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ABSTRACT
Bird cherry-oat aphid is a common pest of Arkansas winter wheat. This aplodsveatiey
yellow dwarf virus which may cause extensive crop damage and yield loss \Wwhahisv
infested by virulent aphids in the fall. Some suggest this damage may be avoided using
insecticide seed treatments if growers are unable to delay plantisgeasmmended. Field
population dynamics of bird cherry-oat aphid during fall 2009 and 2010 was assessed through
random sampling of whole plants and pan trapping methods to evaluate aphid tromigrae
field plots were divided into four subplots treated with a systemic insectesdktreatment
(thiamethoxam at the recommended rate of 0.148 liters of insecticide peodakis of seed or
5.0 fluid ounces per 100 Ibs of seed) and four untreated plots. Aphids were counted twice
weekly in ten 1 m row samples from plant emergence until the end of December. Apleids wer
classed as small or large nymphs and alates. Winged immigrantalsemounted twice
weekly in eight pan traps situated at equidistant points within the study.fi@jphid densities in
untreated plots increased throughout the season and aphid densities were slghavzanin
treated plots. In 2009 winged aphid numbers in untreated fields were signjfigagater (mean
= 6.54 per meter-row) than in the treated fields (mean = 0.03 per metert-ro23.48, df = 639,
P <0.0001). Large aphid numbers were greater in the untreated fields (meantkah 117 the
treated fields (mean = 0.43) (t = 10.6, df = 639, P<0.0001). Small aphid numbers wezeilgrea
the untreated fields (mean = 34.82) than in the treated fields (mean = 0.16) (t = 19.889df =
P<0.0001). In 2010 winged aphid numbers were low but still differed between whfiekte
(mean = 0.26 per meter-row) and treated fields (mean = 0.05 per meter-ro8vy %t df = 1197,
P<0.0001). Large aphid numbers were greater in the untreated fields (mean « B168pe

row) than in the treated fields (mean = 0.14 per meter-row) (t = 15.82, df = 1198, P<0.0001).



Small aphid numbers were greater in the untreated fields (mean = 34.82) thanaatteftelds
(mean = 0.16) (t = 19.88, df = 639, P<0.0001). Alate densities in the field were geealtest
the season, declining around two weeks after plant emergence. Winged aphidshcaaight i
traps roughly related to dates when winged aphids were observed in field sampkesho@se
studies were conducted using potting soil as well as silt loam and clay (cominypes used
for winter wheat in Arkansas). Trials conducted in the greenhouse showed tdat@pbiers
on treated plants were lower than untreated plants regardless of soil typetdd20 days.
However, insecticidal activity was longer in field-collected salative to potting soils,
suggesting that future efficacy studies should use natural soils insteettiiod soils. Based on
field samples and greenhouse experiments, seed treated with thiamethoxaedpexcellent
control of immigrant aphids for up to 20 days. Thiamethoxam treatment of wkdgtrewides
some level of aphid suppression beyond the first 20 days after plant emergence, lmnahdditi

studies are required to more accurately determine the duration of effextivel.c
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Introduction

Wheat

Wheat {riticum spp.) is a grass that was originally farmed in the Fertile Cresceanregi
of the Near East. Wheat has been domestically cultivated since around 9,000 B.©nanaf is
the most important cereals in the world (Briggle 1980). In 2010, the United States produced 1.49
billion bushels of wheat (NASS 2011). Wheat is a principal cereal grain used fon famda
and, in the United States, generally ranks fourth in agricultural productieagacof all field
crops after corn, soybeans and hay (Ali 2002).

The wheat commercially grown in Arkansas is classified as softirednwheat, which
is generally planted in late September through early November andthdriredune, and used
primarily in the baking of cookies, cakes and related foods. This wheat hagadadperm,
low protein content, and high yield potential (Briggle 1980), and is grown where svarger
mild. Arkansas winter wheat was planted on 200,000 acres in 2010, producing 8.1 million
bushels, or an average of 54 bushels per acre (NASS 2011).

Winter wheat planting and production are limited by climatic and biottofs.c Wheat
production in the southern U.S. is also limited by damage from a variety of insisct phe
major pests or potential pests of wheat in Arkansas include Hessisafigtola destructor
(Say) (Diptera: Cecidomyiidae) the true armywaviythimna unipuncta (Haworth)

(Lepidoptera: Noctuidae), and several species of aphids (Homoptera: Aphidgah(€thel.
2001).

| nsect Pests

The Hessian flyMayetiola destructor is a major insect pest of wheat grown in the

southeastern U.S., especially if wheat is planted before the Hegsieeftlate or in areas



where volunteer wheat is common. Hessian fly larvae feed on plant fluid at the Haséeaf
sheath and can suppress growth of the plant if infested early (Cartwiragh1859). Up to 46%
reduction in yield in winter wheat production has been recorded in Georgia (Buntin andrRay
1989).

Armyworms feed on plant leaves, reducing the photosynthetic area of the plait, whi
has potential to reduce yield (Buntin 1986). Feeding by the true armyworm lyypietliates
wheat in Arkansas after the grain is maturing, resulting in a recommendatvait treatment
unless head-cutting is observed (Studebaker et al. 2011).

A different kind of plant feeding is that shown by aphids, which use specialized
mouthparts to feed on plant phloem. Because of the systemic movement of fluidk throug
phloem vessels in the plant, phloem-feeding pests, such as aphids, have the fostential
vectoring various pathogens that can affect the entire plant (Irwin et al. 1988)ds Agxl on
the plant phloem using fine stylets. The aphid excretes saliva to aid in feeliclgalso may
aid in transmitting plant viruses. Warm fall temperatures in the southerpéfr8it movement
of aphids into winter wheat (Perry et al. 2000), thus aiding the potential é&asdispread.
Aphids that infest winter wheat in the southeastern United States, and thatdpegential to
vector diseases, include greenb8ch{zaphis graminum (Rondani)), English grain aphid
(Stobion avenae (F.)), corn leaf aphidRhopal osiphum maidis (F.)), and bird cherry-oat aphid
(Rhopalosiphum padi (L.)) (Flanders et al. 2006).

Greenbug is a bright green aphid with a dark stripe on the dorsal side, and cleagsornicl
that darken at the tip (Blackman and Eastop 2000). Greenbug lives on various cereals and

grasses and may cause feeding damage from phytotoxins in the saliva.prhgsealso have



the potential of vectoring diseases, such as barley yellow dwarf virus of DeSBY subgroup
(named after the primary aphid vec&ehizaphis graminum).

English grain aphid is reddish-brown in color with black cornicles longer than the cauda
(Blackman and Eastop 2000). This aphid feeds on upper leaves and cereal heads (Halbert and
Voegtlin 1995). In South Carolina and other stafeayenae is primarily a spring colonizer of
winter wheat, with numbers reaching a peak around April or May (McPherson and Brann 1983,
Chapin et al. 2001). This aphid can also transmit barley yellow dwarf virus of the B¥YAX/
and BYDV-PAV subgroups (named after the primary aphid ve&twbion avenae and
Rhopal osiphum padi ).

Corn leaf aphid is yellow-green to dark olive-green with short, dark corniclaskBhan
and Eastop 2000). Corn leaf aphids that occur on winter wheat plants in the soutlhk&stern
are at relatively low population levels in autumn (Halbert and Voegtlin 1995, Blacanth
Eastop 2000, Chapin et al. 2001). The corn leaf aphid also transmits barley yellowidygarf
of the BYDV-RMV subgroup (hamed after the primary aphid veRtapal osiphum maidis)

(Power and Gray 1995).

