HorTScience 35(4):673—-676. 2000. encing host plant resistance to insects are com-
plex and have been the subject of many articles
1 and reviews (Eigenbrode and Espelie, 1995;

A Method to Screen Pome Fruit for o e e A ob
The percentage of area damaged on fruit

ReSIStaﬂCe tO Skln'CheW|ng |nSECtS and skin is hard to quantify. Some techniques have

. been developed to assess insect feeding ability

(o) Analyze Feed|ng Trends on leaves. These include measuring the area
chewed using the amount of light transmitted
through a leaf (Pedigo et al., 1970), or video
devices and software designed for this particu-

Christian Chervin* lar purpose (Hargrove and Crossley, 1988;
CSIRO Plant Industry, Horticulture Unit, Private Bag 15, South East MBHd%w%ndWebbglgss).Thesecan b)é'app”ea

Centre, VIC 3176, Australia to fruit, but they are not distributed on the

computer market. We describe a method that

Pet_er Franz . . . . . . uses equipment available worldwide, and we
Agriculture Victoria Biometrics, Private Bag 15, South East Mail Centre, Vifesent the results of studies to develop this

3176, Australia method for bulky plant organs like fruit. Pos-

. . . sible analyses of insect feeding trends and fruit
Sarita Kulkarni, Steve Whitmore, and Graeme McGregor breeding are discussed.
Institute for Horticultural Development, Private Bag 15, South East Mail Centre,
VIC 3176, Australia Materials and Methods
Additional index wordsapple, pear, Rosace&alus xdomesticaPyrus communis, Pyrus Commercial cultivarsimmature pear fruit
pyrifolia, Pyrusxbretschneiderilightbrown apple mottEpiphyas postvittanglant-insect, were harvested from the orchard of the research
insect—plant interactions station of Agriculture Victoria at Tatura, Aus-

] ) ] ) ) _ tralia, in 1997. The commercial cultivars Sen-
Abstract.Insect feeding traces on fruit are a major concern to orchardists. Breeding fruit  sation Red Bartlett, Packham’s Triumph, Twen-

