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In the Upper Midwest barley growing region of the USA, hulless waxy barley
genotypes generally are grown only in western North Dakota, where environ-
mental conditions often are not favorable for development of foliar and spike
diseases. A concern with producing hulless waxy barley in the eastern area of
the region is that the hulless character of the kernel may predispose it to more
unsightly kernel diseases and discoloration than hulled barley. Also, hulless cul-
tivars currently grown in the Upper Midwest are susceptible to a foliar disease,
spot blotch, that can severely reduce yield. Cochliobolus sativus is the pathogen
responsible for causing spot blotch and a major causal organism of kernel
blight. Research on control of spot blotch and kernel blight with a foliar fungi-
cide on hulless barley genotypes grown in the Upper Midwest has not been
conducted. The objectives of this study were to determine whether natural field
infections of the pathogen responsible for causing spot blotch and partly
responsible for causing kernel blight similarly affect kernel and flour brightness
of hulled and hulless barley genotypes, and to determine whether disease con-
trol with the fungicide propiconazole similarly affects agronomic and quality
traits of hulled and hulless barley genotypes.

The pathogen C. sativus can incite common root rot, spot blotch, and kernel
blight in barley. In the Upper Midwest, spot blotch and kernel blight are the two
most damaging diseases incited by C. sativus. The best control against C.
sativus is sowing of resistant cultivars or use of fungicides. The fungicide prop-
iconazole (Tilt®) has been labeled for use in barley for control of foliar and
kernel diseases. Reports on use of propiconazole to control diseases incited by
C. sativus are limited. Also, research comparing prevalence of spot blotch and
kernel blight in hulled and hulless barley genotypes grown in the upper
Midwest U.S. has not been conducted.

Field experiments were conducted using a randomized complete block design
with a split plot arrangement at Minot and Prosper, ND, in 1991 and 1992.
Whole plots were propiconazole treatments (0 and 1.8 oz ai/acre) and subplots
were genotypes. Ten hulled and eight hulless barley genotypes were evaluated.
All but two of the genotypes were susceptible to spot blotch. Spot blotch severi-
ty was rated prior to maturity. Data collected on clean grain were yield, test
weight, 1000-kemel weight, kernel plumpness, and kernel brightness. Flour
brightness and total and soluble B-glucan content were determined on barley
flour. Kernel and flour brightness were used to measure the level of kernel
blight and discoloration.

Can propiconazole be used to control spot blotch?
Propiconazole reduced spot blotch severity in hulled and hulless genotypes.

Mean reduction in spot blotch severity tended to be slightly better in the hulled
genotypes than hulless genotypes.

Full scientific article from which this summary was written begins on page 320 of this issue.
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Did control of spot blotch by propiconazole result in increases in yield and
yield-related traits?

Control of spot blotch by propiconazole increased grain yield, 1000-kernel
weight, and kernel plumpness in hulled and hulless genotypes. Improvements in
grain yield and 1000-kermel weight were similar in hulled and hulless geno-
types. Propiconazole significantly improved test weight in the hulled genotypes,
but not the hulless genotypes. Improvements in kernel plumpness were general-
ly greater in the hulless than the hulled genotypes.

Did control of spot blotch by propiconazole result in improvements of qual-
ity related traits?

Environmental conditions were not conducive for development of kemel blight.
The reduction in foliar infection of spot blotch did not correspond to brighter
kermels or flour. In fact, propiconazole slightly decreased kernel brightness.
Spot blotch control by propiconazole had no affect on mean total or soluble B-
glucan content of hulled and hulless genotypes.
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Effects of the Fungicide Propiconazole on Agronomic
and Quality Traits of Hulled and Hulless Barley

