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Mechanical transmission of barley seedlings with barley
yellow mosaic virus (BaYMYV) is generally inefficient
and is the major constraint for testing cultivar resistance
to the virus. To explore mechanical transmission,
BaYM V-infected barley plants were grown at different
conditions and used as inoculum sources to seedlings of
susceptible barley cultivar Baegdong. Extracts pre-
pared from BaYM V-infected Baegdong plants at 47, 53,
74, and 90 days after symptom appearance (DASA) and
grown at 10 and 12°C gave 10, 30, 68 and 76% infec-
tion, respectively on inoculated susceptible barley cv.
Baegdong seedlings. While Jinyangbori, another sus-
ceptible cultivar obtained 95 % infection rate inoculated
with extracts from 90 DASA disease source and grown
at 10/12°C. However, low infection rates were obtained
when the virus sources were grown in a greenhouse at
15-18°C. Our results indicate that longer incubation
period and lower temperature are required for virus
accumulation and stability.
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Barley yellow mosaic virus (BaYMYV) is one of the most
destructive and widespread virus diseases in winter barley,
Hordeum vulgare in East Asia and Europe (Kashiwazaki et
al., 1989; Adams, 2000). In nature, it co-infections with
Barley mild mosaic virus (BaMMV) and BaYMV causing
enormous yield loss (Huth, 1991). Unfortunately, no con-
trol method has found to manage these viruses except for
planting resistant cultivars (Adams, 2000; Kanyuka et al.,
2003). Both viruses belong to Bymovirus genus and
transmitted by the soil-borne fungus, Polymyxa graminis
Led. Both BaMMV and BaYMV are mechanically
transmissible. BaMMV is readily transmissible, while
BaYMYV infection rate is often very low (Adams, 2000)
discouraging in adapting mechanical inoculation in testing
for cultivar resistance. The reason of its difficulty in
transmission by mechanical means is not well understood.
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Virus infection by mechanical means is affected with
virus concentration, host susceptibility, stability of the
virus, and environmental conditions. Several studies have
been done on BaYMYV focusing on these factors. Infection
rates so far obtained for mechanical transmission of BaYMV
was low (below 50%) (Kashiwazaki, et al., 1989; So et al.,
1997) however, if two times of inoculation were applied at
7 days interval, transmission rate was improved (Freidt,
1983). In the case of Wheat spindle striate mosaic virus
(WSSMYV) another member of Bymovirus genus showed
that age of virus source and temperature are essential for
virus transmission (Slykhuis, 1974). In the same paper, it
was indicated that extracts from tillering stage of plants
(approximately 78 days old) when used as inoculum show-
ed significantly higher transmission than extracts from
elongated stem and heading stages. Also, growing the source
plants at temperature above 15°C decreased transmission
efficiency. On the other hand, Takanashi et al. (1967)
indicated that low infectivity of BaYMV and Wheat yellow
mosaic virus (WYMV) by mechanical inoculation was due
to the action of polyphenol oxidase. High infection rates
were attained in addition of potassium cyanide (KCN) in
extraction buffer. While in another study, addition of
phenylmethylsulfonyl fluoride (PMSF) was found to
increase infectivity in mechanical inoculation of BaYMV-2
(Kuntze et al., 2000).

Consequently, in this paper, in an effort to increase
BaYMYV transmission by mechanical means, we are report-
ing effects of age of source plants grown at varying temper-
atures. Also, effects of enzyme inhibitors such as KCN and
PMSF added in the inoculum were further confirmed.

Korean barley cultivars Baegdong, Jinyangbori, and
Hopumbori were used in this study. Field tests showed that
Baegdong and Jinyangbori were susceptible (Park et al.,
2005) and Hopumbori was resistant (Hyun et al., 2006) to
BaYMV. Seedlings were grown at 20-25°C in a greenhouse
and used for inoculation at the 3-4 leaf stage (approxi-
mately 3 weeks from sowing). The virus sources were
collected at Haenam, South Korea and tested in ELISA for
the presence of BaYMV, BaMMYV and soil-borne wheat
mosaic virus (SBWMYV). Plants infected with BaYMV
alone were selected and used as the inoculum sources for
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mechanical inoculation of Baegdong seedlings. Inoculated
seedlings were grown in a growth chamber controlled the
temperature at 10 and 12°C (10/12°C) for 12 hours each
under 2000 and 500 lux, respectively.

