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ABSTRACT

EVALUATION OF BARLEY YELLOW DWARF VIRUS UNDER 
CONSERVATION TILLAGE PRACTICES IN WINTER WHEAT

Jocelyn Leigh Smith 
University of Guelph, 2006

Advisors:
Dr. A. W. Schaafsma
Dr. M. K. Sears

Barley yellow dwarf virus (BYDV) (Luteoviridae) is the most damaging viral 

disease of cereals worldwide. Due to increased adoption of conservation tillage practices 

in winter wheat production in south-western Ontario, it was suspected that BYDV 

incidence may have increased due to reduced destruction of volunteer wheat and earlier 

planting dates. It was hypothesized that volunteer wheat could serve as a reservoir for 

cereal aphids that transmit BYDV and provide a ‘green bridge’ to autumn sown winter 

wheat. Over two years of study, the incidence of BYDV in winter wheat and fields 

containing volunteer wheat was assessed and the most prevalent serotype(s) were 

determined. The most abundant vector species was determined as well as the seasonal 

dispersal patterns of cereal aphids by monitoring field populations and catches in suction 

air and elevated pan traps. Chloronicotinyl seed treatments were evaluated for their 

efficacy in controlling cereal aphids and BYDV.



ACKNOWLEDGEMENTS

I thank my advisory committee for their involvement and expertise that was 

applied to this project. I wish to thank my advisor, Dr. Art Schaafsma for his guidance, 

knowledge, and encouragement provided throughout this process and the opportunity to 

embark on this experience. I would like to thank Dr. Annette Nassuth for her instruction 

and generosity in participating in this project and the use of her laboratory, and I thank Dr. 

Mark Sears for his time and advice.

I wish to thank my colleagues at Ridgetown Campus, University of Guelph for 

their assistance, guidance, and friendship. To Diane Paul, Todd Phibbs, and Andrew 

Weisman, I appreciate all of your knowledge and hard work; I have learned so much and 

greatly enjoyed working with all of you. I also wish to thank Tracey Baute and Albert 

Tenuta of the Ontario Ministry of Agriculture, Food and Rural Affairs who I have had the 

pleasure to work with on numerous projects over the past few years, and who encouraged 

and supported my progress in this endeavour.

I would like to acknowledge the financial support of the Ontario Wheat Producers’ 

Marketing Board, Syngenta Crop Protection, Bayer CropScience, the Agricultural 

Adaptation Council, and the Ontario Ministry of Agriculture, Food and Rural Affairs 

under special contract with the University of Guelph and the New Directions program.

I would like to thank my family: mom, dad, Sally, Jackie, and Colin for their love 

and encouragement, and for the privilege of being a farmer’s daughter that developed my 

love of science and put me on this path.

i



TABLE OF CONTENTS

ACKNOWLEDGEMENTS.........................................  i

TABLE OF CONTENTS................................... .................................................................ii

LIST OF TABLES............................................................................................................. iv

LIST OF FIGURES...........................................................................................................vii

Introduction......................................................................................................................... 1

CHAPTER ONE.................................................................................................................. 3

Literature Review................................................  3

1 .0 Winter Wheat Production in Ontario............... 3
2 .0 Barley Yellow Dwarf Virus.................................................................................. 3

2.1 Classification............................................................................................................ 3
2.2 Detection................................................................................................................... 4

2.3.1 Symptomology.................................................................................................. 5
2.4 Economic Importance............................................................................................... 6
2.5 Management....................................................................... 7

2.5.1. Cultural Management....................................................................................... 7
2.5.2. Chemical Management..........................................  7
2.5.3. Host Plant Tolerance.............. .......................................................................... 1
2.5.4. Biological Control............................................................................................ 2

3 .0 Vectors of BYDV.................................................................................................. 2
3.1 Vector Biology.......................................................................................................... 3
3.2 Acquisition and Transmission...................................................................................4

4 .0 BYDV in Ontario..................................................................................................4

CHAPTER TWO...................................................  6

Monitoring Cereal Aphid Populations: Detecting Abundance and Patterns of Dispersal in
Winter Wheat in South-Western Ontario............................................................................ 6

1 .0 Abstract......................................................................  6
2 .0 Introduction...........................................................................................................7
3 .0 Materials and Methods............. 9

3.1 Sampling Methods and Procedures.......................................................................... 9
3.1.1 Suction Air Traps (SATs)..................................................................  9
3.1.2 Elevated Pan Traps (EPTs)..............................................................................10
3.1.3 . Assessment of Cereal Aphid Populations in Winter Wheat Field Plots.........10

ii



3.2 Assessment of Cereal Aphid Populations in Volunteer and Winter Wheat............11
3.3 Aphid Identification................................................................................................ 13
3.4 Data Analysis.......................................................................................................... 14

4 .0 Results................................................................................................................. 14
5 .0 Discussion........................................................................................................... 18

CHAPTER THREE........................................................................................................... 22

The Incidence of Barley Yellow Dwarf Virus in Winter and Volunteer Wheat in South-
Western Ontario and Implications for Management......................................................... 22

1 .0 Abstract.......................................................................................................... .....22
2 .0 Introduction.........................................................................................................23
3 .0 Materials and Methods........................................................................................ 25

3.1 Assessment of BYDV Incidence in Winter Wheat and Volunteer Wheat..............25
3.2 Assessment of Volunteer Wheat as a Reservoir for BYDV and Cereal Aphids....26
3.2 Field Case Study.......................................... 27
3.3 Detection of BYDV................................................................................................ 28

4 .0 Results........................................................................... .....................................29
4.1 Incidence in Winter Wheat..................................................................................... 29
4.2 Incidence in Volunteer Wheat................................................................................ 30
4.3 Volunteer Wheat as a Reservoir for BYDV and Cereal Aphids............................ 31
4.3 Field Case Study.................   33

5 .0 Discussion...........................................................................................................34

CHAPTER FOUR..................................................................................... 38

Evaluation of Chloronicotinyl Insecticide Seed Treatments for the Control of Cereal
Aphids (Homoptera: Aphididae) and Barley Yellow Dwarf Virus in Winter Wheat.... ...38

1 .0 Abstract............................................................................................................... 38
2 .0 Introduction.........................................................................................................39
3 .0 Methods and Materials........................................................................................ 41

3.1 Assessment of BYDV Incidence............................................................................ 41
3.2 Seed Treatments...................................................................................................... 41
3.3 Field Experiments................................................................................................... 42
3.4 Microplot Greenhouse Experiments....................................................................... 44
3.5 Data Analysis........... ...............................................................................................45

4 .0 Results.................................................................................................................47
4.1 Field Experiments................................................................................................... 47
4.2 Microplot Greenhouse Experiments....................................................................... 51

5 .0 Discussion........................................................................................................... 54

SUMMARY AND CONCLUSIONS................................................................................ 58

REFERENCES CITED..................................................................................................... 62

iii



LIST OF TABLES

Table 1.1. Classification of barley yellow dwarf viruses (Martin and D'Arcy, 1995, Miller 
et al., 2002).......................................................................................... 4

Table 2.1. Locations of suction air traps for cereal aphid monitoring in 2004 and 2005.... 9

Table 2.2. Locations of elevated pan traps for cereal aphid monitoring in 2004 and 2005. 
............................................  10

Table 2.3. Locations of field trials of insecticide seed treatments in winter wheat in 2003- 
2004 and 2004-2005........................................................................................................... 11

Table 2.4. Species and morph composition of cereal aphid populations observed in 
assessments of winter wheat fields in south-western Ontario from 9-11 May 2005..........18

Table 2.5. Species of cereal aphids observed in assessments of fields containing volunteer 
wheat in the fall of 2003 and 2004..................................................................................... 18

Table 3.1. Representative analysis of variance for yield (T/ha), 1000 seed weight (g), 
plant height (cm), number of tillers and mean number of aphids per tiller, from 0.5 m row 
lengths at focal sample points at Blytheswood, Ontario.................................................... 28

Table 3.2. Incidence and serotypes of barley yellow dwarf viruses detected in field 
samples of winter wheat by DAS-ELIS A on 21-25 June 2004 (Zadok’s stage 80-85)..... 30

Table 3.3. Incidence and serotypes of barley yellow dwarf viruses detected in field 
samples of winter wheat by DAS-ELISA on 9-11 May 2005 (Zadok’s stage 20-29). Four 
samples from Chatham-Kent and eight samples from Elgin County were tested for 
BYDV-PAV only.................................................................................  30

Table 3.4. Incidence of BYDV-PAV detected by DAS-ELISA in samples from fields 
containing volunteer wheat in the fall of 2003 and 2004 (Zadok’s 20-29)........................31

Table 3.5. Summary of goodness of fit test of frequency distribution of cereal aphids in 
fields containing volunteer wheat sampled in the fall of 2003 and the incidence of BYDV 
in winter wheat fields sampled in 2004..............................................................................32

Table 3.6. Summary of goodness of fit test of frequency distribution of cereal aphids in 
fields containing volunteer wheat sampled in the fall of 2004 and the incidence of BYDV
in winter wheat fields sampled in 2005..............................................................................32

Table 3.7. Summary of goodness of fit test of frequency distribution of cereal aphids in 
fields containing volunteer wheat sampled in the fall of 2004 and in winter wheat fields 
sampled in 2005................................................................................................................. 32 

iv



Table 3.8. Symptom rating and actual incidence of viruses detected by DAS-ELISA in 
suspected disease foci in winter wheat cultivar Tribute (Zadok’s stage 55) at
Blytheswood, Ontario........................................................................................................ 33

Table 3.9. Plant characteristics of the winter wheat cultivar Tribute and aphid populations 
measured in 0.5 m row lengths at sample points inside and outside suspected diseased foci 
within a field at Blytheswood, Ontario.............................................................................. 34

Table 3.10. Yield and 1000 seed weight of the winter wheat cultivar. Tribute measured 
from 1 m2 sample points inside and outside suspected diseased foci within a field at 
Blytheswood, Ontario........................................................................... 34

Table 4.1. Sites and planting dates of chloronicotinyl seed treatment field experiments in 
2003 and 2004.............  43

Table 4.2. Representative example of partitioning of variance for analysis of 
chloronicotinyl treatment effects on growth components, yield, weekly aphid populations, 
and BYDV incidence on winter wheat grown in field experiments and microplots in the 
greenhouse......................................................................................................................... 46

Table 4.3. Representative example of partitioning of variance for analysis of 
chloronicotinyl treatment effects on percent aphid survival on winter wheat grown in 
microplots in the greenhouse............................................................................................. 47

Table 4.4. Results of Type III tests of fixed effects of low rate chloronicotinyl seed 
treatments (30 g a.i. 100 kg seed'1) and least squares means of winter wheat growth 
components and yield in field experiments across five of six sites in south-western
Ontario in 2004-5............................................................................................................... 48

Table 4.5. Results of Type III tests of fixed effects of high rate chloronicotinyl seed 
treatments (50 g a.i. 100 kg seed-1) and least squares means of winter wheat growth 
components in field experiments across three sites in south-western Ontario in 2003-4. .48

Table 4.6. Effect of chloronicotinyl seed treatments on winter wheat yield (T/ha) at three 
sites in south-western Ontario in 2003-4........................................................................... 48

Table 4.7. Incidence of BYDV-PAV in field plots of the winter wheat cultivar Wisdom 
treated with chloronicotinyl insecticides with four replications in a randomized complete 
block design. DAS-ELISA was conducted on composite samples of twenty-five 
randomly selected flag leaves per plot at Zadok’s stage 83............................................... 50

Table 4.8. Incidence of BYDV-PAV in the fall of 2004 in field plots of winter wheat 
cultivar Wisdom treated with chloronicotinyl insecticides at a rate of 30 g a.i. 100 kg seed' 
\ DAS-ELISA was conducted on composite samples of ten plants from each sample 
point at Zadok’s stage 23................................................................................................... 51

Table 4.9. Growth components and absorbance of DAS-ELISA for BYDV-PAV in the 
winter wheat cultivar Wisdom from seed treated with chloronicotinyl insecticides at a rate 

v



of 50 g a.i. 100 kg seed’1 grown in microplots inoculated with viruliferous R. padi under
greenhouse conditions..................  52

Table 4.10. Growth components and absorbance of DAS-ELISA for BYDV-PAV in the 
winter wheat cultivar Wisdom from seed treated with chloronicotinyl insecticides at a rate 
of 30 g a.i. 100 kg seed’1 grown in microplots inoculated with viruliferous R. padi under 
greenhouse conditions.................................................................................................  52



LIST OF FIGURES

Figure 2.1. Locations of fields containing volunteer wheat sampled between 9 September 
and 4 November 2003 and 10 September and 9 November 2004...................................... 12

Figure 2.2. Locations of winter wheat fields sampled on 9-11 May 2005........................13

Figure 2.3. Number of cereal aphids counted in suction air traps at one location in 2004 
and four locations in 2005, elevated pan trap catches at six locations in 2004 and ten in 
2005, and in assessments in non-treated field strip trials at three locations in southwestern
Ontario in 2004 and six in 2005.................. 15

Figure 2.4. Mean number of all species and morphs of cereal aphids observed in non
treated plots of winter wheat seed insecticide field trials at three locations in 2003-4 and 
six locations in 2004-5...................................................................................................... 17

Figure 3.1. Locations of winter wheat fields sampled on 21-25 June 2004 and 9-11 May 
2005...................................................................................................................................26

Figure 3.2. Aerial photograph of five suspected barley yellow dwarf virus infected foci in 
a winter wheat field at Blytheswood, Ontario (N 42 07.280, W 82 33.774) on 26 May 
2005....................................................................................................................................27

Figure 4.1. Mean number of cereal aphids counted in one metre row lengths in field trials 
of the winter wheat cultivar Wisdom, treated with chloronicotinyl insecticides calculated 
using PROC MIXED within SAS. Plots contained four replications of each treatment in a 
randomized complete block design at three locations in 2003-4 and six locations in 2004- 
5...............................................................................................  49

Figure 4.2. Survival of R. padi on the winter wheat cultivar Wisdom treated with 
chloronicotinyl insecticides at a rate of 50 g a.i. 00 kg seed'1 relative to non-treated 
controls in microplot greenhouse trials calculated using PROC MIXED using SAS....... 53

Figure 4.3 Survival of R. padi on the winter wheat cultivar Wisdom treated with 
chloronicotinyl insecticides at a rate of 30 g a.i. 100 kg seed'1 relative to non-treated 
controls in microplot greenhouse trials calculated using PROC MIXED within SAS. * A 
slight interaction was observed between treatment and time (p = 0.0750), weaker control 
was evident with imidacloprid after a second inoculation of 100 R. padi......................... 54

vii



Introduction

Winter wheat production is a consistent, important component of conventional 

agricultural in Ontario (Ontario Ministry of Agriculture Food & Rural Affairs, 2006). 

Advances in genetics and cropping practices have led to substantial increases in both area 

planted and yield of winter wheat (Cumming, 2006). Despite higher wheat yields, it was 

perceived that barley yellow dwarf virus (B YDV) has increased due to some of the 

changes within the cropping system.

