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Abstract Green peach aphid Myzus persicae (Sulzer) is a
serious pest of potato and causes severe yield loss to potato
production worldwide. The volatiles emitted from potato plants
influence host selection by M. persicae. A laboratory experi-
ment was conducted to study how these volatile emissions vary
among four potato varieties (IdaRose, Desiree, Chipeta and
Russet Burbank) having different genetic backgrounds, and to
compare the aphid responses to the volatiles emitted by these
varieties. Results indicated that headspace volatiles detected,
and aphid responses, differed significantly among the varieties.
Myzus persicae arrestment was greater in response to Desiree
and Chipeta than on Russet Burbank and arrestment on
IdaRose was intermediate and did not differ significantly from
any of the other varieties, but the arrestment was not related to
the total concentration of volatiles released by these varieties.
This indicates that the blend of volatiles was important for
eliciting arrestment. Eigenvector weightings of principal com-
ponent 1 were predominantly sesquiterpenes (especially caryo-
phyllene, sesquiphellandrene, α-farnesene and longifolene),
whereas those for principal component 2 were predominantly
aldehydes and green leaf volatiles (n-hexana1, (Z)-3-hexenol,
(E)-2-hexenal and nonanal. The pedigrees of the varieties are
not associated with the volatile blends or aphid responses.

Resumen El áfido verde del durazno Myzus persicae
(Sulzer) es una plaga seria de la papa y causa severas
pérdidas de rendimiento en la producción de papa en todo el
mundo. Los compuestos volátiles emitidos de la planta de
papa influencian la selección de hospedante por M. persicae.
Se condujo un experimento de laboratorio para estudiar cómo

éstas emisiones de volátiles varían entre cuatro variedades de
papa (IdaRose, Desiree, Chipeta, y Russet Burbank) con con-
tenidos de diferentes antecedentes genéticos, y para comparar
las respuestas del áfido a los volátiles emitidos por estas
variedades. Los resultados indicaron que los volátiles detecta-
dos en espacios libres y la respuesta de los áfidos, diferían
significativamente entre las variedades. La permanencia deM.
persicae era mayor en respuesta a Desiree y Chipeta que en
Russet Burbank y la retención en IdaRose fue intermedia, y no
se diferenció significativamente de cualquiera de las otras
variedades, pero la retención no estuvo relacionada a la
concentración total de volátiles liberados por estas variedades.
Esto indica que la mezcla de volátiles era importante para
inducir la permanencia. La ponderación del vector propio del
componente principal 1 fue predominantemente sesquiterpe-
nos (especialmente cariofileno, sesquifelandreno,α-farneseno
y longifoleno), mientras que aquellos para el componente
principal 2 fueron predominantemente aldehidos y volátiles
de hoja verde (n-hexana1, (Z)-3-hexenol, (E)-2-hexenal y
nonanal). No se asocia al pedigrí de las variedades con las
mezclas de volátiles o con las respuestas de los áfidos.
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Introduction

Green peach aphid (GPA),Myzus persicae (Sulzer) (Hemiptera:
Aphididae), is an important pest of potato (Solanum tuberosum
L.) due to the direct damage to the plant caused by its feeding
(Petitt and Smilowitz 1982) and the indirect damage caused by
viruses, especially Potato leafroll virus, for which GPA is a
principal vector (Broadbent 1953; Kennedy et al. 1962).
Growers manage this pest with insecticides, but the risks of

D. Rajabaskar :H. Ding :Y. Wu : S. D. Eigenbrode (*)
Department of Plant, Soil and Entomological Sciences, University
of Idaho, PO Box 442339, Moscow, ID 83844-2339, USA
e-mail: sanforde@uidaho.edu

Am. J. Potato Res. (2013) 90:171–178
DOI 10.1007/s12230-012-9282-z



environmental contamination and the economic cost of insecti-
cide treatments necessitate new strategies for this and other
insect pests. Therefore, it will be useful to learn more about
how GPA responds to its host plants as a basis for potential
novel approaches to pest management.