Inoculum preparation for BaMMYV (Jonson et al., 2006)
was also applied for BaYMV. In brief, BaYMV infected
leaves showing symptoms such as elongated chlorotic
streaks were harvested, cut into small pieces, and then
ground vigorously using mortar and pestles with 4 times in
weight of 0.04 M phosphate buffer (pH 7.0) containing
0.001 M KCN. Extracts were filtered through double-
layered gauzes, transferred to falcon tubes, and mixed with
carborundum (600 mesh) at a rate of 1 mg/ml. The extracts
were thoroughly shaken to achieve even distribution of
carborundum and inoculated to test seedlings using stick
with gauze (SWG) method. SWG method is a modified
inoculation technique making used of gauze rolled in a
wooden chopstick and was applied by leaf rubbing (Jonson
et al., 2006). Inoculated seedlings were maintained in the
growth chambers. In each test, 20 seedlings per cultivar
were inoculated and experiment was repeated twice. At 45
days after treatments the inoculated seedlings showing
typical BaYMV symptoms on the leaves were further tested
by RT-PCR using primer pair S13 and S14 designed by Lee
et al. (1998). Data were subjected to the analysis of
variance using GraphPad Software (San Diego, USA).

The symptoms appeared on inoculated plants at 30 to 45
days after inoculation. In Table 1, extracts from infected
Baegdong plants were used as inocula at 47, 63, 74 and 90
days after symptom appearance (DASA). Results from two
experiment trials, infection rates of Baegdong seedling
varied greatly depending on age of source plants used for
the inoculation. Percent seedling infection was higher when
older age source plants were used than those younger age
source plants. Inoculum sources at 90 DASA gave 7 times
higher infection rate than inoculum sources at 47 DASA.
Also, extracts prepared from older infected source at 90
DASA was used for inoculating Jinyangbori and Hopumbori

Table 1. Percent seedling infection of cultivar mechanically
inoculated with extracts of BaYMV-infected Baegdong plants at
47, 53, 74 or 90 days after symptom appearance under 10/12°C

Age of Number of plants Infection rate
Disease Source®  inoculated/infected (%)
47 2/40 5.0
53 12/39 31.0
74 26/38 68.0
90 26/34 76.0

*Number of days after symptom appearance (DASA). Inoculated
seedlings were grown in a growth chamber with temperature con-
trolled at 10°C and 12°C (10/12°C) for 12 hours each under 2000 and
500 lux, respectively.
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Fig. 1. Percent seedling infection of three barley cultivars which

were inoculated with BaYMV-infected barley plants at 90 days

after symptom appearance under 10/12°C. Each bar represents the
mean and standard deviation (SD) from 2 experiments.

seedlings, a susceptible and resistant of cultivars respec-
tively, to BaYMV in field tests. Results showed that
seedling infection rate on Jinyangbori was 95% which is
even surprisingly higher than Baegdong cultivar, while
Hopumbori was as low as 6% (Fig. 1).

To compare the effects of growing temperature, BaYMV-
infected plants were grown in the growth chambers under
10/12°C or in the greenhouse under 15-18°C, and used as
inocula at 90 DASA. The extracts of virus source at 90
DASA grown in the greenhouse under 15-18°C gave very
low seedling infection on Baegdong (Fig. 2). Again, our
results were similar to that of WSSMYV that when WSSM V-
infected leaves collected in the field at temperature above
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Fig. 2. Percent seedling infection in cultivar Baegdong mechani-
cally inoculated with extracts of BaYMV-infected Baegdong
plants at 90 days after symptom appearance grown under 15-18°C
or 10/12°C. (Note: Temperature in the greenhouse ranged from
15-18°C while growth chamber temperature controlled at 10°C
and 12°C for 12 hours each).
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15°C and used as inocula showed a very low or no infection
(Slykhuis, 1974). These results demonstrated that WSSMV
and BaYMYV had similar conditions to be efficiently trans-
mitted: a long incubation at low temperature is necessary
for their virus multiplication and virus stability.

To test the effects of protease inhibitors on infection rates,
KCN was replaced with 1 mg/ml of PMSE. Extracts with
no additives served as the control. Application of PMSF in
inoculum did not significantly differ from those with KCN
(data not shown).

Our results showed that the conditions required for
BaYMV inoculum source to generate high transmission
were similar with WSSMV (Slykhuis, 1974). In these
experiments, BaYMV source plants at 90 DASA (tillering
stage) which were grown at 10/12°C gave high infections.
Indeed, BaYMV also requires low temperature and longer
growing period for virus stability and virus accumulation,
respectively. Moreover, one time inoculation of extracts
containing KCN using the stick with gauze method gene-
rated very high infection on susceptible barley cultivars.
Thus, screening for cultivar resistance for BaYMV by
mechanical inoculation is now possible with high efficiency
and confidence.
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