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Abstract

The bird cherry oat aphid, Rhopalosiphum padi, and one of the viruses it vectors, barley yellow
dwarf virus (BYDV), form a very damaging pest unit on cereals. Understanding how people can
better manage crops to prevent damage or recognize environmental or geographic factors that put
their crops at risk for BYDV could lead to improved virus aphid management strategies.

One of the most successful methods for mitigating pest damage is using pest-resistant
varieties of crops. Seven candidate wheat varieties were screened for resistance to R. padi, by
testing aphid population densities and aphid host choice. Results of this research identified six
varieties of wheat that show resistance to R. padi.

One of the major knowledge gaps in BYDV management is forecasting potential damage.
Our objective was to create viral presence maps, to start building the foundation of correlations
between persistent and changing frequency of viruliferous R. padi. The results of BYDV assays
in R. padi in wheat fields across Kansas indicated that the amount of BYDYV infection in
viruliferous aphids changes rapidly from year to year, and differs considerably between
geographic regions and field landscape characteristics in Kansas.

Neonicotinoid wheat seed treatment is a management technique that reduces R. padi
populations. However, a common question among producers is whether or not seed treatments
stop viral transmission. Results of greenhouse seed treatment experiments with plants from
neonicotinoid treated and untreated seed infested with viruliferous R. padi indicated no
significant difference in viral transmission due to seed treatment.

This new information about R. padi wheat varietal resistance, geographic distribution of
BYDV in Kansas, and neonicotinoid seed treatment creates a better understanding of aphid-

virus-wheat interactions. Results from this thesis directly enhance producer ability to forecast



risk from BYDYV, select wheat varieties that effectively reduce R. padi as a BYDV vector, and to

make better decisions about the use of insecticide to reduce BYDYV infection.
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Chapter 1 - Literature Review

Wheat

Wheat, family Poaceae, is a domesticated grass originating in the Levant region of the
Middle East [Shewry 2009]. Wheat is one of the earliest cultivated crops and has been associated
with the emergence of settled agrarian culture [Feldman and Kislev 2007]. Wheat is composed of
multiple species of the genus Triticum. The six key species are T. aestivum, T. monococcum, T.
dicoccoides, T. dicoccum, and T. durum [Dvorak et al 2012]. Wheat is a temperate crop, grown
above the tropics, accounting for approximately 20% of the caloric intake of the peoples living
there [FAOSTAT 2015]. Wheat is the third largest crop grown globally, with 6.9 million metric
tons grown in 2010 [FAOSTAT 2015]. In Kansas, wheat is one of the most important crops
grown, accounting for over 50% of annual production. Wheat can be grown as spring wheat
planted in spring and harvested in fall, or winter wheat planted in the fall and harvested in early
summer. Wheat requires about 3 months to mature, in both spring and winter planting, during
which time plants progress through nine distinct physiological phases [Satorre and Slafer 1999].
Wheat defence against herbivory, in agricultural and ecological systems, are often referred to as
host plant resistance, and consist of three main categories: antibiosis, antixenosis, and tolerance
[Smith 2005]. In smith (2005) wheat plant resistance prevents loss of yield to many pests, but the
pest of interest for this study that plagues the wheat cropping system is the bird cherry oat aphid,
Rhopalosiphum padi L. and a viral pathogen vectored by R. padi, barley yellow dwarf virus

(BYDV).



Bird cherry oat aphid

Insects utilize plant resources very efficiently, which comes into conflict with the use of
plants as a food source for humans. Insects have many strategies to extract plant resources, some
causing physical damage and actively taking biomass from the plant, and others superficially
causing little damage but drinking the phloem, which causes plant stress. Several of the most
devastating insect pests belong to the insect order Hemiptera superfamily: Aphididae [Dixon,
1985].

Aphids are a group of piercing-sucking insects that are characterized primarily by their
ability to reproduce asexually and the presence of cornicles that produce defensive fluids. This
enables them to produce extremely large populations in a short amount of time, exerting more
stress on plants they inhabit. Aphids have a fairly unique feeding mechanism. Even though
piercing-sucking mouthparts appear in other orders, aphids directly tap into the plant’s vascular
tissue with their stylets. Aphids bypass many traditional host plant resistance mechanisms by
being “stealthy”, and not eliciting jasmonic acid defense responses in the plant [Kus$nierczyk et
al 2011]. This feeding is stealthy but still causes significant damage because of saliva and
pathogens injected into the plant that cause a cascade of other effects besides feeding damage
[Dixon, 1985]. Aphids are considered a superpest because of their ability to quickly achieve
large populations, their ability to develop a winged life stage that allows long distance migration,
and their ability to transmit diseases [ Van Emden and Harrington 2007].

The major aphid species of interest to this thesis is Rhopalosiphum padi L., the bird
cherry oat aphid. Rhopalosiphum padi is recognized as one of the grain aphids causing
significant damage to all Poaceae crops [Van Emden and Harrington 2007], but it is known more

as a highly effective vector of viral plant diseases [Leather et al 1989].