Interspecific variation in the suitability of host plants for
colonization and survival of insect herbivores is well docu-
mented in natural systems and as part of efforts to develop
resistant crop varieties (Painter 1951; Smith 1989; Fritz and
Simms 1992), including potato (Flanders and Radcliffe 1992).
Traits of importance include volatile organic compounds
(VOC) (Bruce et al. 2005; Pichersky et al. 2006; Baldwin et
al. 2006; Kleine and Müller 2011), which are employed during
host selection and host acceptance by phytophagous insects
(Miller and Strickler 1984; Bernays and Chapman 1994;
Dudareva et al. 2006; Webster et al. 2012). Aphids in general
do not actively forage for host plants, but they respond to host
plant VOC (Pickett et al. 1992; Visser et al. 1996; Martin and
Jander 2010; Webster 2012) and can discriminate based on
individual VOC (Nottingham et al. 1991) or blends of VOC
characteristic of their host plants (Webster et al. 2010) during
host selection. Although it is a broad generalist (Emden et al.
1969; Blackman and Eastop 1984), GPA responds to host VOC
(Pickett et al. 1992) and can distinguish relatively subtle differ-
ences in host VOC blends including those elicited by virus
infection (Eigenbrode et al. 2002; Ngumbi et al. 2007;
Werner et al. 2009). Despite this evidence of relatively fine
discrimination among VOC signals by GPA, no studies are
available comparing its responses to VOC from different
varieties or genotypes of its host plants, including potato.

Documenting variation in VOC of potato varieties and
GPA responses to those VOC would help to understand host
selection by the aphid and establish a baseline for assessing
volatile profiles of different cultivar under biotic and abiotic
stress. Although cultivated varieties of potato do not exhibit
aphid resistance, some aphid resistant lines and accessions
exist (e.g., Flanders and Radcliffe 1992). Furthermore, dif-
ferences in behavior that do not constitute resistance, per se,
can affect infestation patterns and ecologically important
behavior such as vectoring plant viruses. With this view, a
study was conducted to compare the volatile profile of four
potato varieties (Chipeta, Desiree, IdaRose and Russet
Burbank) and to evaluate behavioral response of GPA to
these varieties.

Materials and Methods

Aphids

Myzus persicae used in this study were from the clone OUR,
which has been in continuous culture at the University of
Idaho (UI) Parma Research and Extension Center for

30 years. This clone is routinely maintained on Indian
mustard, Brassica juncea L. cultivar Florida Broadleaf. In
spring 2004, a non viruliferous colony derived from OUR
was established at the UI campus in Moscow ID on B. juncea
plants kept in an environmental chamber at 22±2 °C, 40–
60 % RH, and L 16: D 8. Late-instar aphids from this colony
were used in the bioassays in this study.

Treatment Plants

Certified virus-free potato (cultivars Russet Burbank, IdaRose
and Chipeta) seedlings were obtained as agar grown explants
from the UI Potato Nuclear Seed Program. Virus-free tubers of
another potato cultivar, Desiree, was obtained commercially
and tested by ELISA to ensure the material was free of virus.
Microtubers were used to propagate plants for tests and bio-
assays. These four varieties were chosen because they repre-
sent distinct pedigrees within cultivated Solanum tuberosum.
Seedlings were transplanted into 10-cm2 pots filled with
Sunshine Mix No. 1 (Sun Gro Horticulture Canada,
Vancouver, Canada). The plants were then grown in the
greenhouse at 20±2 °C with supplementary lighting to
achieve an 18 hday length. For the bioassay and head space
volatile collection, plants were used 60 days after planting.