The bird cherry-oat aphid is a widespread aphid found on wheat grown throughout the
United States, including Arkansas. The adult aphid is about two millimetersridngsaally
olive-green with a reddish patch at the base of the cornicles. The aphid develoghk thur
instars and molts four times before adulthood. Female adults of the bird chesphmbcan be
either winged (alate) or unwinged (apterous); the two states are knovemyadimorphism
(Dixon 1985). Many factors can induce the development of wings, including overcrowding on
the plant, inferior host quality, reduced day length, changes in temperatumg combination of

these (Dixon 1985).



Many aphids, including bird cherry-oat aphid, alternate lineages of assdiakxual
reproduction cycles; the alteration is known as cyclical parthenogenesis. rd badary-oat
aphid alternate from the primary haBtunus padus (Rosales: Rosaceae), where the aphid
reproduces sexually, to many cereals and grasses in the Poaceaeh&hphed reproduces
asexually, allowing for rapid production of clones (Dixon and Glenn 1971, Dixon 1985).
Cyclical parthenogenesis is common in temperate areas of the northexd Staites, where
primary host plants are present and winter temperatures frequently drop belwgré\phids
that alternate hosts reproduce sexually on the primary host, and lay eggs ontthiat tlonates
with prolonged cold periods, eggs are the overwintering stage of the aphid (Robinsomand Hs
1963). In the southern United States, where winter temperatures are milder thamontithe
aphids on cereals move lower on the plant, just below the soil surface, and overwinter as
viviparous adults and nymphs (Chapin et al. 2001, Zwiener et al. 2005). Overwinteringhddult a
nymphal aphids are able to tolerate short periods of temperatures belangfteezold
hardening (Zwiener et al. 2005).

The bird cherry-oat aphid is one of several aphid vectors of barley yellow\dna
(BYDV), particularly in the BYDV-PAV subgroup (named after the priynaphid vectors
Stobion avenae andRhopal osiphum padi ) and BYDV-RPV (named after the primary aphid
vectorRhopal osiphum padi) subgroup of the Cereal Yellow Dwarf Virus in theleovirus genus
of the Leutoviridae family. Aphids feeding on plants infected by BYDV aigire the virus
(McKirdy and Jones 1997). Because these aphids are capable of vectoring BYiDWling

aphid populations is the key to reducing the damage caused by BYDV in the fiel



Barley Yellow Dwarf Virus

Barley yellow dwarf virus was first recognized in 1951 as the causal efygeitow
dwarf disease on barely in California (Oswald and Houston 1951). BYDV is in thevindae
family and the sole member of the gehuseovirus (Miller et al. 2002). The known host range
of yellow dwarf viruses includes more than 150 species of the Poaceae includicgnmcand
small grains (Gould and Shaw 1983). Annual and perennial grasses and voluntéeseprea
as reservoirs for virus, and therefore play an important role in BYDV epidemiafaly
transmission to cereal crops (Banks et al. 1995, EI Yamani and Hill 1990).

Transmission of viruses by aphid vectors may be either non-persistentistepers
(Ossiannilsson 1966). Viruses like BYDV that are persistently transmétteare an aphid to
feed directly in the phloem tissue, as opposed to just probing the surface, as is ththcase w
persistent transmission. BYDV is transmitted only by aphids feeding on therpbfdke plant
in which the virus is present (Miller and Rasochova 1997). Aphid probing to locate phloem
tissue may take 20 to 30 minutes of feeding before a virus is ingested but, oncestleatars
the aphid’s body, the virus will persist through the aphid’s life (Raman 1985).

The luteoviruses and subgroups are classified based on “stereologidahtesud
specific vectors (Rochow 1979), as well as more-recent data on genome organmhtion a
sequencing and stereotype differences (Waterhouse et al. 1988). BYDVad bgus group of
phloem-limited luteoviruses transmitted by aphids circulatively, moving fie gut to salivary
glands, and non-propagative in manner (Miller et al. 2002). Barley yellow dwasfwias
originally defined as: 1) a virus that is transmitted by aphids in a persistemter, not
mechanically; 2) does not replicate in the aphid but still circulates;®)t transmitted to

offspring; 4) is confined to plant phloem tissue; and 5) has 25 nm icosahedraépaiasisting



of a major ~22 kDa coat protein and a 52 kDa minor component encapsidating a 5.7- kb RNA
(D’arcy et al. 2000). The subgroup dominant in Arkansas is BYDV-PAV, classifter the
major vectorsR. padi andS. avenae (Miller & Rasochova 1997).

Symptoms of BYDV include yellowing and stunting of plants (Miller et al. 2002)
BYDV can often go unrecognized because cereal agronomists may have traireidisng
symptoms caused by the virus from those symptoms caused by frost, wetryweaterlogged
soils, nutrition deficiencies, and other non-infectious factors (Conti et20),18r other cereal
diseases (Burnett 1990). Difficulties in disease recognition may lead toooverder-rating the
importance of the disease (Murray and Brown 1987). The presence of the virus candtedval
by tests using BYDV-antibodies in enzyme-linked immunosorbent assagAEtésts (Miller
and Rasochova 1997, Zwiener et al. 2005).
Barley Yellow Dwarf Virus and Bird Cherry-Oat Aphid Management

Barley yellow dwarf virus is the most economically important virus of sgnains and
causes considerable damage and yield loss in crops throughout the worldgiMilRasochova
1997, McKirdy and Jones 1997). Significant negative linear correlations betvaseryigid
and BYDV incidence have been found (Smith and Sward 1982, Banks et al. 1995, McKirdy et al.
2002). Yield reductions of 34-67% from BYDYV infection have been reported (Zwieaér e
2005). BYDV can have a varying effect on yield depending on weather, the spdbies of
vector, the virus subgroups, volunteer grasses and the plant stage (Pike 1990, Rlahders e
2006). Aphid infestations in fields with BYDV during early plant growth stagdése fall may
result in significant yield loss due to stunting of plants (Smith and Sward 1982rdyicfd
Jones 1996, Zwiener et al. 2005), and grain yields from fall infestations havehbaents be

reduced an average of 63% (Cisar et al. 1982).



The pest status of bird cherry-oat aphid results from being the primaoy e¢&YDV.
Feeding alone is not considered an issue. Aphid migration is important in BYDM ¢pveia
and Thresh 1990). Aphids flying into a field are immigrating aphids, which can comefr
neighboring field or from miles away, if assisted by wind (Dixon 1998). Virulgmida from
another field can cause primary infections at scattered sites. Aphidnatiomn is common in
the fall and in mild winters with warmer days that are adequate for dggtt fVirulent aphids
within a field cause secondary infection by wingless aphids moving to neighbairtg pl
(Flanders et al. 2006). Aphids typically colonize wheat fields 1 to 2 weeks aiterephergence
(Zwiener et al. 2005). Aphid populations on winter wheat generally increase sloatlg]lj
through the mid-winter in the southern U.S. Increasing temperatures in the sprghgdout an
increase in aphid densities. Once the plant is no longer providing the nutrients needed for
adequate growth toward the end of the growing season, or the plant is crowded, ferdale aphi
produce offspring that develop wings and emigrate to more suitable hosts within or &tdmg f

The recommended strategies for BYDV management include the cultural @ppfoa
late planting to limit fall colonization by aphids or chemical control usind geatments and/or
foliar application of insecticide to target aphids already present. Tlatiedigess of these
strategies varies among regions (Bowen et al. 2002, Flanders et al. 2006).

