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ABSTRACT

Two barley (Hordeun vulgare L.) genotypes, Radical and Cwb, with good to moderate
levels of resistance to powdery mildew were crossed with a highly susceptible cultivar
(Afzal) to determine the genetics of resistance. The parents, Fl, F2 and F3 generations of
each of the two crosses, were evaluated for powdery mildew resistance in the glasshouse
and field at the College of Agriculturein Karaj during 2000. The x? analysis of the segre-
gating ratios in the F3 generations indicated that the resistance was controlled by one
gene at seedling stage and by two or three genes at adult plant stage in Cwb and Radical,
respectively. Radical showed a higher level of resistance than the Cwb, therefore, it isa

better source of resistance to powdery mildew.
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INTRODUCTION

Powdery mildew caused by Etysiphe
graminis f. sp. hordei is one of the most im-
portant diseases in barley particularly in
northern parts of Iran. Based on the gene-
for-gene hypothesis of Hohr (1955), which
was confirmed for powdery mildew of bar-
ley by Moseman (1959), many race-specific
powdery mildew resistance genes from dif-
ferent origions have been recognized in bar-
ley (Moseman, 1959; Wiberg, 1974; Gorge
et al., 1993; Giese et al, 1993; Jorgensen
1994; Schonfeld et al., 1996), but most of
them have already been overcome by new
virulent strains (Jahoor and Fischbeck,
1993). The most economical and environ-
mentally safe method for controlling pow-
dery mildew is by growing resistant culti-
vars. Resistant lines have infection types
varying from complete to moderate resis-
tance depending on which mildew culture is
inoculated, indicating that the resistance
genes involved has a race-specific character
(Jensen et al.,, 1982; Mastebrock et al.,

1995). Most studies reported that resistance
is controlled by one or two domnant genes,
depending on mildew culture (Jensen et al.,
1982; Jahoor and Fischbeck 1993). It is,
therefore, important to collect more informa-
tion on the genetics of resistance to this dis-
ease particularly using diverse gemiplasm.
The present study was performed to deter-
mine the mode of inheritance of resistanceto
powdery mildew in two barley genotypes

MATERIAL AND METHODS

Two barley genotypes Radical and Cwb
from Russia and England, respectively, were
selected for their resistance to powdery mil-
dew over several years and locations in the
Seed and Plant Improvement Ingtitute at
Kargj, along with a susceptible cultivar from
Iran, Afzal, which is very tolerant to salinity
and drought stresses.

In order to test the mode of inheritance,
two resistant genotypes were crossed to the
susceptible cultivar and the F2 and F3 gen-
erations were produced for each cross. The
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FI plants were harvested in bulk and their
seeds were space planted in the College of
Agricultural Experimental Station at Karg
during the 1999 season to produce F2 seeds.
The F3 lines were obtained by harvesting
approximately 90 single plants from each F2
population. This research was done in two
separate experiments and each experiment
was planted with five generations namely
P1, P2, H, P2 and F3 in glasshouse and
field.

Experiment |

The P1, P2, FI, F2 and F3 generations of
each cross were grown in a glasshouse and
the seedlings were inoculated with conidio-
spores of a mildew culture, named Gorgan,
by shaking sporulating plants above them
when the first leaf was fully expanded. The
powdery mildew employed isolate origi-
nated from a single spore culture and showes
avirulence to Mla8, M1a6, M1al4, Mlp and
mlo5 but virulence to M1a7, Mla9,MIal0,
Mlk and MIg resistance genes. During the
periods of incubation a temperature of 18-
20°C was maintained. Ten days after inocu-
lation, each primary leaf was evaluated for
its mildew reaction using the 0-9 scale of
Mastebroek et al. (1995), where 0 and 9
were completely resistant and fully suscepti-
ble respectively. Plants with an infection
type (IT) of more than 6 were regarded as
susceptible, while those with lower than 6

were considered resistant.
Experiment 1

The five generations were planted in a
randomized complete block design with
three replications and each replication con-
sisted of one row of P1, P2 and F, 10 rows
of F2 and 30 rows of F3 generations. Field
rows consisted of 1-metre rows seeded 15
cm apart with 50cm between rows. The
powdery mildew epidemic was initiated by
inoculating plants of Afzal, planted among
each of the 10 rows at booting stage. The
average disease severity was recorded ac-
cording to a modified Cobb scale (Peterson
et al.1948), when the susceptible cultivar
had reached 90 to 100 % disease severity.

