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ABSTRACT
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The relationship between canola, Brassica napus L., crop phenology and
susceptibility to the swede midge, Contarinia nasturtii (Kieffer) was investigated to
improve insecticide application timing recommendations and management of this
invasive pest. Insecticide applications were more critical at vegetative and early bud
stages than during secondary bud formation in studies of insecticide application
timing based on growth stage conducted in growers’ fields over two years. However,
treatment timing effects on swede midge damage and yield varied depending on field
site. Laboratory studies were conducted to elucidate relationships between swede
midge oviposition preference and density, crop stage, and damage and yield effects.
A significant negative relationship was observed between swede midge density and
canola seed yield and pod number, as well as the potential for damage compensation
by secondary raceme growth. These results may contribute to the development of
swede midge pheromone action thresholds and understanding the compensatory
ability of canola.
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CHAPTER 1. INTRODUCTION

Invasive species are organisms that have become established outside of their
range, negatively impacting the native ecosystem and/or causing economic damage
(Sakai et al. 2001). The movement of nonindigenous plant and animal species has
been facilitated by global change and the increasingly free movement of goods
around the world (Sakai et al. 2001). Invasive species can have severe impacts on
biodiversity and cause billions of dollars of damage in important economic sectors,
including agriculture (Pimentel et al. 2005). The absence of predators and competitors
from their native range may allow invasive species to spread easily and colonize new
habitats (Corlay et al. 2007).
The swede midge, Contarinia nasturtii (Kieffer) (Diptera: Cecidomyiidae) is
a small (1mm long), grey-brown fly that feeds exclusively on members of the family
Brassicaceae, which includes many economically important crops in Canada
(Marshall 2006, Hallett 2007, Gagné 2010). Larval swede midge feed gregariously on
the young, fast growing tissue of host plants, causing deformation and altering plant
morphology (Readshaw et al. 1961, Hallett 2007). Originally restricted to a Palearctic
distribution, the swede midge was first discovered in North America in 2000 on cole
crops in Ontario, Canada (Hallett & Heal 2001).
Canola (Brassica napus L., B. rapa L., and B. juncea L.) is one of the many
crops that the swede midge readily attacks (Chen et al. 2009a). The first reported
instances of swede midge on canola crops in Canada were in 2005 following field
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surveys (CFIA 2009). Infested canola plants may be stunted, and develop deformed
pods and twisted leaves and stems following swede midge feeding (Barnes 1946,
CFIA 2009).

1. 1. SWEDE MIDGE, CONTARINIA NASTURTII

1.1.1. DESCRIPTION & LIFE CYCLE

There are four to five overlapping generations of swede midge per year in
southern Ontario and southwestern Quebec with peak emergence of adults generally
occurring during the first weeks of June (Corlay & Boivin 2008, Hallett et al. 2009a).
MidgEmerge, a model to predict swede midge populations and inform pest
management practices, can accurately predict the emergence patterns of swede midge
in Ontario and Quebec (Hallett et al. 2009a). Using this model, two emergence
phenotypes were described, each completing four generations per year in southern
Ontario. Following emergence, mating has been observed on the soil surface or the
underside of leaves (Readshaw 1961). Mating can be a very rapid event, lasting
between 10 to 45 seconds. After mating, females deposit their eggs on young, fastgrowing tissues of the host plant (Hallett 2007). They use their long, thin ovipositor to
access the young heart leaves or unopened flower buds of host plants (Readshaw
1961). Females can oviposit quickly, laying 50 eggs in 10 minutes (Readshaw 1961).
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Small (0.3mm), transparent larvae emerge from eggs after approximately 3
days and over their 7 to 21 day development (depending on climatic conditions) grow
to about 3 to 4mm in length and become bright yellow in colour (Readshaw 1961).
Larvae begin feeding gregariously immediately after emergence. From two welldeveloped salivary glands running down either side of the body, larvae produce
secretions that dissolve the wax cuticle and underlying cells of the plant surface,
causing abnormal growth in host plants (Readshaw 1961). From emergence to their
final instar, larvae are surrounded in fluid consisting of the salivary secretions,
excretory products and plant cell products (Readshaw 1961). Mature larvae leave the
plant by ‘jumping’ or dropping to the soil below, where they burrow into the top
~2cm. Larvae then spin a membranous, oval cocoon and pupate inside. After 7 to 40
days, depending on temperature and soil moisture, pupae emerge from the cocoon and
travel to the soil surface (Readshaw 1961, Chen & Shelton 2007). Adults eclose at the
soil surface and after 2 to 5 minutes are ready for flight.
Soil depth, temperature and humidity at the time of emergence all affect
successful eclosion of adult swede midge (Readshaw 1961, Chen & Shelton 2007).
The addition of >5cm of soil cover to soil containing pupae can significantly reduce
emergence number and delay emergence timing (Chen & Shelton 2007). Extremely
dry or wet soil can also significantly reduce emergence of adults (Readshaw 1961,
Chen & Shelton 2007). A certain proportion of third instar larvae enter diapause upon
entering the soil each generation based on photoperiod and temperature (Readshaw
1961, Des Marteaux 2012). Diapausing individuals differ from non-diapausing

3

individuals in that they form a spherical cocoon in which they overwinter as prepupae. In the spring they create the usual oval cocoon for pupation (Readshaw 1961).

1.1.2. HOST PLANTS

Hosts of the swede midge include many economically important crops like the
B. oleracea (L.) cultivars known as the cole crops (e.g. cabbage, broccoli,
cauliflower, and Brussels sprouts), canola (B. napus L., B. juncea L., B. rapa L.) as
well as radish (Raphanus sativus L.) and several other leafy cruciferous vegetables
(Readshaw 1961, Hallett 2007, Chen et al. 2009a). A number of cruciferous weed
species, including mustard (Sinapis arvensis L.), wild radish (Raphanus raphinastrum
L.), shepherd’s purse (Capsella bursa-pastoris L.), field pepperweed (Lepidium
campestre L.), field pennycress (Thlaspi arvense L.) and yellow rocket (Barbarea
vulgaris L.), can also serve as hosts for the swede midge (Hallett 2007, Chen et al.
2009a).
Damage symptoms from swede midge feeding can include the formation of a
blind head due to death of the main growing point, crumpling of heart leaves,
unopened and swollen flower buds, and deformed, asymmetrical or disjointed heads
(Barnes 1946). Plants may compensate for death of the main stem by producing
secondary stems, resulting in multi-stemmed or multi-headed plants. Brown corky
scarring can also occur along stems and petioles. Secondary bacterial infection can
also result from larval feeding and seedlings and young transplants can develop galls
4

at growth points (Barnes 1946). Detection of swede midge can be challenging as
damage symptoms can be mistaken for other problems including physical injury,
feeding damage from other animals or nutrient deficiency (Bardner et al. 1971,
Hallett & Heal 2001, Kikkert et al. 2006). The use of pheromone traps is important in
detection for these reasons. Also, by the time visual evidence of larval feeding
becomes apparent, larvae may have already vacated the plant (Kikkert et al. 2006).

1.1.3. GEOGRAPHIC DISTRIBUTION

The first Nearctic record of swede midge occurred in 2000 from two cole crop
fields near Markham, Ontario, Canada (Hallett & Heal 2001). Following the initial
discovery, field surveys conducted by the Canadian Food Inspection Agency (CFIA)
in 2007 and 2008 detected the presence of swede midge in Manitoba, Saskatchewan,
Prince Edward Island and Nova Scotia (CFIA 2009). The introduction of pheromone
traps using a female sex pheromone in 2004 made the detection of swede midge much
easier and facilitated the CFIA surveys (Hillbur et al. 2005, Boddum et al. 2009).
Males are attracted and trapped and their numbers can be used as an estimate of the
total population (Boddum et al. 2010). The first record of swede midge in the United
States was in Niagara County, New York in 2004 (Kikkert et al. 2006). Following
this initial record, molecular identification methods and pheromone traps for
monitoring have confirmed the presence of swede midge in Connecticut,
Massachusetts, New Jersey, and Vermont (Chen et al. 2009a, 2011). The Palaearctic
5

distribution of swede midge includes Austria, Belgium, Britain, Bulgaria, Czech
Republic, Denmark, France, Germany, Hungary, Ireland, Italy, Latvia, Lithuania,
Norway, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, The Netherlands, Turkey, Ukraine, Yugoslavia, and southwestern Asia
(Olfert et al., 2006).
Olfert et al. (2006) used bioclimatic envelope modelling to predict the
potential range and abundance of swede midge in Canada and found that
establishment in all provinces was possible with southwest British Columbia,
southern Ontario, southern Quebec, New Brunswick, Nova Scotia, and Prince Edward
Island at greatest risk. Mika et al. (2008) used a modified version of the same
bioclimatic model under various future climate scenarios to predict the distribution of
swede midge in North America. It was projected that the Canadian prairies, northern
Ontario, northern Quebec, and the eastern seaboard and midwestern US will become
increasingly favourable for the establishment of swede midge over the next century.

1.1.4. SWEDE MIDGE AS A PEST IN NORTH AMERICA

Swede midge damage can be devastating to susceptible crops with crop losses
on some farms in Ontario reported as high as 85% (Hallett & Heal 2001). Many of
the cruciferous crops susceptible to swede midge damage are of enormous economic
importance in Canada. The production of a few of the major crucifer crops in Canada
for fresh market, including broccoli, cauliflower, cabbage and turnips, exceeded $115
6

million in total value in 2010 (Agriculture and Agri-Food Canada 2011), while canola
production, including farm production, seed crushing, oil refining, end use products,
transportation and employment, contributed over $15 billion dollars annually to the
Canadian economy between 2007 and 2010 (LMC International 2011).
In 2002 the swede midge was declared a quarantine pest by the CFIA and
phytosanitary measures were established to help reduce its spread throughout Canada
(CFIA 2009). Possible vectors of swede midge, such as farm equipment, crucifer
transplants and soil, were restricted in movement from infested to non-infested areas.
Due to the widespread presence of swede midge in both the US and Canada a
deregulation initiative began in 2007. In light of the fact that the previous
phytosanitary efforts did not effectively reduce the detection of swede midge in
Canada and because many growers, as well as the United States Department of
Agriculture Animal and Plant Health Inspection Service, did not perceive the swede
midge to be a pest of quarantine significance, the swede midge was deregulated in
2009 (CFIA 2009).
Pesticides currently registered for control of swede midge in Brassica crops
contain a range of active ingredients (A.I.) including: λ-cyhalothrin, acetamiprid,
imidacloprid, chlorantraniliprole, spinosad, and spirotetramat (Chaput 2013). Foliar
applications of acetamiprid showed up to 99.8% effectiveness against swede midge
on cauliflower seedlings when applied up to 4 days after the inoculation of swede
midge in lab studies (Chen et al. 2007). There was a marked reduction in efficacy,
down to 69.9%, when seedlings were sprayed 8 days after inoculation (Chen et al.
2007). The reduction in efficacy could be due to the movement of larvae into more
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confined parts of the plant or because mature larvae vacated the plant at
approximately 8 days post inoculation and were less susceptible to spray once
burrowed into the soil (Chen et al. 2007). Following inoculation with adult swede
midge, acetamiprid efficacy decreased after 6 days, with a 50% reduction after 9
days, regardless of swede midge density (Chen & Shelton 2010). This result suggests
that longer residual life is required for swede midge control due to the multiple
overlapping generations. Precise spray timing during, or just after, oviposition is
important if maximal control is to be achieved, due to the short residual life of
insecticides (Chen & Shelton 2010). Field trials conducted in Ontario and New York
found

that

foliar

applications

of

λ-cyhalothrin,

permethrin,

acetamiprid,

chloropyrifos, and dimethoate kept damage from swede midge within marketable
limits for cabbage and broccoli during the early phase of swede midge infestation.
Trials carried out in later years found reduced efficacy of these treatments, likely due
to much higher swede midge populations in study sites (Hallett et al. 2009b).
Occurrence of insecticide resistance was a concern, due to the fast generation time of
the swede midge and the limited number of active ingredients in insecticides
registered for use against swede midge, but was ruled out in laboratory trials (Hallett
et al. 2009b).
As with many important insect pests, effective control of the swede midge
requires an integrated effort using a combination of pest management strategies
(Allen et al. 2009, Chen et al. 2009b, Hallett et al. 2009b). Crop rotation has been
shown to play an important role in controlling swede midge (Chen et al. 2009b). Soil
manipulation has potential to control swede midge numbers. Swede midge are
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sensitive to changes in soil moisture content and depth as they generally pupate in the
top 1cm of soil. The addition of more than 5cm of soil to the soil surface and
extremely wet or dry soil have been shown to reduce swede midge emergence
(Readshaw 1961, Chen & Shelton 2007). Early planting of cruciferous crops may
help reduce swede midge damage, if susceptible plant stages are completed by the
time peak swede midge emergence occurs (Hallett et al. 2006, Hallett 2007, Corlay &
Boivin 2008, Allen et al. 2009). Following a survey of Europe, two species of
parasitic wasp (Synopeas myles (Walker) and Macroglenes chalybeus (Haliday)) have
been identified as primary parasitoids of the swede midge in its native range, but
neither has shown consistently high levels of parasitism in the field (Abram et al.
2012). It is also unlikely that either wasp has high host specificity, reducing the
likelihood that either will be released for biological control of swede midge in North
America.

1.2. CANOLA

1.2.1. CANOLA AS A CROP IN CANADA

The term canola is trademarked by the Canadian Canola Council (Statistics
Canada 2009). For plants to be considered in the category of “canola”, their seed oil
must contain less than 2% erucic acid and the seed must contain <30μmol of
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glucosinolates per gram of air-dried oil-free meal, both of which are undesirable in
food products at high levels (Statistics Canada 2009). Currently varieties of rape and
mustard species including B. napus, B. rapa and B. juncea are defined as canola
(CFIA 1994, 2007, Canola Council of Canada 2011). In 2012, 8,713,000 hectares
(more than 21 million acres) of canola were grown in Canada (Statistics Canada
2012). The canola industry contributes $15.4 billion to the Canadian economy
annually according to a study commissioned by the Canola Council of Canada (LMC
International 2011). Canola is grown in six provinces across Canada, including
British Columbia, Alberta, Saskatchewan, Manitoba, Ontario and Quebec (LMC
International 2011). Canola has several end uses including cooking oil, salad
dressings, margarine, biodiesel and lubricant for marine engines (Statistics Canada
2009).