C.J. Lee, F. A. Manthey, R. S. Ellefson, R. D. Horsley,* and P. B. Schwarz

The hypocholesterolemic effect of hulless waxy barley
(Hordeum vulgare L.} has increased its use in food products.
Hulless cultivars currently grown in the Upper Midwest U.S.
barley growing region are susceptible to a foliar disease, spot
blotch, that can severely reduce yield. Spot blotch and kernel
blight generally occur in the eastern area of the region; thus,
hulless barley production is limited to the western area. Re-
search on chemical control of spot blotch and kernel disease in
hulless barley genotypes grown in the Upper Midwest has not
been conducted. The objectives of this study were to determine
whether natural field infections of the pathogen responsible for
causing spot blotch and partly responsible for causing kernel
blight similarly affect kernel and flour brightness of hulled and
hulless barley genotypes, and to determine whether disease

control with the fungicide propiconazole {1[[2-(2,4-dichloro-

phenyl)-4-propyl-1,3-dioxolan-2-yljmethyl]-1H-1,2,4-triazole}
similarly affect agronomic and quality traits of hulled and hul-
less barley genotypes. Propiconazole reduced spot blotch sever-
ity. This resulted in increased yield and yield-related traits in
hulied and hulless genotypes. Responses to propiconazole by
the hulled and hulless genotypes were generally similar for
spot blotch control, and similar for grain yield and 1000-kernel
weight. The reduction in spot blotch severity did not result in
brighter kernels or flour, nor did it affect mean total or soluble
B-glucan content of hulled and hulless genotypes. Thus, hulless
barley cultivars susceptible to spot blotch can be produced in
the eastern area of the Upper Midwest barley growing region
if they are protected with propiconazole.

BETA-GLUCANS FOUND in cereal grains have been associ-
ated with hypocholesterolemic effects in humans
(Newman et al., 1989). Barley genotypes expressing waxy
or hulless traits often have the greatest B-glucan content
(Fox, 1981). For example, B-glucan contents of ‘Titan’,
‘Betzes’, and ‘Compana’ barley were 4.9, 5.7, and 3.8 %,
respectively, while the corresponding waxy isogenic lines of
these cultivars contained 7.1, 7.3, and 4.7 % B-glucan
(Ullrich et al., 1986). The waxy character is due to increased
levels of amylopectin in the starch. Waxy barley starch con-
sists of 97 to 100 % amylopectin, while nonwaxy or normal
barley starch contains 15 to 25% amylose and 75 to 85 %
amylopectin.

The hypocholesterolemic effect of hulless waxy barley
has increased its use in food products. In the Upper Midwest
barley growing region, hulless waxy barley genotypes gen-
erally are grown only in western North Dakota where envi-
ronmental conditions usually are not favorable for develop-
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ment of foliar and spike diseases. A concern with producing
hulless waxy barley in the eastern area of the region is that
the hulless character of the kernel may predispose it more
than hulled barley to unsightly kernel diseases or discol-
oration. Grain for human consumption has a more stringent
specification for the percentage of diseased and discolored
kernels than grain fed to livestock. Excessive kernel blight
or discoloration may result in unacceptable black specks in
the flour.

The pathogen Cochliobolus sativus (Ito and Kuribayashi)
Dreschs. ex Dastur causes common root rot, spot blotch, and
kernel blight in barley. In the upper Midwest, spot blotch
and kernel blight are the two most damaging diseases incit-
ed by C. sativus (Mathre, 1982). Reports of yield losses
caused by spot blotch in susceptible cultivars have been as
high as 36% (Clark, 1979). Nutter et al. (1985) reported that
the reduction in yield due to spot blotch is largely caused by
a reduction in kernel weight. Several pathogens can cause
kernel blight in barley; yet C. sativus is a major pathogen
causing this disease (Mathre, 1982). Barley with high levels
of kernel blight either is not purchased or is heavily dis-
counted by buyers. The best control against C. sativus is
sowing of resistant cultivars or use of fungicides. The fungi-
cide propiconazole (Tilt®) has been labeled for use in barley
for control of foliar and kernel diseases. Reports on use of
propiconazole to control diseases incited by C. sativus are
limited.

