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A severeinfestation of the gall midge Epicalamus phalaridis (Diptera: Cecidomyiidae) occurred in a
field of reed canary grass, Phalaris arundinacea, in northern Sweden. The midge species has poten-
tial to become a serious pest on Phalaris grown for bioenergy or fibre production. Larvae of the
midge feed beneath leaf sheaths and the crop lodges in late summer. Details are given on the biology
of the midge. In the infested field, population densities of the midge were very high during three
consecutive years. The crop was weakened and the occurrence of weeds increased. The dry matter
yields declined markedly and were after three years of midge-attack about 50% of the average yield
in the preceding years. The yield dropped comparatively more when the crop was harvested in the
spring as opposed to harvest in late autumn and more at a nitrogen fertilisation at 100 kg compared to
200 kg N hat per year. The effect of midge attack on fibre quality was studied. The fibre properties of
midge-infested parts of internodes were poor, but as midge-damaged parts are brittle, they could
probably be sorted out in a fractionation process. Undamaged parts of infested internodes had the
same fibre properties as those from an uninfested crop.
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Introduction

Reed canary grass, Phalarisarundinaceal ., has
since long been grown as a fodder crop and in
recent years also as a crop for bioenergy pro-
duction (Landstrom et al. 1996, Hadders and

Olsson 1997). Reed canary grass (RCG) also has
potential as a short-fibre source for the pulp in-
dustry (Olsson et al. 1994, Paavilainen et al.
1999, Saijonkari-Pahkala 2001).

Theimpact of insect pests on yield and qual-
ity of RCG has achieved little attention Vasa-
rainen et al. (1999) observed numerous leaf-
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hoppers, especially Balclutha punctata (F.),
infesting panicles of RCG in cultivated fields
in Finland. The aphid Rhopalomyzus lonicerae
Sieb. feeds on the leaves and has occurred at
high population densitiesin some placesin cer-
tain years, both in Finland (Vasarainen et al.
1999) and in Sweden (S. Hellgvist, unpublished).
The impact of both these species on RCG yield
is not known. Two gall midge species, both
feeding beneath leaf sheaths of RCG, have been
reported to seriously damage RCG stands:
Mayetiola phalaris Barnes in Germany (To-
maszewski 1931, Barnes 1946) and Epicalamus
phalaridis Sylvén in Sweden (Sylvén et al.
1997). The latter speciesisthe focusfor thisre-
port.

The following details of Epicalamus phalar-
idis biology summarise observations madein the
field (Sylvén et al. 1997, S. Hellgvist, unpub-
lished). Adultsemergein early summer (in north-
ern Sweden in mid to late June), before the pani-
cles on fertile RCG shoots become visible.
Adults are ephemeral and have probably low
capacity for long range dispersal. Females ovi-
posit preferentially at the base of the uppermost
fully expanded leaf on the shoots. Eggs are de-
posited in dense clusters, usually comprising 40—
120 eggs. Large females have atotal egg load of
about 300—400 eggs.

Upon hatching, the young larvae move be-
neath the sheath of the leaf on which the eggs
werelaid, to feed gregariously on the lower part
of the stem internode. When full-grown (in
northern Sweden in August), the larvae leave the
shoots for overwintering in cocoons on the
ground. However, most often the larvae re-
main inside the leaf sheath until the shoot bends
and the | eaf sheath splits open. In northern Swe-
den there is one complete generation a year of
E. phalaridis, but after the unusually warm sum-
mer of 1997, oviposition of a partial second gen-
eration was observed in late August.

The developing larvae cause no typical galls
on the host, but attack by midge-larvae interferes
with the incorporation of cellulose in the cell
walls. At the site of larval attack, cell walls of
the stem remain thin and the shoot easily bends
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at that point. At high infestation level, the in-
fested crop lodge in late summer.