1.2.2. GROWTH STAGES

Canola goes through several distinct developmental stages during its life
cycle, from immature seedling to mature plant with ripening seed pods (Harper &
Berkenkamp 1975). The growth period following germination, and before floral
initiation, is called the vegetative stage and can range from 30 to 60 days depending
on species and environmental conditions (Canola Council of Canada 2011). During
the vegetative stage, the canola plant produces a rosette of 9 to 30 leaves, although
canola does not have a determinate number of leaves (Diepenbrock 2000). Flower
10

buds begin to form at the end of this stage. The primary inflorescence forms as a
cluster of flower buds at the apical meristem (Habekotté 1993). Elongation of the
main stem, or primary raceme, follows the vegetative stage and coincides with the
initiation of flowering and side branching (Harper & Berkenkamp 1975, Canola
Council of Canada 2011). As the stem elongates, or “bolts”, the spacing between
flowers becomes wider along the length of the stem, with the flowers increasing in
age from uppermost to lowermost along the stem. Secondary branches or racemes,
grow from buds at the leaf axils and will each have an undetermined number of
leaves and a cluster of flower buds. Plants will generally produce more secondary
branches than can be supported, which allows for compensation in the face of pest
damage or environmental stress through abortion of damaged branches (Canola
Council of Canada 2011). Flowers begin opening from the top to the bottom of the
plant, starting on the primary stem with secondary stems initiating flowering a few
days later. Flowering occurs over 2 to 3 weeks depending on species and conditions,
with plants reaching their maximum height during this period (Canola Council of
Canada 2011). Pods develop concurrently with flowering, with the oldest flowers
beginning pod development while younger flower buds are still opening. As pods
ripen, the seeds inside them harden and change from translucent to green to yellow
with a black outer coat. Pods contain two rows of 15 to 40 seeds in total, separated by
a central membrane down the length of the pod (Diepenbrock 2000). Pod ripening is
complete about 40 to 60 days after flowering commences. Harvesting at this point is
ideal as pods subsequently become more susceptible to shattering as moisture is lost
during plant senescence (Canola Council of Canada 2011).
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1.3. PEST MANAGEMENT IN CANOLA

1.3.1 PESTS OF CANOLA IN ONTARIO

Other than the swede midge, three of the most commonly encountered pests in
spring canola in Ontario are Lygus plant bugs, cabbage seedpod weevil and flea
beetles.
There are three species of plant bug in the genus Lygus that feed on canola in
Canada, Lygus borealis (Kelton), Lygus lineolaris (Palisot de Beauvois), and Lygus
elisus (Van Duzee) (Hemiptera: Miridae) (Wise & Lamb 1998). Lygus species
complete a single generation per year in canola in Ontario and can be potentially
serious pests due to phenological synchrony between the heavy feeding of late instars
and adults and the pod stage when developing seed is present (Butts & Lamb 1991a).
They damage canola by feeding on several parts of the plant including seeds, buds,
flowers, stems and leaves (Wise & Lamb 1998). Lesions form on the plant where
Lygus feeding has occurred and damaged plants will shed buds and flowers (Butts &
Lamb 1990). Because the most damaging life stages occur later in the growing season
when flowering has completed, canola plants in the pod stage are most vulnerable to
attack from Lygus species (Gutierrez et al. 1977, Butts & Lamb 1991b). Application
of insecticide at the early pod stage can increase yield where Lygus species are
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present in high densities (Butts & Lamb 1991b). There are currently two foliar
insecticides registered for use against Lygus pests in Ontario (Matador® 120 EC and
Silencer® 120 EC) both with A.I. λ-cyhalothrin (OMAFRA 2011). Insecticide
applications at the appropriate crop stages have been shown to immediately decrease
Lygus densities and increase yield; indeed a single application of a foliar insecticide
at the early pod stage can reduce or completely eliminate yield losses (Wise & Lamb
1998).
The

cabbage

seedpod

weevil,

Ceutorhynchus

obstrictus

(Marsham)

(Coleoptera: Curculionidae), native to Europe, is an invasive species in North
America where it is a serious beetle pest of Brassica crops (Brodeur et al. 2001).
Cabbage seedpod weevil is primarily a pest of winter canola in Europe and North
America but can also successfully develop on spring canola in Canada (Dosdall &
Moisey 2004). There is one generation of cabbage seedpod weevil per year in Canada
(Brodeur et al. 2001). Adult cabbage seedpod weevils oviposit into the pod of canola
where larvae feed on the developing seed. Larvae can consume 5-7 seeds before
exiting the pod to pupate in the soil (Brodeur et al. 2001). Adult feeding can also
cause damage to the developing pods and flower buds (Buntin et al. 1995). Proper
timing of insecticide application is important as larvae are well protected within pods
following oviposition. There are currently two foliar insecticides registered for use
against cabbage seedpod weevil in canola in Canada: λ-cyhalothrin and deltamethrin
(Cárcamo et al. 2005). In Ontario growers are restricted to one application of
insecticide for cabbage seedpod weevil per year, and only λ-cyhalothrin (Matador®
120 EC and Silencer® 120 EC) is currently registered (OMAFRA 2011). Both λ13

cyhalothrin and deltamethrin have been found to effectively control cabbage seedpod
weevil in canola, even at high numbers (Cárcamo et al. 2005).
There are two species of flea beetle pests of canola in Ontario, the crucifer flea
beetle, Phyllotreta cruciferae (Goeze), and the striped flea beetle, Phyllotreta
striolata (F.) (Coleoptera: Chrysomelidae) (Burgess 1977, Lamb 1989). Both species
complete one generation per year in Canada (Burgess 1977). Adults of both species
emerge in the spring to feed on the young stem tissue and cotyledon leaves of host
plants (Burgess 1977). Flea beetles can kill seedlings but, due to the compensatory
ability of canola and increased seed yield in less densely populated fields, death of
seedlings is not always an accurate predictor of impact on yield (Lamb 1989). In late
summer, newly emerged adults can feed on developing pods but rarely cause serious
damage (Burgess 1977). There are currently four seed treatments and six foliar
insecticides registered for use against flea beetle in canola in Ontario (OMAFRA
2011). The registered seed treatments include: imidacloprid (Gaucho 480 FL; Bayer
CropScience, Calgary, AB), a combination of thiamethoxam + difenoconazole +
metalxyl M + fludioxonil (Helix XTra®; Syngenta Crop Protection, Guelph, ON), a
combination of imidacloprid + carbathiin + thiram (Gaucho® CS FL; Bayer
CropScience, Calgary, AB), and a combination of clothianidin + carbathiin + thiram
+ metalaxyl (Prosper® FL; Bayer CropScience, Calgary, AB) (OMAFRA 2011). The
registered foliar insecticides include: cypermethrin (Ripcord® 400 EC; BASF Canada,
Toronto, ON), deltamethrin (Decis® 5 EC; Bayer CropScience, Calgary, AB), λcyhalothrin (Matador® 120 EC; Syngenta Crop Protection, Guelph, ON; and
Silencer® 120 EC; MANA Inc., Raleigh, NC), carbaryl (Sevin® XLR Plus; Bayer
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CropScience, Calgary, AB), and carbofuran (Furadan® 480 F; FMC Corp.,
Philadelphia, PA) (OMAFRA 2011).
While flea beetles cause damage to both the cotyledon stage and the pod stage
insecticide treatment is rarely required during the pod stage, as pods are usually
plentiful enough to dilute damage and adult populations of flea beetles in late summer
usually do not reach economically damaging levels (Burgess 1977, OMAFRA 2009).
Seed treatments are commonly used and effective against flea beetles as they protect
vulnerable cotyledon leaves and early true leaves (Lamb 1984, Soroka et al. 2008,
Tansey et al. 2008). Past the 4-leaf stage flea beetles usually do not require
management as populations usually begin to decline and canola plants are able to
compensate for damage once established (Canola Council of Canada 2014). A foliar
insecticide application during the cotyledon stage is occasionally required, if flea
beetle populations are high after residual efficacy of seed treatments has ended
(Canola Council of Canada 2014).

1.3.2. SWEDE MIDGE AS A PEST OF CANOLA

The first instances of swede midge damage in canola crops in Ontario were
reported in 2005 (CFIA 2009). It is possible that this initial detection was due to
increased awareness of swede midge damage symptoms combined with the new
availability of swede midge sex pheromone traps around this time (Hillbur et al.
2005, CFIA 2009).
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Damage from swede midge can result in stunted canola plants that are unable
to complete stem elongation or the formation of flowers and pods (CFIA 2009).
Damage can also result in the formation of characteristic pod “bouquets”, where pods
form umbrella-like clusters on the primary raceme instead of maintaining an even
spacing along the length of the raceme. Depending on the severity of damage, plants
may also produce additional secondary and tertiary branches, as well as swollen pods
which can contain larger seeds and/or an extra row of seeds (Hallett, unpublished
data). Swede midge damage symptoms typical in other cole crops, such as twisting
and swelling of stems, death of primary and secondary growth points, brown scarring
and secondary bacterial infection, can also be seen in canola. Later infestation of
swede midge can cause flower petals to fuse together and may produce small or
misshapen pods (Bardner et al. 1971, Canola Council of Canada 2012).
Early planting is important when trying to reduce swede midge damage on
canola and is a suggested strategy to avoid swede midge damage and reduce
overwintering population in fields (Bardner et al. 1971, Hallett 2007, Corlay &
Boivin 2008, Allen et al. 2009). Corlay & Boivin (2008) found that late transplanted
cole crops suffered higher levels of damage and swede midge infestation compared
with those transplanted earlier. Less damage in earlier transplanting may have been
due to attack from early overwintered adults, which are lower in density than adults
emerging later in the season (Corlay & Boivin 2008). Early planted crops also have a
larger leaf area by the time swede midge attack occurs, allowing them to escape some
damage (Bardner et al. 1971, Corlay & Boivin 2008). When damage was assessed on
canola planted at three different dates (May 24, June 7 and June 21) in Ontario,
16

canola planted at the latest date received significantly higher swede midge damage at
the vegetative, flowering and pod-filling stages than did earlier plantings (Hallett et
al. 2006). The result was the same whether damage was rated on primary or
secondary racemes. Planting canola earlier in the growing season in areas where
swede midge is abundant seems to be a good practice as it may create phenological
asynchrony between emerging swede midge and canola (Hallett 2007, Corlay &
Boivin 2008, CFIA 2009). However, in decades to come, climate change could result
in an earlier emergence window in swede midge, potentially reducing the
effectiveness of early planting (Mika et al. 2008, Hallett et al. 2009a).
Field sanitation and the management of cruciferous weeds near fields are also
recommended as methods for reducing local swede midge populations. An
investigation of swede midge on cruciferous weeds surrounding commercial
vegetable crucifer fields in western New York, found twelve species suitable as hosts
(Chen et al. 2009a). Because swede midge can oviposit and feed on cruciferous
weeds in field margins and areas surrounding fields, the management and removal of
such weeds is important for swede midge control (Chen et al. 2009a, Chen et al.
2009b). The presence of cruciferous weeds near fields where Brassica crops are
grown provides a host reservoir for swede midge even in years when host crops are
not grown (Hallett 2007).
Crop rotation in swede midge-infested areas is another important cultural
practice for reducing swede midge populations (Chen et al. 2009b). The short life
cycle of the swede midge allows for relatively rapid population build-up where host
plants are present. A single cycle of crop rotation away from cauliflower caused a
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reduction in swede midge when cruciferous weeds were present in a simulated
cropping system (Chen et al. 2009b). The swede midge population in the single cycle
rotation system was significantly lower than in a non-rotation system, while a twocycle rotation system completely controlled swede midge even when cruciferous
weeds were present (Chen et al. 2009b). However, the prolonged diapause recently
reported for swede midge up to two years could significantly reduce the effectiveness
of one and even two year crop rotations (Des Marteaux et al., in press). Crop rotation
to non-host crops is likely of even greater importance, and of greater effect, in
locations where vast areas of crucifers are grown (Chen et al. 2009b). Due to the large
field area in the parts of Ontario where canola is grown, a coordinated effort to rotate
to non-host crops over multiple growing seasons is likely an effective strategy for the
reduction of swede midge populations.
There are currently no insecticide application thresholds or spray timings
reported for control of swede midge in canola in the literature. However,
recommendations based on pheromone-based action thresholds in cole crops have
been made to growers in Ontario (Hallett & Sears 2013). There are currently two
insecticides registered for use against swede midge in canola in Ontario.
Chlorantraniliprole (Coragen®; EI DuPont Canada Co.) is a group 28 insecticide
(ryanodine receptor modulators) and belongs to the class anthranilic diamides, which
act through the activation of ryanodine receptors (Lahm et al. 2007). Ryanodine
receptors are located on the sarcoplasmic reticulum of muscle cells and regulate the
release of intracellular calcium stores (Lahm et al. 2007). Chlorantraniliprole acts by
binding to the ryanodine receptors of muscle cells causing unregulated release of
18

internal Ca2+, leading to feeding cessation, paralysis and death of the insect (Lahm et
al. 2007). λ-Cyhalothrin (Matador® 120 EC; Syngenta Crop Protection Canada Inc.,
Guelph, ON) is a pyrethroid group 3 insecticide (sodium channel modulators), which
act through the activation of voltage gated sodium channels (Soderlund and
Bloomquist 1989). λ-Cyhalothrin acts by binding to the voltage gated sodium
channels within insect cells (Hannig et al. 2009). This binding causes continuous
nerve stimulation leading to paralysis and death of the insect. Both chlorantraniliprole
and λ-cyhalothrin are administered in canola through foliar sprays.
Monitoring of swede midge in fields using Jackson traps with female sex
pheromone lures allows for estimation of swede midge numbers and can be used to
inform insecticide applications (Hallett & Sears 2013). In cabbage, a pheromonebased action threshold for insecticide application effectively reduced swede midge
damage below economically damaging levels (Hallett & Sears 2013). However,
swede midge control in cabbage required up to 7 applications of insecticide over the
growing season under a pheromone-based action threshold regime (Hallett & Sears
2013). Foliar application of the currently registered insecticides for control of swede
midge in Brassica crops has also been found to have a residual activity of 4-10 days
(Chen et al. 2011, Hallett & Sears 2013). The short residual activity combined with
the near continuous swede midge pressure throughout the spring canola growing
season in Ontario highlights the need for effective insecticide application timings
(Chen et al. 2011, Hallett & Sears 2013). Developing pheromone-based action
thresholds in conjunction with canola growth stage may lead to improved control of
swede midge. As well, limiting insecticide application to vulnerable stages of canola
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growth with young, fast growing meristematic and/or bud tissue should reduce the
number of applications to a level acceptable to Ontario canola growers. Providing
Ontario canola growers with effective and practical insecticide application timings for
the control of swede midge is vital to the survival of the canola industry in Ontario.