for insect resistance is becoming more important as available pesticides are limited bytieth Century (syn. Nijisseiki), Ya Li, Doyenne
more stringent regulations, problems of insect resistance, and residue limits. We presentjy Comice, Beurre d’Anjou, and Corelia were
a method to analyze fruit skin damage via treatment of video images. This aspect has Nopicked on the same day at 100, 107, 107, 121,
been well studied to date, but would allow a more rapid assessment of fruit resistance t0 00, 111, and 114 d after full bloom (DAFB),
insects in breeding programs. The method uses equipment available on the world videgespectively. For the first four cultivars, 10 fruit
and computer markets. Over 24 hours, larvae of lightbrown apple motHEpiphyas were picked from each of five different trees.
postvittanaWalker (Lepidoptera: Tortricidae)] were permitted to chew restricted areas of  For the last three, 10 fruit were picked from
skin on the pear cultivars Sensation Red Bartlett, Packham’s Triumph, Doyenne du each of three trees. ‘Corella’ and ‘Beurre
Comice, Beurre d’Anjou, and Corella Pyrus communislL.); Twentieth Century (Pyrus d’Anjou’ pears showed50% of red and 50%
pyrifolia Burm. Nak.); Ya Li (PyrusxbretschneiderRehd.); and F hybrids of ‘Packham’s  of green skin on opposite sides, for which
Triumph’ x ‘Twentieth Century’. Optimum experimental conditions and statistical separate assessments were performed.
analyses are described and sensitivity of the various cultivars is discussed. The method Hybrid seedlingsThe tests were also per-
allowed us to identify some highly resistant and sensitive pear hybrids. The ability to formed on fruit from F hybrid seedlings of
rapidly screen F, hybrids for insect resistance may encourage breeders to incorporate such:packham’s Triumphx ‘Twentieth Century’
a factor in breeding programs, and should hasten the release of resistant cultivars. Thefrom the same orchard in 1998. Ten immature
application of this technique in the orchard is discussed. The method also allows thefryit were picked from each of 67 different
analysis of various aspects of larval feeding, such as number and size of wounds, which mageediing trees 100 to 110 DAFB.
be responses to various fruit skin defense systems. InsectsLightbrown apple moth was chosen
as the insect model, as it feeds on a wide range
Increasing restrictions on the use of chemin selection programs, as it is often laborefplants,including fruit crops (Danthanarayana,
cals in agriculture are leading to the developntensive (Dent, 1991). Thus, progress in thi$975), and thus seems capable of circumvent-
ment of integrated pest management. Theréeld requires development of practical mething various plant defenses. The insects were
fore, interest in breeding and selection foods. Superficial damage caused to fruit byeared according to Shorey and Hale (1965). In
natural or engineered plants that are resistaclhewing insects is a cause of concern in moste rearing medium, formaldehyde was replaced
to pest damage is increasing (Smith andreas of production (Grauslund et al., 1993ith propionic acid (0.14% final concentra-
Quisenberry, 1994). Breeding for naturaHull et al., 1983; McLellan, 1979). As under-tion) and orthophosphoric acid (0.014%) for
resistance is rarely incorporated early, if at allined in these studies, the most common chevgafety purposes. The temperature of the rearing
ing insects are lepidopterous larvae, such ahamber was 19C with a 12-h photoperiod.
Received for publication 30 July 1998. Accepted fofn€ Australian native pest, lightorown apple  Fifth instar larvae (head capsule size = 0.98
publication 1 Oct. 1999. We acknowledge the Bakeioth. The most serious damage (Fig. 1a) o&-0.14 mm, n = 30, randomly chosen among all
Trust, the Australian Apple and Pear Growergurs in the orchard mainly on immature fruittest batches) were placed in 5-mL polycarbon-
Association, and the Horticultural Research ands tested in this study. The wounds enlarge ase vials, which were attached to the surface of
il?]es\aepiggwg?:hciso;?ﬂ;?/r %ansa(nips‘?ggc‘ﬂ Qggzi?éuitgrow, and may cause abnormal fruitshapehe fruit by partially waxing their edges (Fig.
Leigh Issell (Agriculturé Victoria) for their help in We present a method to assess the feedidy). One larvawas used per vial and one vial per
collecting fruit and data at Tatura, and Jean Bentle@bility of such larvae on the skin of pome fruitfruit. For ‘Corella’ and ‘Beurre d’Anjou’ two
DeAnn Glenn, Philip Moyle, and Stephen WalshThe resistance of the plant to the insect is likellarvae were applied per fruit (one on the green
(Agriculture Victoria) for help in setting the video. to be the result of multiple genes, known aside, one on the red). In the second year, for the
The cost of publishing this paper was defrayed ipgrizontal resistance (Dent, 1991; Wisemarexperiment with hybrid fruit, the wax was re-
part by the payment of page charges. Under pos%g94). These authors considered it to be a moptaced by adhesive gum placed around the vial.
regulations, this paper therefore must be here . g . . e .
markedadvertisemensolely to indicate this fact. Permanent fprm_ of resistance than vertical re‘Fhls was qwc_ke_r and as efﬂ_ment as the waxing
Current address: Ecole Nationale Supérieurgistance, whichis due to a single gene. Casesirocess. Preliminary experiments showed that
Agronomique de Toulouse, BP 107, 31326 Castawhich insects overcome vertical resistance a@4 h of incubation in the rearing chamber was
net, France. E-mail address: chervin@ensat.fr  well known (Stoner, 1996). The factors influ-necessary to achieve sufficient feeding dam-
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of the samples, the larvae fed only on the skin.
Some larvae burrowed into the fruit flesh
slightly (2-5 mm). However, this feeding was
not measured, because only the area was de-
tectable on the video image.