Barley yellow dwarf virus can be a highly damaging disease of cereals with 

seedling infections causing yield losses as high as 47 percent in some cases (Lister and 

Ranieri, 1995). Historically, BYDV is considered to consistently occur at low levels in 

Ontario cereal crops, although occasional epidemics are reported (Paliwal, 1982b, Paliwal 

and Comeau, 1984). Barley yellow dwarf virus is transmitted by cereal aphids 

(Homoptera: Aphididae) that acquire the virus from infected Poaceae hosts in a persistent, 

circulative, but non-propagative manner (Power and Gray, 1995). Following injection 

into a host by vector feeding, viral particles multiply within the phloem causing blocked 

translocation and reduced photosynthesis resulting in reduced plant growth and grain 

development.

Reduced tillage has been adopted by the majority of growers in south-western 

Ontario, resulting in an increase in the number of fields that contain volunteer wheat 

following harvest. Volunteer wheat is typically destroyed in preparation for primary 

tillage, but may be left uncontrolled into the late fall or spring for conservation tillage. 

Another perceived benefit of reduced tillage is that growers are able to plant winter wheat 

earlier with less seedbed preparation. The resultant overlapping time period when
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autumn-sown winter wheat and volunteer wheat are both present in the crop environment 

has the potential to provide abundant host material for cereal aphids and potentially 

perpetuate the spread of BYDV.

The goal of this research was to determine the importance of BYDV in winter 

wheat production in the presence of these recent changes in cropping practices and its 

implications for management. This was achieved by the following objectives:

1. Monitor cereal aphid incidence in winter wheat and the surrounding 

agricultural production region of south-western Ontario to determine important species 

composition, seasonal abundance and dispersal patterns.

2. Assess the role of volunteer wheat in the barley yellow dwarf virus-cereal 

aphid complex regarding its importance as a reservoir or ‘green bridge’ for transmission 

of BYDV to winter wheat.

3. Assess the current incidence of barley yellow dwarf virus in south-western 

Ontario winter wheat and to determine the dominant serotype(s).

4. Evaluate the efficacy of the chloronicotinyl seed treatments imidacloprid, 

thiamethoxam, and clothianidin for control of cereal aphids and barley yellow dwarf virus 

in winter wheat and their potential usefulness for growers in south-western Ontario.
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CHAPTER ONE

Literature Review

1 .0 Winter Wheat Production in Ontario

Winter wheat, Triticum aestivum (L.) is the third largest crop grown in Ontario 

after com and soybeans, with the majority produced in the south-western counties of 

Lambton, Chatham-Kent and Middlesex (Ontario Ministry of Agriculture Food & Rural 

Affairs, 2006). Most growers in south-western Ontario have adopted conservation tillage 

practices in a three year, com-soybean-winter wheat rotation due to the advantages of 

increased soil organic matter and biological activity, aggregate stability, moisture 

retention, reduced erosion and reduced fuel and labour requirements (Vyn et al., 1994). 

These practices have also led to an increase of volunteer wheat remaining after harvest 

and allowed for earlier winter wheat planting dates soon after soybean harvest. It is 

estimated that less than fifteen percent of growers perform control measures for volunteer 

wheat immediately after wheat harvest, and 20-25 percent do not control volunteer wheat 

until late September or early October (Johnson, P., personal communication, December 

14, 2005).

2 .0 Barley Yellow Dwarf Virus

2.1 Classification

Barley yellow dwarf viruses (BYDV) are considered to be the most cosmopolitan 

and economically important viruses of wheat and other cereals worldwide. These 

diseases are vectored by aphids (Homoptera: Aphididae) and belong to the luteovirus 

group that have 25-30 nm viral particles composed of a single-stranded ribonucleic acid 

genome approximately six kilobases in length, encapsulated within two isometric coat 
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proteins (D'Arcy and Dornier, 2000, Miller and Rasochova, 1997). First identified in 

California in 1951 on barley (Oswald and Houston, 1951), barley yellow dwarf viruses 

were classified by transmission phenotype and vector species efficiency (Rochow, 1969). 

The original virus nomenclature that identifies a variant by the acronym of the most 

efficient vector species (i.e. RMV, Rhopalosiphum maidis virus) is still applied today 

although cytopathology, serological relationships and genomic structure have been used 

to differentiate the viruses further into two subgroups and identify the RPV serotype as a 

different genus, now distinguished as cereal yellow dwarf virus (CYDV-RPV) (Table 1.1) 

(Martin and D'Arcy, 1995, Miller et al., 2002). Upon infection, serotypes in subgroup one 

induce formation of vesicles with single membranes in the cytoplasm, subgroup two 

serotypes first induce double membrane bound vesicles in the nucleus (Gill and Chong, 

1979).

Table 1.1. Classification of barley yellow dwarf viruses (Martin and D'Arcy, 1995, Miller
et al., 2002).______________________________________________________________
Serotype Genus Most Efficient Vector Species
Subgroup I 
MAV Luteovirus Sitobion avenae (Fabricus)
PAV Luteovirus Rhopalosiphum padi (Linnaeus)

SGV Not assigned
Sitobion avenae (F.)
Schizaphis graminum (Rondani)

Subgroup II 
RMV Not assigned Rhopalosiphum maidis (Fitch)
CYDV-RPV Polerovirus Rhopalosiphum padi (L.)

2.2 Detection

Early detection and serotype identification of BYDVs was accomplished by aphid 

transmission assays, whereby various vector species were used to transfer virions to non

infected plants for symptom expression analysis (French, 1995, Rochow, 1969).

Serological methods of plant virus detection such as enzyme-linked immunosorbent assay 
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(ELISA) were developed (Clark and Adams, 1977) along with antibodies to BYDVs 

(D'Arcy et al., 1990, D'Arcy et al., 1992). Figueira (1997) reported that double antibody 

sandwich (DAS)-ELISA using monoclonal antibodies and triple antibody sandwich 

(TAS)-ELISA using polyclonal antibodies both detect as little as 78 ng of virus in 0.5 g of 

infected leaf tissue. The most sensitive method for BYD V detection is polymerase chain 

reaction (PCR), where as little as 0.5 pg of BYDV-PAV-IL can be detected (Figueira et 

al., 1997). Further, development of a multiplex reverse transcriptase-polymerase chain 

reaction (RT-PCR) method has been reported to screen samples by subgroup and then by 

serotype within subgroup I (Mahnstrom and Shu, 2004). Although increasingly sensitive 

molecular techniques continue to be developed for BYDV detection, large scale 

epidemiological studies are still conducted using ELISA due to their low cost, ease of use, 

and reliability (Figueira et al., 1997, French, 1995).

2.3 Biology and Host Range

Luteoviruses are only transmitted by vector aphid feeding on host phloem and are 

persistent and circulative, but non-propagative in the vector (Gray and Banerjee, 1999, 

Power and Gray, 1995). Once injected into the host plant, replicated virions are 

distributed within the phloem system, or further transfer by aphid feeding (D'Arcy and 

Dornier, 2000). The host range of BYDVs consists of more than 150 species of Poaceae, 

including the major cereal crops: wheat, barley Hordeum vulgare (L.), oats Avena sativa 

(L.), and com Zea mays (M.), as well as wild and perennial grasses (D'Arcy, 1995).

2.3.1 Symptomology

Typical symptoms exhibited by BYDV infected plants are stunting and chlorosis, 

although symptomology depends on the serotype(s) of BYDV present, host species, age, 
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and physiology, and environmental conditions (D'Arcy, 1995). Viral particles disrupt the 

nucleus of phloem tissue cells and induce vesicle formation, causing build-up of calloused 

and necrotic material that creates blockage of the phloem system, leading to reduced 

translocation (Jensen and D'Arcy, 1995). Photosynthesis is reduced due to carbohydrate 

accumulation, chlorophyll is reduced, and colour changes to yellow, red, or purple from 

tip to base and margin to centre precede necrosis of leaf tissue (D'Arcy and Dornier, 2000, 

Jensen and D'Arcy, 1995). The physiological effects of BYDV may result in reduction of 

internode elongation, root, tiller, or head formation, and grain fill and early infection 

results in the greatest damage (Bisnieks et al., 2006, D'Arcy, 1995). The effects of BYDV 

infection can also elicit susceptibility and damage by other pathogens and environmental 

conditions such as drought and freezing (Haber, 1994). Host plant damage is most severe 

with infection of the PAV serotype (Rochow, 1969), although the level of damage may 

also vary by isolate within a serotype based on geographic region (Chay et al., 1996); 

mixed infections of multiple serotypes may also be found within a host (Paliwal, 1982a).

2.4 Economic Importance

Average yield losses to BYDV vary from 11 to 47 percent in cereals worldwide 

(Lister and Ranieri, 1995). Greenhouse experiments have reported 46 percent yield 

reduction in winter wheat due to BYDV, related primarily to the reduction of kernels per 

plant (Reidell et al., 1999). In field trials of drilled winter wheat inoculated with 

viruliferous aphids, yield losses up to 36 percent were observed, again attributed to 

reduction in kernels per plant and kernel weight (Hoffman and Kolb, 1998). Yield 

decreases of 18 to 45 kg/ha for each 1 percent increase of BYDV incidence in winter 
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wheat have been reported from field experiments (McKirdy et al., 2002, Perry et al., 

2000).

2.5 Management

2.5.1. Cultural Management

Avoiding exposure to populations of the vector is the main objective of cultural 

practices for BYDV management and is applicable to all locations with cereal production 

and the threat of BYDV. Usually, recommended winter wheat planting dates are 

developed for particular geographic locations to avoid aphids and other fall pests like 

Hessian fly Mayetiola destructor (Say), and to optimize plant physiological conditions for 

vernalization (Baute et al., 2002, Plumb and Johnstone, 1995). Because fall infection of 

winter cereals is most detrimental to yield (Doodson and Saunders, 1970), delaying 

planting until after aphid migration to the overwintering host or until cooler temperatures 

have induced the production of gynoparae is expected to reduce the risk of infection 

(Blackman and Eastop, 2000, Chapin et al., 2001, Tatchell et al., 1988). Destruction of 

other potential grass hosts is recommended to reduce vector populations in the vicinity of 

cereal crops (Baute et al., 2002, Cook and Veseth, 1991a). Further, ensuring that 

conditions at planting are conducive to establishment of a vigorous plant population will 

reduce susceptibility to damage by aphid pests, BYDV, and winter stress (Plumb and 

Johnstone, 1995). Annual monitoring of aphid population dynamics may also be useful in 

making planting date decisions (Kendall and Smith, 1981).

2.5.2. Chemical Management

In Ontario, chemical means of controlling vector populations are not 

recommended because the amount of BYDV typically infecting winter wheat is perceived 
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to be low. Aphid populations also rarely reach the action threshold of twelve to fifteen 

aphids per stem prior to heading (Baute et al., 2002). In most cereal producing regions, 

control of BYDV by the coordination of foliar insecticide application with optimal in

field vector populations is difficult to achieve. In Europe, foliar application of synthetic 

pyrethroids such as cypermethrin and deltamethrin and demeton-S-methyl, an 

organophosphate, have been reported to provide control of early season BYDV infection 

(Kendall et al., 1983); the persistence of pyrethroids is assumed to provide prolonged 

protection and reduce secondary spread of BYDV better than organophosphates or 

carbamates such as pirimicarb (Barrett et al., 1981, McGrath and Bale, 1990). In 

Australia, newer generation pyrethroids, such as alpha-cypermethrin and beta-cyfluthrin 

were reported to reduce BYDV infection and increase yield at lower rates than 

insecticides in older families, by prophylactic application after emergence of wheat and 

oats followed by a second application 3 to 4 weeks later (McKirdy and Jones, 1996). 

Insecticides are used prophylactically in some European regions and some forecasting 

systems have been employed to determine their proper timing of application (Plumb and 

Johnstone, 1995).

Because early season infection with BYDV is most harmful to cereals, protection 

of the seedling is most desired in combating yield loss. Control of R. padi in wheat and 

oat was achieved with seed application of carbofuran and disulfoton at rates up to 1000 ml 

active ingredient (a.i.) 100 kg seed'1 for up to 28 days (Araya, 1987) as well as by 

granular soil application of carbofuran (Araya et al., 1990). Seed treatment application of 

insecticides could provide seedling protection from the time of emergence, potentially 

eliminating the risk and expense of ineffective foliar application timing.
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In 1991, imidacloprid was released as the first commercially available 

chloronicotinyl or neonicotinoid insecticide introduced by Bayer CropScience AG 

(Maienfisch et al., 2001). The chloronicotinyls have exceptional systemic capabilities in 

plants due to moderate to high water solubility that confers rapid uptake and translocation 

within the xylem and toxicity to chewing, piercing-sucking, foliar and soil dwelling pests 

(Maienfisch et al., 2001, Sur and Stork, 2003, Tomizawa and Casida, 2003). The 

chloronicotinyls are very effective against the Aphididae, because feeding is initiated after 

the stylet mouthparts have been injected into the plant and have traversed an intracellular 

pathway to reach the phloem (Kingsolver and Daniel, 1995). Chloronicotinyls may be 

encountered in xylem tissue by probing behaviour used to initiate feeding or along the 

pathway to the phloem.

The mode of action of chloronicotinyls as agonists at the postsynaptic nicotinic 

acetylcholine receptor (nAChR) causes over-excitation of the central nervous system, 

paralysis, and death (Tomizawa and Casida, 2003). Seed treatment with imidacloprid for 

seedling and early season insect pests has become used widely due to the low rates of 

application required and its use as an alternative control of insects that have developed 

resistance to organophosphates, pyrethroids, and carbamates which are highly toxic to 

non-target organisms (Nauen and Denholm, 2005, Tomizawa and Casida, 2003).

On oats treated with imidacloprid at rates of 60,120, and 180 g a.i. 100 kg seed’1, 

R. padi were reported to stop feeding, increase local movement and become incapacitated 

within three hours (Gourmet et al., 1994, Gray et al., 1996). Incidence of BYDV was 

reduced in field trials of oat and wheat at these rates and yield increases of 112 and 23 

percent in BYDV susceptible and tolerant oat cultivars respectively (Gourmet et al., 

1996). In a susceptible wheat cultivar, a yield increase of 21 percent was reported with 
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imidacloprid at 180 g a.i. 100 kg seed'1 (Gourmet et al., 1996). Imidacloprid reduced the 

longevity and fecundity of R. padi and S. avenae on oats at a rate of 62.5 g a.i. 100 kg 

seed'1, although at a rate of 31.25 g a.i. 100 kg seed'1, S. avenae survival was not reduced 

(Gray et al., 1996). Gray (1996) also noted a decrease in BYDV transmission 10 days 

post-emergence at these rates, but the treatment was ineffective 24 days post-emergence. 

In field trials of imidacloprid-treated winter wheat, apterous cereal aphid numbers in the 

fall were lower on wheat treated with 125 g a.i. 100 kg seed'1, as well as at 31.2 g a.i. 100 

kg seed'1 in years with higher aphid incidence, and a general trend of higher yield and 

lower BYDV incidence was found in treated plots at both rates (Gray et al., 1996). In 

Australia, imidacloprid at 70 g a.i. 100 kg seed'1 was observed to reduce the spread of 

BYDV until six weeks post-emergence, but subsequent foliar applications of pyrethroids 

were necessary to ensure continued protection (McKirdy and Jones, 1996).

Thiamethoxam was released as the first second generation neonicotinoid by 

Syngenta Crop Protection in 1998 (Maienfisch et al., 2001). Reports of high activity 

against R. padi and reduction of BYDV were reported in cereals at rates of 35 or 52 to 70 

g a.i. 100 kg seed'1 depending on the level of aphid incidence (Maienfisch et al., 2001). 