Cultural control of aphids that transmit BYDV is the primary method of BYDV obiir
the southeast and in most temperate regions of the U.S. (Flanders et al. 2006). o€ontrol
immigrating aphids is possible by planting later in the season after #seaHdly-free date or
after the first hard freeze, which reduces aphid movement and reproductiath flifftts are
largely avoided, this results in lower aphid numbers through winter, preventing ascond

infection (Flanders et al. 2006). Infection from viliferous aphids in the sprirgrggndoes not



cause yield loss of the magnitude associated with fall infection (Bumdi€haapin 1990).
Although cultural control is considered highly effective, it is often difficuitplement this
strategy, because of the short window of time between the Hessiandflgate and when
weather in late fall prevents or delays planting.

When earlier planting dates are necessary due to weather or other agriactons;
potentially viliferous aphids may appear in more fields at higher densitesauBe management
of BYDV relies on managing the aphid vectors of the disease, insectiadésaised to limit
aphid colonization and to reduce the number of aphids that have already coloniaéel the
planted fields (Flanders et al. 2006). Treatment of wheat seed withwf@secticides can
limit colonization by killing immigrating aphids before they reproducenoculate plants with
BYDV. Foliar insecticide applications may reduce numbers of aphids, whiclecegede the
spread and prevalence of BYDV and, in turn, diminish yield loss (Gourmet et al. 10R#diyl
and Jones 1996, Zwiener et al. 2005).

Systemic | nsecticides

Many types of chemical control or insecticides are recommendegHatsan Arkansas
winter wheat, including dimethoate, malathion, methomyl, and methyl parathiatefaker et
al. 2011). Insecticides may be formulated as foliar sprays, soil drencheesidresatments.
Seed treatments metabolize and translocate within the plant tissue, alth®dgination of their
effective control is limited. In contrast, foliar application of an inselgibas the potential of
being washed off; not reaching the entire surface of the plant or the insectaydee degraded
by sunlight. Insecticides with systemic qualities (such as seed émadnare thus considered
most effective against aphids and other insects with a piercing and sookinig parts (Elbert et

al. 1991).



One systemic insecticide used against aphids is the neonicotenoid, thiomethoxam
(Flanders et al. 2006). Neonicotenoids are postsynaptic acetylcholine recepistsagn which
pathways are blocked and acetylcholine accumulates (Tomizawa and Casida 2001).
Thiamethoxam is a second-generation chlorothiazolymethyl neonicotenoid beltmtjieg
thianicotinyl subclass (Maiensfisch et al. 2001). Thiamethoxam is markesefdlées, drench,
soil, or seed treatment such as CuiserMaxx or Gaucho (Maiensfisch@H|. 2

Neonicotenoids are highly effective against various insects including aphigs, thr
whiteflies, leaf miners, beetles and some lepidopteran species (Elbed®&I| Maienfisch et
al. 2001, Tomizawa and Casida 2005), and are generally used as systemic insecticide
(Tomizawa and Casida 2003). These insecticides are often effectimstagaects that may be
resistant to other classes of insecticides, such as pyrethroids, organofggspithcarbamates
(Denholm et al. 2002). Neonicotenoids are grouped together because of common structural
similarities. These similarities can have the same effect on thé amske if the insect becomes
resistant to one, the insect may show cross-resistance to other insettithdesame group
based on metabolic mechanisms of the insecticide (Nauen and Denholm 2005, Praditdlaker
2005).

Because of the potential for seed treatment to reduce risks associatephnd&h a
colonizing winter wheat in the fall, | developed a project with the objectivesekamg the
benefits of seed treatment in winter wheat. In this project, | obs&\mdii colonization in
fields of winter wheat in Arkansas, and subsequent population changes. | alseda$sess
efficacy of a thiomethoxam seed treatment for its effects on aphid colonizaid on those that
had colonized wheat fields, as well as a greenhouse study that testesidhel activityeffects

of the insecticide in various soil types.



Objectives of this study:

1. To determine the immigration period of wingedpadi into winter wheat fields, using pan
traps.

2. To observe population dynamicsRfpadi in winter wheat fields in northwest Arkansas

3. To test the efficacy and persistence of thiamethoxam used as a sé®eeériteon aphids in

the field as influenced by soil type.

10



Materials and Methods

Alate aphid immigration

Yellow pan traps (Kring 1972) were used to monitor immigration of aphids over two
seasons (October through June) in 2009 and 2010 into two fields of soft red winter vitneat at
Arkansas Agricultural Experiment Station in Fayetteville, Arkansas é@me dields used for the
aphid immigration study). Pioneer 26R22 (Pioneer Hi-Bred International Inc., dohlwstia)
was used in the 2009-2010 growing season, planted on November 5, 2009. Pioneer 26R20
(Pioneer Hi-Bred International Inc., Johnston, lowa) was used in year 2, plantegtemBer
24, 2010. Pioneer 26R20 was used the second year because Pioneer 26R22 seed was
unavailable. Pioneer 26R20 is a similar variety of wheat with resistantieeases such as

powdery mildew and stripe rust.

Pioneer 26R22 seeds were treated in the summer of 2009 and Pioneer 26R20 wlas treate
during the summer of 2010 at the Lonoke Extension and Research Center near Lonoke,
Arkansas. Seeds in both years were treated with thiamethoxam (Er@igegenta Crop
Protection, Greensboro, North Carolina), labeled for use in cereal grainsretdhenended

rate of 0.148 liters of insecticide per 45 kilograms of seed (5.0 fluid ounces per 100 Ibs.of seed)

Two fields in close proximity to each other were used. The first field vi22 ha and
the second field was 0.199 ha. The same fields were used each year, and were divailgiok int
smaller plots of alternating treated and untreated wheat. There weregbcaites using a total
of four treated plots and four untreated plots were monitored both the 2009-2010 and the 2010-
2011 seasons. During the 2009-2010 season, the first field was divided into six plots of

alternating treated and untreated seeds, and the second field was divided into taftgated

11



and untreated seeds. During the 2010-2011 season both fields were divided into four plots each

(two treated, two untreated).

