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Characterization of the Floral Odor ol Oregongrape: Possible Feeding
Attractants for Moths

Abstract
Moths and orher insects at blooms of Oregongrape wcrc sampled with uaps during April and May 2001. Moths captured $crl:

preLtoninanrly the alfallr looper (,13q,). and |he gooseberry fruitworm (26%) {'ith snall numbers of l.l other specics in the

lalnilics Nocruidae and Ceomctridae. Analyses ofsamples made liom lhc air around blooms ofOregongrape shrubs relcalcd ihe

consislent presence ofcr,pinenc.ll pinene, sabinenc. E l3-ocimene, p myrcene. li monene. benzaldehyde. and pheDylacctaldeh,vde.

Greate sl amounts released per llorver fer hour werc 1 24 5 t '10 8 ng phenJrlacetaldeh! de, 87 6 1 6 7 ng o-pinene 54 :1 1 1 7 8 ng

E-p-ocincnc. and ,13.9 1 7.0 ng linonene. Pherylacctaldehyde and benraldchyde are known allractants ibr soDre molhs. includ-

ing rhe alfalfa looper. The odc'r produced by Oregongrape blooms na) allracl tteding moths lbr pollination of flowers.

lntroduction

Tall Oregongrape (Berberis aquift ium) is endemrc
to the Pacific Northwest of North America (Peck
196l) and is commonly planted as an omamen-
tal in both residertial and cornmeroial settings.
The shrub blooms in early spring, producing nu-
merous yellow flowers on an upright raceme. The
flowers are odorous to the human nose during
the day and at night. Observations of moths, in-
cluding alfalfa looper moths (Autographa
c al(b rnic a ), fly rn g about strong-smelling blooms
of tall Oregongrape in Yakirna, Washington, led
to this investigation of moth visitors at flowers
and the odor of those flowers. We hypothesize
that volati le chemicals emitted by flowers of
Oregongrape atffact these moths to the flowe$.
where they leed on floral nectar.

Volatile chemicals have been identified from
flowers of several plants that are ftequented by
moths, and some ofthese chemicals attract moths.
Examples of plants that possess flowers attrac-
tive to moths ane bladderflo\\er (Araujia sericofbra)
(Cantelo and Jacobson 1979), glossy abelia (Abella
grundillotu)(.Grant 1971, Haynes et al l99l), night-
blooming jessamine (Ce strum nodLtmum ) (.Heath

et al. 1992), Japanese honeysuckle (Lonicera

.japonica) (Pair and Horvat 1997: Schlotzhauer
et al. 1996), lesser butterfly orchicl (Pldta thera
btrttha) (Plethys 2001 ), and Drummond's gaura
(Guura drummontlii) (Teranishi et al. 1991, Lopez
et al. 2000). Phenylacctaldehyde from flowers of
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bladderllower atffacts many species of moths
(Cantelo and Jacobson 1979). Glossy abeJia llowers
emit phenylacetaldehyde, benzaldehyde. 2-
phenylethanol, and benzyl alcohol, which are at-
tractive to cabbage looper moths: (Haynes et al.
| 991). Phenylacetaldehyde. benzyl acetatc. and
benzyl alcohol, emitted by flowers ofnight-bloom
ingjessanine, aftract cabbage looper moths: (Heath
et al. 1992). Cis-jasmone, phenylacetaldehyde. and
linalool, which are attractive to several species
of moths, are present in extracts of flowers of
Japanese honeysuckle (Schlotzhauer et al. 1996,
Pair and Horvat 1997). Similarly, five chemicals
identified from flowers of Drummond's gaura
(phenylacetaldehyde, 2-phenylethanol, Iimonene,
methyl salicylate, and methyl-2-methoxy benzoate)
(Teranishi et al. l99l) constitute a blend that at-
tracts corn earworm moths (Helicoverp! zeq)
(Lopez et al. 2000). The galr-r:.'la:moth (Autographa
gazma) of Eurasia is attracted to lilac aldehydes,
methyl benzoate, and benzyl benzoate, which are
enitted by flowers of the lesser buttertly orchid
(PLata thera biJblia) (Plethys 2001)