Thiamethoxam was reported to provide excellent control of early season populations of S. 

graminum and Diuraphis noxia (Mordvilko) in winter wheat, although not better than 

imidacloprid at rates as low as 29.5 g a.i. 100 kg seed1 (Wilde et al., 2001).

Clothianidin was released in 2003 by Bayer CropScience AG as the newest 

member of the chloronicotinyl insecticide group (Jeschke et al., 2003). Control of Myzus 

persicae (Sulzer) and virus yellows in sugar beet have been reported to be equal or 

slightly better than imidacloprid and at lower application rates (Meredith and Morris,
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2003), although better control has not been reported for some imidacloprid-tolerant clones 

of M. persicae (Haylock et al., 2002).
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2.5.3. Host Plant Tolerance

Barley yellow dwarf virus is a problem in most cereal producing areas of the 

world, therefore selection of tolerant or resistant lines is included in most cereal breeding 

programs (Burnett et al., 1995, Comeau et al., 1997, Ontario Cereal Crops Committee, 

2003). Cultivar resistance or tolerance to BYDV may be the most effective control 

measure for this virus because the economic benefits of chemical, biological, and cultural 

controls vary by geographic region. The severity of BYDV infection depends on multiple 

factors including host species, environment, isolate and serotype; so the evaluation and 

development of tolerant cultivars is challenging (Gray et al., 1993, Weisz et al., 2005). 

Resistance to BYDV is defined as the ability of a host to reduce viral replication, whereas 

tolerant hosts exhibit few symptoms even under high titre of infection (Burnett et al., 

1995). Few mechanisms of resistance have been identified; genes for tolerance have been 

identified in barley as Ydl and Yd2, and in wheat, Bdvl was identified in South American 

cultivars (Singh et al., 1993); it is suspected that tolerance to multiple stress factors may 

contribute to BYDV tolerance found in cultivars and related cereal species (Comeau and 

Haber, 2002).

Some aphid antifeedant or antixenotic results have been reported in wheat 

cultivars as related to levels of hydroxamic acids, including DIMBOA (2, 4-dihydroxy-7- 

methoxy-2H-l, 4-benzoxazin-3(4H)-one) in leaf and shoot tissue (Argandona et al., 1980, 

Power and Gray, 1995). Concentrations of hydroxamic acids were highest in the newest 

emerged leaf tissue, including the flag leaf, and reduced the rate of increase of S. avenae 

and R. padi populations (Thackray et al., 1990) and the transmission of BYDV by R. padi 

on wheat (Givovich and Niemeyer, 1991).
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2.5.4. Biological Control

Predation by natural enemies may contribute to preventing typical cereal aphid 

populations in Ontario from reaching economic thresholds. Numerous natural enemies 

that specialize in aphid feeding are present in the cereal field environment including: 

Coccinellidae, Syrphidae, and Neuroptera, predatory Heteroptera including Nabidae and 

Anthocoridae, and Hymenopteran parasitoids within the Braconidae and Aphelinidae 

(Brewer and Elliott, 2004, Chambers and Adams, 1986, Edwards et al., 1979, Schmidt et 

al., 2003). Generalist predators including spiders (Aranae) and Carabid and Staphylinid 

beetles also feed on aphids that are encountered close to the soil level and may deter early 

season aphid populations, preventing later population growth, but do not provide control 

of late season infestations (Brewer and Elliott, 2004). The establishment of the soybean 

aphid (SBA), Aphis glycines (Matsumura) in North America may contribute to cereal 

aphid population suppression as predator numbers may have increased in response to high 

and widespread SBA populations (Fox et al., 2004).

In North America, biological control attempts have been made for S. graminum 

and D. noxia, but not for less damaging cereal aphid species that are the primary vectors 

of BYDV; successful establishment of Coccinellid and parasitoid populations have been 

useful in South America and New Zealand for control of S. avenae and Metapolophium 

dirhodum (Walker) (Brewer and Elliott, 2004, Plumb and Johnstone, 1995).

3 .0 Vectors of BYDV

Barley yellow dwarf virus has been recorded as being vectored by twenty-five 

species of aphids worldwide (Halbert and Voegtlin, 1995). Aphids that feed on cereals 

are capable of causing yield losses by feeding damage and injecting toxic salivary
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secretions along with transmitting viruses (Kieckhefer and Gellner, 1992). The most 

commonly found aphid species on small grains in Ontario, in order of importance are; R. 

padi, S. avenae, R. maidis, and S. graminum (Ontario Ministry of Agriculture Food & 

Rural Affairs, 2002, Paliwal, 1982a, b, Paliwal and Comeau, 1984).

3.1 Vector Biology

The life cycle of economically important Aphididae may involve holocyclic 

heteroecy, whereby sexual morphs overwinter on a perennial primary host and asexual 

parthenogenetic morphs exploit an annual secondary host from a botanically unrelated 

crop species (Blackman and Eastop, 2000). Rhopalosiphum padi is suspected to 

overwinter in eastern Canada on Prunus spp., and R. maidis, S. avenae, and S. graminum 

migrate from U.S. locations in the spring with southerly wind currents (Loxdale et al., 

1993, Paliwal, 1982b).

Alate aphids engaged in host alternation disperse from the primary host through 

long distance migration, or short distance movement and may alight on crop hosts to 

proliferate through parthenogenesis. Offspring may move short distances within rows, or 

give rise to subsequent alatae that migrate to inter- or intra-field locations for further 

colonization of suitable hosts. BYDV symptoms are usually seen in patches within a field 

in relation to the distribution of aphid colonies. An increase in feeding, survival, and 

fecundity when some aphid species colonize BYDV infected wheat and oats (Jimenez- 

Martinez et al., 2004, Montlor and Gildow, 1986) may be attributed to increased amino 

acid content in the plant (Power and Gray, 1995).
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3.2 Acquisition and Transmission

Luteoviruses are obtained by aphids through ingestion during feeding with their 

stylet mouthparts that penetrate the host phloem cells; virus acquisition is non-specific 

and may occur almost simultaneously with phloem penetration (Watson and Mulligan, 

1960). Ingested viral particles travel through the digestive tract into the hemocoel by 

receptor-mediated endocytosis through hindgut epithelial cells (Gildow, 1993). 

Luteoviruses are circulative, persistent, and non-propagative in the hemocoel, eventually 

travelling to the accessory salivary glands (ASG) (Gray and Gildow, 2003, Gray and 

Banerjee, 1999). Vector specificity is believed to be determined by luteovirus recognition 

and interaction with the basal lamina and plasmalemma of the ASG (Peiffer et al., 1997). 

Transmission to the host takes place at a new feeding location as viral particles present in 

the saliva are injected during feeding periods of 30 minutes or more; greater transmission 

efficiency occurs with lengthened feeding times (Gray et al., 1991, Power et al., 1991). 

Transmission efficiency can vary depending on the BYDV serotype, temperature during 

acquisition and inoculation, vector species, developmental stage or biotype of the aphid 

vector, and age and virus titre of the host at acquisition (Power and Gray, 1995).

4 .0 BYDV in Ontario

Ontario historically retains a low background level of BYDV in cereals, 

infrequently punctuated by years of epidemic infection (Hewings and Eastman, 1995). A 

survey in 1969 of counties in south-western and central Ontario proposed a conservative 

estimate of 50 percent infection in random samples of non-symptomatic winter wheat 

(James et al., 1969). By a survey of cereals in Ontario and Quebec conducted through 

1976-1979, spring wheat plants were found by aphid transmission tests to have 36-50 
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percent infection, with 9-22 percent infection in non-symptomatic samples (Paliwal, 

1982a). The vector specific variants; RPV, RMV, and MAV were found most commonly, 

and SGV only rarely; additionally, four non-specific types were identified consistently in 

which multiple vectors were able to transmit virus with varying levels of efficiency 

(Paliwal, 1982a).

In the early 1980’s, a survey of winter wheat in Ontario and Quebec found 

infection levels of 5 to 20 percent in random field samples. Of these, 26 to 34 percent 

were non-symptomatic for BYDV (Paliwal, 1982b). Vector non-specific variants were 

identified most frequently, followed by MAV and RMV strains in 1980 and 1981 

respectively; the SGV strain was found rarely and mixed infections of strains were fairly 

common (Paliwal, 1982a). The last reported outbreak of BYDV in Ontario occurred in 

1982 and 1983, with 50 percent infection in winter wheat and 100 percent infection in 

barley, with reduced yields (Paliwal and Comeau, 1984). Since 1983, BYDV has not 

been considered a serious problem in Ontario cereals and no severe infections have been 

reported.
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CHAPTER TWO

Monitoring Cereal Aphid Populations: Detecting Abundance and Patterns of 

Dispersal in Winter Wheat in South-Western Ontario

1 .0 Abstract

Cereal aphid (Homoptera: Aphididae) flight activity and abundance were 

monitored over two years by utilizing suction air traps (SATs) and elevated pan traps 

(EPTs) at various locations in south-western Ontario. Aphid populations in fields 

containing volunteer wheat in the fall were assessed to evaluate the importance of 

volunteer wheat as a potential reservoir of cereal aphids and inoculum source of BYDV to 

autumn-sown winter wheat. Rhopalosiphum padi (L.) was the most abundant cereal aphid 

species detected by trapping and field observations. Field populations of R. padi were 

low in the fall; were found in late May and peaked in early June and July. Field 

populations of/?, padi were observed in south-western Ontario in 2005 before alatae were 

captured by SATs suggesting very early dispersal from the primary host, or overwintering 

on winter wheat. Low numbers of Sitobion avenae (F.) were observed in SATs and in 

field monitoring; Rhopalosiphum maidis (Fitch) was captured abundantly in SATs, but 

found rarely in winter wheat. Small populations of R. padi were found in 20-36 percent 

of fields sampled containing volunteer wheat, suggesting that volunteer wheat is a 

secondary host for R. padi.
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2 .0 Introduction

Four species of cereal aphids (Homoptera: Aphididae) are occasional pests winter 

wheat in Ontario, including the bird cherry-oat aphid Rhopalosiphum padi (L.), the com 

leaf aphid R. maidis (Fitch), the grain aphid Sitobion avenae (F.), and the greenbug, 

Schizaphis graminum (Rondani) due to yield reduction by feeding and their ability to 

vector barley yellow dwarf viruses (BYDVs) (Hewings and Eastman, 1995). Although 

the economic threshold rarely is exceeded and no control products are recommended in 

Ontario (Baute et al., 2002), low populations (<10 per plant) of cereal aphids can be 

detrimental to winter wheat yield by reducing average seed weight, number of seeds per 

tiller, and plant height (Hoffman and Kolb, 1998, Kieckhefer and Gellner, 1992). Yield 

losses to BYDV may range from 11 to 47 percent with infection during the seedling stage 

causing the most damage (Lister and Ranieri, 1995).

Cereal aphids utilize numerous genera of Poaceae as secondary hosts, including 

important Ontario cereal field crops: com, oats, barley, and wheat (Blackman and Eastop, 

2000). The Aphididae possess extraordinary characteristics for exploiting host plants 

including heteroecious holocycly, whereby sexual reproduction and the production of the 

overwintering egg stage occur on a primary host, alternated with parthenogenetic 

reproduction on a secondary host enabling rapid population increase, and the production 

of alate morphs capable of long and short distance dispersal (Blackman and Eastop, 2000, 

Loxdale et al., 1993).

Although in-crop monitoring is useful for tracking local population growth and 

informing on-site management decisions, suction air traps (SATs) and elevated pan traps 

(EPTs) have been shown to be useful in monitoring dispersal and seasonal host- 

alternation events of aphid populations (Chapin et al., 2001, Elberson and Johnson, 1995, 
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Favret and Voegtlin, 2001, Tatchell et al., 1988, Teulon et al., 2004). Given that SATs 

sample above the planetary boundary layer, it is assumed that alates captured are engaged 

in long distance flight, whereas EPTs also capture alates engaged in short distance 

dispersal in search of hosts accessible by flight within the boundary layer (Isard et al., 

1990). A survey of cereals in Ontario found R. padi to be the most abundant aphid 

species in field counts, with some R. maidis, occasional S. avenae, and rarely S. graminum 

(Paliwal, 1982b). Fall populations in winter wheat consisted primarily of R. padi and 

small numbers of R. maidis; alate S. avenae were the first aphids detected in the spring, 

followed by R. padi and R. maidis in early summer (Paliwal, 1982b).

Several changes in cultural practices in Ontario have accompanied a recent 

increase in winter wheat production (Cumming, 2006) including: conservation tillage, 

earlier planting dates, and decreased control of volunteer wheat, perhaps increasing the 

availability of secondary host material and infestation of cereal aphids (Hesler and Berg, 

2003). Volunteer wheat may be a reservoir for cereal aphids and BYDV and serve as an 

inoculum source for seedling winter wheat (Araya et al., 1987, Sforza et al., 2000).

The present study was conducted in south-western Ontario during 2004 and 2005 

to describe the annual flight activity and species composition of cereal aphids and their 

seasonal abundance in winter wheat by various monitoring techniques: SAT, EPT, and 

field counts; and to assess the importance of volunteer wheat as a reservoir for cereal 

aphids in the fall.
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3 .0 Materials and Methods

3.1 Sampling Methods and Procedures

3.1.1 Suction Air Traps (SATs)

Suction air traps were custom-built following a design by Dick Bean (Maryland 

Department of Agriculture) and mounted on a steel tower with a sliding track mechanism 

that allowed the device to be accessed easily for sampling of trap contents. Traps were 

situated at 7.6 metres above ground level at all locations away from buildings or tree-lines 

(> 100 m) in field crop settings across south-western Ontario (Table 2.1). SAT sampling 

was conducted between 16 June and 23 November in 2004 and 11 April to 2 November in 

2005.

Table 2.1. Locations of suction air traps for cereal aphid monitoring in 2004 and 2005.

Location County/
GPS Coordinates

Installation 
Date

Agriculture and Agri-Food Canada, 
Greenhouse and Processing Crops Essex/

N 42.039 W -82.896 9 May 2005
Research Centre, Harrow, ON
University of Guelph Ridgetown Campus Chatham-Kent/ 9 June 2004
Ridgetown, ON N 42.447 W-81.880 11 April 2005

Syngenta Seeds, Arva, ON Middlesex/
N 43.078 W-81.202 5 May 2005

University of Guelph Elora Research Wellington/ 13 May 2005Station, Elora, ON N43.649W-80.421

The device consisted of a PVC pipe measuring 20 cm in diameter and 90 cm in 

height. Air was drawn into the top of the trap by a fan rotating at 3000 rpm powered by a 

120 V motor. The average volume of air drawn through the SAT was estimated to be 11.7 

m3/min. Insects were collected in 1 litre mason jars containing propylene glycol (i.e. low 

toxicity Prestone, Honeywell Consumer Products Group, Ontario, Canada) and water in a
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1:1 solution. Traps were emptied and the collection solution was refreshed at least once 

weekly for each location.

3.1.2 Elevated Pan Traps (EPTs)

Elevated pan traps consisted of a circular polyethylene pan painted yellow, 

measuring 19 cm in diameter and 6.4 cm in depth, held in brackets on a metal post at a 

height of approximately 1.7 metres at all locations (Table 2.2). Traps were filled and 

maintained at half-volume with the same collection solution used for SATs. Traps were 

emptied and refreshed at least once weekly for each location. EPT sampling was 

conducted between 13 June and 26 August in 2004, and 25 April and 26 September in 

2005.

