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Abstract: Knowledge of Rhynchosporium secalis variability and host response to scald is important in the
context of breeding for resistance. The vanation in R. secalis 1solates from barley in different agroecological
zones of Ethiopia was mvestigated with respect to colony and comdial morphology, colony growth rate,
sporulation and virulence spectrum on a set of ten barley differentials. The R. secalis isolates differed markedly
in several cultural characteristics but no correlation was found between these characteristics and isolate
virulence. Five R. secalis pathotypes were selected from a total of 19 pathotypes and used to screen 35 barley
lines 1n a glasshouse and also under natural infection m the field. Discrimmant analysis revealed considerable
divergence in host response, as well as in R. secalis virulence. Percent leaf area affected (PLAA) and area under
the disease progress curve (AUDPC) were negatively correlated with grain yield and 1000-grain weight and
more closely reflected host resistance than apparent infection rate (r). High yielding barley lines such as HB-100
that showed resistance to all five pathotypes m the glasshouse and had low AUDPC, r and PLAA values in
the field appear promising as donors of quantitative resistance genes in scald resistance breeding in the high

altitude zones of Ethiopia.
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INTRODUCTION

Barley (Hordeum vulgare L.) 1s the most important
food crop m Ethiopia after tef (Eragrostis tef [Zucc]
Trotter) and sorghum (Sorghum bicolor [1..] Moench). Tt
15 a traditional crop in the highlands of Ethiopia grown
over a wide range of climatic conditions. Scald, caused by
Rhynchosporium secalis (Oud) Davis, 1s the most widely
distributed and destructive disease of barley in Ethiopia!",
which is one of the centres of diversity of cultivated
barley. The disease i1s most severe in the highlands
(above 2000 m) where precipitation s high and
temperature is low during the cropping season. Reported
logses in yield due to scald vary between 21-67%
depending on season and cultivar™.

Cultural measures to control the disease are
usually ineffective when disease pressure is high and
chemical control strategies are generally inappropriate for
the mostly resource-poor farmers. Genetic resistance
could potentially form the basis
management strategies for barley

of sustainable
scald; however,

screening and selection of barley genotypes for
resistance to the disease is currently hampered by the
dearth of knowledge on the variability of the pathogen in
Ethiopia. Pathogenic variation in R. secalis and
corresponding variability in host resistance have been
studied by workers in several countries”™ but little is
known about the vamability of the pathogen or host
response to R. secalis pathotypes in Ethiopia. Yitbarek!”
observed that some scald-resistant barley lines were also
high- yielding across locations in Ethiopia, whereas other
scald-resistant lines were low- yielding. This suggests
that interactions between foliar diseases of barley may
have a considerable influence on the field performance of
scald-resistant cultivars. Although studies have been
conducted on the effect of scald on yield and yield
parameters, little 13 known about the relative merits of
parameters to characterize severity levels of scald
observed during the growing season on individual barley
genotypes m Bthiopia.

R. secalis 13 a deuteromycete fungal pathogen with
uninucleate hyphal and conidial cells and no known
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sexual stage!”. The lack of a recognized sexual stage
precludes standard Mendelian analysis of the genetics of
host-pathogen interaction. The pathogen apparently
posseses limited mechanisms for generation of variability
but morphelogical and pathological characterization', as
well as population genetic analyses using molecular
markers”™ have revealed high genetic diversity within the
pathogen. Genetic diversity has been found to be high
within a small spatial scale” and up to 74% of genetic
variability was distributed within collection areas of
approximately 1 m* ', The source of this high level of

genetic diversity 15 not known,

]

although asexual

1 and sexual

, spontanecus mutation!"
have

mecharsms responsible for the high diversity.

recombination™

reproduction™”’

been proposed as possible

The virulence structure of R. secalis populations may
change over a relatively short pericd of time"? and major
resistance genes deployed in barley to control scald have
frequently exhibited a fimte life span due to the
breakdown of resistance associated with selection for
increased virulence in the pathogen*'?. Yitbarek et al.!"
reviewed work on barley disease surveys in Ethiopia and
noted that, “more studies on variability within pathogen
populations are needed to refine the breeding of barley for
higher levels of disease resistance.” This is particularly
true in the case of barley scald, where little is known
concerning the variability in morphology, virulence and
pathogenic specialization that exists within populations of
R. secalis. The pathogenic variation of R. secalis presents
a risk to the use of single gene resistance in barley
cultivars. It 1s, therefore, mmportant to identify and/or
develop lines carrying as many different genes for
stable
resistance against a broad spectrum of the fungal

resistance as possible in order to provide

pathogen.

