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Abstract

Wheat yellow rust, caused by Puccinia striiformis f. sp. titici, is one of the most important and most destructive diseases
of wheat in many parts of Iran, which decreases crop yield in epidemic years. Host resistance is the most economical
method for the management of yellow rust and partial resistance (a type of quantitative resistance), proven to be more
durable than other types of resistances. In this study, partial resistance parameters including coefficient of infection (Cl),
final disease severity (FDS), relative area under disease progress curve (rAUDPC) and apparent infection rate (r) were
evaluated in a set of twenty-four wheat genotypes along with susceptible control during two crop years from 2015 to
2016. The research was conducted at Allarough Agricultural Research Station in Ardabil, under natural and artificial
inoculation conditions. Artificial infection of genotypes was performed using the yellow rust race population having
virulence for Yr2, Yr6, Yr7,Yr9, Yrl7, Yr22, Yr22, Yr23, Yr24, Yr25, Yr26, Yr27, Yr26, Yr27, Yr21, Yr21, Yr31, Yr32 and
YrSU resistance genes. Seedling response was also evaluated under field conditions. The evaluation of resistance
parameters showed that six lines were resistant at both seedling and adult plant stages. Eleven lines showed resistance
reaction at seedling stage, but moderate or susceptible reactions at adult plant stage. Seven lines (entries; 1, 4, 7, 8, 9, 16,
22) were susceptible at the seedling and had moderate (MR, M or MS) reactions at adult plant stages. Therefore, these
lines having low values of different resistance parameters are likely to have varying degrees of partial resistance or high
temperature adult plant resistance (a type of non-specific or durable resistance). Cluster analysis based on the reaction of
seedling and adult plant, divided the lines into different groups, which also indicated a high diversity of lines in response
to yellow rust disease.
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Table 1. Pedigree of candidate wheat lines used in evaluation of partial resistance parameters against yellow rust.

No. Line code Pedigree/Parents

1 MS-87-8 1-66-22/3/Alvd//Aldan/Las

2 DW-90-4 SOMAT_4/INTER_8/3/EUPODA_3/SLA_2//MINIMUS

3 DW-90-8 SOOTY_9/RASCON_37//[STORLOM

4 DW-90-13 SORA/2*PLATA 12//SOMAT _3/4/STORLOM/3/RAS...

5 DM-88-17 NA!

6 S-89-15 SLVS*2/PASTOR

7 S-91-6 Alvand//Aldan"s"/IAS58/3 /Vee/Nac

8 S-91-13 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA
(TAUS)//BCN/3/VEE#7/BOW/4/PASTOR

9 S-91-15 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI

10 C-85-3 Ghk"S"/Bow"S"//90Zong87/3/Shiroodi

11 C-88-4 Gascogene/Col No.3625//Alamoot

12 C-914 Zrn/Shiroodi/6/Zrn/5/0mid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu

13 CD-91-8 Jagger 'sib'/3/Lagos-7//Guimatli 2/17

14 CD-91-11 Zander//Attila/3*Bcn (-OSE-0YC-0YE-3YE-OYE-2YE-OYE)

15 CD-91-12 Solh

16 N-90-7 OASIS/SKAUZ//4*BCN/3/2*PASTOR

17 N-91-8 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA
(TAUS)//BCN/3/VEE#7/BOW/4/PASTOR

18 N-91-9 PFAU/MILAN/3/SKAUZ/KS94U215//SKAUZ

19 N-91-10 TILHI/5/PF74354//LD/ALD/4/2*BR12*2/3/JUP//PAR214*6/FB6631/6/ATTILA/2*PASTOR

20 N-91-17 MILAN/S87230//BABAX

21 WS-89-7 Kauz/Pastor/PBW343

22 WS-90-10 Falat/Barakat/ 5/Omid/4/ Bb/Kal//Ald/3/Y50E/3*Kal/Emu

23 WS-90-18 CROC_1/AE.SQUARROSA (2247)//OPATA/3/PASTOR

24 M-90-16 SHARP/3/PRL/SARA/TSI/VEE#5/5/VEE/LIRA//BOW/3/BCN/4/KAUZ

25  Check Morocco

1: NA; not available.
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Table 2. Grouping of candidate wheat lines based on seedling infection type against stripe rust under field conditions.

No. Lines Seedling infection type Group

1 2,3,6,10, 11, 13, 14, 15, 17, 18, 19, 20 0-3 Resistant

2 5,12,21,23,24 4-6 Moderate

3 1,4,7,8,9, 16,22, 25 7-9 Susceptible
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Table 3. Grouping of candidate wheat lines based on adult plant infection type against stripe rust under field conditions.

No. Lines Adult plant infection type Group

1 2,5,10,11,14,17,19,20 R-R/MR Resistant to moderately resistant

2 6,12, 13, 15, 18, 23 MR Moderately resistant

3 3,4,8,9,21,24,16 MR/MS Moderately resistant or moderately susceptible
4 1,7,22 M-M/MSS Moderate to moderate or moderately susceptible
5 25 S Susceptible
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Table 4. Results of field-based assessment of partial resistance parameters against yellow rust in some of candidate wheat lines during two cropping years 2015 and
2016.

