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Summary

Mosaic viruses of cucurbits if infection is eantyay result in extensive yield losses, and occur
annually in some regions of California. Traditiopalsticide control of aphid insect vectors does not
control virus incidence, as the virus is transrditie the plant before the pesticide kills the apfiiaus,
there is a need for an alternative management methorder to prevent virus movement into a field.
Ten products with repellent/antifeedant propertiiweugh changing the odor or tactile perception of
the plant, and one product with visual repelleierties, were tested for their effects on alate
(winged) aphid density and virus incidence. Wingptids were focused on, as they are more likely to
be coming in from other areas within the agroedesysand carrying virus from local reservoirs. It
was found that under field situations with high igpgbressure and high virus pressure (late season
planting, local virus reservoir known), three treahts were shown to significantly reduce aphid
density and virus incidence compared to the conéirod an additional six treatment were shown to
significantly reduce virus incidence exclusivelyndér field situations with low aphid pressure and
low virus pressure (mid season planting, no logaisvreservoir known), treatments did not show any
effect with lowering aphid density and virus inaide any further than their already low levels.
Methods for use of treatments identified as showioigntial in this system may be economically
viable when loss due to virus is expected to ba,higough effective treatment duration associated
with spray interval and number of applications reetedbe refined. No significant differences in giel

or soluble sugar content (Brix) were found betwgeatments.

I ntroduction

Worldwide, cucurbits are subject to several viralsaic pathogens, resulting in extensive yield
losses. Disease incidence to some degree orathars almost annually in some regions of
California. The four most common and importanthefse viruseszucumber mosaic cucumovirus
(CMV), Watermelon mosaic potyvirus 2 (WMV2), Papaya ringspot potyvirus type W (PRSV-W), and
Zucchini yellows mosaic potyvirus (ZYMV), are all transmitted in a nonpersistent manby various
aphid species. Transmission requires only secohstylet probing by a feeding aphid and can be
accomplished by many (if not all) aphid speciebede mosaic viruses have a wide host range and are
likely to infect and be harbored by many other @gtural crops and weeds simultaneously growing in

the agroecosystem. This diverse landscape likesuipports many aphid species, all of which are



potential vectors, regardless of whether they éistabreeding populations on melons (colonizing
species). In fact, it has been argued that nonaclgg (transient) species are more efficient viectd
nonpersistent viruses since virus retention anstrassion ability decrease rapidly once a virutites
aphid is allowed to feed on an uninfected plargstieides are relatively ineffective at reducingusi
incidence because any transient alate aphid catecnew infection centers daily while passing
through the crop prior to ingesting a lethal ingede dose. For this reason there is a need for
alternative protective measures such as repelldisssjadants, and antifeedants, used in conjunction
with appropriate insecticide management, to redlate aphid feeding rates in order to minimize new

infection centers and overall virus incidence.

Aphids respond to visual, olfactory, and tactiiensti from the foliage of potential hosts in
order to initiate both landing and feeding procesaed these cues are known to be important irdaphi
plant selection behavior. Interference with theerpt of these appropriate stimuli could reduce the
frequency of aphid settling and/or correspondiregliieg rates, perhaps especially of transient specie
and therefore decrease virus transmission. Inrée of olfactory or tactile stimuli has been
associated with lower aphid plant selection rdtmser feeding rates, and subsequent lower incidence
of disease. Several commercially available and exy@atal formulations of botanical essential oils,
plant extracts, biostimulants, and other produassifications have shown the potential to repeland
reduce feeding in a wide range of arthropod p&sish products may interfere with alate aphids’ in-
flight and/or near-landing selection of host plaatsd also the perception of these plants related t
feeding rates. In some cases, it is suggestegbtbdticts such as oils may prevent the transmisxion
virions to an uninfected plant selected for feediggphysically blocking the stylet probe. In
agricultuual pathosystems including nonpersistéunises with wide host and vector ranges,
applications of repellants and antifeedants magr #te aphid density, possibly by interfering with
odor-mediated and/or tactile-mediated host cues. iy reduce aphid feeding rates and virus

incidence.



Objectives

A. Determine what effect repellents and antifeedaat® ton aphid density within melon

plantings, as compared to reflective particle filansl to no protection at all.