Table 2.2. Locations of elevated pan traps for cereal aphid monitoring in 2004 and 2005.

Location County GPS Coordinates Year Last Sample Date
Ridgetown -1 Chatham-Kent N 42.447 W-81.880 2004 26 August
Ridgetown - 2 Chatham-Kent N 42.417 W-81.894 2005 02 August
Ridgetown - 3 Chatham-Kent N 42.402 W-81.820 2005 21 July
Merlin Chatham-Kent N 42.201 W-82.197 2004 26 August
Morpeth Chatham-Kent N 42.350 W-81.839 2004 26 August

2005 02 August
Thamesville - 1 Chatham-Kent N 42.580 W -82.029 2005 26 July
Thamesville - 2 Chatham-Kent N 42.540 W-81.043 2005 02 August
Thamesville - 3 Chatham-Kent N 42.605 W-82.211 2005 02 August
Oil Springs Lambton N 42.782 W-81.881 2005 26 July
Shetland Lambton N 42.704 W-81.959 2004 26 August

2005 26 July
Alvinston -1 Lambton N 42.880 W-81.855 2004 26 August
Alvinston - 2 Lambton N 42.704 W-81.959 2005 26 July
Corunna Lambton N 42.886 W -82.324 2004 26 August
Elora Wellington N 43.649 W-80.421 2005 26 September

3.1.3. Assessment of Cereal Aphid Populations in Winter Wheat Field Plots

Weekly counts of cereal aphid populations were conducted on non-treated strips of 

winter wheat seed insecticide trials in a randomized complete block design with four 
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replications. All aphid species and morphs were counted within five 0.5 m row lengths 

per strip selected at random in plots 4.6 x 50 m in size, at three locations in 2003-4 and six 

locations in 2004-5 (Table 2.3). Counts were taken between 1 November 2003 and 16 

July in 2004 and 14 October 2004 and 28 June in 2005, beginning at Zadok’s stage 12 

(Tottman et al., 1979), continuing until winter wheat dormancy and resuming in early 

spring until harvest. The crop rotation pattern of all plots was com-soybean-winter wheat; 

without tillage before wheat planting. Mean populations across locations were calculated 

for each sampling date.

Table 2.3. Locations of field trials of insecticide seed treatments in winter wheat in 2003- 
2004 and 2004-2005.

Field Location County GPS Coordinates Planting Date Year
Muirkirk Chatham-Kent N 42.483 W-81.748 24-Oct 2003-4
Delaware Chatham-Kent N 42.928 W-81.408 7-Oct 2003-4
Belmont Middlesex N 42.848 W-81.116 1 O-Oct 2003-4
Blenheim Chatham-Kent N 42.392 W-81.918 22-Oct 2004-5
Chatham Chatham-Kent N 42.848 W -82.082 8-Oct 2004-5
Wyoming Lambton N 42.930 W-82.041 6-Oct 2004-5
Alvinston Lambton N 42.875 W-81.825 13-Oct 2004-5

Appin Middlesex N 42.801 W-81.615 12-Oct 2004-5
Ilderton Middlesex N 43.053 W-81.328 28-Sept 2004-5

3.2 Assessment of Cereal Aphid Populations in Volunteer and Winter Wheat

Cereal aphid species and morphs were counted on ten plants at ten locations in 

fields containing volunteer wheat in south-western Ontario between 9 September and 4 

November in 2003 and 10 September and 9 November in 2004 (Fig. 2.1) and in winter 

wheat fields on 9-11 May in 2005 (Fig 2.2). No-till fields were selected for assessment of 

aphid populations in both fields containing > 40 percent volunteer wheat coverage, and
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winter wheat fields distributed throughout south-western Ontario. Within a given field, 

sample locations were selected by walking in a ‘W’ pattern at 50 m intervals.

Figure 2.1. Locations of fields containing volunteer wheat sampled between 9 September 
and 4 November 2003 and 10 September and 9 November 2004.
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Figure 2.2. Locations of winter wheat fields sampled on 9-11 May 2005.

3.3 Aphid Identification

In the laboratory, cereal aphids caught in SATs and EPTs were separated from 

other insects and stored in 70 percent ethyl alcohol. Cereal aphids from field plots were 

identified in situ. Identification was accomplished by comparison to specimens mounted 

in Canada balsam and to published keys (Blackman and Eastop, 2000, Foottit and 

Richards, 1993, Gualtieri and McLoed, 1994). Voucher specimens from field collections 

were deposited at the University of Guelph,

13



3.4 Data Analysis

Because the principal goal of this study was to identify dispersal events and 

seasonal abundance of cereal aphids, the data for any given species and trap type were 

presented as total catch for all locations and/or date combinations.

4.0 Results

Rhopalosiphum padi and R. maidis were captured most abundantly, with peak 

capture periods for both trap types and both species occurring in mid-summer, on 21 

August in 2004 and 1 August in 2005 (Fig. 2.3). SAT monitoring detected additional 

capture peaks for both R. padi and R. maidis, which continued throughout the autumn. 

Trap catches of S. avenae were uniformly low in both years and for both trap types; S. 

graminum was not captured by SAT or EPTs (Fig. 2.3). Peak in-field aphid populations 

within the SAT and EPT sampling period were observed on approximately 2 July in 2004 

and 2005 and on 19 November in 2004 (Fig. 2.3).
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Figure 2.3. Number of cereal aphids counted in suction air traps at one location in 2004 
and four locations in 2005, elevated pan trap catches at six locations in 2004 and ten in 
2005, and in assessments in non-treated field strip trials at three locations in southwestern 
Ontario in 2004 and six in 2005.

In the fall of 2003, no cereal aphids were found in winter wheat field trials (data 

not shown). In the spring of 2004, no aphids were found until late May, followed by a 

population peak in mid-June comprised primarily of R. padi and few S. avenae, followed 

by a second smaller peak in early July consisting of S. avenae in greater abundance than 

R. padi (Fig. 2.3). The peak in July was followed by a decline in all populations; R. 

maidis was only found in very low numbers in the 2003-4 field season (Fig. 2.3). In the 

fall of 2004, in-field populations consisted of low numbers of R. padi, first observed in 

mid-November (Fig. 2.3). In the spring of 2005, no aphids were observed in field plots 
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until late May when populations of R. padi were found that peaked in mid-June (Fig. 2.3). 

Almost no S. avenae or R. maidis were found in 2005 field counts and all populations 

dissipated in late June (Fig. 2.3). Schizaphis graminum was never found in field 

observations (Fig. 2.3).

In the fall of 2004, low numbers of R. padi and R. maidis alatae and apterae, were 

simultaneously found, and no S. avenae were found on plants in the field (Fig. 2.4). In 

spring and summer in both years, all R. padi morphs were found simultaneously in the 

field with peak populations consisting of nymphs, apterae, and alatae, in order of 

abundance (Fig. 2.4). In-field R. maidis populations in 2004 were initially comprised of 

alatae, followed by low numbers of nymphs and apterae (Fig. 2.4). In 2004, S. avenae 

populations were found in late spring, consisting of nymphs, apterae, and alatae, in order 

of abundance (Fig. 2.4).
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Observation Date

Figure 2.4. Mean number of all species and morphs of cereal aphids observed in non
treated plots of winter wheat seed insecticide field trials at three locations in 2003-4 and 
six locations in 2004-5.

Winter wheat field assessments of cereal aphid populations in May 2005 found 50 

percent of fields in Essex and Chatham-Kent counties to contain populations of R. padi 

consisting of apterae and nymphs; few alatae were observed (Table 2.4). Few aphid 

populations were observed in field assessments in Elgin and Lambton counties; no aphids 

were found in Middlesex County (Table 2.4).
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Table 2.4. Species and morph composition of cereal aphid populations observed in 
assessments of winter wheat fields in south-western Ontario from 9-11 May 2005.

County
No. fields with 
aphids/fields 

sampled

Total 
Aphids 

Observed

Morph (%)

Alatae
R. padi 

Apterae Nymphs
R. maidis 
Nymphs

Essex 14/28 144 0.7 42.6 56.7 2.1
Chatham-Kent 17/34 119 0.8 60.5 38.7 0
Elgin 4/13 7 0 57.1 42.9 0
Lambton 2/6 13 0 76.9 23.1 0
Middlesex 0/4 0 0 0 0 0

Small numbers of cereal aphids were detected in 20 percent of volunteer wheat 

fields in 2003 and 36 percent in 2004, consisting primarily of R. padi', one field in

Middlesex County in 2003 was heavily infested with R. padi (Table 2.5).

Table 2.5. Species of cereal aphids observed in assessments of fields containing volunteer 
wheat in the fall of 2003 and 2004.

County No fields with aphids/fields sampled Total Aphids Observed
2003 R. padi R. maidis
Essex 0/6 0 0
Chatham-Kent 1/10 1 0
Elgin 1/1 3 0
Lambton 0/6 0 0
Middlesex 2/7 231 0
Huron 3/5 8 0
2004
Essex 0/3 0 0
Chatham-Kent 5/10 33 6
Elgin 2/3 27 10
Lambton 3/10 94 0
Middlesex 3/10 44 6

5.0 Discussion

The most abundant alate cereal aphid species captured by SAT and EPT 

monitoring were R. padi, R. maidis, and S. avenae (Fig. 2.3). In-field monitoring found R. 

padi to be the most common and abundant aphid species in winter wheat; S. avenae was 

found less frequently in low numbers, and R. maidis colonies were observed rarely (Fig.
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2 .3). The species composition observed is consistent with published accounts of cereal 

aphid populations in eastern Canada in the 1980’s (Paliwal, 1982a, b). Schizaphis 

graminum was not observed in either monitoring year, corresponding with past Ontario 

survey data, although this species is commonly abundant in other cereal growing areas 

(Chapin et al., 2001, Paliwal, 1982b). In both years of this study, aphid populations in 

winter wheat were lower in the fall than in spring and summer. The seasonal distribution 

of populations was observed to begin in mid-May, increase to peak numbers in mid-June 

and decline at the end of June in both 2004 and 2005 (Fig. 2.3).

Rhopalosiphum padi is generally heteroecious holocyclic in northern North 

America, overwintering on Prunus spp. and utilizing numerous genera of the Poaceae as 

secondary hosts, including major cereals and pasture grasses (Blackman and Eastop, 

2000, Halbert and Voegtlin, 1995). The peak capture of R. padi in SATs in May of 2005 

followed by weekly captures of low numbers in both trap types throughout the spring may 

reflect dispersal of overwintering populations from the primary host in addition to or 

followed by intra and inter-field movement of populations already infesting cereals 

(Chapin et al., 2001), because captures of alate R. padi corresponded with field detection 

of alate and apterous morphs .

In May of 2005, cereal aphid populations were observed in winter wheat fields in 

Essex and Chatham-Kent counties before detection by SATs (Fig. 2.3). Field colonies of 

R. padi contained very few alatae, suggesting that dispersal from the primary host may 

have occurred before the beginning of May or they wintered in the most southern parts of 

Ontario. Rhopalosiphum padi have been observed to survive mild winters 

anholocyclically under protective snow cover, including clones in the Midwestern U.S. 

(Halbert and Voegtlin, 1995).
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Population peaks of R. padi observed in field counts occurring in early July may 

represent population build-up within the crop that preceded winter wheat harvest in mid

July. Subsequent catches in EPTs and SATs in August may represent alate flight above 

and within the boundary layer in search of secondary host material belonging to the 

Poaceae (Halbert and Voegtlin, 1995). Late season capture peaks observed by SATs in 

October may also represent host alternation behaviour in search of alternative secondary 

hosts which may include volunteer cereals (Araya et al., 1987, Chapin et al., 2001), or 

dispersal to the overwintering host (Dixon, 1971, Tatchell et al., 1988).

Sitobion avenae are monoecious holocyclic on many small grains, grasses, and 

maize (Halbert and Voegtlin, 1995). Sitobion avenae were captured consistently by SATs 

in very low numbers throughout the sampling period; and all morphs were detected in 

field plots in 2004, at the same time as R. padi population detection (Figs. 2.3-2.4); this 

has also been observed by Paliwal (1982b). Rhopalosiphum maidis is anholocyclic in 

North America utilizing numerous genera of Poaceae as hosts (Halbert and Voegtlin, 

1995). Neither R. maidis nor S. avenae have been observed to survive Ontario winters 

and are thought to arrive via southerly wind currents, as can additional R. padi 

populations (Paliwal, 1982b). In 2004, R. maidis was the species captured in greatest 

abundance by SATs and EPTs, and was also found in 2005 SAT catches, but only very 

few were found in winter wheat plots (Fig. 2.3). Flight activity of R. maidis detected by 

SATs and EPTs may correspond with the mid-season intra and inter-field colonization of 

com (Chapin et al., 2001, Paliwal, 1982b).

During 2005, the highest in-field aphid populations were observed during periods 

of peak SAT catches suggests that suction air traps may be useful indicators of field 

populations. Teulon et al. (2004) found flight activity as measured by suction air trap
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catches to be useful as an indicator of aphid populations in wheat, potato, lettuce and 

squash. Similarly, flight activity of D. noxia as assessed by SAT catches related strongly 

to peak field infestations (Elberson and Johnson, 1995). In this study, periods of peak R. 

padi flight activity as measured by SATs and EPTs did correspond with peak field 

populations, therefore, regional cereal aphid monitoring may be assisted by these trapping 

methods if SAT and EPT sites were closely aligned both in location and number.

Colonies of R. padi found in volunteer wheat fields in the fall of both years of this 

study demonstrate that volunteer wheat is a secondary host inhabited by cereal aphids in 

the fall in south-western Ontario. Aphids colonies on volunteer wheat plants were 

primarily single apterae with one or two nymphs per plant, few alatae were found 

indicating that resident colonies were present throughout the sampling period.

This study confirms that R. padi is the most prevalent cereal aphid species in 

winter wheat in this region, and that R. maidis does not abundantly inhabit winter wheat. 

Similar findings by Paliwal indicate that winter wheat is not a preferred host of R. maidis 

(Paliwal, 1982b). Cereal aphid populations were found to be lower in the fall during this 

study, and may be suppressed by reduced availability of host material following peak 

spring and summer populations.
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CHAPTER THREE

The Incidence of Barley Yellow Dwarf Virus in Winter and Volunteer Wheat in 

South-Western Ontario and Implications for Management

1 .0 Abstract

Barley yellow dwarf virus (BYDV) is one of the most damaging viral diseases of 

cereals worldwide. In the major winter wheat production area of south-western Ontario, 

conservation tillage practices have been widely adopted and control of volunteer wheat is 

decreasing and/or delayed. Although BYDV is not considered a major problem to 

Ontario growers in non-epidemic years, it was hypothesized that volunteer wheat may 

serve as a ‘green bridge’ to winter wheat resulting in an increased risk of BYDV in the 

fall. Winter wheat fields and fields containing volunteer wheat were sampled to 

determine the incidence and prevalence of BYDV serotypes in south-western Ontario by 

DAS-ELISA. BYDV was detected in 20 and 29 percent of winter wheat samples, and in 

10 and 25 percent of volunteer wheat samples over two years, respectively. BYDV-PAV 

was the most prevalent serotype detected, followed by CYDV-RPV. It appears that 

volunteer wheat can be reservoir of BYDV in south-western Ontario, but few winter 

wheat infections result from aphids originating from volunteer wheat.
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2 .0 Introduction

Several cultural practices in south-western Ontario have accompanied the shift to 

conservation tillage in winter wheat production including reduced and delayed control of 

volunteer wheat and earlier planting dates, therefore increasing the presence of volunteer 

wheat and the duration of overlap between the volunteer wheat of the previous crop and 

newly sown wheat (Johnson, P., personal communication, December 14,2005). These ’ 

changes have the potential to affect winter wheat pest dynamics (Glen, 2000, Hesler and 

Berg, 2003), including that of cereal aphids and barley yellow dwarf virus (BYDV) 

(Luteoviridae), because volunteer wheat may serve as a ‘green bridge’ between these 

crops, leading to a potential increase in the incidence of BYDV in the newly sown crop 

(Cook and Veseth, 1991a).