Images of fruit were taken with a video
camera (model TK C1381EG; JVC, Tokyo)
equipped with a zoom lens (Cosmicar ES
12.5-75 mm, Englewood, Colo.). The camera
was connected to a video monitor, which was
linked to a computer equipped with the frame
grabber Targa+ (TrueVision, Santa Clara,
Calif.). Some frame grabbers do not require
the use of the extra video monitor. The images
were saved as 8-bit grey scale image files,
using the SigmaScanPro image measurement
software (SPSS, Chicago). This software is
one of many that allows the measurement of an
area by flooding a zone of defined contrast. All
fruit were placed 1 m from the camerato allow
comparison. For area recognition, the grey
intensity threshold delimiting the edges of the
wound can be read on the computer screen by
moving the cursor across the edges. The thresh-
old can then be set so that the area marked by
the software exactly matches the wounded
area. The measurements were then achieved
by clicking once on wound areas, and the area
values were automatically reported in an at-
tached table. The total area on each fruit avail-
able to one larva was estimated by inking the
top edge of the vial and pressing it to the fruit
skin. The area determined by the video-com-
puter system was initially determined in square
pixels. To express the results in metric units,
calibration was obtained by comparing the
mean of 10 total areas = 24,50%33 pixet
(meant sg) to the known area of the vial
opening (154 mA).

Data analysisFeeding ability was analyzed
in two steps. The total area fed upon and the
number of wounds per fruit were recorded
only for fruit on which feeding was observed.
The area/wound was then calculated. The
experimental unit was the individual fruit. In
the cultivar comparison analyses for ‘Beurre
d’Anjou’ and ‘Corella’, data obtained on green
and red sides were analyzed separately to
compare the effect of color on feeding. The
results were analyzed using analysis of variance
and Kolmogorov-Smirnov normality tests
(SigmaStat, version 2, SPSS). Multiple
comparison analyses were made using Tukey’s
test. Fruit with missing larvae or larvae that

Fig. 1. @ Damage caused by lightbrown apple moth larvae on ‘Packham’s Triumph’ pear and ‘Pink ngated were not considered in the analyses.
apple; b) a lightbrown apple moth larva enclosed in a tube partly affixed with wax to a ‘Twentieth

Century’ pear, prior to the feeding test period; wax can be replaced by adhesive) therarea chewed Results and Discussion
was highlighted by dipping the fruit in talc powder, after the test period and before image analysis; talc
was not necessary in all cases (see Materials and Methods). Practicality of the methodAssessing the

insect resistance of the fruit of 75 trees can be
achieved in a week (on the basis of 10 fruit/tree
and 30 h/week). This can be divided into three
age. After this period, the larvae were removedere then coated with talc powder (Fig. 1¢) 38teps: 1) selection of larvae, 2) infestation, and
and the fruit was stored for a maximum of Imin prior to video imaging and allowed to dry.3) image capture and analysis. Selecting the
month at O°C in plastic bags to prevent desic-This process increased the contrast on tHarvae and placing in individual vials can be
cation until further analysis. black and white image. In the second year, thechieved at a rate of 50 larvae/h. The vials
Video imagingOn the day of video imag- talc was not employed, as the chewed area should be closed temporarily to prevent the
ing, fruit were removed from cold storage andnost hybrids rapidly darkened and presenteescape of larvae. The vials can be set on fruit at
leftatambienttemperature fatO min. Excess sufficient contrast to be recognized by therate of 100 fruit/h. The images can be scanned
water from condensation was wiped with asoftware. The few damaged areas not daind the chewed area computed at a rate of 100
tissue. The chewed areas that were still wehough were blackened with a marker. In 95%mnages/h. These estimates were determined
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during the second year trial. The major limiting 50
factor is the size of the insect colony, which
needs to be adjusted to the experimental design
to be able to find the required number of larvae 49 1
of the required instar at one time.

The method was developed with harvested

fruit, but could easily be adapted for fruit on 30 1
the tree. Once the larvae are selected, they can
be brought to the orchard where infestation %0

can probably be achieved at the rate cited
above. If field applications are considered,
vials with aeration holes should be used to 10 1
avoid plant volatile accumulation and water
condensation. The vials could be placed on the
shady side of the fruit or tree to avoid
overheating. Image capture can at present be
achieved with small digital cameras. The risk
of introducing large numbers of pests in the
orchard is limited, as there were only four
missing larvae out of 670 larvae set onto fruit
within the 24-h experiment.