In Dixon (1985) aphids move long distances in response to two biological cues:
appetitive dispersal and long-distance migration. Appetitive dispersal is characterized by flying
behavior resulting from over-crowding or poor food source quality. Migratory behavior is
characterized by a strong attraction to ultraviolet radiation for a short duration [Dixon 1985].
According to Tjallingii (1978) when aphids feed, they use chemoreceptors in their mouthparts to
taste and find appropriate feeding sites, and then make an initial opening with the sclerotized
beak-like stylet sheath containing their mouthparts. The hollow grooves inside the sheath allow
for the stylet to move into the plant. The aphid stylet mouthparts search the plant for vascular
tissue and determine host suitability [Tjallingii 1978]. The flexible sheath is very thin and needs
a protective coating of hardened saliva secreted during feeding probes to protect against plant
physical barriers. Aphids occasionally puncture cells with their stylets, ingesting cytoplasm and
tasting it. According to Mutti et al (2006) once the aphid finds the phloem, it stops secreting the
hard, protective sheath saliva and begins to secrete digestive saliva a cocktail of effector proteins
and enzymes [Mutti et al 2006]. Saliva shuts down defensive pathways in the plant, allowing for
uninterrupted feeding. In the case of R. padi, digestive saliva does not cause chlorosis or the
generation of a feeding site like other aphids. Rhopalosiphum padi will feed at this particular site
for the duration of its life if conditions do not become intolerable [Dunn et al 2007,
Giordaneengo et al 2010].

Viral transmission

The feeding site created by aphids is an easy access point for pathogens to enter the
plant, since it is a maintained, open wound [Stroyan 1997]. Possibly the most destructive aspect
of aphid infestations is their capacity to transmit diseases. The ability of aphids to tap into the

plant’s vascular system and suppress its defenses makes it an ideal vector for a myriad of



diseases. Plant diseases can be transmitted in multiple fashions, the three most common being the
non-circulative method, the circulative method, and the propagative method [Schumann and
D’arcy 2010]. Non-circulative transmission is when an aphid feeds on an infected plant, the
pathogenic agent becomes embedded in the stylet, binds with membrane-bound proteins and is
carried for a short period of time before being introduced into a new host plant. Circulative
transmission is when infected phloem is ingested, pathogenic agent enters the aphid gut and
salivary glands before being injected into a new host with the saliva. Circular-propagative
transmission is when the pathogen behaves similarly to the circulative method but also infects
the insect, allowing the pathogen population to increase separately from an infected host plant

[Gray and Gildow 2003].
Barley yellow dwarf virus

Many diseases exploit plant resources. The disease most pertinent to this thesis is
BYDV. BYDV and cereal yellow dwarf virus are lumped into the same group because they
cause similar symptoms, and are both transmitted by aphids in a circulative manner [Gray 1999].
Yellow dwarf viruses are physiologically and phylogenetically similar, both being icosahedral in
shape and in the Luteoviridae family [Henry and McNab 2002]. They are both positive sense,
single-stranded RNA without highly adenated transcribing regions [Malmstrom and Shu 2004].
BYDV is globally present and causes substantial yield loss wherever it occurs [McKirdy et
al 2002]. Barley yellow dwarf virus is only compatible with plants of the family Poaceae and
cannot infect dicotyledonous plants. BYDV has an obligate vector, being only transmitted by
aphids compatible with the particular strain of yellow dwarf virus. There are six strains of yellow
dwarf virus that have varying levels of transmission by different aphid species [Plumb 1974].

The strains also have varying levels of severity that correspond to the host plant. Yellow dwarf



viruses can only be transmitted by their vectors, so the vector population biology is completely
linked to yellow dwarf transmission. Yellow dwarf virus’s name is useful as it describes two of
its most recognizable symptoms: yellowing (chlorosis) and dwarfism (stunting) [D’Arcy and
Burnett 1995]. This damage can cause moderate to total plant production loss. The virus has two
hosts: its aphid vector and the host plant. The virus is brought into the aphid with infected
phloem, and the virons pass through a membrane-bound protein in the gut lining. The viral
particles then migrate through the hemolymph to the salivary glands, passing first through the
transparent organ and then accumulate in the accessory tissue of the salivary gland [Pieffer et al
1997]. When the aphid starts to feed, the virons are introduced into the plant via saliva. While in
the host plant, the virus penetrates the plant cell walls and replicates [Miller and Rasochova

1997].
Objectives

The major knowledge gaps addressed in this thesis are the lack of understanding of R.
padi resistance in currently grown Kansas wheat varieties and the effect of imidacloprid seed
treatment on the R. padi vector of BYDV transmission. BYDV is detected frequently in Kansas,
but the extent to which the virus occurs has not been quantified. Many variables impact BYDV
persistence, movement, and transmission that can drive outbreaks. The potential prevention of R.
padi and BYDV damage through host plant resistance prompted the assessment of wheat
varieties commonly grown in Kansas for R. padi resistance. One of the questions from Kansas
producers has been if insecticidal wheat seed treatments protect plants from BYDV infection.
Results of a greenhouse experiment indicate that imidacloprid insecticide is highly effective in
reducing R. padi populations but treatment of plants at recommended doses does not stop BYDV

infection [appendix A]. The geographic distribution of BYDV and its concentration, also major



concerns of Kansas wheat producers, prompted the mapping of BYDV virus concentration as a

starting point to asses BYDYV risk in Kansas wheat production.



Chapter 2 - Barley yellow dwarf virus presence across Kansas

Introduction

Winter wheat Triticum aestivum (L.) is the third-largest field crop produced in the United
States, which produces more than 2 billion bushels of wheat per year [USDA ERS 2011, 2012,
2013, and 2014]. The state of Kansas produced 240 million bushels of wheat in 2014,
representing a billion dollar industry [USDA ERS 2014]. Wheat is expected to be grown more as
climates around the world become drier due to climate change and will become even more
important as a source of nutrition [Ortiz et al 2008].

