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Sitodiplosis mosellana — a new winter wheat pest in

Lithuania
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During the period 2007-2008, observations of a new winter wheat pest — orange wheat
blossom midge (OWBM) Sitodiplosis mosellana (Géhin) belonging to Diptera: Cecidomyi-
idae was carried out at the Lithuanian Institute of Agriculture located in central Lithua-
nia. The first pest outbreak was observed in 2007. Screening of 123 breeding lines in 2007
showed that all of the genotypes screened were susceptible to OWBM. A detailed analysis
of breeding populations showed that 44.3% of them had grain damage over 5%. Trapping
of midge males with a pheromone in 2008 showed that the number of midges per day
ranged from 0 to 327, depending on the assessment day and the location of traps. The pe-
riod of intensive flying of midges matched with the susceptible winter wheat growth stage
(BBCH46-59). Very few larvae were found in winter wheat ears later, possibly due to too
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low temperatures during the egg laying, hatching and development of larvae.
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INTRODUCTION

Orange wheat blossom midge (OWBM), S. mosellana (Géhin)
belonging to Diptera: Cecidomyiidae is a pest of spring and
winter wheat in temperate climate zones in North America,
Europe, West Asia and the Far East. At present, financial
losses due to grain damage by this pest exceed several hun-
dreds of millions of euros worldwide in the years favourable
for this species (Doane, Olfert, 2008; Oakley, 2008). This pest
over-winters as diapausing cocooned larvae. The diapause
can be prolonged up to 12 years, although the most intensive
emergence occurs in the first two years (Barnes, 1952; Muk-
erji et al., 1988; Wise, Lamb, 2004). The diapause is broken
in spring due to rising soil temperatures. Post-diapause de-
velopment is initiated when larvae exit the cocoons and move
to soil surface. Adult emergence and subsequent egg-laying
start about 2-3 weeks later. Oviposition occurs in florets of
wheat heads just before flowering (Elliot, Mann, 1996). Eggs
hatch in about 4-7 days, and the larvae feed on the develop-
ing ovary and mature in approximately three weeks. Mature
larvae remain in wheat heads until moist conditions occur;
then larvae drop to the ground, burrow into the soil, spin a
larval cocoon and overwinter. All these phenological events
are regulated by temperature (Gagné, Doane, 1999). Attack
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by this wheat midge decreases grain germination capacity,
volume weight, grain and flour yield and the Hagberg falling
number (Miller, Halton, 1961; Helenius, Kurppa, 1989).

Control of OWBM includes a broad spectrum of measures.
The most effective and desirable is growing resistant cultivars
possessing the mono-resistance gene Sml (McKenzie et al.,
2002). Some effect can be provided by cultivars possessing
partial resistance (Von Basedow, 1977). The main disadvan-
tage of this method is shortage of resistant cultivars across
Europe. Results have been achieved only in the United King-
dom where, due to high economic losses (in 2004 estimated
over 80 million euros), resistance breeding was successfully
accelerated. Resistant varieties have occupied around 20%
of cropped area in the last years in most problematic zones
(Oakley, 2008). Chemical control is efficient from the view-
point of adult pest susceptibility to pesticides, but it is com-
plicated due to a long (4-6 weeks) period of adults’ emer-
gence. Effective application of insecticides is possible only
using monitoring traps for everyday checks of adults and
subsequent adjustment of pesticide sprayings. On the other
hand, application of insecticides destroys natural control by
parasites, especially by Macroglenes penetrans (Kirby) (Elliot,
Mann, 1997).

Sitodiplosis mosellana larvae in winter wheat fields of the
Lithuanian Institute of Agriculture have been noticed since
2000 but at a frequency less than 1 larva per 100 winter wheat
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ears. The first serious outbreak of this pest occurred in 2007.
No information about this pest in recent papers from Lithua-
nia and Latvia was found. Only Contarinia tritici (Kirby),
which damages winter wheat grains together with S. mosse-
lana, was mentioned (Spungis, 2003; Pakalniskis et al., 2006;
LR VAAT, 2009). Therefore, in 2008 it was decided to start de-
tailed observations of S. mosellana at the Lithuanian Institute
of Agriculture.