1.3.3. RATING SWEDE MIDGE DAMAGE ON CANOLA

Evaluating the level of damage and symptoms caused by the swede midge on
host plants can be difficult because by the time damage symptoms are obvious larval
swede midge may have already vacated the plant (Kikkert et al. 2006). A few
different damage rating systems have been used to evaluate swede midge damage on
cruciferous crops. Hallett (2007) used a four-point scale for assessing swede midge
damage on a number of known hosts where 0=no damage; 1=mild twisting of stem or
leaves and/or mild swelling of petioles; 2=severe twisting of stem and/or crumpling
of leaves, swelling and/or scarring of petioles and/or florets; and 3=death of apical
meristem and/or multiple compensatory shoots. This rating scale is best suited to
heading cole crops like broccoli or cauliflower and is less suitable for crops with
axillary buds or indeterminate flowering like canola (Hallett 2007).
A canola study conducted at two field sites in Ontario in 2006 used both a
four- and twelve-point rating scale and looked at canola in three growth stages:
vegetative, flowering and pod-filling (Hallett et al. 2006). Damage on the primary
racemes was rated on a four-point scale, where 0=no damage, 1=mild twisting of
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petioles and crumpling of leaves, but little damage to the raceme or flowers; 2=severe
distortion of foliage and distortion of pods and racemes; 3=death of main raceme,
clusters of pods and undeveloped buds. Damage was also assessed on secondary
racemes using a twelve-point scale, where, in part, 4=mild twisting of petioles and
crumpling of leaves, but little damage to the raceme or flowers; 8=severe distortion of
foliage and distortion of pods and racemes; 12=no secondary racemes present,
clusters of pods and undeveloped buds on stunted main raceme only (Hallett et al.
2006). The same rating system has been used to rate damage at the vegetative and
reproductive stages of canola (R.H. Hallett, personal communication, unpublished
data). The system uses a four-point rating scale for vegetative plants, a five-point
scale for the primary raceme and a twelve-point scale for the secondary and tertiary
racemes. The secondary and tertiary racemes are rated separately based on the same
symptoms used in the five-point system for the primary raceme, but are assigned a
rating ranging from 0a, 0b, 0c, 1a…3c, or 4 based on the percentage of racemes that
fall into each of the five categories. For example, if greater than 50% of secondary
racemes on a plant fall into category 2 with the remaining secondary racemes falling
into category 1, then the plant is given a secondary raceme rating of 2b. The rating of
secondary and tertiary racemes under this system is somewhat complicated but the
development of a more succinct rating scale for swede midge damage on canola could
be a challenge given the phenological characteristics of canola (growth stages,
indeterminate branching and flowering) in combination with the cryptic feeding
habits of the swede midge (Hallett 2007). Including all of the damage symptoms seen
at the different growth stages of canola within a system could also be a challenge.
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Designing a user-friendly system that includes all canola growth stages and plant
parts (multiple racemes) as well as the multiple damage symptoms observed in canola
is a significant challenge, particularly if destructive sampling is to be avoided.
Elucidating the connections between yield impact and different types of damage at
different stages in canola development should help with the further development of
this damage rating system.

1.4. SUMMARY & OBJECTIVES

In 2005, the first instances of swede midge on canola in Canada were reported
in southern Ontario and Quebec by the CFIA. Since then the swede midge has
become an increasingly significant concern for canola growers in Ontario. Larval
swede midge feed on young, fast growing plant tissue causing damage symptoms that
may not become apparent until after larvae have vacated the plant. Using canola
phenology to optimize insecticide application timing may be an effective method for
reducing damage caused by swede midge larvae.
The objectives of this research were to investigate the use of canola phenology
to inform insecticide application timing for the control of swede midge, and to
determine the canola growth stages most vulnerable to swede midge damage. The
specific objectives of this study were to: (1) assess swede midge damage and canola
yield after insecticide applications at specific growth stages in the field (Chapter 2),
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and (2) investigate swede midge oviposition and damage at various canola growth
stages and adult densities in a laboratory setting (Chapter 3).
The assessments of insecticide application timings based on canola growth
stage were carried out over two summers in grower fields in southern Ontario.
Assessments were made based on damage ratings performed throughout the growing
season and seed yield at the end of the season. Laboratory studies were conducted to
determine 1) the effect of adult swede midge density on oviposition rate and larval
distribution, 2) the effect of adult swede midge density on canola damage symptoms
and yield, and 3) the preferred canola growth stage for swede midge oviposition given
choice and no choice. This research aims to provide canola growers in Ontario with
insecticide application recommendations for the control of swede midge as well as
further understanding of the relationship between swede midge and canola.
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CHAPTER 2. INSECTICIDE APPLICATION TIMING FOR CONTROL OF
SWEDE MIDGE IN SPRING CANOLA

2.1. INTRODUCTION

The swede midge, Contarinia nasturtii (Kieffer) (Diptera: Cecidomyiidae) is
an invasive gall midge of economic importance to a range of cruciferous crops in both
its native range in Europe and southwest Asia, and in relatively new areas of
colonisation in the United States and Canada (Barnes 1946, Harris 1966, Hallett &
Heal 2001). Swede midge was first reported on canola (Brassica napus L., B. rapa L.,
and B. juncea L.) in Ontario and Quebec in 2005 and has become a serious concern
for canola growers (CFIA 2009). Swede midge larvae cause feeding damage to
young, fast-growing tissue and meristematic regions of host plants, likely through the
injection of salivary secretions via specialized mandibles similar to those seen in
other Cecidomyiidae (Barnes 1946, Readshaw 1961, Hatchett et al. 1990). Damage
symptoms can have severe impacts on marketability and yield, and include the
crumpling and twisting of young leaf tissue, swelling of flower buds and petioles near
axils, corky scarring along petioles and, in severe infestations, death of the apical
meristem and secondary bacterial infection (Barnes 1946, Bardner et al. 1971, Hallett
& Heal 2001).
Currently, a number of cultural control measures are suggested for the control
of swede midge in spring canola in Ontario (OMAFRA 2009). Early planting of
canola can help create phenological asynchrony between swede midge and the
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vulnerable stages of the crop (Chen et al. 2011). Crop rotation and planting away
from fields with a recent history of canola can reduce re-infestation of crops by the
previous year’s swede midge population (Chen et al. 2009b). The management and
removal of alternate hosts and cruciferous weeds in field margins can help reduce
reservoir populations of swede midge when crop hosts are unavailable (Chen et al.
2009a). Prevention of movement of infested soil and/or equipment can also reduce
new infestation events (OMAFRA 2009). No insecticide application timings or
pheromone-based action thresholds currently exist for control of swede midge in
canola. Appropriate and accurate insecticide application timing and the combination
of several strategies is necessary, if effective control of swede midge is to be achieved
(Chen et al. 2011). Determining optimal insecticide application timing is necessary,
as an effective integrated pest management program requires an informed decisionmaking tool or recommendation regarding insecticide application timing and
frequency (Hallett & Sears 2013).
Calendar and pheromone-based action threshold insecticide application
regimes for swede midge management have been evaluated in broccoli and cabbage
in Ontario (Hallett & Sears 2013). North American cole crop (Brassica oleracea L.)
growers have achieved control of swede midge through the use of weekly application
regimes, but this strategy may not be optimal with respect to efficiency of insecticide
use and environmental impact (Chen et al. 2011, Hallett & Sears 2013). The use of
chemical controls has had some effect in the past but short residual activity and the
constant pressure of multiple, overlapping generations has made control difficult in
Canada as swede midge have furthered their range (Hallett et al. 2009, Chen et al.
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2011). Pheromone-based action thresholds can effectively reduce swede midge
damage and the volume of pesticides used in cabbage (Hallett & Sears 2013). As
head formation occurs in cabbage, outer leaves protect the meristematic tissue within,
reducing susceptibility to swede midge oviposition and maintaining marketability of
plants, as damaged external leaves can be trimmed at harvest (Hallett 2007, Hallett &
Sears 2013). However, in canola, action thresholds alone may not be sufficient to
control damage as plants produce growing points that are susceptible to swede midge
damage for much of the growing season (Bardner et al. 1971, Hallett 2007).
The development of an insecticide application regime based on the canola
growth stages most vulnerable to swede midge damage could lead to an effective tool
for growers in Canada. Phenology-based spray regimes have had success controlling
pests in other crops, such as the banded sunflower moth, Cochylis hospes
Walsingham, in sunflower and the soybean aphid, Aphis glycines Matsumura, in
soybean (Charlet & Busacca 1986, Myers et al. 2005). In canola, swede midge
damage caused by feeding larvae is typically found on the apical meristem and the
young leaf tissue that surrounds it during the vegetative stage, as well as the
developing buds and florets of the primary, secondary and tertiary racemes during the
reproductive stage (Barnes 1946, Bardner et al. 1971). Both the meristematic tissue of
the late vegetative stage and the bud tissue of racemes are vital contributors to yield
(Barnes 1946, Habekotté 1993). Limiting insecticide applications to growth stages
with an abundance of young, fast-growing meristematic and/or bud tissue should
reduce the number of applications to a level acceptable to Ontario canola growers,
while increasing the efficiency of each application. In order to determine optimal
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insecticide application timings for the control of swede midge in canola, field studies
in the summers of 2013 and 2014 were undertaken to examine swede midge damage
and resulting canola yield following applications of currently registered insecticides
at specific canola growth stages.

2.2. MATERIALS & METHODS

Field site set-up
Field studies were conducted at several grower fields in southern Ontario from
May to August in 2013 and 2014 (Table 2.1).
At each field, four white Jackson traps (Solida Distributions Inc., SaintFerréol-les-Neiges, Quebec) baited with a C. nasturtii sex pheromone polyethylene
cap lure (PheroNet Swede Midge Lures, Andermatt Biocontrol, Grossdietwil,
Switzerland) were placed approximately equidistant around the perimeter of the
experimental plot area at approximately 40cm above the ground in order to monitor
local swede midge populations at each field. Each trap contained a white sticky card
that was checked for male C. nasturtii and replaced twice per week. Pheromone lures
were replaced every four weeks on a staggered schedule.

2013 Insecticide application timing
At each field, plots of 100 x 10 m were demarcated side-by-side for each
treatment.
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Table 2.1. Field coordinates, canola cultivar, seed treatment and seeding rate of
grower field sites for 2013 and 2014 field trials in Ontario. Cultivars include InVigor®
5440 (Bayer CropScience, Calgary, AB) and InVigor® L130 (Bayer CropScience,
Calgary, AB). Seed treatments include clothianidin + penflufen + trifloxystrobin +
metalaxyl (Prosper® EverGol™; [AI] 290 g/L; Bayer CropScience, Calgary, AB) and
cyantraniliprole (Lumiderm™; [AI] 625 g/L; DuPont Canada Co.).

Field site

Owen Sound

Field coordinates

Canola cultivar

2013
44 29’43.8”N, 81 01’01.7”W InVigor® 5440
o

o

o

o

o

o

Seed treatment

Seeding
rate
(kg/ha)

Prosper® EverGol™

5.04

®

Prosper EverGol™

6.16

®

InVigor 5440

Prosper® EverGol™

5.04

Prosper® EverGol™

5.6

Owen Sound

InVigor® L130
2014
o
o
44 33’00.5”N, 81 02’49.5”W InVigor® 5440

Lumiderm™

5.04

Feversham

44o19’14.2”N, 80o22’29.4”W

Prosper® EverGol™

5.6

Chesley

44 20’52.2”N, 81 09’15.0”W

Honeywood

44 15’05.2”N, 80 09’31.4”W

Orangeville

43o54’51.2”N, 80o10’03.4”W

Shelburne
Mono

o

o

o

o

44 07’38.3”N, 80 17’34.6”W
44 00’02.9”N, 80 06’26.8”W
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InVigor 5440

InVigor® 5440
®

InVigor 5440
®

InVigor 5440

®

®

5.04

®

5.6

Prosper EverGol™
Prosper EverGol™

Treatments consisted of foliar applications of chlorantraniliprole (Coragen ®; [AI] 200
g/L; EI DuPont Canada Co.) at 250mL of product/ha with a spray volume rate of
100L/ha. Insecticide applications were conducted by a contracted spray operator or by
the cooperating grower. Treatments consisted of an untreated control (which received
no application of chlorantraniliprole), a single application at the late rosette stage (~910 leaf stage) (Mid timing), and two applications, with the first applied at the late
rosette stage and the second at the early secondary bud growth stage (flowering on
primary raceme initiated) (Mid + Late timing) (Table 2.2). All growth stage
categories and numerical growth stage values are taken from Harper & Berkenkamp
(1975). Treatments were replicated three times in each field in a RCBD.