A global and severe disease of wheat is Barley yellow dwarf virus (BYDV) which occurs
annually in Kansas, but prevelance, distribution, and epidemiology of this virus is poorly
understood. Yield losses due to BYDV in wheat are substantial, ranging from 1,300 to 2,700
kg/ha [McKirdy et al 2002]. BYDV has multiple strains, some varying in their severity. The
most severe strain of BYDV is RPV, which stands for Rhopalosiphum padi virus.
Rhopalosiphum padi (L), the bird cherry oat aphid, effectively vectors RPV-BYDV, with
transmission efficiency in the range of 70% [Gray et al 1991]. In Kansas, R. padi is the aphid
most commonly associated with BYDV infections [ Whitworth and Ahmad 2010]. For these
reasons, R. padi was used as the monitoring organism in viral surveys in 2013, 2014, and 2015.
Other aphids that commonly occur in Kansas and also vector BYDV are the corn leaf aphid,
Rhopalosiphum maidis L., the English grain aphid, Sitobion avenae (Fab.) and greenbug,
Schizaphis graminum Rondani, which were included in the survey in this study.

BYDV causes a variety of symptoms such as stunting and chlorosis, and can lead to plant
mortality or plant sterility [Fauquet et al 2005]. BYDV infection is difficult to identify because

many other plant pests and environmental factors can cause similar symptoms, leading to



problems of misidentification of BYDV [Loi et al 2004]. The problem of misidentification is
exacerbated by the fact that BYDYV is an RNA virus and degrades quickly after plant or aphid
mortality, requiring special sampling procedures. The only accurate and satisfactory way to
diagnose BYDYV is with molecular techniques, such as ELISA or PCR amplification and
electrophoresis [Miller and Rasochova 1997]. The goal of this research was to investigate the
distribution of BYDV in R. padi in Kansas in multiple years. The spatial and temporal data maps

provides useful information to forecast the risk of damage by BYDV.

Materials and methods

Aphid collection and field selection

Aphids were collected from wheat fields in 2013 by multiple technicians, using canvas
sweep nets and a non-standard transect for an undetermined amount of time or number of
sweeps. In 2014, the number of sweeps per field was standardized to 250, and in 2015 this
number was reduced to 100 sweeps. Field selection was random, and fields were deemed
acceptable to sample if plants appeared green. Sampled aphids were transferred from nets to
plastic 0.38 L Ziploc® bags and kept in a cooler stocked with ice to reduce insect mortality until
returning to the lab. The same field selection and storing methods were used in 2014 and 2015.
Live aphids were selected from the samples, frozen in liquid nitrogen and stored at -80°C for
later extraction. GPS location was recorded at each field site with a hand held Garmin® GPS for
mapping. In 2015, the distance between sampled fields was maintained to at least 8 km.

In 2013, 41 fields were sampled; in 2014, 84 fields; and in 2015, 255 fields were sampled
(Table 2.1). Samples were collected in 2013 between May 13" and June 16™ (34 days); in 2014,
between May 12" and June 9" (27 days); and in 2015, between the 18" of April and the 7™ of

June (50 days). All plants were sampled in physiological stages 8 to 11 on the Feekes plant



growth scale [Miller 1999]. Specimens used in this research are deposited as voucher number
242 in the KSU Museum of Entomological and Prairie Arthropod Research
RNA extraction

In order to detect the RNA virus in aphid sample, total RNA from whole body of a single
aphid was extracted using the TRIzol method [Chomczynski and Sacchi 1987]. A maximum of
10 aphids per field site were randomly chosen for the test. For RNA extraction from a single
aphid, 80 ul of TRIzol was added to a 1.7 mL centrifuge tube, and the aphid was homogenized in
TRIzol for less than 1 min using an electric hand mortar and pestle. 50 pl of chloroform was
added to the homogenized mixture, the tube was vortexed and left to incubate at room
temperature for 3 min, moved to a centrifuge cooled to 5°C and spun at 12,000 g for 15 min. The
upper phase was collected and precipitated by adding 50 pl of isopropanol after a brief vortex
and incubation at room temperature for 3 min. The mixture was then centrifuged in a 5°C
centrifuge for 10 min at 12,000 g. The pellet was washed with 50ul of 75% ethanol for three
times total. The pellet was resuspended in 10 pl of DDH20. The RNA concentration was
assessed using a Nanodrop 2000 for the ratio A260nm/A280nm. The samples were stored in -80
°C until the use for reverse transcription. Concentrations of the majority of samples were 30
ng/ul of RNA or higher, but the samples with lower concentrations than 30 ng/pl were excluded
in the subsequent PCR diagnostic test.
Reverse transcription, PCR and electrophoresis

Reverse transcription of RNA to single-stranded DNA was performed with Applied
Biosystems High Capacity cDNA Reverse Transcription Kit® (Applied Biosystems, Foster City,
CA) using forward and reverse primers that binds to the PAV and RPV viral strains outlined in

[Malmstrom and Shu 2004]. PCR of ssDNA was preformed using Promega GoTaq® Green



Master Mix (Promega life sciences, Madison, WI) following manufacturer’s instructions for a
25ul reaction volume. PCR and electrophoresis was performed using the protocol and primers
for PAV outlined in [Fabre et al 2012]. PCR products were analyzed by electrophoresis on a
2.5% agarose gel and visualized under UV illumination. Glycerol & bromophenol blue dye was

used when loading PCR products to reduce loss of products into ETH buffer.

