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Gavloski, J. E., Ekuere, U., Keddie, A., Dosdall, L., Kott, L. and Good, A. G. 20&xification and evaluation of flea beetle
(Phyllotreta cruciferag resistance within BrassicaceaeCan. J. Plant ScB0: 881-887. All currently registered varieties of
canola/oilseed rap8rassica napuandB. rapa, are susceptible to attack by flea beetles, although to varying degrees. The devel-
opment of resistant cultivars would be an environmentally acceptable means to reduce the damage caused by flea beetles.
Seedlings from 10 species of Brassicaceae were evaluated for levels of antixenosis resistance to flea beetles in thaltaiggpratory

with 308 Sinapis alba/B. napusybrids. Thlaspi arvenseand 11 cultivars o8. albawere resistant to feeding by flea beetles. In
addition, 34S. alba/B. napubybrids were resistant to feeding by flea beetle in at least one test, although many of these failed to
demonstrate resistance with repeated testing. One hybrid line was resistant to feeding by flea beetles each of the feas times i
tested, while another was resistant in three out of four tests. These data indicate that resistance to flea beetles within the
Brassicaceae is a genetic trait and can be transferred by interspecific hybridization. This information is the first dseiptrowar

gression of genetic sources of flea beetle resistance from resistant relatives into canola varieties.
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Gavloski, J. E., Ekuere, U., Keddie, A., Dosdall, L., Kott, L. et Good, A. G. 2@htification et évaluation de la résistance

a l'altise (Phyllotreta cruciferag chez les Brassicacée€an. J. Plant Sc80: 881-887. Toutes les variétés actuellement homo-
loguées de colza (et navettes) oléagineux de type c@raksica napustB. rapg sont, a plus ou moins fort degré, sensibles aux
attaques de l'altise. La sélection de cultivars résistants serait un moyen écologiquement convivial de réduire les enddasnmagemen
causeés par cet insecte. Nous avons recherché en laboratoire des signes de résistance par antixénose a I'altise slardss jeunes p
appartenant a dix espéces de Brassicacées ainsi qu'a 308 hyindps albax B. napus Thlaspi arvensdle tabouret des

champs) et onze cultivars & albamanifestaient de la résistance aux déprédations de I'altise. Trente-quatre des hybrides
moutardex soja se montraient résistants dans un moins un essai, mais pour plusieurs d’entre eux cette résistance ne s’observait
pas de fagon réguliere. Une lignée hybride était résistante dans quatre essais, tandis qu'une autre ne I'était quesiasstis e
quatre. Ces observations montrent que la résistance a l'altise chez les Brassicacées est un caractére génétique transférable pa
hybridation interspécifique. Elles constitue, par ailleurs, la premiére étape vers l'introgression de source génétiqaaceaésis

I'altise dans les variétés de colza canola a partir d’'espéces apparentées de Brassicacées.

Mots clés : Altise, Phyllotreta cruciferagBrassica résistance, antixenose, introgression

The crucifer flea beetl@®hyllotreta cruciferadGoeze), and  and break or fall out giving a shot-hole appearance (Westdal
the striped flea beetl®hyllotreta striolata(F.), are the most ~ and Romanow 1972; Brandt and Lamb 1993). Flea beetle
important chronic pests of canola/oilseed rdahenapusl. damage to canola has been estimated to cause an average
and B. rapa L., in Canada (Lamb 1989). They are annual yield loss of about 10% (Lamb and Turnock 1982).
oligophagous herbivores that feed primarily on plants in the The damage caused by this insect has been managed pri-
family Brassicaceae (Cruciferae). Adult flea beetles feed onMarily with applications of chemical insecticides. The

cotyledons and slender stems of seedling cruciferous plantsinancial cost and negative impacts of chemical control on

and continue to attack the leaves as the plant developghe.enwronment emphasizes .th? need to devBlapsica
cultivars with enhanced genetic insect resistance.