RESULTSAND DISCUSSION

The two resistant genotypes, Radical and
Cwb, showed a powdery mildew infection
type of 0to 1 and 4 to 5, and a disease sever-
ity of 1 and 10, respectively. In contrast,
there were infection types and a disease se-
verity of 9 and 100, respectively, for the
susceptible cultivar Afzal, (Tablel).

The cross of RadicalxAfzal, showed com-
plete dominance resistance at seedling and
adult plant stages, as the infection type and
disease severity of the Fl plants were the
same as resistant parent. The reaction of the

Table 1. Seedling infection type(IT) and disease severity assessment for barley
genotypes and crosses(FIs) in glasshouse and field, respectively.

Genotype and Cross Seedling IT? Disease severity
Redical Otol 1
Cwb 4t05 10
Afzal 100
RadicalxAfzal (Fl) Oto1l 2
CwhbxAfzal(F1) 10

& | Tsare based on a0 to 9 Mastebroek (1995) where: 0= no symptoms visible;|= distinct ne-
crosis without visible mycelium; 4= distinct necrosis with moderate sporulation; 5=moderate
necrosis with moderate sporulation;7=weak necrosis and/or moderate chlorosis with heavy
sporulation; 8=weak chlorosis with heavy sporulation; and 9=no resistance reactions, abun-
dant sporulation.

PDjsease seventies are based on the modified Cobb scale(19).
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Table 2. The x* values for the segregation ratio of F3 lines from crosses between the susceptible
genotype, Afzal, and the iwo resistant genotypes, Radical and Cwh, in glasshouse and field.

Cross Number of F3 lines Expecte rtio x?
HR? Seg® HS®

Glasshouse:

RadicalxAfzal 22 44 24 1:2:1 0.13™

CwbxAfzal 19 48 23 1:2:1 0.48™

Field

RadicalxAfzal 83 5 2 59:4:1 0.081™

CwbxAfzal 56 28 6 10:5:1 0.026"™

#Homozygous resistant,

b Segregation for resistance
“Homozygous susceptible
ns. Not significant

FI plants from CwbxAfzal cross indicated
moderate susceptibility at seedling stage, as
the infection level was closer to the suscep-
tible parent than to resistant one, whereas it
showed moderate resistance at adult plant
stage (Table 1).

The F3 data were used to estimate the
number of loci controlling resistance, since
it provided a better estimate than the F2
data. Tests of F3 plants at seedling stage for
each cross showed a good fit of ratio 1 resis-
tance: 2 segregating: 1 susceptible, indicat-
ing that resistance in both crosses was con-
trolled by a single dominant gene. However,
at adult stage and taking into consideation
either homozygous or segregating as resis-
tance (Singh at al., 1995), the F3 lines from
Radical xAfzal fitted a 63:1 ratio and these
of CwbxAfzg cross fitted a 15:1 ratio.
These results indicated that resistance at
adult plant stage in Radical was controlled
by three dominant genes and in Cwb by two
dominant genes. Thus, Radical should have
a greater potential than Cwb in improving
powdery mildew resistance in cultivated bar-
ley.

The results of this study are in agreement
with the findings of Jensen et al.(1982); Ja
hoor and Fischbeck (1993); and Mastebroek
and Bakema-boomstra (1995), for the num-
ber for resistance genes to powdery mildew
in populations of wild barley (Hordeum
spontaneum) from different origins. In a
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previous study, Schonfeld et al. (1996) re-
ported a recessive and semi-dominant mode
of inheritance in segregating F2 populations
of barley lines derived from crosses with
wild barley.

Jahoor and Fischbeck (1993) suggested in-
creasing the efficiency in breeding for dis-
ease resistance by increasing different resis-
tant genes in the same breeding cycle. How-
ever, the identification of the genes which
are present in a new breeding line or cultivar
is difficult using the traditional method
based upon differentiation of reaction spec-
tra according to Flor's gene-for-gene hy-
pothesis (Jeger and Viljanen-Rollinson,
2001). This difficulty may be overcome if
closely-linked molecular markers become
available. In recent years, a number of gene
loci for powdery mildew resistance in barley
have been mapped using molecular markers
(Schuller et al., 1992; Schonfed et al., 1996;
Buschges et al., 1997; Lahaye et al., 1998;
Schwarz et al., 1999; Wei et al., 1999; Kurth
et al., 2001).

The two resistance genotypes, Radical and
Cwhb, are suitable sources of powdery mil-
dew resistance for localization of resistance
genes at seedling and adult plant stages by
molecular markers and can be used for the
pyramiding of different resistance genes in
future barley breeding.
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