Results

Total Kansas BYDV

Spring surveys of wheat fields in 2013, 2014, and 2015 gave information on the relative
abundance of the PAVand RPV isolates of BYDV across Kansas (Table 2.1). In 2013, 70% of
fields contained R. padi that were viruliferous for PAV-RPV-BYDV. In 2014, only 14% of fields
contained R. padi that were viruliferous for PAV-RPV-BYDV, and in 2015, only 18% of fields
contained R. padi viruliferous for PAV-RPV-BYDV. Tables 2.2 through 2.4 give more specific
information for PAV-RPV-BYDV infection by county, cite, and R. padi sample size. To better
visualize these data, a colored map representing the mean percent viruliferous R. padi found by
county (Figure 2.1) and by sample site (Figure 2.2) were created. These figures illustrate how
PAV-RPV-BYDV concentrations change annually, as evidenced by regions with a high presence
of virus one season having none the next year. The composition of aphid vector species also
changed rapidly from 2014 to 2015, with some species being detectable in some years and not in

other years (Figures 2.3 through 2.10).
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Table 2.1: Total number of wheat fields sampled across Kansas in 2013, 2014, and 2015;
number of fields containing R. padi with RPV-PAV-BYDYV and % of fields with R. padi
containing RPV-PAV-BYDV (RPV-PAV-BYDYV is the combined detection of the RPV and
PAYV BYDV strains).

Season Total fields sampled  # Fields with RPV-PAV- % fields with RPV -
sampled BYDV R. padi PAV-BYDV R. padi
Spring 2013 41 29 70
Spring 2014 84 12 14
Spring 2015 255 48 18
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Table 2.2: RPV-PAV-BYDYV viruliferous R. padi collected in wheat fields of Kansas
counties 2013 (RPV-PAV-BYDY is the combined detection of the RPV and PAV BYDV
strains).

County % # County % #
infection R. padi screened Infection R. padi screened

Atchison 1 90 10 Marion 1 33 9
Atchison 2 0 10 Marion 2 40 10
Brown 1 80 10 Marshall 1 50 10
Brown 2 60 5 Mcpherson 1 0 2
Butler 1 10 10 Mitchell 1 0 10
Butler 2 100 1 Mitchell 2 11 9
Butler 3 80 10 Morris 1 <10 9
Chase 1 56 9 Nemeha 1 40 10
Cheyenne 1 50 6 Nemeha 2 20 10
Clay 2 0 10 Pottawatomie 1 70 10
Clay 3 10 10 Reno 1 10 10
Cloud 2 10 10 Republic 1 0 10
Crawford 1 100 10 Riley 1 70 10
Dickinson 1 0 0 Riley 2 20 10
Dickinson 2 50 2 Saline 1 0 10
Dickinson 3 67 3 Saline 2 90 10
Dickinson 4 25 4 Saline 3 17 6
Dickinson 5 0 7 Sherman 1 0 2
Geary 1 0 10 Wilson 1 20 10
Jefferson 1 30 10 Wilson 2 20 10
Jewell 1 <10 9 Wilson 3 10 10
Lincoln 1 10 10
Logan 1 0 1
Lyon 1 0 10
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Table 2.3: RPV-PAV-BYDYV viruliferous R. padi collected in wheat fields of Kansas
counties in 2014 (RPV-PAV- BYDYV is the combined detection of the RPV and PAV BYDV

strains).
County % #R. padi County % #R. padi County % #R. padi
Infection  screened Infection  screened Infection  screened

Allen 1 20 10 Franklin 0 15 Miami 60 5
Anderson 1 0 1 Geary 25 Mitchell 0 6
Atchison 1 0 2 Greely 1 0 0 Morris 0 8
Atchison 2 0 2 Greely 2 0 4 Nemaha 0 10
Barton 1 0 4 Greely 3 0 4 Ness 0 5
Barton 2 0 5 Greenwood 0 10 Osage 10 10
Bourbon 1 0 8 Hamilton 1 0 0 Osborn 80 5
Brown 1 0 3 Hamilton 2 0 5 Ottawa 0 3
Butler 1 50 2 Hamilton 3 25 4 Pawnee 1 0 2
Chase 1 0 3 Harvey 0 5 Pawnee 2 0 0
Clay 1 0 8 Hodgemen 1 0 0 Pottawatomi 0 6
Cloud 1 0 4 Hodgemen 2 0 4 Reno 0 8
Coffey 1 0 5 Jackson 1 0 0 Republic 0 5
Dickenson 1 50 2 Jackson 2 0 2 Rice 0 5
Dickenson 2 33 3 Jackson 3 50 2 Riley 0 5
Dickenson 3 0 7 Jefferson 0 5 Rooks 0 3
Douglass 1 0 10 Jewell 0 12 Rush 1 0 2
Douglass 2 0 3 Johnson 0 2 Rush 2 0 6
Ellis 1 0 3 Kearny 0 9 Russel 16 6
Ellis 2 0 4 Lane 0 4 Saline 0 3
Ellsworth 1 0 0 Leavenworth 0 1 Saline 1 0 3
Ellsworth 2 0 0 Lincoln 1 0 0 Scott 0 5
Ellsworth 3 0 5 Lincoln 2 0 4 Sedgewick 0 7
Ellsworth 4 0 0 Linn 0 9 Shawnee 0 6
Ellsworth 5 0 0 Lyon 0 4 Smith 0 6
Finny 1 0 0 Marion 0 7 Wabaunce 0 4
Finny 2 0 0 Marshall 14 7 Washington 0 6
Finny 3 0 5 Mcpherson 0 4 Wichita 0 2

Woodson 0 2
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Table 2.4: RPV-PAV-BYDYV viruliferous R. padi collected in wheat fields of Kansas
counties in 2015 (RPV-PAV BYDYV is the combined detection of the RPV and PAV BYDV
strains).