The aim of this study was to characterize isolates of
R. secalis collected from barley in different agro-
ecological zones of FEthiopia according to their
morphological, cultural and pathogenic varation. Barley
lines were also screened for scald resistance using single
spore isolates representative of the resultant virulence
phenotypes, in order to identify sources of resistance and
to provide a basis for the future selection of solates for
use as moculum in breeding programmes for scald
resistance. The relative merits of different parameters to
characterize severity levels of scald on individual barley
genotypes m the lugh altitude, high ramnfall zone of Bekoji,
Ethiopia were also assessed. A preliminary report on this

work has been published'?.
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MATERIALS AND METHODS

Isolates of R secalis: Naturally mfected barley leaves
were collected from various locations in Bale, Arsi and
Shoa regions. Twenty-four single-spore isolates were
obtained using the method of Jackson and Webster'™ and
maintained m 2% Lima bean agar (LBA) at 17°C. To
prevent pathogenicity changes in culture, there was
minimal sub-culturing of isolates between isolation and
pathogenicity. For short-term storage, spore suspensions
were prepared in sterile distilled water, transferred to
sterile culture tubes and stored at 5°C.

Morphological and cultural characteristics: Single
colomnies of each 1solate were imtiated by mverting a 3 mm
mycelial plug from a 10-14-day-old culture onto each of
four plates of LBA. The plates were mcubated at 17°C in
the dark for 10 days. From day 3, colony diameter was
recorded every 3 days until no further growth was
observed and used to compute the radial growth rates of
the isolates!"!. On day 10, colony colour was described
using a Mensell Soil Color Chart (1954). Colony
topography (whether the surface of the colony was raised
or not) and the nature of the spore masses (slimy or dry)
were also described™. The sporulation capacity of isolates
on LBA was evaluated using the method of Habgood™.

Conidial suspensions in sterile distilled water were
prepared from 10-day-old cultures of all isolates. Shde
preparations of the SUSPENSIONS  Were
subsequently made wusing cotton-blue lactophenol.
Comdial size for each isolate was determmed by
measuring the length and width (at the broadest point) of
30 randomly chosen comdia using an eyepiece
micrometer. The shape was determined by examination of
100 randomly selected conidia, which were then placed in
one of two shape categories: bealked or non-beaked. The
number of cells in each conidium was also noted.

conidial

Pathogenic variation: Pathogen vanability of the 24 smgle
spore isolates was evaluated on ten barley accessions,
differing n resistant gene or gene combinations (Table 1),
as described by Meles et al."?. Based on the differential
reaction of the isolates and the host accessions, five
pathotypes of R. secalis differing in pathogenic
complexity (two with complex virulence capability, two
with moderate virulence capability and one with simple
virulence capability) were selected for use in glasshouse
screening of 35 barley lines and a susceptible check
cultivar. Glasshouse screening was conducted as
described previously™. Cultivar-isolate combinations
were repeated three times and disease ratings were
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Table 1: Barley differential varieties and their designated gene or gene
combinations conferring resistance to R. secalis

Barley differential CI Resistance gene
La Mesita 7565 Rh4
Rh*, Rh10
Rh-Rh3-Rh4
Trebi 936 Rh4?
Rh4
Rh-Rh3-Rh4
Jet 967 i, th?
thé, rth7
Kitchen 1296 Rh9
Steudelli 2266 thé, rth7
Bey 5581 Rh
Modoc 7566 Rh4?
RIY, thé
Rh-Rh3-Rh4
Forrajera - Rh4d
Nigrinudum 2222 th8
Turk 5611-2 Rh3, Rh5
Rh, rhé
Rh-Rh3-Rh4

*Accession number of the Cereal Crops Research Branch, ARS, USDA,
Beltsville, Maryland®

made 13 and 20 days after inoculation. Reaction types
were classified on a 0-4 scale. In this study, individual
host genotypes commonly displayed two (occasionally
three) different infection responses to a pathogen isolate
across replicates. Where this occurred, the most severe
reaction was taken as a score for that combination.
Tsolate-cultivar combinations with a reaction type of 0-2
were classified as resistant, while those with types 3 and
4 were considered as susceptible'®.