Research comparing prevalence of spot blotch and kernel
blight in hulled and hulless barley genotypes grown in the
upper Midwest has not been conducted. The objectives of
this study were to determine whether natural field infections
of C. sativus similarly affect kernel and flour brightness of
hulled and hulless barley genotypes, and to determine
whether control of C. sativus with propiconazole similarly
affects agronomic and quality traits of hulled and hulless
barley genotypes.

MATERIALS AND METHODS

Barley genotypes evaluated in this study are presented in
Table 1. Azure and Excel are six-rowed malting barley cul-
tivars. They were used in this study because of their excel-
lent agronomic traits and resistance to spot blotch.
‘Bowman’ is a two-rowed feed barley that is popular with
producers in western North and South Dakota. The remain-
ing genotypes are Bowman backcross-derived lines. The
waxy, smooth-awned, and hulless characters are each con-
trolled by single recessive genes and have been associated
with increased B-glucan content in barley (Fox, 1981).
These Bowman backcross-derived genotypes were devel-
oped by Dr. Jerome Franckowiak at the North Dakota
Agricultural Experiment Station, Fargo, and were for culti-
var release. Bowman and the Bowman backcross-derived
lines are moderately susceptible to pathotypes of C. sativus
prevalent in eastern North Dakota,
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Table 1. Hulled and hulless barley genotypes evaluated in this study.

Hulled genotypes Hulless genotypes

Azure Hulless Bowman-2
Bowman Hulless Bowman-3
Excel Hulless Smooth-awned Bowman-1

Smooth-awned Bowman-1 Hulless Smooth-awned Bowman-2
Smooth-awned Bowman-2 Wanubet

Waxy Bowman-2 Waxy Hulless Bowman-2

Waxy Bowman-3 Waxy Hulless Bowman-3

Waxy Bowman-4 Waxy Hulless Bowman—4

Waxy Hulled Smooth-awned Bowman-2

Waxy Hulled Smooth-awned Bowman-3

Field experiments were conducted at Minot and Prosper,
ND, in 1991 and 1992. Each location within a year was con-
sidered an environment. The soil at Minot is a Williams
loam (fine-loamy, mixed Typic Argiboroll). The soil at
Prosper is a Bearden silty clay loam (fine-silty, frigid Aeric
Calciaquoll). The experimental design was a randomized
complete block with a split plot arrangement and two repli-
cates per environment. Whole plots were propiconazole
treatments and subplots were genotypes. Experimental units
consisted of three 10 ft rows, with 1 ft spacing between rows
and 1.5 ft spacing between experimental units. The seeding
rate was 1.17 million kernels/acre (1.75 bu/acre). Propicon-
azole was applied at Feeke’s growth stage 8 at rates of 0 or
1.8 oz ai/acre in 17 gal water/acre at 35 psi, using a tractor
mounted sprayer.

Foliar disease notes were taken on spot blotch severity
using a 0 to 9 scale, with 0 equal to disease free and 9 equal
to severe disease. At maturity, entire three-row plots were
harvested with a plot combine. Grain samples were dried in
a forced-air dryer to approximately 10% moisture, then
cleaned. Data collected on clean grain were grain yield,
1000-kernel weight, test weight, kernel plumpness, and ker-
nel brightness. Kernel plumpness was determined by the
method of the American Society of Brewing Chemists
(ASBC, 1992). Kernel brightness was determined using the
ASBC method (1992) with a Pacific Scientific XL-800
Series Gardner Colorimeter (Pacific Scientific, Silver
Spring, MD). Kernel brightness values reported are L-val-
ues (brightness) obtained from the colorimeter. L-values can
range from 0 to 100, with 0 being dark or heavily stained
barley and 100 being bright, unweathered barley. Kernel
brightness was used to estimate the level of kemel blight.
Heavily blighted kemnels would have a low kernel color
score.