MATERIALS AND METHODS

During the period 2007-2008, investigations of orange wheat
blossom midge (OWBM) (S. mosellana) were carried out at
the Lithuanian Institute of Agriculture (LIA) located in cen-
tral Lithuania (55°23’°50”N and 23°51’40”E) in winter wheat
breeding nurseries with different crop rotations and differ-
ent distances to previous winter wheat fields. The field with
wheat breeding nurseries in 2007, the year of OWBM out-
break, was located near the field with winter wheat in 2006.
Winter wheat breeding nurseries were checked for OWBM in
2007 at wheat grain milk development stages BBCH 73-75.
OWBM larvae were monitored in 123 advanced breeding
lines and in three cultivars by hand-threshing ears. Three
check-resistant cultivars possessing the resistance gene Sml
(‘Gatsby, ‘Magister’,‘Skalmeje’) (HGCA 2008) were checked in
the same nursery. Presence of larvae was checked in 10 ears
per genotype. Grain damage was checked in breeding lines
of populations in F3-F5 generations. Every ear was threshed
individually for preparation of breeder seeds. All lines of a
population were evaluated for damage as one unit during
preparation of breeder seeds; 150 were checked in F3 genera-
tion, 80 ears in F4 generation and 40 ears in F5 generation.
In total, 192 crossing combinations were checked. According
to the number of damaged grains the lines were divided into
four groups — up to 1%, 1-5%, 5-10% and over 10%.

Pheromone traps and synthetic sex pheromone lures for
catching males were obtained from the UK company AgriSen-
ce’ The traps were set in three fields at the end of May 2008
when some wheat genotypes started heading (BBCH 45-52).
Observations were done until the end of the midge flight when
the wheat reached anthesis (BBCH 61-63).

Field 1 was a take-all nursery with continuous wheat cul-
tivation since 2005; one trap was set up in the middle of this
place. Field size was 0.25 ha (40 x 62 m).

Field 2 was the main winter wheat breeding nursery field
in the crop rotation with winter wheat cultivation every ninth
year. Winter wheat was cultivated in an adjacent field in 2007.
Two traps were arranged at the opposite sides of this field at
a distance of about 20 m from the adjacent field. The size of
both fields was 3.7 ha (90 x 410 m) each.

Winter wheat was cultivated in Field 3 after black fal-
low; the adjacent fields were without winter wheat cultiva-
tion at a distance of about 500 m in 2007. Two traps were ar-
ranged at the opposite sides of this field. Field size was 3.2 ha
(120 x 265 m).

Trapped midges were counted daily. Winter wheat nurser-
ies for OWBM larvae were monitored at wheat growth stages
BBCH 73-79 in hand-threshed ears. As larvae were detected
in extremely low frequencies (less than 1 larva per 100 ears),
further grain damage was not investigated.

Meteorological data from the weather station situated
near the experimental fields were used. The mean June
temperature was 17.6 °C and 16.1 °C in 2007 and 2008, re-
spectively. The long-term mean temperature of June during
1924-2008 was 15.7 °C, whereas the mean temperature of
June 1-15 was 19.0 °C and 16.5 °C in 2007 and 2008, respec-
tively. The sum of active air temperatures (>10.1 °C) in June
1-15 2007 was 134.9 °C and in 2008 at the same period was
97.1 °C. The difference between the years was 37.8 °C of ac-
tive temperatures.

RESULTS

Survey of OWBM larvae in 2007 in the advanced breeding
lines nursery showed that all of the 123 genotypes were sus-
ceptible, since the majority of checked ears were infested.
The number of larvae in infested ears ranged within 1-6.
No OWBM larvae were found in the resistant cultivars ‘Gats-
by, ‘Magister’, ‘Skalmeje’

Grain damage of the breeding lines in F3-F5 generations
of half of the populations was 1.1-5.0% (Table 1). Popula-
tions with grain damage 5.1-10.0% were less frequent (26%).
Heavily damaged grains (>10.1%) were characteristic of
18.3% of populations.

Table 1. Amount of winter wheat grains damaged by OWBM larvae, 2007

Grain damage level, Number of popu- Percentage of
% lations per level populations
<1.0 14 74
1.1-5.0 93 48.3
5.1-10.0 50 26.0
210.1 35 18.3
Total 192 100.0

The number of OWBM in pheromone traps revealed that
adult midges were abundant at the beginning of winter wheat
heading BBCH45-52 in 2008 (Table 2). The period of inten-
sive flight lasted till wheat anthesis BBCH 63-65.