The relatedness of the 24 R. secalis isolates was
determined by analyzing their infection responses on the
host differentials using the Cluster Analysis module of
the Statistica software v. 6.0"%. The similarity of the 35
barley cultivars mn response to the five selected R. secalis
pathotypes was analyzed using the same module.
Dissimilarity coefficients were generated using the
percent disagreement (simple mismatch coefficient [SM])
calculated as SM = m/n where m = the number of
mismatches between paired isolates or cultivars
and n the total mumber of differential hosts or
pathotypes. Values of the dissimilarity coefficient (linkage
distance) lie within the range of 0 to 1, where O indicates
complete similarity and 1 represents complete
dissimilarity. Phenograms were constructed based on
these data sets using the unweighted pair-group method
with arithmetic averaging (UPGMA) from the dissimilarity
or distance matrices. Percent disagreement was used as

distance measure because the data for the dimensions
included in the analysis were categorical in nature.

Field screening of barley lines for resistance to scald:
Thirty-five barley lines and a susceptible check cultivar
were selected for this experiment. The experiment was
conducted at Bekoji (50 kan south of Asella), where scald
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infection was teported to be highly severe. Barley was
grown at the experimental site in the previous season and
there was enough left-over infested straw to serve as a
ready souwrce of inoculum. The field was laid out in a
randomized complete block design with three replications.
Barley seeds of each test cultivar were drilled on 4.8 m’
plots with a row to row distance of 20 cm. Plots were
separated by two rows of the susceptible check cultivar
ARDT 12-8°C, which also served as a spreader. Blocks
were separated on all sides by four rows of the spreader.
Within each randomized block, one plot of ARDU 12-8°C
was also planted at intervals of five test cultivar plots.
The fertilizers urea and diammonium phospate were each
applied at the rate of 100 kg ha™ at planting.

Disease assessment was made on the top three
leaves 42, 48, 62, 75 and 89 days after planting (DAP). On
each assessment date, 12 leaves were sampled at random
from the middle rows of each plot and assessed for
percent leaf area affected (PLAA), as the basis for
estimating the area under the disease progress curve
(AUDPC). PLAA was computed by comparison with a
standard key for scoring blotch area™. AUDPC was
calculated using the formula:

AUDPC = Y (X +x)/2)t+ 1)
1+1
where x; refers to the per cent leaf area affected at t
(time, day) and n refers to the number of successive leaf
area measurements. The apparent infection rate was also
calculated using the following formula:

r=1/t, —t, (log, x,/1x, — log, x,/1-x)F*"

Assessment of number and size of complete lesions
formed was also undertaken on the same leaves. A lesion
was said to be complete when brown margins developed
around the advancing edge of the lesion™. Lesion size
and number of lesions were recorded at 48 and 75 DAP.
Barley lines that had developed coalesced lesions at the
time of assessment were excluded if the outline of the
individual lesions wasn’t distinct, making it difficult to
take lesion counts or measure lesion size.

At growth stage 11.1%7 the flag- and second-leaf (10
each) were randomly picked from each plot and assessed
for PLAA using the standard key for blotch area™. The
mean area under disease progress curve (AUDPC) for
each barley line was regressed against grain yield. PLAA
on the top two leaves at crop stage 11.1, lesion size and
number and apparent mfection rate were also tested for
correlation with grain yield and 1000-grain weight and
with each other. The level of scald infection on the test
lines was also compared with the level of other associated
diseases that were present in the field at the post-heading
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stage. The level of infection due to these diseases was
recorded using the double digit scoring method™”, where
the first digit refers to the relative height of the disease
using the 0-9 Saari-Prescot scale and the second digit
shows the disease severity on a 0-9 scale. Analysis of
1000-grain weight was done in random samples of grain
taken from each plot. Twenty gram grain samples, dried at
35°C for 24 h, were used to determine 1000-grain weight™.
Grain yield was also determined.

