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Grain yield reductions in spring barley due to
barley yellow dwarf virus and aphid feeding

TF. Kennedyt and J. Connery
Teagasc, Oak Park Research Centre, Carlow

The occurrence and control of barley yellow dwarf virus (BYDV) in spring barley was
investigated, at Oak Park, in the periods 1990 to 1993 and 1996 to 2001. Barley was
sown in March and April and treated with either organophosphorous or pyrethroid
aphicide at various plant growth stages. The most common aphid encountered was
Sitobion avenae and MAV the most common strain of BYDV. In untreated plots of
March- and April-sown barley, 0.85% and 5.9%, respectively, of tillers had virus symp-
toms. Best control of symptoms, from a single aphicide in March- and April-sown
crops, was a treatment at growth stage (g.s.) 14. This treatment contributed 77% of the
reduction in symptoms recorded for multiple treatments in April-sown plots. The
reduction in grain yield due to high, moderate and low BYDYV infection in April-sown
barley was 1.1 t/ha (20%), 0.65 t/ha (10%) and 0.36 t/ha (7%), respectively. In March-
sown barley, pyrethroid aphicide applied at g.s. 14 significantly improved grain yield
by 0.26 t/ha (4%). In the season having the most severe BYDV outbreak, a pyrethroid
aphicide at g.s. 14 was best in controlling yield loss. Pyrethroid aphicide gave better
control of symptoms and better yields than organophosphorous aphicide. The estimat-
ed yield reductions in untreated April-sown barley due to feeding damage by Sitobion
avenae was 0.71 t/ha and 0.83 t/ha (10.6% and 11.3%) in the two seasons in which this
aphid was plentiful. In the three seasons in which Metopolophium dirhodum was record-
ed the estimated yield reductions were 0.32 t/ha, 0.48 t/ha and 0.43 t/ha (5.2%, 5.6% and
5.7%).
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Introduction

Barley yellow dwarf virus (BYDV) is an
aphid-transmitted disease of cereals with
widespread and worldwide occurrence
(Plumb, 1983; Halbert and Voeglin, 1995;
Lister and Ranieri, 1995). In addition to
wheat, oats and barley the disease also
infects maize and rye as well as many annu-
al and perennial grasses totalling more than
150 species of the family Poaceae (D’ Arcy,
1995).

BYDV is divided into two subgroups
(Gill and Chong, 1979; Vincent, Lister and
Larkins, 1991; Martin and D’Arcy, 1995)
comprising various strains (Rochow, 1969;
Gill, 1969; Plumb, 1974, 1995). MAV, PAV
and SGV are placed in subgroup 1 and
RPV and RMYV in subgroup 2. MAV is the
predominant strain found in Ireland
(Kennedy and Connery, 2001 and unpub-
lished observations).

Large yield reductions due to BYDV
have been recorded for autumn-sown bar-
ley in Ireland and Europe (Barrett,
Northwood and Horellou, 1981; Bayon
and Ayrault, 1990; Kennedy and Connery,
2001). However, with exceptions that
include Carver et al. (1999), Mann et al.
(1997) and Edwards ef al. (2001) there is
little information on the effects of BYDV
on grain yield in spring barley. Spring bar-
ley is the most common cereal grown in
Ireland comprising over 50% of all cereals.
In some seasons BYDV-like symptoms are
found in crops particularly in those sown
during April. The objective of this investi-
gation was to quantify aphid and BYDV
occurrence in barley sown in March and
April together with an examination of con-
trol measures and effects on grain yield.

Materials and Methods
Experimental design
Spring barley was sown (157 kg/ha) in
March and April at Kinsale, Co. Cork
from 1990 to 1993, at Oak Park, Carlow
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from 1996 to 1999 and in April only at
Oak Park in 2000 and 2001. There was an
additional April sowing at Oak Park from
1991 to 1993 to give a total of 21 trials.
March and April sowings were mostly dur-
ing the third week of the month but
ranged from 16 to 28 March and from 18
April to 3 May. The cultivars grown were
Blenheim from 1990 to 1992, in 1996 and
1997 and at Oak Park in 1993, Aisling at
Kinsale in 1993, Canasta in 1998 and
Laird from 1999 to 2001. Crops received
standard fertiliser, herbicide and fungi-
cide treatments.

One or more applications of contact
(pyrethroid) or systemic (organophosphor-
ous) aphicide were applied to barley, for
BYDV control, at various plant growth
stages in the period to 1998. From 1999 to
2001 only contact aphicide was used. The
contact aphicide used in 1990 to 1993 was
fenvalerate (Sumicidin, 23 g active ingredi-
ent (a..)/ha) and esfenvalerate (Sumi-
alpha 4.125 g a.i/ha) in 1996 to 2001. The
systemic aphicide used in all trials was oxy-
demeton-methyl [Metasystox R (239 g
a.i/ha) in 1990 to 1993 and Metasystox 250
(125 g a.i/ha) in 1997 to 1998]. Plant
growth stages (g.s.) follow those described
by Tottman, Makepeace and Broad (1979).
In 1990 there were five treatments and an
untreated control for each aphicide and
each sowing date. These were: (1) g.s. 01;
(2) gs. 01 + 12; (3) gs. 01 + 12 + 14; (4)
gs.01 + 12 + 14 + 24;and (5) gs. 01 + 12
+ 14 + 24 + 31. The growth stages at which
treatments were applied in the remaining
trials are given in Table 1. Aphicide was
applied with an azo-propane sprayer dis-
pensing a volume of 337 l/ha. Treatments
were arranged in randomised complete
blocks. Fifteen of the 21 trials had six-fold
replication and the remainder five-fold.