B. Determine what effect repellents and antifeedaat®lon mosaic virus incidence, yield,

phytotoxicity, and fruit quality, as measured atvest time.

C. Determine the effect of protection duration (weeksepellent/antifeedant/dissuadant
applications) on mosaic virus incidence, yield, tolhgxicity, and fruit quality, as measured

at harvest time.

Materials and M ethods
Field site establishment and maintenance

Two plantings of honeydew, open pollinated culti\gaveet delight’ from TS&L Seed
Company, were established at the Armstrong PlathioRayy field complex on the UC Davis south
campus in Davis, California. Beds (80" or 72” fraenter to center) were mechanically shaped, seeds
were directly sowed in a single line per bed, dreddrop was subsequently furrow irrigated as needed
throughout the season until the weeks approactamngelst. A pre-plant spray fertilizer applicationsva
made, as well as a pre plant application of Admir@ systemic insecticide for early cucumber beetle
control. Later season cucumber beetle control vessrchined as needed according to IPM guidelines,
and controlled by Assail insecticide applicatiohe$e insecticide applications also served to keep
colonizing aphid populations under control withie ffield, as the focus of this research was ore alat
aphids coming from surrounding areas. Weed comtasl achieved through manual cultivation. The
first planting (‘trial 1) was established on Jut@", and the second planting (‘trial 2') was estatgish
just south of trial 1 on Augusf'1Surrounding agroecosystem components at therokseamplex
included one field of honeydew melons seeded apmeately 2 weeks after trial 1 seeding directly to
the east, various weeds within a natural creek taré@e south, small grape vineyards directly ® th
north and west, as well as a variety of other roops and perennial crops including grape, almond,

peach, apricot, cotton, cherries, corn, persimmaad,ornamentals in the local area.



Trial layout, treatments, and application

Both trial 1 and trial 2 were organized into fouperimental blocks, with each block then
divided into twelve treatment areas of equal sigpresenting experimental units (‘plots’). Eachtplo
consisted of two rows approximately 50 feet in lnglanted as described above. Plots were spread
out such that each was surrounded by approximaéefget of unplanted bare ground in all directions.
Each plot was then assigned to receive one of eveltal treatments: attempted vector reduction via
one of ten repellent/antifeedant property materettempted vector reduction via a reflective peti
film, or untreated control receiving no treatmeinalh Repellent/antifeedant materials included
Sporate" (Treatment #3, Rosemary/clove/thyme oils, 3pts/&00gedar oil (Treatment #4, cedar
oil, 500ppm), MBI203 (Treatment #5, antifeedanttbea, wettable solid, 1lb/acre), IRF161
(Treatment #6, amino acid extract, 3pts/100galy|iGBarrie® (Treatment #7, Garlic oil,
2gal/100gal), ORSAPA (Treatment #8, citrus oil,s3pd0gal), IRF160 (Treatment #9, amino acid
extract, 3pts/100gal), Joshua (Treatment #10, ytreesextract and cinnamon oil, 600ppm), Hot
Pepper Wax (Treatment #11, capsaicin pepper exfrgat/16gal), and ORSA076 (Treatment #12,
citrus oil, 2pts/100gal). SurroufigTreatment #2, kaolin clay, wettable solid, 25osé) was used as
the one reflective particle film product. In thigy each treatment was represented one time within
each of the four experimental blocks, for a tofdbar treatment replications per trial. Summary of

treatment details, including chemical company eiees, can be found in Table 1.

All products were first applied approximately tweeks after seeding (5-8 days after seedling
emergence), when plants were at the 1 true legés#spplications were then continued at a weekly
interval for a total of five applications for allaterials. The first two applications were carried o
using a CO2 backpack sprayer, and the remainirg thpplications were carried out using an air-blast
assisted backpack sprayer. Carrying volumes fdn epplication were determined in order to ensure
good coverage of all foliage (Table 2). At the dasmn of treatment application, plants had grown t
the point where they were closing canopy. Applmadiwere only made when plants were young
because it has been shown that virus infectionietiee season does not affect yield; early season
the critical protection period for virus managemditte first application of materials was made oy Ju
5" for trial 1, and on August 5or trial 2.