(Feeny et al. 1970). The typical feeding damage of flea bee- One useful component of any integrated pest manage-
les to plants consist; o.f. small hples or pits in the Epidermisment program is resistant cultivars. Resistance can be due to
of leaves. Although initial feeding does not penetrate the ,ptivenosis (nonpreference), antibiosis, and tolerance or by
leaf completely, tissues below the injury eventually dry up some combination of these (Painter 1951). The level of
antibiosis to flea beetles seems to vary less arBoagsica
species and related plants than does the level of antixenosis
4To whom correspondence should be addressed (e-mail(Palaniswamy et al. 1997). Antixenosis is thus a more
allen.good@ualberta.ca). promising type of resistance for use against flea beetles in
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canola. A laboratory method to screen crucifer seedlings forVegreville, Kitscoty, and Edmonton, Alberta, using
antixenosis-based resistance to flea beetles was described kajlylisothiocyanate-baited traps (Burgess and Wiens 1980),
Palaniswamy et al. (1992). Using this method, no significant hand aspiration, or a D-vac vacuum insect sampler. Beetles
antixenosis was found among 19 cultivarsBofnapusL. were held in screen cages in a growth cabinet &€ {&ay)
andB. campestrid_.; however one accession Bf carinata and 138C (night) with a 16L:8D photoperiod. Beetles were
L. and two accessions & alba L. exhibited antixenosis fed canola, and occasionally cabbage leaves, and had access
(Palaniswamy et al. 1992). to a honey solution through dental wicks protruding from a
Species of Brassicaceae and cultivars of oilseed rape difreservoir. Before each screening, beetles were starved for 24
fer in their susceptibilities to attack by flea beetles (Lamb h and had access only to the honey solution.
1980, 1984, 1988, Lamb and Palaniswamy 1990; Bodnaryk
and Lamb 1991). Seedlings of yellow mustagd,alba Seedling Preparation
‘Ochre’, have a high level of resistance to feeding by flea Seedlings were grown individually in a greenhouse in 3 cm
beetles (Bodnaryk and Lamb 1991). Antixenosis and-toler by 5 cm plastic vials filled with Redi-mix (Apache Seeds,
ance are two of the mechanisms responsible for this resisEdmonton, AB). Vials were held in greenhouse flats and
tance. Cotyledons o8. albamay lose some of their watered by sub-irrigation. The bottom of each vial was
antixenotic properties as they age (Bodnaryk and Lambpunctured to facilitate watering. Seven-day-old seedlings
1991; Palaniswamy and Lamb 199Zhlaspi arvensend  (cotyledon stage) selected to be roughly at the same growth
Lunaria annuaare largely unacceptable . striolata stage were used in the screenings.
because of the feeding deterrents they possess (Meisner and )
Mitchell 1983), whereas resistance to feedingPoycru Screening
ciferaein false flax, Camelina sativaappears due to the Screening was done in Plexiglas arenas with nylon-screen
absence of cues that initiate feeding (Palaniswamy et altops essentially as described by Palaniswamy et al. (1992).
1998). Leaves oB. villosa Biv. andB. villosa Biv. subsp. ~ Arenas were 35 cm tall and 4343 cm square, with a plas
drepanensiswhich contain trichome densities of >2172 tic foam base (4% 43 cm square and 2.5 cm thick) sup
cn2, are also highly resistant to flea beetle feeding Ported on a Plexiglas ridge about 6 cm from.the bottom of
(Palaniswamy and Bodnaryk 1994). The high density of tri the arena. The base had 100 holes (3 cm diameter) evenly
chomes acts as a physical barrier to flea beetle feeding byppaced in a 18 10 layout with a spacing of 0.8 cm between
preventing the flea beetles from firmly settling on the leaf holes. Vials containing seedlings were inserted into the
surface to initiate feeding. Feeding preferences may changéoles so that vial rims were even with the foam surface.
with leaf type or growth stage, as well as with host species.Holes were numbered sequentially from 0 to 99, producing
True leaves oB. oleraceawere less preferred b¥. striola- a 10x 10 layout of 10 rows and 10 columns. Ten plants of
ta than those ofS. arvensis whereas the opposite was 10 lines were placed in the arena as a 10 by 10 Latin square
observed for cotyledons (Palaniswamy and Lamb 1992).  design (i.e., each entry appeared once in each row and each
In this study we screened many genotypes of colum_n in random orderBrassica napuSQuarjtum’ was
Brassicaceae to identify sources of antixenotic resistance td!S€d in each test as a standard against which the level of
flea beetlesDoubled haploid (DH) interspecific hybrids ~resistance for the nine other lines was compared. This
derived fromS. albax B. napuscrosses were evaluated to enabled data screened in different tests to be _cqmpared.
determine their levels of antixenotic resistance to flea bee Quantum was selected to be the standard since it is & com
tles. A genomic slot-blot hybridization analysis monly grown cultivar of can.ola. For ease o_f |_dent|f|cat|on, a
(Anamthawat-Johnson et al. 1990; Besse e1297) was small mark was placed in vials containing Quantum.
used to confirm that these interspecific hybrids contained APProximately 1000 beetles were introduced to the arena
portions of theS. albagenome. These procedures comprise through an opening on the front of the arena, and the-open
the first steps towards introgression of flea beetle resistancdnd Was then sealed with a plastic cover. The beetles were