Analysis of Headspace Volatiles from Plants

Volatiles were trapped for analysis from pairs of plants from
each of the varieties that were used in bioassays with aphids,
and 10–14 plants were used for each variety. To trap the
volatiles, the plants were enclosed in a glass chamber for 2 h
and carbon filtered air was drawn through the chamber with a
pull pump at 300 cm3/min. After extraction, the plant tissue
was removed, dried and weighed. The exhaust from the
chamber passed through a trap of Super-Q adsorbent resin.
Traps were eluted with methylene chloride and the elutant
standardized to 200 μl. A 1-μl sample was injected onto a
Hewlett-Packard 6890 gas chromatograph with a Hewlett-
Packard 5973 Mass Select ive Detector (Agilent
Technologies, Palo Alto, CA). The column (30 m×0.2 mm
ID; HP-1) was held at 40 °C for 2 min, then heated to 250 °C
at 10 °C/min and held for 10 min using the method of
Eigenbrode et al. (2002). Peaks were identified based on the
National Institute of Standards and Technology (NIST) library
mass spectra and interpretation was based on fragmentation
and spectra of authentic standards when available. Quantities
were calculated as ng/g dry weight (dw)/h. Total volatile
concentration in the headspace from the treatments was com-
pared using ANOVA followed by a least significant difference
(LSD) means separation procedure (PROC GLM in SAS
2010). To reduce the complexity of multivariate volatile data
principal component analysis (PCA) was carried out using
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SAS (PROC PRINCOM). Results were visualized on a plot of
PC1 vs PC2.

Emigration Bioassay

Bioassays were conducted following the method of Eigenbrode
et al. (2002), at room temperature (22±2 °C). The bioassay
arena was made using a 150-mm diameter plastic Petri dish
with a polyethylene screen (mesh size 0.5 mm) attached to the
bottom as described by Eigenbrode et al. (2002). This device
was placed 3 mm above the surface of a leaflet still attached to
the treatment plant, allowing aphids to move freely on the
screen, but preventing them from directly contacting the leaflet
surface. The bottom of the Petri dish, which was covered in
aluminum foil to create a darkened environment, covered the
entire arena. Thus, the aphids were prevented from accessing
tactile, gustatory, or visual cues from the plants. For an indi-
vidual test, 30 M. persicae were placed on the screen directly
over the leaflet. The number of aphids remaining directly above
the leaflet was counted every 10 min for 60 min. At each 10-
min interval, those aphids not directly over the leaflet were
removed and counted. A filter paper (Whatman No. 2) leaf
model was included as a control. This procedure allowed
estimate of an emigration rate based on all the observations in
each replicate. The emigration rate was estimated using maxi-
mum likelihood estimation in SAS (PROC NLMIXED, SAS
Institute 2010). The data were fitted to the equation P ¼ m�
1� e�bx
� �

where x = time of emigration (min), P = proportion
of aphids emigration at time x, m = maximum proportion of
emigration at the end of the experiment,β = rate of emigration,
e is the base of natural logarithm. Planned contrasts after
ANOVAwere used to compare maximum emigration (m) and
the emigration rate (β) between the four varieties and the paper
model control. The bioassay was conducted in the greenhouse
where the plants had been grown and completed for each plant
within 1d and used 9–12 replications for each treatment.

Results

The total VOC concentrations (ng/g plant dry weight/h)
detected from the four potato varieties differed significantly
(P<0.0001) (Fig. 1). Based on planned contrasts, Chipeta
and Russet Burbank total VOC did not differ from Desiree
(P≥0.60), but VOC from Chipeta was greater than VOC
from IdaRose (P≤0.0001); and VOC from Russet Burbank
was greater than Chipeta (P=0.03) and IdaRose (P≤
0.0001). A total of 47 VOCs were detected. These belonged
mostly to three groups: green leaf volatiles, monoterpenes,
and sesquiterpenes. The remaining compounds were in four
additional groups: benzenoids, aldehyde, n-alkanes and ses-
quiterpene alcohols (Table 1). Among the volatiles detected,