Aphid traps

Aphid trapping stations were set up immediateljof@ing the first application of materials for
each trial. One trap was used per plot, and witlwevexperimental units per block, this made for a
total of 48 trapping stations at each trial locatiBtations consisted of yellow sticky cards (10€m
16cm; Seabright Laboratories, Emeryville, CA), otexl horizontally and rigidly mounted,
approximately 30-60cm from the ground, on one mietegths of bamboo stake with a wooden
clothespin. During each sampling period, stickpsravere positioned directly above the melon canopy
level. Traps were collected and replaced weeklgpping continued until the week before harvest, for
a total of 10 trap collection dates for trial 1 antbtal of 8 trap collection dates for trial 2.li€oted
traps were brought back to the laboratory, andhtlhraber of aphids on each trap was counted and
recorded using a dissecting microscope. Apterobglapnigrating from adjacent plants were
disregarded in this study since aphid landing ratesinfection center initiations were the primary
foci. Alate aphids were identified from other inteby visually confirming the presence of key
morphological characteristics unique to aphidsudirig siphunculi (cornicles), the cauda, and the
unguis of the terminal antennal segment. Samplatggiwere also expressed as crop age (in weeks
after planting), a discrete variable common toStétistical analysis of aphid density was condiicte
separately for trial 1 and trial 2, as these tnma[sresent separately mid and late season plantiitigs
different aphid and virus population pressures. iRemh model approach was used for data analysis,
with block assigned as a random variable, and tké#@itment and crop age as fixed variables.
Treatment and crop age effects on overall aphiditlewere measured via fixed effect F tests. Means
comparisons between treatments were achieved Ssirgnt’s t-test on least squared means from the
mixed model, at an alpha value of 0.05 (95% comitgeinterval). All statistical analysis was
conducted using JMP Start Statistics software (85&8tute, Cary, North Carolina, USA).

Virusincidence, rating, and identification

Virus incidence was assessed approximately twdksvieefore harvest. The virus rating for trial
1 was conducted by visually assessing each shouithin a plot, and counting the number of shoot
tips that showed characteristic mosaic virus sympiogy (no extensive virus colonization was
observed). This resulted in a rating characterigethe number of shoots affected per plot. For the
virus rating for trial 2, plots were first dividedto four evenly spaced ‘transects’, each congistin

approximately six feet of the fifty foot row lengthand spanning across the width of the foliagsfro



both of the plot rows. Within each transect, thenbar of symptomatic shoot tips compared to the
total number of shoot tips was taken, resultingnroverall rating characterized by the percent of
shoots affected per plot. All ratings were condddig personnel with multiple years’ experience in
rating mosaic viruses in honeydew. A mixed moggraach was used for data analysis, which was
conducted separately for trial one and for triad twith block as a random variable, and treatmsra a
fixed variable. Treatment effect on virus incideneas measured via a fixed effect F test. Means
comparisons between treatments were through ube @tudents’ t-test on least squared means from
the mixed model, at an alpha value of 0.05 (95%idence interval). All statistical analysis was
conducted using JMP Start Statistics software. 3identification was done using characteristic
symptomology.

Yield, Fruit Quality, Phytotoxicity

Yield was measured by counting the number of ntal#te fruit harvested from one of the two
rows within each plot. This number was then coraceimto number of fruit per acre by multiplying by
two rows per plot, and assuming an average pletaif.0153 acres. A marketable fruit was
determined as having a fruit diameter greater fhv@ninches, having a white-ish coloration (comuiare
to green), and lack of pubescence. Fruit quality determined by fruit size and soluble sugar cdnten
For sizing, melons were categorized as having metier of 5-5.5”, 5.5-6", 6-6.5", 6.5-7”, and greate
than 7”. All harvested fruit in each plot were slzereating a size distribution for each plot. $tdu
sugar content (Brix) was measured from ten reptatiea fruits from each plot. Brix measurements
were taken on juice extracted from both the bloseathand stem end of each fruit using a
refractometer. These values were then averageet @ gjngle Brix value per fruit. Phytotoxicity
ratings were made throughout the trial duratioastiqularly after product applications when plants
were young and likely more sensitive to materiahponents. No phytotoxic effects of materials were

observed throughout the season.