Yellow pan trap stands were constructed from 1.2m x 5cm x 5cm wooden stakes.
Hardware cloth baskets 4cm x 20cm x 20cm were secured on the top, and one yeitow pl
saucer, 20 cm in diameter, was placed in each basket and secured with metakwiedos
pan traps were uniformly placed in each of the two fields that were being ganiplese pans
were painted bright yellow (Velspar® plastic paint code 68108) to attractsagfboach and
Agee 1972), and placed ~1m above the ground. Traps were filled with a 70:30 mixtuterof wa
and propylene glycol to prevent freezing and desiccation. Pan traps were ndoevemgthree
days, all insects were removed and bird cherry-oat aphids counted. In 2009, pan traps were
monitored from November 18 to December 20. In 2010, the monitoring occurred from October

4 until November 24.
Aphid population dynamics

Bird cherry-oat aphid densities were monitored in the same fields uséxe faphid
immigration study. Sampling for aphids in the field began NovemBr(Z8&lays after wheat
emergence) and ended Decembé? #8 the 2009-2010 season. For the 2010-2011 season,
aphid sampling began on Octobé&t (4 days after wheat emergence) and ended November 30th.
Samples of aphids were taken twice weekly throughout the sampling periogeaac8ampling
dates were altered on occasion due to rainfall or snow cover. In each plot, faarepthc
occasion, locations for ten random one-meter-row samples were identifiechustrgm long,

7-mm diameter probe thrown into the plot. The landing point of the probe marked the center of

the one-meter-row sample. Sampling consisted of counting all aphids on every plant ir the one

12



meter-row sample. All aphids were naturally occurring and were not remougdrdgionally
harmed when sampling. Bird cherry-oat aphids were classified as widgks, targe (3- 4"

instars and apterous adult), or smafl éhd 2 instars).
| nsecticide seed treatment residual activity

A greenhouse study was conducted to determine the influence of soil type on the duration
of efficacy of an insecticide applied to seeds. Wheat in Arkansas is coynprodliced in both
silt loam and clay soils, so both of these soils were evaluated. Callowawsilsbil was
obtained from fields near Lonoke, Arkansas, and Sharkey-Steele clay sobtsased from
fields near Keiser, Arkansas. Potting soil used as a control was GreenyCRuil&Er (Miami,
Oklahoma), containing compost, sand and perlite. Soil analysis was performedfeoiééygpe
at the University of Arkansas soil analysis lab to determine the imatiald of nutrients in the
soil. All soils used were sieved and air dried in the greenhouse, then were infirsEapert
Gardener Colorcote® slow-release, all-purpose plant food (11.97 ml feriéz&:.5 | of soll).
Soil and fertilizer were mixed and potted for each soil type in 350 ml, 10-cm draeretecotta

pots. Soil was reused in subsequent trials and fertilizer was reappliedvaftetherd trial.

Each experiment used a total of 30 pots. Ten pots per soil type were filled to within 1cm
of the rim of the pot. Five pots of each soil type were planted with seedlings ohgtthi
Pioneer 26R20 seeds and five pots were planted with seedlings of the samegriitnraated
and treated with thiamethoxam as seeds at the recommended rate. Allegidhevere initially
kept for four to five days at temperatures ranging from 20°C to 24°C in plastis dishiining
vermiculite, until germination occurred. Seedlings were used to eliminatariagon in

germination time that was expected in the different soil types. Oncgenseedlings that
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were 2.5 cm in height were transferred to 10-cm diameter terra cotta gqikated in the

respective soil type. All plants were watered to maintain adequate soiliraoist

Bird cherry-oat aphid cultures were initiated each year from aphidsteall&éom wheat
fields in Washington County, Arkansas. Aphid cultures were kept on untreated yourgglsoft
winter wheat plants (Pioneer 26R20 cultivar) in cages in a greenhouse orinsaténg
building (22°C, 14:10 L:D). All aphid cages used in the experiment were 60 x 80 x 44 cm glass-
top boxes constructed from plywood and painted white. Double-layer screen backsl @iow
ventilation and excluded parasitoids and predators of the aphids. For each trial trem$bar

R. padi were placed on each plant of the five treated or untreated plants in each sat.type s

The design was repeated for plants of different ages (4, 8, 10, 12, 14, 16, 18, 20, 26, and
48 days after seeds germinated). Each cage contained five treated or untagdsenf pl given
soil type. Cages with plants ages 4, 8, 10, 12, 18, 20 days since germination, weneaamtai
greenhouse at ambient temperature (<25° C max). However, after maximpendemes in the
greenhouse exceeded 25° C, the remaining experiments were conducted insidges i
temperature-controlled indoor room, maintained at 22° C. The numbers of smallnkhrge a
winged aphids were recorded daily to monitor mortality and natality. Countingweatdaily
until all of the aphids on the treated wheat in a cohort were dead or until the aphids on the
untreated wheat reached numbers that caused overcrowding, and inductedratdten and/or

visibly reduced the plant quality.

Plant size and age (days after emergence) were both expected to impacethieation
of the systemic insecticide in each plant. The width and length of every |laadrgfgant were

non-destructively measured (with a ruler) just before aphids were placed marteand again
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when the trial ended. Length was measured from the bottom of each sheath to thectip of ea
leaf and width was measured at the widest part of the leaf. The sum of threésafrements

was used as a crude estimate of leaf area to give an indication of plant size

Statistical analysis

Statistical analyses were conducted using JMP software with agmadetd alpha level
set at P< 0.05 (SAS Institute 2010). One-way analyses of variance wierengelron field
samples and t-tests were used to detect significant differenceselnetveans of winged, small,
and large aphids in treated and untreated fields during the two growing seasensayO
analyses of variance were also performed on yield data and t-tests agte dstect significant
differences between mean yields of treated and untreated fieddbatih growing seasons.
Regression analyses were used to compare slopes of aphid densities over #aiedmbd

untreated plants of clay, loam, and potting soil in greenhouse trials.

Results

Alate aphid immigration 2009
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The first aphids found in pan traps (November 22) were caught 10 days after plant
emergence. Winged aphids were collected in pan traps on three sample dates in 2089: 8 wer
collected on November 22, 9 on December 1 and 1 on December 21. Zero aphids e&esglcoll

on four dates (November 20, 24, 27; December 4).

Aphid population dynamics 2009

Numbers of winged aphids were greater in the untreated fields (mean pe6 Bter-
row) than in the treated fields (mean = 0.03 per meter-row) (t = 23.48, df = 639, P < 0.0001).
Mean numbers sampled in untreated fields ranged from 4.6 per meter-row on Novenober 18 t
10.0 on November 27, then declined over the last three sample dates to 1.4 on December 21
(Table 1a). In treated fields, mean numbers ranged from 0.0 to 0.05 through December 4, and
then increased to a maximum of 0.15 on December 21 (Table 1a). On each of the eight sample
dates, the mean numbers of winged aphids in the untreated fields were signifjozatity than
in the treated fields (Table 1a). There were significant interactiongéettreatment and
replicate for three of the sample dates (Table 1a). Dead wingeatsapdrie not counted but
were commonly observed in treated fields, and less so in the untreated fielisugAltdead
aphids were observed, they were not counted because they persist across sategliagd we

assumed most would have dropped from the plant.

Numbers of large aphids were greater in the untreated fields (mean =5.17) tlean in t
treated fields (mean = 0.43) (t = 10.6, df = 639, P<0.0001). Mean numbers sampled in untreated
fields increased from 0.0 per meter-row on November 18 to 17.7 on December 21 (Table 1b). In
treated fields, mean numbers rapidly declined from a high of 2.9 on November 18 to 0.08 on

November 18 and did not increase above 0.15 before sampling was terminated (Table 1b). O
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six of the eight sample dates, the mean numbers in the untreated fields wéastgngreater
than in the treated fields (Table 1b). On November 18 (first sampling date), theraumibe
treated fields were significantly greater than the untreated fieaddgTb). Two days later
(November 20), the numbers did not differ significantly, whereas numbers in theeohfiekls
were significantly greater than in the treated fields on the final sipleag dates (Table 1b).
There were significant interactions between treatment and replicdiecforf the sample dates

(Table 1b).