2014 Insecticide application timing
Two trials, one with chlorantraniliprole and one with λ-cyhalothrin, were
conducted at each grower field site with the exception of Owen Sound, where only a
λ-cyhalothrin trial was conducted. For each trial, plots of 150 x 12 m were
demarcated side-by-side for each treatment. Treatments consisted of foliar
applications of either chlorantraniliprole (Coragen®; [AI] 200 g/L) at 250mL of
product/ha with a surfactant at 2.5L/ha (Ag-Surf®, Viterra Inc., Regina, SK) or λcyhalothrin (Matador® 120 EC; [AI] 120 g/L; Syngenta Crop Protection Canada Inc.)
at 83mL of product/ha, both with a spray volume rate of 224L/ha. Insecticide
applications were conducted by a single cooperator using a Hardi ® iso LowDrift 110
flat fan nozzle (Hardi North America Inc., London, ON) with a medium droplet size.
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Table 2.2. Insecticide treatments, application timing, conditions and number for 2013
and 2014 field studies conducted on grower fields, ON.
Year and treatment

Application timing

Application condition

No. of
applications

2013
Mid
Mid + Late

Control
2014
Early

Mid
Late
Early + Mid
Early + Mid + Late

Control

Late rosette stage
Late rosette stage and
early secondary bud
stage

Growth stage is reached
Growth stages are reached

1
2

None

0

Early rosette stage

A cumulative total of 20
male C. nasturtii are
captured between the 1-3
leaf stage

Late rosette stage
Early secondary bud
stage
Early rosette stage and
late rosette stage
Early rosette stage, late
rosette stage and early
secondary bud stage
None

Growth stage is reached
Growth stage is reached
As above

1
1
1
2

As above
3
0
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Treatments consisted of 1-3 applications of either insecticide at specific growth stages
(Table 2.2). The late application timing was not completed at the Mono site as crop
height had exceeded the maximum height of the sprayer boom, which thus may have
caused damage to plants. Only λ-cyhalothrin was applied at the Owen Sound site due
to field size restrictions and the use of a cyantraniliprole (Lumiderm™; [AI] 625g/L;
DuPont Canada Co.) seed treatment in the field. Treatments were replicated three
times in each field in a RCBD.

Damage ratings and yield
In both 2013 and 2014, C. nasturtii damage was assessed weekly on 20
randomly selected canola plants within each treatment plot. In 2013, damage ratings
were initiated at the three-leaf stage (stage 2.3) and conducted until the end of the
flowering stage (stage 5.2). In 2014, damage ratings were initiated at the one-leaf
stage (stage 2.1) and conducted until pod elongation was initiated on the lower
portion of the primary raceme (stage 4.2), based on the results of the 2013 field study
(Harper & Berkenkamp 1975). Damage ratings were conducted using a modified
version (Table 2.3) of the swede midge damage rating system for cole crops (Hallett,
2007). Using a random number generator, a random number of steps between the
values 1-20 (in 2013) and 1-30 (in 2014) were taken down the length of the center of
each plot. The four plants closest to the leading toe of the individual rater were then
assessed for damage and their growth stage recorded. This procedure was repeated
five times within each plot for a total of twenty plants per plot.
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Table 2.3. Damage rating scheme for C. nasturtii damage on canola. Canola growth
stages and numerical notation from Harper & Berkenkamp (1975). Secondary and
tertiary raceme rating categories based on the proportion of each raceme type that
falls into each primary raceme damage symptom category.
Damage
rating

Damage symptoms
Vegetative stage (1-3.3) (Primary growth point)

0
1
2
3

0
1
2
3

0
1
2
3
4
5
6
7
8
9
10
11

No damage
Mild twisting of foliage or slight crumpling of leaves
Severe twisting and/or crumpling of leaves
Death of meristem; including bud clusters that were initiated but did not develop;
may see swelling of buds, rot of bud cluster, bouquet of leaves, but no elongation of
stem
Reproductive stage (4.1-5.5) (Primary raceme)
No damage
Slight crumpling of leaves or mild twisting of stem; but stem elongated, flowers or
flower stalks present
Severe twisting and/or crumpling of leaves; distorted pod bunches (bouquet effect)
Death of meristem; including bud clusters that were initiated but did not develop;
may see swelling of buds, rot of bud cluster, bouquet of leaves, but no elongation of
stem, no signs of flowers opening, no pod formation
Reproductive stage (4.1-5.5) (Secondary and Tertiary racemes)
No damage
≥50% are 0’s; remainder are 1’s
≥50% are 1’s; remainder are all 0’s
≥50% are 0’s; remainder are 2’s and 3’s
All are 1’s
≥50% are 2’s; remainder are 0’s
≥50% are 1’s; any of remainder are 2’s or 3’s
≥50% are 2’s; remainder are 1’s
≥50% are 3’s; remainder are 0’s
All are 2’s or ≥50% are 2’s; any of remainder are 3’s
≥50% are 3’s; any of remainder are 1’s
All are 3’s or ≥50% are 3’s; any of remainder are 2’s
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Prior to the opening of the first flower (stage 4.1) on the primary raceme, damage was
only rated on the primary growth point. Following the opening of the first flower on
the primary raceme, all secondary and tertiary racemes (if present) were assessed for
damage, in addition to the primary raceme.
At harvest, a central swath of each plot was cut, leaving a buffer between two
neighbouring plots in order to avoid effects from neighbouring treatments. Moisture
content of each sample was measured and the dry seed yield in kg/ha of each
treatment plot was then determined after weights were adjusted to 10% moisture.

Statistical analysis
Primary, secondary and tertiary damage rating values were combined into a single
consolidated rating value (between 0-1) for each plant prior to analysis by dividing
each by their maximum rating value and then dividing by the number of ratings
assigned to individual plants.The percent of canola plants exhibiting C. nasturtii
damage within each treatment was calculated for each sampling date and transformed
by arcsine-square root prior to analysis, to meet the assumptions of ANOVA.
Treatment differences in consolidated, primary, secondary, and tertiary raceme
damage ratings and proportion of damaged plants within sampling dates were
determined by ANOVA using PROC MIXED and means separations were evaluated
using Tukey’s HSD with α = 0.05. Untransformed means are presented.
Sample data collected before swede midge damage appeared were excluded,
as were those from dates with less than 10 observations per treatment for secondary
and tertiary racemes. Yield as a percent of the control value for each treatment was
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calculated for each field. Treatment differences in yield and yield as a percent of the
control were determined by ANOVA using PROC MIXED and means separations
were evaluated using Tukey’s HSD with α = 0.05. Statistical analyses were
performed in SAS 9.3 (SAS Institute 2010).

2.3. RESULTS

2013 Coragen field study: Damage ratings
No significant differences were found at the Chesley, Owen Sound and
Orangeville field sites among treatments in consolidated damage ratings, primary and
secondary raceme damage ratings and percent damaged plants for any sampling dates
(Figs. 2.1-2.3).
At the Honeywood field site, consolidated damage ratings in the mid and mid + late
treatments were lower than the control on 15 Jul, although not significantly, (F = 3.4,
d.f. = 2, 6, p = 0.1029) and significantly higher in the mid treatment than the control
on Aug. 12 (F = 10.54, d.f. = 2, 6, p = 0.0109) (Fig. 2.1). Primary raceme damage
ratings were lower in the mid and mid + late treatment than the control on 15 Jul,
although not significantly (F = 4.01, d.f. = 2, 6, p = 0.0785) (Fig. 2.1). However,
primary raceme damage ratings were significantly higher in the mid treatment than
the control on 12 Aug (F = 6.82, d.f. = 2, 6, p = 0.0285) (Fig. 2.1). Damage to
secondary racemes (F = 10.04, d.f. = 2, 6, p = 0.0122) (Fig. 2.2) and percent plants
damaged was significantly higher in the mid treatment than the control on 12 Aug (F
= 6.79, d.f. = 2, 6, p = 0.0288) (Fig. 2.3).
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Figure 2.1. Mean (± S.E.) consolidated and primary swede midge damage ratings of
canola prior to and following foliar application of chlorantraniliprole (Coragen®; [AI]
200 g/L; EI DuPont Canada Co.) at mid (late vegetative stage) and mid + late (late
vegetative + early secondary bud stage) application timings at four field sites in 2013;
Chesley, Owen Sound, Honeywood, Orangeville, ON. Damage ratings within
sampling dates with no letters or with the same letter are not significantly different (p
> 0.05), Tukey’s HSD.
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Figure 2.2. Mean (± S.E.) swede midge damage rating of secondary racemes of
canola following foliar application of chlorantraniliprole (Coragen®; [AI] 200 g/L; EI
DuPont Canada Co.) at mid (late vegetative stage) and mid + late (late vegetative +
early secondary bud stage) application timings at four field sites in 2013; Chesley,
Owen Sound, Honeywood, Orangeville, ON. Damage ratings within sampling dates
with no letters or with the same letter are not significantly different (p > 0.05),
Tukey’s HSD.
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Figure 2.3. Mean (± S.E.) percent swede midge damage on canola prior to and
following foliar application of chlorantraniliprole (Coragen®; [AI] 200 g/L; EI
DuPont Canada Co.) at mid (late vegetative stage) and mid + late (late vegetative +
early secondary bud stage) application timings at four field sites in 2013; Chesley,
Owen Sound, Honeywood, Orangeville, ON. Damage ratings within sampling dates
with no letters or with the same letter are not significantly different (p > 0.05),
Tukey’s HSD.
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2013 Coragen field study: Yield
Mean yields did not significantly differ among treatments at the Chesley (F = 0.16,
d.f. = 2, 6, p = 0.8551), Owen Sound (F = 0.57, d.f. = 2, 6, p = 0.5926), Orangeville
(F = 1.14, d.f. = 2, 6, p = 0.3816) or Honeywood (F = 1.27, d.f. = 2, 6, p = 0.3462)
field sites (Table 2.4). Similarly, yields as a proportion of the control did not
significantly differ among treatments at the Chesley (F = 0.38, d.f. = 1, 4, p =
0.5694), Owen Sound (F = 0.94, d.f. = 1, 4, p = 0.3879), or Honeywood (F = 2.25,
d.f. = 1, 4, p = 0.2077) field sites (Fig. 2.4). At the Orangeville field site, yield as a
proportion of control was significantly higher following the mid + late treatment
when compared to the mid treatment alone (F = 8.44, d.f. = 1, 4, p = 0.0439) (Fig.
2.4).

2014 Matador field study: Damage ratings
At the Owen Sound field site, consolidated damage ratings in the mid
and early + mid treatments were significantly lower than the control on 10 Jul only (F
= 4.65, d.f. = 5, 12, p = 0.0136) (Fig. 2.5). Although not significantly different from
the control, consolidated damage ratings in the early + mid + late treatment were
consistently lower than all other treatments on 22 Jul, 29 Jul and 5 Aug at the
Shelburne field site (Fig 2.5). At the Feversham field site, consolidated damage
ratings were significantly lower than the control in the early treatment on 25 Jul (F =
2.54, d.f. = 5, 12, p = 0.0474) (Fig. 2.5).
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Table 2.4. Mean (± S.E.) dry seed yield (kg/ha) of canola following foliar application
of chlorantraniliprole (COR) (Coragen®; [AI] 200 g/L; EI DuPont Canada Co.) at mid
(late vegetative stage) and mid + late (late vegetative + early secondary bud stage)
application timings at four field sites in 2013. Yields within columns followed by the
same letter are not significantly different (p > 0.05), Tukey’s HSD.
Mean yield (kg/ha) (±SE)

AI

Control

COR

Chesley
3555 ± 185 a

Owen Sound
3574 ± 84 a

Orangeville
1844 ± 257 a

Honeywood
1652 ± 167 a

Mid

COR

3530 ± 57 a

3511 ± 84 a

1558 ± 272 a

1797 ± 94 a

Mid + Late

COR

3625 ± 111 a

3606 ± 112 a

2035 ± 180 a

1587 ± 244 a

a

a

Chesley

Mid + Late

Mid
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a
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Mid + Late

b

Mid

a
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a

Mid

a

a

Mid + Late

145
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95
90
85
80
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Yield as a proportion of control (%)