Results
Aphid density

Both Trials. According to mixed model analysis considering ttiand trial 2 together, an
extremely large portion of variation was contrilzlite trial differences (47.001%). Because of this,
and also because trial 1 and trial 2 representamitiiate season plantings with different biological
system pressures, the two trials were also coresideparately. Trial 1 had significantly lower
average aphid density (# aphids/card) compareaaict(Figure 1, P<0.0001). The pattern of aphid
density when compared to crop age (weeks aftelirsgeid also very different for trial 1 versus tria
(Figure 2), with aphid density reaching its peakeeks after planting in trial 1, but not until 8eks
after planting in trial 2. Aphid densities startmat higher in trial 2 versus trial 1. However, whaals
were considered together, there was no signifizeatment effect on overall aphid density recovered
(P=0.6480).

Trial 1. According to mixed model analysis for trial 1 apdehsity, there was no significant
treatment effect on overall aphid density recovéR=D.1274). No treatments were found to be
statistically different in number of aphids/weeérfr the untreated control, though some statistical
differences were seen among treatments (FiguBl@k 4 had statistically higher aphid density
compared to blocks 1 and 2. There was also a gigntfeffect of crop age on overall aphid density i
trial 1 (P<0.0001), with aphid density generallgrieasing until five weeks after seeding, and then
declining gradually until about 9 weeks after sagdis fruit mature and vegetative growth declines,

and leveling off at/near fruit maturity (Figure 2).

Trial 2. According to mixed model analysis for trial 2 apphiensity, there was a significant
treatment effect on overall aphid density recovéReD.0371). Three treatments were found to be
statistically lower in number of aphids/week (irsdending order: IRF161, 17.8 + 2.11SE aphids / card
/ week; Hot Pepper Wax, 17.72 17.8+ 2.26SE aphidsd / week; IRF160, 16.84 + 1.91SE aphids /
card / week) compared to the untreated contrab@t 2.75 aphids / card / week) (Figure 3). Bldck
had statistically higher aphid density comparedltother blocks. There was also a significantatffe
of crop age on overall aphid density in trial 2 QF8001), with aphid density generally remainingaqu
and then increasing at eight weeks after seedimjffeen declining sharply as fruit develop and

vegetative growth declines.



Virus incidence

Trial 1. Virus incidence was overall very low for trial\ith an average of only 2.81 £ 0.94
single shoots showing mosaic virus symptomologypbet: Additionally, virus symptoms were almost
exclusively found in the northeast edges of thiel fiand within the plots located in this sectiortloe#
field virus was located only on shoots from pldotsated at the very ends of the affected plots.sThu
virus distribution in trial 1 was low, unevenly ttibuted throughout the field, and unevenly disitéxl
within plots where it was found (clumped). Accomlio mixed model analysis for trial 1 virus
incidence, there was no significant treatment éfi@cnumber of shoots showing mosaic virus
symptoms per plot (P=0.7243).

Trial 2. Virus incidence was overall very high for trialdth an average of 32.04 + 0.013SE
percent of shoots showing mosaic virus symptomofogyhe entire field (number of symptomatic
shoots/total number of shoots counted within 4geats per plot). According to mixed model analysis
for trial 2 virus incidence, there was a significtnreatment effect for percent of shoots showingan
virus symptoms (P<0.0001). Nine treatments weraddo be statistically lower in percent of shoots
affected (in descending order, Sporatec, ORSAPAljc3arrier, MBI203, Hot Pepper Wax, IRF161,
ORSAO076, IRF160, and Joshua, ranging from a me&i.6f7 + 3.12SE % affected for Sporatec to a
mean of 20.18 + 3.58SE % affected for Joshua; foeromean/standard error values, see Table 6)
(Figure 5). All of the treatments showing signifitiy lower aphid densities for trial 2 compared to
untreated were also found to have significantlydowirus incidence ratings compared to untreated.

Block 4 had statistically higher virus incidencergmared to all other blocks.
Yield, Fruit Quality, Phytotoxicity

Yield was significantly higher in trial 1 compargaltrial 2 (Trial 1 average of 10,019 + 310SE
melons/acre, Trial 2 average of 2,825 + 96 melansjawith 84.5% of variation observed contributed
to trial differences . There was no significanatraent effect for total number of fruit harvestad i
either trial 1 or trial 2 when considered sepayatP=0.8108, P=0.9059).