Numbers of small aphids were greater in the untreated fields (mean = 34.82) tten in t
treated fields (mean = 0.16) (t = 19.88, df = 639, P<0.0001). Mean numbers sampled in
untreated fields increased from 5.5 per meter-row on Nov 18 to 79.7 on December 1, then
declined on the final two sample dates (Table 1c). In treated fields, meaensuwheclined from
1.1 on November 18 to zero or near-zero for the remaining sample dates (Table 1¢)of On al
the eight sample dates, the mean numbers in the untreated fields wdieasitgygreater than
in the treated fields (Table 1c). There were significant interactiomsebattreatment and

replicate for six of the sample dates (Table 1c).

Yields 2009 Wheat yields in treated fields averaged 55.5 bu/acre for the 2009 trialss{bdrve
in June 2010), which was not significantly greater than the 47.1 bu/acre in the untetdsed

1.53, df =7, P=0.18; Figure 1).
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Alate aphid immigration 2010

The first winged aphids were collected in pan traps on October 4, 10 days after the
planting date of September 24. Winged aphids were collected in pan traps on 11dsdewpie
2010: 4 aphids were collected on Oct 4, 7 on Oct 11, 3 on Oct 18, 2 on Nov 4, and 1 aphid was
collected on 7 dates (October 15, 22, 25; November 1, 8,15, 22). Zero aphids were collected on

three dates (October 29; November 12, 19).

Aphid population dynamics 2010

Numbers of winged aphids were low and did not differ between untreated fiedda ém
0.26 per meter-row) and treated fields (mean = 0.05 per meter-row) (t = 85167,
P<0.0001). Mean numbers sampled in untreated fields declined from 0.7 per meter-row on
October 4, and remained fewer than 0.3 per meter-row throughout the seasongescgphple
of 0.55 on November 22) (Table 2a). In treated fields, mean numbers only exceeded 0.75 on
one date (0.15 on October 14) (Table 2a). On 8 of the 15 sample dates, the mean numbers in the
untreated fields were significantly greater than in the treated {{€adde 2a). There were

significant interactions between treatment and replicate for one dditindes dates (Table 2a).

Numbers of large aphids were greater in the untreated fields (mean = 3.63greronve
than in the treated fields (mean = 0.14 per meter-row) (t = 15.82, df = 1198, P<0.0001). Mean
numbers sampled in untreated fields increased from 0.0 per meter-row on October 4 torl2.95 pe
meter-row on November 26 (Table 2b). In treated fields, mean numbers increas&dX on
October 14 to 0.75 on November 22, then declined to 0.68 on November 26 (Table 2b). On 11

of the 15 sample dates, the mean numbers in the untreated fields were signdrestéer than
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in the treated fields (Table 2b). There were significant interactions &etineatment and

replicate for eight of the sample dates (Table 2b).

Numbers of small aphids were greater in the untreated fields (mean = 3.01 grer met
row) than in the treated fields (mean = 0.16) (t = 13.48, df = 1198, P<0.0001). Mean numbers
sampled in untreated fields increased from 0.42 per meter-row on October 4 to a high of 10.6 on
November 22 (Table 1c). In treated fields, mean numbers ranged from 0.0 to 0.40 oplall sam
dates except November 22 and 26 (1.5 and 0.4, respectively) (Table 1c). Of 8 of the 15 sample
dates, the mean numbers in the untreated fields were significantly dheatén the treated
fields (Table 1c). There were significant interactions between tesditamd replicate for six of

the sample dates (Table 2¢).

Yields 2010 Wheat yields in treated fields averaged 47.3 bu/acre for the 2010 trialss{bdrve
in June 2011), which was not significantly greater than the 40.7 bu/acre in the untetdsed

1.22,df =7, P=0.27; Figure 1).

| nsecticide seed treatment residual activity

In general, for those treatments in which plants used were at least 14 days aft
germination, the numbers of aphids (combining small and large aphids) on untreated plants one
day after placement on plants were slightly fewer than the initial numlzedpleegardless of
soil type (Table 3). However, on treated plants, the numbers of aphids (large dnd smal
combined) one day after placement were fewer than half of the number placegplamtioane
day earlier. Analyses showed that the slopes of aphid numbers over a sevenedayrper
untreated plants (slopes as measured by linear regressions) were ia# pokitreas more than

half of the slopes for treated plants were negative (Table 4).
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For the trials in which aphids were placed on treated plants that weré, &d9 and 12
days after germination, virtually all aphids were dead within 24 hours and none dunave
than 4 days (Appendix 1). Aphid survival on untreated plants that were ages 4, 8, 10 and 12 days
after germination was variable, with most numbers slightly increasinglow@-4 day period

(Appendix 1).

Clay Sol. The numbers of aphids alive after one day were greater on the untreatefbplants
four of the six treatments (days after germination). Only treatments 4Bamere not

significant (Table 3). Changes in aphid numbers over a seven-day periddiadiigplacement

of aphids on treated plants, represented by slope of linear regressions, ranged from @24 aphi
per day to +1.25 aphids per day. Treatments 14 and 18 days since germination were the only
ones with slopes significantly different from zero, and both slopes were nedatuentreated
plants, slopes ranged from 0.41 aphids per day to 11.33 aphids per day. Growth of aphids on
plants that were 14, 16, 18 and 20 days after germination had significant positive skepeasw
slopes were not significantly different from zero for treatments 26 and 48idegs s

germinations (Table 4).

Loam Soil The numbers of aphids alive after one day were greater on the untreated plants fo
five of the six treatments (days after germination). Only the tesat8 days after germination
resulted in no significant differences between treated and untreated n(idiees3). Changes

in aphid numbers over a seven-day period after initial placement of aphids o pleats,
represented by slope of linear regressions, ranged from -0.78 aphids per day tphitld pex

day. Treatments 14, 18 and 20 days since germination were the only slopes significant
different from zero. The slope for the treatment 14 days was positive, wiieeeslopes for the

treatments 18 and 20 days were negative (Table 4). Slopes for the tredin@@snd 48 days
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after germination did not differ from zero. For untreated plants, slopes range0.07 aphids
per day to 7.37 aphids per day. Growth of aphids on plants that were 14, 16, 20 and 26 days
after germination had significant positive slopes, whereas slopes were niatanghyi different

from zero for the treatments 18 and 48 days since germinations (Table 4).