County % #R. padi County % #R. padi County % #R. padi
Infection screened Infection screened Infection screened
Allen 1 0 0 Greenwood?2 40 10 Osagel 12 8
Allen 2 70 10 Greenwood3 0 0 Osbornel 0 0
Anderson 1 0 0 Hamiltonl 0 1 Osborne2 0 1
Anderson 2 0 Hamilton2 0 7 Osborne3 0 0
Anderson 3 2 Harperl 33 3 Ottawal 0 1
Atchison 1 10 6 Harper2 80 10 Ottawa2 0 0
Atchison 2 25 8 Harper3 0 0 Pawneel 0 0
Barber 1 0 0 Harveyl 0 0 Pawnee2 0 0
Barber 2 0 0 Harvey2 0 0 Phillips1 0 0
Barton 1 0 0 Harvey3 0 0 Phillips2 0 0
Barton 2 0 0 Haskelll 0 0 Pottawatomiel 50 6
Barton 3 0 0 Haskell 2 0 0 Pottawatomie2 57 7
Bourbon 1 50 10 Haskell3 0 0 Pottawatomie3 70 10
Bourbon 2 44 9 Hodgemanl 0 0 Prattl 0 0
Brown 1 40 10 Hodgeman2 0 0 Pratt2 0 2
Brown 2 0 9 Hodgeman3 0 0 Pratt3 0 0
Butler 1 0 0 Jacksonl 1 1 Rawlins1 0 1
Butler 2 0 0 Jackson2 83 6 Rawlins2 0 0
Chase 1 0 0 Jackson3 0 0 Rawlins3 0 0
Chase 2 0 0 Jeffersonl 0 0 Renol 0 2
Cherokee 1 0 0 Jefferson2 0 0 Reno2 0 3
Cherokee 2 100 2 Jefferson3 0 0 Reno3 0 2
Cherokee 3 66 3 Jewelll 0 0 Ricel 0 1
Cheyenn 1 25 4 Jewell2 0 0 Rice2 0 0
Cheyenn 2 0 Jewell3 0 0 Rice3 0 1
Cheyenn 3 0 0 Johnsonl 33 3 Riley1l 40 10
Clay 1 50 10 Johnson2 20 5 Riley2 40 5
Clay 2 0 0 Kearnyl 0 0 Riley3 66 3
Cloud 1 0 Kearny2 0 1 Rooks1 0 2
Cloud 2 0 Kearny3 0 0 Rooks2 0 1
Clark 1 0 0 Kingman1l 0 1 Rush1 0 0
Coffey 1 100 4 Kingman2 0 1 Rush2 0 0
Coffey 2 0 1 Kiowal 0 1 Rush3 0 1
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County % #R. padi County % #R. padi County % #R. padi
Infection screened Infection screened Infection screened
Coffey 3 0 0 Kio2 0 0 Russelll 0 0
Comanchel 100 1 Labettel 0 2 Russell2 0 2
Comanche2 0 0 Labette2 0 0 Salinel 0 0
Comanche3 0 1 Lanel 0 4 Saline2 100 2
Cowly1l 0 0 Lane2 0 0 Saline3 0 0
Cowly2 0 0 Lincolnl 0 0 Scottl 0 0
Cowly3 0 0 Lincoln2 0 0 Scott2 0 0
Chantaqual 0 0 Linnl 60 10 Sedgwick1 0 0
Crawfordl 0 0 Linn2 66 3 Sedgwick2 0 0
Crawford2 0 0 Loganl 0 0 Sedgwick3 0 0
Crawford3 50 2 Logan2 0 0 Sewardl 0 0
Decaturl 0 0 Logan3 0 0 Seward2 0 0
Decatur2 0 0 Leavnworthl 14 7 Seward3 0 0
Decatur2' 0 0 Leavnworth2 25 4 Shermanl 0 5
Dickensonl 0 0 Leavnworth3 10 10 Sherman2 0 0
Dickenson2 0 0 Lyonl 0 0 Sherman3 0 0
Dickenson3 0 0 Lyon2 0 10 Shridanl 0 0
Doniphanl 0 10 Lyon3 0 10 Shridan2 0 0
Doniphan2 0 5 Marionl 0 0 Shridan3 0 0
Douglasl 0 2 Marion2 0 0 Shwn1l 80 10
Douglas2 20 10 Marion3 0 0 Smithl 0 7
Douglas3 0 0 Marshalll 10 10 Smith2 0 0
Edwardsl 0 0 Marshall2 40 5 Smith3 0 0
Edwards2 0 0 Marshall3 14 7 Stafford1 0 0
Ellis1 0 3 Mcphersonl 0 0 Stafford2 0 0
Ellis2 0 0 Mcpherson2 0 0 Stantonl 0 0
Elk1 0 1 Mcpherson3 0 0 Stanton2 0 5
Elk2 0 10 Mead1l 0 0 Stanton3 0 0
Elk3 0 3 Mead2 0 0 Stevensl 0 0
Ellsworthl 0 1 Miamil 0 0 Stevens2 0 0
Ellsworth2 0 0 Miami2 90 10 Sumnerl 0 0
Finneyl 0 0 Mitchelll 0 0 Sumner2 0 0
Finney2 0 2 Mitchell2 0 0 Sumner3 0 1
Fordl 0 0 Montgomeryl 0 3 Thomasl 0 3
Ford2 0 0 Montgomery2 0 0 Thomas2 0 0
Frnklinl 0 2 Montgomery3 0 2 Tregol 0 0
Frnklin2 66 3 Morrisl 0 0 Trego2 0 0
Frnklin3 66 9 Morris2 0 0 Wabaunseel 0 7
Gearyl 0 Mortonl 0 0 Wabaunsee2 0 1
Geary2 0 Morton2 0 0 Wabaunsee3 0 0
Govel 0 Morton3 0 0 Wallacel 0 0
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County % # R. padi County % # R. padi County % # R. padi