from resistant relatives into canola varieties. distributed as evenly as possible and additional beetles were
added as needed to maintain populations near 1000.
MATERIALS AND METHODS Feeding damage to each cotyledon was rated visually
using a scale from 0 (no damage) to 10 (cotyledon
Plant Material destroyed); thus, a rating of 1 was assigned if approximate

All plant materials used in this study were obtained fromthely 10% of the area of the cotyledon was damaged
University of Alberta germplasm collection, except the (Palaniswamy et al. 1992). Each cotyledon was rated sepa
interspecific hybrids $. albax B. napu#/B. napus3x), rately and then the values for the two cotyledons were added
which were produced at the University of Guelph, Ontario, and multiplied by 5 to estimate the percentage of the foliage
using embryo rescue techniques (Ripley and Arnison 1990).area of the whole seedling that was damaged. The beetles
sometimes fed on petioles and stems, which caused death of

Screening for Antixenosis Resistance to Flea cotyledons even if the cotyledon surface had not been fed
Beetles upon. Regardless of the amount of damage to the cotyledon,
Flea Beetle Collection a rating of 10 was assigned when the petiole was cut and the

Adult crucifer flea beetles?. cruciferag were collected  cotyledon dropped off or wilted beyond recovery. Both
from field populations from May to August each year near cotyledons were given a rating of 10 when the stem was cut
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Table 1. Mean damage ratings of feeding by the crucifer flea beetlPHiyllotreta cruciferag on canola cultivars ofBrassica napusnd Brassica rapa

199¢&
1996 Round 1 Round 2 Round 3

Species Cultivar DY S8 DY S8 DY S DY 53
B. napus Bronowski 39 N 42 S 57 N

B. napus Cresor 39 N 36 N
B. napus Cyclone 45 N 44 N

B. napus Delta 51 N 50 N 63 N 47 N
B. napus Westar 47 N 45 N 40 N

B. napus Zephyr 80 S 37 R

B. napus Altex 61 N 55 N

B. napus Pivot 64 N

B. napus Stellar 51 N

B. napus Torch 49 N

B. rapa Horizon 67 S 42 N 52 N

B. rapa C8711 77 S 41 N

B. rapa AC Sunshine 46 N

B. rapa Chinensis 41 N

B. rapa Echo 71 N

B. rapa Eclipse 53 N

B. rapa Reward 63 N

B. rapa Tobin 41 N

“Three rounds of testing (each round including trials in two cages) were performed in 1998.

YDamage rating relative to the control cultivBr fapusQuantum’) (see Materials and Methods for details).