The MSTAT-C statistical package”” was used for
analysis of variance (ANOVA) tests in the laboratory,
glasshouse and field experiments. When significant F
values were obtained, treatment means were compared
using Fisher’s least significant difference (F-1.SD).

RESULTS AND DISCUSSION

Morphological and cultural characteristics: Marked
and consistent differences were observed among the
R. secalis isolates with respect to the colour and
appearance of the fungal colonies. Moreover, significant
differences existed among
characteristics, as well as m growth rate and spore
production m culture (Table 2). More than a quarter of
the isolates had spore counts of > 3.0x10° spores ml™
while half of the isolates had spore counts of < 1.6x106
spores ml~". Although growth of the isclates was slow,
the strains showed significant differences in mycelial
growth rate. When viewed from above, two thirds of the
isolates had a colour category of 7/4, while the rest of the
1solates had colour categories 7/6, 7/8, 8/3 and &8/4. But
when viewed from below only colour categories 7/4, 7/6
and 8/4 were observed. Conidial length ranged from 5.0 to
24.2 um and the mean length varied from 12.1 to 17.8 pm.
Conidial width at the broadest pownt ranged from 1.5 to
7.1 pm while the mean width varied from 2.5 to 4.4 um
among the isolates. The most frequent conidial shape in
about 2/3 of the isolates was the beaked type and conidia
without beaks were observed in only mne of the isolates
(Table 2). Isolate Holetta-32, however, had comidia with
distinctly rounded ends. Though conidia typically had
two cells, a considerable number of conidia with three
cells were observed in isolates Chancho-16, Bekoji-28 and
Meraro-13. The pathogenic complexity of 1solates in this
study appeared unrelated to both colony growth rate
(r = -0.283, P=0.18) and the sporulation ability of the
isolates. JTackson and Webster™ found that the relative
sporulation ability of isolates on potato dextrose agar was
not necessarily indicative of their ability to sporulate on
the host and to their pathogenic complexity. In agreement
with the results of this study, they concluded that
sporulation ability may be an attribute of isolates rather

isolates 1n  conidial
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Considerable variation was observed in
morphological and cultural characteristics among isolates
belonging to the same pathotype (Table 2). Since some of
this variation is directly attributable to genic mutation™,
this may be an indication of the high adaptability of the
pathogen population in Ethiopia™.

than races.

Pathogenic variation and glasshouse and field response
of barley cultivars to scald: The term “pathotype™ was
used in this study to denote R. secalis isolates that
differed m virulence on the barley differentials. Pathotype
complexity referred to the ability of a pathotype to cause
compatible reactions on several barley genotypes. A
graphical presentation of pathotype diversity and
variation in host response was obtained by generating
dendrograms from the dissimilarity matrices based on the
simple mismatch coefficient and the UPGMA clustering
method (Fig. 1 and 2). Nineteen pathotypes were
identified among the 24 R. secalis 1solates based on the
infection response of 10 host differentials carrying most
of the known scald resistance genes. Tt is likely that a
larger differential set, such as the 24 differentials
described by Goodwin et al ™"
pathotypes m this study. Also, the ‘snap-shot” nature of
the present survey means that a larger sample size and an
intensive hierarchical sampling strategy will likely reveal
greater pathotype diversity. Knowledge of the pathogen
population structure at experiumental sites will be of great
practical importance since evaluation of new barley lines
and local and introduced cultivars, takes place at these
locations™. Pathotype 16 showed the most complex
virulence capability since 1t caused a compatible reaction
in all the differential hosts. Interestingly, pathotypes 16,
7,15 and 17 that had the top four most complex virulence
phenotypes, comprised strains that were isolated from
experiment stations of the state farms and the Institute of
Agricultural Research. Also, all these strains were isolated
from improved malting-barley lines. Although pathotype
6 was the most common virulence phenotype
(representing 17% of the isolates), it displays a narrow
virulence spectrum, being capable of causing susceptible
reactions only on Steudelli and Kitchin. Such a pathotype
perhaps represents a low level of virulence™; therefore,
pathotype 6 should be supplemented with other
pathotypes of a wide virulence spectrum for general
resistance screening in Ethiopia.