Flour brightness, and total and soluble B-glucan were
determined on barley ground with an Udy Cyclone Sample
Mill (Udy Corp., Boulder, CO) fitted with a 0.002-in. (0.5-
mm) screen. Flour brightness was determined using a mod-
ification of the American Association of Cereal Chemists’
method (1983). Flour brightness values reported are L-val-
ues. Total and insoluble B-glucan were determined with a
Biocon (Australia) Ltd. $-glucan and Glucose Test Kit.
Total B-glucan was determined by the method of McCleary
and Codd (1991). Insoluble B-glucan was determined by the
method of Aman and Graham (1987). Soluble B-glucan was
determined by subtracting insoluble from total B-glucan
content. All B-glucan values are expressed on a dry-weight
basis.

Data were analyzed using the Statistical Analysis System
(SAS, 1990). The error mean squares from each environ-

Table 2. Effect of hull type and propiconazole on five agronomic traits
of barley averaged across genotypes and four environments,
1991-1992.

1000-

Huli Spot Grain Test kemel Kemel
type Propiconazole blotch yield weight weight plumpness
oz aifacre 0-9% bu/acre 1b/bu 0z %
Hulled 0 3.7¢*  539¢ 50.3a  1.35b(383%) 63.6c
Hulled 1.8 2.5a 63.2d 51.7b  1.43¢ (40.6) 69.8d
Hulless (] 3.9d 44.6a 58.6¢ 1.28a (36.3) 37.5a
Hulless 1.8 2.8b 52.0b 59.1¢ 1.35b (38.3) 44.2b

® Means within a column followed by the same letter are not different at P < 0.05.
1 0 = no disease and 9 = severe disease.
§ Values in parentheses are 1000-kemel weight in g.

ment were tested for homogeneity of error variance to deter-
mine whether the experiments could be combined across
environments. In the combined analyses, environments and

genotypes were considered random effects and propicona-

zole a fixed effect. The propiconazole x genotype source of
variation was partitioned into three orthogonal contrasts:
propiconazole x among hulled genotypes, propiconazole x
among hulless genotypes, and propiconazole x hulled vs.
hulless genotypes. The environment X genotype mean
square was used as the denominator of the F-test to test each
comparison. The environment x propiconazole x genotype
source of variation also was partitioned into three orthogo-
nal comparisons: environment x propiconazole X among
hulled genotypes, environment x propiconazole x among
hulless genotypes, and environment x propiconazole x
hulled vs. hulless genotypes. The error mean square was
used as the denominator of the F-test to evaluate each com-
parison. F-tests were considered significant at P < 0.05.

RESULTS AND DISCUSSION

The objectives of this study were to determine whether

control of spot blotch by the fungicide propiconazole simi-
larly affected yield, yield-related traits, and quality traits of
hulled and hulless barley genotypes. Information needed to
satisfy these objectives can be obtained by interpreting the
environment x propiconazole x hulled vs. hulless genotype
and the propiconazole x hulled vs. hulless genotype con-
trasts. A significant environment x propiconazole x hulled
vs. hulless genotype interaction (P < 0.01) was observed for
all traits evaluated except soluble P-glucan content.
Significance was due to differences in magnitude between
hulled and hulless genotypes in all cases (Tables 2 and 3).

Averaged across genotypes, spot blotch severity at
Prosper was moderate, 3.9, in 1991, and moderately high,
5.9, in 1992, At Minot in 1991 and 1992, spot blotch sever-
ity was low, 1.9 and 1.5, respectively. Varying levels of spot
blotch severity at these locations were not unexpected.
Prosper is located in eastern North Dakota where conditions
are conducive to spot blotch development in most years. At
Minot, located in north central North Dakota, environmen-
tal conditions usually are not conducive to development of
severe levels of spot blotch. Measurable levels of other
foliar diseases were not observed.

In hulled and hulless genotypes, propiconazole reduced
spot blotch severity; and increased grain yield, test weight,
1000-kernel weight, and kernel plumpness (Table 2). The
mean reduction in spot blotch tended to be slightly better in
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Table 3. Effect of hull type and propiconazole on four quality traits of
barley averaged across genotypes and four environments,
1991-1992.