XSignificance rating based on Duncan’s new multiple rangeRes0D(05). R = resistant, S = susceptible, and N = not significantly different from the control
cultivar B. napusQuantum’).

and the seedling felled. The amount of damage to QuantunsSlot-blot Analysis
(the standard) was rated regularly. Once damage toTo determine the amount &. albaDNA in selected
Quantum was approximately 50%, damage ratings werehybrids, DNA extraction and quantification were carried out
taken for all plants and the test ended. according to Sharpe et al. (1995). Ten nanograms of DNA
All tests were conducted in a room at23°C with light from each of six lines (listed in Table 3) were denatured
cycle of 16L:8D. Because flea beetles are sensitive to lightby 0.4 M NaOH and then loaded per slot to a Hyborid N
and tend to move to the side of the arena with the highesnylon membrane (Amersham Pharmacia Biotech,
light intensity, diffuser panels were placed below the -over Buckinghamshire, UK), under vacuum using a manifold Il
head fluorescent lighting and cages were situated so thaslot apparatus as described by the manufacturer (Schleicher
light was as uniform as possible on the cage (Palaniswamyand Schuell, Dassel, Germany). Membranes were neutral

et al. 1992). ized by incubation in2SSC (0.3 M NaCl plus 0.03 M sadi
um citrate) at room temperature.
Analysis of Data Sinapis albaKirby' and B. napus'Westar’ DNA were

Each group of 10 lines was tested in two arenas, resulting irused as standards as well as artificial hybrids. The artificial
20 replications per line. Values for percent damage werehybrids consisted of a mixture of genomic DNA from the
analyzed. Data were analyzed as a Latin square design usingyvo species, in the ratios; 5:5, 6:4, 8:2, 9:1, 9.5:0.5, 9.9:0.01
analysis of variance (SAS Institute, Inc. 1985). Duncan’s (to give a final concentration of 10 ng of DNA mixture per
new multiple range tesP(< 0.05) was used to separate the artificial hybrid).

means. Analysis was run for the pooled data of the two are  Hybridization of slot-blot membranes was carried out
nas, and also separately by arena. Results presented and aressentially as described by Sharpe et al. (1995) except that
lyzed here are from pooled data. blocking DNA also consisted of 250y of denatured.

It was not always possible to stop the tests at exactly 50%napus‘Westar’ DNA and the labeled probe was 60 ng of
damage to Quantum and to correct for this and to make thedenaturedS. alba‘Kirby’ DNA. The radioactivity on the
results comparable between the lines in different tests, theslot-blot membrane was measured using a radioactivity
mean score for every individual line was corrected relative scanner (Phospholmager 445 SI, Molecular Dynamics,
to Quantum damage at 50®)(using the following equa Sunnyvale, CA) and signal intensity was quantified using
tion: ImageQuant (Molecular Dynamics).

D =DM x 50/QD RESULTS
No consistent resistance to flea beetles was detected in any
whereDM (%) = mean % damage of an individual line, except cultivars ofB. napusor B. raparelative to the control cuki
Quantum, an@D (%) = mean % damage for Quantum. Data var, B. napusQuantum’ (Table 1)Brassica napu&resor’
was adjusted in this way after first being analyzed. had the lowest rating amory napuscultivars, although it
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Table 2. Mean damage ratings of feeding by the crucifer flea beetlPHyllotreta cruciferag on various genotypes of cruciferous plants