The nature of the vials (e.g., polycarbon-
ate) may induce some volatiles to be released
inthe headspace, which may influence feeding
behavior of the insects. This fact restricts the
use of this method to comparisons between
treatments or with a control assayed in an
identical manner.

Commercial cultivarsCultivars differed 0
in the total amount of skin chewed (Fig. 2a). .
Larvae fed up to 3.4 times more on ‘Sensation’ _ an’% &€
than on ‘Ya Li' pears. These two cultivars 2 )
have an obvious visual difference in that the
skin of ‘Sensation’ was mostly red, whereas Cultivar
that of “Ya Li’ was all green. However, the
difference in feeding is unlikely to be due toFig. 2. @) Mean area consumed by one lightbrown apple moth larva in 24 h on one fruit of each of sev
differing pigments, because feeding was not commercial pear cultivardy mean area per wound. Mean separation by Tukey'$1es0(05). Means
significantly different between the green and  &re based upon 30-50 fruit per cultivar. The adjective “red” or “green” are for data collected on red
red sides of ‘Beurre d’Anjou’ and ‘Corella’. green sides of ‘Corella’ or ‘Beurre d’Anjou’ fruit.

The causes of differences in feeding ability
are numerous and have been studied on mahigher numbers of smaller wounds than on Hybrid seedlingsThe frequency distribu-
crops inrelation to various phytophagous insetBensation’. This may reflect some propertiesion of the feeding area on fruit of 67 hybrid
larvae. Among these causes, studies have higif-‘Comice’ skin that prevented continuouslines was graphed (Fig. 3). The normality test
lighted the effects of compounds that eithefeeding, such as compounds that cause failed, with a K-S distance = 0.228 aRd=
render the plant less digestible, e.g., cellulogejection response, as observed in other legd-002. Figure 3 illustrates the wide variation in
or lignin (Hochuli, 1996), or more attractive,dopterous larvae (Glendinning, 1996). Som@sect resistance that can be obtained in the first
e.g., surface nutrients (Stadler, 1986). All oEhemical components of the cuticle or skin o§eneration. There were three noticeable groups
these compounds could influence the amountga Li' pears may have reduced the larvabf hybrids. For one group (four hybrids) dam-
of skin chewed. Differences in feeding behavfeeding time, relative to that on ‘Comice’, asage was20 mnft, revealing some natural resis-
ior cannot be caused only by a difference itotal area chewed was smaller (Fig. 2a) despitance in the fruit. For a second group (60 hy-
skin color, the red color in pome fruit skinsimilar area/wound (Fig. 2b). Time studiesrids) damage averaged 40-45 inthe me-
being due to a complex blend of anthocyaningyver the feeding period could determinedian sensitivity of most hybrids, and for a third
flavonols, and others compounds (Lancastewhether large wounds result from continuougroup (three hybrids) it exceeded 100 inm
1992). The difference in feeding on ‘Sensafeeding or from small wounds joined togetherevealing high sensitivity to larval feeding. The
tion’ and “Ya Li’ may also be related to theby more frequent feeding episodes. variations in feeding ability by the larvae seemed
time difference between bloom and harvest, The above results did not take into accountlated neither to the size of the fruit, as there
that is, to differences in fruit maturity, but thisthe cases in which larvae did not feed at allvere both large or small fruit, with diameters
was not tested in this experiment. If fruitThe absence of feeding ranged from 42% falanging from 3to 5 cm among both resistantand
maturity is important, integrated pest managehe red side of ‘Corella’ to 10% for ‘Twentieth sensitive hybrids, nor to the color of the skin, as
ment practices may be influenced (i.e., feweCentury’. The mean among all cultivars wasll fruit were green except for one resistant
insecticide treatments may be needed as fridP% nonwounded fruit. The only significanthybrid. The skin of its fruit was totally russeted,
approach maturity). In any case, DAFB andlifference P< 0.05) was between the red sideand probably provided some mechanical and/
other measures of maturity should be criticadf ‘Corella’ and ‘Twentieth Century’. Mea- or chemical defense (Faust and Shear, 1972).
parameters in further development of thisuring the absence of feeding may be worth- The above results take into account only
method. while in breeding programs, but the methodruit on which larvae fed. Nonwounded fruit

