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Comprehensive abstract

Introduction

Wheat powdery mildew caused by the biotrophic fungus Blumeria graminis f. sp. tritici, is a
serious threat to wheat production in many regions of the world. This disease can reduce the yield up
to 45% and reduce the quality of the grains by affecting the flour protein. Due to the adoption of high-
yield crop systems that require high use of nitrogen fertilizers and high irrigation, as well as due to
climate changes towards milder winters and increased rainfall in wheat production areas, the
importance of powdery mildew disease is also increasing. One of the most useful strategies to control
powdery mildew disease is to identify the sources of resistance among germplasm, which is also
known as the most economical method among farmers. This research was conducted to identify
resistant genetic accessions to powdery mildew in the bread wheat collection of the National Plant
Gene Bank of Iran.

Materials and methods

The plant materials of this research were 173 accessions of bread wheat from the collection of the
National Plant Gene Bank of Iran received from different countries, which were investigated to
identify the sources of resistance to powdery mildew under natural incidence conditions at the research
stations of Gorgan and Sari as the disease hotspots during three crop years (2018-2021). A two-digit
scoring system was used to evaluate the response of the genotypes to the disease, in which the first
digit is measured based on the infection development in plant height and the second is measured based
on the disease severity in terms of the infection percentage on flag leaf surface. Then, by combining
these two criteria, disease development and disease severity, the infection coefficient was calculated
and used for the statistical analysis. K-means cluster analysis was used to group the germplasm and
determinant function analysis based on principal components was used to confirm the cluster analysis
results. The relationship between the reaction of accessions in different years and locations was also
investigated using multidimensional scaling analysis, and then the stability of the studied accessions
over the experimental years and locations was investigated using the Wricke’s equivalence stability
criterion based on the infection coefficient.

Research findings

The results of this experiment showed that the average coefficient of infection during the studied
three crop years varied from 0.05 to 0.29 in Sari station and from 0.25 to 0.33 in Gorgan station. The
studied genetic accessions were separated into five groups using K-means cluster analysis, and the
fourth group consisting of 68 accessions was identified as the most resistant group. Based on the
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results of this experiment, the accessions KC 5292 (Turkey) and KC 5824 (Austria) were identified as
the resistant genotype, and the accessions KC 5389, KC 5579 and KC 5476 (Iran), KC 5772, KC 5773
and KC 5384 (Afghanistan), KC 5133 and KC 5147 (Portugal), KC 5715 (Japan) and KC 5801
(unknown origin) as the resistant to moderately-resistant genotype, and had the most stable response to
the disease in various environments.

Conclusion

The results of the current research showed that there is a suitable genetic capacity to identify
sources of powdery mildew resistance in wheat genetic stocks. The superior and resistant genetic
materials identified in this research can be used to improve resistance to powdery mildew in wheat in
the future breeding programs.
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Table 1. Accessions of bread wheat in field evaluation of resistance to powdery mildew in Gorgan and
Sari hotspots during three consecutive crop seasons from 2018 to 2021

