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Powdery mildew (Blumeria graminis) is a major fungal disease of barley causing economical yield
losses worldwide. Breeding for resistance to this disease is crucial due to the rapid change in pathotype patterns
of B. graminis in fields. In the present work, powdery mildew-resistant barley germplasm was developed by
crossing four cultivars currently used in Europe and West Asia. Out of 265 doubled haploid lines derived from
these crosses, 40 lines were evaluated at seedling and adult stages. Data showed significant differences among
barley lines with a continuum of resistance levels ranging from highly susceptible to tolerant which were
consistent during the two growth stages. Two promising lines were more tolerant to powdery disease than the
others. Across lines, there was a high correlation between field and greenhouse reaction (r=0.80, P<0.01),
indicating the utility of greenhouse evaluations for screening barley for powdery mildew. This study suggests
that, the newly identified resistance lines can serve as potential donors for ongoing powdery mildew resistance
breeding program, and both types of seedling and adult plant resistance identified here can offer promising
genetic stocks for accumulating both resistances to acquire durable resistance and long lasting control against
B. graminis in Mediterranean and similar environments.
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Barley powdery mildew caused by the fungal pathogen, Blumeria graminis f. sp.
hordei, is among the most devastating fungal diseases causing significant yield losses
across the world (Rsaliyev et al., 2017). In recent years, this disease has also become more
significant because of the rapid change in pathotype patterns and agricultural practices
(Dreiseitl, 2016). In Syria, with the increasing demand for barley and more intensive man-
agement practices, powdery mildew have assumed greater significance (Leur van et al.,
1989; ICARDA, 1998,).

The economic damage caused by powdery mildew can be avoided by using large
amounts of fungicides, but their extensive use may lead to the development of resistant
pathogen strains (Hysing et al., 2012), therefore, utilization of breeding for resistance is
economical, and carries no health and environmental hazards especially in developing
countries where most farmers are small to marginal and unable to afford costly fungicides
and other technologies (Dreiseitl and Zavielova, 2018).
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Efforts to breed cereals against powdery mildew have identified resistances that
are expressed at seedling growth stages and that usually remain effective throughout the
seedling adult plant growth stages (Kundsen et al., 1986; Das and Griffy, 1994). Genetic
studies have indicated that the heritability to this disease resistance ranged from low to
high in the progeny of crosses between resistance and susceptible lines (Jgrgensen, 1994;
Bargougul, 2016). Therefore, a considerable proportion of the variance may be attributed
to the environmental factors. Causal field observation prone to variability due to the time
and intensity and level of inoculum, cultivar and environmental interactions make it im-
possible to obtain error-free estimates (Ceccarelli et al., 1995).

Major difficulties in previous breeding efforts have been concentrated on screening
plants for this disease resistance and transferring of resistance genes. Therefore, finding
new sources of resistance and improved knowledge about the reaction of barley genotypes
at seedling and adult stages would be of great value to breeders in improving resistance
to powdery mildew.

This study was carried out to evaluate barley seedlings and adult plants to Syrian
powdery mildew populations under experimental conditions that are typical of a large part
of the barley-growing areas of western Asia. Barley cultivars presently grown in Europe
and West Asia were used in this study to identify new sources of resistance in adapted
genetic backgrounds and in plant types agronomically acceptable to farmers.

Materials and Methods

Plant material

A total of 40 out of 265 barley double haploid lines produced according to Kasha
and Kao (1970) were screened on the basis of agronomic characteristics and evaluated in
this work (Table 1). These lines were produced through four barley crosses made between
six parents possessing different mildew reactions. Arabi Abiad (susceptible) is a Syrian
local cultivar, Arrivate (moderately susceptible) was received from USA, Igri (resistant;
possessing the resistance allele Mlra) from Germany, CI5791 (susceptible) from Ethiopia,
PK30-136 (moderately resistant) is a Pakistan cultivar and IC-9 (moderately resistant) is
a new genotype developed at ICARDA (International Center for Agricultural Research in
the Dry Areas). Haploids were produced by crossing these six parents using the standard
procedure. Briefly, spikes were manually emasculated and pollinated with fresh pollen.
Pollinated spikes were treated with 2,4-dichlorophenoxyacetic acid (2,4-D). Tillers from
donor plants were collected when the majority of microspores were at mid- to late-uninu-
cleate stage of development. The tillers were placed in Hoagland’s salt solution and stored
at 4 °C in the dark for 21 days. Then, under sterile conditions, cold-treated (spikes were
sterilized with 96% ethanol, and the anthers were excised and transferred to FW culture
medium (Foroughi-Wehr et al., 1976; Arabi et al., 2005). Haploid plants were vernalized
for 8 weeks. Subsequently, haploids were treated with colchicine solution for chromo-
some doubling (Subrahmanyam and Kasha, 1975).
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Seedling test