The alfalfa looper, a close relative of both the
gamma moth and the cabbage looper, is a highly
polyphagous catelpillar that is a pest of numer-
ous garden and farm crops throughout the west-
em United States. The moth of this species is at-
tracted to some of the same volatile chernicals
that are emitted by flowers discussed above.
Phenylacetaldehyde and benzyl acetate attract
alfalla looper moths (Landolt et al 2001), ois-
jasmone enhances alfalfa looper moth attractlon
to phenylacetaldehyde, and benzaldehyde enhances
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alti fa looper molh attraction to benzyl iicetate
rLurdo i l  c t  l l .  2001 r .  (Jur  genera l  in re . r ig r r ion
of tnoth behavior at flowcrs seeks 1o under.stand
the roles of different plants as fbod sources for
molhs. to understlrnd how moths locate food
sources. and to use this inlormation to discover
new chcmical atlractants for management ofpest
specles.

Thc objectivcs ofthis study were to detennine
what noths mighl visit flowcrs of Oregongrape
plants, determine if known moth atrracBnLs arc
part ol the odor of those flo*ers. and chat.acter-
i zc  the  I l  ra l  odor  r 'u r  pos . rb le  runher  in resr iga-
tion of thcse chemicals as insect lltffactants. We
collected and identif ied noths at f lowers of
Oregongrapc plants. and charactcrized the vola-
tile chemicals cmitted by those flowers. The rc-
sults support the hypothesis that moth visitation
at f lowers of this plant is in part a responsc to
floral odor chcmistry.

Methods

lnsect visitors to tlowers of Oregongrape plants
were sampledusing large white mesh cone shaped
traps (Helidhis traps) placeddircctly above clusre$
ol open flowers. Insects are trapped when thcy
fly up fron flowers into thc cone of the trap and
cannol escape thc upper chamber. Traps were
placed over flower clusters in late aftemoon (1500
to l600 hrs PS.T.) and were chccked the follow
in-q morning (800 to 900 hrs PS.T.) fbr insccts.
We sanrpled 37 times du ngAprilandMay2001:
at the Yakima Aglicultural Research Laboratory
near Wapato (n = 3), Randall Park in the city of
Yakima (n = 5), a residcnce in Yakima (n = 4),
Oak Creek Wildlite Prescrve (n = 9). Mud Lake
(n = l5) west of Yakima. and the Valle)' Mall in
Union Gap (n = 1). AII trap sites were in Yakima
C0unty. WashingtoD.

Volati les enifted by flower clusters on
Orcgongrape shrubs at rhe USDA-ARS Yakima
Agdcultuml Rcsearch Laboratory were collected
by a portable lolatile collection system. which
included an electric air suclion pump, flow neter,
a gas sampling bag. and a SupcrQ trap. Air was
pulled through a septum port in the I 0 liter Tedlar
gas sampling bag housing the flowers. through
rhe l lou  r r , . le r  u l  a  ra tc  u l  2  .1  L  r \ t  a i r  per  m nu le .
and then through the trap in which odor chemi-
cals q'ere adsorbed. The bag was placed over a
branch u'ith flowers and was loosely tied off at

the branch stem. Air was pu1led through the votatile
collection systen for I hr, during late afiernoon
, ' r  ear i r  c r  e r r ing .  I  he  ro l . r t i  l c , . .o l lec t ion  t rap  con-
tained 30 mg of SuperQ adsorbent in a 0.635 cm
x 6.67 cm long borosil icate glass tube. The trap
was extracted wirh 600 pL of 10clc ether in hex_
f l  re .  A .  J  ron t ro l .  : i rn i lu r  r  oh t i le  co l lec t ion :  u  e rc
made over Orcgongnpc plants that did not pos
sess flowers. The open flowers within volati le
collcction bags were counted and recorded for
computations of chcntical amounts emitted per
11ower per unit tirne. This volatile collection pro-
ccdure was followed five times tbr plants with
flowers and nine tines for planls without flow-
ers. All collections were made over plants on the
grounds ofthc USDA. ARS. Yakima Agricultural
Research Laboratorlr.