Potting Soil The numbers of aphids alive after one day were greater on the untreated plants for
four of the six treatments (days after germination). Only the tredsn2é and 48 days after
germination were not significantly different from numbers of aphids on untreatad plable

3). Changes in aphid numbers over a seven-day period after initial placement obaphids

treated plants, represented by slope of linear regressions, ranged from -0.4peptiaisto

+2.48 aphids per day. The treatments 14 and 26 days after germination had positive slopes
significantly different from zero (Table 4). The slopes for treatments 16, 180d248adays

after did not differ from zero. For untreated plants, slopes ranged from 0.19 aphids foer day
9.11 aphids per day. The treatments 14, 16, 18 and 20 days since germination had significantly
positively slopes. The slopes for the treatments 26 and 48 after germishdtioot differ from

zero (Table 4).
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Discussion

Aphid population dynamics 2009 Winged aphids collected in pan traps roughly
corresponded to dates when they were collected in the field samples — thisaoatesse
implies that winged aphids were arriving from elsewhere, as opposed to productioged w
aphids in the field. Also, numbers never reached a density at which we would et w
aphids would develop. Rapid insecticidal activity was evidenced by the signigchation in
the number of winged aphids in treated fields. In 2009 untreated fields, numbers of aphids
averaged fewer than 10 per meter-row for the entire sampling period (Novembeet8mider
21). In the treated plots, numbers of winged aphids reached a maximum of 0.15 pexteow-
at the end of the fall season (December 21). Although the duration of the efficheysett
treatment is not known under conditions in Arkansas, the small numbers of wingedradults
treated fields early in the season resulted in no production of offspring throughseasos,
thus averting any population growth. A lack of aphids in the treated plots also corresfmade
lack of vectors for BYDV, if present. However, despite the efficacy in raguaimbers of all
stages of aphids, wheat yields in the treated fields were not gitestan the untreated fields of
the experiment. This was expected as yield loss due to bird cherry-oategghityfalone has
rarely been documented (Leather and Dixon 1981, Saheed et al. 2007). Therefore, the added
cost of the seed treatment — while effective at killing aphids — was not retarsigghificantly

greater crop yields.
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Aphid population dynamics 2010

Although the aphid numbers in field samples and pan-trapping in 2010 were greatly
reduced, sampling was likely more effective due to increased plot size®r pboty permitted

sampling to cause less damage to the overall plots and aphids on the plants.

In 2010, wheat was planted about a month earlier. Again, there were differences in
numbers of aphids in treated versus untreated fields, although fewer differencaegad adults
and the pattern of differences were not as consistent. The overall numbers of windsdhnaphi
the field samples in 2010 were much smaller in both treated and untreated fielto#ean t
sampled in 2009, which likely affected the patterns seen. Although delayed planting is
recommended to avoid earlier aphid flights (Royer et al. 2005), annual weathemdiée result
in variable arrival of immigrating aphid flights. Numbers of small angkl@phids increased
mid-season (October 25) in the untreated fields (Table 2a), whereas nodswreas seen in the
treated fields until November 22. Again, the lack of adults in the treated fietdaded any
production of offspring until late in the season and despite the efficacguning numbers of
all stages of aphids, wheat yields in the treated fields were not sagnifi greater than in the

untreated fields of the experiment.

| nsecticide seed treatment residual activity

The greenhouse trials showed that the seed treatment killed aphids effectivedgalh
seed-treated plants (4, 8, 10 and 12 days after germination), nearly all aphidgacevéthin
one day. Those few that survived on treated plants were all dead within 4 dagdrftie were
discontinued because all aphids on treated plants were dead). Because aphitedqridreaa

only lived for 4 days or less, analysis of differences was not considered mearpagtyl
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because of the small sizes of the plants, and the short duration of the trialsonBmssent
activity in the first days of the trial confirmed the efficacy of thesd s@atments immediately
after plant emergence. Other studies have shown Ctisseery effective immediately after

plant emergence (Magalhaes et al. 2008).

Survival after 24-h on treated and untreated plants that were tested 48 days after
germination was not significantly different. Although the numbers of aphids d¢ednelants
after 24 hours were small, the numbers on untreated plants were the smallesifdahartyials;
thus, there was no difference in 24-hour survival between treated and untreated pamsreN
there any consistent patterns for differences in slopes for increag@sdnumbers over seven-
day periods among the three soil types. Numbers of aphids on both treated anddypiietge
remained low over the 7 days the trials were observed, not exceeding 10 aphids per plant.
Because the trials were conducted on plants grown in the greenhouse, the sizes oftplants i
48-day-after germination trials were much larger than would be experiencedigldhethose

plant sizes may not have occurred until spring (depending on fall temperaturescpithfics).

For the plants that were used 26 days after germination, 24-hour survival was@reate
untreated plants in both clay and loam soils, but not different on untreated plants grown in
potting soil. However, the slopes of aphid numbers over seven-day periods for treateid plants
both clay and loam were negative, whereas the slope for aphid growth on treatechplants i
potting soil was positive. Aphid numbers on treated plants of this age never reacheduagh va
as the slopes of aphid numbers over the seven-day periods were lower than fordupitiatte
in all trials with younger plants. The marked difference in the resohs flants grown in

potting soil relative to those from field soils suggests that use of potting@od#itacy
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evaluation of seed treatments may yield different results than might be absetive field.

Therefore, we recommend the use of field soils for all seed treatment @raduat

The greenhouse trials on plants that had germinated at least 14 days but less than 26 days
before placement showed that, regardless of soil type and number of days afteatgarihe
seed treatment was effective at killing most — but not all — aphids within 24 Hi@uriseang
introduced to the treated plants. The few that survived increased in number, but te lewmnr
some trials — but decreased to zero in others. This depressed reproduction mapmesul
sublethal effect on the aphids by the insecticides. In contrast, aphid numbers dediptesds
increased, in some trials, to an average of more than 100 aphids per plant after 7-9 days.
Therefore, the growth of aphid numbers in untreated plants, coupled with greater 24-hour
survival, showed that the seed treatment was effective at least for 20 téaygeahination

under greenhouse conditions.

Although the ages after germination of the treatments in field experimestsaled the
duration of the seed treatment in the plants, those ages did not accurately fédlectadis in
plant sizes. For example, plants in the 14-day trials were larger than plaméséneed aphids
16 and 18 days after germination. If the concentration of insecticide in the pldietisdby
plant size — i.e., total leaf area — then larger plants of a similar-aged plamhiave less
insecticide, thus affecting aphid survival. Controlling for plant size for eaxzlkb@gdd have

reduced some of the variability seen in aphid survival and growth in numbers.

In all trials, if aphid numbers on treated plants increased, those increaseaftamat
least a week since placement on the plants. Increases in numbers of aphidallnated

occur at a time when temperatures are generally lower. As a resatesftemperatures, aphid
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flight (immigrating aphids only) would be limited to warm days only. The comibmaf few
aphids, cool temperatures, and limited aphid flight would lead to low probability of eliseas
transmission. Therefore, in northwest Arkansas the seed treatmentecasefong enough to

kill immigrating aphids while temperatures would still be warm. Furtherldingtion of the

seed treatment was sufficient to keep founding aphid numbers low enough to suppress aphid
population growth, therefore preventing densities that would result in aphid movement and —

again — reducing probability of disease transmission.

Although the seed treatment was effective at keeping aphid numbers low on treated
plants, there were no statistically significant differences in yieMdmt treated and untreated
plants in this study. However, the numbers of aphids in the field were low — the numbers may
have needed to be much greater to detect impact on the plant and subsequent yieldediffere
In the field trials, numbers of aphids only once reached a level of 80 per metemrow. |
Arkansas, treatment of bird cherry-oat aphid populations is not currently recatach
(Studebaker et al. 2011). The low numbers of aphids found in these trials may not havel provide
the definitive answer on the cost-effectiveness of the seed treatment if enevatiating the
impact of aphid feeding alone. In areas in which BYDV occurs only infrequengly tsesatment
to prevent loss in the infrequent years may not be economically viable, even thougddthe se
treatment killed aphids. In areas in which BYDV occurs regularly origlithe efficacy of the
seed treatment may result in economic benefit. In order to determineartditgconomic
benefit of seed treatment, a grower must consider the likelihood of BYDV occurangnpl

date, aphid flights, total input costs and the price of wheat.
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Future Work

The first year was planted late in the season and the second year was pléatedOra
of the interesting observations was the difference in aphid populations that maytbeghiel
colonization to young plants and population growth on plants of different ages. Oloseofati
plants in the same area planted at different times at different stages tlsandrmy the

population dynamics could provide more robust results.