Seeds of each genotype were planted in plastic flats (60 x 40 x 8 cm) filled with
sterilized peatmoss with three replicates. Each experimental unit consisted of 10 seed-
lings. They were placed under greenhouse conditions at temperatures 2022 °C (day) and
16-18 °C (night) with a daylength of 16 h and a relative humidity of 85-95%. At growth
stage (GS) 11-12 (Zadoks et al., 1974), and in order to detect the seedling reaction to the
same field population, seedlings at emerge leaves stage were placed for four nights in the
field and the symptoms development was checked 10 days later and scored at GS 32. The
experiment was repeated twice.

Adult plant test

Field experiments were performed under natural disease infection in Syria, at a site
of 970 m altitude (550-mm rainfall average). The location of the experiment was chosen
to be favorable for the development of powdery mildew disease, since B. graminis infects
barley in this location annually. Seeds were sown in a randomized complete block design,
with three replicates. Individual Plots were 1 X 1 m with a 1-m border. Each plot consisted
of five rows, 25 cm apart and with 50 seeds sown per row. Soil fertilizers; 50 kg/ha of
nitrogen in the form of Urea (46%) were drilled in equal portions before sowing and after
tillerring, and 27 kg/ha superphosphate (33% P,0O,) were drilled before sowing. The ex-
periments were surrounded by spreader rows of the powdery mildew-susceptible cv. Golf,
which had already been infected by the virulent isolate Ptlm (Arabi and Jawhar, 2012)
before the experiments were sown. An additional spreader row was also placed approxi-
mately in the middle of each experiment. In addition, powdery mildew — infected stubble
was distributed in the field when seedlings were at the second leaf stage and plants were
wetted twice a day by applying water using a high-pressure sprayer to enhance disease
infection.

Disease assessment

At seedling (GS 32) and adult plant (GS 80) stages, mildew infections were visually
assessed according to the scale described by Moseman and Baenziger (1981) whereas;
plants having infection types 0—-30% were considered as tolerant, those having infection
types 30—60% as moderate, while those having infection types over 60% of leaves covered
by mildew were rated as severe. For each method, the mean value was used for analysis.

Statistical analysis
Data was subjected to analysis of variance using the STAT-ITCF statistical pro-

gramme (2™ Version). Differences between means were evaluated for significance by
using Newman-Keuls test at 5% probability level (Anonymous, 1988).
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Results and Discussion

In the current study, six barley parents with different resistance levels to mildew
infections were used. As shown in (Figs 1, 2) mildew caused more severe infection on the
susceptible parents ‘Arrivate’, ‘CI5971’ and ‘Arabi Abiad’ as compared with the resistant
ones. Furthermore, the disease symptoms were typically observed in infected seedlings
and adult plants with the severity values being consistently higher in the susceptible par-
ents. These results are in agreement with our previous observations under natural condi-
tions (Arabi and Jawhar, 2012).

According to a scale described by Moseman and Baenziger (1981) the reactions
of the 40 progeny lines to mildew under greenhouse and field tests were classified into
13 lines as tolerant, 14 moderate and 13 severe group (Table 1). However, significant
differences (P < 0.05) in mean severity values were detected among different lines, and
a continuum of genotypic reactions to the disease from tolerant to severe was observed
(Table 2).

Y
i
ni’

5\

Fig. 1. Powdery mildew symptoms on the barley
susceptible Arrivate genotype under greenhouse (A) and field (B) conditions
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Fig. 2. Frequency of powdery mildew reactions incited on the barley parents used in the study, under
greenhouse and field conditions. Error bars are representative of the standard error (Mean+ SD, n=3)

Table 1

Parental cross and progeny susceptibility to powdery mildew*

Cross Progeny

Tolerant Moderate Severe
Arabi Abiad X IC-9 5 4 6
Arrivate X PK30-136 7 8 3
CI5791 X Igri 1 2 1
Arabi Abiad X Arrivate - - 3
Total 13 14 13

*Based on a scale described by Moseman and Baenziger (1981)

The data showed that four lines (BO8-AS-19, 29, 35 and 36) were classified as
highly tolerant under both greenhouse and field conditions, whereas lines BO8-AS 2, 11,
12, 31 and 32 were the most susceptible lines (Table 2). Significant correlation coefficient
(r=0.80, P<0.01) was found between the two tests for mildew reaction, indicating that
lines reacted similarly to B. graminis populations under both conditions.