Infection screened Infection screened Infection screened
Gove2 0 0 Nemahal 0 0 Wallace2 0 5
Graham1 0 0 Nemaha2 0 1 Washingtonl 0 6
Graham?2 0 0 Nemaha3 33 3 Washington2 0 0
Grayl 0 0 Neoshol 0 2 Washington3 0 0
Gray2 0 1 Neosho2 0 2 Wichital 0 4
Greeleyl 0 8 Neosho3 0 0 Wichita2 0 0
Greeley2 0 7 Nessl 0 0 Wilsonl 0 0
Greeley3 0 0 Ness2 0 1 Wilson2 100 5
Grantl 0 0 Ness3 0 0 Wilson3 0 0
Grant2 0 0 Nortonl 0 0 Woodsonl 100 1
Greenwood1 0 2 Norton2 0 0 Woodson2 20 10
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Figure 2.1: Mean percent of R. padi sampled that were viruliferous for RPV-PAV-BYDV in
Kansas counties during 2013, 2014, and 2015. Counties that were sampled but R. padi was

absent are categorized as undetected.
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Figure 2.2: Mean percent of RPV-PAV-BYDYV viruliferous R. padi sampled in Kansas in
2013, 2014 and 2015. Dots represent sample sites. Sites that were sampled but R. padi was
absent are categorized as undetected.
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Figure 2.3: Incidence of R. padi detected in samples across Kansas in 2014 and 2015. Dots
represent sample site. Sites that were sampled but R. padi was absent are categorized as
undetected.
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Counties that were sampled but S. avenae was absent are categorized as undetected.
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Figure 2.6: Incidence of S. avenae in Kansas in 2014 and 2015. Dots represent sample site.
Sites that were sampled but S. avenae was absent are categorized as undetected.
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undetected.
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Discussion

Little is known about the ecological interactions between RPV-PAV-BYDV and R. padi,
due perhaps to R. padi having a complex host-altering life cycle and BYDV having multiple
strains. The annual changes in the percent of RPV-PAV-BYDYV viruliferous R. padi observed in
2013, 2014, and 2015 add insight into these interactions, showing that BYDV persistence and
introduction are determined on a yearly basis. This result poses potential problems for effective
BYDV management, because knowing the percent of RPV- PAV-BYDYV viruliferous R. padi in
a region does not necessarily extend to a better understanding of BYDYV infection in an
individual wheat field. This limitation makes individual field-based scouting less accurate in
monitoring BYDV [Lister 1985].

2014 and 2015 had extreme differences, in rainfall and aphid species vector composition.
Different aphid species vector different BYDYV strains, to modify the viral landscape [Rochow
1970, Gray et al 1991]; indicating that screening BYDYV in one species of aphid vector alone will
not give a complete picture of BYDV ecology. Schizaphis graminum, R. padi, and S. avenae, the
primary grain aphids and BYDV vectors of Kansas, should be sampled equally to accurately
determine BYDYV infection. Species carrying the most damaging and most common virus strains
are good candidates for a robust monitoring system.

Eastern Kansas varies markedly from western and central Kansas in elevation,
precipitation and soil type. Determination of which of these features make different regions more
likely to have BYDYV viruliferous aphid vectors is now needed to improve wheat pest

management.
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Chapter 3 - Host plant resistance of select wheat (Triticum aestivum)

varieties to Rhopalosiphum padi

Abstract

The bird cherry oat aphid, Rhopalosiphum padi L., is one of the most effective vectors of
barley yellow dwarf virus (BYDV), and is a common pest of wheat in Kansas [Grey 1991,
Whitworth and Ahmad 2010]. The Kansas State University Agricultural Experiment Station and
Cooperative Extension Service release annual ratings of wheat variety disease and insect rating
[DeWolf et al. 2015]. However, varietal reactions to R. padi are not included. Results of research
described below identified varieties of wheat in DeWolf et al (2013) with R. padi resistance. The
varieties Pioneer (S) 25R77 and Limagrain LCS Mint exhibited antibiosis, suppressing R. padi
populations. MFA (S) 2248 and Pioneer (S) 25R40 exhibited antixenosis, indicating that when
given a choice, R. padi preferred other wheat varieties. MFA (S) 2248, Pioneer (S) 25R40 and
Limagrain LS Wizard all exhibited tolerance, having no significant loss in biomass, compared to

susceptible varieties, after R. padi infestation.
Introduction

The bird cherry oat aphid, Rhopalosiphum padi L., is one of the most economically
important wheat pests in Kansas, and is the aphid most commonly associated with Barley yellow
dwarf virus (BYDV) in Kansas. According to Gaunce (2014), Kansas wheat producers lose 20%-
30% of crop yields to BYDV and can lose up to 40% if R. padi is present in high numbers
[Gaunce 2014]. Identifying wheat varieties resistant to both R. padi and BYDV could be a very
useful tool in preventing yield losses to these pests [Smith 2014, Dunn et al 2007]. Most of its

damage stems from its ability to vector the most damaging strains of barley yellow dwarf virus,
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BYDYV [Razmjou et al 2012]. One of the most economically effective methods of preventing
damage from insects is through selecting resistant wheat varieties. An increase in productivity on
a field level can be very substantial. With a small net gain in individual plant productivity that
can scale up to a massive net gain [Gatehouse et al 2011]. Kansas State University Agricultural