Fruit were significantly larger in trial 1 compdr#o trial 2. All of the fruit harvested from trial
two were between >5-5.5 and >5.5-6 inches in dian{&vo smallest size distribution classificatians)
Neither trial showed any significant treatment effier number of fruit with sizes falling within ¢ése

two smallest categories (>5-5.5" diameter, >5.%Halmeter), and trial 1 did not show any significant



treatment effect for the next largest categoryegi(h6-6.5” diameter). In trial 1, the two largeste
categories (>6.5-7” diameter and >7” diameter) stabwiean separation and letter differences, though
a significant treatment effect was only found irestategory >6.5-7" diameter (P=0.0378). Here, two
treatments (in descending order: Surround, 8.7%mselJoshua, 8.00 melons) were found to have a

significantly lower number of fruit within this eagory compared to untreated control (Table 7).

Trial 1 Brix soluble sugar content showed no sigaift treatment effect (P=0.1577). Brix
soluble sugar content measurements were not takendl 2, as root rot vine collapse prevented the

fruit from ripening properly.

Discussion

The most noticeable effect of reflective particlsnfapplications was on aphid density and
virus incidence observed in trial 2. When plantseneft untreated, generally more aphids were
recovered, and percentage of shoots showing mesagsymptoms was generally higher within these
plots. IRF161, Hot Pepper Wax, and IRF160 (in dedicey order) showed significantly lower average
aphid density compared to the untreated. Treatniecitsding Sporatec, ORSAPA, Garlic Batrrier,
MBI203, Hot Pepper Wax, IRF161, ORSA076, IRF16@ doshua (in descending order) showed
significantly lower virus incidence. Trial 2 repesded a late season melon planting. Overall aphid
pressure was much higher for trial 2 comparedab dhtrial 1, and virus population pressure wa® al
much higher. Significant block effects were obsdrespecially in block 4, which showed significantly
higher aphid density, and significantly higher giiacidence ratings compared to all other blocks.
Block 4 was located on the most eastern side dfriéle2 planting, surrounded by older melon fields
on two sides.. These significant effects in trig@gest that under situations where high aphid and
virus pressure are expected, treatments stateceabay reduce the aphid and subsequent virus
presence within a field, preventing some potetbisges associated with high mosaic virus infection.
Such losses were seen in trial 2 yield data, watth Imumber of fruit and size distribution of fruit
smaller in this late planting compared to trialiélg and size distributions. Other factors likely
contributing to this extremely reduced yield irat2 include a slightly more dense planting strustu

as well as the environmental factors associated aviate season planting such as temperature.



Alternatively, trial 1, planted mid-season, shoM@aer overall aphid density and almost no
virus incidence. Virus that was observed showetomg edge effect, found almost exclusively on the
northeast corner edges of the field, and also onlthe very ends within plots. Overall, virus press
was not evenly distributed across treatments arsadhe field area, therefore it was expectedrbat
significant treatment effect on virus incidence i@and compared to untreated. Low aphid density
also resulted in no significant treatment effecphid density, with no treatments showing
significantly different aphid densities recoverennpared to untreated. This suggests that when aphid
and virus pressure are expected to be low, angdattion of virus into the field is driven by anged
effect mediated random introduction from whateveraendistant source of virus infection is present in
the production area. Thus, under these conditioeatments are obviously not needed. Treatments did
not show a significant effect on soluble sugar enh{Brix), and a significant difference in numioér
fruit per size category was only found for the thaxgest size categories.

Attempted aphid dissuasion and corresponding vedaction was generally more successful
using repellent/antifeedant property materials §lmeents 3-12) compared to reflective particle film
materials (Treatment 2) when comparing both grdapsitreated. The reflective particle film material
included in the trial as representative for theugrdid not show significant aphid density or virus
reduction compared to the untreated in Trial 2 @hly trial that showed any significant differendes
either group), whereas some repellent/antifeedaeoty materials did show significant reduction of

aphid density and/or virus reduction.