One-microliter aliquots of the extracts of
SupelQ traps werc analyzed by gas chromatog-
raphy-mass spectrometry (GC-MS), using a
Hewlett Packard 6890 Plus gas chromatograph
with a modcl 5973 electron impact mass selec-
tive quadrapole detectol. The gas chromatograph
was equipped with an HP-l MS fused silica cap-
i l la ry  co lumn (60  rn  long.0 .25  mni  i .d . .25  pn
fi lm thickness) and then a DB Wax fused sil ica
capillary column of the sune dimensions. Analyses
were run at an initial temperature of 40"C fbr 2
min, increasing l5'C per min to a maximum of
200oC. Mass spectra ofeluting peaks were matched
to those in the Wiley 275 and NIST9S libraries
of compounds to obtain preliminary structural
identif ications. Structures were confirmed by
comparing retention times of eluting peaks with
known standards, using both types ofGC coluorns,
and by comparing mass spectra of eluting peaks
and ofknowI1 standards to those in the Wiley and
NIST data bases.

Additional analyses were conducted to dcter-
mine the enantioneric makeup ofo- and B-pinene
andlimonene. Comrnercial sourcesof compounds
were used as standards that were compared with
a-pinene. p-pinene. and limonene from Oregon-
grape volatile collections. Two samples ofOregon-
grape odorants (volatile collection trap extract)
and standards 1br (R)- and (S)- a-pinene, (R!
and (S)-B-pinene, and (R) and (S)-limonene werc
analyzed on a Hewlert Packard 5890 II Plus CC
using a 0.25 mm x 30 m Cyclosil B fused sil ica
capillary column. Temperature progrnmwas 40oC
1br 2 min. increasing l0'C per min to a maxi-
nrum of l80oC. Kovat's retenlion indices were
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calculated using a homologous series of hydro-
carbons to bracket cach compound (nonane ttlrough
dodecane). One extract sample *lis spiked with
thc hydrocarbon series before analysis, while an-
other sample was conrpared to the hydrocarbons
in a parallel GC analysis. A sample of racernic
tr-pinene was also analyzed fbllowing the addi-
tion of the hydlocarbon series to the sample. for
prccise detemination ofretention indices ofthe two
enantionrers and to verity that thc two enantiomers
wele adequatcly separated using those methods.

Synthetic chenrical standards uscd in estab-
l i .h ing  CC re len l iun  I imc.  Jnd lb r  ( , 'm lc r ine
spectroscopic data nere purchased from chemi-
cal suppll' companies. These were benzaldehyde,
phenylacetaldehyde. p-myrcene. S-(-)-p-pinene.
R-(+)-B-pinene, racemic tr-pinene, (lR)-(+)-o-
pinene, R(+)- and (S-(-)- l imonene. sabinene, and
(S) G)-s-pinene. Synthetic E-p-ocimene *'as not
commercially available. A 93% pure sample of
E-Btcinene was thcn obtained by HPLC frac-
tionation ofpure essentirl oil ofbasil which pos-
scsses this compound (Ozek et 41. 1995. Fleisher
and Fleisher 1992). The E-B-ocimcne was rso-
lated from basil oil using an Agilent I 100 series
HPLC equipped \\, ith an Agilent Eclipse semi-
prep colunn (#XDB-C18, 9..1mm x 250 mm). A
standaLrd flow cell nas used with a column-switch-
ing valr'e for collection of fractions from elution
with 507c acetonitri le: 50% uater at.1 nrl/min.
ldentit lcation of a compound in basil oil as E-p-
ocinene lvas vcrified by CC-MS analysis undcr
the conditions indicatcd above.

Besults

Ninet){wo moths $cre captured in lraps o\er
Oregongrape llowers,4l males and 5l females
(Table l). Most moths captured were either al-
talta looper moths (427c.). or the gooseben,v fmiC
womt (Ztphotlid g rns sutariellu) (.267c 1 .Wl:ttle 6olh
male and female alfalfa looper rnoths were cap-
tuled. only fcmale and no male gooseberry fruit
\\,orm moths werc capturcd in thc traps. Eleven
other species of noctuid moths and three species
of geometrid moths werc captured. In iiddition,
125 honeybecs (A2is nrel/fii'ra). 137 queen bumble
bees (-Borzlrl.1.r sp.). 7l other unidentified bees, 23
queen German wasps (Vespula gennunicct),3 le'
malc golden papcr wasps (Polistes eLo ifer), and'
152 un ident i l i td  f l i cs  uere  t r rpped.