Plot size varied from 2.3 m x 20 m to
2.3 m x 30 m. Each plot was surrounded
by a fallow strip 0.4 m wide.
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Table 1. Plant growth stage at which contact systemic aphicides were applied to March and April-sown barley

Growth stage (g.s.) at

Year

which aphicide was applied

19911 1992!

1993!

19967 1997 1998> 1999> 2000° 20013

2-leaf (g.s. 12)

4-leaf (g.s. 14)

First node (g.s. 31)
gs. 12 + 14

gs. 12 + 31

Second node (g.s. 32)
gs. 12, 14,24, 31
Anthesis (g.s. 60)

g.s. 14 + 60

g.s. 12, 14, 24, 31, 60

ANANENENENENEN
ANANENENENENEN

gs. 12

g.s. 14

g.s. 31

gs. 12 + 14
gs. 14 + 31
g.s.32
Untreated

ANANENEN

v
v

AN N Y N NN

NN N N N

NN N N N

Contact aphicide

ANENE NN NN
NN N NN
N N N N N N NN
NN N N
NN N N

\
Y

4
Systemic aphicide

ANENE NN NN
ANANENENENENEN
ASANENENENENEN

ISown March and April at Kinsale and April only at Oak Park.

2Sown March and April at Oak Park.
3Sown April at Oak Park.
“Additional aphicide at g.s. 32.

Aphid sampling and identification

Aphid sampling was carried out using a
vacuum insect net (D-vac, Dietrick, 1961),
fitted with a 0.0929-m? sampling cone.
Samples consisted of 20 sub-samples per
plot, taken at random, and each of 15 s
duration. From 1996 to 2001 the species
and numbers of aphids on the ears and
leaves of tillers, in selected treatments in
April-sown barley, were recorded. Five
tillers at each of five sampling locations
per plot were examined. Aphids were
identified using the keys of Stroyan
(1952), Prior (1975) and Taylor et al.
(1981).

Plant sampling

Plant measurements and sampling were
carried out at locations along the longi-
tudinal axis of plots and equidistances
apart.

Virus testing

Leaf samples (10 to 15) were collected at
five separate locations approximately 3 m
apart in each plot at g.s. 41 to 43. Sap was
extracted from 1 g of leaf sample and test-
ed by DAS-ELISA (Clark and Adams,
1977) using F- and B-type antisera which
detect MAV- and (PAV + RPV)-type virus
(Plumb, 1974), respectively. Reagents were
supplied by Bioreba AG (Switzerland).
From 1996, leaf samples were screened for
MAYV and a 50:50 mixture of PAV- and
RPV-type virus using TAS-ELISA (Adgen
SAC, Scotland). Samples were considered
positive when their spectrophotometer
reading (405 nm) was three times greater
than the mean value of negative controls.

Virus symptoms
The percentage of BYDV was determined
by counting tillers with and without
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symptoms in each of four quadrats per
plot. Symptoms were recorded at g.s. 43 to
49 using quadrats of 0.25 m?.

Number of grains per ear

The number of grains per ear were count-
ed from the aphicide treated and untreat-
ed plots in barley grown at Oak Park in
1993 and 1998 to 2001. Five sub-samples
each of five adjacent ears were collected
prior to harvest at intervals of 4 m.

Number of ears per metre

The ear density (expressed per m length
of drill) in various treatments was record-
ed in 1993 and 1998 to 2001. Ear counts,
per half metre drill length, were recorded
at three locations per plot in 1993, at five
locations in 1998 and 1999 and at six loca-
tions in 2000 and 2001.

Harvesting

Grain yield was recorded by harvesting
entire plots using a specially modified
combine harvester. Grain analyses (specif-
ic weight, percent screening (2.2-mm
sieve) and 1000 grain weight) were carried
out on a grain sample from each plot.
Grain moisture was measured using a hot-
air oven. Yields were expressed as t/ha at
15% moisture.

Yield reduction due to BYDV and aphid
feeding

Where either BYDV or aphid feeding
occurred separately, yield losses attributa-
ble to either were based on yield differ-
ences between treated and untreated
plots. Where BYDV and aphid feeding
occurred within the same trial yield reduc-
tions for each effect were estimated using
the following considerations. Best control
of BYDV and aphids together with maxi-
mum yields normally resulted from multi-
ple aphicide applications between g.s. 12
and 60. Yield differences between sprayed
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and untreated plots were therefore due to
both virus and aphid feeding. Best control
of virus symptoms resulted from spraying
plants at either g.s. 14 or gs. 12 + 14.
Yield improvements from the latter plots
over those from untreated plots were
attributed to virus. Differences in yield
between multiple sprayed plots and those
having best control of virus were attrib-
uted to aphid feeding.