Treatment

Honeywood

Figure 2.4. Mean (± S.E.) dry seed yield of canola as proportion of control (%)
following foliar application of chlorantraniliprole (Coragen®; [AI] 200 g/L; EI
DuPont Canada Co.) at mid (late vegetative stage) and mid + late (late vegetative +
early secondary bud stage) application timings at four field sites in 2013. Yield
proportions within field sites followed by the same letter are not significantly
different (p > 0.05), Tukey’s HSD.
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Figure 2.5. Mean (± S.E.) consolidated and primary swede midge damage ratings of
canola prior to and following foliar application of λ-cyhalothrin (Matador® 120 EC;
[AI] 120 g/L; Syngenta Crop Protection Canada Inc.) at early, mid, late, early + mid,
and early + mid + late application timings at four field sites in 2014; Owen Sound,
Shelburne, Feversham, Mono, ON. Damage ratings within sampling dates with no
letters or with the same letter are not significantly different (p > 0.05), Tukey’s HSD.
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At the Mono field site, consolidated damage ratings were only significantly lower
than the control following the early + mid treatment on 18 Jul (F = 4.16, d.f. = 3, 8, p
= 0.0474) (Fig. 2.5).
At the Owen Sound field site, damage to the primary raceme following the
early + mid treatment was significantly lower than the control on 10 Jul only (F =
4.57, d.f. = 5, 12, p = 0.0145) (Fig. 2.5). At the Shelburne field site, primary raceme
damage was significantly lower than the late treatment alone on 22 Jul, following the
early, early + mid, and early + mid + late treatment (F = 8.6, d.f. = 5, 12, p = 0.0012)
(Fig. 2.5). Also, while not significantly different from the control, primary raceme
damage following the mid treatment was consistently lower than all treatments,
except the early + mid + late treatment, on 8 Jul, 15 Jul and 22 Jul (Fig 2.5). At the
Feversham field site, while primary raceme damage was not significantly different
among treatments compared to the control, there does appear to be a trend showing
damage reduction with both earlier and multiple insecticide applications (Fig. 2.5). At
the Mono field site, primary raceme damage did not significantly differ among
treatments for any sampling date (Fig. 2.5).
Secondary raceme damage at the Owen Sound field site did not significantly
differ among treatments for any sampling date (Fig. 2.6). At the Shelburne field site,
secondary raceme damage was significantly lower than the control in the early + mid
+ late treatment on both 29 Jul (F = 6.09, d.f. = 5, 12, p = 0.0049) and 5 Aug (F =
6.79, d.f. = 5, 12, p = 0.0032) (Fig. 2.6). Secondary raceme damage did not
significantly differ among treatments at the Feversham field site (F = 2.32, d.f. = 5,
12, p = 0.1074) (Fig. 2.6). At the Mono field site, secondary raceme damage was
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significantly lower in the early + mid treatment than the control on 18 Jul (F = 6.85,
d.f. = 3, 8, p = 0.0133) and, while not statistically significant, the early and mid
treatments alone resulted in lower damage to secondary racemes than the control, and
higher damage than the early + mid treatment (Fig. 2.6).
Damage to tertiary racemes did not significantly differ among treatments at
the Owen Sound field site (F = 0.93, d.f. = 5, 12, p = 0.4965) (Fig. 2.6). At the
Shelburne field site, no significant differences in tertiary raceme damage were found
between the control and any other treatment on any sampling date (Fig. 2.6).
However, tertiary raceme damage was significantly lower in both the mid and early +
mid + late treatments on 29 Jul (F = 3.05, d.f. = 5, 12, p = 0.0448) and in the early +
mid + late treatment on 5 Aug than in the early treatment alone (F = 3.83, d.f. = 5, 12,
p = 0.0263) (Fig. 2.6). Tertiary raceme damage was not significantly different among
treatments within sampling dates at both the Feversham and Mono field sites (Fig.
2.6).
Percent plants damaged did not significantly differ between the control and
any treatments for any sampling dates at the Owen Sound field site, however the
general trends followed those observed for the consolidated and primary damage
ratings (Fig. 2.7). The percentage of plants damaged at the Shelburne field site was
significantly higher in the control than in the mid and early + mid treatments on 15
Jul (F = 7.88, d.f. = 3, 14, p = 0.0025) and in the early + mid + late treatment on 29
Jul (F = 6.74, d.f. = 5, 12, p = 0.0033) (Fig. 2.7).
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Figure 2.6. Mean (± S.E.) secondary and tertiary raceme swede midge damage
ratings of canola prior to and following foliar application of λ-cyhalothrin (Matador®
120 EC; [AI] 120 g/L; Syngenta Crop Protection Canada Inc.) at early, mid, late,
early + mid, and early + mid + late application timings at four field sites in 2014;
Owen Sound, Shelburne, Feversham, Mono, ON. Damage ratings within sampling
dates with no letters or with the same letter are not significantly different (p > 0.05),
Tukey’s HSD.
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Figure 2.7. Mean (± S.E.) percentage of plants with swede midge damage prior to
and following foliar application of λ-cyhalothrin (Matador® 120 EC; [AI] 120 g/L;
Syngenta Crop Protection Canada Inc.) at early, mid, late, early + mid, and early +
mid + late application timings at four field sites in 2014; Owen Sound, Shelburne,
Feversham, Mono, ON. Damage ratings within sampling dates with no letters or with
the same letter are not significantly different (p > 0.05), Tukey’s HSD.
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At the Feversham field site, percent plants damaged was significantly higher in the
control than in both the early and early + mid + late treatments on 25 Jul (F = 6.1, d.f.
= 5, 12, p = 0.0049) (Fig. 2.7). At the Mono field site, the percentage of plants
damaged did not significantly differ among treatments for any sampling date, but
trends on all dates suggest that the early + mid treatment may be more effective than
either single application treatment alone (Fig. 2.7).

2014 Matador field study: Yields
Mean yields did not significantly differ among treatments at the Owen Sound (F =
0.64, d.f. = 5, 11, p = 0.6745), Shelburne (F = 2.2, d.f. = 5, 12, p = 0.1217),
Feversham (F = 1.21, d.f. = 5, 12, p = 0.3615) or Mono (F = 1.3, d.f. = 3, 14, p =
0.313) field sites (Table 2.5). Similarly, yield as a proportion of the control did not
significantly differ among treatments at the Owen Sound (F = 0.58, d.f. = 4, 9, p =
0.6851), Shelburne (F = 1.26, d.f. = 4, 10, p = 0.1018), Feversham (F = 1.52, d.f. = 4,
10, p = 0.3601) or Mono (F = 1.33, d.f. = 2, 6, p = 0.3333) field sites (Fig. 2.8).

2014 Coragen field study: Damage ratings
Consolidated damage ratings did not significantly differ among
treatments for any sampling dates at the Shelburne field site (Fig. 2.9).
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Table 2.5. Mean (± S.E.) dry seed yield (kg/ha) of canola following foliar application
of chlorantraniliprole (COR) (Coragen®; [AI] 200 g/L; EI DuPont Canada Co.) or λcyhalothrin (MAT) (Matador® 120 EC; [AI] 120 g/L; Syngenta Crop Protection
Canada Inc.) at early, mid, late, early + mid, and early + mid + late application
timings at four field sites in 2014. Yields for each product within columns followed
by the same letter are not significantly different (p > 0.05), Tukey’s HSD.
Treatment

Mean yield (lb/ac) (±SE)

Product
Owen Sound

Shelburne

Feversham

Mono

Control

MAT

2796 ± 96 a

2077 ± 150 a

2402 ± 47 a

3374 ± 63 a

Early

MAT

2690 ± 46 a

2154 ± 194 a

2498 ± 105 a

3495 ± 97 a

Mid

MAT

2862 ± 140 a

2163 ± 129 a

2378 ± 126 a

3654 ± 49 a

Late

MAT

2758 ± 76 a

2218 ± 143 a

2293 ± 43 a

-

Early + Mid

MAT

2806 ± 140 a

2314 ± 165 a

2434 ± 104 a

3564 ± 36 a

Early + Mid + Late

MAT

2671 ± 82 a

2251 ± 111 a

2357 ± 44 a

-

Control

COR

-

1927 ± 90 b

2266 ± 58 a

3114 ± 73 c

Early

COR

-

1965 ± 57 ab

2266 ± 32 a

3389 ± 38 ab

Mid

COR

-

2227 ± 97 a

2248 ± 27 a

3209 ± 55 bc

Late

COR

-

2001 ± 75 ab

2303 ± 46 a

-

Early + Mid

COR

-

2002 ± 62 ab

2235 ± 60 a

3521 ± 37 a

Early + Mid + Late

COR

-

2016 ± 86 ab

2287 ± 37 a

-
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Figure 2.8. Mean (± S.E.) dry seed yield of canola as proportion of control (%)
following foliar application of λ-cyhalothrin (Matador® 120 EC; [AI] 120 g/L;
Syngenta Crop Protection Canada Inc.) at early, mid, late, early + mid, and early +
mid + late application timings at four field sites in 2014. Yield proportions within
field sites followed by the same letter are not significantly different (p > 0.05),
Tukey’s HSD.
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Figure 2.9. Mean (± S.E.) consolidated and primary swede midge damage ratings of
canola prior to and following foliar application of chlorantraniliprole (Coragen®; [AI]
200 g/L; EI DuPont Canada Co.) at early, mid, late, early + mid, and early + mid +
late application timings at three field sites in 2014; Shelburne, Feversham, Mono,
ON. Damage ratings within sampling dates with no letters or with the same letter are
not significantly different (p > 0.05), Tukey’s HSD.
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At the Feversham field site, consolidated damage ratings were significantly lower
than the control following the early treatment on 8 Jul (F = 5.97, d.f. = 3, 6, p =
0.0311) (Fig. 2.9). At the Mono field site, consolidated damage ratings were
significantly lower in the early + mid treatment than the mid treatment alone on 11
Jul (F = 4.97, d.f. = 3, 8, p = 0.0311) (Fig. 2.9). However, consolidated damage
ratings did not significantly differ in any treatment compared to the control for any
sampling date (Fig. 2.9).
Damage to primary racemes at the Shelburne field site did not significantly
differ between any treatment and the control on any sampling date (Fig. 2.9).
Although not statistically significant, at the Shelburne field site primary raceme
damage was lowest in the mid treatment on 8 Jul and 15 Jul and, at the Feversham
field site, primary raceme damage was lowest in both multiple application treatments
on Jul. 15, and in the early + mid + late treatment on 25 Jul (Fig. 2.9). Also, at the
Feversham field site, primary raceme damage was significantly lower than the control
following the early treatment on 8 Jul (F = 7.29, d.f. = 3, 6, p = 0.02) (Fig. 2.9). At
the Mono field site, primary raceme damage was significantly lower in the early +
mid treatment than in the control on 11 Jul (F = 5.61, d.f. = 3, 8, p = 0.0228) (Fig.
2.9).
Damage to secondary racemes did not significantly differ among treatments
on any sampling dates at the Shelburne and Feversham field sites (Fig. 2.10). At the
Mono field site, secondary raceme damage in the mid treatment was significantly
lower than in the control on 18 Jul (F = 7.5, d.f. = 3, 8, p = 0.0103) (Fig. 2.10).
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Figure 2.10. Mean (± S.E.) secondary and tertiary raceme swede midge damage
ratings of canola prior to and following foliar application of chlorantraniliprole
(Coragen®; [AI] 200 g/L; EI DuPont Canada Co.) at early, mid, late, early + mid, and
early + mid + late application timings at three field sites in 2014; Shelburne,
Feversham, Mono, ON. Damage ratings within sampling dates with no letters or with
the same letter are not significantly different (p > 0.05), Tukey’s HSD.

50

Damage to tertiary racemes was not significantly different among treatments
on any sampling dates at the Shelburne and Feversham field sites (Fig. 2.10). At the
Mono field site, tertiary raceme damage in the early treatment was significantly lower
than the control on 18 Jul (F = 4.25, d.f. = 3, 8, p = 0.0453) (Fig. 2.10).
The percentage of plants damaged did not significantly differ among
treatments on any sampling dates at any of the three field site (Fig. 2.11). Although
not statistically significant, there was a lower percentage of plants damaged at the
Mono and Feversham field sites in the multiple application treatments than in single
treatments on later sampling dates (Fig. 2.11).

2014 Coragen field study: Yields
Mean yields did not significantly differ among treatments at the Feversham
field site (F = 0.46, d.f. = 5, 12, p = 0.80) (Table 2.5). At the Shelburne field site,
yield in the mid treatment was significantly higher than the control, but no other
treatments were significantly different from the control (F = 3.61, d.f. = 5, 12, p =
0.0318) (Table 2.5). At the Mono field site, yields in both the early and early + mid
treatments were significantly higher than the control (F = 9.25, d.f. = 3, 14, p =
0.0013) (Table 2.5). At the Feversham field site, yields as a proportion of the control
did not significantly differ among treatments (F = 0.54, d.f. = 4, 10, p = 0.7126) (Fig.
2.12).
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Figure 2.11. Mean (± S.E.) percentage of plants with swede midge damage prior to
and following foliar application of chlorantraniliprole (Coragen®; [AI] 200 g/L; EI
DuPont Canada Co.) at early, mid, late, early + mid, and early + mid + late
application timings at three field sites in 2014; Shelburne, Feversham, Mono, ON.
Damage ratings within sampling dates with no letters or with the same letter are not
significantly different (p > 0.05), Tukey’s HSD.
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At the Shelburne field site, yield as a proportion of the control was significantly
higher following the mid treatment than the early, early + mid and early + mid + late
treatments, resulting in a 16.3% increase in yield (F = 5.13, d.f. = 4, 10, p = 0.0165)
(Fig. 2.12). Finally, at the Mono field site, yield as a proportion of the control was
significantly higher in the early + mid treatment compared to the mid treatment alone,
resulting in a 13.3% increase in yield (F = 8.80, d.f. = 2, 6, p = 0.0164) (Fig. 2.12).
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Figure 2.12. Mean (± S.E.) dry seed yield of canola as proportion of control (%)
following foliar application of chlorantraniliprole (Coragen®; [AI] 200 g/L; EI
DuPont Canada Co.) at early, mid, late, early + mid, and early + mid + late
application timings at three field sites in 2014. Yield proportions within field sites
followed by the same letter are not significantly different (p > 0.05), Tukey’s HSD.
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2.4. DISCUSSION