In addition to the total area chewed, th&lescribed here may not be suitable. The usewédiried from 0% to 70% among all hybrids,
image analysis system allowed us to count thbe vial to restrict the larva to the fruit preventsvith a mean of 38%, but the correlation be-
number of wounds made by each larva. Thi¢ from choosing between the fruit and othetween area fed and absence of feeding was
mean surface area of each wound (Fig. 2iparts of the plant, a choice that is important imeak, with a logical tendency for small area
indicates that the relatively large area chewddrval establishment (Suckling and loriatti,being related to high absence of feeding (data
on ‘Comice’ fruit (Fig. 2a) was the result 0f1996). not shown).
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Fig. 3. Frequency distribution of the mean area fed on fruit surface among 67 ‘Packham’s Tiumph’
‘Twentieth Century’ hybrid (| trees, based on 5-mmdasses. Fruit with no damage were excludeq_.in

thg broad range of skin textures and c_olors iBf a fruit by this method. age. Entomol. Expt. Appl. 80:1-5.
this genus (Hummer, 1989). The resistance Shorey, H.H. and R.L. Hale. 1965. Mass-rearing of
developed by the skin can probably be as- Literature Cited the larvae of nine noctuid species on a simple

cribed to a complex range of plant defenses artificial medium. J. Econ. Entomol. 58:522—
(Schoonhoven, 1996). The different feedindganthanarayana, W. 1975. The bionomics, 524. _
trends described in this paper suggest that d'Strl'bU“Ort‘haEd_h?]St range tOf'ttthe é'(%ct Itl)(r?wnSmlthaC.M.ar;dIS.St. Quu_anberr¥. 1_994.;I'h_ev_a|tue

; ; apple moth,Epiphyas postvittangWalk. and use of plant resistance to insects in inte-
pﬁars_ plog,s;ass valr|0lé§ rrlechaﬂlllca| and/or (Tortricidae). Austral. J. Zool. 23:419-437. grated crop management. J. Agr. Entomol.
chemical defenses leading {o smaller woun ent, D.R. 1991. Host plant resistance, p. 213— 11:189-190.
by insect larvae. Also, breeding for deterrent 595 |n: |nsect pest management. CAB Intl.Stadler, E. 1986. Oviposition and feeding stimuli
effects may seem more advantageous, as they oxon, U.K. in leaf surfaces waxes, p. 105-121. In: B.E.
may result in smaller amounts of woundedigenbrode, S.D. and K.E. Espelie. 1995. Effects Juniper and T.R.E. Southwood (eds.). Insects
fruit. However, all fruit properties that limit of plant epicuticular lipids on insect herbi-  and plant surface. Edward Arnold, London.
insect feeding ability may resultin lower popu-_ vores. Annu. Rev. Entomol. 40:171-194.  Stoner, K.A. 1996. Plant resistance to insects: A
lation densities, which would improve CrOpFaust, IM. and C.B. Shear. 1972. Eussset!ng of Irge_s?upr\ce ?_:/altlag!se;o;gustamable agriculture.

; apples, an interpretive review. HortScience Biol. Agr. Hort. 13:7-38.
q“"’l‘m;’%ergf‘s‘i'wggg gl daptation of in-. 7:233-235. ~ Suckling, D.M. and C. loriatti. 1996. Behavioral
’ - Glendinning, J.I. 1996. Is chemosensory input responses of leafroller larvae to apple leaves

sects to plant defenses through feeding expo- egsential for the rapid rejection of toxic foods? ~ and fruit. Entomol. Expt. Appl. 81:97—103.
sure (Lindroth and Weisbrod, 1991; Papajand j. Expt. Biol. 199:1523-1534. Wiseman, B.R. 1994. Plant resistance to insects in
Prokopy, 1989) may result in increased larvatrauslund, J., H. Lindhard, J.V. Christensen, integrated pestmanagement. Plant Dis. 78:927—
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