Statistical analysis

Results were analysed using analysis of
variance and correlation analysis. Differ-
ences among treatments were compared
using least significant difference.

Results

Aphids

The number of aphids on April-sown bar-
ley, at g.s. 31, was 2.8-fold greater than for
March-sown crops at the same stage of
growth (Figure 1). In March-sown crops
68.3% of aphids were Sitobion avenae,
4.1% Metopolophium dirhodum and
27.6% ‘others’; 20.1% were winged. The
respective data for April-sown crops were
751% S. avenae, 20.2% M. dirhodum,
3.7% ‘others’; 11.2% were winged. Of the
winged aphids captured in March-sown
crops, 64% were S. avenae, 7% M. dirho-
dum and 29% were ‘others’. In April-sown
crops, 97% of winged aphids were S. ave-
nae and the remaining 3% were ‘others’.
Post-heading (g.s. 60) aphids were almost
six-fold more numerous on April-sown
than on March-sown barley. In five of the
six April-sown trials in the period 1996 to
2001 aphid numbers increased between
the vegetative stage (g.s. 14) and grain
development (g.s. 70 to 80) (Table 2). No
relationship was found between the num-
ber of aphids on plants at either g.s. 14 or
32 and those on tillers (leaves + ears) or
on ears alone (g.s. 70 to 80).
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Figure 1: Number of aphids/m? at growth stage 31, in aphicide-untreated March- and April-

sown barley.

The relative frequency distribution of
aphids on tillers of April-sown barley on 1
July 1997 was 10, 2, 28, 36 and 24% S. ave-
nae, respectively, on the ear and on the
flag, second, third and fourth leaves. By 16
July the corresponding distribution was
77, 12, 9, 2 and 0%. The corresponding
distribution of M. dirhodum on tillers on 1
July was 0, 0, 10, 17 and 73% while on 16
July the values were 0, 8, 44, 42 and 6%.
The tiller distribution of S. avenae in

early-July 1999 and mid-July 2000 was
broadly similar to that for 1997. In mid-
July 2001, 86% of aphids on tillers were
S. avenae. Their relative distribution from
the ear down to the fourth leaf was 49, 4,
9, 25 and 13%. The small number of M.
dirhodum on plants in 2001 was approxi-
mately evenly distributed among the top
four leaves.

A contact aphicide applied at g.s. 14
resulted in fewer aphids on tillers post-ear

Table 2. Average number of aphids (S. avenae and M. dirhodum) on tillers and percent of total on the
ears of aphicide-untreated April-sown barley (1996-2001) and percent of total on ears

Time Year
point

1996 1997 1998 1999 2000 2001
Growth stage 14 0.01 <0.01 0.01 0.07 <0.01 <0.01
Growth stage 32 0.17 0.01 0.04 0.33 0.05 0.04
Growth stage 70 to 80 12.0 (59.0)! 19.2(7.3) <0.01(100) 7.5(8.1) 11.2(14.4) 10.1(37.3)
Percent S. avenae at
growth stage 70 to 80 59.0 9.5 100.0 20.9 80.4 94.1

!(') = Percentage of aphids on the ears.
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emergence in four of the six April-sown
trials in the period 1996 to 2001 (Table 3).
Most of these aphids were M. dirhodum.
Aphicide at either g.s. 31 (1997, 1998,
2000 and 2001) or 32 (1997, 2000) signifi-
cantly reduced aphid numbers post ear
emergence. However, spraying aphicide at
five- (1999) and six-growth stages (2000
and 2001) between g.s. 12 and 60 did not
prevent some aphid infestation of plants
during growth stages 70 to 80. The effect
of applying systemic and contact aphicide
at g.s. 32 on aphid occurrence post ear
emergence was compared only in 1997.
Barley treated with either aphicide at g.s.
32 showed that the contact aphicide
resulted in significantly (P < 0.001) fewer
aphids per tiller at g.s. 65 to 70 than the
systemic aphicide.

Virus symptoms

The BYDV symptoms described were
those of the MAV-strain. The apical leaves
of infected tillers were bright yellow in
colour that extended backwards from the
leaf tips. Distribution of symptoms through-
out the crop was always random. Dwarfing
of plants did not occur. Symptoms were
visible from tillering until prior to ear
emergence. Thereafter ears and awns
masked symptoms. The presence of BYDV
was serologically confirmed only in tillers
having symptoms. The number of aphids

on March-sown barley at g.s. 31 (D-vac
samples) was correlated (r 0.88) with sub-
sequent virus incidence. However, in the
case of April-sown barley, there was no
relationship between the number of aphids
at g.s. 31 and virus incidence.