Accession Origin Accession Origin Accession Origin
KC 5128 Portugal KC 5327 Argentina KC 5424 Iran
KC 5132 Portugal KC 5328 Argentina KC 5426 Iran
KC 5133 Portugal KC 5333 Pakistan KC 5427 Iran
KC 5134 Portugal KC 5344 Afghanistan KC 5429 Iran
KC 5137 Portugal KC 5346 Afghanistan KC 5447 Iran
KC 5143 Portugal KC 5347 Afghanistan KC 5449 Iran
KC 5144 Portugal KC 5349 Afghanistan KC 5454 Iran
KC 5147 Portugal KC 5354 Afghanistan KC 5457 Iran
KC 5156 Portugal KC 5368 Yugoslavia KC 5460 Iran
KC 5163 Portugal KC 5369 Yugoslavia KC 5463 Iran
KC 5165 Portugal KC 5371 Yugoslavia KC 5465 Iran
KC 5173 Portugal KC 5373 Yugoslavia KC 5469 Iran
KC 5178 Portugal KC 5376 Yugoslavia KC 5471 Iran
KC 5181 Portugal KC 5377 Yugoslavia KC 5472 Iran
KC 5188 Portugal KC 5379 Afghanistan KC 5473 Iran
KC 5190 Portugal KC 5380 Afghanistan KC 5476 Iran
KC 5229 Afghanistan KC 5382 Afghanistan KC 5478 Iran
KC 5255 Iran KC 5383 India KC 5484 Iran
KC 5256 Iran KC 5384 Afghanistan KC 5489 Argentina
KC 5259 Iran KC 5385 Iran KC 5491 Italy
KC 5277 Afghanistan KC 5386 Iran KC 5499 Italy
KC 5278 Afghanistan KC 5387 Iran KC 5500 Italy
KC 5279 Turkey KC 5389 Iran KC 5502 Italy
KC 5280 Turkey KC 5391 Iran KC 5503 Italy
KC 5281 Turkey KC 5393 Iran KC 5558 Iran
KC 5282 Turkey KC 5401 Iran KC 5567 Iran
KC 5287 Turkey KC 5402 Iran KC 5571 Iran
KC 5291 Turkey KC 5404 Iran KC 5573 Iran
KC 5292 Turkey KC 5406 Iran KC 5579 Iran
KC 5294 Turkey KC 5407 Yugoslavia KC 5585 Iran
KC 5300 Afghanistan KC 5409 Afghanistan KC 5590 Iran
KC 5301 Afghanistan KC 5410 Portugal KC 5592 Iran
KC 5316 Argentina KC 5411 Greece KC 5599 Iran
KC 5319 Argentina KC 5414 Greece KC 5601 Iran
KC 5324 Argentina KC 5416 Greece KC 5605 Iran
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Table 1. Continued

dolsl =Y Jgux

Accession Origin Accession Origin
KC 5607 Iran KC 5770 USSR
KC 5615 Iran KC 5771 USSR
KC 5616 Iran KC 5772 Afghanistan
KC 5617 Iran KC 5773 Afghanistan
KC 5628 Iran KC 5775 Afghanistan
KC 5652 Japan KC 5778 Anonymous
KC 5666 Japan KC 5779 Anonymous
KC 5679 Japan KC 5783 Anonymous
KC 5697 Japan KC 5787 Anonymous
KC 5702 Japan KC 5791 Anonymous
KC 5707 Japan KC 5795 Anonymous
KC 5709 Japan KC 5800 Anonymous
KC 5712 Japan KC 5801 Anonymous
KC 5715 Japan KC 5806 Anonymous
KC 5718 Japan KC 5807 Anonymous
KC 5720 Japan KC 5812 Anonymous
KC 5726 Japan KC 5813 Anonymous
KC 5727 Japan KC 5817 France
KC 5732 Japan KC 5818 France
KC 5733 Japan KC 5819 France
KC 5736 Japan KC 5821 Hungary
KC 5739 Japan KC 5824 Astria
KC 5743 Japan KC 5828 Astria
KC 5744 Turkey KC 5830 Astria
KC 5745 Turkey KC 5833 Astria
KC 5746 Peru KC 5834 Astria
KC 5749 Iran KC 5835 Astria
KC 5750 Afghanistan KC 5839 Romania
KC 5751 Afghanistan KC 5840 Romania
KC 5752 Afghanistan KC 5841 Romania
KC 5754 Iran KC 5843 Astria
KC 5756 Iran KC 5845 Astria
KC 5759 Yugoslavia KC 5846 Astria
KC 5768 Yugoslavia

5 Sobe Sl el g0 e ilel el
Jol Jlo 99 )3 45 098 oo onaline (¥ JS2) 155
coyo oeile (1YAA-2R 5 1YFAY-2A) Liles]
Sl 5l Soke GBS (Sl opls 0 (Fodll
Ol OYARNTe ) pon Jlo o (Js
S S 4 Cans il 0 (Sogll oo
2 Sl oo (Sl Dl Wy 08 e
ilosl 30 Jlw 4 OFAV-34) Jgl Sl 5l 555
il pes o 3l Lol wel aalS (1¥AA-49)
e b (YR F ) pon Jlo 4 (WWAA-49)
Olpss Ay (wSep Ll sl cl L,.il_m @S
o s J 5l gl e Sagll oy Sl
Sl pyms Jlo 3 s wcenl ol Loy pgo JLo

