[ A&ABFE (Bull. Res. Inst. Bioresour. Okayama Univ.) 3:43-53 (1995)

Selection Effectiveness for the Resistance
to Net Blotch in Barley

Kazuhiro SATO and Kazuyoshi TAKEDA

Selection effectiveness for the resistance to net blotch was estimated
by using two sets of F, and F; populations derived from the crosses between
resistant and susceptible parents. In every F, and F; population, disease
ratings showed a continuous distribution. As many F; lines with intermedi-
ate resistance had a smaller variance and homozygous genotype, the resis-
tance might be controlled by a few genes. The heritabilities of the disease
rating were estimated by correlation coefficients and regression coeffi-
cients between each F, plant and the descended F; lines. Another estimate
for heritability was calculated by the selection differential in the F, plants
and genetic gain in the F; lines. Despite the different level of resistance in
the resistant parents of the two crosses, the three kinds of heritabilities
estimated were similar and ranged from 0.6 to 0.8. Because of the fewer
number of genes controlling the disease resistance and the higher her-
itabilities, selection in a early generation may be effective for net blotch

resistance in barley.
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INTRODUCTION

Net blotch, caused by a fungus Pyrenophora teves Drechs., is a serious
disease of barley developing a net-like symptom on barley leaf blade and leaf
sheath. Net blotch occurs mainly in warm and humid barley growing areas
in the world (Shipton ef al. 1973). The increased incidence of net blotch has
been reported. Especially, continuous cropping of barley or the field irriga-
tion promote the epidemic (Mathre 1982).
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As the severity of net blotch is also related to the susceptibility of
cultivars (Mathre 1982), intensive effort for the breeding of resistance has
been made (Metcalfe and Bendelow 1981, Metcalfe 1986), including the
selection of resistant composite cross populations (Bockelman ef al. 1983,
Moseman and Smith 1985).

Four major genes for the resistance have been identified in net blotch
(Davis et al. 1990). However, three of these genes did not show high
resistance to the Japanese isolates (Sato and Takeda 1993a). Steffenson and
Webster (1992) also reported that some genes showed different resistant
reaction by the inoculation of isolates with different pathogenicities. Thus,
the host-pathogen interaction or the race differentiation has been suggested
to be responsible for the occurrence of net blotch.

On the other hand, contribution of minor genic resistance to net blotch
have been also reported (Douglas and Gordon 1985, Arrabi et al. 1990). As
the minor genic resistance generally does not show obvious race specificity,
minor genic resistance is very useful for the breeding of resistant cultivars.
In this report, selection effectiveness for the resistance to net blotch was
estimated by using two sets of F, and F, populations crossed between
resistant and susceptible parents which showed continuous variation.

MATERIALS AND METHODS

1. [Isolate preparation

P. teres isolates were cultured on V-8 medium (V-8 juice 200ml, CaCOs
3g, agar 15g, distilled water 800ml) in 9cm styrene plastic petri dishes under
an alternating irradiation period of 12 hours black light (Toshiba Co., range
of wave length : 300 ~400nm) and 12 hours darkness at diurnal temperature
variation of 25+6°C for 14 days. In this condition most of the isolates
produce conidia abundantly (Sato and Takeda 1991). After addition of
water, the colonies were collected with a brush and filtered through double
layers of gauze to remove mycelia and conidiophores from the conidia
suspension. The concentration of the suspension was adjusted to 5~10 X 103/
ml.

2. Barley material

Two sets of F, and F; populations, Hokuiku 17 X OUK667 and Hokuiku
17X QUK751 were tested. About 200 plants in each F, population and ten
plants of their parents were inoculated with P. teres isolate K105, collected
from Hokkaido, Japan. After evaluating disease rating, the plants were
transplanted into the field and grown to maturity. The seeds in each plant
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were harvested to make F; lines. In the next season, ten plants of each F,
line and the parents were inoculated with K105 for evaluating the disease
rating.

3. Inoculation test

Barley materials were planted in seedling boxes (50X 35X 10cm) with
two check varieties (susceptible and moderately susceptible). The seedlings
were grown in a glasshouse at 20°C for 14 days. At the time of inoculation,
seedlings were at the second leaf stage. After addition of a drop of
Tween-20, the suspension was sprayed onto seedlings with a glass atomizer
driven by an electric air pump. Inoculated plants were maintained in a dew
chamber at 20°C for 48 hours and grown for ten days in a glasshouse at 20°C.
The second leaf of each plant was used to score a numerical disease rating,
one (resistant) to ten (highly susceptible), as proposed by Tekauz (1985).

4.  Estimating genetic parvameters

Heritabilities of disease rating were estimated by correlation and regres-
sion between the F, plants and the means of the F; line. Another estimate
for heritability was calculated by selection differentials of F, plant groups
and genetic gains of F, line groups (Falconer 1960). As selection criteria, the
numbers of disease ratings under five (Hokuikul7 X OQUK667) and two (Ho-
kuikul7 X OQUK751) were used toward resistance, and those above nine in
both crosses were used toward susceptible (Figs. 5 and 6).

RESULTS AND DISCUSSION

As shown in Fig. 1, the disease rating of each F, population showed a
continuous distribution. In the Hokuiku 17 X QUK667 cross, the distribution
was shifted to the susceptible range. The mean disease ratings was 7.29 with
a mode of 9.0. On the other hand, the population of Hokuiku 17 XOUK751
showed a flat distribution and the mean was 5.35. Disease ratings of
resistant parent were moderately low in OUK667 (3.7) and very low in
OUKY751 (1.3). The susceptible parent Hokuiku 17 showed a very high rating
(10.0).