In the control plots of March-sown bar-
ley (8 trials) 0.85% (range 0.07-1.94%) of
tillers had BYDV symptoms (Table 4).
The mean infection in April-sown barley
(13 trials) was 5.9% (range 0.1% to
36.4%; Table 5). The best control of symp-
toms by a single aphicide was from a con-
tact aphicide at g.s. 14. Single aphicide
treatment at g.s. 12, 31 or 32 were not as
effective at controlling symptoms in either
March- or April-sown barley (Figures 2
and 3). Plots receiving multiple contact-
aphicide treatments had significantly
fewer symptoms than plots sprayed at g.s.
14 in six of the 13 trials (Figure 3).
However, 77% of the reduction in symp-
toms in multiple sprayed plots was provid-
ed by the single aphicide at g.s. 14.
Comparing symptoms in plots (9 trials)
treated with either systemic or contact
aphicide at g.s. 12, 14, 12 + 14 and 14 +
31 showed that the plots treated with the
contact aphicide had 15%, 32%, 44% and
22% fewer symptoms, respectively. These
differences, however, were not significant.
In the season of widespread BYDV (1993)
the contact aphicide treatment resulted in

Table 3. Average number of aphids per tiller, post heading, on April-sown barley treated with contact
aphicide at various growth stages and untreated barley (1996 to 2001)

Aphicide Year
application at

1996 1997 1998 1999 2000 2001
Growth stage 14 10.9 0.01 52 6.9 8.3
Growth stage 31 0.4 0.01 59 1.5
Growth stage 32 0.3 0.0 3.1
Growth stage 12,14,24, 31,32,60 1.8! 1.5 0.2
Untreated 12.0 31 0.01 7.5 11.2 10.1
LSD (5%) 1.21 1.52 3.83 2.27

I Aphicide at growth stage 32 not included.
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Figure 2: The percentage of tillers with barley yellow dwarf virus (BYDV) in March-sown
barley sprayed at various growth stages with systemic (7 trials) and contact (8 trials) aphi-

cide between 1991 and 2000.
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Figure 3: The percentage of tillers with barley yellow dwarf virus (BYDV) in April-sown
barley sprayed with contact aphicide at various growth stages relative to untreated (100%)

from 11 trials between 1991 and 2000.
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significantly fewer virus symptoms than
the systemic for comparisons at g.s. 14 (P <
0.05), gs. 12 + 14 and 14 + 31 (P < 0.1).

Virus strains

From a total of 8047 leaf samples exam-
ined over the period 1990 to 1993 and
1996 to 2001, 4246 (52.8%) tested positive
for F-type (MAV) virus. Of these 118
(1.5%) also tested positive for B-type
(PAV + RPV) virus. March-sown barley
had 42.3% of samples testing positive for
F-type and 0.13% positive for B-type
while in the April-sown barley 59.1% of
samples were positive for F-type and 2.3%
positive for B-type.

Ear and grain number

Treating April-sown barley with contact
aphicide did not increase the number of
ear-bearing tillers/m or grains/ear, relative
to controls, for individual within-season
comparisons. However, the combined
data for aphicide applied at similar growth
stages over the five seasons investigated
showed that ear number was significantly
increased relative to controls but grain
number was not affected. For aphicides
applied at g.s. 14, 14 + 31, multiple appli-
cations (at least 4) and controls the
respective numbers of ears/m were 123.3,
120.5, 125.7 and 115.9 (LSD 5% = 6.91).
The respective number of grains/ear were
22.3,22.4,22.4, and 22.4.

Grain quality

In March-sown barley treated with either
contact (8 trials) or systemic aphicide (7
trials) bushel weight differed significantly
from controls in only one trial. Again only
one contact and one systemic March-sown
trial had 1000-grain weight and percentage
screenings significantly improved for
treated relative to untreated plots. Of the
10 April-sown trials treated with systemic
aphicide, bushel weight, 1000-grain weight
and percentage screenings were signifi-
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cantly improved relative to controls in 7, 6
and 6 trials, respectively. In the 13 April-
sown trials treated with contact aphicide
these variables were significantly im-
proved in 10, 9 and 9 trials, respectively.

Grain yield

Separate from BYDV considerations,
grain yield for March-sown barley was sig-
nificantly (P < 0.05) greater than that from
April-sown crops. Comparing March-
sown and April-sown crops on the same
site in each of eight seasons showed the
respective yields were 7.31 and 6.22 t/ha.
For similar plots treated with systemic
aphicide the yields were 7.11 and 5.59
t/ha, respectively.

March-sown barley

Yield of March-sown barley treated with
contact aphicide at various growth stages
compared with yield from untreated plots
showed that in only 2 of the 8 trials inves-
tigated was there a limited number of
treatments that differed by a significant
amount (Table 4). The reduction in grain
yield attributed to BYDV in March-sown
trials was 0.27 t/ha (range 0.03-0.64). Data
from 7 trials, for which comparisons are
possible, showed that contact aphicide at
g.s. 14 gave a significant (P < 0.05) yield
improvement of 0.26 t/ha over controls.
Furthermore, there was no yield advan-
tage for applying a second or multiple
sprays. Yields from plots sprayed at g.s. 12
were not significantly greater than con-
trols. Plots treated with systemic aphicide
did not significantly out-yield controls.