BYDV is one of the most damaging and economically important viruses of cereals 

worldwide and is transmitted by at least 25 species of aphid (Homoptera: Aphididae) 

vectors to numerous Poaceae including important Ontario cereal field crops: com, oats, 

barley, and wheat (Blackman and Eastop, 2000, Halbert and Voegtlin, 1995). Multiple 

serotypes of BYDV were identified and classified based on aphid vector specificity in 

North America (Rochow, 1969) and have been categorized recently into subgroups based 

on genomic structure, cytopathology, and serological relationships (Table 1.1) (Martin 

and D'Arcy, 1995, Miller et al., 2002).

BYDV infected plants typically exhibit symptoms of stunting and chlorosis, due to 

phloem elements blocked by viral particles, decreased nutrient translocation, and 

photosynthesis inhibition, although wheat and other infected plants may appear non- 

symptomatic (Jensen and D'Arcy, 1995, Paliwal, 1982a). Head development and grain fill 
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can be reduced, and yield loss due to BYDV may range from 5-60 percent, with infection 

in the seedling stage being the most detrimental to plant health and yield (Hoffman and 

Kolb, 1998, Lister and Ranieri, 1995).

Ontario normally retains a low background level of BYDV in cereals with 

infrequent spikes of years with epidemic infection (Hewings and Eastman, 1995, Paliwal, 

1982a, Paliwal and Comeau, 1984). Infection levels in wheat of 5-20 percent were found 

by Paliwal (1982a) predominantly comprised of vector non-specific variants most 

efficiently transmitted by R. padi and S. avenae, and some MAV, RMV and mixed 

infections. The last reported outbreak of BYDV in Ontario in the early 1980’s caused 50 

percent infection in winter wheat and 100 percent infection in barley (Paliwal and 

Comeau, 1984); since 1983, no severe infections have been reported. Presumably, low 

levels of BYDV are currently present in Ontario winter wheat, although its status and 

serotype have not been assessed recently.

Volunteer wheat fields in Indiana containing high populations of R. padi were 

assumed to have provided a reservoir and inoculum source of BYDV for seedling winter 

wheat (Araya et al., 1987), although BYDV incidence data was not reported. In ELISA 

surveys of potential over-summering BYDV hosts in Australia, BYDV was detected in 

volunteer wheat, oats, and grasses bordering cereal fields (Hawkes and Jones, 2005, Jones 

et al., 1990), and infected volunteer wheat was also found on a Virginia farm (Sforza et 

al., 2000). Following the epidemic of BYDV in Ontario and Quebec in 1976, Paliwal 

(1982b) surveyed hosts of BYDV such as: perennial grasses, com, spring and winter 

cereals; concluding that the most important source of BYDV inoculum in eastern Ontario 

was aphids migrating from southerly locations, but volunteer cereals were not examined.
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Although com is also present before autumn emergence of winter wheat, Paliwal found 

only three percent BYDV infection, primarily of the RMV strain (Paliwal, 1982b), 

indicating that R. maidis is the main vector of BYDV in com, but is not found abundantly 

in winter wheat (Chapter 2).

The present study was conducted to evaluate the current incidence and serotype 

composition of BYDV in winter wheat under current no-till cropping practices, including 

a field case study, and to assess the potential for volunteer wheat to be a reservoir for 

BYDV in south-western Ontario.

3 .0 Materials and Methods

3.1 Assessment of BYDV Incidence in Winter Wheat and Volunteer Wheat

BYDV incidence was assessed in no-till winter wheat fields (Fig 3.1) and those 

covered by at least 40 percent volunteer wheat distributed throughout south-western 

Ontario (Fig. 2.1). The number of fields sampled and their locations are given in Tables 

3.2 and 3.3. Within a given field, ten random subsample locations were selected at 50 m 

intervals by walking in a ‘W’ pattern. In the spring and fall, two entire plants were 

sampled in the tillering stages (Zadok’s 20-29) (Tottman et al., 1979), in the summer two 

flag leaves were removed (Zadok’s 80-85) at each subsample location. A field sample 

consisted of the composite mixture of ten subsamples. Samples were kept frozen at -80° 

C until serological testing. Fields containing volunteer wheat were sampled between 9 

September and 4 November in 2003 and 10 September and 9 November in 2004; winter 

wheat fields were sampled on 21-25 June in 2004 and 9-11 May in 2005.
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Figure 3.1. Locations of winter wheat fields sampled on 21-25 June 2004 and 9-11 May 
2005.

3.2 Assessment of Volunteer Wheat as a Reservoir for BYDV and Cereal Aphids

To evaluate the importance of volunteer wheat as a reservoir of cereal aphids and 

BYDV contributing to winter wheat infection, the frequency distribution of aphids and 

BYDV within pairs of these field types was analyzed. Fields containing a mean number 

of aphids per plant greater than 0.1 in volunteer wheat in the fall were paired with nearest 

neighbour winter wheat fields in the following year within a 15 km radius. Assuming 

BYDV infection is equally caused by aphid populations in volunteer wheat and migratory 

populations, an expected frequency distribution of 25:25:25:25 was compared to this data 

using a one-way Pearson chi-squared goodness of fit test with a Type I error rate of 0.05 

(Steel and Torrie, 1980).
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3.2 Field Case Study

A winter wheat field with suspected BYDV symptoms at Blytheswood, Ontario, 

Essex County was intensively sampled. The field was planted with the cultivar Tribute (C 

& M Seeds, Palmerston, ON) on 8 October, 2004 following a no-till com-soybean-winter 

wheat rotation on Brookston clay soil. Aerial photographs taken on 26 May 2005 were 

used to identify five foci with alleged BYDV symptoms in a 40.5 ha field (Fig. 3.2); at 

each focus, a central point, four radial points within, and four radial points outside the 

focus were chosen as sample locations.

Figure 3.2. Aerial photograph of five suspected barley yellow dwarf virus infected foci in 
a winter wheat field at Blytheswood, Ontario (N 42 07.280, W 82 33.774) on 26 May 
2005.
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At Zadok’s stage 55, the number of tillers, mean plant height, mean number of 

aphids per tiller, and BYDV disease severity were evaluated within a 0.5 m row length at 

each sample location. Disease severity was evaluated using a 1 -9 scale, one indicating a 

healthy plant (non-symptomatic), and nine indicating severe chlorosis and stunting. 

Thirty flag leaves were removed from 1 m2 at each sample location and kept frozen at - 

80° C until serological testing. Focal sample points were harvested at Zadok’s stage 92 

by cutting all heads by hand within 1 m2 and threshed using a Hege plot combine. Yield 

was adjusted to 14.5 percent moisture and 1000 seed weight was measured. Data for each 

focus were analyzed by calculating means, compared individually by one-way analysis of 

variance using PROC GLM within SAS (V 8.02, SAS Institute, Cary, NC) on 

untransformed data (Table 3.1); residuals were analyzed using scatterplots and the 

Shapiro-Wilk test of normality to confirm that assumptions of the variance analysis were 

met. No outliers were detected using Lund’s test of studentized residuals (Bowley, 1999); 

a Type I error rate of 0.05 was established for all statistical comparisons.

Table 3.1. Representative analysis of variance for yield (T/ha), 1000 seed weight (g), 
plant height (cm), number of tillers and mean number of aphids per tiller, from 0.5 m row 
lengths at focal sample points at Blytheswood, Ontario.

Source Type III SS MS F ~P
^°Ca?°/^ * M 1 2.76 2.76 36.65 0.0005
(Inside/Outside)

3.3 Detection of BYDV

Barley yellow dwarf virus was detected by using the commercial indirect DAS- 

ELISA Pathoscreen Kit from Agdia Inc. (Elkhart, IN.). The majority of winter wheat 

samples were tested with a general screen ELISA for BYD viruses; followed by re-testing 

positive samples for PAV, RMV, MAV, and cereal yellow dwarf virus (CYDV)-RPV; 
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samples of volunteer wheat were tested for BYDV-PAV. Samples from the Blytheswood 

case study were tested by ELISA for BYDVs, potyviruses, wheat soil-home mosaic virus 

(WSBMV), and wheat streak mosaic virus (WSMV) at the Pest Diagnostic Laboratory, 

University of Guelph, Guelph, ON. Cleaned samples were placed in mesh-lined 

extraction bags (Agdia Inc. Elkhart, IN) and general extraction buffer (GEB) was added in 

a 1:10 ratio of plant tissue mass to GEB. Samples were ground using a tissue 

homogeniser (Agdia Inc. Elkhart, IN) attached to a common handheld drill. Liquefied 

sample extract was added to pre-coated plate wells in duplicate 100 pl aliquots; control 

wells were filled with 100 pl each of prepared positive control and general extraction 

buffer, Pathoscreen Kit protocol was followed (Agdia Inc., Elkhart, IN). Absorbance 

values were measured at 405 nm with an EL301 Micro well strip reader (Bio-tek 

Instruments Inc., Winooski, VT). Samples were considered positive when the mean 

absorbance of the sample was greater than the mean absorbance of the negative control as 

directed in the Pathoscreen kit, by at least two standard deviations.

4 .0 Results

4.1 Incidence in Winter Wheat

In 2004, 20 percent of winter wheat field samples were infected with BYDVs 

(Table 3.2). BYDV-PAV was detected in seven samples; one sample contained a mixed 

infection of BYDV-PAV and CYDV-RPV (Table 3.2). In 2005, 29 percent of winter 

wheat field samples were infected with BYDVs (Table 3.3). Eleven samples contained 

BYDV-PAV and three samples contained a mixed infection of BYDV-PAV and CYDV- 

RPV (Table 3.3).
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Table 3.2. Incidence and serotypes of barley yellow dwarf viruses detected in field 
samples of winter wheat by DAS-ELISA on 21-25 June 2004 (Zadok’s stage 80-85).

Fields % BYDV Serotypes Detected
County Sampled Infected PAV CYDV- RMV MAV SGV PAV +

(n) Fields RPV RPV
Essex 3 0 0 0 0 0 0 0
Chatham- 9 22 2 0 0 0 0 0
Kent
Lambton 8 12.5 1 0 0 0 0 0
Middlesex 8 37.5 2 0 0 0 0 1
Elgin 4 50 2 0 0 0 0 0
Huron 2 0 0 0 0 0 0 0
Perth 1 0 0 0 0 0 0 0
Grey 1 0 0 0 0 0 0 0
Dufferin 1 0 0 0 0 0 0 0
Oxford 2 0 0 0 0 0 0 0
Niagara 1 0 0 0 0 0 0 0

Total 40 20 7 0 0 0 0 1

Table 3.3. Incidence and serotypes of barley yellow dwarf viruses detected in field 
samples of winter wheat by DAS-ELISA on 9-11 May 2005 (Zadok’s stage 20-29). Four 
samples from Chatham-Kent and eight samples from Elgin County were tested for 
BYDV-PAV only.

County
Fields 

Sampled 
(n)

%
Infected 
Fields

BYDV Serotypes Detected

PAV CYDV- 
RPV RMV MAV SGV PAV 

+RPV
PAV 
n=12

Essex 11 9 0 0 0 0 0 1
Chatham-
Kent

22 27 0 0 0 0 0 2 4

Lambton
Elgin

3
12

0
58

0 0 0 0 0 0
7

Total 48 29 0 0 0 0 0 3 11

4.2 Incidence in Volunteer Wheat

In 2003 and 2004, 25 and 10 percent of volunteer wheat field samples were

infected in the fall with BYDV-PAV respectively (Table 3.4).
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Table 3.4. Incidence of BYDV-PAV detected by DAS-ELISA in samples from fields 
containing volunteer wheat in the fall of 2003 and 2004 (Zadok’s 20-29).

County Fields Sampled (n) % Infected Fields BYDV-PAV Infected Samples
2003
Essex 4 50 2
Chatham-Kent 9 44 4
Lambton 6 0 0
Middlesex 4 25 1
Elgin 1 0 0
Huron 4 0 0

Total 28 25 7
2004
Chatham-Kent 6 0 0
Lambton 4 0 0
Middlesex 6 17 1
Elgin 4 25 1

Total 20 10 2

4.3 Volunteer Wheat as a Reservoir for BYDV and Cereal Aphids

The frequency distribution of BYDV incidence in winter wheat in relation to 

cereal aphid presence in fields containing volunteer wheat in the fall did not follow the 

expected random distribution in either year of this study (Tables 3.5-3.6). In both years, 

the frequency distribution was approximately 10:40:40:10. Only 10.6 and 2.9 percent of 

winter wheat fields sampled in 2004 and 2005 respectively were infected with BYDV in 

close proximity to fields containing aphids in volunteer wheat in the fall (Tables 3.5-3.6). 

When BYDV infection did occur in winter wheat, 35.3 and 36.7 percent of fields 

respectively, were found in the vicinity of fields containing volunteer wheat that did not 

contain aphid populations in the fall (Tables 3.5-3.6).
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Table 3.5. Summary of goodness of fit test of frequency distribution of cereal aphids in 
fields containing volunteer wheat sampled in the fall of 2003 and the incidence of BYDV 
in winter wheat fields sampled in 2004.

2003
Volunteer Wheat With Aphids Without Aphids

2004
Winter Wheat

BYDV
Positive

BYDV 
Negative

BYDV
Positive

BYDV 
Negative

Observed 10.6 49.4 35.3 4.7
Expected 25 25 25 25
x2 44.9
P <0.0001

Table 3.6. Summary of goodness of fit test of frequency distribution of cereal aphids in 
fields containing volunteer wheat sampled in the fall of 2004 and the incidence of BYDV 
in winter wheat fields sampled in 2005.

2004
Volunteer Wheat With Aphids Without Aphids

2005
Winter Wheat

BYDV
Positive

BYDV
Negative

BYDV
Positive

BYDV 
Negative

Observed 2.9 48.9 36.7 11.5
Expected 25 25 25 25
x2 76.7
P <0.0001

In 2005, the observed frequency of winter wheat fields sampled that contained 

aphids in close proximity to fields containing volunteer wheat and aphids in the fall did 

not follow the expected random frequency, but again was skewed against aphid 

populations in volunteer wheat (Table 3.7).

Table 3.7. Summary of goodness of fit test of frequency distribution of cereal aphids in 
fields containing volunteer wheat sampled in the fall of 2004 and in winter wheat fields 
sampled in 2005.