In 2013, the most pronounced reduction in damage following insecticide
treatments occurred on only one date and only at the Honeywood site. Although not
statistically significant, primary raceme and consolidated damage ratings were both
lower than the control following the mid + late treatment. The efficacy of this
treatment was likely due to swede midge population dynamics in the field at the time
that both applications were made. The mid application was made four days following
the start of a large peak of swede midge adult activity, and the late application was
made nine days later, just as the peak was ending (Fig. 2.13 d.). This peak occurred
between the 2.7 and 3.1 growth stages, during which the primary growth point is
available to adult females for oviposition. The mid application coincided with high
densities of adults in the field, while the late application may have coincided with the
presence of early instar larvae. Both applications therefore may have contributed to
swede midge mortality and in turn a temporary reduction in damage to the primary
growth point on 15 Jul.
There were no significant differences in yield measures between treatments
and the control at any site. However, yield at the Owen Sound and Chesley sites was
higher than at the Orangeville and Honeywood sites. Swede midge population
dynamics at each site could explain this difference, and likely the high populations
and damage levels at Orangeville and Honeywood contributed to their low yields,
while the low populations and damage at Owen Sound and Chesley explains their
high yields (Fig. 2.13).
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Figure 2.13. Mean number of C. nasturtii males captured per day in pheromone
traps and mode growth stage of canola at a) Chesley, b) Owen Sound, c) Orangeville
and d) Honeywood, 2013. Arrow boxes indicate mid (a. 9 Jun, b. 23 Jun, c. 26 Jun, d.
6 Jul) and late (a. 29 Jun, b. 2 Jul, c. 6 Jul, d. 15 Jul) treatment application dates of
chlorantraniliprole.
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Swede midge numbers were low (i.e. cumulative trap captures <20 males until growth
stage 2.4) at the Owen Sound and Chesley sites early in the season, during the
vegetative stage (Fig. 2.14). At the Orangeville site, cumulative trap captures were
high (≥200 males) during the vegetative stage. At several sites, there was a rapid
increase in damage severity and incidence near the 5-6 leaf stage, suggesting that
swede midge numbers leading up to growth stage 2.4 could strongly influence
damage symptoms and yield later in the season. These results led to the inclusion of
an earlier application timing treatment in 2014, with the early spray applied using an
action threshold of a cumulative total of 20 males captured between growth stages 2.1
– 2.3.
In 2014, applications of λ-cyhalothrin resulted in reductions in swede midge
damage, but the most effective application frequency and timing varied according to
site. At the Owen Sound site, the early application timing was as effective as multiple
applications throughout the season. Unexpectedly, damage in the control declined
between the final two rating dates, which may have been due to the very low swede
midge pressure throughout the season allowing for greater compensatory growth
following damage (Fig. 2.15 a.). At the Shelburne site, the early + mid + late
treatment was most effective in reducing damage and percent of plants damaged. The
mid treatment was also effective for several weeks until the final rating date. The
early treatment at the Shelburne site had no effect on damage, likely due to being
applied too early, i.e. before the 1-leaf stage, as a result of very high stand variability
that resulted in difficulty estimating the mode growth stage prior to damage
assessment and growth stage records beginning on 18 Jun.
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Figure 2.14. Cumulative number of C. nasturtii males captured per day in pheromone
traps and growth stage of canola at Owen Sound, Chesley, and Orangeville, 2013.
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Figure 2.15. Mean number of C. nasturtii males captured per day in pheromone traps
and mode growth stage of canola at a) Owen Sound, b) Shelburne, c) Feversham and
d) Mono, 2014. Arrow boxes indicate early (a. 20 Jun, b. 10 Jun, c. 17 Jun (λcyhalothrin), 20 Jun (chlorantraniliprole), d. 9 Jun) mid (a. 2 Jul, b. 4 Jul, c. 3 Jul, d.
27 Jun) and late (a. 8 Jul, b. 17 Jul, c. 11 Jul) treatment application dates of λcyhalothrin (MAT) and chlorantraniliprole (COR).
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At the Feversham site, the early treatment and early + mid + late treatment effectively
reduced swede midge damage and percent of plants damaged. The early treatment
may have been effective due to its application seven days following the first swede
midge peak when early instar larvae were likely present on primary growth points
(Fig. 2.15 c.). At the Mono site, the early + mid treatment resulted in the lowest
damage and, although not statistically significant, the lowest percent of plants
damaged. When λ-cyhalothrin was effective in reducing swede midge damage,
approximately 1-2 weeks were required before its effect on damage severity was
observed, and significant reductions in damage were observed for approximately 2-3
weeks thereafter, depending on the site. λ-Cyhalothrin is effective immediately after
application and has been demonstrated to have a residual activity against swede
midge of approximately 7 days when applied to broccoli and cabbage (Hallett &
Sears 2013). The apparently longer period of efficacy observed in canola could be
due, in part, to compensatory or additional growth of secondary and tertiary racemes
effectively diluting overall damage ratings. Despite significant reductions in swede
midge damage following applications of λ-cyhalothrin, yields did not significantly
differ among treatments at any site. The lack of yield effects could be due to the
relatively low swede midge numbers and overall damage (even in control plots) at
most sites in 2014. The Shelburne site had the highest swede midge numbers of the
season, peaking at 66 males per trap per day, as well as the highest damage and, while
not statistically significant, yields were highest following the two and three
application treatments and lowest in the control (Fig. 2.15 b.). It is possible that a
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swede midge damage threshold exists below which significant yield effects are not
observed in canola.
Applications of chlorantraniliprole resulted in a reduction of swede midge
damage at some sites. The mid treatment at the Shelburne site reduced damage
initially (but was not significantly different from the control), and from 22 Jul to the
final rating date, damage increased in all treatments. In addition, by 5 Aug, 93-100%
of plants were damaged in all treatments. At the Mono site, early, mid and early +
mid treatments all significantly reduced swede midge damage. Damage to the primary
raceme was lower than the control following the early + mid treatment, while the
early and mid treatments alone reduced damage to tertiary and secondary racemes
respectively. While not statistically significant, damage trends at the Feversham site
suggest that multiple applications were more effective than single application
treatments. Overall, applications of chlorantraniliprole, when compared to the control,
controlled swede midge damage most effectively at the Mono site, which may be due
to lower swede midge pressure at the Mono site than at the Feversham and Shelburne
sites. Where chlorantraniliprole was effective in reducing swede midge damage,
approximately 2-4 weeks were required before its effect was observed, and significant
reductions in damage were observed for approximately one week thereafter. The 16%
yield increase observed in the mid treatment at the Shelburne site likely resulted from
effective protection of the developing buds on the primary raceme by the mid
application treatment.
Overall, results of the 2014 trial suggest that multiple insecticide applications
are required to reduce swede midge damage and the percentage of plants damaged.
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Single applications of insecticide at the early or mid timings can be effective to a
similar degree as multiple applications under some circumstances, related to swede
midge numbers and emergence dynamics at the time of application. The late timing
alone is not an effective treatment for reducing damage. An application at the early
timing should be made by growers when a cumulative total of 20 or more midges are
captured (based on 4 pheromone traps per field, and beginning swede midge counts at
the cotyledon stage) prior to the 4-leaf stage. Thereafter, an application at the late
vegetative stage should be made if swede midge pressure remains high in the field. In
order to maximize the efficacy of insecticide applications, development of a
pheromone-based action threshold for use during vulnerable growth stages should be
pursued.
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CHAPTER 3. SWEDE MIDGE OVIPOSITION, LARVAL DISTRIBUTION &
DAMAGE ON CANOLA

3.1. INTRODUCTION

The swede midge, Contarinia nasturtii (Kieffer) (Diptera: Cecidomyiidae) is a
small invasive fly and pest of numerous economically important crops in the
Brassicaceae (Hallett & Heal 2001). Since the first North American record in 2000
on cole crops in Ontario, Canada, the swede midge has been reported on several other
crops, including canola (Brassica napus L., B. rapa L., and B. juncea L.) in 2005
(Hallett & Heal 2001, CFIA 2009). Currently, the swede midge is a pest of major
concern for canola growers in Ontario.
The swede midge causes damage to host plants during its larval stage
(Readshaw 1961, Hallett 2007). Adult females oviposit on young, fast-growing host
plant tissues, including young leaves and generative tissue of the apical meristem
(Barnes 1946). Larvae then feed through digestion of the young tissue facilitated by
secretions of the salivary glands (Readshaw 1961, Mamaev 1975). Damage caused by
the swede midge can be variable depending on timing and severity of infestation and
host plant. Characteristic symptoms include folding or crumpling of leaf tissue,
swelling of buds and petioles near the axil, corky scarring along petioles and the
death of the apical meristem (Barnes 1946, Hallett & Heal 2001). Larval feeding on
developing florets can also cause reduction in seed production (Barnes 1946).
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Understanding where swede midge prefer to oviposit on host plants
contributes to pest management decisions, such as the method and timing of
insecticide application(s). For example, canola has several distinct growth stages with
varying amounts of tissue suitable for supporting swede midge larvae (Harper &
Berkenkamp 1975). Similar to the early growth stages of other cruciferous vegetable
crops, canola produces a rosette of leaves during the vegetative stages following
germination (Diepenbrock 2000). During the vegetative stages, a cluster of
developing flower buds at the apical meristem forms the primary inflorescence
(Habekotté 1993). Also during the vegetative stages, the main stem or primary
raceme begins elongating (known as bolting) and side branching is initiated (Harper
& Berkenkamp 1975, Canola Council of Canada 2011). Side branching results in
secondary racemes grown from buds at the leaf axils of the primary stem (Canola
Council of Canada 2011). The reproductive stages begin when flowering of the
primary inflorescence begins. During the reproductive stages, flowering and pod
development and maturing take place concurrently (Canola Council of Canada 2011).
Because canola goes through several growth stages, and host growth stage at
time of infestation has been shown to influence damage caused by swede midge
(Barnes 1946), determining the stage(s) at which canola is most vulnerable or
attractive to swede midge will contribute to the development of pest management
recommendations throughout the growth of the crop (Barnes 1946). Unlike heading
cole crops, the indeterminate branching of canola provides continuous locations for
swede midge oviposition for a large portion of the growing season. In order to
elucidate swede midge oviposition and damage effects on different growth stages of
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canola, a series of laboratory experiments were undertaken to examine oviposition at
specific growth stages and at a range of densities, larval distribution, and resulting
canola damage and yield.

3.2. MATERIALS & METHODS

Canola plants
Canola (B. napus), Invigor® L130 Hybrid (Bayer CropScience, Saskatoon,
SK), was seeded weekly in 6-L pots containing Pro-Mix® PGX (Premier Horticulture,
Rivière-du-Loup, QC), at a rate of 4 seeds per pot, and grown in a greenhouse at
approximately 23oC at the University of Guelph. Canola was watered as needed and
fertilized weekly with all-purpose fertilizer (20-20-20 plus micronutrients) (PlantProd® Plant Products Co. Ltd., Brantford, ON) at a rate of 3 g/L. Canola was thinned
to one plant per pot after one month.

Swede midge rearing
Swede midge were reared on ‘Snow Crown’ cauliflower (B. oleracea) variety
botrytis (Stokes Seeds, Thorold, ON), based on the methods of Chen and Shelton
(2007). Cauliflower was seeded into 98-cell flats and germinated in a greenhouse at
the University of Guelph. Cauliflower was fertilized weekly with all-purpose
fertilizer (20-20-20 plus micronutrients) (Plant-Prod® Plant Products Co. Ltd.,
Brantford, ON) at a rate of 3g/L. After approximately 1 month, seedlings were
transplanted in pairs to pots 13 cm in diameter containing Pro Mix® PGX (Premier
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Horticulture, Rivière-du-Loup, QC). Cauliflower plants were used for swede midge
rearing once they had reached 8-10 true leaves, and prior to head formation.
Swede midge for the University of Guelph colony were provided by Dr.
Anthony Shelton at the New York Agricultural Experiment Station, Cornell
University, Geneva, NY in 2012 from a colony established in 2004 and originating
from the Swiss Federal Research Station for Horticulture, Wädenswil, Switzerland
(Chen and Shelton 2007, Des Marteaux 2012). Swede midge were maintained at 26 ±
2oC and RH 65 ± 15% on a 16.5-h: 7.5-h light/dark cycle. Adults were kept in
chambers (60 x 60 x 60 cm) with fine mesh on three sides and larvae developed in
Plexiglas chambers (60 x 91 x 60 cm) with fine mesh on two sides. Greenhousegrown cauliflower was exposed to adults for 24h. Plants were then transferred to a
separate growth cage for larval development. When larvae were mature (approx. 10
days), cauliflower heads were cut from the stem and placed on the soil surface so that
larvae could enter the soil for pupation. Pots containing cut plants were then placed in
a separate cage until adult emergence.

General experimental protocols
Unless otherwise indicated, all experiments had the following protocols.
Canola plants were exposed to a specific density of female adults. Adult males were
also included at half the density of females to ensure mating occurred. Treatments
were replicated 4 times in a randomized complete block design (RCBD). Floating
vegetable row cover (Stokes Seeds, St. Catherines, ON) was applied to the top of 6-L
pots, each containing a single canola plant at a specific growth stage (Harper and
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Berkenkamp 1975). Mesh was applied to the opening of each pot to prevent larvae
from entering and pupating in the soil (Hallett & Sears 2013). Canola plants were
placed within cylindrical cages consisting of “No-see-um” netting (Skeeta® Inc.,
Bradenton, FL) (Fig. 3.1) in a chamber at 24 ± 2oC and RH 50 ± 10% on a 16-h: 8-h
light/dark cycle. Adults, from the same generation, were collected via aspirator from
the University of Guelph colony within 2 hours of their subsequent release. In Exps.
1, 3, and 4, primary and secondary buds were removed from each canola plant three
to seven days after introduction of adult midges. Before each secondary bud was
removed, it was assigned a number based on its location on the plant, beginning with
the uppermost secondary bud (e.g. SR1, SR2, SR3, etc.). Each bud was then placed in
a small dish containing 70% ethanol and gently broken apart. Larvae and eggs were
then counted under a dissecting microscope as an estimate of oviposition.

Experiment 1: Swede midge oviposition and larval distribution
To investigate swede midge oviposition and larval distribution on canola,
plants at the early bud stage (3.1) were exposed to 0, 5, 10, 50, and 100 adult female
swede midge.
Canola plants were placed within cylindrical cages (51 x 95 cm). Seven days
after introduction of adult midges, primary and secondary buds were removed from
each canola plant. Oviposition rate and percent of oviposition per plant part were then
determined.
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Figure 3.1. Cylindrical cages containing canola plants and adult C. nasturtii.

Experiment 2: Swede midge damage and canola yield
To investigate swede midge damage and canola yield following damage,
plants at the early bud stage (3.1) were exposed to 0, 5, 10, 50, and 100 adult female
swede midge.
Canola plants were placed within cylindrical cages (51 x 95 cm). Seven days
after introduction of adult midges, pots were removed from the cages to prevent
deformation or height stunting due to cage size restrictions. Damage on each plant
was rated weekly until pod set was complete (stage 5.2) (Table 2.2). Damage was
rated on primary, secondary and tertiary buds and/or racemes and ratings were
combined into a consolidated rating encompassing all three parts of the plant.
Consolidated ratings were calculated by first converting ratings on each part of the
plant to a percentage of the maximum possible damage rating, then summing the
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three ratings, and dividing by three to convert to a value between 0-1. Plants were
then left to senesce in a chamber at 24 ± 2oC and RH 50 ± 10% on a 16-h: 8-h
light/dark cycle. Upon senescence, pods were harvested and counted, and total seed
weight and 100-seed weights were determined for each plant. To determine 100-seed
weight, 100 seeds were randomly sampled from seed totals collected from each
canola plant.