some components including hexanal, (Z)-3-hexanal, linalool,
farnesene, sesquiphellandrene, and caryophyllene were pre-
dominant in all varieties, although the amounts differed, and
some others, such as pentanol acetate only occurred in some
varieties. Sesquiterpenes and sesquiterpene alcohols constitut-
ed 65 % to 85 % and green leaf volatile constituted 5 % to
10 % in the total volatile profile across the four varieties
(Fig. 2). Sesquiterpenes were greatest in Russet Burbank and
lowest in IdaRose. Green leaf volatiles were greatest in
Desiree and lowest in Chipeta and Russet Burbank and in
IdaRose were intermediate. Monoterpene concentrations were
greatest in Russet Burbank followed by Desiree, IdaRose and
Chipeta. The amount of benzenoids and sesquiterpene alco-
hols were greatest in Desiree and lowest in Chipeta, while
Russet Burbank and IdaRose were intermediate. Based on an
inspection of Fig. 2, the profiles of Russet Burbank and
Chipeta appear similar, and those of Desiree and Chipeta also
appear similar, except for aldehyde and sesquiterpene alco-
hols. PCA analysis of the individual components in the VOC
blends corroborates these patterns. A scatter plot of the first
and second principal components indicates that principal com-
ponent 1 was more discriminating than principal component
2. Along this axis, IdaRose and Russet Burbank tend to
separate from Desiree and Chipeta (Fig. 3). The first PCA
accounted for 35 % and the second PCA accounted for 20 %
of the total variation in VOC. Eigenvector weightings of PC 1
were predominantly sesquiterpenes (especially caryophyllene,
sesquiphellandrene, α-farnesene and longifolene), whereas
those for PC 2 were predominantly aldehydes and green leaf
volatiles (n-hexana1, (Z)-3-hexenol, (E)-2-hexenal and
nonanal).

In the bioassay, aphid emigration data (Fig. 4) fit the model
P ¼ m� 1� e�bx

� �
for all four varieties and for the paper

model (P<0.0001). The maximum proportion of emigration
(m) and emigration rate (β) for the varieties were: Chipeta (m=

Fig. 1 Mean amount of total volatile organic compound emissions from
four potato varieties and based on contrast Chipeta Vs Desiree (P=0.60);
Chipeta Vs IdaRose (P=< 0.0001); Chipeta Vs Russet Burbank (P=0.03)
and Ida Rose Vs Russet Burbank (P=< 0.0001). Statistical inference
based on Log transformed data. Error bars are SEM
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Table 1 Amounts (ng/g plant dry wt/h) of individual volatile organic compounds trapped in headspace of potato varieties