E. phalaridisisso far only known from north-
ern Sweden, from latitudes 63° to 66°N. Here, it
appears to be fairly common on RCG growing
on river banks and sea shores. The species may,
however, have a much larger distribution (Syl-
vén et al. 1997). E. phalaridis was first noticed
in 1996, in an experimental field in Vojakkala
(65°52'N, 24°05'E) in the Torne river basin,
northern Sweden. In this field, a very high in-
festation level was noticed (Sylvén et al. 1997).
A slight reduction in the yield of RCG harvest-
ed in August was noticed, but the impact of
midge attack on dry matter production was con-
sidered to be rather low. However, it was specu-
lated that the effect of infestation on the yield
might be greater if RCG was harvested in the
spring (Sylvén et al. 1997), which is preferable
when RCG is used as an industrial crop (Land-
strom et al. 1996, Burvall 1997, Saijonkari-
Pahkala 2001).

In an attempt to answer the question whether
infestation by E. phalaridis affects the yield of
RCG, we here present yield data from this par-
ticular field. Data are presented from both the
years before midge attack was noticed (1993—
1995) as well as from three consecutive years
(1996-1998) with very high infestation levels.
For comparison we present data on yields from
another field in Vojakkala, with only slight in-
festation of E. phalaridis. The effect of midge
damage on fibre quality was also studied.

Material and methods

Experimental fields

Data on infestation by E. phalaridis and dry
matter yields are presented from two separate
experimental fields (called V1 and V2), situated
1 km apart, in Vojakkala. The soil type at both
fields was fine sand with moderate humus con-
tent. Thelength of the vegetation season (number
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of days with daily mean temperature > +5°C) is
on average 135 days at Vojakkala (Landstrém et
al. 1982).

V1. The objective for this experiment was to
study the sustainability and yielding capacity of
RCG. The experimental plan comprised four
harvest times (main-plot factor) combined with
four fertilisation treatments (sub-plot factor) in
asplit-plot design with 3 replicates. The experi-
mental plots were sown (row space 12 cm) in
the spring 1990 with 16 kg seeds per ha of ‘Pal-
aton’. The size of the fertilised and harvested
plots was equal, ca 20 m2. Plots were harvested
onceayear since 1991. Harvests were performed
with aforage plot harvester (Haldrup 1500, Den-
mark).

Yield data for the years 19931998 are pre-
sented from a subset of this field experiment:
two harvest times combined with two nitrogen
fertilisation treatments. The harvest times were:
autumn, when growth of the crop had ceased for
the season and spring, when the soil was dry
enough for bearing capacity and when the se-
nescent crop was dry (water content below 20%).
Harvest dates depended on actual weather con-
ditions. Autumn harvests were usually performed
in October and spring harvests in late May. Ni-
trogen fertilisation treatments were 100 kg and
200 kg N per ha and year. Both treatments re-
ceived potassium at the dose 50 kg K per haand
year. The crops were fertilised in the spring. At
harvest time, the proportion of RCG in the har-
vested material wasvisually estimated (data pre-
sented only for autumn-harvested plots).

V2. The objective for this experiment was to
study the effect of different fertilisation regimes
in spring-harvested RCG. The experimental plan
comprised five levels of nitrogen fertilisation
combined with three levels of potassium and
phosphorousin a split-plot design with two rep-
licates. It was established in 1995, in an old RCG
ley. Plot size and variety were the same as in
V1. For comparison withV 1, we chose plots that
received the same level of nitrogen fertilisation
as in that experiment. Data presented on dry
matter yields are the average of yields from
plots receiving 100 kg N kg?and either 5 kg P
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and 25 kg K or 10 kg P and 50 kg K ha? each
year (altogether 4 plots).

Yield data for separate years refer always to
vegetation years; crops harvested in the spring
were harvested the year after the vegetation year.
Data on dry matter yields are presented as rela-
tive yields. For each plot, the average yield for
the years 1993-1995 was cal culated and the plot-
yieldsfor each of the years 1993-1998 were then
divided with that value and multiplied by 100.
Relative yields from V1 were subjected to fac-
torial analysis of variance to see whether the ef-
fect of midge-infestation was affected by har-
vest time and nitrogen fertilisation.

Field sampling

In the years 1996-1998, degree of midge-infes-
tation was estimated in the two experimental
fields. V1 was the field where infestation by the
gall midge wasfirst noticed. In both fields, sam-
ples were taken in spring-harvested plots. Sam-
pling dates were 10 September 1996, 21 August
1997 and 14 August 1998.