S oo loy (s0g20

oY

3550 (S5 sladiges (Sogll copo il
WAV-GA o ls Jlo 5o o5 ,F ailaie ,5 pwyy
SOl o 5 digad 5 Szt 5 05 < IYY L il
Copo dged o Ladd) anilg ofe )V 5l 5eS
Carez JS 5l ao,s +/OA &S cusls /- F Sogll
AYAA-RD Jlo o a5 Il 5 (355 o0 wmgmns
5o, VYD g 09 +IVO Sogll cuyo bwgie
1)l S (Sogll i (bl 0550 Camex
1PN e o)l Jlo jo cud i mendy aiile
2o, VEIY g og +IVF (Sogll cuyo nSibe s
oI s adllae 550 (S35 ladises |
ABls el 5l 5SS
SO s xSKle Dlyis W9y owyn b
oS (S5 ladiges 5| oy p Sj9e Corez 5
b Grn Saie Glem 4 25Ty 50 b



VEY Sl /Ul osles [p205l98 0,90 /e Dliuams Ob paS 0 (609 Suaybw 4y Caglin glas, e b3

100 100

B0

@
2
i
Frequency
3
i
Frequency
i

Frequency

=
&
1

pn|

20 g f T
0 02 04 08 08
T T T T Sari1400
|_| 005 01 015 02
M Sario9

0 0.02 004 0.06 008 01
Sari98

Frequency
Frequency

Frequency

20
20
10
10 104
] T T T T T [
| | 02 04 06 08 T
06 03

' " Gorﬂg:nsﬁ Gorgan®s Gorg;n1400 .
oo =y Jlo aw ;5 055 5 65l (Fogll slapysils slas )i 2b3)l 55 500 Sovin (6 lom 4 S (2355 ol 6 oS Siy ladiged ;o (Sogll cps Jlgl8 logei -V ISo

VEee Iy

Figure 1. Histogram of coefficient of infection in reaction to powdwery mildew in field evaluation of bread wheat accessions in Gorgan and Sari hotspots during three
consecutive crop seasons from 2018 to 2021
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Figure 2. Treand of mean and variance of coefficient of infection in field evaluation of bread wheat accessions to
powdery mildew in Gorgan and Sari hotspots during three consecutive crop seasons from 2018 to 2021
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Table 2. Eigen values and vectors in principal component analysis of coefficient of infection in the field

evaluation of bread wheat accessions to powdery mildew in Gorgan and Sari hotspots during three consecutive
crop seasons from 2018 to 2021

Principal component

Experiment

First Second
Gorgan 2018-19 0.37 0.37-
Gorgan 2019-20 0.45 0.27-
Gorgan 2020-21 0.34 0.40
Sari 2018-19 0.49 0.29
Sari 2019-20 0.15- 0.72
Sari 2020-21 0.53 0.17
Eigen value 1.29 1.05
Variance proportion 0.28 0.18
Cumulative Variance 0.28 0.46
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Figure 3. Distrubution of bread wheat accessions in principal component based biplot of coefficient of infection
in the field evaluation of the response to powdery mildew in Gorgan and Sari hotspots during three consecutive
crop seasons from 2018 to 2021
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Table 3. Average coefficient of infection in groups resulting from K-means cluster analysis based on the reaction

of bread wheat accessions to powdery mildew disease in Gorgan and Sari hotspots during three consecutive crop
seasons from 2018 to 2021

Average coefficient of infection in cluster no.

Experiment 1 3 1 5
Gorgan 2018-19 0.47 0.27 0.33 0.30 0.48
Gorgan 2019-20 0.22 0.15 0.56 0.14 0.58
Gorgan 2020-21 0.44 0.47 0.14 0.07 0.43
Sari 2018-19 0.06 0.05 0.05 0.05 0.05
Sari 2019-20 0.06 0.05 0.05 0.05 0.02
Sari 2020-21 0.55 0.20 0.47 0.22 0.18
Number of members 23 27 68 14
(Percent) (13.29) (23.7) (15.61) (39.31) (8.09)
Average coefficient of infection 0.298 0.190 0.267 0.138 0.290
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Figure 4. Separation of groups resulting from K-means cluster analysis using biplot of discrimination function
analysis based on coefficient of infection of bread wheat accessions to powdery mildew disease in Gorgan and

Sari hotspots during three consecutive years from 2018 to 2021
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Figure o. Relationship among field resistance evaluations of powdery mildew disease of bread wheat accessions
in Gorgan and Sari hotspots during three consecutive crop seasons from 2018 to 2021
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