Peak No.a Chemical Name Class Potato varieties

Chipeta Desiree IdaRose Russet Burbank

1 n-hexana1 Green leaf volatile 0.38±0.07 0.62±0.11 0.61±0.08 0.51±0.11

2 (Z)-3-hexenol Green leaf volatile 0.61±0.13 0.89±0.19 0.76±0.17 1.10±0.03

3 2-pentanol acetate Green leaf volatile 0.17±0.03 0.63±0.16 0.0±0.0 0.0±0.0

4 (E)-2-hexenal Green leaf volatile 0.12±0.03 0.16±0.04 0.14±0.04 0.23±0.08

5 1- methyl butanol acetate Benzenoid 0.21±0.05 0.32±0.06 0.22±0.04 0.21±0.03

6 2-butoxy ethanol Benzenoid 0.0±0.0 0.27±0.10 0.0±0.0 0.0±0.0

7 α-pinene Monoterpene 0.21±0.06 0.36±0.14 0.55±0.14 0.60±0.33

8 benzaldehyde Benzenoid 0.23±0.04 0.55±0.18 0.50±0.09 0.35±0.09

9 β-pinene Monoterpene 0.0±0.0 0.21±0.08 0.0±0.0 0.16±0.06

10 unknown Monoterpene 0.06±0.01 0.12±0.02 0.12±0.03 0.08±0.01

11 β-myrcene Monoterpene 0.07±0.01 0.34±0.07 0.0±0.0 0.35±0.05

12 1- methylethyl benzene Benzenoid 0.06±0.01 0.20±0.06 0.18±0.03 0.10±0.04

13 D-limonene Monoterpene 0.08±0.03 0.28±0.14 0.22±0.07 0.22±0.08

14 β-linalool Monoterpene 0.05±0.01 0.08±0.02 0.13±0.02 0.09±0.03

15 nonanal Aldehyde 0.18±0.04 0.39±0.13 0.43±0.09 0.24±0.06

16 unknown Aldehyde 0.0±0.0 0.0±0.0 0.0±0.0 0.22±0.06

17 methyl salicylate Aldehyde 0.22±0.07 0.54±0.29 0.0±0.0 0.31±0.11

18 unknown Aldehyde 0.04±0.01 0.06±0.02 0.13±0.03 0.06±0.02

19 decanal Aldehyde 0.08±0.01 0.17±0.06 0.16±0.04 0.09±0.01

20 germacrene B Sesquiterpene 0.16±0.03 0.09±0.02 0.0±0.0 0.36±0.10

21 copaene Sesquiterpene 0.24±0.01 0.14±0.03 0.0±0.0 0.31±0.06

22 α-cubebene Sesquiterpene 0.15±0.02 0.33±0.22 0.0±0.0 0.31±0.03

23 β-elemene Sesquiterpene 0.05±0.01 0.14±0.05 0.0±0.0 0.14±0.03

24 tetradecane n-Alkane 0.32±0.08 1.06±0.21 0.81±0.36 1.32±0.26

25 longifolene Sesquiterpene 0.0±0.0 0.45±0.09 0.25±0.06 0.17±0.03

26 caryophyllene Sesquiterpene 4.33±0.58 5.76±1.04 2.67±0.73 13.08±2.17

27 epi-bicyclosesquiphellandrene Sesquiterpene 0.28±0.04 0.14±0.03 0.0±0.0 0.38±0.08

28 α-bergamotene Sesquiterpene 0.20±0.03 0.36±0.08 0.0±0.0 0.20±0.03

29 sesquiterpene Sesquiterpene 0.52±0.07 1.03±0.26 0.0±0.0 0.53±0.07

30 α-humulene Sesquiterpene 0.35±0.05 0.49±0.09 0.26±0.05 0.78±0.15

31 (E)-β-farnesene Sesquiterpene 0.16±0.02 2.34±0.52 0.68±0.40 4.28±0.69

32 germacrene D Sesquiterpene 0.09±0.01 0.45±0.08 0.30±0.05 0.94±0.76

33 (Z)-β-farnesene Sesquiterpene 0.08 ±0.01 0.03±0.02 0.0±0.0 0.24±0.06

34 γ-elemene Sesquiterpene 6.08±0.87 4.04±0.86 1.35±0.62 6.93±1.36

35 α-farnesene Sesquiterpene 2.88±0.45 1.38±0.36 0.58±0. 25 1.16±0.17

36 unknown Sesquiterpene 0.0±0.0 0.09±0.02 0.0±0.0 0.13±0.03

37 unknown Sesquiterpene 0.16±0.03 0.16±0.03 0.0±0.0 0.21±0.03

38 unknown Sesquiterpene 0.14±0.03 0.64±0.14 0.38±0.09 0.20±0.05

39 unknown Sesquiterpene 0.0±0.0 0.32±0.07 0.24±0.07 0.0±0.0

40 β-sesquiphellandrene Sesquiterpene 1.49±0.23 3.22±0.65 1.16±0.56 1.09±0.19

41 nerolidol Sesquiterpene alcohol 0.0±0.0 0.0±0.0 0.0±0.0 0.12±0.02

42 unknown Sesquiterpene alcohol 0.0±0.0 0.12±0.02 0.0±0.0 0.16±0.06

43 dendrolasin Sesquiterpene alcohol 0.11±0.05 0.90±0.19 0.54±0.14 0.16±0.03

44 unknown Sesquiterpene alcohol 0.60±0.09 0.25±0.06 0.15±0.04 0.17±0.02

45 unknown Sesquiterpene alcohol 0.0±0.0 0.56±0.11 0.38±0.09 0.13±0.04

46 unknown Sesquiterpene alcohol 0.09±0.02 0.11±0.03 0.0±0.0 0.29±0.04

47 unknown Sesquiterpene alcohol 0.05±0.01 0.41±0.09 0.35±0.08 0.17±0.03
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58, β=0.06), Desiree (m=65, β=0.04), IdaRose (m=68, β=
0.05), Russet Burbank (m=72, β=0.05), and for the paper
model (m=84, β=0.10). Based on the planned contrasts, esti-
mates of β did not differ among the varieties. Estimated max-
imum emigration (m) was significantly greater on Desiree and
Chipeta than on Russet Burbank. Emigration (m) for IdaRose
was intermediate and did not differ significantly from any of the
other varieties (Fig. 4). Maximum emigration (m) and the rate
of emigration (β) from the papermodel was greater than for any
of the four varieties (contrast paper vs all other was significant,
P<0.0001, for both m and β).