Experiment 3: Swede midge oviposition with choice of growth stage
In order to investigate swede midge oviposition preference for different
growth stages of canola, plants of four growth stages were simultaneously exposed to
a single density of adult swede midge. Growth stages included the three-leaf (2.3),
seven-leaf (2.7), bud (3.1), and flowering (4.1) stages (Harper and Berkenkamp
1975). A swede midge density of 40 females and 20 males was used.
Four 6-L pots, each containing one canola plant at one of the four treatment
growth stages, were placed randomly within a single cylindrical cage (90 x 230 cm)
Adults were then placed within each cage and, after 72 hours, the apical meristem,
primary bud and secondary buds, and/or primary and secondary racemes (depending
on growth stage) were removed from each plant. Total oviposition, proportional
oviposition and percent oviposition per plant part were determined.

Experiment 4: Swede midge oviposition with no choice of growth stage
To investigate swede midge oviposition on the different growth stages of
canola, given no choice of growth stage, four growth stages were exposed to a single
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density of adult swede midge. Growth stages included the three-leaf (2.3), seven-leaf
(2.7), bud (3.1), and flowering (4.1) stages (Harper and Berkenkamp 1975). A swede
midge density of 10 females and 5 males was used.
One 6-L pot, containing one canola plant at one of the four treatment growth
stages, was placed within a single cylindrical cage (100 x 95 cm). Adults were then
placed within each cage and, after 72 hours, the apical meristem, primary bud and
secondary buds, and/or primary and secondary racemes (depending on growth stage)
were removed from each plant. Total oviposition, percent oviposition per plant part
and oviposition rates per female were determined.

Statistical analyses
Total oviposition, oviposition rates and damage ratings were log-transformed
and percent oviposition per plant part and proportional oviposition were arcsine
square root-transformed prior to analysis of variance (ANOVA) in order to better
meet the assumptions of ANOVA. Above measures were compared by ANOVA
using PROC MIXED, followed by mean separations with Tukey’s HSD with α =
0.05. Untransformed means are presented.
Linear regression was used to examine relationships between oviposition,
yield and female swede midge density. Oviposition rate, total oviposition, number of
pods, 100-seed weight and total seed weight were regressed over female swede midge
density using PROC REG. All combinations of independent variables and female
density following log transformation were modelled to reveal the best-fit regression
equation. A type 1 error rate of α = 0.05 was used.
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Variance of seed weight per pod was partitioned to reveal a significant
quadratic component. Seed weight per pod was then regressed over female swede
midge density and the coefficients of the best-fit equation were obtained using PROC
GLM. A type 1 error rate of α = 0.05 was used. All statistical analyses were
performed in SAS 9.3 (SAS Institute 2010).

3.3. RESULTS

Experiment 1: Swede midge oviposition and larval distribution
Mean total oviposition for the 50♀ and 100♀ treatment densities was
significantly higher than totals for the 5♀ and 10♀ treatment densities, but were not
significantly different from one another (F = 30.48, d.f. = 3, 12, p = <0.0001) (Table
3.1). Percent oviposition per plant on the primary (PR) and secondary (SR) racemes
was not significantly different among treatments (Table 3.1). Within the 50♀
treatment, percent oviposition per plant was significantly higher on the PR when
compared to racemes SR3, SR5, SR6 and SR7 (F = 3.09, d.f. = 8, 25, p = 0.0144).
Percent oviposition per plant was not significantly different among plant locations in
any other treatment density.
Linear regression showed a significant positive relationship between female
swede midge density and total oviposition per plant (R2 = 0.68, p = <0.0001) (Fig.
3.2a). Using the regression equation, a 1% increase in female swede midge density
resulted in a 0.98% increase in total oviposition per plant.
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Table 3.1. Mean ( ± S.E.) oviposition per plant and percent oviposition per plant part of adult female C. nasturtii at 5 densities on
stage 3.1 canola, 7 days following infestation. Notation of plant locations are PR = primary raceme, SR1 = secondary raceme 1
(nearest to primary inflorescence), SR2 = secondary raceme 2 (nearest to primary inflorescence following SR1), SR3 = secondary
raceme 3 (nearest to primary inflorescence following SR2), etc. Means within columns followed by the same lowercase letter and
means within rows followed by the same uppercase letter are not significantly different (p > 0.05), Tukey’s HSD.
Female density

% of oviposition per plant part
PR

SR1

SR2

SR3

SR4

5

16.5 ± 11.3 aA

11.6 ± 6.8 aA

6.6 ± 2.8 aA

5.6 ± 3.6 aA

5.7 ± 4.8

10

30.8 ± 20.4 aA

6.2 ± 4.8 aA

10.2 ± 6.3 aA

2.5 ± 1.4 aA

23.1 ± 17.2 aA

50

42.8 ± 18.5 aA

12.4 ± 4.7 aAB

16.2 ± 6.1 aAB

5.8 ± 3.3 aB

7.6 ± 3.0

aAB

100

24.9 ± 12.9 aA

5.6 ± 3.7 aA

9.1 ± 3.8 aA

13.0 ± 4.3 aA

6.0 ± 3.4

aA
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SR5

SR6

SR7

aA

Total oviposition
per plant

SR8+

5

6.7 ± 2.8 aA

15.8 ± 11.1 aA

20.9 ± 18.0 aA

42.2 ± 42.2 aA

190 ± 69

10

5.1 ± 4.8 aA

8.7 ± 5.9

aA

11.7 ± 7.9 aA

3.4 ± 1.7

273 ± 116 b

50
100

2.1 ± 0.7 aB
9.0 ± 5.3 aA

5.7 ± 1.7
3.4 ± 1.6

aB
aA

3.7 ± 2.6 aB
10.7 ± 5.4 aA

7.2 ± 0.3 aAB
29.1 ± 15.2 aA

aA

b

1433 ± 332 a
2491 ± 689 a

There was no significant relationship between female swede midge density and
oviposition per female (R2 = 0.0437, p = 0.44) (Fig. 3.2b).

Experiment 2: Swede midge damage and canola yield
The final consolidated damage rating was significantly higher in the 10♀, 50♀
and 100♀ treatment densities when compared to the control, but treatment groups
were not significantly different when compared to one another (F = 7.34, d.f. = 4, 15,
p = 0.0017) (Fig. 3.3a). Similarly, the final primary raceme damage rating was
significantly higher in the 10♀ , 50♀ and 100♀ treatment densities when compared to
the control, but no treatment groups were significantly different from one another (F
= 8.52, d.f. = 4, 12, p = 0.0017) (Fig. 3.3b). The final secondary raceme damage
rating was significantly higher in all treatment densities when compared to the
control, but were not significantly different from one another (F = 13.26, d.f. = 4, 15,
p < 0.0001) (Fig. 3.3c). The final secondary raceme damage rating was lowest in the
5♀ treatment density and highest in the 10♀ treatment density, but no treatment
groups were significantly different when compared to one another. The final tertiary
raceme damage rating for all treatment densities was not significantly different when
compared to any other treatment density or the control (F = 1.07, d.f. = 4, 15, p =
0.4056) (Fig. 3.3d).
The number of pods per plant was inversely correlated with female swede
midge density and regression revealed a significant negative linear relationship (R 2 =
0.2364, p = 0.0297) (Fig. 3.4a). From the regression equation, a 1% increase in
female

swede

midge

density

resulted
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in
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Figure 3.2. Linear regressions of a) total oviposition per plant and b) oviposition per female over 4 densities of C. nasturtii females,
on stage 3.1 canola, 7 days following infestation. Type 1 error rate of α = 0.05.
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Figure 3.3. Mean ( ± S.E.) swede midge damage rating of b) primary, c) secondary
and d) tertiary racemes of canola following infestation at treatment densities of adult
females (5, 10, 50 and 100). a) Consolidated ratings calculated using damage ratings
of primary, secondary and tertiary racemes. Final damage ratings followed by the
same letter are not significantly different (p > 0.05), Tukey’s HSD.
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Figure 3.4. Regressions of a) number of pods, b) 100-seed weight, c) total seed weight per plant and d) seed weight per pod over 5
densities of C. nasturtii females, on stage 3.1 canola, following damage. Type 1 error rate of α = 0.05.

Regression analysis showed no significant relationship between 100-seed weight and
female swede midge density (R2 = 0.0217, p = 0.5350) (Fig. 3.4b). Total seed weight
per plant, however, had a significant negative linear relationship with female swede
midge density (R2 = 0.283, p = 0.0158) (Fig. 3.4c). From the regression equation,
every additional female swede midge resulted in a 0.64% decrease in total seed
weight. Variance partitioning revealed a significant quadratic component to the seed
weight per pod data. The best-fit regression showed a quadratic relationship between
seed weight per pod and female swede midge density, although it was not statistically
significant (R2 = 0.487, p = 0.2184) (Fig. 3.4d).

Experiment 3: Swede midge oviposition with choice of growth stage
Mean oviposition per plant was significantly lower on growth stage 2.3 when
compared to all other growth stages (F = 14.80, d.f. = 3, 12, p = 0.0002) (Table 3.2).
Growth stage 2.7 had the highest oviposition but was not significantly different when
compared to growth stages 3.1 or 4.1 (Table 3.2). Proportional oviposition was
significantly higher on growth stages 2.7 and 3.1 when compared to growth stages 2.3
and 4.1 (F = 17.39, d.f. = 3, 12, p = 0.0001) (Table 3.2).
Growth stages 2.3 and 2.7 had significantly higher percent oviposition per
plant on the PR when compared to growth stages 3.1 and 4.1 (F = 205.11, d.f. = 3, 12,
p = <0.0001) (Table 3.2). Percent oviposition was significantly higher on SR7+
racemes (includes all secondary racemes from SR7 and greater) on growth stage 3.1
plants when compared to growth stage 4.1 (F = 46.85, d.f. = 1, 4, p = 0.0024).
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Table 3.2. Mean ( ± S.E.) oviposition per plant, proportional oviposition and percent oviposition per plant part of adult female C.
nasturtii on four growth stages (2.3 = 3-leaf, 2.7 = 7-leaf, 3.1 = early bud, 4.1 = flowering) of canola in a choice experiment, 72 hours
following infestation at a density of 40 females. Notation of plant locations are PR = primary raceme, SR1 = secondary raceme 1
(nearest to primary inflorescence), SR2 = secondary raceme 2 (nearest to primary inflorescence following SR1), SR3 = secondary
raceme 3 (nearest to primary inflorescence following SR2), etc. Means within columns followed by the same lowercase letter and
means within rows followed by the same uppercase letter are not significantly different (p > 0.05), Tukey’s HSD.

Growth
stage

% of oviposition per plant part
PR

SR1

SR2

SR3

SR4

2.3

100.0 ± 0.0 a

-

-

-

-

2.7

100.0 ± 0.0 a

-

-

-

-

3.1

0.4 ± 0.3

bB

8.1 ± 6.3 aB

5.5 ± 3.3

4.1

9.4 ± 5.6

bA

2.4 ± 2.4 aA

30.7 ± 12.4 aA

aB

7.6 ± 3.0

aAB

18.9 ± 10.2 aA

5.3 ± 3.0 aB
2.3 ± 2.3 aA
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SR5

SR6

SR7+

Mean
oviposition per
plant

Proportional
oviposition

2.3

-

-

-

16.0 ± 13.7 b

0.03 ± 0.03 b

2.7

-

-

-

321.0 ± 59.4 a

0.47 ± 0.07 a

3.1

25.1 ± 14.9 aAB

16.1 ± 3.2 aAB

47.8 ± 13.5 aA

264.3 ± 70.8 a

0.38 ± 0.08 a

4.1

10.0 ± 4.4 aA

21.5 ± 15.9 aA

6.2 ± 4.7

78.8 ± 14.9 a

0.11 ± 0.02 b

bA

Percent oviposition was not significantly different on any other plant part when
growth stages 3.1 and 4.1 were compared (Table 3.2). At growth stage 3.1, percent
oviposition per plant was significantly higher on SR7+ racemes when compared to
racemes PR, SR1, SR2 and SR4 (F = 3.98, d.f. = 7, 22, p = 0.0059) (Table 3.2).
Percent oviposition per plant was not significantly different among plant locations on
growth stage 4.1 (F = 1.21, d.f. = 7, 23, p = 0.3354) (Table 3.2).