The greenhouse study demonstrated that the insecticide efficacy was losinb2énand
48 days after emergence. Future trials could focus on this period and elimaiatess than 21

days after plant emergence.

The small pots used in the greenhouse may have a different effect on the draining of the
insecticide in the soil versus the field. Insecticide washed into the soibendijuted and moved
differently in the soil and field experiments, thus having an impact on the resftect of the
insecticide. Insecticide retention in pots may have increased the duratioeabicide efficacy
because the insecticide may not have diluted at the same rate as it wouliieid the
Alternatively, increased drainage due to the drainage hole in the pot may hasedrdou
impact of the insecticide. Deeper pots or trays might mimic the movememdofreatment

deeper in the soil.

The pan traps could be put up earlier to detect aphid flight before field sampling. This
would give a better profile of aphid flight during the season and a starting paipiiolf
movement. The pan traps may also not have been optimal for trapping aphids tdexssdses
(Fereres et al. 1999). Optimal yellow color with colorfast traps to ptexag color fading in

the sun could stop the attractiveness change over time in the field.

27



Wheat in Arkansas is grown primarily on variations of loam soil. Pottingaadikclay
were chosen for a broad array of soils from optimal (potting soil) to lesaalptAll of the
potted plants had the same amount of fertilizer added. Despite the differenceautrision
among the solil types, there was no great difference in 24 hour survival as a functionypesoil t
Concentrating future studies on one typical field soll (i.e., loam) would pexsting greater
numbers of plants per trial. The atypical responses in potting soil indicatesttiatdils should

be used for testing pesticide seed treatments.
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Table 1. Mean numbers (plus variance) of winged aphids (1a), large aphids (1b) and smal
aphids (1c) collected from ten, 1 meter-row whole plant samples in the field during 2009.
Comparisons were made between numbers of aphids on seed-treated plants aed ptargat

Tables

Large aphids included®4™ —instars and alate adults. Small aphids wérantl 2 instars.

Tests were performed using SAS (SAS Institute Inc. 2010).

la.
Treated Untreated Probability > F
Date Mean * Variance Mean * Variance Rep Treatment
11/18 0.05 * (0.05) 4.55 + (12.2) <0.0001 <0.0001#*
11/20 0.00 = (0.00) 7.15 + (14.01) 0.16 <0.0001
11/22 0.00 * (0.00) 6.70 £ (12.37) 0.64 <0.0601
11/25 0.00 % (0.00) 11.15 + (12.75) 0.08 <0.0601
11/27 0.00 % (0.00) 10.02 £ (54.07) <0.0001 <0.0001¢*
12/01 0.03 = (0.03) 7.63 +(4.91) 0.66 <0.0001
12/04 0.00 % (0.0) 3.63 + (10.65) 0.0006 <0.0001¢*
12/21 0.15 +(0.18) 1.38 + (2.39) 0.11 <0.0001

1. tIndicates significant treatment effect.
2. *Indicates significant interaction between treatment and rep (P<0.05).
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1b.

Treated

Untreated

Probability > F

Date

11/18
11/20
11/22
11/25
11/27
12/01
12/04
12/21

Mean + Variance
2.93 £ (15.10)
0.08 £ (0.13)
0.15 +(0.18)
0.10 £ (0.14)
0.10 = (0.09)
0.00 + (0.00)
0.02 + (0.03)
0.02 £ (0.03)

Mean + Variance
0.00 % (0.00)
0.00 + (0.00)
0.95 + (3.18)
4.20 £ (9.50)
5.07 £ (22.22)
6.25 + (5.37)
7.35 + (45.32)
17.68 + (175.4)

Rep Treatment
<0.0001 <0.0001¢*
0.54 0.18
0.18 0.006

0.01 <0.0001t*
0.01 <0.0001¢*
0.16 <0.0001
<0.0001 <0.0001¢*
<0.0001 <0.0001¢*

1. tIndicates significant treatment effect.
2. * Indicates significant interaction between treatment and rep (P<0.05).
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1c.

Treated Untreated Probability > F

Date  Mean * Variance Mean + Variance Rep Treatment
11/18 1.08 = (2.17) 5.53 + (30.46) <0.0001 <0.0001¢*
11/20 0.03 = (0.03) 20.88 £ (161.41) 0.64  <0.0001t*
11/22  0.05 * (0.05) 42.28 + (451.33) 0.09 <0.0601
11/25 0.03 = (0.03) 50.15 % (284.54) 0.07 <0.0@01
11/27 0.13 +(0.11) 48.71 + (1175.51) 0.001 <0.0001s*
12/01 0.00 % (0.00) 79.65 £ (792.28) 0.001 <0.0001#*
12/04 0.00 % (0.00) 25.28 + (476.31) <0.0001<0.0001¢*
12/21 0.00 * (0.00) 6.08 £ (17.76) <0.0001 <0.0001+*

1. tIndicates significant treatment effect.
* Indicates significant interaction between treatment and rep (P<0.05).

2.
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Table 2. Mean numbers (plus variance) of winged aphids (1a), large aphids (1b) and smal
aphids (1c) collected from ten, 1 meter-row whole plant samples in the field during 2010.
Comparisons were made between numbers of aphids on seed-treated plants aed ptargat
Large aphids included® 4" —instars and alate adults. Small aphids w&rentl 2 instars.
Tests were performed using an effect test (SAS Institute Inc. 2010).

2a.
Treated Untreated Probability > F

Date Mean + Variance Mean + Variance Rep Treatment
10/04 0.08 = (0.07) 0.71 + (0.76) 0.26 0.006
10/11 0.08 = (0.07) 0.68 + (0.53) 0.44 0.06
10/14 0.15 +(0.18) 0.53 £ (0.31) 0.03 0.007¢*
10/18 0.08 = (0.07) 0.30 = (0.27) 0.36 0.16
10/21 0.00 % (0.00) 0.20 + (0.22) 0.41 0.05
10/25 0.00 * (0.00) 0.10 + (0.09) 0.61 <0.0001¢*
10/28 0.00 = (0.00) 0.13 £ (0.11) 0.13 <0.0001
11/01 0.00 + (0.00) 0.08 = (0.07) 0.36 <0.0001
11/04 0.05 * (0.05) 0.00 + (0.00) 0.0005 <0.0001t*
11/08 0.03 = (0.03) 0.08 + (0.07) 0.01 <0.0001¢
11/11  0.08 = (0.07) 0.20 = (0.22) 0.063 <0.0001s*
11/15 0.08 = (0.07) 0.25 + (0.29) <0.0001 <0.0001s*
11/18 0.00 * (0.00) 0.05 + (0.05) <0.0001 <0.0001t*
11/22  0.05 + (0.05) 0.55 + (0.97) <0.0001 <0.0001s*
11/26 0.05 + (0.05) 0.10 + (0.14) 0.73 <0.0001

1. ¢ Indicates significant treatment effect.
2. * Indicates significant interaction between treatment and rep (P<0.05).
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2b.