Aphid behavior was not clearly related to VOC profiles
in headspace. For example, Russet Burbank and IdaRose,

have significantly different total VOC concentrations and
profiles based on PCA (Table 1, Figs. 1 and 3), but elicited
the same rate of emigration by GPA in bioassay (Fig. 4).
Similarly, Chipeta and Desiree have different volatile pro-
files based on PCA, but these volatile blends elicited similar
rates of emigration by GPA in bioassay

Discussion

This study documents differences in VOC from four varie-
ties of potato, which in turn elicits different behavior from
GPA, a principal pest of potato and an important vector of

Table 1 (continued)

Peak No.a Chemical Name Class Potato varieties

Chipeta Desiree IdaRose Russet Burbank

Green leaf volatiles 1.28±0.18 2.30±0.45 1.51±0.24 1.85±0.53

Benzenoids 0.50±0.08 1.34±0.41 0.90±0.15 0.67±0.15

Monoterpenes 0.47±0.09 1.39±0.39 1.02 ±0.21 1.49±0.53

Aldehydes 0.52±0.10 1.16±0.39 0.72±0.15 0.91±0.14

n-Alkanes 0.32±0.08 1.06±0.21 0.81±0.36 1.32±0.26

Sesquiterpenes 17.36±2.48 21.60±4.30 7.87±2.81 31.43±5.89

Sesquiterpene alcohols 0.85±0.13 2.35±0.48 1.42±0. 32 1.21±0.17

dry weight (g) 7.2±0.6 6.4±0.7 3.8±0.30 7.9±0.6

n (plants) 10 11 14 11

a The peak numbers 3, 6, 9, 10, 11, 14, 16, 18, 27, 29, 33, 36, 41, 42, 46 (< 0.1 ng/g dw/h in ≥ any of two varieties) were excluded for principal
component analysis

Fig. 2 Proportions of major
classes of volatile organic
compounds in the headspace
collected from four potato
varieties. Legend for all four
varieties as shown for Desiree
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the PLRV. This suggests that the aphid can discriminate
among these varieties. Although the total concentration of
headspace VOC differed significantly among the varieties

tested, the aphid responses were unrelated to total VOC
concentration. Furthermore, the VOC blends as character-
ized by PCA do not help to explain aphid responses.
Previous work has shown GPA responds to VOC blends
Ngumbi et al. (2007) but what characteristics of these blends
are essential for eliciting arrestment is not known. This is
consistent with emerging evidence for the importance of
VOC blends as kairomones for herbivorous insects (Tasin
et al. 2007; Webster et al. 2010; Najar-Rodriguez et al.
2010). In our study, the most arrestant blends in bioassay
were those from IdaRose and Russet Burbank, which dif-
fered from one another in concentration of VOC and in
overall VOC profile. It is not evident what aspect of these
two blends are responsible for their stronger arrestment of
the GPA. Headspace of Russet Burbank and IdaRose have
greater amounts of pinene and linalool and lower amounts
of 2 pentanol acetate, 2 butoxy ethanol, α-farnesene as
compared to the less arrestant VOC blends of Chipeta and
Desiree, so these are candidate arrestants. It remains possi-
ble, however, that aphid behavior depends not on specific
compounds but particular combinations and that several
different combinations could be equally arrestant for GPA.
Determining how the VOC components contribute and po-
tentially interact to influence GPA behavior is beyond the
scope of this study, but Ngumbi et al. (2007), and Ngumbi
and Eigenbrode (unpublished) showed that removal of any
one VOC class or component can alter GPA responsiveness.