April-sown barley

The mean reductions in grain yield attrib-
uted to BYDV in high, moderate and low
infected trials of April-sown barley were
1.1 t/ha (range 0.91-1.28), 0.65 t/ha (range
0.25-1.51) and 0.36 t/ha (range 0.14-0.82),
respectively. However, the relationship
between the percentage virus symptoms
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and yield reduction was poor (r 0.32).
The maximum within-season yield differ-
ence between aphicide treated plots and
controls ranged from 0.15 to 1.99 t/ha with
a mean of 0.89 t/ha (Table 5). These yield
increases were significant (P < 0.05) for
various treatments (including those at g.s.
14 or 12 + 14) in 9 of 13 trials. In similar
investigations with systemic aphicide the
increase in plot yield over controls ranged
from 0.17 to 1.05 t/ha with a mean of
0.49 t/ha. Six of the 10 trials treated with
systemic aphicide had treatments with sig-
nificantly (P < 0.01) higher yields than
controls. Yield comparisons (9 trials)
between contact and systemic aphicides
applied at g.s. 12, 14 and 12 + 14, on
April-sown barley showed a marginal but
significant (P < 0.1) yield advantage for
the contact aphicide. Combined results
from 12 April-sown contact aphicide trials
showed that plots receiving multiple
sprays significantly (P < 0.01) out-yielded
controls by 0.78 t/ha. Best yield improve-
ment from applying a single aphicide was
for treatment at g.s. 14 while in the case of
two aphicide treatments those at g.s. 12 +
14 were best. The respective yield improve-
ments of 0.39 and 0.56 t/ha were signifi-
cantly (P < 0.01) greater than controls. In
the season having the most severe BYDV
outbreak (1993) the contact aphicide at
g.s. 14 gave a yield improvement of 1.28
t/ha when compared with controls while
the systemic aphicide at this growth stage
only gave an increase of 0.67 t/ha. The
addition of a second or multiple contact
aphicide spray to that at g.s. 14 did not
result in an increase in yield.

Estimates of reduction in grain yield
due to aphid feeding damage, on April-
sown barley, were made between 1996 and
2001. In 1996, g.s. 32 was the latest growth
stage at which aphicide was applied and
this treatment gave best control of aphids
post ear emergence. The difference in
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yield between plots treated at g.s. 32
(highest treatment yield) and controls was
1.21 t/ha (18%). Best control of BYDV
was achieved by applying aphicide at g.s.
12 + 14. The yield reduction in untreated
plots compared with those sprayed at g.s.
12 + 14 was due to virus and was 0.5 t/ha
(7.4%). The yield difference between
plots sprayed at g.s. 12 + 14 and those
sprayed at g.s. 32 was attributed to aphid
feeding and was 0.71 t/ha (10.6%). BYDV
infection was low in 1997. Plots treated
with aphicide at g.s. 60, to prevent aphid
feeding, had a similar amount of BYDV to
controls. The yield reduction attributed to
aphid feeding was 0.32 t/ha (5.2%). In
1999 the yield difference between plots
receiving aphicide at five different growth
stages and controls was 1.99 t/ha (23%).
Of this 0.48 t/ha (5.6%) was attributed to
aphid feeding and 1.51 t/ha (17.4%) due
to virus. Similar calculations in 2000
showed a total yield reduction of 0.96 t/ha
(12.7%) of which 0.43 t/ha (5.7%) was
attributed to aphid feeding damage and
0.53 t/ha (7%) to BYDV. In 2001 the max-
imum reduction in yield was 1.56 t/ha
(21.2%) of which 0.83 t/ha (11.3%) was
attributed to aphid feeding and 0.73 t/ha
(9.9%) to virus.

Discussion

Aphids

The aphids on spring barley were S. ave-
nae and M. dirhodum. S. avenae was the
dominant species in both March- and
April-sown crops. Only in the case of one
April-sown trial (1997) was M. dirhodum
more plentiful than S. avenae. S. avenae
and M. dirhodum also infest spring barley
in Britain (Dean, 1973a,b; Jones, 1979;
Mann et al., 1997) where outbreaks of the
latter species are associated with late-
maturing crops (Dewar, Woiwood and de
Janvrey, 1980). In Europe, M. dirhodum
achieves high levels of infestation less
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frequently than S. avenae (Dixon, 1987).
R. padi was recorded only in 1999. In
Germany, R. padi have been recorded
feeding on the ears and leaves of spring
barley (Kolbe, 1969) and this species is a
particular problem of the crop in Sweden
where spring barley is the main cereal
crop grown (Wiktelius and Ekbom, 1985;
Wiktelius, 1988). While spring barley is
the most widespread cereal in Ireland, R.
padi is not associated with the crop but is
regularly found on early-sown winter bar-
ley (Kennedy and Connery, 2001).