199¢&

1996 1997 Round 1 Round 2 Round 3
Species Cultivar DY S8 DY S8 DY S8 DY S DY 53
B. juncea Blaze 59 N 59 S
B. juncea Cutlass 57 N 7 S 45 N
B. juncea Domo 48 N 46 N 40 N
B. oleracea Dwarf Green 41 N 45 N
B. oleracea Calabrese 56 N 57 N
B. oleracea Snowball T3 68 S 74 S 84 S
B. oleracea Danish Ballhead 65 N
B. oleracea Copenhagen Market 30 R 54 N
B. oleracea Long Island 44 N
B. oleracea Purple 65 S 56 N
B. oleracea Forage 67 S
B. tournefortii 54 N 33 N
B. villosa 64 N
S. alba Albatros 30 R 20 R
S. alba Arda 30 R 30 R 41 R
S. alba Emergo 41 N 28 R 18 R
S. alba Kirby 4 R 40 R
S. alba Gisilba 26 R 27 R
S. alba Kreta 26 R 22 R
S. alba Lethbridge22 33 R 34 R
S. alba Ochre 4 R 29 R 27 R
S. alba Stona 38 R 28 R
S. alba Tilney 30 N 28 R 22 R
S. alba Trico 29 R 21 R
S. pubescens 70 S
Thlaspi arvense 2 R 0 R 0 R
Crambe abyssinica 45 N 9 R

“Three rounds of testing (each round including trials in two cages) were performed in 1998.

YDamage rating relative to the control cultivBr fapusQuantum’) (see Materials and Methods for details).

XSignificance rating based on Duncan’s new multiple rangeRes0(05). R = resistant, S = susceptible, and N = not significantly different from the control
cultivar B. napusQuantum’).

was not significantly different from the control cultivar. Three hundred and eight hybrid lines were tested for
Brassica napu&ephyr’ was rated as resistant to feeding by resistance to feeding by flea beetles and 34 of these lines
flea beetles in a 1998 test, but previously rated susceptiblevere resistant in at least one test. Hybrid lines with the
in a 1996 test. greatest resistance and susceptibility to feeding by flea bee
No resistance was found in tH& junceacultivars tles are shown in Table 3. BNH-006 exhibited consistent
screened (Table 2)Brassica oleracea‘Copenhagen resistance to feeding by flea beetles, each of the four times
Market’ was resistant to flea beetle feeding in the first round it was tested over a 3-yr period. The lowest damage rating
of testing in 1998, but not in the second round of testing in for the resistant hybrids was in BNH-524, with a rating of 23
1998. Brassica oleraceaSnowball T3’ was consistently in a 1997 test. This hybrid had a higher damage rating, 48,
susceptible to flea beetle feeding in three rounds of testingin a 1996 test, however. BNH-518, BNH-525, and BNH-
in 1998.Brassicsa tournefortiandB. villosalines screened 532 all had resistance ratings below 40 both times each of
had no resistance to flea beetle feeding. these hybrids were tested. Each of these hybrids rated as
Cultivars ofS. albawere consistently resistant to feeding resistant to feeding by flea beetles in one of the tests, and not
by flea beetles (Table 2). All of the 26 ratings for theS11  resistant relative to the control cultivar in the other test.
albacultivars were below 50, with 17 of the 26 ratings being BNH-574 was resistant to feeding by flea beetles three of
between 20 and 3&inapis albdKirby’ and S. albaOchre’ the four times it was tested, with resistance ratings ranging
rated as low as 4 in the 1996 tests. Birapis albaculti- from 26 to 41. The highest susceptible rating observed was
vars Emergo and Tilney were not resistant to flea beetlefor BNH-448, with a rating of 101. A rating greater than 100
feeding in the 1996 screening. However, both cultivars werehappened because damage ratings were adjusted so the con
resistant in each of two rounds of testing in 1998. The rea trol cultivar, B. napusQuantum’, would always have a rat
son for this difference in results is not known. Another ing of 50 in each test.
species oSinapis S. pubescensas susceptible to flea bee Six of the 308 hybrid lines screened for flea beetle resis
tle feeding.Thlaspi arvensevas very resistant to feeding by tance were analyzed for amount ®f albaDNA content.
flea beetles and had the lowest feeding damage ratingrhese lines were selected to represent the three phenotypic
amongst all the lines screendtkambe abyssinichad a classes observed from the feeding experiments (resistant,
high level of resistance in a 1998 test, but not in a 1997 testsusceptible and not significantly different from the control
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Table 3. Mean damage ratings of feeding by the crucifer flea beetlPlfyllotreta cruciferag on 19 of the 308S. albax B. napushybrids that had the
greatest resistance or susceptibility to feeding by flea beetles, aBdalbaDNA content in six of these hybrids