2004 A UA
Volunteer Wheat 1 P 1 s Without Aphids

2005 „r., . ... Without
Winter Wheat Aphids

A U J WithoutWith Aphids . ...Aphids
Observed 28.0 13.6 7.6 50.9
Expected 25 25
X2 52.4

25 25

P <0.0001
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4.3 Field Case Study

By visual diagnosis, BYDV symptoms appeared more severe inside all foci than 

outside (Table 3.8). Viral diagnosis by ELISA did not detect any potyviruses or WSMV 

in any foci samples (data not shown); no viral pathogens were found in samples from 

focus one (Table 3.8). In focus two one sample point within was infected with CYDV- 

RPV; one sample point outside was infected with BYDV-PAV (Table 3.8). All sample 

points at foci three, four and five were infected with SBWMV (Table 3.8). Additionally, 

BYDV-PAV was detected inside focus three at one sample point, focus four at two 

sample points and outside foci three and five at one sample point each. CYDV-RPV was 

detected at two points inside focus three, one point inside focus five, and at two points 

outside focus four (Table 3.8).

Table 3.8. Symptom rating and actual incidence of viruses detected by DAS-ELISA in 
suspected disease foci in winter wheat cultivar Tribute (Zadok’s stage 55) at 
Blytheswood, Ontario.

Focus
Mean BYDV 

Symptom Rating 
(1-9)

Number of Infected Sample Locations

BYDV-PAV CYDV-RPV SBWMV

Inside Outside Inside Outside Inside Outside Inside Outside
1 3.4 1.75 0a 0 0 0 0 0
2 3.4 1.25 0 1 1 0 0 0
3 3.6 1.75 1 1 2 0 5 4
4 3.6 3.25 2 0 0 2 5 4
5 4.2 2.5 0 1 1 0 5 4

a Missing datum from one sample point within focus.

No difference was found in the number of tillers or mean number of aphids per 

tiller between sample points inside and outside any foci (Table 3.9). In foci one and two, 

mean plant height was lower inside the foci (Table 3.9). Lower yield was measured
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inside focus one only; 1000 seed weight was not different between sample points at any

foci (Table 3.10).

Table 3.9. Plant characteristics of the winter wheat cultivar Tribute and aphid populations 
measured in 0.5 m row lengths at sample points inside and outside suspected diseased foci 
within a field at Blytheswood, Ontario.

Focus No. Tillers Mean Height (cm) Mean No. Aphids/Tiller
Inside Outside P Inside Outside P Inside 'Outside P

1 66.8 75.0 0.507 59.2 64.5 0.016 1.03 0.53 0.274
2 50.4 65.3 0.080 51.6 62.3 0.005 0.58 0.29 0.288
3 76.4 67.5 0.485 59.4 58.5 0.625 0.01 0.03 0.473
4 64.6 81.3 0.321 50.8 58.0 0.071 0.11 0.20 0.459
5 73.4 80.8 0.476 55.8 59.5 0.426 0.24 0.24 0.352

Table 3.10. Yield and 1000 seed weight of the winter wheat cultivar. Tribute measured
from 1 in2 sample points inside and outside suspected diseased foci within a field at
Blytheswood, Ontario.

Focus 1000 Seed Weight (g) Yield (T/ha)
Inside Outside P Inside Outside P

1 31.10 29.29 0.430 2.28 3.39 <0.001
2 31.07 29.68 0.371 2.21 2.55 0.524
3 34.69 34.90 0.774 3.53 3.29 0.255
4 32.73 34.74 0.415 2.32 2.73 0.361
5 34.61 35.24 0.661 3.27 3.72 0.343

5 .0 Discussion

Serological procedures detected BYDV in 20 and 29 percent of non-symptomatic 

winter wheat samples in 2004 and 2005, respectively (Tables 3.2-3.3). The PAV serotype 

of BYDV was found in all positive samples, and CYDV-RPV was detected additionally in 

a small subset (Tables 3.2-3.3). This level of infection is slightly higher than that reported 

by Paliwal (1982a) in the late 1970’s; where 9-22 percent infection in non-symptomatic 

winter wheat was detected by transmission assays. In 2004, sampling was conducted on 

winter wheat that was nearly mature, before leaf tissue was dry, therefore maximum 

incidence would have been measured; in 2005, early spring sampling would have detected 

infection due to fall aphid populations. Aphids were not detected by trap monitoring 
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before field sampling in the spring of 2005 (Chapter 2), therefore, subsequent populations 

later in the season could have introduced and/or spread infection foci and increased 

BYDV incidence (Chapin et al., 2001).

In a survey of winter wheat in 1980-1981, Paliwal (1982a) also found vector non

specific variants of BYDV including PAV to be dominant, followed by MAV and RMV . 

However, the current study found less variation in serotype incidence with the additional 

detection of only RPV. The prevalence of the PAV serotype in winter wheat corresponds 

with the dominance of R. padi in cereal aphid populations in this crop determined in a 

companion study in 2004 and 2005 (Chapter 2), also observed by Paliwal (1982b), as R. 

padi is the most efficient vector of the PAV and RPV serotypes of BYDV (Power and 

Gray, 1995). These results suggest that BYDV remains a subtle problem in Ontario 

winter wheat in the presence of low cereal aphid populations (Paliwal, 1982b).

Serological analysis of BYDV-PAV in volunteer wheat detected 25 and 10 percent 

of samples to be infected in 2003 and 2004 respectively (Table 3.4). In a companion 

study, 20 and 36 percent of volunteer wheat fields sampled contained populations of 

cereal aphids consisting primarily of R. padi and some R. maidis (Chapter 2); therefore, in 

south-western Ontario, R. padi is likely the primary vector of the PAV serotype in 

volunteer wheat (Power and Gray, 1995).

Although fields containing volunteer wheat are a potential reservoir of BYDV, the 

data suggests that this is not an important source of inoculum in the new crop. Whether 

aphids were present or not in volunteer wheat, neighbouring winter wheat fields had an 

equal chance of being infected with BYDV. Furthermore, crop fields neighbouring 

volunteer wheat fields without aphids in the fall had more aphids in the crop in the 
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following year sampled. Therefore, although volunteer wheat is infected with BYDV and 

some aphids were found there, it appears that migratory aphid populations are more 

important as a source of inoculum.

The low level of BYDV infection found in both volunteer and winter wheat and in 

a field that was a strong candidate for infection by visual diagnosis confirm the 

importance of serological diagnosis for BYDV. Aerial photography has been proposed to 

detect foci of BYDV (Greaves et al., 1983), and may be helpfill for ground location of 

diseased foci within a field, however aerial photography cannot be relied on alone. In

field evaluation of foci found chlorotic and stunted plants that did not appear infected by 

fungal pathogens, and contained populations of R. padi. Serological techniques 

determined that the majority of foci were infected with WSBMV, a viral pathogen that 

causes symptoms similar to BYDV (Cook and Veseth, 1991b), and little BYDV infection 

was found (Table 3.8). Foci that were infected with WSBMV and BYDV did not have 

significant plant or yield damage. Mean plant height and yield were significantly lower 

within one focus that may have resulted from wet soil conditions or non-viruliferous 

aphid feeding because no viral infections were detected.

In this study, the incidence of BYDV in winter wheat under typical cropping 

conditions and aphid populations in south-western Ontario was found to be low in two 

years of evaluation. In many cereal growing areas, BYDV management is achieved by 

delaying planting dates beyond the fall dispersal of cereal aphid alates (Chapin et al., 

2001, Hesler et al., 2005, Plumb and Johnstone, 1995). This practice has not been 

adopted by growers in south-western Ontario because yield response to early planting 

dates is perceived to outweigh the risk of BYDV yield loss. Destruction of volunteer 
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wheat is recommended for management of BYDV and other wheat pests (Cook and 

Veseth, 1991a, Ontario Ministry of Agriculture Food & Rural Affairs, 2002); in 

preliminary trials, replacement of volunteer wheat by non-grass cover crops has also 

shown benefits in soil protection and enrichment (Johnson, P., personal communication, 

December 14,2005). The combination of these benefits may lead to the adoption of such 

practices by Ontario growers and may improve overall yield of winter wheat. Further 

development of resistant or tolerant cereal cultivars may be the most effective and 

economical strategy for continued suppression of BYDV in this region.
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CHAPTER FOUR

Evaluation of Chloronicotinyl Insecticide Seed Treatments for the Control of Cereal 

Aphids (Homoptera: Aphididae) and Barley Yellow Dwarf Virus in Winter Wheat 

1.0 Abstract

Barley yellow dwarf virus (BYDV) (Luteoviridae) is considered the most 

economically important viral disease of winter wheat and cereals worldwide and is 

transmitted by cereal aphid (Homoptera: Aphididae) vectors. In Ontario, BYDV is found 

at low levels in winter wheat and management recommendations for BYDV include 

delayed planting dates and destruction of volunteer wheat to avoid aphid vector 

populations. High rates of seed treatment with imidacloprid, a chloronicotinyl are 

reported to control cereal aphid vectors and reduce the incidence of BYDV in cereals. 

Thiamethoxam and chlothianidin are chloronicotinyl seed treatments developed recently 

and reported to produce similar results at lower rates. In 2003 and 2004, field 

experiments were conducted in winter wheat under typical production practices in south

western Ontario to evaluate the potential of these seed treatments at rates up to 50 g a.i. 

100 kg seed"1 to control cereal aphids and BYDV. Microplot experiments with similar 

treatments were also conducted under greenhouse conditions and inoculated with 

viruliferous Rhopalosiphum padi (L.). In all experiments, aphid survival was reduced in 

the early stages of plant growth. However, control or reduction of BYDV transmission 

was not achieved due to initial aphid probing/feeding and a small percentage of surviving 

aphids that were able to infect winter wheat plants. The rates tested do not appear to 

reduce BYDV incidence and higher rates possibly required are not economical for Ontario 

winter wheat production.
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2.0 Introduction

Barley yellow dwarf virus (BYDV) is the most damaging and economically 

important viral disease of cereals worldwide and is transmitted by more than twenty-five 

species of aphids (Homoptera: Aphididae) (Halbert and Voegtlin, 1995, Lister and 

Ranieri, 1995). In Ontario, typically low levels of infection occur in winter wheat, 

transmitted primarily by Rhopalosiphum padi (L.), the most prevalent cereal aphid species 

that vectors the most damaging BYDV-PAV serotype (Luteoviridae, Luteovirus), as well 

as the cereal yellow dwarf virus (CYDV-RPV) serotype (Luteoviridae, Polerovirus) 

(Miller et al., 2002, Paliwal, 1982a, b, Rochow, 1969). BYDV symptoms appear as 

chlorosis and stunting caused by blocked phloem elements due to viral particle 

accumulation that inhibits translocation and photosynthesis; and the earlier a plant is 

infected, the greater yield is reduced (Jensen and DArcy, 1995).

BYDV is often managed by preventative cultural measures, avoidance and/or 

control of aphid vectors. Foliar application of pyrethroid and carbamate insecticides were 

used in Europe and Australia as prophylactic and response measures to aphid infestation 

(McGrath and Bale, 1990, McKirdy and Jones, 1996), but their efficacy depended on 

proper timing against unpredictable aphid infestations (Barrett et al., 1981, Kendall et al., 

1983). Furthermore, resistance to these chemicals has been observed in some aphid 

species (Dewar et al., 2003). The chloronicotinyls is a relatively new group of systemic 

insecticides with a mode of action that provides excellent contact and stomach activity 

against chewing and piercing insects at low application rates, by fatally blocking the 

postsynaptic nicotinenergic acetylcholine receptors in the central nervous system 

(Matsuda et al., 2001).
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Imidacloprid, the first chloronicotinyl introduced as a seed treatment, is reported 

to reduce BYDV transmission ability, longevity, and fecundity of cereal aphids in 

laboratory experiments and has significantly reduced aphid populations and BYDV 

incidence in field plots at rates of 31.25 to 180 g a.i. 100 kg seed'1 (Gourmet et al., 1994, 

Gourmet et al., 1996, Gray et al., 1996, Schmeer et al., 1990). McKirdy and Jones (1996) 

determined that a seed treatment application of imidacloprid at 70 g a.i. 100 kg seed'1 was 

effective in reducing BYDV spread up to six weeks after emergence of wheat and oats, 

but two additional foliar applications of alpha-cypermethrin were required to protect the 

crop from recurring aphid immigrations for the remainder of the growing season in 

Australia.

Thiamethoxam, another chloronicotinyl developed recently, controlled cereal 

aphids and prevented BYDV transmission at the rate of 35 g a.i. 100 kg seed'1 in winter 

wheat (Maienfisch et al., 2001, Wilde et al., 2001). Clothianidin is the newest member of 

the chloronicotinyls (Jeschke et al., 2003) that is reported to be effective in controlling 

aphid populations and luteovirus transmission in sugar beets at lower rates than 

imidacloprid (Dewar et al., 2003, Meredith and Morris, 2003).

Management recommendations for BYDV in Ontario cereals currently include 

delayed date of planting to avoid aphid infestations and population increase and BYDV 

spread in the fall (Baute et al., 2002), and destruction of volunteer wheat that may harbour 

aphid populations and provide a ‘green bridge’ for infection of the new crop (Tenuta, 

2004). Insecticidal control for aphids in winter wheat is not considered economical in 

Ontario because severe aphid infestations are sporadic and the recommended economic 

threshold is rarely reached by typical field populations (Baute et al., 2002). In south

western Ontario, cultural management of BYDV is declining because earlier planting 
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dates and delayed or reduced destruction of volunteer wheat are favoured by the majority 

of growers who practice conservation tillage. The objective of this study was to evaluate 

the potential for three chloronicotinyl seed treatments to control cereal aphids and limit 

their ability to vector BYDV under current cereal cropping practices in south-western 

Ontario.

3 .0 Methods and Materials

3.1 Assessment of BYDV Incidence

The presence of BYDV-PAV was detected by DAS-ELISA using the Barley 

yellow dwarf virus Pathoscreen Kit and its protocol (Agdia Inc. Elkhart, IN.). Cleaned 

samples were placed in mesh-lined extraction bags (Agdia Inc. Elkhart, IN); general 

extraction buffer (GEB) was added in a 1:10 ratio of plant tissue mass to GEB. Sample 

tissue was ground using a tissue homogeniser (Agdia Inc. Elkhart, IN) attached to a 

common handheld electric drill. Liquefied sample extract was added to pre-coated plate 

wells in duplicate 100 pl aliquots; control wells were filled with 100 pl each of prepared 

positive control and general extraction buffer. Absorbance was measured at 405 nm with 

an EL301 Microwell strip reader (Bio-tek Instruments Inc., Winooski, VT). Samples 

were considered positive when the mean absorbance was at least two standard deviations 

greater than the mean absorbance of the negative controls as directed by the Pathoscreen 

kit.

3.2 Seed Treatments

Imidacloprid (Gaucho® 480 FL, Bayer CropScience, Calgary, AB), thiamethoxam 

(Cruiser® 350 FS, Syngenta Crop Protection, Guelph, ON), and clothianidin (Poncho® 

600 FL, Bayer CropScience, Calgary, AB) were applied as seed treatments to winter 
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wheat to achieve a rate of 50.0 g a.i. 100 kg seed'1 in 2003-4 and a rate of 30.0 g a.i. 100 

kg seed'1 in 2004-5 for experimental evaluation. Others conducted experiments at the 

lowest rate of 60 g a.i. 100 kg seed'1 for imidacloprid (Gourmet et al., 1994, Gourmet et 

al., 1996, Gray et al., 1996). In 2004-5 the rate was lowered further to 30 g a.i. 100 kg 

seed1 to reflect the rate that industry was prepared to market based on economics. In the 

greenhouse, microplot experiments were conducted in duplicate for each rate. Wisdom, a 

high yielding soft red cultivar, susceptible to BYDV (Ontario Cereal Crops Committee, 

2003) was used in all experiments and commercially pre-treated with difenoconazole and 

metalaxyl-M (Dividend® XL RTA, Syngenta Crop Protection Guelph, ON) at a rate of 

11.0 and 0.9 g a.i. 100 kg seed'1 respectively, to protect against fungal pathogens.