The pathotypes were mostly represented by
individual isolates, with the exception of pathotypes 6,
7 and 14 that were the only multi-isolate pathotypes
(Fig. 1). Contrary to our expectation, none of the multi-
1solate pathotypes contained isolates that origmated from
the same location.

would have revealed more
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Fig. 1. Dendrogram showing pathotype diversity among 24 R. secalis isolates from barley in Ethiopia following
virulence phenotyping using ten host differentials. The isolates are designated by a code showing the pathotype
number followed by the abbreviated isolate designation (Table 2)
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Fig. 2. Dendrogram showing relationships among 35 barley lines in response to five selected R. secalis pathotypes
following glasshouse screenming. The lines are designated by a code showing the cultivar serial number
(Table 3) followed by the barley type (food barley, FB or malting barley, MB) and the number of pathotypes to

which the cultivar was resistant.

For instance, pathotype 6 that was the most common
pathotype was represented by four 1solates collected from
different locations in Arsi, Bale and Shoa. Pathogenic
differences have been reported among single spore
cultures of R. secalis derived from the same geographical
location, plant, lesion, or even the same parent isolate™.
Although no comparisons were made in this study below
the sampling scale of a location, the high pathogenic
variability within sites such as Bekoji, Dinsho and Holetta
clearly suggests a wide virulence spectrum of R. secalis
across locations in Ethiopia.

30

The susceptible check cultivar ARDU 12-8BC was
susceptible to all the five pathotypes (3, 5, 7, 11 and 16)
selected for screening of the 35 Ethiopian barley lines in
the glasshouse. The most complex pathotypes 16 and 7
caused susceptible reactions in only 21 and 22 of the 35
barley lines, respectively, in the glasshouse. In contrast,
the least complex pathotype © caused susceptible
reactions m 25 barley lines, while 24 lines were susceptible
to pathotype 3 that was of intermediate virulence
capability. Cluster analysis of host respomse in the
glasshouse revealed two major clusters, which clearly
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Table 2: Morphological and cultural characteristics of 24 isolates of R. secadis used in this study

Colony colour* Colony appearance® Conidial_ morphology®
Tsolate patho Gr.® Sporulation®
designation type Top  Underside topography  ridges (mm day™')  (x1000) length (lum) width (um) shape
Huruta-1 1 7/4 8/4 raised + 0.44 557.54 13.9[9.1-18.2] 3.2[2.040] NB
Bekoji-3 2 8/4 8/4 flat + 0.32 4110.70 14.0[10.1-18.2] 3.0[2.3-38] B
Dinsho-5 3 7/4 7/4 raised - 0.19 1760.11 15.3[11.1-22.2] 3.1[1.845 B
Agarfa-6 4 7/4 7/4 flat + 0.35 2294.00 14.2[10.1-21.2] 3.1[2.04.0] B
Dinsho-7 5 74 74 raised + 0.27 4556.66 14.7 [10.1-16.2] 3.6[2.8-5.0] B
Lolle-92 6 7/6 7/4 raised + 0.29 434943 12.3[10.1-151] 29[2.0-5.0] B
Geredela-10 7 7/4 8/4 flat - 0.25 4024.13 154 [11.1-21.2] 4.4][2.0-71] NB
Bekoji-11 8 7/8 74 flat + 0.23 1641.94 14.3 [7.1-22.2] 29[2.040] B
Bekoji-12 9 7/4 7/4 flat - 0.29 998.50 13.7[9.1-19.2] 3.0[2.043 B
Meraro-13 10 7/4 8/4 flat + 0.30 3005.25 13.4[7.1-20.2] 33[23-50] NB
Chancho-168 11 8/4 74 flat + 0.54 31652 17.8[13.1-22.2] 3.5[2.0-53] B
Ticho-17 6 7/4 7/4 raised + 0.24 57844 13.6[10.1-20.2] 3.1[2.0-5.0] NB
Dinsho-19 12 74 84 flat + 0.41 272830 15.2[10.1-18.2] 3.2[2.3-4.0] B
Ali-20 6 74 74 flat + 0.33 2707.23 13.2[7.1-17.2] 2.7[1.84.0] NB
Agarfa-21 13 7/4 7/4 raised + 0.31 327042 12.9[9.1-16.2] 31[2.0-60] B
Bekoji-22 14 8/3 7/6 raised - 0.19 152.44 15.2[10.1-19.2] 3.1[2.04.0] B
Bekoji-23 7 74 74 flat - 0.27 3210.54 14.1[11.1-18.2] 3.0[2.34.0] B
Bekoji-26 15 7/4 7/6 raised + 0.24 1320.85 15.7[10.1-23.2] 3.0[2.0-5.0] B
Bekoji-28 16 8/4 8/4 flat + 0.27 177747 15.0[10.1-19.2] 2.9[2.0-4.0] NB
Bekoji-29 17 74 74 flat - 0.21 1420.71 16.4 [13.1-24.2] 2.5[1.54.0] B
Holetta-30 18 7/6 7/4 raised + 0.19 25895 13.5[5.0-21.2] 3.7[2.0-500 B
Holetta-31 14 7/4 7/4 raised + 0.26 1117.10 15.8[10.2-20.3] 3.1[1.9-7.0] NB
Holetta-32 6 74 74 raised + 0.25 1595.53 12.1 [6.0-20.2] 3.1[2.04.5] NB
D. Tsige-33 19 8/3 7/4 raised 0.25 3568.75 13.5[9.1-17.2] 2.6[2.0-60] NB
LSD (0.05) 0.04 93740
CV (%) 28.33 28.33