1998

1996 1997 Round 1 Round 2 Round 3 %S. alba
Hybrid DY S8 DY S8 DY S8 DY S8 DY S8 DNAW
BNH-006 36 R 34 R 33 R 32 R 0.35
BNH-094 31 R 54 N
BNH-138 60 N 40 R 54 N 57 N 57 N
BNH-139 31 R 43 N 33 N
BNH-197 38 R 58 N 57 N
BNH-366 59 N 29 R
BNH-418 35 R 48 N 45 N
BNH-518 34 R 38 N
BNH-524 48 N 23 R
BNH-525 35 R 39 N
BNH-532 38 N 35 R
BNH-574 38 R 26 R 41 N 39 R 0.33
BNH-106 92 S 0.28
BNH-124 74 S
BNH-132 74 S 51 S 65 S 0.37
BNH-161 87 S
BNH-448 101 S
BNH-014 59 N 53 N 56 N 0.42
BNH-015 65 N 53 N 42 N 0.28

“Three rounds of testing (each round including trials in two cages) were performed in 1998.

YDamage rating relative to the control cultivBr fapusQuantum’) (see Materials and Methods for details).

XSignificance rating based on Duncan’s new multiple rangeRes0D(05). R = resistant, S = susceptible, and N = not significantly different from the control
cultivar B. napusQuantum’).

WS. albaDNA content values were calculated based on the assumption of an exponential relationship between radioactiveSsigiah@NeA content
(Slope = 0.02138). Numbers are means of two replicates.

cultivar). Sinapis albaDNA content in these lines was low andB. rapa‘Tobin’. The same study also found no signifi
and varied between 0.28 to 0.42% (Table 3). The level ofcant antixenosis iB. juncea which is consistent with the

S. albaDNA content detected in the six hybrid lines was present study.

similar. Thus, there is no apparent relationship between the Brassica villosavas not resistant to feeding by flea bee
amount ofS. albaDNA content and resistance to feeding by tles in this study. Previous reports, however, have shown

flea beetles among the hybrid lines that were tested. that the upper leaves of 6- to 8-wk-dd villosaplants are
highly resistant to feeding by flea beetles (Palaniswamy and
DISCUSSION Bodnaryk 1994). A high density of trichomes Bnvillosa

This approach allows for rapid screening of canola cultivars 2cted as a physical barrier to feeding by flea beetles by pre
for resistance to flea beetles. However, there was often large/€nting them from firmly settling on the leaf surface te ini

variation in damage ratings between tests of individual lines. i€ feeding. The seedlings Bf villosaused in the present

. - ; i t lacked trichomes, in contrast to older plants, and
This may be because the lines a particular genotype wa Xperimen . L ; >
tested against varied from test to test. For example, a Iintjehus failed to give the resistance described by Palaniswamy

with a low level of resistance would appear more resistantand Bodnaryk (1994). Since flea beetles tend to be most

when tested with a group of lines that are highly susce tibledestructive to canola/oilseed rape when the crop is in the
1o the beetles. th 9 h P tested with 9 yf i P seedling stage, trichome-based resistance would be of most
0 the beeties, than when tested with a group O IiNeS MOr€, ., o mjca) importance if it could be bred into the crop and
resistant to the beetles. Another factor that may have con