Insecticides for the field experiments were applied to 25 kg seed lots in a modified cement 

mixer with a handheld precision CO2 sprayer. For the greenhouse experiments, 

treatments were applied as a slurry mixture, diluted to the same volume of 10 ml of 

insecticide and water, via a syringe to 1 kg seed lots in plastic bags. Bags were inflated 

before application and shaken by hand for one minute to ensure uniform seed coverage 

and then seeds were allowed to dry before planting.

3.3 Field Experiments

All experiments consisted of four replications of each chloronicotinyl seed 

treatment and a non-treated control in a randomized complete block design at a seeding 

rate of 168 kg/ha. A total of nine field experiments were conducted in south-western 

Ontario, three in 2003 and six in 2004 (Table 4.1). Experiments were planted after 

soybeans under conservation tillage practices in clay loam soil near Chatham, Blenheim, 

Muirkirk, Wyoming, Appin, Alvinston, Belmont, and Ilderton, ON, and in sandy soil near 
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Delaware, ON. Plots within field experiments were planted in adjacent strips beyond the 

headland of each field. Plots ranged in width from 1.4 to 3.7 m, with 18 to 23 cm row 

widths, and 20 to 53 m in length depending on the equipment provided by growers. Mean 

emergence was calculated from four 1 m row lengths within each plot selected 5 m apart 

at Zadok’s stage 12 (two leaves) (Tottman et al., 1979) and mean plant height was 

calculated at Zadok’s stage 83 (early dough) from a measurement of 25 plants. Yield was 

taken at crop maturity from whole plots excluding a minimum 0.25 m border and adjusted 

to 14.5 percent moisture followed by a measurement of 1000 seed weight.

Table 4.1. Sites and planting dates of chloronicotinyl seed treatment field experiments in 
2003 and 2004.

Site County GPS Coordinates Planting Date Year
Muirkirk Chatham-Kent N 42.483 W-81.748 24-October 2003-4
Delaware Chatham-Kent N 42.928 W-81.408 7-October 2003-4
Belmont Middlesex N 42.848 W-81.116 1 O-October 2003-4
Blenheim Chatham-Kent N 42.392 W-81.918 22-October 2004-5
Chatham Chatham-Kent N 42.848 W -82.082 8-October 2004-5
Wyoming Lambton N 42.930 W -82.041 6-October 2004-5
Alvinston Lambton N 42.875 W-81.825 13-October 2004-5

Appin Middlesex N 42.801 W-81.615 12-October 2004-5
Ilderton Middlesex N 43.053 W-81.328 28-September 2004-5

Weekly in situ assessments of cereal aphid populations were made by counting all 

aphid species and morphs within five row lengths of 0.5 m per plot selected five metres 

apart in a zigzag pattern. Assessment began at Zadok’s stage 12, continued until winter 

wheat dormancy, and resumed in early spring until harvest. Aphids were identified by 

comparison to reference specimens mounted in Canada balsam and to published keys 

(Blackman and Eastop, 2000, Foottit and Richards, 1993, Gualtieri and McLoed, 1994).
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BYDV incidence was assessed by DAS-ELISA at Zadok’s stage 83 by testing a 

composite sample of 25 flag leaves per strip. In the fall of 2004, BYDV incidence was 

also assessed at sites near Wyoming, Chatham, and Blenheim in the fall at Zadok’s stage 

23 (three tillers), by subsampling ten plants at ten points chosen 3 m apart in a zigzag 

pattern within each plot.

3.4 Microplot Greenhouse Experiments

All greenhouse experiments consisted of four replications of each chloronicotinyl 

seed treatment and a non-treated control planted in a randomized complete block design. 

Insecticide rate comparisons were not planned, so following what was done in the field, 

the experiments were repeated twice at both the lower and higher rates. Seeds were 

planted in 28 cm2 plastic trays in two rows placed 19 cm apart. The soil mix contained 1 

part sandy loam soil pasteurized at 160 °C, 1 part sterile soil-less mix (Promix, Premier 

Horticulture Ltd., Quakertown, PA), 1 part peat moss, and % vermiculite. Immediately 

after planting, each microplot was covered with a fine mesh fabric cage placed over a 

tomato trellis to prevent other insects from entering. Emergence was counted at Zadok’s 

stage 12; plant height, number of tillers, and fresh weight was determined at Zadok’s 

stage 22. Plants were assessed for BYDV incidence by DAS-ELISA from a 2.0 g 

composite leaf tissue sample per microplot.

R. padi which transmit the BYDV-PAV serotype were obtained from B. Gillis 

(Agriculture and Agri-Food Canada, Cereal Research Centre, Winnipeg, MN), and 

maintained on a BYDV susceptible oat cultivar, Pc-94, at 24 + 2° C and 16:8 photoperiod 

at Ridgetown Campus, University of Guelph. Colony virulence was confirmed regularly 

by DAS-ELISA of host oats, voucher specimens are kept are the University of Guelph.
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Microplots were inoculated with viruliferous R. padi at Zadok’s stage 12, followed by a 

second inoculation after seven days. Groups of one hundred aphids were removed 

carefully from infected oats with an artist’s brush and placed in petri dishes lined with 

waxed paper for one hour before being shaken onto plants in the microplots. Repeated 

assessments of aphid populations were made by counting all morphs present on wheat 

leaves at 1,2, 3,4, and 7 days after each inoculation. Growing degree days (GDDio) were 

calculated to normalize data for treatment comparisons due to temperature variation 

between experimental repetitions. In the low rate experiments, the daily mean 

minimum/maximum temperatures were 17.7/27.2 and 16.9/28.5 °C in the first and second 

repetitions respectively, and 11.5/22.7 and 16.9/26.4 °C in the high rate experiments.

3.5 Data Analysis

Analysis of variance and least squares means were calculated for yield and plant 

growth components for all experiments using PROC MIXED within SAS (V 8.02, SAS 

Institute, Cary, NC). PROC MIXED was used to analyze effects across multiple field site 

locations and in duplicated greenhouse trials. Treatment effects were considered fixed, 

random effects included: site, duplication, blocks, and blocks within site or duplication; 

treatments were compared using Tukey’s Honestly Significant Difference test (Table 4.2) 

(Kuehl, 2000). Residuals were analyzed using scatterplots and the Shapiro-Wilk test of 

normality to confirm that assumptions of the variance analysis were met. Outliers were 

detected using Lund’s test of Studentized residuals (Bowley, 1999); a Type I error rate of 

0.05 was used for all statistical comparisons unless otherwise noted.
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Table 4.2. Representative example of partitioning of variance for analysis of 
chloronicotinyl treatment effects on growth components, yield, weekly aphid populations, 
and BYDV incidence on winter wheat grown in field experiments and microplots in the 
greenhouse.

Fixed Effects Numerator df Denominator df F P
Treatment 3 21 1.58 0.224
Random Effects Estimate se Z P
Duplicate/Site 0.0448 0.0662 0.68 0.249
Block 0.0102 0.0119 0.85 0.197
Block(Duplicate/Site) 0.0002 0.0068 0.02 0.490
Residual 0.0306 0.0094 3.24 0.0006

Aphid population data were analyzed using PROC MIXED after the appropriate 

covariance structure was determined by Akaike’s Information and Schwartz’s Bayesian 

criteria (Littell et al., 1996); repeated measures analysis was applied for greenhouse 

experiments. Fixed effects included treatments and sampling date (growing degree day 

(GDDio) or week), random effects for greenhouse experiments included block within 

duplication and the repeated measure of: duplication by block by treatment (Table 4.3). 

For field experiments, random effects included site and block within site. For treatment 

comparisons, mean percent R. padi survival was calculated by comparison with control 

counts and the arcsine square root transformation was applied to the natural log + 0.002 

for greenhouse data and the square root transformation for field data.
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Table 4.3. Representative example of partitioning of variance for analysis of 
chloronicotinyl treatment effects on percent aphid survival on winter wheat grown in 
microplots in the greenhouse.

Fixed Effects Numerator df Denominator df F P
Treatment 2 163 2.82 0.063
Day 9 163 66.53 <0.0001
Treatment*Day 18 163 1.56 0.0750
Random Effects Estimate se Z P
Power Day
Duplication*Block*Treatment 0.7874 0.2306 3.41 0.0003

SP (EXPA) DAY
Duplicate*Block*Treatment 0.6436 0.1486 4.33 <0.0001

Block(Duplicate) 0.0903 0.0550 1.64 0.0502
Residual 0.1214 0.0181 6.69 <0.0001

4 .0 Results

4.1 Field Experiments

No differences in emergence, plant height, or 1000 seed weight were detected 

between non-treated winter wheat and that treated with any chloronicotinyl seed treatment 

at either rate of application (Tables 4.4-4.5). No yield increases were detected when plots 

were treated with the low rate of all products when compared with non-treated plots at 

five locations (Table 4.4). Data from the Blenheim site were excluded from analysis of 

plant growth and yield components due to an error in seeding rates at planting. A yield 

increase of 7.6 percent over the non-treated controls was achieved with the high rate of 

thiamethoxam at the Belmont site (Table 4.6). Yield components from the Delaware site 

were analyzed with spring plant population assessment as a covariate to remove 

confounding caused by a damaging infestation of European chafer Rhizotrogus majalis, 

Razoumowsky (Schaafsma et al., 2004), the Delaware data was removed from the 

analysis of emergence and plant height. A 1000 seed weight measurement from an 

imidacloprid treated sample from the Belmont site was removed from analysis as an 

outlier.
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Table 4.4. Results of Type III tests of fixed effects of low rate chloronicotinyl seed 
treatments (30 g a.i. 100 kg seed’1) and least squares means of winter wheat growth 
components and yield in field experiments across five of six sites in south-western 
Ontario in 2004-5.

Dependent Variable Numerator 
df

Denominator 
df

F P Mean

Emergence 3 57 0.80 0.498 60.7
Plant Height (cm) 3 69 0.67 0.571 91.3
Yield (T/ha) 3 56 1.41 0.249 5.61
1000 Seed Weight (g) 3 57 0.83 0.483 36.3

Table 4.5. Results of Type III tests of fixed effects of high rate chloronicotinyl seed 
treatments (50 g a.i. 100 kg seed 4) and least squares means of winter wheat growth 
components in field experiments across three sites in south-western Ontario in 2003-4.

Dependent Variable Numerator 
df

Denominator 
df

F P Mean

Emergence1 3 21 2.37 0.100 64.9
Plant Height (cm)1 3 21 2.22 0.115 92.5
1000 Seed Weight(g) 3 32 2.30 0.097 56.7
1 Delaware site data was removed from analysis due to confounding caused by European
chafer feeding.

Table 4.6. Effect of chloronicotinyl seed treatments on winter wheat yield (T/ha) at three 
sites in south-western Ontario in 2003-4.

Treatment Belmont1 Delaware Muirkirk
Untreated 5.68 a 3.05 a 4.80 a
Thiamethoxam 6.11 b 3.76 a 4.88 a
Imidacloprid 5.71 ab 3.41 a 4.53 a
Clothianidin 5.87 ab 3.59 a 4.77 a
se 0.146 10.04 0.111
F 4.22 2.14 1.90
P 0.040 0.214 0.200

1 BYDV was only detected at the Belmont site by DAS-ELISA.
2 Plant population was used as a covariate in the analysis of variance.

No aphids were found in the field experiments in the fall of 2003 (Fig. 4.1).

Aphids were first detected in late May 2004, and were most numerous on non-treated 

wheat; there were no differences between chloronicotinyl treatments at the high rate, 

although populations were generally lowest on the thiamethoxam treated wheat until 9 
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June (Fig. 4.1). In the fall of 2004, aphid populations were greater on non-treated wheat, 

but no differences existed between treatments (p = 0.516) at the low rate (Fig. 4.1). Aphid 

populations began increasing at the end of May 2005 and were lowest on thiamethoxam 

treated wheat until 1 June and highest on imidacloprid treated strips (Fig. 4.1). Aphid 

populations primarily consisted of colonies of R. padi with less than five apterae and 

several nymphs on individual tillers found sporadically within a plot; R. maidis alatae

were found in low numbers with few nymphs and S. avenae were rare.

27-Oct-03 Apr-22-04 May-17-04 Jun-16-04 Jul-16-04

03-Nov-04 18-Nov-04 May-06-05 Jun-01-05 Jun-20-05

Observation Date
Figure 4.1. Mean number of cereal aphids counted in one metre row lengths in field trials 
of the winter wheat cultivar Wisdom, treated with chloronicotinyl insecticides calculated 
using PROC MIXED within SAS. Plots contained four replications of each treatment in a 
randomized complete block design at three locations in 2003-4 and six locations in 2004- 
5.
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Symptoms of BYDV were observed rarely in field experiments; the most extreme 

symptoms consisted of small patches of plants with typical purple and red leaves before 

anthesis at the Belmont site. Neither yellowing during early plant development nor 

dwarfing was observed. In the first year of experiments with the high rate of application, 

BYDV infection was detected only at the Belmont site with the highest incidence 

recorded in the thiamethoxam treated plots, although all treatments were infected (Table 

4.7). In the second year of experiments with the lower rate, BYDV was only detected at 

the Blenheim site in one non-treated plot in the summer (Tables 4.7-4.8). At the 

Wyoming site, highest BYDV incidence was found in the thiamethoxam treated plots at 

both sampling dates; 2.6 percent of non-treated wheat samples contained BYDV in the 

fall, and one quarter of all treatments was infected in the summer (Table 4.7). At the 

Chatham site in the fall, infection was detected in 30 percent of the non-treated wheat 

samples, whereas 28 percent of clothianidin treated samples, and six percent of 

imidacloprid treated samples were infected; BYDV was only found in non-treated wheat 

in the summer (Tables 4.7-4.8).

Table 4.7. Incidence of BYDV-PAV in field plots of the winter wheat cultivar Wisdom 
treated with chloronicotinyl insecticides with four replications in a randomized complete 
block design. DAS-ELISA was conducted on composite samples of twenty-five 
randomly selected flag leaves per plot at Zadok’s stage 83.

________________ No. of BYDV-PAV Infected Plots_____________
Treatment 2003-4 (50 g a.i. 100 kg seed'1) 2004-5 (30 g a.i. 100 kg seed'1)

Belmont Delaware Muirkirk Blenheim Chatham Wyoming
Untreated 2 0 0 1 2 1
Thiamethoxam 4 0 0 0 0 2
Imidacloprid 2 0 0 0 0 1
Clothianidin 2 0 0 0 0 1
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Table 4.8. Incidence of BYDV-PAV in the fall of 2004 in field plots of winter wheat 
cultivar Wisdom treated with chloronicotinyl insecticides at a rate of 30 g a.i. 100 kg seed' 

DAS-ELISA was conducted on composite samples of ten plants from each sample 
point at Zadok’s stage 23.