*Colour hue 5YR 7/4, 8/4 and 8/3 = pink; hue 5YR 7/6 and 7/8 = reddish vellow colony, ®Colony appearance after 18 days
‘Mean linear growth rate of colony (mm day~!), “Intensity of sporulation in culture (spores mi™?), *Length, width and shape of conidia; B = beaked conidia,

NB = non-beaked conidia

separated cultivars that were resistant to zero and one
pathotype from those that showed resistance to more
than one pathotype (Fig. 2). In the present study, the
reaction of the barley lines in the glasshouse differed from
that in the field. Seventeen cultivars that were classified
in the field as resistant were found to be resistant to only
one of the five pathotypes with which they were screened
in the glasshouse. The remaining lines were resistant to 2,
3 or 4 pathotypes, with HB-117 alone being resistant to all
the five pathotypes. Conversely, barley lines such as
KLDN 54/85 and KLDN 209/85 classified as lughly
susceptible in the field, were able to resist even the most
complex pathotype (pathotype 16) in the glasshouse.
These findings clearly demonstrate that the cultivar
reactions m the glasshouse seedling test were not always
expressed in the field Jackson and Webster'” and
Webster et al™ made similar findings and considered
that the pathotype complexity observed on differential
hosts may not be relevant to host-pathogen interactions
mvolving other cultivars/landraces. The inability of the
more complex pathotypes to infect more barley lines may
be explained, at least in part, by the possession by these
cultivars of mnovel resistance gene(s) or gene
combinations not present n the differential cultivars.

The lack of a well-defined set of differential cultivars
for pathotyping of R. secalis makes direct comparison of
our results with the results of other pathotyping studies
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quite difficult™. To stem the problems inherent in the use
of differential cultivars with widely differing genetic
backgrounds and having two or more known or assumed
resistance genes, Bjemnstad et al™ recently suggested a
more appropriate terminology of scald resistance genes
and proposed a set of near isogenic lines (NILs) derived
from the current differentials for use as a standard. Their
NILs are yet to be adopted as a new set of standard
differentials and were not available for this study.