In randomly selected small sampling plots
(0.02 m?), all shoots were cut at ground level.
The length of the shoots (from ground level to
tip of panicle or the uppermost |eaf) was meas-
ured and every internode on the shoots was ex-
amined for symptoms of infestation by midge
larvae. Fertile shoots (with panicle) and sterile
shoots were analysed separately. InV 1, samples
were taken from two fertilisation treatments, re-
ceiving 100 and 200 kg N ha per year, respec-
tively. From each treatment, samples were tak-
enintwo replicated plots. In each plot, four sub-
samplesweretaken that were joined to one sam-
plefor the plot. For each plot, the average shoot
length, the percentage of midge-infested shoots
and the average number of midge-infested in-
ternodes per shoot, were calculated. Correlation
coefficients were calculated to test whether the
length of fertile shootswas related to the number
of midge infested internodes. Separate coeffi-
cients were calculated for different years.

In V2, samples were taken from two fertili-
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sation treatments, both receiving 100 kg N ha?
per year, but differing in P and K fertilisation
(see above under “Experimental fields’). Sam-
pling and calculationswereasinV 1, except that
in 1998 only two subsamples were taken in each
treatment plot.

In 1997, sampling for number of midge lar-
vae on infested internodes was made on two oc-
casionsinV1; on 7 July (shortly after hatching)
and on 21 August (when most larvae were full-
grown). At the first sampling date, 21 infested
internodes on fertile shoots were examined and
in August, 24 internodes on fertile shoots and
13 internodes on sterile shoots. Internodes to be
examined were not broken and had closed |eaf
sheaths.

Fibre quality

Samples for analysis of fibre quality were taken
in Vojakkalain May 1997. RCG from the field
severely infested by E. phalaridis (V1) was com-
pared with RCG of the same variety (‘ Palaton’)
from another field in the vicinity, but with only
very slight gall midge infestation. From each
field, three random samples (each comprising
about 70 g) were taken of the senescent crops,
cut at ground level.

The samples were first sorted in two frac-
tions: “internodes” and “reject” (nodes, |leaves,
leaf sheaths and panicles). The internode-frac-
tion from the uninfested crop (I) was not frac-
tionated further. Theinternode-fraction from the
midge-infested crop was separated further in four
fractions: I1. Uninfested internodes; I11. Undam-
aged parts of midge-infested internodes; 1V. Se-
verely damaged parts of infested internodes; V.
Transitional zone between damaged and undam-
aged parts of midge-infested internodes. The
material in the respective fraction was weighed.

For the fibre analysis, samples (about 5 g
per sample) were treated with a mixture of 50
vol-% concentrated acetic acid and 50 vol-%
concentrated hydrogen peroxide for 18 h at 65°C
to separate the fibres. After washing and disin-
tegration, the samples were analysed for pulp
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yield. The fibre characteristics were measured
on aKajaani FS-200 fibre analyser.

Results

Field sampling

There was no clear differencein level of midge-
infestation between fertilisation treatmentsin the
respective experimental field. Therefore, only
data on the average infestation levels and shoot
lengths from the respective fields are presented
(Table 1). In V1, the infestation level remained
at a very high level throughout the period, but
with an indication of apeak in 1997. In all three
years, most fertile shoots had lodged at the end
of August, but still growing sterile shoots
emerged through the layer of broken shoots.
Most fertile shoots were infested on several in-
ternodes and in 1997, as many as five were in-
fested on some shoots. On examined infested
internodes in July 1997, the average number of
midge-larvae was 1134 (range 5-3070; SEM =
199; n = 21) per internode. In August, the aver-
age number of larvae was 207 (range 1-724;
SEM =40; n=24) on fertile shootsand 47 (range
7-185; SEM = 14; n = 13) per infested inter-
node on sterile shoots.

InV2, only few shoots were midge-infested
in 1996 and 1997 but the infestation level in-
creased somewhat in 1998 (Table 1). In that year,
midge-infested shoots were found in all sampled
plots but the percentage of infested fertile shoots
varied from 7 to 50%. Almost no lodging was
observed in either year.