Eight compounds were prescnt in chromato-
grams tiorn all five air collcctions made ovcrblos

TABLE 1. Number ofnorhs caprurcd in traps o\'er clustcrs
of flo!\,ers of Oregongrape shrubs. N{arch lvla,""
2001, Yakma Coun!t .  Washington.

Specres

\(rctu idae

Autoqntdxl (dlit'L)tn'( u
Trit'ho[! sia ni

Anrphlpyrmae
Ata t.a canas0
Apanu t in(fu(tut
Aptlttva \ruLdingi

Hudeninae
Disr(ntu tri|olii
Divl \tru tnutata
Disc?sttu oftg.r1i.t1
Dargida prc.in(td
L(u&nie it\u.tt1

Nocluinae
Diatsiu nsarid
Agrotis nlubiLis

Cconretfldre

D is n nm ia c a li to n ti a I i u
S)nun\ cerr intu ia
EuNh':ckt \p.

Plralidae
Phyci t inae

7i I h n d iL1 I ro s su kxi | | I a

l l
l-)

5
I
I

26
I

1
2
I

0

I
I
0

2
1
0

I
I
I

sons of Oregongrape shrubs (Figurcs 1.2). B-
pinene and limonene $ ere prcsent in volatile col-
lcctions as both enaDtiomeric tbrms (Figure 2).
These compounds \r'erc not detected in samples
collected f rom nonfl owering Oregongrape shrubs.
Thc linit of detection was estimated to be about
30 ng per collection. which is a l imit of 0.05 ng
as a GC peak, and with one FL of the 600 [L
sample iniected for analysis (0.05 ng/ltl- x 600
pl/samplc = 30 ng/samplc).

The largest omounts of chemicals collected werc
phenylacetaldehyde and S-(-) u pinene. lblkrwed
by E p-ocirnenc and limonene (Table 2). The
amounts collected were also quite variable. as
indicated by the standard enors of the mcans (Table
2.). but the proportions were rclatively stable, as
is indicated by the smaller standard error valLles
for mean percents oftotal emissions calculations
(Table 2).

Discussion

Results of this study show that several species of
moths, bees, wasps, and t ' l ies, visit f lowers of

0
0
I
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Figure 2. Siructurcs of compouDds isolated and identiu ed from lolatile collections made over opcn 1lolrels of Ofegongrapc.
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TABLE l. Itlcan (t SE) nanograms of conrpounds emifted
pcr Orcgongrape floller per hou. N is the num-
her of  volat i le  col lect ions f fom f lowers f io ln
$hich quantitative datr $ere obt:ined. c{ Pinenc
and benaldeh,"-de co eluled on (wo of ilve col
lections and $crc not quantillcd in thosc sa ples.

Orc-rongrape and are potential pollinators. The
most common moth visitor collected was the al
falfa looper noth. While both sexes of this nroth
u'ere captured, the preponderancc ol alfalfa looper
rno thr  in  t r rp '  uere  male .  Th is .pec ie .  i \  eener -
ally abundant and llies tiom early sprin-q into late
autunrn. Like the related cabbage looper and
gluruna moths, both male and t'cmale alfalfalooper
noths visit flo\\"ers for nectar. The second most
abundant moth collected was the goosebeln fruit-
wonn moth. All collected specimens were fernalc.
suggesting that the moth may rcspond to Oregon
grapc llower chemicals in search of a pl ce to
oviposit. rather than in search ofncctar on *hich
to feed. However. this species is not known to
int-est truits of Orcgongrape. The makeup of the
species of moths collected is l ikcly inlluenced by
lhr rrrl\-.er\on bloorning ofOregongrape in re-
lation to the phenology of local moths, and by
the regional nroth community. Moths that emerge
laLer in the season do not coincide with Oregon-
grape bloonring. and thc species of moths visit
ing Oregongrape flowers is probably somewhat
diff'crcnt in other areas of the Pacific Northwest.