Hull Kernel Flour Total Soluble

type Propiconazole  brightness  brightness B-glucan - B-glucan
0z ai/acre L-scoret %

Hulled 0 51.4c* 82.7a 5.3a 32a

Hulled 1.8 51.0b 82.6a S5.4a 3.3a

Hulless 0 51.4c 85.4b 5.5b 3.2a

Hulless 1.8 50.7a 85.3b 5.6b 33a

* Means within a column followed by the same letter are not different at P < 0.05.
t L-score O=dark or heavily stained barley or flour, 100=bright barley or flour.

the hulled genotypes than hulless genotypes, 32 and 28%,
respectively. Spot blotch control by propiconazole improved
grain yield and 1000-kernel weight similarly in hulled and
hulless genotypes. Propiconazole significantly improved
test weight in the hulled genotypes but not the hulless geno-
types. Mean test weight was increased by propiconazole 2.8
and 0.9% in hulled and hulless genotypes, respectively. The
negligible gain in test weight in propiconazole-treated hul-
less barley genotypes was not surprising because mean test
weight of untreated hulless genotypes, 58.6 Ib/bu, was
already extremely high. In the hulled genotypes, the test
weight of untreated genotypes averaged 50.3 Ib/bu. This
value is slightly below average for two-rowed hulled culti-
vars in the Upper Midwest (Schwarz et al., 1991, 1992) and
had potential for improvement. Mean kernel plumpness was
increased by controlling spot blotch with propiconazole.
The increase was greater in the hulless (17.9%) than the
hulled genotypes (9.7%).

The pathogen that causes spot blotch also is a major
causal organism of kernel blight in barley (Mathre, 1982).
Averaged across genotypes, kemnel brightness scores were
greater than 50 in 1991 and 1992. Values greater than 50 are
indicative of barley with acceptable kernel color and low
levels of kemel blight. The reduction in foliar infection of
spot blotch did not correspond to brighter kernels or flour
(Table 3). In fact, kemnel brightness was slightly less in prop-
iconazole treated genotypes. Propiconazole reduced mean
kemel brightness 0.4 and 0.7 L-value units in hulled and
hulless genotypes, respectively. Mean brightness of flour
made from hulless genotypes was significantly brighter than
flour obtained from hulled genotypes (Table 3). This would
be expected because the “yellow” color of the hull would
reduce the brightness of the flour. Due to the hulless charac-
ter, it was hypothesized that hulless genotypes could be
more susceptible to kernel blight. In this study, environmen-
tal conditions were not favorable for development of kernel
blight; thus, we could not determine if propiconazole would
reduce kernel blight in hulled and hulless genotypes.
Research is needed to determine the effects of propicona-
zole on kernel and flour color of hulled and hulless barley
genotypes grown in conditions favorable for kernel blight
development.

Spot blotch control by propiconazole had no affect on
mean total or soluble B-glucan content of hulled and hulless
genotypes (Table 3). Total B-glucan content of the hulled
genotypes was less than that of the hulless genotypes. No
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difference in soluble f-glucan was observed between hulled
and hulless genotypes.

Overall, propiconazole reduced spot blotch severity,
resulting in increased grain yield and yield-related traits.
However, it had little or no affect on kernel and flour bright-
ness, and total and soluble B-glucan. Thus, propiconazole
can be used to protect hulled and hulless barley genotypes
from the yield-reducing affects of C. sativus. Environmental
conditions were not conducive for development of kernel
blight. The differences in kernel brightness and flour color
of genotypes receiving propiconazole in this study were
small and not readily visible to the naked eye. Thus, differ-
ences between sprayed and unsprayed treatments probably
would not affect marketing of the grain produced in years
with environmental conditions unfavorable for kernel blight
development. Finally, spot blotch control by propiconazole
can be expected to have no affect on total and soluble B-glu-
can content of hulled or hulless genotypes.
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