Patterns of average aphid densities across theugaweeks after crop planting also varied
between trial 1 and trial 2, with crop age showangjgnificant effect on aphid density for bothIgia
Trial 1 was planted during a period of time wheeréhwere multiple highly vegetative ‘choices’ for
alate aphids to select as hosts, and it was asuqa after many of the spring aphid flights hadady
occurred. When trial 2 was planted, it was loctilly youngest and most freshly vegetative hosten th
local area until rains in mid October instigateced@ermination, and therefore it was a more
opportune host selection for alate aphids. Thederfslikely contributed to the overall mean number
of aphids in each trial. Treatment protection dorafor each of the products tested was assumbd to
approximately 1 week, and thus the crop was ‘pteteé¢hrough 7 weeks after seeding, at which point
the fifth and final treatment application had ocedrone week prior. In Trial 2, aphid density islja

even during this protection period, and then sp#esy this protection period is complete, and glyar



decreases as vegetative growth declined. Contoibsitio this vegetative growth decline in trial 2
include both fruit development and vine collapse thufungal root rot after the first season’s rdihe
sharp increase in aphid density following the s period suggest that protection duration is in
fact only approximately 1 week for treatment praduthough studies involving the same product at
different treatment intervals are needed to refifi@mation regarding treatment protection duratdn
individual products specifically. Aphid densitiegn® at their highest five weeks after seedingriaf t
1, and continued in a gradual decrease througmterchange between 7 and 8 weeks after seeding,
therefore a treatment duration effect was not seen.

Conclusion

Under field conditions where aphid density and ¥ippessure is expected to be high, there
were differences in aphid density and also in sgiaset virus incidence in plants treated with
repellent/antifeedant materials. This may tranglaie an economic benefit to the commercial melon
growing, as under these conditions, the cost cfelagplications may also be shown to offset the
losses due to viruses that would occur potentétllyg more severe level in their absence. Undet fiel
conditions where aphid density and virus presesexpected to be low, no treatment effect was seen,
though also under these conditions the cost ofi@dmns may not be shown to offset the lower level

of losses due to virus.



Table 1. Treatment materials for an investigation into the attempt of aphid vector reduction
through antifeedant or repellent property materials, and the effects of these products on
aphid density and the resulting incidence of nonpersistently-transmitted mosaic viruses.

Treatment

number | Treatment name Active component Rate Interval Company
1 untreated n/a n/a n/a n/a
2 Surround kaolin clay 25 |bs/acre 7 days BASF

rosemary/clove
3 Sporatec /thyme oils 3 pts/100 gal | 7 days Brandt-Montgomery
4 Cedar oil cedar oil 500 ppm 7 days NaturesChem
Marrone

5 MBI203 antifeedant bacteria 1 Ib/acre 7 days Bioinnovations
6 IRF161 amino acid derivative 3 pts/100 gal | 7 days Isagro USA
7 Garlic Barrier garlic oil 2 gal/100 gal | 7 days Garlic Barrier Inc.
8 ORSAPA citrus oil 3 pts/100 gal | 7 days OroAgri
9 IRF160 amino acid derivative 3 pts/100 gal | 7 days Isagro USA
10 Joshua cinnamon/yucca oils 600 ppm 7 days NaturesChem
11 Hot Pepper Wax capsaicin 1 gal/16 gal 7 days Hot Pepper Wax Inc.
12 ORSAQ76 citrus oil 2 pts/100 gal | 7 days OroAgri

Table 2: Application information for all treatments.

Crop age Carrying
Application (from Spray volume
number planting) | method (gal/acre)
1 2 wks Cco2 30
2 3 wks Cco2 50
3 4 wks Air-blast 70
4 5 wks Air-blast 100
5 6 wks Air-blast 100




Figure 1. Mean overall aphid density (# alate aphids/card) for all weeks for trial 1 and trial
2. Letters represent Least Squares Mean separation by Student’s t test. True averages are
shown, with bars representing standard error.
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Figure 2. Mean overall aphid density (t#alates/card/week) for trial 1 and trial 2 over crop
age (weeks after seeding). Values for means and standard errors of each point can be seen
in Table 3 below. Letters represent Least Squares Mean separation by Student’s t test.