In all three years, fertile shoots were on av-
erage shorter in the severely midge-infested field
than in the less infested field (Table 1). The
shoots were especially short in 1997, when the
midge-infestation level peaked. Correlation anal-
ysis of shoots from V1 showed that there was a
weakly negative relation between number of
midge-infested internodes and shoot length. The
correlation coefficients (r) were—0.22, -0.16 and
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Table 1. Infestation by Epicalamus phalaridison fertile and sterile shoots of reed canary grass, in two separate experimental
fields at Vojakkala, in the years 1996-1998. Mean values from four plots per field (= SEM).

Experi- Fertile shoots Sterile shoots
mental field
Year Percentage Infested Average Examined Percentage Infested Examined
infested internodes shoot shoots, total infested internodes  shoots, total
/shoot, nr length, cm number /shooat, nr number
Vi
1996 100 (z0) 24 (x0.1) 141 (+8.3) 42 78 (¥3.1) 13 (0.1 158
1997 100 (=0) 27 (£01)  115(z8.2) 37 78 (x6.8) 13 (x0.2) 127
1998 97 (¥29 22 (x0.1) 136 (+8.1) 103 62 (£6.2) 09 (0.2 51
V2
1996 10.0(+5.8) 0.15(x0.07) 187 (+4.1) 19 0 (x0) 0 (x0) 37
1997 42 (x4.2) 0.04(x0.04) 172 (+6.6) 21 14(14+) 0.01(x0.01) 121
1998 26.8(x8.8) 0.32(x0.13) 170 (=5.9) 22 10 (x7.0) 0.10(x0.07) 55

—0.42 for 1996, 1997 and 1998, respectively and
—0.36 when all shootsfrom the years 1996—1998
were included in the analysis. The correlation
was significant (P < 0.05) only for 1998 and for
the analysis including all years. However, no
uninfested shoots were included in the correla-
tion analyses for 1996 and 1997.

Dry matter yields

In V1, the dry matter yields dropped markedly
in 1996, when the midge-infestation was first
noticed and they continued to decline in 1997
and 1998 (Fig. 1). For all the years 1996—
1998, the yields dropped significantly more
(P < 0.05) in spring-harvested compared to au-
tumn-harvested plots and more in plots receiv-
ing 100 kg N compared to those receiving 200
kg N ha? per year. The relative yields in 1998
was 46.9 for spring-harvested and 59.2 for au-
tumn-harvested plots, crossed over nitrogen fer-
tilisation treatments. For nitrogen fertilisation at
100 kg N ha per year, therelativeyield in 1998
was 47.1 while the corresponding figure for 200
kg N ha* was 59.0, crossed over harvest times.
There was no significant interaction between
harvest time and nitrogen fertilisation.

For V2, with only a slight midge-infestation,
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only yield data from 1995-1998 are available.
The yield in V2 was 19% lower than in V1 in
1995, before midge-damage occurred. Thereaf-
ter yield in V2 declined much less than in V1
(Fig. 1) such that yield in 1998 was 76% higher
in V2 than in V1 (comparison of plots with the
same nitrogen fertilisation and harvest time).

100
80

60

40

Relative yield

®—V1, harvest in spring, 100 kg N/ha
O—V1, harvest in spring, 200 kg N‘ha
—A—V1, harvest in autumn, 100 kg N‘ha
—A—V1, harvest in autumn, 200 kg N/ha
0 —w—V2, harvest in spring, 100 kg N‘ha
T T
1993 1994

20+

1995 1996 1997

Vegetation year

1998

Fig. 1. Relative dry matter yieldsin field experiments with
reed canary grass in Vojakkala for the years 1993-1998.
Thefield V1 was severely infested by the gall midge Epi-
calamus phalaridisfrom 1996 onwards whileV2 was only
dlightly infested.