Experiment 4: Swede midge oviposition with no choice of growth stage
Mean oviposition per plant was not significantly different among growth
stages (F = 1.5, d.f. = 3, 12, p = 0.26) (Table 3.3), nor in oviposition per female (F =
1.5, d.f. = 3, 12, p = 0.27) (Table 3.3).
Growth stages 2.3 and 2.7 had significantly higher percent oviposition per
plant on the PR when compared to growth stages 3.1 and 4.1 (F = 292.4, d.f. = 3, 11,
p = <0.0001) (Table 3.3). Percent oviposition per plant part was not significantly
different among or within growth stages 3.1 and 4.1 on any plant part.
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Table 3.3. Mean ( ± S.E.) oviposition per plant, oviposition per female and percent oviposition per plant part of adult female C.
nasturtii on four growth stages (2.3 = 3-leaf, 2.7 = 7-leaf, 3.1 = early bud, 4.1 = flowering) of canola in a no-choice experiment, 72
hours following infestation at a density of 10 females per growth stage. Notation of plant locations are PR = primary raceme, SR1 =
secondary raceme 1 (nearest to primary inflorescence), SR2 = secondary raceme 2 (nearest to primary inflorescence following SR1),
SR3 = secondary raceme 3 (nearest to primary inflorescence following SR2), etc. Means within columns followed by the same
lowercase letter and means within rows followed by the same uppercase letter are not significantly different (p > 0.05), Tukey’s HSD.
Growth
stage

% of oviposition per plant part
PR

SR1

SR2

SR3

SR4

-

-

-

-

100.0 ± 0.0 a

2.7

100.0 ± 0.0 a

3.1

4.5 ± 4.5

bA

2.9 ± 1.6 aA

11.4 ± 11.4 aA

11.5 ± 9.1 aA

9.4 ± 3.4 aA

4.1

0.3 ± 0.3

bA

6.0 ± 5.3 aA

29.2 ± 14.6 aA

25.1 ± 9.9 aA
Mean
oviposition per
plant

10.0 ± 6.6 aA
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2.3

2.3
2.7

-

-

-

-

Oviposition per
female

SR5

SR6

SR7+

-

-

-

114.3 ± 56.6 a

11.4 ± 5.7 a

-

203.3 ± 56.6 a

20.3 ± 5.7 a

3.1

5.9 ± 1.8 aA

-

33.3 ± 6.0 aA

-

21.2 ± 17.8 aA

133.3 ± 28.0 a

13.3 ± 2.8 a

4.1

14.2 ± 7.7 aA

4.8 ± 2.8 bA

13.9 ± 9.1 aA

88.0 ± 33.5 a

8.8 ± 3.4 a

3.4. DISCUSSION

As expected, there was a significant positive relationship between female
density and total oviposition per plant. The great increase in total oviposition from the
50♀ density (1434 ± 332) to the 100♀ density (2492 ± 690) suggests that the carrying
capacity for a single canola plant was not reached even with exposure to 100♀ adult
swede midge. The highest number of larvae in this experiment was 4087 swede
midge larvae on a single plant following exposure to 100♀ adults. The high
reproductive rate of swede midge females and apparent lack of negative competitive
effects, even at extremely high densities, have likely contributed to the rapid spread
of swede midge in North America (Chen et al. 2011). Thus, swede midge
establishment and rapid population growth could occur in regions of Canada with
high amounts of canola production in close proximity. In Ontario, swede midge
numbers in the Timiskaming Shores area have reached extremely high levels in
comparison to southern Ontario. The Timiskaming Shores area accounts for nearly
one third of the seeded canola area in Ontario (Statistics Canada 2011). Swede midge
has been captured relatively recently in canola crops in the prairie provinces, with the
western-most captures on the western border of Alberta (J, Soroka, AAFC, personal
communication, CFIA 2009). With over 8 million ha of canola seeded in the prairies
annually, the combination of high reproductive rate and carrying capacity on canola,
and increasing favourability for establishment, could result in a rapid increase in
swede midge range and population across canola production areas in central Canada
(Olfert et al. 2006, Mika et al. 2008, Statistics Canada 2014).
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Once damage was sustained on primary racemes, it remained relatively
constant. However, damage ratings decreased on secondary racemes from week 3 to
week 4. These trends suggest compensation by canola for damage sustained through
the production of new secondary racemes. Compensation was observed during ratings
as new racemes were produced from axils where severely damaged secondary
inflorescences were present previously. The absence of a decrease in damage on
primary racemes suggests that damage to the apical meristem results in a prioritised
allocation of compensatory resources towards the production of new secondary
racemes. Under some conditions, overcompensation in the form of additional racemes
has been observed in canola (6.75, 37.7, and 24.9 racemes on plants that were
undamaged, had mild damage, and severe damage, respectively) (Hallett, unpublished
data). The plasticity of canola growth also allows for increased pod production and
branching in areas with low plant density (Angadi et al. 2003). A low seeding rate
resulting in decreased plant population density in canola fields with high swede
midge pressure may have a positive effect on compensatory branching and yield.
It is still unclear how additional racemes affect final yield, as plants with
severe swede midge damage tend to produce smaller pods with fewer seeds (Hallett,
unpublished data). Seed weight per pod increased with female density to a maximum
of 0.043g at 41.67 females, although at the highest female density, seed weight per
pod was the lowest of all treatments. The 100-seed weight and seed weight per pod
results suggest canola plants compensated for swede midge damage by producing
more seed per pod, not by increasing the weight of individual seeds. In contrast to
these results, compensation for lost buds and flowers following Lygus damage can

81

result in no net loss of total pod number, but a reduction in seed weight per pod (Butts
& Lamb 1990). Nonetheless, total seed yield was reduced in both cases of swede
midge and Lygus feeding. Plants may be compensating through the production of
additional seed within pods, although at high swede midge density this compensatory
response seems to be overwhelmed.
Approximately 85% of oviposition occurred on growth stages 2.7 and 3.1
when female swede midge were given a choice of growth stages. Unlike growth stage
2.7, the high total oviposition observed on growth stage 3.1 was a result of
oviposition on the secondary racemes rather than the primary raceme. Percent
oviposition on stage 3.1 plants was lower on the primary raceme when compared to
the youngest secondary growth points, suggesting a preference for oviposition on
secondary growth points in the early bud stage and older growth stages. These results
support that swede midge prefer to oviposit on the young, fast-growing tissue of
canola, with the highest oviposition on stages with the greatest meristematic tissue
(Barnes 1946, Readshaw 1961, Hallett 2007). Also, these results support that for
control of swede midge larvae, insecticide application timing should coincide with
growth stages with young meristematic and bud tissue. Applications prior to and at
stage 2.7 could protect the primary growth point, while applications close to stage 3.1
could protect secondary growth points.
Given no choice, the high total oviposition on stages 2.3 and 4.1 compared to
total oviposition seen in the choice experiment suggests that swede midge will
oviposit on less favourable canola growth stages, if no others are present. However,
there could be potential for larval mortality effects via desiccation or starvation if
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oviposition occurs on stages with relatively little generative tissue like stage 2.3. In
seasons with early swede midge emergence, or where canola was planted late, the
early vegetative stage could sustain damage but would likely not support an
extremely high number of larvae. Although the oviposition rates among growth stages
were not significantly different, the fact that growth stage 2.7 had both the highest
total larvae and oviposition rate suggests that the oviposition rate of female swede
midge could increase when preferable canola growth stages are present.
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CHAPTER 4. GENERAL DISCUSSION

Laboratory and field experiments in 2013 and 2014 have provided evidence of
the vulnerability of specific growth stages of canola to swede midge damage, as well
as for the negative relationship between swede midge density and crop yield.
Insecticide applications made during these vulnerable stages had significant effects on
both swede midge damage and yield, but were variable depending on field site. This
variability could be due to several factors, including: local swede midge pressure and
emergence dynamics, the compensatory ability of canola, and how insecticide
applications coincided with swede midge numbers in each field.
Whether or not plants experience benefits from herbivory, and the
mechanisms by which plants compensate for such damage, have been debated at
length (McNaughton 1983, Paige and Whitham 1987, Doak 1991, Bergelson and
Crawley 1992, Strauss and Agrawal 1999, Tiffin 2000). Measuring compensation can
be difficult as there are many response variables that could be considered, including
growth rate, seed production, biomass, fruit production and shoot regrowth (Strauss
and Agrawal 1999). The development of multiple compensatory shoots is a symptom
of swede midge damage in cole crops (Barnes 1946, Hallett et al. 2009).
Overcompensation in the form of additional racemes has also been observed in canola
(Hallett, unpublished data). While this symptom negatively affects the marketability
of cole crops in which a single harvestable head is desired, in canola this symptom
could result in some compensation for seed yield that would otherwise be lost due to
previously damaged growth points.
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However, whether a beneficial compensatory effect will occur is complicated
by the presence of multiple generations of swede midge in Ontario, and by the
potential for compensatory racemes to have delayed maturity. If compensatory
racemes are subsequently infested by the offspring of swede midge that caused the
damage prompting their growth, these additional racemes could simply provide
additional oviposition sites and not contribute to final yield. As well, if compensatory
racemes are sufficiently delayed in maturity compared to racemes that would be
present regardless of swede midge damage, their contribution to yield could be lost at
harvest due to stunted height and underdeveloped seeds or pods (Canola Council of
Canada 2012). Delayed maturity was observed in canola heavily damaged by swede
midge in laboratory experiments herein, but more detailed observations of growth rate
following swede midge damage are necessary to draw a stronger conclusion about the
occurrence and potential benefit of compensatory growth in canola.
In laboratory experiments, observed reductions in secondary raceme damage
were likely due to an increased number of undamaged secondary racemes on
damaged plants as a compensatory response than to a reduction in the appearance or
prevalence of previous damage. The damage rating system categorizes secondary and
tertiary raceme damage based on the proportion of racemes that express categorical
damage symptoms (Table 2.2). Therefore, if the proportion of racemes expressing
damage is reduced, the secondary damage rating assigned to a plant on that sampling
date could be lower than previous dates while still expressing older damage. A future
study, recording the number of primary, secondary and tertiary racemes, and the

85

contribution of each to pod total and seed weights would help to elucidate where, and
to what extent, canola plants compensate for swede midge damage.
The “dilution” of the secondary raceme damage rating by compensatory
growth could also explain some of the damage effects observed in field trials,
including length of insecticide efficacy. Without separating the effect of
compensatory growth and insecticide applications on swede midge damage, efficacy
could appear longer than expected. Swede midge damage symptoms take some time
to develop and remain once present (Hallett et al. 2009). It may be more difficult to
demonstrate insecticide efficacy with damage ratings compared to a measure of insect
mortality. Furthermore, as demonstrated with lab and field trials, in canola, damage
severity may not always directly relate to yield effects. However, assessing insect
mortality in the field is difficult and would require labour-intensive destructive plant
sampling and larval counts. A significant positive relationship has been established
between damage ratings and larval numbers per plant indicating that damage ratings
are correlated with larval mortality (Hallett et al. 2009). Recolonization of treatment
plots from untreated areas in grower fields may have also impacted efficacy results
(Hallett & Sears 2013). Emergence and movement of swede midge from untreated
areas may have caused more damage than what would be expected following
applications at an entire field level. Increased plot area in future studies may help to
mitigate the effect of recolonization.
Effective control of swede midge in canola was achieved in 2014 field
experiments in some cases, but the number of applications and most effective
application timing varied by site. Applications at the early vegetative and late
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vegetative stages as well as 2- and 3-spray combinations were effective depending on
the site. However, single applications of either insecticide at the early secondary bud
stage cannot be recommended based on the limited efficacy observed following
treatment. The selection of growth stages for timing insecticide application in field
experiments was informed by the oviposition and feeding behaviour of swede midge.
Growth stages with tightly enclosed, young, fast growing meristematic and bud tissue
were chosen for treatment timings, as larval swede midge and feeding damage are
often found on and between these tissues (Barnes 1946, Readshaw 1961). One
explanation for inconsistent damage reduction observed in field experiments is the
ability for the foliar sprays to reach the swede midge larvae concealed within tissues.
Often, moderate to heavy swede midge damage can cause severe crumpling and
swelling of young bud and leaf tissues (Barnes 1946, Stokes 1953). Crumpled and
swollen tissue can create an enclosed environment, which protects swede midge
larvae from exposure to desiccation, predators and insecticides (Hallett et al. 2009).
The insecticides used in field experiments were applied as foliar sprays.
Chlorantraniliprole has translaminar properties, penetrating leaf tissue, and can have
systemic activity if applied to soil (DuPont 2008, Palumbo 2008). The systemic
activity of insecticides could be a significant factor where swede midge control is not
achieved (Hallett et al. 2009). The use of systemic insecticides, such as acetamiprid,
acephate and methomyl, applied as foliar sprays in broccoli and cauliflower has
resulted in complete control of swede midge (Wu et al. 2006, Chen and Shelton
2010). Systemic insecticides are absorbed by plants and translocated to areas of the
plant not previously treated (Bennett 1957). The incorporation of an insecticide into
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the vulnerable tissues of canola prior to, or during, the feeding of larval swede midge
could greatly increase ingestion of the insecticide and swede midge mortality.
Spirotetramat (Movento® 240 SC; Bayer CropScience, Calgary, AB) was recently
registered in Canada for use against swede midge in broccoli (Hallett & Sears 2013).
Spirotetramat exhibits two-way systemicity, moving up the plant to new growth
points and down to roots (Brück et al. 2009). This movement within the plant
following foliar application could increase exposure of larval swede midge protected
between tightly enclosed or damaged canola tissues compared to non-systemic
insecticides applied by foliar spray. Further research towards developing a systemic
insecticide for use in canola during growth stages vulnerable to swede midge damage
could result in greater control of swede midge, similar to the control achieved in cole
crops (Wu et al. 2006, Chen and Shelton 2010).
The development of pheromone action thresholds in canola could also
increase the efficacy of insecticide applications during vulnerable growth stages in
the field. Refining application timing to coincide with both vulnerable stages and
peak swede midge pressure could increase both adult and larval mortality. In 2014, at
the Shelburne site, application of λ-cyhalothrin at the late vegetative stage just
following a large swede midge peak resulted in significant damage reduction. The use
of pheromone action thresholds could also reduce the amount of insecticide required
for swede midge control as they help optimize the timing of early and mid timing
applications, as well as help determine whether one or both applications are necessary
(Hallett and Sears 2013). In order to be successful, vigilant monitoring (2-3 times per
week) and the use of pheromone lures and traps would be required in order to closely
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track swede midge numbers, as swede midge densities can change rapidly (Hallett
and Sears 2013).
To conclude, research must continue on the development of an integrated pest
management system for swede midge in canola. Lab and field trials have provided
evidence supporting the existence of vulnerable growth stages during which swede
midge oviposition and damage can occur, and protection is required. Foliar
applications of currently registered insecticides during vulnerable stages can reduce
swede midge damage in grower fields and prevent yield loss. Going forward, the
incorporation of pheromone action thresholds and the development or registration of
insecticides with increased systemic activity may result in more consistent control
and efficient insecticide use.
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