. OO : " expressed at an early growth stage.
tributed to the variation in damage ratings of the same line = T4 higher level of resistance to flea beetle feedir@. in

among tests is that the tests were conducted over thep, rejative toB. napusandB. rapais consistent with pre
summer. Summer feeding flea beetles often feed less vora, g5 findings. Damage scores f8r albawere often half

ciously and less consistently than do flea beetles that havgngse of theB. napuscheck, which is consistent with previ
overwintered. Thus, multiple rounds of screening are advis oys studies (Bodnaryk and Lamb 1991; Palaniswamy and
able using this methodology to increase confidence in the_amb 1992; Brandt and Lamb 1993)napis albdines are
results. tolerant of low levels of flea beetle feeding damage to their
The lack of resistance B. napusandB. rapato feeding  cotyledons, and show antixenosis in tests with the suscepti
by flea beetles is consistent with the results of previous stud ble speciesB. napusWestar’ (Bodnaryk and Lamb 1991).
ies. Palaniswamy et al. (1992) found no significant Cotyledons ofS. albamay lose their antixenotic properties
antixenosis among 19 cultivars Bf napusandB. rapa as they age, however (Bodnaryk and Lamb 1991;
when tested against the standard enBiesapusWestar’ Palaniswamy and Lamb 1992). The cotyledon$oalba
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contain high concentrations of sinalbin, which does not Anamthawat-Johnson, K., Schwarzacher, T., Leitch, A. R.,

occur inB. napus(Bodnaryk 1991), and which may be Bennett, M. D. and Heslop-Harrison, J. S. 199Miscrimination

responsible for the antixenosis exhibited By alba between closely related Triticeae species using genomic DNA as a

(Bodnaryk and Lamb 1991). probe. Theor. Appl. Genet9: 721-728. .
StinkweedT. arvensé.., was shown in this study to have ?Sgie'lfw Mclnltytrebf:.tL.r,] Bburg_efr tp' M.tand de Ame'dta’ C.G.

a high level of antixenosis to flea beetles. Palaniswamy et al.c>>/; ->N9 SOt Dblot niyoridization 1o assess. Intergeneric

. . . Saccharunx Erianthushybrids (Andropogoneae — Saccarinae).

(1997) also demonstrated a high level of antixenosik. in Genomed0: 428—432.

arvenseto flea begtles, but found that antixenosis decreasedBodnaryk, R. P. 1991.Developmental profile of sinalbinp

if foliage was excised or the plant was wilted. hydroxybenzyl glucosinolate) in mustard seedlirisiapis alba
The hybrids BNH-106, BNH-014, and BNH-015 rated as |, and its relationship to insect resistance. J. Chem. Edol.

susceptible, not resistant, and not resistant, respectively, ta543-1556.

feeding by flea beetles. These three hybrids all haveBodnaryk, R. P. and Lamb, R. J. 1991Mechanisms of resis

antixenotic resistance to feeding by root maggbtslia tance to the flea beetlBhyllotreta cruciferagGoeze), in mustard
spp.) (Dosdall et al. 2000). This demonstrates that resistancéeedlingsSinapis alba.. Can. J. Plant Sc¥1: 13-20. _
against root maggots does not affect flea beetles. Brandt, R. N. and Lamb, R. J. 1993 Distribution of feeding

Potential sources of resistance to feeding damage by flegl@mage by Phyllotreta cruciferae (Goeze) (Coleoptera:
beetles were found in son® albdB. napushybrids that Chrysomel!dae) on oilseed rape and mustard seedlings in relation
were tested. The low level of detectaBlealbaDNA con+ to crop resistance. Can. Entomii25 1011-1021.

. T - Burgess, L. and Wiens, J. E. 198Mispensing allyl-isothie
tent in the hybrid lines reflects the e””Ch"?e“t for _th_e_ recur cyanate as an attractant for trapping crucifer-feeding flea beetles.
rent_B. napusgenotype background, to which the initigl F S5, Entomol112 93-97.
hybrids (from theS. albax B. napuy were backcrossed for  posdall, L. M., Good, A., Keddie, B. A., Ekuere, U. and
several generations. The genomic slot blot hybridization stringam, G. 2000 Identification and evaluation of root maggot
technique enhances the ability to detect genomic introgres (Delia spp.) (Diptera: Anthomyiidae) resistance within
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