These data suppofi the hypothesis that Oregon-
grape releases floral odorants atlractive to moths.
Thc odorous Dature ofOlegongrape flowers sug-
gests that volatile chenricals arc rclcascd thatmight
attract some species of moths. This phenomenon
is knou'n fbr bladdedlowcr (Canlelo and Jacobson
1979), glossy abelia (Haynes et al. l99l),night
b looming iessamine (Heath  c t .  a l .  1992) ,
Drummond's gaura (Teranishi et al. 1991, Lopez
et al. 2000), lesscr buttcrfly orchid (Plethys 2001),
and Japanese honcysuckle (Pair and Hon at 1997).

Moths visit f lowers of these plants and the t ' low-
ers of the plants produce volati le chemicals that
attact moths. Phenylacetaldehyde, which strongly
atfacts both sexes of the alfalfa looper (Landolt
ct al. 2001). is a major componeDt of the floral
odor of Oregongrape. This evidence suggests that
allalla loopel noths. and possibly other noth
species, locate Oregongrape flowers by tracking
the floral odor It rcmains to be determined ifother
Oregongrape odor chemicals atffact alfalfa looper
noths.

The blend of chemicals collectecl over
Oregongrape fl owers includes phenylacetaldehyde
and benzaldehyde, which arc releascd by other
moth visited plants (Cantelo and Jacobson 1979.
Haynes et al. l99l.Heathetal. 1992, Schlotzhauer
ct al. 1996). Phenylacctaldehyde is attractive to
several species of moths. including the cabbage
looper, the soybean Iooper (Pseudoltlusia
includens). and the alfalfa looper (Cantelo and
Jacobson 1979,  Haynes e t  a l .  l99 l ,Lando l te ta l .
1991, Heath et al. 1992, Pair and Horvat 1997).
Phcnylacetaldehyde and benzaldehyde occur in
the hairpcncils of malcs of some molhs (Aplin
and Birch 1970, Bestmrnn et al. 1977, Clearwater
1972, Grant et al. 1972). However. they are not
known to play any pheromonal role in moth sexual
lnteractlons.

Thc floral bouquel ofOregonglape also includes
a set ofterpene compounds that are found in plant
foliage and as plant odoranls, bul are not known
to be moth attractants or moth pheromones. For
cxamplc, p-pinene, limonene. (E)-p-ocimene. and
nyrcene are volatiles emitted from cotton plants
(Pare and Tumlinson 1996), c-pinene, B-pinene,
sabinene. l imoncne and (E)-p-ocimene are emit-
ted from maple leaves (Loughdn et al. 1997). and
c-pinene. p-pincnc. sabincnc. myrcene, and li-
monete are released fi om foliage ofcabbage and
nastuftium plants (Geervil iet et al.1997). These
compounds lnay be pheromones or kairomones
for other types of insects. For example, tr- piDene.

B-pinene. myrcene, sabinenc, and limoncnc arc
released by some bark beetles and may be part of
their aggregation pheromones (Maycr and
Mclaughlin l99l). Comprehensive field-testing
ofthese compounds. scparatcly and in multi-corn-
ponent  b lend ' .  u  i l l  be  requ i red  to  de termine rn1
roles they ma,y pla,v in attracting moths or other
potential poll inators to Oregongrapc tlowcrs.

Chelnical
Percent of

Nanograms Total Enrission N

Phentlacetaldehlde

E P Ocincnc

Sabinene
Benzaldehrde

D pincne

l] Natrcene

1:,1.5 :r,10.8
87.6:r 6.7
5,1.,1 1 17.8
.13.9 i  7.0
17 .0 r  l . l
1 . 15  i  6 .1
l l . . l  i  l .0
8 . 6 + L l

l l . 9  r  1 .0
15.5 l: 6..1
11 .9  1  2 .8
12 .5  10 .7
.1.9 10.1
1 .2  ! 6 .1
3 .6  10 .1
2.,t  10.3

5
3
5
5
5
3
5
5
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