The finding that the number of aphids
on April-sown barley, at g.s. 31, was
almost three-fold greater than for March-
sown barley at this growth stage was not
unexpected since aphid activity increases
with the advancing season. Immigration of
S. avenae and M. dirhodum into spring
barley in Britain takes place during the
second half of May (Dean, 1973a; Jones,
1979) by which time early sown crops are
well developed and less likely to be infest-
ed than later sown crops. It might be
expected that a large infestation at g.s. 31
would result in a greater infestation at
later developmental stages. However, no
relationship was found between the num-
ber of aphids on barley during the vegeta-
tive growth stage and at g.s. 70 to 80.
Infestation levels at g.s. 70 to 80 are influ-
enced by many factors. Aphid populations
are positively influenced by mild winters
(Dewar and Carter, 1984), high tempera-
tures and low rainfall (Dean, 1974a;
Jones, 1979; Pierre and Dedryver, 1984,
1985; Basedow, 1987; Plantegenest et al.,
1996), low occurrence of aphid-specific
and polyphagous predators (Chambers
and Sunderland, 1983; Dewar and Carter,
1984; Entwistle and Dixon, 1989; Sunder-
land et al, 1987) and BYDV infection
(Ajayi and Dewar, 1983). In the present
study, the higher than normal number of
S. avenae on the ears of barley in 1996 and
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2001 coincided with below normal rain-
fall in April and July. S. avenae showed a
strong preference for the apical leaves and
were recorded on the ears in two of the six
seasons investigated. The distribution of
S. avenae was similar to that recorded for
this species on winter wheat by Wratten
(1978). M. dirhodum were predominantly
found on the lower unsenesced leaves in
1997 but were more evenly distributed on
leaves in 1999 and 2000. On wheat, M.
dirhodum were found to feed on the low-
est green leaves, moving to higher leaves
as the lower leaves senesced (Wratten and
Redhead, 1976; Wratten, 1978).

Effect of aphicides on aphids

Applying an aphicide at either g.s. 14, 31
or 32 resulted in fewer aphids per tiller
post ear emergence compared with con-
trol plots. Approximately 80% of aphids
were M. dirhodum. This result indicates
that populations of M. dirhodum post ear
emergence is determined to some extent
by the aphid density during the vegetative
phase of growth. However, the finding of
aphids on tillers after g.s. 80 where plants
had received 5 or 6 aphicide applications
between g.s. 12 and 60 supports the view
(Carter et al, 1980) that aphid immigra-
tion occurs throughout the period of crop
development. The finding of Mann et al.
(1991) that a prophylactic aphicide just
before g.s. 60 was often too early to pre-
vent a later build up in S. avenae popula-
tions also indicates aphid immigration
following this growth stage.

Virus symptoms

The percentage of plant tillers having
BYDV symptoms in March-sown barley
was 0.85% while that for April-sown barley
was 5.9%. The higher incidence of disease
in the late-sown crop, accords with other
findings (Doodson and Saunders, 1970a,b;
Edwards et al, 2001), and corresponds
with higher aphid numbers on plants as
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the season advanced. There were 2.8
times more aphids in the April-sown crop
at g.s. 31 than in the March-sown crop at
this growth stage. Despite the association
between aphid numbers and levels of virus
a relationship between aphid numbers at
g.s. 31 and the subsequent level of virus
infection was recorded only for March-
sown barley. The absence of a relationship
between these variables in April-sown
barley indicates that alates are more
important than apterous aphids in spread-
ing the disease in late-spring sown crops.
The almost 7-fold increased incidence of
BYDV in April- relative to March-sown
barley is greater than that recorded for
March- and April-sown crops in Britain by
Jenkyn and Plumb (1983).

Best control of symptoms in March-
sown barley was achieved by applying
aphicide at g.s. 14. However, the incidence
of symptoms was low (0.85%) and a sig-
nificant reduction was only achieved in 2
of the 8 trials investigated. Best control of
symptoms by a single aphicide application
in April-sown barley was again obtained
by spraying at g.s. 14. Additional aphicide
treatment gave a further significant reduc-
tion in symptoms in 6 of the 13 trials
investigated. Overall, the reduction in
symptoms in plots receiving multiple aphi-
cide treatments showed that 77% of the
reduction in symptoms was provided by
the single aphicide at g.s. 14. In crops
sown after mid-April there was a 60%
chance (8 out of 13) of a moderate (>2%
of tillers infected) BYDYV infection occur-
ring. Late-sown crops should therefore be
treated with a single contact aphicide at
g.s. 14, particularly if aphids are plentiful
during this growth phase.