VOC profiles are heritable (Baldwin et al. 2006; Dudareva
et al. 2006) and intraspecific variation in volatile profiles has
been reported for many cultivated species including peach
Prunus persica (Staudt et al. 2010) apple, Malus sp.
(Takabayashi et al. 1991), maize, Zea mays (Hoballah et al.
2002; Gouinguene et al. 2001; Degan et al. 2004); cotton,
Gossypium hirsutum (Loughrin et al. 1995); rice,Oryza sativa
(Lou et al. 2006); gerbera, Gerbera jamesonii (Krips et al.
2001) andWillow, Salix viminalis (Fernandez et al. 2007). We
expected the more closely related potato varieties in our study
would havemore similar VOC profiles but this was not clearly
borne out. IdaRose and Russet Burbank had similar profiles
and are related since the female parent of IdaRose (Sangre) is
descended from Russet Burbank (two instances in the pedi-
gree) (Twomey et al. 1982; Love et al. 2002; Wageningen
potato pedigree database 2012). Desiree and Chipeta had
similar volatile profiles and each has Katahdin in its pedigree;
neither of these varieties includes Russet Burbank in its par-
entage and neither shares any ancestry with IdaRose
(Wageningen potato pedigree database 2012). These patterns
are suggestive, but may be coincidental, considering the com-
plex pedigrees of the varieties and that most potato cultivars
are autotetraploid (2n=4x=48) and highly heterozygous.

The VOC profiles detected in this study are generally
similar to those reported previously for potato (Bolter et al.
1997; Agelopoulos and Picket 1998; Eigenbrode et al. 2002;

Fig. 3 Factor scores representing the association among the four
potato varieties as revealed by PCA on relative amounts of 47 volatile
organic compounds emitted. The first axis accounted for 35 % and the
second axis accounted for 20 % of the total variation. Symbols are as
follows: Chipeta = open squares; Desiree = open triangles; IdaRose =
open circles; Russet Burbank = open diamond. Quadrants of the plot
are labeled with the variety with the majority of observations within
that quadrant. Approximate centroids have been added, containing all
observations for each variety

Fig. 4 Cumulative M. persicae apterae emigrating from released area
over a leaflet of four potato varieties and a paper model. Error bars are
SEM. Data were used to fit a model to estimate the rate of emigration:
P ¼ m� 1� e�bx

� �
, where x = time of emigration (min), P = pro-

portion of aphids emigration at time x, m = maximum proportion of
emigration at the end of the experiment, β = rate of emigration, e is the
base of natural logarithm. Cumulative number of aphids emigrating
was compared by a generalized linear model. Mean separation by
letters are based on P values for pairwise contrasts among the treat-
ments for the maximum proportion of aphid emigration (m); values
with the same letter were not significantly different (P≤0.05). The
contrasts comparing emigration rates (β) were not significant, except
that β for paper was significantly greater than for any variety
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Werner et al. 2009; Karlsson et al. 2009) but the amounts
and proportions of the compounds differ. Four varieties have
been studied: Desiree, Surprise, Princess and Russet
Burbank. All have predominant sesquiterpenes and green
leaf volatiles with monoterpenes, aldehydes, and sometimes
benzenoids present in their headspace blends. In every
study, caryophyllene is reported as the predominant sesqui-
terpene and the most abundant VOC. The other compounds
reported consistently are (E)-β-farnesene, α-farnesene, (Z)-
3-hexenol, (E)-2-hexenal, α-pinene, β-pinene, β-linalool,
nonanal, α-elemene, germacrene D, copaene, cubebene, β-
elemene, limonene, and β-myrcene. Some components dif-
fer widely in concentration or are only reported in some
studies (heptanal, nonane, cadinene, toluene, indole, carene,
methyl salicylate, sabinene, cadinol, undecane, tetradecane).
The focus of most of these studies has been response to
biological stress and profiles of untreated controls are some-
times incomplete (e.g. Agelopoulos and Picket 1998). Since
the studies were conducted using different plant cultivation
conditions, plant ages, headspace sampling protocols, it is
not possible to compare the results other than in these
general terms.

This is the first report that widely grown potato varieties
differ in the volatile profiles in their headspace and that
these differences elicit different behavior from one of the
important pests of the crop. Although none of these varieties
exhibits measurable differences in aphid resistance, different
rates of colonization that could arise from the behavioral
responses we document potentially affect aphid populations
in mixed cropping systems, the distribution of aphids within
the crop and resulting spatial distribution or spread of
viruses vectored by GPA. Field studies of the rate of initial
colonization among these varieties might be merited.
Longer term, understanding the effects of genetics or abiotic
conditions on aphid behavior could inform development of
novel management approaches for GPA in potatoes.
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