AUDPC was used as a measure of the resistance or
susceptibility of the barley lines at Bekoji.  Significant
differences (P<0.05) were observed in AUDPC, r and
PLAA among the test barley lines. Considerable variation
was also observed in grain yield and 1000-grain weight
(Table 3). Most of the lines with AUDPC values below
133.6 also had grain yield of 66.2 to 166.7% over the yield
of the susceptible check; however, a few barley lines with
low AUDPC such as HB-116 and HB-68 gave yields that
were similar to that of the control. Grain yield and 1000-
grain weight were negatively and significantly correlated
with both AUDPC and PLAA, but the correlation with
apparent infection rate was weak and non-significant
(Table 4). Assessment of foliar diseases at the post-
heading stage showed that net blotch (Pyrenophora teres
Dreschl) was the most important disease associated with
scald at Beloji. There was a negative and significant
correlation between scald and net-blotch (r -0.53,
P<0.035).
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Table 3: Mean percent leaf area damage on flag and 2nd leaf (PL.AA), area under the disease progress curve (AUDPC), double digit score, apparent infection
rate (1), grain yield and 1000 grain weight of 35 barley lines at Bekoji

Serial number Double Grain yield 1000-grain
of barley lines AUDPC! digit score R? PLAA’ (g plot™) wt (g)
1. Proctor 1002.0 68 0.13 12,59 400.9 27.43
2. Beka 12.9 52 0.10 0.08 546.9 3311
3. HolKr 42.9 &4 0.04 225 722.1 30,29
4. BalKr 54.2 T4 0.21 2.64 783.7 42.81
5. HB-7 99.5 76 0.36 3.59 598.5 32.88
6. HB-15 0.0 0 0.00 018 543.9 35.81
7. HB42 110.9 53 0.10 236 795.5 48.06
8. HB-52 T64.7 75 0.12 T.72 612.9 41.71
9. HB-68 46.8 42 0.31 Q.90 545.2 43.63
10. HB-29 110.1 T3 0.38 4.40 687.7 20,40
11. HB-100 52.2 85 0.25 2.94 644.8 34.50
12. HB-114 384.3 65 0.15 2.39 736.9 39,00
13. HB-115 33.0 41 0.22 0.85 658.7 35.59
14. HB-116 102.3 52 0.38 046 500.2 40.11
15. HB-117 77.9 a3 0.01 0.85 658.7 35.59
16, HB-118 354 31 0.22 0.01 845.2 40.16
17. HB-120 64.3 74 0.17 640 541.4 33,58
18. HB-123 741.1 T7 0.12 12.81 516.3 44,25
19, HB-127 891.3 89 0.16 29.79 509.7 32.65
20. HB-128 11.5 41 0.09 Q.00 720.9 44.88
21. HB-129 Q.0 0 0.00 Q.90 843.0 44.89
22, Kalumsa 1/88 17.5 T2 0.22 3.22 732.7 34.51
23. Kalumsa 6/88 84.3 a3 0.18 1.25 772.5 40.11
24, EH 763/F,-1H-62-34-13 0.0 0 0.00 021 T04.9 41.49
25. EH 728/F,-3H-23-16-3 398 &4 0.29 0.69 665.2 41.65
26. BYT 1/85 1178.0 98 0.16 47.40 569.2 20,22
27. BYT/MRA 2/88 688.7 86 0.18 27.18 669.7 30.67
28. TAR/H/485 102.8 T4 0.30 3.38 770.3 36.07
29 KLDN 139/85 587.7 76 0.15 10.65 567.1 38.20
30. KLDN 54/85 1560.0 98 0.12 50.02 421.4 27.66
31. KLDN 209/85 944.1 78 0.14 13.52 415.5 30.96
32. ARDU 12-60B 23.7 41 0.13 046 959.8 41.04
33. AHOR 880/61 133.6 52 0.04 0.96 683.5 35.77
34. ARDU 12-9C 209 31 0.26 0.69 926.8 39.64
35. IBON 34/86 7.2 &l 0.11 1.57 814.5 32.65
ARDU 12-8C 977.8 98 0.09 24.55 360.0 33.43
CV (%) 5215 76.07 60.28

L3D (0.05) 259.5 0.20 T.62

Mean 1.16 776

! Area under the disease progress curve, “Apparent infection rate, slope of the logit disease progress curve

*Percentage leaf area affected (only top two leaves)

Table4: Correlation analysis between grain yield, 1000 grain weight, area under the disease progress curve (AUDPC), plant leaf area affected (PLLAA) and

et

the apparent infection rate “r’