Theaverage dry matter yieldsin the years 1993-1995 (representing the
value 100 in the figure) were: V1, harvest in spring, 100 kg N/ha: 8869
kg/ha; V1, harvest in spring, 200 kg N/ha: 8484 kg/ha; V1, harvest in
autumn, 100 kg N/ha: 10969 kg/ha; V1, harvest in autumn, 200 kg N/
ha: 12205 kg/ha; V2, harvest in spring: 7766 kg/ha (yield dataonly avail-
able for 1995-1998). Error bars indicate standard error of the mean.
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Undamaged parts
of midge-attacked
internodes (11.1+0.8%)

Undamaged internodes
(33.3+1.8%)

Transitional zone
(6.3+0.6%)

Severely damaged
parts (1.5£0.2%)

Reject (47.5+1.8%)

Fig. 2. Fractionation of spring-harvested reed canary grass
from a crop severely infested by the gall midge Epicala-
mus phalaridis. Weight percent + SEM; n=3. The different
fractions (except reject fraction) were then analysed for fi-
bre quality according to Table 2.

The measured dry matter yields include not
only reed canary grass but also weeds harvested
at the same time. In V1, RCG was estimated to
constitute more than 95% of the standing crop
until 1995. Thereafter the occurrence of weeds
like Epilobium angustifolium, Urtica dioica and
Elymus repens gradually increased. By 1998, the
proportion of RCG in the standing crop in au-
tumn-harvested plots had decreased to 40%
(SEM =15; n=3) and 57% (SEM =5; n=3) in
plots receiving 100 and 200 kg N ha, respec-

tively. In V2, RCG was estimated to constitute
90% of the standing crop throughout the period.

Fibre quality

Of the plant material from the crop with only
very slight midge-infestation, 45.7% (SEM =
1.0; n = 3) was classified as reject and the re-
maining part as undamaged internodes. Materi-
a from the midge-infested field was fractionat-
ed according to Fig. 2. The first impression of
the midge-infested dried crop was that infested
parts were very brittle and did not seem to con-
tain much fibrous material. This was confirmed
by the fibre analysis (Table 2). The pulp yield
from fraction 1V (severely infested parts) was
only 40% of the pulp yield from fraction | (in-
ternodes from uninfested crop). Fraction |V had
shorter fibres and contained much more fines
than fraction |. Short fibres and a high amount
of fines indicates that the pulp will have poor
drainage properties and low strength properties.
Consequently, severely damaged parts of midge-
infested internodes give a pulp with poor fibre
properties. In contrast, the fibre properties of
uninfested internode parts (fraction 11 and I11)
from the midge infested crop werein all respects

Table 2. Pulp properties of reed canary grass infested by Epicalamus phalaridis. Mean values + SEM; n= 3.

Fraction Pulp yield, Arithmetic Length Coarseness, Fines
% average length, weighted mg m* (<0.20 mm),
mm average, %
mm
I. Internodes from 56.2+0.7 0.47£0.01 1.09+0.01 0.07+0.01 29.2+09
uninfested crop
I1. Undamaged internodes 56.9+0.8 0.47 £ 0.02 1.04+0.05 0.07=0.01 26.3+1.6
from midge-infested crop
I11. Undamaged parts of 55.4+0.9 0.47+0.02 1.10+0.03 0.07+0.01 288+2.1
midge-infested internodes
IV. Severely midge- 235+ 06 0.25+0.02 0.72+0.02 0.14 £ 0.02 59.6+2.9
damaged parts
V. Transitional zone 46.5+0.8 0.39+0.02 0.96+ 0.05 0.07+0.00 39313
between damaged and
undamaged parts
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equal to those of internodes from the uninfested
crop. The fibre properties of fraction V (transi-
tional zone between damaged and undamaged
parts) were intermediate between fraction 111 and
V.

