

20 CD-94-4 4WON-IR-257/5/Y mh/Hys//Hys/Tur3055/3/Dga/4/Vpm/Mos

21 CD-94-5 Ga961565-27-6/La95283Ca-78-1-2

22 CD-94-6 Ald"s"/Snb"s"//Zrn*2/3/Y aco/Parus//Parus

23 CD-94-8 Shark-1/3/Agri/Bjy//Vee/4/Shark/F4105W2.1

24 CD-94-9 Zarrin/Shiroodi/6/Zarrin/5/0Omid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu

25 CD-94-10  Turkoaz

26 CD-94-11  Gaspard/3/Ald/Snb//Zrn

27 M-93-1 Parsi (Dove”s”/Buc”s”//2*Darab)

28 M-93-2 Sirvan (Kauz "s" / Azadi)

29 M-93-3 Baharan (KAUZ/PASTOR//PBW343)

30 M-93-4 WS-90-10 (Falat/Barakat/ 5/0mid/4/ Bb/Kal//Ald/3/Y50E/3*Kal/Emu)

31 M-93-5 WS-90-18 (CROC_1/AE.SQUARROSA (2247)//OPATA/3/PASTOR)

32 M-93-6 M-90-16 (SHARP/3/PRL/SARA/TSI/VEE#5/5/VEE/LIRA//BOW/3/BCN/4/KAUZ)

33 M-93-7 MV 17/2*Pishtaz

34 M-93-8 LUFER-1/KINACI97

35 M-93-9 BUC/PVN//MILAN/3/TX96V2427

36 M-93-10 Pishtaz*2/3/687 VD /Bayat//Vee"s"

37 M-93-11 Shiraz/SW89 1882//Kavkaz

38 M-93-12 WHEAR//2*PRL/2*PASTOR

39 M-93-13 WBLL1*2/KUKUNA*2//WHEAR

40 M-93-14 BABAX/LR42//BABAX/3/VORB

41 M-93-15 PASTOR/3/URES/JUN//KAUZ/4/WBLL1

42 M-93-16 WAXWING*2/HEILO

43 M-93-17 PRL/2*PASTOR*2//SKAUZ/BAV92

44 M-93-18 ALD/COC//URES/5/VEE/LIRA//BOW/3/BCN/4/KAUZ/6/SAUAL

45 M-93-19 SOKOLL*2/3/PASTOR//MUNIA/ALTAR 84

46 M-93-20 FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/5/ONIX

47 Check (Mixture of McNair and CD-90-12)
sl (¥ Jgax o) JS8) wisls flas wlas sals as ) Coxy g gL
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Figure 1. Distribution of different infection types (IT) against stem rust among elite wheat genotypes during the two cropping

seasons 2015-17 in Ardabil.
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Table 2. Means of slow rusting resistance parameters and infection types against stem rust in elite wheat lines.
Means of slow rusting parameters*

No. Line code Infection type? FRS Cl rAUDPC r

1 C-93-1 S 99 99 97 0.250
2 C-93-2 MSS 73 66 72 0.135
3 C-93-3 MSS 70 63 56 0.158
4 C-93-4 MS 60 48 37 0.176
5 C-93-5 MS 60 48 39 0.178
6 C-93-6 MSS 67 60 60 0.139
7 C-93-7 MSS 80 72 81 0.150
8 C-93-8 MS 57 45 43 0.148
9 C-93-9 MS 67 53 54 0.144
10 C-93-10 M 50 30 38 0.123
11 C-93-11 MS 63 50 57 0.138
12 CD-93-5 MS 53 50 39 0.188
13 CD-93-7 MSS 70 63 59 0.168
14 CD-93-8 MSS 67 60 60 0.220
15 C-94-5 MS 60 48 52 0.148
16 C-94-6 MS 47 38 33 0.137
17 C-94-7 MSS 67 60 55 0.180
18 C-94-8 MS 50 40 46 0.102
19 C-94-9 MSS 86 77 91 0.143
20 CD-94-4 MS 63 50 56 0.139
21 CD-94-5 MS 57 46 45 0.169
22 CD-94-6 MS 50 40 37 0.133
23 CD-94-8 MS 57 46 52 0.120
24 CD-94-9 MS 60 48 45 0.123
25 CD-94-10 MS 67 54 59 0.118
26 CD-94-11 MSS 73 66 72 0.107
27 M-93-1 MS 73 58 71 0.163
28 M-93-2 MS 60 48 55 0.110
29 M-93-3 MS 50 39 40 0.103
30 M-93-4 MSS 67 61 58 0.113
31 M-93-5 MSS 83 75 80 0.164
32 M-93-6 MS 60 48 49 0.129
33 M-93-7 MSS 73 66 71 0.135
34 M-93-8 MS 57 46 44 0.109
35 M-93-9 MS 63 50 56 0.114
36 M-93-10 MS 60 48 52 0.103
37 M-93-11 MS 60 48 50 0.120
38 M-93-12 MS 50 40 45 0.094
39 M-93-13 MR 27 11 21 0.067
40 M-93-14 MR 27 11 21 0.067
41 M-93-15 MS 57 46 49 0.105
42 M-93-16 M 30 18 25 0.092
43 M-93-17 MS 60 48 53 0.122
44 M-93-18 MS 50 40 43 0.092
45 M-93-19 MS 60 48 49 0.120
46 M-93-20 M 33 20 28 0.091
47 Check S 100 100 100 0.271

1: Slow rusting parameters including; FRS= Final rust severity, Cl=Coefficient of Infection, rAUDPC= relative Area under
disease progress curve, r= Apparent infection rate.

2: Infection types based on Roelfs et al. (1992). MR= moderately resistant, M= moderately resistant to moderately susceptible,
MS= moderately susceptible, MSS= moderately susceptible to susceptible, S= susceptible.
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Figure 2. Disease progress curve in susceptible genotype (blue) and lines having high level (red), moderate level (green) and
low-level slow rusting resistance (purple) against stem rust on three different disease recording dates.
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Figure 3. Classification of wheat elite lines based on slow rusting parameters against stem rust using cluster analysis.
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