Lesion number Lesion size
Grain 1000

48DAP 75DAP 48DAP 7SDAP AUDPC _ “r” PLAA yield grain weight.
1000-grain -0.52 -0.20 -0.28 -0.30 -0.47 -0.16 -0.50 0.52 -
weight p<0.05 p=0.06 p=0.10 p=0.76 p<0.05 p=0.35 P=0.05 P<0.05
Grain yield -0.34 -0.41 -0.56 0.47 -0.66 -0.023 -0.53 -

P<0.05 P=0.05 P<0.05 P=0.05 P<0.05 p=0.89 P=0.05
PLAA 0.42 0.73 0.62 0.82 0.89 -0.07 -

P<0.05 P=0.05 P<0.05 P=0.05 P<0.05 p=0.67
s 0.10 -0.02 0.27 -0.08 -0.14 -

p=0.54 p=0.88 p=0.10 p=0.64 p=0.42
AUDPC 0.54 0.87 0.67 0.97 -

P=0.05 P=0.05 P<0.05 P=0.05

Although somewhat demanding with respect to data
collection, computation and mterpretation, AUDPC 1s
often favoured as the best parameter to characterize levels
of partial resistance within a particular environment™.
AUDPC revealed marked differences in response to scald

among the barley lines comparedto r, which agrees with

the findings of Wilcoxon et al.

Parlevliet®™ observed that r

[36]

wasi’t

and Parlevliet

useful

[37]

n

differentiating resistant from susceptible cultivars while
distinet and consistent differences were observed in
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AUDPC. A very close relationship was observed
between the double-digit score (Table 3)*! and the
AUDPC, indicating that this simmple yet robust and
biologically meamngtul parameter may be used to
substitute AUDPC in large multi-environment field trials
as proposed by Pinnschmidt™ Breeding lines such as
HB-129 that had AUDPC values of zero possibly carry
major resistance gene(s) and may not be promising
candidates for use as donors of quantitative resistance to
scald in the breeding program. Similarly, lines such as
BYT 1/85 and KLDN-54/85 with AUDPC of over 1000
probably possess a very low level of scald resistance. On
the other hand, barley lines such as HB-100 possessing
resistance to all five pathotypes in the glasshouse and
having low AUDPC, r and PLAA values and with high
vields appear promising as donors of both quantitative
resistance and yield. The finding that some barley lines
that were highly resistant to scald gave low yields, may be
explained, at least mn part, by their susceptibility to net
blotch™. Tames et al"™ and Khan and Crosbie™ reported
that yield loss due to scald was accounted for mainly by
a loss in grain weight. The significant positive correlation
between grain yield and 1000-grain weight observed in
this study supports therr finding; however, some lines
such as HB-123 and HB-68 had high grain weight but
relatively low yield. Low yield in these cases may have
been brought about by reduced grain number per ear
and/or reduction in the number of tillers per plant™®.

The vast majority of farmers in Ethiopia are still
growing local varieties and have little means of increasing
output. Although most of the preferred local varieties are
susceptible to foliar diseases, particularly scald™, the
resistance against scald remains low. Ethiopia is one of
the centres of diversity of barley and 1s thus a presumed
centre of diversity of its pathogen R. secalis. Smce the
pathogen 13 expected to show a high level of genetic
diversity in countries like Ethiopia™, host resistance
could potentially form the basis of barley scald
management strategies. This first study has shown that
high yielding barley lines such as HB-100 with resistance
to all five pathotypes tested and exhibiting low ATDPC,
rand PLAA values in the field are promising as donors of
quantitative resistance genes in scald resistance breeding
mn the high altitude zone of Bekoji. Clearly, pathotypes
with complex virulence capability such as pathotypes 16,
7, 15 and 17 will be good candidates for initial screening
for scald resistance smce they caused a compatible
reaction 1n most of the differential hosts. Since pathotype
structure may differ across locations, further research is
now warranted to test promising lines such as HB-100 for
genotype x environment mnteraction. There 1s also need to
use molecular markers and a larger sample size togain
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more insight into the population biology of R. secalis in
Ethiopia.
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