Treatment Number of Infected Sample Points Mean % 
InfectedBlenheim Chatham Wyoming

Untreated 0/31 12/40 1/39 11.8
Thiamethoxam 0/28 0/35 3/38 3.0
Imidacloprid 0/20 2/35 0/40 2.1
Clothianidin 0/10 11/40 0/30 13.8

4.2 Microplot Greenhouse Experiments

No differences in emergence, number of tillers, plant height, and fresh weight 

were detected between chloronicotinyl seed treatments in microplots of winter wheat at 

either application rate (Tables 4.9-4.10). No differences in absorbance (A405nm) were 

noted between treatments using DAS-ELISA for BYDV-PAV at either rate (Table 4.9- 

4.10); mild yellowing of leaf tips was observed uniformly across all microplots, and all 

microplots were infected with BYDV-PAV (data not shown). In the low rate experiment, 

one microplot of imidacloprid in block one, repetition one was excluded from analyses of 

emergence and tiller count data due to excessive soil moisture. Further, one microplot for 

the thiamethoxam treatment tiller count data and another for absorbance were also 

excluded as outliers. In the high rate experiment, microplots of thiamethoxam were 

excluded from repetition one, blocks one and four from analyses of emergence and 

absorbance respectively as outliers; as was a non-treated microplot in block two from 

tiller count data.
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Table 4.9. Growth components and absorbance of DAS-ELISA for BYDV-PAV in the 
winter wheat cultivar Wisdom from seed treated with chloronicotinyl insecticides at a rate 
of 50 g a.i. 100 kg seed’1 grown in microplots inoculated with viruliferous R. padi under 
greenhouse conditions.

Treatment Mean 
Emergence

Mean No. 
Tillers

Mean 
Height 
(cm)

Mean Fresh 
Weight per 
Plant (g)1

Mean 
Absorbance

(405 nm)
Untreated 20.00 1.51 21.50 1.14 0.742
Thiamethoxam 21.15 1.49 22.68 1.35 0.675
Imidacloprid 20.06 1.58 22.85 1.51 0.712
Clothianidin 20.25 1.59 22.86 1.47 0.614
se 1.069 0.541 4.673 1.099 0.187
F 1.66 1.59 2.08 2.51 1.37
P 0.208 0.225 0.133 0.087 0.281

1 Data are back-transformed from a square root transformation.

Table 4.10. Growth components and absorbance of DAS-ELISA for BYDV-PAV in the 
winter wheat cultivar Wisdom from seed treated with chloronicotinyl insecticides at a rate 
of 30 g a.i. 100 kg seed'1 grown in microplots inoculated with viruliferous R. padi under 
greenhouse conditions.

Treatment Mean 
Emergence

Mean No. 
Tillers

Mean 
Height 
(cm)

Mean Fresh 
Weight per 
Plant (g)

Mean 
Absorbance

(405 nm)
Untreated 18.6 1.1 26.4 0.40 0.673
Thiamethoxam 19.3 1.2 27.8 0.45 0.710
Imidacloprid 18.3 1.2 27.6 0.46 0,655
Clothianidin 17.9 1.2 28.3 0.48 0.691
se 2.935 0.06 1.57 0.067 0.215
F 1.10 0.68 1.72 0.75 0.95
P 0.373 0.576 0.193 0.533 0.434

Aphid populations were reduced by all chloronicotinyl seed treatments at both 

rates, but no differences existed between insecticide treatments on any given sampling 

date (Figs. 4.2-4.3). On wheat treated at the high rate of thiamethoxam and clothianidin, 

aphid numbers were reduced one day after both inoculations, while on imidacloprid- 

treated wheat, numbers dropped two days after the first inoculation and not until three 
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days following the second inoculation; no interactions were detected at the higher rate 

(Fig. 4.2).

Growing Degree Days (GDD10)

Figure 4.2. Survival of R. padi on the winter wheat cultivar Wisdom treated with 
chloronicotinyl insecticides at a rate of 50 g a.i. 00 kg seed'1 relative to non-treated 
controls in microplot greenhouse trials calculated using PROC MIXED using SAS.

In experiments of the lower rate, a slight treatment by time interaction was 

detected (p=0.0750). Following initial inoculations with R. padi, populations were 

significantly lower after one day for all low rate treatments; following a second 

inoculation, aphid numbers were reduced on thiamethoxam and clothianidin treated wheat 

after one day, and after two days with imidacloprid (Fig. 4.3).

53



Figure 4.3 Survival of R. padi on the winter wheat cultivar Wisdom treated with 
chloronicotinyl insecticides at a rate of 30 g a.i. 100 kg seed'1 relative to non-treated 
controls in microplot greenhouse trials calculated using PROC MIXED within SAS. * A 
slight interaction was observed between treatment and time (p = 0.0750), weaker control 
was evident with imidacloprid after a second inoculation of 100 R. padi.

5 .0 Discussion

The chloronicotinyl seed treatments and rates evaluated in this study were 

effective at reducing cereal aphid populations in the early stages of winter wheat growth, 

but allowed a small percentage of aphids to survive for a day or two after they were 

placed on the treated wheat plants. None of the treatments effectively prevented 

transmission of barley yellow dwarf virus, and evidently did not reduce BYDV incidence.
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Imidacloprid, the oldest member of the chloronicotinyl group, was less effective in 

controlling aphids than the newer members, clothianidin and thiamethoxam.

In greenhouse experiments, very few Ji. padi survived a few days of exposure on 

any treatment at either rate of application, although at the lower rate, more R. padi 

survived on imidacloprid treated wheat than on thiamethoxam or clothianidin after 24 

days (238 GDDio) post-emergence. While thiamethoxam and clothianidin consistently 

reduced aphid populations at either rate for the duration of the trial, the reduction with 

imidacloprid was slower and declined over the duration of the trial. Similarly, control of 

R. padi at 62.5 g a.i. 100 kg seed1 was observed by Gray et al., (1996), however, at 31.25 

g a.i. 100 kg seed’1, imidacloprid did not reduce other cereal aphid species survival on 

wheat and oat; survival increased with plant age, and imidacloprid was more effective in 

reducing BYDV transmission 10 days post-emergence than 24 days.

All greenhouse microplots became infected with BYDV; no differences in 

incidence were detected by serological techniques between treatments at either rate 

(Tables 4.9-4.10). Control of BYDV transmission was not achieved with insecticide seed 

treatments due to a small percentage of aphids surviving seed treatment after inoculation. 

BYDV transmission can occur within thirty minutes of initial feeding (Power et al., 1991), 

which the seed treatments appeared not to prevent. Although chloronicotinyl seed 

treatments reduce aphid life span and fecundity (Gourmet et al., 1994, Gray et al., 1996), 

the time to feeding deterrence or mortality of lower rate treatments may be lengthened, 

increasing the inoculation access period and titre of BYDV transmitted (Power et al., 

1991).

Control of aphid populations provided by chloronicotinyl seed treatments in early 

crop stages may also prevent secondary spread of BYDV by preventing establishment of 
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aphid colonies (Gray et al., 1996, Knaust and Poeling, 1992). Control of immigrating 

viruliferous aphids later in the growing season would not exist, but BYDV infection at 

later growth stages is much less detrimental to plant health. Future field experiments 

taken to yield following inoculation with viruliferous alate aphids in foci may separate 

initial inoculation effects from secondary spread. Differences in yield and BYDV 

incidence in the greenhouse microplots of winter wheat may have developed had plants 

been vernalized and grown to maturity.

Cereal aphid populations observed in the 2003-4 and 2004-5 growing seasons 

were consistent with those reported over 20 years ago in Ontario (Paliwal, 1982b) and 

likely do not justify the expense of using these treatments for cereal aphid control alone. 

In years of small cereal aphid populations as were observed during these field trials, 

populations of predators and parasitoids may play a role in suppressing aphid populations 

and BYDV incidence (Smymioudis et al., 2001). It may be suspected that populations of 

aphid specialist predators and parasitoids have increased in response to establishment of 

the soybean aphid Aphis glycines (Matsumara) in North America (Fox et al., 2004). 

Although aphid colonies were reduced in plots with chloronicotinyl seed treatments, 

BYDV was detected in all treatments at a similar incidence as in non-treated plots. Small 

numbers of patchy field colonies of cereal aphids in such large plots may explain the 

inconsistent BYDV incidence observed in our field plots, as previous field work showed 

differences in BYDV incidence with imidacloprid when plots were inoculated with 

viruliferous aphids (Gourmet et al., 1996, Gray et al., 1996).

The levels of BYDV incidence detected in the field experiments did not affect 

plant growth and yield. At the Belmont site, a yield increase of 7.6 percent was measured 

in thiamethoxam treated plots which had the highest incidence of BYDV-PAV. The level 
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of BYDV incidence observed in our experiments may have also resulted from plant 

tolerance to BYDV. Yield increases and reduced BYDV infection were found to be lower 

in field trials of tolerant wheat and oat cultivars with imidacloprid treated seed than in 

susceptible cultivars (Gourmet et al., 1996). Tolerance to BYDV and other diseases are 

desirable characteristics continually selected for by cereal breeding programs in Canada 

(Comeau et al., 1997, Ontario Cereal Crops Committee, 2003). Although the cultivar 

Wisdom is regarded as a more susceptible cultivar to BYDV, its susceptibility is only 

relative to the cultivars available currently in Ontario. All cultivars used currently have 

some level of resistance, which may have confounded our results and reduced the overall 

impact of the virus in the field and greenhouse experiments.

Thiamethoxam was slightly more effective than clothianidin for cereal aphid 

control in our experiments, although differences were minimal and BYDV infection was 

not prevented or reduced. Higher rates may increase the control of BYDV but will not be 

practical. A greater advantage of using these seed treatments would likely be observed in 

cereals grown on sandy soils and soils with known history of additional seedling pests 

such as wireworm, Agriotus sp. or European chafer (Schaafsma et al., 2004). In Ontario, 

economically sound management of BYDV will likely be achieved best by further cereal 

breeding for tolerance to cereal aphids and BYDV.
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SUMMARY AND CONCLUSIONS

This study addresses the relative importance of the BYDV complex following the 

widespread adoption of a significant change in cropping practices in winter wheat 

production in south-western Ontario. The hypothesis of this research was that due to the 

resultant increase in volunteer wheat and earlier planting dates due to conservation tillage 

practices, a ‘green bridge’ was provided by volunteer wheat to autumn-sown winter wheat 

that could precipitate an increase in BYDV incidence in winter wheat.

The most important cereal aphid species in the south-western Ontario cereal 

producing region is R. padi, the predominant species collected and observed over two 

years of monitoring in winter wheat fields, suction air traps, and elevated pan traps. 

Rhopalosiphum maidis and S. avenae were also found in this region, but in much fewer 

numbers in winter wheat. The current composition of cereal aphid species in Ontario 

does not differ from that described over twenty years ago (Paliwal, 1982b). The 

populations observed during this study are characteristic of cereal aphids in this region, 

numbers above the economic threshold would be considered atypical. In addition to 

standard crop scouting for cereal aphids, regional monitoring for abnormally high 

infestations may be accomplished by suction air traps even as a secondary objective to 

monitoring for a more damaging pest such as the soybean aphid.

Small populations of R. padi were found in the fall on volunteer wheat as well as 

winter wheat seedlings. This is the first report of volunteer wheat serving as a host of R. 

padi in this region. Although field populations of cereal aphids in winter wheat were 

highest in the early summer, they may subsequently be suppressed in late summer due to a 

lack of host material. The period between the deterioration of winter wheat pre-harvest 
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and the presence of volunteer wheat or autumn-sown cereals may depress populations that 

were observed in volunteer wheat and would be expected on fall cereals.

In the fall of 2003 and 2004, cereal aphids were found on volunteer wheat and 

BYDV infection was found in 10 and 25 percent of the samples tested respectively. 

Previously, Paliwal found little BYDV and few cereal aphids in the fall on perennial 

grasses and com (Paliwal, 1982b), therefore, volunteer wheat can be a reservoir of 

BYDV. However, we found that the frequency of winter wheat infections in the vicinity 

of field containing aphids in volunteer wheat was low, therefore it can be hypothesized 

that the most important inoculum source of BYDV in south-western Ontario is 

viruliferous migratory aphids from southerly locations (Paliwal, 1982b).

The incidence of BYDV in winter wheat recently is slightly higher than that 

reported over twenty years ago in years of typical aphid infestation levels (Paliwal, 

1982a). We hypothesize that the increase may be related to conservation tillage, reduced 

volunteer wheat control and earlier planting dates, but BYDV may be lower in importance 

than perceived. This study does confirm that BYDV is present in winter wheat carried by 

populations of cereal aphids below economic thresholds. Further study of the effects of 

these infection levels on yield should be determined in small plot trials that mimic field 

conditions.

In this research a field identified with ideal conditions for potential BYDV 

infection was actually infected with WSBMV and very little BYDV. This study confirms 

that serological testing should be conducted to accurately diagnosis suspected BYDV 

infected plants, the general observation that BYDV was increasing significantly in this 

region may be due to misdiagnosis. As recent incidence does not differ to a great extent 
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from historical reports, viruses such as WSBMV may potentially be increasing with 

increased winter wheat production.

The most prevalent serotype recently found in winter wheat was BYDV-PAV by 

serological testing; although it was not found in great amounts, if epidemic infection were 

to occur, yield losses are highest when infected with this serotype (Rochow, 1969). A 

small number of mixed infections of BYDV-PAV and CYDV-RPV were also detected. 

The prevalence of these serotypes corresponds with the dominance of R. padi found in 

this study, as this species is the most efficient vector of these serotypes (Rochow, 1969). 

Paliwal reported greater variation in serotype incidence by aphid transmission assay in the 

early 1980’s than was detected in this study by DAS-ELISA (Paliwal, 1982a). Although 

ELISA is an efficient and relatively inexpensive method of serotype detection, aphid 

transmission assay is still considered the most effective method for regional isolate 

characterization but is laborious and time consuming (French, 1995).

In this study, chloronicotinyl seed treatments for the control of BYDV in winter 

wheat were not sufficiently effective at the rates recommended by industry. Although 

large scale field plots were representative of field conditions and cropping practices in this 

region, the efficacy of insecticides for BYDV control might have been evaluated better 

with small scale field plots inoculated with viruliferous aphids to ensure ample BYDV 

incidence. Chloronicotinyl seed treatments in winter wheat may be more appropriate to 

control other winter wheat pests like European chafer (Schaafsma et al., 2004) or 

wireworm when necessary, with the added benefit of cereal aphid population suppression 

in the fall. Thiamethoxam appeared to be more effective to control cereal aphids for a 

longer period of time than clothianidin and imidacloprid.
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This study found that BYDV was not as prevalent as was anticipated in winter 

wheat in south-western Ontario. Although an increase in BYDV was perceived by the 

extension community, this problem was possibly misdiagnosed. The low levels of BYDV 

may be due to some BYDV tolerance present in cultivars developed and selected for 

production in this region. The establishment of soybean aphid as a serious pest in this 

region may also contribute to cereal aphid population suppression as natural enemy 

populations may have increased in response to SBA. Future management strategies for 

BYDV may not be best accomplished by management of cereal aphids in winter wheat, 

but should include continued cultivar development for tolerance or resistance.
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