The number of midges per day ranged from 0 to 327
depending on the trapping date and the location of traps.
Fields 1 and 2 were characterized by a very intensive OWBM
infestation, whereas traps in field 3 showed only very few
midges from time to time.

The intensive flight of midges in field 1 lasted for 12 days
during the entire observation period. The number of trapped
midges ranged from 0 to 86; the total number during the first
12 days of observation was 375, and 20 midges were caught
during the remaining 13 days.

The second field was characterized by a shorter but
more intensive 11-day flight period of OWBM. The number
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Table 2. The number of OWBM in pheromone traps, 2008

Field number
Counting date Winterwheat | Field1 | Field2 | Field3
growthstages | pean number of OWBM per
trap per day
31 May 45-50-52* 17 8.5 0
01 June 46-51-53 16 19 0
02 June 47-52-54 31 13 0
03 June 48-53-55 86 327 1
04 June 40-53-57 4 11 1.5
05 June 53-57-58 21 13.5 0
06 June 55-57-59 21 20.5 1
07 June 56-58-60 28 7.5 0.5
08 June 57-60-61 62 16.5 0
09 June 58-61-62 34 1.5 0.5
10 June 60-62-63 31 0.5 0
11 June 61-63-65 24 0 0
May jouak 375 4385 45
Total:

May 31 June 24 395 4385 45

* BBCH growth stages: the first number — late, the second — medium, the
third — early ripening cultivars.

of midges trapped in field 2 ranged from 0 to 327. Field 2
differed markedly from field 1 in the peak of flight activity
of midges: 86 midges in field 1 and 327 in field 2. The total
number of midges in field 2 depended greatly on the number
of midges caught on one day, June 3, when 74.6% of the total
was caught.

In the third field without winter wheat nearby in the pre-
vious year, only a very few midges were caught over the 25-
day period.

DISCUSSION

Differences in the infestation by OWBM could depend on the
different rates of development of the breeding lines. Some
lines differed in heading time by up to 10 days. The OWBM
flight period lasts several weeks, but, due to the influence of
the environment, the intensive flight of midges only partially
coincides with the beginning of wheat heading. Another pos-
sible explanation for differences among breeding lines is that
some wheat genotypes express oviposition deterrence which
can cause a lower infestation of some genotypes (Lamb et al.,
2002; Lamb et al., 2003; Olfert et al., 2009). The number of
damaged grains in 44.3% of the populations in the F3-F5
generations was over 5%. As winter wheat is grown in Lithua-
nia for high quality grain, this damage level is sufficient to
be of economic importance in commercial wheat (Lamb
et al., 2000). Based on this relatively high level of damage, we
conclude that OWBM should be considered as a new pest of
winter wheat in Lithuania. This statement is confirmed by
observations of Oakley et al. (1998) and Oakley (2008) who
determined the economic threshold as 10 or more midges
caught in a pheromone trap per day.

Although wheat was heavily infested in 2007, the weather
conditions were relatively unsuitable for OWBM due to dry
soil, whereas soil surface was wet in 2008. If conditions are
dry during May and June, larvae remain dormant until the
following year (Elliot, Mann, 1996). As expected, given the
moist soil conditions, midges flew actively in 2008. Their
flight began before the first trapping day on May 31 because
on the first day from 6 to 17 midges were caught per trap.
The number of midges in traps during the period of active
flight in June often exceeded the economic threshold which
is 10 midges per day per trap (Oakley, 2008). Usually, OWBM
larvae drop out of wheat ears and burrow in the soil to a
depth of 0-6 cm (Doane, Olfert, 2008). Soil in both fields with
abundant WOBM flying was ploughed after harvesting to a
depth of about 25 cm. Given the level of infestation in 2007
and the level of flight activity in 2008, larvae must be able
to move through 10-20 cm of soil to reach the surface. This
biological trait complicates control of this pest by agrotechni-
cal measures.