Experiment Station and Cooperative Extension Service releases “Wheat Variety Disease and

Insect Ratings” that highlights commonly grown varieties of wheat and their pest resistance
ratings. Varietal ratings of R. padi resistance or susceptibility are lacking in this piublicatin, and
if presented would add more information to this publication that producers can use to make
informed decisions about varietal selection. The objectives of this study were to screen varieties
of wheat commonly grown in Kansas for R. padi resistance and to determine if resistance is

expressed as antibiosis, antixenosis and/or tolerance.

Materials and methods

Initial Screening

Seed of varieties of wheat included in the 2013 Wheat Varietal Disease and Insect
Ratings [DeWolf 2013] were germinated under R. padi feeding pressure in a common garden, in
a non-experimental manner. Plants of the varieties Pioneer (S) 25R77, Pioneer (S) 25R40,
Limagrain LS Wizard, Limagrain LCS Mint, Limagrain T153, Limagrain T158, and MFA (S)
2248 survived 120-180 days after infestation and were tested in replicated experiments, .
Potting and caging

Plants were grown in 5.5 x 5.5 x 5.5 cm plastic pots. Seeds were sown in 1.5 cm deep in
peat moss and plants were caged to prevent R. padi escape or mortality from outside sources.
Plants in pots were caged in 61 x 30.5 x 30.5 cm Bioquip® collapsible cages (BioQuip Products

Inc. Rancho Dominguez, CA) covered with mite-proof mesh. Pots were bottom-watered in a
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tray, and water was added when the tray was dry. The temperature of the greenhouse fluctuated
between 15.5 and 21 °C and the photoperiod was 14:10 [L:D].
Antixenosis

In antixenosis tests, each plant was infested with 5 adult aphids delivered to a plant on a 1
x 1 cm cutting of the original host plant, barley variety 8:12. Aphids were counted every 2 days
for 14 days. The choice test cages contained three pots, each with a plant of the seven varieties of
wheat, plus three pots of the susceptible control, Jagger. The 24 pots were placed in the cages in
a completely random design, using a random generator to decide pot placement. A total of 18
cages of 24 plants were processed for R. padi feeding choice.

Antibiosis and Tolerance

In the antibiosis and tolerance test, 25 two leaf stage plants were infested with three adult
aphids each, delivered to each plant on a 1 x 1 cm cutting of their original host plant, barley
veriety 8:12. Aphids on each plant were counted every 2 days for 14 days and plants were
allowed to grow to the six leaf stage, which took about 28 days. This was repeated two times for
each of the eight wheat varieties. In one set of cages, plants were infested with R. padi, and the
second set of cages were left uninfested. A third replication was done having only three plants of
each variety instead of 25. After 28 days, previously infested and uninfested plants were
harvested and dried for 24 hours in a 27 °C dryer. To asses tolerance the dry biomass of each
plant was measured using an electronic scale, and percent loss of biomass was calculated with
the equation [(uninfested biomass — infested biomass) / uninfested biomass] [Reese et al 1994].

The 3 cages were arranged on green house benches in a completely random design.
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Statistical Analysis

Analyses of variance of all data were conducted using a generalized Minitab 17 model
[Minitab 17 2010] When the F- test was significant at P < 0.05, pairwise comparisons were
conducted useing a Tukey’s HSD test and 95% confidence level, since the number of possible

comparison combinations was small.

Results

The trial testing for antibiosis indicated that Pioneer (S) 25R77 and Limagrain LCS Mint
caused statistically significant reductions in R. padi populations, categorizing them as antibiotic
to R. padi [Figure 3.1]. Both varieties reduced R. padi populations by 40% compared to the
susceptible Jagger control. In plants allowed to grow an additional 14 days post infestation, dry
biomass comparisons showed three of the seven varieties tested to be more tolerant than the
susceptible Jagger control. Plants of varieties MFA (S) 2248, Pioneer (S) 25R40, and Limagrain
LS Wizard infested with R. padi had very similar mean above ground dry biomass compared to
uninfested counterparts, indicating these varieties tolerated R. padi feeding [Figure 3.2].

In the antixenosis (choice) test, R. padi populations were allowed to grow for 14 days, but
the initial decision of which plant to feed on is most important [Figure 3.3]. Aphids chose to
abandon the varieties Pioneer (S) 25R40 and MFA (S) 2248 in significant numbers at 24 hours
post infestation, with some plants having no aphids. Over time, populations in the cages

increased and aphid densities caused appetitive dispersal to occur.