The control of BYDV in spring barley
in England has been investigated by
Jenkyn and Plumb (1983), Mann et al.
(1997) and Carver et al. (1999). In general,
these workers concluded that the use of
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aphicides for the control of BYDV in
spring barley is not justified. Jenkyn and
Plumb (1983) only encountered low to
insignificant disease, and hence no re-
sponse to insecticide, in their 4-year study.
Investigations by Mann et al. (1997) found
that spray treatments just prior to stem
elongation were more effective in control-
ling aphids but that the benefits were
short-lived. Their results, using pirimicarb
insecticide, showed best control of virus in
plots treated with insecticide 30 days fol-
lowing crop emergence. Thirty days post
emergence of April-sown barley in Ireland
would correspond to g.s. 31. Delaying
aphicide application until g.s. 31 in this
study was too late to obtain good control
of BYDV. While Carver et al. (1999) found
that the sequential application of two
foliar insecticides was the most effective
treatment in controlling BYDV in spring
barley their results were inconsistent.

The pyrethroid insecticide fenvaler-
ate/esfenvalerate was more effective than
oxydemeton-methyl in reducing symptoms
of disease in the present investigation.
However, only in 1993, when BYDV was
widespread, was there a significant differ-
ence in the control of symptoms between
contact and systemic aphicide. Pyr-
ethroids were also found by McKirdy and
Jones (1996) to be more effective in
decreasing the spread of BYDV in wheat
and oats than either pirimicarb or
dimethoate. Pyrethroid insecticide has
also been found to give better control of
aphid numbers in winter wheat than pir-
imicarb (Mann ef al., 1991).

Virus strain

The BYDV serotype encountered was
almost completely the MAV-type. A small
number (2.8%) of plant samples, testing
positive for MAYV, were also positive for a
mixture of PAV- and RPV-type virus. In
winter barley, in Ireland, MAV was the
only strain found (Kennedy and Connery,
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2001). The occurrence of MAV as the pre-
dominant strain is consistent with the
occurrence of S. avenae and M. dirhodum
which are effective transmitters of this
strain (Rochow, 1970; Plumb, 1995). While
the most efficient transmitter of PAV- and
RPV-types is R. padi this aphid was only
recorded in 1999 when a small number of
plant samples were positive for these
strains. PAV can also be transmitted by S.
avenae and M. dirhodum, but at reduced
efficiency, while RPV can be transmitted
by M. dirhodum (Rochow, 1979, 1982;
Plumb, 1995). Normally, M. dirhodum and
R. padi over-winter on their respective pri-
mary hosts of Rosa and Prunus species
(Stroyan, 1952; Dean, 1974b; Tatchell.
Plumb and Carter, 1988). Aphid migrants
arriving in cereal crops from their primary
hosts in spring will not be transmitting
BYDWV. It is concluded, therefore, that the
main vector of BYDV in spring is S. avenae.

Grain and ear number

The number of ears/m was greater in aphi-
cide-treated than untreated plots. The
number of grains/ear, however, was not
increased by the use of aphicide. Reduc-
tions in grain and tiller number in spring
cereals due to BYDV transmitted by
R. padi have been recorded by Doodson
and Saunders (1970a,b) and Sommerfeld,
Gildow and Frank (1993). Investigations
by these workers used either glasshouse or
field micro-plots with BYDV other than
the MAV-type virus. The control of the
MAV-type BYDV by aphicides in autumn-
sown barley at Oak Park was found to
result in significantly more ears/m? and
more grains/ear relative to untreated plots
(Kennedy and Connery, 2001). The effects
were greater for ear density than grain
number. While the reduction in the num-
ber of tillers/m in spring barley by the
MAV-type BYDV is consistent with that
recorded for this strain in winter barley
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the effect was only significant for the com-
bined data over several seasons.

Grain quality

Improvements in grain yield for aphi-
cide-treated relative to untreated plots,
particularly in April-sown barley, were
correlated with increases in bushel and
1000-grain weights and reductions in per-
cent screenings. This result is consistent
with the finding that the MAV-strain of
BYDV in winter barley prevents normal
grain fill, thereby resulting in poor quality
grain (Kennedy and Connery, 2001).
Reductions in grain size corresponding
with reductions in grain yield in spring
barley due to BYDV transmitted by R.
padi have been recorded by Doodson and
Saunders (1970a,b) and Edwards et al.
(2001) and due to feeding by M. dirhodum
by Lee, Wratten and Kenyi (1981).