Fig. 2 shows the distribution of the disease ratings in the two sets of the
F, lines, which were descended from each F, plant. The disease ratings of
the parents (OUK667 : 3.3, OUK751 : 1.2 and Hokuiuku 17 : 8.5) were almost
the same as those in the previous year. In the Hokuiku 17 XOUK667 cross,
the means of F; line showed a continuous distribution similar to that in the
F, population, and the mean of F; lines (7.14) was almost the same as that

Vol. 3 45



Selection effectiveness for net blotch resistance

60 (a) Hokuiku 17 (P,)x OUK667 (P,)
40 4
20 -
P,
i Pl
0 J Y
5
Q
©
s (b) Hokuiku 17 (P,) X OUKT51 (P,)
40 ~
P,
o 0 L]
P,
0 !

1 2 3 4 5 6 7 8 9 10

Disease rating”

Fig. 1. Frequency distribution of disease ratings in two F, populations. The arrows indicate
parental values.
U: From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985).

in the F, population (7.29). In the Hokuiku 17X QUK751 cross, the mean of
the F, line (3.66) showed a continuous distribution with a mode in the
resistant range, and was obviously smaller (more resistant) than that in the
F, population (5.35). The reason is not clear why the mean of the F; lines in
the Hokuiku 17 X OUK751 cross was lower than that in the F, population.
One possibility is that the virulence of the isolate used to inoculate the F;
lines in the Hokuiku 17 X OUK751 cross was lower than that used in the other
populations.

Fig. 3 shows the relationship between the mean and variance of disease
ratings in the two sets of the F; lines. In both crosses, the lines with
extremely high or low disease ratings showed a smaller variance within the
line. These lines were considered to be homozygous for the resistant or
susceptible gene(s). The lines in the middle range of ratings with larger
variance might be segregating for the resistant genes. As the error variance
within the variety (among plants) was from 0.5 to 1.0 (Sato and Takeda
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Fig. 2. Frequency distribution of mean disease ratings in two sets of F; lines. The arrows
indicate parental values.
U From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985).

1992), the F, lines in the middle range of ratings with a lower variance (below
1.0) were considered to be homozygous. If many F, lines were already
homozygous for the genes controlling disease resistance, the resistance
might be controlled by a few genes.

The range of variance within the F; lines in the Hokuiku 17 XQUK751
cross (0~9.3) was wider than that in the Hokuiku 17 X QUK®667 cross (0~3.
0). This indicates that the resistance genes included in OUK751 were higher
in number and/or had stronger effects than those in OUK667.

The heritabilities of disease rating, estimated by the correlation and
regression between the F, plants and the means of the F; lines, were 0.767
and 0.645 in the Hokuiku 17 X QUK667 cross, 0.783 and 0.674 in the Hokuiku
17 X OUK751 cross, respectively (Fig. 4). Both coefficients were quite similar
between the two sets of crosses. A few samples in Fig. 4 showed different
disease ratings between the F, plants and the means of the F; line. As the
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Fig. 3. Scatter diagram of mean and variance of disease ratings to isolate K105 in two sets
of F; lines.
U From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985).

disease rating of the F, plants was based on single plants and that of each
F, line was the mean of ten plants, the error in the F, plants should be larger
than that in the means of the F; lines. Therefore, the difference in the
disease ratings between the generations could be caused by the larger error
in the F, plants.

Other estimates for the heritability were calculated by selection differ-
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Fig. 4. Correlation of disease ratings to isolate K105 between F, population and F; lines.
**: Significant at the 19 level.
Y. From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985).

entials of the F, plant groups and genetic gains of the F, line groups (Figs.
5 and 6). Selection differentials, genetic gains and heritabilities were 4.70,
3.37 and 0.72 in the Hokuiku 17 X OUK®667 cross, and 7.52, 5.52 and 0.73 in the
Hokuiku 17 XOUKT751 cross, respectively (Table 1).

Despite of the different level of resistance in the resistant parents of the
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Fig. 5. Selection experiment for the disease ratings to isolate K105 in the cross Hokuikul7 X

OUK667.
U From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985).

two crosses (OUK667: 3.7~3.9, OUK751: 1.2~1.3), three kinds of her-
itabilities estimated were similar and ranged from 0.6 to 0.8. As the her-
itabilities of net blotch resistance using diallel analysis were from 0.72 to 0.
87 (Sato and Takeda 1993b), these values may be reasonable as the her-
itability for net blotch resistance.

Because of the high heritability and the small number of genes con-
cerned, selection of resistance with continuous distribution in net blotch may
be effective even from the F, generation. Figs. 5 and 6 show examples
explaining the selection effectiveness in which the most of the F, lines
derived from the resistant F, plants were resistant.
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Selection experiment for the disease ratings to isolate K105 in the cross Hokuiku

17X OUK751.

V. From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985).

Table 1. Selection differential, genetic gain and heritability for the disease

ratings? of F, and F, generations

F, Fs
Cross
SZ) RS) d4) SS) RB) G7) HS)
Hokuiku 17 X OUK667 9.02 432 470 841 504 337 0.72
Hokuiku 17 X OUK751 9.00 1.48 7.52 7.20 1.68 5.52 0.73

U From 1 (resistant) to 10 (highly susceptible) after Tekauz (1985)

» . Mean disease rating of susceptible plants
¥ . Mean disease rating of resistant plants
4+ Selection differential

% : Mean disease rating of susceptible lines
® : Mean disease rating of resistant lines

7. Genetic gain

® . Heritability
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