29



120 4

100 -
5
S

2 80 -
o
[T
o

= 60 -
wl
wv
.H

S 40 -
()
S

20

O i

4 4 4
“% “n % ‘9@ &) &)
/)GG,. ts‘é?/* e, 6 eé’fo?/ 4/&/ eé’/-e/ eé’/s,/
s, hy 6y r S, Ty ’7/\
> //'7? 0 /?Q'O’
Wheat variety

Figure 3.1: Mean number of R. padi on 8 varieties of wheat after 14 days of infestation.
Means that do not share a letter are significantly different using Tukey’s HSD test analysis
of means. N=3, 95% CI, F=33.1
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95% CI, F=9.24
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Discussion

The study objectives were to find varieties of wheat that exhibited resistance and to
categorize the types of resistances. From these results we conclude that two varieties exhibited
antibiosis (Pioneer (S) 25R77 and Limagrain LCS Mint), two varieties exhibited antixenosis
(MFA (S) 2248 and Pioneer (S) 25R40), and four varieties exhibited some degree of tolerance
(Pioneer (S) 22R40, MFA (S) 2248, Limagrain LS Wizard, and Limagrain LCS Mint).

Numerous reports have indicated varieties of European wheat soft red and soft white
wheat that are resistant to R. padi [Hesler et al 1999, Hesler and Tharp 2005, Cheung et al 2010].
To our knowledge, the R. padi resistance identified in the Limagrain, MFA, and Pioneer wheat
varieties assessed is the first reported in the United States. These results provide new decision-
making information of benefit to producers in R. padi affected areas.

Producers in areas of Kansas with consistently high proportions of BYDV viruliferous R.
padi (Figure 2.1) could benefit from planting the R. padi resistant varieties identified in this
research. BYDV is also a major problem in these areas, and five of the R. padi resistant varieties
also have moderate BYDYV resistance [DeWolf et al 2013]. Combining control of the vector and

virus could lead to prevention of loss in those areas most affected by R. padi and BYDV.
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Appendix A - Neonicotinoid seed treatment effect on Rhopalosiphum

padi transmission of barley yellow dwarf virus

Introduction

Insecticidal seed treatment has been advised to control many species of aphids and the
viruses they vector but there is conflict in the literature DeVuyst (2012) Makkouk and Kumari
(2001) has found that neonicotinoid seed treatment significantly reduces aphid populations, but
did not specifically investigate transmission. Gourmet has found that neonicotinoid seed
treatments increase aphid movement from host to host, increasing the transmission of BYDV
[Gourmet 1994]. Gray et al (1991) clearly outlined how fast BYDV can be transmitted, and the
transmission efficacy of BYDV vectors. The objective of this experiment was to investigate
whether neonicotinoid seed treatment prevents R. Padi from transmitting BYDV to young (3 leaf

stage) wheat plants.

Materials and methods

Seed treating

Imidacloprid (neonicotinoid systemic insecticide Gaucho 600® Bayer) was used in this
assay. Seed is usually treated by the US short hundred weights of wheat seed, but for this
research we treated our own seed in batches of 100 grams (0.0022% of a US short hundred
weight). The total amount of imidacloprid added for the high dose was 154 pul and 50 pl for the
low dose. According to the label, 2.4f1 0z (70 mL) and 0.8 fl 0z (23 mL) per hundred weight of
seed was the range advised by the product label (Gaucho 600®), and was used as the high and
low dose, respectively. Fifty mL of water was added to coat the seed with insecticide and

allowed to soak for one hour before planting.
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Caging

Five plants from each treatment (High dose, Low dose, and untreated) were grown in
their in cages (30.48 x 30.48 x 60.76 cm). There were 9 cages or replications. Imidacloprid is
highly mobile in water, so aluminum trays were used to prevent water from different treatments
from mingling. Cages had mite-proof mesh, preventing the introduction of natural predators,
enemies, and foreign aphids.
Potting

Wheat was grown in 5.5 x 5.5 x 5.5 c¢m, plastic pots. Plants were germinated and grown
1.27 cm, deep in peat moss potting media. Plants were caged in 61 x 30.5x 30.5 cm BioQuip
collapsible cages (BioQuip Products Inc. Rancho Dominguez, CA) made with mite- and aphid-
proof mesh. Plants were bottom-watered in a tray, and water was added when the tray was dry.
The temperature of the greenhouse fluctuated between 15.5-23.8 °C. Light was regulated to 14
hours of light and 10 hours of dark.
Infesting

10 apterous R. padi aphids were placed on each plant in this trial. The viral status was
determined by testing a sample of the population of 10 R. padi before infestation. All 10 aphids
tested positive for BYDV, leading to the conclusion that all aphids used were viruliferous and
plants had equal chance to contract BYDV biased on aphid status. The extractions were

prerformed in the same way as chapter 2.

RNA extraction, Reverse transcription, PCR, and electrophoresis

The extractions were performed in the same way as in chapter 2
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Statistics

Analyses of variance were conducted on plant BYDV infection data using a generalized
Minitab 17 model [Minitab 17 2010]. Pairwise comparisons were conducted with a Tukey’s
HSD test and 95% confidence level since the number of possible comparison combinations was

small.
Results

There was no significant difference between treated seed and untreated seed [Figure 3-4].
The average transmission of BYDV according to [Gray 1991] is 70% in the same time frame of

this experiment so the transmission observed is in agreement with other transmission studies.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Preportion £SD of plants infected with BYDV

High Low Control
Dose

Figure A.1: Proportion of plants in which presence of BYDV was detected. Each cage was
considered a replication, n=9. Analysis of indicated means did not significantly differ.
F=1.9
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