Grain yield

In only two of the eight March-sown trials
did plots treated with contact aphicide
have significantly greater yields than
untreated plots. These trials took place in
two of the three seasons in which BYDV
was most plentiful. The small improve-
ment in yield in March-sown aphicide-
treated plots is not surprising since BYDV
infection and aphid infestation in these
crops were low. While the improved yield
of 0.26 t/ha for applying aphicide to
March-sown barley is relatively small,
nevertheless, it is economically justifiable
since aphicide is inexpensive and can be
applied with herbicide. However, as
already stated, significant yield increases
were only obtained in 2 years and in four
of the eight March-sown trials the mean
level of infection was only 0.27% (of tillers
with virus symptoms). In the majority of
seasons in Ireland, BYDV in March-sown
barley is not a major occurrence and
therefore routine spraying is not justified.
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The control of BYDV in April-sown
barley gave significant yield improvements
in 9 of the 13 trials. This suggests a 70%
probability of infection in April-sown
crops. Overall, aphicide at g.s. 12 + 14
gave best control of BYDV in terms of
preventing yield loss due to the disease.
Seventy percent of the yield loss prevent-
ed by the two sprays was contributed by
the spray at g.s. 14. In seasons of severe
BYDV outbreaks (e.g. 1993) the recorded
yield reductions are considered to under-
estimate the effect of virus on yield. In
1993, a single aphicide at g.s. 14 prevented
ayield reduction of 1.28 t/ha. The addition
of an extra aphicide did not improve grain
yield. The level of infection in plots treat-
ed at gs. 14 was 8.6% compared with
36.4% in controls. In this study significant
reductions in grain yield were recorded
when greater than 1.5% of tillers had virus
symptoms. For example, infections of 3%,
3.5% and 5% were associated with yield
reductions of 0.73, 0.53 and 1.5 t/ha,
respectively. This suggests that the reduc-
tion of 1.28 t/ha for an infection of 36%
was underestimated by a considerable
amount due to the residual infection in
sprayed plots. The above results for spring
barley concur with those of Ryden (1990)
for control of BYDV in spring oats in
Sweden. Ryden (1990) recorded a yield
increase of 38% when plots were treated,
with the pyrethroid insecticide fenvaler-
ate, at an early growth stage. Investi-
gations on April-sown barley in Britain
(Mann et al, 1997; Carver et al, 1999)
have not shown a major or predictable
impact of BYDV on yield. While least
virus infection and highest yields were
recorded for plots treated with aphicide
prior to stem extension by Mann et al
(1997) the relationship was not significant.
In some April-sown trials, Carver et al.
(1999), obtained significant yield increas-
es by controlling BYDV with either one or

125

two aphicide applications. However, their
results were inconsistent and showed poor
relationship between yield response and
BYDYV infection.

For growers of spring barley in Ireland
there is the dilemma of whether or not to
apply an aphicide to April-sown crops.
The problem is the absence of an effective
aphid-sampling method to warn of an
impending BYDV outbreak. Sampling
aphicide-untreated winter barley by means
of a D-vac sampler does indicate the
extent of aphid survival over the winter
and the rate of multiplication in spring.
This is a useful guide of possible virus
occurrence. The most effective way of
determining the threat to spring barley is
to examine crops from the second leaf
stage of growth. Since most infection in
Ireland is due to winged S. avenae, immi-
gration by these aphids can be detected by
the finding of immature wingless aphids.
Finding immatures indicates the activity
of winged aphids, however, even in sea-
sons of subsequently widespread BYDYV,
these aphids are not easily found on
plants. The difficulty of finding aphids on
plants, the absence of a BYDV forecast
and the effect of virus on yield indicate
that barley crops sown after mid-April in
Ireland should be treated with contact
aphicide at g.s. 14.

In general, the systemic aphicide oxy-
demeton-methyl was less effective in pre-
venting yield reduction due to BYDV
when compared with the contact pyre-
throid aphicide, esfenvalerate.

Yield reductions due to aphid feeding

The estimated reductions in grain yield in
this study due to feeding on plants by
S. avenae were greater than those due to
M. dirhodum and are in line with those
for spring wheat (Wratten, 1975, 1978).
Wratten (1975, 1978) found S. avenae
caused a greater reduction in yield than
M. dirhodum when densities of both species
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were similar. Wratten and Redhead (1976)
suggest that yield losses caused by these
two aphids are probably due to their feed-
ing position on the plant with S. avenae
feeding on the ears and M. dirhodum feed-
ing on the leaves (Dean and Luuring,
1970; Dean, 1973a; Watt, 1979; Cannon,
1986). The occurrence of BYDV and aphid
feeding damage on plants in the same tri-
als makes it difficult to determine the
extent by which either is reducing grain
yield. As with BYDYV, applying as many as
five aphicides between g.s. 12 and 60 was
unable to keep plants free of aphids dur-
ing the grain development phase of
growth. The reduction of 0.71 t/ha attrib-
uted to S. avenae in 1996 is an underesti-
mate since it is based on the difference
between aphicide untreated plots and
those treated at g.s. 32, the latest growth
stage at which aphicide was applied in
1996. An aphicide at g.s. 60 or later would
have been more effective in preventing
the build-up in S. avenae which occurred
in late June and July 1996.

This investigation showed BYDV infec-
tion in March-sown barley never exceeded
2% (tillers with symptoms) nor did yield
reduction due to virus exceed 0.7 t/ha.
Aphid feeding on ears of March-sown bar-
ley was not observed. The findings show
there is no justification for the prophylactic
use of aphicides on March-sown barley in
Ireland. Barley sown after mid-April has a
high probability of becoming infected with
BYDV. The percentage of tillers with dis-
ease can exceed 30% a yield reduction of
the order of 1.3 t/ha is likely. Applying an
aphicide at g.s. 14 gives good control of the
disease and should be applied to crops
sown after mid-April. While aphid feeding
on the ears of April-sown barley occurs
occasionally, treatment of crops with aphi-
cide is only warranted when infestations
increase during the grain filling and ripen-
ing phase of plant development.
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