45.00
40.00 u
Z
2235,00 —
L]
T w 30.00 —
T 3
S T 25.00 v
T
T > 2000 —F—— A trial 1
o g w Wwx
3 & 15.00 Xy Trial 2
= b b y
¢ 10.00 —
cd Z C C
5.00 P — 3" de ——
000 T T T T T T T T 1
3 4 5 6 7 & 9 10 11 12
weeks after seeding
Weeks after
seeding 3 4 5 6 7 8 9 10 11 12
Trial 1
mean 3.71 325 2131 1094 10.75 6.10 354 7.16 542 7.27
stderr 034 032 152 060 067 037 031 049 047 0.50
Letter separation ef f a b b cd f C de C
Trial 2
Mean 18.02 25.71 14.81 19.60 17.69 40.54 7.04 12.27
Stderr 0.80 111 091 125 102 199 0.44 0.66
Letter separation w v Xy w WX u z v . .

Table 3: Data for table 2, including mean, standard error, and letter separation for trial 1
and trial 2 across all treatments over crop age. Means not connected by letter are
statistically different. Trial 2 aphid data was not collected for 11 and 12 weeks after
seeding.



Figure 3: Trial 1 mean number of aphids/card/week for all treatments. Treatments are
ordered from highest to lowest average aphid density, with untreated control designated as
treatment 1. Values for means and standard errors can be found in Table 4 below. Letters
represent Least Squares Mean separation by Student’s t test.
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Table 4: Data for Figure 3, including mean, standard error, and letters difference for aphid
density across all treatments. Untreated control is treatment 1, in bold. No treatments
were found to be significantly different from the untreated. Means not connected by letter
are statistically different.



Figure 4: Trial 2 mean number of aphids/card/week for all treatments. Treatments are
ordered from highest to lowest average aphid density, with untreated control designated as
treatment 1. Values for means and standard errors can be found in Table 5 below. Letters
represent Least Squares Mean separation by Student’s t test.
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Table 5: Data for Figure 4, including mean, standard error, and letters difference for aphid
density across all treatments. Untreated control is treatment 1, in bold. Treatments found
to be significantly different from untreated are designated with an asterisk (*). Means not
connected by letter are statistically different.



Figure 5: Average percent of shoots showing mosaic virus symptoms per treatment.
Treatments are ordered from highest to lowest average virus infection, with untreated
control designated as treatment 1. Values for means and standard errors can be found in
Table 6 below. Letters represent Least Squares Mean separation by Student’s t test.
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Treatment #
Treatment Letters Least True Std Err
# difference Sq Mean | mean %
2 A 0.4783 47.83 8.63
1 A 0.4631 46.31 3.99
4 A B 0.3760 37.60 3.37
3* B C 0.3157 31.57 3.12
8* B C 0.3142 31.42 2.84
7* B C 0.3137 31.37 3.32
5* B C D 0.2876 28.76 3.76
11%* B C D 0.2851 28.51 3.99
6** B C D 0.2843 28.43 4.25
12* B C D 0.2692 26.92 3.28
9** CcC D 0.2562 25.62 3.83
10* D 0.2018 20.18 3.59

Table 6: Data for Figure 5, including mean, standard error, and letters difference for virus
incidence across all treatments. Untreated control is treatment 1, in bold. Treatments
found to be significantly different from untreated for virus incidence only are designated
with an asterisk (*), those found to be significantly different from untreated for both virus
incidence and aphid density are designate with two asterisks (**). Means not connected by
letter are statistically different.



Table 7: Trial 1Average number of fruit found within the two largest size distribution
categories, across treatment. Least squared means are shown, along with Student’s t test
letter differences. Untreated control is designated as treatment # 1 and is in bold.
Treatments that showed on average significantly less fruit in these large size categories
compared to untreated are designated with an asterisks (*).Means not connected by letter
are statistically different. All other size distribution categories showed no statistical
differences for both trial 1 and trial 2.

>6.5-7 inches diameter > 7 inches diameter
Treatment | Letters Difference Least | Treatment Letters Least
# Sq # Difference Sq
Mean Mean
11 A 17.5 A 7.25
4 A B 17 A B 7
9 A B 16.5 A B 6
3 A B C 15.25 11 A B C 55
1 A B C D 15 A B C 4.75
6 A B C D E 12.25 A B C 4.25
7 A B C D E 12 12 A B C 4
5 A B C D E 11.75 A B C 4
12 B C D E 11 A B C 3.5
8 C D E 9 A B C 3
2 D E 8.75 10 B C 2.5
10* E 8 8* C 1.25