OWBM distribution in pheromone traps across fields
showed the impact of previous crop on a possible damage
of winter wheat. The field with continuous wheat cultivation
was heavily infested by midges, whereas pheromone traps in
a field without nearby wheat in the previous year caught few
midges. These data are consistent with results of other studies
(Smith et al., 2004; Oakley, 2008; Olfert et al., 2009). How-
ever, pheromone traps in another winter wheat field, which
had been sown to oats in the previous year, caught almost as
many midges as when wheat had been sown to wheat. The
traps in this field were located about 20 m from the adjacent
field which had been under wheat in the previous year. Such
a distance is greater than the usual distance males are sup-
posed to disperse (Smith et al., 2004), but males seem to have
been attracted to the pheromone traps over that distance.
Another possible explanation of the high trap catches are
that OWBM had infested the oats grown in this field in 2005
and 2006, although high levels of infestation in oats are un-
likely (Wise et al., 2002). Or, it is possible that females, which
typically cover greater distances, were caught passively in the
traps, although they should not have been attracted by the
pheromone (Smith et al., 2004); this possibility, however, does
not seem to be high because of the high catches of OWBM on
the traps. Females are attracted by volatiles of wheat heads.
However, traps that could attract females and show the likely
infestation level are only in the development stage (Birkett
et al., 2004; Smith et al. 2004; Bruce et al., 2007).

Weather conditions in the first part of June 2007 and 2008
were probably particularly conducive to OWBM and the ap-
pearance of this insect as a winter wheat pest. The mean
temperature was 19.0 °C in 2007 and 16.1 °C in 2008. The
long-term mean temperature in June during 1924-2008 was
15.7 °C,i.e.by 3.3 °C and 0.4 °C higher than during the study.
Rising temperatures in the last decade could be a cause of
OWBM outbreak in the recent years. The sum of active air
soil temperatures (=10.1 °C) in 2007 during June 1-15 was
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by 37.8 °C higher than in 2008. The minimal air temperature
showed similar relations. The higher temperatures in 2007
could have been more favourable for female egg laying than
the lower temperatures in 2008, based on temperature effects
observed in Canada (Wise, Lamb, 2004). However, prediction
of intensive OWBM flight by summing active temperatures
was not effective in Europe (Oakley et al., 1998). Other weath-
er conditions, such as precipitation, did not provide a clear
explanation for the differences in grain damage between
2007 and 2008.

OWBM can cause a damage to winter wheat that reaches
economic levels in Lithuania. None of the winter wheat ad-
vanced breeding lines were known to be resistant to OWBM.
Cultivation does not prevent OWBM from overwintering
successfully in the soil. The flight of midges occurs through
June in Lithuania, which overlaps the growth stages of winter
wheat susceptible to infestation. OWBM can be detected with
commercially available pheromone traps, although these
traps work most effectively if wheat was present near the
trapping location in the previous year.
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SITODIPLOSIS MOSELLANA - NAUJAS ZIEMINIU
KVIECIU KENKEJAS LIETUVOJE

Santrauka
Oranzinis kvietinis gumbauodis Sitodiplosis mosellana (Diptera:
Cecidomyiidae), naujas Zieminiy kvie¢iy kenkéjas Lietuvoje, tirtas
2007-2008 m. Lietuvos zemdirbystés institute, esan¢iame centri-
néje $alies dalyje. Pirmas kenkéjo gausus pasireiskimas nustatytas
2007 m. 123 selekciniy linijy tyrimas 2007 m. parodé, kad visi ge-
notipai buvo jautris $iam kenkéjui. Detali grady pazeidimo anali-
zé parode, kad 44,3 % tirty selekciniy populiacijy pazeisty grudy
buvo daugiau nei 5 %. Naudojant feromonines gaudykles uody
patinams pritraukti 2008 metais, pastaryjy pagauta nuo 0 iki 327,
atsizvelgus j gaudymo diena bei gaudykliy vieta. Intensyvus uody
skraidymo laikotarpis sutapo su jautriu kvie¢iy vystymosi tarpsniu
(BBCH 46-59). Taciau véliau kvieciy varpose lervy rasta itin ma-
zai, galbiit dél per Zemy temperatiry lervy ritimosi ir vystymosi
metu.

Raktazodziai: oranZinis kvietinis gumbauodis, oro temperata-
ra, Triticum aestivum




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