The identification of new sources of resistance to powdery mildew and their in-
troduction into cultivated crops is a very important element of breeding programs (Dre-
iseitl and Zavrelova, 2018). Therefore, inclusion of this diverse germplasm in the barley
breeding program might increase the dominance effect and epistatic variations controlling
quantitative traits such as mildew resistance (Halward and Wynne, 1991; Bargougul,
2016). These would also lead to extend segregation for various traits and in obtaining
useful recombinants/transgressive segregants in the further generations.

One of the major objectives of the Syrian barley breeding program is to develop
high-yielding cultivars with resistance to mildew disease through the transfer of genes
from resistant sources. In this work, all the 13 tolerant lines maintained their reaction dur-
ing seedling and adult stages, and these stability levels may have been evidence of their
resistant levels. Moreover, the population of crosses Arrivate /PK30-136 and CI5791/Igri
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Table 2

% Powdery mildew severity on barley lines tested at seedling and adult plant stages

Cross No. Lines Seedling Adult plant
Arabi Abiad X IC-9 1 B08-AS-1 43.3g* 59.0e
2 BO08-AS-2 90.0b 80.3b
3 B08-AS-3 13.3j 25.0h
4 B08-AS-4 6.6k 30.0h
5 B08-AS-5 32.3h 29.6h
6 B08-AS-6 63.3d 72.2¢
7 B08-AS-7 21.6i 26.3h
8 B08-AS-8 7.05¢ 82.3b
9 B08-AS-9 9.30j 18.0i
10 B08-AS-10 38.3h 65.6d
11 B08-AS-11 90.0b 91.5a
12 B0O8-AS-12 73.3¢ 91.6a
13 B08-AS-13 45.0g 55.2e
14 B08-AS-14 13.3j 37.3g
15 B08-AS-15 10.0j 29.3h
Arrivate X PK30-136 16 B08-AS-16 53.3e 60.8d
17 B08-AS-17 41.6g 44.5¢
18 B08-AS-18 28.31 13.0j
19 B08-AS-19 8.30j 9.10j
20 B08-AS-20 26.61 27.0h
21 B08-AS-21 66.6d 49.6f
22 B08-AS-22 56.6e 33.3g
23 B08-AS-23 56.6e 30.0h
24 B08-AS-24 37.6h 16.60i
25 B08-AS-25 26.3i 44.3f
26 B08-AS-26 13.3j 6.30k
27 B08-AS-27 6.60k 26.6h
28 B08-AS-28 34.0h 7.60k
29 B08-AS-29 6.60k 6.60k
30 B08-AS-30 13.3j 3.30k
31 B08-AS-31 98.3a 72.9¢
32 B08-AS-32 96.6a 85.0b
33 B08-AS-33 33.3h 38.3g
CI5791 X Igri 34 B08-AS-34 26.61 33.8g
35 B08-AS-35 1.6k 18.61
36 B08-AS-36 3.3k 37.8g
37 B08-AS-37 58.3e 80.2b
Arabi Abiad X Arrivate 38 B08-AS-38 33.3h 63.3d
39 B08-AS-39 50.8f 77.0c
40 B08-AS-40 55.3e 75.5¢
LSD 6 5.1

*Values within a column followed by different letters are significantly different
at P < 0.05 according to Newman-Keuls test.
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will be used for mapping genes associated with mildew resistance. Some lines from these
crosses (BO8-AS-19, 29, 35 and 36) were recovered with a high degree of resistance to
mildew. These will be tested in multilocation trials to test their stability and adaptability.

It is well known that barley resistance to powdery mildew is encoded by the Mio
(Jgrgensen, 1992) and Mla (Boyd et al., 1995) loci. The Mlo genes mediate resistance by
directing the formation of subcellular cell wall appositions at the sites of infection, which
prevents the penetration of the fungus into the epidermal cells (Jgrgensen, 1992; Wolter
et al., 1993). On the other hand, hypersensitive cell death (HR) in the leaves of plants
with the Mla locus is an incompatibility response that is thought to mediate resistance by
preventing both conidial development at the haustorial stage and hyphal elongation (Koga
et al., 1990). Therefore, it is likely that lines BO8-AS-19, 29, 35 and 36 resist powdery
mildew by preventing the development of secondary mycelia.

This work showed that the barley breeding lines had diversity for infection response
to the powdery mildew pathogen. Thirteen promising sources of resistance were identi-
fied that could be considered as possible donors in further barley breeding programs. In
addition, a positive correlation between field and greenhouse reactions was found, this
can speed up the breeding process by allowing assessment at seedling stage when field
screening is ineffective due to unsuitable environmental conditions
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