Discussion

The RCG stand deteriorated markedly in afield
severely infested by E. phalaridis during three
consecutive years. As midge larvae infested all
plots in the field, no comparisons between in-
fested and uninfested plotsin the samefield can
be made. It is possible that the dramatic drop in
yield and the weakening of the RCG stand can
have other causes than attack from E. phalar-
idis. We do, however, believe that the midge-
infestation is the major cause of the decline in
yields. Theyieldsvaried much lessin the slightly
midge-infested field in Vojakkala and the two
fields received similar amounts of fertilisation
and experienced the same weather conditions.
Harvest in late autumn is not realistic when
RCG is grown for industrial purposes (Burvall
1997, Hadders and Olsson 1997). However, data
on yields after harvest in autumn are here in-
cluded as they give a better measure of RCG
productivity. With spring-harvest, there may be
a substantial yield loss (Hadders and Olsson
1997). The yields in the midge-infested field
dropped more when the crop was harvested in
the spring than when it was harvested in the au-
tumn. A plausible explanation is that a lodged,
midge-infested crop, will be more compacted by
the snow cover during the winter and thus more
difficult to harvest properly in the spring. Also,
as midge-infested shoots easily break into small-
er pieces, it is likely that more straw material
would be left in the field. Theyield dropinV1
also was more pronounced in plots receiving 100
kg N ha compared to those that were fertilised
with 200 kg N ha™. A reason could be that if
more nitrogen is available, more sterile shoots
might emerge during the summer. These shoots
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escape midge-attack because they emerge later
and they may continue to grow after damaged
shoots have lodged.

Fertile shoots were considerably shorter in
the severely midge-infested field compared to
shoots in the less infested field, indicating that
midge-infestation affects the shoot length. This
was also confirmed by the correlation analysis
that showed a negative correlation between
number of midge-infested internodes and shoot
length. However, the correlation was weak and
direct effects of midge damage do probably not
explain all the difference in shoot-lengths be-
tween the two fields. The short shoots observed
in the heavily infested field may also partly be
due to adelayed effect of infestation in the pre-
vious year. Midge-caused lodging of the shoots
in late summer may hamper translocation of nu-
trients and carbohydrates from shoots to rhi-
zomes in the autumn, resulting in weakening of
the RCG stand. For the plant, a serious midge-
infestation may have similarities with a harvest
in August. Field experiments have shown that if
RCG is harvested in August in Northern Swe-
den, it resultsin a progressive weakening of the
crop and agradual increase in the occurrence of
weeds (Landstrom et al. 1996).

The fibre properties of uninfested internode
parts from the midge-infested crop were similar
to those of internodes from the uninfested crop
while midge-damaged parts produced a pulp with
poor properties. Reed canary grass to be used
by the pulp industry hasto be pre-treated by dry
fractionation. In the fractionation process, brit-
tle parts of the plant are removed (Finell et al.
2000). As midge-infested parts of the straw are
very brittle, these parts would probably be re-
moved in the fractionation process. A midge-in-
fested crop may thus still be used by the pulp
industry. However, fractionation of a midge-in-
fested crop would yield alower percentage usa-
ble material. Another problem is that the occur-
rence of weeds in the field may increase after
several years of serious midge attack. The har-
vested crop may then become contaminated with
material from other plant species. To what ex-
tent such material affect pulp properties or can
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be sorted out during a fractionation process is
still unknown.

In 1997, when the numbers of midge larvae
were counted on some shoots, as many as 3000
newly hatched larvae were found on single in-
ternodes, afigure that probably represents more
than 30 oviposition events on a single leaf. A
single internode can, however, not support such
ahigh number of larvae and a maximum of about
700 mature larvae were recorded on single in-
ternodes later in the season. The drop in num-
bers of larvae noticed between early July and mid
August was probably largely due to mortality
caused by intraspecific competition. It was also
observed that the size of larvae on over-crowd-
ed internodes was considerably smaller than
normal.

The outbreak of E. phalaridisis so far alo-
cal phenomenon. It is only in Vojakkala where

the gall midge has been found on cultivated
RCG, and only in one field has the population
density soared to an outbreak level. RCG is still
only cultivated to a limited extent (about 1 000
ha in Sweden), but because E. phalaridis has
been found on several RCG stands in natural
vegetation, a further spread to cultivated crops
is expected if the cultivated area increases. It
remains to be seen whether it will also occur at
such high population level as reported here, in
other fields. The deterioration of the RCG stand
inthefield inVojakkala, however, indicates that
E. phalaridis has potential to become a serious
pest of RCG.
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