Treated Untreated Probability > F
Date Mean + Variance Mean + Variance Rep Treatment
10/04 0.00 * (0.00) 0.00 + (0.00) . .
10/11 0.00 + (0.00) 0.15 + (0.34) 0.45 0.11
10/14 0.00 % (0.00) 0.00 + (0.00) . .
10/18 0.00 * (0.00) 0.13 £ (0.13) 0.89 0.03
10/21 0.15 + (0.90) 0.13 £ (0.13) 0.79 0.88
10/25 0.00 * (0.00) 0.80 = (1.81) 0.061 <0.0001s*
10/28 0.05 * (0.05) 1.73 + (7.18) 0.13 0.0001
11/01 0.00 * (0.00) 2.40 % (3.27) 0.46 <0.0001
11/04 0.03 = (0.03) 3.28 £ (0.51) <0.0001 <0.0001t*
11/08 0.03 = (0.03) 5.65 * (25.92) 0.10 <0.0G601
11/11  0.10 % (0.09) 6.08 + (15.51) <0.0001 <0.0001¢*
11/15 0.20 = (0.27) 7.75 £ (19.47) <0.0001 <0.0001¢*
11/18 0.05 +(0.04) 7.27 £ (10.68) <0.0001 <0.0001¢*
11/22 0.75 = (1.78) 6.23 + (53.92) <0.0001 <0.0001¢*
11/26 0.68 + (1.10) 13.0 + (80.77) 0.22 <0.0001

1. ¢ Indicates significant treatment effect.
2. * Indicates significant interaction between treatment and rep (P<0.05).
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2C.

Treated

Untreated

Probability > F

Date

10/04
10/11
10/14
10/18
10/21
10/25
10/28
11/01
11/04
11/08
11/11
11/15
11/18
11/22
11/26

Mean * Variance

0.00 + (0.00)
0.00 + (0.00)
0.00 + (0.00)
0.08 + (0.02)
0.00 + (0.00)
0.03 + (0.03)
0.00 + (0.00)
0.03 + (0.03)
0.03 + (0.03)
0.00 + (0.00)
0.00 + (0.00)
0.30 + (1.04)
0.08 + (0.12)
1.53 + (8.46)
0.40 + (1.37)

Mean + Variance

0.41 + (0.90)
0.23 + (0.54)
0.38 + (0.86)
0.45 + (2.61)
0.13 + (0.16)
0.95 + (1.89)
1.68 + (6.79)
2.50 + (3.69)
2.43 + (5.69)
2.83 + (6.20)

4.50 + (16.05)
6.28 + (16.00)
6.28 + (15.18)
10.63 + (151.50)
5.55 + (36.20)

Rep

0.91
0.89
0.37
0.09
0.12
0.55
0.10
0.27
0.09
0.16
0.06
0.50
0.58

Treatment
<0.0001
<0.0001
0.0608
0t01
0.@06
0t04
0t02
0.08
0.14
0.31
0.13
0.07
0.16

<0.0801<0.000%

0.45

0.47

1. ¢ Indicates significant treatment effect.

2. * Indicates significant interaction between treatment and rep (P<0.05).
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Table 3. Direct counts of aphids on wheat plants grown in different soils, indicating aphid
survival 24 hours after the initial aphid application of ten large aphids per plaitgdél

aphids per soil-type and treatment by day (includfigisstars and alate adults). Clay loam and
potting soils for every trial were compared between treated and untreatesitfgated as seeds.
Treatments consisted of plants of different ages since germinationwiegstperformed using a
t-test (SAS Institute Inc. 2010).

3a.
Clay
Day Treated Untreated P-Value
14 8 55 0.003*
16 19 32 0.151
18 9 48 0.001*
20 33 48 0.001*
26 18 52 0.004*
48 18 19 0.424
3b.
Loam
Day Treated Untreated P-Value
14 13 54 0.016*
16 16 45 0.001*
18 16 44 0.004*
20 41 55 0.004*
26 11 34 0.013*
48 14 21 0.128
3c.
Potting
Day Treated Untreated P-Value
14 13 50 0.022*
16 23 57 0.005*
18 14 45 0.008*
20 32 62 0.008*
26 17 36 0.112
48 8 25 0.567

1. * Indicates significance difference between treatments
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Table 4. Slope of population growthRfpadi on wheat plants grown in different soils. Linear
slopes were calculated for 7-day periods after aphids were placed on plaatsnents consisted
of plants of different ages since germination. Slopes were compared to deterneireandés

from zero. Tests were performed using a regression analysis (SA@dnisic. 2010). Slopes
were not calculated for plants aged 4, 8, 10, and 12 days, due to short duration of survival.

4a.
Clay
Day Treated P-Value UntreatedP-Value
14 -0.18 0.014t 10.51 0.0001%t
16 0.49 0.376 6.75 0.0001¢
18 -0.22 0.008t 3.51 0.0003¢
20 1.25 0.131 11.330.0001¢
26 0.24 0.146 -0.94 0.0125¢
48 0.16 0.308 0.41 0.136
4b.
Loam
Day Treated P-Value UntreatedP-Value
14 1.19 0.045¢ 7.37 0.0001%
16 0.71 0.177 7.32 0.0001¢
18 -0.36 0.003t 1.29 0.271
20 -0.78 0.0001¢ 5.01 0.0001¢
26 -0.30 0.049¢ -1.43 0.0001¢
48 -0.03 0.9102 0.07 0.855
4c.
Potting
Day Treated P-Value UntreatedP-Value
14 2.48 0.031t 9.11 0.0001t
16 0.89 0.136 8.81 0.0001%
18 -0.20 0.646 6.43 0.0001t
20 -0.41 0.135 4.09 0.0001%
26 2.73 0.0001t -1.25 0.024t
48 -0.05 0.862 0.55 0.166

1.t Indicates significance from zero.
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Figures

Figure 1. Yield data taken from Arkansas university experiment station fetklguring the
2009 and 2010 field seasons.
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Appendix

1. Aphid survival on untreated plants ages 4 (1a.), 8(1b.), 10(1c.) and 12(1d.) by day for cla
loam and potting soil greenhouse experiments.
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1b. Day 8.
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1c. Day 10.
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1d. Day 12.

18 -
6 | Clay
2 14 - y=14x+8.4
o R?=0.0658
5 12 -
[«
£ 10
=]
S 8
©
= 6 - ]
S
< 4 - y=-x+2
2 ¢ R? = 0.5556
N
0 o
1 2
6 -
Loam
5 - ]
°
o 4 -
]
Q.
t
3 3 H y=-0.2x + 2.2 u
:; R2 =0.004
£ 2 B—
<
1 4 y=-02x+04 N
R2=0.1111
om |
1 2
20 .
13 - Potting m
« 16
o
2 14 y=2.6x+5.8
g 1 R?=0.1623 g
S 10
S 8
n-]
£ 67
Q.
< 4 y=-0.8x+16
5 S R2=0.1905
0 o
2

Day

46

O Treated
B Untreated

——Linear

(Treated)
——Linear

(Untreated)

& Treated
B Untreated

—— Linear
(Treated)

—— Linear
(Untreated)

& Treated
B Untreated

——Linear

(Treated)
——Linear

(Untreated)



	Early Season Population Dynamics and Residual Insecticide Effects on Bird Cherry-oat Aphid, Rhopalosiphum padi in Arkansas Winter Wheat
	Citation

	Microsoft Word - $ASQ129278_supp_undefined_69895F16-4394-11E1-9CBB-AE1BEF8616FA.docx