Mean values for partial resistance parameters® in 2015 Mean values for partial resistance parameters in 2016 Mean values for partial resistance parameters during
two years
No. Lines Seedling FDS& CI AUDPC rAUDPC r FDS & Cl AUDPC rAUDPC R FDS & IT Cl AUDPC rAUDPC r
infection T2 IT
typet
1 MS-87-8 40M 24 420 37 0.12 40M 24 40M 24 378 37 0.127
7 4 335 36 0.129
2 DW-90-4 30MS 24 305 27 0.09 R 0.2 16R/MS 12 159 14 0.046
1 2 13 1 0.000
3 DW-90-8 30MS 24 305 27 0.09 20MR 8 25MR/MS 16 247 24 0.078
3 2 188 20 0.064
4 DW-90-13 30MS 24 305 27 0.09 30MR 12 30MR/MS 18 275 27 0.099
7 2 245 26 0.105
5 DM-88-17 20MR 8 265 23 0.05 R 0.2 11R/MS 4 139 12 0.029
4 8 13 1 0.000
6 S-89-15 20MR 8 228 20 0.05 30MR 12 25MR 10 237 23 0.080
3 5 245 26 0.105
7 S-91-6 30M 18 268 24 0.08 40MSS 36 35M/MSS 27 302 30 0.109
7 9 335 36 0.129
8 S-91-13 30MR 12 360 32 0.06 60MS 48 45MR/MS 30 498 50 0.064
7 1 635 68 0.066
9 S-91-15 20MR 8 228 20 0.05 70MS 56 45MR/MS 32 477 49 0.075
7 5 725 78 0.095
10 C-85-3 R 0.2 15 1 0.00 R 0.2 1R 0 14 1 0.000
2 0 13 1 0.000
11 C-88-4 R 0.2 15 1 0.00 10MR 4 1R/MR 2 14 1 0.000
2 0 13 1 0.000
12 C-91-4 20MR 8 228 20 0.05 20MR 8 20MR 8 208 20 0.060
5 5 188 20 0.064
13 CD-91-8 20MR 8 228 20 0.05 10MR 4 11IMR 6 121 11 0.028
3 5 13 1 0.000
14 CD-91-11 R 0.2 15 1 0.00 R 0.2 1R 0 14 1 0.000
3 0 13 1 0.000
15 CD-91-12 10MR 4 118 10 0.05 R 0.2 6MR 2 66 6 0.026
2 1 13 1 0.000
16 N-90-7 10MR 4 118 10 0.05 40MSS 36 25MR/MSS 20 247 25 0.065
7 1 375 40 0.078
17 N-91-8 5MR 2 50 4 0.06 R 0.2 3R/MR 1 32 3 0.032
2 3 13 1 0.000
18 N-91-9 20MR 8 228 20 0.05 R 0.2 11IMR 4 121 11 0.028
2 5 13 1 0.000
19 N-91-10 10R 2 118 10 0.05 R 0.2 6R 1 66 6 0.026
1 1 13 1 0.000
20 N-91-17 R 0.2 15 1 0.00 R 0.2 1R 0 14 1 0.000

2 0 13 1 0.000



FY YA (F) 4 il /S jualiS 50 60,118 sloiagh,

21 WS-89-7 20MR 8 228 20 0.05 30MS 24 25MR/MS 16 237 23 0.080
5 5 245 26 0.105
22 WS-90-10 60MS 48 610 54 0.12 40MS 32 50MS 40 473 45 0.125
7 1 335 36 0.129
23 WS-90-18 20MR 8 228 20 0.05 30MR 12 25MR 10 237 23 0.080
5 5 245 26 0.105
24 M-90-16 30MS 24 305 27 0.09 30MR 12 30MR/MS 18 275 27 0.099
5 2 245 26 0.105
- Morocco 100S 100 1136 100 0.32 100S 100 100S 100 1032 100 0.3v
9 9 928 100 0.343 v

1- Seedling infection types based on Line and Qayoum (1992).
2- Infection types based on Roelfs et al. (1992): R = Resistant, MR = moderately resistant, M = moderately resistant to moderately susceptible, MS = moderately susceptible, MSS = moderately susceptible to
susceptible, S = susceptible.

3- Partial resistance parameters including: FDS = Final disease severity, Cl = Coefficient of Infection, AUDPC = Area under disease progress curve, rAUDPC = relative Area under disease progress curve, r =
Apparent infection rate.
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Table 5. Linear correlation coefficients between partial resistance parameters and seedling infection type to yellow rust

for 24 wheat selected elite lines.

Parameters! r FDS Cl Seedling IT rAUDPC
FDS 0.93** -

Cl 0.93%* 0.97** -

Seedling IT 0.73** 0.82%* 0.75%* -

rAUDPC 0.91%* 0.99** 0.96%* 0.81%* -
AUDPC 0.92%* 0.98** 0.96** 0.80** 0.99%*

1: FDS = Final disease severity, Cl = Coefficients of infection, Seedling infection type, rAUDPC = Relative area under
disease progress curve, AUDPC = Area under disease progress curve, r = Apparent infection rate.

** Significant at P < 0.01 level of probability.
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Figure 1. Denderogram of cluster analysis for some candidate wheat lines based on partial resistance parameters and

seedling infection type to yellow rust.
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